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FOREWORD 

A serious attempt has been ~de herein to simplify 

the rational design of hydrau)_ic structures. It is our 

in+.ent to apply these established principles of hydrau• 

lies to the design of highway structures in the simplest 

way poss:!.ble o Complicated theorems and equations have 

been eliminated as far as practicable. It is felt that 

a judtcious use of the material will improve the general 

design of highway structures by reduci.ng the possibility 

of overflo~ and the res11lting interruption of traffic, 

reducing the flood damage to adjacent property2 and in 

some cases, a saving of funds due to over-design of high• 

way structures. 

Acknowledgement is made for source material obtained 

from "Design of Culverts and Incidental Hydraulic Struc

tures"; by M. R. M!tct.~.eLl, Senior Designing Engineer7 

Bridge Division$ Austin Office, and from ~'~Design. of Cul

verts; Cham~lss Ditches and Dykesfi7 by H. P. Carothers, 

formerly Resident Engineer, District 20J Beaumont, and 

now of the United States Army. Valuable assistance has 

also been rendered by H. G • .Bc.1ssy, Assi.stant to Engineer 

Road Design, Aust:tn Off.ice, Arnold Staubach, Seni\')r De

signing En.gineer7 Bridge Division, Austin Office, and 

Jamee P. Exum, Bridge Engineer. 

The Authcrs 
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"Note to Second Reprint and Revision, October, 1946.~ 

Because the supply of the Reprint of January 1945 of 

this manual has been exhausted, and !D. response to the 

n'U.lllerous requests for more copies, thJ.s reprint has 

been prepared. The defini.tlon o.f frictional grade has 

been changed to neutral grade and some other terms have 

been clarified. Obvious errors have been corrected. -

Bridge Diyisicu, Austin: Texe.so" 
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Dr a i.:na ge Area 

Meander of 
Water Course 

Profile of 
Water Course 

Average Slope 

Soil 
Classificat.toL: 

Soil Cover 
Classification 

L Fl."ELD SUR'.":EYS 

The drainage area may be determined by one of the 
follnwing met.b.odz~ 

(a) Di.rect fi.2ld c::u.rvey wlth ordinary sur
veying i.nstrume:nts • 

(b) U;se of publizl::ed contour maps (if avail
able) togetr..er wlth field check as to artificial 
barr::.ers;~ ditchel:ljl etc. 

(c) Use of State R:1 ghway Planr:..ing Survey 
Maps for large areaD, 

Meander.:; are sec:.Jred for the purpose_..of determining 
the feasi.bility of channel change in the vi:inity of :the 
crossing, an5. to show in general the flow characteristics 
of the stream. The meanderF are preferably shown by con
tou:m and should be very accurate for .several hundred 
feet on each si.de uf the crossing and within the limits 
of possible charnel changes~ 

The profile of the water course should extend far 
enc.mgh upstream and downstream to determine the average 
.!3lope of the channel and encompass any channel changes. 

The average slope of the water Ghed should be deter
mined at'>' follows: 

!"lot ( .;•lope 0~ - l~) (a) 
(b) 
(c) 
(c.i) 

or (e) 

Rolling (slope l~ - 3 l/2~) 
Hilly (8lope 3 1/2~ - 5 1/~) 
Mcuntainou~ (slope 5 l/2~ + 
Average Percent Grade of slope 

Tb.e sr;f~l included w:lthiu the limits of the water
~hed ~.:>hould be cla53ified ae fcllpws: 

(a) Sandy loam 
( b; Clay loam 
(c) ClBy 
(d) Sa~d 
(e) Gravel 
(f) Rock, etc. 

The soL:.. cover should be classified as follows: 

(a) CultiYated 

l 9..44 .. 805 



Channel Cross 
Sections 

Data on 
Existing 
Structure 

Highwater 
Elevations 

Channel 
Lining 

Drift 
Classification 

Cross Sections 
at 

Structure Site 

(b) Pa.stu:re 
(c) T:i.mber 
(d) Terraced fer cultivation 
(e) Terraced for erosion control (Pasture) 
(f) PoEslbil:ity of suburban development 

Repre:::.entaLive chermel ;?;ec:tions should be taken 
abL·Ve or below the locati0n of the proposed structure if 
trp center l:Lne profile section is not·representative 
for the deterudnatior. of the h:ighwater elevation and the 
capacity of the present channel. 

'l'he location, size, descriptic.n, highwater elevation, 
and channel r>ect:ion of exl~~t:ing structurer; on the water 
connie should be secured in order to determ.ine their ca
pacity. Thede data should :lnc·lude 5pan lengthsJ type 
piers; and similar data on existing structures and often 
may be 12.ecured from old pla :nB. 

Often during the development of the P. s. & ;E., the 
Kngineer has opportur:.ity to ob2erve the structure· under 
extreme flood conditions. If the head through the struc
ture is measured, a fairly accQrate estimate of the dis
charge can be made. Thls mea&urement should be made in 
!!'.till water (backwater) o-n each side of the road, and if 
a level is not available, a chalk mark may be made on a stake 
or wingwall and the d1ference in elevation secured by 
field party when convenient. 

The highwater elevation shoD.ld be secured at the 
raite of the proposed stnict'.Lre to check against the com
puted highwater ir. the c:harme 1. f'o:r· t;he e.elected design 
frequ.encyo T!1e Mghwater eLevatior:. at the proposed 
::~tru:::ture ,, 1.te i.i'l extremely lmp~Jrta nt In the flat coastal 
area vrhere the flow of' water ill" not ccnfined to the chsn
ael but spreadi'l out overland covering a wide area. 

The nature of the channel li.ning should be noted as 
clean, sodded, weedy,)) h.ig:1 grass~ brus·hy; trees with heavy 
undergrowth, etc. 

For large '~tream cross.irJgsy the probable nature, 
size, and volume cf drift ~>honld be noted ln order to de
term.Lne thFO amcur..t of freeboard that will be required for 
the proposed E't;ructur,::!. 

Sufficient crosd sections should be taken at the 
fl.i te !)f the pr..:;,posed structure to ~rovide contours in the 
11D11P£l".\l:l.ate vic:!Jlity and should ev.compass any probable chan-
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Foundation 
Investigation 

Navigation 
Requirements 

nel changes provided the regular roadway cross sections 
are insufficient for this purpose. 

For large bridges .• the foundation investigation 
should exte!ld to the depth required to disclose the lo
cation of f"Uitable foWJdatio.n material such as rock, 
shale, bard clay, etc.. Where the use of piling is con
templated~ the depth of the investigation should extend 
below the expected pile tipsa 

These i.nveat:i.gations may be made by the use of a 
hand auger for shallow explorations and the use of State 
owned core drilling eq"J.1pmeut., or rented core drilling 
equ:!.pment for deeper excavati.onsa 

Certain stream8 have been defined by Congress as 
nav"i.gable when they are not navigable in fact. All 
strealll.8 that have been defined as navigable are under 
the J•.trisdiction of the War Department. The navigation 
requirements deal mainly with the horizontal and verti
cal clearances. After the approval of the proposed de
sign by all participating agencies, approval for con
struction must be secured from the War Department before 
construction is begun. Information concerning navigable 
stream2 or other navigation requirements may be secured 
by request from the District Engineer, U. S. Engineer's 
Off:l..ce, U.S. Post Off:ice B.ldg., Galveston, Texas. The 
permit is prepared ln accordance with War Department Bul
letin "INFOR..J.fATT.ON CIRCULAR - Applications for authority 
to execute work or erect structures in the Navigable Wa
ter'~ of tb..e United State~. ev These permits are handled 
through the Distrlct Off:i.ce and Fi.le D-5. 

3 9~44-805 



General 

Design 
Frequency 

II. DESlGN STEPS 

A. GENERAL . 

An important problem in the design and construe- _ 
tion of highways is the dispo~al of storm water without 
excessive damage to the highway installation and adjacent 
proper ty due to highwater and to reduce the inconven
iences and interraption to public travel to an economic 
and pra cticable minimum. . ·. 

The usual steps in the design~rmcedure for struc
tures are as follows: 

(1) Selection of design frequency, depending 
upon importance, size, and cost. 

(2) Estimation of run-off for design fre
quency. 

(3) Determination of tailwater elevation in 
unobstructed floodway. 

(4) Selection of structure, size, and type. 

The Rational Design of structures is based on the 
prindple that the maximum rate of run-off from a given 
watershed for an assumed intensity of rainfall occurs when 
all parts of the area are contributing to the flow at the 
point of discharge . That part of the watershed nearest 
the struc~tures must still be contributing to the flow when 
the water from t.he most remote point of watershed reaches 
the stru.ct1.1re. This condition requires that the rainfall 
must co!itlnue as lo:1g as is required for the water to 
travel from the most remote point of the watershed to the 
structure. This period of time is called TIME OF CONCEN
TRATION. The maximum rate of run-off result from a 
ralnfall. of maximum inter..s:!..ty continuing for a period of 
time equal to the time of concentration. 

B. DESIGN FREQUENCY 

The design frequencies usually recommended are as 
follow·a: 

(a) 
(b) 
(;;) 
(d) 

Sewers 
Culverts 
Small Bridges 
Large Bridges 

2 - 5 yrs. 
10 yrs. 
25 - 50 yrs. 
50 - 100 yrs. 

In specific cases ;, depending upon local economic 
and physical considerations, it may be proper to use a 
different design fr~quency for overflow and discharge 
velocity than that shown above. 

4 9-44-805 



Run-off 
Formula 

Coeffi.cient of 
Run-off 

Rainfall 
Intensity 

C, DETERMTNA'l'lON OF' Rl.m -OFF 

The Rational Formula for cc!mputing run-off is ex
pressed as follows: 

Q CIA 
Q Discharge in eu" ft per second 
C = Run-off coefficient (ratio of the 

maximum. ratt' of run-off to the average rate of 
rainfall for the time of concentration) 

I =Rainfall intensity in inches per hour 
(approximately cu, ft, per see, per acre) 

A = Drainage Area 1n Acres 

The run-off coefficient "C" in t.he above formula 
is dependent on the slope of the watershedJ the land 
use, and the character of the soil, 

Great care should be ex•::rctsed in the selection 
of proper run-off coefficient inasmuch as the error 
:i.n the size of the structure requ:l !'ed is :Ln direct 
proportion to the error in tt1c se L·ct ion ,"Jf the proper 
coeffic-Ient of run-off. 

Tne recom:nended va_t \.te:':' .,f the.· :c·w1-off coefficient 
"C" are shown in Table on 31 "VALUES OF C JN FOR
MULA Q =CIA," In tne selection of the coefficient of 
run-off,, consideratlon should be given to probable future 
development a 

rhe rainfall .intensity":" for any given time of 
conc~ntration '!::;ay be computerl from the Texas State 
Reclamation Department formula~ 

:~ - b when 
__,..( t~+~ciT..--

_, 

I = Rainfall intensity ln 
in.ches per hr" 

t = T:1me or coneentration 
in minuteso 

b, d, and ,:; are constants which 
vary according to the locality. 

~able shown on. Page 47 gives the values of "b", "d", 
and "e" for all counties of highwav district headquarters 
in Texas. 

Railfall Intensity Duration curves shown on Pages 30 
to 30 E, give the values of rainfall intensity "I" for 
all highway districts in Texas. 

5 9-44-805 
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Tim<:~ of 
Concentration 

General 

The tii'l.e cf ~oncentration is based on the average 
velocity of flow f rom the fartherest point on the water 
shed to t he proposed structure along the existing cham1el 
or wat er course and is dependent upon the length and slope 
of the water coursen 

The av~:rags veloci t:t.es for computing the time of 
concent·ta.ti.on may be secured from observed or measured 
velocitie s, estimated from Manning's Formula, or esti
mated from the graph on Page 33 showing "AVERAGE VELOC
T'f'IES FOR TJ:ME OF CONGEJI.liJ:'R.A':.~lON. II 

The time of conc~ntration is determined by dividing 
the length of the longest route of the flow of water by 
the average velocity . In certain cases it may be advis
able to dl v1de the water shed into segments of overland 
flow and c:hannel flow in order to arrive at a more nearly 
correct t ime of concentrat:i.on. In general, a time of con
centrat i on of not less t han 30 mJnutes should be used 
s i nce for small areas t he storage capacity is large in 
compar i son to the volume of rainfall and no damage may 
result f rom rains of higher intensity for lesser durat.ion. · 

D. TAILWATER ELEVATION 

The dete>rmi.nation of the tailwater elevation is a 
very important step i n the design of a culvert. The tail
water elevatlon will i ndi cate whether the culvert will 
funct ion wi th a free outlet or a submerged outlet and i s 
used :tn computing backwater head . 

For large s tructut'es t 'he tailwater elevat i on may 
be det ermined by use of gauge readings, or backwater 
measured a t e~tsting structu.rsso The tailwater elevation 
is that whlch corresponds t o the design frequency and not 
the reported highwater elevat ion. Single deter.rrlnations 
of hi.ghwater have little value as a cri teri.on of desi gn. 
I f the per J.od of r ecord is too short; the rf)ported high
water ;nay r r:1pre sent a frequency such that when a design is 
based upo<J. :i.t , t .he st:r.u~ turP. may not be economical or 
balanced for t he service r equired . 

It is, how~ver·s desirable to report hi.ghwater data 
since such :tnf or:tmt1 on obta:i.ned over a long period of t :tme 
forms t.he stat i stical data for determination of run-off 
frequenclr:: s " Backwater head a t existing structures should 
b::' reported so that the :•.ne:an chann(;> l velocity and .dis
charge may he es t:Jt"JB.ted th~refrom. 

I n g~:neral t he tailwater elevat:! .. on may be computed 
by tb.~ use of Manning ' El Formul a by assuming various depths 

6 9-44-805 
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Manr.i.ng 1 s 
Formula 

Coefficient 
of Roughnesr=> 

General 

Maximum Discharge 
Velod.ty 

of f.l_.ow in the present or proposed cha nne 1, and comparing 
the computed dlscharge with the design dL;charge until 
the correct depth of flow is obtained corresponding to 
the design frequency. 

The equation generally used for •.::omputing the mean 
velocity of flow in open charme:.~s is Manning's Formula: 

V = 1.486 r 2 / 3 s 2 when; 
n 

V = Mean Velocity it; f'eet per sec. 
8 = Slope in feet p~~ foot. 
r Hydraulic raa; tit; ... Area divided by 

the wetted perimeter. 
n = Coefficient of ru.~ghness. 

The mean velocity of flo·,.r may be determined by 
d.trect solution of the above formula or by use of the 
diagrams shown on Page 34 "DlAt;fu\.M lt'OR SOLU'I'ION OF 
MANN ~~G J S FOffiiiUIA." 

The recommended values of coefficient "n" for use 
i:"l Man>J.i.c,g 1 s Formula are shown in the Table on Page 32 
entitled "VALUES OF 'n 1 FOR Mt'\.NNING us FOHMULA." 

Experimental data contained io "Flow of Water in 
Drai;::age C~"mals" by C. E. Ramser is recom·nended for use 
in the selection of the values for "n". The coefficient 
11 r>." a;;sed in Manning's and Kutter v s F'ormula are inter
changeable. 

E. SELECTION OJ<' S'l'HUCTURE 

The function of a roadway struct1.1re is to pass the 
water from the upstream side of the road to the downstream 
;;ide without causivg excessive backwater head a~d without 
creating excessive velocities. The designer should keep 
the los:2es of head and velocit:!.es within safe limits and 
8elect the structure of minimum costs that will perform 
a1-~ requ..irE'!d and meet the design requirements as to appear
ance~ strergth, etc. 

The size and type of structure; selected for any 
give:n culvert si.te will, o:f course, be influenced by the 
locatfo.: of the C'.l.lvert siteJ the relation of the grade 
lt.r:.e to the flow line of the chan:1elJ tailwater elevation, 
velocity cf d:i.Scharge, and losses of head through the 
?tr·icture which determines backwater. 

The max~.mum permissible design velocity for sodded 
«~:rfaces il:l usually assumed to be 8 ft. per sec. 

7 9-44-805 



Maxi.mum 
Head 

The usual practice in trebtJes is to limit the 
average velocity of discharge to 4 ft. to 7 ft, per sec., 
due to variations in the average velocity. 

In culverts, the velocity vf discharge may be lim
ited to 10 ft, per sec. The downstream channel should be 
rtp·,rapped when the discharge velocity exceeds 8 ft. per 
sec. Occasional scour will not endanger these structures, 
due to their monolithic construction. 

In general, a small amount of scour at the design 
flood is not serious because it would be corrected during 
floods at lesser magnitude. 

The importance of loss of head through structures 
in flat terrain cannot be over emphasized. In the past, 
the fact that the required head to handle the estimated 
a.mcunt of water was greater than the total available head 
was often overlooked. This resulted in water "jumping" 
the road or causing damage to property upstream. 

The permissible 
judgment, and probable 
be carefully weighed. 
residential property, 
ered the maximum that 

8 

head is a matter of Engineering 
damage and structllre costs should 
If backwater will flood crops or 

a head of 0.4' to 0.5' is consid
should be permitted in the design. 
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III, HYDRAULICS OF STRUCTURES 

A. GENBTtAL 

Critical depth may be defined as the depth at which, 
for a given energy content of the water in a channel or 
structure, maximum discharge occurs; or the depth at which 
in a given channel or structure a given quantity of water 
flows with the minimum content of energy, Critical depth 
of flow will occur only when the tailwater elevation is 
at or below the elevation of crtr.ical depth. 

The critical depth for a rec-tangular box culvert is 
expressed by the following equation: 

where 

Dcr= Depth in ft. 
q= Discharge ln c.f.s. per ft, 

of width of structure. 

For rectangular box culverts the critical depth 
may be elther computed from the above formula or read 
d.i.rectly from Curve shown on Page 37, "Critical Depth 
vs. Discharge per foot of Box," 

For pipe culverts the critical depth of flow may 
be determined by use of Curves shown on Page 41, "Cri
tical Depth vs. Discharge for Pipe Culverts." 

The Critical Depth in the structure is approximately 
2/3 the depth of flow in the approach channel for rectan
gular boxes neglecting friction and entrance losses, and 
velocity of approach, 

When the tailwater elevation is equal to or lower 
than the critical depth of flow, the structure will dis
charge as a free outlet, and any lowering of the tail
water elevation below the vritical depth will not affect 
the discharg·~ of the structLtre" 

.!''or the usual case when the ta:i.lwater elevation is 
above the critical depth of flow in the CQlvert, critical 
depth will not occur. If the taihrater elevation is be
tween the elevation of critical depth and the elevation 
of the top of the culvert barrel, the culvert will di.s
charge as a partially submerged outlet. 

When the tailwater elevation is above thF~ elevation 
of the top of the culvert} the culvert barrel will dis
charge as a submerged outlet. 

9 9-44-805 
R2 



Un:iform 
Flow 

Critical 

Critical 
Slope 

When the critical d·<:pth exceeds the depth of the 
culvert J' the culvert will flow full if placed on a grade 
that is less than tht: fr:l.ctional grad"' 

Uni.form flow will oc:cu1· 1im:n e:. culvert is dis
charging w:Lth a submerged outlet or partially submerged 
outletJ when laid on the exact frictional gradec For 
slight va~"'.ation from the exact gradej the flow for all 
practical purposes may be considered to be uniform, Le., 
the culvert vlill flow with a practically ur•iform depth 
throughout :its entire length, The velocit;y uf flow will 
be the same throughout the length of the structure and 
is represented by the followjng equation: 

v ..S .. 
w 

Where v Velocity .in feet per second • 
w Waterway area in gq(J ft. 
Q Discharge in e Ls. 

TrY:- cr1t:l.cal velocity, VcrJ is the velocity at the 
point of crit1cal depth in the cu1vert, 

The critical velocity may be determined by dividing 
the discharg:= by the area of the wuterway. 

For rectangalar culverts the ciritcal velocity may 
be deterrr:ined by use of the graph t>hown on page 38, "Cri
tical Veloc.ity vso Discharge for Box Culver·ts." 

For pipe culverts the ciritcal velocity may be 
determined by usr~ of the Curves shown on page 42, "Veloc
ity vs, Discharge - Pipe Cu.'!..verts"" 

The cr.i ti.cal Blop:c• .is the slope required for a given 
discharge to occur at critical de~pth. 

For pipe cu.l '.rerts 7 th.:~ crt t,lcal slope may be deter
mined by use of Curves shown on pages 44 and. 44A, "Critical 
Grade vs. Discharge for Pipe Culverts,'' 

10 9-44-805 
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General 

Velocity 
Head 
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B. LOSSES OF HEAD THROUGH STRUCTl'RES 

-~n flat terrain, a very important consideration is 
the loss of head by the water in passing through the struc
ture. This loss of head may be measured by taking readings 
with a level~ on the water surface above and below the 
structure, These readings shall be taken far enough above 
and be:•_o·ll the structure so as not to be affected by the 
velocity head at the structure. 

The loss of head has been divided into three parts: 
name.ty 7 

.L" Velocity Head 
2, Entrance Head 
3. Friction Head 

~;:n physics it has been found that an object falling 
frcm a height "h" would reach a velocity "vnJ and this 

relation may be expressed by the equation h = v2 
2g 

A fal.ling object is said to possess kinetic energy, or en
ergy of motion. Neglecting friction, flowing water will 
reach the same velocity as an object faLling through a 
distance equal to the pressure head on the water; there
fore the ve.lcci ty head may be expressed in terms of the 
head of water necessary to gi.ve the water its velocity. 

In the usual cu.Lvert installation the energy of 
moti.on in the ·water is d1ss Lpated ln the form of a combin
at:ton (1f lnelasti.c impact and turbu.lence. Si.nce it is not 
reconvert~d to height of Li..ow_, the energy of flow is con~ 
sidered losL 

The vel.octty head is the head required to impart the 
inrrease in velocity of f.low as the 'Water passes through 
the cu~:.vert barreL If the channe~.- ve:locity is the sa.m.e 
as the discharge velocityJ then there will be no velocity 
head :.est through the structure, 

The ve!.oc i ty head lost may be expressed by the follow
~ng equation~ 

y2 

hv~--~--~2--in which 
2g 

hv= Velocity head in ftc 
V]= Discharge velocity in ft./sec. 
\T 2 = Channel ve J.oc i ty or ve loci ty of 

approach in ftc/sec. 
g = Acceleraticn ;_;f gravity = 32.2 

Wher. the channel velocity ls sma}.l in relaticn to 
the di.scharge veloctty, the chanr...el velocity may be neg-



Entrance 
Head 
Loss 

Friction 
Head 

lected without appreciable error; then the above equation 
becomes~ 

2g 

The curves shown on page ~- bave been plotted in 
C) 

terms of ':!::. and Lhe Vlil.' lcm<:; looses of" ttead may be de-
2g 

termined indl vidual.l;y cr j n grot<pt-J as des ired. For heads 
less than Ool ft. it wH.L be necessary to multiply the 
factors by 10 and then divide the answer· by 10 to obtain 
the correct result. 

The velocity head may be determined ·by using the 
Curve LO v2/2g .shown on page ~~-

The entrance he11d 1;;; the J.0ss in energy or head 
due to the contraction of tne channel or waterway at the 
entrance to the structure, 1'he amount of entrance head 
depends on the type of' wiugs i.ns talled anei may be com
puted from the following equat.l on: 

2g 
Entrance head in ft. he 

v Average velocity iu cElvert barrel in 
ft. per sec. 

Ce O.JG f'o1· pa.i·aLLe_1 w.t.ngs. 
Ce - 0.25 for flared sloping wings. 
Ce "' 0. 50 tor flared s lopiqg wings with 

Weir. 

The entrance head rfld.y be read directly from curve 
on page ~ or may be comb:Lnc:d wltt·l velocity head and read 
from curve Ll v2 for parallel hea.dwalls or l.25 ..Y! for 

2g 2g 
flared wings. 

The friction head is the lost:> of energy or head due 
to friction resulting from the rot~hness of the culvert 
barrel and may be expressed by the following equation 
whlch is Manning's formula expressed in terms of feet 
of drop and in terms of y2 • 

2g 

hf 29.2 n2 L y2 

r4/3 2g 
hf = Friction head lu f"L. 
n = Coeffid.ent of rolJ.I5hness usually taken 

as 0. 013 for Concrete. 
V =Average velocity i.n culvert barrel in 

ft. per sec. 

9-44-805 
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Backwater 
Head 

Neutral 
Grade 

r Hydraulic radius = Area divided 
by wetted perimeter. 

g =Acceleration of gravity = 32.2 

The values for above mentioned losses of head may 
be determined by use of the constants listed in table on 
page 35 which when multiplied by culvert length gives 

the head in terms of v2 . The friction head is then 
2g 

read directly from curve on page 36 or combined with 
velocity head and entrance head and 0he combinations 
P.Xpressed as a factor of v2 which may be read from 

2g 
curve as described above. 

In cases of submerged or partially submerged outlets, 
backwater head is the difference between the tailwater 
elevation and the elevation of the water on the upstream 
side of the structure, In cases of submerged or partially 
submerged outlets the backwater head is the sum of velo
city head plus entrance head plus friction head and may 
be found as described above. 

The neutral grade may be defined as the slope 
which will produce enough energy of flow to exactly 
offset the energy lost due to the friction in the 
culvert barrel. 

Except where culverts are flowing as free outlets, 
and where the backwater elevation is of some consequence, 
the neutral grade is of small importance, In the usual 
culvert installation, the head lost due to friction is 
less than 0.1 foot, and may be disregarded as to its 
effect on the function of the culvert" It may be desir
able to drop the culvert several times the neutral grade 
in order that the culvert will drain out and keep the 
barrel clean. In flat terrain, however, the culvert will 
probably stand in water due to the condition of the ditch 
below and a slope in the culvert barrel will be of ]_i ttle 
practical value. 

13 9-44-805 
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Design 
Conditions 
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Concentration 

Rainfall 
Intensity 
"In 

Coefficient 
~~c" 

Discharge 
"Q" 

Outfall 
C.t.annel 

IV, TYPICAL CULVER'r DESIGN 

A, DE'I'ERMl"NATIOU OF RUNOFF 

The drainage a:rea shown on 27 is located in 
Harris County in the vidnity of' Houston, The proposed 
highway is to have a 40' roadway crown with 24; 9"-6 11 -9n 
concrete paw:::ment with a crovm of l l/2"'. 

The lengt/l of tile water co~rse i .s 4200 feet. (Scaled 
from drainage area map.), 'I'l1e average .;:.ope is 

(82.2 - 67.5) *' 4200 0.0035'/fL or 0.35% 
Referring to Graph shown on page 33 "Velocities fer Time 
of Concfmtration" we find an estiiiillted 11elocity of run-off 
to be L5 ft./sec. The time of Concentration. 

t 4200 4 7 nun. 
1.5 X 80 

'I'he design frequency is assum.ed to be 10 yrs. for 
culverts of this classification and by reference to the 
Railfall Intens.i ty Chart shown on page 30G we find that 
for a time of concentration ;yf 4 7 min. the Rainfall In
tensity to be 4.0 ~n./hr. 

The soil conta1ned in this drainage area is sandy 
loam with a clay subsoil. The average slope of 0.35% is 
considered to be flaL 'rhe cover of the drainag~ area is 
approx.tillBtely as follows J 40% cultivatedJ 30% pasture with 
heavy grass and 30% ;:,im.ber. By reference to Table shown 
on page 31 we find the usual Coefficient "C" to be 

C (0.40 X 0.35) + (0.30 X 0.25) + (0.30 X 0.20) 
0.275 

but thJ 8 area 'ls subjc~ct to suburban development in the 
near future; and we may expect a higher percentage of run
off; the:r:efore? :instead of using the coefficient calcu
lated above, we use_, say» "C" = 0.30. 

Frorr. th:~ formula Q o. CIA we cc.,mpute the discharge 
as fGllows~ 

Q = 0.30 x 4.0 x 230 = 216 c.f.s. 

It has been det:::rmined that the cross section of 
the channel as rcp.:-c:sented by the center line prcfile is 
a representati Vf·. aver;age channel section. If this section 
::ls not represe;::rtat.ive of the average channel; than addi
tional cross sections should be taken above and below the 
culvert site and th8 average of all sections determined. 

9-44--805R 



Design Contitions 

Depth of Flow 
in Channel 

Tail water 
Elevation 

Selection 
Structure Size 

B. TRIAL DESIGN WITHOUT OUTFALL CHANNEL 

If it is practicable to discharge the water from 
the proposed culvert into the wide flat downstream channel 
without damage to adjacent property, then a low height 
structure rr.ay be im.talled without the necessity of ex
cavating an outfall channel. 

By the applic~:,tion of the "Trail and Error" method 
to Manning's Formula we may compute the capacity of the 
present downstream channel for various depths of flow in 
order to determine the depth of flow corresponding to the 
computed discharge of 276 c.f.s. 

The coefficient "n" = 0.050 is then selected from 
Table shown on page 32 "Values of 'n' for Manning's For
mula" which corresponds to the condition of the present 
channeL 

The present channel slope is (67.5- 60.0) t 2000 
Oo00375 1 /ft. 

By assuming various depth of flow in the proximity 
of the anticipated depth and computing the area, wetted 
peri:neter, hydraulic radius, velocity and d".scharge, we 
find a depth corresponding to the given disc~arge of 276 
c.f.s. The Table and Graph shown on page 28 shows the var
ious depths selected and the corresponding discharge. For 
this present channel it will be noted that a depth of 0.63' 
will give the required discharge of 276 c.f.s. 

The tailwater elevation will be 0.63 2 above the flow 
line of the downstream channel. 

From an inspection of the proposed profile grade, 
under the conditions listed above, it appears desirable to 
use a direct traffic culvert of two foot height with the 
flow line of the culvert placed at or near the flow line 
of the present channel. This will necessitate a slight 
raise in the profile grade. 

Since a direct traffic strueture has been proposed 
it also appears desirable to limit the backwater head to 
approximately 1.0 ft. and the discharge velocity to approx
imately 8 ft./sec. 

Try 5 - 5' x 2' x 40' MBC-ll-40 then 

q 276 
25 

11.0 c.f.s./ft" of width 
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From the Graph shown on page 37 we find that the 
critical depth, r:-orresponding to the required discharge, 
is L55 fL 

Since t.he tailwater elevation .i ouly 0,6::5' above 
the elevation of the bottom of the downssream channel, 
the culvert wi.ll dJscharge w1th a .free outlet and at crit
ical depth. 

From the Graph shown on page 3~! the veloci.ty cor
responding to a critical depth of l. 55 1 ii 7,12 ft o /sec o 

From the Table shown on page 35 and thr: Graph shown 
on page-: 36 we compute the following loss of head~ 

he:= 

L 0 V
2 

= 0, 78 fto 
2g 

y2 
0,1_ 

2g 
0.,08 ft, 

v2 .0053 X 40 - O.lJ ft. 
2g 

Total flead Lost ~- :J "03 f'L 

The elevation of the water in the upstream channel 
would be 67.50 + 1.03 ~ 1.55 ~ 70.08. The finished grade 
eleVation would be 67.50 + 2.00 + Oo7l (thickness of top 
slab) + 0.18 (crown of finished roadway) == 70.39. The 
backwater head equals backwater eJ.evat.ion minus the tail
wat";r elevatlon; i.e"'' 70,08 - 61:3,13 = L95 ft, With 
this installat:l on the bac.kwa ter wuuld be only 0, 31 ft, 
bf::lov,r tl:i.e surface of the pavement. 

:rn cases where a d; Teet b·aft'ic stL'Ucture is required, 
placing on frictional grade wlll necessitate a special de
sign, which is .Lnpracticable in most cases. 

The ba'.'kwater ::levation I'Jay be lowered by the addi
tion of another barrel to this stfucture, then 

q 

Oo70 ft. 

16 9-44-805 
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l:J.e Oo07 fto 

hf 0.16 ft. 

H 0.93 ft, 

The ~ackwater elevation wculd be 

67.50 + 1,38 + 0.93 = 69.81 

The backwater head would be 

69,81 - 68.13 = 1.68 ft. 

It will be noted that the head through the structure 
was reduced only 0.10 ft., while the backwater elevation 
was lowered 0, 27 ft. by the addition of another barrel to 
this culvert~ therefore the ccst of the structure has in
creasedc~nsid.erably wi.thout materially reducing the 
~leyati.on of the bacbmter. 

The backwater elevation may be lowered also by lower
ing the fl,ow line of the structure and excavat:tng a shallow 
outfaJ_l channel a short distance below the proposed structure, 

C. 'TRIAL DESIGN WITH OUTFALL CB.A...1mEL 

If it had been determined that) due to the possi.-
b illty of subur"ban development or for other reascns .9 it 
wc,uld. be i.mpract.:l.cable to allow the flc,od waters to spread 
out downstream fr;Jm the pruposed stru::ture then it would 
"be necessary to excavate an outfall, channel frc.m the cul
vert site t:J Cypress Creek, The des).gn of the structure 
will include the design of an outfall channe:: wi.th su.ffi
cient capaci-f:.y to properly discharge the flood waters from 
tb.e proposed structure into Cypress Creek. 

By the application of a "Trial and Error" method to 
Man.n:tng 's Formula we can compute the s izev depth, and slope 
of an outfa:'J channel for the calcalated discharge Clf the 
proposed structure, 

In order to determine the proper coefficient "n" in 
Manning's Formula, it is necessary to take int0 account 
the future maintenance of the oatfalJ. channel that may be 
expected, If the channel will be a~!.lvwed to grow up in 
weeds and brush and the side slopes al~owed to erode., then 
~-t is necessary to take this condition into acccru.nt in 
CLimputing the probable discharge capacity of the chan.nel. 

if tte ab;we condi.tion of maintenance is expected, 
we rc;,ay select a coefficient "n" of~:tsay 0,045 from Table 
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ElevaUon 

Selection of 
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h On Page '3') ""c. lues L'l1' 'r1· ' 1··()' r.: M"' uning 's Formula. n s own ~ (,, ¥ '"" . • ,~ 

rrhe slope cf the bottom of the channel should ap
proximate the average ground sh)pe l.f u~,e wr.ter is to be 
co.mpletel;y contained in the channeL 

'I'he channel s :.o~;e wu:JJ.d Le 

(67.5- 60.0) t ~OGO ~ 0.U03!5'ift 

We may now asstv:n.e the bottom ~ridth of ·l.l1e channel 
to be 10 feet and tbg s i.de slopes to be 2; _; If it is 
found that the capacl ty of the chanrJ.•c;L i.t> t,;0 :::..arge or 
too smaLl, with a 10 fcot bottOlll, then the 'bot+.om width 
may be adj:1sted accordingly" 

Cn crd.er to determine the depUl of f.low in a given 
channel :1 t is necessary to use the "'l'rial and Error 11 

method t:y assll.ll1ing various depths, above and below the 
anti,cipated depth of f,}ow, until a dept;h is found that 
wi 11 produce the requJ_red discharge. 'l;he area} wetted 
peri.meter.? and hydraulic radius i.s u-~en computed for the 
various depths ch':'lsen. Then the: ve:Lo.::t ty i.s determined 
by use of the dlagram shown em page 54J "Diagram :for So
lut'..on cf Manning's F~n·m1la." With the velocity and area 
known we can cumpclte the discharge lapacity of the channel 
from the fcrmula Q ""AV. 

A graph may then be plotted using the various depths 
selected as ordinates and the corresponding discharge as 
abscissas. The depth of flow corresponding to the given 
discharge of the culvert may then be read tHree tly from 
the graph. 

The table and Grapl1 shown on page 28 <ras computed 
for the channel described above and indicates that· the 
depth of f.low in the channel wLil be 4,0 f'to for a dis
charge of 276 c.f.s. 

The depth of fl.ow in the downstream channel has been 
establJ.shed as LO ftc.? thereforey the tailwater elevation 
will be 4.0 ftc ah,.:;ve the f.l,ow line of the channel at the 
downstream end of the prop:Jsed culvert c 

If there ·is an exi.stLng channeL at the culvert site, 
and no r:hange is proposed in the existing ct1anne.L, then 
the depth of flow shouLd be based on the characteristics 
of the exisUng channeL 

.From a.n tnspect.ion of the p:copcmed profile grade :t t 
appears d.eslra.h}.e to use a culvert height of 4,0 fto with 
a flow l.:l..n~ eJevatlon of 63.5 . .Sin:.:e the area adjacent to 

JS 9-44·805 
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Head 

Comparison of 
Trial Designs 

the culvert site is subject to suburban development in the 
near future, it also appears desirable to limit the back
water head to less than 3/4 ft. (Jn flat ar~a a maximum 
of 0.4 or 0.5 should be used). 

Try 2 - 6 x 4 x 44 - 13-44-F MBC Culvert 

276 
2 X 24 

With the downstream flow line of the culvert placed 
at an elevation of 63,5 and a depth of flow of 4 ft., the 
tailwater elevation will be an elevation of 67.5 1 which is 
the same elevation as the t.Jp of the culvert barrel, and 
the culvert will discharge with a "Submerged Outlet" and 
the flow will be uniform. 

Since this culvert is flowing full with submerged 
outlet, we are not concerned about the individual loss of 
head, critical depth, etc" The heads are computed as 
follows: 

Entrance head 
y2 

0.1 = 0.05' 
2g 

v2 
LO - == 0.52 1 

2g 
Velocity head 

Fricti.on head . 0039 -ll x 44 0.17 V2 o.o9' 
2g 

Total Head 

From the Graph shown on page 36 we find that, for 
a velocity of 5.8 ft./sec. and for L27 v2, the total 

2g 
head is 0.66 ft. The above does not take into account the 
velocity of approach, which is approximately l ft./sec., 
since this velocity is considered small ln comparison to 
the velocity of 5.8 fL/sec. through the structure. 

D. SUMMARY 

·rhe cross sections through culverts page 29 show 
three poss1ble installations. Design (l) using 5-5 x 2'x40 
indicates a head of L95' which in the usual case would 

*Values taken from the Table shown on page 35. 
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cause extensive damage upstreamc =:;:his head may be reduced 
as follows~ 

(l) By lowering the culvert flow line uigb 
below natural ground, 

(2) By adding additional culvert barrels. 

The resulting culvert design (2) with flow li.ne 
lowered 0.3' has a backwater head of 1.38 feet which is 
excessive.? but may be permissible in pasture areas con
sidered unlikely to be developed, 

Design ( 3) requires an outfall ditch but llm.:i.ts L!E 
backwater head to O.nfl', The actual increase in the elevation 
of backwater above the original water is .03 feet, slnce the 
use of the outfall channel lowers the tailwater ,63 feet. 
Whether or not design (3) should be selected depends on whether 
the backwater heads indicated in d.esigns ( l) and ( 2) are exces
sive. In general, the excavation and maintenance of the channel 
should be avoided where practicable. In the exampl.e used 
special treatment will be required of the entrance c.hannel 
by (l) extension of channel for some distance upstream, or 
(2) a special design of drop inlet or bowl inlet. 

20 9-44-805 
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Bridges 

Culverts 

V o PRELIMINARY PLANS - BRIDGES 

Ao GENERAL 

The construction of bridges usually requires the 
approval of the P. So & Eo by Agencies outside the State 
Highway Department; therefore it appears desirable to sub
mit preliminary plans and supporting data showing the gen
eral features of the proposed work for approval prior to 
the preparation of Contract planso The Public Roads Ad
ministration advised on April 23, 1943, that "In order to 
avoid delay in the ultimate approval of P. S. & E. 1 we 
call your attention to the desirability and necessity of 
submitting to this office preliminary layouts, for all 
structures of the bridge classification, for our approval 
as to type, roadway width, etco, so that we may be in 
agreement on these features before the state consumes time 
and expense in preparing the final set of plans." 

Preliminary plans rnay consist of the first pencil 
draft of the following~ 

l, Title Sheeto 
2, Drainage Area Map" 
3o Plan-Profile sheets, 
4, Bridge Layout sheets. 

Upon receipt of concurrence by all agencies involved, 
these sheets may be completed and inked for inclusion in 
the contract planso 

The preliminary submission of structural detail 
sheets for standard trestles, and layout and structural 
detail sheets for multiple box culverts of standard de
sign is usually not necessary, as the plan-profile sheets 
show all structural data usually required for review and 
concurrence in layout. 

The submission of preliminary plans for structures 
of the culvert classi.fication is usually not necessaryo 

B. DESIGN STUDY SHEETS 

For large bridges and bridges containing special 
units, preliminary design study sheets may be prepared at 
reduced scale and submitted in lieu of the Title Sheet, 
Drainage Area Map, Plan-Profile Sheetj and Bridge Layout 
Sheeto 

In general the design study sheets should include 
the following: 
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Vicinity Map 

Drainage 
Area Map 

Layout of 
Proposed 
Structure 

Run-off 
Calculati.ons 

l . Vicinity Map . 
2. Drainage Area Map. 
3. Layout of Proposed Structure. 
4. Run- off Calculations. 
5 . Plan-Profile Sketch. 
6 . Data on Existing Structures. 
7. Typical Channel Sections. 

This design study may be prepared in pencil on 
continuous roll plan-profi le paper at reduced scale. 

The vicinity map may be prepared to any convenient 
scale to show the general location of the structure and 
the relationship of the proposed structure to the meander 
of the stream. The purpose of the vicinity map is to 
assist in the proper locat i.on of the proposed structure. 
In cases where there is some question as to the proper lo
cation, contours should be shown i n the vicinity of the 
proposed structure . The relationship of the proposed 
structure to exi sti ng topography, such as other highways, 
county roads, bridges , towns, etc., in the immediate vi
cinity should be shown" 

Highway Planning Survey Maps may be used i n the pre
paration of this map, but should be supplemented by checks 
on the gro1rnd to verify their accuracy. 

The Drainage Area Map may be prepared to any conven
ient scale to show the limits of the watershed and the 
area in acres and square miles. The average slope and 
characteristics of t he watershed should also be shown. 
In the case of large streams, when run-off records are 
available, the drainage area map may be omitted, and the 
run-off data shown . 

The layout of the proposed structure may be prepared 
on a reduced scale~ usually l" = 20' both horizontally and 
ver tically for large structures. This layout should in
clude a plan and profile of the proposed structure and 
should show e ssentially the same information required for 
contract plans , except not in such great detail but merely 
to show the proposed design. It is usually not necessary 
to show the railing detail throughout the entire length of 
the structure, which may be part:i.ally detailed or merely 
a statement made as to the proposed type. 

The table showing the computation of run-off should 
contain the follo~ing information: 
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Plan-Profile 
Sketch 

Existing 
Structures 

Typtcal 
Channel 
Section 

A, Name 0f Stream. 
B, Drainage Area in square miles, 
C, Discharge by SlOije Area Method (Manning's Formula) 

L Record Highwater Elevation, 
2, Area under highwater elevation, 
3c liydraulic radius, 
4, Slope of water surface at highwatero 
5, Coefficient of roughness 11 n", 
6, Average velocity in Unobstructed Channel, 
7. D.1.scharge 
8. Velocity through structure. 

D, Discharge by Rational Method 

L Soil - Kind of soil eontained in watershed, 
2. Soil cover and use. 
3, Slope - Average slc;pe of watershed in 

percent. 
4, Estimated velocity of flow, 
5, Length of water coursP.c 
6, TL"Ce of Concentrat 1 on, 
7. Design Frequency. 
8. Coefficient of run-off - "C". 
9. Railfall intensity. 

10. Drainage Area in Acres. 
ll. Discharge 
12. Velocity through structure, 
13. fie a. d. lost through structure. 

In the case of large streamsJ when run-off records 
are available, the actual run-off data should be shown In 
lieu of the infor!llCi.tion shown above, 

A Plan-Profile sketch, usual scales l" - 100 1 hori
zontal and l" = 10' vertical, should be prepared to show 
the relation of the approach grades to the grade across 
the proposed structure This sketch may be modified or 
o:n:i tted if the grade across the pruposed structure is 
tangent to the approach grade or other condit-!_ons warrant 
.its modj fication or omissiorL. 

".:'he data on exist.l ng structures, which should be 
shownJ should include an accurate cross section of the 
stream channel at tbe exjsting structure, the elevati~n of 
low cl€'arances and of the roadway at the center and ends 
of the bridge, referred to the highway datumJ the waterway 
opening, the size, locati em and t;ype of' piers or bents and 
other obstructions to the stream flow within the limits of 
the bridge, highwater elevations both upstream and down
str-:;am a suffici:ont distance to show the head lost through 
the structurEJ the area under highwater elevation and the 
computed discharge" 

A typical channel section sho~ld be shownJ to a con
venient scale, for tne determination of the highwater ele
vati.on and the capacity of the present or proposed channel. 
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General 

Title Sheet 

Drainage Area 
Map 

VI. CONTRACT PLANS 

It is not the intent of this article to explain in 
detail t he procedure for preparation of Plans for hydraulic 
structure but to point out certain variations from the 
present plan procedure. 

In general th~ plans for culverts and incidental hy
drauli c structures are included in the roadway plans. The 
plans for structures of the bridge classification may be 
prepared separtely or combined with the roadway plans. 
The contract plans for bridges should not be completed un
til concurrence in the preliminary plans have been received. 

The Contract Plans for highway structures include 
the following~ 

l . Title Sheet. 
2. Estimate and Quartity Sheet. 
3 . Plan-Profile Sheets. 
4. Drainage Area Map. 
5. Structure Layout Sheets. 
G. Structural Detail Sheets. 
7. Cross Sections at Culvert Sites. 

The title sheet should show the general location of 
the project and the relationship of the bridges in the pro
ject when bridge plans are prepared separately, but when 
combined with the roadway plans the usual title sheet will 
suffice for both the bridge and roadway plans as previously 
required. The estimate and quantity sheet may be combined 
with the title sheet or the drainage area map for a small 
project. 

The Drainage Area Map should show the following in
f ormatiom 

l. Topography including natural channels, ex-
isting ditches and tributaries. 

2. Existing Structures. 
3. Outline of Drainage Area. 
4. Proposed Structures 

a . Station number at structure. 
'b. Size and type of structure. 

5. Type of Soil. 
6. fype of Soil Cover . 
7. Average slope- Contours if available 

from published maps. 
8. Area of watershed computed in acres. 
9. Discharge in c.f.s. suffixed to indicate de

s ign frequency (e.g. Qlo). 

The above information may be shown for each drainage 
area or tabulated in a convenient location on the map. 
Sei>arate maps at different ~·cales may be used for culverts 
and br:tdges if more convenient. 
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Plan-Profile 
Sheets 

Computation 
Sheets 

The plan of the plan-profile sheets should include 
the followi.ng datao 

l. Existing structures. 
2. Meander of stream, 
3. Thread of overflow waters for larger streams. 
4. Culture i.n vicinity of proposed structure. 
5. Contours when ucce::;sary to support location 

or design features of culverts, flumes, etc. If nec
essary, a separate layout should be prepared to a 
larger scale. 

6. Plan of proposed channels. 
7. Other data necessary to support assumed 

roughness coeffici.ent, distribution of openings, or 
skew of structure. 

'T'he profile of the plau-]Jrofile sheets should include 
the following data~ 

l. 
profile 

2. 
noodway 
observed 

3. 
at. least 

4. 

Typical ravine section when the center line 
is not representative. 
Calculated highwater elevation in unobstructed 
(Tailwater Elevation) for design frequency and 
H. W. Elevations with date if any. 
Profile of natural and proposed channels for 
300 feet both upstream and downstream. 
Data on Propos a.:_ Struct~ure. 

a. Station number. 
b. Size and type. 
c. Discharge velocity for design frequency. 
d. Backwater head; i.e., the difference in 

elevation between backwater and tailwater. 

When necessary due to the s1.ze or nature of the stream 
crossing, a full plan. size vicinity map may be prepared at 
a convenient scale; and the required data shown thereon 
instead of the plan-profile 8heet. For large bridges, a 
condensed plan-profile at location map scale may be used 
to show the correct relationship of the various structures 
in the crossing, and the flew characteristics placed there
on instead of the standard plo.n-profile sheets. 

The sample computation sheets shown on pages 49 and 
50 are for use in calculaU ug t.he bydraul:Lc data to be 
shown on the plan-profile sheets and to support the pro
posed des:l.gn. These sheetB have been prepared for calcu
lating the run-off for overlat1d flow, channel flow, or 
any combi.nati.on of these types of flow. ~he reverse side 
of these sr4eets contain the formulas and a description of 
the symbols used. 

Three copies of these computatj.on sheets should be 
submi.tted t,o the District Office with the P.S" & E. 
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VALUES OF C (RUN-OFF COEFFICIENT) IN FO&'IDLA Q = CIA 

SLOPE LAND lJSE CLASSIFICATION OF SOIL 

. ·-- ==+= ---,--- -

! 
Rolling Sand or Sandy Black or Loessial 
Plains Loam Soils Soils 

I (Pervious) (Impervious) r-------- ______ ,~,--
1 Min. Max. Min. !vlax. Min. Max" 

-- +----
Timber 0.15 0.20 0.15 0.20 

I 
Flat Pasture I 0,20 0.25 0.25 0.30 I (orfo - l',t) I 

Cultivated I 0.25 0.35 0.30 0.40 
' I 

I 
Timber I 

0.15 0.20 0.18 0.25 
I 

Rolling Pastures 0.25 0.30 0.30 OAO 0.35 0.45 
( lrfo - 3.5%) 

Cultivated 0.40 0.45 OA5 0.65 0.50 0.70 

Timber 0.20 0.25 0.25 0.30 

Hilly Pasture 0,35 0.45 0.45 0.55 
(3.5% - 5.5',t) 

' 
Cultivated I 0.60 0.75 o. 70 0.85 

I 

I 
Timber 

I 
0. 70 0.80 

Mountainous Bare I 0.80 0.90 I 

( 5.5% + ) I 
I __ _J_ _____ 
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VALUEi.:i OJ•' "1j" fOR h1 ANtUNG I 8 F'OHH!JJ A 

Type of Structnn~ ~ 

Vitrified Sewer 
Common Clay Drainage 'l'.i J "'' 

Concrete Culverts 
Concrete Pi.pe 
C, G., Mo Pipe 

Canals and Ditches~ 

Earth - Straight and lln .if' o :r:m 
Earth - Fairly Rough 
Earth - Sodded - No Hank Gror;ith 
Earth - Rank Growth 
Earth - Dredged Chaw1eJs 
Rock Cuts - Smooth 1:tnd Un:i.:form. 
Rock Cuts - Jagged and Irregular 

Natural Strea:ms: 

Clean, straight banks; t'tlll stage,. 
no deep pools 

CleanJ straight babhd, f1a1 stci~e 1 
some weeds and 

Clean, Stratght ba;.ik<1~ J:'u11 stage 
winding, some pools 

Some weeds and. ,,t,on2&.; J owel' etage;::; 
winding, some -Qools" 

Sluggish Ri ve,t· Hef.lt:iJe;~ J vleedJ ox· 
with De~p PouJs, 

Sluggish Ctu:mnel:::J vlindtng, very 
weedy with Rank G t'owth 

0 .. 013 
0,01..2 
0.012 
0.012 
0,019 

0.02() 
0 .. 025 
0 0 0~)5 

0.040 
0,027 
0.03C 
0.03[) 

(),02'/ 

()" 03!5 

l)" ()1() 

0.060 

O .. .tOCi 

(\, 1}1.5 0.017 
(.',014 0.016 
0.013 0.015 
Ol)Ol3 0.015 

('•S' 0.023 ;!\,,·,.., 

0.022 0.025 
0,030 0.035 
0.040 0.045 
0 .. 045 0.050 
0.030 0.033 
0,033 0.035 
0 .. 040 0.045 

0.030 0.033 

0.035 0.040 

OwU40 0.045 

o,oq,s 0.050 

lL 070 0.080 

0,125 0.150 

9··44-805 



Approxirnat.e Average Velocities of Runoff Flow for Ca.lc~lating 
Time of Concentration 

(Adapted from "Rainfall and Runoff" - Regi.on 2) 

Description of Ccu.rse of 
Runcff Water 

Slope in Per Cent 

0 - 3 4 - 7 8- n 

Ft/Sec. Ft/Sec. Ft/Sec, 

Unconcentrated~ 

Woodlands 1.0 2.0 3.0 

Pastures L5 3.0 4.0 

Cultivated Land (Row Crops)2.0 4.0 5.0 

Pavements 5.0 12.0 15.5 

Conceni:rated·,:·~. 

Vegetathe Outlet Channel. Use designed velocities 

Outlet Channe.l Containing 
Drop Struc+.ures 4.0 

Natura.: ChanneJ Net Well 
Defined LO 

5.0 

3.0 5.0 

12 - .15 

Ft/Sec. 

3.5 

4.5 

6.0 

1.8.0 

Natura .. Chari.1CC:: WE:l.·~ 

Defined Calculate velocities by Manning's 
Formula 

Note: - Average ve.Jocity of flow tn variable grade terrace channe:is may 
be consider~d as 1.0 ft. per sec. 

* Thi.s condi.t~_o?:J occurs in upper extremity of watershed only, 

** These vaJ.ues vary w1.th the channel size and other conditions so tbat 
the ones gi.ven are the averages of a wtde range. Where possible more 
accurate 'ieterminations should be made tor particular condi ti.ons by 
the Manning Channel Formula for velocity. 
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VALUES OF K & K' 

FOR USE IN COMPUTING FRICTION LOSSES IN CONCRETE CUL\lERTS 

FORMULAS USED: 

hf K L V2 for culverts flowing full 
2g 

h, = K' L V2 for culverts flowing part full 
2g 

hf Head lost in feet due to friction in culvert and does not 
include entrance head or velocity head. 

K Constant for culvert flowing full. 
K' Constant for culvert flowing part full. 
L Length of culvert in feet. 
g Acceleration of gravity= 32.2 

Note: For culverts flowing part full, use the depth of f~cw instead of depth 
of culvert. 

Culvert Size K K' 

(Pipes) :t2" .0312 
18" .0182 
24" .0124 
36" .0012 
42" .0059 
48" .0049 
54" .0042 
60" .0036 

(Box Culverts) 
2 x L5 .0157 .0098 
2 X 2 .0124 .0084 
3 X 1~5 .0124 .0073 
3 X 2 .0098 .0060 
3 X 2.5 .0083 .0054 
3 X 3 .0073 .0049 
4 X L5 .OL12 .0060 
4 X 2 .0086 .0049 
4 X 2.5 .0071 .0043 
4 X 3 .0061 .0039 
4 X 4 .0049 .0034 
5 X 1.5 .0105 .0054 
5 X 2 • 00'78 .0043 
5 X 3 .0054 .0033 
5 X 4 .0043 .0028 
5 X 5 .0038 .0025 
6 X 2 .0073 .0039 
6 X 3 .0049 .0029 
6 X 4 .0039 .0024 
6 X 5 .0033 .0021 
6 X 6 .0029 .0020 

Culvert Size 

7 X 2 
7 X 2 
7 X 4 
7 X 5 
7 X 6 
7 X 7 
8 X 3 
8 X 4 
8 X 5 
8 X 6 
8 X 7 
8 X 8 
9 X 3 
9 X 4 
9 X 5 
9 X 6 
9 X 7 

9 X 8 
9 X 9 

10 X 3 
10 X 4 
10 X 5 
10 X 6 
10 X 7 
10 X 8 
10 X 9 
10 X 10 
10 X ll 
10 X 12 

K 

.0070 

I 
.0046 
.0036 
.00.~0 

.0026 

.0023 

.0044 

.0036 

.0028 

.0024 

.0022 

.0020 

.0042 

.0032 

.0026 
,.0023 
.0020 
.0018 
.0017 
.0041 
.0031 
.0025 
.0021 
.0019 
.0017 
.0016 
.0015 
.0014 
.0013 

-r-
I .o 
I .0 

I 
.0 
.o 

I 

.0 

.o 

.o 

.0 
I ~0 

I 
.o 
.o 
.0 
.0 
.0 
.0 
.o 
.0 
.o 
.0 
.0 
.0 
.0 
.o 
.0 
.0 
.0 
.0 
.0 
.0 

K' 

03l) 
026 
021 
019 
017 
016 
024 
020 
017 
o:i5 
O::L4 
013 
023 
018 
016 
014 
013 
012 
Oll 
021 
017 
015 
013 
012 
011 
010 
010 
010 
009 

Based on Manning' e Formula V == l. 486 r 2 / 3 s1 / 2 where "n" 0.013 and 
hf = s L. n 
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DISTRfCT 20 

0 .50 /.00 1.50 2.00 2.50 
Total Head (Feet) 

Len,gth = 40', Downstream end Submerged 

DISCHARGE CAPACITY OF CONCRETE 
AND CORRUGATED METAL PIPE 

{submerged Outlet} 

40 
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FLUMES I 
b UsUdl Cdpacity 

cu. ft 
per sec. 

Criticdl 
Depth 

bcr 
h d 

17.8 
29.5 
40.6 
61.0 
81.3 

135.0 

4' 
4' 
6' 
4' 
6' 
6' 

\ 
\_ 

J 

v· 
~ 
I 
I 
I 
) 

I 
/. ;':\ 

'tV 
~r 

~._____, 

9" 
1'- 0" 
1'- 011 

1'- sv 
1'- 6" 
2'-0" 

1'-6" 

1'- '~"' 
1'- 6'' 
1'- 6" 
2'- .3" 
2'- 3'' 
.3'- 0" 

END VIEW ~ 

SECT\ON _A-A_ 

- ,. . ._,.. 

1'- 6" 
2'- 0" 
2'- 0" 
3'- 0" 
3'-0,. 
4'-0" 

Dcr 

Note: This design on flumes is intend
ed foro use as a guide in erosion con
trol ot side roc!ld ditches dnd outtc:SIIs. 
The exc;c:t dimensions of upstream and 
downstr-eam aprons will depend on slope 
dnd othel" conditions that dffect the 
design. The number cmd arran~ement of 
baHies, soddins, and additional riprap 
is determined by the En~inee,. to 
fit the pc!lr-ticuld,.. location. Plans 
should show calculated dischdF"ge for 
each tlume. 

Alternate arr-dngemen+ where 
channel is more narrow than 

flume section. 

8"xl2"x.3' Bdffles 

PLAN 
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EROSION VELOCITIES FOR VARIOUS SOILS 

Material 

Very L.ight Pure Sand 

Coarse Sand - Light Sandy Soil 

Average Sandy Soil 

Sandy Loam 

Average Loam 

Firm Loam, Clay Loam 

Stiff Clay, Ordinary Gravel Soil 

Cc::J.rse Gravel 

Sodded Soil, Conglomerates, Cemented 
Gravel, Soft Slate, Tough Hardpan, 
Soft Sedimentary Rock 

Hard Rock 

Concrete 

Maximum Mean Velocity 
(ft./sec.) 

Safe against Erosion 

l.OO - L50 

L 50 - 2.00 

2.00 - 2.50 

2. 50 - 2. 75 

2.75- 3,00 

3.00- 3.75 

4.00 - 5.00 

5.00 - 6.00 

6.00 - 8.00 

10.00 -15.00 

15.00 -20.00 

Note: It is not the intent of the above to limit the discharge in 
culverts to the values shown. A small amount of scour at the design 
frequency is not serious because si.l tation will probably take place by 
rains of lesser intensity. In general, box culverts may be designed with 
velocities up to 10 feet per second but it is recommended that velocities 
be reduced to a maximum of 8 feet per second unless special protection 
is provided downstream. 
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RAJ.NF ALL INTENSITY 

Constants for Use in Formula I b 
== ..,.( -t+_d.....,)..,.,e,.... 

Based on Texas Reclamation Dept. Publication 

,, EXCESSIVE RAINFALL IN TEXAS" 

5 year 10 year 25 year 50 yea.r 
County e 

b d b d b d b d 

Angelina 0.843 115 23.0 140 27.0 175 31.0 200 36.0 
Bexar 0.880 110 21.5 140 23.5 170 27.5 190 30.0 
Brazos 0.880 135 24.0 160 28.0 195 32.0 235 36.0 
Brown 0.882 no 19.0 130 22.0 155 22.0 170 26.0 
Cass 0.836 90 19.5 110 22.0 130 25.0 150 27.0 
Childress 0.840 70 13.0 80 14.0 100 14.0 no 16.0 
Dallas 0.865 no 21.0 133 24.0 150 28.0 180 33.0 
DeWitt 0.885 135 26.0 170 30.0 210 35.0 265 45.0 
El Paso o. 910 67 16.0 80 18.0 96 21.0 120 26.0 
Harris 0.865 140 25.0 165 27.0 210 34.0 235 34.0 
Hidalgo 0.980 255 36.0 300 40.0 370 41.0 430 42.0 
Jefferson 0.840 135 28.0 170 33.0 205 38.5 250 42.0 
Lamar 0.830 87 18.0 105 22.0 120 25.0 135 28.0 
Lubbock 0.850 72 12 .o 92 14.5 105 16.0 127 17 .o 
McLennan 0.880 130 26.0 170 31.0 195 36.0 270 46.0 
Nueces 0.890 140 29.0 167 33.0 207 38.0 255 43.0 
Potter 0.870 77 16.0 90 19.0 105 16.0 125 20.0 
Reeves 0.900 85 17 .o 105 19.0 135 22.0 160 26.5 
Smith 0.848 97 19.5 110 22.0 135 26.0 165 28.0 
Tarrant 0.87Q 110 22.0 135 27.0 160 28.0 180 !)3.0 
Taylor 0.875 95 18.5 120 20.5 145 22.0 162 24.0 
Tom Green 0.875 105 19.0 130 22.0 150 26.0 175 30.0 
Travis 0.890 155 25.0 200 31.0 250 35.0 300 44.0 
Val Verde 0.885 100 19.0 120 22.0 145 24.0 165 26.0 
Wichita 0.840 90 17.0 105 19.0 120 20.5 140 23.0 

47 9-44-805 
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RATIONAL DESIGN OF STRUCTURES 

COMPUTATION SHEET No. 1 

TiME OF CONCENTRATION DISCHARGE 

STATION SHE'ET FLOW OR COMBINED* CHANNEL FLOW TOTAL DESlGNJ 
SHEE'T AND CHANNEL FLOW C FRE- J I I A I Q ___________ ._-::a~ft_t_ __ _1:: __ 1--s r- n 1 v 1 t t ____ QUENCYL--

_____ -_-:_~_-_--++-----E-+-- I +- I I I I I I I 1----~--+--
----!--------!----+--·----+--·-+---+---+ I I -+----+--

--+---+--+-----+------ I I I I I --1----1---+-----t---

-+------~----+-- ---+----+ 
-------11-- ----!---·--·--· ---.{ --·-----!---------· ·--+----·+- -+----4----~ -----+----+-----+-

----------- .. -------{------ ·~·-+---------·-----!----+----+----+ -+----+---4---+---- > ---+--------1- -----+---+--···---

---------------1------------- ---+----- ---1---- -----+---------1-----+- ----l---+---l-- ---l-----··---+-------..... --·--t-----4-------
-----·------------}----------" +-·-------+--------·+-------+- I . .__ ____ +-------+------ ._ -t-1---· 

________ .. ____ ,._ _____ ~--1----------1--------~------1-----+-·--· I I I I J ·--4--------+- ---4---+----

·----------------- ----- ------r----------1--- -----t--------1---------+-------+----+----+-----+----- f----+----t---
----------------{------+--- ---+-------+---+-------+- -+ -1-- I -+-----+--+---~----· 

--------- ------1---·-----J.------~+----+----+- -+--- --~---+---~----~-----1--

-- :-~~-=-I~-~-==r==r=-=l=,. --~ 1 =~[=r-t·· J ··r =±--r 1 
__]____ _ _L__~--~ J I - -- .. -- --

~ See rev~r-se side for- Fot-mulas, Symbols, etc. 
(J) *To be used with Gr-.sph shown on Pc'!lse 38. 



L -
s == 
y = 
't -
n -

c
I = 
A= 
Q~ 

Lent,th of water- cour-se in tt 
Slope o+ chdnnel or- wate,.shed in feet per- foot. 
Velocity in ft/sec. 
Time of Concentr-ation in min. 
Coefficien-t ot roughness in Mannin~'s Formu!<Ji 

1.486 ,_2./B sl/2. v = 
n 

Coefficien-t of r-un-off (Q =CIA). 
Rainfdll Intensity in inches per- hr: 
Dr-dinage A,.ea in Acr-es. 
Discha,.se in cu. ft/sec. 



RATIONAL DESIGN OF STRUCTURES 

COMPUTATION SHEET No. 2 

J1 HIGHWATER COMPUTATIOI'J~-=---~~ SELECTION ~F STRUCTUR_E---.--~---

Ht I Hb 

I - -- I --

t-~-+-+- -···· I J ---~ ·--i----=~ ----~~---- =~- __________ ----=r----~- ------=----=--+---+---+--=L---1 
__________ JCI______ -- - ------- -+-+---+--+---+-------+--__J_ 

---.----- ---- ----<r--- ---- I ---+-=r-==t-t--+=+=1= 
----+------+---------+-----+---- --11--' ----------+---+----1----+----1-----...... ---+---

-----+---}·----+-- + 1----

-----~------- f--- ---·--·-··----------+------+------

----------------------11------------+----------+-------- I I ------1------+-~---11--------- ---t-, --+---

-- --- -~-=::-~~r-~1~=~--~=:J~_--~=l=-:~-=----=-:~ -~--- --- -~~-:~-~~= 
_______ .. _________________ ·-'~-----·JI_ .. -- r· .. -----r- -----]· ----==r-------1=-=lr=------+:-t_l_-:::r=:J_ ---- ____ J=t= -----
-----·-···--- --- -----------------=£· --- ----------- --·r·--------r·---------- ---~~~1------t-=-t-------±rl ±= 
-------···--------------- ---- ----· ---,------- ---------·- ------ -~- ----------- - -+------+-
________________ -- ,---- -··· -----+----+---+-----u---·-- -+----+----+-

~-- --=_~H~-f=r=u = 1 1 1 =t · 1 r=-r-
~~------ --- ---- -

~ 
Se~ reverse side for fo,.mulas, symbols, etc. 



Q• 
Ac"" 

,. "" 

s = 
n"" 

Vc = 
Vd .. 
he"" 
hv ... 
hf .... 
Ht • 
Hb -

Dischaf"'se in cu. ft./sec. 
A,.ea ol chdnnel water-wdy in sq. ft. 
Hydraulic radius - ar-e<!! . 

wetted pe,.tmeter-
Siope of channel or- Wdter-shed in feet per foot 
Coefficient of roughness in Mdnnins's For-muld: 

-·· 1.486 r-2/8 sl/2. v -- ""·.----··-"-~-·---·-·-
n 

Channel Velocity in ft./sec. 
Dischdrge Velocity in Tt:/sec. 
Entr-dnce head in feet. 
Velocity hedd in feet. 
Friction head in teet. 
Total head lost in feet. 
Backwater- head in ff. • Backwater Elev. minus Tdifwater- Erev. 
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