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Road Standards — Revisions

Chapter

Date Revised

Section
Reference

Revision Summary

Chapter No. 2 9/9/2025 Minor updates to review process timelines and
submittal requirements
9/9/2025 2.6.1,2.7 Revised to add City Case number to Construction
Documents
9/9/2025 2.6.4 Revised Standard Notes
9/9/2025 2.6.5 Revised Acceptance Block requirement
Chapter No. 3 9/9/2025 3.1 Minor edits to paragraph
9/9/2025 3.41 Added requirement for Exhibit A
Chapter No. 7 9/9/2025 Minor formatting changes throughout chapter
9/9/2025 7.2,7.3.4 Revisions to Entry Street design and cross section
9/9/2025 7.2,7.3.6,7.3.7, | Revisions to landscape / tree lawn width for collectors
7.3.8,7.4,7.15.1 | &arterials
Chapter No. 9 9/9/2025 Minor formatting changes throughout chapter
9/9/2025 9.2.4 Revisions to Street Name Signs requirements
9/9/2025 9.7 Added Level Ill to IMSA certification requirements.
9/9/2025 9.7.9,9.12.1 Added prohibition of reuse of cores toward pothole
restoration.
9/9/2025 9.8.1 Added requirement to conform to latest edition of
CDOT ITS Specifications.
9/9/2025 9.12.2 Added requirement to cap or seal underground and
unpopulated conduit ends.
9/9/2025 9.12.3 Revised load rating to Tier 22 for pull box lids.
9/9/2025 9.13.14,9.14.30 | Removed reference to penalty percentage and added
reference to Chapter 13.
9/9/2025 9.14.29 Revised 30-day burn in period to reset upon
completion of repairs to correct failures.
9/9/2025 9.14.31.3 Removed hard copy submittal requirement.
9/9/2025 9.14.45 Added intersection detection system (camera) to
item 9 definition of detector system.
Chapter No. 13 | 9/9/2025 Major overhaul of entire chapter
Appendix A - 9/9/2025 SIL11 Changed load rating to Tier 22 for pull box lids.
Standard
Drawings
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Chapter 1 - General Provisions

1.1 Short Title

These Regulations, together with all future amendments, shall be known as the "City of Castle Pines
Roadway Design and Construction Standards" (hereinafter called Roadway Standards). The original
Roadway Standards were adopted by the City Council on September 13, 2022.

1.2 Enactment Authority

The Regulations are adopted pursuant to the authority conferred within Section 11, Article 3, of the City's
Municipal Code; Article 2 of Title 43 (State, County and City Highway Systems); Article 67 of Title 24
(Planned Unit Development Act); Article 20 of Title 29 (Land Use Control and Conservation); and other
applicable sections of Colorado Revised Statutes, as amended. Pursuant to the above authority statutory,
these Standards are adopted by resolution and are incorporated by reference as a part of the Regulations.

1.3 Jurisdiction

These Roadway Standards shall apply to all land within the City, except where superseded by State of
Colorado (Department of Transportation) jurisdiction. All roads, public or private, must conform to these
Standards, unless the Public Works Director accepts alternative Standards. Refer to Chapters 2 and 7.

1.4 Purpose

Presented in these Roadway Standards are the minimum design and technical criteria for the analysis and
design of roadway facilities and infrastructure. All subdivisions, re-subdivisions, planned developments, or
any other proposed construction submitted for acceptance under the provisions of the City's Municipal
Code, shall include adequate roadway system analysis and appropriate roadway system design. Such
analysis and design shall conform to the criteria set forth herein. Options to the provisions of these
Roadway Standards may be proposed by the Applicant. It shall be the responsibility of the Applicant to
demonstrate that the options meet or exceed the minimum criteria contained herein. Policies and
technical criteria not specifically addressed in this document shall follow the provisions of the American
Association of State Highway and Transportation Officials "A Policy on Geometric Design of Highways and
Streets," (hereinafter called the Green Book or AASHTO) as amended; the Colorado Department of
Transportation (CDOT) Design Standards and Construction Standards, as amended; the CDOT Access
Code, as amended; and the Manual on Uniform Traffic Control Devices, as amended.

1.5 Amendment and Revisions

The Standards and criteria may be amended as new technology is developed or experiences are gained in
the use of these Roadway Standards, which indicate a need for revision. The City Council will consider
revisions or amendments to these Roadway Standards following the recommendations of the Public Works
Director. Accepted revisions will be adopted by resolution following a public hearing thereon. The Public
Works Director shall monitor the performance and effectiveness of these Roadway Standards and will
recommend changes, amendments, and revisions as necessary.

1.6 Enforcement Responsibility

It shall be the duty of the City Council, acting through the Public Works Director, to enforce the provisions
of these Roadway Standards.
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Chapter 1 - General Provisions

1.7 Review and Acceptance

The City will review all submittals for general compliance with these Roadway Standards. Once the City of
Castle Pines has determined that plans are in general compliance with these Roadway Standards, and the
Acceptance Block has been signed on all plan sheets, the plans will be considered accepted. Acceptance
by the City does not relieve the Owner, Engineer, or Designer from the responsibility of ensuring that the
calculations, plans, specifications, construction, and Record Drawings are in compliance with these
Roadway Standards as stated in the engineer's certification.

1.8 Interpretation

The interpretation and application of the provisions of these Roadway Standards shall govern as follows:

1) These provisions shall be regarded as the minimum requirements for the protection of the public
health, safety, comfort, convenience, prosperity, and welfare of the public. These Roadway Standards
shall therefore be regarded as remedial and shall be liberally construed to further its underlying
purposes.

2) Whenever a provision of these Roadway Standards or any provision in any law, ordinance, resolution,
rule, or regulation of any kind, contain any restrictions covering any of the same subject matter,
whichever standards are more restrictive or impose higher standards or requirements shall govern.

3) These Roadway Standards shall not modify or alter any nonexpired road construction plans that have
been filed with, and accepted by, the City prior to the effective date of this Resolution and future
revisions. This exception shall be subject to the conditions and limitations under which said plans were
accepted.

1.9 Variances

Variances from these Roadway Standards will be considered on a case-by-case basis in accordance with
procedures outlined in Chapter 2.
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Chapter 2 - Submittal Procedures and Requirements

2.1 Drawings and Specifications
2.1.1 Procedures and Requirements

Consulting engineers and developers seeking acceptance of Civil Engineering Reports and Construction
Documents shall follow the procedures outlined herein. Submittal procedures and requirements for the
various City of Castle Pines (City) land development processes can be found in the City's Municipal Code
and in other City publications. Initial submittal of reports or plans without fees shall constitute an
incomplete submittal and will not be processed until receipt of fees. Additional fees may be added in the
Permitting process or may be required for resubmittals. Resubmittals are subject to the City of Castle Pines
Fee Schedule.

2.1.2 Pre-submittal Meetings

The City routinely conducts pre-submittal meetings at which Applicants to the various City land
development processes may ask questions or obtain direction. These meetings are intended to supply
basic information about City procedures, practices, or standards as a basis on which to begin development
planning.

2.1.3 Construction Documents

The City may request, with the initial submittal to the City, an electronic set of construction documents.
The submittal shall include detailed drawings for the entire project (refer to Section 2.3 Submittal
Checklist).

2.1.4 Engineering Review Objective

The City's objective for new submittals is to complete initial reviews in timelines specific to Department or
Permit type. The actual time required is a function of the submittal complexity and overall workload of
City reviewers.

2.1.5 Results of Engineering Review

The review comments shall be forwarded to the Applicant’'s Representative. If Plans lack adequate
information or are considered seriously deficient, they will be returned to the Applicant's Representative
without review.

2.1.6 Revision of Engineering Plans and Reports

The Applicant's Representative will make all revisions requested on their original plans or report and
resubmit according to the review comments. As part of the revision process, the Applicant's
Representative may contact the City reviewer to receive clarification or discuss comments. The City will
normally process the resubmitted plans within 13 regular business days for the second review and 7
regular business days for any subsequent reviews after the second review. Plans may require several
reviews prior to acceptance.
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Chapter 2 - Submittal Procedures and Requirements

1) When submitting revised plans, drawings, or reports to the City, the resubmittal must contain the
following:

a) A comment response letter from the Applicant's Representative outlining everything being
resubmitted and a summary of any revisions made to the plans that are not related to the review
comments.

b) Aresponse to all review comments provided directly in the markup file in a unique line and fill
color.

c) The revised plans and reports for review.

2) When plans or reports have been accepted by the City, the Applicant, if requested by the City, shall
submit two sets to ten sets of the Construction Plans, signed and stamped by a Professional Engineer
(PE) licensed in the State of Colorado, for signature. An electronic copy of all certified Engineering
Reports shall be submitted.

3) The time needed to obtain signed Construction Plans from the City is 10 regular business days. This
time may be extended depending on workload conditions. Resubmittals made more than 180 days
after the date of the City-reviewed comment letter will be treated as a new submittal, and a new
engineering review fee will be due unless an extension is requested by the Applicant and granted by
the City in writing. If the Land Use Application has been closed by the City, any associated Construction
Document resubmittal is considered a new application, and new engineering review fees will apply.

2.2 Revisions to Accepted Plans
2.2.1 Validity Period

Construction Plans, Pavement Design Reports, and other engineering documents that are accepted by the
City are valid for a period of 2 years prior to commencement of construction. If construction has not
commenced during this time period, the plans and reports shall be voided and must be brought into
conformance with current criteria and accepted by the City before any Permits can be issued. Contact the
City with questions regarding Drainage Report time limits.

2.2.2 Updates and Revisions

When submitting updates or revisions to previously accepted Construction Plans, Pavement Design
Reports, Traffic Impact Study Reports, Drainage Reports, and other documents, the Applicant shall revise
the documents and submit updates or revisions through the normal document submittal process.

2.3 Submittal Checklist

The following documents may be included with any Construction Plan submittal:
1) Engineering Review Fee (first submittal only)

2) Cover Sheet

3) Street Plan and Profiles

4) Storm Sewer Plan and Profiles

5) Evidence showing upload of Grading, Erosion, and Sediment Control (GESC) documents to the
standalone GESC Permit if required

6) Permanent Detention and Water Quality Facilities and associated appurtenances
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Chapter 2 - Submittal Procedures and Requirements

7) Culvert Plan and Profiles
8) Traffic Signage and Striping Plan with City Standard Details and Notes
9) Standard City Details

10) Non-City Details (If used, these details must be signed and stamped by a PE licensed in the State of
Colorado)

11) Other plan sheets and documents as required
a) Landscape
b) Traffic Impact Study Report

c) Water and sanitary sewer Construction Plans that have been accepted and approved by the
governing district or utility (if these plans represent improvements for installation within a City
right-of-way, they must be accepted by the City.)

d) Other Utilities

e) Phase Ill Drainage Report

f)  Applicable Improvements Agreement form with engineering cost estimate

g) Final Plat with appropriate dedication statements for public right-of-way and easements
h) Traffic Signal

i) Lighting

2.4 Drafting Standards

All Construction Documents submitted for acceptance shall meet the following standards:
1) Plans size shall be 24 by 36 inches (or minimum 11 by 17 inches at the City's discretion).

2) Text height shall not be less than one-tenth (0.10) of an inch on a 24- by 36-inch plan set or less than
one-five hundredths (0.05) of an inch on an 11- by 17-inch plan set.

3) Design text shall be black.
2.5 General Submittal Requirements for Construction Documents

The following documentation is required in conjunction with the submittal of Construction Plans for any
roadway or storm drainage improvement project in Castle Pines. All Construction Plans and Engineering
Reports shall be prepared by, or under the direct supervision of, a PE licensed in the State of Colorado, and
shall be reviewed for the minimum requirements set forth herein. The City may require additional
information and analysis beyond the minimum requirements of these Roadway Standards and criteria.

2.6 Cover Sheet

2.6.1 Cover Sheet Requirements

A Cover Sheet is required for every submittal. The Cover Sheet requirements are as follows:
1) Vicinity map

2) Sheet Index

3) Standard Notes
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Chapter 2 - Submittal Procedures and Requirements

4) Acceptance Block

5) Engineering Certification Note
6) Title Block

7) Project Title

8) Project Contacts (City Representative, Engineer, Developer, and Owners’ Representative, affected
utilities at a minimum)

9) Benchmark and Basis of Bearing
10) Overall Key Map

11) Official Name of the Subdivision
12) City Case Number

2.6.2 Vicinity Map

1) Minimum scale is 1 inch = 2,000 feet. Map must show the location and name of all Arterial roadways
and major drainageways within 1 mile of the proposed construction site, and all other roadways in the
vicinity of the proposed construction site. Shading shall indicate the project area. Section, Township,
and Range shall also be shown. North arrow and scale shall be included.

2) Minimum size of vicinity map shall be 6 inches by 6 inches (for full-size drawings).
2.6.3 Sheet Index

The Sheet Index shall be located along the right side of the sheet and should include all sheets in the
Construction Plan set, numbered consecutively, beginning with the Cover Sheet. No letters shall be used
for sheet numbers.

2.6.4 Standard Notes

The following Standard Notes shall be included on the Cover Sheet or a Standard Notes Sheet as
applicable:

1) The City Development Review Engineer’s signature affixed to this document indicates the City has
reviewed the document and found it to generally conform with the City of Castle Pines Roadway
Design and Construction Standards, applicable municipal code, and any associated agreement (such
as a Development Agreement) or accepted variances to those regulations. Through acceptance of this
document, the City assumes no responsibility, other than stated previously, for the completeness and
accuracy of these documents. The Owner and engineer understand that the responsibility for the
engineering adequacy of the facilities depicted in this document lies solely with the PE registered in
the State of Colorado whose stamp and signature are affixed to this document.

2) All construction shall conform to City Standards. Any construction not specifically addressed by these
Roadway Standards and specifications will be built in compliance with the latest edition of the most
stringent of the following:

a) The City of Castle Pines Roadway Design and Construction Standards
b) The Colorado Department of Highways Standard Specifications for Road and Bridge Construction
c) The Colorado Department of Transportation (CDOT) Miscellaneous and Safety (M&S) Standards
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Chapter 2 - Submittal Procedures and Requirements

3) All materials and workmanship shall be subject to inspection by the City as applicable. The City
reserves the right to accept or reject any such materials and workmanship that do not conform to its
Standards and Specifications.

4) The Contractor shall notify the City Public Works Department a minimum of 24 hours and a maximum
of 72 hours prior to starting construction of elements that require review and inspection. Notification
shall consist of the Contractor's contacting the City Public Works Department and receipt of
acknowledgment by the City. The Contractor shall notify the City when working outside of the public
right-of-way on any facility that will be conveyed to the City, Mile High Flood District (MHFD), or other
special districts for maintenance (storm sewer, energy dissipaters, detention outlet structures, or other
drainage infrastructures). Failure to notify the City to allow inspection of the construction may result in
non-acceptance of the facility or infrastructure by the City, MHFD, or relevant agency.

5) Construction shall not begin until all applicable Permits have been issued. If a City Inspector is not
available after proper notice of construction activity has been provided, the Permittee may commence
work in the Inspector's absence. However, the City reserves the right not to accept the improvement if
subsequent testing reveals an improper installation.

6) The location of existing utilities shall be verified by the Contractor prior to actual construction.

7) The Contractor shall have one copy of the Plans signed by the City, one copy of the Roadway Design
and Construction Standards, latest version, and all applicable Permits at the job site at all times.

8) All proposed street cuts to existing pavements for utilities, storm sewer, or for other purposes are
listed and referenced here:

Examples: Water tie-in Sheet 3
Storm sewer Connection Sheet 6

9) A Traffic Control Plan, in accordance with the Manual on Uniform Traffic Control Devices for Streets
and Highways (MUTCD), shall be submitted to the City for acceptance with the Right-of-Way Permit
Application. A Right-of-Way Permit will not be issued without an accepted Traffic Control Plan for
traffic control during construction. Exceptions can be made by the City Public Works Department if
construction does not include traffic control.

10) The Construction Plans shall be considered valid for 2 years from the date of City acceptance, after
which time, these plans shall be void and will be subject to re-review and re-acceptance by City.

11) City of Castle Pines Standard Details shall not be modified. Any nonstandard details will be clearly
identified as such.

12) Paving, including construction of curb and gutter (when used), shall not start until a Pavement Design
Report and subgrade compaction tests are accepted by the City for all public and private roads.

13) Standard City Americans with Disabilities Act ramps are to be constructed at all curb returns and
at mid-block locations opposite of one of the curb returns of all "T" intersections as identified on
the Plans.

14) All stationing is based on roadway centerlines unless otherwise noted.

15) All elevations are on United States Coast and Geodetic Survey (USC&GS) (NAVD-88) DATUM with
date. The Range Point or Monuments shall be shown on construction drawings.

16) All storm sewer improvements (public and private), including, but not limited to, inlets, pipes, culverts,
channels, ditches, hydraulic structures, riprap, detention basins, forebays, micro-pools, and water
quality facilities, require Permitting and inspections. Please contact the City Public Works Department
for inspection scheduling.
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17) Two manhole access points are required on all type “R" curb inlets greater than or equal to 10 feet in
length.

18) Epoxy-coated rebar is required on all drainage structures.
19) The City requires Class D concrete for all drainage structures.

20) All reinforced concrete pipe (RCP) storm sewers must use ASTM International (ASTM) C443 watertight
gaskets per the current City and MHFD design criteria.

21) AlLLRCP shall be Class Il storm sewer pipe, unless otherwise specified.

22) Joint restraints are required for a minimum of the last two pipe joints and flared end section of an
RCP outfall.

23) Toe walls are required on flared end sections at the outlet end of culverts and storm sewer outfalls.
24) Filter fabric is required under all riprap pads.

25) The PE registered in the State of Colorado who signs these plans is responsible for confirming that the
details included are compatible with the standard City details contained in the latest versions of the
criteria manuals. These include, but are not limited to, the following:

a) City of Castle Pines Roadway Design and Construction Standards
b) Douglas County Storm Drainage Design and Technical Criteria
c) City of Castle Pines Grading, Erosion and Sediment Control Manual
d) CDOT M&S Standards
e) MUTCD
f)  MHFD Criteria Manual
26) A Temporary Construction Access Permit from the City may be required for any project.

If roadways are to be dedicated on the Final Plat to an entity other than the City, then the following
statement shall be included with the Standard Notes:

“27. The City of Castle Pines shall not be responsible for the maintenance of roadway and
appurtenant improvements, including sidewalk and storm drainage infrastructure, for the
following private streets: (List street names)"

2.6.5 Acceptance Block

The Acceptance Block shall be located in the lower right-hand corner of each sheet, except for sheets that
have only Castle Pines Standard Details (refer to Figure 2-1).
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Figure 2-1. Acceptance Block

= THESE CONSTRUCTION DRAWINGS HAVE

4!’

CITY DEVELOPMENT REVIEW ENGINEER

DATE

BEEN REVIEWED BY THE CITY OF CASTLE
PINES FOR * IMPROVEMENTS ONLY.

PUBLIC WORKS ACCEPTANCE BLOCK

* Insert the applicable wording or combination of wording into the Acceptance Block:

1)
2)
3)
4)
5)
6)

Street and Drainage

Grading, Erosion, and Sediment Control
Landscaping within the Public Right-Of-Way
Utilities

Signage and Striping

Traffic Signal

2.6.6 Public Works Certification Note

Construction Plans and Engineering Reports submitted for review and comment shall be prepared by, or
under the direct supervision of, a PE licensed in the State of Colorado. All sheets of the Construction Plans
must be signed and stamped by a PE licensed in the State of Colorado, except the City of Castle Pines
Standard Detail sheets. Construction Plans and Engineering Reports must include the following statement
on the Cover Sheet:

"These Construction Plans for (name of subdivision, development, or project) were prepared
by me (or under my direct supervision) in accordance with the requirements of the City’s
Roadway Design and Construction Standards, Storm Drainage Design and Technical Criteria,
and the Grading, Erosion, and Sediment Control Manual."

Name of Engineer
Name of Firm

On the Final Construction Plans and Engineering Reports submitted for acceptance, the statement shall be
signed and stamped by the PE who prepared or supervised the preparation of the documents.
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The City of Castle Pines, through the acceptance of the Construction Plans and Engineering Reports,
assumes no responsibility for the completeness or accuracy of the Construction Plans or Engineering
Reports.

2.6.7 Title Block

A Title Block is required on every sheet. The subdivision name and filing number; Land Use name (if

applicable); the type of improvement; name, address (including zip code), and telephone number of
the Applicant's Representative; sheet number; and revision date and number shall be included in the
Title Block.

The Title Block shall be located in the extreme lower-right-hand corner, the right-side margin, or along
the bottom edge of the sheet (refer to Figure 2-2).

Figure 2-2. Title Block Layout

é" =

2.6.8 Project Title

The Project Title shall be centered on the top of the Cover Sheet.

2.6.9 Contacts for Project

The name, address (including zip code), telephone number, and email address of the Applicant’'s Engineer,
Owner's Representative, Developer, City representative, and affected utilities shall be included at a
minimum.

2.6.10 Benchmark and Basis of Bearing

The Benchmark shall be shown as USC&GS NAVD-88 DATUM with date.

The Basis of Bearing and ties to the closest cadastral monument shall be included.

The Surveyor shall tie into a minimum of two City of Castle Pines or adjacent jurisdiction geographic
information system points with the bearing and distance.

2.6.11 Overall Key Map

The Overall Key Map shall be located on the upper right-hand side. Minimum scale is 1 inch = 500 feet.
Map must show the location and name of all roadways within and adjacent to the proposed construction
site and all future roadways. Scale should be indicated. Key Map should be oriented consistent with the
detail in the sheet (that is, same north) (refer to Figure 2-3).
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Figure 2-3. Overall Key Map
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2.7 Requirements for Construction Plans

All Construction Plan sheets shall include the following information:
1) Acceptance Block
2) Title Block

3) Scale

4) North Arrow

5) Stationing

6) Date of Plan

7) Seal and Signature
8) Utilities

9) Key Map

10) City Case Number

Additional specific requirements are discussed in other parts of this Submittal Procedures and
Requirements chapter.

2.71 Scale

Scales listed are minimum. Larger scales may be required where necessary to clearly show details. This can
be discussed during the pre-submittal meeting.

1) Drainage Plans, Site Plans, and the like: from 1 inch = 50 feet to 1 inch = 100 feet.

2) Plan and Profile Sheets: Horizontal 1 inch = 50 feet; Vertical 1 inch = 5 feet.

3) Details: Scales are set as needed to adequately show detailed information.
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2.7.2 North Arrow

The north arrow shall point to the top or to the right margin of the sheet only; all other detail and
drawings on the sheet shall be oriented consistently with the north arrow.

2.7.3 Stationing

Stationing shall be from left to right.

2.7.4 Date of Plan

The original submittal date of the plans and any subsequent revisions must be shown in the Title Block.
2.7.5 Seal and Signature

The seal and signature of the PE licensed in the State of Colorado, under whose supervision the plans were
prepared, shall be located next to the Acceptance Block on each sheet, except for the City of Castle Pines
Standard Detail sheets. This requirement is only on the final plans ready for acceptance.

2.7.6 Utilities

The type, size, location, and number of utilities shall be shown, including utility easements. Field-verified
elevations (USC&GS NAVD-88 DATUM and date) and locations are required on the Construction Plans for
all utilities that will potentially affect the design or construction. It will be the responsibility of the
Applicant's Engineer and Contractor to verify the existence and location of all utilities along the work route
prior to commencing any new construction. Field-located utilities not shown on accepted Construction
Plans shall be added to the “As-Built Drawings” and submitted as a condition for the Preliminary
Acceptance of the improvements.

2.7.7 Key Map

The Key Map shall be located in the upper right-hand side of every sheet. Minimum scale is

1 inch = 500 feet. The Key Map must show the location and name of all roadways within and adjacent
to the proposed construction and all future roadways. Scale should be indicated. Key Map should be
oriented consistent with detail in the sheet (that is, same north). The roadway or area that the design
the specific sheet pertains to will be shaded, as shown on the example Key Map on Figure 2-4.

2.7.8 City Case Number

The City's case number must be located on the bottom Lleft side of every sheet.
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Figure 2-4. Key Map
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Requirements for Roadway Plans

In addition to the requirements set forth in Chapter 7 of these Roadway Standards, the following
information shall be shown on all Construction Plans submitted for review and acceptance.

2.8.1 Plan View

The plan view shall include, but not be limited to, the following:

1)

2)

3)
4)

5)

6)
7)

Existing and proposed property or right-of-way lines, easements, and tracts. Type and dimension of
easement or tract shall be clearly labeled. Existing and proposed widths of rights-of-way shall be
dimensioned.

Stations shall be based on the centerline only; other profiles may be included but shall be referenced
to centerline stationing. Stationing is to be equated to and from flowline stationing at departures from
normal roadway cross sections. Centerline stationing is to be equated to flowline stationing at
cul-de-sacs, knuckles, bubbles, and curb returns.

All streets and roadways must show City-accepted roadway names as shown on the plat.

Existing sub-surface and surface utilities and structures, including, but not limited to, waterlines,
valves, fire hydrants, manholes, dry utility ditches, sanitary sewer trench and components, curb and
gutter, sidewalk, storm drainage facilities, pavement limits, gas and power lines, fence lines, bridges,
monuments, and utility boxes.

Station and critical elevation (flowline, invert, and top of pipe where applicable) of all existing and
proposed utility or drainage appurtenances in rights-of-way or in easements. Location of utilities shall
be dimensioned horizontally and vertically from roadway centerline profile grade.

Flow direction arrows for surface drainage, particularly at intersections, and all high and low points.

Match lines referenced to appropriate sheets.
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8) Station and elevation of all horizontal curves, points of curves (PCs), points of tangents (PTs), points of
curb returns (PCRs), points of compound curvatures (PCCs); high or low point of all vertical curves,
existing and proposed; centerline bearings and distances and curve information on each sheet.

9) Curb return radii, existing and proposed. Stations and elevations of all curb returns; midpoint
elevations, flowline-flowline intersection elevations, and percent of grade from the PCR to
flowline-flowline intersections of all cross-pans.

10) All curb ramp locations.

11) Centerline stations of all existing and proposed intersecting roadways and driveways except for
single-family residential driveways with mountable curbs.

12) Survey tie lines to section corners or quarter corners consistent with that shown on the Final Plat. City
or adjacent jurisdiction Global Positioning System Control Monuments shall be shown.

13) Typical roadway cross section(s) shall be shown for all roadways, existing or proposed, within and
adjacent to the proposed development. These cross-sections shall appear on the detail sheet, or if no
detail sheet has been used, on the first sheet of the submittal showing the roadway design. Show
cross-slope at warped intersections where cross-slope varies from the standard 2% crown.
Cross-sections shall indicate type of roadway(s); design point at centerline; roadway width;
right-of-way width; type of curb, gutter, and walk; and pavement cross-slope. Refer to Chapter 10 of
these Roadway Standards for the methodology of submitting preliminary and final pavement design.
The Final Pavement Design Report must be based on testing of finished grade after utility installation
(refer to Figure 2-5).

Figure 2-5. Example: Road Name(s)
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o
'
2
o
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14) Any roadway intersecting an Arterial, or any Collector intersection requiring signalized traffic control,
shall include construction and lane details for the new construction and existing facilities a minimum
of 150 feet beyond the limits of construction.

15) Basis of plan view elevations and profile elevations shall reference the same (for example, flowline to
flowline, centerline of roadway to centerline of roadway).

2.8.2 Profile

The profile shall include, but not be limited to, the following:

1) All design profiles shall be along the centerline and continued through the centerline of all
intersecting streets. Additional profiles, such as flowline, may be shown. On streets where minimal
grade is proposed, an additional flowline profile shall be provided, showing that the flowline grade
around the outside of all curves meets the minimum longitudinal grade (refer to Chapter 7). The basis
for record-drawing information shall be the same as the design (centerline, flowline) when possible.
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2) Existing ground (dashed) along profile stationing and design grade (heavy solid). Both grades are to
be clearly labeled.

3) Stationing shall be continuous for the entire portion of the roadway shown in the plan view, with
the centerline station of all existing non-single-family driveways and all intersecting roadways
clearly labeled.

4) All existing curbs, gutters, sidewalks, utilities, and pavement adjacent to the proposed design shall be
shown. Existing elevations shall be field verified at intervals not to exceed 25 feet. Previously accepted
designs are not an acceptable means of establishing existing grades. Refer to “Connection with
Existing Roadways" in Chapter 7 of these Roadway Standards for additional information.

5) Station and elevation of all PCs, PTs, PCRs, PCCs, existing and proposed.

6) Station and elevation of all vertical grade breaks, existing and proposed, and slope between grade
breaks. Refer to “Grade Breaks and Vertical Curves” in Chapter 7 of these Roadway Standards for
additional information.

7) Vertical curves, when necessary, with point of intersection, vertical point of curvature, and point of
tangency, and high or low point (if applicable) with stations and elevations. All vertical curves shall be
labeled with length of curve (L), algebraic difference in slopes, in percent (A), and K-value where
K =L/A. Refer to “Grade Breaks and Vertical Curves” in Chapter 7 of these Roadway Standards for
additional information.

8) Flowline profiles shall be shown for curb returns. The profile shall be extended past the curb return
until the flowline profile meets the standard cross section of the street. Refer to “Curb Returns” under
Chapter 7 of these Roadway Standards for additional information.

9) Flowline profiles shall be shown for all Cul-de-Sac Bubbles, Eyebrows, Knuckles, and the like. Refer to
Chapter 7 of these Roadway Standards for design information.

2.9 Requirements for Drainage and Stormwater Management Facility Plans

The following sections outline requirements for Stormwater Management Facility design and plan
presentation.

2.9.1 Storm Sewer and Culverts — Plan View

The plan view shall include, but not be limited to, the following:
1) Existing and proposed property or right-of-way lines, easements, and tracts

a) The type and dimension of easement or tract shall be clearly labeled. Existing and proposed
widths of rights-of-way shall be dimensioned.

2) Horizontal locations of existing and proposed pipes, inlets, manholes, junction boxes, and outlet
structures with outfall protection

b) Appropriate horizontal control shall also be shown.
3) All existing and proposed roadways, property lines, right-of-way lines, easements, and tracts
4) Utilities adjacent to or crossing the storm sewer or culvert alignment

5) Grading details at 1-foot contour intervals for all pipe and culvert inlets and outlets at a scale of
1inch = 20 feet

6) Maintenance access improvements

7) Match lines referenced to appropriate sheets.
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2.9.2 Storm Sewer and Culverts - Profile View

The profile shall include, but not be limited to, the following:

1) Profile of all existing and proposed pipe mains, laterals or culverts with all inverts, rim elevations,
sizes, lengths, slopes, design flow rates, and outfall protection with cutoff walls

a) Minor and major storm hydraulic grade lines
b) Utilities adjacent to or crossing the storm sewer or culvert alignment
c) Vertical clearance between the top or bottom of pipe and other utility crossings, pavement

section, and the like

293 Open Channels and Channel Stabilization — Plan View

The plan view shall include, but not be limited to, the following:

1) Existing and proposed property or right-of-way lines, easements, and tracts, with the type and
dimension of easement or tract clearly labeled, and existing and proposed widths of rights-of-way
dimensioned

2) Horizontal locations with stations of all channels, including locations of grade control structures and
stabilization measures, such as check structures, drop structures, toe protection, bank stabilization,
low-flow or trickle channels, with appropriate horizontal control

3) All existing and proposed roadways, property lines, right-of-way lines, easements, and tracts
4) Water Surface Limits of the Major Storm

5) Maintenance access improvements

6) Tributary channels and pipe outlets

7) Utilities adjacent to or crossing the channel alignment

8) Match lines referenced to appropriate sheets

29.4 Open Channels and Channel Stabilization - Profile View

The profile shall include, but not be limited to, the following:
1) Profile along channel alignments with all invert elevations and design flow rates
2) Water surface profiles for the minor storm and major storm
3) Utilities adjacent to or crossing the channel alignment
4) Typical sections
a) Asrequired by channel geometry as specified by the MHFD and in the accepted Drainage Report

29.5 Detention/Storage Facilities — Plan View

The plan view shall include, but not be limited to, the following:

1) Existing and proposed property or right-of-way lines, easements, and tracts. Type and dimension
of easement or tract shall be clearly labeled. Existing and proposed widths of rights-of-way shall
be dimensioned.

a) Horizontal location of the pond, including locations of low-flow or trickle channels, outlet
structure, emergency overflow spillways, pipe or channel inlets, with appropriate horizontal
control
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2) All existing and proposed roadways, property lines, right-of-way lines, existing and proposed
easements and tracts adjacent to the facility

3) Grading details at 1-foot contour interval for all pipe and culvert inlets and outlets at a scale of
1 inch = 20 feet

4)  Water surface limits for the minor storm, major storm, and emergency overflow conditions
5) Maintenance access and improvements

6) Utilities adjacent to or crossing the detention area
2.9.6 Detention/Storage Facilities — Profile View

The profile shall include, but not be limited to, the following:

1) Profile along low-flow or trickle channels from all inlets and structures through the outlet structure
and pipe or channel with invert and outlet elevations to an existing drainageway showing the opposite
stream bank

2) Invert and outlet structure elevations for pipes and channels going into the pond

3) Water surface limits for the headwater depths, minor storm, major storm, and emergency overflow
conditions

4) Utilities adjacent to or crossing the detention area

5) Inlet and outlet protection
2.9.7 Water Quality Facilities not Associated with Detention/Storage Facilities — Plan

The plan view shall include, but not be limited to, the following:
1) Horizontal locations of the improvements

2) Existing and proposed roadways, property lines, right-of-way lines, existing and proposed easements,
and tracts adjacent to the facility

3) Water surface limits for the water quality capture volume, minor storm, major storm, and emergency
overflow conditions

29.8 Water Quality Facilities Not Associated with Detention/Storage Facilities — Profile

The profile shall include, but not be limited to, the following:
1) Profile of improvements, as necessary, to clearly define the required improvements
2) Maintenance access and improvements

3) Utilities adjacent to or crossing the detention area

2.10 Requirements for Grading, Erosion, and Sediment Control Plans
Requirements for preparation of a GESC Plan are outlined in the City of Castle Pines GESC Manual.
2.11 Requirements for Signage and Striping Plan Sheets

All subdivisions, road improvement projects, and commercial developments must submit Signage and
Striping Plan sheets within the overall Construction Plans. In addition to the requirements set forth in
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Chapter 9 of these Roadway Standards, the following information shall be shown on all Signage and
Striping Plans submitted for review and acceptance.

2.11.1 General Provisions

All traffic control devices shall conform to the most current versions of these Roadway Standards, the
MUTCD, and the Colorado Supplemental to the MUTCD. Additional specifications and illustrations are

located in the CDOT M&S Standard Plans and the CDOT Standards for Road and Bridge Construction. The

following additional provisions apply to the Signage and Striping Plans:
1) Utility locations
a) Sign contractors shall be responsible for locating all underground utilities.

2) End of roadways

a) Type lll barricades shall be set at ends of roadways, separating finished and unfinished areas. A

ROAD CLOSED sign shall be mounted on the barricade.
2.11.2  Signage Plan

The Signage Plan design and plan sheets shall include the following requirements at a minimum:
1) Show the general location of each existing and proposed sign (horizontal offset and station)

2) Specify the sign legend and sign code (according to the MUTCD or the CDOT Traffic and Safety
website).

3) Specify the sign size.
4) Specify design speed(s) used as basis for street design (or as constructed).
5) Right-of-way and easement lines.

6) Existing and proposed trail or pedestrian crossings.
A Right-of-Way Permit must be obtained for sign installation.

2.11.3  Striping Plan

The striping design and information may be shown on the same plan sheets as the Signage Plan. Striping

Plan design and plan sheets shall include the following requirements at a minimum:
1) Type, color, width, and size of all pavement markings

2) Lane and shoulder width dimensions

3) All existing striping, including striping on roads adjacent to the project area

4) Turn arrow and ONLY symbols in turning lanes

5) Begin and end stations of each type of pavement marking

6) Bike lane markings located in accordance with requirements set forth in Chapter 9 of these Roadway

Standards
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2.12 Requirements for Traffic Signal Plan Sheets

If a Traffic Signal is warranted and accepted by the City at an intersection, the Developer or Owner is
required to submit Traffic Signal Plans sheets in accordance with the following criteria:

2.12.1 Submittal

Traffic Signal Plans sheets for proposed signalized intersections shall be produced at a scale of
1 inch = 20 feet. If needed, Traffic Signal Interconnect Plans shall be included at a scale of
1inch = 50 feet.

For the preliminary submittal (and if required by the City for the final submittal), WB-62 turning
templates, cone of vision, and stop line distance results shall be submitted as part of the plans.
The following information shall be included:

1) Traffic Signal Plan

2) Traffic Signal Interconnect Plans (if needed, as determined by City)

3) Fiber Termination Diagram (if needed, as determined by City)

2.12.2 General Provisions

All Traffic Signal devices shall conform to the latest versions of Chapter 9 of these Roadway Standards, the
MUTCD, and the Colorado Supplement to the MUTCD. Additional specifications and illustrations are
located in the CDOT M&S Standards and the CDOT Standards for Road and Bridge Construction.

2.12.3  Pole and Mast Arm Loading

The Applicant’'s Engineer shall provide certification that the proposed pole and mast arm loadings do not
exceed the allowable loadings provided in the Traffic Signal Specifications.

2.12.4  Traffic Signal Plan

The Traffic Signal Plan shall complete the following:

1) Provide a signal-phasing diagram.

2) Show the existing lane widths (and proposed, if applicable).
3) Show crosswalk and stop bar locations.

4) Provide a legend.

5) Show details concerning the type of signal heads proposed (such as, three-section, five-section,
regular or countdown pedestrian heads, pedestrian signing).

6) Show locations of pedestrian push buttons and accessible pedestrian signal equipment as applicable.
7) Include locations of vehicle detection and emergency pre-emption equipment.
8) Show legend, sign code, and size for sign panels to be mounted on mast arms and signal poles.

9) Show all topographic features close to the intersection and within the public rights-of-way that are
affected by the signal installation. This includes, but is not limited to, the following:

a) Right-of-way lines and easements

b) Existing topographic features
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c) Existing utility locations and conflicts

d) The location for each Traffic Signal pole with a northing/easting coordinate

e) The proposed controller location

f)  The proposed power source locations and power company contact

g) The mast arm layout showing Traffic Signal heads, signs, and their locations on the arm
h) The proposed signal phasing

i) Pedestrian heads

i) Street name signs and proposed layout

k) Potential street widening

These requirements must meet or exceed City Standards. A Signal Warrant Study is required for any signal
proposed.

2.12.5 Traffic Signal Details and Notes

Refer to Chapter 9 for additional requirements, including standard signal details and notes.

2.13 Requirements for Landscaping Plans within City Right-of-Way or Other City
Properties or Easements

Landscape Plans are required for any landscaping proposed within the public right-of-way or that would
affect the sight distance of a public or private street. Landscape Plans must show all landscaping close to
and within the right-of-way. This includes, but is not limited to, the location of all plants, bushes, trees,
irrigation lines, proposed street cuts, direction of drainage flows (both on the street and on the proposed
landscaped area), street names, vicinity and Key Maps, general notes, and signature block. Landscaping
must not screen regulatory or warning signs from approaching vehicles. Trees or large shrubs shall not be
planted over buried utilities, within the sight-distance triangle at intersections or accesses, or within

10 feet of the flowline of the public street, whichever is most restrictive.

On low speed (posted 35 miles per hour [mph] or less) Minor Collectors and Local streets, trees may be
planted within 6 feet of the flowline except for within 150 feet in either direction from an intersection, in
which case, the trees must be a minimum of 10 feet back from the flowline. Landscaping over 36 inches
above the adjacent flowline shall not be allowed within the sight triangle; however, when landscaping is
located within the sight triangle, plans shall demonstrate that there is no encroachment into the
line-of-sight. In no case shall trees, shrubs, or other landscaping, including branches from trees, be
allowed to encroach either horizontally or vertically into the line-of-sight of the sight-distance triangle.

2.13.1 Guidelines

1) Right-of-way Landscape Plans for streets cannot be submitted for review until the Street Construction
Plans have been submitted to, and accepted by, the City.

2) ARight-of-Way Permit and License Agreement is required prior to landscaping activity.
3) The City does not allow installation of brick pavers in City-owned rights-of-way.

4) Noncompliance with any of the maintenance requirements in accordance with the License Agreement
will result in the removal of the landscaping by the City.
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5) Landscaping within the City right-of-way installed by a single-family property owner typically does not
require a Landscape Plan except when the proposed landscaping does not conform to these Roadway
Standards as determined by the City Development Review Engineer (that is, a sight-distance problem
or landscaping blocks a sign for example).

2.13.2 Plans

Landscape Plans must show all existing and proposed improvements adjacent to and within the public
right-of-way. This includes, but is not limited to, the following:

1)
2)
3)
4)
5)
6)
7)
8)
9)

Project location vicinity map

Location of all plants, bushes, and trees with their mature dripline
Irrigation lines and facilities

Curb openings

Line-of-sight

Utilities and easements

Drainage flows

Existing and proposed trench drains

Right-of-way lines and tract boundaries with property ownership

10) Street centerlines and flowlines with street names

11) Project limits
12) Trails and sidewalks

13) Monumentation and planters

14) Drainage improvements

15) Floodplains

16) Traffic control devices

17) Existing and proposed contours

18) GESC improvements

19) Construction and maintenance access points

20) Standard notes

21) Landscape notes

2.13.3 Landscape Notes

The following notes are also applicable to Landscape Plans and shall be included on the Plans:

1)

2)

All trees are to be planted a minimum of 10 feet from the face of the curb of Arterial and Major
Collector roadways and a minimum of 6 feet from the face of the curb of Minor Collector and Local
streets. Trees located within 150 feet of an intersection with an Arterial road must be planted a
minimum of 10 feet from the face of the curb and outside of any line-of-sight requirements. The
required distance of 150 feet is measured from the right-of-way line of the Arterial roadway.

Trees or large shrubs shall not be located over buried utilities, within 10 feet of storm sewer systems,
or within the line-of-sight at intersections, accesses, or pedestrian crossings.
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3) All plantings located within the line-of-sight will have a mature height of no more than 24 inches
above the adjacent gutter or flowline.

4) A Right-of-Way Permit is required prior to landscaping activity within City rights-of-way, tracts, or
easements.

5) Any wall or monument, over 4 feet in height, or under a surcharged condition, or with a rail on top of
the wall requires a Permit from the City before construction. Structural Plans for any wall over 4 feet in
height (measured from bottom of footer to top of wall) or tiered walls, as determined by the City, will
be submitted to the City prior to the issuance of the required building Permit. No walls or monuments
are allowed in the City's right-of-way.

6) A Permit must be obtained from the City prior to the installation of monumentation and planters
outside of the public right-of-way, including those within the right-of-way of private streets. An
additional Permit may be obtained from the City for lighting outside of the public right-of-way,
including lighting for monumentation and planters.

7) A Traffic Control Plan shall accompany the application for a Right-of-Way Permit.
8) Trench drains shall not have angles greater than 45 degrees.

9) Maximum spacing between trench drain cleanouts shall be 200 feet.

10) Trench drains shall not discharge into the gutter or flowline.

11) Trench drain crossings under pavement shall be installed prior to paving, or shall be installed by
boring under roadway.

2.14  Requirements for Construction Plans for Multifamily Site Improvement Plans
Construction Plans are separate from the Site Improvement Plan (SIP). Construction Plans must be
accepted prior to SIP approval. The following items may be required:

1) Cover Sheet

2) Overall Utility Plan

3) GESC Plan (refer to City of Castle Pines GESC Manual)

4) A detailed Fine Grading Plan (20 scale drawings with spot elevations)

5) Street Plan and Profiles

6) Typical Roadway Cross Sections

7) Storm Sewer and Culvert Plan and Profiles — show all other utilities, including depth and size, on
the profiles

8) Drainage Plan (refer to City of Castle Pines Drainage Criteria)
9) Detail Sheets

10) Other items as determined necessary by the City
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2.15 Requirements for Construction Plans for Non-Residential Site Improvement
Plans

Construction Plans are separate from the SIP. Construction Plans must be accepted prior to SIP approval.
The following items may be required:

1) Cover Sheet

2) Overall Utility Plan

3) GESC Plan (refer to City of Castle Pines GESC Manual)

4) A detailed Fine Grading Plan (20 scale drawings with spot elevations)

5) Curb Return Profiles (if necessary)

6) Typical Roadway Cross Sections

7) Storm Sewer and Culvert Plan and Profiles

8) Drainage Plan (refer to City of Castle Pines Drainage Criteria)

9) Detail Sheets

10) Other items as determined necessary by the City, to be identified during the pre-submittal meeting

2.16  Requirements for Construction Plans for Single-Family Residential
Development

The Construction Plans must be accepted prior to Final Plat approval. The following items may be required:
1) Cover Sheet

2) Overall Utility Plan

3) GESC Plan (refer to City of Castle Pines GESC Manual)

4) Street Plan and Profiles

5) Curb Return Profiles (if necessary)

6) Typical Roadway Cross Sections

7) Drainage And Stormwater Management Facilities

8) Drainage Plan (refer to City of Castle Pines Drainage Criteria)

9) Detail Sheets

10) Other items as determined necessary by the City, to be identified during the pre-submittal meeting
2.17 Requirements for Overall Utility Plans
In addition to the requirements set forth in these Roadway Standards, the following information shall be

shown on the Overall Utility Plan submitted for review. Maximum scale shall be 1 inch = 200 feet.

1) Existing and proposed property or right-of-way lines, easements, and tracts. The type and dimension
of easement or tract is to be clearly labeled. Property lines and right-of-way lines are to be
dimensioned.

2) The type, size, location, and number of all existing and proposed underground and aboveground
utilities shall be shown.
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2.18 Requirements for Utility-Only Construction Plans

In addition to the requirements set forth in Chapter 4 of these Roadway Standards, the following items are
required in the Construction Plans:

1) Cover Sheet

2) Overall Utility Plan Sheet

3) GESC Plan (refer to City of Castle Pines GESC Manual)

4) Utility Plan Sheets (all utilities with the exception of water, sanitary, and storm)
5) Traffic Control Plan

6) Temporary Construction Access Detail Sheet, if applicable

7) Detail Sheets

8) Other items as determined necessary by the City, to be identified during the pre-submittal meeting

2.18.1 Utility Plan Sheets

1) Plan view showing type, size, location, separation from other utilities, and number of all existing and
proposed underground and aboveground utilities shall be shown with appropriate horizontal control.

2) Existing and proposed roadways, property or right-of-way lines, easements, and tracts. Type and
dimension of easement or tract is to be clearly labeled. Property lines and right-of-way lines are to be
dimensioned.

3) If public roadways are crossed, a profile of the crossing shall be provided.

2.19  Requirements for Detail Sheets

Applicable City of Castle Pines Standard Details found in the Appendix of these Roadway Standards shall
be included in the Construction Plans. The Plans shall include adequate details of special structures not
covered by the City of Castle Pines Standard Details. The document accepted by the City, which includes
the standard detail and special structures, shall be available on the job site at all times. Nonstandard
details shall be submitted on a separate sheet (within the Construction Plans) accepted by City and require
a certification by a PE licensed in the State of Colorado.

2.20 Range Points — Property Monuments — Benchmarks

1) All survey monuments delineating property boundaries, or witness thereof, shall be set in accordance
with these Roadway Standards and all applicable State of Colorado laws and regulations.

2) Any aliquot corner (section corner or quarter corner, for example) as described in the Public Land
Survey System shall be monumented per Colorado State Statutes. If such a corner falls within concrete
or asphalt, a range box (as shown in Appendix A) shall be installed to protect and provide access to said
corner. If corner falls outside of pavement, a monument marker must be placed next to the corner.

3) If so desired, the Developer may install additional range boxes in asphalt or concrete for property
monuments, range points, benchmarks, and the like. The boxes must comply with the City of Castle
Pines Range Box Standard Detail.
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2.21 Variances and Appeals
2.21.1 General Variances

Variance(s) shall be identified in the initial submittal of Construction Plans. The Variance request(s) shall
consist of the following:

1) Identification of the criteria provision to be waived or varied.
2) Identification of the alternative design or construction criteria to be adhered to.

3) Athorough justification of the Variance request, including impact on capital and maintenance
requirements and cost.

4) The Variance shall be stamped and signed by a PE licensed in the State of Colorado with the
following note:

"This Variance Request from the City of Castle Pines Roadway Design and Construction
Standards, Section (include the section number and name) for (name of subdivision,
development, or project) was prepared by me (or under my direct supervision) and is based on
sound engineering practices."

Name of Engineer
Name of Firm

If more than one Variance is requested for public facilities, Alternate Roadway Standards may need to be
processed. If more than one Variance is requested for private facilities, Private Roadway Standards may
need to be processed.

2.22 Alternate Roadway Standards

Alternate Roadway Standards, based on sound engineering criteria, may be proposed for roads that will be
owned and maintained by the City. These Alternate Roadway Standards must be certified as to their
adequacy and safety by a PE licensed in the State of Colorado. The Alternate Roadway Standards must
contain a list of all deviations from City criteria, as well as references to all sources that support the
adequacy of the proposed deviations. The Alternate Roadway Standards shall be subject to acceptance by
the governing Fire District and the City.
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3.1 General

Any application for Subdivision or Site Improvement Plan acceptance will require an Improvements
Agreement to secure the improvements. The following documents may be obtained from the City of
Castle Pines’ website.

3.2 Improvement Agreements for Subdivisions

The State of Colorado’s subdivision statutes and the City's Subdivision Resolution authorize the execution
of a Subdivision Improvements Agreement (SIA) between the City and Developer whereby the Developer
agrees to construct any required public improvements for the subdivision and to provide security for
completion of the Subdivision Improvements.

3.21 Subdivision Improvements Agreement

1) If improvements are dedicated to Castle Pines by way of a plat, an SIA is required.

3.2.2 Public Improvements Agreement
1) If a project is not processed through a subdivision application, and public improvements are required,
a Public Improvements Agreement (PIA) may be required.

3.3 Improvement Agreements for Site Improvement Plans

If a parcel or site is developed or redeveloped through a Site Improvement Plan, a Site Improvement Plan
Improvements Agreement (SIPIA) is required.

3.4 Cost Estimate Exhibits

The following cost estimate exhibits shall be prepared, signed (by the same individual who signs the
agreement) and attached to the agreement.

3.41 Exhibit A

Exhibit A — Cost Estimate for SIA, PIA, SIPIA, or other agreements shall include the following:

1) Roadway improvements, including pavement sections, sidewalk, trails, curb and gutter, curb ramps,
and trench drains as identified by the City-accepted construction plans for the subdivision.

2) Structures, including bridges, culverts, retaining walls, and other such features.

3) Stormwater improvements, including inlets, pipes, culverts, channels, ditches, hydraulic structures,
riprap, detention basins, forebays, micro-pools, and water quality facilities.

4) Utility improvements, including water and sanitary sewer facilities, lines, metering stations, pump
stations, lift stations, reservoirs, distribution mains, and laterals that serve the development. The cost
estimate does not need to include the service taps and meters for individual utility users that are
located outside of the right-of-way. If these costs are secured through a Utility District, the City will not
require security for these improvements. The Exhibit shall identify the utility cost and must note that

Castle Pines Roadway Design and Construction Standards 3-1



Chapter 3 - Public Improvement Cost Estimates

the Utility District holds the security for the improvements. The City will require written verification
from the Utility District.

5) Traffic signal improvements and signage and pavement marking improvements shall be included
when required.

6) Parking lot improvements, including pavement sections, sidewalk, curb and gutter, and curb ramps for
a Site Improvement Plan.

Exhibit A shall be stamped and prepared by, or under the direct supervision of, a PE licensed in the State of
Colorado.

3.4.2 Exhibit B

A separate Exhibit B may be required in accordance with the City's requirements, including, but not limited
to, all costs associated with any required Landscape Plan.

3.4.3 Security Requirements

Security for the improvements included in the subdivision agreements shall be in the form of an
irrevocable letter of credit or cashier's check for the total amount, including contingencies. Bonds are not
an acceptable form of security.

3.4.4 Separate Exhibits

Separate exhibits are required if fair share participation of improvements is required, such as future traffic
signals or road widening. The extent of participation shall be determined by the City.

3.4.5 Determination of Unit Costs for improvements

The City will provide standard unit costs for the construction of standard improvements in the
right-of-way. These unit costs will based on local industrial trend pricing. If the City does not have a unit
cost for an improvement, the Developer may use Colorado Department of Transportation costs or Mile
High Flood District standard costs.

3.5 Phasing Plan for SIA

The City requires that all residential subdivision improvements included in the construction documents be
built or completed, inspected, and accepted by the City prior to any conveyance or transfer of title to any
lot, lots, tract, or tracts of land within a phase, or prior to any building permit(s) being issued. This may,
and in most cases will, require a Phasing Plan for proper street acceptance. Section 3.5.2 provides
submittal requirements for Phasing Plans.

3.5.1 Phasing Considerations

Careful consideration shall be given when developing a Phasing Plan. Streets that are to be granted
Preliminary Acceptance shall be accessible by a street that has already been granted Preliminary
Acceptance or will be granted such acceptance as part of that phase. All lots that take access from those
roads, as well as all adjacent disturbed areas, shall be included in each phase. If detached sidewalks or
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trails are built in a later timeframe, the detached walk or trails shall be placed into a separate and distinct
phase. The following specific requirements shall be complied with when developing a Phasing Plan:

1) A maximum of 40 lots shall take access from any one access point.
2) The maximum length of roadway(s) providing single-point access shall not exceed 1,200 feet.

3) Atemporary Cul-de-Sac with a minimum radius of 45 feet paved or stabilized with a Fire-District-
accepted surface shall be required at the end of the roadway segment. The temporary Cul-de-Sac will
require a Temporary Roadway Easement to be granted until future roadway improvements are
accepted.

4) The drainage improvements associated with each phase shall be shown on the Phasing Plans,
constructed, and accepted at the same time as the streets. Drainage improvements shall be included
within the phases. Detention or water quality facilities serving more than one phase shall be installed
at the start of the earliest phase to be constructed so that the facilities are in place when any portion
of the upstream area is disturbed.

5) The Phasing Plan shall reflect the Final Grading, Erosion, and Sediment Control Drawing Best
Management Practices so that each phase provides adequate erosion and sediment controls.

3.5.2 Plan Requirements

If a detached, single-family residential subdivision is planned to have the streets phased, a separate
Phasing Plan shall be required. The individual who signs the SIA needs to also sign the Plan. Submittal
requirements for Street Acceptance Plans, at a minimum, shall include the following:

1) Phase delineation lines and phase labeling that clearly define how each phase divides, including
streets, lots, drainage improvements, and adjacent disturbed areas of each phase

2) Lotlines
3) Street names
4) Lot and block number on each lot

5) Drainage improvements
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4.1 Plans Required

Any utility or other facility constructed in a City-owned right-of-way shall have Construction Plans
submitted and approved in accordance with requirements of these Roadway Standards. No construction
Permit shall be issued for construction of new utilities or extension of existing utilities without prior review
and approval of the Construction Plans by the City. Permits are required with the following exceptions:

1) Minor maintenance projects may be exempt from submitting formal Construction Plans. In such cases,
however, sketch plans must accompany the Permit Application. Utility companies may be exempt
from requiring a Professional Engineer’s (PE) (licensed in the State of Colorado) signature and stamp
on the Construction Plans if the project is of a nature that would not warrant design by a registered PE.

2) To avoid delays and redesigns on large projects and in areas where future road improvements are
expected, plan and profile sheets may be requested. A predesign meeting must be held with the City
or authorized representative to discuss the requirements of the plan submittal. The City will assist the
utility company in determining which future roadway profiles and improvements are expected to
minimize future utility relocations. Requirements for submitting plan and profile sheets may be
waived upon written request of the utility company. This exception does not apply to water and sewer
line projects. Water and sewer plans must be approved by the applicable District.

4.1.1 Formal Plans

If formal plans are required, the City will notify the Applicant of such within 48 hours after the predesign
meeting.

4.1.2 Deviations

The Applicant's completed facility shall conform with the drawings or sketches referred to previously
unless a deviation has been requested and approved by the City.

413 Pipelines

When the proposed facility involves pressure pipelines, the following additional data are required:
1) Design pressure of pipe

2) Normal operating pressure

3) Maximum operating pressure

4) Nominal composition of material in pipeline

This information is for reference only.

4.2 Design Standards

4.2.1 General

All work in connection with the facility authorized by the Permit shall be done in a neat and efficient

manner to the City's satisfaction. Construction details of the same shall conform to the requirements in
effect at the time of Permit issuance.
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4.2.2 Utilities

All utilities, including water, sanitary sewer, and storm sewer shall be stubbed out to the right-of-way at all
locations that are planned for future tie-ins. Other reasonable stub-outs may be requested by the City
based on sound engineering judgment and knowledge of adjacent development.

423 Gravity Utilities Precedence

Precedence shall be given to gravity utilities (for example, sanitary and storm sewer) over other utilities in
design and construction.

4.2.4 Access Covers

All manhole lids, utility access covers, and range box access covers shall be depressed one-quarter an inch
to half an inch below the adjacent finished street surface.

4.2.5 Sleeves

During initial construction, utility companies shall install relevant utilities within sleeves across all public
streets to accommodate future repairs without street cuts. Sleeves shall be of a size and material
appropriate for the specific utility and shall be designed to withstand road loading. Sleeves shall be
installed at a minimum depth of 42 inches to the top of the pipe from the top of the curb, and ends shall
be sealed except for necessary vents or drains.

A minimum of six additional sleeves on Arterials, and a minimum of four additional sleeves on Collectors
are to be installed by the Developer at all street intersections along both sides of all Collectors and
Arterials and at intersections of Local streets where there is a utility corridor. Any intersection along a
Collector or Arterial that may warrant signalization shall have additional sleeves (as described previously)
installed across the streets at the intersection.

Sleeve quantity, location, size, and material shall be approved by the City.

4.3 Location

During design or prior to construction of the following, potholing or similar subsurface utility investigation
shall be performed to identify the location(s) of other utilities. Refer to Figures 4-1, 4-2, and 4-3.

4.3.1 Water

Waterline and service locations require acceptance from the applicable District. Where possible, water
mains shall be located on the northern and eastern sides of streets. Water mains shall be placed at a
minimum depth of 4.5 feet measured from top of main perpendicularly to the finished ground surface.
Water service lines shall be placed at a minimum depth of 4.5 feet to the right-of-way line. Water mains
shall be separated from sanitary sewer mains by a minimum of 10 feet measured horizontally. Fire hydrant
locations are subject to Fire District requirements. Where no such requirements exist, fire hydrants shall be
located 3 feet minimum from the back of the curb, 1 foot minimum from the back of an attached sidewalk,
or 10 feet minimum from the edge of pavement if no curb is present.

4.3.2 Sanitary Sewer

Sanitary sewer and service locations require acceptance from the applicable District. Where possible,
sanitary sewer mains shall be located on the southern and western sides of streets. Sanitary sewer mains
shall be placed at a minimum depth of 5 feet measured from the top of main perpendicularly to the
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finished ground surface. Sanitary sewer service lines shall be placed at a minimum depth of 5 feet to the
right-of-way line.

433 Storm Sewer

Storm sewers shall be located as needed for adequate utility separation. Storm sewer depths are subject to
minimum and maximum cover requirements associated with the storm sewer manufacturer, but at no time
shall storm sewers be placed at a depth less than 2 feet from the top of pipe measured perpendicularly to
the road surface.

4.3.4 Natural Gas

Where possible, gas mains shall be located either within the right-of-way or in an adjacent easement on
the southern and western sides of the street.

435 Electric Power, Cable Television, and Communications

Where possible, electric power, cable television, and communications lines shall be located in the northern
and eastern sides of the street, either within the right-of-way or in an adjacent easement. Location is also
subject to requirements in the National Electrical Safety Code (NESC).

4.3.6 Additional Structures

Poles, signs, and any other aboveground streetscape (except regulatory signs) shall be generally located
within 5 feet of the right-of-way line or 10 feet from the travel lane (flowline), whichever is more
restrictive. Where existing roadways are constructed to something other than present City standards,
variances will be considered on a case-by-case basis. Light poles may be placed a minimum of 2 feet
behind a vertical curb line, or 2 feet behind the sidewalk for attached sidewalk conditions with prior written
approval by the City. Poles placed within City rights-of-way having a posted speed limit of 40 mph, or
higher, may be required to be breakaway, per the Colorado Department of Transportation Roadway Design
Manual. All poles within City rights-of-way must be accepted by the City prior to the Permit Application

for installation.

4.3.7 Location Deviations

Utility locations other than those stipulated in this chapter may be considered if given written approval by
the City.

4.3.8 Boring or Directional Drilling

For pipelines or conduits to cross roads, boring or directional drilling may be required instead of trenching,
as directed by the City. If sufficient rights-of-way exist, the length of the bore shall extend a minimum of

4 feet from the edge of the pavement when possible. Unused holes or abandoned casings shall be
backfilled. Water boring under roadways shall not be permitted. Existing carriers and conduit installed
under a roadway shall be physically located prior to boring.

4.3.9 Subsurface Utility Locating

Location markers, tracer wires, as-built drawings, and other methods of establishing locations of
underground utilities after burial shall be provided as required by the utility owner and are subject to
City approval.
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Figure 4-1. Utility Line Location: Typical Plan
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Figure 4-2. Utility Line Location: Typical Section
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Figure 4-3. Utility Line Relocation Example
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5.1 General Application Process

Access requests to City of Castle Pine (City) streets and roadways are processed through one of the
following methods:

5.1.1 Access for Planned Unit Development

Unit Development Process (and Site Improvement Plan, if applicable) may set general locations for
access points.

5.1.2 Access for New Subdivisions

For new subdivisions, access is granted through the platting process.

5.1.3 Access for Commercial, Industrial Properties

For commercial, industrial, multifamily, and single-family developments, access is granted through the
Development Process. For all new developments, the final driveway location shall be determined at the
time of building Permit and shall meet these requirements.

5.1.4 Special Circumstances

Single-family residential driveway permits shall be issued through the City offices for special
circumstances.

5.1.5 Other
In some circumstances, the City may require a Right-of-Way Permit for subdivision, commercial, industrial,
or multifamily access. City staff are available to provide assistance on the extent of technical justification

required for any access request. It is recommended that this assistance be sought prior to submitting any
Application.

5.2 Criteria for Access onto Streets within the City

5.2.1 Freeways

New freeway access in the City shall meet the requirements of the Colorado Department of Transportation
(CDOT) or the appropriate governing authority. Access requests are made through CDOT and must follow
CDOT's established process.

5.2.2 State Highways

Access to State Highways is governed by the State Highway Access Code.

5.2.3 Principal and Minor Arterials

Figure 5-1 shows different types of Principal and Minor Arterial access.
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Figure 5-1. Principal and Minor Arterials
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5.2.3.1 Private Access

Generally, no private, full-movement access shall be allowed onto Principal and Minor Arterials unless a
signal progression plan has been reviewed and accepted by the City. This plan must prove that this private
access will not reduce progression bandwidth or otherwise degrade traffic operations for the Principal or
Minor Arterials. Private direct access to Principal and Minor Arterials may be permitted only when the
property in question has no other reasonable access to the general street system, or when denial of direct
access to the Principal and Minor Arterials and alternative direct access to another roadway would cause
unacceptable traffic operation and safety problems to the overall traffic flow of the general street system.
When private access must be provided, the following shall be considered:

1)

2)

3)

Such access shall continue only until such time that some other reasonable access to a lower
classification street is available and permitted. This street must be included in the City's Master
Transportation Plan. The Permit should specify the future reasonable access location(s),
circumstances, and modifications required to change the access location. The timing of the
modifications and a funding commitment by the Applicant to enact the changes must be specified in
the Permit.

No more than one access shall be provided to an individual parcel or to contiguous parcels under the
same ownership unless it can be shown that (1) allowing only one access conflicts with safety
regulations (such as fire access), or (2) additional access would significantly benefit the safety and
operation of the highway or street and is necessary for the safe and efficient use of the property.

An access shall be limited to right-in/right-out movements only unless (1) it has the potential for
signalization, and (2) left turns would not create unreasonable congestion or safety problems and
lower the level of service. The City may require provision of deceleration and acceleration lanes for the
right-in/right-out only movements. The Applicant should discuss this potential with the City prior to
submitting the Permit.
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5.2.3.2 Public Access

Where left turns are to be permitted, public direct access to Principal and Minor Arterials must meet
the City’s signal spacing criteria. Those that do not meet these requirements shall be limited to
right-in/right-out movements only, unless they meet the requirements described previously. No Local
Streets shall be permitted to intersect Principal and Minor Arterials.

Full-movement access (from Principal and Minor Arterials, Major and Minor Collectors, Entry Streets,
School Access Streets, Commercial Streets, and Industrial Streets) to Principal and Minor Arterials shall be
limited to half-mile intervals (for Principal Arterials), and quarter-mile intervals (for Minor Arterials), plus
or minus 200 feet, to achieve good speed, capacity, and optimal signal progression. To provide flexibility
for both existing and future conditions, an accepted engineering analysis of signal progression shall be
made to properly locate any proposed access that may require signalization. The specifics of this analysis
are detailed in the “Traffic Impact Study Criteria” (refer to Chapter 6).

If the access location is not accepted through the Land Development Process, a Right-of-Way Permit must
be obtained from the City for any private access requested to an Arterial.

5.2.4 Major and Minor Collectors
Figure 5-2 shows different Major and Minor Collector access.

Figure 5-2. Major and Minor Collectors
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Private access to Major and Minor Collectors shall be governed by the following curb opening and
driveway criteria. Single-family residence access to Major and Minor Collectors is not permitted unless
access to a lower classification street is not available.

The minimum centerline-to-centerline spacing between Major and Minor Collectors and Local Streets is
330 feet.

The closest Local Street intersection to a Principal or Minor Arterial along a Major or Minor Collector shall
be 330 feet as measured from the Principal or Minor Arterial right-of-way line to the centerline of the
Local Street.
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If the access location is not accepted through the general Application process, a Permit must be obtained
from the City for any private access requested to a Minor Collector.

5.2.5 School Access Street
Figure 5-3 shows different types of School Access Streets.

Figure 5-3. School Access Streets
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Private access to a School Access Street shall be governed by the following curb opening and driveway
criteria as well as Douglas County criteria:

1) Streets should not intersect a School Access Street closer than 150 feet from each other (centerline to
centerline). On a School Access Street, the closest intersection to a Major or Minor Collector Street
shall be at least 200 feet (centerline to centerline).

2) No signalization shall be allowed on a School Access Street.

3) A Permit must be obtained from the City for any access other than single-family residential access to a
School Access Street.

5.2.6 Commercial and Industrial

Figure 5-4 shows different types of Commercial and Industrial access.
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Figure 5-4. Commercial and Industrial Access
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Private access to Commercial and Industrial Streets shall be governed by the following curb opening and
driveway criteria:

1) Streets shall intersect Commercial and Industrial Streets not closer than 150 feet from each other
(centerline to centerline). The closest Local Street intersection along a Commercial and Industrial
Street to a Major or Minor Collector shall be 200 feet (centerline to centerline). Refer to Figure 5-5.

2) Signalization shall not be allowed on Commercial and Industrial Streets.

3) A Permit may be required from the City for any private access requested to Commercial and Industrial
Streets.

4) In an effort to limit the number of “"Points of Conflict” on Commercial and Industrial Streets, access to
these streets should be limited to shared driveways located at common lot lines.

5.2.7 Entry Streets

Private access to Entry Streets is not allowed.

1) The closest Local Street intersection along an Entry Street to a Principal or Minor Arterial shall be
160 feet as measured from the Principal or Minor Arterial right-of-way line to the centerline of (the
Local Street). The closest Local Street intersection along an Entry Street to a Major or Minor Collector
shall be 160 feet (centerline to centerline). Refer to Figure 5-5.

2) Signalization shall not be allowed on an Entry Street.
5.2.8 Local Streets

Private access to Local Streets shall be governed by the following curb opening and driveway criteria:

1) Intersections between shall be spaced no closer than 150 feet (centerline to centerline). The closest
Local Street intersection along a Local Street to a Major or Minor Collector shall be 200 feet
(centerline to centerline).

2) Signalization shall not be allowed on a Local Street.

3) Single-family residential accesses to Local Streets are issued by the Building Department in
accordance with this chapter.
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Figure 5-5. Intersection Separation for Entry Street and Local Streets
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5.3 Basic Principles for Curb Openings and Driveways

By controlling the location and width of curb openings or driveways along the street, it is possible to avoid
or eliminate long, open stretches where motorists can indiscriminately drive onto the street. In case of
conflict between requirements in the various sections of this chapter, the more restrictive will apply. The
opening or driveway width should be adequate to properly handle the anticipated traffic volumes and
types of vehicles expected to use the driveway. Its location should be completely within the property
boundary lines.

Driveway openings shall be located at the point of optimum sight distance along the street. For openings
and driveways to commercial establishments, there shall be sufficient space cleared of any obstructions so
that drivers entering or exiting the property are given sufficient sight distance to enable them to make
proper and safe turning movements. The profile of a driveway approach and the grading of the adjacent
area shall be designed so that when a vehicle is located on the driveway outside the travel lanes of the
street, the driver can see a sufficient distance in both directions to enable the driver to safely enter the
street without impeding traffic flow.

Any adjustments that must be made to utility poles, streetlight standards, fire hydrants, inlets, traffic signs
and signals, utility boxes, or other public improvements or installations that are necessary as the result of
the curb openings or driveways shall be accomplished without any cost to the City. Any curb opening or
driveway that has been abandoned shall be restored by the property owner to previous conditions but at a
minimum shall include obliteration of the opening such that the edge of the roadway or curb and gutter is
connected on both sides of the opening being abandoned.

If the driveway is to serve only specific turning movements into and out of the property, the Owner or
Developer will be required to provide some means of ensuring that motorists will use the driveway as
designed. This is typically done using a raised median in the through street. If access is limited at the
driveway location (right-in/right-out or three-quarters movement), the island design shall follow
American Association of State Highway and Transportation Officials design criteria.

The City may limit or modify access points if concerns arise related to congestion or safety, or if road
improvements necessitate removal or modification of raised median islands.

The length of the maximum grade of 4% along the centerline for a commercial driveway shall be a
minimum of 50 feet measured from the flowline intersection of the roadway.

Figure 5-6 illustrates the maximum grade for a commercial driveway.

5-7



Chapter 5 - Access Requirements and Criteria

Figure 5-6. Commercial Driveway Maximum Grade
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54 General Requirements
5.4.1 Number of Driveway Openings
Single-Family Residential — Single-family residential property shall be limited to one access point.

Multifamily Residential, Commercial and Industrial — If located on a Commercial and Industrial, Major
Collector or Minor Collector roadway, assume the driveway functions as a Local Street and use the
information provided on Figure 5-6. If access is located on a roadway classified other than Commercial
and Industrial, driveway openings shall be determined on a case-by-case basis.

5.4.2 Driveway Entrance Angle

The driveway entrance angle for all approaches shall be 90 degrees, plus or minus 10 degrees, to the
centerline of the street. Refer to Figure 7-25.

5.4.3 Joint Driveway Access

Joint driveway access must be considered to serve two adjacent properties for Commercial and Industrial
Developments. Joint driveway accesses are typically centered on the common property line, and
cross-access easements are required. These easements must be obtained by the property owners, and any
related documentation shall be submitted with the access Permit.

5.4.4 Minimum Space Between Driveway Openings

If Joint Access is not used, the minimum spacing between driveways shall be 50 feet, measured between
the inside edges of the two adjacent driveways. New driveways shall align with existing driveways on
opposite sides of the street or be offset as noted previously. This does not apply to single-family
residential projects. Refer to Figure 5-7.
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5.4.5 Driveway Movements

Projects shall be designed to prohibit backing maneuvers in the right-of-way. Driveways accessing
roadways shall not allow parking within 50 feet from the edge of the adjacent road.

5.4.6 Change in Use or Traffic Volume

If the use changes or volume increases by 20% for an existing access to a City right-of-way, or if there is a
change in the use or developed size of the property, a Permit and additional improvements may be
required, or the access may be limited. Change in access or property use may include, but is not limited to,
change in the amount or type of traffic, structural modifications, remodeling, change in type of business,
expansion in existing business, change in zoning, or change in property division creating new parcels.
Consult with the City to determine whether a Permit will be required.

5.4.7 Auxiliary Lanes (Acceleration/Deceleration Lanes)
See Chapter 7 of these Roadway Standards.

5.5 Access Design

5.5.1 Width of Driveway Opening

The total width of driveway openings for properties measured at the curb line for various Street
Classifications shall be in conformance with Table 5-1.

Table 5-1. Width of Driveway Openings

Single-Family Multifamily
Roadway Class Residential (feet) Residential (feet) Commercial and Industrial (feet)

Principal and Minor Arterials N/A 38 (if allowed) 38 (if allowed)

Major and Minor Collectors N/A 38 24 t0 36

Local 16 to 30 38 24to 36
Notes:

1. Driveway openings of 30 feet or more must be constructed as a radius curb return.

2. If aradius curb return is used, the width of the allowed driveway does not include the curb return radius.

3. The width of the driveway opening does not include the tapers. refer to Curb Opening detail in Appendix A.

4. The dimensions in Table 5-1 may need to be increased if a Traffic Impact Study accepted by the City indicates
different vehicle types or volumes would require modification of the dimensions.

5.5.2 Driveway Edge Clearance

This clearance is the distance measured along the curb line from the nearest edge of the curb opening to a
point where the property line is extended to the curb line. Refer to Figure 5-8.

Note: Joint access with adjoining property must be considered. Joint access shall be the only justification
for eliminating the minimum edge clearance dimension.

5.5.3 Corner Clearance

This clearance is the distance measured along the curb line from the nearest edge of the curb opening to
the adjacent street right-of-way line. Refer to Figure 5-7.
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Figure 5-7. Corner Clearances for Non-Single-Family Driveways
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Table 5-2. Legend for Figure 5-7 — Minimum Corner Clearances

Based on Class of Major Roadway

“ Arterial (feet) Collector (feet) Local (feet)
75 50

A 115

B 85 85 50
C 115 75 50
D 115 75 50
E 210 115 50
F 210 115 50
G 50 50 50
H 210 115 50

Note:

This table does not apply to single-family residential driveways. Single-family residential driveways must access on
the street of the lowest classification and at the side of the lot farthest away from the intersection.

Driveways should be located as far away from major intersections as possible. This constraint is as much
for the ability to enter and leave the property as for the benefit of intersection safety and operations.
Exiting a driveway during peak-hour conditions at traffic signals is difficult where the queue of standing or
slow-moving vehicles does not allow a sufficient gap for entry from the driveway.
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5.5.4 Sight Distance

Sight distance for curb openings to private property shall consist of a sight triangle conforming to the
requirements of these Roadway Standards.

5.6 Unpermitted Access

Any access, driveway, or curb cut constructed within public right-of-way without an access issued by the
City or by an accepted site plan shall be subject to a Stop Work order and shall be removed immediately.
Failure to obey the Stop Work order may result in the prosecution of the violators. Failure to remove the
unapproved access may result in the removal of said access by the City, and the cost of removal shall be
charged to the property owner from which the access originates. In the event the property owner fails to
reimburse the City within 30 days after submission of the bill for the costs incurred, the City shall have the
right to enforce such obligation by appropriate legal action.

Note: Single-family residential driveways must access on the street of the lowest classification and at the
side of the lot farthest away from the intersection. Any deviations from these criteria require approval
through the City. These dimensions only apply to the road classifications shown on Figure 5-8; if access is
to a different classification of road, then intersection spacing shall apply.
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Figure 5-8. Curb Openings and Driveway Spacing
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6.1 Traffic Impact Studies

A Traffic Impact Study (TIS) may be required by the City to adequately assess the impacts of a
development proposal on the existing or planned roadway network. A TIS shall be required for proposed
developments with peak hour trip generation volumes anticipated to exceed 50 vehicles during any peak
hour or when considered necessary or desirable by the City. The Applicant has the primary responsibility
for assessing the traffic impacts associated with a proposed development, with the City serving in a review
and approval capacity.

6.1.1 Standard TIS

The following scenarios or submittals shall require a TIS and thorough documentation of the study
assumptions, process, and results:

1) Rezoning. If a rezoning is requested for a site, inclusive of major amendments to a planned
development and use by special review Applications, a Standard TIS may be required. In the case of a
rezoning in which the currently proposed zoning is anticipated to generate fewer trips than the
previously proposed zoning, a letter summarizing the trip generation of the Application, including a
comparison to the trip generation of the previously proposed zoning, may be submitted in lieu of a
Standard TIS (refer to the Traffic Impact Study Compliance Letter subsection).

2) Preliminary Plan or Final Plat.

3) State Highway Access. A Colorado Department of Transportation (CDOT) access Permit is required for
a new access from a new development, an additional access to an existing development, or a change
in use for an existing access that abuts a state highway. CDOT will issue this access Permit even if the
location is within Castle Pines city limits. Prior to submitting a request for an access Permit to CDOT,
the TIS must be approved by the City.

4) Land Use Intensity Increase. The Applicant will be required to conduct a new TIS and submit
documentation if, after submitting the original TIS for any of the previously noted scenarios, the land
use intensity is increased by more than 20%, or the land use changes such that trip generation is
increased by more than 20%.

5) Delayed Implementation. If development does not progress as anticipated, the Applicant may be
required to update an existing TIS if the approved document is more than 2 years old, and the analysis
years are no longer valid. This requirement will be waived if the City determines the conditions have
not changed significantly.

A TIS conducted and documented to address one of these scenarios or submittals is referred to as a
Standard TIS.

6.1.2 Scoping the TIS

The Applicant is strongly suggested to discuss projects with City staff prior to starting the TIS. The
Applicant may request a meeting or phone conversation. Topics for discussion may include project
phasing, trip generation, directional distribution of traffic, trip assignment, study area definition,
intersections requiring capacity or level of service (LOS) analysis, analysis time periods, traffic safety
analysis, truck traffic limitations, signal timing policies, and methods for projecting interim and buildout
volumes as applicable.
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Specific requirements will vary depending on the site location and development proposal. The TIS scope
shall be commensurate with the scale and scope of probable operational and safety impacts to the
general roadway network. A general guideline related to determining the extent of the study area is to
extend the analysis at least as far as those areas where newly generated site traffic represents 5% or more
of a roadway'’s peak hour capacity. Where site-generated traffic will be less than 5% of the roadway
capacity, the study area limits would at minimum include all site accesses, adjacent roadways, and
adjacent major intersections. At maximum, limits would also include all roadways, and Collector/Collector
and Collector/Arterial intersections, extending from the proposed development to and including the
intersection with the nearest state or federal highway. The study area or improvement commitments may
extend into other jurisdictions or incorporated areas.

The TIS and its documentation will be the responsibility of the Applicant and must be prepared, stamped,
and sealed by a Professional Engineer (PE) licensed in the State of Colorado with adequate experience in
transportation engineering. Upon submission of a draft TIS, the City will review the study data sources,
methods, and findings. Comments will be provided in a written form. The Applicant and PE will then have
an opportunity to incorporate necessary revisions prior to submitting final documentation.

6.2 TIS Process and Document Format

To provide consistency and to facilitate staff review of a TIS document, the following format must be
adhered to by the PE in the preparation of study documentation.

6.2.1 Executive Summary

The executive summary should briefly summarize the purpose of the TIS, its recommendations, and other
information necessary for the City Development Review Engineer to understand the purpose of the TIS. If
the subject study area was included in a previous TIS, an explanation must be included regarding how the
subject area relates to the area previously analyzed. If necessary, explain any unusual circumstances that

necessitate the TIS.

6.2.2 Introduction

Include the following items in the introduction section of the TIS document.

1) Development Site and Study Area Boundaries. Include a brief description of the land parcel size,
existing uses, general terrain features, and location within the jurisdiction.

2) Study Area. The exact limits of the study area shall be based on sound engineering judgment and an
understanding of existing traffic conditions surrounding the site. In all instances, however, the
Applicant, PE, and City must mutually agree upon the study area limits. These limits will usually result
from initial discussions with staff.

3) Vicinity Map. Include a Vicinity Map that shows the site and study area boundaries in relation to the
surrounding transportation system. The map shall include proposed site access locations to the
adjacent roadway network within the transportation system.

4) Proposed Development Description. Identify the proposed land use types(s) and size(s) in terms
specific enough to align with land use codes contained in trip generation methodology. If the
development is to be built in a phased manner, the types and sizes of land use to be implemented in
each phase, as well as the projected completion date of each phase, shall be identified. If specific land
uses are not known, assume the most intense use (in terms of trip generation) allowed by current or
proposed zoning. Include a figure that depicts the site plan, land uses within the site, and site access
points to the adjacent roadway network.
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5) TIS Scope. Briefly describe the agreed-upon scope of the TIS in terms of the study intersections,
driveways, roadway segments, analysis time periods, and future scenarios to be analyzed.

6) Analysis Methodology. Explain the methodology followed to estimate the traffic operations within the
study area. Assumptions, adjustment factors, data, and references must be described where applicable
throughout the document to assist the City Development Review Engineer with understanding the
methodology and process followed by the PE to conduct the TIS.

6.2.3 Existing Conditions

The current traffic conditions within the study area must be identified. The existing year will be determined
during the initial meeting with the City but will typically be the year in which traffic volumes are collected.
Include the following items in the TIS analysis and documentation of existing conditions.

1) Roadway Network. Describe existing roadways and intersections, including roadway classification,
speed limits, geometrics, traffic control, and other pertinent features within the study area. Provide a
figure that depicts the roadways and intersections, as well as surrounding land use and zoning.

2) Traffic Volumes. Collect current traffic volumes at identified intersections (turning movements) and
roadway links (24-hour volume counts) for the study time periods. At a minimum, weekday morning
(a.m.) and evening (p.m.) peak period turning movement counts will be required. Turning movement
volumes for other periods may be required; these periods will be determined at the initial meeting.
Traffic volumes over 2 years old are not acceptable. Include a graphic showing these daily and peak
period volumes. All raw traffic count data (including average daily traffic volumes and peak hour
turning movements) shall be included in appendices to the TIS documentation.

3) Levels of Service. The current traffic operations within the study area shall be described in terms of
LOS during the analysis time periods, using the operational methodologies as detailed in the most
recent version of the Highway Capacity Manual (HCM). The City will provide existing traffic signal
timing values. For signalized intersections, LOS shall be reported for each individual movement and
for the intersection overall in each analysis time period. For unsignalized intersections, LOS shall be
reported for each applicable individual movement in each analysis time period. The extent of vehicle
queuing and its potential impact to adjacent intersections shall be evaluated using a Poisson’s
distribution methodology (refer to Section 6.2.8) or other method approved by the City.

Include a narrative explanation of the LOS results and the impact to area traffic operations. Existing
traffic volumes and LOS shall be shown in graphical format for each analysis time period. For
signalized intersections, the graphic should show overall intersection LOS. For unsignalized
intersections, the graphic should show LOS for each applicable movement. All LOS output reports
shall be included in an appendix to the TIS document. Electronic data files must accompany the TIS
document submittal.

4) Traffic Safety Analysis. The City will indicate during the initial meeting whether a traffic safety analysis
will be required for inclusion in the TIS. The analysis scope will be determined during the initial
meeting, but the minimum requirement will be an analysis of traffic crash data for roadway corridors
affected by the proposed development to identify historical crash issues and estimate how turning
movements and conflict points introduced by new site accesses may impact crash potential. The
safety analysis period will normally be the most recent 3 years.

6.2.4 Future Background Conditions

Background traffic volumes for intersections and roadways within the study area must be determined for
the opening year of the proposed development (short term) and for the 20-year or area buildout planning
horizon (long term) without influence of the proposed site, as determined by the City. Area buildout will
typically coincide with the year of the currently approved regional travel demand model. These volumes
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shall be used to project background traffic operating conditions. For phased developments, analysis of
interim horizons coincident with completion of additional phases may be required. Include the following
items in the TIS analysis and documentation of background conditions:

1) Approved Developments. Projected traffic volumes for platted/approved but unbuilt developments
within the study area, or having impact on the study area, shall be added to the projected volumes for
the appropriate planning horizon. These volumes shall be based on the expected buildout proportion
of the approved plat(s) coincident with the subject planning horizon. Typically, this will primarily affect
the background traffic at the time of the opening of the proposed development; however, traffic
generated by some larger approved projects may not impact the area until after opening year of the
subject development. This projected, post-opening year traffic must be added into the 20-year or area
buildout planning horizon.

2) General Growth. In addition to approved developments, regional traffic growth will affect background
traffic volumes for opening, interim, and horizon analysis scenarios. Future traffic growth shall be
developed through means determined appropriate by the City, such as the City of Castle Pines
Transportation Master Plan, growth rate methodology, and regional travel demand model estimates.
The City will determine whether proposed general traffic growth rates are acceptable.

3) Currently Planned Roadway Improvements. Roadway improvements that would impact traffic
conditions within the study area and that are currently planned and funded shall be included in the
analysis of future background conditions, as appropriate. Explain the nature of the improvement
project, its geographical limits, implementation schedule, funding source and responsible
agency/entity.

4) Level of Service. The background traffic LOS within the study area, without influence of the proposed
site, shall be assessed in each analysis time period for each of the identified study years. The LOS shall
be analyzed using the operational methodologies as detailed in the most recent version of the HCM.
Signalized intersection analysis must use a cycle length consistent with current City signal timing
policies. For signalized intersections, LOS shall be reported for each individual movement and for the
intersection overall in each analysis time period. For unsignalized intersections, LOS shall be reported
for each applicable individual movement in each analysis time period. The extent of vehicle queuing
and its potential impact to adjacent intersections shall be evaluated using a Poisson’s distribution
methodology (refer to Section 6.2.8) or other method approved by the City.

Include a narrative explanation of the LOS results. Background traffic volumes and LOS shall be shown
in graphical format for each analysis time period. For signalized intersections, the graphic should show
overall intersection LOS. For unsignalized intersections, the graphic should show LOS for each
applicable movement. All LOS output reports shall be included in an appendix to the TIS document.
Electronic data files must accompany the TIS document submittal.

6.2.5 Site Traffic/Trip Projections

This section shall include a summary table listing type, size, the Institute of Transportation Engineers (ITE)
Trip Generation — Land Use Code for each land use in the development, trip generation rates, and the
resultant total trips for each analysis time period. Trip generation rates from the most current ITE Trip
Generation Manual shall be used. If an ITE Land Use Code for the proposed land use is unavailable, trip
generation from similar land uses, either from other sources, jurisdictions, or field studies, may be used
with City approval. If the proposed development will serve an atypically high proportion of heavy vehicles,
passenger car equivalents shall be determined and used to estimate trip generation. For phased
developments, provide trip generation for each phase individually and for the whole development

at buildout.
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Site Trip Reductions. Use of the following types of trip reduction factors may be considered with City
approval:

1) Pass-by factors. As published in the current ITE Trip Generation Manual, pass-by factors can be used to
reduce the projected additional total daily traffic to roadways adjacent to a proposed development.
These factors shall not be applied directly to reduce trip generation and turning movement volumes
at driveways serving the proposed development.

2) Internal capture. Trip reductions may be used to reduce the peak period and daily trip generation
estimates for a mixed-use development. Assumptions must be documented.

3) Modal split. Trips may be reduced when appropriate, such as when the proposed development is
located in a transit-oriented development or within one-quarter mile of a major transit corridor.
Assumptions must be documented.

Site Trip Distribution. The estimates of percentage distribution of trips from the proposed development to
destinations in the region must be clearly stated in this section, using the north, south, east, and west
compass points. Trip distribution should be based on actual traffic data where possible. Market studies and
information concerning origin of trip attractions to the proposed development may be used to support
these assumptions where available. Likewise, distributions presented in TIS documents recently approved
by the City may be a source for assumptions. The percentage of site traffic on each roadway must be
included in tabular or graphical format to support the textual discussion of the trip distribution
assumptions.

Traffic Assignment. The allocation of site-generated traffic along the area’'s roadway network and through
the site access points must be presented in this section. The technical analysis steps, basic methods, and
assumptions used in this work shall be clearly documented and follow the assumptions agreed to by the
City. The assumed trip distribution and assignment must represent the most logically traveled routes for
drivers accessing the proposed development. These routes can be determined by observation of travel
patterns to existing land uses in the study area. A graphic showing the site traffic assignment on the
surrounding roadway network must be included for each analysis time period.

6.2.6 Projected Site Traffic Impacts

Traffic impacts of the proposed development shall be analyzed for all time periods in the anticipated
opening year, interim project phases, and the identified planning horizon. Include the following items in
the TIS analysis and documentation of total conditions for short-term (site opening), interim phases, and
long-term horizons. LOS values shall be tabulated in a single table for all study intersections, analyzed
time periods, and analysis scenarios. All LOS output reports shall be included in the appendices, and
electronic data files must accompany the TIS submittals.

6.2.6.1 Site Opening Year for Single-Phase Developments

1) Total Traffic. The total projected traffic volumes at the day of development completion shall be
determined by adding the proposed site-generated traffic to the short-term background traffic.

2) Level of Service. The total traffic LOS within the study area at development completion shall be
assessed for each analysis time period. The LOS shall be analyzed using the operational
methodologies as detailed in the most recent version of the HCM. Signalized intersection analysis
must use a cycle length consistent with current City signal timing policies. For signalized intersections,
LOS shall be reported for each individual movement and for the intersection overall in each analysis
time period. For unsignalized intersections, LOS shall be reported for each applicable individual
movement in each analysis time period. The extent of vehicle queuing and its potential impact to
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3)

4)

5)

adjacent intersections shall be evaluated using a Poisson's distribution methodology (refer to
Section 6.2.8) or other method approved by the City.

For signalized intersections and proposed roadway segments, LOS D for each movement and for the
intersection overall will be the design objective at development opening. Under no circumstances
shall the development cause a drop below LOS D at signalized intersections for individual movements
and overall for any analysis scenario. Refer to the most recent version of the HCM for the average
vehicular delays associated with each LOS letter designation.

Include a narrative explanation of the LOS results and the impact to area traffic operations.
Opening-year traffic volumes and LOS shall be shown in graphical format for each analysis time
period. For signalized intersections, the graphic should show overall intersection LOS. For unsignalized
intersections, the graphic should show LOS for each applicable movement. All LOS output reports
shall be included in an appendix to the TIS document. Electronic data files must accompany the TIS
document submittal.

Mitigation. At study area intersections with projected LOS E or worse overall or for individual
movements, mitigation measures shall be identified to improve intersection operations to an
acceptable level. Mitigation measures shall also be identified for locations where LOS may be
acceptable, but the analysis projects queuing issues with adjacent intersections. This section shall
describe and present the results of the additional LOS analysis iterations conducted to identify the
appropriate mitigation measures. If individual movements at unsignalized intersections are projected
to operate below LOS D, include a discussion about possible mitigation measures or reasonable
alternate routes.

The graphical presentation of LOS should include the original and mitigated overall LOS for signalized
intersections and by applicable movement for unsignalized intersections. This information can be
added to the traffic volume and LOS graphic.

Sight-Distance Analysis. Include an analysis of available entering sight distance at all proposed site
access points (per Chapter 7 of these Roadway Standards). This analysis shall include an assessment
of the clear zone and horizontal and vertical sight distances. Future accesses identified for an adjacent
development shall also be included as necessary if they are proximal to the subject site access.

Traffic Safety. If a traffic safety analysis was completed as part of the existing conditions identification,
include a discussion of how the proposed site access points and trips generated by the project may
impact or alter documented safety issues and operations at the site access points and study area
intersections. Discuss potential safety strategies that are proven effective to address the identified
issue(s).

6.2.6.2 Site Opening Years for Interim Phases

1)

2)

Total Traffic. The total projected traffic volumes at the day of development completion for each of
multiple phases shall be determined by adding the proposed site-generated traffic to the applicable
background traffic.

Level of Service. The total traffic LOS within the study area at each phase of completion shall be
assessed for each analysis time period. The LOS shall be analyzed using the operational
methodologies as detailed in the most recent version of the HCM. Signalized intersection analysis
must use a cycle length consistent with current City signal timing policies. For signalized intersections,
LOS shall be reported for each individual movement and for the intersection overall in each analysis
time period. For unsignalized intersections, LOS shall be reported for each applicable individual
movement in each analysis time period. The extent of vehicle queuing and its potential impact to
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3)

4)

5)

adjacent intersections shall be evaluated using a Poisson's distribution methodology (refer to
Section 6.2.8) or other method approved by the City.

For signalized intersections and proposed roadway segments, LOS D for each movement and for the
intersection overall will be the design objective at development opening. Under no circumstances
shall the development cause a drop below LOS D at signalized intersections for individual movements
and overall for any analysis scenario.

Include a narrative explanation of the LOS results and the impact to area traffic operations. Interim-
year traffic volumes and LOS shall be shown in graphical format for each analysis time period. For
signalized intersections, the graphic should show overall intersection LOS. For unsignalized
intersections, the graphic should show LOS for each applicable movement. All LOS output reports
shall be included in an appendix to the TIS document. Electronic data files must accompany the TIS
document submittal.

Mitigation. At study area intersections with projected LOS E or worse overall or for individual
movements, mitigation measures shall be identified to improve intersection operations to an
acceptable level. Mitigation measures shall also be identified for locations where LOS may be
acceptable, but the analysis projects queuing issues with adjacent intersections. This section shall
describe and present the results of the additional LOS analysis iterations conducted to identify the
appropriate mitigation measures. If individual movements at unsignalized intersections are projected
to operate below LOS D, include a discussion about possible mitigation measures or reasonable
alternate routes.

The graphical presentation of LOS should include the original and mitigated overall LOS for signalized
intersections and by applicable movement for unsignalized intersections. This information can be
added to the traffic volume and LOS graphic.

Sight-Distance Analysis. A sight-distance analysis shall be included for each phase if any geometric
conditions will have changed from those assessed for the Single-Phase development. For example, an
additional intersection or driveway is planned to be added near a study area intersection, or
signing/landscaping is planned to be installed in a lot adjacent to a site access.

Traffic Safety. A traffic safety analysis shall be included for each phase if any conditions will have
changed from those assessed for the Single-Phase development.

6.2.6.3 Long-Term Planning Horizon

1)

2)

Total Traffic. The total projected traffic volume at the long-term horizon year shall be determined by
adding the proposed site-generated traffic at buildout to the long-term background traffic.

Level of Service. The total traffic LOS within the study area at the horizon year shall be assessed for
each analysis time period. The LOS shall be analyzed using the operational methodologies as detailed
in the most recent version of the HCM. Signalized intersection analysis must use a cycle length
consistent with current City signal timing policies. For signalized intersections, LOS shall be reported
for each individual movement and for the intersection overall in each analysis time period. For
unsignalized intersections, LOS shall be reported for each applicable individual movement in each
analysis time period. The extent of vehicle queuing and its potential impact to adjacent intersections
shall be evaluated using a Poisson’s distribution methodology (refer to Section 6.2.8) or other method
approved by the City.

For signalized intersections and proposed roadway segments, LOS D for each movement and for the
intersection overall will be the design objective at development opening. Under no circumstances
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shall the development cause a drop below LOS D at signalized intersections for individual movements
or overall, for any analysis scenario.

Include a narrative explanation of the LOS results and the impact to area traffic operations.
Horizon-year traffic volumes and LOS shall be shown in graphical format for each analysis time period.
For signalized intersections, the graphic should show overall intersection LOS. For unsignalized
intersections, the graphic should show LOS for each applicable movement. All LOS output reports
shall be included in an appendix to the TIS document. Electronic data files must accompany the TIS
document submittal.

3) Mitigation. At study area intersections with projected LOS E or worse overall or for individual
movements at signalized intersections, mitigation measures shall be identified to improve intersection
operations to an acceptable level. Mitigation measures shall also be identified for locations where LOS
may be acceptable, but the analysis projects queuing issues with adjacent intersections. This section
shall describe and present the results of the additional LOS analysis iterations conducted to identify
the appropriate mitigation measures. If individual movements at unsignalized intersections are
projected to operate below LOS D, include a discussion about possible mitigation measures or
reasonable alternate routes.

The graphical presentation of LOS should include the original and mitigated overall LOS for signalized
intersections and by applicable movement for unsignalized intersections. This information can be
added to the traffic volume and LOS graphic.

4) Sight-Distance Analysis. A sight-distance analysis shall be included for the horizon year if any
geometric conditions will have changed from those assessed for the single or interim phases. For
example, an additional intersection or driveway is planned to be added near a study area intersection,
or signing/landscaping is planned to be installed in a lot adjacent to a site access.

5) Traffic Safety. A traffic safety analysis shall be included for the horizon year if any conditions will have
changed from those assessed for the single or interim phases.

6.2.7 Potential Mitigation Measures

Recommendations for potential mitigation measures, including new roadways, additional traffic lanes on
existing roadways, and changes to traffic control, must be approved by the City prior to finalizing the
TIS documentation.

Roundabouts as Mitigation Measures. At intersections of two roadways that are projected to operate at an
LOS below the City standard or warrant signalization, the City may require evaluation of a modern
Roundabout as a mitigation measure. The evaluation shall use a software analysis program approved by
the City.

Traffic Signals as Mitigation Measures. Approval of new traffic signals will be based in part on warrants
contained in the Manual on Uniform Traffic Control Devices (MUTCD) and any additional warrants
established by the National Committee on Uniform Traffic Control Devices. In determining the location of
a new signal, traffic progression is of paramount importance. Generally, a spacing of one-half mile for all
signalized intersections should be maintained. This spacing is usually desirable to achieve good speed,
capacity, and optimum signal progression. Pedestrian movements must be considered in the evaluation
and adequate pedestrian clearance provided in the signal cycle split assumptions.
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To provide flexibility and optimum two-way signal progression, a signal-progression analysis must be
conducted that includes all proposed accesses that may require signalization. The section of roadway to be
analyzed for signal progression will be determined by the City and will include all existing and possible
future signalized intersections.

The progression pattern calculations must use a cycle length consistent with the City’s current signal
timing policies. A desirable bandwidth of 50% of the signal cycle should be used where existing conditions
allow. At currently unsignalized intersections that are expected to be signalized in the future, a 60%
mainline and 40% cross-street cycle split should be assumed. Cycle split assumptions must relate to
volume assumptions in the capacity analysis of individual intersections and consider pedestrian clearance
times in the development of time/space diagrams. Document the progression analysis assumptions and
results in a separate section of the TIS documentation.

The green time allocated to the cross street shall be no less than the time required for a pedestrian to
clear the main street using MUTCD standards. Those intersections that would reduce the optimum
bandwidth if a traffic signal were installed may be required to remain unsignalized and have turning
movements limited by access design or median islands. Refer to Section 3 of the State Highway Access
Code for signal spacing on state highways.

6.2.8 Queuing Analysis

A 95th percentile (using Poisson’s distribution) queue length will be used to verify the adequacy of
existing storage lengths and as the basis of storage length design for the long-term planning horizon.
Alternative methodologies, such as Synchro 95th percentile length calculations, may be used with City
approval. The queuing calculations must use a cycle length consistent with the City’s current signal timing
policies. Green times for specific movements shall be based on the movement's proportion of the critical
lane volume, subject to phase minimums. Minimum greens shall be assumed to be 10 seconds for through
movements and 4 seconds for left turns. Yellow change and red clearance intervals shall be assumed to be
3 seconds and 2 seconds, respectively, for left turn movements; 4 seconds and 2 seconds, respectively, for
through movements. For lane groups that have multiple lanes, a lane utilization factor, in accordance with
the HCM methodology, shall be applied to the calculation of queue lengths.

The Queuing Analysis results may be discussed concurrently with the LOS discussions for each analysis
scenario or may be discussed in a separate section of the TIS documentation. Provide a table that
summarizes the projected 95th percentile queue lengths by movement and recommended storage lane
lengths. All queuing output reports shall be included in an appendix to the TIS document. Electronic data
files must accompany the TIS document submittal.

6.2.9 Conclusions and Recommendations

This section summarizes the proposed development and presents the TIS findings to include:

1) Identified Improvements. Describe the location, nature, timing, and extent of proposed improvements
that would be necessary to provide sufficient roadway and intersection capacity at design objective
LOS. Provide a graphic of the improvements showing length, width, and other pertinent geometric
features of the proposed improvements. Include the year at which the improvement must be in place
to provide the objective LOS and indicate the party responsible for funding or implementing the
improvements.

2) Access Spacing Assessment. Describe the spacing between proposed site access points and existing or
approved future access points. Indicate whether the proposed access points comply with applicable
City or State minimum spacing requirements. If a variance is requested, provide justification for
approval of the variance.
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3)

6.3

Site-Generated Traffic Volume Proportion. Percentage estimates may be required by the City to
identify the proportion of site-generated trips that will travel on various public improvements (both
existing and proposed) such as signalization, roads, and bridges. This calculation shall be based on
daily volumes and shall include background traffic growth along with trip generation from other
developments whose traffic travels on the same improvements. Fair share percentage calculations
shall be based on the trip generation and not a percentage of the total (growth plus site) traffic.

Traffic Impact Study Revisions

The Applicant must incorporate revisions to the TIS as required by the City. The need to require revisions
will be based on the completeness of the TIS documentation, the thoroughness of the impact evaluation,
the adequacy of proposed improvements and mitigation measures, and the compatibility of the TIS
recommendations with the proposed access and development plan. The Applicant may discuss comments
with the City reviewer prior to initiating the revisions. The TIS document will not be approved until all
reviewer comments have been addressed to the City's satisfaction.

6.4

Traffic Impact Study Compliance Letter

An approved Standard TIS for a development that has been master planned may be used as reference
for further planning of individual lots or subareas. The required TIS for subareas may take the form of a
TIS Compliance Letter. If agreed to during the initial meeting with the City, the Applicant may submit a
Compliance Letter confirming that the anticipated subarea traffic impacts are similar to or less than
those projected in the Standard TIS. The City may also require additional information beyond the
Compliance Letter.

6.4.1 Compliance Letter Qualifying Conditions

A TIS Compliance Letter may be considered if the following conditions are met:

1)
2)

3)
4)

A Standard TIS for the area has been completed and approved by the City.

Total projected trip generation (in accordance with the ITE Trip Generation Manual methodology) for
the lot or subarea is less than or equal to the buildout scenario assumptions in the Standard TIS.

Trip distribution is expected to be similar to that projected in the Standard TIS.

Access to the lot or subarea is the same as proposed in the Standard TIS.

6.4.2 Submittal of a Compliance Letter

The Applicant must include the following information, at a minimum, in a letter prepared, stamped, and
signed by a PE licensed in the State of Colorado:

1)

2)

Introduction/Project Description

a) Discussion of reason for submitting letter

b) Figure: Vicinity Map

c) Figure: Proposed Development Site Plan

Proposed Conditions

a) Discussion of proposed land use and ITE trip generation land use code

b) Table: Trip Generation Summary
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c) Table: Comparison of Trip Generation for Uses in Standard TIS to Trip Generation for Proposed
Site Uses

d) Discussion of comparison between Standard TIS trip generation and proposed trip generation
3) Conclusions/Recommendations
a) Compare/contrast Standard TIS with proposed development
b) Finding of no significant change to projected site attributes, including
i) Operations
ii) Access
iii) Parcel layout
iv) Developer commitments to implementing improvements
4)  Appendix
a) Cover page of Standard TIS
b) Conclusion page(s) of Standard TIS

c) Figure: Master Site Plan
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7.1 General

Chapter 7 sets forth the minimum design, technical criteria, and specifications to be used in the
preparation of all roadway plans.

These Roadway Standards are for new construction and modification to existing infrastructure.
Modifications and additions to existing infrastructure shall comply with these Roadway Standards to the
maximum extent practicable. Table 7-1 summarizes the City of Castle Pines' Roadway Construction
Standards.

7.2 Roadway Design and Technical Criteria

The City's Public Works Department has adopted a Functional Street Classification Plan based on
projected traffic volumes, land use, and expected growth. This Functional Street Classification Plan
designates streets as follows:

= Cul-de-Sac (Local with specific design criteria in accordance with Section 7.3.2)

= Local (Section 7.3.3)

= Entry Street (Local with specific design criteria in accordance with Section 7.3.4)

= Commercial and Industrial (Local with specific design criteria in accordance with Section 7.3.5)
= Major or Minor Collector (Section 7.3.6)

= Minor or Principal Arterial (2- and 4-Lane) (Sections 7.3.7 and 7.3.8)

The projected traffic volumes shall determine the street classifications. The extent of right-of- way
widening and improvements at intersections and on the approaches to intersections shall be determined
by these Roadway Standards, a Traffic Impact Study, and the City Public Works Department.

Basic considerations in the design of circulation systems must recognize the following factors:

=  Safety — for both vehicular and pedestrian traffic

=  Efficiency of Service - for all users

= Livability — especially as affected by traffic elements in the circulation system
= Economy - of both construction and use of land

Each of the following principles is an elaboration on one or more of these four factors. The principles are
not intended as absolute criteria, because instances may occur where certain principles conflict. The
principles should, therefore, be used as guidelines for proper system layout.

=  Enable vehicular and pedestrian access

= Minimize through trips

= Minimize or control access to Arterials

= Discourage speeding

= Minimize pedestrian-vehicular conflicts

= Relate street to topography

=  Provide parking where applicable

= Increase lifecycle or reduce road maintenance costs
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Table 7-1. Summary of Roadway Construction Standards

Local Special Use -

Local Special Use —
Commercial and

Criteria Local Cul-de-Sac Entry Street Industrial
Posted Speed (mph) | 25 25 25 25
Design Speed (mph) | 25 30 30 30
Maximum Design 400 1,500 1,500 2,500
Traffic Volume
(Vehicles per Day)
Min. Right-of-Way 50 SF 50 SF 60 60
(feet) 60 MF 60 MF 76 with median
Travel Lanes 2 2 2 2

Curb and Walks

SF — Mountable with
4-foot walk

SF — Mountable with
4-foot walk

MF - Vertical with
5-foot walk

MF - Vertical with
5-foot walk

Vertical curb with
8-foot walk

Vertical curb with
5-foot walk

Street Sections

SF — 30-foot paved
width, two 2-foot
gutter pans, total is
34-foot FL to FL

SF — 30-foot paved
width, two 2-foot
gutter pans, total is
34-foot FL to FL

36-foot paved width,
two 2-foot gutter
pans, total is 40-foot
FL to FL

MF - 34-foot paved
width, two 2-foot
gutter pans, total is
38-foot FL to FL

MF — 34-foot paved
width, two 2-foot
gutter pans, total is
38-foot FL to FL

34-foot paved,
16-foot median, two
1-foot median pans,
two 2-foot gutter
pans, total is 56-foot
FLto FL

36-foot paved width,
two 2-foot gutter
pans, total is 40-foot
FL to FL

Horizontal Criteria:
Min. Centerline Curve
Radii (feet)

175

225

225

225

Horizontal Criteria:
Curb Return Radii @
Arterial (feet)

N/A

N/A

35

N/A

Horizontal Criteria:
Curb Return Radii @
Collector (feet)

35

35

35

35

Horizontal Criteria:
Curb Return Radii @
Local (feet)

20to 25

20to 25

20to 25

N/A

Vertical Criteria:
K-Value Crest

19

19

19

19

Vertical Criteria:
K-Value Sag

26

37

37

37

Vertical Criteria:
Min. VCL Crest (feet)

50

50

50

50

Castle Pines Roadway Design and Construction Standards
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Local Special Use -

Local Special Use —
Commercial and

Criteria Local Cul-de-Sac Local Entry Street Industrial
Vertical Criteria: 50 50 50 50
Min. VCL Sag (feet)
Vertical Criteria: 1% to 6% 1% to 6% 1% to 6% 1% to 6%

Gradient

7% Mountainous

7% Mountainous

7% Mountainous

7% Mountainous

Vertical Criteria: Max
Int. Gradient

Refer to Figure 7-21

Refer to Figure 7-21

Refer to Figure 7-21

Refer to Figure 7-21

Mountainous terrain applies to developments where 50 percent of the site has existing slopes of 15% or greater. The
designer should strive to minimize the use of these grades for considerable lengths and on north-facing slopes.

All curves with a K-Value higher than 167 need special review for drainage issues.

Roadway grades over 6% must have special permission from the applicable Fire District.

Notes:

FL to FL = flowline to flowline

MF = multifamily

mph = mile(s) per hour
N/A = not applicable

SF = single family

VCL = vertical curve length

Table 7-1. Summary of Roadway Construction Standards (continued)

Posted Speed (mph) 40 Minimum 40 Minimum
Design Speed (mph) 45 55 60
Maximum Design Traffic | 7,000 15,000 15,000
Volume (Vehicles per

Day)

Min. Right-of-Way (feet) | 66 125 140

Travel Lanes 2 4 4

Street Sections

34-foot paved width, two
2-foot gutter pans, total is
38-foot FL to FL

48-foot paved, 16-foot
median, two 1-foot median
pans, two 2-foot gutter
pans, total is 70-foot FL

to FL

48-foot paved, 28-foot
median, two 1-foot median
pans, two 2-foot gutter
pans, total is 82-foot FL

to FL

Curb and Walks Vertical curb and 5-foot Vertical curb and 10-foot Vertical curb and 10-foot
detached walk detached walk detached walk

Horizontal Criteria: Min. | 700 1,200 1,500

Centerline Curve Radii

(feet)

Horizontal Criteria: Curb | 50 50 50

Return Radii @ Arterial
(feet)

Castle Pines Roadway Design and Construction Standards



Chapter 7 - Public and Private Roadway Criteria

Major and Minor Collector Minor Arterial Principal Arterial

Horizontal Criteria: Curb
Return Radii @ Collector

(feet)

Horizontal Criteria: Curb | 35 N/A N/A
Return Radii @ Local

(feet)

Vertical Criteria: K-Value | 29 84 84

Crest

Vertical Criteria: K-Value | 49 96 96

Sag

Vertical Criteria: Min. 50 70 110

VCL Crest (feet)

Vertical Criteria: Min. 50 60 90

VCL Sag (feet)

Vertical Criteria: 2% to 6%; 2% to 6% 2% to 6%
Gradient 7% Mountainous

Vertical Criteria: Max Int. | Refer to Figure 7-21 Refer to Figure 7-21 Refer to Figure 7-21
Gradient

Mountainous terrain applies to developments where 50% of the site has existing slopes of 15% or greater. The
designer should strive to minimize the use of these grades for considerable lengths and on north-facing slopes.

All curves with a K-Value higher than 167 need special review for drainage issues.

Roadway grades over 6% must have special permission from applicable Fire District.

Design volumes shown in Table 7-1 are for the purpose of development design and layout and to project
vehicular usage. Actual volumes on the street depend on existing conditions, future changes in traffic
patterns, and transportation trends.

7.3 Engineering Design and Technical Criteria
7.3.1 Right-of-Way

Any increase in right-of-way width shall be made at intersections only. The line-of-sight shall be within the
public right-of-way (refer to Section 7.11). The right-of-way line behind curb returns shall be a diagonal
line (refer to Standard Drawing No. SD.4a and SD.4b in Appendix A).

Certain circumstances related, but not limited to, line-of-sight, traffic control devices, and pedestrian
improvements may require additional rights-of-way, resulting in site-specific adjustment in the location
of the right-of-way line behind a curb return. Refer to right-of-way requirements under each road

type section.
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7.3.2 Cul-de-Sac

A Cul-de-Sac has no outlet and includes a Turnaround area at the end of the street. A Cul-de-Sac may
have a maximum length of 1,200 feet and a maximum of 40 dwelling units, and the street section shall
include two driving lanes plus parallel parking on both sides of the street.

Posted Speed Limit:
Design Speed Limit:
Traffic Volumes:
Continuity:
Right-of-Way:

Traffic Control:

Number of Travel Lanes:

Type of Curb, Gutter, and Walk:

Turnarounds:
Knuckles:

Eyebrows:

Street Section:

Street Grade:

Minimum Centerline Curve Radii:

Curb Return Radii @ Arterial:
Curb Return Radii @ Collector:
Curb Return Radii @ Local:
K-Value Crest:

K-Value Sag:

Minimum VCL Crest:

Minimum VCL Sag:

Maximum Int. Gradient:

25 mph
25 mph
Maximum Design Volume is generally 400 vehicles per day.
Limited

Single Family — 50-foot minimum
Multifamily — 60-foot minimum

Signage and pavement markings are in accordance with Manual on
Uniform Traffic Control Devices for Streets and Highways (MUTCD)
and Chapter 9 of these Roadway Standards.

2

Single Family — 4-inch mountable curb with 4-foot attached walk -
both sides of street

Multifamily — 6-inch vertical curb with 5-foot attached walk — both
sides of street.

Minimum 45-foot flowline radius

45-foot flowline radius on the inside and outside flowlines.

Eyebrows shall have a 45-foot flowline radius, and a 25-foot curb
return radius.

Single Family — 34 feet, flowline to flowline.

Multifamily — 38 feet, flowline to flowline.
1% to 6%; 7% Mountainous
175 feet

N/A

35 feet

20 to 25 feet

19

26

50 feet

50 feet

Refer to Figure 7-21

Castle Pines Roadway Design and Construction Standards
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7.3.2.1  Function

Cul-de-Sacs provide direct access to abutting property. Traffic carried by cul-de- sacs should have an
origin or a destination within the neighborhood.

7.3.2.2 Access Conditions

Cul-de-Sacs shall only intersect with other Cul-de-Sacs, Local, and Minor Collector streets. Direct access to
abutting property is permitted. Cul-de-Sacs shall not intersect Principal Arterial, Minor Arterial, or Major
Collector streets. Refer to Chapter 5 of these Roadway Standards.

7.3.2.3 Design Characteristics

A Cul-de-Sac has no outlet and includes a Turnaround area (refer to Figure 7-13, Turnarounds) at the end
of the street. A Cul-de-Sac may have a maximum length of 1,200 feet and a maximum of 40 dwelling
units. When a Cul-de-Sac is longer than 600 feet, or has more than 25 dwelling units, sprinklers in units
may be required in accordance with the National Fire Protection Association. The street section shall
include two through lanes plus parallel parking on one side of the street for single-family developments
and on both sides of the street for multifamily developments (Figure 7-1 and Figure 7-2).

Public easements for utilities are required along both sides of the right-of-way. Refer also to Chapter 4,
Utility Locations, of these Roadway Standards.

7.3.2.4 Street Section

Figure 7-1. Cul-de-Sac: Single Family
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Figure 7-2. Cul-de-Sac: Multifamily
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7.3.3 Local

A Local road may be used for all residential land development. The street section shall include two driving
lanes plus parallel parking on both sides of the street. Entry, School Access, Commercial, and Industrial
street classifications are considered Local roads but have different requirements, as noted in

Sections 7.3.4 and 7.3.5.

Posted Speed Limit: 25 mph
Design Speed Limit: 30 mph
Traffic Volumes: Maximum Design Volume is generally 1,500 vehicles per day.

(Typically, capacity up to 2,500 vehicles per day is considered to be
acceptable in fully established communities)

Continuity: Limited

Right-of-Way: Single Family — 50-foot minimum

Multifamily — 60-foot minimum

Traffic Control: Signage and pavement markings in accordance with MUTCD and
Chapter 9 of these Roadway Standards

Number of Travel Lanes: 2

Type of Curb, Gutter, and Walk: Single Family — 4-inch mountable curb with 4-foot attached walk -

both sides of street

Multifamily — 6-inch vertical curb with 5-foot attached walk — both
sides of street

Turnarounds: Not allowed

Knuckles: 45-foot flowline radius on the inside and outside flow lines
Eyebrows: 45-foot flowline radius, and a 25-foot curb return radius
Street Section: Single Family — 34 feet, flowline to flowline

Multifamily — 38 feet, flowline to flowline

Street Grades: 1% to 6%; 7% Mountainous
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Minimum Centerline Curve Radii: 225 feet

Curb Return Radii @ Arterial: N/A

Curb Return Radii @ Collector: 35 feet

Curb Return Radii @ Local: 20 to 25 feet
K-Value Crest: 19

K-Value Sag: 37

Minimum VCL Crest: 50 feet

Minimum VCL Sag: 50 feet

Maximum Int. Gradient: Refer to Figure 7-21

7.3.3.1  Function

Local streets provide direct access to abutting property. Traffic carried by Local streets should have an
origin or a destination within the neighborhood (Figure 7-3 and Figure 7-4).

7.3.3.2  Access Conditions

Local roads shall only intersect with Local and Minor or Major Collector roads. Direct access to abutting
property is permitted. Local streets shall not intersect Principal or Minor Arterial streets. Refer to
Chapter 5 of these Roadway Standards.

7.3.3.3 Design Characteristics

Local streets shall be designed to carry traffic that has an origin or destination within the neighborhood.
The street section shall include two through lanes plus parallel parking on both sides of the street for
single-family developments and on both sides of the street for multifamily developments. Public
easements for utilities are required along both sides of the right-of-way.

7.3.3.4 Street Section

Figure 7-3. Local Typical Section: Single Family
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Figure 7-4. Local Typical Section: Multifamily
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An Entry Street is generally short (160 feet minimum to the first intersection) with no driveway access and
no parking. An Entry Street is intended to allow a reduction in the distance between a Local street and a
Collector or Arterial street (Figure 7-5 and Figure 7-6).

Posted Speed Limit:
Design Speed Limit:

Traffic Volumes:

Continuity:
Right-of-Way:

Traffic Control:

Number of Travel Lanes:

Type of Curb, Gutter, and Walk:

Turnarounds:
Knuckles:
Eyebrows:

Street Section:

Street Grades:

Minimum Centerline Curve Radii:

Curb Return Radii @ Arterial:
Curb Return Radii @ Collector:

25 mph
30 mph

Maximum Design Volume is generally 1,500 vehicles per day.
(Typically, capacity up to 3,000 vehicles per day is considered to be
acceptable in fully established communities.)

Limited

60-foot minimum

76-foot minimum for median

Signage and pavement markings in accordance with MUTCD and
Chapter 9 of these Roadway Standards

2

6-inch vertical curb with 5-foot detached walk (or an 8-foot
attached walk) — both sides of street

Not allowed
Not allowed
Not allowed

40 feet, flowline to flowline

56 feet, flowline to flowline for median
1% to 6%; 7% Mountainous

225 feet

35 feet

35 feet

Castle Pines Roadway Design and Construction Standards
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Curb Return Radii @ Local: 20 to 25 feet
K-Value Crest: 19

K-Value Sag: 37

Minimum VCL Crest: 50 feet

Minimum VCL Sag: 50 feet

Maximum Int. Gradient: Refer to Figure 7-21

7.3.4.1 Function

Entry Streets provide no direct access to abutting property. Traffic carried by entry streets should have an
origin or a destination within the neighborhood.

7.3.4.2 Access Conditions

Entry Streets shall only intersect with a Local street on one end, and a Major or Minor Collector or a
Principal or Minor Arterial road on the other end. Direct access to abutting property is not permitted. Refer
to Chapter 5 of these Roadway Standards.

7.3.4.3 Design Characteristics

This category of street is generally short (160 feet minimum to the first intersection) streets with no
driveway access that are intended to allow a reduction in the separation between a Collector street and the
first Local street intersection. If accepted by the City Public Works Department, up to 100 units may be
allowed on an internally looped Local road, using an Entry Street for primary access.

The minimum length of an Entry Street shall be 160 feet unless a left-turn lane is provided at the
approach intersection. If a left turn is provided, the minimum storage length is 75 feet and the minimum
taper length is 100 feet.

On-street parking is prohibited. “No Parking"” signs shall be installed along both sides of the road in
accordance with MUTCD and Chapter 9. An Entry Street is considered a lower classification street than a
Collector. Public easements for utilities are required along both sides of the right-of-way. Refer also to
Chapter 4 these Roadway Standards.

7.3.4.4 School Access Street

The School Access Street functions as an Entry Street (Figure 7-7); however, a School Access Street shall
include these additional criteria beyond the Entry Street criteria:

1) A School Access Street provides direct access to an elementary school.

2) The School Access Street may include varied speed limits and varied curb and gutter type.

3) The School Access Street will not be allowed on a dead-end street.

4) The School Access Street may provide direct access to adjacent property.

5) This design shall not be used for access to high schools.

6) Traffic carried by School Access Streets may have an origin or a destination outside the local
neighborhood.

Castle Pines Roadway Design and Construction Standards 7-10
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7) Streets adjacent to play fields that do not provide direct access to the school would not be considered

a School Access Street.

8) A School Access Street is considered a lower classification street than a Collector, but higher than a
residential street.

7.3.45

Street Section

Figure 7-5. Entry Street Typical Section: No Median

ROM. ROM.
|_ uTiLTY 50" uTILITY
| EASEMENT EASEMENT
40 8
| ¢
i ASPHALT PAVEMENT — AGGREGATE BASE COURSE w
| : :
= =
S S
2% 2 il 2 2 - 2 -<|2%'6%
- - ,* e S 2%-6%

TOTAL PAVEMENT SECTION‘|

Figure 7-6. Entry Street Typical Section: With Median
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Figure 7-7. School Access Street Typical Section
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7.3.5 Commercial and Industrial

WOUMTABLE CURE AND GUTTER WAY
BE USED FOR THE SCHOOL ACCESS
SIREET FOR RESIDEMTIAL ACCESS.

Commercial and Industrial streets shall be designed for ease of access to adjacent Commercial and
Industrial developments. On-street parking is not allowed. Backing or loading maneuvers are not allowed

in the street (Figure 7-8).
Posted Speed Limit:
Design Speed Limit:

Traffic Volumes:

Continuity:
Right-of-Way:
Traffic Control:

Number of Travel Lanes:
Type of Curb, Gutter and Walk:

Turnarounds:

Knuckles:

Eyebrows:

Street Section:

Street Grades:

Minimum Centerline Curve Radii:
Curb Return Radii @ Arterial:
Curb Return Radii @ Collector:
Curb Return Curb Radii @ Local:

25 mph
30 mph

Maximum Design Volume is generally 2,500 vehicles per day. (Typically,
capacity up to 4,000 vehicles per day is considered to be acceptable in
fully established communities)

Limited
60-foot minimum

Signage and pavement markings in accordance with MUTCD and Chapter 9
of these Roadway Standards

2
6-inch vertical curb with 5-foot attached walk — both sides of street

The addition of a Turnaround on a Commercial or Industrial road type
creates a Commercial and Industrial Cul-de-Sac. The maximum length of
Commercial or Industrial Cul-de-Sacs shall be 600 feet. However, the City
may impose additional restrictions on lengths based on factors, such as the
types and products related to a proposed use, number of trips generated
by the proposed use(s), number of employees or customers, types of
vehicles used, available capacity, or access for emergency services.
Commercial or Industrial Turnarounds shall have a flowline radius of

50 feet.

45-foot flowline radius on the inside and outside flowlines
45-foot flowline radius, and a 25-foot curb return radius
40-foot flowline to flowline

1% to 6%; 7% Mountainous

225 feet

N/A

35 feet

N/A
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K-Value Crest: 19

K-Value Sag: 37

Minimum VCL Crest: 50 feet

Minimum VCL Sag: 50 feet

Maximum Int. Gradient: Refer to Figure 7-21

7.3.5.1 Function

Commercial and Industrial streets provide direct access to abutting property. Traffic carried by
Commercial and Industrial streets should have an origin or a destination within the Commercial or
Industrial area.

7.3.5.2 Access Conditions

Commercial and Industrial streets shall only intersect with Local or Major and Minor Collector streets.
Commercial and Industrial streets shall not intersect Principal or Minor Arterial streets. Direct access to
abutting property is permitted. Refer to Chapter 5 of these Roadway Standards.

7.3.5.3 Design Characteristics

Commercial and Industrial streets shall be designed to carry traffic that has an origin or destination within
the Commercial or Industrial area. This category of street shall be for ease of access to adjacent
Commercial and Industrial developments. On-street parking is prohibited. “No Parking” signs shall be
installed along both sides of the road in accordance with MUTCD and Chapter 9. Backing or loading
maneuvers are not allowed in the street. Public easements for utilities are required along both sides of the
right-of-way. Refer also to Chapter 4 of these Roadway Standards.

7.3.5.4 Street Section

Figure 7-8. Commercial and Industrial Typical Section
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7.3.6 Collector

Minor and Major Collector streets collect and distribute traffic between Arterial and Local streets and serve
as main connectors within communities, linking one neighborhood with another (Figure 7-9).

Posted Speed Limit:
Design Speed Limit:

Traffic Volumes:

Continuity:
Right-of-Way:
Traffic Control:

Number of Travel Lanes:

Type of Curb, Gutter and Walk:
Turnarounds:

Knuckles:

Eyebrows:

Street Section:

Street Grades:

Minimum Centerline Curve Radii:

Minimum Length of Tangents
Between All Curves:

Curb Return Radii @ Arterial:
Curb Return Radii @ Collector:
Curb Return Radii @ Local:
K-Value Crest:

K-Value Sag:

Minimum VCL Crest:

Minimum VCL Sag:

Maximum Int. Gradient:

7.3.6.1 Function

30 mph
45 mph

Maximum Design Volume is generally 7,000 vehicles per day.
(Typically, capacity up to 10,000 vehicles per day is considered to
be acceptable in fully established communities.)

Less than 2 miles
66-foot minimum

Signage and pavement markings in accordance with MUTCD and
Chapter 9 of these Roadway Standards

2

6-inch vertical curb with 5-foot detached walk — both sides of street
Not allowed

Not allowed

Not allowed

38 feet, flowline to flowline

2% to 6%; 7% Mountainous

700 feet

50 feet

50 feet

35 feet

35 feet

29

49

50 feet

50 feet

Refer to Figure 7-21

Collector streets collect and distribute traffic between Arterial and Local streets and serve as main
connectors within communities, linking one neighborhood with another. Traffic carried by Collector streets
should have an origin or a destination within the community.
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7.3.6.2 Access Conditions

Major and Minor Collector streets shall only intersect with Local, Major or Minor Collector, and Principal or
Minor Arterial streets. Single-family residential access is not permitted. Direct access to other zoned
abutting property is not permitted unless another access is not reasonably available.

7.3.6.3 Design Characteristic

Collector streets should have continuity throughout a neighborhood but need not extend beyond the
neighborhood. On-street parking is prohibited. Intersections and access points shall be spaced a minimum
of 330 feet apart. Refer to Chapter 5 of these Roadway Standards. Public easements for utilities are
required along both sides of the right-of-way. Refer also to Chapter 4, Utility Locations, of these Roadway
Standards.

7.3.6.4 Street Section

Figure 7-9. Collector Typical Section
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7.3.7 Minor Arterial
Minor Arterial routes allow rapid and relatively unimpeded traffic movement throughout the City. Arterial

roadways are designed to handle traffic volumes from and onto Collector and Arterial roads and State
Highways. A Minor Arterial has a minimum distance of a quarter-mile between intersections.

Posted Speed Limit: Greater than or equal to 40 mph — Determined by City Public Works
Department prior to Construction Plan Submittal

Design Speed Limit: 55 mph

Traffic Volumes: Maximum Design Volume — 15,000 vehicles per day

Continuity: Two or more miles — generally connecting intercity routes

Right-of-Way: 125-foot minimum

Traffic Control: Signage and pavement markings in accordance with MUTCD and
Chapter 9 of these Roadway Standards

Number of Travel Lanes: 4

Type of Curb, Gutter and Walk: 6-inch vertical curb with 10-foot detached walk — both sides
of street
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Turnarounds:
Knuckles:
Eyebrows:
Street Section:

Street Grades:

Minimum Centerline Curve Radii:

Minimum Length of Tangents
Between All Curves:

Curb Return Radii @ Arterial:
Curb Return Radii @ Collector:
Curb Return Radii @ Local:
K-Value Crest:

K-Value Sag:

Minimum VCL Crest:

Minimum VCL Sag:

Maximum Int. Gradient:

Not allowed

Not allowed

Not allowed

70 feet, flowline to flowline
2% to 6%

1,200 feet

100 feet

50 feet

50 feet

N/A

84

96

70 feet

60 feet

Refer to Figure 7-21

7.3.7.1  Function

Minor Arterial routes allow relatively unimpeded traffic movement and are intended for use on routes
where four moving lanes and one left-turn lane are required but where a Major Arterial cross section
would not be warranted.

7.3.7.2 Access Conditions

Access from Major or Minor Collector and Minor or Principal Arterial streets will be allowed. Residential
access is not permitted. Direct access to other abutting property is not permitted unless no other access is
reasonably available.

7.3.7.3 Design Characteristics

Minor Arterials should be spaced from a half a mile to 1 mile apart and should be continuous

((Figure 7-10 and Figure 7-11). On-street parking is prohibited. Intersections and access points should be
spaced a minimum of a quarter-mile apart. Refer to Chapter 5 of these Roadway Standards. Public
easements for utilities are required along both sides of the right-of-way. Refer also to Chapter 4 of these
Roadway Standards.
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7.3.7.4 Street Sections

Figure 7-10. Minor Arterial Typical Section
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7.3.7.5 Typical Minor Arterial Road Section
= Minimum of four 12-foot through lanes and two 2-foot gutter pans

= Minimum 16-foot median, measured curb face to curb face, with two barrier curbs and gutter (Note: If
asphalt pavement is used, a 1-foot catch curb and gutter is required. A median planter may be
constructed in this median.)

= Two detached sidewalks, minimum 10 feet each; 8-foot minimum setback from back of curb
= Minimum 125-foot right-of-way

= Variable size of utility easement adjacent to each right-of-way line

Figure 7-11. Minor Arterial Road Section at Intersection
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7.3.7.6  Typical Arterial Road Section at Intersection

= Minimum of four 12-foot through lanes and two 2-foot gutter pans

= Minimum 12-foot left-turn lane

= Minimum one 12-foot acceleration and one 12-foot deceleration lane

= Minimum 1-foot painted median

= Two detached sidewalks, minimum 10 feet each; 8-foot minimum setback from back of curb
= Minimum 130-foot right-of-way

= Variable size of utility easement adjacent to each right-of-way line

Castle Pines Roadway Design and Construction Standards 7-17



Chapter 7 - Public and Private Roadway Criteria

7.3.8 Principal Arterial

Principal Arterials should be spaced approximately 1 mile apart and should traverse an entire city. Major
Arterial streets should not bisect neighborhoods but should act as boundaries between them. Arterial
routes allow rapid and relatively unimpeded traffic movement throughout the City. Arterial roadways are
designed to handle traffics volumes from and onto Collectors, Arterial roads, and State Highways. Principal
Arterials have a minimum distance of a quarter-mile between intersections (Figure 7-12, Figure 7-13,
Figure 7-14, Figure 7-15, and Figure 7-16).

Posted Speed Limit:

Design Speed Limit:

Traffic Volumes:

Continuity:
Right-of-Way:
Traffic Control:

Number of Travel Lanes:

Type of Curb, Gutter and Walk:

Turnarounds:
Knuckles:
Eyebrows:
Street Section:

Street Grades:

Minimum Centerline Curve Radii:

Minimum Length of Tangents
Between All Curves:

Curb Return Radii @ Arterial:
Curb Return Radii @ Collector:
Curb Return Radii @ Local:
K-Value Crest:

K-Value Sag:

Minimum VCL Crest:

Minimum VCL Sag:

Maximum Int. Gradient:

Greater than or equal to 40 mph — Determined by the City Public
Works Department prior to Construction Plan Submittal

60 mph

Design Volume is generally over 15,000 vehicles per day for a
Principal Arterial. (Phasing of lane requirements may be considered
based on Traffic Impact Analysis.)

Several miles, generally connecting inter and intra city routes
140-feet, four-lane minimum

Signage and pavement markings in accordance with MUTCD and
Chapter 9 of these Roadway Standards

4

6-inch barrier curb and gutter with 10-foot detached sidewalk on
both sides

Not allowed

Not allowed

Not allowed

82 feet, flowline to flowline
2% to 6%

1,500 feet

100 feet

50 feet

50 feet

N/A

84

96

110 feet

90 feet

Refer to Figure 7-21
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7.3.8.1  Function

Principal Arterial routes allow rapid and relatively unimpeded traffic movement throughout the City,
connecting major land uses.

7.3.8.2 Access Conditions

Access from Collector and Arterial streets will be allowed. Direct access to abutting property is not
permitted.

7.3.8.3 Design Characteristics

Principal Arterials should be spaced approximately 1 mile apart and should traverse an entire city.
On-street parking is prohibited. Intersections and access points should be spaced a minimum of a
quarter-mile apart. Refer to Chapter 5, Access Requirements and Criteria, and these Roadway Standards.
Public easements for utilities are required along both sides of the right-of-way. Refer also to Chapter 4,
Utility Locations Design and Construction Standards, of these Roadway Standards.

7.3.8.4 Street Section

Figure 7-12. Principal Arterial: Four-Lane Road Section
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Figure 7-13. Turnarounds
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Figure 7-15. Knuckles
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Figure 7-16. Eyebrows

7.4 Sidewalks, Trails, and Curb Ramps

All sidewalks that run parallel with the public street shall be located within the City right-of-way. If a
sidewalk meanders outside of the City right-of-way, it must be located in a Sidewalk Easement for public
use. Concentrated storm water runoff must not be discharged across the sidewalk. (Refer to Section 7.6.3)

State law (CRS 43-2-107[2]) requires that curb ramps be installed at all intersections and at mid-block
crossing locations for all new construction or reconstruction of curbs and sidewalks. Curb ramps shall be
constructed in accordance with City of Castle Pines Standard Details found in Appendix A of these
Roadway Standards. Curb ramps shall be shown at all curb returns and at all "T" intersections where
sidewalks are required or proposed. Whenever referencing a curb ramp, call out the specific City of Castle
Pines Standard Detail to be used to construct that ramp. Special consideration for ramp design may be
necessary because of site-specific issues, such as cross slope or drainage, with acceptance by the City.
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At least one Americans with Disabilities Act (ADA) accessible route shall be provided within a site from
accessible parking spaces and accessible passenger loading zones, public streets and sidewalks, and public
transportation stops to the accessible building or facility entrance they serve. All curb ramp designs must
be in compliance with the latest ADA design guidance. ADA compliance supersedes the Standard Details.

Grade-separated pedestrian crossings at Collector and Arterial roads shall be constructed whenever
possible for regional or neighborhood trails, golf cart crossings, and equestrian crossings.

Contact the City to determine whether there are planned designated City of Castle Pines Bicycle Facilities
or existing or planned designated school routes that need to be considered in the design.

Detached sidewalks shall be located a minimum of 8 feet from the back of the roadway curb.
7.5 Cuts and Driveways
Curb cuts and driveways shall be constructed in accordance with City of Castle Pines Standard Details

found in Appendix A of these Roadway Standards. Refer to Chapter 5 for additional curb cut and
driveway criteria.

7.6 Drainage

The minor and major storm drainage systems are to be designed in accordance with City Standards. In the
case of a conflict caused by requirements of other criteria manuals, the most restrictive shall govern.

7.6.1 Crosspans
Crosspans are not allowed to cross the major street at an intersection. In the event the roadways have the
same classification, then the road with the higher assumed volume is considered the major street. No

mid-block crosspans will be allowed.

Crosspans shall be constructed in accordance with the City of Castle Pines Standard Details. Crosspans are
not permitted across Arterial roadways.

Local road intersections require a minimum 8-foot-wide crosspan.

Minor Collector road intersections require a minimum 10-foot-wide crosspan.

Arterial road intersections do not allow a crosspan.

7.6.2 Inlets

Inlets shall be constructed in accordance with the City of Castle Pines Standard Details. Type R inlets are
required along roadways owned and maintained by the City. Type R inlets shall be 5, 10, or 15 feet in
length. Type R inlets 20 feet in length may be allowed on a case-by-case basis. Inlets exceeding 20 feet in
length are not acceptable.

Inlets shall be located to intercept the curb flow at the point the allowable curb flow capacity is exceeded

by the storm runoff. Inlets shall also be installed to intercept cross-pavement flows at points of transition
in super-elevations.
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For all streets with raised medians constructed with asphalt, the median shall be constructed with a “catch”
curb and gutter, with inlets required along the median to reduce ponding at curb and gutter low points
and to eliminate concentrated flow crossing over the lanes of traffic at the nose of the median. The final
design and construction drawings must address inlet sizing, dimensions, and required curb and gutter
transitions. Refer to the Standard Details, which present a conceptual representation of options available
for placing median nose inlets.

Because of the presence of curb ramps, inlets are not allowed in the curb return, but will be located at the
tangent points of the curb returns.

Refer to the City's Storm Drainage Design Criteria and City of Castle Pines Standard Details located in
Appendix A of these Roadway Standards for inlet types allowed.

The City requires a minimum 1% flowline grade into all sump inlets. Refer to Figure 7-17.

Figure 7-17. Sump Inlet Profile
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An 8-inch opening should be included on the upgrade side of an on-grade inlet and on each end of a
sump inlet to accommodate trench drain installation. Refer to City of Castle Pines Standard Details
for criteria.

7.6.3 Sidewalk Chases

Sidewalk chases will only be permitted as a final alternative through the variance process. Typically,
sidewalk chases are allowed only for retrofit projects as accepted by the City. When permitted, sidewalk
chases are to be used to allow surface drainage to enter into the street gutter, and not to avoid the use of a
standard inlet.

There are numerous reasons why sidewalk chase sections should be limited in use and allowed only in
retrofit situations. These reasons include the following:

=  Cost of future maintenance

= Excessive ice buildup in the gutter or street
= Algae growth within the gutter

=  Pedestrian tripping hazard
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Experience has also shown that in many instances where a sidewalk chase is warranted, the need for the
sidewalk chase dissipates and eventually disappears over time.

Storm water from concentrated points of discharge (that is, sump pumps and roof drains) shall not be
allowed to flow over sidewalks. Sidewalk chase sections will not be allowed where homeowners have
routed their sump pump discharge pipe or roof drains directly to the back of the sidewalk. Sidewalk chase
sections should only be used where it is not feasible to use other forms of mitigation.

In the event a sidewalk chase is accepted, the chase sections shall not be located within the curb cut or
driveway. Accepted sidewalk chase sections are to be constructed in accordance with the City of Castle
Pines Standard Details found in Appendix A of these Roadway Standards. The Applicant shall be
responsible for replacing the property corner offset in its original location in conformance with

state statutes.

7.6.4 Trench Drains

Trench drains are required along both sides of all public Collectors and Arterials with curb and gutter.
Trench drains are not required if the street has shoulders and roadside ditches. All proposed irrigated
landscaping adjacent to a public street must have a positive draining trench drain located behind the curb,
or behind the sidewalk if attached.

The trench drain must flow into either a storm inlet or a natural drainageway.

= If the trench drain ties into the storm sewer, the inlet must be indicated on the plan, and a detail of the
storm sewer tie in must be included.

= If the trench drain discharges into a natural drainageway, the name of the drainageway must be called
out on the plan, and the trench drain discharge point indicated on the plan. A detail of the outlet with
permanent erosion protection must also be included on the plan. A concrete collar (3 inches minimum
around pipe and 6 inches thick) with a minimum 2-foot-by-6-foot pad of type L riprap placed over
filter fabric is required. A drainage easement is required for a trench drain outside of the public
right-of-way. The plan also needs to call for a marker post to identify the trench drain discharge point.

If a proposed trench drain is not following the road grade, a profile of the trench drain is required on the
plan, including the surface ground elevation and the tie into the storm sewer or discharge point to a
natural drainageway.

An exception to the trench drain requirements may be considered for the following conditions:

= If soils in the area are non-expansive, the Applicant may submit a Variance Request (signed and
stamped by a Colorado-registered Geotechnical Professional Engineer [PE]), which states that there
will not be a problem with water migrating under the roadway from the irrigated landscaping
proposed adjacent to this public street. If this Variance Request is accepted by the City Public Works
Department, a trench drain will not be required.

= If the ground behind the curb or attached sidewalk falls away from the public street at a minimum of
6% for a total of 25 feet from the back of curb or walk, a trench drain may not be required.

7.6.5 Rural Roadside Ditches

The City does not use rural road section or rural roadside ditches.
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7.6.6 Temporary Erosion and Sediment Control
Temporary erosion control is required along and at the ends of all roadways that are not completed for

reasons, such as project phasing or subdivision boundaries, in accordance with the City of Castle Pines
Grading, Erosion and Sediment Control Manual.

7.7 Horizontal Alignment

7.71 General

The major considerations in alignment design are safety, grade, profile, road section, design speed, sight
distance, topography, drainage, and vehicular operation. Alignment should provide for safe and
continuous operation at a uniform design speed. Road layout shall bear a logical relationship to existing or
platted roads in adjacent properties.

7.7.2 Horizontal Curves

Refer to Table 7-1.

7.7.3 Intersection Curb Return Radii

Refer to Table 7-1.

71.7.4 Design Speed

Horizontal alignment design speed shall be consistent with the requirement for vertical alignment
design speed.

Speed limits posted on new roads are typically 5 mph under the design speed. Posted speed limits may be
adjusted by the City to reflect actual roadway conditions and circumstances.

7.7.5 Superelevation

Superelevation shall not be used on any roadway classifications with a design speed of 50 mph or less.
Superelevation shall not be used without prior acceptance by the City Public Works Department. If a
superelevated design is applied for, American Association of State Highway and Transportation Officials
(AASHTO) design standards shall be used.

7.7.6 Railroad Crossings

Railroad crossings are not permitted unless the City and the affected railroad company accept them.
7.8 Vertical Alignment

7.8.1 Permissible Roadway Grades (refer also to Sight Distance on Vertical Curves)

A minimum longitudinal flowline grade of 1.0% shall be required on all Local streets.

A minimum longitudinal grade of 2.0% shall be required along the centerline of all Collector and
Arterial streets.

The maximum allowable grade for any roadway is shown on Table 7-1 of these Roadway Standards.
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The minimum flowline grade around Knuckles or Eyebrows shall be 2.0%, which may require the street
grade to be steeper than 1.0%.

The maximum centerline grade within a Turnaround is 4.0%. The maximum centerline grade within a
Knuckle is 4.0%. Figure 7-18, Figure 7-19, and Figure 7-20 show flowline designs for curves, knuckles, and
eyebrows, respectively.

Figure 7-18. Flowline Grade around Curves
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Figure 7-19. Flowline Design around Knuckles
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Figure 7-20. Flowline Design around Eyebrows
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7.8.2 Permissible Intersection Grades
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The minimum length of the maximum permissible intersection grade is measured from the flowline of the
through street to a point along the centerline of the intersecting street where the grade of the intersecting
street does not exceed the grade shown on Figure 7-21 and Table 7-2.

The cross slope of the through street shall be maintained through intersections.
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Figure 7-21. Permissible Intersection Grade Layout
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L = Minimum Length Required G = Maximum Grade Allowed. Refer to Table 7-2 for information.

The longitudinal slope of the Major Street shall continue through the intersection and may be greater than
the max “G" shown in Table 7-2 except at Major Collectors and Arterials. Figure 7-22 provides an example

of a permissible intersection grade.
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Table 7-2. Permissible Intersection Grades

Major Street/Minor Street

Cul-De- Sac

Entry Street

School Access Street

Commercial & Industrial

Collector

Minor Arterial

Principal Arterial

Cul-De-Sac L=95 feet, G=4% L=95 feet, G=4% L=95 feet, G=4% L=95 feet, G=4% L=95 feet, G=4% N/A N/A N/A

Local N/A L=95 feet, G=4% L=95 feet, G=4% L=95 feet, G=4% L=95 feet, G=4% N/A N/A N/A

Entry Street N/A N/A L=95 feet, G=4% L=95 feet, G=4% N/A L=100 feet, G=4% L=150 feet, G=3% L=150 feet, G=3%
School Access Street N/A N/A L=95 feet, G=4% L=95 feet, G=4% N/A L=100 feet, G=4% L=150 feet, G=3% L=150 feet, G=3%
Commercial & Industrial N/A L=95 feet, G=4% L=95 feet, G=4% L=95 feet, G=4% L=95 feet, G=4% L=100 feet, G=4% L=150 feet, G=3% L=150 feet, G=3%
Collector N/A N/A N/A N/A N/A L=100 feet, G=4% L=150 feet, G=3% L=150 feet, G=3%
Minor Arterial N/A N/A N/A N/A N/A N/A L=200 feet, G=2% L=200 feet, G=2%
Principal Arterial N/A N/A N/A N/A N/A N/A N/A L=200 feet, G=2%
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Figure 7-22. Permissible Intersection Grade Example
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7.8.3 Cross Slope

Typically, roadways shall have a crown in the center with a minimum 2% cross slope with curbs at the
same elevation at the same station. The maximum permissible cross slope is 4%. The pavement cross
slope at intersections shall not exceed the grade of the through street. Parabolic or curved crowns are
not allowed (example provided on Figure 7-23).

Figure 7-23. Cross Slope Example
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Maximum Roadway Cross Slope

The rate of change for roadway cross slope, when warping side streets at intersections, shall not exceed
the following criteria:

=  Local Streets: 1% every 25 feet horizontally along the roadway
= Collector Streets: 1% every 37.5 feet horizontally along the roadway
= Arterial Streets: 1% every 56.5 feet horizontally along the roadway
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7.8.4 Grade Breaks and Vertical Curves

The use of grade breaks in lieu of vertical curves is discouraged. However, if a grade break is necessary, and
the algebraic difference in grade does not exceed 0.5% along the roadway flowline, the grade break may
be permitted.

When the algebraic difference in grade (A) is at or exceeds 0.5%, a vertical curve shall be used. Design
criteria for vertical curves are found in Table 7-1 of these Roadway Standards. Minimum length of a
vertical curve is also shown in Table 7-1. All vertical curves shall be labeled, in the profile, with length of
curve (L) and K = (L/A) values.

The maximum grade break allowed at the point of tangency at a curb return for Local and Collector roads
shall be 2%; for Arterial roadways, it shall be a maximum of 1%.

All flowline vertical curves in Knuckles and Bubbles shall have a maximum length of 50 feet. Vertical curve
examples are provided on Figure 7-24.

Figure 7-24. Vertical Curve Examples
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7.9 Intersections

The grade of the through street shall take precedence at intersections. At intersections of roadways with
the same classification, the more important roadway, as determined by the City, shall have precedence.
The design should warp side streets to match through streets with as short a transition as possible. Refer
to Section 7.8.3 for the rate of change in pavement cross slope when warping side streets at intersections.

The key criteria for determining the elevation of the curb return on the side street and the amount of warp
needed on a side street transitioning to a through street are as follows:

= Pavement cross slope at the point of curb return (PCRs) on the side street and permissible warp in
pavement cross slope (refer to Section 7.8.3).

= The maximum permissible cross slope is 4% between the PCRs.
= Normal vertical curve criteria (refer to Section 7.8.4).

= Vertical controls within the curb return itself (refer to Section 7.9.1).

The elevation at the PCR of the curb return on the through street is always set by the grade of the through
street in conjunction with a normal pavement cross slope of 2%. Carrying the crown at a side street into
the through street is permitted only when drainage considerations warrant such a design. Refer to
Section 7.8.3 for street cross slope allowances.

A more detailed review shall be performed for Arterial-Arterial intersections to maximize drivability. Few
Arterial intersections will have a uniform 2% cross slope, the majority of them having one or more sides
warped (refer to Sections 7.8.3 of these Standards for rates of pavement warp allowed). A plan view
drawing of all Arterial-Arterial intersections will be required showing spot elevations on a 10-foot-by-
10-foot grid.

Whenever possible, intersections shall be made at right angles or radial to a curve. An intersecting
deflection angle of more than 10% will not be allowed (refer to Figure 7-25). Intersection sight distances

shall conform to the requirements of these Roadway Standards or the AASHTO Green Book, or both.

Refer to Figure 7-22 for an example of the Permissible Intersection Grade.
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Figure 7-25. Permissible Intersection Angle
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7.9.1 Curb Returns

Curb return profiles are required for all curb returns within the public right-of-way (Figure 7-26). An
elevation along the arc length of the curb return shall be shown in plan view at both sides of handicap
ramps. Curb return profiles shall be extended 100 feet in each direction to create an adequate design with
impacted roadways. General standards for flowline control and profiles within the curb returns shall be

as follows:

=  The point of tangency at each curb return shall be determined by the projected tangent grade

beginning at the point of intersections of the flowlines.

= Design the flowline of the curb return such that the maximum slope along the flowline does not

exceed 8%.

= Grade breaks at the PCRs shall not exceed 2% for Local and Collector streets and 1% for Arterials.

= Maximum vertical curve length will equal the arc length of the curb return.

= The elevation and location of the high or low point within the return, if applicable, is to be called out in

the profile.

=  Warp of the side streets shall not exceed criteria set in Section 7.8.3.

Figure 7-26. Curb Return Examples
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Rules to follow for designing curb return profiles:
1) Grade break at PCR only.
2) Minimum grade around a curb return is 2%; maximum grade is 6%.

3) Roadway cross slope cannot exceed 4%.
7.9.2 Connection with Existing Roadways

If the algebraic difference in grade between the existing and proposed grade exceeds 0.5%, a vertical
curve will be required to make this transition (refer to Section 7.8.4). The vertical curve shall end prior to
the connection with the existing improvement and also comply with the grade requirements at
intersection approaches.

Existing grade shall be shown for at least 300 feet, with field-verified as-builts showing stations and
elevations at 25-foot intervals. In the case of a connection with an existing intersection, these as-builts are
to be shown within a 300-foot radius of the intersection. This information will be included in the plan and
profile for the proposed roadway.

Limits and characteristics of the existing improvement are the primary concern in the plan view. Such
characteristics include horizontal alignment, offsite intersections, and limits of the improvement,
among others.

The vertical datum of the as-built elevations shall be the same as the design elevations.
7.9.3 Intersection Warping

Refer to Section 7.8.3. for the rate of change in pavement cross slope.

7.10  Roundabouts

7.10.1  General Guidelines

The City may allow Roundabouts to replace other types of intersection traffic control, such as two-way or
all-way STOP signs or traffic signals. They may be considered at any location where a Roundabout is
shown to operate as well or better than a signal if the Roundabout can be constructed to meet City
Standards. Roundabouts are limited to roadways with no more than two approach lanes (4- to 5-lane
roadways).

All Roundabout designs shall require a two-step process: (1) a preliminary design and feasibility analysis
initially submitted to the City Public Works Department, and (2) a construction design where specific
design criteria and standards are reviewed.

All proposed Roundabouts fall within three categories: (1) mini-Roundabouts, which are small,
one-lane Roundabouts that can be used as traffic-calming devices and are limited to Local roads only;
(2) single-lane Roundabouts, which are often used to replace four-way STOP control or traffic signals on
all classifications of roadways with two travel lanes; and (3) multi-lane Roundabouts, which are used to
replace a traffic signal on four-lane roadways.

Roundabouts may have three, four, or five approaches. Approach roadways may be single lane, single lane
with a flare out to provide an added left-only or right-only lane at the circulating roadway, single lane with
a by-pass right-turn lane, or two lanes without added lanes. The configuration must be based on turning
movement volumes and provide balanced lane use.
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7.10.2  Feasibility Analysis

Prior to beginning design of the Roundabout, a feasibility analysis must be prepared that includes at a
minimum the following:

Traffic Operations Study consisting of daily volumes, vehicle classification, and a.m./p.m. peak hour
turning movement counts for existing site buildout and a 20-year forecast. Where the Roundabout is
near a school, shopping center, or other major traffic generator, the peak hour for local traffic with the
traffic generator fully developed shall be used.

Location and category of the proposed Roundabout, including roadway widths, speeds, and
classifications for intersecting roadways.

Preliminary dimensions of the Roundabout, including inscribed circle and circulating roadway, number
of lanes for each approach and departure, existing and planned pedestrian and bicycle facilities in the
immediate area, and right-of-way.

Preliminary approach grades.

Identification and proposed method of correcting any restrictions to visibility on each approach
caused by vertical or horizontal alignment design or other sight-distance restrictions.

LOS analysis from RODEL, SIDRA, or ARCADY (minimum LOS C or better at 85% confidence level) and
comparison with alternatives (signal, four-way, or two-way STOP, using Synchro or Highway Capacity
Software) at initial construction and with 20-year projections.

Identification of impact on any nearby intersections, driveways, or traffic signals caused by queuing.

Identification of any expected construction or phasing problems and proposed mitigation.

7.10.3  Design

The design shall include the following:

A location map and details of the approach roadways (such as width, grades, number of lanes,
drainage patterns, lighting, and typical Roundabout design criteria).

Sight-distance lines for Decision Sight Distance. The approach roadways must provide drivers with
adequate visibility of the Roundabout from a distance that shall allow approaching drivers to see and
identify the Roundabout, both day and night. The Decision Sight Distance is the minimum distance
required to allow deceleration from the 85th percentile travel speed (or posted speed limit, whichever
is greater) to the maximum entry speed of 20 mph (single lane) or 25 mph (multi-lane) without
exceeding a deceleration rate of 10 feet per second squared. This is generally the same distance as
the “intersection sight distance” noted in AASHTO standards and is variable by approach speed.

Stopping Sight Distance lines and restricted sight areas for each approach.

A separate drawing showing turning templates for large vehicles and fastest path lines.
Drainage patterns on the approaches and within the Roundabout.

Signage and pavement markings for vehicles and pedestrians.

Where bike lanes exist or are planned, provision of ramps for bicyclists to enter sidewalk and navigate
Roundabout as a pedestrian.

Location of existing and proposed utilities.

Refer to Appendix A for specific design details regarding alignment, grades, and other Roundabout-
specific design criteria.
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7.11 Sight Distance

The horizontal and vertical alignment must provide at least the minimum sight distance for the design
speed at all points. This includes visibility at intersections as well as along all horizontal and vertical
curves. All sight-distance lengths shall be adjusted for any grade 3% or higher per AASHTO.

7.11.1 Sight Distance on Horizontal Curves

Horizontal sight distance on the inside of a curve can be limited by obstructions, such as buildings, hedges,
wooded areas, high ground, and utility boxes. These obstructions shall be shown on the plans. Horizontal
sight is measured as indicated on Figure 7-27.

Cut slope obstructions shall be shown on the plans by a line representing the proposed excavation slope
at a point 2.75 feet above the road surface for stopping sight distance and at a point 3.5 feet above the
road surface for passing sight distance. The position of this line with respect to the centerline may be
scaled from the plotted roadway cross sections. The stopping sight distance shall be measured between
points on the same traffic lane and passing sight distance from the middle of one lane to the middle of the
other lane.

Figure 7-27. Lateral Clearance to Sight Obstruction inside of Horizontal Curves Providing Stopping
Distance for Turning Roadways
STOPPING SIGHT DISTANCE __

.
",

\
NO OBSTRUCTION ALLOWED \\\ é\%\
OUTSIDE OF THE RIGHT—GF—W&H‘\\\\S . \%_&_
WITHIN THIS AREA. y F '
N N

LINE = OF =SIGHT RN
A e N\
AN NS
AN N
\,\\\ ]
N
\N

7.11.2  Stopping Sight Distance

The minimum stopping sight distance is the distance required by the driver of a vehicle traveling at the
design speed to bring the vehicle to a stop after an object on the road becomes visible. Stopping sight
distance is calculated in accordance with the AASHTO Green Book. Object height is 2 feet above road
surface and viewer's height is 3.5 feet above road surface.

In no case shall the stopping sight distance be less than as specified in Table 7-3. A likely obstruction may
be a bridge abutment or line of columns, wall, cut-side slope, landscaping, or the side or corner of a
building. The sight-distance design procedure shall assume a 6-foot fence (as measured from actual
finished grade) exists at all property lines except in the line-of-sight required at all intersections (Refer to
Figure 7-27).
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The position of the driver's eye and the object sighted are assumed to be 6 feet from the inner edge of
pavement, with the sight distance being measured along this arc.

7.11.3  Passing Sight Distance
Passing sight distance is the minimum sight distance that must be available to enable the driver of one

vehicle to pass another safely and comfortably without interfering with oncoming traffic traveling at the
design speed. Required passing sight distance for given design speeds is shown in Table 7-3.

Table 7-3. Stopping and Passing Sight Distance

Design Speed (mph) Stopping Sight Distance (feet) Passing Sight Distance (feet)
20 115 400
25 155 450
30 200 500
35 250 550
40 305 600
45 360 700
50 425 800
55 495 900
60 570 1,000
65 645 1,100
70 730 1,200

Source: AASHTO Green Book
7.11.4 Intersection and Driveway Sight Distance

There shall be an unobstructed line-of-sight along both sides of all stopped approaches at an intersection
within the right-of-way to provide the entering vehicle adequate sight distance to enter or cross the
roadway. Refer to Figure 7-28.

Any object within the sight triangle (Figure 7-28) more than 24 inches above the flowline or edge of
pavement elevation of the adjacent street shall constitute a sight obstruction and shall be removed or
lowered. Such objects include berms, retaining walls, signs, buildings, cut slopes, hedges, trees, bushes,
utility cabinets, or tall crops. These Roadway Standards also require the elimination of parking (except on
Local streets or as otherwise permitted by the City) within the sight triangle and applies whether the
intersecting roads are level or on grades. The sight distance shall be measured to the centerline of the
closest through lane in both directions.

All sight-distance triangles must be shown on the street plan/profile and landscape plans. All sight
distance must be within the right-of-way. Any sight-distance triangle outside of the right-of-way must be
accepted by the City Public Works Department and requires a sight-distance easement.

In no case shall any object encroach into the line-of-sight of any part of the sight-distance triangle. Refer
to Figure 7-29.
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Figure 7-28. Intersection and Driveway Sight Distance (Line-of-Sight Triangle)
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road to the closest oncoming lane.
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Commercial and Industrial 30 25 280 2.00 feet on the Major road.
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Green Book.
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7.11.5 Sight Distance on Vertical Curves

The vertical sight distance should be checked to verify that the sight distance is sufficient to allow a vehicle
to stop, pass, or enter.

Methods for scaling sight distances are demonstrated on Figure 7-29. The figure also shows a typical
sight-distance record that would be shown on the final plans for Collector and Arterial roads. Both
horizontal and vertical sight distances should be measured, and the shorter lengths shall be considered
the critical sight distance for use in design. It is desirable to measure and record sight distance for both
directions of travel at each station. In the case of rural two-lane streets, passing sight distance in addition
to stopping sight distance should be measured and recorded. Once the horizontal and vertical alignments
are tentatively established, the practical means of examining sight distances along the proposed street is
by direct scaling on the plans. Refer to Figure 7-29.

7.12  Offsite Design

The design grade and existing ground of all roadways that dead-end as a result of project phasing,
subdivision boundaries, and the like shall be continued, in the same plan and profile as the proposed
design. If the offsite roadway adjacent to the proposed development is not fully improved, the Developer
is responsible for the design and construction of a transition for the safe conveyance of traffic from the
improved section to the existing roadway.

7.13  Auxiliary Lanes

The design of the Arterial street system depends on the proper control of access to developments.
Auxiliary Lanes shall be designed using the Colorado Department of Transportation Design Guide. The
need for Auxiliary Lanes on two-lane roads shall adhere to the State Highway Access Code. The need for
all other Auxiliary Lanes will be established by the accepted Traffic Impact Study for the Final Plat or Final
Development Plan. Lane widths are a minimum of 12 feet, including the adjacent curb and gutter pans.

714 Bus Pullout Lanes

Bus Pullout Lanes shall be designed and constructed by the adjacent land developers where required. The
design of the Bus Pullout Lanes will be governed by dimensions shown in Table 7-4, located on the far
side of an intersection, and shall be reviewed and accepted according to procedures set forth in these
Roadway Standards.

Table 7-4. Bus Pullout Lanes

Speed Limit (mph) ‘ Lead-in Length (feet) ‘ Lead-out Length (feet)
35 and under 60 60
40 100 70
45 150 80
50 200 90
55 250 100

Actual dimensions shall conform with criteria set forth by the Regional Transportation District. The
Pavement Design Report (refer to Chapter 10 of these Roadway Standards) shall consider the
requirements of the Bus Pullout Lane separately from the adjacent roadway. All Bus Pullout Lanes must be
concrete, which will conform to all applicable paving criteria. Bus Pullout Lanes shall be constructed with
no less than 50 feet between an intersection PCR and the beginning of the lead-in taper (Figure 7-30).
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Figure 7-29. Scaling and Recording Sight Distance on Plans
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Figure 7-30. Bus Pullout Lane
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MINIMUM See Table 7-4 RTD See Table 7-4

DIRECTION OF TRAFFIC

CURB FLOWLINE —/ E
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7.15 Raised Medians
7.15.1 Median Islands

No permanent structures (for example, trees, poles, and large rocks) shall be placed within 10 feet of the
face of curb (unless the median is constructed in accordance with the Median Planter Standard Drawings
of these Roadway Standards) or in any location that would obstruct sight distance.

Landscaping on median islands shall have a mature height of 24-inches or less above the flowline of the
adjacent street in areas around intersections to facilitate adequate sight distance and must be dry land or
native vegetation. If irrigation is planned in a median island, trench drain will be provided to protect the
subgrade under the pavement from being saturated by using the Median Planter detailed in Appendix A.

For all streets constructed with asphalt, the median shall be constructed with a catch curb and gutter.
Inlets are required along the median to reduce ponding at curb and gutter low points and to eliminate
concentrated flow crossing over the lanes of traffic at the nose of the median. The final design and
construction drawings must address inlet sizing, dimensions, and required curb and gutter transitions. If a
street is constructed with concrete, it is acceptable for the median curb and gutter to be constructed as a
spill section. Refer to the Storm Design Manual, which presents conceptual representations of options
available for placing median nose inlets.

The nose of the median island shall not extend past the PCR for the curb return at any intersection.

A minimum 20-foot flowline to flowline street cross section must be maintained on both sides of all
median islands.

Figure 7-31 provides an example of criteria for a median at an intersection. Figure 7-32 and Figure 7-33
are examples of intersection striping options for single and dual left-turn lanes, respectively.
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Figure 7-31. Median at Intersection
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Figure 7-32. Intersection Striping Option for Single Left Turn

0
|
|

f—V,

Road Section

ROM. ¢ ROM.
|
I 2 i
rore '—6" 8’6"
I 86" 12 MIN. |
M. 12 12 12 W 12’ 12' 12
| ACCEL/DECEL ~——TRAVEL: TRAVEL: e TRAVEL—=——TRAVEL— ACCEL/DECEL |
LANE LANE LANE N LANE LANE LANE
w
| g T
2 2 =
L L

At Intersection

Castle Pines Roadway Design and Construction Standards 7-45



Chapter 7 - Public and Private Roadway Criteria

Figure 7-33. Intersection Striping Option for Dual Left Turn
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7.16  Right-of-Way Maintenance

If landscaping within, or encroaching into, the City right-of-way is restricting sight distance, is blocking a
traffic control device, or is otherwise a hazard, according to City of Castle Pines criteria, the City may (by
written notice sent by certified mail in accordance with CRS 42-4-114) require the owner of real property
abutting the right-of-way to trim or remove, at the expense of said property owner, any tree limb, shrub,
vine, hedge, or other plant on their property that projects beyond the property line into or over the public
right-of-way. In the event that the property owner fails or neglects to trim or remove any such obstruction,
within 10 days after receipt of said written notice, the City may remove said obstruction, and said property
owner shall reimburse the City for the cost of the work performed.

Mailboxes constructed in the City right-of-way must conform to the Standard Details. Brick or stone
column mailboxes are considered a vehicular obstruction and are not allowed in the City right-of-way
unless a variance with a License Agreement is granted.

The term “Clear Zone" is used to designate the unobstructed, traversable area provided beyond the edge
of the traveled way for the recovery of errant vehicles. The Clear Zone includes shoulders, bicycle lanes,
and Auxiliary Lanes unless the Auxiliary Lane functions like a through lane. Refer to the AASHTO Roadside
Design Guide for further guidance.

The Standards allow for street lighting in public right-of-way. City of Castle Pines is not responsible for
installation, replacement, maintenance, removal or power costs, unless otherwise agreed to in writing.
Generally, such responsibilities shall be the obligation of the adjacent development.
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717 Private Streets
7.17.1 City Requirements

The City is required by State Statue to review all subdivision of property to confirm that the designs meet
all sound planning and engineering requirements as contained in the City Subdivision Regulations. The
City is further charged to guarantee the Public Improvements of the subdivision are constructed and that
said construction is in substantial conformance with the plans and specifications. The Colorado Revised
Statues state, "All plans of streets or highways for public use, and all plans, plats, plots, and replots of land
laid out in subdivision or building lots and the streets, highways, alleys, or other portions of the same
intended to be dedicated to a public use or the use of purchasers or owners of lots fronting thereon or
adjacent thereto, shall be submitted to the planning commission or City Council for review and subsequent
approval, conditional approval, or disapproval.”

7.17.2  General Application

All roadways shall be built to these Roadway Standards. If an Owner or Developer wishes to not build the
roadways to City Standards or with adequate rights-of-way, the Owner or Developer shall submit Private
Roadway Standards for review by the City. If the Private Roadway Standards are acceptable to the City,
then these roadways shall not be maintained or assumed for maintenance by the City unless they are
brought to City Standards at the Owner's or Developer’s expense.

7.17.3 Private Improvements

Private improvements, such as roadways, driveways, or utilities, shall be clearly shown and labeled as such
on each sheet of the construction plans. The following note shall appear on each sheet of the
constructions plans where private improvements are shown: "City of Castle Pines shall not be responsible
for the maintenance of roadway and appurtenant improvements, including storm drainage structures and
pipes, for the following private streets."

When a request is made for the City to assume maintenance of any private improvement, it shall be the
responsibility of the person(s) making the request to satisfactorily demonstrate that the private
improvement is constructed in accordance with these Roadway Standards and that adequate right-of-way
is provided.

The City will review these requests under normal review procedures as outlined previously in these
Roadway Standards.

Improvements that were not constructed in accordance with the applicable design and construction
standards and specifications will not be accepted for maintenance by the City.

Any gate on a private road shall be located a minimum of 30 feet from the outside edge of the closest
through lane of the intersecting road. The opening of the gate must be a minimum of 2 feet wider than the
gated road or greater as required by the local Fire District.

7.17.4  Private Roadway Standards

Private Roadway Standards, based on Sound Engineering Criteria, may be proposed for private
development. These Private Roadway Standards must be certified as to their adequacy and safety by a PE
licensed in the state of Colorado. The Private Roadway Standards must contain a list of all deviations from
City criteria as well as references to all sources that support the adequacy of the proposed deviations. The
standards shall be subject to acceptance by the Developer, governing Fire District, and the City. The

Castle Pines Roadway Design and Construction Standards 7-47



Chapter 7 - Public and Private Roadway Criteria

following statement needs to be included on the acceptance page of the Private Roadway Standards:
“Private roads shall not be maintained or assumed for maintenance by City of Castle Pines unless
right-of-way is dedicated to the City in fee simple at no cost to the City, and the private roads are improved
to meet the requirements of the City of Castle Pines Roadway Design and Construction Standards, as
amended, at no cost to the City. Additional requirements may apply.”

7.17.5 Pavement Design/Roadway Construction

All roadways constructed in the City shall be high-quality, minimum maintenance roads, that meet or
exceed established City of Castle Pines specifications with respect to pavement thickness, composition,
and base as set forth in these Roadway Standards.

7.17.6  Cost Estimate and Improvement Agreement

Any Developer or Applicant for Final Plat approval must provide the Community Development
Department with an itemized Cost Estimate of all improvements (as defined by state statute) associated
with the subdivision (to be titled Exhibit A). Cost estimates are to establish the amount of collateral
provided by the Applicant to secure the SIA-Private. An amount equal to 15% of the total Cost Estimate
shall be added to the total cost to cover construction contingencies. The Developer or Applicant shall
guarantee all improvements, including those to be constructed by a District, unless an Intergovernmental
Agreement has been executed between City of Castle Pines and the District, guaranteeing the construction
of those Public Improvements committed to by the District. After review and acceptance of the Cost
Estimate by the City Public Works Department, it is incorporated into the SIA-Private document. The
SIA-Private document should be executed by the Developer or Applicant prior to the City Council hearing
scheduled for the Final Plat approval. Collateral must be provided by the Developer or Applicant in the
form and amount defined in the SIA-Private. Refer to Chapter 2, Submittals for additional information.

7.17.7 Inspection Requirement

During construction, a City Public Works Department Inspector may inspect private roads. Inspection or
Permit fees will be charged. During construction, a City Public Works Department Inspector will inspect all
erosion control measures and storm sewer facilities (that is, inlets, pipes, detention, and water quality
facilities). Inspection or Permit fees will need to be collected before beginning work. Where utilities are
installed to serve private developments and are located in easements or private street rights-of-way, those
utilities will not require a Permit or associated fees from the City. Responsibility for inspection will rest with
the utility company providing service, or the Developer or Applicant, or both.

7.17.8  Warranty Requirements

For subdivisions with private roads, sufficient guarantee must be given to the City in the form of test
reports, field reports, and as-built drawings in conformance with the requirements in these Roadway
Standards (including cores, density tests, and compaction reports) and certified by a PE licensed in the
state of Colorado. Reports and as-built drawings must be submitted and accepted prior to release of
securities in accordance with these Roadway Standards.
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8.1 General
8.1.1 Structures

The City of Castle Pines (City) has developed requirements for the design and construction of certain
structures within the City. They include bridges, large culverts and other major drainage structures,
retaining walls, and guardrails.

8.1.2 Guardrails

The design, location, and necessity of guardrails for bridge and roadside obstruction situations, as well as
design of the same, shall be in accordance with the latest edition of the American Association of State
Highway and Transportation Officials (AASHTO) Roadside Design Guide.

8.1.3 Pedestrian/Bicycle Railings

Railings shall be required at, and continuously along, sidewalks or multimodal paths where there are
vertical separations of 30 inches or greater, or on slopes greater than or equal to 3:1 adjacent to these
walks and paths. For low-water crossings, Mile High Flood District (MHFD) design guidelines may apply.

8.1.4 Retaining Walls

Retaining walls shall be required whenever slopes exceed 3 feet of run to 1 foot in rise (3:1). Refer to
Section 1807.2 of the International Building Code for additional design criteria. Slopes to be revegetated
and to be maintained by the landowner shall not exceed 4 feet of run to 1 foot of rise (4:1).

1) Retaining Wall Heights

a) Detention, retention, and water quality ponds shall not have retaining walls exceeding 48 inches,
unless the City determines there is an issue of aesthetics, in which case the maximum wall height
will not exceed 72 inches. Railings may be required along the top of these walls. This requirement
will be determined at the time of civil plan submittal.

b) Residential Development
i) Maximum 48 inches in height adjacent to rear lot lines
i) Maximum 30 inches in height adjacent to side lot lines
iii) Maximum 30 inches in height in front yards and side yards for corner lots
iv) Maximum 48 inches in height in all common areas

v) Terraced retaining walls are not permitted within the side yards of single-family detached
homes

2) Other Retaining Wall Heights

a) All other retaining wall heights shall not exceed 8 feet. Walls shall be terraced until the required
amount of slope has been taken up. Slopes between walls shall not exceed 4 feet of run to 1 foot
of rise (4:1).
3) Railings

a) Railings may be required along the top of walls. This requirement will be determined at the time
of civil plan submittal. The design of retaining walls, wing walls, and miscellaneous structures that
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are unattached and not considered part of a building shall be submitted with the Civil
Construction Plans to the City. The design for walls attached to and part of a building, or for walls
that a building is structurally dependent on, shall be submitted to the City for review.

4) Details

a) Details are required on all retaining walls at bridges and structures and shall be included on the
drainage or grading drawings.

5) Retaining walls, miscellaneous structures, wing walls higher than 4 feet from grade or adjacent to
easements, public rights-of-way, or fire lanes that intrude on a line projected at 3:1 (H:V) slope from
the easement line, right-of-way line, or edge of a fire lane shall be designed, signed, sealed, and dated
by a Professional Engineer (PE) licensed in the State of Colorado before review by the City.

6) Concrete poured-in-place retaining walls shall be designed and submitted along with the first
submittal of the civil construction drawings for the development. The structural calculations shall be
included in the first civil construction drawing submittal.

7) Terraced retaining walls with a total vertical height greater than 4 feet shall be designed, signed,
sealed, and dated by a PE licensed in the State of Colorado before City review. If the horizontal
distance between the terraced walls is less than twice the height of the lower wall (even if the
individual walls are less than 4 feet high), the following criteria apply:

a) The entire terraced wall height shall be considered to act as one wall and shall be designed as
one wall.

b) Each terrace of the wall can be designed individually, as long as such design is accompanied by a
Global Stability Analysis performed on the entire terraced wall height. Retaining walls used to
support a roadway, driveway, or structure shall be designed, and the plans sealed, signed, and
dated by a PE licensed in the State of Colorado. Guardrails, pedestrian railings, or both, shall be
included with the design. Mechanically stabilized earth walls shall not have any tie-backs within
the public right-of-way, unless approved in advance by the City.

8) Retaining walls along sidewalks, trails, wing walls, and head walls exceeding 30 inches in height
require railings. Retaining walls along bicycle trails require bicycle railings. Bicycle railings must be
designed in accordance with the latest edition of AASHTO's Guide for the Development of Bicycle
Facilities.

9) Aretaining wall Permit shall be obtained from the City prior to constructing any retaining walls.

10) When retaining walls are not cast-in-place retaining walls, the walls are greater than 4 feet in height,
or there are terraced retaining walls where the horizontal distance between the walls is less than twice
the height of the lower wall (even if the individual walls are less than 4 feet in height), then the
contractor must submit structural calculations (and details as needed on 24-inch-by-36-inch
drawings) to the City for review and approval prior to pulling a Permit to construct those walls.

11) Private retaining walls within and along public rights-of-way or easements require a license
agreement.

8.1.5 Bridges

Bridge structures shall be designed and constructed in accordance with the latest Colorado Department of
Transportation (CDOT) Standards and Specifications.

8.1.6 Drainage Structures and Culverts

Drainage structures shall be designed in accordance with the latest CDOT Standards and Specifications, as
well as MHFD.
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9.1 General Requirements

Signage, pavement markings, and traffic signals shall be designed and installed in accordance with the
City of Castle Pines Standards. All traffic control devices shall conform to the most recent version of the
federal Manual on Uniform Traffic Control Devices for Streets and Highways (MUTCD), the Colorado
Supplemental MUTCD, and the Castle Pines Roadway Design and Construction Standards Manual. Further
specifications and illustrations can be referenced in the Colorado Department of Transportation (CDOT)
Standards.

Notes on signage and pavement markings shall be included in all sets of construction plans. Permanent
signage and striping shall be completely in place before any new roadway is opened to the public. The City
Public Works Department shall perform a field inspection of location and installation of all signs and
markings prior to completion and acceptance of the work. All discrepancies identified during the field
inspection must be corrected before the 2-year warranty period will begin.

9.2 Traffic Signage Criteria

9.2.1 Sign Blanks

Aluminum blanks shall be 0.080 gauge.

9.2.2 Sign Sheeting

ALLSTOP (R1-1) signs, YIELD (R1-2), and overhead signs mounted on structures shall have ASTM D-4956
Type Vi retroreflective material (3M Diamond grade or approved equivalent). All other ground signs shall
have ASTM D-4956 Type lll retroreflective material (3M High Intensity Prismatic grade or approved
equivalent).

9.2.3 STOP Sign Size

Where STOP sign control is appropriate, 36-inch STOP signs shall be used for approaches to any roadway
that is classified as a Major or Minor Collector or greater.

9.2.4 Street Name Signs
For all new streets, the street names are to be obtained from Douglas County for all intersections.

Street name signs shall be limited to 12 letters/characters, excluding street type prefix and suffix. All
street name signs shall be visible from both directions, and the legend shall be affixed to both sides of the
sign panel.

A 7-foot minimum height shall be maintained from the bottom of the sign panel to the top grade of the
sidewalk (at top grade of pavement edge where no sidewalk exists). Refer to Standard Detail SS-1.

Refer to Standard Details SS-2 and SS-3 for street name assembly requirements and sizes. When street
name assembly is combined with regulatory sign(s), minimum mounting height shall apply to the
regulatory sign(s).

If installing with a SignFix bracket and one panel, the legend shall be affixed to both sides of the sign
panel.
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All public road street name signs shall include the City of Castle Pines logo on the left side of the sign
(except for allowances listed in Section 9.4). When arrows are used or required, the City of Castle Pines
logo shall be omitted.

Street name sign coloring shall be white legend on green background, unless approved otherwise.

The longer street name sign shall be installed on the bottom, so it is right above the stop sign, and the
shorter name sign should be installed on the top.

Special care shall be taken in the sign’s location to create an unobstructed view of each sign.
All removed signs shall be returned to the City Public Works Department if requested.

Capital Improvement Program and Special projects for roadway improvements shall require all existing
traffic signs to be replaced with new traffic signs. All signs shall be returned to the City Public Works
Department if requested.

All sign locations shall be in accordance with the current version of the MUTCD or as approved by the City
Public Works Department and placed in accordance with Standard Detail SS-1.

9.3 Posts and Anchor Posts
9.3.1 Ground-mounted Signs

Ground-mounted signs shall be mounted on standard 12-gauge, 2-inch-by-2-inch, galvanized square
steel tube posts, all four sides punched with 3/8-inch holes at 1-inch centers. Posts must be of
appropriate length to meet MUTCD specifications for the location and must meet Federal Breakaway
Standards. Anchor posts are to be 2-and-1-quarter-inch by 2-and-1-quarter-inch by 3-foot square tubing
with all four sides punched with 3/8-inch holes at 1-inch centers, driven down to 4 inches above grade.
Longer anchor posts may be required by the City because of soil composition and compaction.

9.3.2 Island Signs

For all signs installed in raised median islands and Roundabouts and mounted in concrete, KLEEN BREAK
MODEL 425 anchors also need to be installed (in accordance with Xcessories Squared Development and
Manufacturing Inc. Drawing #XKB425-20-Cl Square Post Sign Support Installation Instructions) at the
time of island construction for all known future signs.

9.3.3 Large Signs
Xcessories Squared 1.25-inch Aluminum Sign Brace Non-Perforated (or equivalent) shall be used on all

signs that are greater than or equal to 1,152 square inches (or as directed by the City Public Works
Department). Install according to manufacturer’'s recommendations and specifications.

9.4 Criteria on Special Allowances for Street Name Sign Variances
Plans for any variances must be submitted to and reviewed by the City Public Works Department.
Engineering-specific variances from City Standards must be listed in the special footnote box on the first

page of the plans.

Only Metro Districts or Home Owners Associations (HOA) may apply for variances. The Metro District must
submit a draft agreement to be reviewed by the City and the City Attorney.
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The agreement shall be addressed to the City and must specify that the requesting Metro District shall be
responsible for maintenance and supply in perpetuity of their specific signs and materials. The agreement
must stipulate that the District/HOA shall respond within 24 hours after notification by the City Public
Works Department that maintenance or repair is required.

This agreement will be recorded in the City of Castle Pines; notification of the book and page number will
be returned to the Metro District/HOA.

9.5 Designer’'s Responsibility

These standards are intended for typical applications of signage and striping for standard conditions.
These standards do not alleviate the responsibility of the designer from sound engineering judgment or
from exceeding minimum standards in specific cases where conditions warrant.

9.6 Pavement Marking Criteria
9.6.1 Material

Standard pavement marking materials shall be as follows for all City roadways (Table 9-1). All materials
listed shall conform to the most recent edition of the CDOT Standard Specifications for Road and Bridge
Construction, sections 627 and 713. Other pavement marking materials may be used as requested or
approved by the City Public Works Department.

Table 9-1. Standard Marking Materials

Turn Arrows and
Written Legends

Crosswalk Bars and
Stop Bars

Marking Type/

Edge, Lane, and

Surface Type Channelizing Lines

Concrete Pavement

Modified Epoxy

Preformed Plastic @ or
Preformed Thermoplastic

Preformed Plastic or
Preformed Thermoplastic

Asphalt Pavement

Modified Epoxy

Preformed Plastic or
Preformed Thermoplastic

Preformed Plastic or
Preformed Thermoplastic

[l Crosswalk bars shall be recessed.

Note:

Preformed Plastic minimum thickness is 60 mils for legends and symbols, 75 mil minimum for stop bars and

crosswalk bars.

Preformed thermoplastic may be used for spot repair or replacement of all marking types on asphalt

surfaces.
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9.6.2 Dimensions and Application

The following striping widths shall be used unless otherwise directed by the City Public Works Department
(Table 9-2).

Table 9-2. Striping Widths

Stripe Widths

Edge Line 6 inches

Skip/Lane Line 6 inches

White Channelizing 8 inches

Bike Lane 6 inches

Double Yellow 5 inches (3-inch gap)

Stop Bar 24 inches (4 feet from crosswalk)

Diagonal Shoulder Marking 4 inches

Yield Line 16-inch-by-24-inch layout based on lane widths, or size to be determined
by the City Public Works Department.

Crosswalk Bar [! 2 feet by 10 feet on Arterials, all others to have a 2-foot-by-8-foot
(centered in lane) layout, or size to be determined by the City Public
Works Department.

lal Unless otherwise directed by the City.

Note: Broken or dotted marking patterns shall be in accordance with CDOT specifications.
9.6.3 Surface Preparation

Note: Surface preparation includes cleanup and disposal of removed material.

New concrete pavement shall have all residues removed, such as mud, dirt, and curing compound.
Removal shall be by water blasting, sand blasting, or other method approved by the City Public Works
Department.

New asphalt pavement shall be dry and free of dirt and debris.

For all restriping on existing concrete or asphalt pavement, the surface shall be clean, dry, and free of
debris. Cleaning shall be by water sweeping, water or air blasting, or other method approved by the City
Public Works Department. Surface grinding shall be performed where directed by the City Public Works
Department.

Surface temperatures shall be 50 degrees Fahrenheit (°F) and rising for all pavement marking
applications.

When the surface temperature does not reach 50°F (seasonal), the Contractor may, with the City Public
Works Department approval, substitute designated pavement markings with temporary marking materials
to be replaced with permanent materials when weather dictates. Temporary pavement markings shall be
refurbished as determined by the City.
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9.6.4 Installation

All pavement markings shall be applied according to the manufacturer's recommendations, unless
otherwise authorized by the City Public Works Department.

The Contractor shall use equipment that meets the following requirements, as approved:

= Equipment shall permit traffic to pass safely within the limits of the roadway.

= Equipment shall be designed for placement of both solid and broken line stripes with a reasonably
clean-edged stripe of the width and location as shown on striping plan and no overspray on the
road surface.

= Equipment shall have a glass bead dispenser directly behind and synchronized with the paint
applicator. Each applicator shall have individual control and automatic skip control that will paint a
stripe with a gap as shown in the striping plan.

=  The equipment may be equipped with a heat exchanger to heat the paint to reduce drying time.
= The operation shall include a trailing vehicle equipped with a flashing arrow board.
The Contractor shall prevent traffic from crossing a wet stripe. Stripes that have been marred or picked up

by traffic before they have dried shall be repaired at the Contractor’s expense. Removal of paint from
vehicles that crossed wet paint shall be at the Contractor’'s expense.

9.6.5 Pavement Marking Warranty

A 1-year warranty under normal traffic wear is required for pavement marking installations. Material shall
not peel or lift in this time period. Approval of all work must be obtained from the City Public Works
Department prior to the start of this warranty period.

9.6.6 Use of Stop Bars

The following must include a stop bar:

= Any STOP sign controlled approach to a crosswalk adjacent to a school
= Any multiway, stop-controlled approach
= Any approach to a signalized intersection that does not have a crosswalk.

Stop bars may be staggered longitudinally on a lane-by-lane basis or as determined by the City Public
Works Department.

9.6.7 Word or Arrow Pavement Marking

Pavement arrows shall be placed 70 feet upstream of the back of a stop bar or crosswalk on approaches to
signalized intersections. For multiple turn arrows in a single lane, number and spacing shall be in
accordance with CDOT S Standards. Refer to MUTCD Chapter 3B for all other word or arrow pavement
marking placement or as determined by the City.

9.6.8 Bike Lanes

Bike lanes are lanes that have been designated with pavement markings for the preferential use of
bicyclists. They are typically one-way facilities located to the right of the general travel lanes on both sides
of two-way streets.
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9.6.8.1 Bike Lane Width

The minimum bike lane width on a roadway with no curb and gutter is 5 feet. On a roadway with curb and
gutter, the minimum width of a bike lane is 5 feet, measured from the face of curb. Exceptions shall be
approved by the City on a case-by-case basis.

9.6.8.2 Designating Bike Lanes

Bike lanes shall be designated with the bicycle symbol, which consists of the bike lane rider symbol in
combination with the directional arrow (refer to Standard Detail SS-11). The directional arrow encourages
bicyclists to ride with traffic, as the law requires.

Bicycle lane markings should be placed after intersections and major driveways (confer with the City Public
Works Department for questions about placement). In rural areas, the maximum spacing of bike lane
markings should not exceed 1,500 feet. In urban areas, the spacing should not exceed 700 feet or as
determined by the City Public Works Department.

9.6.8.3 Bike Lanes at Driveways and Intersections

In Colorado, bicycles are vehicles, so bicyclists are required to follow the rules of the roadway when riding
on the streets. Consequently, the striping and marking of bike lanes at intersections should support the
operations of bicycles as vehicles and the safe mixing of bicyclists with motorists at conflict points such as
driveways and intersections. For both motor vehicles and bicycles, the approach to a right turn and the
right turn itself shall be made from as close as practicable to the right-hand curb or edge of the roadway.
To support crossing a bike lane to execute a right turn, the bike lane striping transitions to dotted
markings on the approach to the intersection. A minimum 50-foot dotted line should be provided, but the
length of the dotted line may vary based on the speed of the parallel roadway.

When motorists cross a bike lane to move into a right-turn lane, motorists are required to yield the
right-of-way to bicyclists in the bike lane. The BEGIN RIGHT TURN LANE YIELD TO BIKES sign (R4-4)
(Standard Detail SS-15) is appropriate when the right turn lane is added to the roadway at the intersection
approach. However, in the right-turn drop lane condition (Standard Detail SS-13) the through bicyclists
must cross the motorists’ path to continue through the intersection. In this case, the bicyclists must yield
to the motorist before moving left; therefore, the R4-4 is not appropriate in these conditions.

9.6.8.4 Shared Lanes

A shared lane is a lane of a traveled way that is open to bicycle travel and vehicular use. On local roadways
with low volumes and speeds, a shared lane may be all that is needed to comfortably accommodate a
bicyclist. Refer to Standard Details SS-17 and SS-18 for proper placement of shared lane markings.
Confirm with the City Public Works Department prior to including shared lane markings in a design plan.

9.6.8.5 Buffered Bike Lanes

A buffered bike lane is separated from adjacent through lanes by a striped out buffer area (Standard Detail
SS-17). In some locations, it may be desirable to use less than the full width available for a bike lane. The
buffer markings consist of two longitudinal white lines and may incorporate an interior diagonal cross
hatch or chevron. These transverse markings shall be included when the buffer space is greater than 3 feet
in width. The City Public Works Department prefers a 3-foot maximum buffer lane width.
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9.6.8.6 Design of Bicycle Signs

If the sign or plaque applies to motorists and bicyclists, then the size of sign shall be as shown for the
conventional roads in accordance with Chapter 2 of the MUTCD. The minimum sign and plaque sizes for
shared-use paths shall be in accordance with Chapter 9 of the MUTCD and shall be used only for signs and
plaques installed specifically for bicycle traffic applications. The minimum sign and plaque sizes for bicycle
facilities shall not be used for signs or plaques that are placed in a location that would have any
application to other vehicles.

9.6.8.7 City of Castle Pines Signage and Striping Notes for Construction Plans

1)

2)

3)

4)

5)

6)

7)

8)

9)

ALL TRAFFIC CONTROL DEVICES SHALL CONFORM TO THE MOST RECENT VERSION OF THE FEDERAL
MANUAL ON UNIFORM TRAFFIC CONTROL DEVICES (MUTCD), THE "COLORADO SUPPLEMENTAL
MUTCD", AND THE “CITY OF CASTLE PINES ROADWAY DESIGN AND CONSTRUCTION STANDARDS".
FURTHER SPECIFICATIONS AND ILLUSTRATIONS ARE LOCATED IN THE COLORADO DEPARTMENT OF
TRANSPORTATION (CDOT) "M AND S STANDARDS".

A FIELD INSPECTION OF LOCATION AND INSTALLATION OF ALL SIGNS & MARKINGS SHALL BE
PERFORMED BY CITY PUBLIC WORKS DEPARTMENT. ALL DISCREPANCIES IDENTIFIED DURING THE
FIELD INSPECTION MUST BE CORRECTED BEFORE THE ONE-YEAR WARRANTY PERIOD WILL BEGIN.

THE CONTRACTOR INSTALLING SIGNS SHALL BE RESPONSIBLE FOR LOCATING AND PROTECTING
ALL UNDERGROUND UTILITIES.

TYPE Ill LIGHTED BARRICADES SHALL BE SET AT ENDS OF ROADWAYS WITH AN R11-2 ROAD
CLOSED SIGN MOUNTED TO THE RAILS, SEPARATING FINISHED (AND/OR ACCEPTED) AND
UNFINISHED CONSTRUCTION AREAS AND SHALL BE MAINTAINED BY THE
CONTRACTOR/DEVELOPER. A "ROAD CLOSED AHEAD" WARNING SIGN SHALL BE INSTALLED
APPROPRIATELY IN ADVANCE OF THE TYPE 11l BARRICADES.

SPECIAL CARE SHALL BE TAKEN IN SIGN LOCATION TO ENSURE AN UNOBSTRUCTED VIEW OF EACH
SIGN.

WHERE STOP SIGN CONTROL IS APPROPRIATE, 36" STOP SIGNS SHALL BE USED FOR APPROACHES
TO ANY ROADWAY THAT IS CLASSIFIED AS A COLLECTOR OR GREATER.

A 7-FOOT MINIMUM HEIGHT SHALL BE MAINTAINED FROM BOTTOM OF SIGN PANEL TO THE TOP
GRADE OF SIDEWALK (AT TOP GRADE OF PAVEMENT EDGE WHERE NO SIDEWALK EXISTS).

DELINEATION OF ROADWAYS WITHOUT CURB AND GUTTER SHALL BE AS SPECIFIED IN THE CDOT
"M AND S STANDARDS". SEE STANDARD DETAIL SS-7 FOR RAISED MEDIAN SIGNS AND
DELINEATION.

SIGNAGE AND STRIPING HAS BEEN DETERMINED BY INFORMATION AVAILABLE AT THE TIME OF
REVIEW. PRIOR TO INITIATION OF THE WARRANTY PERIOD, CITY PUBLIC WORKS DEPARTMENT
RESERVES THE RIGHT TO REQUIRE MODIFICATIONS TO EXISTING, OR INSTALLATION OF,
ADDITIONAL SIGNAGE AND/OR PAVEMENT MARKING IF IT IS DETERMINED THAT AN UNFORESEEN
SAFETY CONDITION WARRANTS SUCH MODIFICATION ACCORDING TO THE MUTCD OR THE CDOT M
AND S STANDARDS. ALL SIGNAGE AND STRIPING SHALL BE SUBJECT TO THE REQUIREMENTS OF
THE ONE (1) YEAR WARRANTY PERIOD FOR NEW CONSTRUCTION. ADDITIONALLY, ALL PAVEMENT
MARKINGS SHALL NOT LIFT OR PEEL DURING THE FIRST YEAR AFTER INSTALLATION.

10) DIAMOND GRADE MATERIAL SHALL BE USED ON ALL STOP SIGNS AND OVERHEAD SIGNS. ALL

OTHER ROADSIDE TRAFFIC CONTROL DEVICES SHALL BE HIGH INTENSITY PRISMATIC
RETROREFLECTIVE.
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11) ALL PUBLIC ROAD STREET NAME SIGNS SHALL HAVE CITY OF CASTLE PINES LOGO ON LEFT SIDE OF
SIGN.

12) ALL REMOVED SIGNS SHALL BE RETURNED TO CITY PUBLIC WORKS DEPARTMENT IF REQUESTED.
CALL THE CITY FOR DROP OFF LOCATION.

13) CROSSWALKS SHALL:
A) BE CONSTRUCTED OF MATERIAL SPECIFIED BY CITY PUBLIC WORKS DEPARTMENT.
b) BE LONGITUDINAL TYPE.
c) BE CENTERED ON ADA CURB RAMPS.
d) BE CENTERED ON LANE LINES SO AS TO BE STRADDLED BY VEHICLES.
14) ALL PAVEMENT MARKING MATERIAL (INCLUDING WORDS AND SYMBOLS) SHALL BE AS FOLLOWS:

Turn Arrows and
Written Legends

Crosswalk Bars and
Stop Bars

Marking Type/

Edge, Lane, and

Surface Type Channelizing Lines

Concrete Pavement

Preformed Plastic or

Preformed Plastic 2! or

Modified Epoxy

Preformed Thermoplastic

Preformed Thermoplastic

Asphalt Pavement

Modified Epoxy

Preformed Plastic or
Preformed Thermoplastic

Preformed Plastic or
Preformed Thermoplastic

[l Crosswalk bars shall be recessed.
Note:

Preformed Plastic minimum thickness is 60 mils for legends and symbols, 75 mil minimum for stop bars and
crosswalk bars.

Preformed thermoplastic may be used for spot repair or replacement of all marking types on asphalt
surfaces.

1) SAND OR WATER BLAST CURING COMPOUND PRIOR TO INSTALLATION OF MARKINGS.

2) INSPECTION AND APPROVAL OF STRIPING AND CROSSWALK LAYOUT TO BE DONE BY CITY OF
CASTLE PINES ENGINEERING INSPECTION DEPARTMENT PRIOR TO APPLICATION OF FINAL STRIPING.

9.7 Castle Pines Traffic Signal Specifications

City of Castle Pines will enforce the following requirements for all Traffic Signal Construction Projects and
roadway construction projects requiring traffic signal modifications or installations.

1) International Municipal Signal Association (IMSA) Level Il or Level lll Traffic Signal Bench
Technician/Signal Technician certification (BB certification) for any work within the traffic signal
cabinet. This includes corrective maintenance and signal turn-on. Signal Contractor shall produce
copies of certificates at the preconstruction meeting.

2) IMSA Level Il or Level lll Traffic Signal Field Technician/Electrician (BE certification) or Traffic Signal
Bench Technician/Signal Technician Certification (BB Certification) for any work external to the traffic
signal cabinet. An IMSA Level Il Traffic Signal Electrician (minimum BE certification) must be on the
jobsite at all times to supervise construction. Signal Contractor shall produce copies of certificates at
the pre-construction meeting.

3) The United States Department of Labor — Bureau of Apprenticeship and Training can be substituted
for the IMSA Level Il Traffic Signal Electrician. Signal Contractor shall produce copies of certificates at
the preconstruction meeting.
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9.7.1 Scope and Intent

These specifications describe the installation of necessary material, equipment, and work procedures to
complete traffic signals, or other electrical systems as shown on the drawings, in the special contract
provisions, or herein, for projects in the City of Castle Pines, Colorado. These specifications provide
minimum functional requirements that must be satisfied for all such work.

9.7.2 Roadway Work and Permits

Unless stated otherwise, all roadway and sidewalk work shall be in accordance with the latest version of
the City of Castle Pines Roadway Design and Construction Standards. For all work, the Contractor shall
obtain Permits from the City Public Works Department (on the City website) and shall pay the required City
construction Permit fees.

9.7.3 City Engineer Representative

City of Castle Pines Project Engineer or authorized City personnel shall be the responsible person
overseeing all work on the City's behalf. For all required inspections, the Contractor shall give at least
48 hours' prior notice to the City Public Works Department.

9.7.4 Private Access and Traffic Control Plan

The Contractor will be required to maintain access to all private drives throughout the period of
construction. The Contractor shall be required to erect, maintain, and remove all barricades, traffic control
signs, and devices. Such barricades and traffic control signs and devices shall be in accordance with the
latest version of the MUTCD published by the U.S. Department of Transportation, Federal Highway
Administration, and as directed by the City Public Works Department. Construction signs not applicable
during nonconstruction times shall be set so traffic cannot see the signs, in accordance with section 630 of
the latest edition of the CDOT Standard Specifications for Road and Bridge Construction. Should this not
occur, Section 9.13.4 of this document shall be enforced.

A Traffic Control Plan prepared by a certified traffic control supervisor shall be submitted and approved
prior to issuance of the Permit by the City Public Works Department. The Traffic Control plan shall be
submitted along with a set of construction drawings signed and approved by the City. The Contractor shall
submit the plan at least 5 working days in advance of the intended start date. A City-approved copy shall
be kept at the site and shall be exhibited upon request to any authorized City representative. The City
reserves the right to require the Contractor to modify the traffic control in the field as necessary. The City
also reserves the right to issue a stop-work order. Permitting information can be found on the City's
website.

9.7.5 Testing

The City may, at its option and cost, retain the services of an independent testing lab to perform all testing
consultation and to assist in the review of the work and equipment.

Refer to Section 9.14.18 for requirements regarding early delivery of controller and cabinet to the City for
testing purposes.

9.7.6 Equipment Salvage

All traffic signal equipment that is removed shall remain City property. Such property is to be removed
from the work site, tagged with date removed and location, and returned by the Contractor to the City if
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requested. When signal pole and mast arm assemblies are removed, all components shall be marked as a
set with permanent markings. The equipment shall be returned in the same condition as prior to removal.
Contact the City Public Works Department to coordinate delivery.

9.7.7 Existing Traffic Signals

When existing traffic signal installations are modified or completely rebuilt, the Contractor shall work
around existing traffic signal equipment until the new or modified traffic signal system has been installed
and put into operation. Signal heads installed on mast arms or poles for new installation that are not ready
for actual electrical operation shall be bagged with orange plastic. The Contractor shall at all times
maintain a minimum of two three-section (red, yellow, and green) traffic signal heads and pedestrian
heads (if required) for each roadway approach. These displays and all other signal elements shall conform
to MUTCD. Special consideration shall be made to avoid the left-turn trap situation.

9.7.8 Intersection Power

Unless otherwise directed in the plans, the Contractor shall be responsible for coordinating with the power
company to obtain power hook-up to the intersection and luminaires 2 weeks prior to signal flash. Refer to
Section 9.14.41. The City's Building Division will inspect all installations prior to meter installation.

9.7.9 Utilities

Utilities are shown on the plans to the extent that they can be, based on records and surface field
indications. All utility locations will require field verification in cooperation with the affected utility
companies and public agencies. The Contractor shall be responsible for locating all valve boxes, manholes,
and the like, and confirming that they are properly protected and that signal equipment locations are
adjusted accordingly, with approval from the Engineer. The Contractor is also responsible for filling all
holes made by vacuum potholing (required utility locates) with appropriate material (concrete, asphalt, or
other fill to match existing) to restore the area back to previous condition. Reuse of the core toward
pothole restoration is prohibited.

9.7.10  Work Hours

The Contractor shall work only on weekdays between the hours of 7:00 a.m. to 4:00 p.m. Lane closures
shall only be allowed between 8:30 a.m. and 3:00 p.m. The Contractor must receive written approval from
the City to work at any other time.

9.7.11 Project Schedule

The following schedule shall apply (Table 9-3):
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Table 9-3. Project Schedule

Item | Schedule
Pole Foundation installation Refer to 9.14.44.3
Shop Drawing Submittals At the preconstruction meeting, which normally will be about 2 to 3 weeks

prior to the Notice to Proceed.

Groundwork (conduit, mast arm May start up to 30 calendar days after Notice to Proceed but no less than

pole foundations, etc.) 30 calendar days prior to essential equipment delivery date.
100% Completion Prior to signal flash
Overall Project 90 calendar days for mast arm project; 60 calendar days for span wire project.

9.7.12  Failure to Complete Work on Time

A daily charge, in the applicable amount set forth in the schedule of liquidated damages in Table 9-4, will
be made against the Contractor for each calendar day that any work remains uncompleted after the
expiration of contract time. This daily charge will be deducted from any money due the Contractor. This
deduction is not a penalty but is liquidated damages.

The schedule of liquidated damages set forth in Table 9-4 is the amount agreed to by the Contractor and
the City as reasonably representing additional construction engineering costs incurred by the City if the
Contractor fails to complete performance within the contract time.

Table 9-4. Schedule of Liquidated Damages

Original Contract Amount

From More Than ($) to and Including ($) Daily Charge ($)
0 to 25,000 270
25,000 to 50,000 465
50,000 to 100,000 540
100,000 to 500,000 950
500,000 to 1,000,000 1,250

Due account shall be taken of any adjustment of the contract time for completion of the work granted by
the City at the City's discretion, as a result of supplier delays beyond the Contractors’ control. The
Contractor shall provide written documentation of such delays to the City's satisfaction.

Permitting the Contractor to continue and finish the work or any part thereof after expiration of contract
time will not operate as a waiver on the part of the City of any of its rights under the contract.

Any deduction assessed as liquidated damages for delay under this subsection shall not relieve the
Contractor from liability for any damages or costs resulting from delays to other contractors on the project
or other projects caused by a failure of the assessed Contractor to complete the work according to
contract times.

9.7.13 Job Site Conditions

The Contractor shall maintain a safe and clean job site throughout construction. Upon project completion,
the job site shall be neat and clean with all trash and dirt picked up and barricades removed. Landscaping
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shall be restored, sidewalks swept, and utility locate markings removed. The intent is that the job site
appears as good or better than it appeared before construction.

9.8 Regulations and Codes
9.8.1 Reference Documents

All equipment, material, and construction methods shall conform to the standards of the ITE, IMSA, CDOT
Standard specifications for Road and Bridge Construction (latest edition), and CDOT Intelligent
Transportation Systems (ITS) Specifications (latest edition) unless noted otherwise. In addition to the
requirements of these specifications, the plans, standard details, and the special contract provisions, all
material and work shall conform to the requirements of the MUTCD, National Electrical Code (NEC), NESC,
the Rules for Overhead Electrical Line Construction of the Colorado Public Utilities Commission (Rules),
ASTM Standards, the American National Standards Institute, and local ordinances that may apply.

Wherever reference is made in these specifications or in the special contract provisions to the MUTCD,
NEC, NESC, Rules, or the standards mentioned previously, the reference shall be construed to mean the
document that is in effect at the date of bidding.

9.9 Equipment List, Approvals, and As-Built Drawings
9.9.1 Bid Requirements

Shop drawings are not required for the bid, but the Contractor shall submit with its bid a list of equipment
and materials that it proposes to furnish for those items listed in Section 9.8.1, including all equipment
and materials as identified on the plans or in the specifications, by the manufacturer's name that is
necessary or customary in the trade to identify such equipment and material. The list shall be complete as
to the name of manufacturer, unit name, and model number.

Items to which Section 9.8.1 applies include, but are not limited to, the following: traffic signal poles and
mast arms, pedestrian push buttons, traffic signal controller and cabinet, uninterruptable power sources
(UPS), vehicle detection, vehicle and pedestrian signal heads, pedestrian signs, pre-emption devices,
mounting hardware for signal heads, street name signs, pull boxes, wire, communication equipment, fiber
or radio (fiber-optic cable shall include interconnect schematic diagram), ethernet switches, point-tilt-
zoom cameras, travel time equipment, meter disconnect pedestal, and any additional items indicated in
the project special provisions or requested at the preconstruction meeting. Sign panel layouts for both
illuminated and aluminum street name signs shall also be submitted for City approval.

9.9.2 Sampling and Substitutions

Inspection or sampling of any materials, other than those already approved, must be made by the City
prior to installation. Whenever particular material or equipment is identified by manufacturer name in the
plans or specifications, the term "or approved equivalent" is implied. If the Contractor proposes a
substitution, the Contractor shall provide additional information with the bid to prove the substitution item
is of equal or superior quality, and it shall be at the City's sole discretion whether to approve such
substitution. If not approved, Contractor shall agree to supply the originally stated material or equipment
at no additional cost. Otherwise, the City may reject the bid as nonresponsive.

The Contractor shall attach to the bid a statement that all material to be supplied is either in exact
accordance with the specifications or shall list in detail any and all substitutions and request the approval
of the City for the substitutions. The City may request further technical information to support the
substitution.
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During execution of the work, the supplying of equipment that is not in accordance with the specifications
and on which the Contractor has not received the City's approval shall be cause for rejection. Correction of
the non-specification items will be entirely at the Contractor's expense.

9.9.3 As-Builts

Upon completion of the work, the Contractor shall submit an "as-built" or corrected plan showing, in
detail, all construction changes, including, but not limited to, wiring, cable, poles, controller cabinet,
vehicle detection, and location of all conduit. Red lined, signed, stamped plans may be submitted as “as-
built” plans.

9.10  Excavating and Backfilling
9.10.1  General

Street cuts for conduit on existing pavements shall not be allowed unless included in Right-of-Way Permit.
Excavations for the installation of conduit, foundations, and other equipment shall be performed in such a
manner as to cause the least possible damage to the streets, sidewalks, and other improvements or
landscape and sprinklers. Trenches shall not be excavated wider than necessary for the proper installation
of the electrical appliances, and foundations and shall be kept clean and as free of moisture as possible.
Excavations shall be backfilled or poured with Flow Fill within 24 hours of opening, unless otherwise
approved in writing by the City Public Works Department. The material from the excavation shall be
removed as the trenching progresses.

After backfilling, excavations shall be kept well filled and maintained in a smooth and well-drained
condition until permanent repairs are made.

Excavating and backfilling for foundations shall be incidental to the pay item for which a foundation is
required. Excavating and backfilling for conduit trenches shall be paid for under the appropriate conduit
trenching pay item.

At the preconstruction meeting, the Contractor will be provided contacts for landscape and sprinkler
repair. The Contractor is responsible for contacting these entities when damage occurs and coordinating
repairs. Any necessary repairs will not be paid for separately but shall be included in the project cost.
Damages found subsequent to project completion, and related costs, will be the Contractor's
responsibility.

9.10.2 Traffic Maintenance

At the end of each day's work and any other time construction operations are suspended, all construction
equipment and other obstructions shall be removed from that portion of the roadway open for use by
public traffic. Construction signs not applicable during nonconstruction times shall be set so traffic cannot
see the signs, in accordance with section 630 of the latest version of the CDOT Standard Specifications for
Road and Bridge Construction. Should this not occur, Section 9.13.4 of this document shall be enforced.

Excavations in streets or highways shall be performed in such a manner that at least one lane of traffic in
each direction shall be open to public traffic at all times. All lane closures shall be approved by the City
prior to closure.

When excavations must remain open overnight, they shall be properly marked to warn motorists and
pedestrians according to the MUTCD. Flashing barricades shall be provided unless otherwise authorized in
writing by the City.
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9.11 Removing, Replacing, and Resetting Improvements
9.11.1  General

The Contractor shall, at its sole expense, replace or reconstruct sidewalks, curbs, gutters, rigid or flexible
pavement, and any other improvements removed, broken, or damaged by it with material and methods
that conform to current City standards.

Whenever a part of a square or slab of existing concrete, sidewalk, or driveway is broken or damaged, the
entire square or slab shall be removed and the concrete reconstructed as specified in the previous
paragraph.

Concrete pavement and sidewalk designated for removal shall be removed as marked by the City or its
designee. The concrete pavement or sidewalk shall be cut to the existing depth of concrete prior to
removal. Any overbreak, separation, or other damage to the existing concrete outside of the designated
removal limits shall be replaced at the Contractor's expense. Payment for removal of concrete pavement
or sidewalk shall be based on square yards of surface area regardless of the concrete thickness.

Removal items shall be as indicated in the pay item list or items specifically identified on the plans, or in
writing by the City. It shall be the Contractor's responsibility to assure that it has a full and complete
understanding of included removal items prior to bidding.

Reset pay items shall be as indicated in the pay item list. These items are to be initially removed, then
adjusted or modified as directed by the City, and finally reinstalled to full operational capability.
Modifications and adjustments shall be detailed on the plans or project special provisions and shall be
incidental to the reset pay item. It shall be the Contractor’s responsibility to assure that it has a full and
complete understanding of included reset items prior to bidding.

The "Reset Traffic Signal Equipment" pay item list shall consist of the items specifically identified in the
plans or in the project special provisions. Reset traffic signal equipment typically shall include the traffic
signal poles, arms, controllers, cabinets, signal and pedestrian heads, detectors, coordination and
interconnect equipment, and all other related equipment and materials necessary to remove the items
from their existing location and reset them at the new location. This shall include all mounting hardware,
bases, other electrical equipment and service, including temporary power, and all other materials and work
necessary to complete the reset item in service at the new location. It shall be the Contractor's
responsibility to assure that it has a full and complete understanding of included reset traffic signal
equipment items prior to bidding.

Equipment and materials shall be cleaned and touched up prior to reset. This work shall be included in the
cost of "Reset Traffic Signal EqQuipment.”

9.12 Underground Facilities
9.12.1 Drilled Caissons and Foundations

All drilled caissons and foundations shall be Portland cement concrete conforming to the applicable
requirements of the City's construction standards, except as herein provided.

The bottom of concrete drilled caissons and foundations shall rest on firm ground. Cast-in-place
foundations shall be poured monolithically where practicable. The exposed portions shall be formed to
present a neat appearance. Concrete shall be Class BZ in accordance with the latest edition of the CDOT's
Standard Specifications for Road and Bridge Construction.
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All poles shall be grounded as indicated in the standard details and shall be incidental to the installation
pay item.

For drilled caissons requiring casing, casings shall be removed in a manner such that voids between the
excavation and the casing will be completely filled with fresh concrete.

Anchor bolts shall conform to the manufacturer's specifications, and each individual bolt shall have two
flat washers and two nuts. Shims or other similar devices for plumbing or raking will not be permitted.
Stirrups shall be installed on all caissons. Refer to City of Castle Pines Standard Signal Details for
additional requirements.

All caissons will be measured and paid for separately.

Forms shall be true to line and grade. Tops of caissons and foundations, except as noted on plans, shall be
finished to curb or sidewalk grade or as ordered by the City. Forms shall be rigid and securely braced in
place and inspected prior to the concrete pour. Conduit ends and anchor bolts shall be placed in proper
position and in a template until the concrete sets.

Both forms and ground that will be in contact with the concrete shall be thoroughly moistened before
placing concrete. Forms shall not be removed until the concrete has thoroughly set.

Whenever excavation for a foundation requires removal of excess ground materials, the excavation shall
be backfilled to within 12 inches of ground level with 60 to 120 pounds per square inch (psi) of Flow Fill
as specified by the City, and then backfilled to ground level with compacted native material.

Any abandoned caisson or foundation shall be fully or partially removed and disposed of by the
Contractor according to the City's direction. Any conduit runs associated with an abandoned caisson or
foundation shall be extended or abandoned as called for on the plans.

The Contractor is responsible for filling all holes made by vacuum potholing, in regards to locating utilities
for caisson placement, with appropriate material or replacing curb, sidewalk or roadway panels, or stones
as specified in City of Castle Pines Roadway Design and Construction Standards to restore these back to
previous condition. Reuse of the core toward pothole restoration is prohibited.

9.12.2 Conduit

All intersections undergoing initial development or construction that are anticipated to require immediate
or short-term future signalization shall include signal conduit at the time of initial road construction, in
conformance with this section. Those intersections not completely built out or anticipated to be signalized
within a year’s timeframe, shall have construction funds escrowed for construction costs at a later date.
Roadway developers should consult with the City to identify intersections to which this requirement
applies.

Pull boxes made of fiberglass reinforced polymer concrete (refer to Section 9.12.3) shall be used at
termination points, as shown in the standard details.

All cables and conductors not shown on the plans as aerial cable shall be installed in conduit unless
installed in poles, pedestals, or mast arms. All metal conduit referred to in the specifications and shown
on the plans shall be the rigid pipe type of ductile steel that is adequately galvanized. All polyvinyl
chloride (PVC) conduit shall be Schedule 80 or heavier. Poly pipe commonly used for boring shall be
Schedule 80 or heavier. All transitions from poly pipe to PVC shall be by means of Etco “E-LOC" couplings
or approved equal.
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New conduit runs shown on the plans are for bidding purposes only and may be changed at the
City's direction.

All conduit installed, including poly pipe, shall be at full depth (minimum 30 inches below finish grade) for
the entire conduit run. Sweeps of 90 degrees shall not be cut to achieve proper entrance to pull box.
Conduit runs shall have no more than a 180 degree bend.

Conduit shall always enter a pedestal base, pull box, or any other type of structure from the direction of
the run only. Conduit connections at junction boxes shall be tightly secured.

Conduit under railroad tracks shall be at the minimum depth below the bottom of the tie required by the
particular railroad company.

The following conduit schedule is in effect unless otherwise specified in the plans (Table 9-5):

Table 9-5. Conduit Schedule

‘ Size ‘
Run Type Quantity (inches) Use
Street Crossings 2 3 High-voltage load wiring
1 2 Low-voltage detection and communications
1 2 luminaire load
Signal Pole 2 3 High voltage
1 2 Low voltage
Pedestal Pole 1 3 High voltage
1 2 Low voltage
Controller Cabinet 2 3 High-voltage load wiring
2 2 Low-voltage detection — size per Code
1 2 Service power
1 2 Interconnect
Interconnect 1 2 Interconnect run only
Service Points Signal 1 2 Utility company service run for traffic signal

Existing underground conduit to be incorporated into a new system shall be cleaned with a mandrel or
blown out with compressed air.

All conduit in pull boxes shall extend a minimum of 3 inches above crushed rock.

All conduit shall terminate in pull boxes such that when cable is pulled and coiled within the pull box,
there is a minimum clearance of 3 inches between the pull box lid and the conduit and cable. Cable and
conduit shall not be crushed or damaged. All underground conduit ends within pull boxes shall be capped

or sealed for protection against ingress of water and debris.

Ends of unpopulated conduits shall be capped.
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Ends of populated conduits shall be sealed with brass wool-embedded duct seal putty. The putty shall be
installed to create a tight seal around cables without gaping.

Conduit terminating in a standard power pedestal, signal pole, or pedestal pole base shall extend a
minimum of 3 inches above foundation vertically.

All underground interconnect conduit runs shall have a single number (No.) 14 AWG (American Wire
Gauge) (minimum), fully annealed, solid conductor tracer wire with an orange sheath or jacket, installed
for locating purposes.

Field cuts of existing or new conduit shall be made square and true, and the ends shall butt together for
the full circumference thereof. Slip joints or running threads will not be permitted for coupling metal
conduit. When a standard coupling cannot be used, an approved threaded union coupling shall be used.
All couplings shall be screwed tight until the ends of the metal conduits are brought together. The ends of
all metal conduit, existing or new, shall be well reamed to remove burrs and rough edges.

Where a "stub out" is called for on the plans, a minimum 18-inch radius sweeping elbow shall be installed
in the direction indicated and sealed with a metallic cap to facilitate future locating. The locations of ends
of all conduits in structures or terminating at curbs shall be marked by a "Y" at least 3 inches high, cut into
the face of the curb, gutter, or wall directly above the conduit.

Where factory bends are not used, conduit shall be bent without crimping or flattening, using the longest
radius practicable. Conduit bends feeding pull boxes and foundations shall be as shown on the standard
details, typically 18 inches.

All conduit runs that exceed 10 feet in length shall have at a minimum a continuous half-inch,
1,250-pound pull strength, flat-woven polyester tape (Muletape, BullLine, or equivalent) pulled into the
conduit along with the specified electrical cables. The line shall be firmly secured at each end of the
conduit run with a minimum slack of 4 feet. The purpose of this rope is to be able to pull future electrical
cable through the existing conduit runs and the rope shall not be tangled or twisted around cables.

Any spare or unused conduits installed for future use shall be sealed with a metallic cap and a single
No. 14 AWG (minimum), fully annealed, solid conductor tracer wire installed for locating purposes.
Conduit shall also have at a minimum a continuous half-inch, 1,250-pound pull strength, flat-woven
polyester tape (Muletape, BullLine, or equivalent) pulled into the conduit along with the specified
electrical cables. The line shall be firmly secured at each end of the conduit run with a minimum slack
of 4 feet.

Split duct may be allowed on a case-by-case basis approved by the City.
9.12.3  Pull Boxes

A pull box shall be installed at all locations as shown on the plans and at such additional points as ordered
by the City. Pull boxes shall be installed at intervals of every 500 feet or as specified in the plans for all
fiber interconnect conduit runs. Pull boxes shall be fiberglass reinforced polymer pre-cast concrete with a
minimum Tier 22 rating (Refer to Standard Details).

The Contractor shall install City-provided delineators at all pull box locations. The delineators shall be
anchored into the ground with minimum quarter-inch-diameter bolt, minimum 2 inches in length so they
cannot be easily pulled out of the ground. Refer to recommendation in standard notes.
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At new roadway construction sites where conduit for future traffic signals is installed, pull boxes shall be
installed at conduit termination points and single 14 AWG (minimum), fully annealed, solid conductor
tracer wire installed through the entire conduit run to facilitate future locating.

At sites where operational traffic signals are being installed, permanent fiberglass reinforced polymer
concrete precast pull boxes shall be installed (refer to standard details).

Pull boxes shall be installed so that the covers are level, as well as flush with curb or sidewalk grade or
level with the surrounding ground when no grade is established. The entire excavation required to install
90 degree sweeps into a future pull box shall be backfilled from the full depth of the conduit run to the
bottom of the pull box with crushed rock. The depth of crushed rock from the bottom of the excavation to
the bottom of the pull box shall be a minimum of 18 inches.

The interior of the pull box shall be backfilled with crushed rock from the base of the pull box to a
minimum depth of 3 inches below the top of conduit runs. The area of the excavation surrounding the pull
box may be backfilled with excavated soil.

When a new conduit run enters an existing pull box, the Contractor shall temporarily remove the pull box,
or tunnel under the side at no less than 18 inches below the pull box bottom and enter from the direction
of the run. Backfill shall be gravel. No new conduit will be allowed to enter a new or existing pull box in any
other manner than that shown on the standard details.

9.12.4  Loop and Micro Loop Detectors

Each individual loop or micro loop is to be terminated and spliced within a side-of-road pull box as
specified on the standard details. Each loop shall consist of one continuous wire, without splicing, to this
termination point, and each micro loop detector shall include two continuous wires, without splicing, to
this termination point. Each loop or micro loop shall have its own dedicated lead-in pair (of wires) to the
cabinet from the side of road pull box. Detector lead-in wire shall be continuous from the controller to the

side-of-road pull box.

All detectors shall have a color-coded tag attached to the lead-in to indicate the relative location and the
direction served by the detector. Refer to Section 9.13.1.

Loop sealant is to be used in all saw cuts whether or not the roadway is to be overlaid. Refer to standard
details.

Stop line detection for designated phases shall be provided, as indicated in the plans. Advance detection
may be provided on a stie-specific basis, to extend green time on high-speed approaches.

The use of preformed loop detectors shall not be allowed.
9.13 Conductor and Cable
9.13.1 General

Wiring shall conform to appropriate NEC articles. Wiring within cabinets, junction boxes, and the like shall
be landed and labeled as shown in the specifications and details as well as neatly arranged.

Powdered soapstone, talc, or other approved lubricant shall be used in placing conductors in conduit.
Unless otherwise approved by the City, wiring shall not occupy more than 40% of the inside area of all
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conduit. If more than 40% of the inside area is occupied, the Contractor shall provide additional conduit to
satisfy this requirement.

Half-inch, 1,250-pound pull strength, flat-woven polyester tape (Muletape, BullLine, or equivalent) shall
be installed in new conduit and in existing conduit where a cable is added or an existing cable is replaced.
A minimum of 4 feet of slack shall be left in each conduit at each termination.

At least 5 feet of slack shall be left for each conductor at each span wire support pole.

Except in accordance with Section 9.12.4, splices will not be allowed in pull boxes. Splices shall be kept to
a minimum and will only be allowed in hand holes at pole bases. A minimum of 24 inches of slack shall be
left on each splice wire. In no case shall any shellac compounds be used.

Signal load splices shall use a copper crimp sleeve connector that is compressed from four directions, for
example, as manufactured by the Buchanan Company. All hand hole splices shall be compressed by a
C-24 four-way pres-SURE-tool, such as produced by the Buchanan Company. The crimped sleeve shall
then be protected within a flexible rubber insulating cover; for example, an Ideal Wrap Cap. All splices or
splice bundles shall face upward in the hand hole compartment.

Detector loop lead-in splices in pull boxes (refer to Section 9.12.4) shall be fully waterproofed using a
splice kit or epoxy wire nuts (Buchanon BTS2 or BTS4 or approved equal). A minimum of 12 inches of
slack shall be left on the detector loop.

When conductors and cables are pulled into the conduit, all ends of conductors and cables shall be taped
to exclude moisture and shall be so kept until the splices are made or terminal appliances attached. Ends
of spare conductors shall be taped and marked.

All high-voltage home run signal wiring shall use IMSA spec 19-1, 25 conductor cable, continuous from
the cabinet to the base of each pole or hand hole. Conductor cable shall be installed where required in
the plans. Overhead cable shall be secured to messenger cable with cable rings or stainless steel wire
wrap only.

All signal cables terminating at the cabinet shall contain a small permanent tag identifying phase and
direction. All signal cables shall be phase taped in the cabinet and at each hand hole using the codes given
in the “Conductor Schedule” in the following paragraph. Loop detector lead-ins shall be tagged in the
splice pull box behind curb.

Conductor Schedule Key-Phase: Color of Signal Load Conductor "Code" (on tag at each end of conductor):
1) Northbound Left Turn: Red/White, "x-NBLT"

2) Northbound: Red, "x-NB"

3) Southbound Left Turn: Green/White, "x-SBLT"

4) Southbound: Green, "x-SB"

5) Eastbound Left Turn: Orange/White, "x-EBLT"

6) Eastbound: Orange, "x-EB"

7) Westbound Left Turn: Blue/White, "x-WBLT"

8) Westbound: Blue, "x-WB"

9) Pedestrian: Yellow, "x-PED"
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10) Supplemental: Brown, Right turn overlap

11) Supplemental: Purple, spare

Note: x = phase number. This is a typical conductor identification schedule and shall be used for the wiring
of all signal installations. An individual conductor wire schedule is in the standard signal details. Deviations
from these standards will be noted on the plans at each intersection where different phasing or special
equipment is required. It should be noted that a band of white is used to indicate a left turn, a band of
brown is used for a right turn, and a band of yellow is used for a pedestrian movement.

Each pedestrian push button shall have a dedicated wire pair lead-in to the controller cabinet.
Separate luminaire wire shall be a 12/2 conductor, plus ground and UL listed.

Signal heads mounted on mast arms or poles shall be wired individually with IMSA spec 19-1, 7-conductor
cable from the head to the hand hole at the bottom of the pole.

Span wire and tether cable shall be affixed to the pole using short bail strand vices. If required by the City,
insulators shall be provided, in which case, long bail strand vices shall be used.

9.13.2  Bonding and Grounding

Metal poles, pedestals, and cabinets shall be made mechanically and electrically secure to form a system
of isolated grounded components. Each pole and pedestal shall have a separate ground rod, located in an
adjacent pull box and connected to the system component. The controller cabinet shall have a ground rod
located in its foundation. Separate ground rod locations shall not be directly connected to one another
with ground wire, in order to minimize transient distribution among the components.

Bonding and grounding jumpers shall be copper wire, No. 8 AWG, for all systems. Loop lead-in drain wire
is to be grounded in the control cabinet only. The other end of the sheath is to be taped and left
ungrounded.

Bonding of poles and pedestals shall be by means of connecting to the ground rod, a bonding strap
attached to an anchor bolt or a 3/16-inch diameter or larger brass or bronze bolt installed in the lower
portion of the shaft.

At each grounded pull box, the ground electrode shall be a one-piece copper ground rod driven into the
ground so that the top is at least 2 to 4 inches below the bottom of the pull box lid. The ground rod
connector shall be placed so that the bare copper wire, No. 8, can be pulled into a pole, pedestal, or
attached to the control cabinet ground bus.

Loop lead-in drain wire is to be grounded in the control cabinet only. The other end of the sheath shall be
taped and left ungrounded. All poles shall be bonded to the signal power source.

9.13.3  Field Testing and Maintenance

9.13.3.1 Field Testing

= Prior to completion of the work, the Contractor shall run the following tests on all traffic signals in the
presence of the City or the City signal maintenance contractor.

= Each circuit shall be tested for continuity and for grounds.
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A functional test shall be made in which it is demonstrated that each and every part of the system
functions as specified or intended herein. The functional test for each traffic signal system shall
consist of not less than 20 days of continuous, satisfactory operation commencing with full operation
of all electrical facilities.

For all fiber-optic cable testing requirements, refer to Section 9.14.23.

9.13.3.2 Maintenance during Construction

The Contractor shall have full maintenance responsibility of the traffic signal from the time of the
Notice to Proceed to substantial completion. Continuous maintenance and emergency service shall be
provided by the Contractor 24 hours each day during the time period defined previously. The
Contractor shall provide and maintain a 24-hour continuous telephone answering service with one
number with a response time of 2 hours or less. Should this not occur, Section 9.13.4 of this document
shall be invoked.

If the Contractor must close lanes or otherwise shift traffic for construction purposes, the Contractor
shall have full responsibility of bagging existing or new signal indications or traffic control signs as
directed by the City for the impacted approach for the duration of each phase of work impacting that
approach. Should this not occur, Section 9.13.4 of this document shall be invoked.

9.13.4 Emergency and Non-emergency Repairs

During the 2-year warranty period, all hazardous conditions or all malfunctions of a controller and its
accessory equipment following turn on shall be considered an emergency unless otherwise identified by
the City. Site conditions, equipment malfunctions, or damage, which in the opinion of the City constitute a
serious hazard or inconvenience to the public, shall be considered an emergency. Such malfunctions or
damage may include, but not necessarily be limited to, the following situations:

1)
2)
3)
4)

All indications are out, including bulbs and lenses, for any one traffic movement.
Signal heads give conflicting indications to any intersection approach or approaches.
Any signal head or sign becomes loose and or twisted.

Any accessory equipment malfunction.

a) Contractor shall dispatch personnel to undertake each such repair no later than 1 hour after the
City notifies Contractor of the emergency.

b) Personnel responding shall arrive within 1 hour after notification during regular City working
hours and within 2 hours during non-working hours after notification.

¢) Ininstances of repairs that are of a non-emergency nature and determined to be the Contractor’s
responsibility by the City, such repairs shall be undertaken at the site within 1 working day after
the City notifies the Contractor of the needed repair.

d) Should the Contractor fail to perform any maintenance responsibilities within the prescribed time
periods, the City shall employ the services of the City's traffic signal maintenance contractor to
perform said maintenance work. The Contractor shall reimburse the City as specified in Chapter 13
— Public Infrastructure Acceptance Procedures and Warranty Requirements.
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9.14  Traffic Signal Material Specifications
9.14.1  Vehicle Signal Head

All vehicle signal heads shall be the modular section type and shall be adjustable with respect to
positioning and lens replacement. Heads shall be polycarbonate and black in color and shall meet the
requirements of the latest version of the ITE standard, "Vehicle Traffic Control Signal Heads." Unless
otherwise indicated, traffic signal faces shall be light-emitting diodes (LED). Refer to Section 9.14.6 for
LED requirements.

Visors shall be the detachable tunnel type and black in color.

All mast-arm-mounted vehicle signal heads shall be equipped with louvered aluminum backplates, black
in color, with 2-inch diamond-grade fluorescent-yellow retroreflective border.

Doors on the signal heads for the installation of lamps and lens replacement or other maintenance shall
not require use of any tool whatsoever to open. Doors and lenses shall be equipped with neoprene
weatherproof gaskets to protect against infiltration of moisture, road film, and dust. Each signal indication
shall have leads from all signal sections connected to a terminal board stamped with identifiable
terminals. There shall be a terminal for color indication plus a common terminal where one lead from each
LED indication shall terminate. The terminal board shall be mounted in the middle section and be fully
insulated. Gaskets shall be supplied for top and bottom openings.

Traffic signal heads shall be attached using standard ASTRO-BRAC Assembly or approved equivalent.
Side-of-pole signal heads shall be installed with banding blocks and 90 degree elbows with nipple length
determined by the size of the head so as not to interfere with closing doors.

9.14.2  Pedestrian Signal Head

Pedestrian signal heads shall be 16-inch, clamshell type, McCain or approved equal, and shall be
adjustable with respect to positioning. Heads shall be polycarbonate, black in color, and shall meet the
requirements of the latest version of the ITE standard, "Pedestrian Traffic Control Signal Indications."
Countdown pedestrian indications shall be the symbol type with a minimum height of 11 inches.
Countdown pedestrian indications shall be LED indications. Countdown numerals shall have a minimum
height of 9 inches. Doors and lenses shall be installed with weatherproof gaskets to protect against
infiltration of moisture, road film and dust. Visors shall be eggcrate type.

9.14.3  Countdown Pedestrian Signal Head

There should be two message overlays, combining Portland Orange LED for the “Hand" and White LED for
“Walking Person.” LED should be incandescent style. The double-digit display for countdown should be
made of Red LEDs; LED should be incandescent style.

Timing is derived directly from the controller and no timing shall be programmed, or otherwise initiated.
Countdown numerals shall be illuminated continuously during countdown and not alternating. Pedestrian

signal head shall blank out countdown portion if the countdown is different from the controller.

Hand and Walking Person indications shall be LED.
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9.14.4  Blank-Out Regulatory/Warning Sign

9.14.4.1 General Description

LED Blank-Out Signs are designed to display single or multiple messages. The messages shall be clear
and legible, under any lighting conditions. When not energized, the sign shall be completely dark
without any ghost images. LED blank-out signs shall comply with applicable MUTCD and ITE
specifications on LED signals.

Illumination of the messages shall be provided by an assembly of LEDs. LEDs shall be wired to
incorporate fault tolerance or bypass to isolate LED failures — failure of one LED string shall not cause
the failure of any other LED strings.

When energized, the messages shall provide a minimum 30 degree viewing angle centered about the
optical axis.

9.14.4.2 Housing

LED Blank-Out Sign housing shall be an aluminum alloy that is moisture proof and mechanical
vibration protected.

Housing shall have neoprene gaskets installed between sign panels and fixture housing to prevent
water entry. Screened weep holes shall be provided on housing bottom for drainage.

Housing shall be mounted with Astrotype mounting brackets.

Sign fixture and panels shall withstand 90 mph wind loading, with structural requirements meeting
the latest edition of AASHTO's “Standard Specifications for Structural Supports for Highway Signs,
Luminaires, and Traffic Signals.”

9.14.5 Iluminated Street Name Sign (LED)

All street signs shall be consistent in nature with the existing signs. At the City's discretion, the sign design
may be changed.

When indicated on the plans, illuminated street name signs (LED) shall be used, conforming to the
following requirements:

Mechanical Specifications. [lluminated street name sign housings shall be constructed of 5052
aluminum alloy with a minimum one-eighth-inch thickness. All hardware parts shall be stainless steel.
The outer dimensions of the sign assembly (excluding the mounting bosses) shall be standard widths
of 15 to 30 inches (in 3-inch increments), and standard lengths of 4 to 10 feet in1-foot increments,
unless otherwise approved. The maximum thickness of the sign shall be 3.95 inches for single-sided
signs, and 5.4 inches for double-sided signs. The overall weight, excluding mounting hardware, shall
not exceed 6 pounds per square foot (psf) for single sided signs, and 8 psf for double-sided signs.
Signs shall be mounted either free swinging or rigid on approved Pelco or equivalent mounts. No tools
shall be required to open the sign. Finish shall be polyester powder coated to required color
specification. The signal panel shall rotate open with a bottom hinge.

Sign Panel and Sheeting. The sign panel shall be polycarbonate, white with an eighth of an inch
minimum thickness. Sign sheeting shall be 3M 4000DG3 series reflective sheeting or equivalent. The
sign colors shall not fade when exposed to an accelerated test of ultraviolet light equivalent to 5 years
of outdoor exposure. The Electrocut film shall be 3M 1170 Green. The font type is FHWA Hwy. Series
“D" unless otherwise specified. The street name shall be 10-inch initial upper case letters with a
combination of lower case letters, and the designator shall be 8-inch initial upper case with a
combination of lower case letters.
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LED Light Engine and Light Intensity. LED drive current shall be regulated using a pulse width
modulated 24-volt direct current (DC) drive and limited to approximately 300 mA through the LED
chain at normal room temperature. A stable light intensity under varying voltage shall be provided
having a color temperature of 6,500 degrees Kelvin (°K). Sign elements to be illuminated shall include
the sign legend and background, in accordance with MUTCD section 2A.08. The entire surface of the
sign panel shall be evenly illuminated.

Light Source. The light source for the sign shall be LEDs that are mounted along the top or bottom
edges of the sign. The LEDs shall evenly illuminate a light panel that is the same dimensions as the
sign face. The LEDs shall have a minimum projected life of 60,000 hours and provide a color
temperature of 6,500°K. LEDs shall be wired to incorporate fault tolerance or bypass to isolate LED
failures of a particular LED, allowing remaining LEDs to operate normally. Thermal monitoring shall be
provided to protect LED chains. Light sources shall be readily accessible through hinged doors or
sliding panels.

Electrical. The power supply shall be housed inside the sign frame assembly. Power supply shall be UL
Class 2 limited output voltage and current plus isolation for safe operation, and UL Outdoor damp
location rated. Power supply shall be IP66 Outdoor Rated.

Energy Requirements. The overall power required shall not exceed 3 watts per square foot for
single-sided signs, and 4 watts per square foot for double-sided signs.

Photoelectric cell provision for photoelectric control shall be available. The photoelectric cell shall
have a power unit that plugs into a twist lock receptacle mounted on top of the housing.

Environmental Specifications. The sign shall be designed and constructed to withstand 150 mph wind
loads in conformance with the requirements of the most recent edition of the AASHTO publication,
“Standard Specifications for Structural Supports of Highway Signs, Luminaires, and Traffic Signals.”
The sign and power supply should be able to withstand and operate at temperature extremes

of -40 degrees Celsius (°C) to +60 degrees °C. UL-approved neoprene gaskets shall be installed
between the sign panel and fixture housing to prevent water or other debris from entering. Screened
weep holes shall be provided on housing bottom for drainage.

Quality Assurance Manufacturer must be ISO 9001 certified.

Product Guarantee. Product must be guaranteed for a minimum of 7 years.

Weight. The overall weight of the complete sign assembly, including mounting hardware, shall not
exceed 70 pounds for a 6-foot sign and 95 pounds for an 8-foot sign.

9.14.6  Traffic Signal Faces

All traffic signal faces (vehicular and pedestrian) shall be LED type unless otherwise specified by the City.
The LED traffic signal faces shall conform to the following requirements:

LED optical units shall be installed in accordance with the manufacturer's instructions.

LED optical units shall meet or exceed the latest ITE Vehicular Traffic Control and Pedestrian Signal
indication specifications. In addition to this, LED optical units shall conform to the following wattage
requirements:

— Max. 35 watts, +/-5 watts for 12-inch red, yellow, or green ball

— Max. 15 watts, +/-5 watts for 12-inch red, yellow or green arrow

— Max. 15 watts, +/-5 watts for PED hand and man symbol

— Maximum total harmonic current distortion shall be less than 20%.

Power factor shall be greater than 90%.

Load balance requirement: load in one phase shall not exceed the load in any other phase by 15%.
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Voltage operating shall be between 85 and 130 volts alternating current (VAC). Electronic circuitry shall
assure proper operation of the load switch and monitor in the control cabinet.

The minimum number of LEDs per optical unit shall be as specified by the manufacturer to meet ITE
luminance specifications for signal installation.

Manufacturer's warranty repair or replacement guarantee of 5 years covering all but accidental damage.
9.14.7  Electrical Cable

Signal cable shall be No. 14 AWG multiconductor, stranded, copper wire manufactured to meet IMSA
Specification 19-1. Each conductor in the cable shall be individually insulated and rated at 600 volts.

Power service conductors shall be THWN soft-drawn copper, installed according to the NEC, and shall be
black and white in color.

Ground wire shall be single conductor, No. 8 AWG, soft-drawn bare copper wire.
Luminaire wire shall be 12-2 plus ground and UL listed.

Pedestrian push-button and detector loop lead-in cable shall be shielded single or multiple twisted pairs
in jacketed cable. Conductors shall be No. 14 AWG stranded copper continuous runs — no splicing to the
cabinet. The pairs shall be twisted at least six turns per foot. The cable jacket shall consist of black, high-
density polyethylene (HDPE). The jacket shall not be degraded by prolonged exposure to typical
pavement runoff components. A stranded, tinned, copper drain wire shall be provided. The cable shall be
suitable for operation at temperatures of -70°F to +170°F.

Loop detector wire shall meet IMSA specification 51.5. Loop detector wire shall be encased in quarter-
inch-outer-diameter PVC or polyethylene tubing.

Optical detector lead-in cable for the emergency vehicle pre-emption optical detectors shall be GTT
Model M138 or approved equivalent.

Where specified on the plans, overhead interconnect wire shall be a quarter-inch strand, galvanized-steel
messenger cable integrated into the jacket to form a figure 8 cross-section and shall meet Rural
Electrification Administration Specification PE-38.

9.14.8 Radio Communications Equipment

Where specified in the plans, radio communication shall be included on the project. The radio
communication system shall be compatible with the existing spread spectrum radio system and meet the
requirements set forth in the following paragraphs.

Data Radio Requirements: The spread spectrum radio transceiver will use a dual-band 2.4/5.8 megahertz
(Mhz) frequency-hopping spread Spectrum Transceiver Encom 5800 series or approved equal. All
associated cables and surge suppression equipment required to connect the radio shall be provided at no
extra cost.

Master Antenna: The Master antenna shall be as specified on the plans, and the mounting arrangement
shall be with the appropriate degree tilt to assure communications to all local transceivers. All associated
cables and surge suppression equipment required to connect the antenna shall be provided at no

extra cost.
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Supplier Onsite Service: The supplier shall have a qualified, factory-trained, engineer, or technician onsite
when requested during the radio equipment installation.

9.14.9 Emergency Vehicle Detector

Optical detectors for emergency vehicle pre-emption shall be the GTT Model 711 Optical Detector or
latest model, as needed. Placement of the detectors shall be determined by the City.

Timer modules for emergency vehicle pre-emption shall be the GTT Discriminator, Model 762, which
handles two channels of detection. Modules shall be capable of locking out unauthorized users by means
of emitter coding.

Optical emitter for emergency vehicle pre-emption shall be the GTT Model latest model. The emitter shall
be programmable for priority and identification purposes via internal programming.

The Contractor shall notify the City when optical detectors are operational for testing prior to Final
Acceptance.

9.14.10 Video Detection

Where specified on the plans, video detection shall be installed. The following describes the minimum
requirements for providing a complete video detection system. Initially, the system shall be capable of
providing vehicle presence detection at selected intersections. The video system shall be expandable
without removing or replacing existing units. A four-channel video image processor and a two-channel
expansion module shall be provided for each camera regardless of phasing unless otherwise noted.

Acceptable system is the Flir system. Using standard image sensor optics and in the absence of occlusion,
the system shall be able to detect vehicle presence with 98% accuracy under normal conditions (days and
nights), and 96% accuracy under adverse conditions (fog, rain, snow). All items and materials furnished
shall be new, unused, current production models installed and operational in a user environment and shall
be items currently in distribution. The product's algorithms shall have a proven record of field use at other
installations for at least 2 years of service (in other words, not including prototype field trials prior to
installation).

Video Vehicle Detection System — General: These technical specifications describe the minimum physical
and functional properties of a video detection system. The system shall be capable of monitoring all
licensed vehicles on the roadway, providing video detection for areas outlined in the construction
drawings. The entire video detection system shall consist of the following:

= Video Image processing unit(s)

= Video camera(s) with infrared (IR) filter, enclosure, and sunshield
= Camera lens

= Surge suppresser

= All other necessary equipment for operation

9.14.10.1 Video Image Processing Unit Specifications

1) Software Specs:

The video image processing (VIP) unit shall be Flir Model VIP3D.1s or VIP3D.2s, the second releases of the
VIP3 board. The new boards shall fit directly into the 170 and NEMA racks without an interface box. The

VIP3D.1s shall monitor one camera, and the VIP3S.2s shall monitor two separate cameras. Video inputs to
either unit shall enter through the input file or detector rack edge connector. The VIP unit shall be located
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on one module; daughter PC cards connected through ribbon cables shall not be allowed. On each
camera, vehicle presence shall be detected on 24 zones. Counting data shall be stored for up to six
different lanes. Up to 4,000 records shall be stored on board that can be retrieved via a R5232 port on the
front. All zones (24 for two cameras) shall be able to be combined in different relationships (AND, OR,
NOT) to 24 outputs. Twenty digital inputs shall allow expansion of the conditional outputs with external
equipment. Also, conditional counting shall be possible. All zones and parameters shall be able to be
changed without adversely affecting the detection. For example, when one of the zones is modified, all
zones shall continue to work. When the new position is confirmed, the new zone shall enter a learning
phase. Once the new zone has learned, it shall function properly.

Four detector configurations shall be able to be stored on board. Software download from PC via serial
port shall be possible.

Specifications:

= 1 or 2 camerainputs

= 24 digital outputs

= 20 digital inputs

=  Fits direct into the 170 and NEMA rack without additional adapter

= 24 direction-sensible detector zones per camera, including up to 6 counting zones per camera

=  Stores counts for 4,000 intervals

= Detection results of all detection zones can be combined with the inputs to the related outputs AND,
OR, NOT

= 4 configurations stored on board

= Modifications with no interruption on all zones

= Setup via keypad and monitor (no pointing device needed)

=  Software update via RS232

The video detection board shall have only four outputs and shall use expansion boards for additional input
and output.

The video detection (Main) board shall have the following on the front:

= One RJ11 connector for connection to expansion boards

= One Female DB9 for setup with keypad (Service port)

= LEDs for outputs on board (two for camera 1 and two for camera 2), power, Video Cam 1 and Video
Cam 2, communication with expansions

=  One video output for setup via keypad

= A switch to select which image to be on the service output

The input/output expansion board shall have the following on the front:
= LEDs for power, expansion communication, input/output activity

= Two DB9 ports for communication with Master or other expansion boards
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= An 8-dipswitch device to select the following:

— Input or Qutput Range: 1-12 or 13-24
— Input or Output number (refer to example for more info)

2) PIN usage on 170:

a) video detection (Main) board
There are four outputs free selectable over the two cameras. The master cannot have inputs.
The master shall have an RJ11 connector to be connected to the first operative (Exp Comm IN). The first

operative (Exp Comm OUT) shall be connected to the second one (Table 9-6). Input file connectors and
function are shown in Table 9-7.

Table 9-6. [VIP specifications 1]

Input File
Connector
SP SPARE SPARE
F DET #1 Out DET #2 Out
w DET #3 Out DET #4 Out
D VIDEO #1 IN (+) VIDEO #2 IN (+)
E VIDEO #1 IN (-) VIDEO #2 IN (-)
J VIDEO OUT (+) RS485 (+)
K VIDEO OUT (-) RS485(-)
L EQ GND EQ GND

Table 9-7. Input File Connectors and Function

Input File
Connector Function
A DC-GND
B +24VDC
C NOT USED
D VIDEO #1 IN (+)
E VIDEO #1 IN (-)
F DET #1 OUTPUT
H LOGIC GROUND
J VIDEO OUT (+)
K VIDEO OUT (-)
L EQUIPMENT GROUND
M AC-
N AC+
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Input File

Connector Function
P VIDEO #1 IN (+)
R VIDEO #1 IN (-)
S DET #2 OUTPUT
T LOGIC GROUND
U RS485(+)
\Y RS485(-)
W DET #3 OUTPUT
X LOGIC GROUND
Y DET #4 OUTPUT
Z LOGIC GROUND

b) Input/output expansion board

The operative card is only one slot wide. Two or four input/outputs can be used. With dipswitches,
itis possible to select which output (defined in the VIP3) will be connected on the expansion
board (Table 9-8). Input file connectors and their function are listed in Table 9-9.

Table 9-8. [VIP specifications 2]

Input File
Connector TB2 TB1
SP SPARE SPARE
F DET #A In/Out DET #C In/Out
w DET #B In/Out DET #D In/Out
D NC NC
E NC NC
J NC NC
K NC NC
L EQ GND EQ GND

Table 9-9. Input File Connector and Function

Input File
Connector Function
A DC-GND
B +24VDC
C NOT USED
D NOT USED
E NOT USED
F DET #A INPUT/OUTPUT
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Input File
Connector Function

H LOGIC GROUND

NOT USED

NOT USED
EQUIPMENT GROUND
AC-

AC+

NOT USED

NOT USED

DET #C INPUT/OUTPUT
LOGIC GROUND

NOT USED

NOT USED

DET #B INPUT/OUTPUT

LOGIC GROUND

DET #D INPUT/OUTPUT

N[ < |IX|s|<|lc|ldA|lvn|m|O0|Z|Z|r | x|

LOGIC GROUND

9.14.10.2 Video Camera
1) Camera

—  One-third-inch color charge-coupled device (CCD)

— 650 television (TV) lines horizontal resolution

— 0.05 lux minimum illumination

— Digital wide dynamic range

— Up-the-coax on-screen display (OSD) controller (option)

— Can be set to Color, Day/Night, or black and white modes (camera is not IR sensitive)

2) Lens

— 10X zoom range
- 6.5 to 65-millimeter (mm) focal length
—  40.5 to 4.2-degree horizontal field of view

Table 9-10 provides video camera model information and specifications.

Table 9-10. Video Camera Equipment and Specs

Model

Image Sensor

TC660AZD65

1/3" Interline Transfer Color CCD

TV System NTSC
Picture Elements (pixels) 768 (H) x 494 (V)
Horizontal Resolution 650 TV Lines
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Model TC660AZD65

Min. Illumination

0.05 lux

Signal-to-Noise Ratio

More than 50 cfs

Video Output

1Vp-p 75 ohm

Auto-lIris Drive

DC or Video Type (-pin square connector)

White Balance

ATW/AWC/Manual

Electronic Iris

1/60-1/100,000 — On/Off Selectable

BLC (Backlight Compensation)

On/Off Selectable (5 zones)

AGC (Automatic Gain Control)

0, 10, 18, 24 dB selectable (Off, Low, Middle, High)

Digital Wide Dynamic Range (WDR)

On/Off Selectable

OSD Options

Privacy Zone — On/Off Selectable (six Programmable
zones)/Mirror Monitor — CRT LCD User/DNR On/Off,
Level/Camera Title

Day/Night Function

Color/B&W/Auto (camera is not IR sensitive)

RS-485 Input

Pelco-D

Power Requirement

12-24VAC/DC +/-10%, 250mA Max

Synchronizing System

Internal

Operating Condition

+14°F to 122°F (-10°C to +50 degrees C) within 85% RH

Lens Mount

CS with Cam-type Back-focus Adjustment

Dimensions: w/h/d

2.6 x2.6x7.6inches (90 x 58 x 192.6 mm)

Weight 1.2 lbs (520 g)
Zoom Lens 6.5 to 65 mm F 1.4 motorized zoom/focus with DC
auto-iris 40.5" to 4.2" horizontal field of view
Notes:

cfs = centroid frequency-shift

dB = decibel(s)

g = gram(s)

lbs = pound(s)

mA = milliampere(s)

NTSC = National Television System Committee
RH = relative humidity

3) Video Camera Housing (Figure 9-1)
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Figure 9-1. Video Camera Housing
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9.14.10.3 Housing and Sunshield

General

— Al aluminum construction

- |IP68/NEMA-6P rated

— Adjustable sunshield

— Thermostatically controlled window heater/defogger

Environmental

— Temperature: -40° to 140°F (-40°C to +60°C)
— Salt Atmosphere: MIL-STD-810E, Method 509, Procedure 1

Safety

— CE:LVD Requirements: 72/34/EEC; EN60065
- UL:UL2044
— cUL:CSA 22.2,No. 1

Electrical

- 115VAC50/60Hz
— 30 watts

Dimensions and Weight

— —
— ROPLLC
: : 3“:'., 6
¢ i
| I SRR ‘
! I

—  Without sunshield (w/h/d): 4.0 by 4.4 by 18.4 inches (100 by 112 by 468 mm)

— 10.5 lbs (4.8 kilograms)
Warranty

— 5-year warranty
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9.14.10.4 Universal Mount (Figure 9-2)

Figure 9-2. Universal Mount
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9.14.10.5 Cable

DESCRIPTION: 6 CONDUCTOR COMPOSITE CABLE: 16 AWG 5 CONDUCTOR 19/29 BARE COPPER .016" LDPE,
OVERALL CLEAR MYLAR WRAP, 20 AWG 1 CONDUCTOR SOLID BARE COPPER .080" PE. OVERALL 96% TINNED
COPPER DOUBLE BRAID. .032 PE JACKET BLACK; OVERALL .030" PVC JACKET BLACK 105C DIRECT BUR & SUN RES

RESISTENT

CONDUCTOR/PAIR COUNT:
GAUGE & STRANDING

D.C. RESISTANCE

PRIMARY INSULATION TYPE:
INSULATION THICKNESS:
COLOR CODE

SHIELD

TAPE

SHIELD

JACKET THICKNESS
JACKET COLOR
JACKET MATERIAL

5 CONDUCTOR 1 CONDUCTOR  CABLE LAY N/A
16 AWG 1929 BC 20 AWG SOLID BC BINDER N/A
3.35 Q/MFT 10.13 QMFT JACKET THICKNESS  .030"
LDPE PE JACKET COLOR BLACK
016" .080" JACKET MATERIAL  PVC
BLACK, BROWN,

WHITE, BLUERED  N/A RIPCORD YES
N/A 90% TCBRAID  NOMINAL O.D. XXX

Q CM WRAP N/A VOLTAGE RATING  N/A
N/A 96% TCBRAID  TEMP RATING 105C
N/A 032" ULTYPEORSTYLE  N/A
N/A BLACK PACKAGING TBD
N/A PE COPPER WEIGHT 41.075 LBS/MFT

SHIPPING WEIGHT

105 LBS/MFT

PRINT LEGEND: AM SIGNAL INC 75 OHM VIDEO COAX 15 AWG 5 CDR 600 V DR BUR & SUN RES

Avideo interface panel shall be available for installation inside the traffic signal controller cabinet. The
panel shall provide coaxial cable connection points and an EDCO CX06-BNCY or approved equal transient

suppresser for each image sensor.

= Peak Surge Current (8 x 20 us):
=  Technology:

= Attenuation:

= Response Time:

=  Protection:

=  Shield to Ground:

= Clamp Voltage:

= Connectors:

= Impedance:

= Temperature:

= Humidity:
= Dimensions:
= UL Listed:

5 kiloamperes

Hybrid, Solid State

0.1db @ 10Mhz

< 1 nanosecond

Line to Ground

(isolated shield modules)
6 volts

BNC

75 ohms

-40°C to +85°C

0 to 95% non-condensing
4.5 inches by 1.5 inches by 1.25 inches
UL 497B

The product supplier of the video detection system shall supervise the installation and the testing of the
video equipment. A factory-certified representative from the manufacturer shall be onsite during
installation. The factory representative shall install, make fully operational, and test the system as
indicated on the intersection drawings and this specification. Video detection cameras shall be mounted
using "Band-It" banding material only (not hose clamps).
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The video detection system shall be warranted against manufacturing defects in materials and
workmanship for a period of 2 years from date of installation. The video detection supplier shall provide
all documentation necessary to maintain and operate the system.

9.14.11 Microwave Vehicle Radar Detector

Where specified on the plans, microwave vehicle radar detection shall be installed. The microwave radar
vehicle detector shall be the Wavetronix Smart Sensor Matrix, or approved equal, for all approaches with
advance detection for main street approaches on Major-Minor intersections and all approaches for
Major-Major intersections.

9.14.12 Pedestrian Detector

Pedestrian push buttons shall be as specified in 9.120b or approved equal as called out in the signal
construction plans. They shall be of tamper-proof design, and the housing shall be yellow in color.

A two-wire Polara iNavigator (iN2) Bluetooth-enabled Audible-Tactile Pedestrian system composed of a
pedestrian Head Controller Unit and Push Button Stations with integral pedestrian signs meeting the
functionality requirements of MUTCD 11th Edition — 41 and 4K. The Contractor shall coordinate with the
City and the vendor to provide audio messaging files meeting MUTCD 11th Edition 4K.03 guidelines and
approved by the City with the equipment and to the City for backup purposes at no additional cost to
the City.

9.14.13 Pedestrian Push Button Sign

Pedestrian push button signs shall be integral to Polara iNavigator (iN2) or approved equal, APS
push button station, or as indicated in the plans. Pedestrian signage shall be a MUTCD R10-3e
9-inch-by-15-inch sign.

9.14.14 Mast Arm and Pole

Mast arms and poles shall meet the requirements of the standard details, which indicate the critical
dimensions that must be met exactly or within stated tolerances. The intent is to provide mast arms and
poles that match the overall appearance as illustrated in the standard details and meet the performance
requirements of the details and these specifications. Pole supplier submittals shall demonstrate
conformity with this intent.

Mast arms and poles shall be wrapped for shipping from the factory in heavy-duty paper or plastic, to
protect them from scratches and abrasions in transit.

Mast arms and poles shall be factory-coated conforming to standard detail requirements.

Specialty signal poles, such as modular or nostalgia designs, may only be installed with approval from the
City. The entity paying for the signal will be required to have spare components available and stored near
the City in case of pole failure, required replacement, or other emergency.

Mast arms shall not be installed and left unloaded for an extended period of time. If, at the discretion of
the City, the mast arms are installed, and loading cannot occur by installing signal heads or mast arm
signing, the mast arms shall be loaded with a minimum of two sign panels on each mast arm. These sign
panels shall be mounted with Astro brackets so a gap is maintained between the mast arm and the sign
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panel. These sign panels shall be spaced at one-third intervals on the mast arm. The sign panels shall be
mounted parallel with the roadway on the top of the mast arm. The Contractor shall then contact the City
so the mast arm and signal pole can be inspected for excessive vibration. Additional sign panels or
adjustments in sign-panel spacing may be required at the discretion of the City.

9.14.15 Span Wire Pole

Unless otherwise specified in the plans and specifications, span wire poles are intended for temporary use
only, prior to installation of permanent mast arm signals or for emergency use. In all cases, span wire
signals will be allowed only with written authorization of the City.

Span wire poles and cable shall be designed to meet the structural requirements given in the latest edition
of AASHTO's "Standard Specifications for Structural Support for Highway Signs, Luminaires and Traffic
Signals" for a wind velocity of 90 mph. The minimum pole weights and span wire cable rating given in the
standard details shall be increased as necessary in accordance with the AASHTO requirements.

Span wire pole may be seamless or may be fabricated as one piece without transverse joints or welds and
with only one longitudinal seam, which shall be either continuously welded and ground or rolled flush.

Span wire cable shall be seven-wire stranded, common galvanized, and utilities grade. The cable shall
have a minimum wire diameter of three-eighths of an inch and shall be rated at 13,000 pounds minimum.
Tether cable shall have a maximum diameter of one-quarter inch and shall be stranded, galvanized steel.
Both span wire cable and tether cable shall be incidental to the span wire pole pay item.

9.14.16 Pedestal Pole

Pedestal poles shall be designed to meet the structural requirements given in the latest edition of
AASHTO's "Standard Specifications for Structural Support for Highway Signs, Luminaires and Traffic
Signals" for a wind velocity of 100 mph. The pole base shall be frangible. All ped poles shall include Pelco
pole and base collar assembly #PB-5334.

The pedestal pole shall also meet the requirements as stated in Section 9.14.14 of these specifications.
9.14.17 Pedestrian Push Button Pole

Pedestrian push button pole shall be as illustrated in the standard details and installed at locations shown
on the plans. When indicated on the plans, push buttons, pedestrian signs, and instructional signs shall be
mounted on the pedestrian push button pole.

9.14.18 Controller and Cabinet (Local/Master)

Each controller and cabinet assembly shall be in conformance with the latest edition of the City of Castle
Pines Traffic Signal Specifications, as clarified by the following.

Each controller and cabinet assembly shall include:

1) Q-Free Intelight model or approved equal.

2) 210ECLip or approved equal.

3) A cabinet with an exterior painted CDOT silver with an anti-graffiti coating; interior shall be painted
white. Cabinet shall be furnished with a “BEST" door lock kit. Lock and core is “BEST" 5L6R left
and right.
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The cabinet shall contain the CalTrans PDA #2 power distribution assembly or approved equal. Hinged
covers shall protect all circuit breaker switches. The assembly shall contain a quick-release locking latch in
front of the 206-power supply. Other specific items shall be as follows:

Quad fans with two thermostats for 332D cabinets: fans shall be wired on independent circuits.
Dual input files

Output File. It shall contain a hot swappable red monitor board with a protective cover mounted on
the outside rear of output file. An 8-position load resistor termination panel shall also be included and
mounted on the assembly

Auxiliary Output File

Six Model 430 transfer relays

Model 204 2-circuit flashers

Eighteen Model 200 input/output load switches

Model 242 D.C. isolators

Model 2018E Reno conflict monitor or approved equivalent

CalTrans/CDOT pullout drawer assembly

Interior shelf

Internal (front/back) LED lamp assemblies. No more than two light strips per power supply

Service panel assembly with main breaker, including terminal blocks for service and battery back-up
system. Transient voltage surge suppression shall be a removable/plug-in type, Hesco/RLS HE 1750
TEES or approved equal

Polymer concrete cabinet base pad
72000 EtherWAN hardened managed network switch
Gator Patch 12 Port pre-terminated patch panel SC connector or approved equal as specified on plans

Electronic copy of all cabinet documentation, including the cabinet manual and cabinet prints, shall be
provided on a flash drive

332/332D Cabinet Equipment Layout — Top to Bottom
Front Right (facing cabinet):

— Ethernet switch

— Controller

— CalTrans/CDOT pullout drawer
- "I"File

- "J"File

— PDA Assembly

—  Outputfile

—  Aux Output file

Front Left (facing cabinet):

— Gator Patch Panel

— UPS Head Unit

— Transfer Switch

— Wavetronix file or approved equal (as needed)
- Shelf

— CalTrans/CDOT pullout drawer

— Bottom shelf
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Notes:

=  The cabinet drawings shall be non-fading prints using the xerography method. No blue line drawings
will be acceptable.

= The City Public Works Department shall be supplied a computer printout of the complete
environmental testing results.

=  The cabinet shall have 14 red flash jumper blocks with 10 additional jumpers to accommodate
yellow flash.

= The cabinet field terminals shall be silk screened with the appropriate phase/color designations. Field
wire attachment point in the cabinet shall be a 12-position terminal block with screw-down plugs.

The controller and cabinet shall be delivered to the City of Castle Pines Traffic Signal Shop for testing,
programming, and operational checking. No testing shall commence until cabinet is completely
assembled by the Contractor (for example, UPS and communication equipment). City Public Works
Department staff will have the complete cabinet available for pickup no more than 10 working days after
final testing. Contractor is responsible for delivery and pick-up. Any malfunctions or problems with the
testing and programming will be reported to the Contractor for immediate repair. Any malfunctions or
problems will not count against the 10 working days.

9.14.18.1 Uninterruptible Power Source

Unless otherwise indicated, UPS shall be installed. The UPS shall be Alpha FXM1100 with Ethernet SNMP
card or approved equal, transfer switch (U-ATS and U-GTS), battery string monitor (Alpha Guard), heater
mats and equipped with Alpha Cell 195 GXL batteries having a minimum rating of 100 amp hours or
approved equal.

Documentation and Warranty The manufacturer shall furnish the owner an instruction manual covering
the installation, operation, and maintenance of the UPS and batteries. The UPS shall be covered by a parts
and labor warranty in accordance with the manufacturer's Standard Terms and Conditions. The warranty
period shall be for 2 years from the in-service date.

9.14.19 Miscellaneous Hardware

All ferrous mounting hardware and weatherheads shall be galvanized, cadmium plated, or made of
stainless steel to resist corrosion. Payment for miscellaneous hardware, including pole plates for
side-of-pole mounting, shall be incidental to the pay item to which the miscellaneous hardware items
are attached.

9.14.20 Instructions and Wiring Diagrams

All equipment shall be provided with a minimum of two sets of complete installation and operating
instructions, including a chart of field connections, as well as a service manual for the controller containing
service instructions, wiring diagrams, and trouble-shooting procedures. Each and every component used
shall be clearly referenced in the service manual, and its value, ratings, and manufacturer part number
shall be given. Schematics shall be provided for all electronic equipment.

9.14.21 School Flashing Beacon Assembly

A school flashing beacon assembly shall be as shown in the standard details. Payment for this item shall
be inclusive of all work to provide an operational flashing assembly, including materials, installation, and
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electrical service connection (if not a solar installation). Fluorescent yellow-green signs shall be installed
as an integral part of the flashing assembly.

9.14.22 Warning or Regulatory Sign Flashing Beacon Assembly

A warning or regulatory sign flashing beacon assembly shall be as shown in the standard details. Payment
for this item shall be inclusive of all work to provide an operational flashing assembly, including materials,
installation, and electrical service connection (if not a solar installation). Signs shall be installed as an
integral part of the flashing assembly.

9.14.23 Fiber-Optic Cable
9.14.23.1 Industry Standards

Fiber-optic cable shall conform to the industry standards listed as follows to assure the cable's
performance and durability in the field environment:

= Electronic Industries Alliance (EIA)

= Insulated Cable Engineers Association (ICEA)

= International Electrotechnical Commission (IEC)

= International Organization of Standardization (ISO)

= International Telecommunication Union — Telecommunication Standardization Sector (ITU-T)
=  Telcordia Technologies, Inc. (Telcordia)

= Telecommunications Industry Association (TIA)

= United States Department of Agriculture Rural Utilities Service (RUS)

The industry standards shown in the Table 9-11 shall be referenced throughout this section by its Section
Standard Number (SSN). The Contractor shall be responsible for using the most current edition or version
of the standards listed in Table 9-11 or the replacement standard if the standard has been superseded.

Table 9-11. Industry Standards

Fiber-Optic Test

Standard Edition Procedure Standard Title

10-1 | TIA-526-7 A 7 Measurement of Optical Power Loss of Installed
Single-Mode Fiber Cable Plant

10-2 | TIA-455-78 B 78 Optical Fibers Attenuation Measurement Methods
and Test Procedures

10-3 | ITU-T G.652D 2009 N/A Characteristics of a Single-Mode Optical Fiber and
Cable

10-4 | TIA-455-3 B 3 Procedure to Measure Temperature Cycling Effects

on Optical Fiber Units, Optical Cable and Other
Passive Components

10-5 | EIA-359 A N/A Color for Color Identification and Coding

10-6 | TIA-598 D 82-B Optical Fiber Cable Coding

10-7 | TIA-455-82 B 81 Fluid Penetration Test for Fluid Blocked Fiber Optic
Cable

10-8 | TIA/EIA-455-81 B 41 Compressive Loading Resistance of Fiber Optic
Cables
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Fiber-Optic Test

SSN Standard Edition Procedure Standard Title
10-9 | TIA/EIA-455-41 A 104 Fiber Optic Cable Cyclic Flexing Test

10-10 | TIA-455-104 B 25 Impact Testing of Optical Fiber Cables

10-11 | TIA/EIA-455-25 D 33 Optical Fiber Cable Tensile Loading and Bending Test

10-12 | TIA-455-33 B 85 Fiber Optic Cable Twist Test

10-13 | TIA-455-85 A 226 Calibration of Optical Time-Domain Reflectometers

10-14 | TIA/EIA-455-226 2002 231 Calibration of Fiber Optic Power Meters

10-15 | TIA-455-231 2015 N/A General Requirements for the Competence of Testing
and Calibration Laboratories

10-16 | ISO/IEC 17025 2nd N/A General Requirements for the Competence of Testing
and Calibration Laboratories

10-17 | TIA-455-37 A 37 Low or High Temperature Bend Test for Fiber Optic
Cable

10-18 | TIA/EIA-455-98 A 98 Fiber Optic Cable External Freezing Test

10-19 | Telcordia GR-20 4 N/A Generic Requirements for Optical Fiber and Optical

CORE Fiber Cable

10-20 | I1SO 9000 4th N/A International Standards for Quality Management

10-21 | ICEAS-87-640 6th N/A Optical Fiber Outside Plant Communications Cable

10-22 | RUS PE-90a N/A N/A Minimum Performance Specifications for Fiber Optic
Cables

10-23 | IEEEC2 2017 N/A National Electrical Safety Code (NESC)

9.14.23.2 Fiber-Optic Material Specifications

1) Where specified on the plans, interconnect wire connecting traffic signal controller cabinets shall be
fiber-optic type.

2) Fiber-optic cable runs consist of a backbone cable, which runs the length of the project, and lateral
connections to the individual local controller cabinets and material specifications for each are
explained in detail in this specification:

a) Backbone fiber-optic cable shall be loose tube, non-armored, outdoor cable consisting of
(72 single-mode fibers unless otherwise specified on the plans.

b)

The lateral fiber-optic cable shall be loose tube, non-armored, outdoor cable with fiber count as
indicated on the plans and complying with the following specification for fiber-optic cable: Lateral
cables shall include a pre-terminated type termination panel, similar to Fiber Connections
GatorPatch panel, Corning Zeux Panel, or approved equal, and shall be spliced to the backbone
fiber-optic cables in the splice closure as specified in the plans or Project Specifications, or as
directed by the City or its designee.

3) Fiber-optic cable for installation in conduit shall meet the requirements of SSN 10-3.

Castle Pines Roadway Design and Construction Standards

9-40



Chapter 9 - Signage, Pavement Markings, and Traffic Signals

9.14.23.3 General Considerations
1) The cable shall be new, from an unused reel, and of current design and manufacture.

2) Connectors shall be "SC" single-mode type with a UPC finish (nominal reflectance of -50 dB), unless
otherwise specified on the plans.

3) A No. 14 AWG (minimum), fully annealed, solid conductor tracer wire shall be installed in conduit with
fiber. The tracer wire shall use HDPE insulation and the American Public Works Association color code
standard for buried communications.

9.14.23.4 Fiber Characteristics

1) All fibers in the cable must be usable fibers.

2) The cable and jacket shall be sufficiently free of surface imperfections and inclusions to meet the
optical, mechanical, and environmental requirements of this specification.

3) Each optical fiber shall consist of a doped silica core surrounded by a concentric silica cladding.
4) The single-mode fiber used in the cable specified herein shall conform to SSN 10-3 except as noted
herein.

9.14.23.5 Fiber Specification Parameters

All fibers in the cable shall meet the following requirements:

1) Have attenuation values of 0.35 decibel per kilometer (dB/km) at 1,310 nanometers (nm) and
0.25 dB/km at 1,550 nm.

2) Temperature testing shall be in accordance with SSN 10-4.
3) The chromatic dispersion for single-mode optical fibers shall be as required by SSN 10-3.
4) Specifications for Outdoor Fiber Cables

a) Optical fibers shall be placed inside loose buffer tubes.

b) All cable shall be dielectric.

c) Up to 36 fibers per cable shall have 6 or 12 fibers per buffer tube, and greater than 36 fibers per
cable shall have 12 fibers per buffer tube.

d) The fibers shall not adhere to the inside of the buffer tube.

e) The ultraviolet acrylate-coated fibers shall be color coded with highly distinguishable colors
according to the following:

i) Blue
ii) Orange
iii) Green
iv) Brown
v) Slate
vi) White
vii) Red
viii) Black

ix) Yellow
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f)
9)

h)

X)
Xi)

Xii)

Violet
Rose

Aqua

All colors shall meet Munsell standards as specified in SSN 10-5 and 10-6.

Buffer tubes containing fibers shall also be color coded or numbered with distinct and
recognizable colors or numbers according to the following:

i)

i)
iii)
iv)
V)
vi)

vii)

Blue
Orange
Green
Brown
Slate
White
Red

viii) Black

iX)
X)
Xi)

Xii)

Yellow
Violet
Rose

Aqua

These colors shall meet SSN 10-5 and 10-6.

i)

i)

iii)

v)

vi)

vii)

In buffer tubes containing multiple fibers, the colors or numbers shall be stable during
temperature cycling and not subject to fading or smearing onto each other. Colors shall not
cause fibers to stick together.

Buffer tubes shall be of a dual-layer construction with the inner layer made of polycarbonate
and the outer layer made of polyester.

Fillers may be included in the cable core to lend symmetry to the cable cross-section where
needed.

The central anti-bucking member shall consist of a fiberglass-reinforced plastic rod. The
purpose of the central member is to prevent cable buckling.

Each buffer tube shall be filled with a swellable yarn (dry water blocking) meeting the
requirements of SSN 10-19, 10-21, and 10-22.

Buffer tubes shall be stranded around a central member using the reverse oscillation, or “SZ,"
stranding process.

The cable core interstices shall be filled with a swellable glass yarn, and the buffer tubes shall
be surrounded by a dry water-blocking tape meeting the requirements of SSN 10-19, 10-21,
and 10-22.

viii) Binders shall be applied with sufficient tension to secure the buffer tubes to the central

member without crushing the buffer tubes. The binders shall be non-hygroscopic and
dielectric with low shrinkage.
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ix)

X)

Xi)

Xii)

The cable shall contain at least one ripcord, unless cable is using fast-access technology,
under the sheath for easy sheath removal.

Tensile strength shall be provided by high-tensile-strength aramid yarns, fiberglass yarns, or
both.

The high-tensile-strength aramid yarns and/or fiberglass yarns shall be helically stranded
evenly around the cable core.

All cables shall be sheathed with medium-density polyethylene. The minimum nominal jacket
thickness shall be 1.4 mm. Jacketing material shall be applied directly over the tensile
strength members and dry water-blocking materials. The polyethylene shall contain carbon
black to provide ultraviolet light protection and shall not promote the growth of fungus.

xiii) The jacket or sheath shall be free of holes, splits, and blisters.

xiv) The cable jacket shall contain no metal elements and shall be of a consistent thickness.

XV)

Cable jackets shall be marked with the following items:

o Fiber-optic cable manufacturer's name, logo, or both
o Month and year of manufacture

o Fiber-optic cable manufacturer's part number

o Fiber count

o Sequential length markings in feet or meters

o Telecommunication handset symbol, as required by section 350G of SSN 10-23.

All length markings shall be placed at 2-foot, 3-foot, or 1-meter intervals. The actual length of the cable
shall be within +3% of the length markings. All markings shall be indented in permanent white characters.
The height of the marking shall be approximately 2.5 mm. If remarking is required, yellow markings shall
be used to correct the error in the original markings. All cable markings shall be in English.

i) General Fiber Cable Performance Specifications

i)

ii)

iii)

The unaged cable shall withstand water penetration when tested with a 1-meter static head or
equivalent continuous pressure applied at one end of a 1-meter length of filled cable for

24 hours. No water shall leak through the open cable end. When a 1-meter static head or
equivalent continuous pressure is applied at one end of a 1-meter length of aged cable for

1 hour, no water shall leak through the open cable end. Testing shall be done in accordance
with SSN 10-7.

When tested in accordance with SSN 10-8, the cable shall exhibit no flow (drip or leak) of
filling or flooding compound at 80°C. If material flow is detected, the weight of any compound
that drips from the sample shall be less than 0.05 gram (0.002 ounce).

The cable shall withstand a minimum compressive load of 220 Newton centimeters

(125 pound-force) for non-armored cables applied uniformly over the length of the
compression plate. The cable shall be tested in accordance with SSN 10-9, except that the
load shall be applied at the rate of 3 mm to 20 mm per minute and maintained for 10 minutes.
The magnitude of the attenuation change shall be within the repeatability of the measurement
system for 90% of the test fibers. The remaining 10% of the fibers shall not experience an
attenuation change greater than 0.1 dB at 1,550 nm (single-mode). The repeatability of the
measurement system is typically +0.05 dB or less. No fibers shall exhibit a measurable change
in attenuation after load removal.
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iv)

V)

Vi)

vii)

When tested in accordance with SSN 10-10, the cable shall withstand 25 mechanical flexing
cycles at a rate of 30 +1 cycles per minute, with a sheave diameter not greater than 20 times
the cable diameter. The magnitude of the attenuation change shall be within the repeatability
of the measurement system for 90% of the test fibers. The remaining 10% of the fibers shall
not experience an attenuation change greater than 0.1 dB at 1,550 nm (single-mode). The
repeatability of the measurement system is typically +0.05 dB or less. The cable jacket shall
exhibit no cracking or splitting when observed under 5 times magnification.

When tested in accordance with SSN 10-11, the cable shall withstand 25 impact cycles. The
magnitude of the attenuation change shall be within the repeatability of the measurement
system for 90% of the test fibers. The remaining 10% of the fibers shall not experience an
attenuation change greater than 0.1 dB at 1,550 nm (single-mode). The repeatability of the
measurement system is typically £0.05 dB or less. The average increase in attenuation for
fibers shall be less than or equal to 0.04 dB at 1,300 nm (multimode). The cable jacket shall
not exhibit evidence of cracking or splitting at the completion of the test.

When tested in accordance with SSN 10-12, using maximum mandrel and sheave diameter of
560 mm, the cable shall withstand a tensile load of 2,700 Newtons (N) (608 |bf) applied for

1 hour (using Test Condition Il of the procedure). In addition, the cable sample, while
subjected to a minimum load of 2,660 N (600 lbf), shall be able to withstand a twist of 360
degrees in a length of less than 3 meters. The magnitude of the attenuation change shall be
within the repeatability of the measurement system of 90% of the test fibers. The remaining
10% of the fibers shall not experience an attenuation change greater than 0.1 dB at 1,550
nm. The repeatability of the measurement system is typically £0.05 dB or less. The cable shall
not experience a measurable increase in attenuation when subjected to the rated residual
tensile load, 890 N (200 Lbf).

When tested in accordance with SSN 10-13, a length of cable no greater than 2 meters will
withstand 10 cycles of mechanical twisting. The magnitude of the attenuation change will be
within the repeatability of the measurement system for 90% of the test fibers. The remaining
10% of the fibers will not experience an attenuation change greater than 0.1 dB at 1,550 nm.
The repeatability of the measurement system is typically +0.05 dB or less. The cable jacket
will exhibit no cracking or splitting when observed under 5 times magnification after
completion of the test.

viii) Low and high temperature cable bending, maximum bend radius, and cable aging shall be

ix)
X)

Xi)

tested in accordance with SSN 10-17.
Cable freezing shall be tested in accordance with SSN 10-18.
Color-coding permanence shall be tested in accordance with SSN 10-19, 10-21, and 10-22.

In accordance with SSN 10-4, the fiber-optic cable shall conform to the following temperature
requirements:

o Operation: -40°C to 70°C (-40°F to 158°F)
o Installation: -30°C to 60°C (-22°F to 140°F)
o Shipping/Storage: -40°C to 75°C (-40°F to 167°F)

9.14.24 Quality Assurance Provisions

1)
2)

3)

Optical fiber shall meet SSN 10-20 standards.

Optical fibers shall be proof tested by the fiber manufacturer at a minimum load of 100 kilopounds
(kip) per square inch.

Optical fibers shall be 100% attenuation tested by the manufacturer. The attenuation of each fiber
shall be provided with each cable reel.
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9.14.25 Packaging

1)
2)

3)
4)
5)
6)

The complete cable shall be packaged for shipment on non-returnable wooden reels.

Text on the reels shall contain the following information:

a) Fiber-optic cable manufacturer's name, logo, or both

b) Fiber-optic cable type

c) Fiber count

d) Marking showing side to unreel cable

Top and bottom ends of the cable shall be available for testing without removing cable from the reel.
Both ends of the cable shall be sealed to prevent the ingress of moisture.

Each reel shall have a weatherproof reel tag attached identifying the reel and cable.

Each cable shall be accompanied by a cable data sheet that contains significant information on the
cable.

9.14.26 Miscellaneous

The cable manufacturer shall provide installation procedures and technical support concerning the items
contained in this specification.

9.14.27 Fiber-Optic Cable Installation

1)

2)

3)

4)

5)

6)

7)

Interconnect Cable Installation. The Contractor shall provide the City with two copies of the cable
manufacturer's recommended installation instructions for fiber-optic cable in conduit. Installation
shall be in accordance with these practices except as directed by the City or its designee. Additional
cable costs as a result of damage caused by the Contractor’s neglect of recommended procedures
shall be the Contractor’s responsibility.

Fiber-optic cable shall be installed in continuous runs except where cable type changes or where
maximum pull lengths govern. The manufacturer's recommended limits for cable lengths shall not be
exceeded.

Cable ends shall be stored in splice enclosures immediately adjacent to cabinets or in controller
cabinets as directed by the City or its designee. Only fibers called out in plans need to be spliced. All
other fibers shall be sealed in a manner recommended by the manufacturer.

The City or its designee shall provide an interconnect schematic diagram to the Contractor. The
diagram shall clearly indicate cable routing, splice points, and fiber connections, including identifying
the color-coded fibers and buffer tubes. Cable installation will not be permitted until the schematic
diagram has been reviewed by the Contractor in the preconstruction meeting and with the City's or its
designee’s oversight during installation.

The fibers and buffer tubes noted on the plans shall be the only ones terminated or spliced, unless
otherwise approved by the City or its designee. Under no conditions shall the single-mode fibers be
cut or spliced at intermediate points without express written direction from the City or its designee.
The Contractor shall place an end cap on any bare cable ends to prevent moisture or dirt intrusion.

Field terminations of fiber shall not be allowed without express written direction from the City or its
designee.

The Contractor shall leave a minimum of 50 feet coiled in each pull box, a minimum of 10 feet within
the controller cabinet, and 100 feet coiled in splice vaults, unless otherwise specified on the plans.
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8)

9

The maximum pulling tension shall be 2,700 N (600 bf) during installation (short term) and 890 N
(200 lbf) long-term installed as tested in accordance with SSN 10-12.

The Contractor shall seal all ends of conduit for pulled-fiber cable with approved reusable split-plug
products.

10) The Contractor shall place fiber tags on the ends of all pulled-fiber cable with the following

information:

a) Name of manufacturer

b) Type of fiber (single mode or multi-mode)
c) Number of strands

d) Date of installation

e) Cable end to end locations

f) Lateral run identification (where applicable)

9.14.28 Fiber-Optic Cable Testing

1)

2)

3)

4)

5)

The Contractor shall demonstrate that all fiber-optic cable testing results in acceptable attenuation
values. All fiber-optic cable testing parameters shall be submitted as specified in this section and in
Section 9.14.32.

The Contractor, solely at the Contractor’s cost, shall resplice any fusion splices or re-terminate any
terminations that have test results exceeding acceptable attenuation values. The Contractor, solely at
the Contractor's cost, shall retest any fiber links that have been re-spliced.

The Contractor, solely at the Contractor’s cost, shall bring any link not meeting the requirements of
testing specifications into compliance.

The installed fiber-optic cable test shall consist of the testing of single-mode fiber-optic cable. The
testing procedures involve an optical time domain reflectometer (OTDR) test and an optical power
meter test. Under no circumstances shall fiber-optic testing begin before cable installation is
complete, without the express written consent of the City.

Guidelines for fiber-optic cable testing are as follows:

a) Launch box or test jumpers must be of the same fiber core size and connector type as the cable
system: Single-mode fiber 8.3/125 micrometers (um).

b) The optical sources for testing are stabilized and have center within £20 nm of the
1,310/1,550 nm single-mode nominal wavelength for testing in accordance with SSN 10-1.

c) The power meter and the light source must be set to the same wavelength during testing.

d) The OTDR and power meter must be calibrated at each of the nominal test wavelengths and
traceable to National Institute for Standards and Technology calibration standards. The calibration
of the OTDR and power meter shall conform to the requirements set forth in SSN 10-14 and
10-15, respectively.

e) All system connectors, adapters, and jumpers are properly cleaned prior to and during
measurements.
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6) Materials for Testing

a) Fiber-Optic Cable Testing EqQuipment

i)

Equipment shall be calibrated annually by the manufacturer or by an SSN 10-16 accredited
calibration laboratory. A copy of the most recent certificate of calibration and any
out-of-tolerance conditions shall be provided with project submittals prior to the initiation
of any testing activities. The following equipment and information is required to perform
fiber-optic cable tests:

o OTDR
o Launch box (minimum length — 300 meters, or 984 feet)
o Light source at the appropriate wavelengths (1,310 and 1,550 nm)

o Optical power measurement equipment capable of measuring optical power in decibels
per milliwatt (dBm)

o Minimum length for test jumpers shall be as recommended by the manufacturer of the
light source and power meter. The connectors on the jumpers shall be compatible with
the light source and power meter and have the same fiber construction as the link
segment being tested in accordance with SSN 10-1. The Contractor shall also be
responsible for providing any adapters, if needed.

o Jacket length measurements for lateral and backbone cable at each cable end, including
splice points and termination panels

b) Optical Fiber Cable Testing with OTDR

D)

i)

iii)

iv)

The Contractor shall perform an OTDR test of all fibers in all tubes on the reel, prior to
installing the fiber. The test results shall be supplied to the City prior to cable installation. The
preinstallation testing shall be used to evaluate the integrity, overall length, and fiber
attenuation in dB/km for fiber-optic cables prior to the installation in conduit. The Contractor
shall use a pigtail and mechanical splice to access one cable end to verify the length and
attenuation of each fiber. The results of the testing shall be compared with the reel tag.
Results indicating that the fiber-optic cable received does not meet the specification, or the
discovery of point defects caused by shipping and handling shall be brought to the attention
of the City or its designee immediately.

If the fiber is specified as “Install Only,” the Contractor shall test the fiber on the reel and
provide the test results to the City prior to the Contractor's accepting the cable. After
installation, if there are unused portions of cable remaining on the reel, the City may request
the Contractor or other qualified technician to perform a reel test. The Contractor shall
provide the City the test results prior to delivering the cable to the City. Any cable damaged
while in the Contractor's possession shall be replaced at the Contractor’s expense.

Fiber testing shall be performed on all terminated fibers from patch panel to patch panel and
unterminated fibers from end to end. Additionally, mid-entry splices into mainline cables
require testing of all strands in the mainline cable, before and after installation. Testing shall
consist of a bidirectional end-to-end OTDR trace performed in accordance with SSN 10-2 at
both the 1,310- and 1,550-nm wavelengths. The attenuation measurements shall be
provided at dual wavelengths 1,310 and 1,550 nm for single-mode fibers.

OTDR inspection will be used to verify installed cable integrity and length. It will also be used
to assess splices and connectors. OTDR signature traces will be used for documentation and
maintenance.
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V)

vi)

vii)

Attenuation numbers for the installed link shall be calculated by taking the sum of the bi-
directional measurements and dividing that sum by two.

The Contractor shall use an OTDR that is capable of storing traces electronically and shall
save each final trace.

To ensure the traces identify the end points of the fiber under test and the fiber designation,
the Contractor shall use a launch box, if required with the OTDR being used, to eliminate the
"dead zone”" at the start of the trace so that the start of the fiber under test can be identified
on the trace. The length of the launch box shall be indicated for all test results.

viii) In compliance with SSN 10-2, the Contractor shall record the following information during the

test procedure:
o Name and contact information for individuals responsible for conducting the test

o Type of test equipment used (manufacturer, model, serial number, calibration date and
valid certification of calibration)

o Date testis being performed
o Jacket readings in and out of each splice vault and each pull box

o Theindex of refraction value used to perform the testing (1.466 for 1,310 nm and 1.467
for 1,550 nm in accordance with SSN 10-3)

o Optical source wavelength and spectral width

o Fiber identification

o Start and end point locations

o Launch box length

o Method of calculation for the attenuation or attenuation coefficient

o Acceptable link attenuation

c) Optical Fiber Cable Testing with Optical Power Meter

D)

i)

The Contractor shall conduct an optical power meter test for each fiber installed. Single-mode
segments shall be tested in one direction at both the 1,310 nm and 1,550 nm wavelength.

In compliance with SSN 10-1, the following information shall be recorded during the test
procedure:

o Names and contact information of personnel conducting the test

o Type of test equipment used (manufacturer, model, serial number, calibration date, and
valid certificate of calibration)

o Date testis being performed

o Optical source wavelength and spectral width
o Fiber identification

o Startand end point locations

o Testdirection

o Reference power measurement (when not using a power meter with a Relative Power
Measurement Mode)
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o

o

Measured attenuation of the link segment

Acceptable link attenuation

d) Acceptable Attenuation Values

i) Acceptable attenuation values shall be calculated for each fiber tested. These values
represent the maximum acceptable test values.

i) Single-mode fiber. The general attenuation equation for any single-mode link segment is as
follows:

o

Acceptable Link Attenuation (Attn.) = Cable Attn. + Connector Attn. + Splice Attn.

iii) 8.3 uym Single-mode Attenuation Coefficients:

o

o

o

Cable Attenuation = Cable Length (km) x (0.35 dB/km@1,310 nm and
0.25 dB/km@1,550 nm)

Connection Attenuation = Number of Mated Connections x 0.50 dB

Splice Attenuation (Fusion) = Splices x 0.10 dB

e) Test Procedures

i) Fiber testing shall be performed on all fibers in the completed end-to-end system.

i) Single-mode fiber. The single-mode optical power meter fiber test shall be conducted as
follows:

@)

Clean the test jumper connectors and the test coupling according to manufacturer's
instructions.

Follow the test equipment manufacturer's initial adjustment instructions.

Connect Test Jumper-1 between the light source and the power meter. Avoid placing
bends in the jumper that are less than 100 mm (4 inches) in diameter (refer to
Figure 9-3).

If the power meter has a Relative Power Measurement Mode, select it. If it does not,
reduce the Reference Power Measurement (preferred). If the meter can display power
levels in dBm, select this unit of measurement to simplify subsequent calculations unless
attenuation values can be read on the display directly in dB without calculations.

Disconnect Test Jumper-1 from the power meter. Do NOT disconnect the test jumper
from the light source.

Attach Test Jumper-1 to one end of the cable plant to be measured and Test Jumper-2 to
the other end (refer to Figure 9-4).

Record the Power Measurement. If the power meter is in Relative Power Measurement
Mode, the meter reading represents the true value. Record the Relative Power
Measurement if the meter does the calculation and provides this information.
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Figure 9-3. Test Jumper 1 Connection
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Figure 9-4. Test Jumper 1 to Test Jumper 2
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9.14.29 Fiber Acceptance

Once the fiber-optic communication system is in place and passed the fiber testing requirements, it shall
be made operational for a burn-in period test. During this time, the system will be exercised and
monitored for a period of 30 calendar days to exhibit fault-free operation. During the 30-day burn-in
period, the Contractor is responsible for the maintenance or repair of the system or systems. The cost of
any maintenance or repair necessary, except electricity, damage by the public, or acts of God, shall be
borne by the Contractor and will be considered as included in the price paid for the contract item involved,;
therefore, no additional compensation will be allowed. The City shall suspend the 30-day burn-in period
when a problem is detected and then reset the 30-day clock once the failure has been corrected to ensure
30 days of continuous, problem-free operation.

9.14.30 Emergency and Non-emergency Repairs during Construction and Burn-in Period

The Contractor shall provide emergency maintenance and fiber restoration services on the project
corridor(s) where fiber-optic communication systems are installed for the City Public Works Department
based on the terms and conditions set forth in the executed Agreement. All unplanned service disruptions
of fiber-optic communication systems along project corridors shall be considered an emergency unless
otherwise identified by the City or its designee. The terms of this service shall be provided from the
initiation of the Agreement through system acceptance at the successful completion of the burn-in period.
The Contractor shall have access to the fiber-optic system documentation that it prepares for the City to
assist in the emergency maintenance and fiber restoration activities. The City will provide the Contractor
with a project contact list to initiate contact about any disruptions in fiber-optic cable service. Project
contacts will be responsible for notifying affected users of affected fiber-optic cable of any service
disruptions. The City will also provide access permission for local work Permits, if needed, for restoration
activities.
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The City or a third party may provide the first response in the event of an emergency and contact the
Contractor to repair the problem. The Contractor shall dispatch personnel to undertake each such repair
no later than 1 half-hour after the City Public Works Department initially notifies the Contractor of the
emergency. Personnel responding shall arrive within 1 hour after notification during regular working hours
and within 2 hours during non-working hours after notification.

The Contractor shall conduct the following activities, at a minimum, to support repairs covered under this
section:

=  Contractor shall provide a single point of contact to initiate restoration service.
=  Contractor shall provide qualified employees and a supervisor, including skilled fiber-optic splicers.
= Response time shall be as noted in the previous paragraph.

= Upon starting the restoration services, Contractor technicians shall continue those services as
expeditiously as possible until temporary emergency services are completed and the fiber link is again
ready for service.

= Contractor crews shall be available 24 hours/day, 7 days/week from the initiation of the project
through successful completion of the burn-in period.

= Contractor shall provide all tools, materials, and test equipment needed to perform repairs associated
with restoration services.

= Contractor shall update record drawings and project documentation to reflect changes in the fiber-
optic communication system caused by restoration activities.

= Where emergency splicing is required, the Contractor may use temporary mechanical splicing until
such time that fusion splicing can be performed to replace the temporary mechanical splice. The
attenuation for mechanical splices shall not exceed 0.30 dB per splice.

= Ininstances of repairs that are of a non-emergency nature and determined to be the Contractor's
responsibility by the City, such repairs shall be undertaken at the site within 1 working day after the
City notifies the Contractor of the needed repair.

Should the Contractor fail to perform any maintenance responsibilities within the prescribed time
period(s), the City shall employ the services of the City's traffic signal maintenance contractor to perform
said maintenance work. The Contractor shall reimburse the City as specified in Chapter 13 — Public
Infrastructure Acceptance Procedures and Warranty Requirements.

9.14.31 Submittals

The Contractor is responsible for submitting all fiber-optic equipment calibration documentation, testing
information, and fiber-optic testing results as specified in Section 9.14.29.

Additional Submittals: The following test data, certificates of compliance, and material specifications shall
also be included with testing results specified in Section 9.14.29.

= End-to-end attenuation data resulting from the measurement of the optical power loss between cable
termination points using a stabilized light source and optical power meter.

= OTDR signature traces resulting from the pre- and post-installation measurements for cable integrity,
overall length, fiber attenuation in dB/km, and losses associated with fusion splices and connectors at
patch panels. Electronic copies shall include the required viewing software, if needed, for the City to
interactively review, analyze, and print the traces.
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= Certificate of compliance for end-to-end, connector, and splice loss to confirm test performance,
compliance with stated loss requirements, and applicable warranty coverage for all individual
connector and splice losses in the installed cable plant.

=  Cable specifications provided by the cable manufacturer that define the minimum optical and
mechanical performance guaranteed for the cable.

9.14.31.1 As-Built Submittal

The Contractor shall submit one copy of the complete contract plans, including additional drawings issued
as part of any change orders, with any deviations clearly marked in color. Deviations to be noted include,
but are not limited to, the following:

1) Fiber routing and location information
2) Fiber splice location

3) Fiber splice configuration

4) Patch panel locations

5) Installed cable lengths

9.14.31.2 Emergency and Non-emergency Repair Submittal

The Contractor shall submit one copy of the complete plans showing all fiber-optic cable repairs, including
additional drawings issued as part of any repair work, with any deviations clearly marked in color.
Deviations are to be noted and shall include the following, among others:

1) Repaired fiber routing and location information
2) Repaired fiber splice locations

3) Repaired fiber splice configuration

4) Patch panel modifications where applicable

5) Installed cable lengths necessary for repairs

The Contractor shall submit all fiber-optic equipment, material, and testing documentation related to any
repair work as specified in Sections 9.14.29 and 9.14.32.

9.14.31.3 File Format

The Contractor shall submit fiber-optic interconnect documentation to the City in a pre-approved format.
9.14.32 Paint Equipment

9.14.32.1 Paint Existing Structures

1) Previously installed signal poles shall be field painted when indicated on the plans. When so indicated,
all exterior surfaces shall be cleaned and examined for damaged paint, and any such damage shall be
given a spot coat of primer and the entire exterior surface repainted. Previously painted surfaces,
whether finish or prime coated, shall be scuff sanded with particular attention paid to the lower 8 feet
of the pole.

2) Pole inspection by the City prior to application of the finish coats is required. Two finish coats of paint
selected by the City shall be applied over the primer or previously painted surfaces.
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3) The painting shall be done in a neat and efficient manner and may be applied either by hand brushing
or spraying. The City reserves the right to require the use of brushes for the application of paint should
the work done by the paint-spraying machine prove unsatisfactory or objectionable.

4) Touch-up painting shall be completed at the direction of the City. Nicks and abrasions shall be
cleaned, and the City shall designate the appropriate primer coat, and finish coat, if applicable.

5) When indicated on the plans, traffic and pedestrian signal heads shall be painted black.
9.14.33 Pavement Marking

9.14.33.1 Materials

If pavement overlay or reconstruction is programmed within 1 year of marking installation, the City may
approve use of alternate marking materials.

9.14.33.2 Surface Preparation

1) New concrete pavement shall have all residues removed, such as mud, dirt, and curing compound.
Removal shall be by water blasting, sand blasting, or other City-approved method.

2) New asphalt pavements shall be dry and free of dirt.

3) For all restriping on existing concrete or asphalt pavement, the surface shall be clean and dry.
Cleaning shall be by water sweeping, air blasting, or other City-approved method. When directed by
the City, the surface shall be ground.

4) Surface temperature shall be 50°F and rising for all pavement marking applications except preformed
plastic. Surface temperature shall be 60°F and rising for preformed plastic markings.

5) When the surface temperature does not reach 50°F, the Contractor may, on approval of City, substitute
designated pavement markings with temporary marking materials to be replaced with permanent
materials when weather dictates. Temporary pavement markings shall be refurbished by the
developer or Contractor, at their own cost, as determined by the City.

9.14.33.3 Installation

All pavement markings shall be applied per the manufacturer's recommendations unless otherwise
authorized by the City.

9.14.33.4 Pay Item

Pavement markings shall be measured and paid for on a lineal-foot basis; Arrows and legends shall be
paid for on a square-foot basis unless otherwise authorized by the City. Refer to CDOT Standard
Specifications for Road and Bridge Construction in accordance with Section 627.

9.14.34 Guarantees and Warranties
9.14.34.1 General

All work completed by the Contractor shall be guaranteed against defects in workmanship or materials for
a period of 2 years from the date of Initial Acceptance, excepting ordinary wear and tear, abuse, or neglect.
Please refer to the City of Castle Pines Roadway Design and Construction Standards, Chapter 13 -
Acceptance Procedures and Requirements, for explanation of the required 2-year warranty period and for
Final Acceptance requirements.
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9.14.34.2 Pavement Marking Warranty

The following warranty is required for pavement marking installations: One year with normal traffic wear.
Material will not peel or lift in this time period. Approval of all work must be obtained from the City or its
designee prior to the start of this warranty period.

9.14.34.3 Materials and Parts

The Contractor shall supply the City with all manufacturer warranties and guarantees covering materials
and parts.

9.14.35 General Signal Design Requirements
9.14.35.1 Scope

This section describes general signal design requirements for use in City of Castle Pines. Variances from
these requirements require written approval of the City..

9.14.35.2 Signal Head Placement and Sizes

1) Forallinstallations, one signal head shall be provided centered over each exclusive left turn and
through lane. If mast arms do not reach the left turn lane(s), the number and configuration of signal
heads should be adjusted in consultation with the City. Far left and far right pole-mounted signal
heads shall also be provided. The need for one signal head per right turn lane should be determined
on a site-specific basis. The traffic signal design engineer (Engineer of Record) shall coordinate with
the pole manufacturer to verify that the structure is adequate to accommodate the proposed loading.

2) Where left-turn arrows are included, at least two signal heads with left arrow sections shall be
provided, with one of these located on the far left pole.

3) Pedestrian signal heads shall be provided for all marked crosswalks. Where pedestrian signal heads
are provided, corresponding pedestrian push buttons shall be provided.

4) All mast arm and span wire-mounted signal heads shall have aluminum louvered backplates, black in
color with a 2-inch, diamond-grade, fluorescent-yellow retroreflective border.

5) All vehicle signal sections shall be 12-inch LED. Pedestrian indications shall be LED (refer to
Section 9.14).

6) Where mast arms extend over the left turn lane(s), left-turn-only sign(s) (R3-5) shall be provided.
Double lefts may be covered with one left-turn-only sign (R3-5) per lane, or one double left-turn-only
sign located over the lane line between the double lefts as directed per plan.

7) Where flashing yellow arrow left turn control is recommended for left turn operations, a custom
30-inch-by-36-inch “left-turn yield on flashing yellow arrow"” pictorial (for the arrow — no starburst)
sign shall be installed to the right of the left-turn signal indication.

9.14.36 Pole and Cabinet Placement

All signal poles, pedestals, and cabinets shall be placed a minimum of 3 feet from the face of a traffic
signal item to the face of the curb where curbing is present, with a desired separation of 5 feet. The traffic
control cabinet and base shall be placed on level ground with adequate room to access and maneuver
around the cabinet. The cabinet location shall be such that it guarantees adequate visibility of intersection
and approaching traffic from all directions. The same separations apply from the face of a traffic signal
item to the outside edge of the shoulder where pavement and shoulder exist with no curbing. Where only
pavement exists without shoulder and curbing, a minimum of 5 feet from the face of the traffic signal
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item to the edge of pavement shall be maintained, with a desired separation of 7 feet. Refer to
Section 9.14.43.3.

9.14.37 Street Name Signs

Rigidly affixed street name signs shall be provided for all approaches. They shall be on 0.100 aluminum
sign and shall consist of Diamond Grade LDP reflective material or equivalent. The ElectroCut film shall be
3M 1170 Green or equivalent. The font type is FHWA Hwy. Series C unless otherwise specified. The street
name shall be 12-inch initial upper case and combination of lower case, and the designator shall be 8-inch
initial upper case and combination of lower case.

9.14.38 Signal Conduit
Refer to Section 9.12 for requirements.
9.14.39 Interconnect

Requirements for traffic signal interconnect shall be determined on a site-specific basis. The traffic signal
designer shall coordinate with the City or its designee to determine the need for interconnect.

9.14.40 Luminaires

Unless otherwise indicated in the plans, the Contractor shall provide a luminaire extension and luminaire
wiring. The final power hook-up and the actual luminaire shall be provided and installed by the Contractor.
Luminaire heads shall be General Electric Evolve ERLH or approved equal.

9.14.41 Vehicle Detectors and Bluetooth Readers

Stopbar detection for designated phases shall be provided. The locations and type of detection shall be
indicated in the plans.

Counting detectors, when explicitly called out in the plans, shall be provided for each approach lane of
traffic according to the City's direction. When imbedded in the roadway, detectors shall be located 20 feet
or more upstream of stopbar detectors, or 10 feet or more upstream of the closest water type pull box
where no stopbar detector exists. Refer to City of Castle Pines Standard Signal Details.

On all approaches with free-flow speeds of 40 to 45 mph and greater, advance detection for dilemma
zone protection shall be provided. Site-specific conditions, such as grades or sight-distance obstructions,
may also justify use of advance detection. The potential need for advance detection in these cases should
be reviewed with the City.

Advance Detection Zones placement shall be in accordance with Table 9-12.

Table 9-12. Advance Detection Zone Placement

Zone Placement (measured

from back edge of crosswalk
Posted Speed (mph) or stop bar) (feet)
25 100
30 150
35 205
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Zone Placement (measured

from back edge of crosswalk
Posted Speed (mph) or stop bar) (feet)
40 235
45 270
50 300

When microwave or video detection is specified, a note shall be included on the signal plans that requires
the Contractor to coordinate with the device manufacturer to determine placement and orientation of
detection. Detection supplier's representative must be present for detection setup and initial operation.

9.14.42 Signal Power

1) The traffic signal design engineer (Engineer of Record) or the Contractor responsible for signal
construction shall coordinate power source and meter location and requirements as part of the signal
design. Coordination shall include determination of, and initial contact with, the appropriate power
company, indication of the power source and meter location on the signal plans, and the power
company's contact name and number. Meter location shall be within 75 feet of the vault or cabinet or
home run pull box and on the cabinet corner unless otherwise approved.

2) In general, circuit breakers and power disconnects should be located internal to service meter
assemblies and signal controller cabinets, and should not be readily accessible to the public.

3) Typically, the City inspector will be responsible for inspecting service installations and certifying
acceptability to the utility company for hook-up. The City Public Works Department shall be
responsible for all inspections from the point of connection of power to the inside of the cabinet out
through the intersection.

9.14.43 Construction Requirements
9.14.43.1 Scope

This section describes general signal construction requirements for use in the City. Variances from these
requirements require the City's written approval.
9.14.43.2 Inspections

1) Forall City field inspections, the Contractor shall give at least 48 hours' prior notice to the City Public
Works Department and the City Building Division for electrical inspections on the City's website.
Inspections will normally be completed by City staff or the Contract Administrator.

2) The Contractor shall contact the City at least 48 hours prior to placing the pole foundations.

3) The Contractor shall notify the City at least 48 hours prior to standing the traffic signal poles.

9.14.43.3 Field Location

1) Prior to initiating the traffic signal design, the Contractor's Engineer of Record (or authorized
representative) shall schedule and attend a field meeting with the City, or the authorized City
personnel and the utility location company, to field locate the signal pole foundation locations and
determine the appropriate mast arm lengths.

2) All poles, power meters, control cabinets, and pull boxes shall be field located by the City or its
designee(s). The Contractor shall contact the City 2 days prior to field location.
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9.14.43.4 Signal Turn-on

1) Signal heads installed on mast arms, span wires, or poles at new signal locations that are not ready for
actual electrical operation shall be bagged with orange plastic.

2) Traffic signal construction and all associated work, including operational luminaries, shall be 100%
complete prior to flashing operation.

3) Immediately prior to signal turn-on, signals shall be flashed from 2 to 5 days, with the exact duration
of flashing determined by the City. Mondays, Fridays, and holidays are excluded for start of flash days.

4) The Contractor's Project Manager, IMSA Level Il Traffic Signal Bench Technician/Signal Technician (BB
Certification), Opticom emitter, Foreman (BE Certification), and a bucket truck are required at all signal
turn-ons.

5) The Contractor must contact the City or the City's authorized personnel 48 hours prior to signal flash.
At the scheduled signal flash, the date and time for full operation will be determined. Failure to
contact these parties will result in the forfeiture of retainage or liquidated damages equal to retainage.

9.14.43.5 Equipment Condition

1) The Contractor shall verify that the traffic signal cabinet is in good condition upon delivery. Any
surface areas damaged during the handling and installation shall be repaired immediately per the
manufacturer’s specifications.

2) Prior to the installation of the mast arms and poles, the Contractor shall wipe them clean. Following
installation of the poles, the Contractor, shall use factory-supplied paint to touch up nicks and
abrasions (refer to Section 9.14.33).

9.14.43.6 Cabinet Base Installation

At the cabinet base location, the Contractor shall install gravel in the excavation for the conduit, set the
cabinet base, and fill the riser portion of the base with gravel.

9.14.44 Payment Basis

The accepted quantities will be paid for at the contract unit price for each of the pay items listed in
Table 9-13 that appear in the bid schedule.

Table 9-13. Payment Schedule

Pay Item Unit

Removal of Traffic Signal Equipment LS
Reset Traffic Signal Equipment LS
PVC Conduit 2-inch Trenched LF
PVC Conduit 2-inch Bored LF
PVC Conduit 3-inch Bored LF
Common Trench LF
Common Boring LF
PVC Conduit 2-inch (within common boring, trench, or sleeve) LF
PVC Conduit 3-inch (within common boring, trench, or sleeve) LF
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Pay Item Unit

Traffic Signal Light Pole, xx-foot mast arm without luminaire (Install Only) EA
Traffic Signal Pole, xx-foot mast arm (Install Only) EA
Traffic Signal Pedestal Pole (Install Only) EA
Street Name Signs (Aluminum) or (Illuminated) EA
Sign Panel (Class I) EA
Sign Panel (Class II) EA
Traffic Signal Head, 3-section, 12-inch lenses EA
Traffic Signal Head, 3-section, 12-inch lenses “Arrow” EA
Traffic Signal Head, 4-section, 12-inch lenses “Vertical" EA
Traffic Signal Head, 5-section, 12-inch lenses “Vertical” or “Doghouse” EA
Pedestrian Head (16-inch) (Countdown) EA
Pedestrian Push Buttons EA
Intersection Detection System (Camera) LS
Microwave Radar Vehicle Detection System LS
Traffic Signal Controller Cabinet (332D)(with Dual Input File and AUX output file) EA
Traffic Signal Controller EA
Uninterrupted Power Source EA
Fiber-Optic Cable LF
Fiber Termination EA
Network switch, power supply and rack mount kit EA
Test Fiber-Optic Cable LS
Pull Box (Type I) EA
Pull Box (Type Il) EA
Pull Box (Type III) EA
Pull Box (Special) EA
Emergency Preemption Card EA
Emergency Preemption Detector EA
Radio Communications System LS
Furnish and Install Electrical Service Connection LS
Traffic Control, Mobilization, and Start-up LS
City of Castle Pines Permit LS
Concrete Sidewalk SY
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Pay Item Unit

Remove Striping and/or surface preparation LF
10-foot-by-2-foot Crosswalks LF
Arrows EA
Onlys EA
Striping (Double Yellow) LF
Striping (White) LF

Notes:

EA = each

LF = linear foot
LS = lump sum
SY = square yard

9.14.45 Pay Item Notes and Clarifications

1) Removal pay items shall consist of items in the pay item list or items specifically identified on the
plans or in writing by the City. It shall be the Contractor's responsibility to assure that it has a full and
complete understanding of included items prior to bidding.

2) Removal of traffic signal equipment items shall consist of items in the pay item list or as specifically
identified in the plans or in the project special provisions or at a minimum as identified in Section 9.11.
It shall be the Contractor’s responsibility to assure that it has a full and complete understanding of
included items prior to bidding.

3) Reset pay items shall consist of items in the pay item list or items specifically identified on the plans or
in writing by the City. It shall be the Contractor's responsibility to assure that it has a full and complete
understanding of included items prior to bidding.

4) Reset of traffic signal equipment items shall consist of items in the pay item list or as specifically
identified in the plans or in the project special provisions or at a minimum as specified in Section 9.11.
It shall be the Contractor’s responsibility to assure that it has a full and complete understanding of
included items prior to bidding.

5) Common trench is the trench itself not including conduit.
6) Common boring is the boring itself not including conduit.

7) Conduit shall include signal cable, elbows, pull wire, weatherheads, adaptors, condulets, saw cutting,
excavation, backfill, jacking and drilling pits, removal of pavement, sidewalks, gutters, curbs and their
replacement in kind to match existing grade and all work necessary to complete the item.

8) The cost of the traffic signal light pole/mast arm, traffic signal pole/mast arm, and the traffic signal
pedestal pole shall include the cost of the concrete foundations and all items associated with the
installation and construction of the foundations, unless the foundations are existing. Refer to the
standard details for concrete foundation size requirements.

9) Vehicle detection systems, Intersection Detection System (Camera), and Microwave Radar Vehicle
Detection System, shall be paid for based on the detector system required to complete the item.

10) Fiber-optic cable installation shall include all labor and materials required to install the cable,
including, but not limited to, the following items:

a) Required splice kits, splicing tools, ancillary hardware and labor to accomplish the splices
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b) Required patch cords
¢) Required fan-out kit tools, ancillary hardware, and labor to accomplish the fan-out

11) Fiber-optic termination shall include all labor and materials required to terminate the interconnect
cable and make a complete and operational system, including, but not limited to, the following:

a) Required termination enclosures (including specified features), connectors, adaptors, jumpers,
pigtails, ancillary hardware, and labor required to accomplish the termination

b) Other work necessary to complete the item

12) Test Fiber-Optic Cable — Lump sum includes the complete end-to-end OTDR test on all fiber strands
(before and after installation), including document submission and the complete end-to-end optical
power meter test on all fiber strands, including document submission.

13) Furnish and Install Electrical Service Connection — Lump sum. This information shall be clarified on
the plans.

14) Striping Material (Crosswalks, Arrows, Onlys, Lines) — Striping materials shall be as determined by City
Public Works Department and indicated on the plans.
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10.1 General

This chapter provides the basic criteria and design procedures for roadway pavements. In the City of Castle
Pines (City), Roadway Pavement Designs are required prior to placing pavement base course or curb and
gutter. Recommended design methodologies for asphalt (referred to as Hot Bituminous Pavement,
Existing Bituminous Pavement, or Asphalt Paving Material) and Portland cement concrete are addressed
and follow both Metropolitan Government Pavement Engineers Council (MGPEC) and the American
Association of State Highway and Transportation Officials' (AASHTO) Guide for Design of Pavement
Structures. Some criteria modifications have been made in the following design procedures. In case of
discrepancy, the most stringent criteria shall take precedence as determined by the City. Contact the City
Public Works Department if questions or clarifications regarding criteria.

10.2 Pavement Design Report Submittal Options

The final Pavement Design shall be performed after the over-lot grading has been completed and the wet
utilities have been installed, if applicable. A Right-of-Way Permit must be obtained prior to taking soil
samples for a Pavement Design. The Applicant shall obtain Permits only after the final construction plans,
which include the Pavement Design, are approved by the City. The submittal for Pavement Design
approval must be in accordance with these Roadway Standards.

If a street is to be built in phases (that is, the center two lanes are built first, then at some later date, more
lanes are added), a new Pavement Design investigation and report for the additional lanes may be
required if it has been at least 2 years since the original design was approved. The City will decide whether
a new Pavement Design will be required. All approved pavement designs shall be valid for a period of at
least 2 years.

10.3 Preliminary Pavement Design Reports

For all City land development approvals that involve a subdivision improvement agreement for roadway
construction, upon the request by the City Public Works Department, the Applicant must provide, at a
minimum, a preliminary subgrade investigation and preliminary Pavement Design report that
recommends a typical pavement structural section based on the known site soil conditions, Table 10-7,
and the applicable Traffic Impact Study requirements in Chapter 6 of these Roadway Standards. The
preliminary reports shall use the equivalent single-axle loads (ESALs) of Table 10-2. This preliminary
Pavement Design serves as a justification of the roadway improvement costs included in the subdivision
improvements agreement but not for final pavement designs submittals. The preliminary Pavement
Design should address the potential need for swell mitigation as discussed in Section 10.6.

A preliminary Pavement Design may be submitted with final construction plans. Table 10-1 provides a
checklist for subgrade investigation and Pavement Design.
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Table 10-1. Subgrade Investigation and Pavement Design Checklist
Soil Consultant:

Subdivision:

Status: [ ] oK [] Rejected

Filing Job No.:

Street:

Reviewed by:

Date:

L T T
O | O

1. Vicinity map

2. Drawings with boring locations and logs

3. Drawing with estimated extent of soil types
and ESAL

4. Drawing with pavement alternatives

5. Atterberg limits, gradation, % passing no. 200
sieve

6. Soil classifications

7. Composite samples: grouped at 250’
maximum intervals

O oo Ood odd
O oo Ood odd

8. For R-value testing

— Dry density & moisture content for each
sample

— Expansion pressure for each sample
— Exudation pressure

— R-Value curve

9. Design nomograph shown with soil support
values and ESALs

10. Strength coefficient used for asphalt, base
course, etc.

11. Design calculation shown for all phases of soil
report

12. Minimum pavement section met for proper
classification

O o o o o
O o o o o

13. Special problems (expansion, frost heave,
groundwater) with design & construction

problems
14. Swell mitigation measures (if applicable) ] ]
15. Swell mitigation map ] ]
16. Import materials limitations ] ]
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10.4  Subgrade Investigation
10.4.1  Field Investigation

The field investigation shall consist of borings or other suitable methods of sampling subgrade soils to a
depth of at least 5 feet below proposed subgrade elevation (10 feet below proposed subgrade on Arterial
roadways), at a spacing of not more than 250 feet unless otherwise accepted by the City Public Works
Department. Every fifth hole shall be 10 feet deep. At a minimum, every third hole should be placed in the
area of the sanitary sewer or storm sewer trench backfills no closer than 2 feet from the top of pipe. Boring
logs shall include the Standard Penetration Test number of blows per foot, percent moisture, and free
water, and should show soil types encountered in the boring. If more than one soil type is encountered in
the boring, they shall be logged and sampled separately. Samples shall be taken after over-lot grading is
within a tenth of a foot of finished subgrade (based on the roadway profile); the sanitary sewer and
waterline (including services) have been installed and trenches are compacted; and compaction testing

is complete. All borings shall be sampled using a California-type sampler in accordance with the

AASHTO T 206: Standard Method of Test for Penetration Test and Split-Barrel Sampling of Soils.

10.4.2  Classification Testing

Each subgrade sample shall be classified using the AASHTO M 145 Standard Specification for
Classification of Soils and Soil-Aggregate Mixtures for Highway Construction Purposes and the
ASTM D2487 Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil
Classification System). The classifications require results from the following tests:

1) AASHTOT 11, Standard Method of Test for Materials Finer than No. 200 (75 um) Sieve in Mineral
Aggregate by Washing

2) AASHTO T 27, Standard Method of Test for Sieve Analysis of Fine and Coarse Aggregates
3) AASHTO T 89, Standard Method of Test for Determining the Liquid Limit of Soils
4) AASHTO T 90, Standard Method of Test for Determining the Plastic Limit and Plasticity Index of Soils

The water-soluble sulfate ion content shall be determined at a frequency of one test per 1,000 feet for
AASHTO Type A-6 and A-7 soils. Testing shall be performed in accordance with AASHTO T 290, Standard
Method of Test for Determining Water-Soluble Sulfate Content in Soil or CDOT CP-L 2103, Determining
the Sulfate lon Content in Water or Water-Soluble lon Content in Soil.

10.4.3  Soil Grouping

To facilitate subgrade support testing, soil samples collected during the field investigation can be
combined to form soil groups. These groups shall be based on the AASHTO Classification, Group Index,
and location within the area investigated. Groupings shall not consist of samples with different AASHTO
Classifications (note that there may be more than one group within a given classification). Composite
samples can be made by combining small, equal portions of each subgrade sample contained within the
group and mixed to provide a uniform composite sample of the soil group. The maximum allowable
difference in the subgrade sample group index will be 5 or less for the composite sample.

10.4.4  Subgrade Support Testing
Samples shall be tested to determine the subgrade support value using R-Value testing. The pavement

shall be designed for the soil (or soil group) exhibiting the lowest subgrade support value. These values
shall be used in the design of pavement sections in accordance with the procedures outlined in
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Section 10.4. Tests shall be conducted in accordance with the procedure listed in Section 10.4.5, R-Value
Tests.

10.4.5 R-Value Tests

R-Values tests shall be conducted in accordance with AASHTO T 190 Standard Method of Test for
Resistance R-Value and Expansion Pressure of Compacted Soils. The R-Value shall be determined at
300 pounds per square inch (psi) exudation pressure. The reported data shall consist of the following:

1) Dry density and moisture content for each sample
2) Expansion pressure for each sample

3) Exudation Pressure — corrected R-Value curve showing the R-Value at 300 psi
10.4.6  Swell Test

All soil groups, excluding A-1 through A-4, shall be tested to determine swell or settlement potential.
Tests shall be run on the “California” samples in accordance with ASTM D 4546 at a surcharge of 200 psf.
The swell tests shall be plotted and the percent swell or settlement and swell pressure (psf) shall be
determined and reported. All swell tests shall be run only on undisturbed samples; remolded samples
shall not be used. Test results that are suspected of being too high or too low for the soil type shall not be
considered in the design of the pavement but shall be reported. Any deletion of data shall be justified in
the report. If the swell is 2% or greater, the Pavement Design report must provide mitigation measures.
Refer to Section 10.4.3.

10.5 Pavement Design Criteria

10.5.1  General

This section provides the factors to be used for the design of pavements of various roadway classifications.
10.5.2  Equivalent (18-kip) Single-Axle Load

The Pavement Design procedure in this chapter provides for a 20-year service life, given that normal
maintenance is provided to keep the roadway surface in an acceptable condition. ESALs are considered
equivalent units based on 20-year design criteria and an 18-kip axle loading. ESAL criteria for each City

roadway classification are given in Table 10-2.

If actual traffic counts are available, they shall be used to calculate ESALs in lieu of using Table 10-2. Itis
recommended that a Traffic Impact Study be performed.

Table 10-2. Minimum Equivalent (18-kip) Single-Axle Load

Classification Class Modifier ESAL Values [!
Local Residential 60,000
Serving < 80 D.U. All Others 75,000
Commercial/Industrial [ 220,000
750,000
Entry Residential 75,000
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Classification Class Modifier ESAL Values [
Collector [®1 Residential Commercial/Industrial [! 250,000
500,000
1,500,000
Arterial [b] All 2,000,000

lal Alternative ESAL values may be considered with justification provided by the Traffic Impact Study proposed land
uses, and traffic analysis that defines a proportion of truck vehicles.

[b] ESAL values shall be calculated based on projected traffic uses. Minimum ESAL values are as prescribed in
Table 10-2.

10.5.3  Design Serviceability

Design serviceability loss (APSI) is determined by subtracting the terminal serviceability index at the end
of the design period from the serviceability index at initial construction. The serviceability index at initial
construction will normally fall in the range from 4.2 to 4.6 and generally can be assumed to be 4.5. The
serviceability index at the end of the design period is the worst-case allowable condition that the
pavement may reach. Table 10-3 outlines the design serviceability loss (APSI) and terminal serviceability
index to be used.

Table 10-3. Design Serviceability Loss and Terminal Serviceability Index

Roadway Classification ‘ (aPSI) ‘ Terminal Serviceability Index
Arterials (Minor, Principal) 2.0 2.5
Collectors 2.0 25
Local: Residential 25 2.0
Local: Commercial/Industrial 2.0 25

10.5.4  Functional Class and Reliability

The Reliability level depends on the functional classification of the proposed roadway. The Reliability
factor used shall be 95% for all Arterials and shall be 90% for all Collectors and Local roads.

10.5.5 Resilient Modulus

The Resilient Modulus (Mr) can be measured directly from laboratory tests or obtained by using a
correlation with R-Value. R-Value is determined by using AASHTO T 190 Standard Method of Test for
Resistance R-Value and Expansion Pressure of Compacted Soils. The approximate value of Mr is
determined by using the following equations:

S=[(R-5)/11.29]+3
Mr = 10[(S+18.72)/6.24]

Where:
Mr = resilient modulus (psi)
S  =soil support value

R  =R-Value obtained from AASHTO T 190 or from the Hveem Stabillometer

Designers should note that although the R-Value is used to gather input data for Pavement Design, the
result of the R-Value test is not the Mr. It is recommended that documentation of the Pavement Design
show that when the R-Value test is used, the Mr is an approximation from correlation formulas.
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When the R-Value is reported as less than 5 or “unstable,” there is no correlation to the Mr. When the
reported R-Value is 5 or less or “unstable,” the soil needs to be mitigated by an approved stabilization
procedure or removal and replacement with approved materials in accordance with Section 10.4.3.

10.5.6  Flexible Pavement Design Factors

Table 10-4 outlines the design factors for flexible pavement. When subgrade stabilization is required, an
R-Value of 5 shall be used to determine the Structural Number.
Table 10-4. Flexible Pavement Design Factors

Factor | Source

18-kip ESAL Table 10-2

Reliability, R 90% Arterials and Collectors
85% Local Roads

Overall Deviation, So 0.44

Serviceability Loss, APSI Table 10-3

MR Value of the Subgrade Soil profile report from laboratory and correlation
equations

Structural Layer Coefficients (ai) Table 10-6

10.5.7 Flexible Pavement Strength Coefficients

Table 10-6 contains the standard design strength coefficients for various pavement materials. These
strength coefficients are based on materials designed in accordance with current City specifications.

10.5.8  Portland Cement Concrete Working Stress

The working stress (ft) to be used in the design shall be 75% of the design modulus of rupture (flexural
strength) of Portland cement concrete. The design modulus of rupture shall be 650 psi; therefore, the
design working stress (ft) shall be 485 psi.

10.5.9 Minimum Pavement Section

This paragraph provides the minimum acceptable pavement sections for public roadways in the City.
These pavement thicknesses may be used for preliminary planning purposes or for estimating collateral
requirements for subdivision improvement agreements. Final pavement designs must be based on actual
subgrade support test results. Table 10-5 lists these minimum thicknesses for each roadway classification.
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Table 10-5. Minimum Pavement Sections

Treated
Composite Treated
Composite Treated Section: Cement- Composite Full-depth

Composite Section: Composite Treated Section: Lime- Portland

Section: Aggregate Base Section: Aggregate Base treated Full-depth Cement

Asphalt Course Asphalt Course Subgrade Asphalt Concrete

Classification (inches) (inches) (inches) (inches) (inches) (inches) (inches)
Local Residential (Table 10-2) 4 6 4 5 6 N/A 6
Local Commercial 220,000 4 6 4 5 6 N/A 7
Local Industrial 750,000 5 8 4 8 6 7 9
Collector Residential 250,000 5 6 4 6 6 N/A 7
Collector Commercial 500,000 5 8 4 8 12 7 7
Collector Industrial 1,500,000 6 10 5 9 12 8 9
Collector Arterial 2,000,000 6 10 5 9 12 8 9

Notes:

Pavement Sections do not include swell mitigation.
Proposed Treated Composite Sections to increase Strength Coefficients in Table 10-6 shall require approval prior to submittal of Pavement Designs.

Lime-Treated Subgrade may be used with a Composite Section or a Treated Composite Section or not at all.
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10.5.10 Flexible Pavement Strength Coefficients

Table 10-6 contains the standard design coefficients for various pavement materials. Nonstandard design
coefficients may be used only if approved in advance by the City Public Works Department.

Table 10-6. Strength Coefficients

Pavement Structure Component 21

Conventional Materials Strength Coefficients (Limiting Test Criteria)
Plant Mix Seal Coat 0.25
Hot Bituminous Pavement 0.44
Existing Bituminous Pavement 0.30 (9-15yr.)

0.24 (>15yr.)

Aggregate Base Course 0.12 (R78+)
Existing Aggregate Base Course 0.10 (R 69+)
Granular Subbase Course 0.07 (R50+)
Cement-Treated Aggregate Base [*] 0.23 (7-day, 640-1,000 psi)
Lime-Treated Subgrade ! 0.14 (7-day, 160 psi, Pl <6)

la] A combination of one or more of the following courses placed on a subgrade to support the traffic load and
distribute it to the roadbed.

— Subbase. The layer or layers of specified or selected material of designed thickness placed on a subgrade to
support a base course, surface course, or both.

— Base Course. The layer or layers of specified or selected material of designed thickness placed on a subbase or a
subgrade to support a surface course.

— Surface Course. One or more layers of a pavement structure designed to accommodate the traffic load, the top
layer of which resists skidding, traffic abrasion, and the disintegrating effects of climate. The top layer is
sometimes called "Wearing Course."

bl proposed Treated Materials shall require approval prior to approval of Pavement Designs.
Note:
Pl = plasticity index

10.5.11 Trench Drains

Trench drains are required along both sides of all public Collectors and Arterials with curb and gutter. All
new local roads constructed on A-6 or A-7 soils that have a swell potential greater than 2% shall include
trench drains if required in the Pavement Design. A City of Castle Pines Notice of Change will be required
to add the trench drain on local roads. Trench drains shall be placed along both sides of the pavement and
wherever else it is determined to be necessary. The purpose of the subsurface piping system is to provide
drainage for the street subbase and to create an outlet for irrigation water. Trench drains shall discharge to
the storm sewer system or to the surface drainage system upon approval from the City. No trench drains
shall connect to the sanitary sewer system.

Minimum size of trench drains serving more than one lot shall be 4 inches in diameter. Typical trench
drain details are provided in Appendix A.

10.5.12 Preliminary Planning Pavement Designs

Table 10-7 presents pavements designed for each functional class of road with typical worst-case
subgrade conditions. These sections may be used in combination with a subgrade investigation report to
begin construction with the City's approval. If swell mitigation is required, as defined in Section 10.6, or as
identified during the preliminary Pavement Design investigation, it is in addition to these preliminary
planning Pavement Design sections.
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Table 10-7. Preliminary Planning Design Pavement Sections

Treated
Composite Treated Treated Composite Full-depth
Composite Section: Composite Composite Section: Portland
Section: Aggregate Base | Section: Treated Section: Aggregate Base Full-depth Cement
Asphalt Course Subgrade Asphalt Course Asphalt Concrete
Classification ESALs (inches) (inches) (inches) (inches) (inches) (inches) (inches)
Local Residential (Table 10-2) 5 8 5 6 6 N/A 6
Local Commercial 220,000 5 8 5 6 6 N/A 7
Local Industrial 750,000 6 10 5 10 6 8 10
Collector Residential 250,000 6 8 5 8 6 N/A 8
Collector Commercial 500,000 6 10 5 10 12 8 9
Collector Industrial 1,500,000 7 12 6 12 12 9 10
Collector Arterial 2,000,000 7 12 6 12 12 9 10
Notes:

Pavement Sections do not include swell mitigation.
Proposed Treated Composite Sections to increase Strength Coefficients in Table 10-6 shall require approval prior to submittal of Pavement Designs.

Lime-treated Subgrade may be used with a Composite Section or a Treated Composite Section or not at all.
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10.6 Pavement Design Procedure
10.6.1 Flexible Pavements

The following procedure uses nomographs to determine the Structural Number (SN) and then an equation
to determine the design thickness of the pavement structure. The use of this procedure to determine the
pavement structure is required. Additionally, various software programs are available that are based on
the AASHTO Design Procedure and may be used. The use of these programs is encouraged in conjunction
with the use of the nomographs. The software programs should be based on the AASHTO Design
Procedure. The nomographs are to be used to verify the design produced by any software programs.

Figure 10-1 is an example of a nomograph for asphalt pavement.

The following procedure should be used in determining the SN of the pavement being designed:

1) Select the Level of Reliability required in Table 10-4. Enter the nomograph, Figure 10-1, at the left
scale using the Reliability level value. Connect the Reliability component with a Standard Deviation
value (0.44). Extend this line to the first turning line (TL).

2) From the TL intercept, draw a line through the appropriate value for estimated traffic, the 18-kip ESAL.
Extend the line to the second TL.

3) From this TL intercept, draw a line through the appropriate soil support value (roadbed soil Mr) and
extend it to left edge of the Design Serviceability Loss portion of the nomograph.

4) Plot the horizontal line intercepting the selected psi value from Table 10-3. From this turning point,
plot a vertical line down to the resultant Design SN.

5) Once the SN has been determined, the design thicknesses of the pavement structure can be
determined by the general equation:

SN =a1D1+ a2D2+ a3D3 + ...
where

a1 = Asphalt strength coefficient az, a3, an. = strength coefficients of additional pavement components
D1 = thickness of asphalt (inches) Dz, D3, Dn = thickness of additional pavement component sections

6) The strength coefficients for various components of the pavement structure are given in Table 10-6.
7) The component thickness selected must meet two conditions:

a) Total hot bituminous pavement thickness selected cannot be less than the minimum specified in
Table 10-5 for the roadway classification.

b) The base course thickness selected cannot exceed 2.5 times the hot bituminous pavement
thickness selected.

8) The design must reference any mitigation measures required when the subgrade contains swelling
soils as defined in Section 10.4.3.
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Figure 10-1. Nomograph for Asphalt Pavement
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10.6.2  Rigid Pavement

The following procedure uses nomographs to determine the SN and then an equation to determine the
design thickness of the pavement structure. The use of this procedure to determine the pavement
structure is required. Additionally, various software programs are available that are based on the AASHTO
Design Procedure and may be used. The use of these programs is encouraged in conjunction with the use
of the nomographs. The software should be based on the AASHTO Design Procedure. The nomographs are
to be used to verify the design produced by any software programs.

Use the following procedure to obtain required thickness:

1) Determine the Effective Modulus of Subgrade Reaction, K(pci) from Table 10-9 and Figure 10-4. Enter
the nomograph, Figure 10-2 (segment 1), at the bottom of the Effective Modulus of Subgrade
Reaction, K(pci) graph. Connect the K(pci) value with the Concrete Elastic Modulus (Ec) referenced in
Table 10-8. Extend the line to the right edge of the graph.

2) Extend the line through the Mean Concrete Modulus of Rupture, S'c (pci) referenced in Table 10-8 to
the first TL. Determine the Terminal Serviceability Index of the roadway (Table 10-3).

3) From the TL intercept, draw a line through the Load Transfer Coefficient, (J) referenced in Table 10-8
to the second TL.

4) From the TL intercept, draw a line through the Drainage Coefficient (Cd) referenced in Table 10-8to
the Match Line.

5) Extend the line from the Match Line (segment 2) through the Design Serviceability Loss, referenced in
Table 10-3 to the left edge of the Design Slab Thickness Nomograph.

6) Select the Level of Reliability from Table 10-8. Enter the nomograph Figure 10-3 (segment 2) at the
bottom of the Reliability line. Connect the Reliability component with the Overall Standard Deviation
(So) from Table 10-8. Extend this line to the TL.

7) From the TL intercept, draw a line through the appropriate ESAL applications to the bottom edge of
the Design Slab Thickness nomograph. Extend lines from the left and bottom of the Design Slab
Thickness nomograph to intercept at the appropriate Design Slab Thickness, D (inches).

8) The design must reference any mitigation measures required when the subgrade contains swelling
soils as defined in Section 10.4.3.
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Figure 10-2. Nomograph for Rigid Pavement Design (Segment 1)
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Figure 10-3. Nomograph for Rigid Pavement Design (Segment 2)
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If software is used to verify the design, it will require additional input. The following table and figures are
to be used to determine the additional input required by software programs. If software is used to
determine the design thickness of the pavement, it is to be verified using the nomographs in this section.

Table 10-8. Rigid Pavement Design Factors

Factor Source

18-kip ESAL Table 10-2

Reliability, R 95% Arterials
90% Collectors and Local Roads

Overall Deviation, So 0.44

Serviceability Loss, A PSI Table 10-3

Modulus of Subgrade Reaction, k Determined in Section 10.6.2

Modulus of Rupture, S'c 650 psi

Modulus of Elasticity, Ec 3,400,000 psi

Drainage Coefficient, Cd 1.0

Load Transfer Coefficient (J) If monolithic or tied curb and gutter are placed on both
sides of the pavement, use 2.7; otherwise, use 4.2.

The Modulus of Subgrade Reaction, k, shall be determined from Table 10-9 and Figure 10-4. Table 10-9
lists k-values for soils classified as A-1 through A-7. Figure 10-4 is used with the degree of saturation to
determine the k-value for soils classified as A-4 through A-7.
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Table 10-9. Modulus of Subgrade Reaction, K, for A-1 to A-7 Soils

Soil Type

AASHTO Class

Description

Unified
Class

Dry Density
Natural Condition

CBR
(Percent)

K-Value (psi/in)

Coarse-Grained Soils A-1-a, well graded Gravel GW, GP 125-140 60-80 300-450
Coarse-Grained Soils A-1-b, poorly graded Gravel GW, GP 120-130 35-60 300 - 400
Coarse-Grained Soils A-1-b Coarse Sand SW 110-130 20-40 200 - 400
Coarse-Grained Soils A-3 Fine Sand SP 105-120 15-25 150 - 300
A-2 Soils (Granular Materials | A-2-4, gravelly Silty Gravel GM 130-145 40-80 300-500
with High Fines)

A-2 Soils (Granular Materials | A-2-5, gravelly Silty Sandy Gravel GM 130-145 40-80 300-500
with High Fines)

A-2 Soils (Granular Materials | A-2-4, sandy Silty Sand SM 120-135 20-40 300-400
with High Fines)

A-2 Soils (Granular Materials | A-2-5, sandy Silty Gravelly Sand SM 120-135 20-40 300 - 400
with High Fines)

A-2 Soils (Granular Materials | A-2-6, gravelly Clayey Gravel GC 120-140 20-40 200 - 450
with High Fines)

A-2 Soils (Granular Materials | A-2-7, gravelly Clayey Sandy Gravel GC 120-140 20-40 200 - 450
with High Fines)

A-2 Soils (Granular Materials | A-2-6, sandy Clayey Sand SC 105-130 10-20 150 - 350
with High Fines)

A-2 Soils (Granular Materials | A-2-7, sandy Clayey Gravelly Sand SC 105-130 10-20 150 - 350
with High Fines)

Fine-Grained Soils A-4 Silt ML, OL 90 - 105 4-8 25-165 [
Fine-Grained Soils A-4 Silt/Sand/Gravel Mixture ML, OL 100- 125 5-15 40-2201l
Fine-Grained Soils A-5 Poorly Graded Silt MH 80-100 4-8 25-190 [
Fine-Grained Soils A-6 Plastic Clay CL 100-125 5-15 25— 255 [l
Fine-Grained Soils A-7-5 Moderately Plastic CL, oL 90-125 4-15 25-215 [l

Elastic Clay
Fine-Grained Soils A-7-6 Highly Plastic Elastic Clay CH, OH 80-110 3-5 40-2200

lal K-value of fine-grained soil depends highly on degree of saturation. Refer to Figure 10-4.
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Figure 10-4. Modulus of Subgrade Reaction, K, for A-4 through A-7 Soils, Using Degree of Saturation
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10.6.3  Subgrade Stabilization

The purpose of this section is to provide a zone of low-swelling, strain-absorbing material between the
expansive subgrade and the pavement section. This specification shall be applied to achieve a stabilized
paving platform without structural benefit to the Pavement Design. It is solely to address subgrade soils
with an R-Value of 5 or less or a subgrade material with swells of 2% or greater. The City requires that for
soils with an R-Value of 5 or less or a subgrade material with swell over 2%, the top 12 inches be replaced
with 12 inches of Class 6 Aggregate Base Course. At a minimum, the limits of mitigation shall be from
intersection to intersection on a roadway. The mitigation shall extend to 1 foot beyond the back-of-curb
(if detached walk or no walk), or 1 foot beyond to the back-of-walk (if attached or monolithic walk).
Alternate methods of mitigation may be proposed and will be considered on a case-by-case basis but must
address the potential for soil remixing for utility installation by properly phasing construction to avoid
remixing, or mitigation to a depth great enough that utilities installed after mitigation do not breach the
mitigated zone.
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The Design Report must reference mitigation measures when the reported R-Value is 5 or less or is
“unstable.” These soils will need to be mitigated by an approved stabilization procedure or removed and
replaced with an approved material.

1)

2)

3)

Mitigation measures are required when the subgrade contains swelling soils (swell potential greater
than or equal to 2.0% under 200 psf surcharge pressures at 95% standard compaction from a swell
test run on undisturbed samples in accordance with ASTM D 4546). Moisture treatment and
reconditioning is not an approved mitigation procedure. Mitigation shall include over excavation and
replacement of the swelling soil with an A-2 to A-6 soil group with less than 2% swell. The over
excavation shall be a minimum of 3 feet below the bottom of the approved pavement section. Upon
removal of the 3 feet of material, the existing surface shall be scarified and reconditioned to a depth
of 8 inches. The reconditioning shall be moisture treated and compacted according to these
Specifications.

An option is to remove the swelling soil to a depth of 1 foot below the bottom of the pavement
section, then replace the excavated materials with 1 foot of Class 6 Road Base. If the road base option
is used, this may require the use of an approved geotextile fabric between the native material and the
Class 6 Road Base. Upon removal of the 1 foot of material, the existing surface shall be scarified and
reconditioned to a depth of 8 inches. The reconditioning shall be moisture treated and compacted
according to these Specifications.

Other methods of swell mitigation could include the use of lime or Portland cement. Methods of
mitigation to be used are subject to approval by the City Public Works Department. The submittal of
an alternative for swell mitigation as described previously should include the requirements associated
with the scarification and reconditioning of the subgrade below the proposed mitigation treatment.

Figure 10-5 provides a good estimate of whether lime or cement is applicable for a certain soil type,
depending on gradation and Pl to a depth of 1 foot below the bottom of the pavement section.

Figure 10-5. Lime/Cement Stabilization Flow Chart
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Design reports recommending permeable layers, such as untreated aggregate base course in the
pavement system, must present the measures to be used to create adequate drainage of such layers and
to maintain segregation of the layers from the swelling soils. Trench drains are required for all pavements
constructed on A-6 or A-7 soils in accordance with Section 10.5.11.

10.7 Material Specifications
10.7.1 General

The specifications presented in this section are performance oriented. The City's objective in setting forth
these specifications is to achieve an acceptable quality pavement structure. Asphalt and concrete
pavement laboratory mix designs must be approved every 2 years by the City Public Works Department.
All sources for the mined or manufactured materials used in mix designs must also be approved every

2 years by the City Public Works Department as having met the appropriate materials performance
specifications. This approval is a condition of using those material sources for public improvement
construction. For the purpose of these Roadway Standards, public improvements are all roadway
improvements, sidewalks, curbs and gutters, appurtenant drainage basins or structures, storm sewers and
their access ways, other public works within City rights-of-way, and City-mandated stormwater detention
structures built on private property and maintained by the property owner(s).

10.7.2  Procedure for Material Source Approval

Material suppliers for any City public improvements shall supply written certified documentation

along with material test results. The certified documentation must be stamped and signed by a
Professional Engineer licensed in the State of Colorado. The material testing must be performed by an
AASHTO-accredited laboratory. The documentation and material test results shall be submitted yearly by
April 15th or a minimum of 14 days prior to construction and may include the following:

1) Material type, source, and location being tested to meet City specifications

2) Test procedures employed

3) Supplier's manufacturing, mining, or treating process by which the tested materials were processed
4) Material test results

5) A signed statement by the material supplier that the materials meet City specifications
10.7.3  Approval Conditions
10.7.3.1 Conformity to the Contract

Materials used in City public improvements will be sampled randomly and tested with the applicable
procedures to verify compliance with material specifications. Additional samples may be selected and
tested at the City's discretion. These tests are in addition to the requirements of Chapter 12.

Any and all material used to construct City public improvements that is not from a certified source, or that
is from a certified source and fails one or more random material tests, may be subject to complete
removal and replacement as a condition of City acceptance of that public improvement. Additional tests
will be required to confirm the existence and extent of the sub-standard material prior to the initiation of
remedial action. The extent of the material to be removed will be at the discretion of the City Public Works
Department.
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10.7.4 Use of Materials Not Listed in Section 10.5.5

Materials in this section and provided with a set of specifications are those deemed by the City to be the
primary structural materials commonly or typically used in public improvements. Ancillary public
improvement materials, such as manufactured paints and coatings, bonding agents, sealers, gaskets, and
insulating materials, should comply with specifications for the appropriate material employed. Alternative
materials for construction may be proposed for use. Decisions on acceptability of alternative materials will
be made by the City's Public Works Director.

10.7.5 Material Specifications

10.7.5.1 Asphalt

Asphalt material shall conform to the MGPEC Asphalt Pavement Materials Specification. Alternate mix
designs may be submitted to the City for review and approval.

10.7.5.2 Portland Concrete Pavement

Portland Cement Concrete Materials shall conform to the MGPEC Portland Cement Concrete Materials
Specification. Alternate mix designs may be submitted to the City for review and approval.

10.7.5.3 Aggregate Base Course

Aggregate Base Course shall conform to the MGPEC Aggregate Base Course Materials Specification.
10.8  Subgrade Investigation and Pavement Design Report

The report shall be prepared by, or under the supervision of, and signed by a licensed PE registered in the
State of Colorado and shall include the following information:

1) Vicinity map to locate the investigated area

2) Scaled drawings showing the location of borings

3) Scaled drawings showing the estimated extent of subgrade soil types and ESAL for each street

4) Pavement Design alternatives for each street on a scaled drawing

5) Tabular listing of sample designation, sample depth, Group Number, Liquid Limit, Plasticity Index,
percent passing the No. 200 sieve, AASHTO Classification, Group Index and soil description

6) R-value test results of each soil type used in the design
7) Pavement Design nomographs properly drawn to show Soil Support — ESAL, SN
8) Design calculations
9) Software Pavement Design summary report
10) A discussion regarding potential subgrade soil problems, including, but not limited to, the following:
a) Heave or settlement prone soils
b) Frost susceptible soils
c) Ground water
d) Drainage considerations (surface and subsurface)
e) Cold weather construction (if appropriate)

f)  Other factors or properties that could affect the design or performance of the pavement system
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11.1 General

This chapter pertains to Public Works Permits required for any and all work occurring in the City's public
rights-of-way and any work affecting public infrastructure. Contractors, public utility agencies, and
property owners installing public or private improvements or storing materials or equipment within any
public right-of-way or City-owned easements must obtain the required permit(s) prior to commencing the
work. The following Permits may be required prior to performing certain described activities in the public
right-of-way and City-owned easements. The Applicant/Contractor are responsible for obtaining the
necessary Permits and associated requirements prior to any work in the right-of-way.

The electronic application for such Permits can be found on the City's webpage:
https://www.castlepinesco.gov/.

11.1.1  Right-of-Way Permits

All work in public rights-of-way and easements must be permitted in accordance with the criteria outlined
here. It is unlawful for any person to perform work within a City public right-of-way without first obtaining
a valid Permit from the City. Any person violating this requirement may be subject to a stop work order
and other subsequent penalties set forth in the Castle Pines Municipal Code.

The Right-of-Way Permit governs the construction, removal, repair, or maintenance of utilities, cable TV,
signs, and other facilities in the public right-of-way. This Permit also governs the installation or
replacement of City-maintained public improvements, including sidewalk, curb and gutter; roadway
subbase, wearing surface, drainage and flood control structures, piping, channels, signs, and traffic signals;
and the construction and maintenance of utility mains or services. The Right-of-Way Permit governs new
access points from private property to City streets and roadways.

11.1.2  Uses for Right-of-Way Permit and Other Permit Types

A Right-of-Way Permit is required prior to beginning any repair or modification of existing or future public
infrastructure or private improvements within the public right-of-way. It is also used to authorize the
construction of minor public or private improvements and repairs that do not require a separate review
and acceptance of public improvement construction plans, but instead are shown on an approved site
plan. The Right-of-Way Permit also applies to additional types of work, including, but not limited to, traffic
control, excavation, and aerial work.

11.1.2.1 Grading, Erosion, and Sediment Control Permit (GESC Permit)

Earthwork (excavation, grading, clearing, grubbing, or filling) on private or public property within the

City of Castle Pines is governed by the City. A Permit is required for most earthwork construction on

private property so that drainage from one property to the next is managed as designed. Any grading
project over 1 acre is required to apply for a grading permit. Other properties less than an acre may require
a low-impact grading Permit depending on the type of construction proposed.

= The fee for this Permit shall be as established by the Municipal Code.

= The GESC Permit is required for any Contractor to begin over-lot grading, excavation, clearing, and
grubbing within a particular development or project before work begins and sufficient surety is
provided to the City Public Works Department.

= Refer to the City's GESC manual on the City's webpage for the requirements of this Permit and policies.
https://www.castlepinesco.gov/.
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11.1.2.2 Temporary Water Service Permits (Construction Water)

To service construction projects requiring the use of water, the Applicant must contact the appropriate
Water and Sanitation District. Although the water and sanitary sewer systems are not owned or solely
permitted through the City, Right-of-Way Permits are required for inspection of backfill and surfacing
procedure in the right-of-way.

11.1.2.3 Overweight Vehicles

The City analyzes any necessary overweight hauling and will limit access to certain streets depending on
the weight of vehicles. This analysis will occur in the evaluation of the Right-of-Way Permit Application.

11.1.2.4 State and Federal Permits

The construction of public infrastructure and land development projects at times require Permits from the
state or federal agencies, including, but not limited to the following:

= Construction Stormwater or Dewatering Discharges

=  Stormwater Management plans

= Section 404 Permits for impacts to wetlands or waterways

= Air Emission Permit from Colorado Department of Public Health and Environment
= Other Permits from Colorado Department of Transportation

The Owner/Developer should anticipate discussions of these Permit requirements in the pre-application
meeting to confirm compliance with the various state and federal agencies.

11.1.2.5 Other City Permits

This section does not address other City Permits required, such as Building Permits, Water and Sanitary
District Permits, Special Use Permits, or Peddler’s Licenses. Those Permits are addressed separately
through the City.

11.2 Permit Standards and Conditions
11.2.1 General Requirements

The Applicant shall be responsible for the following requirements, which are relevant for the project:

= Review and Acceptance of Submittals. The application will be reviewed by the City Public Works
Department. If additional information is required, the Applicant will be contacted and required to
supply the necessary information. In the review, the City Public Works Department will verify that the
Applicant has provided the applicable bond, license, traffic control plans, construction plans,
insurance documents, and all required submittals. The City Public Works Department will not review or
process any incomplete applications for Permits. Permit reviews may require 10 working days after
complete submittals.

= Approval of Permit. Permits are issued subject to the approval/acceptance of the City, state, or other
governmental agencies having either joint supervision over the section of road, or authority to
regulate land use by means of zoning or building regulations.

= Issuance of a Permit. The Permit is issued to the Applicant after all fees have been collected and
applications and other applicable documents are submitted, reviewed, and accepted. This Permit
issuance is only temporary in nature, and any changes in schedule or work must be submitted in
writing to the City Public Works Department for review and acceptance for the Permit to remain valid.
Work cannot proceed after expiration of Permit without approval of the City Public Works Department.
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= Other Agency Approval. Permit Applicants/Contractors are responsible for obtaining separate Permits
or permission as may be required. Examples may be when work is proposed within the state highway,
Utility District, or irrigation company rights-of-way or private property. The Permittee is responsible
for coordinating with respective Agency(ies) to confirm their standards and specifications are met.

= Easements. It shall be the Applicant’s responsibility to obtain required easements and approvals that
may be required.

=  Submittals and Fees. The Applicant shall pay all required fees, provide insurance, guarantee (if
required), and provide appropriate plans, if necessary. The minimum fee for a Right-of-Way Permit is
found in the Municipal Code. Any person or corporation commencing any work without prior valid
written authorization, shall be required to pay a penalty fee. The penalty fee found can be found in the
Municipal Code. The penalty fee includes the normal inspection fee.

= Coordination of Utility Work. The Applicant shall be responsible for coordinating any utility work,
including relocation of the utilities (for example, power poles, transformers, and signals) with the
appropriately responsible district or other third-party agency. These agencies may require their own
Permit process.

= Affected Area. The Applicant is responsible for returning the areas affected by construction to equal
or better condition prior to commencement of activity. The Applicant is responsible for repairing any
damage to private or public property or other adjacent right-of-way that occurs during construction.

= Not Transferable. The Permit may not be transferable or assignable except as agreed to by the City.
The Applicant may subcontract some of the work, and the subcontractor can work under the General
Contractor's permit.

=  Supplemental Permit. The Contractor must receive a subsequent approval from the City Public Works
Department for any work outside of the scope of the approved permit. It is the Applicant's
responsibility to notify the City Public Works Department of the changes. The City Public Works
Department will inform the Applicant whether they must apply for a supplemental Permit or a new
Permit prior to undertaking the additional work. If the changes are significant, the City Public Works
Department may require additional payment on the existing Permit for the additional scope of work or
require a new Permit for the additional work.

=  Public Display. All required Permits and approved plans must be available on the job site at all times
during construction and during placement of traffic control devices. Failure to comply with this
provision shall be grounds for a revocation of the Permit and the issuance of a stop work order.

= No Reimbursement of Fees. In general, once the Permit is approved and fees are collected, no Permit
fee will be reimbursed, even if the Permit has expired before construction takes place.

= Traffic Control Plans. A Traffic Control Plan shall be submitted with the Permit Application for a
proposed work for acceptance by the City Public Works Department, if applicable. Once the Traffic
Control Plan is accepted, all plans, barricades, signs, traffic control devices shall be placed in
accordance with Manual on Uniform Traffic Control Devices. The Applicant/Contractor shall be
responsible for maintaining barricades and other safety devices at all times during construction
operations.

=  Traffic Flow During Peak Hours. No interference of traffic during peak hours will be accepted. Each
Permit will acknowledge hours in which the Contractor can work on a particular road or right-of-way.
Unless acknowledged by the City Public Works Department as an emergency, no traffic control can be
on City roadways prior to 8:30 a.m. and after 3:30 p.m. unless otherwise stated on the Permit or by
written confirmation of the City Public Works Department.

All work with traffic control in the field shall be performed by a certified Traffic Control Supervisor
unless otherwise waived by the City in the application review process. The plan shall detail all devices;
hours of work; days; dimensions of tapers and barricades; limits of work area; and requirements for
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closure of lanes, roads, and access points to commercial or residential properties. The City requires
electronically generated plans for complex projects. For small projects, the City Public Works
Department would prefer electronically generated plans, but if hand drawn, the plans must be legible
and accurate.

= Road Closure Requests. If a Contractor requests a road closure in their application for a Right-of-Way
Permit, the following applies to any approved closures:

— Road closures will require the written approval of the City Public Works Department. Proper
posting and public notification will be required 7 days in advance of any closure. Forms of
notification may include door hangers, variable message signs, and press releases.

— Only one side of a street may be blocked at any given time. Traffic must be provided a minimum
lane width of 10 feet in the construction area. Any plan for traffic control during construction that
indicates a complete closure must show detour routes and must be approved by the City at least
1 week prior to Permit issuance.

—  For full closure, the Applicant will notify and get approval from the appropriate fire protection
district, the County Sheriff's Office, and school district, concerning the exact location of street
barricades and dates traffic will be impeded before approval from the City Public Works
Department.

=  Application Requirements and Procedures. The Permit holder must schedule a City inspection by
contacting the City Public Works Department at least 24 hours, but not more than 120 hours, in
advance of commencing work, or penalties of the stop work order may apply. If an inspection is
scheduled with the City Public Works Department, and for any reason, work is not performed as
scheduled, the permitholder must call and cancel the inspection as soon as possible. Failure to cancel
the City inspection may result in a rescheduling fee levied against the licensed permitholder,
revocation of the permitholder’s license, or both.

— The work of installing range boxes, surveying monuments, adjusting manhole rings and service
boxes, or any similar work undertaken solely for the convenience and at the order of the City shall
require a permit; however, the Permit may be issued on a "no fee" basis.

— These Permits shall apply to Emergency Repair. An Emergency Cut shall be defined as a roadway
excavation required to restore an essential service that has been disrupted or failed, or where
delay of repair would cause further damage to the public right-of-way. Essential service shall be
defined as electric, telephone, gas, water, and sanitary sewer, or other such service needed to
protect the health, safety, and welfare of the public. Emergency Permits shall be processed within
3 business days of the emergency; typical fees, such as a street cut, will be assessed at that time.

— All utilities shall obtain a Permit prior to beginning work in a future or existing City right-of-way.
The practice of utilities using their own work order or job order to proceed with work in the
right-of-way in lieu of obtaining a City Permit is prohibited.

— Unless otherwise provided in the Special Provisions, the Right-of-Way Permit shall be in effect for
60 days from and after the date issued (however, a 60-day extension may be granted upon
request with the possibility of additional fees), unless sooner revoked by the City Public Works
Director or their designated representative for failure of the Applicant to abide by the terms and
conditions of the Permit, or by operation of the law, or at the time the utility for which the Permit
is issued ceases operation. If the Applicant fails to complete installation of the facility covered by
the Permit within the period specified in the Permit, said Permit shall be deemed null and void,
and all privileges and fees thereunder forfeited, unless a written extension of time is obtained
from the City Public Works Director or their designated representative.
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Failure of the Applicant to comply with any of the terms and conditions of the Permit shall be
sufficient cause for cancellation of the Permit and may result in removal of the utilities,
approaches, or other facilities by the City at the Applicant's expense.

The Permit, the privileges granted herein, and the obligations of the Applicant created thereby
shall be binding upon the successors and assigns of the Applicant.

=  Protection of Existing Improvements

Existing Installations. The Contractor shall take proper precautions and be responsible for the
protection of existing street and alley surfaces, driveway culverts, street intersection culverts or
aprons, irrigation systems, mailboxes, driveway approaches, curb, gutter, and sidewalks, and all
other public or private identifiable installations that may be encountered during the entire period
of construction. Existing improvements to adjacent property, such as landscaping, fencing, utility
services, signs, and driveway surfaces, that are not authorized for removal shall be protected from
injury or damage resulting from the Contractor’'s operations.

Utilities. The Contractor shall always take proper precautions for the protection of existing utilities,
the presence of which are known or can be determined by field locations of the utility companies,
including traffic signals. The Contractor shall call in for locates for utility locates a minimum of

3 working days prior to the proposed start of work. The Applicant must coordinate and obtain
approval of utilities prior to getting City approval.

Survey Markers. The Contractor shall take proper precautions for the protection of any property
pins or corners and survey control monuments encountered during construction. Any damaged or
disturbed survey markers or pins shall be replaced by a registered land surveyor at the
Contractor's expense.

Responsibility for Repair. The repair or replacement of any damaged improvements as described
previously shall be the responsibility of the permit holder.

Minimizing Inconvenience. The Contractor shall abide by the requirements set forth by the Permit
to minimize inconvenience to traffic and any inconvenience to adjacent property owners.

Adjacent Property Notification. The Contractor may be required to notify adjacent residents and
businesses if utilities or infrastructure impedes access to roadways affected by construction.

= Permanent Pavement Patches. All permanent pavement patches and repairs shall be made with the
original type of existing materials. For example, concrete patches in concrete surfaces, full-depth
asphalt patches with full-depth asphalt, and concrete pavement with asphalt overlay patches will be
expected in permanent “overlaid” concrete streets. In no case is there to be an asphalt patch in
concrete streets or concrete patch in asphalt streets unless otherwise approved by the City. Any repair
not meeting these requirements will be removed and replaced by the Contractor at their expense.

= Backfill.

Flow Fill. Use of Flow Fill or flash fill is to be used to backfill a trench in existing roadways at the
discretion of the City Public Works Department.

Squeegee. Squeegee shall be used for a minimum of 12 inches above the pipe and bedding below
the pipe.

Inspection. The City Public Works Department requires inspections of squeegee, Flow Fill, and
preparation before patch. If any required inspection is not requested, the City Public Works
Department may require removal and replacement of any work so that work can be inspected for
quality and conformance to the standards and specifications.

= Conformance to Standards. All work is to be constructed in accordance with these Roadway Standards
and Specifications.
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=  Work to be Done in an Expedient Manner. All work shall be done in an expedient manner. Repairs
shall be made as rapidly as is consistent with high-quality workmanship and materials. Use of
fast-setting concrete and similar techniques may be required and are encouraged whenever possible
without sacrificing the quality of repair. Completion of the work, including replacement of pavement
and cleanup, shall be accomplished immediately after the repair work or activity involving the cut is
done. Extension of time for completion requires written approval of the City Public Works Department.
If the repairs are not completed in the allotted time, the City has the right to repair the street and bill
the full cost of work and administrative expenses to the Contractor. The City requires a reasonable,
continuous, and diligent effort from the Contractor to complete work and daily cleanup. The
Contractor shall have 48 hours to complete street patching.

= Removal and Replacement of Unsatisfactory Work. Removal and replacement of unsatisfactory work
shall be completed within 15 days of written notification of the deficiency unless deemed an
emergency requiring immediate action. If deemed an emergency for health and safety reasons, the
Contractor must complete the work immediately.

In the event the replacement work is not completed within the requirements, the City Public Works
Department will take action against the Contractor’s surety or bond to cover all related costs. If the
Developer/Contractor does not pay for outstanding fees, the City Public Works Department may notify
the guarantee holder that they may require the guarantee to be paid out to the City.

= Cold Patch or Metal Plate. After excavation work is completed in existing roads for the day, but the
project is not finished, the Contractor shall backfill base material and cover their excavation with cold
patch or a metal plate with cold patched edges at the discretion of the City Public Works Department.
To use a metal plate, the Applicant/Contractor is required to have prior approval on the permit.
Generally, the City Public Works Department does not approve metal plates between October and
April because of snow removal. Cold mix may be used for temporary use only and be in place no
longer than 1 week.

If the Contractor does not replace the cold mix within a week, or outstanding work remains, the
City Public Works Department may restrict the Contractor’s ability to receive any new Permits unless
this work is appropriately completed or request payment through the Contractor’s surety.

= Non-Emergency Holiday, Weekend, or After-Hours Work. If a Contractor would like to work on
holidays, weekends, or after hours, they must request that work through the City Public Works
Department. The Contractor shall make the request at least 1 week prior to the proposed work dates.

11.3 Stop Work Orders

Any person, corporation, quasi-governmental agency, special district, public utility, or private utility
company that has performed work without first having obtained a Permit or has performed work in the
right-of-way that is considered a safety hazard or has nonconforming items that have not been addressed
will be issued a notice to stop work. All specified work shall be discontinued until such time that the
appropriate repair or Permits are in place, or the City has been reimbursed for its expenses. The City, may,
on its own initiative, make required repairs and bill the responsible Contractor. The City Public Works
Department or Inspector is authorized to issue stop work orders. The stop work order shall contain a
written statement of the violations that caused the issuance. Immediately upon receipt of a stop work
order, the Applicant shall consult with the City Public Works Department to resolve the violations. If
weekend work caused by emergency occurs, the Contractor shall forward pictures to the City Public Works
Department and notify the City Public Works Department.

11.3.1 Stop Work Fines

Any Applicant who does not immediately discontinue work upon issuance of a stop work order shall be
subject to fines. The Applicant may be fined in accordance with the City's Municipal Code requirements.
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11.3.2  Typical Reasons for Stop Work Order

Any Permit may be revoked or suspended by the City Public Works Department for the following typical
reasons:

= Violations of any condition of the Public Improvements Agreement or of the approved construction
drawings or specifications

= Violation of any provision of these Roadway Standards and Specifications
= Violation of any other Ordinance of the City, state law, or federal law pertaining to the work

= Existence of any condition or the occurrence of any act that may constitute or cause a condition
endangering health, life safety, or serious damage to property

= No Right-of-Way Permit, or failure to comply with permit
11.3.3 Immediate Effects of Stop Work Order

A suspension or revocation by the City and stop work orders shall take effect immediately upon notice to
the person performing the work in the field and shall remain in effect until such time as the City cancels
the order in writing. A failure to abide by the terms of the suspension or revocation will be considered a
violation of the Municipal Code.

Upon receipt of a stop work order, the Contractor shall be responsible for taking such precautions as may
be necessary to prevent damage to the project, prevent inconvenience or hazardous conditions for the
general public, provide for normal drainage, and erect any necessary barricades, signs, or other facilities
that may be necessary or deemed necessary by the City Public Works Department.

No specified work may continue under the Permit and no subsequent Permits will be issued until the City
Public Works Department receives full payment for Permits and City-incurred expenses, or poor
workmanship or safety issues have been resolved.

11.3.4  Mitigation Expenses

In cases where the City Public Works Department deems it necessary to affect a remedial action or repair
to mitigate any dangerous or unsafe circumstances caused by emergencies or untimely performance by
the Applicant, the City Public Works Department may bill the Applicant for any of its costs. Untimely
performance occurs when the Contractor has not performed the remedy within 24 hours of notification.
Emergency repairs are expected to be implemented immediately.

11.3.5 Costs for Repairs

Mitigation repair costs shall include, but not be limited to, the following:

= Administrative charge

= All labor costs (at City rates)
= All material costs

= All equipment costs

11.4  Insurance Requirements for Permits

The following insurance requirements are intended to protect the public, as well as the Contractor who is
providing any construction services in the public right-of-way.

Insurance: The Applicant shall obtain and carry a liability and property damage insurance policy or policies
for the period of time required for complete installation of facilities authorized by the permit, including the
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repair and restoration of the road facilities, and also during such future periods of time when operations
are performed involving the repair, relocation, or removal of said facilities authorized by the permit.
Coverage shall be provided against any claim, demand, suit, or action for property damage, personal
injury, or death resulting from any activities of the Applicant, his officers, employees, agents or contractors
in connection with the construction, installation, repair, or removal of the said facilities authorized by the
permit. The said policy or policies shall include as named insureds: City of Castle Pines, its City Council, its
officers, agents and employees, except as to claims against the Applicant, for personal injury to any
members of the Council or its officers, agents and employees, or damage to any of its or their property.
The said insurance shall provide coverage of property damage insurance, public liability insurance, and
bodily injury insurance in an amount of not less than $400,000.00 each, or such other maximum amount
as may be specified in the Colorado Governmental Immunity Act and protecting the City against any and
all claims for damages to persons or property resulting from construction or installation of any required
improvements, pursuant to this Agreement. The policy will provide that the City shall be notified at least
30 days in advance of any reduction in coverage, termination or cancellation of the policies. Such notice
shall be sent to the City Public Works Director by certified mail, return receipt requested. Contractor agrees
that any subcontractors engaged by or for the Contractor to construct the required improvements shall
maintain public liability coverage in limits not less than those mentioned in this paragraph.

11.4.1 Listing of Specific Requirements

The Applicant is responsible to provide insurance prior to the issuance of the Permit in accordance with
the following requirements:

= The Applicant or the Applicant's Contractor shall present proof of carrying a liability and property
damage insurance policy or policies known as Commercial General Liability for the period of time
required for complete installation of facilities authorized by the permit, including the repair and
restoration of the road facilities, and also, during such future periods of time when operations are
performed involving the repair, relocation or removal of said facilities authorized by the permit.
Coverage shall be provided against any claim, demand, suit, or action for the property damage,
personal injury, or death resulting from any activities of the Applicant, his officers, employees, agents,
or contractors in connection with the construction, installation, repair, or removal of the said facilities
authorized by the permit.

= The policy shall include as named insured: The City, City Public Works Department, Risk Management,
its officers, agents and employees, except as to claims against the Applicant, for personal injury to any
members of the Council, its officers, agents and employees, or damage to any of its or their property.
The said insurance shall provide coverage of property damage insurance, public liability insurance,
and bodily injury insurance in the amount of not less than $1,000,000 each, or such other maximum
amount as may be specified in the Colorado Governmental Immunity Act and protecting the City
against any and all claims for damages to persons or property resulting from construction or
installation of any required improvements pursuant to the permit.

= The policy will provide that the City shall be notified at least 30 days in advance of any reduction in
coverage, termination, or cancellation of the policies. Such notice shall be sent to the City Public
Works Department by certified mail, return receipt requested.

=  The Applicant shall also obtain and keep in force during the duration of all work covered under the
Permit a policy of Automobile Liability insurance with similar terms as mentioned previously. This
policy shall insure the Applicant against any liability for personal injury, bodily injury, or death arising
from the use of motor vehicles and shall cover operations on or off the site of all motor vehicles
controlled by the Applicant.

= All Contractors shall have proof of worker's compensation on the Certificate of Insurance.
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11.5 Security Requirements

The Security requirements are for the Contractor obtaining Permits. When the project is a development,
the Owner/Developer must provide separate security and insurance according to the Subdivision
Improvement Agreement (SIA) or other Agreement for the public improvements.

11.5.1 Bonds

A non-cancelable Permit bond in the amount of the cost of the Public Improvements, but not less than
$20,000 per permit, payable to the City of Castle Pines, shall be required in the name of the Permittee
prior to issuance of any permit. Said bond shall assure that the Permittee will comply with all City
standards and specifications and shall assure recovery by the City of any expense incurred, within a period
of 365 days, following the expiration date of a permit, to the amount of said bond, because of a failure of
the Permittee to comply with the provisions of these Roadway Standards or to otherwise cause expense to
the City as a result of the work performed. The described Permit bond is not required in the following
cases (note that the Owner/Developer may not use the Permit bond method in lieu of an SIA as collateral
for their development):

1) The proposed work is included in the scope of an updated SIA, Development Agreement, or Contract.

2) The proposed work is to be performed for a Local Improvement District, Metropolitan District, for
example, where an Intergovernmental Agreement has been executed.

3) The proposed work is to be performed for the City, and the Contractor has provided the City with a
Performance/Payment Bond.

11.5.2 Revocation

Any Permit determined to be without an adequate security as required shall be subject to immediate
revocation by the City.

11.5.3  Exception for Governmental Entities

Municipalities, quasi-governmental agencies, special districts, mutual companies, electric, gas, and
communication utilities, may provide a Letter of Responsibility in lieu of posting the required bond.

11.5.4  Unacceptable Security
It shall not be acceptable to the City to receive cash deposits, certified checks or similar security in lieu of a

Letter of Credit. Letters of Credit and Letters of Responsibility shall be filed in the office of the City Public
Works Director.

11.6  Contractor License Requirements

The City Public Works Department requires the contractors who plan to work in the City's rights-of-way to
have a contractor license with the City. Refer to the City's Municipal Code for these requirements.
Contractor licenses shall take up to 10 days to process. Licenses can be obtained through the Building
Department and can be found on the City's website.

11.6.1 Contractor License

Any person or person representing a corporation, governmental or quasi-governmental agency, special
district, mutual company, utility or communication company, who must obtain a Permit for work on or
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under property owned by the City must be licensed by the City of Castle Pines to be knowledgeable of the
specifications, testing, inspection, and procedures required by the City.

11.6.2 Use of License

Each person who is issued a license may designate six other persons who are authorized to obtain Permits
on behalf of the license holder. The license holder is still responsible for the permitted work even though
the Permit is obtained by their authorized representative.

The license holder or one of their six authorized representatives must be on the site of the permitted work
at all times during construction. If a license holder or one of their authorized representatives is not present
at the construction site, a stop work order for all work on the site may be issued until a responsible person

arrives on site.

This license is good for a period of 2 years. At the end of 2 years, the license holder must take and pass
another test and be issued a new license.

11.6.3 Revocation of License

If it is found that work performed under the Permit obtained by a licensed person is repeatedly
substandard according to City requirements and specifications, the City may call a hearing to determine
whether the license holder should

= Retain their license
= Have their license revoked
= Be given a probationary period

A person'’s license cannot be revoked unless the City Public Works Director determines that allowing the
licensed person to continue to obtain Permits and perform work on public property would be detrimental
to the health, safety, and welfare of the general public.
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12.1 General

All earthwork and right-of-way construction shall be performed in accordance with the City of Castle Pines
Roadway Design and Construction Standards. In these Roadway Standards, asphalt refers to hot
bituminous pavement, existing bituminous pavement, or asphalt paving material. In case of discrepancy,
the most stringent criteria shall take precedence as determined by the City.

Refer to Chapter 8 for Inspection and Testing Requirements related to bridges and structures.
12.1.1  Third-Party Testing

Results of tests and inspections performed by the testing firm in the employment of the Owners,
Developers, or Contractors shall be submitted directly from the testing agency to the City Public Works
Department within 10 working days after the testing or retesting date of field and laboratory tests. Failure
to meet these requirements may result in a Stop Work Order being issued along with penalties in
accordance with these Roadway Standards. It is the responsibility of the third-party testing agency and the
Owner/Developer to review test data and assure conformance to testing frequencies outlined in these
Standards. Failure to conform to Standards may result in non-acceptance of public infrastructure.

12.1.2  Rights-of-Way, Easements, and Storm Water Facilities

Any work performed inside a City right-of-way, associated easements, and all storm water facilities shall be
tested by approved materials testing firms accredited by American Association of State Highway and
Transportation Officials (AASHTO) on an annual basis. They must employ a full-time, registered
Professional Engineer (PE) licensed in the State of Colorado who directly supervises the work of the firm.
The costs of testing, retests, and associated reporting will be paid by the Owner/Developer. All material
testing reports must be from an AASHTO-accredited lab and must be certified by a PE.

12.2  Ancillary Structure Testing

12.2.1 Utility Trenches, Inlets, Manholes, and Junction Boxes Backfilling Materials, Placement, and
Compaction

All utility trenches within the right-of-way, associated easements, and on all facilities shall be placed and
compacted in accordance with these Roadway Standards.

12.2.2 Testing

Field moisture-density testing shall be performed during backfill operations from the bedding material up
to the finished subgrade elevation. Minimum testing frequency shall be in accordance with the tables in
this chapter. A sufficient number of tests shall be taken at various depths to confirm backfill compaction
and moisture content specifications are met. The results of field density tests shall be submitted in packet
form and reviewed by the City Public Works Department prior to paving surfaces and prior to preliminary
acceptance of right-of-way features. Prior to receiving the test packet, it is the testing agency and
Owner/Developer's responsibility to assure conformance with testing frequency. Testing shall be done in
accordance with this manual. Within the roadway area, trench compaction shall be in accordance with
AASHTO T-99 or T-180.
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12.2.3  Curb, Gutter, Sidewalk, Cross Pans, and Minor Drainage Structures Subgrade Preparation
12.2.3.1 Subgrade

Subgrade shall be thoroughly compacted in accordance with the Specifications outlined in this chapter.
The surface shall be smooth to the final grade on which the concrete or asphalt will be placed, with no
humps or depressions.

12.2.3.2 Testing

Testing frequency for the subgrade shall be in accordance with the tables in this chapter. Once all testing
is complete, the subgrade shall be proof rolled. All costs associated with testing, retests, and associated
reporting will be paid by the Owner/Developer. These test results shall be submitted to City Public Works
Department for compliance review prior to paving and before initial acceptance.

12.2.4 Concrete
12.2.4.1 Materials

Concrete material, curing, and placement shall conform with the requirements of these Roadway
Standards. Curing methods shall conform to ACI 301 standard specifications.

12.2.4.2 Placement

Concrete placement and finishing shall include methods per ACI, which will not reduce the strength or
integrity of the final product.

12.2.4.3 Testing

Daily placement of concrete will require testing in accordance with this chapter, plus properties testing
on the first three consecutive passing truck loads. If placement is by means of a pump truck, sampling
will be from the point of placement (the end of the discharge hose). One set of five cylinders shall be
made and used for compressive strength testing from one of the first three passing truck loads and every
50 subsequent cubic yards or portion thereof. In the event of there being only one or two truck load(s)
placed, then all of the tests described previously will be required to pass, with one set of cylinders made
for compressive strength testing.

12.2.4.4 Cold Weather Concrete Protection

From November 1st through April 15th when the mean daily temperature is less than 40 degrees
Fahrenheit (°F) or when concrete is placed with ambient temperatures below 40°F, cold weather protection
shall be provided in accordance with these Roadway Standards.

All protection for the job must be onsite and reviewed by a City Inspector prior to beginning the concrete
placement. After the concrete has been placed, the Contractor shall provide sufficient protection, such as
cover, straw, thermal blankets, canvas, framework, or heating apparatus, to enclose and protect the
structure and maintain the temperature of the concrete at not less than 50°F for a minimum of 5 days or
until at least 60% of the design strength has been attained. It shall be the Permittee’s responsibility to
provide proof of temperature compliance through the use of maturity meters or with surface temperature
recording devices, as certified (by a PE) by a testing laboratory. The maximum frequency for recording
temperatures shall be 1-hour intervals. If surface temperature compliance data are not provided, the
permittee may be required to provide the City with petrographic tests for every 50 cubic yards of concrete
placed. Except as provided previously, cold weather placement of concrete shall be in accordance with
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ACI-306. If in the opinion of the City Inspector, the protection provided is not in accordance with the
specifications herein, placement of concrete shall cease until conditions or procedures are satisfactory to
the City Inspector.

Note: Dates for Mean Daily Temperature as determined over the last 25 years by the Colorado Climate
Center, Department of Atmospheric Science by: (min. temp. + max. temp)/2 (which is accurate to within
plus or minus 1 degree).

12.3 Roadway Subgrade Preparation
12.3.1 Swell Mitigation Procedure

If swell mitigation is required in accordance with the approved Pavement Design Report, the swelling
material shall be mitigated based on the approved measures. Field density tests and a proof roll shall be
performed and accepted.

12.3.2 Compaction

Subgrade shall be prepared in accordance with these Roadway Standards. Certified compaction reports
shall be required in accordance with these Roadway Standards prior to initial acceptance by the City.

To determine soil temperature, the subgrade will be checked at various depths below the surface as
determined by the City Inspector. If there is the presence of ice crystals in the subgrade, or temperatures
are recorded at or below 32°F, as determined by a City Inspector, it shall be considered frozen material.

12.3.3  Testing
Subgrade shall be tested in accordance with these Roadway Standards.
12.3.4  Final Proof Rolling

Subgrade, which is pumping, or deforming as determined by the City Inspector, must be reworked,
replaced, or otherwise modified to form a smooth, stable, non-yielding base for subsequent paving
courses. The proof roll shall be scheduled with the City Public Works Department at least 24 hours in
advance, and the City Inspector shall be present at the time of the proof roll. Table 12-1 provides
information on soil characteristics.

Table 12-1. Soil Characteristics

Soil Type | Compaction | Moisture
A-1,A-2, A-3 95% Min. of AASHTO T 180 -2to +2
A-4, A-5, A-6, A-7 95% Min. of AASHTO T 99 Oto +4

12.3.5 Acceptance

The results of field moisture and density tests shall be submitted and reviewed by the City Public Works
Department. Provided all tests are acceptable and the proof roll is approved, placement of the first paving
course may proceed. Should testing and proof rolling indicate unsatisfactory work, the necessary
reworking, compaction, replacement, retesting, and new proof roll will be required prior to continuation of
the paving process. The testing and proof rolling are valid for 24 hours. Changes in weather, such as
freezing or precipitation, will require retesting and proof rolling the subgrade. The City will review all
testing prior to acceptance.
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12.4  Lime- and Cement-Treated Subgrade
12.4.1  Materials

Construction of lime- and cement-treated subgrade shall not be allowed from October 1st through
April 15th. Lime- and cement-treated subgrade shall be used only where a mix design has been previously
submitted to and approved by the City Public Works Director or their representative.

12.4.2 Construction

Subgrade shall be in accordance with the proof roll standards. Acceptable compressive strength test
results shall be in a range determined by the City. If cement treatment subgrade is used under concrete
pavement, a bond breaker shall be used.

Note: If lime- or cement-treated subgrade is used for swell mitigation in accordance with Chapter 10 of
these Roadway Standards, the lime- or cement-treated subgrade cannot be used to improve the R-value
or the structural number.

12.4.3 Testing

Lime- and cement-treated subgrade shall be observed and tested on a full-time basis. Minimum sampling
and testing shall be in accordance with the more stringent of current AASHTO and Colorado Department
of Transportation (CDOT) specifications. Compaction curves (AASHTO T 220) will be required for each soil
type, and field density shall be compared with the appropriate curve for percentage compaction
determinations.

12.4.4  Acceptance
Test results shall be submitted and reviewed by the City Public Works Department. Provided all tests,

including a proof roll, are acceptable, the subgrade will be approved, and the next paving course can be
placed. The City will review all testing prior to acceptance.

12.5  Aggregate Base Course and Recycled Concrete Base Course
12.5.1  Materials

Aggregate base course materials must be from a currently approved source and conform to the
requirements found in these Roadway Standards.

12.5.2 Placement and Compaction
Materials shall be placed on an approved subgrade that has been tested and proof-rolled within the past
24 hours and found to be stable and non-yielding. Should weather conditions change, such as freezing or

precipitation, aggregate base materials shall not be placed until the subgrade is retested and proof rolled.

Aggregate base materials shall be moisture treated and compacted to 95% modified proctor and within
2% of optimum.

12.5.3 Testing

Testing shall be done in accordance with these Roadway Standards. Should the tests indicate the material
does not meet specifications, the material shall be removed and replaced.
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During placement and compaction, compaction curves will be required for each material used. Field
moisture-density tests shall be taken on each lift of material at random locations at approximate intervals
of 200 linear feet in each travel lane.

12.5.4  Proof Rolling

After the base course has been compacted, tested, and found to meet specifications, base course, which is
pumping or deforming, must be reworked, replaced, or otherwise modified to form a smooth, stable,
non-yielding base for subsequent paving courses. The proof roll shall be scheduled 24 hours in advance
with the City, and a City representative shall be present at the time of the proof roll.

12.5.5 Acceptance

The results of field moisture/density tests and proof rolling shall be submitted and reviewed by the City
Public Works Department. Provided all tests are acceptable, and the proof roll is approved, placement of
the first paving course may proceed. Should testing and proof rolling indicate unsatisfactory work, the
necessary reworking, compaction, replacement, retesting and new proof roll will be required prior to
continuation of the paving process. Approval testing and proof rolling are valid for 24 hours. Changes in
weather, such as freezing or precipitation, will require reapproval, re-testing, and proof rolling of the
base course.

12.6  Asphalt
12.6.1 Materials

All asphalt, aggregate, fillers, and additives shall be combined to form a mix design in accordance with
Chapter 10 of these Roadway Standards. The mix design must be submitted to and approved by the City
Public Works Department every 2 years. If any element of a mix design changes, a new mix design
submittal is required.

12.6.2 Placement and Compaction

Materials shall be placed on an approved subgrade, base course, or previous paving course in accordance
with these Roadway Standards.

If more than one theoretical maximum specific gravity test is taken in a day, the average of the theoretical
maximum specific gravity results will be used to determine the percentage of compaction.

Self-propelled pavers shall be provided that are capable of spreading and finishing the asphalt paving
material in full lane widths applicable to the typical section and thicknesses as discussed at the pre-paving
conference or shown in the Contract documents and shall be equipped with the following:

=  Anti-segregation devices
= Avibratory screed assembly capable of being heated

Pavers used for shoulders, patching, and similar construction not requiring fine-grade control shall be
capable of spreading and finishing courses of asphalt to the required widths and depths as shown in the
Contract without segregation.

The paver's receiving hopper shall have sufficient capacity for a uniform spreading operation and shall
have an automatic distribution system that will place and spread the mixture uniformly in front of
the screed.
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The paver shall be capable of operation at forward speeds consistent with uniform and continuous
placement of the mixture. Stop-and-go operations of the paver shall be avoided. The screed or strike-off
assembly shall produce the specified finished surface without tearing, shoving, segregating, or gouging
the mixture. Self-propelled pavers shall be equipped with automatic screed controls with sensors capable
of detecting grade provided by a source of reference line and maintaining the screed at the specified
longitudinal grade and transverse slope. The sensors may be contact or non-contact-type devices. The
sensor shall be constructed to operate from either or both sides of the paver and shall be capable of
working with the following devices when they are required for the situation:

= Grade control device at least 30 feet in length

= Joint matching device

= Adequate length of control line and stakes if no other type of geometric control is present

= Astraight edge at least 10 feet in length that will be available to verify the crown on the screed, at the
City's request

The controls shall be capable of maintaining the screed at the specified transverse slope within plus or
minus 0.1%. Automatic mode should be used where possible. If the automatic controls fail or malfunction,
the equipment may be operated manually for the remainder of the normal working day, provided
specified results are obtained.

If the Contractor fails to obtain and maintain the specified thickness or surface tolerances, the paving
operations shall be suspended until satisfactory corrections, repairs, or equipment replacements are
made. Placement of asphalt paving material on a waterproofed bridge deck shall be accomplished with
equipment that will not damage the membrane or protective covering. Material placed that does not meet
thickness requirements shall be removed and replaced. Material placed that does not meet smoothness
requirements shall be removed and replaced or diamond ground so long as thickness requirements are
still met after grinding.

Redistribution of the mixture using hand tools is only permitted when necessary around utilities and in
areas inaccessible to equipment. Casting or raking will not be allowed.

Asphalt shall be placed only on properly prepared, unfrozen surfaces that are free of water, snow, and ice.
The asphalt shall be placed only when both the air and surface temperatures equal or exceed the
temperatures specified in Table 12-2 and the City Inspector determines that the weather conditions
Permit the pavement to be properly placed and compacted.

Table 12-2. Placement Temperature Limitations in °F

Minimum Surface and Air

Minimum Surface and Air Temperature F:
Compacted Layer Thickness (inches) Temperature F: Top Layer Layers Below Top Layer
<15 60 50
1.5t03 50 40
>3 [ 45 35

Note:

Air temperature is taken in the shade. Surface is defined as the approved subgrade, base course, or previous paving
course on which the new pavement is to be placed.

lal Requires Preapproval from the City Public Works Department.

The minimum temperature of the mixture when discharged from the mixer and when delivered for use
shall be as shown in Table 12-3. Mix temperatures will be checked on each load behind the paver screed.
Where the temperature does not meet specifications, the material shall be rejected.
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Table 12-3. Mix Temperatures

Minimum Mix Discharge Minimum Delivered Mix
Asphalt Grade Temperature (°F) [ Temperature (°F) [*!
PG 58-28 275 235
PG 64-22 290 235

81 The maximum mix discharge temperature shall not exceed the minimum discharge temperature by more than 30°F.

bl Delivered mix temperature shall be measured behind the paver screed.
12.6.3 Testing

Asphalt pavement testing shall be performed in accordance with these Roadway Standards. The tests shall
be performed under the general supervision of a PE licensed in the State of Colorado. Laboratories shall
be accredited by AASHTO for tests being performed to an AASHTO standard or an equivalent test method.
Technicians taking samples and conducting compaction tests must have LabCAT Level A certification.
Technicians conducting tests of asphalt content and gradation must have LabCAT Level B certification.
Technicians performing volumetric testing must have LabCAT Level C certification.

If any materials furnished or work performed fails to fulfill the specification requirements, such
deficiencies shall be reported to the City Public Works Department or City Inspector on the day of paving.
Written field reports of all tests taken, and observation results shall be given to the Contractor, City
Inspector, City, and Developer within 10 business days after samples were obtained or density testing
performed. Failures should be reported to the City within this time duration.

Nuclear density test results shall be corrected using Colorado Procedure 82 Field Correction of the
In-Place Measurement of Density of Bituminous Pavement by the Nuclear Method. A new calibration
should be developed for each change in mix design, pavement lift, or underlying surface. Results of
nuclear density test results shall be reported to the Inspector/project superintendent at the time the
testing occurs. Nuclear density test results are for information only and are not to be considered
for acceptance.

If the Contractor chooses to cover a lower asphalt lift before that material has been accepted, and it is
determined that the lower lift is not within the tolerance variance, then both the lower lift(s) and upper lift
will be removed and replaced.

Mix temperatures will be checked on each load behind the paver screed. Where the temperature does not
meet specifications, the material shall be rejected and removed immediately.

If requested by the City, upon completion of the paving, the final pavement thickness and density may be
determined by taking cores. Core density shall be determined by coring after each lift of asphalt is placed.
The cores shall be taken at random locations at intervals of approximately 500 feet in each travel lane as
determined and marked by the City Inspector. The City Inspector must be present during actual core
drilling, or cores will not be accepted. The core holes shall be repaired with asphalt paving material or
other approved products.

Profilograph tests may be required prior to initial and Final Acceptance on collector and arterial roadways.
Profilographs shall be performed by a certified independent testing consultant with data supplied to the
City within 5 working days. Profilographs shall be performed according to CDOT specifications. Table 12-4
provides information on reference conditions.
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Table 12-4. Job Mix Formula Production Tolerance Zones

Reference Condition: | Reference Condition: | Reference Condition:

Within Tolerance Tolerance Variance Out of Tolerance
Element (GREEN) (YELLOW)

Asphalt Content +0.3% +0.5/-0.4% +0.51/-0.41%
Air Voids +1.2% +2.4% +2.5%
Voids in Mineral Aggregate +1.2% +2.4% +2.5%
Percent Relative Compaction — Mat 94 +2% N/A N/A
Percent Relative Compaction - Joint 92 +4% N/A N/A
Passing the 3/8-inch and Larger Sieves 6% 9% +10%
Passing the No. 4 and No. 8 Sieves *5% +8% +9%
Passing the No. 30 Sieve +4% 6% *7%
Passing the No. 200 Sieve 2% *3% *4%

Condition Green will exist when all elements are within Tolerance. Condition Yellow will exist when any
Element falls outside of the Within Tolerance Zone (Green) and has not exceeded the Tolerance Variance
Zone (Yellow). If any of the elements fall in the Tolerance Variance Zone (Yellow), the Contractor shall
notify the Supplier and corrections shall be made. While elements are in the Tolerance Variance Zone
(Yellow), paving operations may continue while corrections are made, provided in-place densities meet
the specifications. While elements are in the Tolerance Variance Zone (Yellow), samples will be taken daily
until the mix is back in the Within Tolerance Zone (Green). In the event the mix has not been brought back
to Within Tolerance (Green) by the end of the third day’s paving operations, or at any time the tests move
into the Out of Tolerance Zone (Red), production or paving operations will be suspended until corrections
are made and the mix is verified against CDOT Standard Specifications.

12.6.4  Acceptance

The results of field density and laboratory tests shall be submitted to, and reviewed by, the City. Provided
all tests are acceptable, the asphalt concrete materials, placement, and compaction will be approved.
Acceptable results shall be in compliance with specified tolerances.

Should testing indicate unsatisfactory work, removal and replacement or overlay work will be required as
determined by the City Public Works Director.
Requirements:

= All (100%) mat cores must pass 94% (plus or minus 2.0%) of the theoretical maximum specific
gravity (Rice Value).

= Al (100%) longitudinal joint cores must pass 92% (plus or minus 4.0%) of the theoretical maximum
specific gravity (Rice Value).

=  All Lottman (Tensile Strength Ratio, % Retained, CP-L 5109) shall be equal to or greater than 70%.
12.6.5 Hot Mix Asphalt Test Result Dispute Resolution

If the Contractor wishes to dispute the results of a failing test, then a split sample (in accordance with
CDOT Field Materials Manual) shall be provided to a certified third-party laboratory within 10 working
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days after the testing date of the original laboratory test. The results of the retest shall replace those of
the original test. The Contractor shall be responsible for paying for the retesting.

12.7 Portland Cement Concrete
12.7.1 Materials

All aggregate, Portland cement, fly ash, water, admixtures, curing materials and reinforcing steel shall
meet the requirements of these Roadway Standards. All materials shall be combined in accordance with
the mix design, submitted to, and approved every 2 years by the City.

12.7.2  Construction Requirements

Materials shall be proportioned, handled, measured, batched, placed, and cured in accordance with these
Roadway Standards.

12.7.3 Cold Weather Concrete Protection

From November 1st through April 15th when the mean daily temperature is less than 40°F or when
concrete is placed with ambient temperatures below 40°F, cold weather protection shall be provided in
accordance with these Roadway Standards.

All protection for the job must be onsite and reviewed by the City Inspector prior to beginning the concrete
placement. After the concrete has been placed, the Contractor shall provide sufficient protection, such as
cover, straw (as determined by R-factor per ACI specifications), thermal blankets, canvas, framework, or
heating apparatus, to enclose and protect the structure and maintain the temperature of the concrete at
not less than 50°F for a minimum of 5 days or until at least 60% of the design strength has been attained.
It shall be the Permittee’s responsibility to provide proof of temperature compliance through the use of
maturity meters or with surface temperature recording devices, as certified (by a PE) by a testing
laboratory. The maximum frequency for recording temperatures shall be 1-hour intervals. If surface
temperature compliance data are not provided, the permittee shall be required to provide the City with
petrographic tests for every 50 cubic yards of concrete placed. Except as provided previously, cold weather
placement of concrete shall be in accordance with ACI-306. If in the opinion of the City Inspector, the
protection provided is not in accordance with the specifications noted previously, placement of concrete
shall cease until conditions or procedures are satisfactory to the City Inspector.

Note: Dates for Mean Daily Temperature as determined over the last 25 years by the Colorado Climate
Center, Department of Atmospheric Science by: (min. temp. + max. temp)/2 (which is accurate to within
plus or minus 1 degree).

12.7.4 Testing

During placement of Portland cement concrete pavement, observation and testing shall be on a full-time
basis. For each day of production, change in source or supplier, or every 400 cubic yards placed (or portion
thereof), aggregate samples shall be obtained at the batch plant for gradation of both the coarse and fine
aggregates.

Slump, air content, unit weight and mix temperature shall be tested every 50 cubic yards of pavement
placed. Daily placement of concrete will require testing of slump, air content, unit weight, and mix
temperature on the first three consecutive passing loads. Sampling will be from the point of placement.
If any one test fails to meet the requirements, testing shall continue until loads meet requirements.
Thereafter, slump, air content, unit weight, and mix temperature shall be tested at least every

50 subsequent cubic yards or portion thereof.
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A minimum of five compressive-strength cylinders shall be fabricated for each 50 cubic yards placed.
Cylinders shall be tested as follows: one at 7 days, three at 28 days and one for backup, as required by the
City. Testing intervals may be increased at the discretion of the City Inspector.

Portland cement and fly ash will be accepted on the basis of current certificates of compliance and
pre-testing by CDOT. Reinforcing steel, dowels, and tie bars will be accepted by certificate of compliance
and mill reports. Water, if not potable, shall be sampled and tested before use. Only CDOT-approved
brands of air entraining agents, chemical admixtures, and curing materials may be used and must be
documented.

Surface smoothness shall be tested and corrected as necessary. Acceptance profiles shall be performed

per CDOT specifications. Hand-placed concrete tested with a 10-foot straightedge shall have a deviation
of no more than 3/16-inch in 10 feet. This requirement is for all concrete mainline pavement. Defective

concrete pavement shall be corrected as necessary.

Concrete thickness shall be verified by coring after construction at random locations at intervals of
approximately 500 feet in each travel lane as determined and marked by the City Inspector. The City
Inspector must be present during actual core drilling, or cores will not be accepted. Core holes shall be
repaired with an approved high-strength epoxy grout or other approved material.

A Final Acceptance profile test shall be conducted after all corrections and repairs are made. Acceptance
profiles shall be performed by a certified profiler with data supplied to the City within 5 working days
following the test.

Curing methods shall conform to ACI 301 standard specifications.
12.7.5 Acceptance

All test results shall be submitted to and reviewed by City Public Works Department or their
representative. The pavement will be accepted once all tests are approved and applicable repairs or
corrections have been made. Should testing indicate unsatisfactory work, removal and replacement or
grinding will be required.

12.8  Other Materials
12.8.1  Asphalt Prime and Tack Coats General

Prime coat is the application of a diluted, emulsified asphalt or cutback asphalt (as allowed by federal or
state law) to previously prepared aggregate base course or granular soil subgrade prior to placing asphalt
concrete. The prime penetrates into the base or subgrade, plugs the voids, binds the fine aggregate at the
surface, waterproofs the surface until the asphalt concrete surfacing is placed, and helps prevent the
surfacing from shoving following construction.

Tack coat is a very light application of asphalt (usually diluted emulsified asphalt) to create a bond
between the asphalt concrete being placed and underlying pavement or adjacent features, such as gutter
faces, valve boxes, manholes, and rings. A tack coat prevents a slip plane in overlays and seals joints
between the paving and other appurtenances. It must be applied uniformly and lightly. Too heavy a tack
coat is less desirable than none at all. A tack coat is used when the surface to be overlaid is old, glazed,
dried out or subjected to dust or traffic film. Tack coats are sometimes omitted between asphalt courses of
new pavements if the succeeding course is placed within 24 hours. If the surface of the underlying course
is contaminated by sand, dust, or foreign material deposited by traffic or wind, merely brooming is not
completely effective. A very light tack coat should be applied after brooming.
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12.8.2  Materials
Emulsified asphalt shall meet the requirements of these Roadway Standards.
12.8.3 Application

Before prime coat application, the surface should be allowed to dry to approximately 80% of optimum
moisture. Application shall be made with a self-propelled pressure distributor capable of uniform
distribution at the rate specified. The distributor should be calibrated and equipped hydraulically, or with
tie downs, so the spray bar will maintain a uniform height above the surface being primed. The asphalt
material shall be applied in the range of 0.20 to 0.40 gallon/square yard. If the surface being primed is
very tight textured and appears fairly non-absorbent, use the lower end of the range. If the surface is more
open textured and appears more absorbent, use the higher end of the range. Apply as much material as
the surface will absorb in a reasonable period of time. If an excess is applied, use a blotter material (sand
or aggregate base material) to absorb the excess.

Tack coat is applied with a self-propelled pressure distributor that is in good condition, clean, and has
been calibrated with nozzles set properly for fan overlap and not plugged. The spray bar should be
capable of being set hydraulically, or tied down, so the bar is maintained at a uniform height from the
application surface. A 1:1 dilution should be applied at 0.10 gallon/square yard. Greater dilutions should
be applied at heavier rates. A wand or hand-spray nozzle attached to the spray bar can be used for
applying tack to gutter faces, valve boxes, manholes, and rings. In lieu of the wand, a hand sprayer, or as a
last resort, a mop and bucket, may be used. Care must be taken with the wand, sprayer, and especially a
mop so that a very light coating is applied, and the emulsion is not sprayed on the surfaces where paving
will not be used. Sloppy workmanship shall not be tolerated. The tack coat must be evenly distributed over
the entire surface.

12.8.4 Curing

When applied, emulsified asphalt will be brown in color. When the emulsion breaks (dehydrates), it will
separate into its two components, asphalt cement and water, and turn black in color. Following the break,
the water must evaporate before placing asphalt concrete. The prime or tack coat will be sticky or tacky
when cured. The length of time required for curing will depend on the surface temperature, air
temperature, humidity, and wind conditions. On a hot, dry, windy day, the prime or tack coat will cure in an
hour or so. Cooler, more humid, cloudy, and still conditions will extend this time period.

12.8.5 Acceptance

Prime or tack coat will be approved by the City upon acceptance of mill certifications, visual approval, and
verification of application rate. Dust or contamination of prime or tack coats will require brooming and
reapplication.

12.8.6  Joint/Crack Sealant

12.8.6.1 Hot Poured Joint and Crack Sealant

This item shall consist of furnishing all materials, equipment, labor, cleaning and clean up, traffic control,
and incidental items necessary for sealing or filling cracks of asphalt pavements. The purpose of crack
sealing and crack filling is to prevent the intrusion of water and incompressibles. Crack sealing shall be
applicable for cracks determined by the City Public Works Department. Crack filler is recommended for
cracks that are 1 inch or wider or exhibit edge deterioration. Crack sealer is used for working cracks, and
for cracks that have more than a quarter-inch seasonal movement. Both hot and cold materials are
currently available for crack sealing; however, this specification is meant to only apply to hot applied
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materials. Crack filler should be used for nonworking cracks. Nonworking cracks are cracks that have
annual movement of less than one-quarter inch. Nonworking crack types may include wide transverse
cracks. If a crack exhibits edge deterioration, it should be filled not sealed.

12.8.6.2 Concrete Joint Fillers

The joint sealant for all sawed longitudinal and transverse joints shall be a silicone joint sealant meeting
ASTM D5893. ASTM C1193 provides guidance for use of joint sealants. Blocking medium shall be an
expanded, closed-cell polyethylene foam-backer rod or nonplastic rope that is compatible with the joint
sealant material and meets ASTM C1330, Type C, or ASTM D5249. Polyethylene expansion joint materials
shall be flexible, low-density, expanded-extruded polyethylene plank formed by the expansion of
polyethylene base resin, extruded as a multicellular, closed-cell, homogeneous foamed polyethylene.
Laminations shall not be permitted. The joint material shall conform to ASTM D1751, ASTM D1752, or
ASTM D8139.

12.9 Road Cuts

12.9.1 Small Trench Cut in an Existing Roadway

This section is generally reserved for small road cuts from utility locates, water line repairs, sewer line
repairs, electrical line repairs, gas main, phone lines, fiber-optic lines, cable lines, or service line repairs
with damage to pavement areas. Unless preapproved, small trenches must be closed and temporarily
resurfaced by the end of the workday. Trenches in existing roadways shall be backfilled with a
preapproved material and the surface restored to use by the end of the workday through the use of
accepted materials.

Final surface restoration shall be completed within 24 hours of temporary surface placement, excluding
concrete curing. For roadways where concrete is involved, high, early-strength concrete may be required.
For damaged or disturbed concrete pavements, sidewalks, curbs, gutters, cross pans, fillets, and curb
ramps, the entire panel or section must be removed and replaced.

If more than 225 square feet of existing roadway is disturbed (from single street cuts on Arterial or
Collector streets to multiple street cuts on Local streets) within a single block, the construction area shall
be milled and overlaid per the direction of the City Public Works Department. The mill and overlay shall
encompass all of the disturbed asphalt areas in a rectangular shape. Refer to Castle Pines Municipal Code
for additional street cut regulations. Standard trench patching shall be required immediately following the
initial road cut(s). T patching and infrared repair is required on all asphalt repair or replacement.

12.9.2  Trenches Crossing a Roadway

Unless otherwise approved in writing by the City Public Works Department, all trenches crossing a roadway
shall be perpendicular to the direction of travel. The sides of the trench shall be saw cut smooth a
minimum of 1 foot from the edge of the trench. The road surface shall be replaced in accordance with
Standard Detail SD. 47, matching the existing pavement grade and maintaining proper drainage. In
concrete roads, the pavement thickness shall be the same as existing, but the panel must be doweled in
the existing pavement as shown in the Standard Details. Unless otherwise approved, all trenches crossing
in asphalt road surface that are less than 5 years old shall be milled and overlaid with approved materials
a minimum of 10 feet on both sides of the trench for Local roadways and a minimum of 50 feet on both
sides of the trench for Collector and Arterial roadways.
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12.9.3  Longitudinal Trenches within a Roadway

Longitudinal trenches within a roadway shall be straight and will generally be a consistent distance from
either the centerline of the road or flow line, as specified. Meandering will not be allowed. All pavements
shall be saw cut a minimum of 1 foot beyond the edge of the trench before patching. If the distance
between the edge of the trench and the lip of gutter, cross pan, or edge of pavement is less than 6 feet, all
pavement to the lip of gutter, cross pan, or edge of pavement shall be removed and replaced. At a
minimum, removed asphalt pavements shall be in accordance with Standard Detail SD. 47.

Pavements within arterials and collectors shall have the final repairs completed within 24 hours of the
completion of the work requiring a road cut. All permanent repairs and temporary patches shall restore
the pavements to existing or better conditions than existed before construction. Temporary patches in
roadways shall be completed by the end of each working day.

Final repairs of pavement within local streets shall be completed within 5 days of the completion of the
work requiring a road cut. At no time will more than 800 feet of trench be allowed to be unrestored or
temporarily patched. All patches shall restore the pavement to existing or better condition than existed
prior to construction.

In roadways whose surface is more than 5 years old, a minimum 12-foot-wide mill and overlay to a depth
of 2 inches is required for the length of the trench before the end of construction. The edge of trench
should not be in the wheel path. Where the trench straddles two or more traffic lanes, both lanes shall be
milled and overlaid to a depth of 2 inches for the length of the trench before the end of construction.

Local streets shall be patched in accordance with Standard Detail SD. 47. Where multiple trench cuts occur
in the street, the construction area shall be milled and overlaid by the end of the project. The mill and
overlay shall encompass all of the disturbed asphalt areas in a rectangular shape.

In roadways whose surface is less than 5 years old, the half of the roadway disturbed by construction shall
be milled and overlaid to a depth of 2 inches for the length of the trench before the end of construction.
This restoration section shall extend from the centerline of the roadway to the lip of the gutter or pan.
Should the road surface on both sides of the centerline be damaged as a result of construction activities,
the entire surface of the roadway shall be milled and overlaid.

At no time will more than 800 feet of road be disturbed and unavailable for the public use, unless
approved in writing by the City Public Works Department.

All final road restoration shall be completed within 24 hours of the temporary patch for unless otherwise
approved by City Public Works Department or their representative. Failure by the Contractor to perform
the required restoration may result in the work being done though the City, with all costs charged to the
project Owner or Contractor. Failure to remit payment for all incurred costs within 30 days of written
notice may incur additional finance charges, project acceptance delays, and collection fees.

12.9.4  Potholes for Locates or Subsurface Investigations in Asphalt Pavements

Potholes for utility locates shall be done by means of a 3- to 6-inch-diameter core drill through the
existing roadway surface. Potholes in asphalt roadways with a surface disturbance less than 1 square foot
shall be repaired using preapproved pavement materials with an infrared surface treatment.

12.9.5 Potholes for Locates or Subsurface Investigations in Concrete Pavements

Potholes for utility locates shall be done by means of a 3- to 6-inch-diameter core drill through the
concrete surface. Potholes in concrete pavement shall be plugged using a preapproved, fast-setting
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pavement concrete. More than two cores in a concrete pavement, including any previous core, or single
disturbed area greater than 1 square foot, shall require the entire panel to be removed and replaced.

For potholes in sidewalks, curbs, gutters, fillets, curb ramps, cross pans, and other small concrete
placements, the entire concrete section shall be removed and replaced.

12.9.6  Amount of Unpaved Roadway Trench

At no time shall more than 800-feet of a trench or trenches be without final restoration and useable by the
public. Situations other than a temporary surface patch, approved by the City Inspector because of
weather or the need to gain access for final tie-in work, must be approved in writing by the City Public
Works Department or its assignee prior to the road surface being cut. Before paving, the Contractor or the
project Owner shall verify passing compaction density tests and pass a proof roll. The City Public Works
Department verifies test results prior to acceptance or Permit close out.

12.9.7 Trenchless Technology — Bores and Missiles

Trenchless construction for wet or dry utilities using missiles, rams, unguided bores, or any other type of
limited control devices is not allowed in the right-of-way. Only machines with fully controlled boring
heads are permitted.

The individual Contractor shall warranty the work for a period of 5 years for heave or settlement. In areas
where the exact depth and location of sewer mains or services is not known, the Contractor shall pothole
to determine the depth or shall have a TV video survey done of the sewer line or service, prior to
construction. The Contractor shall again video survey the sewer line or service after construction is
complete to demonstrate the lines have not been damaged. A videotape of the before and after conditions
shall be submitted to the City Public Works Department within 30 days of completing boring operations.

12.10 Quick Reference

Table 12-5 lists the minimum testing requirements for the City of Castle Pines.

Table 12-5. Castle Pines Minimum Testing Requirements

Item Type of Test Minimum Frequency

Dry Utilities; Gas, Electric, Phone | Moisture/Density 1 per 200 lane feet Every 1 foot in

and Cable TV Trenches (Backfill) elevation and 1 foot from all
structures every 1 foot in elevation

Wet Utilities: Sanitary & Storm Moisture/Density 1 per 200 lane feet every 1 foot in

Sewer, Water Line Trenches, elevation, and 1 foot from all

Services (Backfill) structures, manholes, valves, and

(Full-Time Tester) other Qbstacles every 1 footin
elevation

Inlets (Concrete) Air, Slump, Unit Weight, Temperature First three consecutive passing loads,

every 50 cubic yards thereafter

Cylinders 1 set per 50 cubic yards
Steel Visual documentation
Inlets (Backfill) Density 1 foot in elevation around structure

every 1 foot in elevation
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Item

Sidewalk, Curb and Gutter
(Subgrade)

Type of Test

Moisture/Density

Minimum Frequency

1 per 200 lane feet

every 1 foot in elevation

Proof-roll

All subgrade

Sidewalk, Curb and Gutter
(Concrete)

Air, Slump, Unit Weight, Temperature

First three consecutive passing loads,
every 50 cubic yards thereafter

Cylinders

1 set per 50 cubic yards

Roadway (Subgrade)

Moisture/Density

1 per 200 lane feet every 1 foot in
elevation

Proof-roll

All subgrade

Roadway (Base Course)

Gradation and Atterberg Limits

1 per 2,000 tons

Moisture/Density

1 per 200 lane feet

Proof-roll

All base course

Roadway (Concrete)
(Full-time Tester)

Air, Slump, Unit Weight, Temperature

First three consecutive passing loads,
every 50 cubic yards thereafter

Cylinders

1 set per 50 cubic yards

Roadway (Asphalt)
(Full-time Tester)

Density by Nuclear Gauge

1 per 200 lane feet

Asphalt Content, Gradation, Air Voids,
Voids in Mineral Aggregate

1 per 1,000 tons or minimum

1 per each days' production sampled
at paver

Lottman Striping TSR and Dry Density

One per project per mix used

Roadway (Asphalt and Concrete)

Cores (Thickness and Density
Verification)

per Request

1 per 500 lane feet

Roadway

Smoothness Profile

Arterials and Collectors
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Chapter 13 - Public Infrastructure Acceptance Procedures and
Warranty Requirements

13.1 General Policies

Before the City of Castle Pines (City) assumes ownership and maintenance responsibility for newly
constructed public improvements, the Construction Plans shall be formally accepted by the City Public
Works Department. The Owner, Developer, or Contractor is responsible for the proper installation of all
improvements. The requirements contained herein apply to all new development and redevelopment, and
all other work affecting rights-of-way that are planned for public use within the jurisdiction of the City of
Castle Pines. The City will maintain roads, drainage improvements, signage, pavement markings, and other
public improvements formally accepted and included in the relevant Development or Construction
Agreement.

Partial acceptance is not permitted unless phasing is preapproved; each phase must be clearly identified in
the Construction Plans and secured by a separate surety.

To enforce these requirements, the City may issue Stop Work Orders. If violations persist, the City may
pursue legal action, including seeking a District Court injunction or damages for harm to rights-of-way
intended for public use.

For all related public improvements, such as roads, sidewalks, and drainage infrastructure, the Owner or
Developer is responsible for all initial capital costs and for all operations and maintenance throughout the
warranty period.

13.1.1  Acceptance Criteria

All public and private improvements shall be constructed in conformance with the approved Construction
Plans, the Official Development Plan (if applicable), the Improvement Agreement (if applicable), and
these Roadway Standards. The City Public Works Department shall be the final authority in determining
defects and required corrections to public and private improvements. Failure by the City's representatives
to detect improper installations or defects during the construction of improvements does not relieve the
Owner, Developer, or Contractor of the responsibility to correct such defects later.

13.1.2  Inspection Criteria

Chapter 12, Inspection and Testing Procedures, of these Roadway Standards details the required
inspection and testing for public improvement infrastructure. At the time of both Initial and Final
Acceptance, a comprehensive inspection of all roadway, stormwater, and related construction
improvements shall be conducted. Inspection items include, but are not limited to, asphalt, concrete,
construction materials, utility and drainage infrastructure, signage, traffic signals, lighting, and pavement
markings.

Any element found to be nonconforming to the City Standards or opinion will be rejected and must be
fully reconstructed. Grounds for rejection include, but are not limited to, breakage, cracking, spalling,
scaling, ponding, surface distress, improper grading or crowning, utility misalignment or incorrect
elevations, subsurface settlement, and inadequate drainage. All public infrastructure must satisfy the City's
safety requirements and concerns and comply with all applicable standards and specifications.
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Where asphalt pavement is a portion of a public improvement, the entire length of the roadway or asphalt
section constructed or improved upon must be milled and overlaid at a uniform depth of two inches in all
driving lanes. This process is required to obtain Final Acceptance for all planned development or
redevelopment before requesting full-term maintenance from the City.

If no asphalt damage is caused by construction activities, including, but not limited to, material dumping,
heavy equipment operation, dumpster placement, or material storage that results in staining, cracking,
potholing, chipping, rutting, raveling, swelling, or settlement, the City, at its sole discretion, reserves the
right to waive the resurfacing requirement.

13.2 Initial Acceptance

Roadways and public improvements should not be opened to the public until permanent traffic control
devices are installed. Before the City accepts a new roadway, all improvements shall be constructed
according to the approved plans. The City Public Works Department shall be the final authority in
determining defects and required corrections to public and private improvements.

13.2.1 Initial Acceptance Walkthrough Inspection Request

The Owner, Developer, or Contractor must notify the City Public Works Department once all public
infrastructure for the project has been completed. At that time, a walkthrough inspection may be
scheduled. If the project or improvements are not fully completed, the City will reject the inspection
request.

The Developer and Contractors are encouraged to attend the inspection with the City's representative.
Inspections may be postponed because of excessive dirt or snow on the streets, poor weather,
inaccessibility, or other conditions that prevent proper evaluation.

The first walkthrough inspection is provided at no cost. Any additional or rescheduled inspections will be
charged according to the current City Fee Schedule.

13.2.2 Punch List Submittal

Any deviations identified during the walkthrough will be documented in a corrections list (punch list). The
Owner or their designee is responsible for preparing the punch list, along with a map showing the
locations of all deficiencies.

The Owner or Developer must submit this punch list to the City for approval before permits will be issued
for the work.

13.2.3 Permits

The Owner, Developer, or their designee must obtain all necessary right-of-way permits before beginning
any punch list repairs. The initial permit will be issued at no cost and will be valid for 60 calendar days. If
the punch list items are not completed within that timeframe, additional permits must be obtained and
paid for in accordance with the current City Fee Schedule.
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13.2.4  Executed Punch List

All punch list items must be corrected within 60 days of the walkthrough. If the deficiencies are not fully
addressed within this period, the City will conduct a reinspection, and any new defects identified may be
added to the list. Construction Plans will not be accepted until all noted deficiencies are resolved within
the required timeframe.

The City Public Works Department must be notified both before the start of corrective work and
immediately upon its completion. If additional inspections or walkthroughs are required, the Developer
will be responsible for covering the associated costs.

13.2.5 Independent Test Verification

The Initial Acceptance request must include independent test verification prepared by a registered
Professional Engineer (PE) in the State of Colorado. This verification may consist of destructive or
nondestructive testing, with test types and frequencies meeting all City requirements and requests.

A written evaluation report must accompany the request, demonstrating compliance with the approved
Construction Drawings and these Specifications. The report must include test frequencies, test results, and
an analysis confirming that the roadway structure is expected to have a typical service life, assuming the
City performs standard surface maintenance.

The City may require the Owner or their designee to plot all soil, concrete, and asphalt test locations on
the City-approved construction drawings.

The City is not responsible for reviewing test frequencies or confirming compliance with standards before
granting acceptance.

13.2.6  Record Drawings

Record Drawings (as-builts) shall accompany the request for Initial Acceptance and consist of
electronically marked-up City-approved construction drawings. The Owner or Developer is responsible for
fulfilling the engineering review and survey requirements.

The submitted as-built drawings must include a registered Colorado PE's signed and stamped certification
note on every page.

A Registered Colorado Professional Land Surveyor certification should be on the first page of the
submitted as-builts.

The submittal shall include electronic record information of all public infrastructure, including, but not
limited to, elevations of roadways, gutters, crosspans, pipes, manholes, inlets, riprap pads, headwalls, and
all storm drainage infrastructure shown on the City-approved plans. Improvements shown on the
construction drawings for areas outside of public rights-of-way are also required.

A land surveyor registered in the State of Colorado shall affirm the as-built detention pond volumes and
surface areas at the design depths, outlet structure sizes and elevations, storm drainage sizes and invert
elevations at inlets, manholes, discharge locations, representative open-channel cross-sections, and
dimensions of all drainage structures. Roadway grades shall be considered part of the storm drainage
system. Storm detention and permanent storm water quality Control Measures facilities must be certified
after implementing final landscaping stabilization. This certification is required before a certificate of
occupancy will be issued for any development or redevelopment, or before any acceptance of any public
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improvement project. The detention pond and all permanent storm water quality Control Measures and
facilities must be built according to the approved plans and specifications. The completed facilities shall
meet the required detention volume and design specifications. The surveyed elevations of critical design
components, including roadway slopes, inverts, outlet structures, overflow spillways or weirs, and
freeboard, reflect the final constructed values; the finished pond depths, storage volumes, and release
rates are in substantial conformance with the approved design; and actual release rates conform to
applicable regulatory agency rules and regulations outlined in Colorado Revised Statutes. Extended
detention basins used as temporary sedimentation basins through a phased construction development
shall also be required to have the detention facilities recertified before each phase of the development's
final certificate of occupancy.

Design Engineer and Surveyor statements of compliance with the Record Drawings are required on the
cover sheet as follows:

1) Registered Colorado Professional Engineer: The responsible PE for the project shall state the
following: "Based upon review of, and reliance on, the field survey data and other pertinent data
provided by (Name of Firm(s) or Surveyor), on (Date), and a final site investigation conducted on
(Date), | hereby state that to the best of my knowledge, information, and belief, it is my professional
opinion that the facilities shown in these drawings were constructed in substantial compliance with the
accepted Drainage Report and/or Construction Drawings and the Engineer's intent. This statement is
based only on a review of the field survey data and a final site investigation.”

2) Registered Colorado Professional Land Surveyor: A registered land surveyor in the State of Colorado
shall certify the record of permanent stormwater facilities volumes at the design depths, outlet
structure sizes and elevations, storm sewer sizes and invert elevations at inlets, manholes and
discharge locations, representative open-channel cross-sections, and dimensions of all the drainage
structures. The surveyor shall also state the following: “A Record Drawing field survey was conducted
by (Surveyor), on (Dates). All items noted on these drawings with an “RD" indicate Record Drawing
information based on said survey. Unless explicitly marked with an “RD,"” constructed condition should
not be assumed. I, (Surveyor), hereby state that in my professional opinion, the Record Drawing
information shown on these plans accurately represents the improvements constructed.”

Record Drawings shall show the following information:

= Record Drawings for roadways shall verify centerline and flowline location and elevation at high
points, low points, vertical grade breaks and curves, all points of horizontal curvature, curb returns,
surface utilities and structures, right-of-way monuments, and curb ramp locations.

= Record Drawings for storm sewers shall verify the size and elevation of all pipes (including pipe class),
inlets, riprap, headwalls, and all other storm drainage infrastructure shown on the accepted plans,
including those improvements located in areas outside of public rights-of-way.

= Record Drawings for open channels shall verify all drainageway grades and channel shape, horizontal
and vertical information for grade control structures and stabilization measures, storm sewer outfalls,
and maintenance access.

= Record Drawings for permanent storm water facilities shall verify horizontal and vertical information
of all facilities, including locations of low-flow or trickle channels, outlet structure, emergency
overflow spillway, pipe or channel inlets, water surface limits, and maintenance access.

= Record Drawings for signage and striping plan sheets shall verify the type, size, and location of all
signage and striping shown on the accepted plans.

= Record Drawings for Traffic Signal Plan sheets shall verify the type, size, and location of all traffic
signal devices shown on the accepted plans.
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= Record Drawings for Landscape Plan sheets shall verify locations of trees, monuments, planters,
drainage improvements, and trench drains shown on the accepted plans.

= Record Drawings shall verify other information as specifically requested by the City Public Works
Department and as identified in the accepted plans.

13.2.7 Documentation of Approved Variances

If the Applicant's engineer cannot verify substantial compliance with the accepted Construction Plans, a
list of changes or exceptions to the plans shall be provided for consideration for acceptance by the City
Public Works Department. These must be documented by submitting Record Drawings with the list of
changes or exceptions.

13.2.8  Profilograph

The acceptance request shall include a profilograph or a proposed similar smoothness profile
measurement of all arterial and collector roadways constructed with the project. Smoothness profiles on
local streets may be requested by the City on a case-by-case basis. Profilograph tests shall be made for
each driving lane.

13.2.9  Storm Drainage Video Inspection

The Owner, Developer, or Contractor is responsible for video inspection of all stormwater pipes before
Initial Acceptance by the City to confirm they are free of sediment, debris, damage, or defects. A summary
of this survey should be provided to the City as part of the Record Drawing package. This video survey may
be requested by the City Public Works Department for review.

13.2.10 Initial Acceptance Security

Upon written notification of Initial Acceptance, the collateral for public improvements may be reduced to
the percentage outlined in the Development Agreement or other pertinent contract.

13.3 Warranty

All public improvements shall be subject to a warranty period of at least 2 years after the signature date
on the letter of Initial Acceptance from the City Public Works Department. The warranty period starts at
Initial Acceptance and ends with the Final Acceptance of public improvements.

13.3.1  Maintenance Responsibility

Until Final Acceptance by the City, the Owner or Developer shall, at their own expense, perform all
necessary repairs or replacements to address defects in materials or workmanship. They are also
responsible for routine maintenance of the improvements, including, but not limited to, street sweeping,
pavement markings, signage, snow removal, pothole patching, utility maintenance, addressing safety
concerns, and general cleaning.

If the Developer fails to perform routine maintenance, the City may carry out the work and bill the
Developer for the actual cost plus the administrative fee, or fees, in accordance with the applicable
Agreement. If payment is not received within 60 days, the City may draw upon the posted surety to recover
the costs.

Permanent stormwater facilities must be properly maintained, and operations shall be in accordance with
the approved operation and maintenance manual for the project. Routine maintenance of permanent
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stormwater facilities shall include street sweeping and sediment and debris removal. Nonroutine
maintenance may consist of repairing or replacing any stormwater-related facilities.

When the appropriate maintenance is not provided, the City may provide the necessary maintenance and
shall assess the associated cost to the property owner. All permanent stormwater facilities shall be
maintained in accordance with requirements specified in the Douglas County Storm Drainage Design and
Technical Criteria Manual and the Mile High Flood District's Urban Storm Drainage Criteria Manual. In
addition, the City recommends that these facilities be inspected during and after major storm events to
confirm that the inlet and outlet structures are still functioning as designed and that no damage or
clogging has occurred.

The Owner is responsible for verifying that permanent stormwater facilities function properly. To maintain
proper flow, accumulated sediment, debris, and litter should be removed from these facilities. Particular
attention should be given to outlet structures to prevent the control device from clogging.

13.3.2 Emergency Repairs

In the event of a utility break, utility blockage, street or bridge failure, or other emergency that may occur
during the warranty period, it may become necessary for the City to undertake immediate repairs to the
facilities and make the area safe for the public. The City will attempt to contact the Owner in the event of
such an emergency. However, if the Owner or their representative cannot be contacted or are unable to
take immediate action to relieve the urgent situation, the City may proceed with such action as deemed
necessary and invoice all costs of these actions at the contracted amount plus 15%.

13.4  Final Acceptance and Request for Full-term Maintenance

The Owner, Developer, or Contractor shall request full-term maintenance no sooner than 60 days before
the completion of the warranty period. Walkthrough inspections, punch list, and permit requirements shall
follow the same procedures outlined in Section 13.2 (Initial Acceptance).

Independent test verification, Record Drawings, documentation of approved variances, and profilograph
requirements outlined in Section 13.2 (Initial Acceptance) may be required for Final Acceptance upon
request by the City.

13.4.1  Final Acceptance Security
Once Final Acceptance has been obtained by the Owner or Developer of any phase or phases of the

Project, warranty security held by the City for said phase or phases may be released to the Owner or
Developer in accordance with the applicable Agreement.
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13.5 Acknowledgment of Public Improvements

CITY OF

CASTLE PINES

ACKNOWLEDGMENT OF PUBLIC IMPROVEMENT PROCEDURES

Date of Transmittal Permit No. Permittee Name

Project Name Project Location Description of Work
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The following is a checklist of materials to be submitted at the time of request for acceptance.
Please check "YES,” "NO," or "N/A":

ITEM YES NO ‘ N/A NOTES

Preliminary Walkthrough Request

Executed Punch List(s)

ROW Permit(s) for Remedial Work

As-Built Drawings

Test Verification/Results, Signed by PE

Documentation of Approved
Variances

Storm Drainage Video Inspection

Profilograph

Security (Letter of Credit, or Business
Check)
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FINAL ACCEPTANCE CHECK:
ITEM

Final Walkthrough Request

YES

NO

N/A

NOTES

Executed Punch List(s)

As-Built Drawings of Stormwater
Control Measures

ROW Permit(s) for Remedial Work

Test Verification/Results, Signed by PE

Documentation of Approved
Variances

Storm Drainage Video Inspection

Profilograph

Security (Letter of Credit, or Business
Check)

NOTES/COMMENTS:
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ACKNOWLEDGMENT

Signing below indicates that | have read and understood the City of Castle Pines Acceptance Procedures

and Requirements outlined in this document.

Owner/Developer Name Signature Date

INITIAL ACCEPTANCE

This section is to be completed at the time of Initial Acceptance. The date of Public Works Representative

signature indicates the start of the warranty period.

Owner/Developer Name Signature Date
City Inspector Signature Date
Public Works Representative Signature Date

FINAL ACCEPTANCE

This section is to be completed at the time of Final Acceptance of the associated improvements.
Signatures indicate approval for City of Castle Pines maintenance.

Owner/Developer Name Signature Date
City Inspector Signature Date
Public Works Representative Signature Date
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Appendix A. Roadway Design and Construction Standards -
Standard Drawings

ROADWAY NOTES SD.A
CURB & GUTTERS AND SIDEWALKS SD.2
CURB RAMP & DETECTABLE WARNING AREA NOTES SD.3a
CURB RAMP WITH PANEL DETECTABLE WARNING AREA INSTALLATION SD.3b
CURB RAMP WITH PAVER DETECTABLE WARNING AREA INSTALLATION SD.3c,SD.3d
DIAGONAL CURB RAMP FOR CURB RETURN RADIUS OF 20" TO 30 SD.4a
PERPENDICULAR CURB RAMP FOR CURB RETURN RADIUS OF 35’ TO 50° SD.4b
MID-BLOCK CURB RAMP SD.5
CROSSPAN SD.6
CURB OPENING SD.7
TRENCH DRAIN SD.8a
TRENCH DRAIN WITH TRAFFIC SIGNAL CONDUIT SD.8b
TRAFFIC SIGNAL CONDUIT SD.8c
TRENCH DRAIN INLET WITH SIDEWALK SD.8d
TRENCH DRAIN CLEANOUT SD.9
TRENCH DRAIN 90° CORNER SD.10
BACK TO BACK TRENCH DRAIN CLEANOUTS SD.11
TRENCH DRAIN CONNECTION TO INLET OR MANHOLE SD.12
MEDIAN PLANTER LAYOUT SD.13
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MEDIAN PLANTER DETAILS

MEDIAN COVER MATERIAL

MEDIAN NOSE DETAIL

CONCRETE JOINTS

CONCRETE JOINTS

TYPICAL CONCRETE JOINT LAYOUT

CURB INLET - TYPE R (5', 10’ OR 15’ IN LENGTH)

INLET - TYPE C

INLET - TYPED

GRATED INLET TYPE 13

DENVER TYPE 16 — SINGLE NO. 16 INLET

DENVER TYPE 16 — DOUBLE NO. 16 INLET

DENVER TYPE 16 — TRIPLE NO. 16 INLET

DENVER TYPE 16 — SINGLE, DOUBLE & TRIPLE NO. 16 INLET VALLEY

DENVER - GRATE & FRAME AND ADJUSTABLE CURB BOX

MANHOLES

DENVER - TYPE “P" MANHOLE

DENVER-TYPE P MANHOLE, TOP SLAB AND DETAILS

DENVER — MANHOLE AND INLET STEPS

PIPE INSTALLATION IN TRENCH

SD.14

SD.15

SD.16

SD.17

SD.18

SD.19a,SD.19b, SD.19¢, SD.19d

SD.20a, SD.20b, SD.20c, SD.20d

SD.21a,SD.21b, SD.21c

SD.22a,SD.22b, SD.22c

SD.23a,5D.23b

SD.24a,SD.24b

SD.25a,5SD.25b

SD.264a,SD.26b

SD.27a,5D.28b

SD.28a,5D.28b

SD.29a, SD.29b, SD.29¢, SD.29d,
SD.29e, SD.29f, SD.29g

SD.30a, SD.30b,

SD.31a,SD.31b

SD.32

SD.33a,5D.33b

Castle Pines Roadway Design and Construction Standards
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Appendix A. Roadway Design and Construction Standards — Standard Drawings

PIPE INSTALLATION IN TRENCH FOR STREET CUT

PIPE CONNECTION DETAIL

ROADSIDE DITCH SECTION

URBAN ROADSIDE SWALE

HEADWALLS FOR PIPE CULVERTS

WINGWALLS

CONCRETE OR METAL END SECTIONS

TRAVERSABLE END SECTIONS AND SAFETY GRATES

RESIDENTIAL SIDEWALK CURB CHASE

RANGE BOX

MAILBOX SUPPORT

EMERGENCY OVERFLOW CHANNEL (IN DRAINAGE TRACT)

CURB TRANSITION TO DITCH

CURB CUT

ASPHALT STREET CUT/PATCHING

TEMPORARY STEEL PLATE

SIDEWALK CHASE DRAIN

SD.34a,SD.34b

SD.35a, SD.35b

SD.36

SD.37

SD.38a,5SD.38b

SD.39a, SD.39b, SD.39c¢, SD.394,
SD.3%e

SD.40a, SD.40b

SD.41a, SD.41b, SD.41¢c,
SD.41d, SD.41e, SD.41f

SD.42a,SD.42b

SD.43

SD.44a, SD.44b

SD.45

SD.46

SD.47

SD.48

SD.49

SD.50a, SD.50b, SD.50c¢

TYPICAL SIGN PLACEMENT DETAIL SS.1
STREET NAME SIGN ASSEMBLY SS.2
GROUND MOUNTED STREET NAME SIGN DETAIL SS.3
Castle Pines Roadway Design and Construction Standards A-3



Appendix A. Roadway Design and Construction Standards — Standard Drawings

TYPICAL LOCATIONS FOR STOP SIGNS AND YIELD SIGNS SS.4
TYPICAL 'NO OUTLET' AND ‘DEAD END’ SIGN PLACEMENT SS.5
TYPICAL CROSSWALK MARKING SS.6
MEDIAN NOSE & SIGN DETAIL SS.7
POST ANCHOR DETAIL SS.8
KLEEN BREAK MODEL 425 FOR CONCRETE INSTALLATIONS SS.9
BIKE LANE/ROUTE SIGNS SS.10
BIKE LANE STRIPING DETAIL SS.11

BIKE LANE SYMBOL

BIKE LANE STRIPING DETAIL SS.12
TYPICAL BIKE LANE

BIKE LANE STRIPING DETAIL SS.13
RIGHT TURN DROP LANE

BIKE LANE STRIPING DETAIL SS.14
T-INTERSECTION

BIKE LANE STRIPING DETAIL SS.15
INTERSECTION APPROACHES
BIKE LANE STRIPING DETAIL S5.16

BIKE LANE AND PARKING

BUFFERED BIKE LANE STRIPING DETAIL SS.17
SHARED LANE MARKING NOTES AND DETAIL SS.18
SHARED LANE MARKING DETAILS SS.19
SIGNAL GENERAL NOTES SI.1
MAST ARM AND SIGNAL HEADS SI.2

Castle Pines Roadway Design and Construction Standards A-4



Appendix A. Roadway Design and Construction Standards — Standard Drawings

MAST ARM ATTACHMENT AND POLE BASE SI.3
LUMINAIRE POLE SL4
MAST ARM POLE FITTINGS (20' THROUGH 80") S5
TEMPORARY SPAN WIRE POLE SLL6
PEDESTRIAN POLE SL.7
PEDESTRIAN PUSH BUTTON POLE SI.8
PEDESTAL POLE

CONTROLLER CABINET INSTALLATION S1.9
SIGNAL HEADS AND MOUNTING SIL10

GENERAL WIRING NOTES

PERMANENT (PRECAST) PULL BOX SIL11
TEMPORARY (PLASTIC) PULL BOX

PULL BOX (SPECIAL) SIL12
LOOP DETECTOR LEAD-IN

DETECTORS CONDUIT INSTALLATIONS SIL13
UNDERGROUND POWER SCHEMATIC-SIGNALS/GROUND TRENCHING SLL14
OVERHEAD POWER SCHEMATIC-SIGNALS/GROUND TRENCHING SIL15
SCHOOL FLASHING BEACONS - SIDE OF ROAD SIL16
WARNING/REGULATORY FLASHING BEACON TYPICAL CROSSWALK SL17
MARKING

STREET NAME SIGNS SI1.18
BLANK-OUT REGULATORY/WARNING SIGN SIL19
SIGNAL PHASING/STANDARD INTERSECTION WIRING/TYPICAL LEGEND S1.20

Castle Pines Roadway Design and Construction Standards A-5



THE FOLLOWING NOTES ARE APPLICABLE TO ALL ROADWAY SECTIONS
(LOCALS, COLLECTORS, AND ARTERIALS), UNLESS MODIFICATIONS ARE
APPROVED IN WRITING BY THE DIRECTOR OF PUBLIC WORKS.

NOTES:

L.
2.
S

GUTTERS SHALL BE AT LEAST 6" THICK.
ALL CURBS SHALL USE THE CATCH SECTION UNLESS OTHERWISE NOTES.

ALL COMBINATION CURB, GUTTER AND SIDEWALKS TO BE 6" THICK (MIN.)
SIDEWALKS WITH VERTICAL CURB AND GUTTER TO BE 6" THICK (MIN.).

NON-LANDSCAPED MEDIAN ISLANDS SHALL BE COVERED WITH AN
ACCEPTABLE IMPERMEABLE SURFACE.

. IF ANY SECTION OF A DETACHED SIDEWALK IS TO BE PLACED OUTSIDE OF

THE ROAD RIGHT-OF-WAY, THEN A SIDEWALK EASEMENT SHALL BE
REQUIRED TO MAINTAIN PUBLIC USE.

TOTAL PAVEMENT THICKNESS TO BE DETERMINED BY PAVEMENT DESIGN
PROCEDURES IN CHAPTER 10.

. PLACEMENT, MOISTURE AND DENSITY CONTROL FOR SUBGRADE, SUBBASE, AND

SURFACING MATERIALS SHALL BE IN CONFORMANCE WITH THE
REQUIREMENTS OF CHAPTER 12.

GUTTER THICKNESS SHALL BE INCREASED TO MATCH CONCRETE PAVEMENT
THICKNESS.

FOR ALL CONCRETE PAVEMENTS, DATE AND COMPANY NAME STAMP MUST
BE APPLIED AT 100'INTERVALS ALONG NEW ROADWAYS. FOR REPAIR WORK,
DATE AND COMPANY NAME STAMP MUST BE APPLIED AT EACH CONTIGUOUS
SECTION.

APPROVED BY THE CITY OF CASTLE PINES

ROADWAY NOTES

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

Issued;__ 6/15/2022
Revised: 10/14/2025

Standard Drawing No.
SD.1




5' SIDEWALK (MINIMUM) IF USED FOR

1.5% SLOPE _TOWARDS CURB PEDESTRIAN/BICYCLE
RS e COMBINED SIDEWALK,
WIDTH SHALL BE 10Q'.

- 2'-3n - -GI/ZII 4 5|_1V2||

COMBINATION CURB, GUTTER & SIDEWALK

210"

4|/2ll_.._ 4l
1" — 2 e":l R=/&" TO V4"
o R=I/2" TO I/4||
i 2 & / ( " —‘7
12 ' I

-A"fﬁé; )
VERTICAL CURB & GUTTER ~  HIGH SPEED MOUNTABLE CURB & GUTTER

(DESIGN SPEED OF 45 M.P.H.OR HIGHER)

1

R=15"

L R e s
BII »
4

LOCAL MOUNTABLE CURB & GUTTER

4 = 4
1" —
—12"—
R=1|/2" z 1__
: 1 en
" rl/z" N ' "
12 T - — 12
o6 |
. e, :“‘4; J_ :u“x 44:‘1“434;44.‘4::,
MEDIAN CURB & GUTTER (CATCH MEDIAN CURB & GUTTER (SPILL

NOTES:

1. IF A SIDEWALK IS PLACED BEHIND THE CURB BUT IS NOT PLACED MONOLITHICALLY, EXPANSION JOINT MATERIAL AND A SILICONE BASE
SEALER MUST BE APPLIED BETWEEN THE SIDEWALK AND THE CURB.

2. SEE DRAWING NUMBER SD.8a and SD.8b FOR TRENCH DRAIN.

3. SEE DRAWING NUMBER SD.16 AND SD.17 FOR CONCRETE JOINTS.

® GUTTER THICKNESS SHALL BE INCREASED TO MATCH CONCRETE PAVEMENT THICKNESS

APPROVED BY THE CITY OF CASTLE PINES CURB & GUTTERS AND
SIDEWALKS Issued: __6/15/2022

- Revised: 10/14/2025

Larry Nimmo

Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SD.2




CURB RAMP_ GENERAL NOTES:

1. IN ACCORDANCE WITH CRS43-2-107(2), ADA COMPLIANT CURB RAMPS SHALL BE PROVIDED AT ALL PEDESTRIAN CROSSINGS AND AT PUBLIC
TRANSPORTATION STOPS WHERE WALKWAYS INTERSECT A CURB. THESE LOCATIONS USUALLY INCLUDE, BUT ARE NOT LIMITED TO STREET
CROSSINGS AT INTERSECTIONS AND AT DESIGNATED MID-BLOCK LOCATIONS.

2. THE FOLLOWING CURB RAMP TYPES ARE GENERAL REPRESENTATIONS. COLORADO DEPARTMENT OF TRANSPIRATION (CDOT).M STANDARD PLANS,
LATEST EDITION PROVIDE ADDITIONAL ACCEPTABLE DETAILS. SEE DETAILED RAMP LAYOUTS ON THE PLANS FOR CONSTRUCTION.

3. ALL WORK SHALL BE DONE IN ACCORDANCE WITH THE STANDARD SPECIFICATIONS OF THE CITY OF CASTLE PINES.
4, SIDEWALK SHALL BE RAMPED WHERE A DRIVEWAY IS EXTENDED ACROSS THE WALK.

5. DETAILS SHOWN IN THE PLAN SHALL APPLY TO ALL CONSTRUCTION OR RECONSTRUCTION OF STREET, CURBS OR SIDEWALKS PER CURB RAMP
DETAILS.

6. IN NEW CONSTRUCTION, RAMP AND CURB MAY BE POURED MONOLITHICALLY.

7. RAMP AND WINGS SHALL BE POURED MONOLITHICALLY.

8. MINIMUM WIDTH OF RAMPS SHALL BE 4 FEET AND RAMP SLOPES SHALL NOT BE STEEPER THAN 7.5%.

9. MAINTAIN BACK OF WALK ELEVATION AT 1.5% SLOPE FROM TOP OF CURB.

10. CONCRETE FOR SIDEWALK RAMPS SHALL BE CLASS "D".

11. A !'/," EXPANSION JOINT SHALL BE REQUIRED WHERE THE CONCRETE RAMP JOINS ANY RIGID PAVEMENT OF STRUCTURE.

12. DRAINAGE STRUCTURES SHALL NOT BE PLACED IN LINE WITH RAMPS. LOCATION OF THE RAMP SHALL TAKE PRECEDENCE OVER LOCATION OF THE
DRAINAGE STRUCTURE.

/5" EXPANSION

DETECTABLE
WARNING AREA

ISOMETRIC VIEW

DETECTABLE WARNING AREA NOTES

1. DETECTABLE WARNING AREAS SHALL BE INSTALLED WITHIN CURB RAMPS AT ALL SIDEWALK/STREET TRANSITIONS, AS DESCRIBED BY THE
AMERICAN'S WITH DISABILITIES ACT ACCESSIBILITY GUIDELINES (ADAAG),LATEST REVISION.

2. DETECTABLE WARNING DEVICES SHALL BE TRUNCATED DOME WARNING DEVICES. COLOR SHALL BE BRICK RED, TILE RED, OR OTHER EQUIVALENT
COLOR TO PROVIDE COLOR CONTRAST WITH ADJACENT SURFACES, AS REQUIRED BY ADAAG SECTION 4.29.2. THE CITY MUST APPROVE THE
TRUNCATED DOME WARNING AREA COLOR PRIOR TO CONSTRUCTION.

3. CONTRACTION COLOR REQUIREMENT SHALL BE MET BY TRUNCATED DOME SECTIONS AND NOT BY USE OF COLORED CONCRETE.

4. DETECTABLE WARNING SHALL BE ON CDOT'S APPROVED MATERIALS LIST. A SAMPLE OF THE DETECTABLE WARNING (TRUNCATED DOMES) TO BE
USED ON THE PROJECT SHALL BE SUBMITTED TO AND ACCEPTED BY THE CITY PRIOR TO CONSTRUCTION.

5. ALL DETECTABLE WARNING AREAS SHALL START A MINIMUM OF 6 INCHES AND A MAXIMUM OF 5 FEET FROM THE FLOW LINE OF THE CURB
UNLESS INSTALLED AT CUT-THROUGH REFUGE ISLANDS, IN WHICH CASE THE DETECTABLE WARNING AREA WILL START AT THE EDGE OF THE
ISLAND. ALL DETECTABLE WARNING AREAS SHALL BE 24 INCHES IN LENGTH AND COVER THE COMPLETE WIDTH OF THE RAMP AREA ONLY.

6. SURFACE APPLIED TRUNCATED DOME PANELS ARE ONLY ALLOWED ON PRE-EXISTING CURB RAMPS AND ARE NOT ALLOWED IN NEW CONSTRUCTION.

APPROVED BY THE CITY OF CASTLE PINES CU RB RAMP & DETECTABLE
WARNING AREA NOTES Issued: _6/15/2022__

, Revised: 10/14/2025
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE CASTLE PINES D 33




PANEL INSTALLATION NOTES:

1.

DETECTABLE WARNING PANELS, 24" X 24" OR 24" X 30" IN SIZE, SHALL BE PREFABRICATED REDDISH WITH TRUNCATED DOMES AND COMPLY
WITH ADA REQUIREMENTS.ONLY FULL PANELS SHALL BE USED TO OBTAIN SPECIFIC RAMP THROAT WIDTH. (I.E. TWO 24" PANELS FOR A 4'RAMP,
TWO 30" PANELS FOR A 5'RAMP, ETC.)

2. PRIOR TO START OF WORK, CONTRACTOR SHALL SUBMIT, TO THE CITY OF CASTLE PINES FOR APPROVAL, A SAMPLE PANEL AND DOCUMENTATION
FROM THE MANUFACTURER. PANEL SURFACE SHALL HAVE A MINIMUM OF 70% LIGHT REFLECTIVITY CONTRAST WITH THE ADJOINING SURFACE.
PANELS SHALL ONLY BE SELECTED FROM THE APPROVED PRODUCT LIST BELOW:

PRODUCT NAME MANUF ACTURER PRODUCER SUPPLIER CODE
CAST-DWD Pioneer Detectable, LLC GEN130004
Cast-In-Place Tactile ADA Solutions, Inc. GEN100123
DURALAST EJ USA, Inc. GEN130020
Detectable Warning Paving Slob StoneBilt Concepts GEN100341
TekWay Dome-Tiles StrongGo LLC GEN100343
TufTile Cast Iron Tile/Radius-Wedge (CIP) TufTile, Inc. GEN150088

3. PANELS SHALL BE PLACED AS SHOWN, WITH DOME PATTERN IN A SQUARE GRID AND ALIGNED IN THE DIRECTION OF TRAVEL. A STEEL TEMPLATE
SHALL BE USED TO ENSURE PROPER ALIGNMENT AND UNIFORM GRADE.

4. REMOVE THE PROPER AMOUNT OF CONCRETE WITHIN THE TEMPLATE FOR AN ACCURATE INSTALLATION. ONCE TO THE PROPER DEPTH, FLOAT THE
AREA TO RECEIVE THE PANELS UNTIL A SMOOTH PASTE HAS DEVELOPED.

5. WET THE BACK SIDE OF EACH PANEL AND TROWEL SOME CONCRETE PASTE OF APPROVED BONDING AGENT OVER THE WET SURFACE FOR BETTER
ADHERENCE.

6. SET THE FIRST PANEL ON THE FRESHLY PREPARED SURFACE.DO NOT PRESS DOWN HARD ON THE PANEL, BUT PREFERABLY TWIST FROM SIDE TO
SIDE. SET PANEL WITH RUDDER MALLET TO PROPER DEPTH SO THAT THE BASE OF THE TRUNCATED DOME IS AT THE SAME ELEVATION AS THE
ADJOINING RAMP SURFACE.

7. SET SUCCESSIVE PANELS WITH A TIGHT BUTT JOINT AGAINST THE PREVIOUSLY SET PANEL.PROVIDE A " GAP BETWEEN PANELS.

8. FLOAT FRESH CONCRETE AROUND PANELS. FINISH AND BROOM SURROUNDING CONCRETE AS SPECIFIED. CLEAN ANY CONCRETE OFF PANELS WITH A
SPONGE.

9. PROVIDE 1" DEEP TOOL JOINTS AT CORNERS OF DETECTABLE WARNING AREA, AND TOOL AROUND PANELS WITH /" RADIUS EDGER.

10. WHEN CUT PANELS ARE REQUIRED, CUT SECTIONS SHALL NOT SIGNIFICANTLY IMPACT OVERALL TRUNCATED DOMES PATTERN AND CUT DOMES
SHALL BE BEVELED AT A 45-DEGREE ANGLE TO CREATE A SMOOTH TRANSITION.

11. ANY PANELS THAT ARE DAMAGED DURING TRANSPORT OR INSTALLATION WILL BE REJECTED AND SHALL NOT BE INSTALLED.

12. CLEAN QUT '/g" JOINT(S) BETWEEN PANELS AND SEAL WITH EPOXY.

13. SETTING TRUNCATED DOME PANELS IN SAND BEDDING OR OTHER NON-CEMENTITOUS BEDDING MATERIALS SHALL NOT BE ALLOWED.

RAMP WING RAMP WING
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6" MIN.

N

GUTTER
FLOWLINE

INSTALL PANELS ALONG
CHORD AND PERPENDICULAR

TO RAMP SIDES.

APPROVED BY THE CITY OF CASTLE PINES

CURB RAMP WITH PANEL DETECTABLE
WARNING AREA INSTALLATION

Issued:

Revised: 10/14/2025

Larry Nimmo

Director of Public Works Standard Drawing No.
CITY OF

DATE CASTLE PINES SD.3b
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PAVER INSTALLATION NOTES:

1

DETECTABLE WARNING PAVERS SHALL BE PREFABRICATED REDDISH INTEGRALLY COLORED TRUNCATED DOMES SURFACED CONCRETE OR MASONRY
PAVERS. PAVERS SHALL MEET THE REQUIREMENTS OF ASTM C 902 OR ASTM C 936 AND COMPLY WITH ADA REQUIREMENTS.

PRIOR TO START OF WORK, CONTRACTOR SHALL SUBMIT, TO THE CITY OF CASTLE PINES FOR APPROVAL, A SAMPLE PAVER AND DOCUMENTATION
FROM THE MANUFACTURER. PAVERS SURFACE SHALL HAVE A MINIMUM OF 707% LIGHT REFLECTIVITY CONTRAST WITH THE ADJOINING SURFACE.

WELL FOR PAVERS SHALL BE ACCURATELY BLOCKED OUT TO ENSURE PROPER DEPTH, ALIGNMENT, AND UNIFORM GRADE. ONLY FULL WIDTH PAVERS
SHALL BE USED TO OBTAIN SPECIFIED RAMP THROAT WIDTH.

PAVERS SHALL BE PLACED IN THE RUNNING PATTERN SHOWN, DOMES PLACED IN A SQUARE GRID AND ALIGNED IN THE DIRECTION OF TRAVEL.
PAVERS SHALL BE INSTALLED SO THAT THE BASES OF THE TRUNCATED DOMES ARE AT THE SAME ELEVATION AS THE ADJOINING RAMP SURFACE.

SAND FOR BEDDING MATERIAL SHALL CONFORM TO ASTM C 33.SAND TO BE PLACED BETWEEN JOINTS SHALL CONFORM TO ASTM C 144.

BEDDING SAND SHALL BE SCREED TO THE APPROPRIATE DEPTH PRIOR TO THE PAVERS INSTALLATION. A PLATE VIBRATOR SHALL BE USED TO
EMBED THE PAVERS INTO THE SAND. ANY PAVERS THAT ARE DAMAGED DURING. TRANSPORTATION OR INSTALLATION WILL BE REJECTED AND SHALL
BE REPLACED AT THE CONTRACTOR'S EXPENSE.

WHEN CUT PAVERS ARE REQUIRED, CUT SECTIONS SHALL NOT SIGNIFICANTLY IMPACT OVERALL TRUNCATED DOMES PATTERN AND CUT DOMES
SHALL BE BEVELED AT A 45-DEGREE ANGLE TO CREATE A SMOOTH TRANSITION.

JOINT SPACING SHALL BE IN ACCORDANCE WITH THE MANUFACTURER'S RECOMMENDATIONS, BUT SHALL NOT BE MORE THAN !/g". JOINTS SHALL BE
FILLED COMPLETELY WITH SAND. EXCESS SAND SHALL BE REMOVED BY SWEEPING.

DETECTABLE WARNING PAVERS SHALL ONLY BE USED WITH PRIOR APPROVAL BY THE CITY.
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APPROVED BY THE CITY OF CASTLE PINES  |CURB RAMP WITH PAVER DETECTABLE
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, Revised: 10/14/2025
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Director of Public Works Standard Drawing No.
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GENERAL NOTES

1%

THE DETECTABLE WARNINGS SHALL BE INSTALLED AT SIDEWALK/STREET

PART PART TRANSITIONS. THEY SHALL BE MADE IN PAVER FORM WITH A
OF OF TRUNCATED DOME SURFACE. THE DOMES SHALL BE PLACED IN A SQUARE
WING WING GRID
OR OR :
S cuns 2. THE TOP OF THE DRAINAGE WEEP HOLE SHALL BE LOCATED AT THE
LOWEST POINT OF THE DETECTABLE WARNING WELL.
A-—
3. ALL DETECTABLE WARNING AREAS (DWA) SHALL START A MINIMUM OF 6
b — | q — INCHES FROM THE FLOW LINE OF THE CURB UNLESS INSTALLED AT
6 S L [ e o CUT-THROUGH REFUGE ISLANDS, IN WHICH CASE THE DWA WILL START
2. a3 = - . AT THE EDGES OF THE ISLAND. ALL DETECTABLE WARNING AREAS SHALL
[ |sales ] e P i d o ] 51 el [ BE 24 INCHES IN LENGTH AND COVER THE COMPLETE WIDTH OF THE
° oo ofc olc o[c ole|o/o ojo afosloof .°° RAMP AREA ONLY.
4 |oo|o o o © oo oolojoocjoseeool |
o ole sls.8l8 olg gle eis2[ohmie alo #ls ole o} - 4. RAMP SLOPES SHALL NOT BE STEEPER THAN 7.5%.
240 "“ [oolow ° o o[o olo|o[o oo e[ nlo o] ° 36"
"z aletle aloola ol gls alolele oleel aleel- CURB 5. DETECTABLE WARNING PAVERS SHALL ONLY BE USED WITH PRIOR
< |ooloe o|c ajo 0|0 o/o|ojo o|o 8o 8lo of* FLOW APPROVAL BY THE CITY.
o 0|00 (] CROCR GGG - - A LINE
6" MIN. TO CURB s SRR P e e O
FLOW LINE (SEE i et o A B M 4 \ 4
NOTE 3) : « ' I ==
L ETECTABLE
A~ WARNING WELL
PLAN VIEW UF l—1~6" 24" 6"—=f
DETECTABLE WARNING AND WELL

(PAVERS NOT DRAWN TO SCALE)

DETECTABLE

P L

g
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THE TOP DIAMETER OF THE
TRUNCATED DOMES SHALL BE 50%
TO 65% OF THE BASE DIAMETER
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Lo L s 4 SAND FOUNDATIO 1
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GENERAL NOTES

ax v w 1. DRAINAGE STRUCTURES, TRAFFIC
Egg v v SIGNAL EQUIPMENT, JUNCTION BOXES,
_Ef_ig v v OR OTHER OBSTRUCTIONS ARE NOT
‘”l:(m v v ALLOWED IN FRONT OF RAMP ACCESS

AREAS.

RAMP SLOPES SHALL NOT BE STEEPER
THAN 7.57%.
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GENERAL NOTES

1. DRAINAGE STRUCTURES, TRAFFIC SIGNAL
EQUIPMENT, JUNCTION BOXES, OR OTHER
OBSTRUCTIONS ARE NOT ALLOWED IN FRONT
OF RAMP ACCESS AREAS.

RAMP SLOPES SHALL NOT BE STEEPER THAN
7.5%.

3. A MINIMUM OF 4'x4' TURNING SPACE AREA
IS REQUIRED AT THE TOP OF THE RAMPS.

w
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4. THE LAYOUT OF THE SIDEWALK BEHIND THE
RAMPS AND BETWEEN THE PCR'S VARIES.
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5. SEE MEDIAN COVER MATERIAL DETAIL FOR
PATTERNED CONCRETE SPECIFICATIONS.
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0P OF
CURE 0P OF

PAVEMENT

CONCRETE
SIDEWALK DETECTABLE RIRRLE
WARNING AREA DETECTABLE
GUTTER SLOPE
LMODIFIED 70 5% MAX WARNING AREA
SECTION A-A SECTION B-B
APPROVED BY THE CITY OF CASTLE PINES CURB RAMP FOR CURB RETURN
) ) | d: 1 22
RADIUS OF 35’ TO 50 sevec QIS0
, Revised: 10/14/2025
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF
DATE CASTLE PINES 3D 4h
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e !

/2" EXPANSION JOINT
"

/lf_ FOR FLOW ACROSS PAN
/CGNTRACTIUN JOINT

CONTRACTION JOINT FOR
CROSSPANS LONGER THAN
18'SHALL BE EVENLY
SPACED @ 10'-12'.

3 EA%“x4'PINS—\

A =
B —{ [ - -
—— —  — ——i
=’E-‘ = / — =
/ A‘-
1 IIPAN N TIIII
12 LENGTH GUTTER APRON SHALL BE 10"
THICK AND HAVE SAME
I/ EXPANSION JOINT REINFORCEMENT AS CROSSPAN
FLOW LINE ON UNIFORM GRADE
BETWEEN RADIAL POINTS
PLAN
W/2 (W)/2
CROWN SHALL BE TRANSITIONED OUT OF (w/2) wy/
THE STREET. SEE SECTION 7.3 OF THESE ()]
SPECIFICATIONS. NO CROWN EXISTS AT\ (
THE CROSSPAN L — _ —_ =+ 3 .. . : I
R IO R WA I R

] 3" CLR
2" MIN. CLASS 6 ROADBASE (IF

REQUIRED FOR SOIL CONDITION)

SECTION A-A
FIBERMESH MIXED Al 1z LBS./ C.Y.CONCRETE

WIDTH (W) | DEPTH (D) | THICKNESS (T)
J_ 8I 2II lOII
e (- 5 T 10" 2l 10"
T 1wt NOTE: LOCAL STREET INTERSECTIONS
. i REQUIRE AN 8' CROSSPAN. COLLECTOR

STREET INTERSECTIONS REQUIRE AN 10'
CROSSPAN. CROSSPANS ARE NOT ALLOWED
AT ANY ARTERIAL STREET INTERSECTION.

EXPANSION JOINT

SECTION B-B

APPROVED BY THE CITY OF CASTLE PINES
CROSSPAN Issued; _ 6/15/2022
Larry Nimmo Revised:
Director of Public Works Standard Drawing No.
CITY OF
DATE CASTLE PINES oy




2I_GII 5I_6II 4 - 4I ]
| e T R
s R=1l/p" : 3 e A LB,
/2 \ . ” :v f‘” RSO § i DI a. F
6" 2"f . : . P . ...-.4-__ b : < T
I—zl_oll__ " L
— 6 ROSS-SECTION A-A THROUGH CUR T

FIBERMESH MIXED AT 1/2 LBS./ C.Y. CONCRETE.

/ WIDTH OF CURB CUT

. L 5'7f—wmm OF CURB DPENING7’— 5 .
/_/ A== Y
/5" EXPANSION
JOINT (TYP.)

/ / 7

|
EXPANSION JOINT MATERIAL A~ Yyt EXPANSION
REQUIRED IF CONCRETE DRIVE IS JOINT (TYP.) \VERTICAL CURB & GUTTER

USED BEHIND CURB CUT
CURB OPENING WITH TAPERS

—‘-I SEE CROSSPAN DETAIL FOR WIDTH AND REINFORCING CRITERIA [—7

: — " . ————
l a% w sl o et a K—PRDPDSED GRADE
L RN . 4 <
CRDSSPAN—/ = w
WIDTH OF CURB OPENING EXPANSION JOINT
A MATERIAL REQUIRED IF

/" EXPANSION
JOINT (TYP.)

CONCRETE DRIVE IS USED
BEHIND CURB CUT

\ | 1 | AN
A 1/.n
CONTRACTION /2" EXPANSION VERTICAL CURB %

JOINT (TYP.) CROSSPAN TYPE | JOINT (TYP.) GUTTER
CURB OPENING WITH CROSSPAN

NOTES:

1. BACK OF CURB CUT EXTENDS TO BACK OF WALK OR BACK OF BICYCLE PATH.IF NO WALK IS PRESENT, EXTEND BACK OF CURB CUT TO 5'-6"
BEHIND FLOWLINE OR TO R.0.W.LINE, WHICHEVER IS GREATER.

2. CITY SHALL APPROVED LOCATION OF CURB CUT BEFORE CONSTRUCTION.
3. CURB OPENINGS OF 30'0R MORE MUST BE CONSTRUCTED WITH A MINIMUM 20'RADIUS CURB RETURN.

4. DESIGN ENGINEER MUST DEMONSTRATE THAT STREET DRAINAGE STAYS WITHIN THE STREET RIGHT-OF-WAY.

APPROVED BY THE CITY OF CASTLE PINES
CURB OPENING Issued: __ 6/15/2022

, Revised: ____
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SD.7
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12"

TR AL ML e g
L LOTH, U "' (MAX.

"SQUEEGEE" MAY BE USED TO PREVENT (SEE SD.0) ™
POP-UP SPRINKLER-HEADS FROM

wwwwwwwwwwwwwwwwwwww

PENETRATING THE FILTER CLOTH. o *\l._,u = .
\\\\1 /f»*ff*‘,r ****** S8

SQUEEGEE e
ToTa e

PERCENTAGE PP B
SIEVE size | HERCENTACE e e T
WEIGHT f ",‘,' T ',v'_ el ;
3/8 - INCH 100 S
NG. 50 0 to 10
ND. 100 0to 5
SQUEEGEE
NG, 200 0 to 3 ~

MIRAFT 140N FILTER CLOTH OR
EQUIVALENT. FILTER CLOTH MUST WRAP
BOTH THE PIPE AND THE ENTIRE TRENCH.

4" SDR 35 PVC
PERFORATED DRAIN PIPE

TES:
4" PYC PERFORATED PIPE MUST BE SDR 35 (NO FLEX-PIPE) TO MAINTAIN POSITIVE
SLOPE, AND MINIMIZE LOW POINTS AND PONDING.

THE 4" DRAIN PIPE SHALL BE CONNECTED TO A STORM DRAINAGE INLET OR
MANHOLE. IF AN INLET OF MANHOLE IS NOT ACCESSIBLE, THE OUTLET MUST BE
CONSTRUCTED PER SECTION 7.6.4 OF THE ROADWAY STANDARDS.

IF THE TRENCH DRAIN IS TO BE PLACED UNDER PAVEMENT, THE TRENCH DRAIN
NEEDS TO BE SCHEDULE 80 SOLID WALL PIPE WITH CLEANOUTS INSTALLED ON
BOTH SIDES OF THE PAVEMENT.
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120°

4" SDR 35 PVC PERFORATED DRAIN PIPE SPECS:

'/2"-%" OPENINGS (2" LONG SLOTS ACCEPTABLE)
5" 0.C. HOLE SPACING.

JOINT TYPE: RUBBER GASKET OR GLUE ALLOWED. (PER
MANUFACTURERS RECOMMENDATIONS)




TO MAINTAIN THE INTEGRITY OF THE
FILTER CLOTH, UP TO 6" (MAX.) OF
"SQUEEGEE" MAY BE USED TO PREVENT
POP-UP SPRINKLER-HEADS FROM

PENETRATING THE FILTER CLGTH.\'

CLEANOUT
(SEE SD.9)™ ™\

12"
MIN.

f 4" SOD

l—@"

SQUEEGEE
TOTAL
PERCENTAGE
SIEVE SIZE | DERSENTACE e
WEIGHT Pl
3/8 - INCH 100
NO. 50 0 to 10
NO. 100 0t 5 SQUEEGEE
NO. 200 0to 3 ~
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MIRAFT 140N FILTER CLOTH OR
EQUIVALENT. FILTER CLOTH MUST WRAP
BOTH THE PIPE AND THE ENTIRE TRENCH.

i

ol

4" SDR 35 PVC PERFORATED
DRAIN PIPE

NOTES:
1. 4" PVC PERFORATED PIPE MUST BE SDR 35 (NO FLEX-PIPE) TO MAINTAIN
POSITIVE SLOPE, AND MINIMIZE LOW POINTS AND PONDING.

2. THE 4" DRAIN PIPE SHALL BE CONNECTED TO A STORM DRAINAGE INLET OR
MANHOLE. IF AN INLET OR MANHOLE IS NOT ACCESSIBLE, THE OUTLET MUST
BE CONSTRUCTED PER SECTION 7.6.4 OF THE ROADWAY STANDARDS.

3. IF SIDEWALK IS ATTACHED TO THE CURB, THEN TRENCH DRAIN SHALL BE
LOCATED BEHIND THE SIDEWALK.

4. TRAFFIC SIGNAL CONDUIT SHALL BE 2" SCHEDULE 80 PVC WITH PULL ROPE
AND TRACE WIRE. TYPE I PULLBOX SHALL BE INSTALLED AT 500 FEET
MAXIMUM SPACING AND AT BOTH CORNERS OF INTERSECTIONS.

5. TRAFFIC SIGNAL CONDUIT AND PULL BOXES SHALL BE IN CONFORMANCE WITH
CHAPTER 9 OF THE ROADWAY STANDARDS.

6. IF TRENCH DRAIN IS TO BE PLACED UNDER PAVEMENT, THE TRENCH DRAIN
NEEDS TO BE SCHEDULE 80 SOLID WALL PIPE WITH CLEANOUTS INSTALLED
ON BOTH SIDES OF THE PAVEMENT.

60°

\\\/A\%\

N

:

BACKFILL AND TAMP WITH NATIVE
MATERIAL TO MATCH COMPACTION
OF SURROUNDING GROUND.

RED OR YELLOW CAUTION TAPE
PLACED 12" ABOVE 2" CONDUIT.

SRXAY 2o KX
N

KL AAD

120°

2" TRAFFIC SIGNAL CONDUIT ALONG MAJOR
COLLECTORS AND ARTERIALS.

CONDUIT IS ONLY NECESSARY ON ONE
SIDE OF THE ROADWAY, PREFERABLY SAME
AS OTHER ADJACENT CONDUIT. CONTACT
THE CITY.

KKK

4" SDR 35 PVC PERFORATED DRAIN PIPE SPECS:

'/5"-%" OPENINGS (2" LONG SLOTS ACCEPTABLE)
5" 0.C. HOLE SPACING.

JOINT TYPE: RUBBER GASKET OR GLUE ALLOWED. (PER
MANUFACTURERS RECOMMENDATIONS)




TO MAINTAIN THE INTEGRITY OF THE
FILTER CLOTH, UP TO 6" (MAX.) OF
"SQUEEGEE" MAY BE USED TO PREVENT
POP-UP SPRINKLER-HEADS FROM
PENETRATING THE FILTER CLOTH.

CLEANOUT 12"
(SEE SD.9) ™\

f 4" SOD

G I - I BT ‘
P I e .

PR I
a0 4 .

MIRAFT 140N FILTER CLOTH OR
EQUIVALENT. FILTER CLOTH MUST WRAP
BOTH THE PIPE AND THE ENTIRE TRENCH.

SQUEEGEEX 3

SQUEEGEE
TOTAL
PERCENTAGE
SIEVE SIZE | pASSING BY
WEIGHT
3/8 - INCH 100
NO. 50 0 to 10
NO. 100 0to 5
NO. 200 0to 3
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NOTES:

1.

4" PVC PERFORATED PIPE MUST BE SDR 35 (NO FLEX-PIPE) TO MAINTAIN
POSITIVE SLOPE, AND MINIMIZE LOW POINTS AND PONDING.

THE 4" DRAIN PIPE SHALL BE CONNECTED TO A STORM DRAINAGE INLET OR
MANHOLE. IF AN INLET OR MANHOLE IS NOT ACCESSIBLE, THE OUTLET MUST
BE CONSTRUCTED PER SECTION 7.6.4 OF THE ROADWAY STANDARDS.

IF THE TRENCH DRAIN IS TO BE PLACED UNDER PAVEMENT, THE TRENCH
DRAIN NEEDS TO BE SCHEDULE 80 SOLID WALL PIPE WITH CLEANOUTS
INSTALLED ON BOTH SIDES OF THE PAVEMENT.

4" SDR 35 PVC PERFORATED
DRAIN PIPE

120°

4" SDR 35 PVC PERFORATED DRAIN PIPE SPECS:

'/2"-%" OPENINGS (2" LONG SLOTS ACCEPTABLE)
5" 0.C. HOLE SPACING.

JOINT TYPE: RUBBER GASKET OR GLUE ALLOWED. (PER
MANUFACTURERS RECOMMENDATIONS)




COMBINATION

4" DIA. TRENCH DRAIN

CURB, GUTTER AND SIDEWALK

| COMBINATION CURB, GUTTER AND SIDEWALK

SQUEEGEE

TOTAL PERCENTAGE

PLAN VIEW

RIGHT OF WAY TYP.

4" PVC PIPE &

/RDUND DRAIN LID

,—PROPERTY LINE TYP.

\2')(2' CONCRETE PAD

( 4" SOD

e -

s v ay o

TO MAINTAIN THE INTEGRITY OF THE

FILTER CLOTH, UP TO 6" (MAX.) OF

"SQUEEGEE" MAY BE USED

PROFILE VIEW

SQUEEGEE AN
W\i@;

MIRAFT 140N FILTER CLOTH OR
EQUIVALENT. FILTER CLOTH MUST WRAP
BOTH THE PIPE AND THE ENTIRE TRENCH.
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SIEVE SIZE | pASSING BY WEIGHT
3/8 - INCH 100

NO. 50 0 to 10

NO. 100 0tos

NO. 200 0to3

NOTES:

1.

4" PVC PERFORATED PIPE MUST BE SDR 35
(NO FLEX-PIPE) TO MAINTAIN POSITIVE SLOPE,
AND MINIMIZE LOW POINTS AND PONDING.

THE 4" DRAIN PIPE SHALL BE CONNECTED TO A
STORM DRAINAGE INLET OR MANHOLE.IF AN
INLET OR MANHOLE IS NOT ACCESSIBLE, THE
OUTLET MUST BE CONSTRUCTED PER SECTION
7.6.4 OF THE ROADWAY STANDARDS.

4" SDR 35 PVC PERFORATED

DRAIN PIPE

4" SDR 35 PVC PERFORATED DRAIN PIPE SPECS:
2"-%" OPENINGS (2" LONG SLOTS ACCEPTABLE)

5" 0.C. HOLE SPACING.

JOINT TYPE: RUBBER GASKET OR GLUE ALLOWED. (PER

MANUFACTURERS RECOMMENDATIONS)
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NOTES:

1. OUTSIDE DIAVETER OF CONCRETE
COLLAR SHALL BE LARGE ENOUGH TO
ACHIEVE 3" THICK MIN. CONCRETE
QUTSIDE OF PIPE FITTING. COLLAR = 3 MIN
SHALL ALLOW PVC CAP TO BE '
REMOVED AND REPLACED AS INTENDED.

2. 4" PVC PERFORATED PIPE MUST BE J— 6" PVC PIPE & BRASS
SDR 35 (NO FLEX-PIPE) TO MAINTAIN |_— FLUSH CLEANOUT PLUG
POSITIVE SLOPE, AND MINIMIZE LOW 3 MIN _1 OF’

POINTS AND PONDING. ’ \
CONCRETE COLLAR

3. MAX. SPACING 200'.

PLAN VIEW OF COLLAR

CONCRETE COLLAR

WATER TGHT CAP

6" SCHEDULE 80 PVC

EXTEND AS NEEDED 6"x12" SDR 35 PVC

SOLID WALL PIPE

30"
I g
NCH
FLOW aS 5",\ LOW DRAIN DETAIL.
b;o_o_c’_eegelle" ooooocm
4" SDR 35 PVC 6'"x6" 45° SCHEDULE] \6"X45°SCHEDULE \4II SDR 35 PVC

80 PVC "Y' FITTING PERFORATED
PERFORATED 80 PVC ELBOW TRENCH DRAIN

TRENCH DRAIN

LG”XIT' SDR 35 PVC
SOLID WALL PIPE

5' MAX.

6"x4" SCHEDULE 80 PVC
REDUCER (TYP.)




4" SDR 35 PVC
_— PERFORATED TRENCH DRAIN

=
(==
|
[

6"x4" PVC REDUCER

6"x12" SDR 35 PVC

/SULID WALL PIPE

6"x45 DEG PVC ELBOW

6"x12" SDR 35 PVC
SOLID WALL PIPE

6"x12" SDR 35 PVC
SOLID WALL PIPE

6"x4" PVC REDUCER

FLOW

| g

\4" SDR 35 PVC

PERFORATED TRENCH DRAIN

APPROVED BY THE CITY OF CASTLE PINES

TRENCH DRAIN 90° CORNER

Larry Nimmo

Director of Public Works

DATE

CITY OF

CASTLE PINES

Issued: __6/15/2022

Revised:

Standard Drawing No.
SD.10
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NOTES:

1. OUTSIDE DIAMETER OF CONCRETE
COLLAR SHALL BE LARGE ENOUGH TO
ACHIEVE 3" THICK MIN. CONCRETE
OUTSIDE OF PIPE FITTING. COLLAR
SHALL ALLOW PVC CAP TO BE

REMOVED AND REPLACED AS INTENDED.

2. 4" PVC PERFORATED PIPE MUST BE
SDR 35 (NO FLEX-PIPE) TO MAINTAIN
POSITIVE SLOPE, AND MINIMIZE LOW
POINTS AND PONDING.

CONCRETE COLLAR

6" SCHEDULE 80 PVC
EXTEND AS NEEDED

—{ e 3 3 ]
3 - — g r 3
" "
3" MIN. -1 6" PVC PIPE & r 3" MIN.
BRASS FLUSH ,
T L L L—""Cleaout pLus | —]—[
{ ( y A 4_{
™ concere com—" L
P P ol Ly
PLAN VIEW
5' MAX.

WATER TGHT CAP
SEE PLAN VIEW

CONCRETE COLLAR

6" SCHEDULE 80 PVC
EXTEND AS NEEDED

32" 5 5 5
WRAPPED TRENCH oo 6 Sasssserhiteseses WRAPPED TRENCH
SEE TRENCH o e e azesass SEE TRENCH
DRAIN DETALL. ¢ o g DRAIN DETAIL.
O O O O O a0 O 0 0 O
} t
4" SDR 35 PVC 6"-45° SCHEDULE 80 4" SDR 35 PVC
PERFORATED PVC ELBOW PERFORATED
TRENCH DRAIN TRENCH DRAIN
6" PVC, SCHEDULE 80, 12" LONG
6"x4" ~ PVC 6"x4" ~ PVC

REDUCER (TYP.)

REDUCER (TYP.)




2-7" TYP,
FOR TYPE R

8" CORE INTO CONCRETE STRUCTURE,
PLACE TRENCH DRAIN IN OPENING AND
FILL VOIDS WITH CLASS D CONCRETE

4" TRENCH DRAIN

SEE DETAIL SD.80
A

A INLET _Z
b

==

_-..B

PLAN VIEW

4" TRENCH DRAIN

)
1'-6" TYP.
FOR TYPE R
INLET

K/G ]

)
1I'-6" TYP.
FOR TYPE R
INLET

q

SEE DETAIL SD.8a =
\8" CORE INTO CONCRETE STRUCTURE,

\_4" TRENCH DRAIN

PLACE TRENCH DRAIN IN OPENING AND
FILL VOIDS WITH CLASS D CONCRETE

2'-7" TYP.
FOR TYPE R
INLET

)

SEE DETAIL SD.8a

8" CORE INTO CONCRETE
STRUCTURE, PLACE
TRENCH DRAIN IN
OPENING AND FILL VOIDS
WITH CLASS D CONCRETE

SECTION B-B
END VIEW

APPROVED BY THE CITY OF CASTLE PINES

Larry Nimmo
Director of Public Works

DATE

TRENCH DRAIN CONNECTION TO
INLET OR MANHOLE

CITY OF

CASTLE PINES

Issued: __ 6/15/2022

Revised:

Standard Drawing No.
SD.12
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> MEDIAN COVER MATERIAL
7] I RADIUS VARIES BETWEEN PLANTERS :
m
3
=
m
[7)]
| | I |
| CLEAR SIGHT WINDOW | i CLEAR SIGHT WINDOW i
= 6 | | L L __, TOP OF CURB
T (e )
O 8 18" ’ 18"
> = MEDIAN 13" PLANTER
> l i ; SEE SD.13
@ 2 zZ
-] 2 T 0 (
St/ s | 4 |
I 5 FLOWLINE
g ] m _
ot - SECTION A-A
Z =
g3l =
—<
@ o
S
12" 12 12 12! 12!
1 TRAVEL=—4=TRAVEL LEFT TRAVEL=4=TRAVEL
! LANE LANE  ||TURN/DECEL LANE LANE
LANE
5I
2l » | NoTES: : ‘ ¢ VEDIAN
2|5 @ 1. RESTRICTED PLANTING - LOW SHRUBS AND GROUND COVER . |
ol 8 & THAT DO NOT EXCEED 1'-6" ABOVE TOP OF ADJACENT CURB.
ale o T : =1
2] 5’ 2. PLANTERS SHALL BE SPACED TO PROVIDE SAFE SIGHT
O g DISTANCE. |
- 5 X
L= 3. MATURE VEGETATION GROWTH SHALL NOT EXTEND OVER
o BACK OF CURB INTO ADJACENT LANES. SECTION B-B




\ MEDIAN COVER

] ] ]
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| [
| | MATERIAL \\\\\\\
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| [
| | | | g-gv CONTRACTION JOINT
| [
| [
| [
| [
EXAUSED .
AGGREGATE |
|
| |
| | \ 3
| | T~
| ||
| [
| | PLANTED AREA
EXISTING CURB_/ | | FILL W/ 1-0" MIN. TQPSOIL
& GUTTER
[
| | | TRENCH DRAIN
- SEE SD.8a
| [ THROUGH SD.11
| [
| [ |
A A =
| [ =<
t-- | [ --J é;
| [ n
| [ =
xx
| [ L
| [ O z
| | | &)
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2I_GII ]I_gll

EXPOSED AGGREGATE

EXPANSION JOINT

Z21_Qu
g

2 - NO. 4 REBAR

MEDIAN CURB—//

LINE OF SYMMETRY

20 ' CONTINUOUS 3" CLEARANCE
SECTION A-A
APPROVED BY THE CITY OF CASTLE PINES

MEDIAN PLANTER DETAIL Issued: __6/15/2022
Larry Nimmo Revised:
Director of Public Works Standard Drawing No.

CITY OF

DATE CASTLE PINES SD.14




TRANSVERSE /2" EXPANSION JOINT

EVERY 200 FT. ALONG MEDIAN\

MEDIAN COVER
MATERIAL
6||
j/ N

EXPANSION JOINT MATERIAL
AND SEALANT (TYP.)

MEDIAN CURB
AND GUTTER

2
PS5
=
RECOMPACT SUITABLE ON-SITE OR
IMPORTED FILL PER TABLE 12-1.
4
A
EMBANKMENT G
MATERIAL A
e

NOTES:
I, MEDIAN COVER MATERIAL SHALL BE CLASS D OR CLASS P CONCRETE.

2. INSTALL '/,"x6" EXPANSION MATERIAL AT MEDIAN NOSES, FIXED OBJECTS, AND AT TRANSVERSE JOINTS AT 200 FT.INTERVALS
(MAXIMUM) ALONG THE MEDIAN.

3. CONCRETE IS TO BE COLORED SUNSET ROSE #160 OR APPROVED EQUAL WHEN MEDIAN IS IN A CONCRETE ROADWAY.
4. FOR WEED CONTROL PRIOR TO MEDIAN PAVING, APPLY A PRE-EMERGENT HERBICIDE TO MEDIAN SUBGRADE AREA PER MANUFACTURER'S

SPECIFICATIONS FOR PAVING UNDER THE BARRIER 50 LABEL (PBI GORDAN). TRIFLURALIN IS LABELED FOR USE UNDER ASPHALT UNDER
THE TREFLAN 4EC LABEL (EIANCO).

APPROVED BY THE CITY OF CASTLE PINES

MEDIAN COVER MATERIAL Issued: __6/15/2022

, Revised: ____
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SD.15




‘NOTLV3NITIa ANV NOIS
3SON NVIQ3N ¥04 £°SS 338 71

'S310N

_I n9

— 9

— ol

4 T

d3L1N9 B gynd z<5u§\\

nCl—=

WINILYN NDISNVAX3 w3/ HLIM

IN3INIAVd
JL3YIONDD

1 =l

\l_.zm_:m_><n_ JL3YONDD

¥311N9 R 8YNJ zsouz/
W\
[
\

w 14 - 40 /

/

L

)
/)

P

i

INIOr NDISNVdX3 ._N\_I\

nel—=

(8 .

S 2

N

B e

S WD

= iK7;)

5 BB

(] [ ©

72 2|t

L W ©
X |dh

=

< o]

— 3]

=) Z

Q o

75 =

(75)

o 3

< S ]

o]

zZ Y_T

<C o

— 33V o)

(=)

w <

= @)

(9]

L

=

o

L

|

—

(7]

<C

(@]

L

o

o

w £

£ |2

s | o2

[m] >
o

o~ g

S |£8
Zs

;e 8 &
S5 8




NTRACTION OR _WEAKEN PLAN NT
N.T.S.
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NOTE: WASH & BLOW OUT WITH FORCED AIR UNTIL DRY BEFORE APPLYING SEALANT MATERIAL.

SAWED JOINT
N.T.S.
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EXPANSION JOINT
N.T.S.

NOTES:

L.
28

JOINT SEALANT MATERIAL MUST BE ON CDOT APPROVED PRODUCTS LIST.
%" DIA. BACKER ROD.

APPROVED BY THE CITY OF CASTLE PINES CONCRETE JOINTS

Issued:

Larry Nimmo Revised:

_6/15/2022

Director of Public Works

CITY OF

CASTLE PINES

Standard Drawing No.
SD.17

DATE
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CONCRETE

ROADWAY SLAB

1/4" BELOW SURFACE

RIGID WELDED
ASSEM

LONGITUDINAL
TION

a.v\)

DOWEI_i_ED '.II'_RANSVERSE
CONTRACTION JOINT

IN TRAVEL LANES
ON PLAN VIEW.

A SHALL BE 0.4T FOR LONGITUDINAL JOINTS
ALONG SLABS 14 FEET OR GREATER IN WIDTH.

sawep Jont

1 GENERAL_NOTES
- o I - J— 1. PAVEMENT THICKNESS (T). SHALL BE AS CALLED FOR N THE PLANS.
:
TOWELL BAR
/ PAVEMENT THICKNESS (T) | TIE BAR SIZE
I TRANSVERSE JONT W DIAMETER
NONOLITHIC CURB AND GUTTER T IN. 4 TN
5 SHALL BE SAWED TO THE SANE e Ne
RGO, 8IN.>T< 10 IN. No. 5 1.25 IN.
BOTTOM OF SAW CUT
P 10IN. > T < 15 IN. No. 6 1.50 IN.
D
° SRR BREAER
X Less
A 12°
TRANSVERSE LONGITUDINAL LONGITUDINAL LONGITUDINAL ot l
RAN T T 12" MIN.
T| T T Tl T| T
(TRANSVERSE WEAKENED s T * T0 BE USED ONLY IF T > 8 INCHES  ** 70 BE USED ONLY IF T < 8 INCHES ®°R®T Qx®
PLANE JONT) ) ONLY FEMALE KEYWAY TO BE FORMED
NTEGRAL CURB
» » INLET OR MANHOLE
e )‘/_l A KEYWAY 1S ALLOWED T0 L CAST IN_PAVEMENT
WS FACILTATE. USE OF BENT, M| -{®
GRADE 40 TIE_BARS OR
APPROVED TWO PIECE [MYE
CONNECTORS =1
NN o JONT AT
L] (©) BOTH BOXOUT CORNERS IF
‘ol BOXOUT 1S & OR LONGER. T
—O© 1/4° RECESS
CURB_INLET BOXOUT - INLET OR
1 TWER MANHOLE
70 NEET APRON
T (SEE JONT (&) DETAL)
J BOND BREAKER ~ .
SEE DOWEL SPACING * Al SECTION_A-A

INLET OR
MANHOLE

STRUCTURE.

Tl =

BOND BREAKER SHALL BE COMPOSED OF PLASTIC
SHEET, BUILDING PAPER OR OTHER APPROVED
MATERIAL TO PREVENT BONDING.
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= STATIONING SHALL BE STAMPED @ 500' INTERVALS ON EACH OUTSIDE MANLINE SHOULDER AS SHOWN GENERAL _NOTES
IYPICAL AND JOINI SPACING
= oo — © @ on —— _> 1. THIS STANDARD PLAN DOES NOT APPLY TO THIN CONCRETE OVERLAYS (WHITETOPPING).
| | | - 1 2. LOCATE (T) JOINT AT A ©) JOINT OR A MINIMUM OF 2 FEET FROM A () JOINT.
~ n 3} SHOULLER é) é) 3. THIS JOINT LAYOUT IS INTENDED TO BE USED AS A STANDARD FOR THE JOINT LAYOUT FOR THE PROJECT.
—_ C IF_THE CONTRACTOR PROPOSES VARIATIONS FROM THIS STANDARD OR THE PROJECT HAS UNUSUAL OR
oo Tl ! IRREGULAR CONDITIONS NOT COVERED HEREIN, THE CONTRACTOR SHALL PREPARE A PAVEMENT JOINT
| [@P)] 1 LAYOUT FOR APPROVAL BY THE ENGINEER. 14 FOOT SLABS SHALL BE CONSTRUCTED ONLY WHERE
—3 DESIGNATED ON THE PLANS.
=
4. WHEN A CONTINUOUS WDTH OF PAVEMENT IS POURED WIDER THAN 40 FEET, THE JOINT
= ' NEAREST THE CENTERLNE SHALL BE AN UNTIED (@) JONT.
= 5. ON 4 LANE DIVIDED HIGHWAYS, THE 2 LANE DIRECTIONAL PAVEMENT AND BOTH SHOULDERS SHALL BE PLACED
= WITH () LONGITUDINAL SAWED CONTRACTION JOINTS.
J 6. ON VARABLE WIDTH SLABS, THE 2 FOOT OR 4 FOOT END OF SLAB WIDTH DIMENSION MAY VARY £6 INCHES.
% C 7. (D T0 BE USED WHEN TRAFFIC LANE IS ADDED SEPARATELY OR FOR TAPERS OR SPEED CHANGE LANES. ALTERNATIVE
LONGITUDINAL JOINT LOCATIONS AT SPEED CHANGE LANE MAY BE USED IF APPROVED.
TYPICAL JOINT LAYOUT FOR DIRECTION OF TRAVEL
JOINT_LEGEND
“
—————(©)———— TRANSVERSE CONTRACTION
A A
— 53:6 ,=@ A ————()——— LONGITUDINAL CONSTRUCTION
L=
< n Rorz 17 . DOWELED TRANSVERSE
U % TRANSLATION === coNntrAcToN
i onoes TRAFFIC | — 1/2 VERTICAL 1/2 VERTICAL SKEW LONGITUDINAL CONSTRUCTION
(@) OF SHOULDER! BER < FLOW = —KOr<E)— OR LONGTUDINAL
= Tooowes | @O~ o 12" t Ol CONTRACTION
¥y F
@) — $ if: E Koz T IS PAVEMENT THICKNESS FROM FLANS (D RS
> o O ©fsoue PLAN VIEW ECTION A-A TION A-A g
o SHOWING HORIZ. TRANSLATION, SHOWING VERTICAL TOLERANCE SHOWING VERTICAL SKEW TOLERANCE
@»no DOWEL BAR DETAIL AND HORIZ. SKEW TOLERANCES .
H s, =z FOR _@_,]_Q[N]’_ﬂ]]:u 14 ft. AND 12 ft. LANES DETAILS ILLUSTRATING DOWEL PLACEMENT TOLERANCES LNE DUENSOWNG FOR
g ‘x’ SEE SUBSECTION 412.13(B)2 FOR ALLOWED TOLERANCE VALUES. FOR STRIPINé LOCATIONS,
t ]
ALTERNATE %,B&Ré\ )
m DIENSIONS (See Note 3.) : T ATERNATE
T 3
— w © NG Lo i DIMENSIONS (SEE NOTE 3)
F- rm i Taptl Lt 1
SHOULDER @ --rr!'.".\‘l:}. TETE PP HHHHH FPPETE PR | PP .@- ETETH PP
[ 20 roN e Y [ S
Z 2 14 C';D 3 ] T g 30 CRS A
S— FERET1  FEEEE FPFA . ST FreeT FereT & 14 12'
m _| T TP AT T P e "Lr—— 12' 12'
_< TWO- @
o Ti— TH SP _LANE TE SH
c RAMP AND SPEED CHANGE
— NS ONL? SR PLAS
" - e .
12' £ 6 _Q | FOR STRIPING LOCATIONS.
A
© )._-
x — Tar T
oy HHH L e 15
g2 & o rOR I
PTI IT T 1 F | P
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INT_LECEN GENERAL_NOTES
7 N ™ 1. THIS STANDARD PLAN DOES NOT APPLY TO THIN CONCRETE OVERLAYS (WHITETOPPING).
\A/ EXPANSION
2. LOCATE (D) JOINT AT A (©) JOINT OR A MINMUM OF 2 FEET FROM A () JOINT.
() TRANSVERSE 3. THIS JOINT LAYOUT IS INTENDED TO BE USED AS A STANDARD FOR THE JOINT LAYOUT FOR THE PROJECT.
o/ CONTRACTION IF THE CONTRACTOR PROPOSES VARIATIONS FROM THIS STANDARD OR THE PROJECT HAS UNUSUAL OR
IRREGULAR CONDITIONS NOT COVERED HEREIN, THE CONTRACTOR SHALL PREPARE A PAVEMENT JOINT
LONGITUDINAL LAYOUT FOR APPROVAL BY THE ENGINEER. 14 FOOT SLABS SHALL BE CONSTRUCTED ONLY WHERE
M OR TRANSVERSE DESIGNATED ON THE PLANS.
CONSTRUCTION
4. WHEN A CONTINUOUS WIDTH OF PAVEMENT IS POURED WIDER THAN 40 FEET, THE JOINT
NEAREST THE CENTERLINE SHALL BE AN UNTIED (D) JOINT.
o\ LONGITUDINAL
E CONTRACTION 5. ON 4 LANE DIVIDED HIGHWAYS, THE 2 LANE DIRECTIONAL PAVEMENT AND BOTH SHOULDERS SHALL BE PLACED
= WITH (E) LONGTUDINAL SAWED' CONTRACTION JOINTS.
@ t%%gl;gglc#%n 6. ON VARIABLE WIDTH SLABS, THE 2 FOOT OR 4 FOOT END OF SLAB WIDTH DIMENSION MAY VARY £6 INCHES.
e T 7. T0 BE USED WHEN TRAFFIC LANE IS ADDED SEPARATELY OR FOR TAPERS OR SPEED CHANGE LANES. ALTERNATNE
\_ ) CONTRACTION ) LONGITUDINAL JOINT LOCATIONS AT SPEED CHANGE LANE MAY BE USED IF APPROVED.
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VARES
' SHOULDER
et e
" 12
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d-& / \ 12! 12
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[O) J !
© © ©
TI— WITH \I/ Tl T H
RAMP AND SPEED CHANGE
VARIES 12 & 6 "@ [t FOR STRIPING LOCATIONS.
=1
0 0 o
" 9 2" ”|...|.-|—|—|-|++l+|""‘®+24' 5
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CENERAL_NOTES
1. THIS STANDARD DOES NOT APPLY TO THIN CONCRETE OVERLAYS (WHITETOPPING).
T 2. THIS TYPICAL JOINT LAYOUT IS INTENDED TO BE USED AS A STANDARD FOR THE JOINT LAYOUT FOR THE PROVECT. IF THE
JOINT LEGEND CONTRACTOR PROPOSES VARIATIONS FROM THIS STANDARD OR THE PROVECT HAS UNUSUAL OR IRREGULAR CONDITIONS NOT
g ~ COVERED HEREIN, THE CONTRACTOR SHALL PREPARE A PAVEMENT JOINT LAYOUT FOR APPROVAL BY THE ENGINEER.
[ \ —) EXPANSION 3. LONGITUDINAL JOINTS SHALL COINCIDE WITH LANE MARKINGS WHEN POSSIBLE, AND HAVE MAXIMUM SPACING OF 12.5 FT. (15 FT.
=C CANSYERSE PERMITTED WITH MONOLITHIC CURB AND GUTTER).
T
¢ CONTRACTION 4. CONSTRUCT TRANSVERSE JOINTS PERPENDICULAR TO THE CENTERLINE OF PAVEMENT AND EXTEND THROUGH THE CURB OR
o/
CURB AND GUTTER.
, b%"?m%’;élm 5. PLACE 1/2 IN. MIN. EXPANSION JOINT FILLER IN TOP & IN. OF CURB JOINT AT INTERSECTION RETURN RADIUS POINTS.
—(Lp———(T1)—
7 CONSTRUCTION 6. THE CONTRACTOR SHALL, UNLESS OTHERWISE SHOWN ON THE PLANS, SELECT AND USE A BOND BREAKER
o, AT INLETS, MANHOLES AND SIMILAR SIZE STRUCTURES. SMALLER STRUCTURES SUCH AS VALVE AND MONUMENT BOXES
\ ) G SHALL NOT REQUIRE A BOND BREAKER.
{ O/ CONTRACTION 7. TRANSVERSE JOINTS SHALL BE LOCATED AT THE CENTER OF CIRCULAR MANHOLES AND INLETS. NO TRANSVERSE JOINT SHALL
21 P ~ e PASS WITHIN 4 FT. OF A MANHOLE.
) CONSTRUCTION 8. WHERE A LONGTUDINAL JOINT WOULD PASS LESS THAN 1 FT. FROM A CAST-IN PAVEMENT MANHOLE OR SIMILAR SIZE
OPEN CENTER STRUCTURE, A TYPICAL 2 FT. RADIAL JOINT, AS SHOWN IN THE DETALS, SHALL BE USED.
e DOWELED TRANSVERSE
N {oc] CONTRACTION , 9. LOCATE (T) JONT AT (C) JONT OR 2 FT. MN FROM (C)
CUL-DE-SAC 10. WHEN A CONTINUOUS WIDTH AT PAVEMENT IS POURED WIDER THAN 40 FT., THE JOINT NEAREST THE CENTERLINE
SHALL BE AN UNTIED@JOINT.
¢ INLET
R
JOINT NOT REQUIRED IF CURB AND P MANHOLE PERMISSIBLE ALTERNATE
GUITER IS POURED MONOLITHICALLY JONTS WTH
WITH ADJACENT LANE. SMALL RADII < 16
_q% 8 MINNUM
12° NAX., CONC. 67 THICK OR LESS 2 & 6" TV,
_/ @ 15" MAX., CONC. OVER 6° THICK
INLET OR CURB AND P ‘
MANHOLE GUTTER * P4A Y]
@ CURB INLET
. q)) N uIN, ~— BOXOUT \ .
— 4 o ———— L= =]
J -
( :? ( ) 125'
oc \‘\ MAX,
T = = N
O ‘I
1. |®© i —
L, 2w
-t : ) S+ ] CID\ ] 1 /
OO 1 ' : R
CURB INLET 246 —— @
3 e i BOXOUT -y —
. 2 & 6TV, ¥ INTEGRAL * *
1/2" EXPANSION " * ROUNDING OF ANGLE BY CURS INLET OR
JOINT FILLER TORMING OR SLIPFORM PAVING MANHOLE
SEE NOTE. PERMISSIBLE. *
A MAY BE AUGNED WITH
f FRONT OR BACK OF IF PAVEMENT IS HEP
IF PAVEMENT IS HBP CURB.
TYPI P, T
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1. THIS STANDARD DOES NOT APPLY TO CONCRETE OVERLAYS LESS THAN 6 FT. THICK (WHITETOPPING).

2. THS TYPICAL JOINT LAYOUT IS INTENDED TO BE USED AS A STANDARD FOR THE JOINT LAYOUT FOR THE PROJECT. IF THE
CONTRACTOR PROPOSES VARIATIONS FROM THIS STANDARD OR THE PROJECT HAS UNUSUAL OR IRREGULAR CONOITIONS NOT
COVERED HEREIN, THE CONTRACTOR SHALL PREPARE A PAVEMENT JOINT LAYOUT FOR APPROVAL BY THE ENGINEER.

JJOINT_LEGEND 3. LONGTUDINAL JONTS SHALL CONCIDE WITH LANE NARKINGS WHEN POSSELE. AND HAVE NAXIMUM SPACING OF 125 FT. (15 FT.
Fs —~ ~ PERMITIED WTH MONOLITHIC CURB AND GUTTER).
A EXPANSION
u 4. CONSTRUCT TRANSVERSE JOINTS PERPENOICULAR TO THE CENTERLINE OF PAVEMENT ANO EXTEND THROUGH THE CURB OR
CURB AND GUTTER.
@ CONTRACTION 5. PLACE 1/2 IN. MIN. EXPANSION JOINT FILLER IN TOP 6 IN. OF CURB JOINT AT INTERSECTION RETURN RADIUS POINTS.
TIED_ LONGITUDINAL 6. THE CONTRACTOR SHALL, UNLESS OTHERWISE SHOWN ON THE PLANS, SELECT AND USE A BOND BREAKER
_®_@_ OR TRANSVERSE AT INLETS, MANHOLES AND SMILAR SIZE STRUCTURES. SWALLER STRUCTURES SUCH AS VALVE AND MONUMENT BOYES
CONSTRUCTION SHALL NOT REQUIRE A BOND BREAKER.
7. TRANSVERSE JOINTS SHALL BE LOCATED AT THE CENTER OF CIRCULAR MANHOLES AND INLETS. NO TRANSVERSE JOINT SHALL
LONGITUDINAL PASS WITHIN 4 FT. OF A MANHOLE.
@ R 8. WHERE A LONGITUDINAL JONT WOULD PASS LESS THAN 1 FT. FROM A CAST-IN PAVEMENT MANHOLE OR SMILAR SIZE
Y LONGITUDINAL STRUCTURE, A TYPICAL 2 FT. RADIAL JOINT, AS SHOWN IN THE DETALS, SHALL BE USED.
—/ e —— 9. LOCATE (T) JOINT 4T(C)JONT OR 2 FT. MIN FROM (©)
() ORI e R 10. WHEN A CONTINUOUS WIDTH AT PAVEMENT IS POURED WER THAN 40 FT,, THE JONT NEAREST THE CENTERLINE
L J ® SHALL BE_ AN UNTEED () JONT.

L
|
®
©
|
©
|

THEN A 12 FT. GAP BETWEEN A JOINT LOCATED AT A

=
T | F
i |- @ EXTRA JOINT SHALL BE PLACED HERE (TYP.), WHEN THERE IS MORE
EXTRA JOINT SHALL BE PLACED HERE (TYP.), WHEN THERE IS MORE @ ( (
THEN A 12 FT. GAP BETWEEN A JOINT LOCATED AT A © ] /// \ CURB BREAK PONT
12
12"
JsHouLDeER

=N

CURB BREAK POINT AND THE PREVIOUS JOINT.

CURB BREAK POINT AND THE PREVIOUS JOINT. ; 1 o’y I %
|\ curs Breax POINT — 1 == =
— 1 I ]

= — ]

- 1

LSN\

7 L —

|_ EXPANSION MATERIAL AT
@ BREAK IN CURB ALIGNNENT (TYP.)

HEP PAVEMENT — | §>

Ti— INT| Tl TH SP| T H




INLET

BARRIER
CURB FACE

N\

% 5' TRANSITION

GENERAL NOTES:
SEE SHEET SD.20d

% WHEN A TYPE R INLET IS
USED WITH MOUNTABLE

MOUNTABLE

CURB AND GUTTER, 5 FT. CURB FACE
TRANSITION SHALL BE
CONSTRUCTED. MOUNTABLE CURB
AND GUTTER
TRANSITION CURB
SEE CHANNEL LAYOUT ON SD.20d.
" 8" — - FOR A I'-0" PAN SLOPE 2" PER FT.
1" LEG . 8 FISH LOGO, A
FLusH with N\ 172" 4"~/ CENTER ON INLET 2-on 44
CURB FACE THD. 3/, (FOR A 1-0" PAN
TYPE 2-SEC. 11B) /- 4 BAR, SLOPE 2" PER FT.)
| i 885 ~"ig" LONG Rt 1Y
> 08 YOS R =1/ \ SLOPE 2% TO GUTTER
N R, | R=2" X /_ 409, 8" 0.C.
}i A 601
(1/‘ ) E : 4" ASLDPE:]H/FT
6 (%) ¥ 6" -2 - Y T 97T
2:1 _/ \[ /1
d 2:1 -f_ 2" CLR.
N_1/>" PIPE SPACER 501, 2u 503, [
~ A0 1'/g" LOCK NUT  5l4" 0.C. 5" 0.C.
8" 408, |
I 12II U C 3II CLR._/ 5
4II A Y
- 4 F A 2 IN. DIAVETER W YR 'F:“ELS.TD SFTSESAL 16" MAX,
/‘\ L 1-SOLID STEEL ROD ——H———3——- ¢ N
" >d Heeroc. BE PLACED AT i i 407, 1]
EMBEDMENT * I SUBGRADE ELEVATION J| | 8" WING FL. g pc.” 14
OF A MINIMUM THREE ——H-+——-1—
-7 NV INCHES BELOW ROAD N402, o ‘E]Oé,_//
. A L 31x31x34" PLATE BASE. THE HOLE d 1" 0.c. 1" 0.c s 3
4 4 SHALL BE PLUGGED e G )|
WITH CONCRETE L
BEFORE ACCEPTANCE ) —
OF THE INLET. 403 T —
¢ PLACE ENTIRE ASSEMBLY BEFORE POURING CONCRETE. o 0.0 \
CURB_FACE ASSEMBLY s, | A N e
9" 0.C. ;
8" waLL |
(TYP) AN
/ ~ -
2" ALL_/]
_ AROUND
4 S,
\ 405 \ 405,  \_a
e dc. edc o R
3I_4II
SECTION B-B
END VIEW
NOTE: MANHOLE RING & COVER, STATION
POINT AND OUTFLOW PIPE SHALL
BE LOCATED AT THE SAME END
| OF THE INLET.
(DOTTED BARS ARE IN SECTION D-D)
REFERENCE: CURB INLET - TYPER oot 6157902
’ ’ ] ssued: __ 0/195/20zs
(5’,10' OR 15’ IN LENGTH)
CDOT M & S STANDARDS Revised:
M—604—12 Standard Drawing No.
CITY OF
CASTLE PINES SD.20a




WHEN A TYPE R FOR LENGTH (L) 10 FT. OR MORE, PROVIDE
INLET IS USED WITH MAINTENANCE ACCESS AT BOTH ENDS WITH
MOUNTABLE CURB AND AN ADDITIONAL MANHOLE RING AND COVER.
GUITER, 5 F [ TRANSITION CUT REINFORCEMENT BAR ACCORDINGLY.

SHALL BE CONSTRUCTED.
ITRANSITION SHALL BE PALD 4
FURAS CURB AND GUTTER. STATION POINT AT MIDPOINT

JF INLET ALONG FLOWLINE

= 11'-4" - (5 AL ——
=
- | =10'-0" —= [ =15'-0" -
LA 409
A = 1 A
s
|
“ACF OF i B %NDCSLRUF 3 [BEAMM )
CURB | " - ACE UOF
I , . AN , s s LU
ECHI W | By - N N N ' R R =~
_._,_\_.:_'-__‘i_‘_‘_'_w_‘_'_'_‘_ #‘ % I T | T : —— %
" \1 %50—’ —* | | IS 5", EACH END | % MEET SHAPE
% ONF W/AIII DTA ROD | o *‘DIRECTIDN : OF  NURMAL
IN 5'INLET e, x OF FLOW ., "o BARRIER CURB
R AN et ) AND GUTTER
HE RE .
- 5 > - INLET PAY LENGIH —— 5 >
TRANSTTIUN TRANSTTTUN
i
GUTTER B PLAN \/IE\/\/ CUITER
cUl UFF UR BEND BARS 10U CLEAR MANHOLE - [ — 5 - _=10"-0" - | — [0 -0
409 601 503 — | —— 409 o -
| 0 wankoE 4 [ [ (A e
b e 4@5 e 4-% % - Y \yA%.‘_‘/ZLOB \__jv §*§ Yoat- 403 \4&4 §*§ ¥ 709
Yo - > oiR —" =] \‘ i \ do
\ 501 RN I ) 501 | L. 501 501 | &
401 ““ET C ! 1" nc = " ‘/4/ C ) & ‘// 401 C ) " ‘:/ AOI
> 1" I e - Al Al
T | e ] i
| =10"0R 15"~ H<H A (—)_Q—UC VP NE | g 0C ¢ ) Al | y ¢ )
8 —»; S e . | - : .'f \
,—"— T S rL ¥ ¥407 g : ¥4O7
- A | Al
= ( ) //" B < C — | ( ) |
07 —"_— 11 [ 11 403 .| 403
(403 | 10— o |40 L
Yoy P ‘ | | e v 1] [~
B I A S N s > s L"“i\.
12 A e war ey i el g \ e, s e ] S 20 AL
i . /i > JI” Jl - = 4 4 . e 4 : ARTDUND
\ 3" CLR. 405 / 406 . 105 J L0B 405 _/ 406 (TYP.)
o' 0.C. 6" 0.C. e 51 0.C. 50 0.C. 51 0.C.
- 5'-8 - e [1-8" —— -8 »
SECTIUON A-A REGULAR INLET
o D C D <-—
“7 = 10'-0" \ \ [ =15'-0" |
o 004 007 — - 0 = e
o % = ~ o0/ ~ — 504
A ‘ _— | 4 laos "y | @ E _
QI Y \1 w OY o)
< i g ‘ | 1y 2 S A,
A a ‘A < : ~ I b .w
‘ 301 415 / 40% ‘ k
2.()Y
‘ CONSTANT L L 413 403
ol | s 5 'A 5 CLR. MIN. 0.5% SLOPE | _
H ! CONSTANT | ' - ey - A
9" 0.c. | L H \—'—'—'—r—"'E — I
| 401 ' ' B i » v v v . f4 v ® v v 8 \ v % l & v
1/ A l \[_/ / / I /
H > 5! . v | 411 - 417 — T /
“"\\ 403 ~| 41— 412
——F VARIABLE ) N | | |
N C > C >
| N e B 2" CLR.
405~y e ]
Y _ H’T Y f i
A = ] L SECTION A-A INLET
' WITH DROP BOX ~ H>5 FT.
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ALL INLETS INLETS: H< 5 FT. INLETS: H >5 FT.
BAR # 0.C.
MARK or | spacing | TYPE L =15FT. L = 10 FT. L = 15 FT. L = 10 FT. L = 15 FT.
SIZE NO. REQ'D. |[LENGTH ||NO. REQ'D. [LENGTH | NO. REQ'D.|LENGTH || NO. REQ'D.|LENGTH || NO. REQ'D. | LENGTH
401 4 kS Il 15 N 21 . 26 " 11 A 11 =
402 4 11" Il 7 B 13 . 18 . 7 . 7 .
203 7 9" T . pOT . 20" . o ] o ) o
405 4 6" Vi 11 6'—10" 21 6'-10" 31 6'—10" 11 6'—10" 11 6'-10
406 4 6" Vil 7 8'—10" 7 13'-10” 7 18'-10" 7 8'-10" 7 8'-10"
407 4 9" I N 5'—10" o 10'-10" . 15'=10” . 5'—10" . 5'—10"
408 4 12" I 3 6'—10" 3 11'-10" 3 16'-0" 3 11'=10” 3 16'-0"
409 4 8" il 6 5-10" 6 10'-10" 6 15'-10" 6 10'-10" 6 15'—10"
410 4 11 vil 3 . 3 .
411 4 11" 1 3 5'-2" 3 10'-2"
412 4 11" i 3 2'-9” 3 2'-9"
413 4 9" 1l 7 10'-=10" 7 15'—-10"
501 5 5 1/2 » Y 11 34" 22 3_gq” 33 3 _g" 22 34" 33 34"
502 5 51/p" m 11 11'-5" 17 11'-5"
503 5 | 51/2” Il 5 3-6" 16 3'-6" 27 3-6" 6 3-6" 6 3-6"
504 5 | 51/2” IX 5 8'-4"
601 6 | 21/2” v 2 8'-10" 2 8'-10" 2 8'-10" 2 8'-10" 4 8'-10"
m8[8.5 1 5—10" 1 10'-10" 1 15'—-10" 1 10°=10" 1 15'—10"
2 BARS, 1 ROD ——— ||4 BARS, 3 RODS| —— |[8 BARS, 5 RODS| ——— (|4 BARS, 3 RODS| —— 8 BARS, 5 RODS _
* VARIABLE, REFER TO TABLE TWO. L ” J L " )
M INCLUDE #4, 18 IN. BARS (SEE CHANNEL LAYOUT). REGULAR INLETS DROP BOX INLETS
” ”
TABLE ONE ~ BAR LIST FOR CURB INLETS, TYPE R
e
H’ 428 CONC. | STEEL CONC. | STEEL CONC, STEEL
401 402 410 403 407 | 403 407 CU. YDS. | LBS. CU. YDS. | LBS. CU. YDS. LBS.
3-0" |[2-8" | 1’-8" 10 7 3.2 285 5.3 497 7.4 706
3'-6"|[3'-2"| 2’-2" 10 7 3.4 305 5.7 528 7.9 747
4'-0" || 3-8" | 2’-8" 12 9 3.7 326 6.0 559 8.4 786
4'-6" ||4-2" | 37-2" 12 9 3.9 334 6.4 571 8.8 803
5'-0" || 4'-8"| 3'-8" 14 11 4.1 354 6.7 602 9.3 844
5'-6"[|5°-2"| 4-2" | 3-5" 16 13 15 6 4.4 375 6.0 607 7.4 850
6'-0" ||5°-8" | 4'-8" 11" 16 13 16 6 4.6 382 6.2 616 7.6 860
6'-6"||6'-2"| 5'=2" | 4'-5" 18 15 18 8 4.8 402 6.4 637 7.8 880
7'-0"||6’-8" | 5’8" —11"] 20 17 19 10 5.0 423 6.6 654 8.0 897
7'-6"||77-2"| 6'-2" | 5'-5" 20 17 20 10 5.3 430 6.9 664 8.3 907
8'-0"|| 77-8"| 6'-8” —117 22 19 22 12 5.5 451 7.1 684 8.5 927
8'-6"||8'=2" | 7'-2" —5" 24 21 23 14 5.7 471 7.3 702 8.7 944
9'-0"||8-8"| 7-8" | 6'—11"] 24 21 24 14 6.0 479 7.6 711 9.0 954
9'-6" ||9'-2" | 8'-2" —5” 26 23 26 16 6.2 499 7.8 732 9.2 974
10'-0"| 9'-8"| 8'-8"| 7-11"1 28 25 27 18 6.4 520 8.0 749 9.4 992
10'-6"|10'-2"] 9'-2"| 8'-5" 28 25 28 18 6.7 527 8.3 759 9.7 1001
11'-ofl10-81 9'-8"| 8'-11"| 30 27 30 20 6.9 547 8.5 779 9.9 1022
NOTES: FOR L=5 FT., L=10 FT., AND L=15 FT.
REGULAR INLETS: TOTAL QUANTITIES NEEDED ARE OUTSIDE THE HEAVY BLACK LINE.
DROP BOX INLETS: TOTAL QUANTITIES NEEDED ARE INSIDE THE HEAVY BLACK LINE.
STEEL WEIGHTS DO NOT INCLUDE STRUCTURAL STEEL CHANNEL.
” ”
TABLE TWO ~ BARS AND QUANTITIES VARIABLE WITH H
REFERENCE: CURB INLET - TYPER oot 6157902
) ) ) ssued: __ 6/15/2022
(5,10’ OR 15’ IN LENGTH)
CDOT M & S STANDARDS Revised:
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| il |

v

ELEVATION VIEW
MANHOLE COVER (TYP.)

_r1
_f

PLAN VIEW

GENERAL NOTES
I CONCRETE SHALL BE CLASS B.INLET MAY BE CAST-IN-PLACE OR PRECAST.

CONCRETE WALLS SHALL BE FORMED ON BOTH SIDES AND SHALL BE 8 INCHES THICK.
INLET STEPS SHALL BE IN CONFORMANCE WITH AASHTO M 199.

&~ N

CURB FACE ASSEMBLY SHALL BE GALVANIZED AFTER WELDING.

EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED ¥4 OF A INCH.CURB AND GUTTER
CORNERS SHALL BE FINISHED TO MATCH THE EXISTING CURB AND GUTTER BEYOND
THE TRANSITION GUTTER.

6. REINFORCING BARS SHALL BE DEFORMED AND SHALL HAVE A 2 INCH MINIMUM
CLEARANCE. ALL REINFORCING BARS SHALL BE GRADE 60 AND EPOXY COATED.

7. DIMENSIONS AND WEIGHTS OF TYPICAL MANHOLE RING AND COVER ARE NOMINAL.

o

8. MATERIAL FOR MANHOLE RINGS AND COVERS SHALL BE GRAY OR DUCTILE CAST
IRON IN ACCORDANCE WITH SUBSECTION 712.06.

9. SINCE PIPE ENTRIES INTO THE INLET ARE VARIABLE, THE DIMENSIONS SHOWN ARE
TYPICAL. ACTUAL DIMENSIONS AND QUANTITIES FOR CONCRETE AND REINFORCEMENT
SHALL BE AS REQUIRED IN THE WORK. QUANTITIES INCLUDE VOLUMES OCCUPIED BY
PIPES.

10. STRUCTURAL STEEL SHALL BE GALVANIZED AND SHALL BE IN ACCORDANCE WITH
CDOT SUBSECTION 712.06.

11. ALL MANHOLE COVERS SHALL BE CAST WITH A "NO DUMPING DRAINS TO STREAM"
MESSAGE AND A FISH SYMBOL. THE SURFACE OF THE MANHOLE COVER SHALL

HAVE A NON-SLIP PATTERN.
1

= 23" ==24"==23"= 0 44 BARS ;

12" 'I—— 12 A

[ o U ] FOR 5’ INLET No. 4

1%"

1%" HOLE

~—35"—=t=—35"—=1 ONE 1%4" HOLES
5'-10" | %

o . & 4 .
29 24 2 2 29" CouR f4 BARS
8[8.5

6"

FOR 10" INLET -—SECTION AT

HOLE (TYP.)

55""' THREE 1)4” HOLES

10 10
WEIGHTS: COVER = 125 LBS. | [R22" 22" 22 = 24 =22 =22 =22
+ RNG = 135 LBS. L i o2 q: o F;HT e
TOTAL = 260 LBS. ,I“‘ i et 4 ’b
TYPE I T o U o U —olf =1 FOR 15" INLET
ELEVATION VIEW _ ] ] - - ] =
MANHOLE RING (TYP.) % 307 7= 307 =50 30"-==—35"— 1 1" HoLES
LENGTH 1o-10 '

CHANNEL LAYOUT DETAILS
SEE CURB FACE ASSEMBLY ON SD.200.

TYPE Il TYPE TYPE Vi TYPE Vil TYPE X
44" —={12" =~
— ] e —f
20"([ 405 rﬂ T I 504 | 34"
51 T ‘l 502 1 VARIESH 410 | 20| 406 212_’ l
21" . I (S
$ 42 —— VARES | | l—a4—=

BAR BENDING DIAGRAMS ~
REFERENCE:

CDOT M & S STANDARDS
M-604-12

gDimensions are Qut—to—Out of bar)

CURB INLET - TYPER

(5!’ 109 OR 15v |N LENGTH) Issued: 6/15/2022
Revised:
/cﬁtc%_\ Standard Drawing No.
CASTLE PINES SD.20d




MEDALLION

(SEE NOTE 10) ™ ™\
e

£

4" MIN—
sterl

48"

BOLTS

N

e 8

LI}

36"

: RECESS
~+—FOR GRATING—1]

18"

3" MIN.

CLEARANCE __L_

§ll

T

s

#4lo
12" MIN. =12"
(TYP.)

~402

CENTER

e

H
16"
MAX.

3" MIN.
CLEARANCE—__

( T _1'_4%

Ll\a "g)lll
~ ~ ol o
(YR

$=402=% . 6

-6'p——— 36— 6"

ELEVATION
CONCRETE INLET

QUANTITIES FOR ONE INLET

v v

.| concreTE [ sTEEL erUés

(Cu. YDS.) | (LBS.) [ oL v
26" 10 76 | 0
30" | 1l 8l | o
36| 12 97 | 0
#ov | 13 | 102 | 1
#6" | 15 n7 | 2
500 16 | 125 | 2
56| 17 | 138 | 2
60" | 19 | 143 3
66| 20 | 159 | 3
70| 21 | 164 | 3
76" | 22 | 180 | 4
g0 | 24 | 185 | 4
g6 | 25 | 200 | 4
90" | 26 | 206 | 5
96| 28 | 221 | 5
10-0"| 29 | 2% | 6
6| 33 |252] 6

V PIPE INSIDE DIAMETER SHALL BE 30 IN.OR
LESS. CONCRETE AND STEEL QUANTITIES ARE
FOR ONE ENTIRE INLET BEFORE DEDUCTION
FOR VOLUME OCCUPIED BY PIPE. WEIGHT OF
STEEL INCLUDES A RING FOR THE MAXIMUM
PIPE DIAMETER.

GENERAL NOTES

. INLET TYPE C IS NOT HS-20 RATED AND SHALL NOT BE PLACED IN PAVED

ROADWAYS. THIS INLET SHALL BE USED ONLY OUTSIDE PAVED ROADWAYS.

. CONCRETE SHALL BE CLASS B.INLET MAY BE CAST-IN-PLACE OR PRECAST.
. REINFORCING BARS SHALL BE GRADE 60, EPOXY COATED, AND DEFORMED #4, AND

SHALL HAVE A MIN. 2 INCH CLEARANCE.CUT OR BEND AROUND PIPES AS
REQUIRED.

. CONCRETE SLOPE AND DITCH PAVING SHALL BE IN ACCORDANCE WITH

SECTION 507. REINFORCEMENT FOR CONCRETE SLOPE PAVING SHALL BE
6 X6-WL4 XWL40ORGXG6-W21X W21

. STRUCTURAL STEEL FOR GRATES AND GRATE INSTALLATION HARDWARE SHALL

BE GALVANIZED, AND SHALL BE IN ACCORDANCE WITH SUBSECTION 712.06.

. THE STANDARD INLET GRATES SHALL BE USED ON ALL TYPE C INLETS

UNLESS CLOSE MESH INLET GRATES ARE ACCEPTED BY THE CITY OF CASTLE
PINES THROUGH WRITTEN VARIANCE.

. CLOSE MESH GRATES ARE RECOMMENDED WHERE FOOT TRAFFIC OR BICYCLE

ROUTES ARE IN CLOSE PROXIMITY TO GRATE. THIS GRATE IS NOT ADA COMPLIANT
OR BICYCLE FRIENDLY AND SHALL NOT BE PLACED DIRECTLY IN SIDEWALKS,
CROSSWALKS OR BIKE PATHS.

. STEPS SHALL BE PROVIDED WHEN INLET DIMENSION "H" IS EQUAL TO OR

GREATER THAN 3 FEET - 6 INCHES AND SHALL CONFORM TO AASHTO M 199.

. SEE STANDARD DETAIL SD.220, SD.22b, AND SD.22c, FOR REINFORCEMENT AROUND

THE PIPE OPENING.

. ALL INLETS SHALL HAVE A 4 INCH DIA. METAL MEDALLION WITH A

"NO DUMPING DRAINS TO STREAM" MESSAGE ON IT. THE MEDALLION SHALL HAVE
A FISH SYMBOL WITH A BLUE BACKGROUND. IT SHALL BE FIRMLY ATTACHED TO
THE TOP OF THE INLET WITH A PERMANENT FASTENER.

BAR LIST FOR H = 2 FT.-6 IN.
AND BENDING DIAGRAM

NO.
MARK REQD. HEIGHT| LENGTH

s | 2 |22 8-0"
400 | 6 [2-7"] 88"
402 [ 4 [ " | 15-4"

_f

g

NO. 401 _L
“— 3l_6ll _.I
"U" INCREASE DIMENSION
6 IN.FOR EACH 6 IN. INCREASE
OF "H" ABOVE 2 FT.-6 IN.

6"
MIN.

3-7n 12"

MIN.
L NO. 402 ﬁ

ADD ONE BAR FOR EACH FT.
INCREASE OF "H" ABOVE
2 FT.-6 IN.

402 BARS SHALL BE EQUALLY
SPACED FROM EACH OTHER.

REFERENCE:

CDOT M & S STANDARDS
M-604-10

INLET - TYPE C Issued: __6/15/2022

Revised:

Standard Drawing No.

CITY OF
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— 10 =07 -
— SYMMETRICAL ABOUT ¢
/ A _
,
A
g |
T PARALLEL TO
= /ROADWAY 0
4} |
|
SLOPE '
TO MATCH .
MEDIAN ' R
SLOPE .
~ | ' 0| ™~
‘ /- || | ]
| | |
\
1 CROSS CULVERT
= | ] 4’
O
]
L
!
A o
SECTION VIEW

INLET WITH DITCH PAVING

J [ CTT —_—
FAR THWURK ASSUCIATED WITH DIKE SLOPE 10 rIT DIKL \
— HEIGHT 0OF DIKE

INCLUDED IN THe CUST Ur IHE INLET / l
‘w\ XQZK N\A>< — ]OZ / / v 10 |/ 1 PFR T W/\X
L oA o [ SLOPE Yo" PER FT. MAA.
/\//\’\//\\K\\{/\// B —— 1TO ‘A‘ A\\ﬂ P IACAVA NS
NORMAL MEDIAN DITCH GRADE S~ 1 CONCRETE

4|| | bl»
Pt 3 : SLOPE AND DITCH
CTKNG'FW' ::;::Z::::::ZX
_NoTH OF Cawyaﬁj¢QL . : PAVING (REINFORCED)
cHoWN_ON PLA fﬁxfff#fffff.n»B»b.f; (REQUIRES 1.3 CU. YD)
/ /_‘_ 4'-0"" —e - 4! —

THIS SLUOPE SHALL BE SHUWN UN THE PLANS
—— CONNLCTING PIFPL

SECTION B-B SECTION A-A
INLET CUONNECTED INLET ON GRADE
TO A CROSS PIPE (FLOW FROM ONE DIRECTION)
MEDIAN DITCF
GRADE ——
IN CASES OF SKEWED PIPE, THIS M
DIMENSION SHALL BE SHOWN . SKEW SLOPE V5" PER FT. MAX S| OPE 1" PER FT.MAX.

ON THE PLANS —— ANGLE ?z&qx§g§§s-ﬁb‘ffff‘4p | S I A
e 'l ﬁ‘kN'ﬂ’*Af';w ] AR

X4 CONCRETE SLOPE ——— g i ]

S OF MEDIAN AND DITCH PAVING ) <:jj:> ;
o (REINFORCED) I
SESDLICH (REQUIRES | RN
1.3 CU. YD.) — ) -~ ) —
—INLET -
CONNECTING PIPE \ ( SECTION A-A
— K] KCONCRETE SLOPE AND DITCH PAVING WILL
R BE REQUIRED WHEN SHOWN ON THE PLANS.
INLET CONNECTED TO A INLET AT BOTTOM OF VERTICAL CURVE
SKEWED CRUOSS PIPE (FLOW FROM TWO DIRECTIONS)
REFERENCE:
INLET - TYPE C ssued:  6/15/2022
COOT M & > STANDARDS Revised:
M-004-10 Standard Drawing No.
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GRATE INSTALLATION
DETAIL

3 23
- %R R.

30 FLAT
SLOT DETAIL

Hhe'x1"
SLOTTED
=0l E

5w FLAT

ALTERNATE SLOT AND
HOLD DOWN
PLATE DETAIL

<i;:/§é”FGJCAL HEX. ROUND

= OR TWISTED CROSS BAKRS
AT 8" CTRS. WELDED TO
47x% BEARING BARS

‘ SPACED AT 2%” CTRS. >

CLOSE MESH GRATE

USE FOR PEDESTRIAN AND BICYCLE AREAS ONLY.

SLOT DETAIL IN 345" x Ji°
FLATS SAME AS N
SIANDARD INLET GRATE.

3K FLAT
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GENERAL NOTES

. INLET TYPE D IS NOT HS-20 RATED AND SHALL NOT BE PLACED IN PAVED

ROADWAYS. THIS INLET SHALL BE USED ONLY OUTSIDE PAVED ROADWAYS,

3. SEE PLANS FDR SIZE AND LOCATION OF PIPE.

. CONCRETE SHALL BE CLASS B.INLET MAY BE CAST-IN-PLACE OR PRECAST.

. STRUCTURAL STEEL FOR GRATES AND GRATE INSTALLATION HARDWARE SHALL

BE GALVANIZED AND SHALL BE IN ACCORDANCE WITH SUBSECTION 712.06.

80"
4}5”—‘
F—-—1— Y — 31" ‘
245 BOLT CTRS.‘»I
37%"
BOLT 47"
CTRS. OUTLET PIPE | MIN.
INSIDE DIA. | "H
J IN. — D" | FT.
18 3.0
- - 24 35
- 30 40
PLAN VIEW 36 45
(SHOWING ANCHOR BOLT LAYOUT) 42 5.0

. STANDARD INLET GRATES SHALL BE USED ON ALL TYPE D INLETS
UNLESS CLOSE MESH GRATES ARE ACCEPTED BY THE CITY OF CASTLE PINES.

. CLOSE MESH GRATES ARE RECOMMENDED WHERE FOOT TRAFFIC OR BICYCLE
ROUTES ARE IN CLOSE PROXIMITY TO GRATE. THIS GRATE IS NOT ADA
COMPLIANT OR BICYCLE FRIENDLY AND SHALL NOT BE PLACED DIRECTLY
IN SIDEWALKS, CROSSWALKS OR BIKE PATHS.

. STEPS SHALL BE PROVIDED WHEN INLET DIMENSION "H" IS EQUAL TO CLEARANCE
OR GREATER THAN 3 FEET-6 INCHES AND SHALL CONFORM WITH AASHTO M 199.
. REINFORCING BARS SHALL BE GRADE 60, EPOXY COATED, AND DEFORMED #4, AND

INLET WALL ALTERNATE SLOT AND HOLD DOWN PLATE DETAIL 12" CTRS. SHALL HAVE
A 2 INCH MIN. CLEARANCE. CUT OR BEND BARS AROUND PIPE AS REQUIRED.

. ALL INLETS SHALL HAVE A 4 INCH DIA. METAL MEDALLION WITH A "NO DUMPING DRAINS

TO STREAM" MESSAGE ON IT. THE MEDALLION SHALL HAVE A FISH SYMBOL WITH A
BLUE BACKGROUND. IT SHALL BE FIRMLY ATTACHED TO THE INLET'S SURFACE WITH

A PERMANENT FASTENER.

47" | 80"
I 41" | —=6"
35" ‘ 18 4}5" 184" —| t— MEDALLION
D2 ‘ VAN 7 ’I r I‘
7 - R T e R,
N E . FPRERERE O\
12" MIN. NI En #4 AN
N \—INLET #a AT 1) BAR ]l}_ l 3| #4 AT
_____ Ta]  ORATES 2 SRS A CLR.| ] 12" CIRS.
] BN )
#4 BAR—pmi F.,.J_Q (TYPICAL) o L BONCRETE R (TYPICAL)
ARQUND 1} BN ik PIPE 1.D. A
PIPE M FLOW LINE | ﬂ.\15” MAX. 12" BN
i1 “ 1 T,
|| & coour g R ks
K TR afr| b S R—— CONCRETE
i 4% _ __J.\\x____ gL 4% 1"l PPEOD.
o e Sy ins U === cagE | SN
2 SPNININPNANAN r\ N N YAXVYNYN? >»/>»/>»/, AP NN APNANINA 22
—i 14" I;— £ #4 AT
12" CTRS.
TRANSVERSE CROSS SECTION LONGITUDINAL CROSS SECTION
LEVEL GRATE INSTALLATION
47" MEDALLION 80” -
i 4" \—-( 6" 68"
' 35" ' Sx 18%”
DIKE N == I‘\N ] 18}5” ‘
NN, =1 R ____[__,z,.‘g;__"_"‘.'_“_.._,_ 9"  FLOW
§‘| iR \\/li ' Nl X
;\:f" \— : 1N NER Y
NN ST, LS AT N TR T4 AT
_____ ] GRATES L 12" CIRs, i |- 12" CTRS.
S (TYPICAL) g il (TYPICAL)
i = g AR
N —row e | 4B Ga | YR
" M . PR
[ orer RS A g R
1 9 N/ B |
i & CONDUIT Fﬁ‘&' X R CONCRETE
i 4% <R . K PIPE 0O.D.
+H . ’_"_“"_"_l‘ - - - _6’ TYPICAL _sé . HN'S "
et e AR _wlsTE HhorY . :I;g P CE
\/////1;;_/11[ NG (" N GNGNININ IS ININININ PN L
——T 14" 14 44 AT
12" CTRS.
TRANSVERSE CROSS SECTION LONGITUDINAL CROSS SECTION
SLOPING GRATE INSTALLATION
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WASHER—]

%" CLR.—/

INLET WALL

GRATE INSTALLATION

DETAL

%
%" R.

~ 3

SLOT_DETAIL

S

ALTERNATE SLOT
AND HOLD DOWN
P

\J

TAl

FLAT

%e™x1”

LOTTED

34" FLAT

HOULDER
777777 7 7
/2227 DKE 77272 01 12" MIN. FLOW
EARTHWORK ASSOCIATED O
WITH DIKE INCLUDED IN
THE COST OF THE INLET
TRANSVERSE VIEW LONGITUDINAL VIEW
IKE
QUANTITIES FOR ONE INLET
v v
H |CONCRETE |STEEL [CIRCULAR PIPE RANGE
FT. | CU. YD. LB. [INSIDE DIA., IN. — D"
3.0 15 127 18
35 1.7 149 18-24
4.0 1.9 157 18-30
4.5 2.0 179 18-36
5.0 2.2 187 18-42
515! 2.4 208 18-42
6.0 2.6 215 18-42
6.5 2.8 236 18-42
7.0 2.9 243 18-42
7.5 3.1 264 18-42
8.0 3.3 271 18-42
8.5 3.5 292 18-42
9.0 3.6 299 18-42
9.5 3.8 320 18-42
10.0 4.0 327 18-42
V CONCRETE AND STEEL QUANTITIES ARE FOR ONE ENTIRE
INLET BEFORE DEDUCTION FOR VOLUME OCCUPIED BY
PIPE. WEIGHT OF STEEL INCLUDES A RING FOR THE
MAXIMUM PIPE DIAMETER.
REFERENCE:

CDOT M & S STANDARDS

M-604-11

INLET - TYPED

CITY OF

CASTLE PINES
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S4 x 7.7

L] ) n )
A CENTERLINE OF
Fa I H I GRATE PARALLEL
s Ay il [i|D TO CENTERLINE
A OF ROADWAY
354" FLAT—/: oo @
—H— H-—ff —-
1 1 1 1
sat7—~al I [ b /
BEAMS IS 1 [
] 1 1
] 1 1
] 1 1
1 !

-

H H

——lwéfs"(ﬂﬁ')l——

OPEN SLOT T (5
(T0 FACIL

SEAL BOTH
SIDES

354" FLAT

V4

GALVANIZING) Icms.lcms. chs.| T /
L) - !

STANDARD INLET GRATE

3"4" FLAT

SECTION D-D

QUANTITIES: 2 STEEL GRATES PER INLET

NO. PIECES| DESCRIPTION |LENGTH|LB. PER FT.| WEIGHT (LBS.)
8 S4x7.7 BEAM 40" 7.70 206
4 35"4" FLAT 26%" 2.98 26
4 3"4" FLAT 26%" 2.55 24
TOTAL 256 LBS.
/ I

4"x%" BAR

3"4" FLAT

! o~
He
SECTION E-E

MESH GRAT
USE FOR PEDESTRIAN AND BICYCLE AREAS ONLY.

%" TYPICAL HEX. ROUND
OR TWISTED CROSS BARS
AT 8" CTRS., WELDED TO
4"x%" BEARING BARS
SPACED AT 23" CTRS.

35"54" FLAT

SLOT DETALL IN 34" x 4"
FLATS SAME AS IN
STANDARD INLET GRATE.
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GENERAL NOTES

. CONCRETE SHALL BE CLASS B.INLET MAY BE CAST-IN-PLACE

OR PRECAST.

. CAST-IN-PLACE CONCRETE WALLS SHALL BE FORMED ON BOTH SIDES.
. EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED ¥; OF A INCH.
. REINFORCING BARS SHALL BE DEFORMED #4 AND SHALL HAVE A

2 INCH MINIMUM CLEARANCE. ALL REINFORCING BARS SHALL BE
GRADE 60 AND EPOXY COATED.

. STEPS SHALL BE PROVIDED WHEN INLET DIMENSION "H" IS EQUAL TO

OR GREATER THAN 3 FEET-6 INCHES AND SHALL CONFORM TO AASHTO
AASHTO M 199.

. ALL GRATES AND FRAMES SHALL BE GRAY OR DUCTILE CAST IRON

IN ACCORDANCE WITH SUBSECTION 712.06. GRATES AND FRAMES SHALL
BE DESIGNED TO WITHSTAND HS 20 LOADING.

. STATION POINT IS AT THE CENTER OF THE INLET.
. GRATE SHALL HAVE "DUMP NO WASTE DRAINS TO STREAM" MESSAGE

CAST ON SURFACE.

QUANTITIES

REINFORCING | NO. OF | MAXIMUM PIPE 1.D.

H |cONCRETE|  sTEEL BA:L\%]S SEC. A-A|SEC. B-B
Cu. YD. 0 LB. REQ'D. IN. IN.
30" 1.3 72 4 18 18
3-6" 1.5 76 4 24 18
£-0°|__1.6 90 5 30 18
4-6"| 1.8 104 6 30 18
5-0°| 1.9 109 6 30 18
56" 2.1 122 7 30 18
6-0"| 2.2 136 8 30 18
6-6"| 2.4 141 8 30 18
7-0" 25 154 9 30 18
7-6"] 27 168 10 30 18
8-0"] 238 173 10 30 18
8'-6" 3.0 187 11 30 18
9—0"| 3.1 200 12 30 18
9-6"] 3.3 205 12 30 18
10-0"| 3.4 219 13 30 18

© INCLUDES 1% FOR OVERRUN.
NOTE: CONCRETE QUANTITIES INCLUDE VOLUME OCCUPIED BY PIPE.

BAR LIST FOR H=3"-0"

MARK | oo Q'MENS'ONS y LENGTH
401 4 | 36 -7 134"
402 2 | z-ap | 2-e” | 8-
403 5 2'-)%" +2'-7" 7-2%"

*ADD 6 IN. TO THIS DIMENSION FOR EACH 6 IN. INCREASE
OF "H" OVER 3 FT.-0 IN.

11" l‘i 9% ———————— »

j__:l— 1" : _{

5" “_L 2 ‘ J

T r. o .' "

SECTION E-E SECTION F-F
APPROX. WEIGHT 590 LBS.
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. Sc

SINGLE NUMBER 16 INLET NOTES

. FOR PAYMENT PURPOSES, INLET STRUCTURES SHALL ALSO INCLUDE 2'-0"

CURB & GUTTER TRANSITION SECTION AT EACH END OF INLET PLUS
SIDEWALK SECTIONS WHERE REQUIRED BEHIND INLET STRUCTURE AND
TRANSITION SECTIONS.

. SUB-GRADE SHALL BE 6-12" OF CLASS B BEDDING COMPACTED PER

THE CITY AND COUNTY OF DENVER DOTI STANDARD CONSTRUCTION
SPECIFICATIONS, ON SUITABLE, UNDISTURBED MATERIAL. IF SUBGRADE IS
UNSUITABLE, THE SUBGRADE SHALL BE OVEREXCAVATED AND STABILIZED
WITH CLASS B BEDDING PER THE CITY AND COUNTY OF DENVER DOTI
STANDARD CONSTRUCTION SPECIFICATIONS.

. FLOOR SLOPE MAY BE POURED MONOLITHIC WITH BASE.

= SLOPE OF CONNECTOR = 2% MIN.

. UNLESS OTHERWISE SPECIFIED ON THE DRAWINGS OR OTHERWISE

APPROVED, ALL NO. 16 INLETS SHALL BE CONSTRUCTED WITH AN
ADJUSTABLE CAST IRON CURB BOX (STANDARD DETAL SD.28a AND SD.28b).

. DESIGN CONDITIONS FOR INLET ALLOWS DEPTHS OF 12'-0" (MAX.). FOR

INLETS MORE THAN 12'-0" FEET IN DEPTH, SHOP DRAWINGS AND DESIGN
ANALYSIS SHALL BE SUBMITTED FOR APPROVAL

. ALL REINFORCING STEEL SHALL BE ASTM, A-615, GRADE 60 DEFORMED

BARS. DIAMETER OF BEND MEASURED ON THE INSIDE OF THE BAR SHALL
BE A MINIMUM OF 6 BAR DIAMETER.

8. ALL SHALL CONFORM TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS,
8TH EDITION, 2017.
9. NO FORMWORK SHALL WORK REMAIN INSIDE STRUCTURE WHEN COMPLETE.
10. CONCRETE MIX FOR GUTTER AND ANY ADDED STREET PANELS SHALL MEET
CLASS 2 REQUIREMENTS FOR SULFATE RESISTANCE IN ACCORDANCE WITH
CDOT STANDARD 601.04 ON STREETS WHERE MAGNESIUM CHLORIDE
CHEMICAL DEICERS ARE APPLIED. REFER TO DOTI STANDARD
CONSTRUCTION SPECIFICATIONS SECTION 11 FOR REQUIREMENTS FOR
SULFATE RESISTANCE IN CONCRETE EXPOSED TO EARTH.
11. SPLICING OF REINFORCING STEEL SHALL BE PERMITTED ONLY WHERE
DETAILED IN DRAWINGS.
NO. 16 GRATE & BSiI0 12. INLET WALLS SHALL BE FORMED BOTH INSIDE AND OUTSIDE. CASTING OF
. . . " SIDEWALLS AGAINST EARTH IS NOT PERMITTED.
FRAME (SD.28a) \ 2'-0 6 6 ADJ. CURB BOX &
- FRAME (SD.280) 13. LEAN CONCRETE FILL TO BE F'C = 2000 PSIL INLET STRUCTURE, LID,
GROUT 2" CLR. (TYP)) STREET CURB AND GUTTER, AND PAVEMENT TO BE F'C = 4,500 PSI, MAX
- AP W/CM = 0.45 AND AR ENTRAINED 5% TO 8% F'C = 28 DAY
PAVEMENT COMPRESSIVE STRENGTH REQUIREMENT FOR MIX DESIGN, FIELD
A‘ ACCEPTANCE.
' 7/8" i —f 14. FOR THROUGH STRUCTURES, BENCHES MUST COME TO TOP OF PIPE.
12 >—(2) #5 15. NO CORNER PENETRATIONS ON STRUCTURE.
CURB BOX BEAM 16. SEE DOTI STANDARD CONSTRUCTION SPECIFICATIONS SECTION 11.04
. : ANCHOR BAR (FIELD STORM INLETS FOR MORE INFORMATION. USE OF THIS DETAIL WITHOUT
#4 @ 6" (P.) - . BEND AT FRAME) SPECIFICATIONS ~ SHALL BE CONSIDERED NON—COMPLIANT.
T >l 17. SEE (STANDARD DETAIL SD.250 AND SD.25b) FOR REBAR PLACEMENT AT
1. Sk WALL PENETRATION DETAIL.
a 8" (TYP)—w{a '] f=— o] e 3" CLr. (TYP) 18. REFER TO "CITY OF CASTLE PINES ROADWAY AND CONSTRUCTION STANDARDS”
@ - ) FOR ADJACENT ROADWAY AND SIDEWALK DESIGN CRITERIA,
;}\ - #4 @ 6" (TvP.)
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DOUBLE NUMBER 16 INLET NOTES

SET TOP OF PIPE BELL FLUSH 1. SEE DETAIL SPECIFICATIONS SECTION 11.05 STORM INLETS FOR MORE INFORMATION.

WITH INNER WALL (TYP.)

——NA e —
. =— ADJ. CURB BOX
5 (SD.28a AND SD.28b)
>
. "
— - e =1 -
5/8" HEX 7 5/8"x 7"
NUT ‘@ﬁ | ~~ ot
—  CURB BOX FRAME
SD.280 AND SD.28b
7 77 )

W5x16 W SHAPE
(GALVANIZED)

DETAIL - PLACEMENT OF ADJ. CURB
/"D BOX ON SUPPORT RAIL (TYP.)

U NO SCALE

*NO.16 FRAME

(SD.28a AND SD.28b)

W5x16 W SHAPE
(GALVANIZED)

MAX.
MAX.

5"

ENDS PERPENDICULAR:

USE OF THIS DETAIL WITHOUT SPECIFICATIONS SHALL BE CONSIDERED NON—COMPLIANT.
2. SEE GENERAL NOTES ON STANDARD DETAIL SD.24a AND SD.24b.

3. EXPANSION JOINT MATERIAL SHALL BE PLACED FULL DEPTH OF THE CURB AND GUTTER,
SIDEWALK, CONCRETE PAVEMENT, AS APPLICABLE. THE TOP PORTION OF THE JOINT
SHALL BE SEALED WITH SILICONE SEALANT.

4. SEE STANDARD DETAIL SD.240 AND SD.24b FOR REBAR PLACEMENT AT WALL PENETRATION
DETAIL.

* STANDARD DETAIL SD.28a AND SD.28b APPLIES TO ALL OF THE GRATE & FRAME
GEOMETRIC DIMENSIONS FOR THE DOUBLE NUMBER 16 INLET EXCEPT FOR THE FRAME
LENGTH. FRAME LENGTH SHOULD BE MANUFACTURED FOR THE DIMENSIONS CALLED OUT
ON THIS SHEET.

MN20" MIN. LAP

(4) #5x(D+18") @ 45 EXTRA
"FRONT AND BACK"-TYPE
CONNECTIONS, ONLY (2) #6@,0: 0..+6" (RCP)
— : AN —_— 0D.+8" (FLEXIBLE)

"ENDS PERPENDICULAR"
TYPE CONNECTIONS, ONLY
SEE PIPE CONNECTION
SCHEMATIC DETAIL (SD.25b)

DETAIL - REBAR PLACEMENT AROUND CONNECTOR PIPE
NO SCALE

FRONT AND BACK

Dexr—24" MAX 1D ENDS SKEWED:
X1~ .

MAX. 12" @ — RCP*
MAX. 15" @ — FLEXIBLE*

L o stanve) T

DETAIL - FRAME PLACEMENT
/ E \ ON SUPPORT RAIL (TYP.)

U NO SCALE

) Il
1
%) I ) g
15" @ — RCP ] VAX. 30 1
18" @ — FLEXIBLE i:;;g-‘ ’ [
*ANGLED CONNECTIONS REQUIRE CITY APPROVAL.

PIPE CONNECTION SCHEMATIC (NO. 16 INLET)

THIS DIAGRAM IS PROVIDED FOR GENERAL GUIDANCE ONLY. THE

DESIGNER IS RESPONSIBLE FOR VERIFYING PROJECT SPECIFIC
GEOMETRY.
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CITY AND COUNTY OF DENVER
DRAWING NUMBER S-616. 2
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TRIPLE NUMBER 16 INLET NOTES

1. SEE WCPM STANDARD CONSTRUCTION SPECIFICATIONS SECTION 11.05 STORM INLETS
FOR MORE INFORMATION. USE OF THIS DETAIL WITHOUT SPECIFICATIONS SHALL BE

CONSIDERED NON—COMPLIANT.

2. SEE GENERAL NOTES ON STANDARD DETAIL SD.24a AND SD.24b.

3. EXPANSION JOINT MATERIAL SHALL BE PLACED FULL DEPTH OF THE CURB AND
GUTTER, SIDEWALK, CONCRETE PAVEMENT, AS APPLICABLE. THE TOP PORTION OF THE
JOINT SHALL BE SEALED WITH SILICONE SEALANT.

4. SEE STANDARD DETAIL SD.25a AND SD.25b FOR REBAR PLACEMENT AROUND CONNECTOR
PIPE.

* STANDARD DETAIL SD.28a AND SD.28b APPLIES TO ALL OF THE GRATE & FRAME GEOMETRIC
DIMENSIONS FOR THE TRIPLE NUMBER 16 INLET EXCEPT FOR THE FRAME LENGTH.
FRAME LENGTH SHOULD BE MANUFACTURED FOR THE DIMENSIONS CALLED OUT ON
THIS SHEET.

SEE SECTION @ p
N

oI\ N II,, WALL REINFORCEMENT
] (Tvp.)
2" CLR—-{I8: >
. O f
L L] 2:_01-
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NO SCALE

TABLE 10. NO. 16 TOTAL INLET LENGTH
INLET CONFIGURATION Ls OR Ly INLET LENGTH = E5 OR E, TOTAL BOTTOM SLAB LENGTH
TRIPLE NO. 16 10°-11" 12'-9"
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TABLE 10v. NO. 16 VALLEY TOTAL INLET LENGTH

INLET CONFIGURATION Ls OR Ly INLET LENGTH

®Es OR Ey TOTAL BOTTOM SLAB LENGTH

(CONFIGURATION TEMPLATE)

TRIPLE NO. 16 VALLEY 10'-8" 12'-6"
NO. 16 VALLEY 3-3-2 . om it oe v e s
(EXaMPLE  CONFIGURATiON) | 10°-8" 10-8% 70 31-6
NO. 16 VALLEY __—__-__ s L L =3"+8"+Ls+8"+Ls+8"+Ls+8"+3"

sMAX. BOTTOM SLAB LENGTH = 75'-0"

N VALLEY 16 INLET NOT

. SEE WCPM STANDARD CONSTRUCTION SPECIFICATIONS

SECTION 11.05 STORM INLETS FOR MORE INFORMATION.
USE OF THIS DETAILS WITHOUT SPECIFICATIONS SHALL
BE CONSIDERED NON-COMPLIANT.

. SEE GENERAL NOTES ON STANDARD DETAIL SD.24a AND

SD.24b.

. SEE STANDARD DETAIL SD.28a AND SD.28 FOR FRAME

AND GRATE DETAILS.

A . SEE STANDARD DETAIL SD.24a AND SD.24b FOR ADDITIONAL
- STRUCTURE AND BACKFILL NOTES.
8" 1r-11" 8"
- = = = STANDARD DETAIL SD.28a AND SD.28 APPLIES TO ALL OF
PAVEMENT THE GRATE AND FRAME GEOMETRIC DIMENSIONS FOR
GROUT— GRATE FL / THE NUMBER 16 VALLEY INLET EXCEPT FOR THE FRAME
—_— it LENGTH, FRAME LENGTH SHOULD BE MANUFACTURED
{ FOR THE DIMENSIONS CALLED OUT ON THIS SHEET.
J . REINFORCEMENT ALSO APPLICABLE TO SINGLE AND
[ M) 3 DOUBLE NO. 16 VALLEY INLETS.
L i |———
2 R WS5X16 47| CLR. (TYP)
R, 2'-7" LONG
(DOUBLE AND
TRIPLE INLETS
f4 @ 6"a_17p
(TYP.) ONLY)
44 © 6"
SEE SECTION
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'&\
2'-0" [T INTERIOR WALL BLOCKOUT
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\e. s 3 . SLAB
REINFORCEMENT
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2-1/24 /"E\ GRATE SECTION

NO.

22-3/4"

ol

772

F GRATE SECTION

GRATE & FRAME NOTES

1. CAST IRON SHALL CONFORM TO ASTM A48. (CLASS 35B, MINIMUM)

2. CASTINGS SHALL COMPLY WITH FEDERAL SPECIFICATION RR—F-621D FOR CASTING

PROOF LOADING (HEAVY DUTY).

3. ALL CASTINGS REQUIRE INDIVIDUAL APPROVAL/CERTIFICATION FROM THIS DIVISION.

4. CASTINGS SHALL NOT BE DIPPED OR PAINTED PRIOR TO FINAL INSPECTION, ONCE
INDIVIDUAL CASTINGS ARE CHECKED, AND APPROVED BY THE DIVISION FOR
PROJECT USAGE, THEY SHALL BE COATED WITH AN APPROVED MATERIAL.

16 INLET GRATE

NO SCALE

568"x3" HEX-HEAD BOLT
AND WASHER (EACH SIDE).

w/HEX NUT

1" RAISED
[_ LETTERS

P

DUMP NO WASTE!
DRAINS TO RIVER

<

PLAN
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7

iy ]
— 38" — L* 3/4"
n q
[l 39-1/2" L]
/_\ \H/ SECTION
G SECTION
_/
ADJUSTABLE CURB BOX
Q\MMUM CURBNOCI):’EEK\II-C; AREA = 150 in2)
REFERENCE: DENVER GRATE & FRAME stod )
AND ADJUSTABLE CURB BOX ssued: /152022
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2-501 IN TOP SLAB (TYP.) —

4-1102 x 2'-8" LONG

503 @ 12" —

(PLACE DIAGONALLY

AROUND OPENING)

2-501 IN TOP SLAB (TYP.)
1

371103 x 5'-0" @ 3"
\—

[ A—

b}

[T 5-402 @ 12"

F— 3-502

f
I
Il
I
Lyl
e H
I
|
|
I

TOP_SLAB PLAN

5-402 @ 12"

™3 - 502 x 5'-0"

503 |
@ 12" |
L 3-1103 x 5'-0"

i @3
9-401 1M 4-1101 x 21" + 2W + 1.D.
SPACE EVENLY {7 sPACE @ 3* (OVER
(TYP.) CYLINDRICAL OPENING)

CLASS B

CONCRETE i 3

_‘//_501& 502

e

13

SECTION

A WHEN FINAL GRADE IS

A

PAVEMENT SURF ACE,

RECESS MANHOLE RING AND COVER '/g" MIN.

70 /" MAX.

n 24" DIA, MANHOLE A
FINAL RING AND COVER CONCRETE OR GROUT (TYP.)
GRADE _1 |
SN2 /j XSS P ¢ i)
=
CONCRETE” & : £
‘ ECCENTRIC CONE -
OR GROUT [g"[l 2-gv [9™¢
(TYP.) : 20 Ig (1'-2" MIN.) 2
: - s
e i ‘ZFLEXIBLE &
" "' MIN. JOINT SEAL 2 |z =
to Ak § [ LIUsha cowvory 2 [ S =
(UNIFORM SPACING [ 1 TO AASHTO M 198 2 |2 Sl
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5?3 —501@ 5" CC. 5?3
1 _
9-401 — "1‘__
L- 9-401
502 @ 5" CC. 54"
_1
SECTION A-A
(STEEL IN BOTTOM OF BASE)
b
_ I
4-1101 | , |
9-401 I '
SPACE EVENLY } 1
aw)—\\\ S
19 \
16" + W + 1D./2 0 ' "
OR TO WITHIN 3" OF AR + - N 54
CYLINDRICAL OPENING "

GENERAL NOTES

1. SINCE ALL PIPE ENTRIES INTO THE BASE ARE VARIABLE, THE DIMENSIONS
SHOWN ARE TYPICAL. ACTUAL DIMENSIONS AND QUANTITIES FOR CONCRETE
AND REINFORCEMENT SHALL BE AS REQUIRED IN THE WORK.

2. THE PRECAST FLAT TOP_ MAY BE USED ON ANY MANHOLE. THE ECCENTRIC
CONE MAY BE USED WHEN THE MANHOLE "H" HEIGHT [S AT LEAST 8 FT.

3. THE MANHOLE RING FRAME SHALL BE SET IN A BED UF GROUT. THE FRAME

SHALL BE SURROUNDED WITH A CEMENT GROUT IN UNPAVED AREA, OR
CONCRETE COLLAR IN PAVED AREA. SEE DETAILS ON STANDARD DETAIL SD 29.

4. DESIGN OF BOX BASE IS BASED ON STRAIGHT RUNS OF PIPE OR CHANGE IN

DIRECTION OF LESS THAN 45°.SPECIAL DESIGN IS REQUIRED FOR 45° OR
GREATER.

5. PRECAST MANHOLES AND REINFORCEMENT SHALL CONFORM TO AASHTO M 199
(ASTM C 478).

6. CAST-IN-PLACE MANHOLES SHALL BE CLASS B CONCRETE.

7. STEPS SHALL BE REQUIRED WHEN THE MANHULE DEPTH EXCEEDS 3 FT.-6 IN.
AND SHALL CONFORM TO AASHTO M 199

8. ALL REINFORCING STEEL SHALL BE GRADE 60 AND EPOXY COATED. VERTICAL

STEEL SHALL BE PLACED AT CENTERLINE OF WALL.ALL BARS SHALL HAVE A
2 IN. MINIMUM CLEARANCE.

9. ALL PIPE ENTRIES INTO THE BASE OF MANHOLE SHALL BE CONNECTED BY
OPEN CHANNELIZATION ADJUSTED FOR PIPE SIZE, SHAPE, SLOPE, AND
DIRECTION OF FLOW.DETAILS SHOWN ARE TYPICAL FOR INSTALUATIONS WITH
ALL INVERTS OF SAME RELATIVE ELEVATION. FOR EXCESSIVE ELEVATION
DIFFERENCE BETWEEN INVERTS, SPECIAL BASE/CHANNEL DETAILS WILL BE
SHOWN ON THE PLANS.

10. FLOW CHANNELS AND INVERTS SHALL BE FORMED BY SHAPING WITH CLASS B

CONCRETE OR APPROVED GROUT.

11. STUB-OUTS SHALL EXTEND 2 FT.MINIMUM BEYOND OUTSIDE WALL SURFACE

OF MANHOLE AND BE SATISFACTORILY PLUGGED.

12. THE SLOPE OF THE MANHOLE COVER SHALL MATCH THE ROADWAY PROFILE

AND CROSS SLOPE.

2505 @ 12"
-« 504 @ 12" (TYP.)
S (PLACE TO WITHIN 3" OF
CYLINDRICAL OPENING)
REFERENCE: MANHOLES Issued: __6/15/2022
CDOT M & S STANDARDS Revised:
M— 604— 20 e Standard Drawing No.
CASTLE PINES SD.29b




CLASS B CONCRETE
TO BE USED FOR
CHANNELIZATION

THROUGH PIPE
ONE LATERAL

ANGLED LATERALS

Dy MIN.

TYPICAL CHANNELIZATION DETAILS

CURVED
DEFLECTOR
REQUIRED

SHARP ANGLE

WT. 1.D.
F
MARK | SIZE [TYPE | Jcr BARS T Tl 57T s o ORMUL AS
0. REQ'D. 18 18 18 |18 |18 18 |401
401 4 [ | 0.668 | {LENGTH g-1" | 8-8"| 9-3"| 9-10"| 11'-0" | 12'-2" | BAR LENGTH = 32" + 2W + L.D.
WE[GHT* 97.2 | 104.2| 112 | 118.2 | 132.3 | 146.3
402 | 4 1 | 0.668 {NENEEOD" g 5 (55 0 (55 7 ? 2 g 4 3 6" | poa
H L TH 1R [ alll 1-7n _)n AN 1[I m - i .+
WEIGHT * 181 | 200 | 220| 239 | 278 | 317 |BAR LENCTH = 1D.+ 20
501 | 5 1.043 {NENEEQ - l77 5 §37 0 }57 7 (572 }3 4 }17 6 o
[ o L TH 1R [ alll _7n _Jn AN 1A m = 4" + ) .+
WEIGHT * 1305 | 1418 | 152.2] 162.5| 183.2 | 2039 [BAR LENCTH = 2 LD+ 2W
0. REQD. 22 |23 |25 | 26 |29 32 |502
502 | 5 | 1 | 1043 {N ENGTH 50" | 5-0" | 5-0"| 5-0"| 5-on | 50" |NUMBER BARS REQD.= 3 + (24+IDIT2W+1)
WE[GHT* 147 | 1199 | 130.4| 135.6| 151.2 | 166.9 @5
0. REQ'D. 16 16 18 [ 18 |20 24 |503 13+, D+2W
503 5 I | 1043 {NENGTH 12'-101 13'-5"| 14'-0] 14'-7"| 15'-9" | 16'-11" | NUMBER BARS REQ'D. = +l>
WEIGHT * 214.2| 2239| 262.4 273.8| 3285 | 423.5|BAR LENGTH = 4'-9“+2(16+W+ID/2)
0. REQ'D. 12 14 14 [16 [18 20 | 504 W04
504 | 5 I | 1043 {NENGTH 8- | 8-g"| 9-3u| 910 11-0" | 12'-2" | NUMBER BARS REQD.= 2 ( S i Ta +1)
WEIGHT * 101.2 | 126.6 | 135.1| 164.1 | 206.5 | 253.8 | BAR LENGTH = 32"+2W+L.D. 1
0. REQ'D. 4 4 4 4 4 4 1101
mwor | 1 [ | 5313 | {LENGTH 72" | 7-9"| 8-4"| 8-11"| 101" | 11'-3" |BAR LENGTH = 21" + 1.D.+ 2W
WEIGHT * 152.3| 164.7| 177.1| 189.5| 214.3 | 239.1
ND. REQ'D. 4 4 4 4 4 4 BENDING
1oz | 1 | 3313 LENGTH _ 2-8"| 2'-8"| 2'-8"| 2'-8"| 2'-8" | 56.7 [TypPE I
WEIGHT * 56.7 | 56.7 | 56.7| 56.7 | 56.7 | 2'-8" STRAIGHT
0. REQD. 3 3 3 3 3 3 -~ 41gn
1103 1 [ 5.313 {NENGTH 5-0" | 5-0"| 5-0"| 5-0"| 5-0" | 5-0" TYPE 1I | >
WEIGHT * | 79.7 | 79.7 | 79.7| 79.7 | 79.7 | 79.7 ]15--+w+1.n./2
REINFORCING STEEL TOTAL 965.6 [1,037.51,127.2(1,204.0[1,380.2 [1,601.6 P oL
CONCRETE - CUBIC YARDS - TUTAL 60 [ 66 [ 73] 80 [os [l [TPRIL = ',=|—7{
NOTE: QUANTITIES ARE BASED ON SAME SIZE PIPE ENTRANCE TO AND EXIT FROM, =
BASE AND A 4 FT.MANHOLE ENTRANCE INTO TOP SLAB OF BASE. - 1.0.42w-38" = }

QUANTITIES FOR CONCRETE MANHOLE BOX BASE

REFERENCE:

CDOT M & S STANDARDS
M-604-20

MANHOLES Issued: __6/15/2022
Revised:
T OF Standard Drawing No.
CASTLE PINES SD.29c




LEGEND

R SUITABLE. SUBGRADE

FLEXIBLE

JOINT SEAL
SHALL CONFORM
TO AASHTO M 198
(TYP.)

CONCRETE

GRANULAR BEDDING MATERIAL

PRECAST MANHOLE BASES NOTES:

1. THE BASE SLAB SHALL BE POURED MONOLITHICALLY WITH BOTTOM RISER SECTION.

. PRECAST MANHOLE BASES SHALL FIT THE CONDITIONS AND LOCATIONS FOR WHICH
THEY ARE INTENDED WITHOUT ANY FIELD MODIFICATIONS. ANY MANHOLE BASE
WHICH REQUIRES FIELD CUTTING OR MODIFICATION IN ORDER TO FIT THE LOCATIONS
INTENDED WILL BE REJECTED BY THE ENGINEER AND REMOVED AND REPLACED BY

THE CONTRACTOR AT NO COST

MATERIAL AS SHOWN ABOVE.

TOE POCKETS AT 16" 0.C. IF TOP

TO THE DEPARTMENT.

. PRECAST MANHOLE BASES SHALL BE BEDDED ON AN APPROVED GRANULAR BEDDING

CLASS B
CONCRETE BASE

por~1g
3 1l

-

KKK

— MANHOLE RISER 0.D.+ 6 INCHES

OF BENCH > 18" ABOVE INVERT M 48" MIN. —= 9" MIN. CLASS B
CONCRETE.
e MANHOLE RISER ; REINFORCING
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r_ H P Z ASTM C 478
rh < E
i ks I/n ,C_I '_A -
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f 7z
v g T I 15 II’J” CLEAR
—[ MIN. ¢ [ 5 A - _f
6" MIN.
— X% R,
Gll
MIN.
SECTION D-D

SECTION B-B

BASE MAY BE
POURED SQUARE
AT CONTRACTOR'S
OPTION.

L

PLAN

<~ MANHOLE 1. ——/|
>

!—>E

FLOW
-

A A

3

- . c . c .

a -

INVERT ELEVATION A
SHOWN IN PROFILE

CAST-IN-PLACE SLAB BASE

A e e e
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SECTION C-C

REFERENCE:

CDOT M & S STANDARDS
M-604-20

TYPICAL PLAN
TIE_BAR
FLOW | o FLON
o INVERT ELEVATION 4
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SECTION E-E
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REINFORCING CONFORMING
TO ASTM C 478

MANHOLE RING AND COVER

(RIM ELEVATION)

A FINAL GRADEj
IN UNPAVED AREA USE CEMENT GROUT

GRADE RINGS OR
BRICK COURSES

PRECAST MANHOLE
SECTIONS

&//
_-_________""'--..__
ANAN 7 . NAN 7
ifil Hih
\ J 24", I
To\\" . & 8- L
* . . . - . . * B '..‘:’ ~_‘ 8"
s '\\b.'-b.'-b ol e [
L/ » \\ g oy
bl _g g |5
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Sl -
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4| — .-
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FLAT TOP SECTION DETAIL

MANHOLE RING AND COVER—

A FINAL GRADE

A WHEN FINAL GRADE IS PAVEMENT

SURFACE, RECESS MANHOLE RING
AND COVER '/g" MIN. TO /2" MAX.

SEE STANDARD DETAIL SD.29g. FOR
CONCRETE COLLAR DETAILS

B —1 ] GRADE RINGS OR
= ' R3S~ BRICK COURSES
PRECAST FLAT ToP—; ="+, = "0 =" 24" R :‘:a"
== = a2
) <——|18" EL Jﬂ,
4'DIA. MANHOLE RISER SECTIONS —»] *:: EX F.'| VARIES
V = 12% MIN, H
PRECAST FLAT TOP .
! L1
FLEXIBLE joNT | St =& )
SEAL CONFORMING g >
TO AASHTO M 198 Ve
(TYP.) e 5'T0 8'DIA. n -
MAX.y a
.. = oo
MANHOLE [..] MIN.
A STEPS —=0—.*
L 34" . 1 >
- — .-
TOTAL WEIGHT: APPROXIMATELY 400 LBS. A L
SHALL BE GRAY OR DUCTILE CAST i FLOW | CHANNEL =t
IRON IN ACCORDANCE WITH S
CDOT SUBSECTION 712.06. < — '
SECTION A-A k & %
MANHOLE RING AND COVER MANHOLE RISER DETAIL
REFERENCE:
MANHOLES Issued: __6/15/2022
CDOT M & S STANDARDS Revised:
M— 604— 20 /&_\ Standard Drawing No.
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A WHEN FINAL GRADE IS PAVEMENT SURFACE,
RECESS MANHOLE RING AND COVER
/4" MIN. TO /5" MAX,

MANHOLE RING AND CGVER\‘

GRADE RINGS UR/ H
BRICK COURSES

12" MIN. - 16" MAX. —

T-BASE MANHOLES NOTES:

. THE T-BASE SECTION SHALL BE SHOP-FABRICATED FOR DELIVERY TO THE

CONSTRUCTION SITE AS A COMPLETE UNIT.

. THESE DETAILS SHOW ONLY THE CONCEPTUAL AND STANDARD DIMENSIONAL

REQUIREMENTS FOR TYPE T-BASE MANHOLES. THE CONTRACTOR SHALL FURNISH
DETAILED SHOP DRAWINGS FOR APPROVAL PRIOR TO FABRICATION. THE DETAILS
SHOWN HEREIN APPLY ONLY TO 48 IN. AND GREATER DIAMETER PIPES.

. EXCEPT FOR CLASS OF PIPE, SPECIFICATIONS FOR THE MANHOLE SHALL BE THE

SAME AS THOSE REQUIRED FOR THE ADJOINING PIPE.

. THE T-BASE SECTION SHALL MAINTAIN ITS INTERNAL SHAPE AND FLOW AREA.

GROUTING OR FILLING SHALL BE APPLIED SO AS TO NOT DISTURB THE NORMAL
FLOW OR REDUCE THE AREA.

v FINAL GRADE 4

=

T de—24" _‘A _'

N 4'DIA. PRECAST
. FLAT TOP WITH 24
ECCENTRIC OPENING

Eo
| | | _ MIN. STANDARD. 4' DIA.
| : | : MANHOLE RISER
: | : 3 L SECTIONS
| | | < b :
| 1 | o :
I | [ . .
| ' | = N
A T :
! | ! FLEXIBLE JOINT SEAL | | ]
I ! I CONFORMING TO T ¥
“ | i AASHTO M 198 (TYP.)\ [ :
! ' ! L JOINT DETAIL TO
. f E R BE APPROVED
1 3 q PRIOR TO
K : F ABRICATION
N . _
i T-BASE
! SECTION
|
|
= — a
i |
CIRCULAR RIGID PIPE CIRCULAR RIGID PIPE
(LONGITUDINAL SECTION) (TRANSVERSE SECTION)
MANHOLE T-BASE
REFERENCE: MANHOLES Issued: __6/15/2022
CDOT M & S STANDARDS Revised:
M— 604— 20 4”)%_\ Standard Drawing No.
CASTLE PINES SD.29f




WHEN ADJUSTMENT HEIGHT IS 3 IN. OR LESS,
METAL ADJUSTMENT RINGS COMPATIBLE

WITH THE EXISTING MANHOLE RING [
AND COVER MAY BE USED IF

APPROVED BY THE ENGINEER. *

CONCRETE COLLAR
OR FULL DEPTH
HMA PATCHING
SHALL BE IN

ACCORDANCE WITH
SECTIONS 403 OR 412

E F
oo RN
oo b
oo \
oo
oo \ +
oo !
oo !
oo
oo o
oo -/
oo -y
oo e

Cay

"
-7

/4" RECESS

HMA
PAVEMENT 227
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|_»
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2 MIN., 4 MAX. OR e ag ey
PRECAST CONCRETE Lo \a 4\,\ ® MORTAR THICKNESS MAY
GRADE RINGS OR I { AT BE NONSYMMETRICAL TO
ADJUSTABLE METAL RINGS Lo 24n AN MATCH CROSS SLOPE OF
Py v o ROADWAY.
la g X \\
L= 5 '
SECTION F-F
ADJUST MANHOLE 20 IN.OR LESS
jgn (SLOPE
HMA Eg /4 MIN - 2" MAX. “ A" RECESS
PAVEMENT . " o — ]
. B e a - . a -
*«i L : b S
CONCRETE COLLAR [
OR FULL DEPTH HMA o GREATER
PATCHING _L THAN
e 20 IN.
/.. R RESET ECCENTRIC CONE.
BRICK COURSES, /’. — e WORK WILL NOT BE MEASURED
2 MIN,, 4 MAX.OR PRECAST o : : AND PAID FOR SEPARATELY, BUT
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B | | oo
" I I | LN
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NO SCALE
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GROUND NO SCALE
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1.

TYPE P MANHOLE NOTES

THIS STANDARD MANHOLE DETAIL IS APPLICABLE TO CIRCULAR PIPES WITH
42" 1.D. AND LARGER, AND NON-CIRCULAR PIPES WITH A SPAN OF 42"
1.D. AND LARGER.

2. FOR "Y" DEPTH OVER 20’ SHOP DRAWINGS ALONG WITH CALCULATIONS
FOR DESIGN OF WALLS, TOP AND BASE SLAB SHALL BE SUBMITTED FOR
APPROVAL.
3. SET TOP SLAB TYPE B ELEVATION NO MORE THAN 12"+ BELOW FINISHED
GRADE I.E. ALLOW ENOUGH COVER TO ADD MH RINGS AND COVER.
4. PRECAST MANHOLE RISERS AND TOP SECTIONS SHALL CONFORM TO
ASTM C-478. IN ADDITION MANHOLE STEPS, RISERS, SHIPLAP JOINTS,
RING AND COVER SHALL CONFORM TO APPLICABLE WMD STANDARD DETAILS.
5. CONCRETE IN TOP SLAB AND WALLS SHALL BE CLASS D CONCRETE AND _
HAVE A 28 DAY STRENGTH OF 4500 PSI. PERMISSIBLE SLUMP WILL BE 3
TO 5", AND AIR ENTRAINMENT WILL BE 5% - 8%.
6. LEAN CONCRETE FILL SHALL HAVE A 28 DAY STRENGTH OF 2000 PSI.
(TYPE I CEMENT).
D 7. REINFORCING STEEL BARS SHALL CONFORM TO ASTM A—615 GRADE 60
DEFORMED BARS. CLEAR COVER REQUIREMENT (UNLESS OTHERWISE NOTED)
STRUCTURE PLAN VIEW - 30° BEND TO BE 2" (3" FROM BOTTOM OF FOUNDATION SLAB.) REINFORCING BARS
NO SCALE WILL BE SPLICED ONLY AT LOCATIONS SHOWN AND DETAILED ON THE
DRAWINGS. BARS WILL BE WIRE-TIED, NO TACK WELDING WILL BE
PERMITTED.
TABLE 7A. TYPE P MH - 30° BEND STRUCTURE
DIMENSIONS 8. ALL STRUCTURES SHALL BE BENCHED TO TOP OF PIPE.
PIPE SIZE A B 9. ALL MANHOLES & SPECIAL STRUCTURES TO BE PLACED ON SUITABLE
TR yym— T T -7 SUBGRADE MATERIAL. IF SUBGRADE CONDITIONS WARRANT, UNSUITABLE
. . . . . . _ FOUNDATION MATERIAL WILL BE OVEREXCAVATED, & SELECT SUBGRADE
48 5 -1 3 -6 4 -2 MATERIAL WILL BE PLACED AS PER SECTION 5.00 OF THE WCPM STANDARD
54" 5 - 8 3 -8 4 -2 CONSTRUCTION SPECIFICATIONS.
TR A T L
& 10" o o 10. GRANULAR BEDDING MATERIAL SHALL BE COMPACTED TO 90% MAXIMUM
- - DRY DENSITY IN ACCORDANCE WITH AASHTO T—180.
7 I y—T yo—T
78" 8 - 0 4 - 4 y -2 11. STRUCTURE WALLS SHALL BE FORMED BOTH INSIDE AND OUTSIDE. CASTING
OF SIDEWALLS AGAINST EARTH IS NOT PERMITTED.
12. LATERAL SUPPORT SHALL BE PROVIDED AND MAINTAINED FOR WALLS
DURING BACKFILLING OPERATIONS.
13, MAX LATERAL SHALL BE 24" OR SMALLER. IF LARGER, A SPECIAL
STRUCTURAL DESIGN IS REQUIRED. SEE STANDARD DETAIL SD.26a AND SD.26b.
FOR PENETRATION DETAIL.
14.  SEE STANDARD DETAIL SD.31a AND SD.31b. FOR REINFORCEMENT DETAILS.
LEGEND
= INSIDE DIAMETER OF PIPE
X= DEPTH OF MANHOLE RISER
Y= TOTAL DEPTH OF MANHOLE
E.F.= EACH FACE
E.W.= EACH WAY
STRUCTURE PLAN VIEW - 45° BEND
NO SCALE
TABLE 7B. TYPE P MH - 45° BEND STRUCTURE
DIMENSIONS
PIPE SIZE A B
R —— - o
5 T o o
e T oo 0
0" R i o
6" T T -0
7 S YO o0
75 o e oo
REFERENCE: npn
TYPE "P" MANHOLES Issued: __6/15/2022
CITY AND COUNTY OF DENVER Revised:
DRAWING NUMBER S_504 1 Standard Drawing No.
CITY OF




PREFERRED

OPTIONAL
10" 10
# SET TOP OF PIPE 1]
EXE FLUSH WITH INNER
::,,_I' WALL (TYP.)
777777 72
\SAWCUT PIPE PARALLEL TO
| | INNER WALL.
| —vert INVERT
TR '%CLASS D L R CLASS D
= — CONCRETE 1 — CONCRETE
B . § 4500 Psl / ‘ f 4500 PSI
Basg _— Lt BAsE _—Lr. e
SLAB SLAB
(D \PIPE END TREATMENT DETAIL
UNO SCALE
#5's @ 12" TF.
#6's @ 6" BF.
(FOR PIPE 1.D.>60"
2-45'S TF.
l 3-47'S BF.
,' g 2 #4 CLOSED STIRRUPS
l B h a‘ @ 9°(TYP.)
2-45'S TF. ‘ QSEEQEALH“ 4
3-#7'S BF. / ﬂg ‘ E » W o .
Ny~ 2GRN, KT PN f—s
& o s Ny g (N SDN _—47's 0 45 EF.
N o iy i] N PR+
ﬂﬂ, = NA N e HA escel
#5's @ 12" EF.|] E 52 4&1” Z
I [N NG
2-#5'S TF. ] : ) \ ""
3-#7'S BF. 1 . ] ’
!;3
wrore N,
1 iy Mg LEGEND
1 » e D= INSDE DIAMETER OF PIPE
' SN X= DEPTH OF MANHOLE RISER
3 > : Y= TOTAL DEPTH OF MANHOLE
=i F IS #5 EDGE BAR E.F. E.F.= EACH FACE
» o _T (ALL AROUND) E.W.= EACH WAY
() PLAN. 175 @ 45 EF.
. . 2" CLR. .
DA —— [ [ aw) |_‘6jf#5’s TABLE 8. SPLICE LENGTH
B yrrp— é’T’ | AT BAR SIZE SPLICE LENGTH (LAP)
i e e 2 e 008 i (TYP) ;
; 5 "
le— #6's @ 6" B.F.——-H;T' 2-46'S j/el‘ 3 #5 2
(FOR 1.0.>60") — 2" #6 26"
SECTION
NOTE: BARS TO BE SPLICED ONLY AT LOCATIONS
TOP SLAB TYPE B (X<2') SHOWN.
NO SCALE
REFERENCE:

TYPE P MANHOLE, TOP
SLAB AND DETAILS

CITY AND COUNTY OF DENVER
DRAWING NUMBER S-504. 2

=5 CITY OF B =

CASTLE PINES

Issued: __6/15/2022
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TYP. BAR LAP "

2" CLR.

(SEE TABLE 8, SD.31a) 1’(TYP‘)
7 \

U PR =
A “ <

TYP. BAR LAP [[ 7
(SEE TABLE 8 | T[*. '
SD.31a)

#5's @ 12°EW.EF.
(FOR Y < 14"
#6' @ 127EW.EF.

(FOR 14'< Y < 20")

AL N |

107 waLL
7o - [ ] THICKNESS

/ E \ CORNER DETAIL

\./ NO SCALE

#5's @ 12" EW.EF.
(FOR Y < 14")

#6's @ 12" EW.EF.
(FOR 14'< Y < 20)

DO NOT BEND BAR. BEND SHOWN FOR
DEPICTION PURPOSES ONLY (TYP.)

2" CLR.
(TYP.)

. - 4
2" CLR. ONT R .
(TYP.)

)] ,

3" CLR.
t (TYp.)

TYP. BAR LAP___|
(SEE TABLE 8, SD31a

/F \WALL-TO-BASE JOINT DETAIL

UNO SCALE

#7'S @ 45 EF.

#5'S @ 12" EF:

#5's @ 12" TF.

2" CLR.
(TYP.)

Ko I ‘. :‘ Sl 7 . ‘
= ELIPRC SOC I S { RS A |
-
3,
6'S @ 6'B.F- 3

SECTION
TOP SLAB TYPE A (X22')

NO SCALE

TYP. BAR LAP
(SEE TABLE 8, SD.31a)

2-#4 CLOSED
STIRRUPS (TYP.)

STEP WIDTH + 4"

8" GROUT
THICKNESS

/G \STEP BLOCK OUT DETAIL

UNO SCALE

#5 EDGE BAR EF.
(ALL AROUND)

1-#5 TF.
2-#6'S BF.

REFERENCE:

CITY AND COUNTY OF DENVER
DRAWING NUMBER S-504. 2

TYPE P MANHOLE, TOP
SLAB AND DETAILS

Issued: __6/15/2022
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STEP TOP VIEW

13-3/4"

«

A STEP SECTION

14-3/4”

- 5-7/8"

U

MANHOLE STEP NOTES

. ASTM SPECIFICATIONS:

(A) ASTM C-478 (MANHOLE STEPS AND LADDERS)
(B) ASTM A-615 GRADE 60 (STEEL REBAR)
(C) ASTM 4101 (POLYPROPYLENE)

. STEPS SHALL BE INSTALLED BY THE "PRESS-FIT" METHOD

UTILIZING A SPECIALLY TAPERED PIN TO FORM THE INSERT
HOLE AS SHOWN, FOLLOWING MANUFACTURER'S
RECOMMENDED PROCEDURE AND SHALL NOT BE GROUTED
IN PLACE.

. INSTALLED STEPS SHALL BE CAPABLE OF WITHSTANDING A

PULL OUT FORCE OF 2500 LB. PER LEG FOR A MINIMUM
PERIOD OF TWO MINUTES.

. PINS MUST BE SMOOTH AND CONTINUOUSLY TAPERED.

W.M.D. INSTALLATIONS REQUIRE A MATCHED COMBINATION
OF A TAPERED INSERT PIN AMD MANHOLE STEP, AS
RECOMMENDED OR REQUIRED BY SPECIFIC MANUFACTURER
OF THE STEP TO BE USED.

. THIS STEP CAN ALSO BE USED IN TOE POCKET

INSTALLATIONS PROVIDED 5" TOE CLEARANCE IS ALLOWED.
MANHOLE STEPS SHALL NOT BE INSTALLED OVER THE FLOW
CHANNEL. THEY SHALL BE PLACED 12" MINIMUM OR 16"
MAXIMUM IN STRAIGHT VERTICAL ALIGNMENT WITH THE
BOTTOM STEP 8" ABOVE THE BENCH MINIMUM.

SEE THE CITY AND COUNTY OF DENVER STANDARD DETAIL
S-502.

3-3/8"

1-3/8"

9-1/4"
— -

17

/ B\ STEP SECTION

GRADE 60 STEEL
REINFORCEMENT

N

)
g T (" C\STEP CROSS-SECTION
POLYPROPYLENE REINFORCED PLASTIC STEP
REFERENCE: MANHOLES AND INLET STEPS lssued: _6/15/2022
CITY AND COUNTY OF DENVER Revised:
DRAWING NUMBER S-750 e Standard Drawing No.
CASTLE PINES SD.32




FLEXIBLE PIPE

RIGID PIPE
LIMITS OF STRUCTURE
LIMITS OF STRUCTURE EXCAVATION AS PER
EXCAVATION AS PER CDOT 206.03
coaT 206.03—,\ )
v 4 3 ANGLE OF
. /f /(\\ _ ’ YA REPOSE TO THE
= X ! 7 SLOPED TRENCH N \ u Ly HORIZONTAL
L 2 X
"// P> COMPACTED STRUCTURE 2 //< COMPACTED STRUCTURE
2 A J5—BACKFILL CLASS 2 AS 125 NJ, BACKFILL CLASS 1AS
2 % PER CDOT 703.08 K % 7
5 S N N Y, PER CDOT 703.08
J Py K 7 > %
R - 4 £ %X 95% AASHTO T-180
95% AASHTO T-180 7 \ . > COMPACTED STRUCTURE Y \ 3
100% AASHTO T-99 & : KZ_— BACKFILL CLASS 1 AS S > N s 100% AASHTO T-99

: } o N\
00K PER CDOT 703.08, 7 | %

- 5 “ STRUCTURE
Z _ S A EXCAVATION
% ARG 7 %4 703.08
*/\\/\\/\\(\\//2\ o \ i [ R RRRGRRL IN sOIL
STRUCTURE )  STRUCTURE STRUCTURE PER TABLE
EXCAVATION 1 * Bd IN_EXCAVATION  EXCAVATION . Bd 1922 (TYPICAL)

IN ROCK IN SOIL IN ROCK

MAXIMUM HEIGHT OF FILL OVER TOP OF PIPE IN FEET
REINFORCED CONCRETE STEEL - 2 2/3" x 1/2" CORRUGATIONS

Min. oL INCH| CRACKID-LUAD H ABOVE TOP OF PIPE IN FEET LEGEND
Ba | Bd" [ (1350 [ 2000 | 3000 Ba Bd - 2012125 26-3031-35136-20 H = HEIGHT OF FILL OVER TOP OF PIPE
in. | i PIPE CLASS in. i, [16-20[21-25] ‘ ‘ Ba = INSIDE DIAMETER (I.D.) OF PIPE

* % 111 v v THICKNESS IN INCHES * Bd = TRENCH WIDTH
18 | 35 | 19 | 28 | 43 t = WALL THICKNESS OF PIPE
24 42 18 28 42 18-48 4-7 | .064 | .064 | .064 | .064 | .064 | .064 | CLSM = CONTROLLED LAW STRENGTH MATERIAL
30 | 50 | 18 | 28 | 42 a = LOOSE GRANULAR BEDDING, AS FOLLOWS:
36 | 59 8 | 27 | 4 @=0" FOR FLEXIBLE CULVERTS IN SOIL.
o8 A 54 750 |.079|.079|.079 | .079 | .079 | .079 me et e i e
48 | 78 8 [ 27 | 4 @=12" FOR CULVERTS IN ROCK.
gg gg 1; gg :g 60 | 800 |.079|.079|.079|.079|.109 | 109 | ¥ TRENGH WIDTHS
66 708 T 7 T 26 T30 RCP: Bd = MIN. OF 1.33(Ba+2f), OR (Ba+2t)+12"
72 | 17 | 17 | 26 | 40 66 8.50 |.079|.079 | .109 | .109 | .138 | .138 (PER AASHTO SECTION 17)
78 125 17 26 20 CSP: Bd = MIN. OF Ba+4'(PER AASHTO SECTION 12)
84 | 135 | 17 | 26 | 40 i BEDDING MATERIAL FOR SOIL SHALL BE STRUCTURAL
0 T2 T 17 T 26 T 20 72 9.00 |.079].109 | .109 | .138 | .168 | .168 BACKFILL CLASS 1OR 2.0
1%% {§§ {; gg :g | BEDDING MATERIAL FOR ROCK SHALL BE STRUCTURAL

BACKFILL CLASS 1.

P T T 78 9.50 | .109 | .138 | .168 | .168
132 208 17 26 40 NOTES:
144 | 224 | 17 | 26 | 40 84 10.00 | .109 | .138 | .168 —

*+BASED ON Bd=1.33(Bat2t). 1. ALL WORK SHALL BE DONE IN ACCORDANCE WITH
WALL THICKNESS CAN VARY THE STANDARD SPECIFICATIONS APPLICABLE TO
BETWEEN MANUFACTURERS. THE PROJECT.

RCP DESIGN CRITERIA CSP_DESIGN CRITERIA 2. ALL TRENCH INSTALLATIONS SHALL BE IN
ACCORDANCE WITH OSHA AND COLORADO

SAFETY FACTOR = PER ASTM C76 <3--x1" CORRUGATIONS: 60 TO 84 PIPE > DEPARTMENT OF TRANSPORTATION REGULATIONS.

SOIL WEIGHT = 120 LB.PER CU.FT. " -

e B SHALL BE .064" THICK (16 GAUGE) TO H=40 FT./ 5 1¢ ysg OF NON-REINFORCED CONCRETE PIPE

WILL NOT BE ALLOWED IN THE CITY OF CASTLE

SOIL WEIGHT = 120 LB.PER CU.FT. PINES.
ALL UTILITY REPAIRS MUST BE. SAFETY FACTOR FOR SEAM STRENGTH = 2.00

BACKFILLED WITH CLSM. SEE CITY OF_ | gyckING STRESS LEVEL = 1/2 YIELD STRENGTH
CASTLE PINES ROADWAY DESIGN AND_ | | gaAD FACTOR (BACKFILL) = 95% STANDARD
CONSTRUCTION STANDARDS MANUAL DENSITY, AASHTO-
FOR SPECIFIC DETAILS. T 99 (K=0.86)

NOTE: ALL TRENCHING SHALL COMPLY WITH ALL STATE, FEDERAL AND 0.S.H.A.
SAFETY REQUIREMENTS. IT WILL BE THE RESPONSIBILITY OF THE
CONTRACTOR TO MEET ALL SAFETY REQUIREMENTS.

TO BE USED IN OPEN FIELDS OR PRIOR TO PAVING ROADS

APPROVED BY THE CITY OF CASTLE PINES PIPE INSTALLATION IN TRENCH Issued:  6/15/2022

, Revised:
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ___ CASTLE PINES SD.33a




NOTES:

1

10.

11.

12.
13.

THIS TRENCH BACKFILL DETAIL SPECIFIES REQUIREMENTS IN ADDITION TO THOSE SPECIFIED IN THE LATEST EDITION OF THE
COLORADO DEPARTMENT OF TRANSPORTATION'S STANDARD FOR ROAD AND BRIDGE CONSTRUCTION.

A CONSTRUCTION TRAFFIC CONTROL PLAN SHALL BE SUBMITTED TO AND APPROVED BY THE CITY OF CASTLE PINES PRIOR TO
ISSUANCE OF CONSTRUCTION PERMITS IN THE CITY RIGHT-OF-WAY.

TRENCH SHALL BE BRACED OR SHORED AS NECESSARY FOR THE SAFETY OF THE WORKERS AND PROTECTION OF OTHER UTILITIES
OR STRUCTURES IN ACCORDANCE WITH APPLICABLE LOCAL, STATE AND FEDERAL SAFETY REGULATIONS.

THE TRENCH WIDTH SHALL BE CONFINED TO THOSE MINIMUM DIMENSIONS, WHICH WILL PERMIT PROPER INSTALLATION AND
ACCEPTABLE PIPE LOADING AS ESTABLISHED BY CURRENT LOCAL STATE AND FEDERAL SAFETY REGULATIONS.

BACKFILL COMPACTION REQUIREMENTS: MINIMUM DENSITY WILL BE DETERMINED IN ACCORDANCE WITH AASHTO T 99 OR T 180 AS
DEFINED BY CDOT STANDARD SPECIFICATIONS SECTION 203.07 AND CDOT 703.03. EXCEPT FOR CLSM.

PAVEMENT EDGES SHALL BE SAW-CUT.EDGES SHALL BE TACK COATED PRIOR TO PATCHING.

ALL STORM SEWERS SHALL BE CONSTRUCTED SO THAT A MINIMUM COVER 1S MAINTAINED TO WITHSTAND AASHTO HS-20 LOADING
ON THE PIPE. THE MINIMUM COVER TO WITHSTAND LIVE LOADING DEPENDS UPON THE PIPE SIZE, TYPE AND CLASS, AND SOIL
BEDDING CONDITION, BUT SHALL BE NOT LESS THAN 1-FOOT AT ANY POINT ALONG THE PIPE. OTHER FACTERS THAT AFFECT THE
DEPTH OF THE PIPE ARE HYDRAULIC GRADE LINE ELEVATIONS, INLET DEPTHS, ADJACENT UTILITIES OR UTILITY CROSSING,
INCLUDING WATER AND SEWER SERVICES LINES ALONG RESIDENTIAL STREETS, AND CONNECTIONS TO EXISTING STORM SEWER
SYSTEMS. THE ROADWAY SUBGRADE, WHICH SUPPORTS THE PAVEMENT SECTION IS TYPICALLY PLOWED TO A CERTAIN DEPTH,
MOISTURE TREATED AND COMPACTED PRIOR TO THE PLACEMENT OF THE SUB-BASE, BASE COURSE, AND SURFACING. THERE ARE ALSO
INSTANCES WHERE THE SUBGRADE MATERIAL MUST BE EXCAVATED AND REPLACED OR TREATED TO A CERTAIN DEPTH TO MITIGATE
SWELLING SOILS. THESE EFFORTS CAN IMPACT THE STORM SEWER SYSTEM IF IT HAS NOT BEEN DESIGNED WITH ADEQUATE DEPTH.
THE DESIGN ENGINEER SHALL USE THE BEST INFORMATION AVAILABLE, INCLUDING PAVEMENT DESIGN OR SOILS REPORTS (IF
AVAILABLE) TO ENSURE THAT STORM SEWER PIPES HAVE ADEQUATE DEPTH.

CHANGES IN DESIGN CRITERIA WILL REQUIRE COMPENSATING CHANGE IN PIPE DESIGN.

WHEN PIPE SEWER IS TO BE EXTENDED OR REPLACED WITH PIPE OF DIFFERENT MATERIAL, THE CONNECTIONS SHALL CONFORM TO
THE DETAIL SHOWN ON PLANS OR BE APPROVED THROUGH CASTLE PINES PUBLIC WORKS.

WHEN TWO OR MORE CONDUITS ARE LAID SIDE-BY-SIDE, THEY SHALL BE PLACED SO THAT THEY ARE !/, OUTSIDE DIAMETER, OR ',
OUTSIDE SPAN, OR 3' APART, WHICHEVER IS LESS. HOWEVER, IF END SECTIONS ARE USED, THE MINIMUM SPACING SHALL BE I
BETWEEN THE OUTSIDE EDGE OF END SECTIONS.
TRENCH INSTALLATION (PER OSHA STANDARDS):
a. TRENCHES OVER 5 FEET IN DEPTH SHALL BE EITHER SHORED OR THE TRENCH WALLS SHALL BE SLOPED NO
STEEPER THAN 3:1 TO THE ANGLE OF REPOSE. IF SLOPED, THE BOTTOM OF THE SLOPE SHALL BE A MINIMUM OF 1
FOOT ABOVE THE TOP OF THE PIPE.

b. SHORING WILL BE REQUIRED WHEN THE BOTTOM OF THE SLOPE IS MORE THAN 3 FEET ABOVE THE BOTTOM OF THE
TRENCH.

c. ALL SHEETING OR SHORING TO BE REMOVED.
CLSM MAY USED IN PLACE OF STRUCTURAL BACKFILL.
CLSM SHALL NOT EXCEED A STRENGTH OVER 100 P.S.I.

REFERENCE: CITY OF CASTLE PINES DRAINAGE MANUAL AND COLORADO DEPARTMENT OF TRANSPORTATION "M" STANDARDS.

TO BE USED IN OPEN FIELDS OR PRIOR TO PAVING ROADS

APPROVED BY THE CITY OF CASTLE PINES PIPE INSTALLATION IN
TRENCH NOTES Issued: __6/15/2022
] , Revised:
arry Nimmo
Director of Public Works e Standard Drawing No.
DATE CASTLE PINES SD.33b




EXISTING
EXISTING STREET STREET SURFACE

SURF ACE

SEE ASPHALT STREET CUT\PATCHING DETAIL FOR PAVEMENT REPLACEMENT

LOWER LIMITS OF SLOPE OR
/_BEDDING OF TRENCH WALLS

EXISTING

IN. DEPTH
SEE NOTES 7 & 8 BASE COURSE
N SD.33l
UNIFORM
EXISTING SAW-CUT LINE

BASE COURSE

BEDDING TRENCH
VERTICAL WALLS

BEDDING MATERIAL:
SQUEEGEE

boopoofooooooolf

6" MIN.

: >
f /T % ,\.\\,\\j(.\/
TRENCH WIDTH

NOTES: SEE NOTES ON SD.33b

TO BE USED FOR STREET CUT ONLY

APPROVED BY THE CITY OF CASTLE PINES PIPE INSTALLATION IN TRENCH |
FOR STREET CUT Issued: __6/15/2022

i Revised:
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SD.34a




NOTES:

1. THIS PIPE INSTALLATION DETAIL SPECIFIES REQUIREMENTS IN ADDITION TO THOSE SPECIFIED IN THE LATEST EDITION OF THE
COLORADO DEPARTMENT OF TRANSPORTATION'S STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE CONSTRUCTION.

2. A CONSTRUCTION TRAFFIC CONTROL PLAN SHALL BE SUBMITTED TO AND APPROVED BY THE CITY OF CASTLE PINES PRIOR TO
ISSUANCE OF CONSTRUCTION PERMITS IN THE CITY RIGHT-OF-WAY.

3. PIPE SHALL BE BEDDED FROM 6" BELOW THE BOTTOM OF THE PIPE TO 12" ABOVE THE TOP OF PIPE.

4. TRENCH WIDTH SHALL NOT BE MORE THAN 16" AND NOT LESS THAN 12" WIDER THAN THE LARGEST OUTSIDE DIAMETER OF THE
PIPE.

5. ALL STORM SEWERS SHALL BE CONSTRUCTED SO THAT A MINIMUM COVER 1S MAINTAINED TO WITHSTAND AASHTO HS-20 LOADING
ON THE PIPE. THE MINIMUM COVER TO WITHSTAND LIVE LOADING DEPENDS UPON THE PIPE SIZE, TYPE AND CLASS, AND SOIL
BEDDING CONDITION, BUT SHALL BE NOT LESS THAN 2-FOOT AT ANY POINT ALONG PIPE.

6. FOR WATER AND SANITARY SEWER PIPES, REFER TO THE MAINTAINING DISTRICT STANDARDS FOR PIPE BEDDING MATERIALS.

7. PAVEMENT EDGES SHALL BE SAW-CUT AND KEPT TO A NEAT VERTICAL EDGE PRIOR TO PAVING.

8. EDGES SHALL BE TACK COATED PRIOR TO PATCHING.

9. WHEN STORM SEWER PIPE IS TO BE EXTENDED OR REPLACED WITH PIPE OF DIFFERENT MATERIAL, THE CONNECTIONS SHALL
CONFORM TO THE DETAIL SHOWN ON PLANS OR BE APPROVED THROUGH CASTLE PINES PUBLIC WORKS.

10. WHEN TWO OR MORE CONDUITS ARE LAID SIDE-BY-SIDE, THEY SHALL BE PLACED SO THAT THEY ARE !/, OUTSIDE DIAMETER, OR '/
OUTSIDE SPAN, OR 3' APART, WHICHEVER IS LESS. HOWEVER, IF END SECTIONS ARE USED, THE MINIMUM SPACING SHALL BE I'
BETWEEN THE OUTSIDE EDGE OF END SECTIONS.

1. TRENCH INSTALLATION PER OSHA STANDARDS.

TO BE USED FOR STREET CUT ONLY

APPROVED BY THE CITY OF CASTLE PINES PIPE INSTALLATION IN TRENCH
FOR STREET CUT Issued: __6/15/2022

, Revised: ____
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SD.34b




CLASS D CONCRETE, MIN.
2" COVER OVER REBAR.

UPSTREAM PIPE,

DOWNSTREAM PIPE,

3 RCP ONLY
NON RCP_\ ——A A
2-#4 REBAR
“|_~""LooPs
]
LA
A
B 11 ! (et bt
__________________ 7 B \
TN 2 MIN,

#4 REBAR, 4" LONG

CROSS SECTION

2" MIN. 45°

12" LAP

#4 REBAR, 4" LONG

ALTERNATE LAP
LOCATIONS ON LOGPS

SECTION A-A

APPROVED BY THE CITY OF CASTLE PINES PIPE CONNECTION DETAIL .
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- Revised:
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CLASS D CONCRETE, MIN.
2" COVER OVER REBAR.

OUTLET PIPE\ -A
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#4 REBAR, 9" LONG, CORE
DRILL MIN. 3" INTO INLET
WALL. SET REBAR WITH

APPROVED 2 PART EPOXY.

CROSS SECTION

2" MIN.

12" LAP

#4 REBAR, 9" LONG, CORE
DRILL MIN. 3" INTO INLET
WALL. SET REBAR WITH

APPROVED 2 PART EPOXY.

ALTERNATE LAP
LOCATIONS ON LOOPS

SECTION A-A
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| HEADWALL

FOR SINGLE PIPE
X

HEADWALL FOR DOUBLE PIPE

2" CLR. ALL AROUND, TYPICAL _— 404 |

y
24" NOTCH, -
oPTIONAL FOR [[*.[* "1 T[] b ]| T B
WINGWALL. B PV I 3 I S B 1
T N I i I B O S S A
402+ |- - = 402 — b -—402
—— A =—+—12" CTRS#—+— A |=— 1A 112" CTRS.+ Aqf=—
TYPI WYOUT F TE HEADWA)
2 20" MIN
— (TWO EACH TIE) ‘.( AD
] '
T 402
+ . HEADWALL Var. / y —4"| x —4" Var
RN 402 l
|8 |8 601
401 402 403 404
"D" FOR
THICK-WALL PIPE, = Bc + 6"
: | THIN-WALL PIPE, = Ba + 8"
- THIN-WALL PIPE-ARCH = SPAN + 8"
= R BT STRUCTURAL PLATE-ARCH = RISE + 8"
WINGWALL |
. NDIN
FRONT '
VIEW OPTIONAL NOTCH
OPTIONAL MATERIAL7 ‘ TYPICAL WALL_’l 12" ’~ f
Y- 403, i —
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DIMENSIONS QUANTITIES
EQUIV, CONCRETE | STEEL®
P
Ba [PANRISE[ X A Xp | Ay |y B SRR ESCR R
in.| in.| in. [ft.—in] in. [ft.—in. in. |ft.—in] in. Jcu.yd]cu.yd} Ibs. | Ibs.
72| 81| 59 [10-9| 8z |20-6| 7 | 9-3 [17 /2 | 2.725.10| 250 | 467
78| 87| 63 |11-3| 1114 |21-6| 7 | 9-7 |101/, | 2.85|5.34 | 275| 531
84 95| 67 |11-9| 82 p2—-10] 9 [9-11|12'2]3.08|5.79] 290 547
1
8
7
2

90 [103| 71 12-7| 74 |24-2] 11 [10-3 |15 3.30| 6.21| 321| 591
96 (112 75 |13—-4 12 25-8 10-7 |16 47 | 3.52|6.65| 314 | 606
102 |117] 79 [13-9| 81/ | 26-6 10-11] 91/, | 3.63| 6.86| 356 | 672

__I 15 Ba + 247 ' 108 {128 83 [14-8| 8 28-4| 1 11-3 (111 | 3.96| 7.51| 376 | 699
l=— Ba + & —

.75 Ba + 127
DIMENSIONS QUANTITIES

CONCRETE | STEEL®

Bo|Be | X | A | Xy | Ay |y | B[X>"SGL[DBL [SGL|DBL
in. | in. [ft.—in ft.—iny in. [ft.—in{ in.|in. |cu.yd{cu.yd] Ibs.| Ibs.

in.
54| 65| 8-9| 81, |15-6 7 | 9-2|17|20(2.12] 3.55(209|364
60| 72| 9-6] 7 |17-0| 10 | 9-8|11]21|2.35]| 3.99/236[414
66| 79|10-3[111> |18-6 7 |10-2[14]122)|2.60(4.44 249|453
72| 86]11-0] 10 ]20-0| 10 |10-8|17]23|2.85]| 4.91(/270(476
78| 93|11-9| 81, |21-3] 11 [11-2[ 11]24]3.11|5.29(306|527
7

84 [100[12-6 22-6| 7 [11-8[14[25]|3.38]|5.68|333|572 ) .,
90 [107 [13=3[111/, |23-9| 81, [12-2| 17|26 3.66|6.08 [335[593 ~—SPAN + 48"— 2 SPAN + 84
96 [114[14-0] 10 [25-0| 10 [12-8|11]|27]|3.94|6.48|379|649 -
TO2 [121(14-9| 81/, |26-3| 111/, |13-2| 14| 28| 4.24|6.89 [400(664 HEADWALL FOR TH L '
108 |128[15-6] 7 [27-6| 7 |13-8|17]29]4.54|7.30|424[707
HEADW. FOR THICK — WALL R DIMENSIONS QUANTITIES
EQV. CONCRETE | STEEL ®
TYPICAL Ba |SPANIRISE | X | A Xt A1 v | B sgrroec{se [oec
TOP-VIEW in. | ft.—in.|ft.—in{ ft.—in.| in. ft.—in| in. | ft.—in| in. cu.yd.|cu.yd.| Ibs. | Ibs.
61| 47| 10-1[101/, | 19-2] 11 | 8=11[15V4 | 2.52| 4.70| 232 | 424
7-0]5-1]11-0]10 21-0]10 | 9-5| 9% | 2.80| 5.25| 282 | 509
7-1115=7[11-11] 91/ [22-10] 9 [ 9-11[127/4 | 3.08] 5.79] 291] 540
8-10| 6-1[12-10| 9 24-8| 8 [10-5[15'5 | 3.36] 6.33] 309 | 622
9-9]6-7|13-9| 814 | 26-6] 7 [10-11] 91/, | 3.63| 6.86| 379 | 673
10-11| 7-1 |14-11| 9/, |28-10| 9 |11-5|1214 | 4.05] 7.67| 377 | 711
11-10| 7-7 [15-10[ 9 30-8| 8 [11-11[157/ | 4.36] 8.28] 395 | 731
12-10| 8-4 [16-10| 9 32-8| 8 | 12-8]11 4.75| 9.03| 441|839
14-18-9| 18-1[1014 | 35-2| 11 | 13-1]131/, | 5.17| 9.86| 448 | 931
15-4| 9-3| 19-4[12 37-8| 8 | 13-7[161% | 5.69]10.88| 490 | 953
15-10/9-10[19-10| 9 38-8| 8 |14-2 |11 5.89 [11.25| 534 |1019

} l—— 280+ 2+ 48" —] HEADWALL FOR STRUCT TE AR

DIMENSIONS QUANTITIES SKEW] FACTOR.| HEADWALL SHALL BE PERPENDICULAR TO THE CULVERT
CoNGRETE | STEEL S ANGLE|(cosecA’)| CENTERLINE UNLESS OTHERWISE SPECIFIED. TABULATED
Ba | x | A X Ay B <o T oe oL T om g% 56 DIMENSIONS AND QUANTITIES MUST BE ADJUSTED FOR
in. | ft.=in{ in. [ ft.—in.| in. | ft.=in.| in. | cu.yd| cu.yd.| Ibs. | Ibs. gg }8?% SKEWED  INSTALLATIONS.
54| 8-6| 7 |15-3 |11l | 8-10| 15 | 2.19| 3.81| 211| 358 . v
60| 9-0| 10 |16-6| 7| 9-4 | 18 | 2.38| 4.25 | 217 396 ol APRON\‘ é“ X %,.‘0
66] 9-6| 7 | 17-9| 84| 9-10] 12 | 258 | 4.70 | 252 | 454 65 | 1.103 =00
72]10-0| 10 |19-0| 10[10-4 | 15 | 278 5.17 | 255] 472 g0 | 1139 | o— e 2GRy
78(10-6| 7 | 20-0| 10|10-10] 18 | 298| 556 | 276 | 499 50 | 1.305
84|11-0| 10 |21-0] 10]11-4 | 12 | 3.19) 5.95 | 297| 553 45 | 1414 HEADWALL
90[11=6 | 7 |22-0| 10[11=10] 15 | 3.40| 6.36 | 317 | 571 3 | 1:33%
96[12-0| 10 |23-0| 10|12-4 | 18 | 362 6.79 | 321| 597 30 | 2.000
T02[12=6] 7 | 24=0| 10[12=10| 12 | 3.84 | 7.21| 364 | 663 WHEN_AP 1
108|13-0| 10 |25-0| 10]13-4 | 15 | 406 | 7.63 | 362 | 678 SKEW FACTOR
HEADWALL FOR THIN — WALL R I
GENERAL NOTES
1. CONCRETE SHALL BE CLASS D.
4 WHEN TWO OR MORE CONDUITS ARE LAID SIDE BY SIDE, 2. HEADWALL SHALL BE PERPENDICULAR TO THE CULVERT ¢ UNLESS
THEY SHALL BE PLACED SO THAT THE ADJACENT PIPES OTHERWISE SHOWN ON THE PLANS. TABULATED DIMENSIONS AND
WILL BE '/, INSIDE DIAMETER OR ', INSIDE SPAN OR QUANTITIES MUST BE ADJUSTED FOR SKEWED INSTALLATIONS.
3 FEET APART (INCLUDING WALL THICKNESS) WHICHEVER
IS LESS. 3. FOR WINGWALL DETAILS, SEE STANDARD M-601-20.
®m  ADD 0.89 x (X OR X{) (LB.) WHEN APRON IS REQUIRED. 4. VOLUME OCCUPIED BY PIPE HAS BEEN DEDUCTED FROM STEEL
AND CONCRETE QUANTITIES.
5. EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED ¥y".
6. ALL BARS SHALL HAVE A 2" MINIMUM CLEARANCE.
7. YEAR OF CONSTRUCTION STAMPED ON DOWNSTREAM HEADWALL
PER CASTLE PINES.
REFERENCE:
HEADWALLS FOR PIPE CULVERTS Issued: __6/15/2022
CDOT M & S STANDARDS Revised:
M— 601—10 Standard Drawing No.
CITY OF
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h=| 2 3 4 5 6' 7 8' 9 10" 1 " | "3 | "ag
o= 1-0" | 192" | 14" | 1-6" | 1-8" | 1-10" | 20" | 220 | 2-4" | 26" | 2-8" | 2-10" | 3-0"
b=| 1-8" | 2-0" | 2-4" | 2-8" | 30" | 34" | 38" | 4-0"| #-4"| 48 | 50" | 54" | 58"
w=| 28" | 320 | 3-8" | 4-2"| 4-8'| 52| 58" | 6-2 | &8 | 72" | 78" | 82" | 8-8"
d-BARS|#4 @ 9" [§4 09" |44 09" |[#409" |[f409" [#4@9 [f5en|[#5e 10450 10" 4508 |#60 8 [§70 9 [ §70 7
0161 | 0.210 | 0.259 | 0.309 | 0.358 | 0.407 | 0.457 | 0.506 | 0.556 | 0.605 | 0.654 | 0.704 | 0.753

% DOES NOT INCLUDE TOE WALL QUANTITIES

SEE STANDARD DETAIL SD.39d AND SD.3%e FOR REINFORCING STEEL QUANTITY

= REQUIRED DRAINAGE BEHIND WINGWALLS

SEE NOTE 6, SD.39¢c
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gl
8 REINFORCEMENT 1.34 LB./SQ.FT.
QUANTITIES FOR TOE WA}_L ONLY
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TUE WALL REINFORCEMENT 5.1 LB./LIN. FT.
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APPLY CONCRETE
SEALER

|/—PLASTIC DRAINAGE CORE

GEOTEXTILE (DRAINAGE) (CLASS 2)
SHALL BE ON EMBANKMENT SIDE OR
ON BOTH SIDE OF CORE

3" @ DRAIN HOLE, 20'-0" MAX. CENTER
TO CENTER, LOCATE 0'-6" ABOVE
FINISHED GRADE OR APRON.

D

1.

LIMITS OF CONCRETE SEALER
AND WINGWALL DRAIN DETAILS

NOTES:

1. THE GEOCOMPOSITE SHALL BE SECURED TO
THE WALL TO PREVENT MOVEMENT DURING

DESIGN DATA:

AASHTO LRFD EIGHTH EDITION, 2017
DESIGN METHOD: LOAD AND RESISTANCE FACTOR DESIGN, YIELD LINE METHOD

REINFORCED CONCRETE:
CONCRETE CLASS D (BOX CULVERT):
REINFORCING STEEL:

LOADING:
AT-REST EARTH (FLUID) PRESSURE FOR CONCRETE STEM DESIGN =
55 PCF FOR 2 (MIN.) : 1 SLOPED BACKFILL

ACTIVE EARTH (FLUID) PRESSURE FOR CONCRETE FOOTING DESIGN =
40 PCF FOR 2 (MIN.):1 SLOPED BACKFILL

LIVE LOAD SURCHARGE = 2'
MINIMUM RESISTANCE FOR SOIL BEARING = 5.5 KSF
SOIL BEARING RESISTANCE FACTOR = 0.45

GENERAL NOTES:
I. ALL EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED ¥ IN.

WINGWALL FOOTING AND FLOOR OF BOX CULVERT SHALL BE PLACED
MONOLITHICALLY.

. DIMENSIONS "h", "k", “L", "m" AND ANGLE "€" FOR WINGWALL SHALL BE
AS SHOWN ON THE PLANS.

2.

MINIMUM CLASS B LAP SPLICE LENGTH FOR BLACK REINFORCING BARS:
BAR SIZE: #4 #5 #6 #7
SPLICE LENGTH: I'- 6" -1 2'-3 2-7"

DESIGN DOES NOT CONSIDER ANY SCOUR EFFECTS.

WINGWALL DRAIN SHALL BE REQUIRED IF "h" >12.0 FT., SEE
STANDARD DETAIL SD.39d AND SD.39e FOR DETAILS.

CONCRETE APRON, [F
SPECIFIED ON PLANS
APRON

BACKFILLING.

2. COST OF GEOCOMPOSITE DRAIN AND CONCRETE
SEALER SHALL BE INCLUDED IN THE WORK.

SKEWED HEADWALL, IF
SPECIFIED ON PLANS

¢ OF ROADWAY
S

{7 SKEW ANGLE

TOE WALL

CBC HEADWALL g

X’/ @ 12" CENTERS

9n

#4 x

EACH FACE: BARS PROJECT 1'-9"
INTO WINGWALL STEM TO SPLICE

STATIONING

INLET APRON IS REQUIRED IF CBC
IS USED AS AN ANIMAL PASS

SEE DETAIL "A"

WITH HORIZONTAL #4 BARS.FOR
PIPES SEE STANDARD DETAIL
SD.38a AND SD.38b

B
c ﬁﬂ’illll

SIX LONGITUDINAL #4 FOOTING

BARS (TOP MAT), PROJECT 1'-9" MIN.
INTO CULVERT FLOOR. FOR PIPES SEE
STANDARD DETAIL SD.38a AND SD.38b

STATION

ANWAL AWMANWNY

AN
o ¥

TYPICAL CULVERT LAYOUT DETAIL "A"
REFERENCE: WINGWALLS lssued: __6/15/2022
CDOT M & S STANDARDS Revised:
M—601—20 e Standard Drawing No.
CASTLE PINES SD.39c




c-BARS AND REINFORCING STEEL QUANTITY

(EXCLUDE TOE WALL) EXAMPLE:
L (MULTIPLE OF m) < (1.0 x m) <(1.25 x m) <15 xm < (.75 x m) SELECT THE c-BARS SIZE, SPACING AND STEEL QUANTITY
FOR A 25.0 FEET LONG WINGWALL WITH m =
m T | kD | c-BARS *f;;{'f;_- corrs | IO | cams | ¥EN | cams RN i a0 ks 6.3 F.
4 #4 @ 10"| 53.60 |#5@ 10" 57.95 |#5@ 10" 5710 |#5 @ 8" 60.22 SOLUTION:
5 #4 @10"| 5586 |#5 @ 10"| 60.46 |#5@ 10"| 59.60 |#5 @ 8" 62.89 .
1 6 #5 @ 10"| 64.43 [#6 @ 10" 7060 [#6 @ 10"| 69.69 |#6 @ 8" 74.93 L DETELR“}”:E ‘:‘]2%&} IE_EBNET;"]I;' MULTIPLE OF m:
7 #5010"| 6729 |#6 @ 10"| 7376 |#6 @ 10"| 7283 |#6@ 8" 78.32 L = (212 x m),USE L < (2.25 x m)
8 #5 08" | 7471 |#608" | 8346 |#60 7" | 87.09 |#6 @ 6" 92.54 2.ROUND TO REAREST WHOLE NUMBER FOR m AND k:
9 508 | 7810 |#6@8"| 8723 [#60 7" | 9103 |#6 06" 96.72 m 1‘;—3 FT,USE m 6=012~° FT.
4 4010"] 50.51 [#4@10"] 4925 [#5@10"| 5371 |[#50 10" 53.09 3. DETERINE CF_L';,;JSSEB$ _us{NGFTTHE TABLE:
5 #4 @ 10"| 52.66 4010" 5137 |[#5@ 10"| 56.09 |#5 @ 10" 55.46 L <(2.25 x m)
13 6 #4 010" 5492 |[#50 10" 5948 |[#5@ 9" | 60.31 |#6@ 9" 67.56 m =12
7 #4010 57.36 [#5010"] 6216 [456 9" [ 6305 [#66 9" 7066 S )
8 |#50 10" 66.39 |#6010"| 7282 |#60 8 | 77.97 |46 0 7" 8L68 . e
9 5010"] 69.37 |#6010"| 7610 |#608 | 8149 [#607" 8537 4. DETERMINE REINFORCING STEEL QUANTITY OF WHOLE
2 4 0 10" 43.91 4 010" 4265 [#4 @ 10" 41.82 40 10" 41.22 WINGWALL:
3 4 010" 4582 [#4 @ 10" 4455 [#4 @10 4371 [#4 @ 10" 4311 REINFORCING STEEL QUANTITY =
4 | #4 0 10"| 4780 |#4 0 10'| 4651 |44 @ 10"| 4565 |45 0 10" 50.06 U A e
. 5 #4 @ 10" 49.84 |#4 @ 10'| 4853 |[#4 @ 10"] 4766 |[#5 @ 10" 52.33
6 #4 @10"| 5199 |#4 @ 10" 5065 |#5@ 10"| 55.34 |#5 @ 8" 58.41
7 #4 @ 10"| 54.30 |[#5@10"| 58.80 |#5 @ 10"| 57.87 |#5 @ 8" 6110
8 #5 @ 10" 6291 |[#5@10"| 6145 [#5@ 7" | 67.46 |[#5@ 6" 70.68
9 #5 0 10"| 6564 |#5@ 10" 6415 |#5@ 7" | 70.44 |#5 @ 6" 73.82
2 #4 @ 10" 4170 [#4 @ 10"| 4042 [#4 @ 10"| 39.57 |#4 @ 10" 38.96
3 #4 0 10| 4357 |#4 @ 10" 42.27 [#4 0 10"| 4140 |#4 @ 10" 40.79
4 #4 @ 10"| 4548 [#4 @ 10"| 4416 [#4 @ 10| 4328 |#4 @ 10" 42.66
i 5 #4 @ 10"| 47.46 |#4 @ 10"| 46.0 |#4 @ 10"| 4521 |#4 @ 10" 44,58
6 #4 010" 4952 |#4 @ 10" 4814 [#4 @ 9" | 4823 [#5 @ 10" 51.88
7 #4 @ 10"| 5173 [#4 @ 10"| 50.31 [#4 @ 9" | 50.43 |#5 @ 10" 54.29
8 #4 @ 10"| 54.00 |[#50 10" 58.44 [#5@10"| 57.45 |#5 @ 8" 60.64
9 #4 @ 10"| 56.20 [#5 @ 10" 60.87 [#5 @ 10"| 59.85 |[#5 @ 8" 63.21
2 #4 @ 10"| 3984 |#4 @10"| 3853 |#4 @ 10"| 37.65 |#4 @ 10" 37.03
3 #4 @ 10"| 4168 |#4 @ 10v| 40.35 |#4 @ 10"| 39.47 |#4 @ 10" 38.84
4 #4 @ 10"| 4358 |#4 @ 10"| 42.22 |#4 @ 10"| 41.31 #4 @ 10" 40,67
10 5 #4 0 10" 4553 [#4 @ 10" 4414 [#4 @ 10" 4321 [#4 @ 10" 4256
6 #4 @ 10v| 47.58 |#4 @ 10"| 46.14 |#4 @ 10"| 4520 |#4 @ 10" 44.53
7 #4 @ 10"| 49.79 |#4 @ 10"| 4831 |#4 @ 10"| 47.34 |45 @ 10" 5197
8 #4 @ 10"| 52.06 [#4 @ 10"] 5054 |#4 @ 10"[ 4954 [#5 @ 10" 54.43
2 #4 @ 10"| 3801 |#4 @ 10"| 36.75 |#4 @ 10"| 3585 |#4 @ 10" 3521
3 #4 @ 10| 39.93 |#4 @ 10" 3856 |#4 @ 10" 37.64 |#4 @ 10" 36.99
4 #4 @ 10" 4181 |#4 @10"| 4040 |#4 @ 10"| 39.47 |#4 @ 10" 3881
9 5 #4 0 10"| 4375 |#4 0 10" 42,30 |#4 @ 10" 41.35 |#4 @ 10" 40.67
6 #4 010" 4579 |#4 @ 10" 4430 |#4 @ 10" 4331 |#4 @ 10" 4262
7 #4 @ 10"| 48.04 |[#4 010"] 4650 |[#4 @ 10"| 4549 [#4 @ 10" 4477
8 #4 10" 5043 |[#4 @ 10"| 4884 |#4 @ 10"| 47.80 |#4 @ 10" 47.06
2 4 010" 3641 [#4 @ 10" 35.01 4 010" 3408 [#4 @ 10" 3342
3 4 @ 10"| 38.23 |#4 @ 10| 36.80 4 010" 3585 [#4 @ 10" 35.8
. 4 #4 @ 10"| 40.09 |#4 @ 10"| 3861 |#4 @ 10"| 37.64 |#4 @ 10" 36.95
5 #4 @ 10"| 4199 |#4 @ 10"| 40.47 |#4 @ 10"| 39.47 |#4 @ 10" 38.76
6 #4 @ 10"| 4397 |[#4 @ 10"| 4240 |#4 @ 10"| 41.36 |#4 @ 10" 4064
7 #4 @ 10"] 4609 |[#4 @ 10"| 4456 |#4 @ 10"| 43.49 |[#4 @ 10" 42.74
2 #4 010" 3490 |#4 @ 10" 3344 |44 @ 10" 32.47 |#4 @ 10" 3178
3 #4 @ 10"| 3673 |#4 @ 10"| 3523 |#4 @ 10"| 34.23 |#4 @ 10" 33.53
7 4 #4 0 10" 3859 |#4 @ 10" 37.04 |#4 @ 10" 36.01 |#4 @ 10" 3529
5 #4 @ 10"| 4048 |#4 @ 10"| 3886 |#4 @ 10"| 37.80 |#4 @ 10" 37.06
6 #4 010" 4239 |[#4 @ 10"| 4071 |#4 @ 10"| 3961 |#4 @ 10" 38.84

% REINFORCING STEEL QUANTITY INCLUDES STEM AND FOOTING
QUANTITIES, BUT DOES NOT INCLUDE TOE WALL QUANTITIES.

REFERENCE: WINGWALLS Issued: __6/15/2022
CDOT M & S STANDARDS Revised:
M— 601— 20 e~ Standard Drawing No.
CASTLE PINES SD.39d




c-BARS AND REINFORCING STEEL QUANTITY
(EXCLUDE TDE WALL)
L (MULTIPLE OF m) < (2.0 x m) <(2.25 x m) <(2.5 x m) <(2.75 x m) <(3.0 xm) <(3.25 x m < (3.5 x m)
m €0 | kD | e | TN | cams TN coms | TN coms | TN | coms | TN | cams | TN cams | T
4 #50 7' | 6243 |#50 7| 62.09 |[#506" | 6538 |[#506" | 6515 |[#pe8"| 67010 |# e8| 66.94 |#6 @ 7" | 70.66
5 #50 7"| 6523 [#50 7| 648 [#506" | 6834 |[#5@6"| 6811 |#6e@8"' | 7017 |[#6 e8| 7000 [#6 e 7" | 73.90
14 6 #608' | 7445 [#60 7" | 7830 |#6 06" | 8364 |#606" | 8340 |#6 06" | 8322 |#6 6 6" | 83.05 |#7 @ 7' | 89.64
7 #f6@ 8| 7784 |#60@ 7" | 81.87 [#606" | 8745 |[#6@6" | 8721 |#6@6"| 8702 |#6@6"| 868 |#7 @ 7" | 93.73
8 #707"| 9947 |#70 7| 9908 |[#7@6"| 10711 |[#7@6" | 106.86 | #7 @ 6" | 106.66 | #7 @ 6" | 106.49 | #7 @ 6" | 106.35
9 #70 7' | 10393 [#70 7] 10354 [#7 06" | 111.90 [#7 6" | 1165 [#706"[ 11145 [#706" | 111.28 [#70 6" | 11113
4 #5 @ 10" 52.36 [#5@ 9" | 5385 |[#5@ 8" | 5554 [#5@ 7' | 5785 |[#5@ 7| 5767 |#5@ 7" | 5751 |#6 @ 9" | 59.93
5 #50 10" 5499 |[#509"| 5629 |[#5@ 8" | 58.08 [#5@ 7*| 6051 |[#5@ 7| 6033 |[#56 7' | 6017 |#6 e 9" | 62.72
13 6 #6@ 9" | 6708 |#6@9" | 6670 |#5 68" | 6953 |#66 8" | 6928 |[#6@ 7| 7312 |[#6e@ 7m| 7295 |[#6e 7" | 7281
7 #609"| 7016 [#60@9" | 69.78 |[#@ 8" | 7275 |[#6@ 8 | 7250 |[#6e@ 7| 7652 |[#6@ 7v| 7635 [#6e 7| 76.20
8 66 7" | 8119 6@ 6" | 8667 |# @ 6" | 86.37 707" | 93.8 707" | 9297 |47 0 7| 92.80 70 7"| 92.64
9 6@ 7" | 84.87 |#6 @ 6" | 90.59 |#6 @ 6" | 90.29 767" | 9739 77| 9718 |#7 @ 7' | 97.00 7@ 7" | 96.85
2 4 010" 40.78 |#4 @ 9" | 4129 5 @ 10"| 44.61 5@ 10"| 44.37 | #5 @ 10" 44.18 5@ 10"| 44.01 5 @ 10"| 43.87
3 4 @ 10" 4266 |#4 @ 9" | 43.22 5 @ 10"| 46.75 5@ 10"| 46.51 5@ 10"| 4632 |45 @ 10"[ 46.15 5 @ 10"| 46.01
4 #5 @ 10" 4959 |#5@10"| 4923 |[#50 10"| 4894 |[#50 10"| 4869 [#56 9| 5000 [#5@ 8" | 51.72 |#5 @ 8| 5157
2 5 #50 10" 5185 |#5@10"] 5148 |[#5010"| 5119 [#5@ 10" 5094 [#5@ 9| 5233 [#5@ 8" | 54.14 | #5 @ 8" | 54.00
6 #5@ 8" | 5793 |#6 @ 10"| 60.60 |#6 @ 10"| 60.29 |#6 @ 9" | 6242 |#6@ 9" | 6222 |#6@ 9" | 6204 |#6 @ 8" | 64.89
7 #508'| 6061 |#6 0@ 10"| 6343 |[#010"| 6311 |[#66 9" | 6535 [# 09" | 6515 |[#60 9'| 6497 |#6 0 8" | 67.9
8 #506"| 7020 |#6@ 7" | 7644 |[#6@ 7" | 7613 |[#66 7| 7587 |[#6e6" | 8.30 [#6e6"| 8.12 |#6 e 6" | 80.98
9 5@6"| 7333 |#6@ 7" | 7986 |#6 @ 7" | 7954 |#6@ 7" | 7928 |[#6@6" | 8495 |#6@ 6" | 84.77 |#6 @ 6" | 84.62
2 4 @10" 3850 |[#4 @ 10" 38.15 |#4 @10"| 3787 |#4 @ 10"| 37.63 |#4 @ 9" | 3825 |#5@ 10" 4146 | #5 @ 10"] 4131
3 #4 0 10"| 40.33 |#4 @ 10"| 39.97 |#4 @ 10"| 39.69 |#4 @ 10"| 39.45 |#4 @ 9| 40.2 | #5 @ 10"| 4354 |#5 @ 10"| 43.39
4 #4 @ 9"| 4309 [#5@ 10"| 4657 |#5 @ 10"| 46.27 |#5@ 10"| 46.02 | #5 @ 10"] 4582 | #5 @ 10| 4565 | #5 @ 10"| 4550
i 5 #4 @ 9" | 4506 |#5@ 10"| 48.74 |#5 @ 10"| 48.44 |#5 @ 10"| 4819 |[#5@ 10" 4799 |#5 @ 10"| 47.81 | #5 @ 10"| 47.67
6 #50 10| 5138 |[#50 9" | 5257 |#5@ 9" | 5227 [#5@ 8" | 5399 |[#5@ 8| 5379 |[#50 7" | 56.16 |#5 @ 7" | 56.01
7 #5@ 10" 5378 |[#50 9" | 5504 |[#56 9" | 5473 |[#5@8"| 5655 |#5@8"| 56.35 |[#5@ 7" | 5884 |#5 @ 7" | 58.70
8 #50 7| 6292 |[#5@6" | 66.25 |[#5@6" | 6594 |[#5@6"| 6569 |#6@ 8| 67.76 |#6@ 8" | 6757 |[#6@ 7| 7145
9 #560 7" | 6560 |[#506" | 6909 |[#5@6" | 68.78 |[#50 6" | 6852 |[#66 8" | 7069 |[#6@ 8| 7051 |[#6 @ 7| 74.57
2 #4 @ 10" 3657 |#4 @ 10"] 3620 |[#4 @ 10" 3591 |#4 @ 10" 3567 |#4 @ 10" 3548 |[#4 @ 9"| 3607 [#4 @ 9| 3593
3 #4 @ 10"| 38.36 |#4 @ 10"| 38.00 |#4 @ 10" 37.71 |#4 @ 10"| 37.46 | #4 @ 10" 37.27 |#4 @ 9'| 3791 |#4 @ 9"| 37.76
4 #4 @ 10" 4019 |#4 @ 10"| 39.82 |#4 @ 10"| 39.53 |#4 @ 10"| 39.28 | #4 @ 10" 39.08 | #4 @ 9" | 39.77 |#4 @ 9" | 39.63
10 5 #4 @ 10"| 42.07 |#5@ 10" 46.44 |45 10"| 46.13 |#5@ 10"| 4587 | #5 @ 10"| 4567 | #5 @ 10" 4549 | #5 @ 10| 45.34
6 #4 @ 10| 44.03 [#50 10"| 4867 |#5 @ 10"| 48.35 |#56 10"| 48.08 |#5 @ 10" 47.88 | #5 @ 10| 47.69 | #5 @ 10"| 47.54
7 #5@ 10" 5145 |[#5010"] 5104 |[#5@ 9" | 5229 |[#5@ 9" | 5203 [#5@8"| 5379 [#5@8"| 5361 |#5 @ 7" | 56.00
8 #56 10" 5389 [#5010"] 5347 [#50 9" | 5480 |[#56 9" | 5453 [#50 8" | 56.39 | #50 8" | 56.20 |#5 @ 7" | 58.72
2 #4 010" 3473 | #4 @ 10" 34.356 |#4 @ 10"| 34.06 |#4 @ 10| 3381 | #4 @ 10" 3361 |#4 @ 10" 33.44 | #4 @ 10" 33.30
3 #4 @10 3651 | #4 @ 10" 36.3 |#4 @ 10" 3583 |#4 @ 10" 3558 | #4 @ 107 3538 | #4 @ 100 35.21 | #4 e 10| 35.06
4 #4 @ 10| 38.31 | #4 @ 10"| 37.93 |#4 @ 10" 3763 |#4 @ 10" 37.37 |#4 @ 10" 37.17 | #4 @ 10" 36.99 | #4 @ 10"| 36.84
9 5 #4 010" 40.17 | #4 @ 10" 39.78 |#4 @ 10"| 39.47 |#4 @ 10"| 39.20 |#4 @ 9'| 39.86 | #5@ 10" 4328 |#5 @ 10| 43.12
6 #4 010" 4210 | #4 @ 10"| 41.71 |#4 @ 10"| 41.39 | #4 @ 10"| 4112 |#4 @ 9" | 4182 | #5 @ 10" 4546 |#5 @ 10"| 4530
7 5@ 10" 49.29 | #5 @ 10"| 48.86 5 @ 10"| 48.53 5@ 10"| 4824 | #5 @ 10| 48.03 5@ 10"| 47.84 5 @ 10"| 47.67
8 5@ 10"| 51.83 5 @ 10" 51.40 5 @ 10"| 51.05 5@ 10"| 50.77 | #5 @ 10"| 50.54 5@ 10"| 50.35 5@ 10"| 50.18
2 4 @ 10" 3292 [#4 @ 10"| 3254 [#4 @ 10"| 32.23 [#4 @ 10"| 31.97 4 0 10" 3177 4 @ 10" 31.59 f4 @ 10| 31.44
3 #4 @ 10"| 34.67 [#4 @ 10"| 34.28 |#4 @ 10"| 33.97 |#4 @ 10"| 33.70 |#4 @ 10" 33.50 | #4 @ 10"| 33.32 | #4 @ 10"| 33.17
. 4 #4 @ 10"| 36.44 |#4 @ 10" 36.04 |#4 @ 10"| 3572 |#4 @ 10"| 3345 |#4 @ 10" 3525 | #4 @ 10" 3507 | #4 e 10" 34.91
5 #4 @ 10"| 3824 |#4 @ 10"| 37.83 |#4 @ 10"| 3750 |#4 @ 10"| 37.23 | #4 @ 10"| 37.02 | #4 @ 10"| 36.84 | #4 @ 10"| 36.68
6 #4 @ 10"| 4010 |#4 @ 10" 39.68 |#4 @ 10"| 39.35 |#4 @ 10"| 39.07 |44 @ 9" | 4333 |[#5 010" 43.13 |45 @ 10"| 42.96
7 #4 @ 10"| 4218 |[#4 @ 10" 41.75 [#4 @ 10" 4141 [#4 @ 10"] 4113 |[#4 @ 9| 4565 | #5@ 10" 4545 | 4#5 @ 10" 45.28
2 #4 @ 10"| 3127 |#4 @ 10"| 30.86 |#4 @ 10"| 30.54 |#4 @ 10"| 30.27 |#4 @ 10"| 30.06 |#4 @ 10"| 29.88 |#4 @ 10"| 29.72
3 #4 @ 10"| 33.00 |#4 @ 10"| 3259 |#4 @ 10"| 32.26 |#4 @ 10"| 31.99 |#4 @ 10"| 31.78 |#4 @ 10"| 31.59 |#4 @ 10"| 31.43
7 4 #4 @ 10"| 3475 |#4 @ 10"| 34.33 |#4 @ 10"| 3399 |[#4 @ 10"| 3371 |#4 @ 10" 3350 |#4 @ 10"| 33.31 |#4 @ 10"| 33.14
5 #4 @ 10"| 3650 |#4 @ 10"| 36.07 |#4 @ 10"| 3573 |#4 @ 10"| 3544 |#4 @ 10"| 3522 |#4 @ 10"| 35.03 |#4 @ 10"| 34.86
6 #4 @ 10" 38.26 |#4 @ 10"| 3782 |#4 @ 10"| 37.47 |#4 @ 10"| 3717 |#4 @ 10"| 36.95 |#4 @ 10| 36.75 |#4 @ 10"| 36.58

% REINFORCING STEEL QUANTITY INCLUDES STEM AND FOOTING
QUANTITIES, BUT DOES NOT INCLUDE TOE WALL QUANTITIES.

REFERENCE:

CDOT M & S STANDARDS

M-601-20
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i L |

SECTION X-X
END SECTION FOR REINFORCED

PIPE DIMENSIONS
Wl alcl L] E
IN.

18 10 48 78 36
24 10 48 78 48
30 14 36 96 60
36 18 36 96 72
42 24 36 96 78
48 28 24 96 84
54 30 36 96 90
60 36 36 96 96
72 34 20 96 108

REINFORCED CONCRETE

CIRCULAR PIPE
—

L X
END VIEW

CONCRETE CIRCULAR PIPE

GENERAL NOTES

. DIMENSIONS OF END SECTIONS MAY VARY SLIGHTLY

FROM THOSE SHOWN ON THE TABLES DUE TO
DIFFERENT MANUF ACTURERS' CONFIGURATIONS.

. CONCRETE END SECTIONS SHALL BE FURNISHED WITH

TONGUE OR GROOVE AS REQUIRED.

. DESIGN LENGTH OF PIPE OR SIDE DRAIN IS BASED ON

LENGTH OF END SECTION SHOWN IN TABLE. ANY
ADDITIONAL PIPE REQUIRED TO PROVIDE THE DESIGN
LENGTH SHALL BE FURNISHED BY THE CONTRACTOR AT
NO ADDITIONAL COST TO THE PROJECT.

. THE INSIDE CONFIGURATION AND THE JOINT OF

CONCRETE END SECTION AND PIPE SHALL MATCH.

END SECTIONS FOR CMP ARCH PIPE SHALL MATCH THE
DIMENSIONS OF THE PIPE SHOWN ON THE PLANS.

. GALVANIZED TOE PLATE AS SHOWN IS REQUIRED ON

END SECTIONS FOR CORRUGATED STEEL PIPE AND
SHALL BE THE SAME THICKNESS AS END SECTIONS.
TOE PLATE SHALL BE FIELD-BOLTED TO END SECTION
WITH 3% IN. GALVANIZED BOLTS, NUTS AND WASHERS.

GALVANIZED STEEL SHALL CONFORM TO AASHTO M 111,
M 218 OR M 232.

CONCRETE PIPE JOINT FASTENERS, WHERE SHOWN ON
PLANS, SHALL BE INSTALLED SO THAT A MINIMUM OF
15 LINEAR FEET OF THE OUTLET END OF THE PIPE
ARE MECHANICALLY LOCKED TOGETHER.END SECTION
LENGTHS WHEN USED, SHALL BE INCLUDED IN THE
15 LF REQUIREMENT.

9. CONNECTIONS OF METAL END SECTIONS TO PLASTIC

oIPE DIMENSIONS
THICKNESS
DIA A|B‘H|L‘W|T 10
N,
12 0.064 6 | 6 | 6 |21 |24 | 34 i
18 0.064 8 | 10 [ 6 |31 |36 | 46
21 0.064 9 | 12 | 6 | 36 |42 |52
24 0.064 0 | 13| 6 | 41 |48 | 58
30 0.079 2 |16 |8 |5 |6 | 70
36 0.079 4 |19 | 9 |60 |72 | o4
42 0.109 6 [ 22 | 11 | 69 | 84 | 106
48 0.109 18 [ 27 | 12 | 78 | 90 | u2
54 0.109 18 | 30 | 12 | 84 |102 | 124
60 0.109 18 | 33 | 12 | 87 |14 | 136
66 0.109 18 [ 36 | 12 | 87 | 120 | 142
72 0.109 18 | 39 | 12 | 87 [126 | 148
78 0.109 8 | a2 |12 | 87 | 132 | 154
84 0.109 18 | 45 | 12 | 87 | 138 | 160
FLEXIBLE ROUND PIPE
DIA. Al
R RISE ] {0

v REINFORCED

'/>" DIA. 1 Epce

THREADED ROD OR PIPE PAY LENGTH, ITEM 603—wfe L

ACCEPTABLE EQUIV. CULVERT PAY LENGTH, ITEM 617::]

ROD
CONNECTOR HOLDER
LUG
TYPE 1 TYPE 2 TYPE 3

FOR 18 IN. THRU 24 IN.

ROUND PIPE WITH ANNULAR
CORRUGATIONS. NOT TO BE USED
ON HELICALLY-FORMED PIPE
UNLESS RECORRUGATED.

TYPICAL CONNECTIONS

FOR 30 IN. THRU 36 IN.

ROUND PIPE WITH ANNULAR
CORRUGATIONS. NOT TO BE USED
ON HELICALLY-FORMED PIPE
UNLESS RECORRUGATED.

PIPE SHALL BE APPROVED BY THE ENGINEER. PLASTIC
END SECTIONS SHALL NOT BE USED.

THE END SECTION STYLE, EITHER REGULAR OR
SAFETY, SHALL BE AS SHOWN ON THE PLANS.

. AT THE OPTION OF THE CONTRACTOR AND APPROVAL

OF THE CDOT PROJECT ENGINNER, REINFORCED
CONCRETE END SECTIONS MAY BE MADE WITH
SYNTHETIC FIBERS INSTEAD OF STEEL FOR PIPES 36
INCHES IN DIAMETER AND SMALLER, AND CONFORM TO
AASHTO M 86 AND SUBSECTION 601.03.

DIAMETER

OR
SPAN

-
> | Comaenns

-5

B
| L
|
I
|

e

Al

-
PLAN VIEW

FOR 42 IN. THRU 84 IN. ROUND PIPE

WITH ANNULAR CORRUGATIONS AND ALL

SIZES WITH HELICAL CORRUGATIONS AND FOR
ALL METAL PIPE ARCH CULVERTS. SHOP ATTACH
A 24 IN.MIN. LENGTH OF ANNULAR PIPE WITH

GALV. RIVETS OR BOLTS, SPOT WELDS, OR
2 IN.LONG SKIP WELDS ON 8 IN. CTRS.
REPAIR BURNT GALVANIZING IN ACCORDANCE

WITH SUBSECTION 707.09.

END SECTION AND CONNECTION DETAILS FOR ROUND AND ARCH METAL PIPES

REFERENCE:

CDOT M & S STANDARDS
M-603-10

CONCRETE OR METAL END SECTIONS

Issued: __6/15/2022

CITY OF

CASTLE PINES

Revised:

Standard Drawing No.
SD.40a




BIPE ARCH DIMENSIONS
THICK| A | B | H | L wil T
NESS RISE
SPAN x RISE @1 [ vax) | @ 1@es | am)
IN.
20x 15 0064 7 10 6 23 | 36 | 46 e spAN —=]
24 x 18 0.064| 8 12 6 28 | 42 | 52
28 x 20 0.064 9 14 6 32 48 58 SECTIUN F-F END VIEW
35 x 24 |0.079 | 10 16 6 39 | 60 | 70 - ——
42 x 29 0.079 12 18 8 46 75 85 DIMENSIONS
49 x 33 0109 | 13 21 9 53 | 85 | 103 Eg?RIXUALLigT NOMINAL
57 x 38 0109 | 18 26 12 63 | 90 | 108
' PAN x R
64 x 43 [0.109 | 18 | 30 12 70 | 102 | 120 DIA. SPAN xRISE | A c| L E
71x47 |0109 | 18 33 12 77 | 114 | 132 IN.
24 30 19 9 33 72 48
FLEXIBLE PIPE ARCH 30 38 24 10 18 72 60
36 45 29 12 24 84 72
42 53 34 16 36 96 78
HOLES FOR TOE PLATE, AT HOLES FOR TOE PLATE, AT 48 60 8 | 2 36 96 84
12 C. 70 C. MAX SPACING 12" C. 70 C. MAX SPACING 54 68 43 26 36 96 90
| | 60 76 48 30 36 96 96

END SECTION FOR REINFORCED
CONCRETE ELLIPTICAL PIPE

|

aut 2||J l

| T |
TOE PLATE (FIELD-BOLTED)

ELEVATIONS

MASTIC SHALL BE APPLIED

WHEN REOUIRED.‘X )

TAPERED SLEEVE

I
CTUE PLATE (FIELD-BOLTED)

SHALL BE 12 GAGE

L

SMOOTH GALVANIZED DETAIL A
STEEL CONFORMING  —
70 AASHTO M 218 5
PIPE
SEE DETAIL A oIt | F
VARIES N,
/oo o o\ J/o o oo 18 - 30 5
WELD A t MAY USE TYPE 10R 2 36 - 42 6
R RIVET CONNECTION WITH
END SECTION / D + Y — CORRUGATED END ON 48 - 60 7
TO SLEEVE TAPERED SLEEVE. 72 - 84 9
NOTE: METAL END SECTION SHALL Y4 GALVANIZED ANCHOR BOLTS, 2-7" 1 1" ——]
BE FIRMLY WEDGED INTO LU G DL i) LICO RS AAC Sl s O ¥4 CANOPY TYPE ROD LUG
PIPE END BEFORE BACKFILLING. ROD LUG SHALL BE GALVANIZED OR COATED R_APPROVED EQUAL
5 2 WITH EPOXY PAINT OR APPROVED EQUAL. r%
. LY 60° MAX. 30° MIN. ;; "-_‘.j*_‘;*.‘,-'-"-'-,_‘,._‘ N | B
18 - 24 12 ]
30 AND 36 16 5 hz' B e o
42 AND LARGER 24 ru_., ,.—
5l|
STEEL END SECTION FOR LOCATION OF ]: 1
CONCRETE CIRCULAR PIPE 1" DIA HOLES
(ALTERNATIVE FOR CONCRETE END SECTION) CONCRETE JOINT FASTENER (TWO PER JOINT)
REFERENCE: CONCRETE OR METAL END SECTIONS |  Issvec: __@152022
CDOT M & S STANDARDS Revised:
M— 603— 10 /‘&_\ Standard Drawing No.
CITY OF
CASTLE PINES SD.40b




REINFORCED EDGE

FULL LENGTH COF 4
END SECTION N
LONGITUDINAL (SEE SEC. A-A) A
BAR (TYP.) DIAMETER (D)
OR RISE (R)
PARALLEL T TOP OF 4
6" SAFETY BAR END SECTION
_L - . (TYP.) %u X ;/4” HEX
BOLTS TO HOLD
H_L . REINFORCED EDGE THE SURFACES
l_ T 8" FULL LENGTH OF TIGHTLY TOGETHER
" END SECTION (TYP.)
(SEE SEC. A-A)
L m
| i B In
ELEVATION VIEW i ! t
CROSS DRAINAGE END SECTION SR e HOLES AT
EXTENSION WITH SAME A A lfTY%():.
THICKNESS AS END SECTION |- QVERALL WIDTH -
(SEE NOTE 7, SD4lc)
FRONT VIEW
ROUND PIPE CULVERT
|/2|| X 6" |/2|| GALVANIZED
GALVANIZED BOLT — THREADED ROD OVER
WITH NUT TOP OF END SECTION,
4 A4 A A SIDE LUGS SHALL BE
BOLTED TO END SECTION
GALVANIZED B
STRAP B SIDE LUG
FOR ROUND AND ELLPTICAL PIPES FOR ROUND AND ELLPTICAL PIPES
WITH 24 INCHES OR LESS DIAMETERS WITH 30 INCHES OR GREATER DIAMETERS
LYPE | LYPE 2

CONNECTOR DETAILS

NOTE: SIZES THRU 24" ATTACH TO PIPE WITH TYPE 1 STRAPS.
ALL OTHER SIZES ATTACH WITH TYPE 2 RODS AND LUGS.

/5" CARRIAGE
GALVANIZED HEAD
BOLTS (TYP.)

/2" CARRIAGE
GALVANIZED HEAD
BOLTS (TYP.)

WELD
LONGITUDINAL BARS
70 SAFETY BARS
(TYP.)

PARALLEL
SAFETY BAR

(TYP.) LONGI IUDINAL BAR

PARALLEL
SAFETY BAR
(TYP.)

PARALLEL DRAINAGE END SECTION

CROSS DRAINAGE END SECTION

REFERENCE: TRAVERSABLE END SECTIONS

AND SAFETY GRATES lssued: __6/15/2022

CDOT M & S STANDARDS Revised:
M— 603—1 2 4&\ Standard Drawing No.

CASTLE PINES SD.41a




SLOPE 4

DIA. OR
RISE

PARALLEL SAFETY BAR (TYP.)

GENERAL NOTES

. USE END SECTIONS ON 1V:4H TO 1V:6H SLOPES ONLY. USE TOE PLATE

EXTENSION WHERE SHOWN ON THE PLANS.

. FABRICATE SAFETY AND LONGITUDINAL BARS FROM STEEL PIPE

CONFORMING TO ASTM A53 SCHEDULE 40 SPECIFICATIONS.
GALVANIZE BARS HOT DIPPED AFTER FABRICATION.

. A LONGITUDINAL BAR IS REQUIRED FOR CROSS DRAINAGE END SECTIONS

T

L
T

L
VAT

PARALLEL DRAINAGE END SECTION

WHEN THE SPAN IS GREATER THAN 30 INCHES. USE ADDITIONAL
LONGITUDINAL BARS IF SPACING EXCEEDS 30 INCHES ON LARGER
END SECTIONS.

4. SAFETY AND LONGITUDINAL BARS ARE NOT REQUIRED ON 30 INCHES
AND SMALLER CROSS DRAINAGE END SECTIONS.

5. SAFETY BARS ARE NOT REQUIRED ON 18 INCHES AND SMALLER
PARALLEL DRAINAGE END SECTIONS.

6. WHEN REQUIRED, TOE PLATE EXTENSIONS SHALL BE THE SAME GAGE AS
END SECTIONS. DIMENSIONS SHALL BE OVERALL WIDTH LESS 6 INCHES
BY 8 INCHES HIGH.

f— DIA —
_. 'l R L J .-I'
3 T £ METAL END SECTIONS FOR ROUND PIPE CULVERT
— METAL DIMENSIONS IN INCHES
™S wstic T f PIE | THIcK
q where | 24" (INCHES) MIN. A H " QOVERALL
REQUIRED H SMOOTH (INCH/GAGE) WIDTH [ Siope = 4 | Slope = 6
ALTERNATE VIEW VARIES  SLEEVE 18 0.064/16 | 8 6 24 40 ) 47
FOR FEMALE END e —— 24 0.064/16 8 6 30 46 55 83
30 0.109/12 12 9 36 60 79 118
36 0.109/12 12 9 42 66 102 154
42 0.109/12 16 12 48 80 126 189
FOR ALL SIZES OF CONCRETE ROUND 48 [ olsAZ |l 16 ] 12 54 86 150 224
OR PIPE ARCHES 54 0.109/12 16 12 60 92 173 260
e . 60 0.109/12 16 12 66 98 197 295
METAL END SECTIONS FOR PIPE ARCH CULVERT
EDGE OF SIDEWALL PIPE_SIZE (INCHES) '%IEIT& DIMENSIONS (INCHES)
SHEET ROLLED SNUGLY EQUIV. | oppy RISE MIN. A y . OVERALL
AGAINST STEEL ROD DIA. (INCH/GAGE) WIDTH Slope =4 S|0pe =6
gt 18 21 15 0.064/16 8 6 27 43 20 30
(APPROX. 24 28 20 0.064/16 8 6 33 49 40 60
S 30 35 24 0.109/12 12 9 40 64 55 83
36 41 29 0.109/12 12 9 47 71 75 112
/2" (MIN.) DIA 42 48 32 010912 | 16 12 54 86 90 136
GALVANIZED STEEL ROD 2
OR #4 GALVANIZED 48 56 37 0.109/12 16 12 62 94 110 165
REINFORCING BAR 54 63 42 0.109/12 16 12 69 101 130 195
SECTION A-A 60 70 46 0.109/12 16 12 76 107 146 218
72 82 56 0.109/12 16 12 88 120 185 278
CORRUGATION SIZED
T0 FIT PIPE 48" MAX. I x %o
1" SLOTS. N
W pam Sl TS| &
] +
3y . 3" GALVANIZED STEEL PIPE -
PIPE—~g 5% FLATTEN END, THEN BEND OUTSIDE
4" TO MATCH END SECTION SIDES
* T RAIN AR PAR AR
SECTION B-B SAFETY BAR DETAILS

REFERENCE:

CDOT M & S STANDARDS
M-603-12

TRA\AE\]%SQ /AB‘lF-ETEYNg RSAET%TS|ONS Issued: __6/15/2022
Revised:
4&\ Standard Drawing No.
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GRATE & CROSS BAR SIZE REQUIREMENTS

NOTES
SHOP DRAWINGS SHALL BE SUBMITTED PER 105.02

NOMINAL PIPE SIZE | O.D. 2. HARDWARE SUCH AS BOLTS, WASHERS, AND LOCK NUTS SHALL BE HOT-DIPPED
LENGTH OF SPAN
(SEE NOTE 7) SIZE GALVANIZED PER ASTM Al23
LESlSZ,T_H’;g, 12 ;g ;g 3. INTENDED FOR USE ON TERRAIN XX SLOPES WITH A CLEAR RUNOUT FOR ERRANT
e - o = VEHICLES. GUARDRAIL IS THE PREFERRED OPTION ON STEEPER TERRAIN OR WITH
CREATER—HHAN—6 46 +E HIGHER TRAFFIC VOLUMES
4. MINIMUM SCHEDULE 40 PIPE SHALL BE UED.GALVANIZE ALL PIPES, FITTINGS AND
4"X 4"X Vy" PLATE HARDWARE AFTER ALL CUTTING, WELDING, DRILLING, AND FABRICATION.
1 i 5. BOTH ENDS OF CULVERT SHALL BE TREATED TO PREVENT DEBRIS FROM ENTERING
6. EQUALLY SPACED 24 INCHES MIN.TO 30 INCHES MAX.FROM EDGE OF SIDEWALL
TO CENTER OF BRACKET, OR FROM CENTER TO CENTER OF BRACKET.
4 T @"\ 7. THE CROSS BAR DIAMETER SHALL BE EQUAL TO OR GREATER THAN THE GRATE BAR DIAMETER.
2" | ;/g'LEDIA- 8. IF MORE THAN 20 FEET THAN A MIDSPAN SUPPORT SHALL BE REQUIRED. SEE SHEETS 3 AND 4.
! : 9. DRILL HOLES USING EQUIPMENT DESIGNED TO CUT THROUGH CONCRETE AND REINFORCING STEEL
~ 2""I 10. A % INCH BOLT,LOCK NUT AND WASHERS. AL HOLES ARE TO BE 74 INCH IN DIAMETER.
4" 11. BEND PLATES OR STRIPS WITHOUT CRACKING MATERIAL.
SHIM DETAIL 12. SHIM THICKNESS EQUALS THE DIFFERENCE IN DIAMETERS OF THE GRATE BAR AND CROSS BAR.
EDGE OF FRONT WINGWALL
K PAVEMENT FROM ROADWAY STA.
FLARE
ANGLE
(AHEAD) PARAPET
LENGTH
VARIES
FLARE
Gl SIOEWALL
T (BACK)
G OF LENGTH OF SPAN i
CULVERT | =KW BACK WINGWALL (sr-:2|-:0 &%TrgAgj GRATE
FROM ROADWAY BARS
STA, (TYP.)
] WIDTH
VARIES
N\
SEE 1
DETAILL 'B' / Y g
T ' ?gEDES?\lU'BT/ER 7)
LENGTH LENGTH {_/" \
VARIES . 3
VARIES p——— o«
SIDE VIEW v_,;/i/ ST ser oL w
N U‘(\’-\ ) 0"0\\“}\*'
9 3)
€ \s\G"\'\ O ot ‘\\“‘E
INSTALLATION PLAN
(TYPE 4 - FLARED-SKEWED CULVERT SHOWN)
REFERENCE: TRAVERSABLE END SECTIONS
AND SAFETY GRATES lesued: _G/13/2022
CDOT M & S STANDARDS Revised:
M— 603—1 2 Standard Drawing No.
CITY OF
CASTLE PINES SD.41c




E

AR
K
s

GRATE BAR

4nX 4 X 1y SHIM
(SEE NOTE 12, SD4lc)

GRATE BAR

SEE NOTE 10, SD4ic
WASHER

3/8||

3" PLATE

(SEE NOTE 11, SD41c)

SECTION B-B

¢ ROADWAY
GRATE BAR

6" X 4" X 3" ANGLE
12" LONG

(PERPENDICULAR TO ~
ROADWAY EDGE) LEFT 777\ SECTION C-
AHEAD
}_E/z_ Sl ) (e
g SIDE WALL 2y C—=
s TN [
I I 1 f
£ - 7 /3 /\—ﬁ% oo DI HOLES
= . g (SEE NOTE 9, 12
CROSS 3. Al SD41c)
BAR  PLATE |agns] B~ /\/I\ e i
2II
DETAIL "A" STATIONING I
T0P VIEW SKEW ANGLE GRATE
DETERMINATION BAR
TN o
11/ 6" X 4" X ¥ ANGLE
GRIND T 3" RAD. 12" LONG
. L oo DETAIL_"B"
GRATE S TOP VIEW
BAR %" DIA |
(SSS:E] N)CITE 9, WASHER ¥ + 0.D.0F GRATE BAR ¥, + 0.D.0F GRATE BAR
41C
b T
HEADWALL Csine LlSOE’E SDiic T ;/Eu? (%;) T_ l HYA
BRACKET WALLS) GHEADWALL . 4 H IEsUA
g ) 3 3 e %;UEéA. H 1,
SECTION A-A | , : “\L =[S
"\ 74" DIA. HOLE stor (Tw?P.)
HEADWALL BRACKET HEADWALL BRACKET
{—EDGE OF ROADWAY PAVEMENTj TOP VIEW FRONT VIEW
1 S\ L1 L _J
l [ 7
,l
TYPE | TYPE 2 TYPE 3 TYPE 4
STRAIGHT CULVERT SKEWED CULVERT FLARED CULVERT FLARED-SKEWED CULVERT
INSTALLATION TYPES
GRATE BARS SHALL BE PERPENDICULAR TO DIRECTION OF TRAFFIC FLOW.
REFERENCE: TRAVERSABLE END SECTIONS
AND SAFETY GRATES Issued: _§/15/2022
CDOT M & S STANDARDS Revised:
M— 603—1 2 4&_\ Standard Drawing No.
CASTLE PINES SD.41d




NOTES o

1. LENGTH OF SPAN (20 FEET MAXIMUM). +—— 5"0.0. PIPE
2. ALL ANCHOR BOLTS SHALL BE GROUTED IN PLACE WITH A NONSHRINK Yo X 5
R EPOXY GROUT WHICH SHALL COMPLETELY FILL THE HOLES.
OR EPOXY GROUT WHICH SHALL COMPLETELY FILL THE HOLE L~ CONCRETE
CONCRETE FLOOR s ANCHOR BOLTS

OF CULVERT —l / (SEE NOTE 2)

N
BOTTOM SUPPORT ON CULVERT FLOOR
C>/—\
R | — = CULVERT FLOW )
) LINE EARTH ~— 5"0.D. PIPE
X . [ X
— 18" CORRUGATED Da o
| METAL PIPE FILLED .
: A et | WITH CONCRETE . b
l-—— SeE NOTE 8 ——+] Ca By g
CASE 1 CASE 2 R —
A ‘A .
N
e T
™ | - i
18" -

BOTTOM SUPPORT ON EARTH

2"

] HEADWALL /" PLATE

| (YAl

e
e

ISAGH

SIDEWALL SEE
NOTE 1 o O=—— HOLE
(TYP.)
l-— 12“——1
SEE DETAIL "C" SEE DETAIL "D"
BOTTOM SUPPORT PLATE
s 5 L ~_\[® ° °
SEE SEE SEE DETAIL "C"
NOTE 1 ' NOTE 1 '

SE
NOTE

/

SEE DETAIL "D

SEE NOTE 1 1 SEE NOTE 1 1

INSTALLATION PLAN WITH MIDSPAN SUPPORT

REFERENCE: TRAVERSABLE END SECTIONS
AND SAFETY GRATES Issued: __6/15/2022

CDOT M & S STANDARDS Revised:
M-603-12 /CHT‘%_\ Standard Drawing No.

CASTLE PINES SD.41e




6" X 4" X 3" ANGLE,
30" LONG

SIDEWALL

2"

4" BRACKETj,

DETAIL "C"
3" PLATE —l 2. _L
T o é——r
O]
L BAGII
O QO=——HOLE
(TYP.)
! 12" !
TOP VIEW

SECTION D-D

\or

8lf2" N 6" X 4" X 3" ANGLE,
30" LONG

(SEE NOTE 11, SD4le)

%" PLATE

C LTS | Sl
ol y e
410, PIPE ~T o] . i ;5' WA \—V?(ITYP‘)
4 " “'ELEI‘— 4 20| ! ™_ 4v00. piPE
O BRACKET END VIEW SUPPORT PLATE
END VIEW SIDE VIEW
CROSS BAR SUPPORT ASSEMBLY
SIDE VIEW
DETAIL "D"
REFERENCE: TRAVERSABLE END SECTIONS oot 6157202
AND SAFETY GRATES T
CDOT M & S STANDARDS Revised:
M-603-12 /CHT%_\ Standard Drawing No.
CASTLE PINES SD.41f




| EXISTING CUMBINATIIEIN &URB, |

/GUTTER AND SIDEWALK

SAWCUT—/ NEW COMBINATION CURB,
/7GUTTER AND SIDEWALK

4
A = = A
1l 1l DEPRESS GRADE 18"
UPSTREAM OF CHASE

5I
" " FROM CURB TO MATCH
dL dL CHASE SECTION
CHASE SECTION 5
o o
SAWCUT-—\ - M e T
EXISTING COMBINATION CURS, THICKEN CONCRETE BELOW
GUTTER AND SIDEWALK o CHASE SECTION TO BE 6" THICK
l/ | \l Il?/02C|Z36"Lg’;EI-;ISDCAP E MINIMUM FOR 12" ON BOTH SIDE
) OF CHASE SECTION
PLAN vovoovoy SECTION A-A
v v v v v
v v v v v v
v v v v v v ~
y A v v
K v v v
NEW COMBINATION CURB, oV
GUTTER AND SIDEWALK ¢ % W
CHASE SECTION
THICKEN CONCRETE BELOW CHASE
SECTION TO BE 6" THICK
MINIMUM FOR 12" ON BOTH SIDE
OF CHASE SECTION
ISOMETRIC VIEW
NOTES:

I.  SAWCUT ALL AREAS TO RECEIVE CHASE SECTION.
2. THE USE OF THIS DETAIL MUST BE PREAPPROVED BY CASTLE PINES PUBLIC WORKS DEPARTMENT PRIOR TO CONSTRUCTION IN R.O.W.
3. DIRECT CONNECTION TO YARD PIPES WILL NOT BE ALLOWED.

4. CHASE DRAIN SHALL BE LOCATED 2.5'MIN. FROM PROPERTY LINE.

APPROVED BY THE CITY OF CASTLE PINES RESIDENTIAL SIDEWALK | l
CURB CHASE PLAN ssued: __6/152022

- Revised:

Larry Nimmo

Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SD.42a




‘ __________________ —_—— ——— ]
el AR X —
8II
[ |:|_L
J 1" L 4 - 1/2"@ HAS. x 0'-8"
1- TS 4" x 3" x 1/4" x 4'-11" PIPE
1 - CHKD. P 3/16" x 4" x 4'-3 7/8"
PLAN
4|_1%|| 95,{’"__.
1/8 p\1'-6" CHKD. B
1/8¥ 1-6"
N T A e — .
4" ‘ N ™ >
1 — — — — — — — — N — — 1 A —
1II J
1|_6|| ]l_]]n 1|_6||
41-qqm
SECTION
GALV. AFTER FAB.
M 111-68 / A 123-68
APPROVED BY THE CITY OF CASTLE PINES RESIDENTIAL SIDEWALK
Issued: __6/15/2022
CURB CHASE DETAIL ssue
Larry Nimmo Revised:
Director of Public Works Standard Drawing No.
CITY OF
DATE CASTLE PINES SD.42b
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‘oN Buimesq piepuesg
[

C,

m |/2II ‘ ‘ 7I/2|| ‘ ‘ I/Z“
f
DOUGLAS 2
|/2||_— | — 1"
MIN.
REQUIRED LETTERING FOR
BOX COVER

7% Yg" _L
77 7t

S i e b
— — 2‘,, }“2" & o] /2
| l 3 .

|
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Vi *\6 | | |/ r
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-~ 3" 5%"
—= =l
67%"
SIDE

NOTES:

LETTERS SHALL BE NOT LESS THAN %"
HIGH & RAISED Yg" ABOVE SURFACE.

ALL FILLETS & ROUNDS RADII = /"




NOTICE

RECOMMENDED MAILBOX INSTALLATIONS

TO AVOID DAMAGE TO YOUR MAILBOX AND ALSO ALLOW THE SNOWPLOWS TO REMOVE THE SNOW FROM UNDER YOUR MAILBOX,

THE FOLLOWING DIMENSIONS ARE RECOMMENDED.

EDGE OF SHDULDER—\ BOX
z%
==
| EDGE OF PAVEMENT\ &
VL Y R
CENTER LINE

[=——48" MIN.—/=

PLACING MAILBOX A SHORT DISTANCE AWAY FROM DRIVEWAYS AND INTERSECTIONS HELPS TO AVOID VISION-RESTRICTING
SNOWBANKS AND ALSO DAMAGE TO YOUR MAILBOX. THE BOX AND BASE SHOULD BE STRONG ENOUGH TO WITHSTAND FLYING

SNOW AND SLUSH TRAFFIC AND SNOWPLOWS.

APPROVED BY THE CITY OF CASTLE PINES

MAILBOX SUPPORT

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

Issued: __6/15/2022

Revised:

Standard Drawing No.
SD.44a
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SHIOM 21jgNd JO J0jo8lIQ

S3NId 311SYD 40 ALID IHL A9 A3AOHddY

1//," wWoOD FILLER

USE 2-"2"x3/2" BOLTS THROUGH

BOX, WOOD FILLER AND PIPE.

MAILBOX

42"-48"

10 X.LID

J

1'/4" STEEL PIPE

14" STEEL PIPE

Tailpipe clamp

45°ELBOW

SANId A'TLSVO
140ddNS XOgT1IvVA

:pasiney

avvy'as
'oN Buimeiq psepueis

~ CCOURBIA T -penss|

OO

ANTI-TWIST PLATE - 10"
BELOW SURFACE MAXIMUM |

COMPACTED SAND OR GRAVEL

48"

SO | e 36"
0R CONCRETE | . ‘U |

-——11/4" STEEL PIPE

24"

12" __|
~DIA.

STEEL PIPE CANTILEVER MAILBOX SUPPORT

42"-48"

MAILBOX

1" WOOD FILLER

. ===

/_2IIX4II
e

\~3-]6d NAILS

4-5d NAILS——Z/
2-1"x6" WOOD BRACES——"‘W

48

COMPACTED SAND OR GRAVEL

OR CONCRETE\ o

WOOD CANTILEVER MAILBOX SUPPORT

4"x4" NOMINAL W0OOD POST———=




Lor

TYPE "VL” RIPRAP-
WITH FILTER FABRIC.

]

1

1
DRAINAGE TRACT I

! (SEE NOTE 2)

1

1

EXTEND CULVERT TO THE BACK
OF THE LOT LINE

LOT
(]
]
TYPE "VL” RIPRAP TYPE "VL” RIPRAP
WITH FILTER FABRIC. WITH FILTER FABRIC.
SEE NOTE 2
VARIES ( ) i (SEE NOTE 2)
R 6" FREEBOARD MIN. R P 17 6" FREEBOARD MIN. R
| r ¢ r

~— 7.5 or 10’ | 5.00’ . 7.5 or 10" —= 15 .
1<— 20" or 25’ DRAINAGE TRACT ——’ }‘-1 20" or 25’ DRAINAGE TRACT
TYPICAL CROSS SECTION CROSS SECTION WITH OPTIONAL_ SIDEWALK

(SEE NOTE 1)

NOTES:
1. OPTIONAL 4" CONCRETE SIDEWALK MAY BE USED ONLY WITH THE CITY'S APPROVAL.

2. FILTER FABRIC IS TARABOND #1112-12-4 OR EQUIVALENT.

3. LONGITUDINAL SLOPE SPECIFICATION, MIN. 27 MAX. 25%.

APPROVED BY THE CITY OF CASTLE PINES EMERGENCY OVERFLOW CHANNEL

(IN DRAINAGE TRACT) ssued: 6152022

. Revised: _

Larry Nimmo

Director of Public Works Standard Drawing No.
CITY OF

DATE ___ CASTLE PINES SD.45




5
TRANSITION

< Y
e 4 6" THICK CONCRETE PAN
%
\ 2'x2' TYPE "L RIPRAP PAD
o
PLAN
Vv Vv
v Vv Vv
END OF CURB w
v v v )
TRANSITION THE LAST 5' OF CURB v v v ya
TO MATCH CONCRETE PAN. .
v
7
v v v -
v v Vv it
v v vy e
) £ ”, ” < N2 N2 ‘ “d‘ a a
2x2' TYPE "L” RIPRAP PAD, 9 Y
THICK < v 7 /L
v ¥ vfa V. S
v v
N MATCH GUTTER SECTION FOR SLOPE

OF PAN

ISOMETRIC VIEW

NOTES:
ADDITIONAL EROSION CONTROL PROTECTION SHALL BE SUBMITTED FOR COMMENTS.
EROSION CONTROL PROTECTION MUST BE PROVIDED TO TOP OF SLOPE OR NATURAL DRAINAGE.

APPROVED BY THE CITY OF CASTLE PINES

CURB TRANSITION TO DITCH Issued: __6/15/2022

- Revised: _____
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ___ CASTLE PINES SD.46




STOP SIGN PER MUTCD
STANDARDS

REFER TO THE VEHICLE TRACKING
CONTROL DETAIL IN THE CITY OF
I CASTLE PINES GRADING, EROSION
i AND SEDIMENT CONTROL (GESC)

MANUAL FOR REQUIREMENTS.

[
| 1 SIGN "CONSTRUCTION ENTRANCE"
||
| "l: CONSTRUCTION FENCE, TYP., TO
I//—DISCDURACE VEHICLE ACCESS
Nl EXCEPT AT VTC
PLAN
SCALE: 1"=1'-20"
REFER TO THE VEHICLE TRACKING
CONTROL DETAIL IN THE CITY OF
CASTLE PINES GRADING, EROSION
AND SEDIMENT CONTROL (GESC)

MANUAL FOR REQUIREMENTS.

NO MATERIAL INCLUDING WwOOD PIPES, GRAVEL,
OR ASPHALT, SHALL BE PLACED IN GUTTER TO
FACILITATE MOUNTING CURB; HOWEVER, CURB
MAY BE CUT DOWN TO A HEIGHT OF 2" OR
HIGHER FOR EASIER ACCESS AND REPLACED AT
PROJECT COMPLETION WITH THE CITY OF
CASTLE PINES RIGHT-OF-WAY USE PERMIT.

SECTION /A\

SCALE: 1/4"=1'0"

VEHICLE TRACKING CONTROL INSTALLATION NOTES

1. VEHICLE TRACKING CONTROL PADS SHALL BE INSTALLED AT EVERY
ACCESS POINT TO SITE.

2. ANY CRACKED OR DAMAGED CURB AND GUTTER AND SIDEWALK SHALL BE
REPLACED BY PERMITTEE.

3. A STOP SIGN INSTALLED IN ACCORDANCE WITH THE MANUAL ON UNIFORM
TRAFFIC CONTROL DEVICES (MUTCD), AS AMENDED, SHALL BE INSTALLED
FOR EXISTING TRAFFIC AT THE VTC.

APPROVED BY THE CITY OF CASTLE PINES
CURB CUT

Issued:

Revised:

_6/15/2022

Larry Nimmo
Director of Public Works
CITY OF

DATE CASTLE PINES

Standard

Drawing No.

SD.47




NEW STREET SURFACE,
MATCH EXISTING THINKNESS ———

AND ADD 1" ASPHALT

/EX]STINC STREET SURFACE

9090909090°090°0909090209590909090909090909590009000960090009000050000000 0000000000000,
S090503050005080503090305050505050505050505050503050803080508050803080508080308030303030;

0998090203020202020209090809080808080309020309020909090999099903090303030903090809000
R e A e A R R
9202590209020009000909090802080808030803000909020909000£a9000308030803090900090009098 9000

030308080808000900090003000305030503050300030003050300aBa00305030003000508050505099805008.
050905090509050505050505050505050505050505050005050000000000050000000000000500050065050508,

R N I R I e R A
%’ \,/ \,/ \,/ \,/ \,/ \,/ \,/ \,/ \,/ N \\ \\ \\ \\ \\ % \\ )\,/\\,/\\,/\\,/\\,/\\,/\\,)\\ \\ \\ ,}\\,}\\,}\\,}\\,}\\,}\\,}\\,}\\,}\\,}\\,}\\,}\\ \\
R R R N R R R L

NEW BASE COURSE / EXISTING BASE COURSE
UNIFORM SAW-CUT LINE

NOTES:

1. THIS STREET CUT/PATCHING DETAIL SPECIFIERS REQUIREMENTS IN ADDITION TO THOSE SPECIFIED IN THE LATEST EDITION OF
THE COLORADO DEPARTMENT OF TRANSPORTATION'S STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE CONSTRUCTION.

2. A CONSTRUCTION TRAFFIC CONTROL PLAN SHALL BE SUBMITTED TO AND APPROVED BY THE CITY OF CASTLE PINES PRIOR TO
ISSUANCE OF CONSTRUCTION PERMITS IN THE CITY RIGHT-OF-WAY.

3. PAVEMENT EDGES SHALL BE SAW-CUT AND KEPT TO A NEAT VERTICAL EDGE PRIOR TO PAVING.
4, EDGES SHALL BE TACK COATED PRIOR TO PATCHING.

APPROVED BY THE CITY OF CASTLE PINES ASPHALT STREET
CUT/PATCHlNG Issued: __6/15/2022

i Revised:
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE CASTLE PINES SD.48




STEEL PLATE RECESSED FLUSH ON TOP
OF MILLED ASPHALT SURFACE. MINIMUM
1" STEEL PLATE / HS20 LOADING

TEMPORARY ASPHALT
PATCH (ALL AROUND)

12" MIN. 12" MIN.
PLATE = PLATE
OVERLAP OVERLAP|
6II MlN. 6" MlN-

%

UTILITY >

EXISTING ASPHALT

BASE / SUBGRADE

ORIGINAL GROUND

AL

&

KK KL KL K/

~——CEXCAVATION SPAN—=

NOTES:
I. MAY ONLY BE USED FROM MAY 15 TO OCTOBER 15.

2. MUST HAVE PRIOR APPROVAL BY THE CITY OF CASTLE PINES.

APPROVED BY THE CITY OF CASTLE PINES TEMPORARY STEEL PLATE Issued:  6/15/2022

i Revised:
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SD.49




EXPANSION JOINT

4%=0

~ ~
N M

~ ~
N M

~ ~
N M

{92924

5'-Q"

TYPE OF
WALK

LENGTH OF
PLATE

5'-Q"

MIN.

MIN. L ATTACHED

SEEEEEKK
LRLLKRKK

1

L DETACHED

L+ 3

VARIES

NOTES:

1. CHASE IS NOT PERMITTED IN 4" CURB SECTION.

2. CHASE SHALL ONLY BE USED WITH APPROVAL OF CITY.

6'-0"

MIN.

PLAN VIEW

EXPANSION JOINT

[SOMETRIC VIEW

N.T.S.

NON-SLIP RAISED PATTERN STEEL
PLATE FOR THICKNESS, SD.50b

APPROVED BY THE CITY OF CASTLE PINES

SIDEWALK CHASE DRAIN

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

Issued: __6/15/2022

Revised:

Standard Drawing No.
SD.50a




1/4" NON-SLIP RAISED

PATTERN STEEL TREAD

PLATE
2"x2"x1/4" ANGLE IRON TO
BE DRILLED AND THREADED
TO ALLOW SCREW

-
7/
EXPANSION JOINT /

SEE DETAIL A
DETAIL DRAWING SD.50c

1/2" x 1" FLATHEAD MACH. SCREW
BRASS OR ELECTRO-GALVANIZED
FINISH, 2' 0.C.

\

~
SIDEWALK

NN Z Z 77 7 7 7 7777

<"¢<

ok

|
\ "~T—__CONC. TO BE DRILLED TO
4.5" \ ALLOW SCREW
; N
2||<
| 2 A #3 BAR 6" LONG WELDED TO
e "] ANGLE IRON 18" 0.C. EACH SIDE
. 4 : g
N DR Ny

6x6—W4_OXW4.0_/

WELDED WIRE FABRIC

COMPACTED SUBGRADE

SIDEWALK CHASE DETAIL

APPROVED BY THE CITY OF CASTLE PINES

Larry Nimmo
Director of Public Works

DATE

SIDEWALK CHASE DRAIN Issued: __6/15/2022
Revised:
4&\ Standard Drawing No.
CASTLE PINES SD.50b




21

VARIES
THIS SECT. REQD. W/ DETACHED

SIDEWALK OR BICYCLE PATH

27

VARIES
SEE PLAN VIEW

—— 27,

5" MOUNTABLE C&G

At

MIN. 17 ———

ELOW FROM GUTTER

VARIES
SEE PLAN VIEW

2'-11"

5" MOUNTABLE C&G

4.5"

27

ELOW TO GUTTER

2"x2"x1/4" ANGLE IRON TO
BE DRILLED AND THREADED
TO ALLOW SCREW

PLATE FLUSH WITH

STEEL PLATE NON-SLIP TOP OF WALK
RAISED PATTERN

174"

/2"

PANNNNNNNNNN \/\\\

———I——S/l

<

6" CLEARANCE

4 -

1/2" x 1" FLATHEAD MACH.

(4. \_SCREW BRASS OR

. . ELECTRO-GALVANIZED
. . FINISH, 2' 0.C.
—12"—= NO. 3 REBAR 6" LONG,
WELD TO ANGLE 18" O.C.
DETAIL A
WHEN OPENING LARGER THAN 1Z*ARE REQUIRED
APPROVED BY THE CITY OF CASTLE PINES
SIDEWALK CHASE DRAIN Issued: __6/15/2022

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

Revised:

Standard Drawing No.
SD.50c




URBAN

f—2' MIN.——IO
N\
EESES

=
- 7I
SUPPLEMENTAL
g M- . PLAQUE
“ MIN.
v()‘f/(
%
S P R YN N A
e R
RURAL

EDGE OF TRAVEL LANE

j——

6'MIN. TO {
12" MAX. _"\
==

_

KSUPPLEMENTAL

PLAQUE

A%
R

APPROVED BY THE CITY OF CASTLE PINES

TYPICAL SIGN PLACEMENT DETAIL

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

Issued:

Revised:

_6/15/2022

Standard Drawing No.

SS.1




ADJUSTABLE
CROSS PIECE

MULTIPLE SIGNS

FLAT BLADE BRACKET

5 1/2" BRACKET FOR 6" SIGN HEIGHTS
12" BRACKET FOR 9" SIGN HEIGHTS

000000

2" SQUARE
SIGN POST

ADJUSTABLE
CROSS PIECE '

et | H

/\ .
FLAT BLADE BRACKET
5 1/2" BRACKET FOR 6" SIGN HEIGHTS \2" SQUARE

12" BRACKET FOR 9" SIGN HEIGHTS

SINGLE SIGN

SIGN POST

0000000

STREET NAME SIGN ASSEMBLY
WHERE STREET NAMES CHANGE
(WHEN ARROWS ARE REQUIRED, OMIT CASTLE PINES LOGO)

O 11
. 4
FLAT BLADE BRACKET o
5 1/2" BRACKET FOR 6" SIGN HEIGHTS o 2" SQUARE
12" BRACKET FOR 9" SIGN HEIGHTS o SIGN POST
(o]
o
(o]
NOTE: DO NOT PUNCH HOLES IN SIGN IF NOT
REQUIRED BY BRACKET MANUFACTURER.
APPROVED BY THE CITY OF CASTLE PINES STREET NAME SIGN

ASSEMBLY Issued: __6/15/2022

Larry Nimmo

Director of Public Works

DATE

Revised: __
/%\ Standard Drawing No.
CITY OF

CASTLE PINES 8S.2




Castle Pines Pkwy

7.5" 1 Varies |

9"h fitted to lengths 36", 42", 48", 54" 60"
.080 Aluminum
3/4" Radius
High Intensity Prismatic
No Border

6"h Logo
Pantone 132 + Pantone 554

6"h Highway Gothic Series C fonts name
4"h Highway Gothic Series C fonts suffix

SBL.) Bramblewood Dr
1

lll

fe—5" —————— Varies 1

6"h fitted to lengths 24", 30", 36", 42"
.080 Aluminum
3/4" Radius
High Intensity Prismatic
No Border

4"h Logo
Pantone 132 + Pantone 554

4"h Highway Gothic Series C fonts name
3"h Highway Gothic Series C fonts suffix

APPROVED BY THE CITY OF CASTLE PINES GROUND MOUNTED STREET |
NAME SIGN DETAIL Issued: _6/15/2022__

. Revised:
Larry Nimmo
Director of Public Works /%\ Standard Drawing No.
CITY OF

DATE CASTLE PINES SS.3




CHANNELIZED INTERSECTION

SIDEWALK—]

R1-1

2' 2'
MIN. MIN. 2
b ] ]

Ly
f D [ D ] |:|’ Tve.
i
I N
NOTE: ADDITIONAL SIGN

ONLY FOR MULTI-LANE—"]
APPROACH

URBAN INTERSECTION

R1-1

RAISED MEDIAN ISLAND

APPROVED BY THE CITY OF CASTLE PINES TYPICAL LOCATIONS FOR STOP

SIGNS AND YIELD SIGNS Issued: _6/152022

, Revised: _____
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE __ CASTLE PINES SS.4




NOTE: Wi4-1a (DEAD END) AND W14-2a (NO
OUTLET) SIGNS MOUNTED ON STREET NAME
SIGN ASSEMBLY.

\
S/

% e )
\ S,
DEAD
END
Wi4-1
30"x30"
[DEAD END —}
yéﬁ,;éﬂ \} Wi4-2
30"x30"
( DEAD
W14-2a EN D
36"x8"
Wi4-1
30"x30"
APPROVED BY THE CITY OF CASTLE PINES TYPICAL 'NO OUTLET' AND lssued: 615022
'DEAD END' SIGN PLACEMENT el e —

, Revised:
Larry Nimmo
Director of Public Works Standard Drawing No.
CITY OF

DATE ____ CASTLE PINES SS.5




2'x10'BARS ON ARTERIALS, ALL OTHERS TO BE 2'x8'

BARS CENTERED: -ON LANE OR CHANNELIZING LINES
-BETWEEN LANE LINES
-ON FLOW LINE EXTENDED

NOTES:

CROSSWALK BARS TO BE SPACED 12" TO 60"
APART. CENTER CROSSWALKS ON CURB RAMPS. IF
CURB RAMPS ARE NOT PRESENT, CENTER ON
SIGNAL POLES WHEREVER PRACTICAL.

APPROVED BY THE CITY OF CASTLE PINES
TYPICAL CROSSWALK MARKING Issued: __6/15/2022

- Revised:

Larry Nimmo

Director of Public Works Standard Drawing No.
CITY OF

DATE CASTLE PINES SS.6
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C,

R4-7 KEEP RIGHT SIGN
/OM-3L OBJECT MARKER
5 121

/2" EXPANSION JOINT

' FL |- FL <P

\
\
\
\
\
7/ \\\
CONCRETE PAVEMENT \\MEDIAN CURB & GUTTER

TYPE I (YELLOW) DELINEATOR
(REFER TO CDOT M&S
STANDARDS FOR SPACING)

Lo

, . R4-7 KEEP RIGHT SIGN
12— 5 ~—12" OM-3L OBJECT MARKER

MEDIAN CURB & GUTTER
I} / .
P,

I X '
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Source: Kleen Break Drawing Number XKB425-20-CI, dated August 12, 2021.
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STEP 1

STEP 2

STEP 3

STEP 4

INSTALLATION PROCEDURE

TOOLS NEEDED: XKBW-SOCKET Kleen Break Socket
or XKBW-1516 KLEEN BREAK WRENCH, and HAMMER

WHEN INSTALLING INTO FRESH CONCRETE, IT IS HELPFUL TO PREASSEMBLE KLEEN BREAK
COUPLER (STEPS 1-3). THIS PREVENTS CONCRETE FROM INTERFERING WITH THE MESHING OF
SERRATED TEETH WHEN POURING THE FOOTING. IT HELPS TO DRIVE OPTIONAL ANCHOR
EXTENSION (I) PLUMB INTO SOIL IN BOTTOM OF HOLE A COUPLE OF INCHES PRIOR TO
POURING, TO PREVENT MOVEMENT OF ASSEMBLY.

NOTE: IF INSTALLING BOTTOM HALF COUPLER (A) INTO EXISTING CONCRETE, A @4" HOLE NEEDS
TO BE CORED. ANCHOR EXTENSION (I) IS OPTIONAL IF ADDITIONAL LENGTH BEYOND THE 8"
BOTTOM HALF COUPLER STEM (A) IS DESIRED. IN THE EVENT AN EXISTING 2-1/4" PSST ANCHOR
IS TO BE USED, BOTTOM HALF OF COUPLER (A) MAY REST ON TOP OF EXISTING CONCRETE TO
MEET FHWA/NCHRP 350 REQUIREMENTS. WHEN A TRIPPING HAZARD IS A CONCERN, BOTTOM HALF
(A) SHOULD BE INSTALLED FLUSH WITH GRADE.

THREAD SHORT END OF SHEAR BOLT (D), WITH LOCK WASHER (C) UNDER SHOULDER (D-1), INTO
THREADED HOLE IN BOTTOM HALF COUPLER (A). TIGHTEN WITH (XKBW-SOCKET) KLEEN BREAK
SOCKET OR A KLEEN BREAK WRENCH (XKBW-1516) UNTIL SPLIT RING LOCK WASHER (C) IS
FULLY COMPRESSED.

NOTE: BE SURE THAT THE SHEAR POINT OF SHEAR BOLT (D) IS NOW ABOVE SHOULDER (D-1).

SLIDE RUBBER BUSHING (B) OVER SHEAR BOLT (D) UNTIL SEATED FIRMLY INTO ROUND CAVITY
IN BOTTOM HALF COUPLER (A).

SLIDE TOP HALF OF COUPLER (E) OVER SHEAR BOLT (D) UNTIL IT RESTS ON THE RUBBER
BUSHING (B). USING LOCK WASHER (C), THREAD 5/8" FLANGE NUT (F) ONTO TOP OF SHEAR
BOLT (D) WITH A KLEEN BREAK SOCKET OR A 15/16" DEEP WELL SOCKET.ROTATE TOP
RECEIVING HALF OF COUPLER (E) TO PROPER ORIENTATION OF SIGN BEFORE TIGHTENING
FLANGE NUT (F),NOT TO EXCEED 110 FT.-LBS.BE SURE COUPLER TEETH ARE FULLY MESHED.
TOTAL KLEEN BREAK COUPLER ASSEMBLY SHOULD BE COMPLETELY TIGHT BEFORE PROCEEDING
TO THE NEXT STEP.

INSERT SIGN SUPORT (G) INTO TOP HALF OF COUPLER (E). LOCKING WEDGE (H) SHOULD BE
POSITIONED AT A CORNER OF THE SIGN SUPPORT (G). WITH A HAMMER,DRIVE THE SIGN
SUPPORT LOCKING WEDGE (H) BETWEEN SIGN SUPPORT (G) AND TOP HALF COUPLER (E) AT
PRE-DETERMINED LOCATION UNTIL SEATED IN CORRESPONDING DEPRESSION OF TOP HALF
COUPLER (E).

NOTE: IT IS NOT NECCESSARY TO DRIVE THE LOCKING WEDGE (H) UNTIL IT HAS BOTTOMED
OUT IN THE POST RECEIVING COUPLER (E). DUE TO THE TOLERANCE WHEN HOT DIP
GALVANIZING (THICKNESS, RUNS, OR DRIPS) THE LOCKING WEDGE (H) CAN BE FULLY ENGAGED AT
DIFFERENT DEPTHS.

NOTE: THE SIGN SUPPORT LOCKING WEDGE (H) WILL KEEP THE SIGN SUPPORT (G) SECURE
WITHOUT NEED OF ADDITIONAL FASTENERS OR HARDWARE.

NOTE: LOCKING WEDGE (H) CAN BE REMOVED BY USING A LIGHT DUTY WEDGE PULLER.

REINSTALLATION AFTER IMPACT

REMOVE SIGN SUPPORT LOCKING WEDGE (H) FROM TOP HALF COUPLER (E)

WITH HAMMER. REMOVE BOTH ENDS OF BROKEN SHEAR BOLT (D) FROM BOTH

COUPLER HALVES (A) & (E). REASSEMBLE FOLLOWING STEPS 1 THROUGH 4
FROM THE INSTALLATION PROCEDURE.

Source: Kleen Break Drawing Number XKB425-20-CI, dated August 12, 2021.

APPROVED BY THE CITY OF CASTLE PINES KLEEN BREAK MODEL 425 FOR
CONCRETE INSTALLATIONS lssued: 132022
g ; Revised:
arry Nimmo
Director of Public Works —— Standard Drawing No.
DATE CASTLE PINES SS.9b
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6' MARKING AREA = 5.0 SQ.FT.
BIKE LANE ARROW
DETAIL
6" WHITE BIKE
LANE LINE
6' EACH GRID = 4'x 4'
’__3| 4||_—‘
[
6' MARKING AREA = 6.0 SQ.FT.
on
MIN.
BIKE LANE RIDER
DETAIL
BIKE LANE SYMBOL
MARKING AREA = 11.0 SQ.FT.

((

NOTES:
1. BIKE LANE SYMBOL INCLUDES BIKE LANE ARROW AND BIKE LANE RIDER SYMBOLS.

2. BIKE LANE SYMBOL SHALL BE CENTERED IN BIKE LANE IF POSSIBLE AND PLACED WITH A MINIMUM 2" SEPARATION FROM THE BIKE LANE LINE.
3. DO NOT PLACE BIKE LANE SYMBOL IN GUTTER PAN.

4. BIKE LANE SYMBOLS SHALL BE PLACED IMMEDIATELY BEYOND INTERSECTIONS AND MAJOR DRIVEWAYS, LOCATED ADJACENT TO THE BEGINNING
OF THE BIKE LANE LINE.

5. AT INTERSECTION APPROACHES WHERE THE BIKE LANE IS BETWEEN A RIGHT-TURN LANE AND A THROUGH LANE, PLACE THE BIKE LANE SYMBOL
A DISTANCE OF 30 FEET IN ADVANCE OF THE STOP BAR. AT SIGNALIZED INTERSECTIONS,PLACE THE BIKE LANE SYMBOL IN THE DETECTION
ZONE.

6. IN RURAL AREAS, PLACE BIKE LANE SYMBOLS AT MAXIMUM INTERVALS OF 1500 FEET OR AS DETERMINED BY THE CITY PUBLIC WORKS
DEPARTMENT. IN URBAN AREAS, PLACE BIKE LANE SYMBOLS AT MAXIMUM INTERVALS OF 700 FEET OR AS DETERMINED BY THE CITY PUBLIC
WORKS DEPARTMENT.

APPROVED BY THE CITY OF CASTLE PINES BIKE LANE STR|P|NG DETAIL
BIKE LANE SYMBOL Issued: _6/15/2022

, Revised: ____
Larry Nimmo
Director of Public Works Standard Drawing No.
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5" SOLID WHITE
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NOTES:

1. WHERE THERE IS 7 FEET OF ROADWAY WIDTH AVAILABLE FOR A BIKE LANE, INSTALL A BUFFERED BIKE LANE INSTEAD OF A

CONVENTIONAL BIKE LANE.

2. BUFFERED BIKE LANE CONFIGURATIONS PREFERABLY CONSIST OF A 5 FEET OR WIDER BIKE LANE AND A 2 FEET OR WIDER BUFFER.

3. FOR BUFFERS THAT ARE 3 FEET OR WIDER, INSTALL DIAGONAL HATCHED STRIPING INSIDE THE BUFFER.

APPROVED BY THE CITY OF CASTLE PINES

BUFFERED BIKE LANE
STRIPING DETAIL
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12"

40"

GRID 6" x 6"
MARKING AREA = 10.0 SQ.FT.

NOTES:

1.

SHARED LANES ARE INTENDED FOR USE ON STREETS WITH A MAXIMUM POSTED SPEED OF 35 MPH, BUT PREFERABLY ON STREETS WITH
A POSTED SPEED LIMIT OF 25 MPH, AND FOR LANES UP TO 15 FEET WIDE. FOR LANES 15 FEET AND WIDER, STRIPE A 5 FOOT BIKE
LANE INSTEAD OF TREATING THE LANE AS A SHARED LANE.

SHARED LANE MARKINGS SHALL BE INSTALLED OUTSIDE WHEEL TRACKS OR WHERE INDICATED BY CITY OF CASTLE PINES PUBLIC
WORKS. SHARED LANE MARKINGS SHALL NOT BE PLACED IN GUTTERS, SHOULDERS OR IN DESIGNATED BIKE LANES.

WHERE A PARKING LANE IS ADJACENT TO A SHARED LANE, PLACE SHARED LANE MARKINGS SUCH THAT THE CENTER OF THE MARKING
IS AT LEAST 12 FEET FROM THE FACE OF CURB OR FROM THE EDGE OF PAVEMENT [F CURB AND GUTTER IS NOT PRESENT.

WHERE THERE IS NO ON-STREET PARKING AND THE TRAVEL LANE IS 13 FEET OR WIDER, PLACE SHARED LANE MARKINGS SUCH THAT
THE CENTER OF THE MARKING IS AT LEAST 4 FEET FROM THE FACE OF CURB OR FROM THE EDGE OF PAVEMENT IF CURB AND
GUTTER IS NOT PRESENT.

SHARED LANE MARKINGS SHALL BE PLACED IMMEDIATELY BEYOND AN INTERSECTION AND SPACED AT INTERVALS NO GREATER THAN
250 FEET THEREAFTER OR AS DETERMINED BASED ON CITY PUBLIC WORKS DEPARTMENTING JUDGMENT.

SHARED LANE MARKINGS MAY BE SUPPLEMENTED WITH SIGNS, ESPECIALLY BICYCLES MAY USE FULL LANE (R4-11) SIGN.

APPROVED BY THE CITY OF CASTLE PINES SHARED LANE MARKING

Zm/% % N oimins NOTES AND DETAIL Issued: __6/15/2022

— Revised:

Larry Nimmo

Director of Public Works Standard Drawing No.
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PAVER INSTALLATION NOTES:

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ALL CONSTRUCTION AND MATERIALS SHALL BE IN ACCORDANCE WITH THE CITY OF CASTLE
PINES (CP) STANDARDS AND SPECIFICATIONS, THE LATEST EDITION OF THE MUTCD, AND THE
PROJECT CONSTRUCTION DRAWINGS AND SPECIFICATIONS INCLUDED HEREIN. IN CASES OF
OMISSION FROM CP STANDARDS AND SPECIFICATIONS, THE MOST CURRENT EDITION OF THE
COLORADO DEPARTMENT OF TRANSPORTATION (CDOT) STANDARD SPECIFICATIONS FOR ROAD AND
BRIDGE CONSTRUCTION AND THE LATEST EDITION OF THE CDOT STANDARDS PLANS, M&S
STANDARDS SHALL APPLY.

THE BID QUANTITIES OF THE PROJECT ARE THE RESULT OF A CAREFUL QUANTITY TAKEOFF BY
THE PROJECT ENGINEER. THE CONTRACTOR SHALL, HOWEVER, SATISFY HIMSELF AS TO THE
ACCURACY OF ALL QUANTITIES AND BRING ANY DISCREPANCIES TO THE ATTENTION OF THE
PROJECT ENGINEER, IN WRITING, AT HIS EARLIEST OPPORTUNITY.

ALL LABOR, EQUIPMENT, INCIDENTAL MATERIAL AND WIRING NECESSARY FOR THE INSTALLATION
OF TRAFFIC SIGNAL POLE, SIGNAL HEADS, CABINET MODIFICATIONS (INCLUDING SIGNAL PHASE
CHANGES AND VEHICLE DETECTION MODIFICATIONS) AND OTHER DEVICES SHALL BE PROVIDED
BY THE CONTRACTOR AND SHALL NOT BE PAID FOR SEPARATELY, BUT INCLUDED IN THE COST
OF THE WORK.

THE CONTRACTOR SHALL PROVIDE MATERIAL SUBMITTALS TO CP PUBLIC WORKS FOR APPROVAL
ON ALL EQUIPMENT PRIOR TO INSTALLATION. THE CITY SHALL REVIEW THE REQUIRED
MATERIAL SUBMITTALS AND RETURN COMMENTS WITHIN 5 BUSINESS DAYS.

ALL TRAFFIC SIGNAL EQUIPMENT WILL BE MEASURED BY THE VARIOUS TYPES INSTALLED AND
SHALL INCLUDE ALL INCIDENTAL MATERIALS AND WIRING NECESSARY FOR THE INSTALLATION
AND OPERATION OF EACH ITEM.

THE UTILITY INFORMATION SHOWN ON THE SIGNAL PLANS IS APPROXIMATE ONLY AND IS NOT
GUARANTEED TO BE ACCURATE OR ALL INCLUSIVE. TO AVOID ANY DAMAGE TO A UTILITY, THE
CONTRACTOR SHALL BE RESPONSIBLE FOR FIELD VERIFYING THE EXACT LOCATION OF
UTILITIES BEFORE COMMENCING ANY DRILLING, BORING, TRENCHING OR OTHER EXCAVATION
TYPE OF WORK. THE CONTRACTOR SHALL CONTACT COLORADO 811 AT 811 OR 1-800-922-1987.

CONTRACTOR SHALL COORDINATE WITH XCEL ENERGY OR INTERMOUNTAIN RURAL ELECTRIC
ASSOCIATION (IREA) TO INITIATE ELECTRICAL POWER APPLICATION PROCESS AND DETERMINE
POWER SOURCE LOCATION.

THE POWER SOURCE SHALL BE 120/240 VOLT 60 AMP METERED SERVICE.IT SHALL INCLUDE A
WEATHERPROOF METERED CIRCUIT DISCONNECTED BOX AND TYPE III PULL BOX. LOCATION OF
METERED CIRCUIT DISCONNECT BOX TO BE DETERMINED BY CP PUBLIC WORKS AND SHALL NOT
BE PLACED FURTHER THAN 75 FEET FROM THE SIGNAL CABINET.

UPON COMPLETION OF WORK, CONTRACTOR SHALL PROVIDE RECORD AS-BUILT DRAWING,
CORRECTED PLANS AND ANY OTHER ADDITIONAL DATA REQUIRED BY THE CITY.

TRAFFIC SIGNAL INSTALLATION AND ALL ASSOCIATED WORK SHALL BE 100% COMPLETE PRIOR
TO FLASH TURN ON. THIS INCLUDES ALL PUNCH LIST ITEMS AND OPERATIONAL LUMINARIES.

ALL SIGNAL POLE AND CONTROLLER CABINET LOCATIONS SHOWN IN THE PLANS ARE
APPROXIMATE ONLY. ACTUAL LOCATIONS SHALL BE APPROVED IN THE FIELD BY CP PUBLIC
WORKS PRIOR TO ANY DRILLING OR EXCAVATION. LOCATION OF EACH SIGNAL POLE FOUNDATION
SHALL BE POTHOLED, PRIOR TO DRILLING TO VERIFY WHETHER ANY UTILITY CONFLICTS
EXIST.

ALL NON-FUNCTIONING TRAFFIC OR PEDESTRIAN SIGNAL HEADS AND PEDESTRIAN PUSH
BUTTONS SHALL BE BAGGED WHILE UNDER CONSTRUCTION. BAGS SHALL BE ORANGE PLASTIC.

MAST ARMS SHALL BE OF SUFFICIENT LENGTH TO ALLOW A SIGNAL HEAD TO BE MOUNTED IN
THE CENTER OF THE INSIDE LEFT TURN LANE. TO ENSURE PROPER MAST ARM LENGTHS, THE
CONTRACTOR SHALL FIELD VERIFY THE EXACT LOCATION OF THE POLE FOUNDATIONS WITH
PROJECT AND CP PUBLIC WORKS (PRIOR TO ORDERING THE SIGNAL POLES AND MAST ARMS).

THE CONTRACTOR IS RESPONSIBLE FOR STORAGE AND ULTIMATE DELIVERY OF NEW TRAFFIC
POLES AND MAST ARMS TO THE PROJECT SITE UNLESS OTHERWISE APPROVED BY CP PUBLIC
WORKS.

ALL ELECTRICAL SYSTEMS SHALL BE PROPERLY GROUNDED IN ACCORDANCE WITH LATEST
CASTLE PINES DESIGN AND CONSTRUCTION STANDARDS, CHAPTER 9 AND THE CP SIGNAL
DETAILS. A GROUND ROD SHALL BE INSTALLED FOR EACH POLE AND CONTROLLER CABINET
FOUNDATIONS.

ALL SIGNAL CABLE IS CONTINUOUS FROM CONNECTIONS MADE IN THE HAND HOLE
COMPARTMENT OF THE SIGNAL POLE BASE TO THE TERMINAL COMPARTMENT IN THE
CONTROLLER CABINET. SPLICING SHALL NOT BE PERMITTED UNLESS SPECIFICALLY APPROVED
BY THE CP PUBLIC WORKS.

ALL HAND HOLE SPLICES SHALL BE BUCHANAN TYPE USING THE PRES-SURE-TOOL PART #C-24
CRIMPING TOOL SHALL BE STORED IN THE "UP" ORIENTATION.

WHENEVER MULTIPLE CABLES FEED EQUIPMENT ON A SINGLE POLE, EACH CABLE SHALL
CONTAIN A NEUTRAL WIRE.

THE CONTRACTOR SHALL PROVIDE THE LUMINAIRE WIRING AND FINAL HOOK UP. LUMINAIRE
FIXTURE SHALL BE APPROVED LED TYPE.EXISTING STREET LIGHTS SHALL NOT BE REMOVED
UNTIL LUMINARIES ARE OPERATIONAL.

SIGNAL HEADS SHALL BE WIRED SEPARATELY FROM THE SIGNAL HEAD TO THE ABOVE GROUND
HAND HOLE AT THE BASE OF THE SIGNAL POLE (NO OVERHEAD SPLICES). A SEPARATE 25
CONDUCTOR CABLE SHALL RUN FROM THE CONTROLLER CABINET TO THE TRAFFIC POLE HAND
HOLE WITH NO SPLICES. WIRING SHALL BE LANDED AND LABELED IN ACCORDANCE WITH THE
LATEST CP DESIGN AND CONSTRUCTION STANDARDS, CHAPTER 9 AND THE CP SIGNAL DETAILS.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

EACH VEHICLES SIGNAL HEAD ON MAST ARMS SHALL HAVE A LOUVERED ALUMINUM BACKPLATE,
BLACK IN COLOR, WITH 2 INCH FLUORESCENT YELLOW, DIAMOND GRADE RETROREFLECTIVE
BORDER.

SIGNAL HEAD HOUSINGS SHALL BE POLYCARBONATE AND BLACK IN COLOR. MAST ARM MOUNTED
SIGNAL HEADS AND SIGNS SHALL PELCO ASTRO-BRAC OR SKY-BRAC TYPE MOUNTING
BRACKETS.

ALL VEHICLES AND PEDESTRIAN INDICATIONS SHALL BE APPROVED SOLID STATE LED TYPE. ALL
VEHICLE INDICATIONS SHALL BE 12-INCH. ALL PEDESTRIAN INDICATIONS SHALL BE 16-INCH
WITH A COUNTDOWN TIMER.

EACH APPROACH SHALL INCLUDE OPTICOM DETECTION IN ACCORDANCE WITH LATEST CP
ROADWAY DESIGN AND CONSTRUCTION STANDARDS (CHAPTER 9). O CHECK IF NOTE 24 IS
APPLICABLE TO THIS PROJECT.

THE CONTROLLER CABINET SHALL BE 332D CABINET PAINTED CDOT SILVER AN ANTI-GRAFFITI
COATING AND A PAINTED WHITE INTERIOR IN ACCORDANCE WITH THE LATEST CP ROADWAY
DESIGN AND CONSTRUCTION STANDARDS (CHAPTER 9) AND DETAILS. THE CONTROLLER CABINET
SHALL BE INSTALLED SUCH THAT, WITH THE FRONT DOOR OPEN, A TECHNICIAN CAN VIEW BOTH
THE CONTROLLER AND THE SIGNAL OPERATIONS. CABINET BASE SHALL BE APPROVED POLYMER
CONCRETE.

THE TRAFFIC SIGNAL CONTROLLER SHALL BE A TRAFFICWARE/NAZTEC 2070 LITE TYPE PER
CALTRAN STANDARDS WITH FIREWARE COMPATIBLE WITH SIGNAL SYSTEM SOFTWARE. CONFLICT
MONITOR PROVIDED SHALL BE THE RENO MODEL 2018E

AN UNINTERRUPTABLE POWER SOURCE (UPS) SHALL BE INSTALLED IN THE CONTROLLER
CABINET. THE UPS SHALL BE IN ACCORDANCE WITH THE LATEST CP ROADWAY DESIGN AND
CONSTRUCTION STANDARDS (CHAPTER 9).

COMMUNICATION AND ALL INTERCONNECT EQUIPMENT INSTALLED INSIDE AND OUTSIDE THE
CONTROLLER CABINET SHALL BE IN ACCORDANCE WITH THE LATEST CP ROADWAY DESIGN AND
CONSTRUCTION STANDARDS (CHAPTER 9).

THE TRAFFIC SIGNAL CABINET, CONTROLLER AND ANCILLARY CABINET EQUIPMENT NEEDED TO
PROVIDE PLANNED SIGNAL OPERATIONS SHALL BE DELIVERED TO THE CITY OF CASTLE PINES
PUBLIC WORKS FOR INSPECTION, PROGRAMMING AND TESTING. MAXIMUM OF 15 BUSINESS DAYS
SHALL BE ALLOWED PRIOR TO SUBSEQUENT PICKUP BY CONTRACTOR. ANY CABINET,
CONTROLLER OR OTHER EQUIPMENT ERRORS WILL RESULT INA RETURN OF THE CABINET
ASSEMBLY TO CONTRACTOR AND A RESTART OF 15 BUSINESS DAYS FOR REINSPECTION,
PROGRAMMING AND TESTING UPON SUBSEQUENT DELIVERY.

ALL PULL BOXES AND CONDUIT SHALL BE IN ACCORDANCE WITH THE LATEST CP ROADWAY
DESIGN AND CONSTRUCTION STANDARDS (CHAPTER 9). ALL MULTIPLE CONDUIT RUNS SHALL BE
INSTALLED IN A COMMON BORE OR TRENCH.

ALL CONDUIT SHALL HAVE PULL TAPE IN ACCORDANCE WITH THE LATEST CP ROADWAY DESIGN
AND CONSTRUCTION STANDARDS (CHAPTER 9) LEFT INSIDE CONDUIT WHEN CONSTRUCTION IS
COMPLETED.

ALL INTERCONNECT CONDUIT TO INCLUDE A #14 AWG SOLID COPPER WIRE, IN ACCORDANCE
WITH THE LATEST CP ROADWAY DESIGN AND CONSTRUCTION STANDARDS (CHAPTER 9),
THROUGH ENTIRE RUN TO FACILITATE FUTURE LOCATING.

CONTRACTOR SHALL INSTALL CITY PROVIDED DELINEATORS ON ALL PULL BOXES. COST OF
INSTALLATION SHALL BE INCLUDED IN THE COST OF THE PULL BOX.

WHEN FIBER INTERCONNECT IS BEING INSTALLED, A MINIMUM OF 100 FEET SHALL BE COILED
IN EACH COMMUNICATION VAULT, A MINIMUM OF 50 FEET IN EACH PULL BOX AND A MINIMUM
OF 10 FEET IN THE CONTROLLER CABINET.

O CHECK IF NOTE 34 IS APPLICABLE TO THIS PROJECT.

VEHICLE DETECTION AND ASSOCIATED HARDWARE SHALL BE IN ACCORDANCE WITH THE LATEST
CP ROADWAY DESIGN AND CONSTRUCTION STANDARDS (CHAPTER 9). STOP BAR DETECTION
SHALL BE PROVIDED FOR ALL APPROACHES AND ADVANCE DETECTION AS SPECIFIED IN DESIGN
PLANS.

CONTRACTOR SHALL COORDINATE WITH VEHICLE DETECTION MANUFACTURER REPRESENTATIVE
TO DETERMINE FINAL PLACEMENT AND OPERATION OF DETECTION. VEHICLE DETECTION
REPRESENTATIVE SHALL BE PRESENT FOR DETECTION SET UP AND INITIAL OPERATION.

THE CONTRACTOR SHALL INSTALL ACCESSIBLE PEDESTRIAN PUSH BUTTONS, PEDESTRIAN
SIGNAGE AND ASSOCIATED RACK MOUNTED EQUIPMENT AND WIRING IN ACCORDANCE WITH THE
LATEST CP ROADWAY DESIGN AND CONSTRUCTION STANDARDS (CHAPTER 9).

O CHECK IF NOTE 37 IS APPLICABLE TO THIS PROJECT.

THE CONTRACTOR SHALL VERIFY AND COORDINATE ALL STRIPING WITH THE CITY OF CASTLE
PINES ENGINEER PRIOR TO REMOVAL AND INSTALLATION. CONTACT THE CITY OF CASTLE PINES
ENGINEER TO COORDINATE.

APPROPRIATE REGULATORY SIGNS, WARNING SIGNS AND PAVEMENT MARKINGS (ARROWS,
SYMBOLS, ETC.), APPROVED BY THE CITY OF CASTLE PINES. SHALL BE IN PLACE PRIOR TO
SIGNAL OPERATION.

STRIPING AND MARKING LEGENDS MAY BE SUBJECT TO MATERIALS CHANGES DUE TO SEASON
AND OR WEATHER. TEMPORARY STRIPING MAY BE REQUIRED. FINAL SPECIFIED MATERIALS SHALL
BE INSTALLED WHEN WEATHER/SEASON ALLOWS AS APPROVED BY CP PUBLIC WORKS.

FOR ALL DESIGN OR CONSTRUCTION INQUIRIES CONTRACT THE CITY PUBLIC WORKS
DEPARTMENT.

CASTLE PINES STANDARD NOTES:

1

THE CASTLE PINES DEVELOPMENT REVIEW ENGINEER SIGNATURE AFFIXED TO THIS DOCUMENT
INDICATES THE CITY PUBLIC WORKS DEPARTMENT HAS REVIEWED THE DOCUMENT AND FOUND
IT IN GENERAL CONFORMANCE WITH THE CITY OF CASTLE PINES ROADWAY DESIGN AND
CONSTRUCTION STANDARD APPLICABLE MUNICIPAL CODE, AND ANY ASSOCIATED AGREEMENT
(SUCH AS A DEVELOPMENT AGREEMENT) OR ACCEPTED VARIANCES TO THOSE REGULATIONS.
THROUGH ACCEPTANCE OF THIS DOCUMENT, THE CITY ASSUMES NO RESPONSIBILITY, OTHER
THAN STATED ABOVE, FOR THE COMPLETENESS AND/OR ACCURACY OF THESE DOCUMENTS. THE
OWNER AND ENGINEER ADEQUACY OF THE FACILITIES DEPICTED IN THIS DOCUMENT LIES
SOLELY WITH THE PROFESSIONAL ENGINEER REGISTERED IN THE STATE OF COLORADO WHOSE
STAMP AND SIGNATURE IS AFFIXED TO THIS DOCUMENT.

ALL CONSTRUCTION SHALL CONFORM TO CITY STANDARDS. ANY CONSTRUCTION NOT
SPECIFICALLY ADDRESSED BY THESE PLANS AND SPECIFICATIONS WILL BE BUILT IN
COMPLIANCE WITH THE LATEST EDITION OF THE MOST STRINGENT OF THE FOLLOWING:

-THE CITY OF CASTLE PINES ROADWAY DESIGN AND CONSTRUCTION STANDARDS

-THE COLORADO DEPARTMENT OF HIGHWAYS STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE
CONSTRUCTION

-THE COLORADO DEPARTMENT OF TRANSPORTATION M STANDARDS

ALL MATERIALS AND WORKMANSHIP SHALL BE SUBJECT TO INSPECTION BY THE CITY PUBLIC
WORKS DEPARTMENT AS APPLICABLE. THE CITY RESERVES THE RIGHT TO ACCEPT OR REJECT
ANY SUCH MATERIALS AND WORKMANSHIP THAT DOES NOT CONFORM TO ITS STANDARDS AND
SPECIFICATIONS.

THE CONTRACTOR SHALL NOTIFY THE CITY PUBLIC WORKS DEPARTMENT A MINIMUM OF 24
HOURS AND A MAXIMUM OF 72 HOURS PRIOR TO STARTING CONSTRUCTION OF ELEMENTS THAT
REQUIRE REVIEW AND INSPECTION. NOTIFICATION SHALL CONSIST OF THE CONTRACTOR'S
CONTACTING THE CITY PUBLIC WORKS DEPARTMENT AND RECEIPT OF ACKNOWLEDGEMENT BY
THE CITY. THE CONTRACTOR SHALL NOTIFY THE CITY WHEN WORKING OUTSIDE OF THE PUBLIC
RIGHT-OF-WAY ON ANY FACILITY THAT WILL BE CONVEYED TO THE CITY, MHFD, OR OTHER
SPECIAL DISTRICTS FOR MAINTENANCE. FAILURE TO NOTIFY THE CITY TO ALLOW INSPECTION
OF THE CONSTRUCTION MAY RESULT IN NON-ACCEPTANCE OF THE FACILITY OR
INFRASTRUCTURE BY THE CITY, MHFD, OR BOTH.

CONSTRUCTION SHALL NOT BEGIN UNTIL ALL APPLICABLE PERMITS HAVE BEEN ISSUED. IF A
CITY ENGINEERING INSPECTOR IS NOT AVAILABLE AFTER PROPER NOTICE OF CONSTRUCTION
ACTIVITY HAS BEEN PROVIDED, THE PERMITTEE MAY COMMENCE WORK IN THE INSPECTOR'S
ABSENCE. HOWEVER, THE CITY RESERVES THE RIGHT NOT TO ACCEPT THE IMPROVEMENT IF
SUBSEQUENT TESTING REVEALS AN IMPROPER INSTALLATION.

THE LOCATION OF EXISTING UTILITIES SHALL BE VERIFIED BY THE CONTRACTOR PRIOR TO
ACTUAL CONSTRUCTION. FOR INFORMATION CONTRACT COLORADO 811 AT 811 OR 1-800-922-1987

THE CONTRACTOR SHALL HAVE ONE (1) COPY OF THE PLANS SIGNED BY THE CITY, ONE (1)
COPY OF THE ROADWAY DESIGN AND CONSTRUCTION STANDARDS, AS AMENDED AND ALL
APPLICABLE PERMITS AT THE JOB SITE AT ALL TIMES.

A TRAFFIC CONTROL PLAN, IN ACCORDANCE WITH THE MANUAL ON UNIFORM TRAFFIC CONTROL
DEVICES, SHALL BE SUBMITTED TO THE CITY FOR ACCEPTANCE WITH THE RIGHT-OF-WAY
PERMIT APPLICATION. A RIGHT-OF-WAY PERMIT WILL NOT BE ISSUED WITHOUT AN ACCEPTED
TRAFFIC CONTROL PLAN FOR TRAFFIC CONTROL DURING CONSTRUCTION

THE CONSTRUCTION PLAN SHALL BE CONSIDERED VALID FOR THREE (3) YEARS FROM THE DATE
OF CITY ACCEPTANCE. AFTER WHICH TIME THESE PLANS SHALL BE VOID AND WILL BE
SUBJECT TO RE-REVIEW AND RE-ACCEPTANCE BY THE CITY.

. THE CITY OF CASTLE PINES STANDARD DETAILS SHALL NOT BE MODIFIED. ANY NON-STANDARD

DETAILS WILL BE CLEARLY IDENTIFIED AS SUCH.

STANDARD CITY OF CASTLE PINES HANDICAP RAMPS ARE TO BE CONSTRUCTED AT ALL CURB
RETURNS AND AT MID-BLOCK LOCATIONS OPPOSITE OF ONE OF THE CURB RETURNS OF ALL "T"
INTERSECTIONS AS IDENTIFIED ON THESE PLANS.

. THE PROFESSIONAL ENGINEER, REGISTERED IN THE STATE OF COLORADO, SIGNING THESE PLANS

IS RESPONSIBLE FOR ENSURING THAT THE DETAILS INCLUDED ARE COMPATIBLE WITH THE
STANDARD THE CITY OF CASTLE PINES DETAILS CONTAINED IN THE LATEST VERSIONS OF THE
CRITERIA MANUALS THIS INCLUDES, BUT IS NOT LIMITED TO :

-THE CITY OF CASTLE PINES ROADWAY DESIGN AND CONSTRUCTION STANDARDS

-THE CITY OF CASTLE PINES STORM DRAINAGE DESIGN AND TECHNICAL CRITERIA

-THE CITY OF CASTLE PINES GRADING, EROSION AND SEDIMENT CONTROL CRITERIA

-CDOT M & S STANDARDS

-MUTCD

-URBAN STORM DRAINAGE CRITERIA MANUAL VOLUMES 1,2 & 3

. A TEMPORARY CONSTRUCTION ACCESS PERMIT FROM THE CITY OF CASTLE PINES MAY BE

REQUIRED FOR ANY PROJECT.

APPROVED BY THE CITY OF CASTLE PINES

1;206452/05%kmﬂ

Larry Nmmo ¢/ U

Director of Public Works

e Oct 15, 2025
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, W REMOVABLE 0.5 SQ.FT. 0.5 SQ.FT.
L 0.5 SQ.FT.
; | END CAP EPA 15.5 LBS. EPA 15.5 LBS. EPA 15.5 LBS.
IIRII
40" NORMINAL ) _
LUMINAIRE , ,
MOUNTING HEIGHT g 40'M.H. 40'MH.
(M.H.) DETAIL 1 9 LBS. 9 LBS.
SEE LUMINAIRE 2.0 FT? ® 2.2 FT?
ARM DATA o) i
DETAIL 4 . g 12! —~ ‘2'3
DETAIL 2 ] 3 —
REMOVABLE END CAP DETAL 3 s90r
35 o
[ e 32' E']
3 @®
SEE POLE AND SIGNAL ARM DATA 20' THRU 30' ' l 35' THRU 45' 50' THRU 70'
SPANS SPANS SPANS
DETAILS SHEET SL4 200" 0.5 SQ. FT.
DETALL 8 CP -101 — 30 - 20 EPA 15.5 LBS.
STRUCTURE FINISH DETAIL 9\\ L I— LUMINAIRE ARM LENGTH
BASE COST: HOT DIPPED GALVANIZING INSIDE AND \ f MAST ARM LENGTH
OUTSIDE TO ASTM Al23 3-on
PRIME COAT: HIGH BUILD EPOXY POWDER DETAIL 6\ . l POLE TYPE (01 DESIGNATES AASHTO YEAR) 40'MH.
TOP COAT: TGIC OR SUPER DURABLE POLYESTER __h CASTLE PINES POLE SERIES 9 LBS.
POWER T f 2.2 FT?
COLOR: SEMI-GLOSS BLACK [ _ILUMINAIRE ARM
VALMONT SPEC: F-540K DETAIL 7—/ \_DETAIL 5 SIGNAL MAST ARM
MATERIAL DATA CPRY 31—
180° D
COMPONENT AsTM (WD COMPONENT ASTM LD ° ALL ANGLES MEASURED
DESIGNATION| (ks1y DESIGNATION | (kst) 450 CLOCKWISE FROM
A595 GR.A LUMINAIRE ATTACHMENT A36 36 IANCHOR BOLT |I.D. TAG HANDHOLE AS VIEWED
ALL TAPERED SHAFTS OR 55 | [LUMINAIRE CONN.BOLTS SAE GRS | —- || ok " [HANDHOLES FROM SMALL END OF POLE
A572 GALVANIZING-HARDWARE AI53 —
POLE BASE A572 GR.50 | 50 | [ANCHOR BOLTS F1554 GR55] 55 RADIAL INDEX
SIGNAL ARM ATTACHMENT | A572 GR.50 | 50 75' THRU 80
SIGNAL_ARM_CONN. BOLTS A325 —— PROJECTED AREA| WEIGHT
DEVICE DESCRIPTION GO (LBS) SPANS
12"-5 SEC. SIGNAL WITH BACKPLATE (STACKED) 13.72 96.00
POLE AND SIGNAL ARM DATA 12"-4 SEC. SIGNAL WITH BACKPLATE (VERTICAL) 10.22 57.00
POLE TUBF POLE BASE ANCHOR BOLT SIGNAL ARM TUBE 12"-3 SEC. SIGNAL WITH BACKPLATE (VERTICAL) 8.14 45.00
POLE GAUGE BOLT HOLE / THREAD | FIXED | FREE [GAUGE © 12"-5 SEC. SIGNAL WITH BACKPLATE (VERTICAL) 13.33 96.00
DEASNIE(); " BASE [TOP DIA| LENGTH T?-IT( Sq%ﬁRE CIB\S!'E T"Wﬁ' S'l"zq'T DY LE'NJQ'T § |-||qu!< LE"'\‘L?"TH B?E SR\D TI-EIJI%K SPAN @ |DUAL-2 SEC._PEDESTRIAN * 800 80.00
SPANS |DIA (M) (N | (FD | GN) | (N | (N | (N (IN) M |y | oaw | v | N | aN | ) s AR e 271'50% 2203)'0000
17.00 | 11.54 | 39.00 | 0.250 | 23.00 | 23.00 | 2.00 2.00 175 | 84.00 | 6.00 | 800 | 800 | 520 | 7 | 20.00 © 247307 RECULATGRY SIGN 590 20,00
1ol 17.00 | 11.54 | 39.00 | 0.250 | 23.00 | 23.00 | 2.00 2.00 1.75 | 84.00 | 6.00 | 800 | 10.00 | 650 | 7 | 25.00 ®  |36"x36" REGULATORY SIGN 9.00 30.00
20'-40! | 17.00 | 11.54 | 39.00 | 0.250 | 23.00 | 23.00 | 2.00 2.00 1.75 | 84.00 | 6.00 | 800 | 11.00 | 6.80 | 7 | 30.00 ®© _ [18"x30" REGULATORY SIGN 3.75 15.00
17.00 | 11.54 | 39.00 | 0.250 | 23.00 | 23.00 | 2.00 2.00 1.75 | 84.00 | 6.00 | 8.00 | 12.50 | 7.60 5 | 35.00 NOTES:
17.00 | 11.54 | 39.00 | 0.250 | 23.00 | 23.00 | 2.00 2.00 1.75 | 84.00 | 6.00 | 800 | 13.00 | 7.40 | 3 | 40.00 30RISE & NOM STR';\IGHT SECTION BOTTOM OF ALL SIGNAL HEADS SHALL HJAVE A MINIMUM VERTICAL
18.50 | 13.04 | 39.00 | 0.250 | 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 12.50 | 6.56 |DET.2| 45.00 ' u CLEARANCE FROM PAVEMENT OF 17 FEET AND A MAXIMUM VERTICAL
' ' : ' : : : : : : : : : : : : REFORMED TO 2.575" 0.D. CLEARANCE FROM PAVEMENT OF 19 FEET AND SHALL BE ON THE
18.50 | 13.04 | 39.00 | 0.250 | 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 13.00 | 6.36 [DET.2| 50.00 N SAME HORIZONTAL PLANE.
1
cp-201 | 18.50 | 13.04 | 39.00 | 0.250 | 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 14.00 | 6.66 [DET.2| 55.00 uRn 8 THIS SIGNAL INDICATION OPTIONAL BASED ON INTERSPECTION
45'-70' 11850 | 13.04 | 39.00 | 0.250 | 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 14.50 | 7.40 |DET.2| 60.00 { GEOMETRICS. IF NOT REQUIRED, MOUNT STREET NAME SIGN AS
SPECIFIED ON SHEET 17, ADJUST REGULATORY SIGNS DOWN
L
. . . . . . . . . . . . . . . . ”|_" DIA DIA g IIRII
cp-301 | 20.00 | 14.54 | 39.00 | 0.313 | 27.00 | 26.00 | 2.00 2.50 2.25 | 89.00 | 7.00 | 12.00 | 16.50 | 6.36 [DET.2| 75.00 20.00" 5.22" 2.38" 1 16" SEE LATEST EDITION OF CHAPTER 9, CASTLE PINES ROADWAY
75'-80" | 20.00 | 14.54 | 39.00 | 0.313 | 27.00 | 26.00 | 2.00 2.50 2.25 | 89.00 | 7.00 | 12.00 | 17.50 | 6.66 |[DET.2| 80.00 LUMINAIRE ARM DATA DESIGN AND CONSTRUCTION STANDARDS

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE
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APPROVED BY THE CITY OF CASTLE PINES

2" DIA. ACCESS HOLE . POLE TUBE WALL THESE TRAFFIC SIGNAL SUPPORT STRUCTURES ARE DESIGNED IN
K ~—0.31 ACCORDANCE WITH LOADING AND ALLOWABLE STRESS
ou 7 REQUIREMENTS OF 2001 AASHTO "STANDARDS SPECIFICATION FOR
8- (2)-0.25" HEX HEAD ngn STRUCTURAL SUPPORTS FOR HIGHWAY SIGNS. LUMINAIRES AND
N L - { STAINLESS STEEL TRAFFIC SIGNALS". FOURTH EDITION. WIND LOADS ARE BASED ON
. 25 0.43" SCREWS A BASIC WIND SPEED OF 100 MPH WIT A RECURRENCE INTERVAL
3 0.88 OF 50 YEARS, AND A FATIGUE CATEGORY OF 2.FATIGUE LOADS
) | — ARE BASED ON THE REQUIREMENTS OF SECTION 11.7 AND THE
] ls" : COVER MTG.CLIP gﬁﬁgEDhER%D%/ER 1 o FOLLOWING DESIGN LOADS:
. _ R VORTEX SHEDDING: NOT APPLICABLE FOR STRUCTURES WITH A
q i SECTION A-A DETAIL 7 | ANCHOR BOLT TAPER OF AT LEAST 0.14 IN/FT.PER AASHTO.
™ =N 0.250" 5 53" NATURAL WIND GUSTS: THE YEARLY MEAN WIND SPEED FOR
0.75" THICK - L50" X 3.25 ALUMINUM NATURAL WIND GUSTS WILL BE ASSUMED TO BE 1.2 MPH.
. ' —p— GUSSETS A~ IDENTIFICATION TAG ~ )
: SR 1o P et | O ABIED L SRS e oo T
_0. 75" " f [ 0] (ORDER NO.) o WITH (2) 0.19" RIVETS (THE SPECIFIED AVERAGE TRUCK SPEED IS 65 MPH)
(3)-0.75" X 1.75 7.3 A (DESIGN) AT 36" UP FROM BASE
HEX CAP SCREWS : (MAST ARM LENGTH) STAMPED AS SHOWN
:D\/
DETAIL 1 | LUMINAIRE ARM ATTACHMENT DETAIL 4 I UPPER HANDHOLE DETAIL 8 I I1.D. TAG AASHTO 2001 SPECIFICATIONS
BASE SECTION WITH FIELD DRILLED
END SECTION WITH g
HOLE FOR 063" BOLT ™\ HOLE FOR 0.63 BDLT7 POLE TUBE WALL
FIELD ASSEMBLED TO ACHIEVE A 8 (2).0.25" HEX HEAD
1] T
SNUG. TIGHT JOINT_(MIN OVERLAP [-0.63" THRU BOLT N eSS STEEL
NOT LESS THAN 1.5 TIMES THE dow
1.0. OF THE END SECTION) 0.50
SPAN BASE SECTION END SECTION T COVER MTG.CLIP HANDHOLE COVER
LENGTH | GAUGE | BASE DIA.| LENGTH |GAUGE M SECTION A-A
45 | 15.72 0.313" 11.00" 3720 | 7 SELIIUN ATA
50 | 19.29' 0.313" 11.00" 33.15" 7 .
55 | 19.42' 0.313" 12.00" | 3815" | 7 yn 0.50" NUT HOLDER 7.00"
: , . . » WITH FASTENERS
60 15.97 0.375 13.00 46.72 7 FOR GRoUDING \ A~
65 | 19.54' 0.375" 13.00" 48.15" 7 nge it N
75 | 230 0.375" 13.00" | 49.58" | 7
75 | 30.26" | 0.375" 13.00" | 47.44" | 7 12.89" A
80' | 37.40' | 0.375" 13.00" | 45.30" | 7 g -
POLE BASE INSIDE DIAMETER
DETAIL 2 | SIGNAL ARM SLIP JOINT MINUS 1.00" MIN. —__
T-AO0K PROVIDED FOR
WIRE HANGING. DETAIL 9 I LOWER HANDHOLE
1.50" YP. DETAIL 5 I POLE BASE
~_—PLASTIC NUT COVER POLE AND SIGNAL ARM DATA
(4)-SIZE "H" HEX HEAD BOLTS A A POLE BASE ANCHOR BOLT SIGNAL ARM TUBE
WITH (1)-WASHER PER BOLT } | POLE BOLT HOLE / THREAD | FIXED | FREE |GAUGE
DESIGN | SQUARE | CIRCLE | THK. SLOT DIA. |LENGTH | HOOK |LENGTH| END END | OR
TYP ! AND IISII ||Y|| IIMII ||Z|| IIKII IIJII IIMII IIUII DIA- DIA- THICK SPAN
ugn D" ’ SPANS (IN) (N | (N) (IN) N [ N | aNy | N (IN) N) | N | )
{EUISCSKETS 23.00 | 23.00 | 2.00 2.00 175 | 84.00 | 6.00 | 800 | 800 | 520 | 7 | 20.00
> | 8 23.00 | 23.00 | 2.00 2.00 175 | 84.00 | 6.00 | 8.00 | 1000 | 650 | 7 | 25.00
SECTION B:B “-BASE PLATE SECTION A:A sl [ 23.00 | 23.00 | 2.00 2.00 175 | 84.00 | 6.00 | 800 | 11.00 | 680 | 7 | 30.00
ANCHOR BOLT PROJECTION ABOVE TOP OF BASE PLATE
R L T \CROJECTION AROVE Y0P DF DASE P 23.00 | 23.00 | 2.00 2.00 175 | 84.00 | 6.00 | 800 | 1250 | 760 | 5 | 35.00
g g 190\ DIA- ANCHOR BOLT - 1751 er\l‘\l'// 2,50 MAX 23.00 | 23.00 | 2.00 2.00 175 | 84.00 | 6.00 | 800 | 13.00 | 740 | 3 | 40.00
vy %;g:: [D)%ﬁ mgngs EBH - %%g:: mn; ggg:: mx 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 12.50 6.56 |DET.2| 45.00
Do ek o BOLT ~ 290, M 7 S5 Wk 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 13.00 | 6.36 |DET.2| 50.00
2.25" DIA. ANCHOR BOLT - 3.00" MIN. / 3.75" MAX. cp-201 | 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 14.00 | 6.66 |DET.2| 55.00
INSTALLATION INSTRUCTIONS 4570
PLACE COVER OVER ANCHOR BOLT. ENGAGE EXPOSED 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 14.50 | 6.46 |DET.2| 60.00
HAND HOLE NOT SHOWN FOR CLARITY THREADS OF ANCHOR BOLT AND ROTATE CLOCKWISE 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 15.00 | 6.26 |DET.2| 65.00
UNTIL BOTTOM OF COVER SITS FLUSH WITH TOP OF
SIGNAL ARM ATTACHMENT DATA BASE PLATE.ONCE RIBS INSIDE ARE ENGAGED WITH 25.00 | 24.00 | 2.00 2.25 2.00 | 84.00 | 6.00 | 10.00 | 1550 | 6.06 |DET.2| 70.00
POE [ o | wer | o0 | oo o R B RuTEORHING, ACTION OCCURS AND cp-301 | 27.00 | 26.00 | 200 | 2.50 | 2.25 | 89.00 | 7.00 | 1200 | 1650 | 6.36 |DET.2| 75.00
75'-80'
ool 1295 T 850 750" Tos00 iz x 395 |IDETAIL 6 | NUT COVER 27.00 | 26.00 | 2.00 2.50 2.25 | 89.00 | 7.00 | 12.00 | 17.50 | 6.66 |DET.2| 80.00
CP-201 | 24.25" | 20.50" | 2.000" | 0.625" | 1.50" X 4.25"
CP-301 | 26.75" | 23.00" | 2.000" | 0.625" | 1.50" X 4.25"
DETAIL 3 | SIGNAL ARM ATTACHMENT
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APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

CITY OF

CASTLE PINES

REFORMED TO 2.38" 0.D. POLE TUBE WALL TH06
DETALL 2
_\ |||+-\:|| —_— —i (2)—0.25” HEX HEAD
— { STAINLESS STEEL
1 40'NORMINAL 8" 3°RISE SCREWS
i LUMINAIRE 0.43"
8 DETALL 3 MOUNTING HANDHOLE COVER 1
HEIGHT COVER MTG.CLIP GAUGE H.RM.S.
SEE LUMINAIRE
ARM DATA DETAIL 1 | ARM_END SECTION A-A
CAST POLE TOP CAP HELD IN 0.50" NUT HOLDER 5.63"
PLACE WITH 3 SET SCREWS WITH FASTENERS
SEE POLE : FOR GROUNDING \ (T—T>
DATA f r A
7.31" A
DETAILS THIS SHEET l
C\/
DETAIL 2 | POLE TOP DETAIL 4 | HANDHOLE
‘ /—DETAIL 4
2" DIA. ACCESS HOLE
0 . ‘0.31" WALL THK. NUT COVER
1'-6" r + 0.06"
s gl
j\DETAIL 5 [ &= B
3 N~ | 0-88" 2
e TUBE
DETAIL 6 _+ X :‘~T Q: | M TOBE
o 1 THK.
AN 8.75" ] S
4
MATERIAL DATA 1, 4&] p——1 NN 02500
ASTH MIN. ASTM MIN. 5 THICK wy
COMPONENT DESIONANION Y(II(ESLII)J COMPONENT DESTENATION YOI(ESLI%) 0.75" e OUSSETS
POLE SHAFT A595 GRA | 55 | [GUSSET PLATES A36 36 " POLE BASE s
ARM_SHAF T A595 GR.A | 55 | [LUMINAIRE CONN.BOLTS | SAE GR5 | -- (3)0.75" X 175" DIA+ 0.06"
POLE BASE A572 GR.50 | 50 | [ANCHOR BOLTS F1554 GR.55 | —= - :
SIMPLEX _PLATE A36 36| [GALVANIZING-HARDWARE AI53 55 HEX CAP SCREWS
IIZII
DETAIL 3 | LUMINAIRE ARM ATTACHMENT DETAIL 5 | POLE BASE
IIKII
POLE AND LUMINAIRE ARM DATA st
POLE TUBF POLE BASE ANCHOR BOLT LUMINAIRE ARM TUBE (4)-ANCHOR BOLTS WITH Ut
GAUGE BOLT THREAD | FIXED | FREE |GAUGE (2) HEX NUTS AND (2) WASHERS fFl
BASE | TOP OR |SQUARE|CIRCLE | THK. | HOLE / SLOT | DIA. |LENGTH | HOOK |LENGTH| END | END | OR | SPAN | RISE PER BOLT WITH THREADED J
POLE| DIA. | DIA. |LENGTH | THINK |~ Wt | wyir [ upp nzn moi | wgne | e | Toegie | pIA- | DIA. [ THICK | v | WRw END GALVANIZED AT LEAST 12.00".
DESIGN  |TYPE| (IN) | (IN) | FT) | GN) | (N) | an) | (N) (IN) N | any | an | any | any | ON) | N | FT) | T
CcP-01 32 [ 1.00 | 554 | 39.00 | 7 | 15.00 | 15.00 | 1.25 .75 150 | 54.00 | 6.00 | 8.00 | 522 | 2.40 | 11 | 20.00 | 1.50
IIHII - e
STRUCTURE FINISH DETAIL 6 | ANCHOR BOLT
BASE COST: HOT DIPPED GALVANIZING INSIDE AND OUTSIDE TO ASTM A123
PRIME COAT: HIGH BUILD EPOXY POWDER
TOP COAT: TGIC OR SUPER DURABLE POLYESTER POWER CP—0132 — 20
COLOR: SEMI-GLOSS BLACK

VALMONT SPEC:

F-540K

L

\\ LLUMINAIRE ARM LENGTH

POLE TYPE (01 DESIGNATES AASHTO YEAR)

CASTLE PINES POLE SERIES

CANCHOR BOLT

HOLE €HANDHOLES

ILUMINAIRE

ALL ANGLES MEASURED
CLOCKWISE FROM
HANDHOLE AS VIEWED
FROM SMALL END OF POLE

LUMINAIRE POLE

CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

RADIAL INDEX

6/15/2022

Issued:

Revised:

Standard Drawing No.

Sl.4




EXISTING MAST ARM DRILLED PIER SCHEDULE

LIGHT AND POLE ANCHORING TO
DRILLED PIER BY OTHERS. COORDINATE

EXISTING SHAET SHAFT LENGTH REINFORCING DESIGN SERVICE LOADS
DC DWG POLE MAST ARM | DIAMETER
SERIES/TYPE|  LENGTH (N) L LBR VERTICAL HORIZONTAL TIES|  AXIAL SHEAR TORSION MOMENT
(FT) (FT) (FT) 'S (LBS) (LBS) (FT/LB) (FT/LB)
CBoos4e |CP L2 &3] 0-60 42 14'-0 6'-0 19 #8 |#5 @ 6 1/4" 0C| 4,681 4,708 119,317 115,994
CP4&5 65-70 42 14'-6 6'-0 9 #8 |#5 @ 5 1/2" oc| 5,109 4,564 144,316 126,674
EXISTING SHAFT LENGTH REINFORCING DESIGN SERVICE LOADS
SHAFT
DC DWG POLE MAST ARM | DIAMETER
SERIES/TYPE|  LENGTH (N L LBR VERTICAL HORIZONTAL TIES|  AXIAL SHEAR TORSION MOMENT
(FT) (FT) (FT) 'S! (LBS) (LBS) (FT/LB) (FT/LB)
CP 101 20 - 40 36 14'-6 6'-0 (16) #8 #5 @ 8" OC 4,836 5,328 59,407 125,353
DB00798 CP 201 45 - 70 42 16'-0 7-0 (19) #8 #5 @ 6" 0C 6,555 5,585 128,708 162,241
CP 301 75 - 80 42 17'-0 7'-6 (23)#8 |#5 @ 4 3/4v 0oc| 7,981 5,960 169,316 212,572
THE GEOTECHNICAL REPORT PREPARED BY YEH AND ASSOCIATES,INC. 9. NO SPLICING OF VERTICAL REINFORCEMENT IS PERMITTED.
NUMBER 28-033, DATED MARCH 19 2008 PROVIDED CRITERIA FOR THE
FOUNDATION DESIGN FOR THE PROJECT. RE: DRILLED PIER TABLE FOR  10. CONCRETE MIX REQUIREMENTS:
SOIL INPUT DATA FOR L- PILE COMPUTER PROGRAM. - | = = =
— == o ale — n
7] e |22 D B EEZ |» s g %)
A. DRILLED PIER TABLE: 3 ot bt B85 |5 A2 5| gl 2
W o EOIrTERo |5 2 BN TJ8| T o552
MATERIAL c(PSF) | o yt | Ks | Eso |soiL TYpE| |& ] RS |F8=E25=5> 0502 =2 | L o2 (4L
= = I O e e A R A L
SOIL 0 28 1w | %0 | -- 1 & Z0 |BE2ES TG I3 ol | 2 |TE|CE
=) S) = ]
CLAY 750 0 100 | - [ oo 2 = o | G5 2 E &P |5 |°| 7| 8
N — ~ = @
BEDROCK 3000 0 120 | - |0.005 3
t|DRILLED PIERS| 3 | Nw | - [470 [ 1 | 7 | 6 [ 11 | (4 |HRwp

Y1 - TOTAL UNIT WEIGHT (PCF)

C - COHESION INTERCEPT (PSF)

@ - ANGLE OF INTERNAL FRICTION

Ks - INITIAL MODULES OF HORIZONTAL SUBGRADE REACTION
(PCI) - STATIC

SOIL TYPES:

A. SAND (REESE)
SOFT CLAY
STIFF CLAY W/O FREE WATER

GEOTECHNICAL ENGINEER SHALL BE PRESENT FULL TIME AT SITE

DURING PIER DRILLING FOR DRILLED PIER SHAFT OBSERVATION AND
INSPECTION.

TESTING AGENCY SHALL BE USED TO SAMPLE AND TEST CONCRETE

BEING PLACED ON SITE TO VERIFY CORRECT MIX, SLUMP AND DESIGN
STRENGTH.

CONCRETE.

DRILLING WITH NO CONSTRUCTION JOINTS.

PIER HOLES SHALL BE PROPERLY CLEANED PRIOR TO PLACEMENT OF

CONCRETE SHALL BE PLACED IN HOLE FULL HEIGHT SAME DAY AFTER

TREMIE METHOD OF CONCRETE PLACEMENT SHALL BE USED IF MORE

THAN 3" OF WATER IS PRESENT AT BOTTOM OF PIER.

DRILLED PIER LENGTH 'L'IS THE MINIMUM REQUIRED LENGTH AND

INCLUDES 2'-0 OF MATERIAL DISCOUNTED FOR DESIGN. IF SOIL
MATERIAL IS LOOSE FILL DEEPER THAN 2'-0, DRILLED PIER LENGTH

SHALL BE EXTENDED SAME AMOUNT OVER THE 2'-0, LENGTH IF BEDROCK

IS ENCOUNTERED MINIMUM LENGTH IN BEDROCK 'LDR'SHALL BE
PROVIDED.

DEFORMED.

REINFORCING STEEL SHALL CONFORM TO ASTM A615/A615M, GRADE 60

NOTES:

(1) FOR THE MAXIMUM COARSE AGGREGATE SIZE INDICATED, USE

FOLLOWING AGGREGATE SIZE NUMBERS PER ASTM C33:

3/4"

#67 AGGREGATE

" #57 AGGREGATE

THE

(2) TOTAL AIR CONTENT LIMITS INCLUDE BOTH ENTRAINED AND ENTRAPPED
AIR +/-11/2%.'N'IN COLUMN INDICATES ADDITION OF ENTRAINED AIR
IS NOT PERMITTED.

(3) ABBREVIATIONS FOR OTHER REQUIREMENTS AS FOLLOWS:

HRNP = HIGH RANGE WATER REDUCING ADMIXTURE SHALL NOT BE
USED TO OBTAIN HIGH SLUMP UNLESS DATA ARE SUBMITTED
DEMONSTRATION SLUMP IS NOT LOST UNTIL CONCRETE IS
OVER 90 MINUTES OLD.

(4) FOR DRILLED PIERS REQUIRED TO BE CASED PROVIDE CONCRETE MIX
WITH FLOWABILITY TO PREVENT ARCHING WHEN CASING IS PULLED.

ANCHOR BOLT SIZE, LENGTH OF
EMBEDMENT, PROJECTION AND LAYOUT
WITH POLE MANUFACTURER

!

USE SONOTUBE FOR

6" SIDEWALK OR
}  LEVELING CONCRETE

UPPER 3'-0 TO _
PREVENT MUSHROGOMING (/:' 2" CLR
C z

SEE CHAPTER 9 OF THE
CASTLE PINES ROADWAY
DESIGN AND CONSTRUCTION
STANDARDS FOR CONDUIT
SPECIFICATIONS.

(2) #5 TIES AT TOP
OF DRILLED PIER

VERTICAL BARS EQUALLY
SPACED PER TABLE |

'L' - MINIMUM_LENGTH
OF DRILLED PIER
'LBR - LENGTH OF DRILLED
PIER INTO BEDROCK IF
BEDROCK IS ENCOUNTERED

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

A

CITY OF

CASTLE PINES

MAST ARM POLE FOOTINGS

(20' THROUGH 80
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

IN DRILLING
<:>\__//
T <>
. CLR
1 TIES
HORIZONTAL BARS -
W/ SPACING 'S'PER TABLE |
\\
. ngn
'S'/2
28" LAP
(MIN.)
HORIZONTAL TIES
LIGHT POLE FOUNDATION  (NO SCALE) 1

6/15/2022

Issued:

Standard Drawing No.

Revised:
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I

AN 7*}===::\

CABLE RING-5/16"x2" LIGHT
DETAILS THIS SHEET

10—

MINIMUM 3" GALVANIZED 2!

PULL BOX & CONDUIT- INSTALL IF NEEDED
FOR DETECTOR LEADS OR SERVICE
i INSTALLATION, OR IF DIRECTED BY ENGINEER

SEE DETAIL "B"

] ] SEE DETAIL "D“—\I__8' MIN-—-I

/ WEATHERHEAD
SPAN WIRE SHALL BE STRUNG

SO THAT A THREE PERCENT

=

SAG EXISTS AFTER SIGNAL

HEADS ARE INSTALLED. 10k

ALL SIGNAL HEADS AND
SIGNS SHALL BE TETHERED
WITH 1/4" CABLE

T 17' MIN.

3! MIN.
FROM FACE
{ OF CURB

SEE DETAIL "A"
HEIGHT
VARIES
19' MAX.

5'MIN. FROM EDGE

N INCREASE TO 13'IF

% LUMINAIRE INCLUDED
BOTTOM OF ALL SIGNAL
HEADS SHALL BE ON THE

CONCRETE
CLASS B

POLE 2'DIRT BACKBILL, COMPLETED AFTER

ELECTRICAL INSPECTION

UNDERGROUND STRAPPING,
ATTACHED TO POLE

%k STUB 3" DIAMETER CONDUIT FROM FULL
BOX, INTO POLE

\5/8“x12" COPPERWELD GROUND
ROD PUT IN PULL BOX, IF
PRESENT

SAME PLANE.

HANDHOLE
e
1

1-6"

OF PAVEMENT IF

SEE DETAIL "C"

NO CURBING
BREAK-AWAY TETHER BREAK-AWAY ADJUSTABLE BREAK-AWAY
ASSEMBLY, 1 1/2" PIPE ASSEMBLY ASSEMBLY
STEEL TETHER i ;
PLATE
STEEL ‘-’
SRatEEL SINGLE HOLE ](
TETHER PLATE s POLE CAP
SINGLE HOLE s|| VARIES
TETHER PLATE :
2 } 5/8" THIMBLE EYE BOLT
DETAIL "A" 6" MIN. SHORT BAIL STRAND VICE
TETHERING OPTIONS
12II
CABLE RING ¥fg"x2"
12v MAX LIGHT GALVANIZED ZINC
WHERE BACKPLATES ARE REQUIRED, JAM NUT AND 9" DRIP LOOP
SPAN WIRE THE SIGNAL PANEL IS TO BE LOWERED 5/8" WASHER ~_J
HANGER SO THAT THE BACKPLATE IS 1" (MIN.) TETHER CABLE
BELOW MESSENGER CABLE.
2" NIPPLE AND
WEATHERHEAD (3" ON
9" DRIP LOOP POLE NEAREST
CONTROLLER CABINET)
DETAIL '"D"

TYPICAL SPAN WIRE MOUNTING

DETAIL '"B"
TYPICAL CABLE AND TETHER INSTALLATION

TEMPORARY SPAN WIRE POLE DETAIL

CRUSHED ROCK
(3" MIN. DEPTH)

30"

DETAIL "C"

TYPICAL TRAFFIC SIGNAL
SPAN WIRE POLE FOOTING
(CAST IN PLACE)

GENERAL NOTES

L.

(FOR SPECIAL USE, WITH PRIOR APPROVAL OF THE CITY ONLY)

SPAN WIRE POLE SHALL BE FINISHED PER THE CITY OF CASTLE PINES'
PAINT SPECIFICATION OR APPROVED EQUAL.

DESIGN CRITERIA SHALL MEET LATEST AASHTO EDITION OF "STANDARD
SPECIFICATIONS FOR STRUCTURAL SUPPORTS FOR HIGHWAY SIGNS,
LUMINAIRES AND TRAFFIC SIGNALS," FOR A WIND VELOCITY OF 90
MPH.

SPAN WIRE POLES SHALL BE FABRICATED OF STEEL WITH A MINIMUM
YIELD STRENGTH OF 35 KSI. AND A MINIMUM WEIGHT PER LINEAR
FOOT AS FOLLOWS: 40.4 POUNDS FOR 10 INCH DIAMETER POLES AND
49.5 POUNDS FOR 12 INCH DIAMETER POLES. POLES SHALL BE
INSTALLED SO THAT THEY WILL BE PLUMB WHEN DEFLECTED BY THE
INSTALLED LOAD. SPAN WIRE CABLE SHALL BE A MINIMUM OF 3/8 INCH
DIAMETER, RATED AT A MINIMUM OF 13,000 POUNDS.

SPAN WIRE SIGNAL HEADS SHALL HAVE ONE POWER FEED WIRE IN AND
OUT PER HEAD. CONNECTIONS SHALL BE MADE ONLY ON THE SIGNAL
HEAD TERMINALS, WITH NO EXTERNAL SPLICES.

ALL SIGNAL INDICATIONS SHALL BE WIRED INDEPENDENTLY AND
TERMINATED IN THE HANDHOLE WITH NO EXTERNAL SPLICES.

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

CITY OF

CASTLE PINES

TEMPORARY SPAN WIRE POLE

CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022

Issued:

Revised:

Standard Drawing No.
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DETAIL 1—
— J
ALUMINUM POLE (BLACK)\

FOR THIS INFORMATION

SEE TABLE

MEMBER SIZES
MATERIAL DATA

1
2

SEE
POLE

PED
DATA

0.04" THK. ALUMINUM

0.50" [ WEDGE CAP

"C" HOOK FOR WIRING AND A
HANDLING-0.38" DIA. COMMERCIAL 4.75"
GRADE HOT ROLLED BAR |
1.00" MIN.
DETAIL 1 | POLE TOP

PELCO COLLAR
PB-5325(BLACK)

DETAIL 2

DETAIL 3 L

17'-0"

DETAILS THIS SHEET

.

CP POLE SERIES

INTERNAL PIPE THREADS

HEX HEAD SCREW

DOOR OPENING— 15"

12"-14.5" BOLT CIRCLE

13 3/4"
SQUARE

PELCO BASE (BLACK)

B

APPROVED BY THE CITY OF CASTLE PINES

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

STRUCTURE FINISH

BLACK (PELOC SPECIFICATION 3099)

DETAIL 2 | PELCO BASE
TABLE 1: POLE SCHEDULE W)
DESIGNATION POLE DATA ANCHOR BOLT DATA ? nge
BASE | TOP DIA. | LENGTH | Hook |THREAD (4) ANCHOR BILTS WITH
POLE [POLE [ T | pra | LENGTH | THICK BASE v g i [LENGTH (1) HEX NUT AND (1) WASHER f .
SERIES| TYPE (IN5 (INj (FT) (IN) TYPE (IN) (IN) (IN) nge PER BOLT WITH THREADED J
(IN) END GALVANIZED AT LEAST 12".
PELCO| AL 4.50 4.50 15.83 0.337 PELCO 0.75 18 3 7 _
g .
TABLE 2: MATERIAL DATA DETAIL 3 | ANCHOR BOLT
VIN.
COMPONENT DESIGNATION YIELD
(KSD
4" NOMINAL ALUM. SCH 80 PIPE |ASTM B249 (BLACK) 35
ALUM. PELCO BASE PB-5334(BLACK)
ANCHOR BOLTS AASHTO M314 GR.55 55

PEDESTRIAN POLE

CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022

Issued:

Revised:

SL.7

Standard Drawing No.




Watch For
Vehicles

Sprrm.  DONT START
< Finish_Crossing
If Started

START CROSSING

NG\

II TIME REMAINING
mex. 10 Finish Crossing
STEADY

I”_’] DONT CROSS

TO CROSS
—
PUSH BUTTON

\—/ R10-3e L OR R

POLARA iN23TNLY (9"x15")
STANDARD PEDESTRIAN STATION

WHEN MOUNTING (2) PEDESTRIAN PUSH BUTTON ASSEMBLIES ON A 4.5" 0.D.
PEDESTRIAN POLE, APPROVED STAND-OFF MOUNTING BRACKETS (POLARA
iNPBF2S-4.58 OR EQUIVALENT) SHALL BE USED TO ACCOMMODATE THE 9'x15"
PEDESTRIAN SIGNAGE

TYPICAL PEDESTRIAN PUSH-BUTTON

STATION AND SIGN
SIGNS SHALL BE MOUNTED SQUARE TO POLE.

POST CAP
[ 30 e

PEDESTRIAN PUSH
BUTTON AND SION
VARIABLE TO MEET
PUSH BUTTON
MOUNTING HEIGHT ~
™\ THREADED POLE
SCREWS INTO
PELCO CULLAR\ / ALUMINUM BASE  42n
PELCO SQUARE
48" (MIN.) w
T —- ALUMINUM BASE.

PEDESTRIAN PUSH BUTTON POLE
SHALL BE ALUMINUM (BLACK) ON PELCO BASE (BLACK)

FINISH REQUIREMENTS

ALL PEDESTRIAN PUSH BUTTON AND PEDESTAL
POLES SHALL BE FACTORY FINISHED (BLACK)

CLAMSHELL MOUNT

WITH BAND-IT
ATTACHMENT TO PDLE\

[Hid

ljizsts

4" NOMINAL SCHEDULE 80
(4 1/2"+ 0.D.) ALUM. POLE

WITH A MINIMUM YIELD
STRENGTH OF 35,000 PSI,\
BLACK IN COLOR 17

PEDESTRIAN PUSH
BUTTON AND SIGN

THREADED POLE
SCREWS INTO
PELCO COLLAR ALUMINUM BASE

42"

S;é PELCO SQUARE

4"x8" (MIN.) ALUMINUM BASE.

HANDHOLE —

TYPICAL PEDESTRIAN POLE DETAIL
1/4" SPLIT PIN SHALL BE INSTALLED IN THE UPPER PORTION
OF THE ALUMINUM BASE AND SHALL COMPLETELY PENETRATE
BASE AND POLE TO SECURE POLE TO PREVENT MOVEMENT OR
TWISTING. PELCO COLLAR TO BE INSTALLED.

SHALL BE ALUMINUM (BLACK) ON PELCO BASE (BLACK)

FOOTING NOTES

©
@

® ®

HEX

2-#4 STIRRUPS

AT 6"+ ARDUND e 1
ANCHOR BDLTS\: 3ER

18" RADIUS——_}'"7

1-2" CONDUIT

1-3" CONDUIT

(30" MIN. DEPTH UNDER
FINISHED GRADE)

8-#4 VERTICAL BARS

CLASS B
CONCRETE

12I|

OVERLAP™

ANCHOR BOLTS (FURNISHED WITH POLE) PER
MANUFACTURER'S TEMPLATE.

THESE DESIGN REQUIRE THAT THE FOOTING BE FOUNDED
IN COMPACT SAND. CLAY OR SANDY CLAY, AND BE
LOCATED ABOVE THE WATER TABLE.IF, BY VISUAL
INSPECTION OF THE HOLE OTHER MATERIAL IS PRESENT,
THE FOUNDATION DESIGN MAY NEED TO BE MODIFIED.

5/8"x8' COPPERWELD GROUND ROD THROUGH GROUND, OR
DRIVEN IN ADJACENT PULL BOX AND BONDED TO POLE
WITH UNDERGROUND STRAPPING.

HANDHOLE SHALL BE PROVIDED.
3" MINIMUM CONDUIT HEIGHT ABOVE FOUNDATION.

4" MIN. NON-SHRINKABLE GROUT
5 OVER ROUGH FOUNDATION

UNDERGROUND
NUTS STRAPPING, ATTACH
7" T0 POLE

P g _

7_#3 4|_0u®
HOOPS
AT 6"%

N,

‘_ll_sll_..

MIN.

[~~~ GROUNDING
ROD

MIN.
11/2" MIN.
CLEARANCE

TYPICAL PEDESTRIAN POLE FOOTING

(CAST IN PLACE)

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

CITY OF

CASTLE PINES

PEDESTRIAN PUSH BUTTON POLE

PEDESTAL POLE
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022

Issued:

Revised:

Standard Drawing No.

SI.8




SIGNAL POLE

3/4" BANDING STRAP\

MOUNTING HARDWARE AS
/PRDVIDED BY CABINET SUPPLIER

-

AV

330 CABINET

LB CONDULET

7' MAX.

AW AN

TYPICAL SIDE-OF-POLE MOUNTED

e |

CONTROLLER CABINET
(FOR SPECIAL USE, WITH PRIOR APPROVAL OF THE CITY ONLY)

ANTI GRAFFITI COATING

VENT WITH FILTER

CONNECT GROUND ROD TO

ANCHOR BOLT/CABINET
AIR TIGHT SEAL

o3

b

CLASS B CONCRETE
18" R

5/8"x8" COPPERWELD
GROUND ROD

F—VARIES —=

30" MIN.

f~__ —
e

DOOR SIDE

CHAMFER ALL EDGES
\.

3

Tk

RAISED CONCRETE PADJ L
VARIES

IN UNPAVED AREAS

W

VENT

BASE MOUNTED CONTROLLER CABINET
INSTALLATION AND CONCRETE FOUNDATION

(FOR SPECIAL USE, WITH PRIOR APPROVAL OF THE CITY ONLY)

=—]
°00

66.8" )
67.2" 1

24,20

48.5"
FRONT

l-—30.3—]

32.8"

37.4"

SIDE

POLYMER CONCRETE ELECTRICAL
EQUIPMENT PAD

5 3/16"

CABINET TYPE | W | 0 | H

3320 [ 49" | 30" | 67"

/— %1.0x2.0

d

21.0"  25.0"

30.

3u

39.3"

48.5"

00
(2]
m

39 1/2"

23 11/16"

J_ 1

50"

3"

! 23 11/16"

5 3/16"—=—4+— —++—5 3/16"
— — \

6 1/2"

5/8"x8" COPPERWELD
GROUND ROD

T

PORCH STYLE
BASE

3" GRAVEL BASE W/ 3/4"
CRUSHED AGGREGATE

TYPICAL BASE MOUNTED CONTROLLER CABINET INSTALLATION

NOTE: FIBERGLASS BASE MAY BE SUBSTITUTED ONLY IF DIRECTED BY ENGINEER

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

CITY OF

CASTLE PINES

CONTROLLER CABINET

INSTALLATION
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022

Issued:

Revised:
Standard Drawing No.

SL.9




INSERT PLUS

HIGH STRENGTH STEEL

SIGNAL BRACKET ARM CABLE OR STRAP

N CLAMP STRAPS

—
{ s >
{ 8 | SET SCREWS OR LOCKING
. ' T BOLTS REQUIRED FOR TOP
Pras AND BOTTOM ARMS
<

DETAIL OF MAST ARM MOUNTING
FOR IN-LINE SIGNAL HEAD

(3-SECTION, 4-SECTION OR 5-SECTION)

-

e

WIRING—"" |

INSPECTION PLATE
WIRING DIAGRAM

FE=—=—

M

:Q
\3/4“ STAINLESS

STEEL STRAPS

—

N
\O\—PDLE PLATE

TYPICAL SIDE OF POLE
SIGNAL MOUNTING

CLAMPS WITH SET
SCREWS AND STEEL

MAST ARM SCREWS AND STEEL

ROTATABLE COUPLING

INSERT PLUS

ROTATABLE
COUPLING

CLAMPS WITH SET
CLAMP STRAPS

-
.
e
.

iizele

COUNTDOWN

NOTES

1. ALL VEHICLE SIGNAL HEADS SHALL BE POLYCARBONATE AND
BLACK IN COLOR WITH 12" SECTIONS AND TUNNEL VISORS.
ALL SIGNAL FACES SHALL BE LED.

2. AL OVERHEAD SIGNAL HEADS SHALL HAVE LOUVERED
BACKPLATES WITH A 2" DIAMOND GRADE FLUORESCENT
YELLOW RETROREFLECTIVE BORDER.

3. ALL PEDESTRIAN HEADS SHALL BE POLYCARBONATE AND
BLACK IN COLOR. PEDESTRIAN SIGNAL FACES SHALL BE LED.

4. SIDE OF POLE MOUNT SHALL BE 90°MOUNT.NO "T"S ALLOWED.
SEE "TYPICAL SIDE OF POLE SIGNAL MOUNTING" DRAWING.

MAST ARM/

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

HIGH STRENGTH STEEL
CABLE OR STRAP

SET SCREWS OR LOCKING
BOLTS REQUIRED FOR TOP
AND BOTTOM ARMS

RRE
QR

QR
@

S~

©

P

DETAIL OF MAST ARM MOUNTING
FOR DOGHOUSE SIGNAL HEAD
(5-SECTION)

MOUNTING NOTES

1. PIPE COUPLINGS FOR SIGNAL BRACKETS SHALL BE EITHER 1-1/2 OR 2 INCH
DEPENDING UPON THE SIGNAL HEAD TO BE INSTALLED. SIGNAL BRACKETS SHALL
BE FURNISHED BY THE MANUFACTURER OF THE SIGNAL HEADS.

2. UNLESS OTHERWISE SPECIFIED, ALL TRAFFIC SIGNALS MOUNTED ABOVE THE
ROADWAY SHALL BE APPROXIMATELY LEVEL WITH ONE ANOTHER AND HAVE A
HEIGHT OF 17'TO 19' ABOVE THE PAVEMENT GRADE AT THE ROADWAY CENTER, ALL
SIDE-OF-POLE MOUNTED TRAFFIC SIGNALS SHALL HAVE A HEIGHT OF 10' ABOVE
GROUND LINE AND PEDESTRIAN SIGNALS SHALL HAVE A HEIGHT OF 8'ABOVE
GROUND LINE AS MEASURED TO THE BOTTOM OF THE SIGNAL HEAD HOUSING OF
BRACKET.

3. MAST ARM MOUNTED SIGNAL HEADS SHALL USE ASTRO-TYPE MOUNTING BRACKETS.
ALL SIGNAL HEADS SHALL BE MOUNTED IN SUCH A MANNER AS TO BE EASILY
REMOVED FROM THEIR SUPPORTING STRUCTURE.

4. GASKET SEALING COMPOUND SHALL BE USED IN ADDITION TO ANY LEAD WASHERS
REQUIRED FOR CREATING A WATER-TIGHT CONNECTION BETWEEN THE SIGNAL HEAD
AND MOUNTING BRACKET.

5. SIGNAL HEADS SHALL BE SECURELY AFFIXED BY USE OF A SERRATED COUPLING
OF OTHER ACCESSORIES RECOMMENDED BY THE SIGNAL MANUFACTURER.

6. WIRING FROM INSIDE MAST ARM THROUGH A 1" FIELD DRILLED HOLE IN ARM
SHALL BE BROUGHT THROUGH THE MOUNTING SUPPORT TUBE AND LOWER ARM (AS
SHOWN). FIELD DRILLED HOLES SHALL HAVE RUBBER GROMMETS INSTALLED.

SIGNAL HEAD MOUNTING
SHALL BE ALUMINUM (BLACK) ON PELCO BASE (BLACK)

3

TYPICAL PEDESTRIAN AND VEHICLE SIGNAL HEADS

GENERAL WIRING NOTES

I TRAFFIC SIGNAL CONDUIT SHALL NOT CARRY WIRING OF OTHER
UTILITIES.

2. AL SPLICES SHALL BE IN HANDHOLES AT POLE BASES AND NOT IN
PULL BOXES.

3. PEDESTRIAN AND VEHICLE SIGNAL HEADS SHALL BE INDIVIDUALLY
WIRED FROM THE POLE BASE TO THE SIGNAL HEAD.

4. CONTRACTOR SHALL PROVIDE TWO WIRING DIAGRAMS OF THE
SIGNAL INSTALLATION TO THE CITY.

5. UNLESS ALLOWED BY THE ENGINEER, WIRE SHALL NOT OCCUPY
MORE THAN 407% OF THE INSIDE AREA OF CONDUIT.

CITY OF

CASTLE PINES

SIGNAL HEADS AND MOUNTING
GENERAL WIRING NOTES

CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022

Issued:

Standard Drawing No.

Revised:
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. BOX "
3/8"-16NC_HEX 12
COVER BOLT W/ WASHER
31N,
f SLOPED
18" RADIUS CONDUIT
c CRUSHED ROCK

WO BOXES

R RogrRATONS BrL

SKID RESISTANT
URFACE

K GENERAL NOTES

1 PAVEMENT HOLE FOR PULL BOX SHALL BE
SAWCUT TO FULL DEPTH, IN A RECTANGLE
THAT EXTENDS 6" BEYOND THE EXPANSE OF
-J THE PULL BOX.

TABLE OF DIMENSIONS (MINIMUMS)

DIMENSIONS (IN.

TYPE|  DESCRIPTION T OMENSIONS (N —

s LARGE 17x30x12 30 1/217 172 2 [s2 17419 1/4| 12 (26 172[13 172

F LARGE/DEEP 17x30x18 30 1/2|17 172| 2 |32 14|18 174] 18 |26 1/2[15 172

F2 L‘?‘M" 30 1/2|17 172| 2 |32 14|18 174 24 (26 1/2[13 172

I MEDIUM 13x24x12 23 1/4[13 3/4] 2 25 [15 172 12 [19 1740 374

m [SMALL ‘é:gg;;f‘["s"zgﬁgg°“ 12 7/8[12 7/8( 5/8 | 14 14 |12 3/4|10 1/2|10 1/2[ 1 12
VAT | pop Hou:'mnﬁ‘nhr'lgzn SPUCE |47 s/8[30 1/8| 3[40 5/8(32 1/8] 18 |45 5/8|28 1/8

PERMANENT (PRECAST) PULL BOX

(FOR USE WITH ALL OPERATIONAL SIGNALS)

FIBERGLASS REINFORCED POLYMER CONCRETE DESIGNED FOR
SERVICE LOAD (MINIMUM) OF 22,500 LBS. OVER A 10" SQUARE

2" CONDUIT FOR SIGNAL
LOW VOLTAGE CABLES

CONDUIT TO EXTEND A MINIMUM OF 3"
/—ABOVE CRUSHED ROCK AND SHALL BE

PULL BOX COVER—\

A MINIMUM OF 3" BELOW THE COVER

2" CONDUIT FOR__+
LUMINAIRE CABLE

2-3" CONDUIT FOR SIGNAL
HIGH VOLTAGE CABLES

BASE OF PULL BOX

18" MIN.
NATIVE SOIL

BOTTOM OF CONDUIT RUN
CRUSHED ROCK

TYPICAL PULL BOX

L
L

TRACER WIRE LUG

Bl AL,
FIBER COIL NOT TO EXCEED
MANUFACTURER RECOMMENDED
BEND RADIUS

24" DEPTH

2" CONDUIT 1" CONDUIT

IYPICAL FIBER PULLBOX

COVER-COLORED OR
PAINTED ORANGE

(D 3" MN. ABOVE
CRUSHED ROCK

PROVIDED METAL CAPS (2) 4" cRUSHED ROCK

ON ALL CONDUIT, TO
FACILITATE FUTURE
LOCATING

CONDUIT (TYPICAL)
PULL BOX MEASUREMENTS (MINIMUM)

A B [ D E F

17| 117 127 | 12" | 13" | 127 | 127

TEMPORARY (PLASTIC) PULL BOX DETAIL
(FOR USE WHEN APPROVED BY THE CITY
FOR SPECIAL INSTALLATIONS)

APPROVED BY THE CITY OF CASTLE PINES

Larry Nimmo

Director of Public Works

DATE

CITY OF

CASTLE PINES

PERMANENT (PRECAST) PULL BOX

TEMPORARY (PLASTIC) PULL BOX
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

Issued: __6/15/2022
Revised: __9/9/2025

Standard Drawing No.

SI.11




— B
GENERAL NOTES

1. PULL BOX (SPECIAL) SHALL BE A WATER VALVE STEM TYPE PULL BOX MADE OF
CAST IRON OR STEEL. THE PULL BOX SHALL HAVE CAPABILITY OF ACCEPTING
RISER RINGS FOR FUTURE OVERLAYS. THE LID SHALL HAVE THE WORD "TRAFFIC"

7 PRINTED ON IT.

SEE NOTE NO. 2 /SAWCUT FROM LOOP

2. PULL BOXES SHALL HAVE 3/4" TO 1" DIAMETER HOLES DRILLED OR TORCHED 3"
. FROM TOP TO ACCEPT A 4" TO 6" RUBBER TUBE (3/4" GARDEN HOSE). THE

APPROVED BY THE CITY OF CASTLE PINES

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

T [ ~ TrRENCH NUMBER OF HOLES SHALL BE AS PER PLANS OR AS DIRECTED BY THE ENGINEER.
12"€
‘ ———g——=F= f 1l ‘ 3. CARE SHALL BE TAKEN DURING BACKFULL COMPACTION PREVENT COLLAPSE OF
T THE TUBES.
A , A
_____ o 4. 2'MINIMUM SLACK OF LOOP WIRES IS TO BE PROVIDED SO THAT ALL TESTING
CONDUIT PATCH AREA CAN BE DONE OUTSIDE OF THE PULL BOX.SPLICE DETECTOR LEADS IN
SIDE-OF-ROAD PULL BOX,NOT IN PULL BOX SPECIAL.
(SEE NOTE 6)
5. PULL BOX IS TO BE LOCATED IN AN AREA OF THE STREET NOT HEAVILY
PULL BOX (SPECIAL) ROADWAY TRAVELED. FOR EDGE-OF-ROAD LOCATIONS, MAINTAIN A MINIMUM OF 12" FROM
(EXISTING) CONCRETE GUTTER PAN.
6. PAVEMENT HOLE FOR PULL BOX SHALL BE EITHER CORE DRILLED TO FULL DEPTH,
OR SAW CUT TO FULL DEPTH IN 12"x12" SQUARE WITH NO OVERLAPPING CUTS.
FOR CORE DRILLING AND SAWCUT, GROUT PULL BOX IN PLACE.
TOP VIEW
4t
LID
L /. /.|
11V
LID TOP RECESSED
1/4" 70 1/2"
4" 70 6" RUBBER TUBE PATCH (SEE NOTE 6)
SAWCUT PATCH (SEE NOTE 6) PATCH (SEE NOTE 6) 8 1/2"+
”l - DETECTOR WIRE IN
PAVEMENT CUT
<~ © A 4
o) 1° O * O - 0O LZ% b
Co e < EXISTING ° SAWCUT ] _ PULL BOX (SPECIAL)
a - >| EXISTING s o PAIRENT el v, O 5 ] ) : \
o) 15| PAVEMENT 134 = 3lels v o_% 1 AR Tl S MR S = =]
- o - - X ‘ ‘
... A e o
Av4 2. S Q 7 o o e |2.5 OO S O a0
. OARS SIDE-OF-ROAD PULL
30° MIN - ) // BOX - SPLICE LOOP
. N\ 1 _ A Vs / AND LEAD-IN HERE
1" MIN. CLEARANCE VETHIN 5% G BT Tow
N4 CONDUIT
CONDUIT TO SIDE UNDIS
WATERTIGHT SPLICES / TURBED BASE SWEEPING "L", MIN. 12"
AND CONDUIT SEAL RADIUS
< Q 18" RADIUS
/e et SHALL BE A
™ ' COMPLETE 90°, OTHER CONDUITS BACKFILL WITH 60-120
o 4 ~ IN SAME TRENCH PSI CLSM CONCRETE
e LOOP DETECTOR LEAD-IN
L 78T T 77T 7T 77 T /T
NN NN NSNS
6"+
SECTION A-A SECTION B-B

PULL BOX (SPECIAL)

AL)
AD-IN

i

LOOP DETECTOR L
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

PULL BOX (SPE

6/15/2022
SI1.12

Issued:
Standard Drawing No.

Revised:




LEAVE ADEQUATE LEAD-IN SLACK TO
REACH IN-STREET PULL BOX, BUT
SPLICE IN OFF-ROAD PULL BOX

SIZE OF NO.OF
LOOP  TURNS
IN-STREET
6'x6' 4
PULL BOX IN-STREET
PULL BOX 3x3 4
ROUNDED OR LOOP_TURNS
DRILLED 1 1/2"
CORNER HOLE
A A A A NO. OF TURNS MAY BE
t 1 ADJUSTED BY ENGINEER IN
FIELD. WIRING CONNECTIONS
TO BE FIELD DETERMINED.
TYPICAL 6'x6' TYPICAL 3'x3'
LOGP LOOP

N\

LEAVE ADEQUATE LEAD-IN SLACK TO
REACH IN-STREET PULL BOX, BUT
SPLICE IN OFF-ROAD PULL BOX

6'x40' QUADRAPOLE WIRING

IN-STREET PULL BOX

ROUNDED OR
/’DRILLED 11/2"
FLEXIBLE DETECTOR
LOOP SEALANT (NO e
USER MIXING), FLUSH \ .
WITH SURFACE (HOT 3/8" A A 6
SEALANT NOT ALLOWED) T
‘ 4 7
% 1" MIN,
LOOP OR LEAD-IN WIRE—F
o 40—

TYPICAL 6'x40'

SECTION A-A UADRAPOLE LOOP

WHERE SAWCUT SPANS
CONCRETE AND ASPHALT,

CONTRACTOR SHALL DRILL

LOOP SAW CUT AND INSTALLATION 11/2" HOLES

NOTES

L. ALL DETECTOR LOOP WIRE SHALL MEET IMSA SPECIFICATION 51.5, ENCASED IN
PVC OR POLYETHYLENE TUBING.

2. IMMEDIATELY BEFORE LAYING THE LOOP CABLE, THOROUGHLY CLEAN WITH WATER
AND DRY SAW CUT WITH HIGH PRESSURE OIL-FREE COMPRESSED AIR.

3. LOOP WIRE IN ADJACENT LOOPS SHALL BE LAID UNIFORMLY IN EITHER A
CLOCKWISE OR COUNTER-CLOCKWISE DIRECTION AND THE LOOP TAGGED TO
INDICATE THE DIRECTION.

4. USE A BLUNT,NON-METALLIC INSTRUMENT TO PUSH WIRE INTO SLOT.DO NOT COIL
LEADS.

5. LOOP WIRE SHALL BE CONTINUOUS (NO SPLICES) FOR THE PULL BOX.SPLICES IN
PULL BOX SHALL BE WATERPROOFED WITH SPLICE KIT.

6. CONTINUITY TEST FOR EACH LOOP SHALL BE CONDUCTED 1) BEFORE ANY LOOP
SEALER IS INSTALLED AND 2) AFTER LOOP SEALER IS INSTALLED AND LEAD-IN
CABLE IS SPLICED AND TRAINED TO THE CONTROLLER. "RESISTANCE-TO-GROUND"
AND "INDUCTANCE" SHALL BE MEASURED AND RECORDED OFR EACH TEST.

7. DETECTOR WIRE ACROSS BRIDGE JOINTS SHALL BE ENCASED IN A 122" SECTION
OF 3/4" PVC PIPE THAT SPANS THE JOINT AREA.

NOTES

LANE LINE
N\

DETECTOR UNIT IN 2 1/4"x 4

1/2" &) DRILLED HOLE, SEALED AS

PER LOOP SAW CUT

PULL BOX

/
(SPECIAL) /

A

CENTER
MICRO LOOP
IN LANES

MICRO LOOP DETECTOR

STOP LINE LOOP
DETECTOR

N

SEALED AS PER
LOOP SAW CUT

6" MAX.——4—
| 4| /—EXISTING PAVEMENT
1I|
30" MIN. D@
N
\60-120 PSI CLSM
CONCRETE
QQ
CONDUIT

CONDUIT TRENCH DETAIL-

WITHOUT PAVEMENT FABRIC

@ HOT BITUMINOUS PAVEMENT (PATCHING) OR PORTLAND CEMENT
CONCRETE PATCH, FULL DEPTH PLUS 1" (4" MIN.). MATCH EXISTING

PAVEMENT TYPE.

@ FOR ASPHALT PATCH, 48 HOUR NOTICE TO THE ENGINEER
REQUIRED PRIOR TO INSPECTION.

SAWCUTS TO MICRO
LOOP DETECTORS,

EDGE OF SHOULDER

PULL BOX

OR SIDEWALK\

18" RADIUS—/

\—18" RADIUS

CONDUIT COUPLING CONDUIT

CONDUIT PLACEMENT UNDER PAVEMENT

10' LENGTHS,(2)

OR SIDEWALK

NOTES
(L) vinmum UNDER UNDER
CONDUIT PAVEMENT SIDEWALK
DEPTH: 30" 24"

@ ALL PVC CONDUIT SHALL BE SCHEDULE 80.

/N

rs" MAX.
|

TOP ASPHALT LIFT

EXISTING FABRIC— =

REPLACEMENT
FABRIC-
PHILLIPS
"PETROMAT"
OR APPROVED
EQUIVALENT

pP077775

Sihe
{

(01

CONDUIT (MIN. 30" BELOW
PAVEMENT SURFACE)

[T EXISTING ASPHALT

MAINTAIN EXISTING

.@ &® FABRIC INTEGRITY

\60—120 PST CLSM

CONCRETE

CONDUIT TRENCH DETAIL-

WITH PAVEMENT FABRIC

APPROVED BY THE CITY OF CASTLE PINES
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METER PEDESTAL DISCONNECT
/’ SEE NOTE 5

O

-

POWER SOURCE

T~

’5
Fr.
(444)( )

2" CONDUIT WITH LUMINAIRE POWER
CIRCUIT -#8 AWG OR LARGER,
DEPENDING ON VOLTAGE DROP

NOTES

1.

FINAL LUMINAIRE WIRING TO BE COMPLETED BY UTILITY COMPANY OR AS
SPECIFIED IN PLANS. CONTRACTOR SHALL PROVIDE LUMINAIRE WIRING, LEAVING 3'
OF COILED WIRE AT LUMINAIRE ARM END.

CONTRACTOR TO PROVIDE ALL WIRING UP TO POWER SOURCE. UTILITY COMPANY
RESPONSIBLE FOR FINAL HOOK-UP AT POWER SOURCE.

INDIVIDUAL CIRCUIT WIRING SHALL BE TAGGED PER STANDARD SPECIFICATIONS.

IF POWER DOES NOT FEED DIRECTLY INTO CONTROLLER PULL BOX, PROVIDE A
SEPARATE 2" CONDUIT FOR POWER SOURCE, THROUGH INTERMEDIATE PULL BOXES,
TO CONTROLLER PULL BOX.

MATER PEDESTAL/DISCONNECT NO FURTHER THAN 75 FT.FROM
VAULT/CABINET/HOMERUN PULLBOX.

WHERE REQUIRED BY UTILITY COMPANY, CONTRACTOR SHALL BE RESPONSIBLE FOR
OBTAINING PERMIT AND INSPECTION FROM THE CITY OF CASTLE PINES.

CONTRACTOR SHALL STRICTLY ADHERE TO THE CITY OF CASTLE PINES
ELECTRICAL INSPECTION REQUIREMENTS. CONTACT THE CITY OF CASTLE PINES
BUILDING DEPARTMENT FOR FURTHER INFORMATION.

2" CONDUIT WITH TRAFFIC SIGNAL
PWER CIRCUIT- #6 AWG OR LARGER,
DEPENDING ON VOLTAGE DROP.
PROVIDE: 1- BLACK (HOT) WIRE
1-WHITE (NEUTRAL) WIRE

DUUR/

| _——CONTROLLER CABINET

/30x48 VAULT

SIGNAL POLE

UNDERGROUND POWER SOURCE SCHEMATIC
EOR SIGNALS

(ND SCALE)

6" MAX.
N
yxx\_?z\\% %//ﬁ\\/x\
4oOR
30" NORMAL
6" SAND

™

UNDER GRA ROUN
TRENCHING DETAIL

NOTES

(1) BACKFILL AND TAMP WITH NATIVE
MATERIAL TO MATCH COMPACTION OF
SURROUNDING GROUND.

(2) RESEED OR RESOD SURFACE AT
DIRECTION OF THE ENGINEER.

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

CITY OF

CASTLE PINES

UNDERGROUND POWER
SCHEMATIC-SIGNALS / GROUND

TRENCHING
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022

Issued:

Revised:

Standard Drawing No.
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GALVANIZED STEEL

WEATHERHEAD
6'0F WIRE COILED AT
(’E/RISER WEATHERHEAD

O

11/2" (MIN.) GRC

/ CONDUIT RISER

18' MIN.

CONTROLLER OR SIGNAL

POLE PULL BDX\

nln | s(:) (:)

T I T T\

‘ | “\-18" RADIUS ‘
f

10'x5/8" CDPPERWELD/II

GROUND ROD

o

WITH WO0D UTILITY POLE

=
[e=]
—

ES

® ® O

PROVIDE TYPE III PULL BOX/GROUND ROD AND 2" PVC CONDUIT
ONLY IF D EXCEEDS 10"

PROVIDE 2" GRC CONDUIT WITHOUT PULL BOX/GROUND ROD IF D
IS LESS THAN 10

MINIMUM CONDUIT DEPTHS:

UNDER GROUND
AND PAVEMENT

CONTRACTOR SHALL BE RESPONSIBLE FOR OBTAINING A PERMIT

AND SCHEDULING ELECTRICAL INSPECTION FROM THE CITY OF
CASTLE PINES BUILDING DEPARTMENT.

POLE HANDHDLE\

[ T———NON-W0OD UTILITY POLE

LEAVE EXTRA LENGTH OF WIRE COILED
IN 1) PULL BOX, OR 2) POLE BASE IF
NO PULL BOX.EXTRA LENGTH TO BE
DETERMINED BY ENGINEER

CONTROLLER OR
[SIGNAL POLE PULL BOX

Mrﬁm

0.0 Sl
) k:
II 18" RADIUS 18" RADIUS
|
| 10'x5/8" COPPERWELD
| GROUND ROD

WITH NON-WOOD UTILITY POLE

OVERHEAD POWER SCHEMATIC
SIGNALS / GROUND TRENCHING

UTILITY POLE—""|

TRAFFIC SIGNAL POLE
\1/1
¢

0@

6'OF WIRE COILED
AT SERVICE POINT

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

CITY OF

CASTLE PINES

TYPICAL OVERHEAD POWER FEED FOR
TRAFFIC SIGNAL ASSEMBLIES

OVERHEAD POWER
SCHEMATIC-SIGNALS / GROUND

TRENCHING
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022

Issued:

Revised:

Standard Drawing No.
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FINISH REQUIREMENTS

ALL PEDESTRIAN PUSH BUTTON AND PEDESTAL
POLES SHALL BE FACTORY FINISHED (BLACK)

FLASHING BEACONS

ALL FLASHING BEACONS SHALL BE

POLYCARBONATE WITH TUNNEL

VISORS AND YELLOW HOUSINGS.
oN SOLAR DESIGN VARIES.

FOOTING NOTES

(1) ANCHOR BOLTS (FURNISHED WITH POLE PER
MANUFACTURER'S TEMPLATE.

SOLAR PANEL

U-BOLT CABINET (MIN. 50W)

MDUNT\

@ THESE DESIGN REQUIRE THAT THE FOOTING BE FOUNDED WY
IN COMPACT SAND, CLAY OR SANDY CLAY, AND BE i
LOCATED ABOVE THE WATER TABLE. IF, BY VISUAL
INSPECTION OF THE HOLE OTHER MATERIAL IS PRESENT,
THE FOUNDATION DESIGN MAY NEED TO BE MODIFIED.

CAST OR POLISHED ALUMINUM
CABINET WITH BUILT-IN LOCK,
HOUSES FLASHERS, TIME SWITCH,

BATTERY AND SOLAR CHARGER POLE TOP MOUNT

@ 5/8"x8' COPPERWELD GROUND ROD THROUGH GROUND OR - PELCO RIGID SIDE OF
DRIVEN IN ADJACENT PULL BOX AND BONDED TO POLE \ _,J: gg%%rq%ﬁ{T,YELLUW,SEE
WITH UNDERGROUND STRAPPING. LB CONDULET

(4) HANDHOLE SHALL BE PROVIDED. 14

£ 6II
. b [ scHooL
DETAIL "A" SPEED 12" YELLOW LED
LIMIT BEACON WITH

ALTERNATING FLASHING

1 120

|
3 FLASHING
NOTES J_Sxi A DETAIL "B"
; SPEED LIMIT p
4" MIN. NON-SHRINKABLE (1) POLE TOP SOLAR MOUNT WITH PANEL 14 I@ SPEED LIV OPPOSITE DIRECTION 8" FLASHER
R ATIOe . ROUGH (2) 4" NOMINAL SCHEDULE 80 ALUM. POLE ‘ g
WITH PELCO COLLAR AND BASE (BLACK) 18 PELCO RIGID SIDE OF
et POLE MOUNT, YELLOW
UNDERGROUND (3) BONDING STRAP IN BACKFILL FINES (i ’
STRAPPING, ATTACH DOUBLED i
HEX NUTS .
70 POLE (4) PELCO COLLAR AND BASE (BLACK) @— g
FRONT}
PULLBOX : i

8" YELLOW LED BEASON
WITH SIMULTANEGUS

FLASHING W/ FRONT SIDE
BEACON

. . _J [—
"""— :'3 Y 5 10 i

12" YELLOW
SEE LED BEACON
DETALL Lo
AN 6.

2-#4 STIRRUPS AT
6"+ AROUND
ANCHOR BOLT

7
8" RADIUS/ g

7'“3 4'-Q" @
HOOPS
AT 6" %

6" DIRT BACKFILL
8-#4 VERTICAL BARS

LSOII
__1"6"_,
CLASS B CONCRETE MIN. ©) g
10'x5/8" CDPPERWELD/

/—GRUUNDING ROD GROUND ROD

CONCRETE FOUNDATION, SEE
DETAIL AT LEFT

3" CRUSHED ROCK
11/2" MIN.

12" MIN. OVERLAP CLEARANCE

TYPICAL POLE FOOTING
(CAST IN PLACE)

SCHOOL FLASHING BEACON ASSEMBLY
SIDE OF ROAD

APPROVED BY THE CITY OF CASTLE PINES

Larry Nimmo
Director of Public Works

DATE

CITY OF

CASTLE PINES

SCHOOL FLASHING BEACONS -
SIDE OF ROAD
CITY OF CASTLE PINES STANDARD SIGNAL DETAILS

6/15/2022
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BEACON SIDE VIEW

PELCO RIGID SIDE OF

/PDLE MOUNT, YELLOW
) TUNNEL VISOR

iy
Lo XFLASHER SHALL BE HOUSED
WITHIN BEACON HEAD

FOOTING NOTES SOLAR PANEL

(MIN. 50W)
@ ANCHOR BOLTS (FURNISHED WITH POLE PER
MANUFACTURER'S TEMPLATE.

@ THESE DESIGN REQUIRE THAT THE FOOTING BE FOUNDED
IN COMPACT SAND, CLAY DR SANDY CLAY, AND BE

LOCATED ABOVE THE WATER TABLE. IF, BY VISUAL @ POLE TOP MOUNT
INSPECTION OF THE HOLE OTHER MATERIAL IS PRESENT, ]/
THE FOUNDATION DESIGN MAY NEED TO BE MODIFIED. [—

@ HANDHOLE SHALL BE PROVIDED.
12" YELLOW LED BEACON L

-WITH BLACK HOUSING <Y>
(12" RED LED FOR STOP ——=1No/|_ 4
SIGN INSTALLATION) 12"

WARNING
4" MIN. NON-SHRINKABLE
GROUNT OVER ROUGH
FOUNDATION

OR
REGULATORY
SIGN
(TYPICALLY
CLASS )

HEX NUTS 18
FUPPLEMENTAL
2-#4 STIRRUPS AT >
6"+ AROUND——__Ii.. : |
ANCHOR BOLT BER S 7' MIN.
=2 7- 41-Qn 4" D.GALVANIZED STELL____——»{| 6'MIN.
18" RADIUS/ = HDE%S C POST (WGT.:10.8 LB/FT€)
AT 6"+ ] ©’H
I Py
L ! —PAVEMENT
LSOII - * | |
8-#4 VERTICAL BARS g | 6" DIRT BACKFILL
CLASS B CONCRETE TOMIN. T I I
| | [-———_CONCRETE FOUNDATION, SEE
L DETAIL AT LEFT
ST
0 3" CRUSHED ROCK
121 MIN. OVERLAP éﬁéiRAm

TYPICAL POLE FOOTING WARNING OR REGULATORY SIGN
(CAST IN PLACE) FLASHING BEACON ASSEMBLY

NOTES
POLE TOP SOLAR MOUNT WITH PANEL

® O

2'x10' BARS ON ARTERIALS AT
TRAFFIC SIGNALS, ALL OTHERS TO
BE 1'x10' BARS CENTERED:

—ON LANE OR CHANNELIZING LINES

—BETWEEN LANE LINES
—ON FLOW LINE EXTENDED

NOTE: ALL LONGITUDINAL LINES TO BE 12" SIDE (OR AS DIRECTED
BY THE CITY PUBLIC WORKS DEPARTMENT) AND SPACED 12"
TO 60 APART. CENTER CROSSWALK ON CURB RAMPS.IF CURB
RAMPS ARE NOT PRESENT, CENTER ON SIGNAL POLES,
WHEREVER PRACTICAL.

TYPICAL CROSSWALK MARKING

(SEE CHAPTER 9 OF THE CASTLE PINES ROADWAY

AND CONSTRUCTION STANDARDS

FOR COMPLETE SIGNING AND STRIPING STANDARDS)

4" NOMINAL SCHEDULE 80 ALUM. POLE WITH PELCO
COLLAR AND BASE (BLACK)

PELCO COLLAR AND BASE (BLACK) OR BREAKAWAY SLIP
BASE PER PLAN.

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works

Larry Nimmo

DATE

CITY OF

CASTLE PINES

WARNING / REGULATORY

FLASHING BEACON
TYPICAL CROSSWALK MARKING
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PER _ENGINEER

DIRECTION
(D) PHOTOELECTRIC CELL
'4
®
SIGN FACE 1" DRIP
ILLUMINATED LOOP
1" UNLESS
OTHERWISE
APPROVED

0

SIGNAL MAST ARM/

ILLUMINATED STREET NAME SIGN

RETROREFLECTIVE—"" |

STREET NAME SIGN

1" UNLESS
OTHERWISE
APPROVED

d

SIGNAL MAST ARM/

NOTES

1. FOR ILLUMINATED STREET NAME SIGN SPECIFICATIONS, SEE CHAPTER 9
OF THE CASTLE PINES ROADWAY DESIGN AND CONSTRUCTION STANDARDS.

2. FOR STANDARD STREET NAME SIGN SPECIFICATIONS, SEE CHAPTER 9 OF
THE CASTLE PINES ROADWAY DESIGN AND CONSTRUCTION STANDARDS.

SIDE VIEW

9/16" DIA. HOLE

(QTY. 4)

OR APPROVED EQUAL

3" STANDARD PIPE

|

24" UNLESS
OTHERWISE
APPROVED

Varies

FOR NORTH/SOUTH OR EAST/WEST
STREET INCLUDE LETTER DESIGNATION
(8" LETTER) BETWEEN LOGO AND
STREET NAME

APPROVED BY THE CITY OF CASTLE PINES

Director of Public Works
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NOTES

SAMPLE
LEGEND

SIGN MAY BE SINGLE-SIDED OR DOUBLE
SIDED PER ENGINEER'S DIRECTION.

SIGN COLOR, LEGEND AND SIZE
PER ENGINEER'S DIRECTION.

VARIES

VARIES

SUN HOOD

SIGN FACE

\I_.Ho_._._. SOURCE

—1 VARIES

SIDE VIEW

GENERAL NOTES

SIGN FIXTURE AND PANELS SHALL WITHSTAND 90 MPH WIND
LOADING, WITH STRUCTURAL REQUIREMENTS MEETING AASHTO
"STANDARD SPECIFICATIONS FOR STRUCTURAL SUPPORTS FOR
HIGHWAY SIGNS, LUMINAIRES AND TRAFFIC SIGNALS," LATEST
EDITION.

HOUSING SHALL BE CONSTRUCTED OF ALUMINUM UNLESS
OTHERWISE DIRECTED BY THE ENGINEER.

NEOPRENE GASKETS SHALL BE INSTALLED BETWEEN THE SIGN
PANEL AND FIXTURE HOUSING TO PREVENT WATER ENTRANCE.
SCREENED WEEP HOLES SHALL BE PROVIDED DN HOUSING
BOTTOM FOR DRAINAGE.

BLANKOUT REGULATORY/WARNING SIGNS SHALL BE MOUNTED
WITH ASTROTYPE MOUNTING BRACKETS. SEE "SIGNAL HEADS
AND MOUNTING GENERAL WIRING NOTES" SHEET FOR
FURTHER DETAIL.

BLANKOUT SIGN SHALL BE WIRED AS SPECIFIED IN THE
PLANS.

NOTES

L.

N

LIGHT SOURCE SHALL BE LIGHT-EMITTING DIODE (LED). PER DIRECTION OF THE
ENGINEER. SIGN FACE SHALL BE COMPLETELY DARK WHEN NOT ENERGIZED.

LIGHT SOURCE SHALL BE READILY ACCESSIBLE THROUGH HINGED DOORS OR
SLIDING PANELS.

LED'S SHOULD BE WIRED TO INCORPORATE FAULT TOLERANCE OR BYPASS TO
ISOLATE LED FAILURES OR A PARTICULAR LED ALLOWING REMAINING LED'S TO
OPERATE NORMALLY.

HOUSING COLOR PER DIRECTION OF THE ENGINEER.

APPROVED BY THE CITY OF CASTLE PINES
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SIGNAL PHASING

Q8 IS MAIN PHASE
IF MAIN PHASE IS NORTHBOUND

8 1S/B LEFT TURN
N/B THROUGH
W/B LEFT TURN
E/B THROUGH
N/B LEFT TURN
S/B THROUGH
E/B LEFT TURN
W/B THROUGH

TS TS
ONO A WN

IF MAIN PHASE IS EASTBOUND

8 1 W/B LEFT TURN
2 E/B THROUGH
N/B LEFT TURN
S/B THROUGH
E/B LEFT TURN
W/B THROUGH
S/B LEFT TURN
N/B THROUGH

T
00N O W

PHASING LAYOUT

MAJOR STREET

NOTES
L. ALL VEHICLE SIGNAL HEADS

SHALL BE POLYCARBONATE

WITH 12" SECTIONS AND TUNNEL VISORS.

2.

ALL VEHICLE AND PEDESTRIAN SIGNAL HEADS SHALL BE

3. BLACK IN COLGR.

BACKPLATES WHERE INDICATED SHALL BE LOUVERED
TYPE, WITH 2" DIAMOND GRADE FLUORESCENT YELLOW
RETROREFLECTIVE TAPE BORDER.

®
&
©

@

'

®
)
19
©

ORE
O

®

D)

88

O

Y
SIGNAL

- FRERE
S PR

CITY OF CASTLE PINE NALIZE

COUNTDOWN

NTERSECTION STANDARD WIRI

CONDUCTOR COLOR| CONDUCTOR
MAIN STREET #
MAIN STREET GREEN BALL GREEN 4
MAIN STREET YELLOW BALL ORANGE 5
MAIN STREET RED BALL RED 3
MAIN STREET LT GREEN ARROW BLUE 6
MAIN STREET LT YELLOW ARROW BLACK 1
MAIN STREET FLASHING YELLOW ARROW ORANGE/GREEN 21
MAIN STREET LT RED ARROW RED/GREEN 20
MAIN STREET WALK GREEN/WHITE 14
MAIN STREET DON'T _WALK RED/WHITE 13
SIDE STREET

SIDE STREET GREEN BALL GREEN/BLACK 9
SIDE STREET YELLOW BALL ORANGE/BLACK 10
SIDE STREET RED BALL RED/BLACK 8
SIDE STREET LT GREEN ARROW BLUE/RED 19
SIDE STREET LT YELLOW ARROW ORANGE/RED 18
SIDE STREET FLASHING YELLOW ARROW BLACK/RED 16
SIDE STRFFT LT RED ARROW RED (2) 24
SIDE_STREET WALK BLUE/WHITE 15
SIDE STREET DON'T_WALK BLACK/WHITE 12
RIGHT TURN

RIGHT TURN OL GREEN ARROW BLUE/BLACK 11
RIGHT TURN OL YELLOW BALL BLACK (2) 22
AC-RETURN

AC-RETURN WHITE 2
AC-RETURN WHITE (2) 23
SPARE

SPARE WHITE/BLACK 7
SPARE WHITE/RED 17
SPARE GREEN (2) 25

MINOR STREET

INTERSECTION APPROACH HAND HOLE AND PULLBOX

TAPE COLOR

YELLOW YELLOW ]

NORTH

EAST

SOUTH

WEST

LEFT TURN

PED INDICATION
PED PUSH BUTTON
RIGHT TURN
SPARE

LEGEND

mivﬂﬁv@o

—®d®
—] IsSN
—{ BOR
— BOwW

M®ZDD|—O

=440
[ — 10

TRAFFIC SIGNAL POLE
SPAN WIRE POLE

MAST ARM AND POLE
TRAFFIC SIGNAL FACE

TRAFFIC SIGNAL FACE WITH BACKPLATE

TRAFFIC SIGNAL FACE FOR TURNING MOVEMENT

PEDESTRIAN SIGNAL FACE
PEDESTRIAN PUSH BUTTON & SIGN
LUMINAIRE

TRAFFIC SIGNAL CONTROLLER & CABINET

MAST ARM, POLE MOUNTED SIGN W/IDENTIFIER

ILLUMINATED STREET NAME SIGN
BLANK-OUT REGULATORY SIGN
BLANK-OUT WARNING SIGN
METER PEDESTAL

PULL BOX (TYPE I)

PULL BOX (TYPE II)

PULL BOX (TYPE III)

PULL BOX (SPECIAL)

30x48 VAULT

LOOP DETECTOR (6'x40")

LOOP DETECTOR (6'x30')

LOOP DETECTOR (6'x6')

CAMERA DETECTION

RADAR DETECTION

MICRO LOOP DETECTOR W/ SAW CUT LEAD
CONDUIT-SCHEDULE 80 PVC

OPTICOM DETECTOR

SCHOOL FLASHING BEACON (TYPE X)

WARNING FLASHING BEACON

REGULATORY FLASHING BEACON

RADIO ANTENNA
TRAVEL TIME DEVICE

PTZ CAMERA
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