Nebraska Department of Roads — Drainage and Erosion Control Manual
Appendix F: Nomographs and Charts for Culvert Design

August 2006
Page F-1

APPENDIX F

NOMOGRAPHS AND CHARTS FOR CULVERT DESIGN

Exhibit F.1
Exhibit F.2
Exhibit F.3

Exhibit F.4
Exhibit F.5
Exhibit F.6
Exhibit F.7

Exhibit F.8
Exhibit F.9

Exhibit F.10
Exhibit F.11
Exhibit F.12
Exhibit F.13
Exhibit F.14
Exhibit F.15
Exhibit F.16
Exhibit F.17
Exhibit F.18
Exhibit F.19
Exhibit F.20
Exhibit F.21

Exhibit F.22
Exhibit F.23

Exhibit F.24
Exhibit F.25

Headwater Depth for Concrete Pipe Culverts with Inlet Control
Headwater Depth for CMP Culverts with Inlet Control ...........cccceevvvieeneeeen. F-4
Headwater Depth for Circular Pipe Culverts with

Beveled Ring Inlet Control ... F-5
Critical Depth for Circular Pipe ......coooviiiiiiii e F-6
Head for Concrete Pipe Culverts Flowing Full (n=0.012) .........ccccccceeeeneen. F-7
Head for Standard CMP Culverts Flowing Full (n=0.024) .........ccccccceiineeenn. F-8

Head for Structural Plate CMP Culverts Flowing Full

(N=0.0328 t0 0.0302) ....eeeeieeeriieeeieieeeeeeeeeeeeesessereseresraraarrarar————————————————————————————— F-9
Headwater Depth for Box Culverts with Inlet Control
Headwater Depth for Inlet Control Rectangular Box Culverts

(Flared Wingwalls 18° to 33.7° & 45° with Beveled Edge at Top of Inlet) . F-11
Headwater Depth for Inlet Control Rectangular Box Culverts

(90° Headwall — Chamfered or Beveled Inlet Edges)
Critical Depth for Box Culvert
Head for Concrete Box Culvets Flowing Full (n=0.012) ..........cccevvvvvvvenee. F-14
Headwater Depth for Elliptical Concrete Pipe Culverts

Long Axis Horizontal with Inlet Control ..o, F-15
Headwater Depth for Elliptical Concrete Pipe Culverts

Long Axis Vertical with Inlet Control ... F-16
Critical Depth for Elliptical Concrete Pipe

Long AXIS HOMZONtal .....oooiiiiiiiiiieeeee e F-17
Critical Depth for Elliptical Concrete Pipe

LONG AXIS VEITICAl ..ooviiiiiii i e F-18

Head for Elliptical Concrete Pipe Culverts
Long Axis Horizontal or Vertical Flowing Full (n=0.012)............ccvvvvvvrenee. F-19

Headwater Depth for Concrete Arch Culverts with Inlet Control ............. F-20
Head for Concrete Arch Culverts Flowing Full ............cccooooiiiiiin . F-21
Headwater Depth for CMP-Arch Culverts with Inlet Control .................... F-22
Headwater Depth for Inlet Control Structural Plae Pipe-Arch Culverts

With 18 in. Radius Corner Plate .........cccceiiiiiiiee e F-23
Critical Depth for Standard CMP-Arch Culverts ..........cccccvvviiiiciiiieeeeneenns F-24
Critical Depth for Structural Plate CMP-Arch Culverts

With 18 in. Corner Radius Plate .........ccccceiiiiii F-25
Head for Standard CMP-Arch Culverts Flowing Full (n=0.024) ................ F-26
Head for Structural Plate CMP-Arch Culverts with 18 in.

Corner Radius Plate Flowing Full (n=0.0327 to 0.0306) ..........cccoeveeerrrennns F-27



Nebraska Department of Roads — Drainage and Erosion Control Manual August 2006
Appendix F: Nomographs and Charts for Culvert Design Page F-2

This Page Left Intentionally Blank



Nebraska Department of Roads — Drainage and Erosion Control Manual August 2006

Appendix F: Nomographs and Charts for Culvert Design Page F-3
180 —10,000
170 8,000 EXAMPLE (2)
—160 '_6000 D=42 inches (3.5 f1) -6 (3)
- o Q=120 cfs - —6
150 5,000 m 5 |
— 140 R —6 L —5
130 2o inlet %* Her [ SV
— 3,000 —5 - L4
- 120 - i - -
= 2,000 ) 2.5 8.8 4 L .
10 E 500 2 2l 7.4 i -3 [ 2
00 o (3 2.2 1.7 i i :
-95 1,000 *D In ft 7 I
90 800 I i
-85 - —
[ 2 Tl T
ern L 400 S 2o !
o L g \& = T L
e 2 E300 ¥ T | (s |
o[ o o o [ Shs
P— - L_ r -
é — 60 E 5—200 _|<1_3 1.5 | I
n (D -
+ [ Sr = i
5 F A i
~50 oL e
> @ 100 I i
5 E HW Enfrance c -
3 s 2F80 D Scale Type £
= & 60 = -0 Lo
© a F50 () Square edge with o i
40 i o Lo .
S - 40 headwall ) .
© 30 5 | R
e[ : (2) Groove end with  © Lo |
2 C headwall o i
a —20 =z T
L 30 ~ o .8 8
C (3) Groove end 3 .8
—28 2 projecting T - L
- 26 =10 I :
-8 _ =T
—24 r =7
L 90 -6 To use scdle (2) or (3), project L |
-9 horizontdlly to scale () then i
—20 ~4 use straight inclined line through L5
L3 D and Q scales, or reverse as - .6 -6
—18 i llustrated.
-2 i B L
16
=5
14 B -5 9
—12

Exhibit F.1 Headwater Depth for Concrete Pipe Culverts with Inlet Control
(Source: Reference F.1)
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Exhibit F.2 Headwater Depth for CMP Culverts with Inlet Control
(Source: Reference F.1)
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Exhibit F.3 Headwater Depth for Circular Pipe Culverts with Beveled Ring Inlet Control
(Source: Reference F.1)
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Exhibit F.4 Critical Depth for Circular Pipe
(Source: Reference F.1)
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Exhibit F.5 Head for Concrete Pipe Culverts Flowing Full (n=0.012)

(Source: Reference F.1)



Nebraska Department of Roads — Drainage and Erosion Control Manual August

2006

Appendix F: Nomographs and Charts for Culvert Design Page F-8
— 2000
- = H
- HW = 4
I = - No
1000 . , SNV -5
- l@)] R —
500 2 Slope S .
- . Submerged Outlet Culvert Flowing Full
__500 For outlet crown not submerged, compute HW by L
— 400 —100 methods described In the design procedure. 1.0
- — 90 1 i
=300 - Q<3® -
C — 80 3 & -
=200 — 70 B
- - + =2
— 150 4F
B — 60 C
qg_ .EE
CE100 o ZE 5
=F %_50 “x oL
S 80 c St
n i T4
S 60 = "
S50 S .
ey L -
B 40 Q=35 O 200 L
= e Exampl i
0 ble H=7.5 |
—30 £ N 2D [
O30y -8
B O C
[ 20 26 10
i - 24 -
L - 22 0 B
70 L
- L 20 __|5
—I10
B s -
20
—8
_—6
4 12
—3
—2

Exhibit F.6 Head for Standard CMP Culverts Flowing Full (n=0.024)

(Source: Reference F.1)
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Exhibit F.7 Head for Structural Plate CMP Culverts Flowing Full (n=0.0328 to 0.0302)

(Source: Reference F.1)
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Exhibit F.8 Headwater Depth for Box Culverts with Inlet Control
(Source: Reference F.1)
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Exhibit F.9 Headwater Depth for Inlet Control Rectangular Box Culverts
(Flared Wingwalls 18° to 33.7° & 45° with Beveled Edge at Top of Inlet)
(Source: Reference F.1)
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Exhibit F.10 Headwater Depth for Inlet Control Rectangular Box Culverts
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(Source: Reference F.1)
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Exhibit F.11 Critical Depth for Box Culvert
(Source: Reference F.1)
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Exhibit F.12 Head for Concrete Box Culverts Flowing Full (n=0.012)

(Source: Reference F.1)
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Exhibit F.13 Headwater Depth for Elliptical Concrete Pipe Culverts

Long Axis Horizontal with Inlet Control

(Source: Reference F.1)
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Exhibit F.14 Headwater Depth for Elliptical Concrete Pipe Culverts

Long Axis Vertical with Inlet Control

(Source: Reference F.1)
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Exhibit F.15 Critical Depth for Elliptical Concrete Pipe
Long Axis Horizontal
(Source: Reference F.1)
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Exhibit F.16 Critical Depth for Elliptical Concrete Pipe
Long Axis Vertical
(Source: Reference F.1)



Nebraska Department of Roads — Drainage and Erosion Control Manual

August 2006

Appendix F: Nomographs and Charts for Culvert Design Page F-19
— 2000
: 2 /=
— 1000 = H - —.4
- g o 5
- 15197 € ' — VAV
L 600 - Slope So . —0.6
- H36Xx87 .
— 500 - Submerged Outlet Culvert Flowing Full —0.7
L H2IX 77 HW=H+ho-LS, 0.8
— 400 HI3X72 0.9
C L06x68 For outlet crown not submerged, compute HW by_lo
- methods described In the design procedure. |-
— 300 F98x63 -
C Qr9Ix58 -
- e -

ol 200 8—83><53

“'5 L C—76><48
— 150 —

=y O68x43

o 100 H60x38

O

5L g0 5153%34

oy %49{

af - sue=

60 0-45x29
— 50 nla2x27
— 40 38x24
i Dimensions on size scale are ordered T
—30 for long axis horizontal installation. —8
- They should be reversed for long axis —9
r S0xI9 vertical. 10
—20 i
I 15
i 23x14 -
— 10 —20
—5

Exhibit F.17 Head for Elliptical Concrete Pipe Culverts
Long Axis Horizontal or Vertical Flowing Full (n=0.012)

(Source: Reference F.1)



Nebraska Department of Roads — Drainage and Erosion Control Manual August 2006

Appendix F: Nomographs and Charts for Culvert Design Page F-20
—I69xI06
X EXAMPLE
| Size: 44" x 271"
oAxIT —3000 0=30 ofs
- L * M (2) (3)
138x88 0000 HW*  HW n
= D ft CLLU
—I1500 B
—I122x78 C v 02 2.30 4.0 3.0
C (2) 0.99 2.23 E - —3.0
—I5x72 =000 3 Lo 227 B o
—800 *D in ft —3.0 -
- = 2.0 [
- —600 - - —2.0
102x62 = 500 B - -
. —400 2.0 ~ . F
©—88x54 = 200 @ - T
[} - C
£ C —.5  F B
c ; =200 5 B i i
o 5 %ISO § L | i
o —13x45 cE & B
“ 5 E100 T =00
© —65x40 ~ :—%8 e —.0 L L
— o g B B L
5 S 60 S 9 9
.DC - = o | I
—58%36 230 T -
= O |-40 —.8 —.8
c DL £ —.3
o 230 HW ¢, Entrance a B B B
D -5Ix3 — D Type o —7 T
o o0 ) Square edge L ! | -
.E : + -
v _Ig (20 Groove end ¢ — %
44x27 12 with headwall = —.6
—I0 ] L -
= (3)  Groove end T+ -
- 7 projecting 5
L 36x22 "6 L [ :
_—5 To use scdle (2) or (3), proJect
4 horizontdlly to scale (I) then | — B
o use straight inclined line through
=3 D and Q scdles, or reverse as
| 598 = llustrated. L, 4 4
=2
= B
—22XI13

Exhibit F.18 Headwater Depth for Concrete Arch Culverts with Inlet Control
(Source: Reference F.2)
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—5000 n=0.012
—4000 H
—3000 2 Mo
- - , VAV
- Slope So
—2000 c P _
— T Submerged Outlet Culvert Flowing Full
—1500 E HW=H+h o +L S,
1200 For outlet crown not submerged, compute HW by —.4
. methods described in the design procedure. B
—I000 —.>
~-800 —169xI06 —©
- —154%x97 -
600 —138x88 -
—500 —1.0
T —22x78 =
E 400 I5x T2 =
= =1.5
5300 ® [o2x62 LE
- —S 4 52
=L £ 18854 cf
3 5200 c =F
S EI50 B —73x45 oF?
CE 2 9
E =120 o —65x40 Rl __4
@ 100 X —58x36 —5
oF c -
— 80 2 513l -6
— %) o
60 o [—44x27 =
—50 N —I10
40 - 36x22 -
=15
—30 -
- —28xI8 —20
—20
i
Iy ——22xI3
12
—10
—8 B
—7
—6
—5

Exhibit F.19 Head for Concrete Arch Culverts Flowing Full
(Source: Reference F.2)
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5,999 EXAMPLE 0)
—16'-T" x 107" L 4,000 ] ) 2)
C - Size: 36" x 22"
S 154 x 9-3" - 3,000 Q=20 ofs — e
- : - - B
i . HW *  H 3
¥ Lieorx 84 - 2,000 g V_VF . - I
S - F1,500 I =
& r - I I 3
~lI-5" x 7'-3" - ) .10 2.0 s - -
s f 1,000 @ 15 2. L2 T i
C I - 800 3 L2 2.2 i I I
S —9-6"x 6'-5" E L —2 L
B - 600 . L -2
= 500 *0In 7 i ! i
o —8-2'x 5'-9" - 400 LR -
L 0 E oy 1.5 |
i q(_) :—300 Q L i _ 1.5
C 70X 5l - = i -
O C E200 = i r
L 2 i | _7n ~ F [0} =
- G,)-G—Ix4—7 Sh ? -
jal of L -0 Ly T
T LT O 00 5 I
E 1 1 '8 580 g —-9 B 9 L '
3_65X40 .5360 C i I .
L 5gx 36 o SRR et B
X - 40 £ i I g
: = £ |
Aar50"x 3 C a =7 i r
N E HW Entrance [0 !
~ 20 TScale T a =7
° - ype - I
N C o I
= @ L2 Headwall 5 -6 e
S £ 10 Zz ' .6
© F g (2)  Mitered to S
s} ol conform to slope® =
) 6 I
¥ L5 (3)  Projecting
(V2] _4 _-5 _.5 | 5
—29" x 18" '_3 To use scale (2) or (3), project
C horizontdally to scale (I) then -
u use straight inclined line through i '
25" x le" =2
E D and Q scdles, or reverse as
- ilustrated.
. A A o
—22" X 13" | B
—.8
B B L3.5
6 3.5
_L Llsl X ”| E_S L3.5

* Additional sizes not dimensioned are listed in fabricator’s catalog

Exhibit F.20 Headwater Depth for CMP-Arch Culverts with Inlet Control
(Source: Reference F.1)



Nebraska Department of Roads — Drainage and Erosion Control Manual August 2006

Appendix F: Nomographs and Charts for Culvert Design Page F-23
EXAMPLE
SIZE129x8.3 Q=I0Q00CFS TYPE OF INLET
S0° HEADWALL :
Imoxcrltgz;—%g“—'-—&—- 33.7°x 0.100 BEVEL
[AW/0[ 142 | | SR NO BEVEL \
[Awf] 1.8 105 | o7 PROJECT'NG\ :
16.6 x 10.I - 5000 50 [ 4.0
[- . . - f_ao L :
i F- 4000 . [
g : 50 F*° Lso
—15.3x9.2 — 3000 a0 I -
s C =Y E _—30 n
I [ 2000 > FaoF T
| E ; X - — 2.0
~12.9% 8.3 - K [
I — 1500 g N —20 [
- E — [ -20 [ B
X a — A ~ — 1.5
-naxz2 o < 'g F e00 o Mpie < £ -
i o 9 C 700 T ~\§ 1.5
I 5 | B
- b E w i 600 o T ———
gyt & o L 5 s - L
B Q |-
_ 525w [ £
73 < © —1.0
—a5x64 1 B &€ |-400 =z
e ﬁ E g :: - E B —1.0
[ w9g $ 300 a Lo - 09
. S2> a L o — 0.9
| gixss Z 84 W o9 0.8
—O. . p E a . 200 E a8 .
i @sh - >
= xz o= X o —0.8
< < - o7
. i ul 07
~7.0x 5.1 — 0.7
X 100
B — 90 - 06
- 6.1x4.6  ENSANKMEWT - 60
—50 o5 05
— - 0.5

PROJECTING INLET
WITH PARTIAL HEADWALL FOR ANCHORASE

4 L N, i
-:—MIN.Q ° .':":':‘;':‘_:
T "O“J—|."‘4—‘O.IBD
NO BEVEL o100 reaevec. HEADWATER DEPTH FOR INLET CONTROL
HEADWALL INLETS STRUCTURAL PLATE PIPE-ARCH CULVERTS
BUREAU OF PUBUIC ROADS 18-IN. RADIUS CORNER PLATE

OFFICE OF R&D JuLY 1268 PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL

Exhibit F.21 Headwater Depth for Inlet Control Structural Plate Pipe-Arch Culverts
With 18 in. Radius Corner Plate
(Source: Reference F.1)




Nebraska Department of Roads — Drainage and Erosion Control Manual August 2006

Appendix F: Nomographs and Charts for Culvert Design Page F-24
2.0
==
.8 T
] ///
+ ~1
4 1.6
c 1 L
- L]
“oM //
o I
~ /
-
_EIZ
QL.
a
o
Lo
s
-
(@]
0.8
43'%27" :
de cannot exceed top of pipe
0-6 ez
— 29'/8"
0.4 x— 25'x16" |
0 10 20 30 40 50 60
Discharge (Q) cfs
3.4
-
3.0 ///
r =
/
£26 g
= L~
O
S
2.2
= g
[
(0]
28
O
Q
=
S4
4’%5"1%2;?'44' d; cannot exceed top of pipe
1.0
58'x36"
50'x3I"
43'% 27"
06 A
0 20 40 60 80 100 120 140 160 180 200 220 240

Discharge (Q) cfs

Exhibit F.22 Critical Depth for Standard CMP-Arch Culverts
(Source: Reference F.1)
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5

L —1— L
L1

\
AW

CriticalDepth (dg)in ft

9/_6“)(6/_5“
/17‘3’-25(5’-9'
2 7/_O||X5/_|Il .
6/-I'x 4/~ 7" dc cannot exceed top of pipe
|
0 |00 200 300 400 500 600
Discharge (Q) cfs
9
/
N 1
(.|_
/

£ 7 — = el
- 6
_|_
Q
()
25
O
©
=
S 4

3 %_5’-4")(9'-3'

12/-10"x8'-4"
=’ -5"%77-3"
) SN

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Discharge (Q) cfs
Exhibit F.23 Critical Depth for Structural Plate CMP-Arch Culverts

with 18 in. Corner Radius Plate
(Source: Reference F.1)
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—300
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o
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o
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S
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@
o
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o)
o

I
a1
o

Discharge (Q)in cfs

Pipe-Arch

Size (Span x Rise)

Turning Line

- 12'x44"

- 65"x40"

8IIX36II
Sf?@
F50"x3I"

- 4352

- 36"x22"

- 29'xI8"

Exhibit F.24

- 25'x16"

/ T

" Slope Sg —™
Submerged Outlet Culvert Flowing Full
HW=H+h4-LS,
For outlet crown not submerged, compute HN by
methods described in the design procedure.

Head for Standard CMP-Arch Culverts Flowing Full (n=0.024)

(Source: Reference F.1)
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— 3000 ,

L / \ H .

: VAV

C Submerged Outlet Culvert Flowing Full -

o HW:H+hO—LSO r

L For outlet crown not submerged, compute HW by i

- methods described in the design procedure. |

L o i

i . —16.6x10. 25 Ojg) S o :

— 1000 C 3

C £ H15.3x9.2 2

B F C

- or I~

L (U '_

- < F12.9x8.3 -

- er -
£Leoo =L C 3
O | -

4 r L
ElLs500 ©FIl4xT.2
<r 8t 4
Sr400 x| i
ol x 9.5x6.4 5
D)_ —
b, §f -
£ —300 (% - —6
ar < 8.2x5.8 L
= o F —7

- N i

L 288 —8

- 200 7.0x5.] 500 [

- I 10

L o

B £ B

— 150 L 6.1x4.6 = . 12

i = Size n

B T 6.1x4.6  0.0327 —14

5 8.Ix5.8  0.032l

r = I.4x7.2  0.03I5 16

— 100 [6.6x10.] 0.0306 5

— 80

'_—60 NOTE:

L A headwallon the inlet end

L50 must be used to prevent uplift.

Exhibit F.25 Head for Structural Plate CMP-Arch Culverts
with 18 in. Corner Radius Plate Flowing Full (n=0.0327 to 0.0306)
(Source: Reference F.1)
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