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INTRODUCTION

This bulletin presents the results of 1,082 experiments on the effect
of clean pile™trestles—that is, pile trestles free of any debris—in
obstructing the flow of water made at the hydraulic laboratory of the
University of fowa at Towa City, Iowa, during 1928 and 1930.

The investigations were undertaken primarily to determine the
coefficients used in certain formulas for calculating the backwsater
caused by such obstructions,

Tests were conducted on both small-s.ze 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 GF THE STUDY

The erection of a pile trestle or a bridge pier in 2 stream forces the
water to flow through a reduced cross section, and in passing this see-
tion the water must acquire a velocity greater than that existing in

i A report of 8 study made under a cooperative agreement betweon the Bureau of Agricultural Englneer-
Ing of the U.8. Dapartment of Agrieultum and the Cellege of Engineering of the University of Iowa.

*For advles and assist inthe H,ihe author makes scknowlesdgment to Sherman M. Woodward,
University of Iowa, to Martin E. Nelson, sngineer, U.B, Enginser's Office, and to Ralph W. Fowell, Oblo
Btats Universlty, Aid in making the tests and computstions was given by Paul L. Hopklns, junior civil
engineet of the Bursau of Agricultural Engineering, st by Nolan Page, . H. 8moke, R. N. Brudeasl),
R. A. Eampmoier, C. H. Morrls, F. E. Edwards. and R, F. Poston.
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the unobstructed channel? The inerease in velocity can be produced
only by elevating the water suiface up stream from the trestle where
the contracted area of low exists, Tlgus as the stream. onters the con-
tracted ares, a drop in the water surface is noted aceompanying the
increase in velocity.

The changes in cross section and veloeity in passing the trestle piliui
cause much disturbance in the flow of water. Eddies may be form
glong the piling. Ths high velocities and resultant eddies may scour
put 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 fliew caused by highway or railway pile trestle bridges and lawsuits
may result over the amount of damages, 1t has heen a moot gquestion
whether the resistance to flow offered by a double-track trestle with the
bents for hoth 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 benta for the two tracks set a little off line than
by the same track with the bents set in line has been an ungnswered
question, The hitherto existing neud of information in this field is
relieved by the results of these mvestigations as set 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
s backwater formula. 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 Feh-
bock’s. In the first three the trestle-bent coefficient varies with the

nantity of flow. For a given height of backwater, depth of flow, and
channel contraction, i the trestle coefficient is inereased 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 hydraunlic efficiency of a pile-trestle bent.

The discharge through pile-trestle openings during floods may be .
computed with a fair degree of accuracy by means of a backwater
formula. if the drop-down at the trestle opening is kndéwn. The con-
verse also is true; the discharge bzing known, the drop-down or back-
water caused by the trestle mey be determined.

The specific purpose of this investigation was to determine the

roper coefficients for use in certain formulas so that these formulas can
Ee used for computing the probeble discharge or the probable drop-
down at trestle openings. Bxperiments were made on models of
Yo size and ¥ size, and full-size single- and double-track pile-trestle
bents pleced both in line with and at various angles to the current.

THEQRY OF THE OBSTRUCTI(%};IA'IQERPILE TRESTLES TO FLOW OF

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.
D,=1mean depth of water upstream from head of trestle at a distance equal
to length of bent.
D;=mean depth of water in most coniracted section of channel.
11t is assumed that the velovity of the waler in the unobstructed channel is lass than critlen]. Tf the

veloclty in the unobstrizeted channel i3 at the critleal value or hifher. then the water will rise st the poind
of chstruetion. EBuch_conditions of flow are seldem encountered o actunl practice.
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Ds;=mean depth of water in channel below contraction; that is, depth in
uncbstructed channel. .
W, =1nean width of channel sbove confraction.
W,=mean width of channel at most contracted section.
Ws=mezn width of channel below contraction, ordinarily equals Wi,
Vi=mean velocity of water above contraction, QjW1D,.
V:=mean velocity of water in most contiacted seetion of channel, @/ WeDe.
Va=mean velocity of water in channel below contraction, @/Wal, ordinarily
equal to G/ WDy,
Hy=drop of water surface at most contracted section, Dy— D,
Hy=drop of water surface in passing through the contraction, D,— D;.
g=acceleration of gravity.
VA/2¢=head due to velocity of water above contraction.
V2/2g=head due to velocity in most contracted section of channel.
Vi¥/2g=head due to velocity of water downstream from contraction.
—ch 1 contracti 4 _ cross-gectional ares of cbstruetion
= ChARNEl Comracton Mk = e cectional ares Of channel

velogiby head of water below contraction Vef2g
depth of flow below contraction s
K =trestle-bent coeficient covering losses due to friction, impret, eddies,
ete. The subseripts D'A. N, W, and R designate the D’Aubuisson,
Nagler, Weisbach, and Rehbock formulas, respectively,
§o=1trestle-bent coefficlent in Rehbock general bridge-pler formula, (See
equation 7, p. 5.) :

L rd
YD, NP2 T B —v,
BeMom of channei~}

LONGITUDINAL PROFILE

SCALE OF FEET
4 43221 0 5

PLAN .

FiGURE 1l —Plle-trestis bont, Bee text for symbols used in pile-trestis formules.

The real backwater height is shown in figure 1 as H;. The surface
drop in the contracted area, H;, is sometimes erronecusly called the
3 »

* backwater height.

D’Aubuisson (2, pp. 188~191) * probably first advanced the theory

that the drop H, was merely the difference of the velocity heads for

¢ Italle gumbers in parentheses refar to Literature Oited, p. 25.
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?oints Dy and D,. The formula becomes
H,= Q’L:’ 2g (1 /K2 pra Wotlh" — 1/ lepla) (1)

in which K, is the D’Aubuisson coefficient.

The true backwater is not exactly represented by H, bui ordi-
narily in practical field installations there will be little difference
between H, and H; and hence little difference between D) and D
Therefore only the values of the D’Aubuisson cosfficient, using H, and
D, are given. 'Transposing and rearranging the terms i equ.uon 1,
substituting V; for @/W,D, and X, and D), for H, end D;, and solving
for @, equation 1 for practical use becomes

Q=KpaWoD2¢H; + V¥ (2}

Ry = JP2gWiDF (Hy+ VP 2g) (3)

Weisbach based his formule upon the assumption that the total
discharge through the contracted section may be calculated as the
sum of two quentities, one quantity consisting of the flow through a
submerged orifice of width W, and beight D, and enother guantity
consisting of the flow over a weir with a crest length of W, and a
head of H:. The formula then becomes

whence

Q= For o] 2V V2204 WDt VE20" | (39)

Nagler’s {8) formula is

Q=KNW2‘\,§§[D3_8{V32/29’)1 Hy+ B{V¥[24} 4

in which the coefficients # and 8 depend upon conditions at the site
of the pile trestle. The coefficient 4 is merely a correction coefficient,
and the factor #(V:?/2g) is intended to correct Dy 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 sulggested that the coefficient 8 varies with the
percentage of channel contraction, the smount 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 gives a formula applicable to only one condition of flow
past the piers. He divides the flow into three classes as follows:

1. Ordinary or “steady’ flow, in which the water passes the ob-
struction with very slight or no turbulence.

2. Intermediate flow, in which the water passing the obstruction
displays & moderate degree of turbulence.

3. “Changed” flow, in whick the water passing the obstruction
becomes ““ completely ”’ turbulsnt.
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These three classes of flow are defined, according to Rehbock, by the
following two equations.
aa=1/(0.97 —21w)— 013 (5)
ap=0.05+ (0.9 —2.54)* 6}
The moving water is in the first class as long as the contraction ratio
of the pier site is less than the imiting value In aquation 5, When the
value of « of the pier ;
site under investiga-
tion lies between the
values of a, in formula //
5 end agin formuls 6, g
according to Rehbock /
the second condition
of low prevails. When /
the vaiue of « of the /
pler site exceeds that
given in eguation 6,
the third condition of
flow exists. B R T R T % 80 100
The Rehbock equsa- Percentage of channel obsiructed by pier
tion ( 1, pp. 122-128; Fieves 2—Values of coeﬂ&cie;:t a ng be used in Nogler bridge-pier
4, pp. 197-200; &) for o
computing the backwater height, Hj, for all pier shapes in a channel
of rectangular cross section with ordinary or pure streaming flow, is
ag follows:
Hy={8— (3— 1)](0.4a+ o2+ 90 (1+20)V?/2g 7
A simple equation for bridge backwater is, according to Rehbock,
H;= Kra(V33/2g) {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 coeflicients for the Weisbach formula
were attempted, but the extremely discordant results indicated that
this formula is theoretically unsound and the effort was abandoned.
There are many other backwater formulas mentioned in foreign
%ubliqa,txior_ls on hydraulics. Of these, the most prominant (6) are:
upuit, Eytelwein, Flamant, Froytag-D’Aubuisson, Gauthey,
Heinemann, Hofmann, Lesbros, Mehmcke, Montansri, Navier,
Riublmann, Tolkmitt, Turazza, and Wex, For reasons of ecoTIomYy,
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-trsck 5-pile
trestle bent (pl. 1, A} placed at angles of 0°, 5°, 19°, 15°, 20°, and 30°
with the current (fig. 3). Tests were made also on & full-sizé double-
track 10-pile trestle bent (pl. 1, B) with all piles in line with one
another as well ns with the current, to determine the effect of addi-
tional piling on the value of the coefficient. A double-track trestle
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FULL-3IZE TRESTLE EXPERIMENTS
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FULL-SIZE PIL.E TRESTLES UNDER TEST.

A Single-track Gpile srestle hent in Jine with eurrent; chinnnel contraetion, 16,2 pereent. 15, 1hhle-
track tpile restle Lont it Hne with current; i eonractlon, Vnercenl, ¢, wo single-truck
Gepile trestle hents in Jine with current, bents ol chewnine] vonteaelivn T peresnt.
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ONE-QUARTER SCALE MODEL OF 3-EiNT SINGLE-TRACHK. PILE TRESTLE. 10 FEET
NG,

A, Bents tn fine with corcont, chunnel contraetion, Y2050 percen . 1, lens ab 10 sngle with careent,
change! contracbivn Inken ns 15 pereent, 47, Heats ol 207 anple with eorrent, edmnnel vantruction
taken as 120 pereent.
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ONE-QUARTER SCALE MODEL OF B-BENT SINGLE-TRACK PILE TRESTLE, 40 FEET
QNG

A, Thents ok 207 anp e wigh errrent, chanied contetetion fken us (20 pereenit. B, Bents sel ik cehelon in
testing ehimnned, anglo of exis of dork with etireend, 607 chunos) contraclion as 19.9 pereent.
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TRESTLE MODELS UNDCER TEST.

A, Oneeurler seale made! of a oot sngle-iraek pily teestle,  Cue end abatment awg one bhent in
testine ehannel,  Chiannel copttwelon mken as W6 pereent, B, One-quarier seale kel of o Goplle
rroste bent winder test I glass-walled flgme, O, Gue oie-hundroedi seale mede! of o sxingle-track pila
{restle 430 fect long.
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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
lies purallel to the current and with the pile lines set at & 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. X

Tests were also conducted on s ¥-scale model raﬁ;resentmg 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 fo the current (pls. 2 end 3). In one test with this model the
channel wes obstructed as shown in plate 4, 4 to represent the effect
of one trestle bent and one end abutment, the total channel contrac—
tion being 56 percent. X

Check experiments on a ¥-scale model of & 5-pile trestle bent were
run M the glass-walled fluma of the laboratory, giving a channel con-
traction of 16 percent (pl. 4, B). The tests were conducted by first
running a definite quantity of water through the unobstructed fume
and teking readings of the water slope. 'Then the trestle benb was
pleced in the channel and the water-surface slope again read, to
determine the amount of rise in the water surface upstrosm from the
bent. Fourteen experiments were made in whicﬁ the discherges
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 Y-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 the upstream water surface to the top of the guard
rag; (4) with the upstream water surface over the top of the guard
rail.

To study the reliability of results obteined from tests on extremely
small models, experiments were made on models constructed o a
scale of 1 to 100, representing trestles 440 feet long with 5-pile bents
(pl. 4, ). Experiments on this model were made with three quan-
tities of flow and the following set-ups: (1) A single-track trestle, {2),
& 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 trestls were made to investigate the obstruction to
flow offered by an embankment with trestls openings, such as is
commonly built to earry e railway or highws;y/ across s river valley
subject to overflow at such height that the roadbed is above high
water. Tests were run with various portions of the trestle blockad
off to represent embankments of different lengths as shown for set-ups
312 to 317 in figure 3.

TEST PROCEDURE

Most of the experiments were run in the principal test.in% canal of
e

the labratory, which is 312 feet long, 10 feet wide, and 10 feet deep.
At its I;pstream end is an electrically operated head gate 10 feet Wié)e
by 10 feet deep. A calibrated weir of the su pressed fype 10 feet
long, for measuring flow in the canal, is Iocateg 60 fest (i)wnst;renm
from the head gate. Numerous bafHes were placed in the ecanal
immediately below the head gate to obtain uniform velocity distribu-
tion as the water approacheg the weir, and a smooth flow over the
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crest. Similar baffles were placed immediately downatream from the
weir to prevent commotion of the water as it approached the pile
trestles, An adjustable weir 6 feet high, located some 80 feet down-
stream from the center of the pile bent, was used to regulate the water
level downstream 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 floor 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 l-inch glass tubes 3 feet long attached to white-
enameled gage staffs on the outside of the canal wall, and were con-
nected fo the wall openings by means of rubber tubing. The gage
staffs, 3.3 feet long, were graduated to 0.02 foof, and the markings
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 nll being set even with the level floor constructed in the canal,
to supplement the piezometer messurements in determining the
depth of flow and the water-surface gradient above and below the pier
as well as the depth in the contracted section along the trestle bent,.

Tests In the 10-foot canal were conducted with quantities of flow
ranging from 8 to 100 cubic feet per second and with depths of flow,
Dy; from 0.8 foot to 3.2 feaf, resulting in velocitigs past the trestles
ranging from 0.6 foot to 5 feet per second. The height of trestls to
bottom of stringer above the testing floor was 4.9 feet for the full-size
bents and 3.6 feet for the ¥-scale models.

For the fests in the 10-foot canal, experiments were begun with a
head of about 0.40 foot of water discilarging over the measuring weir,
followed by experiments with successive increases of aliout 0.05 foot
in head on the weir, until the greatest possible quantity was obtained.
Different depths of flow at the trestle site for each head on the weir
were obtained by raising or lowering the adjustable weir.

With each quantity of flow two tesis were run, in most cases, for
each class of flow. To obtain the desired type of flow, in order to
compare the Rehbock formuls (equation 7) with the I Aubuisson end
Nag&r formulas (equations 2 ana 4), the procedure was as follows:

After the desired head on the weir was obtained, the observer first
read the hook gage above the weir; then, knowing the quantity of
flow he computed by means of equation 5 a depth which would give
class 1 flow. 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
quantity of flow had varied. Another test with a different depth
hut same class of flow 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 flow, two tests at different depths in
claga 2 flow and two tests in class 3 flow 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. Yg’ith cach increase in quantity of flow a similar series of tests
was made.
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The pile-trestle coefficients for the D’Aubuisson, Nagler, and
Rehbock formulss were computed by substituting the laboratory
mesasurements 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, V;, upstream from the trestle bent, and
the results are shown in figures 6 and 7. Summaries of the coefficierts
for the full-size and %—scﬁe-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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The test results in table 2 are of enly academic, theoretical interest
and should not be used indiscriminately in practical work. :

TaeLe 1. —Pile-iresile coefficients for bridge-pier formulas

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

FULL-S1ZE SINGLE-TRACK. TRESTLE, ¢° ANGLE WITH CURRENT; CHANNEL CON-
TRACTION 162 PERCENT (nl. 1, A)

Class 1 fow Olass 2 flow Class 3 Aow
Mean
ecpefficient

for all 3

Avarafe-  Average Average f
coefficient, Tests loafiicient] +o55° |ooefliciont

D' Aubulsson Kp'deoeme- it 003 | g 1 0.057
K . X (;)943
b

Rehbock K8, - oommmnn)

FULL-S8IZE DOUBLE-TRACK TRESTLE, 16 PILES IN LINE; 0° ANGLE WITH CURRENT;
OHANNEL CON'TRACTION 140 PERCENT (pl. 1, B)

T Anbuaisson Ko'aceoooared 0.888 0. 852 10 0. 880

- LBLY (B2 10 .87

11,84 1270 |eaeemee- g}
.78 8.41 R ¥

FULL-SIZE DOUBLE-TRACK TRESTLE, DOWNSTREAM BENT OFFSET,; 0° ANGLE WITH
. CURRENT; CEHANNEL CONTRACTION 14 PERCENT (pl}, £)

' Aubnizson Kp'acemaaoe - (0. 846 N 1% 0. 858
Nagler Kn . 782 . 10 _ha3
Rebbock 3.-.. 12.65 0]
HRehbock Kz [ X 10 9.493

ONE FOURTH-SCALE MODEL OF 40-FOOT SINGLE-TRACK TREETLE; THREE 5-PILE
RENTS IN TESTING CHANNEL; 0° ANGLE WITH CURRENT; CHANNEYL CONTRAC-
TION 125 PERCENT (pl. 2, A4)

D'Anbuiszon Kp' g ceuenne- 11 0.971
- 1i (iJBSU
11 5. 64

ONE FOURTH-8CALE MODEL OF #-FOOT SINGLE-TRACE TREBTLE; THREE 5PILE
BENTS IN TESTING CHANNEL; 16° ANGLE WITH OURRENT; CHANNEL CONTRAC-

TION 123 PERCENT {(pl. 2, )

0. 083 0.991
983 .27
) 5.71
514 3.58

Rehbock Kz

ONE FOURTH-8CALE MODEL OF 4-FOOT SINGLE-TRACK TRESTLE: THREE 5-PILE
BENTS IN TESTING CHANE)EL; 20° ANGLE WITH OURRENT; CHANNEL CONTRAC-

TION 12.3 PERCENT (pl. 2,

* L T 0.952 5 9 0.958 0, D56
Dr*Aubuisson Kp'a 952 : H 058 858
7. 04 (1} 7.49

] i 4,67

1 Computad a5 the average of the indlvidual determinationg for all the tests, not as the average of the
average determinations for the classes as shown lo preceding columna,
3 8 weB not sompuated for class 3 flow.
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TanLe 1.—Pile-trestle coefficients for bridge-pier formulas—Continued

ONE FOURTH-SOALE MODEL OF 4.FOOT BINGLE-TRACK TRESTLE; THREE 5PILE
BENTS IN TEETING CHANNEL; 30° ANGLE WITH CURRENT; CHANNEL CONTRAC-
TION 123 PERCENT (pl. 3, 4) .

Class 1 flew Class 2 flow Class 3 flow

Mean
jcoafficient

for classes]
Average Average Average
coefMicient; oefricient] TE3tS lopefficiant| | 224 2

T Aubuisson K5'y 2 , [ 0.929 13 0.932 0.923

N K . 9 . 508 . 042 R76
bock ) o.06 1) .M

Rehbork Kp. . 811 6.84 5.08

ONE FOURTH-SCALE MODEL OF 40.FOOT SINGLE-FRAGK TRESTLE: THREE 5PILE
BENTS IN ECEELON IN TESTING CHANNEL, AXIS OF DECE AT ANGLE OF 8)° WITH
CURRENT; CHANNEL CONTRACTION 12.3 PERCENT Dl 3, B)

D'Aubuisson Kin'a... 1022 1010 I N L0148
N Ky . 534 . 950 10 .07 .42
473 £,00 462

25 3.39 1 . ae2

A
24
24
P2

ONE FOURTH-SCALE MODEL OF 20-FOOT SINGLE-TRACE TRESTLE: ONE END ABUT-
MENT AND ONE BENT IN TESTING CHANNEL; 0° ANGLE WITH dURRENT; CHAN-
NEL CONTRACTION 5 PERCENT (pl. 4, 4)

1. 002 0. 458 786
9% 815 L, 20
5.42 §.02

7.7 8.92 3

. 4 & was not computed for class 3 flow,
¥ Coefficients for 4 tests not included becauss very ereatic.

Tanre 2—Computed coefficients for full-size pile lresties, bents placed at angle
with current
(Of neademic interest only; for repommended values see table 7, p. 22)

BINGLE-TRACE TRESTLE; 5° ANGLE WITH CURRENT; CHANNEL CONTRACTION
i+ PERCENT

Class 1 fow Class 2 fow Class 3 flow Mean
?mmlclent

Averege Average Average | OF classes
Tests |cneffofont| TO9% |opeticiont| ToSts looefficjent| 1 20d 2!

Number
D" Avbuisson Hp'q o nooenn 48 3 a7 0.913 9 0.034 0.924
.RN:hﬂer 7, £ T a— . 37 BT 9 N ] . 858

bock & _ . X bri 0,35 Q] B.74
Rehbock Kz 3 0.38 9 8,48 5. 45

BINGLE-TRACK TRESTLE; ¥* ANGLE WITH CURRENT; CHANNEL CONTRACTION
H PERCENT

G4 0. 874 0. 887 0. 987
64 B8 801 - 821
64 X 11,51 U] 10.07
54 X .7 8.10 8.02

1 Computed a3 the average of the individual determinatlons for all the tests, ot a3 the average of the
average determinations for the cinsses as shown in preceding columns,
1 % was not computed for class 3 flow,
F )
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TasLE 2—Com‘pu¢ed coefficienis for Full-size pile irestles, benfs placed al angle
with current——Contmned

SINGLE-TRACK TRESTLE; ]5° ANGLE WITH OURRENT; CEANNEL CONTRACTION

£ PERCIZET
Class 1 fiow Class 2 flow Claas 3 flow “i\%mn J ‘olé{mmfn ,
Formula d Melet coellicien
for elxisas| for all 3
Average Aversge Average
Tests | SEpoend Tests | ien:| Tests oo, land 2 | classes
Nunber| Numiber| Wumber
D'.hubuisson F . P 81 0.568 19 0. 534 il 0,871 0.880 0. 861
................. 61 .73 19 . 805 11 880 . T56 N ]
R o "h 61 11.80 19 1387 4] PN+ S
Rehbock Keooooooneaaenao o 6.53 19 1% 1 13 8.08 7.10 .2
SINGLE-TRAOK TRESTLE; 20¢° ANGLE WITH CURRENT; CHANNEL CONTRACTION
14 PERCENT
D Aubnisson Kp'a 45 0. 817 7 0. 788 3 0.828 0.813 .813
45 754 i . 788 3 542 759 .783
45 15 iR 7 14.82 {f 1540 Jasmomaaaa
45 8.30 7 11.58 a 10.28 B. 74 882

BINGLE-TRACK TRESTLE; 30° ANOLE WITH CURREN'{‘ OHANNEL CONTRACTION

¢ PERCEN
55 0.789 31 0. 767 E‘i 0. 785 -
55 N 1 . T80 3 - LTI
55 17.48 i1 ig. 21 ¥ 1780 fomooeee. e
58 0.35 n 12.80 [ 0.92 | .-

DOURBLE-TRACK TRESTLE; DOWNSTREAM BENT OFFSET TQ LEFT, LOOKING DOWN-
%’{‘ggﬁi&%g&gﬂéﬁg'ﬂﬁ R-OLOOKWISE ANGLE WITH CURRENT; CHANNEL CONTRAC-

491  0.768 2 0. 748 8 0.7 0. 768 0,768
45 LT 2 L7182 8 803 708 .72
4| 1896 2| 2314 ) br: v
4% .78 2| 1364 8] 1284 9.1 10.28

DOUBLE-TRACK TRESTLE; DOWNSTREAM BENT CFFSET TO RIGHT, LOOKING
’]I:‘}g;;h'fi'S‘TPREEﬁ{cl\%:ﬁg:‘ COUNTEHR CLCCEWISE WITH CURRENT; CHANNEL CONTRAC-

DrAubuisson Ko’ dceeaaaas a4 0.502 10 0.793 8 0. 830 0. 800 0,804
n.g[nr F o S 38 748 1¢ . T80 8 878 753 Va2

Rebboc 35 1627 10 8. 54 1] 16.32 |.oooo -

Rehbock Kl- 38 9.03 10 i0, 62 8 H). 88 9.37 9.60

1 5 was not computed for class 3 flow.
¥ For this chanoel contraction there were no dats In this class.

In figure 6 are plotted ali the individual determinstions 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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iﬁannu 3.—Compulations of pile-tresile coefiicients for D' Aubuizson formula from
teste on 1/100-scale models of trestles 440 feet long

[The quantlties stated in this table represent values in the.pnmtypa]
o SINGLE-TRACK TRESTLE

Depth up- | Velocity | Backwater
Flow stream wpsiream Telght
Q b W Iy

Cubfe fee! | Fee
- per gecond Feet -

8, 800 5. 27

14, 000 7.97

300 0. 85

e Feel
2 0.07
3. .12
3. i

DOUBLE-TRACK 10 PILES IN LINE

6, 350 2,95 0,12 0. 874
15,100 N 3. 49 .12 .o
14,100 .97 17 Rk

DOUBLE-TRACK OFFBET &-PILE BENTS

£, 700 0.10 0,807
14, 050 ) .21 . 876
15, 200 . 3.50 g -BS7
13

In the computations, the amount of channel contraction was taken
as the average diameter of the piles plus the thickness of the sway
bracing, 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 wes thrown into the coefficient. The Y-size model contracted
the 10-foot channel 12.5 percent. The ¥-size model with the abut-
ment (pl. 4, A) caused a channel contraction of 56 percent. The full-
size single-track trestle with piles parallel to the current contracted
the 10-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 mede of larger piles. With the full-size double-track trestle
with offset 5-pile %)ents, the channel contraction was taken as 14
percent.

For the submergence tests, which were made on the %-scale model
with one end abutment, the channel contraction was computed by
taking the total wetted crosssectional area of the trestle obstructing
the flow of the water. Kor example, when the water was to the top
of the stringers, the vertical area of the stringers and the cross-
sectional area of the caps was added to the obstructing ares 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 applying equations 5 and 6.

Neither ID’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 1’Aubuisson and Nagler coefficients have been computed for
classes 2 and 3 merely to determine the variation in coefficient with
clasy of flow. It should be noted that except in some of the tests for
class 3 flow with the }-scale model having the end abutment, the
Nagler and D’Aubuisson formulss apypear to apply very favorsbly
to the experiments involving sll classes of flow (fig. 6).

The Rehbock coefficient 8, was not computed for class 3 flow
because this formula was intended to apply only to class 1 flow.
The coefficients were computed for class 2 flow because cases of this
class often occur, and there is not a great desl of difference between
class 1 and class 2 flows. Class 3 flow seldom prevails at a bridge-
pier site, except perhaps in mountain streams or at bridges having
unusually large channel contractions.

The dispersion of the points in figures 6 and 7 is due fo the fact
that the dl;c-p or backwater caused by the trestle was often so small
thiat unavoidable inexactness of measuring water-surface elevations
caused appreciable inaccuracies in the computed coefficients. The
everage of the plotted points, however, should be thoroughly reliable.
The rate of flow was confrolled within 1 percent, hence the average
coefficients in table 1 can be used with confidence in solving practical
problermns.

‘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 ss commonly exists in
field installations. Including the thickness of 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 eenters 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 csused by pile trestles range from 10 {o
18 percent.

n making a comparison of coefficients obtained from tests on
models of different sizes it is desirable to compare the coéfficient for
1 or 2 formulas. In these comparisons the I}’Aubuisson formula
has been taken. Likewise the average coefficient for class 1 flow only
has been teken 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 Y-scale model in the main testing canal, was 0.978, The
average D’Aubuisson coefficient for 14 experiments on the Y-scale
model bent in the glass-walled flume was 1.00. The average D’Aubuis-
son coefficient for the ¥po-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 ¥g-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 ¥sc-scale
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model with the offset bents varied froin 0.876 to 0.897, and average
being about 0.887, : S .

In comparing the coefficients for the Zouble-track trestle with those
for the single-track trestle it will bs noted that the coefficients for
the former sre somewhas less than for the latter, showing that addi-
tionul piles in line increase the resistance to the flow of the water.
The vsSues 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 coeflicient charts, figures 6 and 7, on which all of the coefficients
obtained bave been plotted, are of especial interest as they show the
- variation of the coefficient with velocity. If the coefficients had
been plotted against the depth of flow, D,, a similar 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 disgrams are
quite scattired showing that Rehbock’s formulas, insofsr as the
coefficients are concerned, are quite sensitive.

These charts show that generally within the range of the experiments
the coefficients increase with an incresse in discharge or vlgljocity for
D’Aubuisson and Nagler, contrary for Rehbock., The ideal bridge-
pier or pile-trestle formula would be one in which the pier or trestle
coefficient is a constant for all discharges.

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

To obtain useful dats on trestles placed at an angle with the current
in which identical field conditions could be simulated, the ¥-scale
model of & 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 decresse with an increase in the angle the trestle
bents make with the current. The D'Aubuisson and Nagler coeffi-
cients for the three ¥%-scale model trestle bents set at a 10° angle
with the current are slightly higher than those for the saeme trestle
with the bents set in line with the current. This smsll 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 fo the D’Aubuisson and Nagler coefficients for
the three J-scale model trestle bents when set in echelon. These
coefficients are spme 5 percent greater than the coefficients for the
three %-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 normsl to the current,




G

I8 TEOHNICAL BULLETIN 429, U.8, DEPT. OF AGRICULTURE

The coefficients obtained from tli¢ tests on the full-size trestles
S .-Elaced at an angle with the current as shown in table 2 are not plica-
- ble to field installations since the actual obstruction caused the
: full-gize trestle when placed at an angle in the testing channel was
riuch grester than that which would occur in a siream of greater
width. These coefficients, however, have much theoretical and
acadensic value and for that reason are included in this report.

EFFECT ON COEFFICIENT OF CONTRACTING STREAM CHANNEL BY
ABUTMENTS

When & railway or highway embankment is built across a river
“valley subject to overflow, ususlly several waterway openings are
planned at various intervals so that the flood waters can be discharged
through tha respective openings with comparatively little loss of
head. The question naturally arises as to the method of computing
channel contraction in such cases, If the gross width of the stream 13
considered to be no wider than that occupled by the trestle, then the
contraction caused by the bents is small and usually lies between 11
pnd 14 percent. If the embankment is considered 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 embankment as part of ths waterway contraction.

In the first series of experiments, an embankment, or more properly
speaking, an abutment was added to the J-scale model of & single-
track pile trestle 40 feet long as shown in plate 4, 4. This set-up gave
a contraction of 56 percent considering the width of the waterway as &
whole. The D’Aubiisson coefficient K4 for this sef-up was 1.00,
whereas the average coefficient for the same get-up without the end
abutment was 0.08. It would sppesr from this set of tests that thera -
will be comparatively little dif})erence in the coeflicient if different
channel contractions are used,

The second series of experiments were made on the Xe-scale
model of a single-track pile trestle 440 feet long in which portions of
the trestle opening were blocked off so ag 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.

TasLE 4.— Variation of D’ Aubuisson coefficient with coniraction of walerway

Contraction D' Aubyis. Contractlon D’Aubuls-
. End con- End con-

Bet-up nn.! 7 of £40-foat son coeffict- || Set-up no.t | of 440-foot son coeflel-
chapnel | LFECHORS | Tony ity chagoal | TTSetOnS Fone ety

Number Percen! Number
8 4

48 bid
46 1

It will be seen that the coefficients for the set-ups nos. 315, 316, and
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.
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It would appear from this that the amount of channel contraction
does not have a great effect on the coefficient as long as critical velocity
does not exist. ]

Disturbance of the s etry of flow as in set-up 317 undoubtedly
causes a decrease in tg e coeflicient. The distribution of the flow
through & series of multiple openings as in set-ups 315 and 316 reduces
the cosfficient by incressing the number of end contractions. How-
ever, when the openings have been made more numerous, the degree
of contraction caused %; the individua] szctions of the embankments
may be decreased with & 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 }-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 ndditional ares of resistance to
flow was converted into width of equivalent obstruction so that the
Froper value of the effective width W; or the channel contraction

actor could be used in the formulas.

A total of 47 experiments were made in which the deck of the
trestle was submerged fo varying depths. The coefficients obtained
from these tests as illustrated in figure 7 show definitely that the
Nagler and ID’Aubuisson coefficients decrease as the amount of
submergence increases, while the Rehbock coeflicient 5, increases with
&n increase in submergence. The values of the coefficients for various
degrees of submergence are shown in table 5,

TasLE B.—Summary of D' Aubuisson, Nagler, and Rehbock prle-lrestle voeflicients
Jor irestles submerged varying amounts

Coefliclent Ooetftclent

Water surface . Water surface
N}‘gl PrAubuis- N;gler D Auhuis-
N 300 KD'A N son Jip'«

Al hottom of stringers...| 0.97 LO6 . Attopofguardralls_. .| (.58 0,43
At top of stringers. .9l .07 X Ower top of guord rails. . B 1

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 passing through the trestle opening.
If either factor is definitely known, it 1s possible to compute the other
factor with a ressonable degree of accurmey. This procedure can
best be illustrated by practical examples.

¥xample 1: A stream discharging 6,600 cubic feet per second has
& somewhat irreguler section with & mean width of 206 feet and o
mean depth of 8 feet. It is desired to compare the drop-down or
backwater that would ocour from the construction of the following
types of obstructica in this channel,
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1) ‘4 singlé-track pile treatle. : _

%) A double-track pile trestle, with. 10 piles in line in each bent.

3) A double-track pile trestle with bents offset but in line with the current.
4 i& gingle-track pile trestle with the bents seb at an angle of 30° with the
ourrent.

(&?nA_ single-track pile trestle with the axis of the deck at 60° with the current
.snd the bents set in echelon.” -

" For the Furpose of illustrating the method of computation the
backwater for set-up 1 will be given.in full. The amounts of back-
- water computed for the other set-ups will be tebulated for purposes
of companson. The cocfficients for set-ups 2 to 5 were taken from
table 1 under class 1 flow. . _
~ With bents spaced 13 feet 9 inches center to center, there would be
14 bents obstructing the flow of the water in set-up 1. Includi
sway bracing, the average pile bent is about 1.65 feet wide. Wit
14 bents the total obstructed width would be 23.10 feet. The values
of the known factors are as follows:

Q=6,800 cubic feet per second
W, =206 feet
W.=182.9 feet
D3 =8 feet
V;=4.00 fest per second
«=23.1/206=11.2 percent channel contraction

2
m=%/2—9 —0.2487/8 =0.031
3

Let H, be determined by substituting the above data in the Nagler
formula (no. 4). Figure 2 shows g=1.31. The test data give an’
average value of Ky 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
preliminery calculation, a check computation is made. Formula 4
shows H;=.0.077.

Substituting the above data in the D’Aubuisson formula and
using K,',=0.99 as determined from the test dats gives Hy=0.078.

The Rehbock formula (no. 7) coefficient varies somewhat for the
different scale models. Using the average coefficient obtsined for
the full-size trestle bent, or 3, =5.68, formula 7 gives H;=0.81.

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

TApLE 8.— Backwaler heights determined for example 1

Backwater hllallght computed
y—

Trestla set-up

Magler | D'Aubuis- | Relibock
formule Json formula| formile

1, Bingle-track pile trestle with axis of deck at right angles to current Feet Feet Feet
0,08 . 08 Q.08

10 ptlas in line in each hent (pl. 1,
2. Double-track pile trastla with axls of deck ¢ tight anples to cument,
" bents offset but in ling with gurrent {pi. 1,
4, Bingle-trscgugﬂe trestls with exia of deck at 60° sngle with current and
bénts at 30° aegle with current ((pl. a,.4) -
& Bingle-track iﬂe trestle with axis of deck 8 60° angle with current and
bents in ochelen {pi. 3, B)
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Exsmple 2: A single-track pile-trestle bridge 825 feet long built
across & river valley was subjected to a flood. At the crest of the
flood, the drop-down in the water surface 4t the trestle was found to
be 0.1¢ foot. The average depth of flow immediately downstream
from the trestle was 6 feet. It is desired fo cor_r(liput‘.e the discharge
through the trestle opening. Since the drop-downm through the
trestle opening was constant throughout its entire length, the dis-
charge may be computed as a whole by considering the entire area
of waterway. '

With bents spated 13 feet 9 inches center to center in a frestle
opening 825 feet long there will be 59 bents obstructing the flow.
Since & single bent including sway bracing will average 1.65 feet in
width, the total obstructed area will be approximately 97.35 feet.

The valucs. of the known factors are as follows:

W;'—_' 25-0
We=727.65
H,=0.10
a—11.5 percent
D3=6.0
g=232.16

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

The Nagler formula using 6=0.30 and 8=1.3% gives » discharge
of 21,100 cubic feet per second.

The D’Aubuisson formule gives a discharge of 21,300 cubic feet
per second.

Th?l Rehbock formula gives e discharge of 21,000 cubie feet per
second,

SUMMARY AND CONCLUSIONS

The investigation of the obstruction of pile-trestle bridges to the
flow of water has brought oui & number of facts which are of practical
importance to all engineers, particulaziy those engaged in the solution
?)f %roblems concerning the height of backwater caused by pile-trestle

ridges.

The bridge-pier formulas most commonly used in this country are
IY Aubuisson’s;

Q=K W.D, ‘\/ 2gH+ V2 (2)

Nagler’s:
0=KyW29[Ds+ 0 (V#20)VH; + B(V2g) 4)

Rehbock's:
Hy=[y— ad— 1)]{0.4a+ o* +8a') (1 + 2w) V.2/2g (N

Bince all bridges made of pile trestles produce practically the same
relatively smail amounts of channel contractinn, 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. :
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_“Bents at angle with current:

s
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TABLE T-~—Pile-trestle coefficienis recommended for -use in bridge-pier formulas

Plle-trestle coeficlents

Armangament of trestle
D'Aubeiszon | Nagler |Behbock
Kp'a N ]

Renta in line with eerent:
Hingle-track 5-pile trestls bent___ : X 0.80
Double-track 10-pile trestls bent . .82
2 single-track &pile bents offset. .. . .

Bingle-track 5-plin trestle bent at—
10° engle. . LB
20° nngle. - R N
30° angle. . - . BT

The coeflicients %ﬂven 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 ]E)ile-trestle bridges involv-

ihg velocities less than critical may be o
procedure shown on pages 19 to 21.

In using the coefficients it must be recognized, however, that the
Izboratory experiments which determined them covered a range of
conditions much more limited than sre 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
measuremenis of backwater elevations caused by pile trestles in
streams ¢f considerable depth and velocity, together with the other
date for determining the depth, velocity, and quantity of flow and the
channel-confraction ratio caused by the trestle. Notation as to the
emount and effect of debris lodged against the trestle would be an
important item in such data.

e 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 henee in discharge, occurs unless the angle of the bent with
the current exceeds 10°,

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

Some beneficial effect can be obtained by setting trestle bents in
echelon if a roadway must cross a stream at an amﬁa.

If the axis of the roadway is at a 60° angle withnt%e current and the
bents are set in echelon, the Nagler and D’ Aubuisson coefficients are
gbout 5 percent greater than those for the same trestle crossing the
stream at right angles to the current and the bents paraliel to the
current.

When water of the given depths and quantity flows through the
trestle set-ups outlined in example 1 (p. 19) the foliowing conclusions
may be dravm:

tained by following the



http:obtain.ed
http:value.to
http:Arrangement.of

PILE TRESTLES AS CHANNEL OBSTRUCTIONS 23

A double-track pile trestle with 10 piles in line in each bent produces
approximately twice the amount of hack water that is caused by a
- single-track pile trestle eonstructed of bents with 5 piles in line.

double-track trestle with the bents offset offers somewhat greater
obstruction than a double-irack 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 channel ut right angles with the
bents perallel 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 frestle with the
same deck angle but with the bents set at a 30° angls 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 Ifﬂe trestle crossing
the channel at a right angle with the bents parallel to the current.

APPENDIX
ANALYSIS OF D'AUBUISSON FORMULA
The D'Aubuisson formula (2} may be writter in the following form:

Q@ WeDy2g=K pr 4 (H:-+ Vi2i2g)"

Tkis is the equation of a straight line when plotted on logarithmic coordinates.
With the expression Hy-- Vy?/2g plotted as abscisses and Q/W.Dy/2g plotted as
ordinates, the exponent “‘x*' is the slope of the line and the coefficient Kpy iv
the point at which the line intersects the vertical unity axis. In his formula,
T Aubuisson uses the value of 0.5 for the exponent “x.” In order to check the
correctness of this value for pile frestles, points for clsss 1 flow were plotted on
logarithmic paper using the sbove equation. The straight line defined by fhe
majority of the points, determined by inspection, was drawn apd its slope apd
intercept found graphically. These values are given in columns 2 and 3 of table 8.
Next, a line withk 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 values of the coefficient deter-
mined by computation, and is included here to facilitate comparison with columns
2and 3. The values of the exponent “x’’, are so nearly 0.5 that it is not desirable
to depart from this value for pile trestles, although for some solid piers with certain
shap«;,)sl of noses and tails, tested previously,s an exponent of 0.6 was found more
suitable.

TasLE 8—Comparison of D¥ Aubuisson coefficients for pile frestles determined by
graphical methods with coefficients oblained from the formule {class ! flow only)

ONE-QUARTER BCALE TRESTLE MODELS

Exponent and coeffi- Coefficlent | Com
puted
enliﬂa;!lliﬁietml:ned determiced | coelliclents
Test s8%-up ETBE ¥ graphieally | (tablesi
if x=0.50 rod 2)
Ko'z Kn'a Kp'x

I

Threa 5-pile bents in testing channel; 0° enple with
CUITOnE.
1 bent and 1 end-sbuiment in testing chiennel

C. 978
1.002

# Unpubiished data.
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‘TapLE 8.—Comparison of D' Aubuisson coefficienis for pile trestlex delermined by
.graphical methods with coefficienta obtained from the formula—Continued

FULL-SIZE BINGLE-TRACK TRESTLE BENTSB

Exponent and coeffi-
cient as determined | Coefficlent
S| SR

Al x=0.50

.KB’A Kr'a

IN
1,

FULL-BIZE DOUBLE.-TRACK TRESTLE BENTS

10 piles in line; 0° angle with current 0. 575
5 plies oflset; 0% angle with current Lol
Downstream bent offsat to lalt, 10° angle. .. 540
Downstream bent offset to right, 10° angle. , 520

COMPARATIVE ACCURACY OF THE DAUBUISSON, NAGLER, AND REHBOCK FORMULAS

The method of classifving flow was checked by plotting the data on logaritamic
charts. All tests in class 1 flow as defined by Rehbock’s empirieal formula 5 were
plotted using the thickness of the bent as the channel contraction regardless of the
angle the bent made with the current. Some of these poinfs would have fallen
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 form
three separate groups the method of classification followed would have been shown
to be erroneouns, 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 coefficients for clase 1 flow as shown in table 1 are used with the
observed test datu in the respective formulas and new backwater values computed
the relative aceuracy of the various formulas, insofar as the test data are con-
cerned, may he deiermined by comparing the computed amounts of backwater
with the observed amounts of backwater. This method, however, doea not in-
(c:llude any consideration of the simplicity of & formuls in obtaining the desired

ata.
Of the many statistieal methods which may be used in making s compariron of
the various backwater formulas, the followinﬁ three were employed. In the first

imethod, the summation of the deviations or the differences between the computed
and observed hackwaters, 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 nesrly fits the
experimental data. In the second method of comparison, the summation of the
anuares 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-sguare 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 summalion of the percentages obtained by dividing the individual
deviations by the corresponding observed hackwater heights was obtained, and
-this summation was divided by the number of tests. The result was the average
;ﬁ‘rcentage deviation or error in computation by the formula under consideration.
. b? digﬂ'erences between the formulas are not at all significant, as may be seen in
able 9,
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TanrE 9.—Difference between observed backwalers and those computed by different
. Jormulas

Mean devistion from observed Hy

AT o of Avarsgeof | Averageof

squared pf | percentage
deviatlons | gaviations | dsvistions

Fool Sguare fook
Nagl 0. 00060 . 000188
DrAubui . 0104 . 00018
Rehbock: .o1g . 000257
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