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INTRODUCTION 

This bulletin presents the results of 1,082 experiments on the effect 
of clean pile~restles-that is, pile trestles free of any debris-in 
obstructing the flow of water made at the hydraulic laboratory of the 
University of Iowa at Iowa City, Iowa, during 1929 and 1930. 

The investigations were undertaken primarily to detel'IIlir!e the 
coefficients used in certain formulas for calculating the backwater 
caused by such obstructions. 

Tests were conducted on both small-s.. ?:e models and on full-size 
single- and double-track pile trestles. The model trestles were made 
in the laboratory, whereas the material for the full-size trestles was 
furnished by the Chicago, Rock Island & Pacific Railway CO 

PURPOSE OF THE STUDY 

The erection of a pile trestle or a bridge pier in a stream forces the 
"I', 

water to flow through a reduced cross section, and in passing this sec
tion the water must acquire a velocity greater than that existing in 

1 A report of a study made under a cooperative agreement between the Bureau of Agricultural Engineer' 
ing of the U.s. Department of Agriculture and the College of Engineering of Lhe University of Iowa . 

• For advice and assistance In the research,the author makes acknowledgment to Sherman M. Woodward,
University of Iowa, to Martin E. Nelson, engineer, U.S. Engineer's Office, and to Ralph W. Powell,Ohlo
State University. Aid in maldn~ the tests and computations was given by Paul L. Hopkins, Junior civil 
engineer of the Bureau of AgrIcultural Engineering, aln.'by Nolan Page, C. H. Smoke, R. N. Brudenell,
R.A. Kampmeler, C. H. Morris, F. E. Edwards. IUld R. F. Poston. 

48058°-34-1 
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the unobstructed channeV T4e increase in velocity can be produced 
only by elevating thewat,er sufface up stream from the trestle where 
the contracted are'a of flow exists. Thus as the stream .,nters the con
tractedarea, a drop in the water surface is noted accpmpanying the 
increase in velocity. 

The changes in cross section and velocity in passing the trestle piling 
cause much disturbance in the flow of water. Eddies may be formed 
along the piling. The high velocities and resultant eddies may scour 
out the bed of the stream next to the pile bents to such .an extent that 
the trestle itself may be endangered and even swept away. 

Differences of opinion often occur as to the amount of obstruction 
to flow caused by highway or railway pile trestle bridges and lawsuits 
may result over the amount of damageG. It has been a moot question 
whether the resistance to flow offered by a double-track trestle with the 
bents for both tracks in line is greater than that offered by a single
track trestle. Just how much more obstruction is offered by a double
track trestle with the bents for the two tracks set a little off line than 
by the saine track with the bents set in line has been an unanswered 
question. The hitherto existing neLld of informa,tion in this field is 
relieved by the results of these investigations as t5et forth herein. 

The amount of obstruction a pile-trestle bent offers to the flow of 
water may easily be expressed in the form of a trestle;..bent coefficient in 
a backwater forinula. The value of the coefficient depends upon the 
particular formula used. Of the many formulas knoWn, those most 
commonly used are D'Aubuisson's, Weisbach's, Nagler's,and P.~h
bock's. In the first three the trestle-bent coefficient varies with the 
quantity of flow. For a given height of backwater, depth of flow, and 
channel contraction, if the trestle coefficient is increased 5 percent 
through an improved setting of the bents, the flow capacity of the 
trestle is increased 5 percent. The trestle-bent coefficient is, in reality, 
an index number of the hydraulic efficiency of a pile-trestle bent. 

The discharge through pile-trestle openings during floods may be 
computed with a fair degTee of accuracy by means of a backwater 
formula if the drop-down at the trestle opening is kno\vn. The con
verse olso is true; the discharge b:ling known, the drop-down or back
water caused by the trestle moy be determined. 

The specific purpose of this investigation was to determine the 
proper coefficients for use in certain formulas so that these formulas can 
be used for computing the probable discharge or the probable drop
down at trestle openings. Experiments were made on models of 
Hoo size and Xsize, and full-size single- and double-track pile-trestle 
bents placed both in line with and at various angles to the current. 

THEORY OF THE OBSTRUCTION OF PILE TRESTLES TO FLOW OF 
WATER 

Figure 1 represents a pile-trestle bent with the water flowing 
through the contracted area. The following symbols are used: 

Q=quantity of water flowing, in volume per second. 
DI =mean depth of water upstream from head of trestle at a distance equal 

to length of bent. 
D2=mean depth of water in most contracted section of channel. 

I It is assumed that the YelO(!lty of the water in the unobstructed channel is less than crlticnI. If the 
velocity In the unobstructed channel is aUhe crlUcnl value or higber, then the WAter will rise at the point
of obstruction. Such.condltions of 1low are seldom encountered in actuaIpractlce. 



3 PILE TRESTLES AS CHANNEL OBSTRUCTIONS 

D3=mea.n depth of water in channel below contraction; that is, depth in 
unobstructed channel. 


WI =1nea.n width of channel above contraction. 

W2 =mean width of channel at most contraoted section. 

Wa=me&n width of channel below contraction, orctinarily equals WI' 

Vl'7'mean velocity of water above contraction, Q/WID1• 

V2 "'=mea.n velocity of water in most contracted section of channel, Q/W2D 2• 

Va=mean veloelty.of water in channel below contraction, Q/lVaDa, ordinarily 
equal to QFWIDa. 

H 2 =drop of water surface at most contracted section, D 1-D2• 

Ha=drop 'of water surface in passing through the contraction, DI-Da. 
g=acceleration of gravity. 

VI 2,(2g=head due to velocity of water above contraction. 
V22/2g=head due to velocity in most contracted section of channel. 
V32/2g=head due to velocity of water downstream from contraction. 

hIt t' t· cross-sectional area of obstructil)n 
a=C anne con rac Ion ra 10 cross-sectional area or channel . 

velocity head of water below contraction V a2/2g 
'" depth of flow below conti-action -n;-' 

K=trestle-bent coefficient covering losses due tu friction, impact, eddies, 
etc. The SUbscripts D'A, N, lV, and R designate the D'Aubuisson, 
Nagler, Weisbach, and Rehbock formulas, respectively. 

oo=trestle-bent coefficient in Rehbock general bridge-pier formula. (See
equation 7, p. 5.) . 

Bottom 01 channel~ 

LONGITUDINAL PROFILE 

SCALE OF FEET 

543210 10 

f
iW21 ~ I

WI ff (i ( J ( j I ...' 

J.W
T 

2 
2 1~ 

:i 

I 
PLAN 

FIGURE 1.-PUe·trestie bent. Sf'll text for symbols used in pUe-trestie formulas. 

The real backwater height is shown in figure 1 as H 3• The surface 
drop in the contracted area, H 2, is sometimes erroneously called the 
backwater height. 

D'Aubuisson (2, pp. 188-191) 4 probably first advanced the theory 
that the drop H2 was merely the difference of the velocity heads for 

, Italic numbers in parentheses refer to Literature OIted, p. 25. 

http:veloelty.of
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points Dl and D2. The formula becomes 

H2 = Q2/2g (l/K!'D'A W22D22_1/W12D12) (1) 

in which KD'A is the D'Aubuisson coefficient. 
The true backwater is not exactly represented by JI2, but ordi

narily in practical field installations there will be little difference 
between H2 and H3 and hence little difference between D2 and D3. 
Therefore only the values of the D'Aubuisson coefficient using. H,1 and 
Da are given. Transposing and rearranging theterm.<;l in equ_Lwn 1, 
substituting Vi for Q/W1D 1 a!ld H3 and Da for H2 and D2, and solving 
for Q, equation 1 for. practical use becomes . 

Q=KD'AW2D3.v2yH3+ V12 (2) 
whence 

KD'A = .vQ2/2gWlD32(H3+ V12/2g) (3) 

Weisbach based .his formula upon the assumption that the total 
discharge through the contracted section may be calculated as the 
sum of two qm:!).tities, one quantity consisting of the flow through a 
submerged orifice of width W2 and height D2, and another quantity 
consisting of the flow over a weir with a crest length of Wi and a 
head of H 2• The formula then becomes 

Q=KW.J2g[~Wl(H2+ V12/2g)3/2+ W 2D2(H2+ V12/2g)1/2] (3a) 

Nagler's (3) formula is 

Q=KNW2.v2g[D3-8(V32/2g)].vH3+ (3(V12/2g) (4) 

in which the coefficients 8 and (3 depend upon conditions at the site 
of the pile trestle. The coefficient Bis merely a correction coefficient, 
and the factor 8(Vl/2g) is intended. to correct Da to give a smaller 
depth of flow similar to that at the most contracted section. This 
coefficient has little effect upon the results obtained when the depth 
of the stream is an appreciable quantity. Its value was taken as 
0.30 throughout this investigation. Although the formula was 
originally proposed merely for the purpose of determining the relative 
efficiency of different shapes of piers with a fixed amount of channel 
contraction, it was suggested that the coefficient {3 varies with the 
percentage of channel contraction, the amount of change in the 
coefficient being greatest for channel contractions between 5 and 30 
percent. This coefficient may be obtained from figure 2 prepared 
by Professor Nagler. . 

Rehbock giveg a fonnula applicable to only one condition of flow 
past the piers. He divides the flow into three classes as follows: 

1. Ordinary or "steady" How, in which the water passes the ob
struction with very slight or no turbulence. 

2. Intennediate flow, in which the water passing the obstruction 
displays a moderate de~ee of turbulence. 

3. "Changed" flow, ill which. the water passing the obstruction 
becomes "completely" turbuhmt. 
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These three classes of flow are defined, according to Rehbock, by the 
following two equations. 

£u=I/(0.97-21ctl)-O.13 	 (5) 

aB=0.05+ (0.9-2.5",)2 	 (6) 

The moving water is in the first class as long as the contraction ratio 
of the pier site is less than the limiting value in ~qu!ttion 5. When the 
value of a of the pier 2. . 

site under investIga- 2 

tion lies between the 2. 

values of aAinformula· V 

5 and aB in formula 6, ~I.8 L 


IIaccording to Rehbock ~ 

the second condition ., I.6 --'
offiowprevails. When ~ 
the value of a of the ~ / 
pier site exceeds that 

L4 
I 

given in equation 6, 

the third condition of 
 ::v 

"'-90'---=flow exists. 	 o m w ~ ~ ro ~ W 90 100 

The Rehboek equa Percentage of channel obstructed 'by pie I"" 

tion (1, pp. 122-128,: FIGURE 2.-Values of coefficient (J to be used In Nagler bridge-pier 
formula.4, pp. 197-200; 5) for 

computing the backwater height, Ha, for all pier shapes in a channel 
of rectangular cross section with ordinary or pure streaming flow, is 
as follows: 

Ha=roo-a(oo-l)l(0.4a+a2+9a~) (1+2w)Vl/2g (7) 

A simple equation for blidge backwa.ter is, according to Rehbock, 

Ha=Kna (Va2/2g) 	 (8) 

It is probable that the D'Aubuisson, Weisbach, and Nagler formulas 
apply only to the first class of flow as defined by Rehbock. 

Determinations of trestle-bent coefficients for the Weisbach formula. 
were attempted, but the extremely discordant results indicated that 
tbis formula is theoretically unsound and the effort was abandoned. 

There are many other backwater formulas mentioned in foreign 
publications on hydraulics. Of these, the most prominent (6) are: 
Dupuit, Eytelwein, Flamant, Freytag-D'Aubuisson, Gauthey, 
Hernemann, Hofmann,Lesbros, Mehmcke, Montanari, Navier, 
Riihlmann, Tolkmitt, Tm-azza, and Wi)x.. For reasons of economy, 
pile-trestle coefficients were not determined for these formulas which 
are seldom mentioned in English texts on hydraulics. 

SCOPE OF TESTS 

Experiments were conducted on a full-size single-track 5-pile 
trestle bent (pI. 1, A) placed at angles of 00 

, 5°, 10°, 15°,20°, and 30° 
• 	 with the current (fig. 3). Tests were made also on a full-size double

track 10-pile trestle bent (pI. 1, B) with all piles in line with one 
another as well as with the current, to determme the effect of addi
tional piling on the value of the coefficient. A double-track trestle 

http:u=I/(0.97-21ctl)-O.13
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FULI.-SIZE TRESTLE EXPEF\IMENTS 

SINGLE TRACK 


III 112 113 1t4 115 116 

~5· qj.nIO· qjw
q Qi 

~ 1'20· \(30' 
'~,~ ;, ~ ~ 
iq~ !~ ! 'I)U:J. ~ q! 

\ ~ 14 ~ iq : 

DOUBLE TRACK 
121 122, 123 124 

9 q ! q];' q1'10·~ qi r~ 
~ ~!,I~! ~c> q.,'Q~ !q~. ~ I, ~ 

9' iq ~ 
,~~ ~ I'4. I''9 c> i q iq 

ONE~QUARTER SCALE MODEL EXPERIMENTS 
IN 10 FOOT TESTING- CAN~L 

211 212 213 214 ~15 216 
\ 1 I 1I 

i . I I' 1 I i 
, \It'! i i..\Y'\IO' \\ r~O' 

i• 
i 

: : 
\ .. . .,' \,k\~O' 

\ 

, I 1 
1 

I 

i 
i 

: 
i1 ~ • .1. '~i \ i ~ 

Co. •: : ,• • 1 \ . "" . ~ \\ i ; :I; ~ i \ !I !\i i i ' 1\ ' 

' , i ii i \ i i ~ \ !\ \,! \, i i!, I i i \ i \ \ i \ \. \ i i ~ 
IN GLASS FLUME 

221 

IH 
ONE ONE-HUNDREDTH SCALE MODEL EXPERIMENTS 
SINGLE TRACK 440 FEET LONG 

311 

I: : : : i : : : : ,: : : : : : : : : : : : i : i : : : : ! : : i i : i : : : : iI: : : : : : : : : : : : : : : : : ~ : : : :': : : : : : : : : : : : : : ! : : : 
EMBANKMENTS TESTED ON SINGLE TRACK 
Heavy lines represent embankments 
312

315313 
314 :===:~~===: ___-31'
317 ___________ 

DOUBLE TRACK 440 FEET LONG 
411 Pilin!!, in line 

: I: : : : : . : I : t : ! • II ~ : : : I I I : I : I I It: : • • I J I ~1: ..• :11 •••.1. ; ............... : •.. :1 

III ·.'i· . III illl lSiliiillP'Ipqil fII':III!: ., Iliii:: .... di:I!:: Ii:! .• : .III.I.!: .:1111':111:1111.11. II 
412 Bents offset 

~\~~\ll~\~~~~i!~~~~\\~~~~\i·i.l1\~~UUL\\H~11 I •••••• 1 ••••• 1 ••••• 1111 il ... lllll .. l1, 
FIGURE 3.-Trestle sct·up.~ tested. 
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~ .:. '.. - -

FULL-SIZE PILE IRESTLES UNDER lEST. 

A, Rill~le·lrnek f>-pill' Ir~slle I)(,lIt III Iirw wilh ('lIrrclIl; ellllllllci ('ontrn<>tion, 1Il.2 I>':'rt'l'nl.. :n, Douhle
Imrk III-pile Ireslle hl'II1 in IIl1e lI'illl ('urrcnt; "'mllllel ('tlIJlrfll'llon, J.i pl'n·~'IIt. e, '1'\1'0 single-truck
u-pile trestle hl'lll ~ III line wil II ('lIrrclll, hellis oll'set; ('lIulIlwl ('(llltr!l('liou J.1 percell I. 
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ONE-QUARTER SCALE MODEL OF 3-8ENT SINGLE-TRACK. PILE TRESTLE. 40 FEET 

LONG. 


A, Bents in line with ('lIrr~nL ('hI11111(11 ('olltrnl'tioll, 12.1'1 IIl'fN'IJI. Bt B~'lIl}t tit Ur! nllJ.!ll~ wilh l'urn'nt. 
chnnn~1 rontrn( !lon Illk('n us 12.5 percent. (" B~nts ilL 20° Hll~lc wil II currenl. channel "oJllrnctiull 
tnkcn Mi 12.5 J)l'n:'~nt. 
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ONE-QUI\RTER SCALE MODEL OF 3-BENT SINGLE.TRACK PILE TRESTLE. 40 FEET 
LONG. 

A, Benls 111. :W' 'lII~h\ wilh "urn'nt, l.'h'lIl11('1 ('unlnll'lInn Illkl.'nlis l~.a p~r('(\nt. H, Il,'nls St't. in ",'h,'luu iu 
(estiu!: VhUllIWl, lingle or IIxis or detk wilh ('tlrrellt, fill"; ('llIlIllwl contr:lctiun liS I~.a Pl'n'cnl. 
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TRESTLE MODELS UNDLR TEST. 

A, Ollc·qullrlcr scnlu 1I1()t1~1 or II 20·root sill~ll'·trnek pill' ircMle. (hll' l'wl lIhutnwllL nnd 011(\ hell\. ill 
lc::-Ihtg chnnnl'l~ C'hnnncl l'onirneliull lnkrn Hi\ fin P(Ir(l(\Ut. 11, Onc·quurll'r ~wnle 111011('1 of n 5~pilc 
trcslle h('111 IIl1lil'r tcst 111 vIU~"Willkti /Il1l1l1~. C, OliO Olll'·liuu<lredlh sculu mouel uf II single·truck pile 
trestle·t to feel IOl1~. 
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PILE TRESTLES AS CHANNEL OBSTRUCTIONS 

bent consisting of two 5-pile bents, each offset from the other by the 
thickness of the piling and sway bracing, was tested with the pile 
lines parallel to the current and with the pile lines set at a 10° angle 
with the current. In the oblique position, tests were made with the 
bents offset first to the left and then to the right. 

Tests were also conducted on a X-scale model representing a trestle 
40 feet long with three 5-pile bents placed at angles of 0°, 10°, 20°, 
and 30° with the current, and also with the bents tested in echelon 
parallel to the current (pIs. 2 and 3). In one test with this model the 
channel was obstructed .as shown in plate 4, A to represent the effect 
of one trestle bent and one end abutment, the total channel contrac
tion being 56 percent. 

Check experiments on a X-scale model of a 5-pile trestle bent were 
run in the glass-walled flume of the laboratory, giving a channel con
traction of 16 percent (pI. 4, B). The tests were conducted by first 
running a definite quantity of water through the unobstructed flume 
and taking readings of the water slope. Then the trestle bent was 
placed in the channel and the water-surface slope again read, to 
det.ermine the amount of rise in the water surface upstream from the 
bent. Fourteen experiments were made in which the discharges 
ranged from 2.46 to 8.05 cubic feet per second, the depths of flow 
from 0.87 to 2.60 feet, and the velocities upstream from the bent 
from 1.09 to 1.94 feet per second. 

To determine the effect of submergence upon the trestle coefficient, 
tests were run on the X-scale model with different degrees 'Of sub
mergence as follows: (1) With the water just touching the bottoms of 
the stringers; (2) with the upstream water surface at the top of the 
stringers; (3) with thl3 upstream water surface to the top of the guard 
rail; (4) with the upstream water surface over the top of the guard 
rail. 

To study the reliability of results obtained from tests on extremely 
small models, experiments were made on models constructed to a 
scale of 1 to 100, representing trestles 440 feet long with 5-pile bents 
(pI. 4, 0). Experiments on this model were made with three quan
tities of flow and the following set-ups: (1) A single-track trestle, (2), 
a double-track trestle with bents in line, and (3), a double-track 
trestle with the bents offset. Other tests with the model of the 440
foot single-track trestle were made to investigate the obstruction to 
flow offered by an embankment with treBtl~ openings, such as is 
commonly built to carry a railway or highwsq across a river valley 
subject to overflow at such height that the roadbed is above high 
water. Tests were run with various portions of the trestle blocked 
off to represent embankments of diff~rent lengths as shown for set-ups 
312 to 317 in figure 3. 

TES'r PROCEDURE . 

Most of the experiments were run in the principal testing canal of 
the labratory, which is 312 feet long, 10 feet wide, and 10 feet deep. 
At its upstream end is an electrically operated head gate 10 feet wide 
by 10 feet deep. A calibrated weir of the suppressed type 10 feet 
long, for measuring flow in the canal, is located 60 feet downstream 
from the head gate. Numerous baffles were placed in the canal 
immediately below the head gate to obtain uniform velocity distribu
tion as the water approached the weir, and a smooth flow over the 
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crest. Sinillar baffles were placed immediately downstream from the 
weir to prevent commotion of the water as it approached the pile 
trestles. An adjustable weir 6 feet high, located some 80 fe(jt down
stream. from the center of the pile bent, was used to regulate the water 
level dQ';VIlStream from the trestle. This weir was hung on hinges 
and was adjusted by means of a block and tackle. 

The loss of head caused by the trestles was measured by means of 
37 piezometers on the wall of the canal. The piezometer openings 
through the wall were spaced throughout a distance of 69 feet, and 
were 4 inches above a level :Boor built .in the bottom of the testing 
canal. Ten openings 2~ feet apart were made upstream from the 
trestle site, 15 openings 6 inches apart were made at the site, and 12 
openings 2* feet apart were made downstream from the site. The 
pIezometers. were I-inch glass tubes 3 feet long attached to white
.enameled gage staffs on the outside of the canal wall, and were con
nected to the wall openings by means of rubber tubing. The gage 
staffs, 3.3 feet long, were graduated to 0.02 foot, and the markings 

::!: 
j. .could be read to the nearest 0.01 foot with little chance of error. 

Several staff gages also were set along both walls of the canal, the 
zeros of all being set even with the level :Boor constructed in the canal, 
to supplement the piezometer measurements in determin~ng the 
depth of :Bow and the water-surface gradient above and below the pier 
as well as the depth in the contracted section along the trestie bent. 

Tests in the lO-foot canal were conducted with qmmtities of :Bow 
ranging from 8 to 100 cubic feet per second and with depths of :Bow, 
D3; from 0.8 foot to 3.2 foot·, resulting in vclociti~s 'past the trestles 
ranging from 0.6 foot to 5 feet per second. The heIght of trestle to 
bottom of stringer above the testing :Boor was 4.9 feet for the full-size 
bents and 3.6 feet for the X-scale models. 

For the tests in the lO-foot canal, experiments were begun with a 
head of about 0040 foot of water discharging over the measuring weir, 
followed by experiments with successive increases of aLout 0.05 foot 
in head on the weir, until the greatest possible quantity was obtained. 
Different depths of :Bow at the trestle .site for each head on the weir 
were obtained by raising or lowering the adjustable weir. 

With each quantity of :Bow two tests were run, in most cases, for 
each class of :Bow. To obtain the desired type of :Bow, in order to 
compare the Rehbock formula (equation 7) with the D'Aubuisson nnd 
Nagler formulas (equations 2 and 4), t.he procedure was as .follows: 

After the desired head on the weir was obtained, the observer first t 
read the hook gage above the weir; tihen, knowing the quantity of 
flow he computed by means of equation 5 a depth which would give • 
class 1 :Bow.. The adjustable weir was regulated to obtain this ' 
depth. Readings were then taken on the various piezometers and 
staff gages, and a check reading on the weir hook gage to see if the 
guantity of flow had varied. Another test with. a different depth 
out same class of :Bow was then run in the same manner. The depth 
for this test was also determined by means of equation 5. Then, 
without varying the quantitY" of :Bow, two tests at different depths in 
class 2 :Bow and two tests ill class 3 :Bow were run. The range of 
depths for each class was determined by equations 5 and 6, and the 
desired variations in depth were obtained by means of the adjustable 
weir. With each increase in quantity of :Bow a similar series of tests 
was made. 

I 
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Typical profiles of the water surface in the testing canal are shown 
in figllres 5 and 6, for<the5-pileand lO-pile bents respectively. The 
generally continuous loss of head through the length of the bent, 
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evidenced by the continuing decrease in depth, is very apparent and 
(;SO is the partial recovery of velocity head immediately below the bent. 
The greater turbulence of the flow at higher velocities accompanying 
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the lesser dt'pths is indicated by theuTegularities of the profiles below 
the bridge site. The throttling effect of the obstruction is indicated 
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by the lesser changes in depth above than below the bent, with 
adjustment of the depth-control weir. 
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11 PILE TRESTLES AS CH.\NNEL OBSTE',UCTIONS 

The pile..trestle coefficients for the D'Aubuisson, Nagler, and 
Rehbock formulas were computed by substituting the laboratory 
measurem:~nts of flow and surface drop and the other known factors 
in the equations 3,4, 7, and 8. These coefficients were plotted against 
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the corresponding velocities, VI, upstream from the trestle bent, and 
the results are shown in figures 6 and 7. Summaries of the coefficierits 
for the full-size and X-scale-model set-ups are given in tables 1 and 2. 
Table 1 gives the coefficients which may be used in practical work, 
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Th,e test results in tabie 2 are of only academic, theoretieal interest "" 

ana should not be used indiscriminately in practical work. . 

~. TABLE I.-Pile-trestle coefficients for bridge-pier formulas 

(For summary o( recommended values, see table 9, p. 25) 

.:) 

FULL-SIZE SINGLE-TRACK TRESTLE~ o· ANGLE WITH CURRENT'
, 

CHANNEL CON. 
TRACTION 16.2 PERCENT (pl. I, A) 

...,' 
Class 1 flo",: Class 2 flow Class 3 flow 

Moon Moon------~fficlent coefficient
Formula 

Averane\~ Average 1 and 21 classes 1Tests coe1Ilcl6.uL Tests coomcient Tests c!e~~T:~t 
for classes for all 3 

!,,..-----------------
Number NiLmber Number

D'Aubulsson KD'A_________ 21 1.003 19 0.970 11 0.957 0.987 0.981
Nagler KN_________________ 21 .885 19 .913 11 .943 .898 .908
Rebbock 40______"__________ (.) 5.6821 5.03 19 6.41 ·----ii- ·----4:'iii-
Rebbock KIl_____________ ~_ 21 3.02 19 4. 51 5.34 3.72 

I 

FULL-SIZE DOUBLE·TRACK TRESTLE. 10 PILES IN LINE; o· ANO,LE WITH CURRENT; 

CHANNEL CONTRACTION 14.0 PERCENT (pI. I, B) 

0.859 0.862
D'Aubulsson KD'A----_____ 24 0.886 29 0.852 10 0.880
Nagler KN_________________ 24 .!l17 29 .828 10 .873 .823 .831
Rebbock 80--_______________ 24 11.M 29 12. 70 -----iii- ~) 12. 31 

----·7~iiii-
Rebbock KR______________ • 24 7.28 29 8.41 , .32 7.90 

FULL-SIZE DOUBLE·TRACK TRESTLE, DOWNSTREAM BENT OFFSET; O· ANGLE WITH 

CURRENT; CHANNEL CONTRACTION 14 PERCENT (p.l I, 0) 

12 0.828 10 0.858 0.842 0.M5D'Aubulsson KD'A ___ •_____ 44 0.846
Nagler KN________________ _ 44 .782 12 .814 10 .928 .789 .810 

Rebbock 80_...____________ • 44 12.95 12 1~~ -----iii- (I) 1~: ~ -----s.-ii-
Rebbock KIl ______________• 44 1.31 12 9.93 

ONE FOURTH·SCALE MODEL OF 4O-FOOT SINGLE-TRACK TRESTLE; THREE 5-PILE 

BENTS IN TESTING CHANNEL; o· ANGLE WITH CURRENT; CHANNEL CO?VTRAC
•

TION 12.5 PERCENT (pI. 2, A) 

11 0.971 0.975 0.974
D'Aubuisson KD'A ________ _ 28 0.978 27 0.972
Nagler KN •_______________ _ 28 .898 27 .933 11 .980 .915 .926 
Rebbock 80________________ 28 6.33 27 (I) 6.61 
Uebbock K,,______________ 3.72 27 ~: ~ -----ii- 5.64 4.19 4.43

28 

ONE FOURTH-SCALE MODEL OF 4O-FOOT SINGLE·TRACK TRESTLE; THREE 5-PlLE 

BENTS IN TESTING CHANNEL: 10· ANGLE WITH CURRENT; CHANNEL CONTRAC

TION 12.3 PERCENT (pI. 2, B) 

9 0.983 0.991 0.990
D'Aubulsson KD'A _________ 18 0.994 18 0.1189 
N~er KN_________________ 18 .914 18 .939 9 .983 .927 .938 

Re bock &0.________________ 18 5.48 18 5.93 (I) 5.71 
RebbockKIl__________•___ 18 3.25 18 3.Q3 9 5.14 3;59 3.90 

ONE FOURTH·SCAI.E MODEL OF 4O-FOOT SINGLE-TRACK TRESTLE; THREE 5-PILE 

BENTS IN TESTING CHANNEL; :/AI. ANGLE WITH CURRENT; CHANNEL CONTRAC

TION 12.3 PERCENT (pI. 2, 0) 

D'Aubulsson KD'A _________ 18 0.952 14 0.960 9 0.958 0.956 0.956 

Nagler KN_________________ 18 .887 14 •fJ23 9 .960 .903 .915 

Rebbock 80...______________ 18 7.54 14 7.42 (I) 7.49 ----TD3-
Rebbock: KI<_______________ 18 4.45 14 4.95 9 5.84 4. 67 

1 Computed as tbe average of tbe Individual determinations for all tbe tests, not as tbe average of tbe 

average determinations for the classes as sbown In preceding columns. 

I a. was not tlomputed for class 3 Dow. 
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TABLB 1.-Pile-tresUe caejJU;ients for bridge-pier formulas-Continued 

ONE FOURTH·SOALE MODEL OF 4O-FOOT SINGLE·T.RACK TRESTLE; THREE 5-PILE 
BENTS IN TESTING CHANNEL; 30° ANGLE WITH CURRENT; CHANNEL CONTRAC· 
TION 12.3 PERCENT (pI. 3. A) 

Class 1 flew Class 2 flow I Class 3 flow Mean Mean 
ooe1Dcient coefficientFonntila for classes for all 3 

Tests 1 and 2 classesAVllrllge T til Average T Average
ooe1Dcient 

!Number Number umber_M-r"-''D'Anbulsson KD' A ••••••••• 21 0.1m 9 0.929 9 0.11:12 0.923 O.~ 
Nagler KN••••••••••••••••"I 21 .863 9 .006 II .942 .876 .8111 
Rehbock ao.. ••••••••~~._•••• 21 9.31 9 9.06 ••.••••. (') 9.24 
Rehbo<'Jr Kit•••••••••••••.• 21 5.46 1/ 6.11 9 6.84 5.66 """5~93 

I 
(I 

ONE FOURTH..sOALE MODEL OF 4O-FOOT SINGLE·TRAOK TRESTLE; THREE 5-PILE 

BENTS IN ECHELON IN TESTING CHANNEL. AXIS OF DECK AT ANGLE OF 60° WITH 

CURRENT; CHANNEL CONTRACTION 12.3 PERCENT pI. 3. B) 


'D'Aubulsson KD·........... 24 1.022 20 1.010 10 1.002 1.016 1.01. 
=KN••••••.•••••••••• 24 .ua. 20 .950 10 .007 .942 .952 
bock clo•••••••.•••••.••• 24 4.23 20 5.09 (.) 4.62·....io· ..··T22-Rebbock Kit••••••••••••••• 24 2.53 20 3.39 4.55 2.92 

ONE FOURTH·SOALE MODEL OF 2O-FOOT SINGLE·TRACK TRESTLE,;, ONE END ABUT· 

MENT AND ONE BENT IN TESTING CH.-\NNEL; 0° ANGLE WITH uURRENT;CHAN· 

NEL CONTRACTION 56 PERCENT (pI. 4. A) 


.J),Aubuisson KD'A ••••••••• 26 1.002 26 0.958 11 1.786 0.980 1.121 
Nagler KN•••••.••••••••••• 26 .925 26 .915 17 5.20 .Im 1.428 
Rehbock clo••••••••••••••••• 26 5~ 42 26 (.) 5.72~:~ ·....ii·Rehbock Kit•.••••••••••••• 26 7;70 26 ~73 8.31 7.33 

..• a. was not computed for class 3 flow • 
• Coefficients for 4 tests not Included because very erratic. 

TABLE 2.-Computed coefficients for full·size pile trestles, bents placed at angle 

with. current 


(Of academic interest ouly; for rocommeuded values see table 7. p. 22) 

BINGLE·TRACK TRESTLE; 5° ANGLE WiTH CURRENT; CHANNEL CONTRACTION 
14 PERCENT 

Class 1 flow Class 2 flow Class 3 flow 
Mean Mean 

ooe1Dcient ooe1DcientFormula for classes for all 3Average Average AverageTests Tests Tests classes Jooe1Dcieut ooe1Dcient ~clent 1 and 2 J 

Number Number Number 
D'Aubulsson Kd.A •••••••• 48 0.932 37 0.913 9 O.ua. 0.924 0.925 

N:mer KN••••••••••.•••••• 48 .843 37 .877 9 .929 .858 .8M 

Re bock clo•••••••••••.••••• 48 8.27 't7 9.35 (.) 8.74 

Rehbock Kit••.•.•••••••••• 48 4.74 37 6.38 9 6.48 5.43 
 ··..-5~M·, 

SINGLE·TRACK TRESTLE; 10° ANG~~p~Ir~~¥RRENT; OHANNEL CONTRACTION 

D'Aubuisson KD·A ••.••_ •. 64 0.904 19 0.874 13 0.887 O. 987 O. 8116 
64 .826 19 .848 13 .891 .831 .8.19~~:cf~~=:=:::=:::::==: 64 9.64 19 (.)1?:~ .....ia.Rehbock Kit .••••.••••••••• 64 5.50 19 8.10 1~: ~ ""'6~30' 

J Oomputed as the average of the Individual determinations for all the tests, 110t as the average of the 
average determinations for the classes as shown In preceding columns • 

• clo was not computed for class 3 flow. 

" 
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TA~LE 2.-Com,puteJ coefficients for JuU-size pile trestles, bents placed at angle 
;, ' with current-Continued 

SINGLE·TRACK TRESTLE; 15° ANGLE WITH CURRENT; CHANNEL CONTRACTION 
(> 14 PEROEN~ 

Class lllow Class 2110w Class 31l0w0 Mean Mean ,. . coefficient coeIllclen
)r 

I'ormnlar for clailses for all 3 Average Average AverageTeste Teste Tests 1 and 2 classes
~* coefficient coefficient <;oofficient 

,_,__._-- -- h --
Numbti Numbtr Number 

D'Aubuisson Ko' A •••• · •••• 61 0.008 19 0.834 11 0.871 0.860 0.861 
N8g)er KN•.•.•.••••••••••• 61 .7113 19 .805 11 .880 .700 806 
Rebbock a..... " ............ 61 H.80 19 13.87 -------- <.> 12.211 

Rehbock KIl••••••••••••••• 61 6.53 19 8.91 11 8.68 7.10 7.29 

SINGLE·TRACK TRESTLE; 20" ANGLE WI'I'H CURRENT; CHANNEL CONTRACTION 
14 PERCENT 

D'Aubuisson Ko'A••••••••• 45 0.817 7 0.786 3 0.828 0.813 0.813 
45 .754 7 .788 3 .842 .759 .763jk';:cf~~:~============== 45 15.18 7 <.> It~ ··-'·&82·Rehbock KR••••••••••••••• 45 8.30 7 It~ ·····T 10.28 

SINOI,E·TRACK TRESTLE; 30' ANGLE WITH CURRENT; CHANNEL CONTRACTION 
14 PERCENT 

D'Aubuisson Ko'A._••••••• 55 0.789 0.78511 0.767 <!!Nagler KN•••••_••••••_•••• 55 .729 11 .780 < .737 
Rehbock 010•••••••••.••.•._. 55 17.48 11 18.21 (. 17.60 
Rehbock KR._ ••••••_••_••• 55 9.35 11 12. 80 (I) 9.92 

DOUBLE·TRACK TRESTLE; nOWNSTREAM BENT OFFSET TO LEFT, LOOKING DOWN· 
STREAM; 10' COUNTER·CLOCKWISE ANGLE WITH CURRENT; CHANNEL CONTRAC· 
TION 14 PERCENT 

D'Aubuisson Ko' A••·_••••• 49 0.768 2 0.748 8 0.777 0.768 0.769 
Nagler KN•••••••••••••••.• 49 .706 2 .762 8 .803 .708 .721 
Rehbock 010..•_ •••••.•_•••• 49 18.00 2 23.14 <.)
Rebbock KR_•.••.••_•••__ • 49 9.75 2 13.64 8 12.64 1~: ~i ····iii~?ii· 

DOUBLE·TRACK TRESTLE; DOWNSTREAM BENT OFFSET TO RIGHT, LOOKING 
DOWNSTREAM; 10' COUNTER CLOCKWISE WITH CURRENT; CHANNEL CONTRAC· 
TION 14 PERCENT 

D',Aubuisson Kj)' A••••••••• 36 0.802 10 0.793 8 0.830 0.800 0.804 
36 .746 10 .780 8 .879 .753 .772jk,;~f:;.::==========:=== 36 16.27 10 16.54 <.> 16.32 

Rebbock KR•••••_••••"•••• 36 9.03 10 10.62 8 10.88 9.37 9.60 

, a. was not computed for class 3 Ilow. 
I For this channel contraction tbere were no data in tbis class. 

In figure 6 are plotted ali the individual determinations that form 
the basis of table 1. Figure 7 shows the results of all tests to deter
mine the effect of submergence upon the trestle coefficients. Table 
3 shows results of experiments with the 1/100-scale model. 

"', 
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L;'lABLE 3.-,-Computations of pile-trestle coefficients for D'Aubuisllon formula from 

tests on tl100-scale models of trestles 440 feet long 

[!rhe quantities stated In this table represent values in the pr:>totype] 

SINGLE·TRACK TRESTLE 
" 

Depth up- Velocity Backwater D'Aubulsson 
Flow stream ,'>'\lstream height coef11clent 

Q D. l'V, lis KD'A 
. 
Cubic feet Feet per

'per accond Fed aecond Feet 
6,800 5.Z7 2. 95 0.07 0.960 

14,000 7.97 3.99 .12 .972 
15,300 9.85 3.53 .10 .943 

DOUBLE·TRACK 10 PILES IN LINE 

1 
2. 95 0.12 0.874 
3.49 .12 .911 

14, 100 8. 07 3.97 .17 .915
1~~~ ~~I 

DOUBLE·TRACK OFFSET 5-PILE BENTS 

2. 90 0.10 0.8976,-00 I 5.26 

I 
Id50 8.10 3.9~ .21 .876 
15,200 9.87 3.50 .14 .887 

In the computations, the amount of channel contraction was taken 
as the average diameter of the piles plus the thickness of the sway 
bracing1 except when the deck of the trestle was submerged. For 
those tests in which the bent was placed at an angle with the current, 
the channel contraction was taken the same as for the same bent 
placed parallel to the current and the effect of building the trestle at an 
angle WIlS thrown into the coefficient. The X-size model contracted 
thE'. lO-foot channel 12.5 percent. The }~-size model with the abut
ment (pI. 4, A) caused a channel contraction of 56 percent. The full
size single-track trestle with piles parallel to the current contracted' 
the lO-foot channel 16.2 percent, and the full-size, double-track trestle 
with 10 piles in line contracted the channel 14 percent, the former 
being made of larger piles. With the full-size double-track trestle 
with offset 5-pile bents, the channel contraction was taken as 14 
percent. 

For the submergence tests, which were made on the X-scale model 
with one end abutmeu.t, the channel contraction was computed by 
taking the total wetted cross-sect.ional area of the trestle obstructing 
the flow of the water. For example, when the water was to the top 
of the stringers, the vertical area of the stringers and the cross
secti/J,nal area of the caps was added to the obstructing area of the 
piling, to get the ,amount of channel contraction. 

Since the Rehbock formula (no. 7) was intended to apply only 
to class 1 flow as defined by equation 5, a fair comparison of this 
formula with the others can be made only with the tests belonging 
to class 1 flow. Hence, the tests were classified according to type 
of flow by applyingequations 5 and 6. 

Neither D'Aubuisson nor Nagler specified the kind of flow to 
which his formula applied. It is probable, however, that all three 
formulas are applicable only to class 1 flow, In this investigation 
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the D'Aubuisson and Nagler coefficients have been computed for 
classes 2. and 3 mm.-ely to determine the variation in coefficient with 
class of How. It should be noted that except in some of the tests for 
class 3 How with the X-scale model having the end abutment, the 
Nagler and D'Aubuisson formulas al'rpear to apply very favorably 
to the experiments involving all clas~s of How (fig. 6). 

The Rehbock ~oefficientao was not computed for class 3 How 
because this formula was intended to apply only to class 1 How. 
The coefficients were computed for class 2 How because cases of this 
class often occur, and there is not a great deal of difference between 
class 1 and class 2 Hows. Class 3 How seldom prevails at a bridge
pier site, except perhaps in mountain streams or at bridges having 
Wlusually large channel contractions. 

The dISpersion of the points in figures 6 and 7 is due to the fact 
that the drop or backwater caused by the trestle was often so small 
thM unavoidable inexactness of measuring water-surface elevations 
caused appreciable inaccuracies in the computed coefficients. The 
average of the plotted points, however, should be thoroughly reliable. 
The rate of How was controlled within 1 percent, hence the average 
coefficients in table 1 can be used with confidence in solving practical 
problems. 

EFFECT ON COEFFICIENT OF BENTS PLACED IN LINE WITH THE 
CURRENT 

SINGLE-TRACK TRESTLE 

The full-size trestle bents in the 10-feet testing canal gave practically 
the same percentage of channel contraction as commonly exists in 
field installations. Including the thickness 01 the two sway braces, 
the average width of a trestle bent is about 1.65 feet. With such 
bents set on 11.75-foot centers the channel contraction is 14 percent, 
on 13-foot centers it is 12.7 percent, and on 13.75-foot centers the 
channel contraction is 11.2 percent. The full-size single-track bent 
used in these experiments had a channel contraction of 16 percent, 
but channel contractions caused by pile trestles range from 10 to 
16 percent. 

In making acvmparison of coefficients obtained from tests on 
models of different sizes it is desirable to compare the coefficient for 
1 or 2 formulas. In these comparisons the D'Aubuisson formula 
has been taken. Likewise the average coefficient for class 11low only 
has been taken for purposes of comparison. 

It will be seen in table 1 that the D'Aubuisson coefficient for the 
full-size single-track trestle was 1.003. The D'Aubuisson coefficient 
for the X-scale model in the main testing canal, was 0.978. The 
average D'Aubuisson coefficient for 14 experiments on the X-scale 
model bent in the glass-walled Hume was 1.00. The average D'Aubuis
son coefficient for the Moo-scale model trestle was 0.96 (table 3). 

DOUBLE-TRACK TRESTLE 

The D'Aubuisson coefficient for the full-size double-track trestle 
with the 10 piles in line was 0.866. The coefficient for the Moo-scale 
model with the 10 piles in line varied from 0.874 to 0.915, an average 
being about 0.900 

The D'Aubuisson coefficient for the full-size double-track trestle 
with the offset bents was 0.846. The coefficient for the Moo-scale 
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model with the offset bents varied from Q.876 to 0.897, and average
being about 0.887. . .. ' . 

In comparing the coefficients for th~,.f.':6uble-track tre$tle with those 
for the single-track trestle it will ,b"noted that the coefficients for 
the former are somewhat less than for the latter, showing that addi
tional piles in line increase the resistance to th5 flow of the water. 
The values of the coefficients for the two full-size 5-pile trestle bents 
with the bents offset are also less than those for the full-size single
track trestle. 

The obstruction offered by the double-track trestle with offset type 
of bents is a little greater than the type with the 10 piles in line in 
each bent. 

The coefficient charts, figures 6 and 7, on which all of th~ coefficients 
obtainedliave been Flotted, are of especial interest as they show the 
va.>iation of the coefficieJllt with velocity. If the coefficients had 
been plotted against thedepth of flow, D., a simila.r but less coordinated 
vertical variation of the coefficients would have resulted. 

It will be noted that the points on the D'Aubuisson and Nagler 
diagrams are bunched quite closely, particularly for those tests with 
class 1 and class 2 flows. The points on the Rehbock diagrams are 
quite scat~ered showing that Rehbock's formulas, jpsofar as the 
coefficients lu-e concerned, are quite sensitive. 

These cha'rts Sh9W that generally within the range of the experiments 
the coeffici~flts increase with an increase in discharge or velocity for 
D'Aubuissoll and Nagler, contrary for Rehbock. The ideal bndge
pier or pile-trestle formula would be one in which the pier or treBtle 
coefficient is: a constant for all discharges. 

EFFECT ON COEF'FICIENT OF BENTS PLACED AT AN ANGLE WITH 
THE CURRENT 

To obtain useful data on trest1es placed at an angle with the current 
in which identical field conditions could be simUlated, the X-scale 
model of a pile trestle 40 feet long was used. The results of these 
tests are given in table 1. ' 

It will be noted that, with one exception, the D'Aubuisson and 
Nagler coefficients decrease with an increase in the angle the trestle 
bents make with the current. The D'Aubuisson and Nagler coeffi
cients for the three X-scale model trestle bents set at a 10° angle 
with the current are slightly hl,gher than those for the same trestle 
with the bents set in line with the current. This small increase in 
the coefficient, 1.6 percent, is logical since the beneficial effects of 
the partially echelon placement of the bents may more than offset 
the minor additional obstruction to flow offered by the 10° angle. 

As the angle of the bent with the current increases beyond 10° 
the additional. obstruction offered by the bent is not offset so much. 
by the echelon effect of the bents, hence the coefficients decrease 
slightly with an increase in the amount of the angle. 

Attention is called to the D'Aubuisson and Nagler coefficients for 
the three X-scale model trestle bents when set in echelon. These 
coefficients are snme 5 percent greater. than the coefficients for the 
three X-scale model bents set in line in the channel showing that 
bents set in echelon offer less obstruction to the flow than bents of a 
trestle crossing normal to the current. 
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The coefficients obtained from tlio tests on the full-size trestles 
placed at an angle with the cUlTent as shown in table 2 are not applica

c:o 	 ble 1i? field,' installatinns since the actual .obstructioJ?- ca.used by the 
full-mze trestle when placed at an angle m the testmg channel was 
much greater than that which would occur in 0. stream of greater 
width. These coefficients, however, have much theoretical and 
academic value and for that reason are included in this report. 

EFFECT ON COEFFICIENT OF CONTRACTING STREAM CHANNEL BY 
ABUTMENTS 

When a railway or highway embankment is built across a river 
. valley subject to overflow, usually several waterway openings are 
planned at various intarvals so that the flood waters can be discharged 
through th.J respective openings with comparatively little loss of 
hf3ad. The question naturally arises as to the method of computing 
channel contraction in such cases. If the ~oss width of the stream is 
considered to be no wider than that occupIed by the trestle, then the 
contraction caused by the bents is small and Ufmally lies between 11 
and 14 percent. If the embanlanent is conside7:ed to obstruct part of 
the waterway, the percentage of contraction will be large. Investiga
tions were made of the effect on the coefficient by the consideration of 
the embanlanent as part of tJ1I'3 waterway contraction. 

In the first series of experiments, an embankment, or more properly 
speaking, an abutment was added to the X-scale model of a single
track pile trestle 40 feet long as shown in plate 4, A. This set-up gave 
a contraction of 56 percent considering the width of the waterway as a 
whole. The D'Aubtlisson coefficient KD 'A for this set-up was 1.00, 
whereas the average coefficient for the same set-up without the end 
abutment was 0.98. It wouldappeG;r from this set of tests that there 
will be comparatively little difference in the coefficient if different 
channel contractions are used. 

The second series of experiments were made on the Xoo-scale 
model of a single-track pile trestle 440 feet long in which portions of 
the trestle opening were blocked off so as to give the various per
centages of channel contraction shown in set-ups nos. 312 to 317 in 
figure 3. The results of these tests are given in table 4. 

TABLE 4.-Variation of D'Aubui880n coefficient with contraction of waterway 

Contraction D'AUbUIs./ Contraction D'Aubuls·Endccn· 	 Endccn·Set·up no.1 of 44o-Coot son coeWcl· Set·up no.1 oC 440-Coot son coeWcl· tractions 	 tractionschannel entKo'A channel entKo'A 

Percent Number 	 Percent Number 
311•••••••__ ._ 9 0 0.96 315._••••••••• 56 4 0.86 
312•••••••• _•• 29 2 • 94 316. __ •••••_•• 48 6 
313••_._•••••• 51 2 • 95 317••.••••_••• 46 1 .SO 
314••••••••••• 73 2 .94 

I See fig. 3. 

It will be seen that the coefficients for the set-ups nos. 315, 316, nnd 
317 are somewhat lower than the coefficients for the other set-ups. 
A duplicate test was run on set-up 315 and the value of the coefficient 
checked. Apparently there is little difference in the coefficients for 
set-ups 311 to 314, inclusive, even though the channel contraction for 
set-up 314 is two and one half times that for set-up 312. 

.90 
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It would appear from this that 'the amount of channel contraction 
does nQt have a great effect on the coefficient at; long as critical velocity 
does ilotexist. 

Disturbance of the symmetry of flow as in set-up 317 undoubtedly 
causes a decrease in the coefficient. The distribution of the flow 
through a series of multiple openings as in set-ups 315 and 316 reduces 
the c03fficient by increasing the number of end contractions. Ho'W:" 
.ever, when..the openings have been made more numerous, the degree 
of contraction caused by the individualeections of the embankments 
may be decreased with s. corresponding increase in the value of the 
coefficient as shown by set-up 316 in comparison with 315 . 

• 
EFFECT ON COEFFICIENT OF SUBMERGENCE OF PILE TRESTLES 

The experiments on the submergence of pile trestles were conducted 
on the X-scale model trestle with the end abutment. The area of . 
obstruction. to flow was computed by including the abutment and the;/ 
bent and that portion of the stringers and guard rails which actually 
obstructed the flow of water. This additional area of resistance to 
flow was converted into width of equivalent obstruction so that thfi' 
proper value of the effective width W2 or the channel contraction 
factor could be uSEld in the formulas. 

A total of 47 experiments were made in which the deck of the 
treBtle was submerged to varying depths. The coefficients obtained 
from these tests as illustrated in figure 7 show definitely that the 
Nagler and D'Aubuisson coefficients decrease as the amount of 
submergence increases, wIllie the Rehbock coefficient 80 increases with 
an increase in submergence. The values of the coefficients for various 
degrees of submergence are shown in table 5. 

TABLE 5.-Summary of D'Aubuis80n, Nagler, and Rehbock pile-trestle coefficient8 
lor trestles 8ubmerged varying amounts 

Coemclent Ooemclent 

Water surface Water surfaceReb· Reb·D'.Aubuls· D'Aubuls· bockNJl!er bock NJl!er 
SOD Ko'A son leD'A

~I ~ 

At bottom of stringers ••• 1.06 4.53 At top of guard ralls .... 0.88 0.93 7.M0.97/.At top of ?,trlngers ••••••• • 91 .97 6.48 Over top of guard ralls •• .86 .91 7.90 

USE OF DATA ILLUSTRATED BY EXAMPLES 

These experiments have made available coefficients for use in 
hydraulic formulas for computing either the drop-down due to pile 
trestle bridges when the quantity is known or, knowing the drop
down, the quantity of water passin~ through the trestle opening. 
If either factor is definitely known, it IS possible to compute the other 
factor with a reasonable degree of accuracy. This procedure can 
best be illustrated by practical examples. 

Example 1: A stream dischar~g 6,600 cubic feet per second has 
a somewhat irregular section WIth a mean wldth of 206 feet and a 
mean depth of 8 feet. It is desired to compare the drop-down or 
backwater that would occur from the construction of the following 
types of obstructiail in this channel. 
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. 11) 'A. single-track pile trestle. . 
. 2~ A double-track pile trestle, with. 10 piles in line in each bent. 
. 3 A.. double-track J?ile trestle with bents otTset but in line with the current~. 
4 	 A Bingle-track pile trestle with the bents set at an angle of :mo with the 

(1urrent. 
(Ii] A single-track pile trestle with the axis of the deck at 60° with the current 

.and the bents set in echelon.. . ;' 

. For the purpose of illustrating the method of computation the 
ba.ckwater for set-up 1 will be given. in full. The amounts of back
water computed for the other set-ups will be tabulated for purposes 
of comparison. The coefficients for set-ups 2 to 5 were taken from 
table 1 under class 1 flow. . 

W:~(th bents spaced 13 feet 9 inches center to center, there would be 
14 b.::nts obstructing the flow of the water in set-up 1. Including 
sway bracing, the average pile bent is about 1.65 feet wide. With 
14 bents the total obstructed width would be 23.10 feet. The values 
of the known factors are as follows: 

Q= 6,600 cubic feet per second 
W1 =206 feet 
W2 = 182.9 feet 
D3=8 feet 
V3=4.00 feet per second 
a=23.1/206= 11.2 percent channel contraction 

W= V~:g ";0.2487/8=0.031 

Let H3 be determined by substituting the above data in the Nagler 
formula (no. 4). Figure 2 shows /3=1.31. The test data give an' 
average value of KN as 0.90 and 8 is taken as 0.30. In this formula 
the drop must first be assumed in order to obtain. VI. After the 
preliminary calculation, a check computation is made. Formula 4 
shows H 3 =',0.077. 

Substituting the above data in the D'Aubuisson formula and 
using KD'A = 0.99 as determined from the test data gives H3 = 0.078. 

The Rehbock formula (no. 7) coefficient varies somewhat for the 
different scale models. Using the average coefficient obtained for 
the full-size trestle bent, or 80 =5.()8, formula 7 gives H3=0.81. 

The backwater heights that would occur with the various trestle 
set-ups, as computed are stated in table 6. 

TABLE 6.-Backwater height8 determined for example 1 

Backwater height computed 
hy-

Trestle set·up 
N8gler D'Aubuls- Rehbock 
folmul8 son formula formula 

1. Single-track pUe trestle with ails of deck at right angles to current Feel Feel(pl. I, Al __________________________________________________________ Feel 
0.08 0.08 0.08 

2. Double-track pUe trestle with BJlIs of deck at right IIligles to current,10 ~lIes In line In each bent (pl. I, Bl______________________________ • .17 .18 .17 
3. 	Dou Ie-track ~lIe trestle with BJlls of deck at right angles to current, 

; oontsolfset ut In line with current (pl. I, 0)---------------------- .18 .21 .24 
4. Single-track!!Ue trestle with axis of deck at 60° angle with current and OOnts at 30 angle with current (pl. 3, Al-. _________________________ .12 .13 .13 

6. s'~Tn"~c~~~~erJI~~~~~~~~~~-~~~:-~~~~~~~~~-e-~~~~- .06 .06 .06 

http:e-~~~~-.06
http:0)----------------------.18
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Example 2: A single-track pile:-trestle bridge 825 feet long built 
across a river valley was subjected to a flood. At the <;:rest of the 
.flood, the drop-down in the water surface at the tretltle was found to 
be 0.10 foot. The average depth of flow immediately downstream 
from the trestle was 6 feet. It is desired to comput.e the discharge 
through the trestle opening. Since the . drop-dOWl'l through the 
trestle opening was constant throughout its entire ltmgth, the 'dis
cha~e may be computed as a whole by considering the entire area 
ofwaterway. . 

With bents spaced 13 feet g inqhes center to center in a trestle 
opening 825 feet long there will be 59 bents obstructing the flow. 
Smce a single bent including sway bracing will average 1.65 feet in 
width, the total obstructed area will be approximately 97.35 feet. 

The values, of the known factors are as follows: 
WI =825.0 
W\i=727.6I) 
Ha=O.1O 

a=lL8 percent 


Da=6.0 

g=32.16 

The same coefficients given in the preceding set-up no. 1 will bf.. 
used in these calculations. 

The Nagler formula using e=0.30 and tJ= 1.3~ gives a dischal'g~ 
of 21,100 cubic feet per second. 

The D'Aubuissonformula gives a discharge of 21,300 cubic feet. 
per second. 

The Rehbock formula gives a discharge of 21,000 cubic feet per 
second. 

SUMMARY AND CONCLUSIONS 

The investigation of the obstruction of pile-trestle bridges to the 
flow of water has brought out a number of facts which are of practical 
importance to all en~eers, particularly those engaged in the solution 
of problems concernmg the height of backwater caused. by pile-trestle 
bridges. 

The bridge-pier formulas most commonly used in this country are 
D'Aubuisson's: 

Nagler's: 
Q=KNW2$g[Da+ e(Va2/2g)]-VHa+ tJ(v?/2g) (4) 

Rehbock's: 
Ha= [c5o-a(c5o-1)](0.4a+ a2+9a4)(1 +2w)Vl/2g (7) 

Since all bridges made of pile trestles produce practically the same 
relatively small amounts of channel contraction, the question as to 
whether the pile-trestle coefficient is the same for various degrees of 
channel contraction does not arise. Hence the various trestle coeffi
cients may be used in their respective bridge-pier formulas without 
correction for degree of channel contraction, in calculating the height 
of backwater caused by any pile-trestle bridge. 

•. ,.1. 
., 

http:c5o-a(c5o-1)](0.4a
http:W\i=727.6I
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TABLE 7.-PiZe-trestZe ooeJ!tcientsreoommended Jor ''U8e in bridge-pier formulas 

Plle-trestlecoemclents 

Arrangement.of trestle 
D'Aubulsson Nagler Rehbock 

Kn'A KN Bo 

. Bents iIi lIDe with current: Single-track &-pile trestlebent__ ",_______________________________i:- 0.99 0..90 0.77Double-trllCk l().pile trestle bent_________________________________ 
~ 

_ 11.9.87 .822 single-track &-pile bents offset __________________________________ _ .85 .79 13.0 
. /;Bents at angle with current: 
/t Single-traok &-pile trestle bent .Rt

.90 5.70 

.00 7.50.90.g9 I 
.87,I ~ :!!~=:=======:::::=::::::=::::::::::::=::==:::::::::::: .92 9.30 

The coefficients given in table 7 are recommended for practical use 
in the respective formulas except in those rare cases in which the 
velocity is higher than the critical value (p. 5). The solution of 
practical problems of backwater caused by pile-trestle bridges involv
mg velocities less than critical may be obtained by following the 
procedure shown on pages 19 to 21. 

In using the coefficients it must be recognized, however, that the 
laboratory experiments which determined them covered a range of 
conditions much more limited than are met .in practice. 'Where 
velocities and depths of flow are much greater than those obtained in 
the experiments, the results of computations should be applied with 
judgment. Of much value.to hydraulic engineers would be actual 
measurements of backwater elevations caused by pile trestles in 
streams d considerable depth and velocity, together with the other 
data for determining the depth, velocity, and quantity of flow and the 
channel-contraction ratio caused by the trestle. Notation as to the 
amount and effect of debris lodged against the trestle would be an 
important item in such data. 

The following conclusions have been drawn from the results of this 
investigation: 

The amount of obstruction to flow offered by pile trestles may be 
determined through the use of the proper trestle coefficient in any 
of the approved .formulas. 

The detrimental effect of setting trestle bents at an angle with the 
current is less than might be expected. Little decrease in the coeffici
en~, and hence in discharge, occurs unless the angle of the bent with 
the current exceeds 10°. 

The discharge coefficient for trestle bents set at a 30° angle with the 
current is about 4 percent less than that for bents parallel to the 
current . 

. Somebeneficial effect can be obtain.ed by setting trestlebellts in 
echelon if a roadway must cross a stream at an angle. 

If the axis of the roadway is at a 60° angle with the current and the 
bents are set in echelon, the Nagler and D'Aubuisson coefficients are 
about 5 percent greater than those for the same trestle crossing the 
stream at right angles to the current and the bents parallel to the 
current. 

When water of the given depths and quantity flows through the 
trestle set-ups outlined in example 1 (p. 19) the following conclusions 
maybe drawn: 

http:obtain.ed
http:value.to
http:Arrangement.of
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.A.double-track 'pile trestle with 10 piles in line in each bentJ>roduce~ 
approximately twice the amount of hack water that is caused bya 
sinde-track pile trestle constructed of bents with 5 piles in line . 

.Adouble-trfl,ck trestle with the .bents offset offers somewhat greater 
obstruction than a double-track trestle with 10 piles in line . 

.A single-track pile trestle. with the bents .set at a 30° angle with the 
current causes from 50 to 70 percent greater depth of backwater than 
a single-track pile trestle crossing the channelll,t right angles with the 
bents parallel to the current . 

.A. single-track pile trestle with the axis of the deck at 60° with the 
current and the bents set in echelon parallel to the current causes from 
53 to 60 percent less backwater than a single-track trestle with the 
same deck angle but with the bents set at a 30° angle with the current. 

A single-track pile trestle with the axis of the deck at 60° with the 
current and the bents set in echelon parallel to the current gives from 
27 to' 40 percent less backwater than a single-track pile trestle crossing 
the channel at aright angle with the bents parallel to the current. 

APPENDIX 

ANALYSIS OFD'AUBUISSON FORMULA 

The D'Aubuisson formula (2) may be written in the follo\\ing form: 

This is the equation of a straight line when plottcd on logarithmic coordinates. 
With the expression Ha+ VN2g plotted as abscissas and QIW~D...J2V plotted as 
ordinates, the exponent "x" is the slope of the line and the coeffiCIent KD'A is 
the point at which the line intersects the vertical uniti axis. In his .formula, .. 
D'Aubuisson uses the value of 0.5 for the exponent "x.' In order to check the 
correctness of this value for pile trestles, point.s for class 1 flow were plotted on 
logarithmic paper using the above equation. The straight line defined by the 
majority of the points, determined by inspection, was drawn and its slope and 
intercept found graphically. These values are given in columns 2 and 3 of table 8. 
Next, a .line with a slope of 0.5 was drawn in the same manner and its intercept 
determined, these values being given in column 3, of table 6. Column 5 is taken 
from tables 1 and .2, and gives the corresponding valucs of the coefficient deter
mined by computation, and is included here to facilitate comparison uith columns 
2 and 3. The values of the exponent"x", are.so nearly 0.5 that it is not desirable 
to depart from this valuc for pilc trestles, although for somc solid piers with certain 
shapes of noses and tails, tested previously,5 an cxponent of 0.6 was found more 
suitable. 

TABLE 8.-Comparison of D'Aubuisson coefficients for pile tresUes determined by 
graphical methods with coefficients obtained from the formula (class 1 flow only) 

ONE-QUARTER SCALE TRESTLE MODELS 

E~nent and coe1II- Coefficient Computedent as determined determined coefficientsgraphicallyTest se~;,up graphically (tebles 1 
if x =0.50 and 2) 

x KD'-A, Kv'" KD'A 

Three 5-pile bents In testing channel; O· angle with current____________________________________________ 
0.531 1.00 1.00 0.978 

1 bent IlJld I end·abutment In testing c1JanneL ______ .478 .96 1.00 1.002 

.• Unpublished date. 
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TABLE 8.-Comparison of D'Aubuuson coeJficient.tJ for pile trestles determined by 
.graphical methods with coefficients obtained from the formtda-Continued 

FULL-SIZE SIN.GLE·TRACK TRESTLE BENTS 
II 
/; 

E~nent and coelIl- Coefficient Computed 
graphlcaHy determined coeftIclents
cent as determined 

Test set·up graphically (tablesl
If x/c O.5I) and 2) 

KD' .. KD'A x KD'A 

0.521 1.05 LOI LOO3ro:;::t:m: =~~===::::,~:===:=::::=:====:====== .557 I.m .1140 ,,1i32
10" angle with current__•••_•••_•••••• ______________ _ .538 .97 .1130 •111M111° angle with current__•__•_________________________ _550 .95 .870 .8118,20" angle with current_. ________________________•__ _ .500 .82 .820 .8t730" angle with current~_________•____________•______ .500 .79 .7!!0 i .7811 

FULL-SIZE DOUBLE·TRACK TRESTLE BENTS 

lOpiles In Jlne;O"an~e -..:lth currenL_______•________ 0.575 0.97 0.89 0.8Il6
Ii piles o1lset; 0" ang wIth current__________________ .516 1.13 1.08 .~
Downstream bent olJlJet to left, 10" angle____________ .540 1.07 .1l5 .768
Downstream bent olIset to right, 10" angle __________ .529 1.10 1.05 

COMPARATIVE ACCURACY OF THE D'AUBUISSON. NAGLER. AND REHBOCKFORMULAS 

The method of classifying flow was checked by plotting the data on logaritilmic 
charts. All tests in class 1 flow as defined by Rehbock's empirical formula 5 were 
plotted using the thickness of the bent as the channel contraction regardless of th. 
angle the bent made with the current. Some of these points would have Jallen 
in classes 2 and 3 if the projected area of the bent had been used as the channel 
contraction for the purpose of classifying flow. For identification purposes, these 
latter points were distinguished by certain symbols. If the points tended to fonn 
three separate groups the method of classification followed would have been shown 
to be erroneous, but as all the points tended to group about the same straight line 
it is reasonable to assume that the method of classification used was proper. 

If the average r:oefficients for class 1 flow as shown in table 1 are used with the 
observed test data in the respective formulas and new backwater values computed 
the relative accuracy of the various formulas, insofar as the test data are con
cerned, may be determined by comparing the comlluted amounts of backwater 
with the observed amounts of backwater. This method, however, does not in
clude any consideration of the simplicity of a formula in obtaining the desired 
data. 

Of the many statistical methods which may be used in making a comparison of 
the various backwater formulas, the following three were employed. In the first 
method, the summation of the deviations or the differences between the computed 
and observed backwaters, regardless of sign, was determined for each formula.and 
this summation divided by the number of tests gave the mean deviation. By this 
method, the formula having the smallest mean deviation most nearly fits the 
experimental data. In the second method of comparison, the summation of the 
squares of the deviations was determined for each formula, and this summation 
divided by the number of tests gave the mean of the squares of the deviations. 
The mean-square deviation or error might be obtained by extracting the square 
root of the mean of the squares of the deviations. By the third method of com
parison, the Bummation of the percentages obtained by dividing the individual 
deviations by the corresponding observed backwater heights was obtained, and 
this summation was divided by the number of tests. The result was the average 
percentage deviatioll or error in computation by the formula under consideration. 
The differences between the formulas are not at all significant, as may be seen in 
table 9. .. 

http:coeJficient.tJ
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TABLE 9.-DiJfereiu:€ between ob8erved backwater8 and tho8e computed by diJferent 
formula8 

Mean deviation from observed H, 

Formula Average of Average ofAverage of squares of percentagedeviations deviations deviations 

Fool Square lool PerUfll. 
0.00!l66 0.000188 15:5~~~iiiSSOii::::::::::::::::::::::::::::::::::::::::::::::::: .OUM .000189 17.4Rehbock____________________________________________________ _ 
.0119 .000257 19.9 

LITERATURE CITED 

(1) AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
1929. 	HYDRAULIC LABORATORY PRACTICE, COMPRISING A TRANSLATION, 

REVISE.D TO 1II'JII,OF .DIE WASSERBAU::'ABORATORIEN EUROPA& ••• 
Edited bv J. R. Freeman. 868 pp., illUB. New York. 

(2) AUBUISSON, J. F. D'. 
1852. 	A TREATISE ON HYDRAULICB, FOR THE USE OF ENGINEERS. TranBI. 

by J. Bennett. 532 pp., illUB. Boston. 
(3) NAGLER, F. A. 

1918. 	OBSTRUCTION OF BRIDGE PIERS TO THE FLOW OF WATER. Amer. 
Soc. Civ. Engin. Trans. 82: [334]-395, illUB. 

(4) REHBOCK, T. 
1919. 	ZUR FRAGE DES BRi)CK!ENSTAUEB. Zentbl. Bauverwaltung 39(37): 

197-200, illUB. 
(5) 

1921. 	VERFAHREN zoo BESTIMIIUNG DES mdtcKENSTAUES BEl REIN 
STROMIIENDEII WABBERDURCHFLUSS. Bauingenieur 2: 603-609, 
illUB. 

(6) 	TOLMAN, B. 
1917. UBER DIE BERECHNUNG DES BRUCKENBTAUES. 120 pp., illUB. Prague 



o 

ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 

WHEN TmS PUBUCATIONWAS LAST PRINTED 


Secretary of Agriculture ___________________ HENRY A. WALLACE. 
Under Secretary __________________________ REXFORD G. TUGWELL. 

Aamtant Secretary_______________________ M. L. WILSON. 

Director of ExUm8ion Work _______________ C. W. WARBURTON. 

Director of PersonneL ___________________ W. W. STOCKBERGER. 

Director of Information_------------------ M. S. EISENHOWER. 
Director of Finance ______________________ W. A. JUMP. 
Solicitor________________________________ SETH THOMAS. 


Agricultural Adjustment Administration_ _ _ _ CHESTER C. DAVIS, Administrator. 

Bureau of Agricultural Economics __________ NILS A. OLSEN, Chief. 

Bureau of Agricultural Engineering ________ S. H. MCCRORY, Chief. 

Bureau of Animal Industry_______________ JOHN R. MOHLER, Chief. 

Bureau of Biological Survey _______________ J. N. DARLING, Chief. 

Bureau of Chemistry and Soils _____________ H. G. KNIGHT, Chief. 

Office of Cooperative Extension Work ________ C. B. SMITH, Chief. 
Bureau of Dairy Industry _________________ O. E. REED, Chief. 

Bureau of Entomology and Plant Quarantine_ LEE A. STRONG, Chief. 

Ojfice of ExperifMntStations ______________ JAMES T. JARDINE, Chief. 

Food and Drug Administration ____________ WALTER G. CAMPBELL, Chief. 

Forest Service _____ _____________________ FERDINAND A. SILCOX, Chief. 

Grain Futures Administration _____________ J. W. T. DUVEL, Chief. 

Bureau of Home Economics _______________ LOUISE STANLEY, Chief. 

Library________________________________ CLARIBEL R. BARNETT, Librarian. 

Bureau of Plant Industry _________________ KNOWLES A. RYERSON, Chief. 

Bureau of Public Roads __________________ THOJ4As H. MACDONALD, Chief. 

Weather Bureau ___________ . _____________ WILLIS R. GREGG, Chief. 


This bulletin isa contribution from 

Bureau of Agricultural Engineering __ ______ S. H. MCCRORY, Chief. 
Division of .Drainage and Soil Erosion L. A. JONES, Chief. 

Control. 
26 

U. I. QOVII".IIIT ,aINTIIiG OFFICI: tn.. 



__ 

__ _ 

2 3
2 3 4 2 3 4 2 3 4 	 4 

~D_~_U_8~U._IS_S+ON~-_K~D~~4-N~~~~~·~IN~ 
o o~ 	 I : I 
OO~~)nr:E.

101. r-t----t-1Co-=-~..o.:i~~~=-;r!-y,~t~"-+rr----+--+--T--L ~r:-
11 

.91--+-_-+__-+ __ LCf5J,lJr~X<.,.".._--1.....' __4-_.4--1 
Jo~~ .cy 16.2 Cl.j 16.2 I I I 


.8f-+---I---+---+---f--l--!:-1·-- -+-t- ____ i...~ 
1 

l I; I l 
II 	

! ! 

-_..- 11.11--+---1---+---+,----· -r-- --; 

..,-< ...... .. ...,.-""-- -~ 

I 
j.. 	 ..... ...-- .'g. -. •, 

1 
I 	

! . j ······-17 ; -	 1 f 

-.t: 	 I j . rr I 
II • I 	 S)(x rt:(r
o I 	 o OoX:~. ~~ -1

• .() 5,1 ~. . . : 
(1 0 y~ ...,:--,., • 

- I I 9)o/t,f:Jb - I 
~ 	;a.12.3 0.' 12 J 

ct 	 L J I -
I 

, 
f ' 1 

10 f 	.• 

8.\ 	 ,/ 
~rrr~0 8 .. 

"xxx 
, oo.e~,,_ ... rr 

;~ .
0.. 	 12:1 



I 

"f~10 

~J'~~~~ ~'" eJ-' u"O':::: 
..':Sft 

~ 
~rrr rr6.1--1-

-~I ~;:x)~ext }2.3 (X.= 12.3 
I 

00 ~.>J. !, I 
1.11--1----+---1---+---1-+---+---+---\----1 5 0;Io.~°xr& x rrr.rr'" \1"e~' )<o~ I 0° ><>O!)(~tr-

3 
Ia.( 12.3 

, I 
, 

a 
~~ 

=12.3 
-~~it 1 

II 

! 
TYPES OF FLOWI 

Class I ......... ~ .... 0 

1 

1 

II 
Class 2 ............ x 

Class 3 ............. r 


a. = percent channel contraction

I I 
1 0I I i I ; I ! 

12 
i I ; ,
j , , 

, I 
10 II 

i 

.-~~------
B 
H-

-".---- ... ----- . .;~ ,--~--.-\--. 

1 Ix a.=56.0 0 oCO • cx.,,56.o0 

o~ roOi~._ .. -. ~--.-.--- . .~-~---~~-. ., - . , ~--

I 

2 3 4 1234 234 


Velocity upstream from pier, VI (feet per second) 
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