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APPENDIX A

This Appendix contains Culvert Design Charts and Nomographs taken from the AASHTO Model
Drainage Manual, 1991.
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— 10

- 8

— 6

- 5 To use scale (2) or (3) project
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C illustrated.
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CHART 2
—180 — 10,000
168 — 8,000 EXAMPLE )
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a | - T
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g o . — 0.7
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— 21 — 4 horizontally to scale (1), then — 0.6
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FEDERAL HIGHWAY ADMINISTRATION MAY 1973
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~
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CHART 5
- 2000 e
[ = / \ H
o HW _h—§
C » ° —0.4
: Slope S — W N
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BUREAU OF PUBLIC ROADS JAN. 1963
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BUREAU OF PUBLIC ROADS JAN. 1963 n= 0.024
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CHART 7

BUREAU OF PUBLIC ROADS JAN. 1963

HEAD FOR
STRUCTURAL PLATE

FLOWING FULL
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L 5 -~ L Angle of E
/ - ™ Wingwall - = B B
P C 1o Flare —_— s | o8 — 0.9 — 0.9
~ — —— N B
s =X / B
/ - L7 —0.8 — 0.8
/ — 6 | |
- Y WINGWALL I 07 o7
B ——— SCALE
/2 L 4 D FLARE — 0.5
B (1) 30° to 75° |
— 3 2) 90°and 15° — 06 [—06
i 3 0°(extensions — 0.5 B L
|— 2 of sides)
N o - 05 |05
- To use scale (2) or (3) project
- horizontally to scale (1), then
B use straight inclined line through — 0.4 - -
__ 1 D and Q scales, or reverse as
| illustrated.
— 0.8 - — 0.4 — 0.4
— 0.6
— 0.5 g3 3% 03
BUREAU OF PUBLIC ROADS JAN. 1963 FO R BOX C U LVERTS
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— 12

HEIGHT OF BOX (D) IN INCHES

3.5

2.5

EXAMPLE

§' x 5'BOX Q=250cfs
Q/NB = 50 cfs/ft

INLET HW/D HW
(ft)
M 141 71

@ 133 &7

—
—
—

——
EXAMPLE
P

RATIO OF DISCHARGE TO WIDTH (Q/NB) IN CFS PER FT

— 400

- 300

200

100

20

T T T T
-
o

L a

- 5 BEVEL ANGLE—

(1)(2)

SCALE ENTRANCE TYPE

(1) 45° WINGWALL FLAIR
WITHd =0.043 D

(2) 18°TO 33.7°WINGWALL
FLAIR WITHd = 0.083 D

TOP EDGE
BEVEL ANGLE
REQUIRED

d/D ANGLE
0.042 45°
0.083 18°-33.7°

D, 4

3 MIN. e

BEVELdﬁ
e

LONGITUDINAL SECTION

U]

- 4.0

-~ 3.0

- 2.0

1.8

F 1.4

1.2

1.1

1.0

0.9

- 0.8

- 0.4

(1)

HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS
FLARED WINGWALLS 18°TO 33.7°& 45°
WITH BEVELED EDGE AT TOP OF INLET

CHART 9

HEADWATER DEPTH AT THE CULVERT FACE IN TERMS OF HEIGHT (HW/D) IN FT PER FT

(2) 4.0

- 3.0

2.5

- 2.0

1.8

1.6

L 1.4
———»

1.2

F1.1

1.0

- 0.9

0.8

- 0.7

- 0.6

- 0.5

- 0.4
2
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CHART 10
EXAMPLE
B=71ft D=5ft Q=500cfs Q/NB=71.5
ALLEDGES o MW

D (ft)
Chamfer 3/4" 2.31 11.5
— 12 12 in{ft Bevel 2.09 10.5

1infft Bevel 1.88 9.4 [ 600
— 11 — 500
- 10 - 400
L - E
L g 8 - 300
[Tl
ﬁ L
- 8 & 200
w E
L [
O 150
-7 =7
i gf
L I L
= S F1oo
= = 90
-6 & T
S 5 E%
- w g2
o — -
i = 60
=52 W 50
5 A
L © < 40
I . r
0 O 30
[T = L
-4 T 8 -
NOTES ON BEVELS w |-
| Face dimension of all ﬁ - 20
side and top bevels o [
shall not be less than g 15
shown. To obtain bevel e [
L3 termination in one plane E -
in a rectangular box, o
either increase d or b, or 2] ::’0
decrease the bevel angle. o g
L -7
Face Bevel Angle
45%ford=1/2"xD [~
0 -
Top Bevel d 337" ford=1xD |— 5
Height D in feet — 4
-2 Face Bevel Angle o
j_ 45°forb=12"xB |3
Side Bevel b 337°ferb=1xB [
Width B in feet N

Face dimensions b and d of
bevels are each related to
the opening dimension at
right angles to the edge.

FEDERAL HIGHWAY ADMINISTRATION MAY 1973

INLET FACE - ALL EDGES:

1 infft Bevels 33.7°(1:1.5)
1/2 in/ft Bevels 45° (1:1) K
3/4 inch Chamfers _\x

— 8
TR
[ o |8
-8 —7 __6
=7 —6 —5
-6 |5 [
L i 5 .y
—5 C
B -4 |
-4 —3
E [ 5 5
~ 3 L i
o o B -
z [ _ 2
e pgr] | e ™
— - - - -
Example = o =
— o 2 L B
b
c [ 5 —1.5
o L 1.5 |
2 s | i
o
1w -
|_ | =
= -
T B -
|— =
TR
(=]} —1.0
ﬁ —1.0
:: —1.0
= 0.9 —0.9
% —0.9
T 08 [ 08
—0.8
Headwall 0.7
—0.7 ’
—0.7
06 [0-6
— 0.8
D , Minimum Height
E Above Bevel 0.5 — 0.5
— 0.5

HEADWATER DEPTH FOR INLET CONTROL

RECTANGULAR BOX CULVERTS

90° HEADWALL

CHAMFERED OR BEVELED INLET EDGES
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CHART 11
EXAMPLE
B=7ft D=5f Q=500 cfs
BEVELED EDGES - TOP AND SIDES
;E’fgf‘ASM’;EE‘g ":D—W I(-:"t’;l 3/4" CHAMFER ALL EDGES —
P ————
—12 45° 261 125  —8600 SKEW ANGLE —= 45° 300 150 10%-45°
R 30° 2.43 121 [ c00 s — F7
L 14 15" 236 118 N -8 " F7 6
I VARIED BEVEL | 400 L 7 F -
10 10°to 45° 2.07 10.3 3 5T 8F E =5
B = - 300 s 5 % |4
-9 O r . La 4 F
| i 5 L4 F - C
@ [ 200 T TR SR
3 wr B - 5 [
I @ F-150 _ BT
[T a [ - B |
~7 - =L ’E—:——-— —h--——.-_z
T = [-100 S T N U
w % L a0 _Example™ e Lo F2 L2 }
5 = s T F° | C
= g o [ ST F | Fis
- g /-_,_.—-"' - - Gu T L - - |
o ar w 151515
E/ =50 o] B - -
L& T w [
= w40 = | B B -
o x| x
o TR o w | - B
o b i ~ -
= a r = -
- - Wt L T
5 S [ T 1.0
w 5 F2 2 L1010
oF a H1.0 | 09
- L 15 x
®rr w 0.9 0.9
E u = 09 "
C § —0.8
B 6 1o 9 Losglos[ 8
L -8 w
D min I I 0.7
{2 ar’ 0.7
: &= SIS 0.7 [~0.7
0.042D 3 0.6
46" -4 o6 [0.6 00
TOP EDGE
-2 -3
OBTUSE ANGLE SIDE 0.5
BEVEL NOT NECESSARY FOR SKEW 30° AND MORE [ o505~ 0.5
\u<\_\ % BEVELED EDGES
. f AS DETAILED
_.| 0.0428 SKEW SIDE
\{T B fl°,\w,..— ANGLE  BEVEL b
2b 10° 314" x B {ft)
4" \ 15° 1"xB
Skew Skew = 22-1/2° 1-1/4" x B
SKEWED HEADWALL INLET 30° 14112" x B
See Variable A~ 37-112° 2"xB
Table ™, 48° 212" x B
Skew Less Than 30" Skew 30"and More
ACUTE ANGLE SIDE
BEVELED INLET EDGES
DESIGNED FOR saME capacy aT any skew ~ HEADWATER DEPTH FOR INLET CONTROL
SINGLE BARREL BOX CULVERTS
SKEWED HEADWALLS
FEDERAL HIGHWAY ADMINISTRATION MAY 1973 CHAMFERED OR BEVELED INLET EDGES
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CHART 12

EXAMPLE
B=7ft D=5ft Q=500 cfs
Q_
B- 71.5
Inlet 8 WW  HW HW
Normal D (ft)
45° Ww 218 10.9
18.4° WW 2.27 11.4
12 gkewed 15°- 40°
| 44 18.4"or Mare
ww 2.20 11.0
—-10
9
— 8 o
[TH
B (3]
L 7 %
)
i <)
e I
I.ZI- i L — - §
= — ]
a K o«
o [
mo| @
g 5
o =
[ =
s * b4
Ii [ 'S
6 | i
& o
I w
L]
x
-3 %
(3]
«
o
L 5 19.4°
EQUAL
FLARE
ANGLES{éﬂn
SKEWED
WINGWALL
EQUAL — NOT OFFSET
e SR | —
18.4°"0R L — —— :S
450 ﬂ__7..
NORMAL

WINGWALL INLETS

BUREAU OF PUBLIC ROADS
OFFICE OF R&D AUGUST 1968

PER FOOT

30°SKEW
NORMAL INLETS
WINGWALL FLARE ~ 45° 18.4° 18.4°
Z? 8 8
— 600 - —7 =7
- 500 % ¢ Fs
:— 400 _— 5 -3 5
- 300 =4 |, L,
200 s B [
E 2 r - N
— 150 £ L B
L = ~ B
B ———]———
- — 8T 2
— 100 EXAMPLE Tt —2 L
— 90 e a— w - = -
- 80__— c | - B
= 70 % L B
— 60 —1.5 [ —1.5
€ T —1.5 [
— 50 [ B |
5 =z | =
— 40 I - B
B -
o
L 30 u L | L
C o
n = 1.0
[ 20 g —-1.0 1.0 .
2 2
o - — 0. 0.9
— 15 s 09 [~0.9
ey NOTE: | 05 |os [o8
— 9 Headwater scale for sk d
— 8 inlets is constructed for 30°
— 7 skew and 3:1 wingwall flare 0.7 - 0.7 ~0.7
& (18.4°).
Also a good approximation
— 5 for any skew angle from 15°
B to 45°and for greater flare -
-4 angles of wingwalls. — 0.6 0.6 0.6
— 3
i g5 =05 =05
— 2
HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS
FLARED WINGWALLS
NORMAL AND SKEWED INLETS
3/4” CHAMFER AT TOP OF OPENING
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EXAMPLE

B=7ftD=5ft Q=600cfs Q/B=71.5

WINGWALL TOP EDGE HW HW

CHART 13

ANGLES

OFFSET

LONGITUDINAL SECTION
EQUAL
FLARE

WINGWALL

t_
— W
‘ fert

PLAN

18.4° WW & d = 0.083D
33.7°WW & d = 0.083D
45" WW & d = 0.042D—! \ 6

Ww

HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS
OFFSET FLARED WINGWALLS

FLARE ANGLE BEVEL D (ft) _5
_ 19 45°  1/2inffit 2.06 10.3 600 r_s - ~ 5
33.7° 1infit 1.90 9.3 | 500 TOP EDGE -5
| 18.4° 1infit 1.82 9.0 [ BEVEL ANGLE =5 [ 4
" 400 REQUIRED - -4
__10 :— 300 4 ANGLE - . E .
[ o F 0.042 45 C [ F
N 0.083  33.7° 3 i
- — 200 = F - :
— 8 2 e t - |
- o 150 z | s ,
5 7 2 C = [ —2 -
2 3 £S5 e ke
ol 100 — e =
= &1 a0 EXAMPLE —" T = i
= 2 —— =
& [6 S :?%_, 6 [ 5[5
o . e g L 60 % —1.5 | ) -
o o e e |
3 b i [50 F —
o (= 2 = [
w 2L £ |
o | z [ r L —
= -l
I w30 i N
o &L o I B
T o [ o
w [ T}
- - E 2
o =
S 15 @ | pg [-09 [0°9
3 & [
& —190 0g 08 [08
eLs WINGWALLS
<L
B £ -7 FLARE ANGLE MIN. OFFSET o7 Loz oz
916 11 45  34"xB{ft) .
7]
ol ., 115 337° 1"xB
b 4 L *1:2  26.6° 1-1/4"xB
|, mMN P -4 13 184 12°xB 06 Fo06 [06
B ] |, * USE 33.7°x 0.0083D TOP
BEVEL ANGLE EDGE BEVEL AND READ
_ HW ON SCALE FOR 18.4° | o5 Los Los

BUREAU OF PUBLIC ROADS
OFFICE OF R&D AUGUST 1968

AND BEVELED EDGE AT TOP OF INLET
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CHART 14
5
4 .
//
—
3
Tt
T
2 b dc CANNOT EXCEED TOP OF PIPE
7
1
/
0
0 10 20 30 40 50 60
QB
16
rd
15 Z
Zd
14 "
W
13 ra /
/ 7
12
//
11 //
/’ B = base of section (ft)
10 Q = flow (cfs) -
A = 24173 i
// dc = ((Q/B)*)
9 <
8
7 )4
“
//
6 -
/
/!
5 /, dc CANNOT EXCEED TOP OF PIPE
4 HEEEEENEREEEN
50 100 150 200 250 300 350
Q/B
CRITICAL DEPTH
BUREAU OF PUBLIC ROADS JAN. 1963 RECTANGU LAR SECTION
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— 5000
4000 - .
C = / \ H
3000 HW "] =
F —> ho
[ TR Slops S —+ e
3 2000 SUBMERGED OUTLET CULVERT FLOWING FULL
- For outlet crown not submerged, compute HW by
: methods described in the design procedure.
I 12 x 12 - - 0.4
L 1000 X I
= - 0.5
:800 10x10—:100 [ 06
[ 600 9x9-80 [ os
[ 500 8x8 o m R
B C i 1.0
- 400 Tx750 w -
- 'E B << Br
B w — 40 CD, ke = [THE B
300 o 6x64 3 z [
o = = = F
C = 30 Z ke £t
2F o] - 5 ke = 0.7 o F2
O 200 o Sxd—T o 50 E =
ZE o - g‘: Ir
o F = 20 5 L
2 a C =] 3
w % 4xa-f o X
(O — = 5
x | L N I o
< [ ] C 5 4
5 100 % 3.5 x 3.5 i |
n E = - e - L5
Sbhg 2 —10 & L =306 C
n % 3x34— = - ke = 0.5 500 P
- 5 — 8 g -
™ 50 = 4 e —
— << e — g7 8
25x25- - ——— H=73 [
30 n - EXAMPLE =
[ 58 ——[ 5~ 10
| - ~5x2 B
2x2-4=4 BOX C
30 =
N C_ 20
- 20
2 w
- =
- -l
~ o
B =
o =
—-10 “:,5
- =
— 8
— 6
. HEAD FOR
CONCRETE BOX CULVERTS
n=0.012
BUREAU OF PUBLIC ROADS JAN. 1963
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AD"® of Box Culvert

CHART 16

- 400
1 5000
T 4000

| 3000
I 250 2000
1 1500
—-200
1000

200
T 800
T 700

e ™ Example, 600

—+140 —~—

+ & ~500

—+130 c

-1 120 a 400
T 110 5
] G 300

L

100 2
] o

S 200

—+80

150

—-70

T 100
90

160 )
I 70

L 60
T 50
-1 40 w

7
+ 4
1 4
1 I._ SPAN —~|
+30

Nomographs adapted from material furnished by

Kaiser Aluminum and Chemical Corporation.

20

15

Entrance Condition

(2) 90° headwall
(3) Thick wall projecting
(5) Thin wall projecting

Example:
Q=494 cfs
Entrance HW

Type
(2
(3)
(5

D
1.02
1.05
1.13

HW
(ft)

4.59
473
5.09

Ratio of Headwater Depth to Rise (HW/D)

ro.4

r0.3

B) (8
430 T
T +30
420 T
T8
L1
114 T16
+12 T
410 T2
T 1.0
+oo |
T <09
4os |
T +os
+o7 +
1 <07
<06 |
1 os
—+05
—+o0s5
Loa
+o4
403
103

HEADWATER DEPTH
FOR C.M. BOX CULVERTS
RISE/SPAN < 0.3
WITH INLET CONTROL
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Knox County

AD"°of Box Culvert

- 150
L 140
[ 130
L 120

- 110

—100

N

Example

™

Discharge (Q) in cfs

I-— SPAN —-|

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Entrance Condition

(2) 90° headwall

(3) Thick wall projecting

(5) Thin wall projecting

5000

4000

3000

2000

1500

1000
900
800

700
600

500

400

300

200

150

100

40

30

15

\\
™~
Example:
D=28.08 ft
Q =960 cfs
Entrance HW
Type D
(2) 0.81
(3) 0.83
(5) 0.89

CHART 17
2 & G
x50 x
T x50 4
Fa0 £ Fs0
F T+ F
I I Fao
-+30 -+ F
-+ 30 T
T T Fso
T20 a0 £+
::1.8 1ig ::2.0
1 T 113
16 146 T
T -+ 418
T14 L1 4
+ + 414
a 412 T12 |
o
= 1 —+ 412
<
o T +10 T
R 1
& 1o —+1.0
o -—09
sl
50-\--_0.8_ — — =09
g | J08 4
a 1 tos
g o7
w Yo7 T
z ] 4
Z 1 0.7
P
T T% los
[re
[ 106
0 T
= 1
o4 -+ 0.5 L 05
0.5
TO04 o4
104
+03
—+0.3
1 0.3
HW
{ft)
6.54
6.71
7.19
HEADWATER DEPTH

FOR C.M. BOX CULVERTS
0.3< RISE/SPAN < 0.4
WITH INLET CONTROL
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Knox County

Example:
D = 9.67 ft

Entrance HW
Type D

2) o088

(3 0.0

5) 0.7

Q =1520 cfs

HW
)
2.51
9.38
9.38

CHART 18

AD’® of Box Culvert

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Entrance Condition
. @ )
L 700 (2) 90° headwall 150
(3) Thick wall projecting I F O£ 5.0
i iacti 40 I ¥F o
{5) Thin wall projecting + Fao F
[ 600 5000 T + T a0
\ Js0 +  F
I 4000 4 T30 T
L s00 N\ I 4 T30
Example 3000 1 =+ 1
- AN 420 T ]
1 \ -+ -T20 T
R T138 T +20
400 118 I
] ™\ 2000 Ti6 + Tis
A T +16 +
. 416
1500 N +14 1qa |
T T 414
- 300 o +12 412 1
1000 = ]
900 ~ % .
800 N =
- 250 NgTM e T
700 2 1
[ 50D P L P
- - _| -
n = 4
- 200 “6 500 ‘E. dosg -+ 0.9
a 4 4
£ 00 (o 08
= . 4 408
L g 2 Loz 1
@ 300 g T0.7
i 2 g 1 Loz
- 150 = s T
| 140 z 200 “:E +06 lus T
L 130 o )
o 1 1 + 0.6
- 120 150 5 1
) 14 =05 L5
- 110
; -+ 05
- 100 100 T T
20 4
F 90 80
70 L
i + 0.4
- 80 o0
[ 50 T T
- 70 T
40
= == 1 +03 403
w o +0.3
['3
—_t
- 50 I-— SPAN —-| 2
15 HEADWATER DEPTH
FOR C.M. BOX CULVERTS
0.4 < RISE/SPAN < 0.6
WITH INLET CONTROL
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Entrance Condition
(2) 90° headwall @ G ©
(3) Thick wall projecting 50 T 4 5.0
(5) Thin wall projecting F F50 1
F40 T x50
5000 T Fa0 F
I T I
4000 I:.0F =
-+ —+3.0
T T -+ 3.0
3000 4 T T
T 400 :: 2.0 420 4
I 2000 +18 T3 20
i T16 T4 T
4 1500 + 1 T
— 1
-t 300 ™ Example - 14 114 T
—— — S 0 -4 1 1 1 4
4 — = :
-+ 10003 % T+12 12 <+
I 900 =
+ 250 -~ +
1 800 s I S
T 700 o 1+ 1.0 w T
1 600 21 1 .
S 109 T
-+ 200 @ 500 = +os 1
5 7T = 2T T oo
g -+ [ o g
= £ 400 = 7% Log +
3+ 5 g
o | e S 1l tos
3 @ 300 Loz
R 150 < k- Jo7 T
S 2 T T T o7
S 140 = T —+ .
3 [ 2 5
-+ 130 2 om0 Lo 4
- : ST 1o
+ 120 ® | T 0.6
. m -
Example: 1110 150 1
D=8.0ft T 105 Los
Q =1004 cfs + 100 Los
100 ’
Entrance HW HW + 90 a0 T +
Type D (ft) F 30 —+
@ 1.04 832 + 80 70 toa
3 107 858 I 60 T4 L oa
(5) 115 9.20 L
T 50 1
40 T
+ 60 [)
9 T 0.3
x 30 TOd | 03
—+ :
|-— SPAN —-|
20
Nomographs adapted from material furnished by HEADWATER DEPTH
Kaiser Aluminum and Chemical Corporation. FOR C.M. BOX CULVERTS
0.5 < RISE/SPAN
WITH INLET CONTROL
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Knox County

CHART 20
0.4 <Rise/Span<0.5 0.3 <Rise/Span <04
L
0.9 TP =
/:/ :"
RisefSpan 2 0.5] /[ A} L~|Rise/Span < 0.3
%
L~ <
0.8 17
V'V
AN Y
) P84
0.7 Y
EXAMPLE: ]
I s e o o o ks el 4 Rise (D) = 6'6" |
o | Span (B) = 22'1" [ ]
' A 1y Area (A) = 118.4 ft? [ |
d g Flow (Q) = 1050 cfs | |
D | Rise/Span = 6.5/22.08 |
Vi ' s 2029
y, J Q/AD = 1050/(118.48.5° [
o )/ : =348 —
t d./D=0.63 —
} d. =0.63(6.5) = 4.1" —
/ ! [ |
| ||
/ L
0.4
y, !
|
4 1
7 i
f
03 i
|
A I
0.2 /A "
[|
1
1
1
1
1
1
1
0.1 i
i
!
I
I
0 1
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Q!AD°'5

DIMENSIONLESS CRITICAL DEPTH

FOR C.M. BOX CULVERTS
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CHART 21
3000
=~ I
CULVERT i
AREA [
2000 —+
|~— SPAN —-l
1500
¢ -1 0.75
e %
a, Oy
4150 & %
1000 T 120 o, < T
900 —+130 e
-+ 120 Qg
800 <110 &
700 -+ 100 415
600 -+ 90
S 500 iy 4 20
i -+ 70
g 400 1L so L = 250" — 200 =+ 2.5 5
o ~ 2
o - Ke = 0.25 — =
= — +30 £
< 300 -+ 50 ~— el T
5]
2 - — 1< a0 T3 5
[a] e ©
140 A=401t? ~ —~— 140 8
= 400 cf: T 439
200 Q cfs ™ E&m\ple 1o
\
-+ 30 e— 4 50
H=86.8" "~ )
X 7.0
. —+ 8.0
-+ 20 £ 2 _ 4 9.0
3 Area (ft n -
100 o ( ) =+ 10.0
= 20 - 30 0.025
= 31-150 0.024 T 120
=+ 14.0
-1+ 16.0
50 = 18.0
= 20.0
HW =1 —
—p ho
TR Slope 5o —» o S v
SUBMERGED OUTLET CULVERT FLOWING FULL HEAD FOR
For outlet crown not submerged, compute HW by C. M 3 Box CULVERTS
metheds described in the design procedure.
FLOWING FULL
CONCRETE BOTTOM
Nomographs adapted from material furnished by RISE/SPAN < 0.3
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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CHART 22
3000 [)
w
©
CULVERT ©
AREA —4
2000 |—— SPAN —»|
1500
T 1288 =+ 0.75
180 (e
170 Ao )
1150 %2 K 1.0
T e T+ 1
oy J-120 0, <.
900 +130 = %
800 +120 Q ®
+110 %o %
700 4 100 +1.5
600 <90
- -t L=100" — 4100
T80 Ke=0.98 o 420
K] 500 — e — .
put T 7 — T —
= = 2 -
g 400 Leo Remen Q= 600 ors —EXample T25 §
Y 5 Ho34 ~— 300 400 £
o L so — -+ 3.0 =
& 300 ~ =
S L I35 F
2 >
=) 140 140 T
+ 4.5
200 ) 4 50
- 30
- 6.0
B T+ 7.0
@ =4
£ Area(ft2) A 8.0
T - 20 ; ————— ——— - 9.0
£ 25-75 0.025 T 100
= 76 -200 0.024
=] +12.0
-+ 14.0
-+ 16.0
50 -+ 18.0
-+ 20.0
HW -1 . —
_b 0
S HEAD FOR
Slope S¢ —
SUBMERGED OUTLET CULYERT FLOWING FULL C.M. BOX CULVERTS
For outlet crown not submerged, compute HW by FLOWING FULL
methods described in the design procedure. CONCRETE BOTTOM
0.3 < RISE/SPAN <04
Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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+ - 80
€ so0f [
£ T - 70
g 40T |
Y T + 60
2 T L
©
S T
-+ 50
8 3001
& 1 L
1 + a0
2004~ r
—+30
+20
100+
50

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.

3000 -
1l cuLverT
AREA
2000
1500 P2y
I T 200

Duplication of this nomograph may distort scale.

)

l—span—

RISE

-g=800(:f5 H=14'

=
Ke =0.5~_ Example
\

e _
o Area (ft°) n

> 20-57 0.026
£ 58 - 142 0.025
3 143 - 220 0.024

TH

ho

Slope Sp —= 7

SUBMERGED OUTLET CULVERT FLOWING FULL

CHART 23

r0.75

- 2.0

r 25

- 3.0

- 3.5

- 4.0
- 4.5

Head (H) in feet

- 5.0

T 7.0
-+ 8.0

T 9.0
- 10.0

- 12.0

-+ 14.0
- 16.0
-+ 18.0
- 20.0

HEAD FOR

C.M. BOX CULVERTS
FLOWING FULL
CONCRETE BOTTOM
0.4 < RISE/SPAN < 0.5
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3000 —
—+ CULVERT w
AREA [
4
2000
T l—span—|
T +o75
1500 —
T -+1.0
1000
900 —1 120
800 ST 415
—- 100
700 1 90
600 —+ 80 T 20
- 70
500 +
@ I \'\60 T25
© T T e
£ xag r 130 8
— T L=
<) T 50 \ £
v I — T35 =
o o _— <
2 300 3
£ T (RGN SIe ~——Ke=09 T4 3
g i —— 40 \ ~——— 145 %
= T 4 50
200 Q=600 cfs 4 60
Example -+ 7.0
T —+ 80
\ - 9.0
@ - 10.0
£ ) _ H=160
100 + 3 Area(ft)  ® \
=4 —_— — + 12,0
€ 40 -65 0.026
2 66 - 120 0.025 \ T 140
- 16.0
—+ 18.0
-T- 20.0
50 -
" HEAD FOR

Slope So —

SUBMERGED OUTLET CULVERT FLOWING FULL

C.M. BOX CULVERTS
FLOWING FULL

CONCRETE BOTTOM
Nomographs adapted from material furnished by 0.5 S RISE/SPAN
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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3000 —
- CULVERT i
2000 -+ i
I — span—] Lors
1500 1
T 4 1.0
+ <,
s,
s 4150 . ?,
1 140 0 *’:* ‘9’4/
1000 T 130 B < A|8s
900 -+ 120 "o
o 4110 0
4 100 (2] -+ 2.0
700 L
4 90 50
600 L 425
+ 80
+30
£ 500 r
o -
£ [7° —+ 35
@ 1 60 -+ 4.0 -
) | +as &
g 1~ 1o £
g 300 L ~_ o E
a —~ — T 3
- 7 T —Ke=09 400 &
1 440 A=HST ~X T —— =450 470 2
4 ~
200 F Q =400 cfs™~_, Example - 8.0
S~ . -+ 9.0
4 30 ~ -+ 10.0
H =148~
T ~ 4+ 120
L -
° Area (ft?) i ~g- 140
= — 1+ 16.0
+20 20-28 0.036
LS 2 29-63 0.034 T 180
c 64 - 150 0.033 T 200
5
50 L
Slope So —» VA7
SUBMERGED OUTLET CULVERT FLOWING FULL HEAD FOR
C.M. BOX CULVERTS
Nomographs adapted from material furnished by FLOWING FULL
Kaiser Alumi and Chemical Corp: ion.
Duplication of this nomograph may distort scale. CORRUGATED METAL BOTTOM
0.3< RISE/SPAN
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CHART 26
3000
CULVERT
[ 2
2000 — @
T =
T —+200 l— span—] 1o
1600

1000
200
800 0
700
600
500
@
[X}
£ 400 B
g 2
@ £
(=2 -1 _—
§ 300 £
§ N o Ke=025 E
a =
~ ==
1 L ~
£ ~
200 ~
1 30 Q=400 cfs ~
. Example -T-10.0
S
—+ L ~ —
- 12.0
~
H=164'{ — 14.0
120 = Area (ft?) n ~ {160
100 4~ = E— 180
i 20 -30 0.035 -+ 200
s 31-63 0.034
= 64 - 154 0.033
155 - 200 0.032
50 L
~ T
HW =
— ho
T Sope S — O HEAD FOR

SUBMERGED OUTLET CULVERT FLOWING FULL

C.M. BOX CULVERTS
o FLOWING FULL
CORRUGATED METAL BOTTO
0.4 < RISE/SPAN < 0.5
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3000 —

Discharge (Q) in cfs

100 +—

50 —

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.

Duplication of this nomograph may distort scale.

CULVERT 7
AREA 2
220 o
o l— span—I
T 180
1160
4140 %
oy
s
1120 °
S0
1 100 ’
- so
Lo 50
1 80
470
160
~ 150
~
I ~ _ Ke=05 __ _— —
e — A T
+ a0 A=410ft2 T~
=
~
| Q=400 ¢fs ~~_ Example
~—
S~
Lw H=124'~
L Area (ft?) n
. Area(ft)  n
£
£ 20 -57 0.034
E 58 - 142 0.033
£ 143 - 220 0.032
=
oW =
— ho
TS

SUBMERGED OUTLET CULVERT FLOWING FULL

CORRUGATED METAL BOTTOM

Slope So —» ST

CHART 27

-T 0.75

- 3.0

+ 3.5
-+ 4.0
-+ 45
- 5.0

- 6.0

+ 70
T 8.0
- 9.0
- 10.0

Head (H) in feet

~g-120
T 14.0
=+ 16.0
-+ 18.0
T 20.0

HEAD FOR
C.M. BOX CULVERTS
FLOWING FULL

0.4 < RISE/SPAN< 0.5
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Kaiser Aluminum and Chemical

Nomographs adapted from material furnished by

Corporation.

Duplication of this nomograph may distort scale.

3000
+  CULVERT )
2000 A
T — span—] fozs
1500
il 410
=+ Q
115
]
L 120 So
L 110 )
| 100\Ai111.8ﬂ Hetea 09 e 20
F ~ Ke=09 - == —— O L2,
R Q=600cis .~ -
[0 22V= -7 50
= r 80 ~ ~~ Example r 25
%) ] r ~
S 500 é; - 70 L=200'~ 3.0
£ T I - 35
g T —+ 60 i
5 a0t | a0
= I 45 9
£ I e -50 ¢
2 3004 L =
a il L 6.0 E—
-+ — 40 5
+ r70 2
1 8.0
200 9.0
4-10.0
1 4120
2 4-14.0
3 Area (ft?) n 160
> area®) n 4 16.
100 4~ € 40 - 56 0.034 T18.0
= 57 -120 0.033 —+20.0
50—
/T TN
> he
Slope So —» VAT
SUBMERGED OUTLET CULVERT FLOWING FULL HEAD FOR

C.M. BOX CULVERTS
FLOWING FULL
CORRUGATED METAL BOTTOM
0.5 < RISE/SPAN
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— 151 x 97

— 136 x 87

- 121 x77

113 x72
— 106 x 68

— 98 x 63

~ 91 x 58

— 83 x 53

—
—

-
=76 x 48

— 68 x 43
— 60 x 38

— 563 x 34

— 49 x 32

— 45 x 29

— 42 x27

SIZE (SPAN x RISE) OF OVAL PIPE IN INCHES

— 38x24

— 30x19

—- 23x14

BUREAU OF PUBLIC ROADS JAN. 1963

—

DISCHARGE (Q) IN CFS

[T [ rror|

T

=]
o
o

TT

L LN AL

L L

LR L

0

I
»

T

IS

T

[T oy

T

3000

2000

600
500

— 400

l

200

100
80

60
50

40

30

20

=
o

I
o

(2]

1.0

+ B
_E

EXAMPLE
Size: 76" x 48"
Q=300 cfs

HW*  HW

D (ft)
(1) 28 112
(2) 2.2 8.8

(3) 2.3 9.2

*Din feet

-
were—

To use scale (2) or (3) draw a
straight line through known
values of size and discharge
to intersect scale (1). From
point on scale (1) project
horizontally to solution on
either scale (2) or (3).

HW/D ENTRANCE

SCALE TYPE
(1) Square edge with
headwall
) Groove end with
headwall
(3) Groove end projecting

N\

D

(2)
—40 9
B — 4.0
(1) L
—40 3.0
i - 3.0
so [ B
_—— = — — —»
20 [
- — 2.0
20 [ -
N —1.5 |15
15 |
§ -~ I~ -
= r L
z R
w I
= —1.0 1.0
© | 10 i
u L
17, —0.9 — 0.9
= 09
= L L
e
~ 08 |08
Z —os8
= L »
[
i —0.7 0.7
Q o7 ' ’
o
i B L
<
2 —os |[-o0s
Q o8
w
m - -
| o5 [958 0.5
L gs —04 o4

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL
WITH INLET CONTROL
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— 97 x 151
— 5000
— 4000
L 87 x 136 L EXAMPLE (2) )
- 3000 Size: 38" x 60" 6
— Q=200 cfs -
L F 6
L 77 x 121 L 2000 HW* HW () -8 5
o D (feet) —6 |4 L
72 x 113 - 1) 26 130 5 C —4
r 2) 2.0 10.0 - F r
— 68 x 106 T 1000 3) 21 10.5 -4 - 3 3
B *Din feet F = -
— 63 x 98 — 800 e 2 - r
L 600 R PR
- o e L -
58 x 91 - 500 _ - - C - 2
— — — : B
- 53 x 83 490 ™ L s
" F0 - arf  f -
Wl-48x76 :// S 15 - |
g _~F"200 < r i
= Tk H T -
= L-43x68 - 2F 2 r L L
E — oct To use scale (2) or (3) draw a w
- - — = | straight line through known o r
z - =r 100 values of size and discharge P 1.0 —1.0
r to int t le (1). F — - L
§ /38 x 60 g’ 80 pc:)::te;:esi:aslga(s projecr?m E 1.0
(] g r horizontally to solution on w r —0.9 ~0.9
|.o|_ X 60 either scale (2) or (3). ; —0.9 - -
< =
o T [ 50 T [ o8 |08
G [ 34X L £ Tos
= D |- 40 o L L
x |-32x49 er ot
E — 30 ﬁ | 0.7 0.7 ~0.7
& [-20x45 0o 20 - -
H F HW/D ENTRANCE E
o 27x42 E SCALE TYPE < 55— 06 —06
» I
r (U] Square edge with | r I
I headwall
— 24 x 38 C 10 @ Groove end with
— 8 headwall -0.5 —0.5 0.5
- 3) Groove end projecting "
— 6
5 = I I
— 4
— 19 x 30 ., B L o4 04 Loa
=2
C 1.0
14 x 23
HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS VERTICAL
WITH INLET CONTROL
BUREAU OF PUBLIC ROADS JAN. 1963
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3.4

3.0

g
1=}

CRITICAL DEPTH -dc (ft)

-
o

CRITICAL DEPTH - dc (ft)
F'S

CHART 31
P el
—
//
-
1 /
// g
2 '{//
/A///
’ ///
A/ 4
Cl 68"x43"
53..')(34"
45"x29" dc CANNOT EXCEED TOP OF PIPE
38"x29"
23"x14"
0 20 40 60 80 100 120 140 160 180 200
DISCHARGE - Q (cfs)
L=
/' /
7 il
L /////
L~ '//
//'é,/ /
.
/é e
o
=151"x97"|
dc CANNOT EXCEED TOP OF PIPE

200 300

BUREAU OF PUBLIC ROADS JAN. 1964

400 500 600
DISCHARGE - Q (cfs)

700 800 900 1000

CRITICAL DEPTH
OVAL CONCRETE PIPE
LONG AXIS HORIZONTAL
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CHART 32
5
s
"]
E=1 L1
$ = ]
-
o
wl
o
&I dc CANNOT EXCEED TOP OF PIPE
1)
[=
14
o
0
0 20 40 60 80 100 120 140 160 180 200

DISCHARGE - Q (cfs)

10

———
,///
8 L
€ yﬁz’/ —
L) =
S 6 B f//‘;/
' //
= P
o =
w
- X
é / 'éﬂ"xﬂf'
- %&gﬁ-me dc CANNOT EXCEED TOP OF PIPE
O 2 %48'%76
38"x60"
00 100 200 300 400 500 600 700 800 900 1000
DISCHARGE - Q (cfs)
BUREAU OF PUBLIC ROADS JAN. 1964 CRITICAL DEPTH

OVAL CONCRETE PIPE
LONG AXIS VERTICAL
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F L Turning
r Line
. /T\__H
- 1000 —> ho o
L R sl s S '
- 8000 SR I
- — 151 x 97 SUBMERGED OUTLET CULVERT FLOWING FULL 0.5
-_ 600 For outlet crown not submerged, compute HW by -_ 0.6
L 136 x 97 methods described in the design procedure. B
~500 - ~0.7
i F121x77
- 0.8
400 1113 x 72 [Is
; -106 x 68 L 10
300 - 98 x 63 -
[ -91x 58 I
L ke F
o F 200 83 x 53 .
ot D76 xas ke =03 r
L T N
=t Sresxas i [ 2
5t Z[%X &> w
€t _q=120 < rg
ol £ 300 S
O L100 ~—~ ~f60x38 -~ ke=05 =
& [ - __—"L=160 T
< [ 72} ~ e _ =3
T [Lsgo l53x34 >k SIZE=49 x 32 arl
@) x| —— —~ <[
9D = [49x32 —~ 500 wr
a < T — T4
[ 60 Q|45 x29 - L
2 EXAMPLE ~~_ 500
50 w[42x27 — -5
- N S = L
- 40 ® | 38 x 24 T 6
- NOTE ~_[ ;
L 30 Dimensions on size scale are LRI
L ordered for long axis horizontal 8
r installation. They should be - 9
: F30x19 reversed for long axis vertical. [ 10
20 r
B -23 x 14 L
-10 L 20
8
| ¢ HEAD FOR
[ g OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL OR VERTICAL
FLOWING FULL
n=0.012
BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 34
r 5000
- 16°7" x 10"1" L 4000 1
r4
Eagean o gran | (2)
Size: 36" x 22" 3 4
[ 12'10" x 8"-4" 2000 Q=20cfs C
" E - HW*  HW r -3
Sk [ D ft B i -3
T O F11°-6" x 7°-3" () L L
x 2 F 1000 1) 1.10 2.0 n
5 g r o 2) 115 2.1 -2 r
g 5 I - 800 3) 1.22 2.2 L L
92 [9exes L 600 *D in feet L -2 L
S5 F 2
2E I L 500 - i
- 8'-2" x 59" L 400 1.5 i
I E 300 I 1.6 1.5
70" x 5'-1" B |
I - 200 I
Ly B |y I M
Tr6-1"x4-7 3 . i
O ) X
14 e
< 7)) s —~ 1.0 B F
T Wirzrxas G 100 - g : 0
o Z[e0 - Tlos [oe [
[P " —_— EXAMPLE ’ i
Lol. 65" x 40 G leo P2 I.‘;’J L i o
o w | s0 // & 9 —
o) 58" x 36" o . . L ro8  Log |
14 < / (@)
x I e nr o - 0.8
z i =
- 50" x 31" 2 Lo7 L
o o w -0.7
. v %0 = 0.7
w HW ENTRANCE = r ro.
—— SCALE +
% F43Tx2rt e D TYPE T
e ™) Headwall B los
e L 10 2) Mitered to conform =) ' 0.6
. ~ [ to slope x - 0.6
= 27 -8 ) Projecting W
g 36" x 22" - E I
§ -6 To use scale (2) or (3) project ; B
c -5 horizontally to scale (1), then (=)
g use straight inclined line through < | 0.5
-4 D and Q scales, or reverse as w : - 0.5 - 0.5
5 T i
29" x 18" . illustrated.
25" x 16" -2
r04 | ., 04
22" x 13" L 1.0 [e——B ——| '
L |
0.8 |
0.6 L -0.35
X Lygmxnm Iy 035 Loss
. i . i . HEADWATER DEPTH FOR
Additional sizes not dimensioned are
listed in fabricator’s catalog. C.M. PIPE-ARCH CULVERTS
WITH INLET CONTROL
BUREAU OF PUBLIC ROADS JAN. 1963
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EXAMPLE
SIZE 12.9' x 8.3' Q = 1000 cfs TYPE OF INLET
90° HEADWALL:
PROJECT [ g';’;'i’,wé"é\';& 33.7° 0.10D BEVEL
HWID | 1.42 127 | 147 NO BEVEL
HW(ft)| 118 105 | 9.7 PROJECTING \| l i
— 5000 |
— 16.6"x 10.1" F " e0 [0 F 4.0
[ E- 4000 L r n
[ E 50 40 [
L C 50 b -3.0
—15.3"'x9.2' — 3000 - r
- r —4.0 | -
i C C 3.0 [
L - 2000 5 FEs0 [ B
- S C 2.0
L 2 % = - -
l<12.9'x 8.3 - 1500 o —20 [
- ~—— - [%2] I~ —
—_— r 7] a i
o . TT— L 4 20 [ | 15
- § oo S F F_F
- 2w 3 900 ———_EXAMPLE £ | —1.5
| 1M4x72 <K '_ < —+ =
naxrz LI - 800 T " -
| = < - 700 ~ 0 —1.5 |
w g © - @ N— —[— —
- D - 600 2
| < W + F = L — -
x QK s |-500 w
i z8¢E o [ s T B 1.0
| o5 x6a & 52 & 400 2 1 —
™ € L T —1.0
- g2 s & 0.9
B NoZ S [-300 w10 .
[ 23 % Z 2 o
OZ = o ol os
-81'x58 X O A = : —038
<Ew 200 g 0.8
- wag - L =
[ = 2 -0.8
- T 3 :
wi 0.7
B B T 0.7
- 7.0'x 5.1° i —0.7
100
- - 90 0.6
Er 0.6
[~ - 70 —0.6
L 6.1'x46 ENBANKMENT - 60
SIDE SLOPE
4 L 50 Los =05
— Lo.5
PROJECTING INLET K
WITH PARTIAL HEADWALL FOR ANCHORAGE ' "
D D .
(] LS
-1_ 1.0" |e-b0.15D
0.10D
NO BEVEL 33.7°BEVEL
HEADWALL INLETS
BUREAU OF PUBLIC ROADS
e HEADWATER DEPTH FOR INLET CONTROLS
STRUCTURAL PLATE PIPE-ARCH CULVERTS
18 in. RADIUS CORNER PLATE
PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL
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TYPE OF INLET
90° HEADWALL:
33.7°% 0.10D BEVEL:
EXAMPLE T\
i NO BEVEL————— 3.0
SIZE 17.4' x 11.5' Q = 2500 cfs PROJECTING — ‘o —35 |
HEADWALL - B B
PROJECT |86 BEV. BEVEL - —30 L
HW/D 1.64 1.45 1.32 : B L
HW (ft) | 18.9 16.7 15.2 -3.0 |
2.0
- 6500 5 -
- 6000 L
L B -20
5000 i L
_ 20 | 15
~20.6'x 13.2" 4000 et F C
C z L 1.5
£19.9'x 12.9' . N __TFTTTTTTTTE
. 3000 _— o 15
193 x123 S B = [ _— -~ EXAMPLE © [ B B
agkE — T
=) <L - g - = -
wdo— L <
D=
Lizaxms <25 = [ @ -
= - ) =
< =2 Q o ¥ 1.0
&5 = 11500
R w = 0.9
wN D [CHI Lo ’
NgZ €T 2 [ Los
? ‘E‘ <+ = :
F168 X107 T 2 5t e
g 8 E g 1000 E ~0.9 —0.8
SEW L 900 x -0.8
(=7} 800 =
-14.4'x 1000 & < - é ~0-8
700 2 —0.7
- < 0.7
— 600 w
r 0.7
L13.3'x9.4' — 500
- 0.6
400 B
L -0.6
ENBANKMENT )
SIDE SLOPE
q L 300
e 05
05
PROJECTING INLET 0 ) ] —0.5
WITH PARTIAL HEADWALL FOR ANCHORAGE ‘ '
D
g—M.N_[:L ﬂ ==
-t_ 1003 El—cmso
0.10D
HEADWATER DEPTH FOR INLET CONTROL
STRUCTURAL PLATE PIPE-ARCH CULVERTS
S O o LIC ROADS 31 in. RADIUS CORNER PLATE
PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL
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CHART 37

1.8 —

1.6 //;,

14

AN

AN

NN

1.0

CRITICAL DEPTH -dc (ft)
R
\\
\V

&Q\
ANAN

0.8
dc CANNOT EXCEED TOP OF PIPE

0.6 ?6" lx 22"

04
0 20 30 40 50 60

DISCHARGE - Q (cfs)

34

3.2

3.0
2.8 )

2.6 P~

2.2
2.0 P

1.8 //
16 A
) /// // dc CANNOT EXCEED TOP OF PIPE

' 7

0
AREY/ 48

0 65" x 40

68" x 36"

0.8 50" x 31"

413" x127" |

0 20 40 60 80 100 120 140 160 180 200 220 240
DISCHARGE - Q (cfs)

AW

N

CRITICAL DEPTH -dc (ft)

0.6

CRITICAL DEPTH
BUREAU OF PUBLIC ROADS STANDARD C.M. PIPE ARCH
JAN. 1964
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CHART 38
5 f
//’/‘
T A
L~
= 1
// //
L7 7 "

4 v ]
- A4 = ,//
€ P4 1
k4 /// '//
T ) %
L4 / Jd

/

e /)
3 A4
E pod
4 7 77
[5) / A,/

2 ) i

V/ B sr s
61" X 47" dc CANNOT EXCEED TOP OF PIPE
1
0 100 200 300 400 500 600

DISCHARGE - Q (cfs)

9 }
s /’;
///‘/ L~
, A
= o
3 /// ,//
8 6 1/ /,////
T A
n_ Yy
8 s /////,//,//
3 2774
£ 4 ///A ///
g I/
4 16'-7" x 10"-1" dc CANNOT EXCEED TOP OF PIPE
s
AT 5 x 13"
e
2 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
DISCHARGE - Q (cfs)
CRITICAL DEPTH
s STRUCTURAL PLATE
' C.M. PIPE ARCH
18 in. CORNER RADIUS
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— 300
— 200
100
- 90
- 80
20 — 72" x 44
— 60 - 65" X 40"
B 50 58" 36"
L [~ X
T o~
— 40 _ 0 \
& Q=40 [ —
ST I somx31
2 | o
=N z
g [ w
w ol O|-43"x27"
€ 7
< L2 7
o r =
@ r 2
ot S 36mx22"
n (3
| w
N
B o
L 10 - 29" x 18"
- 9
8
- L 25" x 16"
— 7
6
- 5
4
-3
L2
BUREAU OF PUBLIC ROADS JAN. 1963

Turning
Line
— he
B e S R TR
Slope So —»
SUBMERGED OUTLET CULVERT FLOWING FULL
For outlet crown not submerged, compute HW by
methods described in the design procedure.
— 0.4
0.5
—0.6
0.7
E L
i 08
z [ 0.9
=10
ES5|
[~
) ﬁ r
T —_Exawee Tr
17 [
\ =L
SIZE=58X36\ '_2
-3
400 [
-4
500 4
—6
-7
-8
-9
—10

HEAD FOR

STANDARD C.M. PIPE-ARCH CULVERTS

FLOWING FULL
n =0.024
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CHART 40
— /T\__H
— 3000 HW . ho
:_ Slope So —» VA7
u SUBMERGED OUTLET CULVERT FLOWING FULL
- 2000 For outlet crown not submerged, compute HW by
F methods described in the design procedure. — 1
i " |
- Z -
I~ -
r V]
L 2 L
I = B
i —166'x10.11 5 I
C 2 . [
— 1000 L € i
L - 15.3"'x 9.2 ke E ~ 2
= r w [
— 800 r w [
N EE12.9'x83 ke =t
- -12.9'x 8. = [
L ﬁ r Tt
—600 | 2 ks
o [ <[ wt
G Fso Zfmaxrz L
z [ <[ E
a L LI:I : /172' - 4
= a0 FL
o C w95 x64 ﬂw.s
é 3 wr Ax 5.1
o 30 21 400 |
o Z[ g0 y58 / EXAMPLE — 16
o F > [ 92 X298 ¥ E
- L - Q=260 cfs F
C <Zt / =7
C & I E
C 200 wlo st r
- N — 9
I er " 10
C L 6.1'x 4.6’ size n B
L 6.1x4.6 0.0327
8.1x58 0.0321 —
[ 11.4x7.2 0.0315 —
- 16.8x10.1  0.0306 — 15
100 I
| L 20
- 50
HEAD FOR
STRUCTURAL PLATE
C.M. PIPE ARCH CULVERTS
18 in. CORNER RADIUS
BUREAU OF PUBLIC ROADS JAN. 1963 FLOWING FULL
n =0.0327 TO 0.0306
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260 —+
240 +
220
200 —|—

180

160

140

120 +——~

100 ——

90 +

ARCH AREA IN SQUARE FEET

o
=]
| |
L N N O R |

Nomographs adapted from material furnished by
Kaiser i and Chemical i
Duplication of this nomograph may distort scale.

Entrance Conditions

(2) 90° headwall.
(4) Mitered to embankment.

(5) Thin wall projecting corrugated metal.

10,000
9000

8000
7000

6000
5000

4000

3000

2000

1500

~ -
1000
900
800
700

600
500

400

300

200

DISCHARGE (Q) IN CFS

30

20

10

~ Example
—
—

Example
A=1222ft
Q=1014 cfs

Entrance  HW
Type D

(2 0.93

) 0.95

(5) 1.03

L—SPAN——l

—_—
—

HW
(ft)

7.37
7.52
8.16

I-RISE"

CHART 41

(2 (@ (5
+60 1go
=45.0
T a0

T - 3.0

420 T 1

418 | 4 20

4 +20 4

116 -T- + 1.8

1 118 T
1 + 16

-+ 1.4 416 L

+ T 414

= 114
g 12 T T
; T .
T 4 -+1.2 112
w L4 T
] +1.0 T

— I \__
o l=— + —-|=
2 oo +1.0
z | +09 |
& Jos T Toe
a 4

—+08

g T
w 1 —+0s8
<;; +o7
= 1 -+ 0.7
g +07
T 1

—+ 0.6 1

+ T 1los

405 | T
405 —05

—+04

+ 04
+04

+o03

HEADWATER DEPTH

FOR C.M. ARCH CULVERTS
0.3 < RISE/SPAN < 0.4
WITH INLET CONTROL
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CHART 42

360
340

320
300 ——

280
260 +—

240

220 T
200 ——

180
160

140

120 o

100 ——
90

80

60

Arch Area in square feet

50

(|
| L L

40

|
T

20 +

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Discharge (Q) in cfs

Entrance Conditions

(2) 90° headwall.
(4) Mitered to embankment.

10,000
9000
8000
7000

6000
5000

4000

3000

2000

1500

1000
900
800

700
600

500
400

300

200

150

100
20
80
70

60
50

40

30

20

10

(5) Thin wall projecting corrugated metal.
T —— ___Example T -+ B
= =120 — T — :—
+18 |
116
414
112 T i
1 +12 1.2
=) :__ 0ol T
% +oo T 1.0
s - +o09 -
g To08 T 09
2 408
Example £ -T B
A=2775 2 & 1o T '
Q = 6000 cfs = ) -
g | —+07
Entrance  HW HW g 0.7
Type . (v ® Hos T L
(2 2.03 26.74 L
(4) 2.40 31.64 1 o6
(5) 2.33 30.69 T r 0.6
—+o05 | r
1 —+05 —05
Loa | i
w
2 +o0a TO4
_L 4
L—SPAN——I -
—+03
HEADWATER DEPTH
FOR C.M. ARCH CULVERTS
0.4 < RISE/SPAN < 0.5
WITH INLET CONTROL
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—

(2) 90 headwall.
400 ——
€ 10,000
1 9000
300 —— 8000
mo a0
260 -
240 - 5000
220 4000
200 ——
- 3000
180 —
e 2000
T 1500
4 —
120 + —
aE o 1000
- 900
100 —— 800
K] T 700
£ 901
[ - @ 600
S s © 500
I3 + s
(] —_—
s 70+ g 400
« -+ @
[ =2
E 60 - = 300
T =
= T
s I )
< 5 a 200
T 150
40
100
+ 920
—+ 80
30 70
£ 60
T 50
T 40
20 30
4 20
T 10
10 —+—
Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Entrance Conditions

_—
/
/
- — Example
Example
A= 1.05 ft?
Q = 1400 cfs
Entrance HwW HW
Type D (ft)
(2) 1.50 12.38
) 1.75 14.44
(5) 1.63 13.45
w
2
4

(4) Mitered to embankment.
(5) Thin wall projecting corrugated metal.

L—SPAN——I

4) (5
T60 —s0
TS50 50
T 40 T 40
T :: 30 T 30
420 T 1
418 | -+ 2.0
1 4.0 F
+16 T T18
B I, il P i
- ik +1.6
- +14 +16 T
1 + + 14
+12 | "o
T +—12 412
10 T 4
4 1.0
g tos T L
H 1 -+ 09
= —+ 4 09
g - 0.8 1
=l + o8
o + o038
2 1
= =+ 0.7
£ 4
& +07
Q T T 47
-
% 1
S +os -
3
s | T96 —+os6
T
+os T T
~+os5 T 03
+ 04
-+ 04
-+ 04
+03
+03
—+0.3
HEADWATER DEPTH

FOR C.M. ARCH CULVERTS
0.5 < RISE/SPAN
WITH INLET CONTROL
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CHART 44
0.9 =
“
0.8 -~
' p7d
7
0.7
Vil
V
A
V
0.6 /’
de . Vidme
D 0.4 < Rise/Span < 0. / 0.3 < Rise/Span < 0.
0.5
4
74l
V.l
0.4 / i
/ .
/ I
I
/4 |
0.3 |
]
T
4 I
/4 |
0.2 / E Example:
' Rise (D)=5ft9in
Span (B) = 16 ft*
Area (A) = 66.8 ft
Flow (Q) = 400 cfs
0.1 | Rise/Span = 5.75/16 = 0.36
. : Q/AD°= 400/(66.8)(5.75)"°=,
T 25
L dc/D = 0.47
: dc = (0.47)(5.75) = 2.7 ft
5 | [ [T T]
0 1.0 2.0 3.0 4.0 6.0 7.0
Q
ADO.5
DIMENSIONLESS CRITICAL DEPTH CHART
FOR C.M. ARCH CULVERTS
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5000 NpSE
Area of ik
4000 Culvert Eg Lo
L—SPAN——I
3000
—+15
260 -
<240
220 ke = 0.25 -+ 2.0
2000 190 T 200 € 50 "o
Franiel) ke = 0.50 T25
1501160
T +3.0
1500 Tia0 ke = 0.90
130+ ’ 435
120 /%0 Lo
110:100 A -s0 145
1000 95 Area =40.2 2 - 5.0
T 90 i
o 900 BT o /ke=05 [
S g0 751 /
s -+ 70 J —=70
= 700 65 __ Example — — i
< _T60— —f — “azeoer H=TO8 300 0y
©  00F— — 551 / - 9. 3
o | 4
= 150 / (100 =
S 500 5T, 7 T120 T
(7] . -
o T40 1140 T
400 35 T 3
T 160 =T
F 180
430 T
4 200
300
25+ Area(ft) n
20-60  0.025
61-156  0.024
T 20 156 -260  0.023
200
()
£
-
(=]
=
c
£
=
=
100
AR e
- ho
P S L SSREPRL L HEAD FOR
ope —_—
SUBMERGED OUTL:T CUEVERT FLOWING FULL C.M. ARCH CULVERTS
FLOWING FULL
CONCRETE BOTTOM
Nomographs adapted from material furnished by 03 < RISEISPAN < 04
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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Discharge (Q) in cfs

5000

4000

I B |
T

3000

2000 +

1500

1000 4
*

900
800

700
600

500

300

100—

CHART 46

T

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Area of @
Culvert x
I-—SPAN—-|
380 340
320
—+ 300
280
—+ 260
2404 ¢
-+ 220
i‘;g T 190 ke = 0.25 50
—+170
160 ke = 0.50
—+150
140+
<4130 ke =0.90
120+ 50
+110
100:: 95
90 7 85
80+
+75
701
465
601
ol e
14 ke=09
40T " Area=202t2
+35 v ool
xample -
304 - -
,/,_ —— = Q=200cfs
—
25—
P < Area(ft’) n
20+ e 20-150  0.025
i 151-360  0.024
o
£
c
S
=1
[
-\
HW =
—— ho

Slope So —= VR

SUBMERGED OUTLET CULVERT FLOWING FULL

T 0.75

Head (H) in feet

HHHHHH
-
o
(=]

HEAD FOR
C.M. ARCH CULVERTS
FLOWING FULL
CONCRETE BOTTOM
0.4 < RISE/SPAN < 0.5
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5000
Area of <
Culvert w
4000 %)
['4
1
3000 l-—SPAN——I
360 +
—+ 340 -+ 0.75
320
280 I 300
2000 T 260 -1.0
240 +
-+ 220 ke=0.25 50
1500 2001 o0 ke = 0.50
~ 180+ 15
~ 160 T 170
~ + 150 ke = 0.90
N 1404 2.0
1000 ~N 130
w 900 20T — 100 - 25
5 — L=100'
800 1004+ N\ — " k=09 L a0
= BOEINoS St = Area=806it2 :
=~ 700 Tgs — | -
<] s 85 N 35 o}
o 600 75 \Example 4.0 .,q_’
g " +65 ~ 45 E
5 500 601 i ~ rs50 L
£ 1 55 CHERISS L eo E
400 50 ls0 T
+ 45 :
40 + \ -+ 8.0
300 H= 1} T90
T35 N 100
30+ \__ 12.0
200 i Area (ft?) @ SE
o - . +16.0
£ 20-30  0.026 T1s0
20 1+ -~ 31-150 0.025 + 20'0
2 151-360 0.024 X
E
=
=}
'_
100
HEAD FOR
_ C.M. ARCH CULVERTS
L FLOWING FULL
ho CONCRETE BOTTOM
NIRRT Slope S0 —» VRIS 0.5 < RISE/SPAN
SUBMERGED OUTLET CULVERT FLOWING FULL
Nomographs adapted from material furnished by —‘
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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Discharge (Q) in cfs

CHART 48
5000
Area of
4000 Culvert
3000
2000 260
1 240
220 4
=+ 200
1500 190 T oo
170+
1 160
150 1
<140
1000 T
— —+120
900 ~~ 10T
~~ __ 100
800 s L
a5 T 90
700 Ton =~
180
751 —
600 +70
651
500 T
551
450
400
45+
440
300 35 1
+30
25 1
200 o
£
-
420 =
£
£
=1
[
100

A=77.9 ft?
o ——

TH
ho

B e

Slope
SUBMERGED OUTLET CULVERT FLOWING FULL

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

So —

ke=0.9

L =250
—_—

\ Example
~

Q=100 cfs ~~~_

Area (ft?)

20 -60
61 -260

S ]

0.029
0.028

T 0.75

H=108 ™~ 400

Head (H) in feet

HEAD FOR
C.M. ARCH CULVERTS
FLOWING FULL

EARTH BOTTOM (np = 0.022)

0.3 < RISE/SPAN < 0.4

Volume 2, Appendix A

January 2008

Page A-49



Knox County Tennessee Stormwater Management Manual

Knox County

5000

4000

3000

2000

1500

1000
900
800

700

600

Discharge (Q) in cfs

400

300

200

100

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Area of
w
Culvert »
2
I‘—SPAN—-I
22255340
-T- 300
280+
< 260
240+
-+ 220
2001 90 Ke =0.25 50
180
160——170 Ke = 0.50
yT3iE 150 Ke = 0.90
130
120+
110 _
100+ A=B06HZ e~ L=150'
907 95 ™~ e — " ke=0.5
ouln 85 - T~ —_ Example
—+75 Q=1000 cfs —
70+
-+65
60—+
-+ 55
50+
T45
40+
—+35
301+
e Area(ft) @
] 20 -90 0.029
20+ 5 91-360 0.028
o
£
c
£
=]
2

l

Slope So —» V77

SUBMERGED OUTLET CULVERT FLOWING FULL

CHART 49

T 0.75

—1.5

r 2.0

— 25

- 3.0

- 4.0
- 45
r 5.0

- 7.0
- 8.0

- 9.0
r10.0

Head (H) in feet

r12.0

[ 140
F16.0
L 18.0
L 20.0

TN O

HEAD FOR
C.M. ARCH CULVERTS
FLOWING FULL
EARTH BOTTOM (np = 0.022)
0.4 < RISE/SPAN < 0.5

Volume 2, Appendix A
January 2008

Page A-50



Knox County Tennessee Stormwater Management Manual

Knox County

CHART 50
5000

4000

3000

2000

1500

1000
9200
800

700
600

500

400

Discharge (Q) in cfs

300

200

100

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Area of
Culvert

lerisE
[=RISE

Ke = 0.50
Ke = 0.90

o~ Tke=09

— “Aeat2e

\
Q=600 cfs S\

Example

Area(ft?) @

20 -40
41 -150
161 - 300

0.030
0.029
0.028

Turning Line

T !

il

he

Slope So — Va7
SUBMERGED OUTLET CULVERT FLOWING FULL

-T- 0.75

r 2.0

25

r 3.0
3.5
4.0

—4.5
5.0

6.0

—7.0
8.0
9.0
- 10.0

Head (H) in feet

-12.0

140
L 16.0
F18.0
L 20.0

l/lllllllll

HEAD FOR
C.M. ARCH CULVERTS
FLOWING FULL
EARTH BOTTOM (np = 0.022)

0.5 < RISE/SPAN
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CHART 51
S
i
3 o
[N o
SHNY
e o N
THg|2 N o
1] -§. &[N \\ P
S N A
HHE
e ™
STNRL N L =
N N N ~
NY N
TN
g NN N
= NN L )
NN =
NONC
NN
KON
°.
N 12}
\
(¢}
=
<
<
o
<
N
<
\
o =) =) =)
[y -—
% a INLET CONTROL
HEADWATER DEPTH FOR
CIRCULAR OR ELLIPTICAL
STRUCTURAL PLATE
C.M. CONDUITS
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CHART 52

9.0

7
Beveled Edge

Square Edge

8.0

VA

Thin Edge Projecting

Mitered

Q/AD*’

4.0

20

P

1.0

NI o

3.0
2.0

Z|a INLET CONTROL
HEADWATER DEPTH FOR
HIGH AND LOW PROFILE
STRUCTURAL PLATE
C.M. ARCH
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CHART 53
0.9 ) >
/]

EXAMPLE: ||

Rise (D) = 13 ft —

0.8 /’ Span (B)=20 ft1in —

LA Area (A) = 201.8 ft2 ||

/1 Flow (Q) = 2100 cfs

A QIAD®= 2100/(201.8)(13.0)>5[ |

A =29 1

dc/D = 0.65 -

0.7 dc = (0.65)(13) = 8.5 ft |
0.6 |
i
/ !
/ |
0.5 i
de !
Z / I
0.4 I
i
/ |
0.3 / ;
/ |
: i
021 |
]
|
I
|
0.1 i
|
|
0 I

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Q/AD?3
DIMENSIONLESS CRITICAL DEPTH CHART
FOR STRUCTURAL PLATE
ELLIPSE LONG AXIS HORIZONTAL
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CHART 54
0.9 cap=e
e
-
L 1
pedyd
0.8 0%
Ve /// EXAMPLE:
Ppa P
7 Rise (D)=13 ft3
/// v s:)saen (B) =26 ft "
0.7 v / Area (A) = 294 ft2
/) /] Flow (Q) = 2000 cfs
/ QIAD%®= 2000/(294)(13.25 )°5
7 s =19
N dc/D = 0.45
// / dc = (0.45)(13.25) = 6.0 ft
0.6 / /
Vil
de V
D /4
av
0.5
A/
N A
i+~ a4
v
0.4 /1 f
i
7/ i
[
0.3 4 i
V/ i
Vi !
Y/ |
0.2 U I
I
|
0.1 i
|
|
|
0 |
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Q/ADYS
DIMENSIONLESS CRITICAL DEPTH CHART
FOR STRUCTURAL PLATE
LOW- AND HIGH-PROFILE ARCHES
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M 2
10,000
~ 180 L SCALE ENTRANCE e - 4.0
- 168 i () SMOOTH INLETS (CONCRETE) L
2)  ROUGH INLETS (CMP L I
- 156 - 5,000 5 ¢ ) 3.0 i
I - - 3.0
- 144 I L
k12 o
- 120 - 2,000 r L
L 2.0 -
- 108 L 1.9 I f'g
1.8 PO
L 1,000 L 17 r18 i
- 96 r . F1.7 w
F16 o
- ek
- 84 — 15 =
- 500 L1s =
i P L 1.4 =)
z - L1.4 2
= e - -1.3 z
z 13 @2
o w
= 200 12 m
< 60 o 12 2
e 2 150 <
€ =
s | g TAPER r1.1 o]
v 5 100 F1.1 @
& 2 F T =<
3 4 g [ 1.0 " {
= < B, D : =
vt N 10 2
6 B |50 J_ i TooB
- w <
o a | PLAN 3 o
= w TAPER MAY VARY FRom [ 0-9 &
H 4 E L, | 4171081 Loe
- 30 L =
< |36 ! D<E<1.1D 2
a 5 L =
] 0.8 =
r o 20 o
ros &
30 - EXAMPLE ' o
r =
D =72 inches (6.0 feet) N <
L - 10 Q=600 cfs o7 5
-8 ENTRANCE HW HW rer 3
L 24 r Z D (feet) L =
L s (M 236 142 r
2 242 145
L 21 -4 RS L o6
-3
18 i
-2
05 - 0.5
15
-1 L -
L 12 - 04 - 04
THROAT CONTROL
FOR SIDE-TAPERED INLETS
TO PIPE CULVERT
(CIRCULAR SECTION ONLY)
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(1
168 - 400 C 4.0
1 SCALE ENTRANCE TYPE ()
156 -
el 1) BEVELED EDGE 40
144 4 @ SQUARE EDGE .
E (3) THIN EDGE PROJECTING (3)
0.042B OR 0.083B 3.0 L
132 L ~4.0
200
120 | F3.0 L
108 - r 3.0
gs_ 100: ////’:f-g—t ---——___
90 - ~ &
1 EXAMPLE —~ 1.8 o
80 - £ [20 3
e i [ M7 z 19
T L1 T f1s L
- & 60 L 2.0
» - z . I [47 L 1.9
I - & 50 g L18
3 724 g & 18 :
- e 1 l1q4 W F1.7
z W g0 L r1s I
m P ] 2 '
g | i e % s L15
x 90 Iz 30 m
w £ w
w o o L
o s o (13 14
= E i 1.2 =
T o ©
[C] (=] w
i w EoH12 r1.3
= Q201 2
4 e 1 L1 w
48 I ] LiS, o
g 1 ELEVATION - L1.2
o 154 TAPER b
w q ~1.0 T
42 - =) 1 T =
o N o F1.1
= 1 L rE 1.0
= 1 B o x I
10 L Bt
36 1 91 PLAN Los = 10
s TAPER MAY VARY FROM 2 los :
E Ly 4:1TO6:1 | w ’
7 D<Es<1.1D £3
] 0.9
%0 6 EXAWPLE [
E =72 inches (6.0 feet) Los
54 Q=600 cfs |
INET HW Q B r 0.8
4 TYPE E  Br (feet)
o7
| 0 20 66 9.1
Z | @ 226 66 9.1 ro7
3 ) 265 66 9.1
| Lo.7
2 |
Lo.6 Los
L o6
FACE CONTROL FOR SIDE-TAPERED
INLETS TO PIPE CULVERTS
(NON-RECTANGULAR SECTIONS ONLY)
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~12
11
10
-9
-8
-7
-6
EXAMPLE __ ___ -
R
-
w
w
w
z
=)
x
o
1]
w -4
o
e
I
o
w
I
EXAMPLE
5'x 5 BOX Q=200 cfs
3 Q/NB = 40 cfs/ft
HW; /D =1.12
HW; = 5.6 feet
L2

RATIO OF DISCHARGE TO WIDTH OF CULVERT THROAT (Q/NB) IN CFS PER FOOT

600 —

400 —

300

200

20

SIDE - TAPERED

THROAT
HW;
"ol ;

S

LiSo

L/FACE SECTION

SLOPE - TAPERED

FACE SECTION

CHART 57

r 4.0

~3.0

2.0
1.9

1.8
1.7

1.6

1.5

HEADWATER DEPTH AT THE THROAT IN TERMS OF HEIGHT (HW;/D) IN FT. PER FT.

}—— FACE SECTION 1.0
Wy HW tHrOAT | 0°
So |+ SECTION
S$tw /D
FALL—J D
Y S 0.8
VERTICAL FACE =
Fo.7
¢ BEVEL (OPTIONAL)
BEND F
SECTION / SECTION
sO-».
- 0.6
s— |
THROAT
SECTION
MITERED FACE e
- 04
THROAT CONTROL FOR
BOX CULVERTS WITH

TAPERED INLETS
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- 12

- 11

- 10

- 6.0

- 5.5

- 5.0

- 4.5

- 4.0

HEIGHT OF BOX (D) IN FEET

- 3.5

- 3.0

- 2.5

—- 2.0

CHART 68

EXAMPLE

RATIO OF DISCHARGE TO WIDTH OF THE FACE (Q/Bf) IN CFS PER FOOT

400 -

300

200

20 1

15

SCALE ENTRANCE TYPE
{1} 15°TO 26° WINGWALL FLARES
WITH TOP EDGE BEVELED
OR
26° TO 90° WINGWALL FLARES
WITH NO BEVELS (SQUARE EDGES)
{2) 26° TO 45° WINGWALL FLARES
WITH TOP EDGE BEVELED
OR
45° TO 90° WINGWALL FLARES
WITH EEVELS ON TOP AND SIDES

EXAMPLE =
D=8feet GQ=1200cfs

INNET HW Q B

TYPE D Bs (feet)

1 1.9 108 11.0
(20 1.69 109 11.0

WITH FALL
FACE SECTION 'FACE SECTION
L/

H
HWig b

L1So
ELEVATION

SYMMETRICAL FLARE SYMMETRICAL FLARE
ANGLES FROM 15° TO ANGLES FROM 15° TO
90° 90*
PLAN PLAN
TAPER4 TO 1 TAPER4 TO 1

FACE CONTROL FOR BOX CULVERTS
WITH SIDE-TAPERED INLETS

(1
- 4.0

~ 3.0

-1.5
1.4

1.3

-1.2

-1.1

—- 0.5

HEADWATER DEPTH AT THE FACE IN TERMS OF HEIGHT {HW/D} IN FT. PER FT.

(2)
- 3.5

-3.0

- 2.5

- 2.0

1.5

-1.4

-1.3

-1.2

- 1.1

1.0

- 0.9

—-0.8

- 0.7

- 0.6

— 0.5

Volume 2, Appendix A

January 2008

Page A-59



Knox County Tennessee Stormwater Management Manual

Knox County

HEIGHT OF BOX (D) IN FEET

12 EXAMPLE
D = 6 feet Q =800 cfs
- 11
INLET HW @ By
10 TYPE D B; (feet)
(1) 141 61 1341
2) 138 61 131
-9
-8
-7
EXAMPLE _ _.——~"
- G S
-5
-4
-3
~2

RATIO OF DISCHARGE TO FACE WIDTH (Qv/Bf) IN CFS PER FOOT

400 -

300 4

200

-

=

(=]
1

L1-]
=
[

-]
=
1

70
_- 609
50

404

304

20+

10

CHART 59

(1)

SCALE ENTRANCE TYPE

{1) 15°TO 26° WINGWALL FLARES 4.0
WITH TOP EDGE BEVELED
OR
26° TO 90° WINGWALL FLARES [ 3.0
WITH NO BEVELS (SQUARE -
EDGES) -

{2) 26° TO 45° WINGWALL FLARES [
WITH TOP EDGE BEVELED - 2.0
OR [

- 1.8
45° TO 90° WINGWALL FLARES |
WITH BEVELS ON TOP AND 1.6
SIDES 3

—-T14 -

T 1.2

VERTICAL FACE 1.1
|‘/FACE SECTION _1.0
e THROAT B
HWg . SECTION
So o Fh 0.9
ELEVATION [
%&Lz L3 - 0.8
Bf B B
TAPER -0.7
SYMMETRICAL FLARE B
ANGLES FROM 15°TO 907
PLAN 0.6
MITERED FACE
BEVEL(OPTIONAL)
BEND
section [~ 0.9
D -
S
THROAT
SECTION
" . - 0.4
B
-0.3

FACE CONTROL FOR BOX CULVERTS
WITH SLOPE TAPERED INLETS

HEADWATER DEPTH AT CULVERT FACE IN TERMS OF HEIGHT {HW/D)} IN FT. PER FT.

(2)
- 4.0

- 3.0
_-2.0

+1.8
- 1.6

14

+1.2
-1.1

-1.0

- 0.9

- 0.8

- 0.7

- 0.6

- 0.5

- 0.4

— 0.3
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CHART 60

FLOW HW,
—

3.10

LT |4 Cy=ktCr
3.00 =l Qr=CqL Hw, 15

c, 3

L1+

2.90
016 020 024 028 032 L —
HWp (ft) \ (PAVED
A} DISCHARGE COEFFICIENT FOR 0.90 N
HW, /Ly > 0.15
3.10 GRAVEL,‘B\
PAVED 0.80
3.00
// “ \

c, 290
r | GRAVEL 0.70
2.80 / \\

2.70
/ 0.60
2.60 \\

2.50
0 1.0 2.0 3.0 40 0.50
06 07 08 0.9 1.0
HW (ft)
hy / HW,
B) DISCHARGE COEFFICIENT FOR
HW i Ly £ 0.15 C) SUBMERGENCE FACTOR

DISCHARGE COEFFICIENTS FOR
ROADWAY OVERTOPPING
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