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HYDRAULICS OF CULVERTS:

Reinforced concrete box culverts have been designed
and used for many years because of special waterway require-
ments, unusual load conditions at certain locations, or designer
preference. As labor costs continue to rise, so do the cost asso-
ciated with cast-in-place reinforced concrete. As the volume of
highway traffic increases, so does the cost of inconvenience and
delay associated with cast-in-place construction methods.
American Society for Testing and Materials Standard C789, Pre-
cast Reinforced Concrete Box Sections for Culverts, Storm
Drains and Sewer Pipe, and Standard C850, Precast Reinforced
Concrete Box Sections for Culverts, Storm Drains, and Sewers
with Less Than 2 Feet of Cover Subjected to Highway Loadings,
were developed to provide a standard product for these applica-
tions and an opportunity for specifiers to utilize the inherent
advantages of a precast product. For any project, the use of
precast concrete pipe, which has recognized superior hydraulic,
structural and construction advantages, should he theroughly
evaluated. The availability and construction details of box sec-
tions should be discussed with local concrete pipe producers.

The hydraulic design of culverts establishes the minimum
size which has sufficient capacity to discharge a required flow
within an allowable headwater depth. When the culvert outlet is
not submerged, the two principal types of flow that must be
considered are flow under inlet control and flow under outlet
control.

For any given headwater depth and box culvert size, the
capacity of a box culvert operating under inlet control is depend-
ent entirely on the inlet geometry. Therefore, if a box culvert is to
function as an efficient hydraulic structure under inlet control

PRECAST CONCRETE BOX SECTIONS
11-FOOT AND 12-FOOT SPANS

FIGURE 2: Wing Wail Flare.
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conditions, an inlet geometry which results in minimum contrac-
tion of the fiow at the entrance is of utmost imporance.

In outlet control, all of the hydraulic factors affect culvert
capacity with the prirary limiting factor being surface roughness.
A precast concrete box culvert has an interior surface which
results in a minimum of frictional resistance to flow and provides
superior hydraulic efficiency.

The standard precast concrete box section produced
under Standards C789 and C850 is shown in Figure 1, and
standard sizes and thicknesses in Tables I and Il. Generally,
box culverts are designed with wing walls and a wing wall flare
of 30-75degrees as shown in Figure2 encompasses a

TABLE |I: Standard Box Sizes.

FIGURE 1: Standard Box Section.
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. maiority of installations. The precast concrete box sections com-
TABLE|l: Standard Thicknesses. monly have a tongue and groove joint configuration similar to
. . K precast concrete pipe. The entrance loss coefficient, i, is 0.2 for
SPAN, TT. inches TB' inches Ts. inches concrete pipe with the groove end projecting. The box section
groove alse provides basically a rounded crown edge and there-
Feet C789| C850 | C789 | C850 | C789 | C850 | fore, an entrance loss coefficient of 0.2 should apply.
Performance curves for the hydraulic design of standard
3 4 7 4 6 4 4 precast concrete box cuiverts are presented in Figures 3 through
4 5 7% b 6 5 5 12. These curves correlate discharge-headwater depth and are
5 6 8 6 7 6 6 based on nomographs included in Hydraulic Engineering Circular
6 7 8 7 7 7 7 Number 5, Federal Highway Administration, with a recommend-
7 8 8 8 8 8 8 ed roughness coefficient of 0.012. The headwater depths for
inlet-controlled flow are read directly from the performance
8 8 8 8 8 8 8 curves. For outlet-controlied flow it is necessary to subtract the
9 9 9 9 9 9 9 | product ofthe culvert length and slope from the headwater depth.
10 10 10 10 10 10 10 A complete discussion of the hydraulics of culverts is
11 1M1 11 11 11 11 11 presentedin Design Data 8, Hydraulics_qf Culverts; 12—inc'h
12 12 12 12 12 12 12 through 21-inch Diameter Pipe and specifics on the hydraulic
properties of precast concrete box sections in Design Data 26,
Hydraulic Capacity of Precast Concrete Boxes.
EXAMPLE
Given: A 200-foot long precast reinforced box culvert is to be
installed on a one percent slope under a 4-lane divided
highway at the low point of a vertical curve in the
highway profile. There will be a minimum of one foot of
cover over the box section and the lowest elevation on
the highway pavement will be 10 feet above the inver
elevation of the entrance of the culvert. The cuivert is
required to carry a maximurn flow of 800 cubic feet per
second. Pipe producers in the area have forms avail-
able for 12-foct span box sections. Enter Figure 8 for a 12-foot span at Q equal to 800
e ; : ; cubic feet per second, proceed in a similar manner and
Find: gfliis:rgfcaﬂ concrete box section required and type read the inlet control headwater depth of 13.0 feet.
Since this value is greater than the maximum allow-
Solution: The allowable headwater is assumed to be 10 feet,

since headwater depth in excess of 10 feet will flood
the roadway and no information is available about the
upstream channel.

The first trial size is obtained by dividing the allowable
headwater by two. Since 10/2 is equal to 5 feet and no
standard size is available with a rise of 5 feet, use arise
of 6 feet.

Enter Figure 9 for a 12-foot span at Q equal to 800
cubic feet per second on the horizontal scale and
project a vertical line to the inlet control curve. Projecta
horizontal line to the vertical scale and read the inlet
control headwater depth of 9 feet. Since this value is
smaller than the allowable headwater depth, try the
next smaller size box section.

able, check the 12 x 6-foot box, Figure 9, for outlet
control.

Entering Figure 9 at Q equal to 800 cubic feet per
second and projecting a vertical line to the outlet con-
trol curve for L equal to 200 feet and projecting a
horizontal line to the vertical scale, the outlet control
plus slape times length is 8.7. Subtracting slope times
length would result in 6.7 feet, a lower value than the
inlet control headwater depth of 9 feet. Therefore, inlet
control governs.

A i2-foot x 6-foot box section will carry the discharge
with a headwater depth of & feet and operate under

inlet control.
%% 34

Answer:




yibua| 119AIND B1eIROWIAIL| J0) a1R|0dIak|

anN093s Had 1334 31809 ‘0 194 VHISIA LHIATND aN023S H3d 1334 31809 0 'ITHVHISI LHIATND
nog 0ot ong a0% oov oow

anal Qovl 83741 oot ong [41449] nov
]

-t €1

TOYLNOD L3TINI 04 MH 0 S3NTVA

vl

-1 a1

81

°s+MH 40 SI0TVA PUB 1334 “TOHINGT L3N] 504 MH 40 SINTYA

1334 “104.INDD 137100 Y04 T°S+MH 40 SINTVA Pue 1334

-
il
=]
e 5
Leeonoat =
................. 5
-
....... m
B -1
......... Rk m SEE
Baly Uo paseq mw._m PR e W_ HE T .
.- jrepong usjeanby xosddy | 000 - ©o | enony jusjeainha xoeddy |}
pabsawqnsun 181no o pafiawqgnsun 1a1InQ
papunoy abp3 umoID o = papunoy abp3 umoD
a1y 1B DU S2-08 |- - r il ale|d Jiepm Oulpm .52-.08
21070 = us.buuey | - DU _._.__“__ Z10°0 = us,Bujuuepy |
T A —
9z
eIndd) Yyaul-got «:0_m>_$5m ‘uonaes ~endD youi-gg u_.._&_m_;_:_....m ‘uooag

xog (asiy x uedsg) 1004-g x | |—AjoedED HBAIND f FUNDIA xog (8sjd x ueds) Joojp x | |—ANoeded LaAIn) ¢ IHNDH

34




oove

(NDJ3S U3d 1334 919113 D "IDUVHISIO LHAATND

819744

yibua| 1an[nd aleIpawIeIul 10y a1rjodialu|

ooz

oogl

0091 00t1 a0zt

o
™~

P P

S P L2

mm_q UG paseq 22y

©+ - lrenougo Juejengnbg -xoiddy

pabiawignsug 1BING
papunoy ebpg umoin
21B|d 1EM BUIA .G-.08

Z10°0 = usbBuiuuep

....... oz

e £

0E

£33d4 “10H1INDI 137400 Y04 1°8+AMH 30 SINTYA PUe 1334 “T0Y 1NOD L3N] HO04 MH 40 SINTYA

GNO3IIS HId 1334 2100 D 'FIHVHISIC LHIAIND

0091 Qo1 001 Qg1 008 009

i D TOHENDD AT

8

— 8l

1334 "TOHINOD 1371100 HO4 TS+MH 40 SINTVA PUB 1334 104 INOD 13RI 04 MH 30 $INTVA

o0c
o
R -| 2z
- eay UD pased ozi5 | ve
~ .. | venans wapeainby -xoiddy
pabiiatugnsun 19pno
B T N papuncy aipdg umoin
...... LT S ared4 |[em Buipm, .57-.08
R I Lo 21070 = usbuuuey
i 1T : 92
1
dog
pird

-1e|naaI) Yaul-op t uapeainbg ‘uopoes
xog (asiy x uedg)1004-0| x Li—Aloede) LBAIND 9 IHNDIL

SBINOA1Y ysul-gZ | Juajeainby ‘uoposg
xog (asi4 x uedg) 100j-g x | |—Apoeded WaAIND G IHNOIL

34



006

GN0J3S5 H3d L334 3190 ‘D 'IDUVHISIO LHIATND
nog

00

009

Q05 oot 00g 009¢ 00ve

yiBua| 118a1n0 a1eIpaWLalUL U0} ale|odlFlu}

0oze

aN0J3S H3d 1334 318N3 ‘0 "9 VHISIA 4HIATND
000z 0081 0091

e

~—BB1y o pAEEE EY]

: Jeynoy uajeanbg “xoiddy |
: pabrawqgnsun 1spnQ |

papunoy afp3 umoln

SIBld JI2M BUIM 62506 | -
210°0 = usbuuey | :

1334 “T0HANOD 1371010 H04 18+ MH 40 SINTVA PUZ 1333 “10HLNOD E3TNI $04 MH 40 S3NTVA

BalYy UD paseqd ozig
1Enan Jusieainbs xcaddy | ¢
pabiswagnsun 19Ing |

papunoy abp3 uMoI1D
QIR 1B BUIM, G086

Z100 = usbuuuey |

1334 "10H1NOJ 131LN0 B0 1°S+MH 40 SINTVA PUB 1331 “TOYLNOD L3 TNI HO4 MH 40 SIATYA

T %

BRI
I B

4

xog (es|y x uedg) jyooy-

1 InaJ1D Youl-g6 Juajeainbg ‘uojjoeg
v x Zi—Anoede) waaind :g gHNHIL

1en24io Yysul-gi 1 Juajeainby ‘'uonoag
xog {(asiyd x uedg) j100§-1| x | |—Anoedes Laaing

‘2 3HNODId

o

34



y1Bus| 118AEND BlRIPALLIAILY JO} dlBjodiaIu|

aN0938 H34 1334 218n2 D ‘IDHYHISIA LUIATND (N0J3S ¥3d 1334 Di9ND D 'F9YVHISIA LHIAIND
0081 0ozt QgalL o0o8 0091 00l [S;214 ) 0001 008 009

I [N

(=]

—— ot

o

el

-

et L

=)

ool
1334 708 AND3 137100 Y04 1°8+MH 40 SINTYA PUe 1334 “TOHLNOD 13INI 403 MH 40 S3NTVA

Sesane kI

o
=]

—m

1333 1041N03 137100 HO4 1°S+MH 30 S3NTVA PUE 1334 “TOH INOD L3TNI H04 MH S0 SANTVA

w = | ST T ——-|oe
i st B0y UO pased Jz1g | ; vz e . ealyuopasegazs| - - - - e
. S0 enonn ueleainb xouddy § Lo renong wuejeanby xouddy | 7
! Coe pabiawgnsun 1@pIno : . . pabisugnsupylennG | - -
pepunoy abp3 UMoID papunoy abp3 umol)
E ale| 2 (e Buim 5208 § aseld yep BUip, 52-08 |
. 2000 = u s Bulluep | - ZIop = usbuwueN DD D
|+. .............. .- - . . @N . o - . . . M\N
b
._....“.‘.j.. - - R S A B S S L R e A S I e T B
I :
- 1174 9g
“ABINOMD YAUl-LEL uﬂﬂ_&_ﬂ:&m .:O_uoww AendiD Yaul-gL L u_.__w_w_:_:_um .:O_auww

xoga (asiH x uedg) 10048 x ZL—AloedED LBAIND (01 FHNDIL xog (asiy x uedg) 100j-9 x gL—AnordeD WBAIND 6 JHNDI

34




anN0J3s Had £334 21809 ‘D 'FOUVHISIA LHIAIND
0022 000z

ooge Q09

008l

yIBUS| LIBAIND aleIpawllatul 10} slejodialug

R EEDREE 2nos0 UafeAINb *xoaddy

oIy UD Paseq 5218
pablalugnsu 1IBpng
papunoy abp3 umor)

98| J12p BUIM, 5/-.08
2100 = u s Buuuepy

— 8

ERELANS PN

— oe

1334 “T04.LNDD L31LN0 804 1°8 + MH J0 SINTVA PUe 1334 108 INOD 137N} 04 MH 30 SINTVA

aN093s 434 1334 21803 'O ‘J94VHISIA LHIATND

00st 0oEe i) ¥4

GoB 00L1 0061 ooel

5

LLLNO

|

| gg

8oy UO PasEL ewm :
1Bl welemnby ~xouddy |
pablewgnsun 12)Ind
papunoy a6p3 umod
are(d ||epm Buw, 52-.08

210°0 = us,buliuepy

8l

0¢

44

:04

8

oe

1334 “TO4LNOJ L3TLN0 B04 1°S+MH 40 SINTVA PU2 1333 "104.LNOI 1IN 504 MH 40 S3NTVA

-1R[N2415 Youl-1 91 usjeainb3 ‘uopoag

xog (as1y x uedg)1004-Z} x gL—Auoeden yaan)

21 3HNOHId

“JBIN3JID You}

xog (9siy x uedsg)100)-01 x glL—ANoede) pWeAiNd 1L IHNODI

Lv 1 wajeainb3 ‘uonoeg

34



