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Figure 6-20
Formulas for Varlous Channel Geometries
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Appendix 7C-1 Nomograph for Solution of
Manning’s Equation
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Kp Factor For Maximum Shear Stress
On Channel Bends. (12)
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Figure 6-30
Criteria for Selection of Stabllity Factors

Condition Stabliity
Factor Range

Uniform flow; Straight or mildly curving reach (curve radius/channel width
> 30); iImpact from wave action and fioating debris is minimal; Little or no 1.0-1.2
uncertainty in design parameters.

Gradually varying flow; Moderate bend curvature (30 > curve
radius/channel width > 10); Impact from waves or floating debris
moderate. , 1.3-1.6

Approaching rapidly varying flow; Sharp bend curvature (10 > curve
radius/channel width); Significant impact potential from floating debris
and/or ice; Significant wind and/or boat generated waves (1 to 2 feet or
0.31 to 0.60 meters); High flow turbulence; Significant uncertainty in 16-20
design parameters.
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Figure 6-52
Uniform Flow for Pipe Culverts
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Figure 6-53
Uniform Flow for Concrete Elliptical Pipes
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Figure 6-54
Uniform Flow for Pipe Arches
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Velocity in Pipe Conduits
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Figure 6-56
Velocity in Elliptical Pipes
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Figure 57

Veloclty In Pipe Arches
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Figure 6-58
Critical Depth of Fiow for Circular Conduits
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Flgure 6-59
Critical Depth of Flow for Elliptical Pipes
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Figure 6-60
Critical Depth of Flow for Pipe Arches
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CHART 6B

" -4
B
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] ﬁg_ - 2
Fleps Sgr —. 6
SUBMEMGED OUTLET CULVERT FLOWING FuLL
For oulizt crown nol submarged, compuis HW by .8
methods dascrivad in the detign procedus -
= 1o
o
N
-
-
@ .
-
o -F
K W -
E I 2
.’0 2l
T3
=k
\."'1 3 F
T w4
/ I
/ -
/ -
S EXAMPLE .
— 8
19
P
L 20

HEAD FOR
STANDARD
C. M. PIPE CULVERTS
FLOWING FULL
n=0.024
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Figure 6-67

Headwater Depth for Concrete Arch Culverts with Iniet Control
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—154x97
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=
=
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O
Vam
(e
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=
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.
2
58]
~N
(7]

Supplemental Figures

JISPHARGE (Q) IN cfs

_EXAMPLE
SIZE: 4" X 2T
0=130cfs
_w* HY

D (feet)

¢1) 1.02 2.30
(2) 0.93 2.23
() 1.012.27

*D IN FEET

TO USE SCALE (2) OR (D
DRAY A STRAIGHT LINE
THROUGH KNOWN VALUES

OF S12E AND DISCHARGE
TO INTERSECT SCALE (1).
FRAOM POINT ON SCALE (1)
PROJECT HORIZONTALLY 10
SOLUTION ON EITHER SCALE
(2 0 (D).

HEADWATER DEPTH IN TERMS OF RISE (HW/D)

bl

&llrl

T lrIlTll
-
)

ENTRANCE
TYPE

SQUARE EDGE

GROOVE END ¥ITH
HEADVALL

GROOVE END
PROJECT ING
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Figure 6-68
Head for Concrete Arch Culverts Fiowing Full

A

he

SUBMERGED OUTLET CULVERT gt("lh[i FULL
=H+

FOR OUTLET CROWN NOT SUBMERGED, COMPUTE H¥ BY
METHODS DESCARIBED IN THE DESIGN PROCEDURE.

TURNING LINE

— 169x106
L 154x87

— 138x88

L 122x78
L 115x72

L— 102x62

L. BEx54

HEAD (H) IN FEET
1

— 73x45
— B5x40
— 58x36

w
ey

(8]
=
=)
et
[VE]
&=
=
[38]
=L
[an]

— 44x27

SIZE (SPAN x RISE) IN INCHES

— J6x22

| 28x18
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CHART 34B O

- 5,000
—_ c 16'-7"x10'-1" - 4,000 (h
L . —~ .
L 15'-a%x 9'-3° [ 3.000 XAMP (2) .
1 € ) LE - 4 (3)
Size: 36°x 22° 5 ) -4
* Freoie-a g - 20¢fs i
a0 f - Hw ® uw i -3
2w : ° (foet) - - L 3
] L]
-3 E1'-8x 7'-3° . m Lo 2.0 S d ‘
ga 1 - @ s e - 2 i [
gs [ 06" x 65" [ 800 ® ez 2.2 [ "
ol G X - ”, -
;'3 ! - 600 *0 in feo? i . - 2
] - 500 [ K
5 Fe-2xs-9 [ 400 - 1.8 [
[ E 300 | (18 Fus
L 7'-0"x 5= 1" I -
[ L 200 [
TLe-1"xaq-7° b e
Ity - . L
s -7 o
' v o F 1.0 N
— & 72" x a4’ w [ oo - S -0
7 o o z 1
L. 80 _ Tl 1.0
w . . Z} X =r- - 9 |
& L 65°x40 = w w
St 6o & vl L
o~ = P = .9
g . . w [ S0 -~ o - .8
E - 58" x 36 O | 40 7 “w N - .8
(4 Vs o
x g i e w!l L - .8
<zl 50°x 3 8 30// E
o *x 31° (2] - .7 L r
& 8 140 F !
HW ENTRANCE z ks
- HW =
N L 43"z 27" b 5 SCALE TYPE - I I
® - -
pd (1] Heodwall a | .e
- L 10 e -6
. s r (@ Mitered to conform o - 6
S //. ] L 8 1o siope 5 )
o F36"x 22 - 3 Projecting - I
g F & 3 [
g s 2
< <L s
= - 4 w - - .5 L .8
| 29°x18° To use scale (2) or (3) project T *
x L3 Norizontally to scale (I}, then
use stroight inclined line through
D ond Q scoles, or reverse os r - +
 25°x 16" 2 itustroted,
- .4 - .4
- 22% % 13" L 1o 8 —I ¢
e | !
i I L .38
L Letane L ': 385 L ss
¥ ADOITIONAL SIZES NOT DIMENSIONED ARE HEADWATER DEPTH FOR
LISTED IN FABRICATOR'S CATALOG C. M. PIPE-ARCH CULVERTS
BUREAU OF PUBLIC ROADS JAN. 1963 wl T H | N LET CONT ROL
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CHART 39B O

— 300 =
| ¥
i H
i =
| —> ho
= TN
- 200 Slope So—e s e XA
r SUBMERGED OUTLET CULVERT FLOWING FULL
'__ © For outlet crown not submerged, compute HW by
N z .: methods described in the design procedure
HIH
o H — 4
- - L
- 100 —.5
— 90 -
— 80 .6
- _ 7on - -+
[ 70 72X 44 i
L w
- 60 | 65"x40" Lt
L Zl o
. .
50 TF
I 2 -sex3e [
< S/ o i
0 |-40_ ' e~ i
u Quag W | — <l
ol a =0 - =
& 50" x31 X T—— —_Examp g [
Z 8 B _
=30 . 2p s
or () x —F
w b o avxer Y
et 2 —
< 20 « -
zt x :
aF z . [
b g |- 3exee —3
i 7] 400
i . - 4
5 b |
10 - 29" x18" 500|
- 9 o
-8 —6
- - 25" X1 6" -
- 7 — 7
6 — 8
1 o 9
i —10
- 4
-3
— 2

HEAD FOR
STANDARD C. M. PIPE-ARCH CULVERTS
FLOWING FULL
n=0.024

BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 29B

— 151 x 97
— 3000 EXAMPLE
-
- . cfs
136 x 87 00 (2) (3)
L E HW *  Hw — 4.0
r 3] (feet) ( 1 ) | — 4.0
F121x 77 C m 2.8 e ~
E @ 22 8.8 40 30 | e
-3 x72 1000 (3 23 9.2 L C I
- 800 *D in feet + -
106 x 68 - e i RN ——
— 600 - F C 20
98 x 63 - 800 // - = .:.2_0
r e &— r N L
- 400 exM L C C
- 91x 58 Lo 20 | C
» /»/[:*(300 é: 8 - 1.5
g -83x53 / _— - > :— S -
z — - 200 T -
z < 76x 48 - wl r -
- o To use scale (2) or (3) ‘l_" |
lﬂ..“ ol drow a straight line [« 4 [~ -
~r-68x43 w through known values L
. © 100 of size and discharge g = 1.0
'<‘ Z - 80 to intersect scale (1). 0 ~ 1.0
S g From point on scale (1) g : B B
O 60x38 eL 60 project horizontally to al N N
[ w solution on either scole Wl 9
C] o 50 @) or (3). - - -
Wl os3 .z Sh a0 2 —8 |8
@ =1 r—8
o« @[30 = o =
x| 49 x32 afF &‘ t
5 L o . .7 .7
& - 45x29 - 20 AN | |
vt - Hw /D ENTRANCE 30
N[ 42x27 o SCALE TYPE =] 6 e
®» F o6
: 10 (L)} Square edge with :
-~ 38 x 24 Y headwall T = =
" (2) Groove end with
-6 headwall s Y
) (3) Grove end —+=-5
; a projecting
- 30x 9 B s r
- L —a L oa
-2 ~T *
o °
o al
—23x 14

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL
WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN. i963
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CHART 33B o

- 2000
- |
r Zlw T I\
- Z| E H
r E" Hw —1" e
—> )
1000 ,, ° - 0.4
- B e ey Slope So—» K A\ L
- 800 SUBMERGED OUTLET CULVERT FLOWING FULL L 0.5
- - 151x97 L
- 600 For outlet crown not submerged, compute HW by - 0.6
L - 136 x87 methods described in the design procedure
- 500 - - 0.7
- F12ix77 - 08
;400 FH3x72 ~0.9
r F106x68 — 1.0
[ 300 - 98x63 I
[ - 91x58 3
L - 83x53 o
- 200 @ :
g . SrH7exas I
- z w2
2[ 27 68x43 ::_J L
o —Q:, - F
ol 0 —~ |
- —|oo< ~—w | 60x38 ) =1
w il ol siz2 =[s
O - [ 4 T~ e P’ S 5 L
Tleo w [ 53234 7 A9 i
Tt \ — —~— 2 L
or 3 r 49x32 w '_‘
0nr x
=l 60 a
6 0 as5x29 F
{. gt
I 50 g F42x27 L 3
40 » NOTE e
F38x24 Dimensions on size scale ore 0
i ordered for long axis horizontal -7
- 30 installotion. They lhguld ho. "_ 8
F reversed for fong axis vertical. N
i -9
§ Fr30x19 " 10
- 20 r
i L23x14 I
C o L 20
-8
-6
-5
HEAD FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL OR VERTICAL
FLOWING FULL
BUREAU OF PUBLIC ROADS JAN. 1963 ns= 0.0'2
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Figure 6-77
Allowable Fill Heights for
Relinforced Circular Concrete Plpe

Allowable Fill height (Ft.)

Pl :
D,an‘,’:‘e, ;o Class fil Class IV. Class V
(inches) |/ Minimum | Maximum | Minimum | Maximum | Minimum | Maximum |

12 1.50 10 1.00 18 0.50 25
15 1.50 10 1.00 18 0.50 25
18 1.50 10 1.00 18 0.50 25
21 1.50 10 1.00 18 0.50 25
24 1.50 10 1.00 18 0.50 25
27 1.50 10 1.00 . 18 0.50 25
30 1.50 10 1.00 18 0.50 25
36 1.50 12 - 1.00 20 0.50 30
42 1.50 12 1.00 20 0.50 30
48 1.50 12 1.00 20 0.50 30
54 1.50 12 1.00 20 0.50 30
60 1.50 12 1.00 20 0.50 30
72 1.50 12 1.00 20 0.50 30

NOTES

1. Beddings: Class C for Class lll pipes

Class B for Class IV and Class V pipes
2. Minimum fill height represents the minimum cover from top of the pipe to the subgrade
top elevation. When the cover is further restricted, ductile iron pipe with Class A
bedding may be used with a minimum cover of 3 inches to top of subgrade.
3. Maximum fill height is measured from the finished grade.

)
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Figure 6-78

Allowable Fill Helghts for Round Corrugated Steel Pipe

Plain Galvanized

EQUIVALENT
ROUND
PIPE
DIAMETER

CIND

AREA
(FT2)

MI
MINIMUM

COVER

NIMUM METAL
THI CKNESS

(FT.)
(IND

(GAGE)

MAX IMUM

FILL HEIGHTS

CFT.)

2 23" x 1/2" CORRUGAT IONS

12
1S

BELRINSBLESIBEDR

0.8
1.2
1.8
3.1
4.8
7.1
9.6
2.6
15.8
19.6
a3.e
2.3
3.2
38.5
4.2
90.3

0.109

i
0.138

Lad pal—2

0.168

8%

(¥

BH4B289AY2YRBRE

YW

~ 9"

B u)
'vw-.
73

o

o

3" x 1" AND 5" x 1" CORRUGATIONS

BERINBBRLBRH

1.1
8.6
12.6
1.9
18.6
2.8

28.3

3nB.2
3.5
4.2
50.3

0.408

L8B3 &ELS

NOTE: THE GAGE SHOWN ABOVE ARE INDUSTRY STANDARD. ONLY THE GAGE SHDWN FOR
EACH PIPE SIZE MAY BE USHD.
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Figure 6-79
Allowable Fill Heights for Corrugated Steel Pipe Arches
Plain Galvanized

EQ%%“ SPAN AND AREA | MINIMM ”'#.h*.“c‘éN‘éE?L VA MM
PIPE RISE (FT2y | COVER FILL HEIGHTS

DIMETER | C(IN) (FT.) CFT)
CIN.D (IN) | (BAGE) :

2 23" x 1/2" CORRUGAT IONS

15 7x 13 1.2 22
18 21x 15 1.7 pal
21 24x 1B 2.3 0.079 4 19
P 26 x 20 2.9 18
0 B x M 4.4 18
3% 2x29 6.5 15
42 9xH B.4 1.0 0,109 1 1
48 57 x 38 1.3 ] i 14
54 \ 64 x 43 14.4 0.1 140 14
60 7 x 47 12.4 i 1
66 77 x 52 21.3 0.168 8 14
72 83 x 57 25.6 | | 15+
3" x 1" AND 5" x 1" CORRUGAT IONS

3% 40 x N 7.0 0.07 44 23
42 46 x AN 9.4 22
54 53 x 41 12.3 e
60 X 46 15.6 24 2\
66 66 x 51 19.3 1.0 28
7 73x S5 23.2 0.109 12 26
78 81 x 58 2.4 24
84 87 x 32.1 22
90 o5 x 67 31.0 20
% M3 x M 42.4 1.5 18

NOTE: THE GAGE SHOWN ABOVE ARE INDUSTRY STANDARD. ONLY THE GAGE SHOWN FOR
EACH PIPE SIZE MAY BE USED.
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Allowable Fill Helghts for Round Corrugated Aluminum Pipe

Flgure 6-80

'/ MINIMUM METAL

EOURIOL?inTJENT AREA MINTMUM THI CKNESS MAX [MUM

PIPE (FT2) COVER FILL HEIGHTS
DIAMETER (FT.) CFT.)
CIND CIND (GAGE)
2 2/3" x 1/2" CORRUGAT [ONS
12 0.8 116
5 1.2 0.075 14 o
18 1.8 . »
24 3.1 56
2 4.8 1.0
% 11 0.405 2 s
4 9.6 58
48 12.6 0.135 10 50
54 15.9 l 45
80\ 19.6 15 43
66 23.8 44
2 28.3 40
y: 7.2 0.154 8 kY
84 3.5 4
0 4.2 2.0 NA.
9% 50.3 N.A.
3 x 1" AND 5" x 1" CORRUGAT IONS

36 7.1 1 1 42
42 9.6 1.0 0.075 M %
48 12.6 N
54 15.9 3
18.6 0.105 12 k]
66 23.9 ! k]
72 28.3 1.5 £
yi 3.2 5
84 3.5 0.135 10 P
'] 4.2 2 | | 30
% 50.3 ; 0.164 B H

|

NOTE: THE GAGE SHOWN ABOVE ARE INDUSTHY STANDARD. ONLY THE GAGE SHOWN FOR
EACH PIPE SIZE MAY BE USHD.

Supplemental Figures
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Allowable Fill Heights for Corrugated Aluminum Pipe Arches

Figure 6-81

WA | oo | i | |
PIPE RISE (Fr2y | COVER FILL HEIGHTS
DI AMETER (IND CFT.) tFT)
CIND (IN) | (GAGE) '
2 23" x 1/2" CORRUGATIONS
15 17 x 13 1.2 5
18 21x 15 1.7 0.105 12 15
21 24 x 18 2.3 1.5 14
24 2 x 20 2.9 14
2 3% x 24 4.4 0.1 i 13
3% 2% 29 6.5 13
2 9xB 8.4 1.0 12
48 57 x 38 1.3 8
54 64 X 43 14.4 0.164 8 7
60 Mx 4 17.4 7
86 77 x 52 21.3 2.00 ) 7
7 83 x 57 25.6 7
3" x 1" AND 5" x 1" CORRUGAT IONS
3% a0 x 3 7.0 - 0. 105 )y 29
42 4%x N 9.4 1.50 25
54 53 x 41 12.3 29
60 B0 X 46 15.5 29
66 66 x 51 19.3 LIS 25
n 73 x 55 23.2 0.135 10 22
78 B1x 59 21.4 29
4 87 x 63 2.1 2.00 26
80 g5 x 67 3.0 | 24
% @ x N 2.4 2.5 Y

NOTE: THE GAGE SHDWN ABOVE ARE INDUSTRY STANDARD. ONLY THE GAGE SHOWN FOR
EACH PIPE SIZE MAY BE USED.
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~ T '
N 1<<<
N St
S
- 0.2
—O.1
- 0.08
— 0.06
0.04
'T\\\ SX
. ~0.0I
=0.02 .
N
N -
r \\\
s }F002
00! "
- 0.008 L
- 0006  Sos
- 0.004 -
- 0.06
~ 0.08
—0.002 = 0.1
- 0.00l
: T -

Supplemental Figures

TURNING LINE

CHART 1B

©
. 1.67 ~O. . o
Q=086 5167505 1267 S
n c
<]
EXAMPLE: GIVEN: >
N=00I16; Sx=003 (e
$2004 ; T=6 FT 0.8 1
FIND: 0.64 40
Q =24 FT¥s 4
- 3
Qn=0038 FTYs 0.4
o0
T(FT)
30 0.2
—I10
— 1
% L
20 o 8
’.__
w Ol—s6
- 0.08 T
 oo61%
10— ;
8 - 0.04.7
1 77T -2
6 +-- .
———————— 4 -
4 0.02
gl
3 A -08
2 - 0.008 +
, To4
I) For V-Shape, use the nomograph with 0.006
Sx=Sxi Sx2/( Sy + Sx2) T
0.004 -
2) To determinedischarge in gutter with -0.2
composite cross slopes, find Qg using

Tg and Sy.
find Eo.

Then, use CHART 4 to

The total discharge is

Q=Qs/(|_Eo), and QW:Q"QS-

Flow in Triangular Gutter Sections - English Units

Page 38
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Figure 6-96
Average Width of Water Spread in a Triangular Gutter Section
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Figure 6-98
Curb, Gutter and Inlet Selection

UNIFORM CROSS SLOPE

COMPOS I TE CROSS SLOPE

®

TYPICAL SECTION Sx\ﬂ'—

TYPICAL SECTION

®

P.C.C. CURB, TYPE 1, TYPE 2

CURB & GUTTER TYPE

INT. P.C.C. CURB & GUTTER, TYPE 1

CATCH BASIN A, A-A

INLET TYPE

CATCH BASIN J, J MODIFIED

TPICAL SECTION

TYPICAL SECTION

P.C.C. PARKWAY CURB, TYPE 1, TYPE 2

CURB & GUTTER TYPE

INT. £.C.C. GURB & GUTTER, TYPE 3

CATCH BASIN B, P.¥.B.D.

Supplemental Figures

INLET TYPE

Page 40
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CHART 2A

1.0 T
0.8
o/
o
~N
p /
"
W 0.4 /
L T =]_| o
v "
0.2 < e
L o a
—wW—
0 ! | | . | | |
0 0.2 0.4 0.6 08 10

W/T

Ratio of frontal flow to total gutter flow.
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Figure 6-114
Frontal Flow Interception Factor, R,

Figure 6-7115
Side Flow Interception Factor, R, -

S, (Feet/foot)

0.03 [ 0.04 | 0.05

0.71 | 0.77 | 0.81
0.42 | 0.49 | 0.55
0.26 | 0.32 | 0.37
0.17 ] 0.22 | 0.26
0.12 1 0.16 | 0.19
0.09 |1 0.12 | 0.14
0.07 | 0.09 | 0.1
0.06 | 0.07 | 0.09
0.05 | 0.06 | 0.07
0.04 | 0.05° | 0.06
0.03 | 0.04 | 0.05
0.03 | 0.04 | 0.05
0.02 | 0.03 | 0.04
0.02 | 0.03 | 0.03
0.02 | 0.02 | 0.03
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Figure 6-122
Interception Capacity of Standard Grate
On Continuous Grade

COMPOSITE CROSS SLOPE
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Chart 9. Curb-opening and slotted drain inlet length for total interception.
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Curb-Opening and Slotted Drain Inlet Interception Efficiency
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Text Box
Curb-Opening and Slotted Drain Inlet Interception Efficiency
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Figure 6-126
Depressed Curb-Opening Inlet Capacity in Sump Conditions
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CHART 15B

Ratio of Frontal Flow to Totl Flow in a Trapezoidal Channel - English Units
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Figure 6-130
Safety Factors for Grate Inlets

Condition Factor of Safety

Curb on one side 1.50

No curb, i.e.: the interception takes place from all four
sides
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