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Slab Reinforcing

Culvert Bottom

Reinforcing

 Variable

Details

See Corner

Slope

Toe of

this line.

slope along

based on SL:1

Length of Wings

(Roadway Slope)

Finished Grade

16'-0"  8'- 2" 4'- 6" 3'- 0" 1'- 3" #9    6" #6    6" 297.02  1.234

15'-0"  7'- 8" 4'- 0" 3'- 0" 1'- 1" #9    6" #6    6" 283.06  1.068

14'-0"  7'- 2" 3'- 6" 3'- 0" 1'- 0" #8    6" #5    6" 216.78  0.959

13'-0"  6'- 8" 3'- 3" 2'- 9"    11" #7    6" #5    6" 178.80  0.856

12'-0"  6'- 2" 3'- 0" 2'- 6"     9" #7    6" #5    6" 162.29  0.721

11'-0"  5'- 8" 2'- 9" 2'- 3"     8" #6    6" #5    6" 133.65  0.634

10'-0"  5'- 2" 2'- 6" 2'- 0"     8" #5    6" #4    6"  97.25  0.584

 9'-0"  4'- 8" 2'- 3" 1'- 9"     8" #4    6" #4    6"  81.49  0.535

 8'-0"  4'- 2" 2'- 0" 1'- 6"     8" #5 1'-0" #4 1'-0"  60.19  0.486

 7'-0"  3'- 8" 1'- 9" 1'- 3"     7" #4 1'-0" #4 1'-0"  52.77  0.414

 6'-0"  3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  46.42  0.367

 5'-6"  3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  45.75  0.355

 5'-0"  3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  45.09  0.343

 4'-6"  3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  41.75  0.330

 4'-0"  2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  38.41  0.285

 3'-6"  2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  37.74  0.273

 3'-0"  2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  37.07  0.261

 2'-6"  2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  33.73  0.248

(2~Wings)

REINFORCING

TABLE OF WINGWALL

 Q    #4    1      ~

 L    #4    ~    1'-6"

Bar  Size  No.    Spa

 V    #4    ~    1'-0"

 R    #5    6      ~

 P    #4    ~    1'-0"

 M    #4    4      ~

 G    #6    4      ~

 F    #4    ~    1'-0"

 E    #4    ~    1'-0"

 D    #5    ~    1'-0"

Bar  Size  No.    Spa

Hw

Height

Wingwall

Maximum

N    = Number of Culvert Spans

Ltw  = Culvert Toewall Length

Lw   = Length of Wingwall

SL:1 = Side Slope Ratio (Horizontal:1 Vertical)

Hw   = Height of Wingwall

QUANTITIES

CULVERT TOEWALL

TABLE OF ESTIMATED

Toewall reinforcing not shown for clarity.)

(Showing reinforcing.  Culvert and Culvert

Const Jt

Permiss

and U values.

  See applicable box culvert standard for H, S, T,

(2~Wings)

wing length

per ft of

Quantities

Estimated

S S

L
w

8" PLAN

X Y

L

Q

R

SECTION B-B

BARS L BARS J

BARS J1

2

2'-0"

2
'
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0
"

6"

Conc (CY/Ft)

L
e
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g
t
h
 

V
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e
s
 

~

Dimensions

W X Y

S
i
z
e

Spa

S
i
z
e

Spa

Z

(Lb/Ft)

Reinf Conc

(CY/Ft)

TABLE OF DIMENSIONS & REINFORCING STEEL
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WINGWALL

CORNER DETAILS

FOOTING AND TOEWALL
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V
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2
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perpendicular to Rdwy
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2.45

0.037

1 2Bars J Bars J

M
a
x

T
y
p

A

J  or V

1
2
"

M
a
x

F or G

B

8"

XY

Const Jt

UUU

Ltw

    For Cast-in-place culverts:

Ltw = (N) (S)   (N  1) (U)

    For Precast culverts:

Ltw = (N) (2U   S)   (N  1) (0.5')

J2

B

Hw = H   T   C   0.250'

Lw = (Hw   0.333') (SL)

Wingwall Toewall
Culvert Toewall

A

Total Wingwall Area (Two Wings ~ S.F.)=(Hw   0.333') (Lw)

(Wings for One Structure End) WING DIMENSION CALCULATIONS:

(Showing Dimensions)

2"
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Y  4"
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"
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w
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t
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-
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+

+
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+ + -
+

Reinf (Lb/Ft)

    Formulas:  (All values are in Feet)

W  4"-

1
'
-
0
"

other than T6, refer to RAC standard.

to T6-CM standard. For structures with traffic rail,

ECD standard. For structures with T6 bridge rail, refer

rail, bicycle rail or curbs taller than 1'-0", refer to

elsewhere in the plans. For structures with pedestrian

0" min to 5'-0" max. Estimated curb heights are shown

SECTION B-B will not be required.

riprap is provided, the culvert toewall shown in

riprap, at intervals of approximately 20'.  When such

flow, shall extend across the full distance of the

joints or grooved joints, oriented in the direction of

typical riprap reinforcing into the toewall; construction

ground; the toewall shall be reinforced by extending

concrete toewall along all edges adjacent to natural

riprap shall have a 6" wide by 1'-6" deep reinforced

shown on the plans or directed by the Engineer, the

be as required by Item 432, "Riprap".  Unless otherwise

riprap shall be constructed.  Payment for riprap shall

When shown elsewhere on the plans, a 5" deep concrete

for Contractor's information only.

resulting from the formulas given on this sheet are

  The quantities for concrete and reinforcing steel

information.

  See BCS sheet for additional dimensions and

or eliminated as directed by the Engineer.

toewalls for culverts and wingwalls may be reduced

  When structure is founded on solid rock, depth of

a minimum of 1 ‚" clear cover.

  All reinforcing bars shall be adjusted to provide

minimum compressive strength of 3600 psi.

  All concrete shall be Class "C" and shall have a

otherwise.

steel reinforcing in riprap concrete unless noted

Material Producer List (MPL) may be used in lieu of

  Synthetic fibers listed on the "Fibers for Concrete"

  All reinforcing steel shall be Grade 60.

  Designed according to AASHTO LRFD Specifications.

Box Culvert.

Extend Bars P 3'-0" minimum into bottom slab of

from that shown as necessary.

flush with Wingwall Toewall.  Adjust reinforcing

At Contractor's option, Culvert Toewall may be ended

cover and 4" minimum between bars.

Adjust to fit as necessary to maintain 1 ‚" clear

by Lw.

quantities for two wings multiply the tabulated values

for two wings (one structure end).  To determine total

Quantities shown are based on an average wing height

will be allowed for this work.

be made in quantities and no additional compensation

3" projection above finished grade.  No changes will

shall be reduced, if necessary, to provide a maximum

For vehicle safety, curb heights and wall heights

GENERAL NOTES:

Recommended values of Slope are:  2:1, 3:1, 4:1, & 6:1.

SW-O

CONCRETE WINGWALLS

WITH STRAIGHT WINGS FOR

0° SKEW BOX CULVERTS

synthetic fibers.

11-10:  Add note for

February 2010
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other than T6, refer to RAC standard.

to T6-CM standard. For structures with traffic rail,

ECD standard. For structures with T6 bridge rail, refer

rail, bicycle rail or curbs taller than 1'-0", refer to

elsewhere in the plans. For structures with pedestrian

0" min to 5'-0" max. Estimated curb heights are shown

SECTION B-B will not be required.

riprap is provided, the culvert toewall shown in

riprap, at intervals of approximately 20'.  When such

flow, shall extend across the full distance of the

joints or grooved joints, oriented in the direction of

typical riprap reinforcing into the toewall; construction

ground; the toewall shall be reinforced by extending

concrete toewall along all edges adjacent to natural

riprap shall have a 6" wide by 1'-6" deep reinforced

shown on the plans or directed by the Engineer, the

be as required by Item 432, "Riprap".  Unless otherwise

riprap shall be constructed.  Payment for riprap shall

When shown elsewhere on the plans, a 5" deep concrete

for Contractor's information only.

resulting from the formulas given on this sheet are

  The quantities for concrete and reinforcing steel

information.

  See BCS sheet for additional dimensions and

or eliminated as directed by the Engineer.

toewalls for culverts and wingwalls may be reduced

  When structure is founded on solid rock, depth of

a minimum of 1 ‚" clear cover.

  All reinforcing bars shall be adjusted to provide

minimum compressive strength of 3600 psi.

  All concrete shall be Class "C" and shall have a

otherwise.

steel reinforcing in riprap concrete unless noted

Material Producer List (MPL) may be used in lieu of

  Synthetic fibers listed on the "Fibers for Concrete"

  All reinforcing steel shall be Grade 60.

  Designed according to AASHTO LRFD Specifications.

Slope

Toe ofthis line.

slope along

based on SL:1

Length of Wings

Details

See Corner

(Roadway Slope)

Finished Grade

Reinforcing

 Variable

(2~Wings)

REINFORCING

TABLE OF WINGWALL

 Q    #4    1      ~

 L    #4    ~    1'-6"

Bar  Size  No.    Spa

 V    #4    ~    1'-0"

 R    #5    6      ~

 P    #4    ~    1'-0"

 M    #4    4      ~

 G    #6    4      ~

 F    #4    ~    1'-0"

 E    #4    ~    1'-0"

 D    #5    ~    1'-0"

Bar  Size  No.    Spa

Hw

Height

Wingwall

Maximum

 

16'-0" 8'- 2" 4'- 6" 3'- 0" 1'- 3" #9    6" #6    6" 297.02  1.234

15'-0" 7'- 8" 4'- 0" 3'- 0" 1'- 1" #9    6" #6    6" 283.06  1.068

14'-0" 7'- 2" 3'- 6" 3'- 0" 1'- 0" #8    6" #5    6" 216.78  0.959

13'-0" 6'- 8" 3'- 3" 2'- 9"    11" #7    6" #5    6" 178.80  0.856

12'-0" 6'- 2" 3'- 0" 2'- 6"     9" #7    6" #5    6" 162.29  0.721

11'-0" 5'- 8" 2'- 9" 2'- 3"     8" #6    6" #5    6" 133.65  0.634

10'-0" 5'- 2" 2'- 6" 2'- 0"     8" #5    6" #4    6"  97.25  0.584

 9'-0" 4'- 8" 2'- 3" 1'- 9"     8" #4    6" #4    6"  81.49  0.535

 8'-0" 4'- 2" 2'- 0" 1'- 6"     8" #5 1'-0" #4 1'-0"  60.19  0.486

 7'-0" 3'- 8" 1'- 9" 1'- 3"     7" #4 1'-0" #4 1'-0"  52.77  0.414

 6'-0" 3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  46.42  0.367

 5'-6" 3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  45.75  0.355

 5'-0" 3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  45.09  0.343

 4'-6" 3'- 2" 1'- 6" 1'- 0"     7" #4 1'-0" #4 1'-0"  41.75  0.330

 4'-0" 2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  38.41  0.285

 3'-6" 2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  37.74  0.273

 3'-0" 2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  37.07  0.261

 2'-6" 2'- 5" 1'- 0"     9"     7" #4 1'-0" #4 1'-0"  33.73  0.248

Box Culvert.

Extend Bars P 3'-0" minimum into bottom slab of

N    = Number of Culvert Spans

Ltw  = Culvert Toewall Length

Lw   = Length of Wingwall

SL:1 = Side Slope Ratio (Horizontal:1 Vertical)

Hw   = Height of Wingwall
QUANTITIES

CULVERT TOEWALL

TABLE OF ESTIMATED

from that shown as necessary.

flush with Wingwall Toewall.  Adjust reinforcing

At Contractor's option, Culvert Toewall may be ended

by Lw.

quantities for two wings multiply the tabulated values

for two wings (one structure end).  To determine total

Quantities shown are based on an average wing height

cover and 4" minimum between bars.

Adjust to fit as necessary to maintain 1 ‚" clear

Toewall reinforcing not shown for clarity.)

(Showing reinforcing.  Culvert and Culvert

(2~Wings)

wing length

per ft of

Quantities

Estimated

and U values.

  See applicable box culvert standard for H, S, T,

will be allowed for this work.

be made in quantities and no additional compensation

3" projection above finished grade.  No changes will

shall be reduced, if necessary, to provide a maximum

For vehicle safety, curb heights and wall heights

BARS R

BARS D

30°

2'-0"

2'
-0

"

2'-0"

2
'
-
0
"

S S

A

30

B

8"

8"

PLAN

U

X

Y Y

X

L
w

60°

W
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F M

H

perpendicular to Rdwy

H
w

Z

P

J

4
"
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"

G

1
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3
"
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C

Conforms to Slope

4
"
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3
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D
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1

E

T

INSIDE ELEVATION

M
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J  or V
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2
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M
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x

Conc (CY/Ft)

Dimensions

W X Y

S
i
z
e

Spa

S
i
z
e

Spa

Z

(Lb/Ft)

Reinf Conc

(CY/Ft)

TABLE OF DIMENSIONS & REINFORCING STEEL

2.45

0.037

1 2Bars J Bars J

Recommended values of Slope are:  2:1, 3:1, 4:1, & 6:1.

    For Cast-in-place culverts:

Ltw = (N) (S)   (N  1) (U)

    For Precast culverts:

8"
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BARS J1
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t
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B  = (A) Tangent (30°)

A  = (Hw   0.333') (SL)

Hw = H   T   C   0.250'

(Typ)

Ltw

UU

Lw = (A)   Cosine (30°)

A

GENERAL NOTES:

(Wings for One Structure End) 

(Showing dimensions.)

WING DIMENSION CALCULATIONS:

Z
 
 
 
2
0
"

Reinf (Lb/Ft)

    Formulas:  (All values are in Feet)
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+Total Wingwall Area (Two Wings ~ S.F.)=(Hw   0.333') (Lw)

-W  4"

Ltw = (N) (2U  S)   (N  1) (0.500')

1
'
-
0
"

2
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5

2"

Slab Reinforcing

Culvert Bottom

AND TOEWALL

FOOTING

reinforcing not shown for clarity.)

(Culvert and Culvert Toewall

Const Jt

Permiss

M

Z

D

R

J

J P

2
'
-
0
"

6"

V

2

1

F

SECTION A-A

E

H
w

2" 

(Typ)

Const Jt

L

Q

R

SECTION B-B
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"
 

WINGWALL

CORNER DETAILS

4
"

2
"

2"

R
D
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F or G

V

1

B
P

L

Q R

V E

J

J1

2

B

Wingwall Toewall
Culvert Toewall FW-0

0° SKEW BOX CULVERTS

WITH FLARED WINGS FOR

CONCRETE WINGWALLS

synthetic fibers.
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SHEET 1 OF 2

Dimensions

Bar

(Length = 4'-3")

(Spa = 1'-0" Max)

(Typ)

Const Jt

NOTES)

(See GENERAL

3" Chamfer

(Roadway Slope)

Finished Grade
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and lengthening details.

  See standard MC-MD for skewed ends, angle sections

and Z may be reversed.

raised, Bars C and D may be reversed, and Bars Y

If this option is used, Bars M may be cut off or

raised a maximum of 6" at the Contractor's option.

  Construction joints shown at the flow line may be

minimum of 1 ‚" clear cover.

  Reinforcing bars shall be adjusted to provide a

3" at the entrance.

  The bottom edge of the top slab shall be chamfered

  The use of permanent forms is not allowed.

a minimum compressive strength of 4,000 psi.

strength of 3,600 psi. Class "S" concrete shall have

  Class "C" concrete shall have a minimum compressive

or with the top slab as the final riding surface.

with overlay, with 1-to-2 course surface treatment,

exceptions:  use Class "S" for top slabs of culverts

  All concrete shall be Class "C" with these

  All reinforcing steel shall be Grade 60.

  Designed to the maximum fill height shown.

  Designed according to AASHTO LRFD Specifications.

elsewhere in the plans.

1'-0" typical.  2'-0" when RAC standard is referred to

  

3" high, bars K may be omitted.

height as necessary to maintain cover. For curbs less than

For curbs less than 1'-0" high, tilt bars K or reduce bar

  

work.

and no additional compensation will be allowed for this

above requirements.  No changes will be made in quantities

Curb heights shall be reduced, if necessary, to meet the

with finished grade.

- For structures with bridge rail, curbs shall be flush

no more than 3" above finished grade.

- For structures without bridge rail, curbs shall project

For vehicle safety, the following requirements must be met:

  

other than T6, refer to RAC standard.

to T6-CM standard.  For structures with traffic rail,

ECD standard.  For structures with T6 bridge rail, refer

rail, bicycle rail or curbs taller than 1'-0", refer to

elsewhere in the plans.  For structures with pedestrian

0" min to 5'-0" max.  Estimated curb heights are shown

shown in Item 440).    

2'-2" (Lap required for uncoated No. 5 bars, as

Required lap length for the provided D30.6 wire is

Max spacing.

= (0.306 sq in/ 0.754 sq in/ft) x 12 in/ft = 4.87"

requirement in this example, the required spacing

If D30.6 wire is used to meet the 0.754 sq in/ft

= 0.754 sq in/ft.

WWR required = (0.44 sq in/ 0.5') x (60 ksi/70 ksi)

Spacing with WWR.

Example Conversion: Replacement of No. 6 Gr 60 at 6"

wire sizes between conventional bar sizes.    

required for the equivalent bar size, rounded up for

provide lap splices in the WWR of the same length

WWR is limited to 4" Min and 18" Max. When required,

reduced by the ratio of 60 ksi / 70 ksi. Spacing of

option.  The area of required reinforcement may be

conventional reinforcement shown at the Contractor's

requirements of ASTM A1064 may be used to replace

Deformed welded wire reinforcement (WWR) meeting the
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SHEET 2 OF 2

DIMENSIONS

 SECTION 

K

Bars

Wt

Y

Bar

  6   5'-0"  5'-0"  7"  7" 194 #4 5" 33'-10"  4,385 138 #4 7" 10'- 1"   930  6'-10"   630 162 #5 6" 28'- 0"  4,731 42  8" 39'-9" 1,115 130 39'-9" 3,452 56  5'- 0" 187 205 4'- 6"   616 11'- 0" 1,506 33'-10"  90  70 199 2.229   438.8  2.5 289

  5   5'-0"  5'-0"  7"  7" 194 #4 5" 28'- 3"  3,661 138 #4 7" 10'- 1"   930  6'-10"   630 162 #5 6" 22'- 5"  3,788 35  8" 39'-9"   929 110 39'-9" 2,921 56  5'- 0" 187 164 4'- 6"   493 11'- 0" 1,205 28'- 3"  75  60 170 1.880   368.6  2.1 245

  4   5'-0"  5'-0"  7"  7" 194 #4 5" 22'- 8"  2,937 138 #4 7" 10'- 1"   930  6'-10"   630 162 #5 6" 16'-10"  2,844 28  8" 39'-9"   743  90 39'-9" 2,390 56  5'- 0" 187 123 4'- 6"   370 11'- 0"   904 22'- 8"  61  48 136 1.530   298.4  1.7 197

  3   5'-0"  5'-0"  7"  7" 194 #4 5" 17'- 1"  2,214 138 #4 7" 10'- 1"   930  6'-10"   630 162 #5 6" 11'- 3"  1,901 21  8" 39'-9"   558  70 39'-9" 1,859 56  5'- 0" 187  82 4'- 6"   246 11'- 0"   603 17'- 1"  46  36 102 1.181   228.2  1.3 148

  2   5'-0"  5'-0"  7"  7" 194 #4 5" 11'- 6"  1,490 138 #4 7" 10'- 1"   930  6'-10"   630 162 #5 6"  5'- 8"    957 14  8" 39'-9"   372  50 39'-9" 1,328 56  5'- 0" 187  41 4'- 6"   123 11'- 0"   301 11'- 6"  31  26  74 0.832   158.0  0.9 105

  6   5'-0"  4'-0"  7"  7" 194 #4 5" 33'-10"  4,385 138 #4 7"  9'- 1"   837  6'-10"   630 162 #5 6" 28'- 0"  4,731 42  8" 39'-9" 1,115 116 39'-9" 3,080 56  4'- 0" 150 205 4'- 6"   616  9'- 0" 1,232 33'-10"  90  70 199 2.078   419.4  2.5 289

  5   5'-0"  4'-0"  7"  7" 194 #4 5" 28'- 3"  3,661 138 #4 7"  9'- 1"   837  6'-10"   630 162 #5 6" 22'- 5"  3,788 35  8" 39'-9"   929  98 39'-9" 2,602 56  4'- 0" 150 164 4'- 6"   493  9'- 0"   986 28'- 3"  75  60 170 1.750   351.9  2.1 245

  4   5'-0"  4'-0"  7"  7" 194 #4 5" 22'- 8"  2,937 138 #4 7"  9'- 1"   837  6'-10"   630 162 #5 6" 16'-10"  2,844 28  8" 39'-9"   743  80 39'-9" 2,124 56  4'- 0" 150 123 4'- 6"   370  9'- 0"   739 22'- 8"  61  48 136 1.422   284.4  1.7 197

  3   5'-0"  4'-0"  7"  7" 194 #4 5" 17'- 1"  2,214 138 #4 7"  9'- 1"   837  6'-10"   630 162 #5 6" 11'- 3"  1,901 21  8" 39'-9"   558  62 39'-9" 1,646 56  4'- 0" 150  82 4'- 6"   246  9'- 0"   493 17'- 1"  46  36 102 1.095   216.9  1.3 148

  2   5'-0"  4'-0"  7"  7" 194 #4 5" 11'- 6"  1,490 138 #4 7"  9'- 1"   837  6'-10"   630 162 #5 6"  5'- 8"    957 14  8" 39'-9"   372  44 39'-9" 1,168 56  4'- 0" 150  41 4'- 6"   123  9'- 0"   246 11'- 6"  31  26  74 0.767   149.3  0.9 105

  6   5'-0"  3'-0"  7"  7" 194 #4 5" 33'-10"  4,385 138 #4 7"  8'- 1"   745  6'-10"   630 162 #5 6" 28'- 0"  4,731 42  8" 39'-9" 1,115 116 39'-9" 3,080 56  3'- 0" 112 205 4'- 6"   616  7'- 0"   959 33'-10"  90  70 199 1.926   409.3  2.5 289

  5   5'-0"  3'-0"  7"  7" 194 #4 5" 28'- 3"  3,661 138 #4 7"  8'- 1"   745  6'-10"   630 162 #5 6" 22'- 5"  3,788 35  8" 39'-9"   929  98 39'-9" 2,602 56  3'- 0" 112 164 4'- 6"   493  7'- 0"   767 28'- 3"  75  60 170 1.620   343.2  2.1 245

  4   5'-0"  3'-0"  7"  7" 194 #4 5" 22'- 8"  2,937 138 #4 7"  8'- 1"   745  6'-10"   630 162 #5 6" 16'-10"  2,844 28  8" 39'-9"   743  80 39'-9" 2,124 56  3'- 0" 112 123 4'- 6"   370  7'- 0"   575 22'- 8"  61  48 136 1.314   277.0  1.7 197

  3   5'-0"  3'-0"  7"  7" 194 #4 5" 17'- 1"  2,214 138 #4 7"  8'- 1"   745  6'-10"   630 162 #5 6" 11'- 3"  1,901 21  8" 39'-9"   558  62 39'-9" 1,646 56  3'- 0" 112  82 4'- 6"   246  7'- 0"   383 17'- 1"  46  36 102 1.008   210.9  1.3 148

  2   5'-0"  3'-0"  7"  7" 194 #4 5" 11'- 6"  1,490 138 #4 7"  8'- 1"   745  6'-10"   630 162 #5 6"  5'- 8"    957 14  8" 39'-9"   372  44 39'-9" 1,168 56  3'- 0" 112  41 4'- 6"   123  7'- 0"   192 11'- 6"  31  26  74 0.702   144.7  0.9 105

  6   5'-0"  2'-0"  7"  7" 194 #4 5" 33'-10"  4,385 162 #4 6"  7'- 1"   767  6'-10"   739 162 #5 6" 28'- 0"  4,731 42  8" 39'-9" 1,115 102 39'-9" 2,708 56  2'- 0"  75 205 4'- 6"   616  5'- 0"   685 33'-10"  90  70 199 1.775   395.5  2.5 289

  5   5'-0"  2'-0"  7"  7" 194 #4 5" 28'- 3"  3,661 162 #4 6"  7'- 1"   767  6'-10"   739 162 #5 6" 22'- 5"  3,788 35  8" 39'-9"   929  86 39'-9" 2,284 56  2'- 0"  75 164 4'- 6"   493  5'- 0"   548 28'- 3"  75  60 170 1.491   332.1  2.1 245

  4   5'-0"  2'-0"  7"  7" 194 #4 5" 22'- 8"  2,937 162 #4 6"  7'- 1"   767  6'-10"   739 162 #5 6" 16'-10"  2,844 28  8" 39'-9"   743  70 39'-9" 1,859 56  2'- 0"  75 123 4'- 6"   370  5'- 0"   411 22'- 8"  61  48 136 1.206   268.6  1.7 197

  3   5'-0"  2'-0"  7"  7" 194 #4 5" 17'- 1"  2,214 162 #4 6"  7'- 1"   767  6'-10"   739 162 #5 6" 11'- 3"  1,901 21  8" 39'-9"   558  54 39'-9" 1,434 56  2'- 0"  75  82 4'- 6"   246  5'- 0"   274 17'- 1"  46  36 102 0.922   205.2  1.3 148

  2   5'-0"  2'-0"  7"  7" 194 #4 5" 11'- 6"  1,490 162 #4 6"  7'- 1"   767  6'-10"   739 162 #5 6"  5'- 8"    957 14  8" 39'-9"   372  38 39'-9" 1,009 56  2'- 0"  75  41 4'- 6"   123  5'- 0"   137 11'- 6"  31  26  74 0.637   141.7  0.9 105
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shown in Item 440).    

2'-2" (Lap required for uncoated No. 5 bars, as

Required lap length for the provided D30.6 wire is

Max spacing.

= (0.306 sq in/ 0.754 sq in/ft) x 12 in/ft = 4.87"

requirement in this example, the required spacing

If D30.6 wire is used to meet the 0.754 sq in/ft

= 0.754 sq in/ft.

WWR required = (0.44 sq in/ 0.5') x (60 ksi/70 ksi)

Spacing with WWR.

Example Conversion: Replacement of No. 6 Gr 60 at 6"

wire sizes between conventional bar sizes.    

required for the equivalent bar size, rounded up for

provide lap splices in the WWR of the same length

WWR is limited to 4" Min and 18" Max. When required,

reduced by the ratio of 60 ksi / 70 ksi. Spacing of

option.  The area of required reinforcement may be

conventional reinforcement shown at the Contractor's

requirements of ASTM A1064 may be used to replace

Deformed welded wire reinforcement (WWR) meeting the

MC-5-20

0' TO 20' FILL

5'-0" SPAN

MULTIPLE BOX CULVERTS

CAST-IN-PLACE

10-12: Added WWR
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bars and 2'-7" for epoxy coated.

  Laps for Bars H, when required, shall be 1'-9" for uncoated

  The use of permanent forms is not allowed.

the skew angle.

the values shown on the culvert standards by the cosine of

curb concrete volume and reinforcing steel weight by dividing

ends with curbs, adjust length of Bars H, number of Bars K,

bar spacing, and any other details not shown.  For Skewed

standard for slab and wall dimensions, bar sizes, maximum

and angle sections refer to Multiple Box Culverts Cast-in-Place

details of straight sections of culvert.  For skewed sections

  Refer to Multiple Box Culverts Cast-in-Place standard for

compressive strength of 4,000 psi.

of 3,600 psi.  Class "S" concrete shall have a minimum

  Class "C" concrete shall have a minimum compressive strength

final riding surface.

1-to-2 course surface treatment, or with the top slab as the

use Class "S" for top slabs of culverts with overlay, with

  All concrete shall be Class "C" with these exceptions:

  All reinforcing steel shall be Grade 60.

  Designed according to AASHTO LRFD Specifications.

End Section (Typ)

Limits of Skewed

End Section (Typ)

Limits of Skewed

End Section (Typ)

Limits of Skewed

Angle Section

Limits of

and Bott Slab

Bars E ~ Top

Bars D ~ Bott Slab

Bars C ~ Top Slab

and Bott Slab

Bars B ~ Top

and Bott Slab

Bars E ~ Top

Bars D ~ Bott Slab

Bars C ~ Top Slab

Bars F ~ Bott Slab

Bars F ~ Top Slab

Bott Slab

Top and

Bars B ~

Section

Angle

Limits of

to maintain cover

Tilt Bar as necessary

maintain cover

necessary to

Tilt Bar as

FROM 0° TO 15°

PLAN OF ANGLE SECTION ~

OVER 15° TO 30°

PLAN OF ANGLE SECTION ~

Length of extension

Existing Box Culvert

Bars F2
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Bars M

Bars B

Bars E

Bars C
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BOTTOM SLAB TOP SLAB
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BOTTOM SLAB TOP SLAB

Bars M
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BOTTOM SLAB TOP SLAB

Bars F2

2

12
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LENGTHENING DETAIL

Skew

L CulvertC

Skew

L CulvertC

Skew

(Typ)

(Typ)

Bars Y Bars Z

Bars Y Bars Z

Bars Y Bars Z

  

7  

GENERAL NOTES:

Bars F2

L CulvertC

PLAN OF SKEWED ENDS ~ FROM 0° TO 15°

PLAN OF SKEWED ENDS ~ OVER 15° TO 30°

PLAN OF SKEWED ENDS ~ OVER 30° TO 45°

5  

5  

5  

2  

HL93 LOADING

Bars F ~ Bott Slab

Bars F ~ Top Slab

Bars F ~ Bott Slab

Bars F ~ Top Slab

and Bott Slab

Bars B ~ Top

and Bott Slab

Bars E ~ Top

Bars D ~ Bott Slab

Bars C ~ Top Slab

the standards shall be increased to accommodate the skew.

spacing along centerline box.  Lengths of Bars B and E shown on

Bars B, C, D and E parallel to the skewed end while maintaining

For skews of 15° or less, the contractor has the option of placing

 

for skews of 30° and 45°.

leg of Bars C and Bars D may be shortened to a minimum of 1'-6"

When necessary to avoid fouling in acute corners, the slab extension

 

shall be bent to remain parallel to the walls of the Box Culvert.

Bars F  and F  shall be continuous through the angle section.  They

 

[One half of overall width] x [Tan of the skew angle]

 

The length of Bars B and E will vary in the skewed end sections

 

of the normal spacing, bars shall be cut to avoid fouling

When the spacing between Bars B or Bars E becomes less than half

 

adjusted to provide a smooth riding surface.

slab as the final riding surface, the "H" dimension may be

overlay, with 1-to-2 course surface treatment, or with the top

specified cover requirements. For top slabs of culverts with

reinforcing shall be field bent into transition maintaining

to maintain an uninterrupted flow line. Existing and new

be formed as directed by the Engineer. Bottom slabs shall match

standard dimensions, horizontal and vertical transitions shall

existing box culverts with dimensions different than current

or cleaned and included in the extension. When lengthening

extension. Exposed wingwall and apron reinforcing may be removed

Wings and apron shall be broken back as necessary to install the

1'-0" into the existing top slab at 1'-6" center to center spacing.

left in  place and 2'-0" long #6 bars shall be drilled and grouted 

the fill height is greater than 2'-0", the existing curb may be

longitudinal reinforcing into the extension. Alternatively, if

broken back to provide a 1'-0" minimum embedment of existing

If the depth of fill is 2'-0" or greater, the top slab shall be

longitudinal bars with the longitudinal bars in the extension.

be broken back to provide a minimum 1'-10" lap of the existing

For box culverts with less than 2'-0" of fill, the top slab shall

Section

Angle

Limits of

OVER 30° TO 45°

PLAN OF ANGLE SECTION ~

Bars F 2

2

1

1 2
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   per linear foot of box width.

   are minimum required areas of reinforcement

   linear foot of box length. A   and A

   required areas of reinforcement per

2  A   thru A  ,A   and A   are minimum

 

1  For Box Length = 8'-0"

    

Height

Fill

S1 S4

S5S6

S7 S8

S H

M
SECTION DIMENSIONS REINFORCING

Lift

(ft)

T T T
T B S

A A A A A A A A
S1 S2 S3 S4 S5 S6 S7 S8

2 1

(Min)

BOX DATA

(ft) (ft) (in)(in)(in)(in)

2
(in /ft)

Weight

(Tons)

       4     2   7.5    6    5   <2      -   0.18  0.27  0.15  0.12  0.18  0.18  0.18  0.14    4.5

       4     2     5    5    5   2<3     38  0.18  0.19  0.17  0.12    -     -     -     -     3.6

       4     2     5    5    5   30      38  0.28  0.30  0.30  0.12    -     -     -     -     3.6

       4     2     5    5    5   3-5     38  0.13  0.13  0.13  0.12    -     -     -     -     3.6

       4     2     5    5    5   10      38  0.12  0.12  0.12  0.12    -     -     -     -     3.6

       4     2     5    5    5   15      38  0.14  0.16  0.16  0.12    -     -     -     -     3.6

       4     2     5    5    5   20      38  0.18  0.20  0.21  0.12    -     -     -     -     3.6

       4     2     5    5    5   25      38  0.23  0.25  0.25  0.12    -     -     -     -     3.6

       4     3   7.5    6    5   <2      -   0.18  0.31  0.18  0.12  0.18  0.18  0.18  0.14    5.0

       4     3     5    5    5   2<3     38  0.15  0.23  0.20  0.12    -     -     -     -     4.1

       4     3     5    5    5   3-5     38  0.12  0.16  0.16  0.12    -     -     -     -     4.1

       4     3     5    5    5   10      38  0.12  0.14  0.14  0.12    -     -     -     -     4.1

       4     3     5    5    5   15      38  0.12  0.18  0.18  0.12    -     -     -     -     4.1

       4     3     5    5    5   20      38  0.14  0.23  0.24  0.12    -     -     -     -     4.1

       4     3     5    5    5   25      38  0.17  0.29  0.29  0.12    -     -     -     -     4.1

       4     3     5    5    5   30      38  0.21  0.35  0.35  0.12    -     -     -     -     4.1

       4     4   7.5    6    5   <2      -   0.18  0.33  0.20  0.12  0.18  0.18  0.18  0.14    5.5

       4     4     5    5    5   2<3     38  0.12  0.26  0.23  0.12    -     -     -     -     4.6

       4     4     5    5    5   3-5     38  0.12  0.18  0.18  0.12    -     -     -     -     4.6

       4     4     5    5    5   10      38  0.12  0.15  0.15  0.12    -     -     -     -     4.6

       4     4     5    5    5   15      38  0.12  0.19  0.20  0.12    -     -     -     -     4.6

       4     4     5    5    5   20      38  0.12  0.25  0.25  0.12    -     -     -     -     4.6

       4     4     5    5    5   25      38  0.14  0.31  0.31  0.12    -     -     -     -     4.6

       4     4     5    5    5   30      38  0.17  0.37  0.37  0.12    -     -     -     -     4.6

 

"Precast Concrete Structures".

shall be submitted in accordance with Item

the table.  Shop plans for alternate designs

the box design for the design fill height in

alternate design that is equal to or exceeds

this sheet, the contractor may furnish an

  In lieu of furnishing the designs shown on

details and notes not shown.

  See SCP-MD standard sheet for miscellaneous

of 5,000 psi.

with a minimum compressive strength

  All concrete shall be Class "H" Concrete

details not shown.

  Refer to ASTM C1577 for information or

  Designs shown conform to ASTM C1577.

1" Max

1 longitudinal bar

space plus 2"

10"

Min

radius(Typ)

4 d Min

radius(Typ)

4 d Min

JOINT REINFORCEMENT)

(TOP AND BOTTOM SLAB

reinforcement

Longitudinal

reinforcing

Longitudinal

(Typ)

radius

2" Max

radius(Typ)
2" Max

 

 

 

 

 

for T  6"A

A

A

1"

T

T
T

H

T

T

(Typ)

A

A

 
 

1"

(Typ)

M

A
A

A

2
"

TS T

T
T

H

TS

A

A

A

A

T

T

A

1"

(Typ)

1" (Typ unless

noted otherwise)

SECTION A-A

1
"

1
"

A

A

(top)

(bott) A

A

(top)

(bott)

•" Min (Typ)

2" Max (Typ)

Outer cage
circumferential

reinforcement

at female end.

A

-
>

for T  5"-
<

A

A

 
 

for T  5"-
<

for T  6"-
>

A (top)

(bott)

(side)

Minimum length is equal to

spacing of longitudinal

4

4

3

3

B
T

S S

S

S

S1

S2

S3

S4

S4

S

S

T
B

S S

S2 S7

S6

S5

S4
S

S

S8

S3

S1

S

S

S2

S3 S2

S3

6" Min

4" Min

reinforcing plus 2" (Typ)

4" Min

1 •" Max

CORNER OPTION "A" CORNER OPTION "B"

FILL HEIGHT 2 FT AND GREATER

CORNER OPTION "A" CORNER OPTION "B"

FILL HEIGHT LESS THAN 2 FT 
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   per linear foot of box width.

   are minimum required areas of reinforcement

   linear foot of box length. A   and A

   required areas of reinforcement per

2  A   thru A  ,A   and A   are minimum

 

1  For Box Length = 8'-0"

    

Height

Fill

are not shown in the ASTM Specifications.

These designs were created by TxDOT and

S1 S4

S5S6

S7 S8

S H

M
SECTION DIMENSIONS REINFORCING

Lift

(ft)

T T T
T B S

A A A A A A A A
S1 S2 S3 S4 S5 S6 S7 S8

A

A

A

1"

T

T
T

H

T

1
"

A

A

(top)

(bott)

A

B
T

S

S

S1

S2

S3

2 1

(Min)

BOX DATA

(ft) (ft) (in)(in)(in)(in)

2
(in /ft)

Weight

(Tons)

5

5

       5     3     8    7    6   <2      -   0.19  0.31  0.21  0.14  0.19  0.19  0.19  0.17    6.6

       5     3     6    6    6   2<3     45  0.18  0.24  0.19  0.14    -     -     -     -     5.7

       5     3     6    6    6   3-5     36  0.14  0.17  0.16  0.14    -     -     -     -     5.7

       5     3     6    6    6   10      36  0.14  0.16  0.17  0.14    -     -     -     -     5.7

       5     3     6    6    6   15      35  0.16  0.21  0.22  0.14    -     -     -     -     5.7

       5     3     6    6    6   20      35  0.21  0.27  0.28  0.14    -     -     -     -     5.7

       5     3     6    6    6   25      35  0.26  0.34  0.34  0.14    -     -     -     -     5.7

       5     3     6    6    6   30      35  0.31  0.41  0.41  0.14    -     -     -     -     5.7

       5     4     8    7    6   <2      -   0.19  0.33  0.24  0.14  0.19  0.19  0.19  0.17    7.2

       5     4     6    6    6   2<3     45  0.16  0.27  0.22  0.14    -     -     -     -     6.3

       5     4     6    6    6   3-5     45  0.14  0.19  0.18  0.14    -     -     -     -     6.3

       5     4     6    6    6   10      36  0.14  0.18  0.18  0.14    -     -     -     -     6.3

       5     4     6    6    6   15      35  0.14  0.23  0.24  0.14    -     -     -     -     6.3

       5     4     6    6    6   20      35  0.17  0.30  0.31  0.14    -     -     -     -     6.3

       5     4     6    6    6   25      35  0.21  0.37  0.38  0.14    -     -     -     -     6.3

       5     4     6    6    6   30      35  0.25  0.44  0.45  0.14    -     -     -     -     6.3

       5     5     8    7    6   <2      -   0.19  0.35  0.26  0.14  0.19  0.19  0.19  0.17    7.8

       5     5     6    6    6   2<3     45  0.14  0.29  0.24  0.14    -     -     -     -     6.9

       5     5     6    6    6   3-5     45  0.14  0.21  0.20  0.14    -     -     -     -     6.9

       5     5     6    6    6   10      45  0.14  0.19  0.20  0.14    -     -     -     -     6.9

       5     5     6    6    6   15      36  0.14  0.24  0.25  0.14    -     -     -     -     6.9

       5     5     6    6    6   20      35  0.15  0.31  0.32  0.14    -     -     -     -     6.9

       5     5     6    6    6   25      35  0.18  0.38  0.39  0.14    -     -     -     -     6.9

       5     5     6    6    6   30      35  0.21  0.46  0.47  0.14    -     -     -     -     6.9

       5     2     8    7    6   <2      -   0.20  0.31  0.20  0.14  0.22  0.19  0.19  0.17    6.0

 

       5     2     6    6    6   30      44  0.39  0.33  0.34  0.14    -     -     -     -     5.1

"Precast Concrete Structures".

shall be submitted in accordance with Item

the table.  Shop plans for alternate designs

the box design for the design fill height in

alternate design that is equal to or exceeds

this sheet, the contractor may furnish an

  In lieu of furnishing the designs shown on

details and notes not shown.

  See SCP-MD standard sheet for miscellaneous

of 5,000 psi.

with a minimum compressive strength

  All concrete shall be Class "H" Concrete

details not shown.

  Refer to ASTM C1577 for information or

  Designs shown conform to ASTM C1577.

1" Max

1 longitudinal bar

space plus 2" Min

10"

radius(Typ)

4 d Min

radius(Typ)

4 d Min

JOINT REINFORCEMENT)

(TOP AND BOTTOM SLAB

reinforcement

Longitudinal

reinforcing

Longitudinal

(Typ)

radius

2" Max

radius(Typ)
2" Max

for T  6"

T

(Typ)

A

A

 
 

1"

(Typ)

M

A
A

A

2
"

TS T

T
T

H

TS

A

A

A

A

T

T

A

1"

(Typ)

1" (Typ unless

noted otherwise)

SECTION A-A

1
"

A

A

(top)

(bott)

•" Min (Typ)

2" Max (Typ)

Outer cage
circumferential

reinforcement

at female end.

A

-
>

for T  5"-
<

A

A

 
 

for T  5"-
<

for T  6"-
>

(top)

(bott)

(side)

Minimum length is equal to

spacing of longitudinal

4

4

3

3

S

S

S2

S3

S4

S4

S

S

T
B

S S

S2 S7

S6

S5

S4
S

S

S8

S3

S1

S

S

S2

S3

6" Min

4" Min

reinforcing plus 2" (Typ)

4" Min

1 •" Max

CORNER OPTION "A" CORNER OPTION "B"

FILL HEIGHT 2 FT AND GREATER

CORNER OPTION "A" CORNER OPTION "B"

FILL HEIGHT LESS THAN 2 FT 
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       6     3     8    7    7   <2      -   0.20  0.31  0.22  0.17  0.19  0.19  0.19  0.17    7.9

       6     3     7    7    7   2<3     43  0.21  0.24  0.19  0.17    -     -     -     -     7.5

       6     3     7    7    7   3-5     39  0.17  0.18  0.17  0.17    -     -     -     -     7.5

       6     3     7    7    7   10      39  0.17  0.18  0.19  0.17    -     -     -     -     7.5

       6     3     7    7    7   15      38  0.22  0.24  0.24  0.17    -     -     -     -     7.5

       6     3     7    7    7   20      38  0.28  0.31  0.31  0.17    -     -     -     -     7.5

       6     3     7    7    7   25      38  0.35  0.38  0.39  0.17    -     -     -     -     7.5

       6     3     7    7    7   30      38  0.42  0.46  0.46  0.17    -     -     -     -     7.5

       6     4     8    7    7   <2      -   0.19  0.34  0.25  0.17  0.19  0.19  0.19  0.17    8.6

       6     4     7    7    7   2<3     43  0.19  0.27  0.21  0.17    -     -     -     -     8.2

       6     4     7    7    7   3-5     39  0.17  0.21  0.19  0.17    -     -     -     -     8.2

       6     4     7    7    7   10      39  0.17  0.20  0.21  0.17    -     -     -     -     8.2

       6     4     7    7    7   15      38  0.18  0.27  0.27  0.17    -     -     -     -     8.2

       6     4     7    7    7   20      38  0.24  0.34  0.35  0.17    -     -     -     -     8.2

       6     4     7    7    7   25      38  0.29  0.43  0.42  0.17    -     -     -     -     8.2

       6     4     7    7    7   30      38  0.35  0.51  0.52  0.17    -     -     -     -     8.2

       6     5     8    7    7   <2      -   0.19  0.37  0.28  0.17  0.19  0.19  0.19  0.17    9.3

       6     5     7    7    7   2<3     43  0.17  0.30  0.24  0.17    -     -     -     -     8.9

       6     5     7    7    7   3-5     43  0.17  0.23  0.21  0.17    -     -     -     -     8.9

       6     5     7    7    7   10      39  0.17  0.22  0.23  0.17    -     -     -     -     8.9

       6     5     7    7    7   15      38  0.17  0.28  0.29  0.17    -     -     -     -     8.9

       6     5     7    7    7   20      38  0.20  0.37  0.38  0.17    -     -     -     -     8.9

       6     5     7    7    7   25      38  0.25  0.45  0.46  0.17    -     -     -     -     8.9

       6     5     7    7    7   30      38  0.30  0.54  0.55  0.17    -     -     -     -     8.9

       6     6     8    7    7   <2      -   0.19  0.38  0.30  0.17  0.19  0.19  0.19  0.17   10.0

       6     6     7    7    7   2<3     52  0.17  0.32  0.26  0.17    -     -     -     -     9.6

       6     6     7    7    7   3-5     52  0.17  0.24  0.22  0.17    -     -     -     -     9.6

       6     6     7    7    7   10      43  0.17  0.23  0.24  0.17    -     -     -     -     9.6

       6     6     7    7    7   15      39  0.17  0.29  0.31  0.17    -     -     -     -     9.6

       6     6     7    7    7   20      39  0.18  0.38  0.39  0.17    -     -     -     -     9.6

       6     6     7    7    7   25      38  0.23  0.46  0.48  0.17    -     -     -     -     9.6

       6     6     7    7    7   30      38  0.27  0.55  0.57  0.17    -     -     -     -     9.6

   per linear foot of box width.

   are minimum required areas of reinforcement

   linear foot of box length. A   and A

   required areas of reinforcement per

2  A   thru A  ,A   and A   are minimum

 

1  For Box Length = 8'-0"

    

Height

Fill

S1 S4

S5S6

S7 S8

 

S H

M
SECTION DIMENSIONS REINFORCING

Lift

(ft)

T T T
T B S

A A A A A A A A
S1 S2 S3 S4 S5 S6 S7 S8

2 1

(Min)

BOX DATA

(ft) (ft) (in)(in)(in)(in)

2
(in /ft)

Weight

(Tons)

 

"Precast Concrete Structures".

shall be submitted in accordance with Item

the table.  Shop plans for alternate designs

the box design for the design fill height in

alternate design that is equal to or exceeds

this sheet, the contractor may furnish an

  In lieu of furnishing the designs shown on

details and notes not shown.

  See SCP-MD standard sheet for miscellaneous

of 5,000 psi.

with a minimum compressive strength

  All concrete shall be Class "H" Concrete

details not shown.

  Refer to ASTM C1577 for information or

  Designs shown conform to ASTM C1577.
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