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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)
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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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(Source: Reference F.1)

Exhibit F.8 Headwater Depth for Box Culverts with Inlet Control



NDOT — Drainage Design and Erosion Control Manual

August 2006

Appendix F: Nomographs and Charts for Culvert Design Page F-11
m (2) (4.0
-2 .
- 400 40
-1 [ [ -30
- 300 30 -
EXAMPLE SCALE ENTRANCE TYPE L -2.5
—'o t ’ . .
5'x 8° BOX Q=250 CFS 1) 45° WINGWALL FLAIR i =
-y l- 200 WITH d= 043D K [ 20
NB= 50 CFS/FT. r -2.
" - (2) 18°TO 33.7° WINGWALL § [
INLET HW HW L FLAIR WITH d=.0830D 2.0 18
/D (FEET) C - £ '
M et T [ 1.8 L Z 16
- 8 @) .33 67 : ] 3 ’
5 - 1.6 L s
(=4 -
o 100 1 z 14
x »ia————F———¥
| w X - R |
7 a. — g
'm s - —_ L w
W , — x - 1.2
© i -~ - 1.2 &
- .
z L5 g
- € ://’ f‘j Fi
//’m Fl
£ — z 40 z L
L 5.5 eRpME= N | w o
P o 1.0 o L
— ~ E
‘5/ T - 30 L -
5 &
r .9
-— > -
> 3
- 4.5 o L 20 TOP EDGE - o L &
= 3 BEVEL ANGLE w
w s REQUIRED -8 E I
© i =
[ 4 5 15 d4/D ANGLE s <
z - 0.042 45° £ &
o 3 0083 18°-33,7° L 7 8
) L B L
8 L 10 FACE T /4o onzere ot
- 35 L L o w
F TOP BEVEL_d [ L6
o 8 HEIGHT D IN FEET & £
Et7 i ' S !
. 2min ﬁ'l w
L 3 « al 12 ’ i x
BEVEL d
-3 BEVEL ANGLE — -5
~A iy .5
-4 LONGITUDINAL SECTION
2.5 L
-3
L .4
L4
| 0) (@
L2

(Sour

HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS
FLARED WINGWALLS 18° TO 33.7°& 45°

WITH BEVELED EDGE AT TOP OF INLET

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)
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Exhibit F.10 Headwater Depth for Inlet Control Rectangular Box Culverts
(90° Headwall — Chamfered or Beveled Inlet Edges)
(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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(Source: Reference F.1)

Exhibit F.13 Headwater Depth for Elliptical Concrete Pipe Culverts
Long Axis Horizontal with Inlet Control
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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)
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Discharge (Q)in cfs
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% E;ag/gg///
- qize L%
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—30

N 130%19
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- 2314

—10

—5

/ H
Slope So ,
Submerged Outlet Culvert Flowing Full

HW=H+ho-LS,

For outlet crown not submerged, compute HW by|

methods described in the design procedure.

Dimensions on size scdle are ordered
for long axis horizontal instdllation.
They should be reversed for long axis
vertical.

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

(Source: Reference F.1)
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Sax3T —3000 0=30 cfs
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138x88 5000 HW > HW 40
= D ft EL‘T
—1500 B
L 122x78 - WLz 2.30 40 3.0
o (2) 0.99 2.23 f - —3.0
—II5x72 =10000 @) Lol 2.21 - -
—800 *D in ft —3.0 -
- - —2.0 [
| —600 = - —2.0
102x62 - <o
X —500 i B C
. —400 2.0 ~ s
D 1—88x54 = 300 3 - T
O = C
c - —1.5 - B
c E-200 5 B
— %) EE " — — —
o —13x45 cE & B
- 5 E100 - —=0—1—0
© —65x40 — :—?8 e —.0 L L
— o g N B L
% O 60 e g .9 9
o— . = . L L
= 1-58x36 O =50 z B
cC LL £ .0 B
o Sl=30 _HW Soqle ENfrance o L B
AN 5Ix3l — D Type o —7
o o0 (D) Square edge & T | L
N —
% —16 = N
14 (2)  Groove end < — — 5
aaxet — 12 with headwall S —.6
—10 ) L -
— s (3)  Groove end T —
-7 projecting =
—36x22 6 L5 [
__5 To use scale (2) or (3), project
—4  horizontally to scdle () then N — ~
- use straight inclined line through
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L >ox8 = llustrated. L, —4
=2
= B
—22xI13

Exhibit F.18 Headwater Depth for Concrete Arch Culverts with Inlet Control
(Source: Reference F.2)
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=500 5 HW=H+hy+LS,
— —
1200 For outlet crown not submerged, compute HW by —.4
_—IOOO methods described in the design procedure. ~ 5
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oE 400 —I5x 72 E:| i
5 300 O [H02x62 E
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- 2 F g
60 o |—44x27 =
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—I5
—30 -
- —28xI8 =20
—20
Cio
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r‘|2
—10
-8 B
— 7
—6
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Exhibit F.19 Head for Concrete Arch Culverts Flowing Full

(Source: Reference F.2)
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[ 5000 EXAMPLE (0
—le’-7" x 10"-I" 4,000 . 4 (2)
C - Size: 36" x 22"
E15-4" x93 - 3,000 Q=20 cfs i — (3)
- ! - - 4
- l HW *  H 3
*o Lm0 g4 - 2,000 —g VLT - I
i F 1,500 I —3
e - : I I -3
—l-5"x 7'-3" - (1) .10 2.0 s - -
5 f - ,000 2 15 2. L2 T I
L [ - 800 (3) 122 2.2 I I I
1) —9-6"x 6'-5" t L —2 L
B - 600 . L 2
£ - 500 *Din T i - I
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- w E P —1.5 L
I + - 300 S I I 15
C 70 x 5=l [ = i -
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L <L[ i 1_|n 1_7n :\ C O =
- (,D-G—Ix4—7 Sk » -
fat of - e P
T T A 100 5 f I
Ol esr s 100 g% o 9 tae |
$—65x40 @-_60 c i I .
& | 5gy 36 a0 - 8 R8st
x - 40 £ i I g
5 : £ |
ar50"x 3 C a =l L r
%) MScole Entrance 2 1
o D Type - I -
N o I
= v (1) Headwall 5 -6
3 = —.6 .
© 2)  Mitered to g .
§ conform to slope® = I
2 (3)  Projecting
w r —.5
-4 —-5 -.5
-29" x 18" '_3 To use scale (2) or (3), project
C horizontally to scale (I) then -
P c, Use straight inclined line through i I
X s D and Q scdles, or reverse as
- ilustrated.
o —.4 —.4
C —.4
—22" X 13" Ly B
.8
B B L3.5
.6 3.5
_L L|8l X ”l E_E) 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)
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—-95x 64 ' 8w & |-400 4 .
_ w N2 It = [ o
. 2 “g 3 300 & 10 - 09
o g ; E o R p '_0.9
g, o - 0.9 0.8
-81x58 < 2o | 200 C | as
- [ R
- T a5 3 e =+
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p N I ud -
=1 . — 0.7
Ox 5.1 | 100
-0 o |08
e '—TO -0.6
—6.1x46  EueaymeT - 60
o —50 Los - 05
< - 0.5

PROJECTING INLET
WITH PARTIAL HEADWALL FOR ANCHORAGE

2 F': Q :- 13=-,-E

0.18D

]
NO BEVEL 0100 roaevee. HEADWATER DEPTH FOR INLET CONTROL
HEADWALL INLETS STRUCTURAL PLATE PIPE-ARCH CULVERTS
BUREAU OF PUBLIC ROADS I8-IN. RADIUS CORNER PLATE

OFFICE OF RAD JULY 1968 PROJECTING OR HEADWALL INLET
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Exhibit F.21 Headwater Depth for Inlet Control Structural Plate Pipe-Arch Culverts
With 18 in. Radius Corner Plate
(Source: Reference F.1)
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Exhibit F.22 Critical Depth for Standard CMP-Arch Culverts
(Source: Reference F.1)
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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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10 - 29'x8"

. - 25'xl6"
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/ L

" Slope Sg —™
Submerged Outlet Culvert Flowing Full
HW=H+h 4-LS,
For outlet crown not submerged, compute HW by
methods described in the design procedure.

Exhibit F.24 Head for Standard CMP-Arch Culverts Flowing Full (n=0.024)

(Source: Reference F.1)
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— 3000 —
L = / \ H _
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L For outlet crown not submerged, compute HW by i
= methods described in the design procedure. |
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L cF C
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L (. -
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L 600 =L 3
ol ot
L L 500 q5 114X 7.2 r
<T o 4
Sr40 =} i
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o)_ —
v C L
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€ —300 (% - -6
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= oF Q=260 cfs 5
L N | L
I o[ [ g
- 200 7.0x5.] 500 [q
- I -0
L (o)
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— 150 L 6.1x4.6 = . 12
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100 16.6x10.I  0.0306 5
— 80
'_—60 NOTE:
L A headwallon the inlet end
L50 must be used fo 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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