Development Services Department DEVIATION REVIEW

2880 International Circle AND DECISION FORM
Colorado Springs, Colorado 80910

Phone: 719.520.6300

Fax: 719.520.6695 Procedure # R-FM-051-07

Website www.elpasoco.com Issue Date: 12/31/07
Revision Issued: 00/00/00
DSD FILE NO.:

General Property Information:

Address of Subject Property (Street Number/Name): 9210 Arroya Lane
Tax Schedule ID(s) #: 5222000023

Legal Description of Property:

Basis of bearings: The east line of the Southwest One-Quarter (SW1/4) of
Section 22, Township 12 South, Range 65 West and is assumed to bear N 00°
18' 04" E, a distance of 2640.26 feet.

Commencing at the southeast corner of the Southwest One-Quarter (SW1/4) of
said Section 22;

Thence S 88° 38' 37"W along the south line of the Southeast One-Quarter of the
Southwest One-Quarter (SE 1/4 SW1/4), a distance of 30.00 feet to the point of
beginning of the parcel of land herein described;

Thence S 88° 38' 37"W along said south line, a distance of 1300.52 feet to the
southwest corner of the Southeast One-Quarter of the Southwest One-Quarter
(SE 1/4 SW1/4);

Thence S 88° 38' 56"W along the south line of the Southeast One-Quarter of the
Southwest One-Quarter (SE 1/4 SW1/4), a distance of 898.51 feet;

Thence N 47° 35' 42" E, a distance of 105.23 feet;

Thence N 36° 59' 01" E, a distance of 517.38 feet;

Thence N 56° 32' 31" E, a distance of 489.24 feet;

Thence N 38° 17' 19" E, a distance of 182.67 feet;

Thence N 89° 41' 56" E, a distance of 1283.66 feet;

Subdivision or Project Name: Timberridge Estates
Section of ECM from Which Deviation is Sought: DCM Section 6.4.2

Specific Criteria from Which a Deviation is Sought: “For box culverts classified as
bridges or culverts at major drainageways (100-year flows greater than 1500 cfs)
adequate freeboard shall be provided for the passage of debris and should be no less
than 2 feet.”
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Proposed Nature and Extent of Deviation: Use box culverts classified as bridges that do
not provide a minimum of 2 feet of freeboard.

Applicant Information:

Applicant: Timberridge Estates, LLC. Email Address: rshomes@comcast.net
Applicantis: _ X Owner Consultant Contractor

Mailing Address: 2760 Brogans Bluff, Colorado Springs State: CO Postal Code: 80919
Telephone Number: 719.499.6752 Fax Number: none

Engineer Information:

Engineer: L Ducett, P.E. Email Address: L@tnesinc.com
Company Name: Terra Nova Engineering, Inc.

Mailing Address: 721 S 23" Street, Colorado Springs State: CO Postal Code: 80904
Registration Number: 32339 State of Registration: CO
Telephone Number: 719.635.6422 Fax Number: none

Explanation of Request (Attached diagrams, figures and other documentation to
clarify request):

Section of ECM from Which Deviation is Sought: DCM Section 6.4.2

Specific Criteria from Which a Deviation is Sought: “For box culverts classified as
bridges or culverts at major drainageways (100-year flows greater than 1500 cfs)
adequate freeboard shall be provided for the passage of debris and should be no less
than 2 feet.”

Proposed Nature and Extent of Deviation: Use box culverts classified as bridges that do
not provide a minimum of 2 feet of freeboard.

Reason for the Requested Deviation:

The currently proposed culverts are 3-barrel box culverts measuring 6’ high by 12’ wide.
The calculations show this design has an inlet headwater of 10.51’, which does not
provide the minimum of 2’ of freeboard.

An alternative culvert design is 3-barrel box culverts measuring 10’ high by 15’ wide.
The calculations show this design has an inlet headwater of 7.9’, which does provide
the minimum of 2’ of freeboard. Two issues with this alternative are that the culverts
are wider than the upstream creek channel and the 10’x15’ openings will be highly
visible (due to their height) up and down stream of the culverts in areas planned for use
as open space / regional trail areas.
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The invert at the proposed culvert outlet is at an elevation of 7232’. Per FEMA, the 100-
year flood elevation at the culvert outlet is 7242’. Based on this, both of the culvert
designs will be submerged during a 100-year flood event, and 2’ of freeboard will not be
possible due to flood water conditions, regardless of what the culvert design
calculations show for headwater. In other words, due to the relatively narrow creek bed,
the capacity of the culvert designs is not the controlling factor for the 100-year water
level.

Constructing even taller culverts, say 12’ tall, would provide the 2’ of freeboard above
the floodwater level, but would worsen the visibility impact problem and would conflict
with the proposed alignment for Arroya Lane. Additionally, the requirement to further
raise the Arroya Lane surface would require that the culverts be lengthened, further
increases the disturbance to Sand Creek and the cost.

As both the 3-6'x12’ culvert design and the 3-10'x15’ culvert design will not provide any
freeboard at the 100-year event due to the floodwater level, it is requested that the 3-
6'x12’ design be allowed. This design provides the capacity to accommodate the 100-
year event, while avoiding the visibility impact problem and allowing for less expense for
the culvert construction.

Comparison of Proposed Deviation to ECM Standard: As designing the box culverts to
provide 2’ of freeboard still results in the culverts being submerged during a 100-year
event, there is no difference in actual freeboard between the proposed culvert design
and the culvert design that follows the DCM standard.

Applicable Regional or National Standards used as Basis: Not applicable.

Application Consideration:

CHECK IF APPLICATION MEETS CRITERIA FOR JUSTIFICATION
CONSIDERATION

[0 The ECM standard is inapplicable to a particular

situation.

[J Topography, right-of-way, or other geographical

conditions or impediments impose an undue hardship

on the applicant, and an equivalent alternative that

can accomplish the same design objective is available

and does not compromise public safety or

accessibility.
X A change to a standard is required to address a Due to the floodwater elevation, designing the proposed
specific design or construction problem, and if not culverts to provide 2’ of freeboard does not actually result in

modified, the standard will impose an undue hardship  any freeboard being provided, while it does cause a visibility
on the applicant with little or no material benefit to the  impact problem and increases the cost of constructing the
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culverts. Since following this specific portion of the
standards increases the cost without provided the specified
results, it will impose an undue hardship on the applicant
with little or no material benefit to the public.

If at least one of the criteria listed above is not met, this application for deviation cannot be considered.

Criteria for Approval:

PLEASE EXPLAIN HOW EACH OF THE FOLLOWING CRITERIA HAVE BEEN SATISFIED BY THIS REQUEST

The request for a deviation is
not based exclusively on
financial considerations.

The deviation will achieve the
intended result with a
comparable or superior design
and quality of improvement.

The deviation will not adversely
affect safety or operations.

The deviation will not adversely
affect maintenance and its
associated cost.

The deviation will not adversely
affect aesthetic appearance.

This deviation will eliminate a visual impact problem, while also allowing the use of
a less expensive design that results in the same freeboard as the more expensive
design.

As both the per standards design (3-10'x15’ culverts) and the proposed design (3-
6'x12’ culverts) will not provide any freeboard at the 100-year event due to the
floodwater level, and both designs provided the flow capacity required for the 100-
year event, both the per standards design and the proposed design achieve the
same result.

As both the per standards design (3-10'x15’ culverts) and the proposed design (3-
6'x12’ culverts) provide the flow capacity required for the 100-year event and have
zero freeboard due to the floodwater elevation, the safety and operations of both
designs are equivalent.

As both the per standards design (3-10'x15’ culverts) and the proposed design (3-
6'x12’ culverts) provide the flow capacity required for the 100-year event and have
zero freeboard due to the floodwater elevation, the effect on maintenance and its
associated costs of both designs are equivalent.

Granting this deviation will allow for the elimination of the visual impact problem
that the per standards design creates.

Owner, Applicant and Engineer Declaration:

To the best of my knowledge, the information on this application and all additional or supplemental documentation is
true, factual and complete. | am fully aware that any misrepresentation of any information on this application may be
grounds for denial. | have familiarized myself with the rules, regulations and procedures with respect to preparing and
filing this application. | also understand that an incorrect submittal will be cause to have the project removed from the
agenda of the Planning Commission, Board of County Commissioners and/or Board of Adjustment or delay review,
and that any approval of this application is based on the representations made in the application and may be revoked
on any breach of representation or condition(s) of approval.

Signature of owner (or authorized representative) Date
Signature of applicant (if different from owner) Date
Signature of Engineer Date

Engineer's Seal
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Review and Recommendation:
APPROVED by the ECM Administrator

Date

This request has been determined to have met the criteria for approval. A deviation from Section
of ECM is hereby granted based on the justification provided. Comments:

Additional comments or information are attached.

DENIED by the ECM Administrator

Date

This request has been determined not to have met criteria for approval. A deviation from Section
of ECM is hereby denied. Comments:

Additional comments or information are attached.
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BOX CONDUIT FLOW (Normal & Critical Depth Computation)

Project: Timberridge Estates
Box ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-6'x12' Conc Box Culverts

by H

W
Design Information (Input
Box conduit invert slope So = 0.0100 |ft/ft
Box Manning's n-value n= 0.0130
Box Width = 12.00 |ft
Box Height = 6.00 |ft
Design discharge = 869.00 |cfs
Full-flow capacity (Calculated)
Full-flow area Af = 72.00 |sqft
Full-flow wetted perimeter Pf = 36.00 |ft
Full-flow capacity Qf = 1309.97 |cfs
Calculations of Normal Flow Condition
Normal flow depth (<H ) Yn= 3.66 |ft
Flow area An = 43.87 |sqft
\Wetted perimeter Pn = 19.31 |ft
Flow velocity Vn = 19.81 |fps
Discharge Qn= 869.00 |cfs
Percent Full Flow = 66.3% |of full flow
Normal Depth Froude Number Fro= 1.83 |supercritical
Calculation of Critical Flow Condition
Critical flow depth Yc = 5.46 |ft
Critical flow area Ac = 65.53 |sqft
Critical flow velocity Vc = 13.26 |[fps
Critical Depth Froude Number Fr.= 1.00

173300 Culvert Calcs (Sand Creek - 3 Box), Box 3/13/2019, 10:17 AM



CULVERT STAGE-DISCHARGE SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Project: Timberridge Estates

Basin ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-6'x12' Conc Box Culverts

Status:
Garate culbvernt x-section culvert x-section
pve B s B =
Comorote Veul
E SEEEEEEEEEEEEEPEEEEEEE -
—a =] L :

Design Information (Input):

Circular Culvert: Barrel Diameter in Inches inches
Inlet Edge Type (choose from pull-down list) | Grooved End Projection
OR:
Box Culvert: Barrel Height (Rise) in Feet Height (Rise) = 6.00 |ft.
Barrel Width (Span) in Feet Width (Span) = 12.00 ft.
Inlet Edge Type (choose from pull-down list) | Square Edge w/ 90-15 Deg. Headwalll
Number of Barrels No = 3
Inlet Elevation at Culvert Invert Inlet Elev = 7233 ft. elev.
Outlet Elevation at Culvert Invert OR Slope of Culvert (ft v./ft h.) Outlet Elev = 7232 ft. elev.
Culvert Length in Feet L= 100 ft.
Manning's Roughness n= 0.013
Bend Loss Coefficient Ky = 0
Exit Loss Coefficient Ky = 1
Design Information (calculated):
Entrance Loss Coefficient Ke= 0.50
Friction Loss Coefficient Ki= 0.29
Sum of All Loss Coefficients Ks= 1.79
Orifice Inlet Condition Coefficient Cy= 0.82
Minimum Energy Condition Coefficient KEjow = 0.4004
Calculations of Culvert Capacity (output):
Water Surface Tailwater Culvert Culvert Controlling Inlet Flow
Elevation Surface Inlet-Control Outlet-Control Culvert Equation Control
Elevation Flowrate Flowrate Flowrate Used: Used
ft cfs cfs cfs
(ft., linked) (output)
7233.00 0.00 0.00 0.00 No Flow (WS < inlet) N/A
7233.50 32.70 605.74 32.70 Min. Energy. Eqn. INLET
7234.00 92.40 737.63 92.40 Min. Energy. Eqn. INLET
7234.50 169.50 863.44 169.50 Min. Energy. Eqn. INLET
7235.00 260.70 983.37 260.70 Min. Energy. Eqn. INLET
7235.50 364.50 1,097.81 364.50 Min. Energy. Eqn. INLET
7236.00 479.10 1,207.17 479.10 Min. Energy. Eqn. INLET
7236.50 607.50 1,312.01 607.50 Regression Eqn. INLET
7237.00 745.50 1,412.54 745.50 Regression Eqn. INLET
7237.50 892.80 1,509.35 892.80 Regression Eqn. INLET
7238.00 1,047.30 1,602.63 1,047.30 Regression Eqn. INLET
7238.50 1,206.60 1,692.77 1,206.60 Regression Eqn. INLET
7239.00 1,367.70 1,780.18 1,367.70 Regression Eqn. INLET
7239.50 1,527.30 1,947.14 1,527.30 Regression Eqn. INLET
7240.00 1,683.30 2,104.90 1,683.30 Regression Eqn. INLET
7240.50 1,833.90 2,255.01 1,833.90 Regression Eqn. INLET
7241.00 1,978.20 2,398.26 1,978.20 Regression Eqn. INLET
7241.50 2,115.60 2,535.44 2,115.60 Regression Eqn. INLET
7242.00 2,246.70 2,667.52 2,246.70 Regression Eqn. INLET
7242.50 2,371.50 2,794.51 2,371.50 Regression Eqn. INLET
7243.00 2,490.60 2,917.38 2,490.60 Regression Eqn. INLET
7243.50 2,604.30 3,042.41 2,604.30 Regression Eqn. INLET
7244.00 2,713.20 3,177.82 2,713.20 Regression Eqn. INLET
7244.50 2,817.90 3,307.55 2,817.90 Regression Eqn. INLET
7245.00 2,918.40 3,432.39 2,918.40 Regression Eqn. INLET
7245.50 3,015.30 3,5652.91 3,015.30 Regression Eqn. INLET
7246.00 3,109.20 3,669.31 3,109.20 Regression Eqn. INLET
7246.50 3,199.80 3,782.19 3,199.80 Regression Eqn. INLET
7247.00 3,287.70 3,891.93 3,287.70 Regression Eqn. INLET
7247.50 3,373.20 3,998.54 3,373.20 Regression Eqn. INLET
Processing Time: 00.70 Seconds

173300 Culvert Calcs (Sand Creek - 3 Box), Culvert Rating
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CULVERT STAGE-DISCHARGE SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Project: Timberridge Estates
Basin ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-6'x12' Conc Box Culverts
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Determination of Culvert Headwater and Outlet Protection

Project: Timberridge Estates
Basin ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-6'x12' Conc Box Culverts

Soil Type:

Choose One:
@ Sandy

O Non-Sandy

RIFRAD

Supercritical Flow! Using Ha to calculate protection type.

Design Information (Input):

Design Discharge

Circular Culvert:

Barrel Diameter in Inches
Inlet Edge Type (Choose from pull-down list)

Q= 2607 cfs
D =| |inches
=

Box Culvert: OR
Barrel Height (Rise) in Feet Height (Rise) =mﬂ
Barrel Width (Span) in Feet Width (Span) = 12 ft
Inlet Edge Type (Choose from pull-down list) Square Edge w/ 90-15 Deg. Headwall v
Number of Barrels No = 3
Inlet Elevation Elev IN = 7233 ft
Outlet Elevation OR Slope Elev OUT = 7232 ft
Culvert Length = 100 ft
Manning's Roughness n= 0.013
Bend Loss Coefficient Ky = 0
Exit Loss Coefficient Ky = 1
Tailwater Surface Elevation ElevY,= ft
Max Allowable Channel Velocity = 5 ft/s
Required Protection (Output):
Tailwater Surface Height Y= 2.40 ft
Flow Area at Max Channel Velocity A= 173.80 ft2
Culvert Cross Sectional Area Available A= 72.00 ft
Entrance Loss Coefficient ke = 0.50
Friction Loss Coefficient ki = 0.29
Sum of All Losses Coefficients ks = 1.79 ft
Culvert Normal Depth Yo = 3.66 ft
Culvert Critical Depth Ye= 5.46 ft
Tailwater Depth for Design d= 5.73 ft
Adjusted Diameter OR Adjusted Rise Ha = 4.83 ft
Expansion Factor 1/(2*tan(©)) = 2.85
Flow/Diameter®® OR Flow/(Span * Rise'®) Q/WHM 5 = 493 ft%s
Froude Number Fr= 1.83 Supercritical!
Tailwater/Adjusted Diameter OR Tailwater/Adjusted Rise Yt/H = 0.50
Inlet Control Headwater HW, = 10.51 ft
Outlet Control Headwater HWq = 8.77
Design Headwater Elevation HW = 7,243.51 ft
Headwater/Diameter OR Headwater/Rise Ratio HW/H = 1.75 HW/H > 1.5!
Minimum Theoretical Riprap Size dso = 1 in
Nominal Riprap Size dso = 12 in
UDFCD Riprap Type Type = M
Length of Protection L,= 60 ft
Width of Protection = 34 ft




|| Vertical Profile for the Culvert

Project = Timberridge Estates
Box ID = Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-6'x12' Conc Box Culverts
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Culvert Information (Input)

Barrel Diameter or Height DorH= 72.00}inches
Barrel Length = 100.00]ft
Barrel Invert Slope So = 0.0100)ft/ft
Downstream Invert Elevation EDI = 7232.00(ft
Downstream Top Embankment Elevation EDT = 7244.00]ft
Upstream Top Embankment Elevation EUT = 7244.00}ft
Design Headwater Depth (not elev.) Hw = 8.70]ft
Tailwater Depth (not elev.) Yt = 5.73]ft
Culvert Hydraulics (Calculated)

Available Headwater Depth HW-a = 11.00]ft
Design Hw/D ratio Hw/D = 1.45
Culvert Vertical Profile

Upstream Invert Elevation EUI = 7233.00|ft
Upstream Crown Elevation EUC = 7239.00}ft
Upstream Soil Cover Depth Upsoil = 5.00ft
Downstream Invert Elevation EDI = 7232.00|ft
Downstream Crown Elevation EDC = 7238.00}ft
Downstream Soil Cover Depth Dnsoil = 6.00]ft

173300 Culvert Calcs (Sand Creek - 3 Box), Profile 3/13/2019, 10:17 AM



BOX CONDUIT FLOW (Normal & Critical Depth Computation)

Project: Timberridge Estates
Box ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-10'x15' Conc Box Culverts

by H

W
Design Information (Input
Box conduit invert slope So = 0.0100 |ft/ft
Box Manning's n-value n= 0.0130
Box Width = 15.00 |ft
Box Height = 10.00 |ft
Design discharge = 869.00 |cfs
Full-flow capacity (Calculated)
Full-flow area Af = 150.00 |sqft
Full-flow wetted perimeter Pf = 50.00 |ft
Full-flow capacity Qf = 3576.14 |cfs
Calculations of Normal Flow Condition
Normal flow depth (<H ) Yn= 3.03 |ft
Flow area An = 4542 |sqft
\Wetted perimeter Pn = 21.06 |ft
Flow velocity Vn = 19.13 |[fps
Discharge Qn= 869.02 |cfs
Percent Full Flow = 24.3% |of full flow
Normal Depth Froude Number Fro= 1.94 |supercritical
Calculation of Critical Flow Condition
Critical flow depth Yc = 4.71 |ft
Critical flow area Ac = 70.59 |sqft
Critical flow velocity Vc = 12.31 |fps
Critical Depth Froude Number Fr.= 1.00

173300 Culvert Calcs (Sand Creek - 3 Box - 10x15 alt), Box 3/13/2019, 10:15 AM



CULVERT STAGE-DISCHARGE SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Project: Timberridge Estates

Basin ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-10'x15' Conc Box Culverts

Status:
Garate culbvernt x-section culvert x-section
pve B s B =
Comorote Veul
E SEEEEEEEEEEEEEPEEEEEEE -
—a =] L :

Design Information (Input):

Circular Culvert: Barrel Diameter in Inches inches
Inlet Edge Type (choose from pull-down list) | Grooved End Projection
OR:
Box Culvert: Barrel Height (Rise) in Feet Height (Rise) = 10.00 |ft.
Barrel Width (Span) in Feet Width (Span) = 15.00 ft.
Inlet Edge Type (choose from pull-down list) | Square Edge w/ 90-15 Deg. Headwalll
Number of Barrels No = 3
Inlet Elevation at Culvert Invert Inlet Elev = 7233 ft. elev.
Outlet Elevation at Culvert Invert OR Slope of Culvert (ft v./ft h.) Outlet Elev = 7232 ft. elev.
Culvert Length in Feet L= 100 ft.
Manning's Roughness n= 0.013
Bend Loss Coefficient Ky = 0
Exit Loss Coefficient Ky = 1
Design Information (calculated):
Entrance Loss Coefficient Ke= 0.50
Friction Loss Coefficient Ki= 0.14
Sum of All Loss Coefficients Ks= 1.64
Orifice Inlet Condition Coefficient Cy= 0.82
Minimum Energy Condition Coefficient KEjow = 0.4007
Calculations of Culvert Capacity (output):
Water Surface Tailwater Culvert Culvert Controlling Inlet Flow
Elevation Surface Inlet-Control Outlet-Control Culvert Equation Control
Elevation Flowrate Flowrate Flowrate Used: Used
ft cfs cfs cfs
(ft., linked) (output)
7233.00 0.00 0.00 0.00 No Flow (WS < inlet) N/A
7233.50 40.80 890.69 40.80 Min. Energy. Eqn. INLET
7234.00 115.20 1,121.96 115.20 Min. Energy. Eqn. INLET
7234.50 211.80 1,352.59 211.80 Min. Energy. Eqn. INLET
7235.00 325.80 1,580.07 325.80 Min. Energy. Eqn. INLET
7235.50 455.40 1,802.89 455.40 Min. Energy. Eqn. INLET
7236.00 598.50 2,020.36 598.50 Min. Energy. Eqn. INLET
7236.50 754.20 2,232.16 754.20 Min. Energy. Eqn. INLET
7237.00 921.60 2,438.23 921.60 Min. Energy. Eqn. INLET
7237.50 1,099.50 2,638.64 1,099.50 Min. Energy. Eqn. INLET
7238.00 1,287.90 2,833.64 1,287.90 Min. Energy. Eqn. INLET
7238.50 1,491.90 3,023.40 1,491.90 Regression Eqn. INLET
7239.00 1,705.80 3,208.18 1,705.80 Regression Eqn. INLET
7239.50 1,928.70 3,388.31 1,928.70 Regression Eqn. INLET
7240.00 2,160.60 3,563.94 2,160.60 Regression Eqn. INLET
7240.50 2,400.90 3,735.35 2,400.90 Regression Eqn. INLET
7241.00 2,648.10 3,902.80 2,648.10 Regression Eqn. INLET
7241.50 2,901.30 4,066.50 2,901.30 Regression Eqn. INLET
7242.00 3,158.40 4,226.62 3,158.40 Regression Eqn. INLET
7242.50 3,417.90 4,383.37 3,417.90 Regression Eqn. INLET
7243.00 3,678.00 4,536.96 3,678.00 Regression Eqn. INLET
7243.50 3,936.90 4,835.16 3,936.90 Regression Eqn. INLET
7244.00 4,192.80 5,122.40 4,192.80 Regression Eqn. INLET
7244.50 4,444.50 5,399.73 4,444.50 Regression Eqn. INLET
7245.00 4,691.40 5,667.97 4,691.40 Regression Eqn. INLET
7245.50 4,932.30 5,927.97 4,932.30 Regression Eqn. INLET
7246.00 5,167.20 6,180.37 5,167.20 Regression Eqn. INLET
7246.50 5,395.50 6,425.72 5,395.50 Regression Eqn. INLET
7247.00 5,617.50 6,664.53 5,617.50 Regression Eqn. INLET
7247.50 5,833.20 6,897.36 5,833.20 Regression Eqn. INLET
Processing Time: 00.55 Seconds

173300 Culvert Calcs (Sand Creek - 3 Box - 10x15 alt), Culvert Rating

3/13/2019, 10:15 AM



CULVERT STAGE-DISCHARGE SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Project: Timberridge Estates
Basin ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-10'x15' Conc Box Culverts
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Determination of Culvert Headwater and Outlet Protection

Project: Timberridge Estates

Basin ID: Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-10'x15' Conc Box Culverts

RIFRAD

Soil Type:

Choose One:
@ Sandy

O Non-Sandy

Supercritical Flow! Using Ha to calculate protection type.

Design Information (Input):
Design Discharge
Circular Culvert:
Barrel Diameter in Inches
Inlet Edge Type (Choose from pull-down list)

Box Culvert:
Barrel Height (Rise) in Feet

Q= 2607 cfs
D =| |inches
=

OR

Helgh (Rise) = ft

Barrel Width (Span) in Feet Width (Span) = 15 ft

Inlet Edge Type (Choose from pull-down list) Square Edge w/ 90-15 Deg. Headwall

Number of Barrels No = 3

Inlet Elevation Elev IN = 7233 ft

Outlet Elevation OR Slope Elev OUT = 7232 ft

Culvert Length = 100 ft

Manning's Roughness n= 0.013

Bend Loss Coefficient Ky = 0

Exit Loss Coefficient Ky = 1

Tailwater Surface Elevation ElevY,= ft

Max Allowable Channel Velocity = 5 ft/s
Required Protection (Output):

Tailwater Surface Height Y= 4.00 ft

Flow Area at Max Channel Velocity A= 173.80 ft2

Culvert Cross Sectional Area Available A= 150.00 ft*

Entrance Loss Coefficient ke = 0.50

Friction Loss Coefficient ki = 0.14

Sum of All Losses Coefficients ks = 1.64 ft

Culvert Normal Depth Y, = 3.03 ft

Culvert Critical Depth Ye= 4.71 ft

Tailwater Depth for Design d= 7.35 ft

Adjusted Diameter OR Adjusted Rise Ha = 6.51 ft

Expansion Factor 1/(2*tan(©)) = 6.65

Flow/Diameter®® OR Flow/(Span * Rise'®) QWHM 5 = 1.83 ft%s

Froude Number Fr= 1.94 Supercritical!

Tailwater/Adjusted Diameter OR Tailwater/Adjusted Rise Yt/H = 0.61

Inlet Control Headwater HW, = 7.92 ft

Outlet Control Headwater HWq = 7.21

Design Headwater Elevation HW = 7,240.92 ft

Headwater/Diameter OR Headwater/Rise Ratio HW/H = 0.79

Minimum Theoretical Riprap Size dso = 6 in

Nominal Riprap Size dso = 9 in

UDFCD Riprap Type Type = L

Length of Protection L,= 100 ft

Width of Protection = 31 ft




|| Vertical Profile for the Culvert

Project = Timberridge Estates
Box ID = Arroya Lane Crossing Sand Creek (2,607 cfs) - 3-10'x15' Conc Box Culverts

Upsiream Top
Embanionent
Elavafion

Dwmsiream Top
FEmbanioment Elavafion

Availabla
Depth

Ihmsfream Crown Elevation

Dramatar
or Height

Upstream fvert Flavation Taifwater T

E

Culvert Length DIhsfraam mvert Elevafion

Culvert Information (Input)

Barrel Diameter or Height DorH-= 120.00finches
Barrel Length = 100.00]ft
Barrel Invert Slope So = 0.0100)ft/ft
Downstream Invert Elevation EDI = 7232.00(ft
Downstream Top Embankment Elevation EDT = 7244.00]ft
Upstream Top Embankment Elevation EUT = 7244.00}ft
Design Headwater Depth (not elev.) Hw = 7.92)ft
Tailwater Depth (not elev.) Yt = 7.35]ft
Culvert Hydraulics (Calculated)

Available Headwater Depth HW-a = 11.00]ft
Design Hw/D ratio Hw/D = 0.79
Culvert Vertical Profile

Upstream Invert Elevation EUI = 7233.00|ft
Upstream Crown Elevation EUC = 7243.00}ft
Upstream Soil Cover Depth Upsoil = 1.00]ft
Downstream Invert Elevation EDI = 7232.00|ft
Downstream Crown Elevation EDC = 7242.00{ft
Downstream Soil Cover Depth Dnsoil = 2.00|ft

173300 Culvert Calcs (Sand Creek - 3 Box - 10x15 alt), Profile 3/13/2019, 10:15 AM
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TIMBERRIDGE ESTATES - 9210 ARROYA LANE

BENCHMARKS

A #4 REBAR 28.3 FEET SOUTH AND 77.2 FEET WEST OF THE SOUTHEAST
PROPERTY CORNER.

ELEV = 7,319.85" (NGVD—1929)

EL PASO COUNTY

GRADING & EROSION CONTROL PLAN

NOTES

1. REINFORCE PROPOSED SWALES PR4, PR7, PR8, PR9, PR10, & PR11 WITH
TURF REINFORCEMENT MATS (NORTH AMERICAN GREEN VMAX SC250, VMAX
C350, OR SIMILAR). TURF REINFORCEMENT MATS ARE NOT REQUIRED FOR
SWALE AREAS WITH RIPRAP.

2. SAND FILTER ACCESS WILL BE FROM THE FUTURE ROADS ADJACENT TO
EACH SAND FILTER.

3. PROPOSED DRAINAGE EASEMENTS ARE BASED ON EXISTING CONDITIONS,
100—YEAR STORM EVENTS, 1’ FREEBOARD, AND ARE PRELIMINARY.

4. DRAINAGE CHANNEL GRADING AND EASEMENT FOR LOTS R-1, R—2, R-3,
AND R—4 HAVE NOT BEEN INCLUDED. THESE ITEMS WILL BE ADDRESSED
ON A LOT BY LOT BASIS AS PART OF THE CONSTRUCTION PLANS FOR THE
INDIVIDUAL LOTS.

5. REINFORCE PROPOSED SWALES PR4, PR7, PR8, PR9, PR10, & PR11 WITH
TURF REINFORCEMENT MATS (NORTH AMERICAN GREEN VMAX SC250, VMAX

C350, OR SIMILAR). TURF REINFORCEMENT MATS ARE NOT REQUIRED FOR
SWALE AREAS WITH RIPRAP.
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10-4.5] 27-10 | 26 T0 30 [135[ 15| 115 |5 |5 |5 |5 5 [ 5 [184] 3-3 | 26 | 811 | 36 | 24 3.584 578 . . . 0 BENT ANGLE 90° TO 75° 74° TO 60° 59° TO 45° EACH FACE OF ALL WALLS (TYP) ||V (TYP) | [vs3 [vol |2 HEIGHT I . - t : : g X |d £
A s N i e At 1 £ = ™ B = £ e e e B L R RER T fconr) " - N ‘ o THE MM LB SPLICE LENGTH FOR £ AR
— 7, - -y — _ p ki
o L5 LI A T B R m :2%3 §;i§ éjgé 0 S) Z [STIRRUPS|  quanT. | 2 |STIRRUPS|  quanT. |2 |STIRRUPS|  quanT. vy °1@ (TJ.P') | T_>4“L_ TOP SLAB 10. THE MINIMUM LAP SPLICE LENGTH FOR EPOXY COATED REINFORCING BARS SHALL BE: N8 |y =
5% gi—z 161022 18 g o 0 T .0 A B 33%%97 i - % 317 ?% 314 # # LBS/LF | # # LBS/LF | # # LBS/LF \ hy * PIER =y REINFORCING BAR SIZE: #4 #5 #6 #7 #8 9 flo | fu
- N < . 2 -0 — - - - . i . . . . | . . | |
B et e o el e [ e ol x [ ows [7] & ] n4 T 22 e (I | = AL T € VDN Li¢ SPLICE LEVGH OR BLACK FEAFORCIG 015 Sl B
| 3- 513, 8| 2- -4 8- - - . . 9 4 . .
I e o T T S e e 220 2 S L L 6 0 5 2 239 el 2 287 o ¢ 540 i ) l 1 N ; Al \ e | THE MINIMUM LAP SPLICE LENGTH FOR BLACK REINFORCING BARS SHALL BE
0-5 [ 334 1 17 1016 35155 10 [ 5 [ 71571 5 5 [ 5[5 [708 56 | 74 [ 81 | 57 | 24 3.971 768 3.36 4.36 4.60 4,04 = feall y — L 4q < 1-6"0C. BAR SIZE: iy 7 T 7 78 9 0 )
06 | 33 16 70 22 [ 14 | 16 0 6 | 7 67 5 5 5[5 [208] 2 2 90 | 37 | 25 4.074 831 2.37 3.08 .93 2.10 12 6 4 28.7 6 4 28.2 9 5 59.2 T . . 37 CLEAR ‘ . { / RS I T #4 BY 2-0" @ 1'-6" WHEN MAX
s e —— = i el B o s ek o e \ NSNSy, T e e 2| P | ] e
—1U.. DI - . 0 - = = - - 5 . . ! T = 1 F
o P T e e T D e e e e e 1 S T s e o I R 2 we) | P s s S tu [T OUTLET ENO GROLECTED oUT 1-07) "= W MBIV SPLICE LETCTHS e (08 LSS B ShucEs
95 [ 336 [ 14 T0 16 (13555 105 [ 5[ 75171 5 515 5 [224] 256 [ 24 [ 10-i | 37 | 24 4.205 an 59 506 199 L.41 16 6 4 27.5 8 5 44.1 * * * : P 2 2 11 ALL DIMENSIONS ARE PERPENDICULAR TO THE CENTERLINE OF THE BOX.
6 340 11022 [ b1 A A 516 [ 6 [294] 710 | 2-8 [ 10 | 74 | 25 | 4630 T 10 82 75 124 8 T 330 s 5 518 O * WIDTH (CONT.) (3 TOTAL) 12. WINGWALLS SHALL BE TIED TO CONCRETE BOX CULVERT IN ACCORDANCE WITH
81 | 30- <2 IBli0] 105 TI6171 5 5 1515 26] 39 [ 24 [ 70 L1 3,826 905 1722 103 33 L4 L5 : : Pl v 601
715304 | 2104 [125[ 1] 10 71671 5 5 [ 5[5 [203] 26 | 24 [ 610 | 32 | 20 3504 881 1.34 74 1.46 1.55 20 7 4 32.8 * * * * * * t \ F STANDARD PLAN M-601-20. -
85 [ 304 4108 5[5 10 [ 5T 75171 5 5T 5 5281 26 [ 24 [ 601 [ 57 [ 25 3897 818 £10 Zy) 127 1.36 : SECTION B-B &t \ ¢ 13.  ALL TRANSVERSE REINFORCING SHALL BE NORMAL TO THE CENTERLINE OF THE BOX. =
= I O O 0 0 0 0 R ) O = .83 83 227 288 262 306 CONCRETE QUANTITY = 0.086 CY/LF 3-0" MIN. . \ b 14. THE FILL HEIGHT IS THE DISTANCE MEASURED FROM THE TOP OF THE TOP SLAB TO THE -
88 o 1 T016 18 65 51 5 T T B 3 0 0 W A RA 745 R 55 136 345 OR AS SPECIFIED TOP OF PAVEMENT. 0
lg- 5 39-8 | 16 <TDZ 8 g e 1815 6 ; 6 ; 2 2 2 2 %52 %‘ g-g ;—3 z—g 12-171 5. ‘28 7§§ — f‘g? 2.37; 21.173 gg COR ¢ b. OR b ON THE PLANS " T 3" CLEAR BOTTOM SLAB 15. ALL EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED ¥ IN. N N
—1.. 39-6 R B o = = - I - N . 2 s 1Y 2 !
O R 0 A 8 A 4 0 5 e 11 973 L3 7 L 5 NOTES ! //’ 12 | 1/ 2 ¢ (co£f3\*;”' REINFORCING 16, FOR FILL HIEGHTS LESS THAN 2 FT, A WATERPROOFING MEMBRANE SHALL BE PROVIDED FOR kff s =
—Z. 39- R o] 5 9 - - . VA . .. 0 . . . . - 1 . 1 ! -
) e e e e e A EA Rl mram Em Emiams ] — O et T ¢ —F — et [ FUCEsS N LT A 17, FOR FILL HIEGHTS LESS THAN 2 F1.THE 1 BARS FOR THE BOTTOM MAT OF TLE TOP SL48 < 2| &=
=3 T30 & = = = = = - : : - ; " T \ [ ‘ f T2 | SHOWN) RE : 1 - —
B e T e T i F L Ch0 e e SPAV FOR A DISTANCE 07 1/¢ 0F THE 5P B | — D N AR - @ o | L BE 45 FOLLONS — | -
10 [12-45] 394 | 4108 [135/ 15| 10 [ 5|5 [5]5 5 5 5 2481 276 | 2-4 [ 10-11 | 24 | 2-4 4.694 739 1.60 07 217 2.61 ) : * ] — oo 5 ! & e S 8,9,10]14,16,18] 20 N o O
e N D S . — | Loy 4 - i N ] S
8-3 | 45-6 <2 61| 105 [ 7878 5 5 515 |240] 3 2-4 7-1 | 32 [ 20 2.560 1243 5.389 1.00 .30 110 ") 2. QUANTITIES ARE GIVEN FOR ONE HEADWALL AND ONE TOEWALL AND ARE BASED C : ‘ ‘ < 1 x I /_ et 8 SPACING 1'-Q" 1'-Q" 1'-Q" < |
¢ 8L 454 | 7104 3112 10 718 [ 718 5 5 55 [240] 2+ 54 [ 601 [ 33 [ 21 4.239 1196 131 59 167 169 ON PER LINEAR FOOT OF HEADWALL. STEEL QUANTITIES INCLUDE ALL REINFORCING. — - ‘ ! ' -~ SECTION A-A " > —
B2 [ 454 | 4108 15[ 131 10 [ 718 7|8 5 5 515 17401 76 [ 94 [ 6=l | 24 | 97 4.379 193 1.98 57 2.8 2.90 QUANTITIES SHALL BE PAID FOR AS SHOWN ON THE PLANS. - - C bl / ‘ \ é\ / T MIN. LAP SPLICE DESIGN DATA: 7TH EDITION, 2014, OF THE AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS O d
8-5 45-8 8 10 12 4 5 1 7 8 7 8 5 5 6 6 [240] 2-10 2 7-0 3-10 2-4 4.902 242 3.51 4.54 3.93 4.17 / N | | D LENGTH (TYP) B o O
1cl>asi5 Zg—g 2<TUZ4 g 1.25 10(.)5 ; 8 ; 8 g g g g %gg g—; g—i g—ll g—% %—(IJ 4.899 %%‘; 5.389 i% gg 11& 11(136 N / \ | | ) ‘ \ / TK - T0P SLAB RATING DATA: 2ND EDITION, 2011, OF THE AASHTO MANUAL FOR BRIDGE EVALUATION A o A <j
| 8 [ [45- 8 8 6 [ o4 [ 8] 53 1 2 : : : : 65 3. SKEWED HEADWALLS ARE NOT RECOMMENDED FOR THESE SPANS. A L L fy= 60,000 psi. o
10-2 | 45-4 4 10 8 3 3 0 7 8 7 8 5 5 5 1 5 [256] 2 2-4 8-11 3-4 2-2 4.626 238 2.10 2.73 2.76 2.84 T . y ’ psi., —
oS Ta0 T wT0 1 LB 12 1718 7]s : > L 23—1?1 0T o0 17 Z! 5.302 2 - 352 456 3.95 419 SPECIAL DESIGN IS REQUIRED. ! | / 3ne" 6" '(?TE%F)DRCING LOADING DATA: fie= 4,500 psi., Y < g Ak
-4, 45-6 < 16.5 N 8 8 = -4 - - - 5.299 . 1.07 1.39 1.18 1.20 | .
S oo 2 102 12 /2 S A - A - o LA e e e = 2233 32 o 139 G 129 TH’LTJﬂ LIVE LOAD = AASHTO LRFD, HL-93 TRUCK, HL-93 TANDEM, COLORADD PERMIT TRUCK AND NRL 0 O
5. _ 5. 3 8 6 |2 = = __ = —4 . - K 5 X e o o e ((@) (0) (@) (o) o/ @ . = . . . ~—
5 | 51 51250 10, B : ; T [ 28 [ 72 [ 2412 5 . : , , , ) HORIZONTAL EARTH LDAD = 30 LBS./CU.FT. QN B A
N B 1 OB A 0 0 0 7 0 0 = = P 2 s o % 2 3 4 5. WHEN THE FILL HEIGHTS ARE LESS THAN OR EQUAL TO 2 FT, ALL e mtan DD LD CASE 2 VERTICAL B Lol 120 Lo ret P m o =
1 A O L2 0 0 0 5 0 R 3 o it 175 7 REINFORCING BARS IN THE HEADWALL, ALL REINFORCING BARS DESIGNATED N HORLZONTAL EARTH LUAD = 60 LBL./cul 1. = O
86 [ 518 [ 8 1010 75 55 117 I A 0 5 16 2641 38 00 [ 7-0 [ 301 [ 04 5.509 377 2.06 268 2.2 2.8 BY AN ASTERISK (* ), AND THE di BARS IN THE TOP MAT OF THE TOP SLAB N CONSTRUCTION JOINT J BARS (SEE NOTE BELOW) WEARING SURFACE - 12 IN. THICK CONCRETE PAVEMENT. — Z
ORI 5 08 I (S S 1 S O LA R TR R 010 T = = 2 B 1405 — 1% 1% S L5 SHALL BE EPOXY COATED. (TYP.) \ DEAD LOAD - TYPE 7 BARRIER. O
| 8 [103 o4 [ 4706 (1615 J0 [ 78 7 6l » 516 280[ 710 | 76 | 90 [ 38 27 5965 1406 157 203 57 170 \ J BARS (SEE NOTE BELOW) THRUST IS NOT CONSIDERED IN THIS STANDARD, LE. THRUST = 0. <
N e S S . R R 2232 e 241 20 212 2l 6. REINFORCING QUANTITIES INCLUDE BOTH EPOXY-COATED AND UNCOATED BARS. CUVERT ¢ HEADXﬁétEBENT EXTREME HEADWATER TO DEPTH RATIO IS IN ACCORDANCE WITH THE CDOT DRAINAGE MANUAL. o
26 | SI- <2 71131 105 |7 718 2 2 6 16296 4-4 | 2-8 | 11-2 [ 2-4 | J- £.065 200 6.056 .06 57 12 L6 " EXTREME HEADWATER TO DEPTH RATIO WAS INCLUDED IN THE CULVERT DESIGNS BUT O
2-3 51-4 210 4 4 3 0 7 7 8 5 5 6 6 [296] 2-10 2-8 -0 3-8 2-2 5.512 452 .30 .68 .36 1.43 7 WHEN A (RISE) R OF LESS THAN 6 FT IS REQUIRED, USE THE BAR e o o o (0 el(6)(®/(®)]e o o
Nl V2 I O R 5 5 S R s TS T e e ool 20 o8 TI0 58 55 =215 risa 21 X 4 68 . ) EXCLUDED FROM THE RATINGS AS PER THE AASHTO MANUAL FOR BRIDGE EVALUATION
2-5 | 51-4 5 10 8 1 0 7 7 8 5 5 6 | 6 [296] 2-10 | 2-8 =0 | 3710 | 2-4 5.829 455 2.24 2.91 2.50 2.57 SIZES AND THE SLAB AND WALL THICKNESSES FOR THE 6 FT RISE — LIVE LOAD SURCHARGE ON EXTERIOR WALLS = 2 FT.OF EARTH
) EREE: z; % 1: ; 125 1%;5 g 2 ; g g g E Eg; gjo 231; ;1_‘ ?;1 Ez 25251; ;%g — flgg j-gg f(?g ;g (IF AVAILABLE ON THE TABLE). REINFORCING PLAN \ LT‘TLH & IF HEADWALL MOUNT GUARORALL IS USED (SEE STANDARD PLAN M-606.L
- 8 G 6 8 128 71 1 39 172 - - SHEET 19 AND NOTES BELOW):
LTI IR TR LA N IR R b I = T B = . iy 13 i} 5 i A 8. FOR SIZE AND SPACING OF THE BOTTOM MAT BARS IN THE TOP SLAB SEE TABLE O BAR EPDXY | BLACK BOTTOM SLAB — 3" 6" 6" - ALL REINFORCING STEEL SHALL BE ACCORDING TO THIS BOX CULVERT PLAN.
2 7135 105 [ 7181718 5 57 [ 7 [304] 50 | 31 [ 92 | 41 | 21 6.450 653 5722 102 33 05 til M-601-3, SHEET 1 OF 2. ALL OTHER d; BARS ARE #4's AT 1'-0" SPACING. THE NUMBER SIZE (#) X X REINFORCING - ANY SPECIAL DESIGN FOR STIRRUPS WILL NOT BE MEASURED AND PAID FOR
18 B e T N A e 2l 25 - 2 1 2 OF BARS REQUIRED IS LISTED ON THIS SHEET AND INCLUDES BOTH #4 BARS AND - (FgriNJ (FI:ﬁNJ (TYP.) SEPARATELY BUT SHALL BE INCLUDED IN THE WORK
6108 [16[17] 11 718718 5 5 6 304 3-8 | 2-9 | 9 [ 4-0 | 26 6.960 557 88 44 .93 .99 THOSE FROM THE TABLE. : - = STAGE 2 ' STAGE 1 - HEADWALL DIMENSION AND CONCRETE QUANTITY
S - 8.8 I 8122 L4 -3 .98 12 3 EA. SAME SIZE AS Z BAR 5 2-10 2-4 ! SHALL BE ACCORDING TO STANDARD PLAN M-606-1, SHEET 19.
106 (55 B 10 7 A T 516 [ 6 [320] 58 [ 29 [ 11 [ 24 [ 2% 57 588 T4] 83 143 49 ¢ 9. LIVE LOAD IS NEGLECTED AS PER AASHTO LRFD SECTION 3.6.1.2.6. FOR THESE STRUCTURES @ EACH END OF HEADWALL 6 35 2-10 NOT TO SCALE — POST ANCHORS SHALL BE PROVIDED ACCORDING TO
6 8 16 7 11 7 7 8 5 5 6 320] 3~ 2- 1= 4-0 2-6 7.231 602 1.85 2.40 1.90 97 REFER TO THE CDOT RATING MANUAL - X DFS‘GN ED BY LD
B S Iofelol 6 [ & (71700037 [ 7542 25 703 7% TA07 10 130 1.0 L7 : o ! 41 39 CONSTRUCTION JOINT DETAIL FOR STAGED CONSTRUCTION ~ STANDARD PLAN M-606-L, SHEET 19. i
- - ! 3- ! . 1.1 1.4 1.13 1.2! o 8 5-3 4-3
TT06 16116 88818 5 5 16 [ 6 [312] 58 [ 20 [ 72 [ 51l [ 25 7.103 1798 16 2.09 2:00 227 : vp+1-on - POST ANCHORS AND CONCRETE FOR HEADWALL MOUNT
) 4.5 T T 8T 7 58 b0 1 57 035 24 o6 7473 2759 7407 0 53 107 109 10.  FOR ALL NEW CULVERT DESIGNS, A RATING IS REQUIRED. THE RATING SUMMARY SHEET ) 1 l 9 6-8 55 NOTE: THIS DETAIL IS FOR CONSTRUCTION JOINTS INSTALLED PERPENDICULAR TO THE © OF THE BOX ONLY.  OF GUARDRAIL WILL NOT BE MEASURED AND PAID DRAWN BY  DLF
20 7104 6 7 718 5 5 166 [328] 38 [ 29 [ 92 | 3 | 25 7.374 684 1.14 48 1.10 1.22 SHOULD BE PRINTED FROM THE CDOT EXTERNAL WEBSITE AND SUBMITTED TO THE SECTION C-C THE CONTRACTOR CAN DESIGN AND INSTALL J BARS AT HIS EXPENSE TO SUPPORT TEMPORARY FOR SEPARATELY BUT SHALL BE INCLUDED IN THE WORK.
4706 [16116 8 8 5 5 161613281 3-8 1 759 [ 97 | 51 | 25 7374 843 183 .38 2.08 221 BRIDGE RATING UNIT OR INCLUDED AS PART OF A LARGER DESIGN PACKAGE. FOR CHECKED BY LD
<7 5 8198 6 6 7 [ 7 [ 344 50 | 32 [ 113 | 43 [ 26 7.843 335 7.407 1.06 37 05 113 : LIVE LOADS DURING STAGE 1 CONSTRUCTION. J BARS SHALL BE THE SAME SIZE AS THE TOP AND - POST ANCHORS WHEN REQUIRED AND ENCASED IN HEADWALL CONCRETE
7T04 1616 71817 5 5|6 [ 6 [3#4] 38 | 20 [ 112 [ 3L [ 25 7646 729 i 16 09 120 ADDITIONAL INFORMATION, SEE THE CDOT RATING MANUAL. HEADWALL CORNER REINFORCING DETAIL BOTTOM SLAB REINFORCING WHEN THERE ARE NO TEMPORARY LIVE LOADS TO SUPPORT. SHALL CONFORM TO ASTM A 36 OR AASHTO M 169 STEEL.
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