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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 costs
associated with cast-in-place reinforced concrete. As the vol-
ume of highway traffic increases, so does the cost of inconveni-
ence and delay associated with cast-in-place consiruction
methods. American Society for Testing and Materials Standard
C788, Precast 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 High-
way Loadings, were developed to provide a standard product
for these applications 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 be
thoroughly evaluated. The availability and construction details of
box sections should be discussed with local concrete

PRECAST CONCRETE BOX SECTIONS
3-FOOT THROUGH 6-FOOT SPANS

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 de-
pendent entirely on the inlet geometry. Therefore, if a box culvert
is to function as an efficient hydraulic structure under inlet control
conditions, an inlet geometry which results in minimum contrac-
tion of the flow at the entrance is of uimost importance.

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

producers. TABLE I: Standard Box Sizes
FIGURE 1: Standard Box Section
SPAN, FEET
3 4 5 6 7 8 9 10 11 12
SYMMETRICAL 2
; 3
- .o, 4
L 5
RISE R oy 8
\:": m
sa L
w /
2]
T 8
9
10
11
12

NOTE: The haunch dimension H, is equal to the wall thickness Ts.




The standard precast concrete box section produced
under Standards C788 and C850 is shown in Figure 1, and
the standard sizes and wall thicknesses in Tables | and Il
Generally, box culverts are designed with wing walls and a
wing wall flare of 30-75 degrees as shown in Figure 2encom-
pass a majority of installations. The precast concrete box
sections commeoenly have a tongue and groove joint configu-
ration similar to precast concrete pipe. The entrance loss
coefficient, k,, is 0.2 for concrefe pipe with the groove end
projecting. The box section groove also provides basically a
rounded crown edge and therefore, an entrance toss coeffi-
cient of 0.2 should apply.

Performance curves for the hydraulic design of the stand-
ard precast concrete box culvert are presented in Figures 3

through 14. These curves correlate discharge-headwater depth
and are based on nomographs included in Hydraulic Engineering
Circular Number 5, Federal Highway Administration, with a rec-
ommended roughness coefficient of 0.012. The headwater
depths for inlet-contralled flow are read directly from the perform-
ance curves. For outiet-controlled flow it is necessary to subtract
the product of the culvert length and slope from the headwater
depth.

A complete discussion of the hydraulics of culverts is
presented in Design Data 8, Hydraulics of Culverts; 12-inch
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.

TABLE lI: Standard Thicknesses

FIGURE 2: Wing Wall Flare

SPAN, T, inches Tg. inches Tg, inches
Feet C789 | C850 ] C789 | C850 | C789 { C850 30° 10 75°
3 4 7 4 6 4 4 W?n”gg'\; o
4 5 7% 5 6 5 Flare
5 6 8 6 7 6 6 - - T
5] 7 8 7 7 7 7 ————-
7 8 8 8 8 8 8 I
8 8 8 8 8 8 8
9 g 9 9 9 g 8
10 10 10 10 10 10 10
11 11 11 11 11 11 11
12 12 12 12 12 12 12
EXAMPLE
Given: A 400-foot long highway culvert is to be instalied on a valug of 6.6 feet for outlet control. To obtain outlet
1 percent slope. The culvert is limited to @ maximum control headwater depth, subtract S, x L from the
rise of & feet and is required to carry a flow of 200 outiet control valug: 6.6 — (0.01 x 400) = 2.6 feet:
cubic feet per second with an allowable headwater Therefore inlet control governs.
depth of 6 feet. Entering Figure 10: 5 x 5-foot concrete box section
_— . . . and proceeding in 2 similar manner, read a head-
Find: tSyI;: gfgﬁﬁ iit concrete box section required and wateF: depth ofgs.g ieet for inlet control and obta_in
’ 2.8 feet for the outiet contro! headwater depth with
Solution: Enter Figure 12: 6 x 4-foot concrete box section, and inlet controf governing.
project avertical line from Q = 200tothe intetcontrel | Answer; A 5 x 5-foot or a 6 x 4-foot precast concrete box
curve and the outlet contrel curve for L = 400 feet. section will carry the design discharge within the
Project horizontally to the vertical scale and read a allowable headwater depth of 6 feet under inlet
headwater depth of 5.4 feet for inlet control and a control.

b




syjbua| H1oAIND ayoipawialu) a0y ajpjodiaju|

ONODIS H3d 1334 018N0D NI B IDUYHOSIA 1HIATND ANOD3S Y3d 1334 HEND NI B IOUVHISIC LYIAIND
orl 0T1 001 08 09 or 0z o 0L 09 05 ov o€ or

000 0 S O B I O N O Ak EanE

Bl A RN 1
ANREA RS ERANES ] A A S Sfip= - A AR A
Er g | LA kN
# ] Pl 4 L 3= ST
= AN 1 ] - B L
\\,\N\_\\\\l S = L M“\A\Nu\. Ce L KN
A H - ] -l A e -
o o . g ] §rards MERE N
27 ST L dup el iwt O T i) - N
71/ 4ERAR -1 L IIG Pl 2 A i LA L L - LS 19
4 N RS |- 1 AN AN NP ANE ot J O R -
AT - 113k B 1|1 A aEny o | - RENN NN
i s na K ne - A xa AARR ENERNES RN NN
HAAREERN RN AN A g pdlanaifpunadunnnpanedununiies
_{ ! ! .
AREEgpuEnEranki T S e
S ot ’] T O
I 1T el 7 4 - 1I- Tl

THIHT| ApARHARRRiAE a / \ b FEH TR 1 ST
. A e B EEFRANR EERRERanNE el B ENNENNE
Emy ARy AR Rianiyanni 0 e RN -
|MW||A\\‘WHM BES r[.uuuw.wlu T T\Mr i REE B L - -+
«H.\wa..]?w; 0 L0 L M NEEEERpN R |- RN EENRE
451 easy ue paseq 8218 (44 [ 1 21 ENREEENRNREN N ealy UG paseg azIg EEamEn g

1enongy Jejeanba “xoiddy HHEH \\ 1117 seinoney wajemnbs xoiddy | LT

T
i

i

Il

]
[
i

1334 NEIOEINGD 1T1LN0 J02 1°$+MH S0 $EMTYA PUB 1334 NI TOHLNOD L3INIHOS MH 40 S3MIVA

1334 NI TOYLINOD LAF1LN0 HO4 T1°S + MH 20 $3MTWA U2 1334 N 10YINOD LT3Nl HOS MH 40 S3M1TVA

H-s [ e g ANy pabBiawqnsuf 1910 - o feet - - HHH- . pabowansuny IO -+
..... _ INTE IR I papunoy abp3 uma RuER 1 | 4 |- pepunoy ebpa umosy [
=i ]| i1 S e 1 e (e BUIpg 5208 =T 1 areld Jep Buig 9208 ||
N Ll EENRN 21o'0=u s,bunuew [T RN L= . 21L0"0=u s,0uluuepy 11 |-
13- . -l o . - -]} . 5 \\. ]| . . mm S 0 I O . | _| 1. . .. .. i . [ I m—
RN [ O N - O Y I A |- ) 1 O Ll -
AEN RN . & N I W R oz RENNEEEN NERRNREY JAECRARRARE

Je|naJiy yosul-gE juajeainby JBnoay) Ysw-ge Juejeanhy
UOHOaS XOg JSE31d 100)-¢ X £—Aljgedes Wea|n) 1y JUNDIY uoN08S XOg 158091d 100)-Z X g—Al9edes MaAIND g JUNDIL

27




sysbue| {I18A|ND @ipIpRWIaUL 1O} sjpjodiaju|

ONOOJFS H3d 1334 DIAND NI 0 IDHVHOSIA 1HIAND ANODAS H3d 1334 DIEND NI O ISHYHOSIO LEIAIND
091 ort 0zl 0ot 0% 09 or oF i1 oo 08 09 or ONO
T T A T+ [T o W N W RENE RN EAREENEEEE
H e 12 fRERa aERs T PR T s
NN N - A5 z
1= Z EEN A | ©
P e T T .
T FEENRE AN AN WL ¥ - - T NENRs ARy air R NN 3
et 1 A A - [ H-i -I- - A
...... I - [ g RRNEEr 757 a7 7 pa AN RRAR RN i
e i ] w |- \\N\\.\\ BEEEEN w
- Q L YT T A YAy T o
i \H s o \\\\I; ¥ ENEN 1 B “& H_ b I i F M
- W 1 41 14 it o -l - - - -]
LA S a L TR HER 3
EREEREANIRES 08 Grasddis H 3 T i oA A G ] @
ST aRIRCErEg Eray 3 , 2| HHEE Eanass AT iasel M
A 3 e B | 114 LA LA~ npd SERN NN L
e B e T b . - m AT \.m..m ma en YN - o
L = 1A : H+ H-H o] i1l Ly -H- Lo}
¥ Fai T Z AR w o Rn E4
WP Rl LS il - : 5 iy o Fap g iRy dvi ERSaaN AWME RN I
ol ZaN PO a 4NN A 5 AL e e D o
TTER Tkt r Al AL EA A VA e e - =
14 r 8 = P A2 AGINDD BT I TaHe 2
Tt A n ’ EEAE RN - o
A 1L e R m up AR T m
- - ) - 1 - =
SUAEA ERANNR NN gl 1w qEer SRRk l ” )
& E 2 " ANuEENpERS RN a
\\lhi > 3 B < “\l T 1] 13| T [ -
SAFT 1oL ® T T e 2
i c ny HppREyannk o P =
AT R -1l & \ Vil e ANARRAENEI RN A »
A MR A (o] H- 14 » -] -t - O
1 - AR m Ar-HH S HE o
- - T 4 S HE A e 1 M
TR : z ’ il
7 et ¥ X EmLL = Jel ¥
- - REELY - mn Aq \.. /s T nuN T a_.cuv
b "] ; TH % AR AR P ARNL S 511 ui anliinnn i
-H - - +HH o - LA - - o]
T L - D ARG R e A A T 1
N Tl - o T SR A A ekl o
[= B (=
1 - dFL I ) A EENNNNERENESRRRE] 11vt 3
: m AR LG paiRauEi EN AN ERE RN RN m
il = 1 Al mEg kL EsEnNNE -
T R TR T o i - EENEREEL : o
H- T o | FAEHAEVREATA R H R R o
Z i 3R . I =
, 14 - 5 5
NN ] ) I - gEAN TR z
H- 1 - a1y UG paseg 215 e 2 LA - osy uc peseg ezig |- | FrfEH{ %L F
i ERU NN I 1einoag wetesmnbg xouddy T = SA A n | ST rejponn ajeanbsy xoxddy | AN =
-0 pabrawagnsupn 120 o i s | pabuswagnsuryienng |- n
L papunoy abp3 UMorD 1 m dx papunoy aBpz umeny  |1JE m
- -HH|- 1Bl l1ep BUIM .G.-0E] o - L] e Sui s e =
-} H T A Z10°'0=U S, Buliey 1A 210°0=Uu 5,buliueny
ENEESER N ; gt w >=|H|.P|| N N N 71T o 81
s N [ RSN A1 7 . 0 O B D
= _ - oo 14 1 T HERR NN RN ] AR REN NN
oz 114
JeINoII) Youl-Zp WuseAInby JeINa4D Youl-ge Juajeainbz
UG X0g }Se3.d 100)-€ X p—Alorde] LaAIND 19 FHNOI uonoas xog 1Se29.d 100)-Z X y—ANoeRde) LaAIND g JUNDI

27



