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ABSTRACT

‘Prototype and 1aboratory measurements were made of the heights and freqnen-['nﬂ .
cies of waves generated by segmented bridge piers set in the flow prism.of

the Delta Mendota Canal, . Central valley ‘Project. Large obliqne sngles of
the bridges and the openings in’ the piers caused waves to be generated on.
the canal water surface. The ‘waves reduced the freeboard of the canal ' -
lining and means were sought .for. reducing ‘the wave height. The studies jf
showed that full: closure of the spaces between pier segments. was necessary

to reduce wave heights to a minimum. ‘Partial closure did not produce sat-;""

isfactory reductions in height.. Conformance ‘of the waves formed by the
1:24 gcale model and the’ prototype was very good. : .

' DESCRIPTORS-- hydraulics/ *waves/ *open ‘channel flow/ flow resistance/ head:"a

" 1osses/ Froude number/ canals/ ¥bridge plers/: instrumentation/ hydraulic
models/ prototype tests/ laboratory tests/ model tests/ freeboard/
frequency . .

ITENTIFIERS-- Delta-Mendota Canal, caliz/ Central Valley ProJ, Calif/ *wave!li\alfﬂ

height/ California/ similitude/ *canal capacity tests
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CANAL CAPACITY STUDIES WAVE FORMATION BY BRIDGE PIERS

INTRODUCTION

Evaluation for design purposes of the 1nd1v1dua1 effect

of the many factors influencing. the hydraulic behavior of
large water conveyance channels is 'a complex problem. The
size, shape, and invert grade of the conveyance must be
determined from the cumulative resistance-to-flow of the
boundary surface in line canal structures, structures with
piers in the flow prism, and other local obstructions to
the flow of water. Although the exact guantitative effect
of zach factor has not been accurately known, :the design:
proc;dures developed over a number of years and applied
by engineers with a broad background of experience pro-
duced conveyances capable of carrying the des1red quantlty
of water with proper freeboard. ‘

Recent experlence has 1ndlcated ‘that these procedures,l
successiully used, in the design of small and medium sizes -

of canalis, are not apparently, adequate for large concrete-

lined canals on flat slopes. Tests on large Central Valley -
Project canals showed. the capacity to be as. much as 20 per-

cent below the design discharge. Surface roughness of the =

lining, canal curves, and the large number of structures
such as supports for pipe crossings and bridge piers,
individually or as a group, apparently produced more re-
sistance to flow than ant1c1pated, resulting in a reduc-‘
tion in discharge. ‘ :

Roadways across the canal require bridges that are some-~
times placed at oblique angles to the canal alinement.




Piers supporting the bridge ‘in the water prism are usually
constructed parallel to the direction of flow in the canal.
Because of the bridge angle, the piers are staggered with
respect to the canal cross section, Figures 1, 2, and 3.

Segmented piers used for reasons of economy in highway
bridge construction have produced undesirable water sur-
face waves at the bridges, Figure 4A. Although the os-
cillatory waves had greatest amplitude near and under the
bridge, they affected the flow in straight lengths of the
canal for distances of approximately one-half mile up-
stream and downstream of the bridges, Figure 5. These .
waves encroached on the 1.5-foot {45.8 cm (centimeters))

canal freeboard. Overtopping of the lining by these waves '

could occur at maximum discharge. This report presents.
the results of a study of the wave formation and means of

reducing or eliminating the waves.

SUMMARY AND CONCLUSIONS
The peak-to-trough amplitude of the waves was measured
near two bridges, Miles 56.60 and 81.69, of the Delta-
Mendota Canal. At Bridge 81.69, the waves on the canal
side slopes had an amplitude of 2 feet (61 cm), for a

canal discharge of 3,100 cfs (cubic feet per second) ,.
(88 cubic meters per second) Table 1 (page 4). ‘

A 1:24 scale model canal having a cross section of 1.2-
foot depth, 2-foot bottom width (36.6 cm deep, 61 cm
wide), and 1-1/2:1 side slopes was used to study the
waves caused by the piers, Figure 6. Flow in the model,
scaled from observed velocities and depths in the proto-.
type canal, produced good conformance of wave action,
Figures 4, 8, and 9. The wave patterns in the proteotype
and model appeared to have the same origins. ~The waves
were largest on the -upstream side of the.bridge near the
farthest downstream abutment (Abutment 2, Plan, Figures 3
and 5A). On the opposite side of the canal on the down=-
stream side of the bridge (Abutment 1, Figure 3) the waves
had slightly less height. 1In the model and prototype,
oscillatory waves were propagated both upstream and down-
stream from the bridge location, Figures 4 and 5C. Dis-
furbance waves caused by the presence of the segmented

. piers were evident in both the model and prototype struc- .

ot

tures under and near the bridges. : : 5




Both the frequency and amplltude of the measured model ;
waves were converted to prototype dimensions using Froude
number relationships. This conversion was based on the
judgment that grav1ty forces predominated 1n ‘the model :
both in produc1ng flow. and surface waves. Viscous effects
© were larger in the model than in the prototype canal and

caused a rapid decay of the wave amplltude along the model .
side slopes. : : :

Wave amplltudes measured on. the 51de slopes in the ‘model
were in approximate agreement w1th those measured in the
prototype. For the bridge at Mile 56.60, Table 1 (measured
wave amplltude 1 foot, 30.5 cm), a 1l- foot wave was' meas-—
ured in the model. For the Bridge Mile 81.69 (amplitude

2 feet) a l.2-foot (36.6 cm) wave was measured in the
model,: Tables 2 and 3. Wave. helghts were measured between .
the piers and the s1de ‘slopes in the model, Figure 7.
These model and prototype heights could not be compared
satlsfactorlly because no measurements were available
between the plers and Slde slopes in the Delta—Mendota
Canal. : . :

Two methods of reducing the wave actlon were explored in
the model: (1) a reduction in the size of the spaces be- "
tween segments of the pier, and (2) full closure. ‘Both
methods reduced the wave action but the best suppression
was provmded by full. closure of the spaces, Flgures 8 and 9.

Based on the results - of the model studles, the spaces were
closed between segments of all similar bridge piers of

the Delta-Mendota Canal u51ng sheet metal over wood forms.
A continuous flow surface was thus proV1ded for the full
length of the pier. Operatlon of the canal after closure
of the spaces between pler segments showed nc osc1llatory
‘wave action. : : Sl

INVESTIGATION
Prototype

Approximate wave amplitudes on the canal slopes, wave
frequencies, and wave lengths, Table 1, were measured

in August 1958, during a field inspection of the bridges
selected for study. The wave amplitudes were observed

on a staff gage anchored to the side slope of the canal
lining. The wave frequenc1es were counted and timed w1th
a stopwatch.




‘Table 1

i

, ©~ . Bridge s
‘ MP 56.60 T — MP 8l.69 . :
‘Station 2283+63 | Station 3641+41

Figures 1 and 2| ~ Figqure 3 = =

Wave s e e e e e R
Amplitude (feet : ' Sk S
trough to peak) oL e 2
Frequency (cycles s R R
per minute)* .. | 23 I 23
Length (feet) |  25=35_ e 25-35
Discharge (cfs) , 03,400 |

*Waves reached maximum and decreased in cycles about four
times per minute. o T R ,

Mcodel

A 1:24 scale model canal h&#ing a,crbss‘sectibn of 2-foot -

bottom width, 1-1/2:1 side slopes, and. 1.2~-foot depth was
used to study flow characteristics of the segmented piers,

Figure 6A. Flow entering the model was measured by cali-
brated Venturi meters and was distributed uniformly over
the canal cross section by two baffles 28 inches apart,
one 4 inches thick of gravel and one 3-1/2 inches thick
of aluminum shavings (downstream) . The double baffle with
a 2-foot length of canvas attached to and floating down-
stream from the aluminum baffle was used to eliminate
(within practicable limits) all waves caused by water -

inflow. S

The test piers were ih$talled‘in a128€foot straight réach'3 L

of the model, .20 feet downstream from the aluminum baffle.

A 15° curve of 8-foot radius, and 15 feet of straight ... ..

channel conveyved the water from the test reach to the - -
model exit. A wave absorber of three vertical pieces of
_wire lath shaped to the canal section, two touching each
other and one 3-5/8 inches downstream, and a floating
piece of canvas were constructed at the downstream end of
the channel. The absorber was 30 inches upstream from .
the discharge control (tailgate) located at the downstream
end of the channel. This absorber prevented waves gen-
erated at the discharge control from traveling upstream
to the test section. S




Concrete Bridge Piers (Model)

Wave action.--Flow and wave action, similar to that ob-
served in the prototype, Figure 4A, was reproduced satis-
factorily in the model, Figure 4B. In both prototype and
model, wave patterns were complex, caused by the angle

of the bridge and the pler alinement.  Time and instrumen-
tation necessary to analyze the complex wave: system and the
causes were not available nor was: a. complete explanation
warranted by the purpose of the study. The investigation
was concerned primarily with measuring the model wave
helghts for correlation with the prototype, and with find-
ing a means of ellmlnatlng or apprec1ably reduc1ng the wave
amplltudes. ; ,

Wave measurement.--Wave amplltudes and. frequenc1es were
measured on lines parallel to the. bridge centerline and
tangent to the upstream and downstream ends of the piers,
Figure 6B. e S

Capacitance-type wave probes were used in the model to
measure the wave amplitude and frequency. Two probes of
0.015-inch-diameter enameled wire mounted on "U" shaped
frames were suspended on 3-inch channels by point gage
staffs, Figure 6C.. Locations. of the probe between the
pier and canal side slope were established with reference
to the pier centerlines. The voltage signals from the
wave probes were recorded on a dlrect—wrltlng osc1110—
graph. : ‘

Wave measurement results.--Waves generated by the model
piers were apparently composed of capillary ripples super-
imposed upon small gravity waves.l/ In the model and in
the prototype, the speed of the gravmty waves caused by
the piers exceeded the approach veloc1ty to the plers.

The waves traveled upstream as well as._ downstream, Fig-
ures 5 and 8. Wave amplitudes diminished rapidly both
upstream and downstream, but the waves were discernible
for a model distance of approximately 18 feet upstream
from the piers. With a longer approach channel and less
surface disturbance from the inlet baffles, waves would
have persisted for a greater distance. The general simi-
larities between the model and prototype in wave forma-
tion were very good. :

l/Rouse, H., "Elementary Mechanics of‘Fluids;“ John Wiley
and Sons, Inc., 1946, p. 324.




Records of wave action were lnterpreted to determine ‘
frequency and amplitude. Waves from the model piers,
Figures 8A, 1 and 2, that produced an encroachment on
the canal freeboard had a frequency ranging from approx-
imately 93 to 107 cycles per minute, . dependlng on the
depth and quantity of flow. Examination of thenrecord-
ings showed that the wave amplltude reached a maximum
and decreased at a frequency ranging. from approximately .
9 to 18 cycles per minute.  The average frequency from
14 records was 13.3 cycles per minute. Traces from each
of the probe locations were measured to obtain the indi-

cated maximum amplitude of the waves. Wave amplitudes in

this study were measured as the maximum vertical dlstance‘
on the recording between an adjacent trough and-peak of
the pen trace. Surface tension effects on the wave-
height probe were evident in some of,the_traces in the
form of flattened wave peaks. The reduction in recorded
height for the waves affected by the surface tension on
the probe wire was estlmated to be about 10 percent.

Both frequency and amplltude of the waves were converted 3
to prototype dimensions using Froude number relationships.
This conversion was based on the judgment that gravity
forces predominated in the model both in producing flow
ard surface waves. Viscous effects were evident along:
the model side slopes, however, causing a rapid decay of
the wave helght. The flow, with a Reynolds number of
88,400 for the minimum average veloc1ty and depth was'
turbulent

Relationships used for convertlng the model data were as
follows: ‘ : ey ; :

Wave height

_hlength‘ratio o
= model length

prototype length




Wave frequency. -

‘wave frequency :
veloc;ty of propagatlon _
wave: length

‘,grLr; w1thkthe‘
~ gravity ratio 9,

for all practical
- purposes unity -

Ve =T

p—'%n\ﬁ:_

The first series of wave. measurements was made for plers
having a 32-inch space between segments to represent the
bridge at Mile 56.60, Figures 1l'and BA. The angle between
the canal and bridge centerlines was 49°32'. Results of the
wave measurements are. recorded in Table 2 and Figure 7.
The maximum wave height of approx1mately 0.33-foot pro-
totype was- measured for a discharge of 3, 100 cfs. The
maximum height was measured at a . dlstance of 18 feet from

- the pier centerlines toward the canal slopes on both the
upstream and downstream sides of the bridge. Maximum
wave height for a 4,000-cfs discharge was 0.29 foot. |
Wave runup on the s1de slopes was a maximum of 1 foot
for the 3,100-cfs discharge, agreelng well with the pro-
totype measurements.

A second series of wave measurements was made for piers
having a 21-inch space between segments, Figures 3 and
9A. The overall pier length for both bridges was nearly
the same, 33 feet 6 inches for the brldge at Mile: 8l. 69
and 35 feet 8 znches for Mlle 56. 60 . .

Higher waves were measured for the plers hav1ng 21 1nch
spaces between segments, Table 3 and Figure 7. The posi- .
tion of the maximum measured waves in the canal for the
second set of plers occurred again at a distance of about
18 feet from the pier centerlines on both the upstream

and downstream sides of the bridge. The maximum measured
wave for the bridge at Mile 81.69 was 0.59 foot for a
depth of 15.6 feet at a dlscharge of 3,100 cfs. Wave
runup on the side slope was 1.2 feet. -




The frequency of the waves generated by the second set of
piers was 19.3 per minute compared to the 19.1 waves per
minute for the first piers at the 3,100-cfs discharge. -
Thus, for comparative purposes the waves were generated
at about the same frequency by both: sets of brldge plers.

The increase and decrease in the max1mum helght of the

waves ranged from 1.6 to 3 cycles per minute and averaged

2.3. The 2.3 cycles were 0.4 cycle less than the average
for the first set of piers. The cycling for both sets of
piers was less than 4 cycles per mlnute for the prototype
structures, Table 1. ‘ ,

A graphical comparison of the change in wave height with
respect to the position of measurement (within the acute
angle formed by the canal and bridge centerlines) shows
waves of slightly higher magnitude than those measured
may occur at a location about 16 feet from the pier -
centerlines, Figure 7. Waves of minimum height occurred
near 5- and 30-foot dlstances from the piers. The inter-
section of the water surface and canal slope was: approx1-
mately 33 feet from the pler centerllnes. :

Wave Reduction

Two methods of reducing the w=ve action were explored -
in the model: (1) a reduction in the size of the spaces
between pier sections and (2) full closure.  Closure

and restrictions 1nc1uded those made 1n the follow1ng
manner: : .

l. Four spaces between the five plers were closed e
for the full height, w1dth and thickness of . the space.
between pier sections, Figures 8B, 9B, and 9D. '

 Sum—D IS S KPS S NS camm—" KR ¢

2. Four spaces were restricted by adding the eculva-
lent of four 12- by 1l2-inch timbers the full height of
the space, Flgure 8C.

L)-(_ﬁl_ﬁ-(




3. Four spaces were restricted by'addlng‘the equiva-
lent of four 15-inch cylindrical: columns the full
helghtﬂof the space Figure 8D.‘ b

" ﬁ e 13 ‘L ) e

Waves generated by model piers,With open spaces were of
sufficient magnitude to measure with reasonable reliabil-
ity. Suppression of the waves by the filiing of the spaces
between segments of the piers reduced the wave amplitude
below the height where accurate measurements could be

made. This fact precluded an exact determlnatlon of the
wave amplitude reduction caused by the closure and re-.
striction of the pler spaces.eﬂ}“- ;

All of the suppression: dev1ces reduced the helght of the
waves. The best supnre551on was provided by the full
closure of the space between pier segments, Figures 8B o
and 9B. Small waves and rlpples from ‘the nose and SLdes
of the piers were noticeable in the model. The helght

of these ripples was not measureable in the model and-” -
were not believed to be of sufficient 51ze to be :of con-
cern in the prototype structure.;;

Timbers and cylinders located at the trailing and leading
ends of the first and fifth pier sections and the leading
and trailing ends of the third pier -section measurably o
reduced the wave size, Figures 8C and 8D.  The size of °
the waves was less than those produced by piers with open
spaces, but were 1arger than those occurring when the s
spaces between the pler segments were closed.

CONCLUSIONS

Excellent similarity ‘was obtained between the waves gen—'~
erated in the model and those observed in the operating
canal. As a result of the model studies, the spaces of
the Delta-Mendota Canal brldge plers were closed with
sheet metal on wood forms in 1961, under Specifications
No. 200C-466. A continuous flow surface was thus provided
along the full length of the pier. No oscillatory waves
occurred at the bridges in the canal after closure of the
piers. The freeboard of the canal lining at the bridges,
without the waves after the pier closure was equal to that
in the unobstructed canal ‘




CONCRETE PIER WAVE ACTION
BRIDGE MILE 56.60
. DELTA-MENDOTA: CANAL: .
CANAL CAPACITY STUDIES ;
(Data from 1:24 scale model) -

Distance from G s : R
pier center- e » ~.-“Wave height s
Probe line toward Discharge 3,100 cfs Discharge 4,000 cfs
Location* canal slope % depth 15.6 feet | " depth 17.4 feet
(feet) b i “{feet) = = - (feet)

Left « Y e o 1000207
Right .o 0. ‘ ST cnn 04040
Right L R R 0426
Left 0.26
Right .0.08
Left 0.07
Right S 0.07
Left 0.02-
Right 0.05
Left 0.07:
Right 0,120
Left ‘ o R SRR ) i R
Right o e kR 10,17
Left ) . : R L e
Right ‘ . L 0,07
Left : e - ‘ T 0,12
Right- e ‘ ‘ s o ——
Wave runup (trough to : e ' : RS
peak) on right canal
slope, 19 feet up-
stream from bridge o : , :
centerline , 1 ‘ 0.5,
Frequency , R 19.1 waves ‘ : 21.8 waves
per.. - s B L peri
Cminute oo | ‘" “minute
Wave heights reached a maximum and decreased to smaller values at 1.8 to
3.7 cycles per minute, average 2.7 : ) i o :

o

HENNWR DN
NWOS O WIS

*Upstream angle between bridge and lining on right side of canal and down-
stream angle between bridge and lining on left side of canal (Figures 1, .-
2 and 8). o ' : ‘ :

' : HYDRAULIC PROPERTIES -
o [CANALSECTION |- A =1V -Q-|nr .0
Lined Section No.7 11125.05|3.219 | 41991 /0.77 |.0/4

3.0
s50.65

“42.0"

Normal! Woter Surfoce 7\

le— 7. 25" —

—[— '4—- =2'Min.




“;,Tabie 30 y
" CONCRETE PIER WAVE ACTION .
" "BRIDGE MILE 81.69 . . =
DELTA-MENDOTA ‘ CANAL

 CANAL CAPACITY STUDIES
‘ (Data'fromi;:24.§c;;e;quel)f g

Distance from pier - . .. .[|. .- - Wave height Lo
Probe . centerline toward . . . - .Discharge-3, cts
Location* . ~ canal ‘slope . . . B . depth 15.6 feet:
: o C(feet) o r o f ol oo o (feet) L

Left - ‘ : 2 LR SR ERCRCE 20415
Right S 2 S G 0.2
Left L 6. TR BRI Qe
Right : R . 0 Bl
Left : C 10 : S S 00.07
Right - ‘ L0 ‘ S 0.2T

. Left DT X PR v el 003
Right v D - RECR U A Ay 00483
Left = . A 18 - e ‘ R e 0,42
Right : R K T s SOl s 0.59
Left : 220 oo AR 04320
Right ‘ J S22 B o ~0.47
Left ~ T 260 e 10415
Right . ‘ : 26 L co e 0424
Left SR T30 s e 0 '
Wave runup (trough to peak) on'left canal

slope, 39.5 feet upstream from bridge. . : S
centerline . I T S 1.2 ;

Frequency ‘ ‘ R SR B - 19.3 .waves .

‘ . ‘ L = SO EE o ‘minute .

Wave heights, reached a maximum and decreased to smaller values at 1.6 to

3 cycles per second,average 2.3

*Upstream angle between bridgé_and\lihihg‘bnfleft‘éide'bf'canal and do&n-ﬁ\‘
stream angle between bridge and lining on right side of canal: (Figures 3
and 9). ‘ L i Tl el ‘ S

14.26 feet
15.75 feet
=0.00005

Normal, Waler Surfoce--

e 48" UK
TYPICAL LINED SECTION FOR*E&*S .

214-D-15505|




F'IGUREI RRE
REPORT HYD-48%

1
A
<
[
4
'
1
1
'
+
1
]
1
i
1
]
I
.
’
+
1
i
1
t
N
1
1
[
1
b3
’
1
]
1
]
t
i
d
1
s

4

T

— e e e T T e g e e e S T T

Q Bndge

'

-

0%~

Pavfnq ‘notch buffer- ./

-28-8 :
0" RGUIWOY -=+=-=v v ->e2

T

“

. '--I Elashc f//ler 4

________ 7~

‘214'.'<.«..‘...24

H

L gemmmemmm s am S n

-<-f¥3-?za'4b'%—---~}-~1<’~—-- £ 20 200 ;-r'fL"----- B e

<—|G

N ‘ L Erastic fitter
Y . DETAIL A

El,
Approxs=y

--El, IBJ q

----- 12" o-

167.08

SECTION B-8

EAN

"‘Meral pos! fo be
encased in concrete

R -f Elasnc hller around p:ers-
AN L 2,73

2 EL159.06 l‘ R R o . -
: APPW* el e e sl eaad

EL 159, oe T e

ELEVATION A-A ,

Zil3rt 4, e ok

M
& _Columns and

..... 46-0}*-

---zs- F RS ANENI } A o,--------

& Piert. .

¢ geams

e rae = we ey an

TUUING N

49’ 32

10°"

B L1 7-——0-----

Y

ol Brldge and G Roadway

e >

L5107k 5% 10751 %5

S
SECTION ‘c- C

; e RS |
. footing-—. : ' .

abo faofing- - _SECTION. -0 _SECTION. E-E

€ Beoring.._ i« hr COLUMN BEARING DETAILS
TR RN ¢ IR SEICPUEE RS

l}"HoIes in plates—-=="

EL

'EL
. 173.0 10 169,0 Sond and q'ovel sllght cloy.

EL
EL
El,

EL

Seg Bridge h ne

. fr

EI 183. 4! f'“‘f' o

: o

el o

LR e

e H

o ROES DA !

I RaR Ear : .
[ v ™ g )
il AR
il | o ..
L—'EL_._ et Gr
i ) : ?

.-Nv»q-

S S

=2 AT 3
. . i
S B = The
o N
- T4 '
3 “T‘; i_? {3..

. SECTION -G

LOG OF TEST HOLES

5

174.6 10 173.6 Red :sandy clay loam, -
- 173.6 to 168.6 Red sandy cloy. ;

. 168.6 10166.6 Sand . and gravel shght c!ay binder.

. 166.6 to 1636 Silty clay. - :
. 163.6 to 161.6 Yellow sundy clay.” .
. ISI 6 10153.6 Fine sand und clay silt.

TEST HOLE No. l
0n € Sta. 2283+00.

160.0 10 179.0 Red sandyclay foom: -

179.0 10 173.0 Red sandy clay.

169.0 10 ISS 0 Grey. sand, silty.

166.0 10 163.0 Yellow -clay, silty thin hord loyers
163.0 t0 162.0 Fine silty sond.

162.0 10 159.0 Yellow snlr,fme sand und powder clay.

TEST HOLE No. 2
On. € Sta. 2284+10

Q Abu!menr—-z..._'

75 x4 10-1" W.1. Plate:”

. Miscelioneous melalwork._-_._--_.__N_,_..__:a,ooo Lbs.

; ;Des:gn "based. on H-i5-4a loading in accordance. with

"< Abutment and - pier foohngs to be placed on unmsrurbed

€ Bearing - -

:stIbars e
‘Tack weld to a7y U N ’
; // 1 barsz-if S -K_'r;b, oy

Backwalla.

"~--Plotes same as
~shown in Sec. G=6.

. 'SECTION F-F-

5 §xoii Wi piote
514 x0-1"Leod piate . /.
l..--Backwall - .-
Fo.o
w I )
~.3"Chamfer :
«-{"Elastic filler

"5 Elostic fitler
4 " :

i

193 24"W.1, Dowels coated
mrh plastic compaund~

Lo z Elashc f:ller .

3 Elastic fiter :
; Ghamfer = 2 Elasr:c f#

54 § x 0-11" Lead plate

SCALE OF FEET 5

ESTIMATED QUANTITIES

Concrefe Lk ..355 Cu.Yds
Reinforcement. steeL_--_____ .___.rz,ooo Lbs.

i

:NOTES

Srandard Specifications for. Highway Bridges; The Amenédh
Aczoziation of State Highway Officials, 1944 Edition.
COncrere design begadyne & M"'"M':ve sirength of 3000
Cp.s.i. in accordase "dﬁ.'...“.flf 36:60 sommittee Specifications
for Concrete gnd Reinforced goncrete] June ' 1940.

firm" foundgtion.
Foormgs designed for a- ‘soil ‘pressure of 2 fons per-sq. ft.
Elevahons ot bottom of foohngs are app-oxlmare only

Z 72,38 as punt BT 2is - 2157 LTA. 6 10-33"

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

| _GENTRAL.VALLEY PROVEGT= GaiFoRNIA
DELTA~MENDOTA CANAL - :
... STATION 2283 +62.7,7"
COUNTY HIGHWAY 8RIDGE
PLAN-ELEVATION=-SECTIONS

suam:rrzn.....ﬁf/ﬁ.’&?ﬁ{?

COLORADO. JAN. 13, 1948

DENVER,
SHEET | OF 2

14-D-15827]




R FIGURE 2
i - REPORT HYD-485
. ; i L P -
:t---Remf.' symm. about €, s
BT T R e _.L_l_H S L » PO TSR L SR E DS R P IR I S S : : , e Conal ot € Beom Top of curb--, ‘.'4,;{‘ 71" Mastic
Ly Ladiy : GAbui raiCBeam : = = ; .F Qofaphraqm a ‘ . _ AN z;bs;;/rrupsb@ 15" - ' Top of slab ] ez _
S o £, 7:0" !o ‘ spaced befween beams.-..; i~ Top of slab .-
g t 1 " 5-§%%7:0"Bars @12, A//ernafe with longitudinal deZ Shrrups@/5 S, acea’ = ~E Bea ings - :
P P — I [ | I N EEIAE "‘1 « slab sfee/ between beams and cenferovqerdfaphraqm A between ln:améJ 8 M, ke z-a“-1 ,oi;,fzyengﬂ%fgeﬁ’gi';zf;:nw”h L Elastic filler:
- - Bt 2 — ot - - e e g - - .--.-._-.,. ¢ 4 W ' } . ‘. o - y
SR T ey : a '_ : e o8 Tee5-1° Stirrups, : yoe-lty EeL 3‘7"5-“"-", +-3:0 ""|g| "=3-0 T'ft"é” Bors beamns and cenfer over. diaphragm.-, Bt ol ~Coat w/fh%seal
s ity o T e e P me et e e e P AL ing comptund
‘ B D N N LN F T WO PRy £y v 8 3 N P O NN VT =17 iy 2
£2@74 70, t FT T 0 2-5%7\] - -|9- o S S P poas FrppinedN GREE 3 Y ; i i ;
‘3 p and bottom. Hook ’ : { — E;——T'— 3 ~ | i - ~Top of pier= Red b )
top bars of edge of slab.--~ , 1/ 1< _v__l_r_l_|,_ L _'1+ ""i‘ gl " - r " Lz | l"_':l: :b"_';:b’ —.F-.- E : .zl'flasf/c frl/er, o 4=1% 36 "Dowe
—> /. 1 i |1 ‘ ‘ : R 'z‘Spacerbarswe o'r~ : B B L A A LR S 300 : el5 L
""""""""" T e S T S e o o e o PG, .;45 @240 > 3 n<-------—-«-----~----‘-‘-------22S C.@ 18 = 330" | mmmimreammineacs Duneen e non 2t (3514 5pC @ 2240 el e {3 SpC @7 40 e 3 < oeee e, = et P
_______________ 7{‘JJ| SEEREREE! 5 ’x’py Stirrops e s el 4 spc@izie e | SECTION T-T SECTION s-§
o Lo g___________lg_’l__l_l__l ______ : N ; T " St ‘ “i: ' Reinforcement nof shown
~ 3 e e L : ‘ SECTION H-H - 8ymm.abo f@b rotation, . L2 L
3 § Transverse slab reinf See Sec.N-N:--"" e Lo SR : : Lo L ! ‘ (OWG, 213-0-15827) : t V yir oy roerto ‘ =y SCALE oF FEET
';,2 Sy VIEW U-dJ ° BT ‘ T . ‘ .+ Slgb reinforcement not shown. 78" ‘"‘""""T’“""“" 7'9']
2% E , . . ‘ ‘ Lonq/fud/nal drmens:ons and spacings ‘are along @ beams: — o — Bl T
O 5 N g ' . !
235§ . : y : @Br:d ¢ ~/°x3 -6° Dawels Y
288 __r_‘_li 3 _f_ti € Bridge 3 ‘ o o 19Stirrups-.. B ~5ymm about & bndqe ‘ S hamfer g < 5 o
Q\‘ P ] 7 g g . ) : . 3 B -] ) -t H
k_{"”~ RPN YT /} Chamt‘er Crown of roadway J ; 5};;;‘1-” g’Shrrups Sf/'r'r'u.“ ;' g’Shrrups e ~‘L-‘ Peasi e someone A Bors ceern Ssarim et -Elastic ﬁ//er‘ in this ;'u@m- ! P ,} X 49732 P ':b hd '.
N £1.183.41 --rvomainnil [ -4 S L & < 15 —.<5spc@a-3 4* 2t6" *55pc@8 343 i area to be fastened S B A2 o
9—‘ o o : U eSeESpc 98I aHE e “5"'55p¢:@8 i 4«-5‘- air ' : ' ! O S v
) P[™ Pl -~6’- -‘6»« (ER Pk ; i~ with copper nails. RN wm‘ X » %
S S ; ‘ e o =i ! R[™ : HdH i ; H ' i '“End bar : N : ; ; +Chamfer concrefe TNt a «W,,,%%;‘ "?"m
kS : HEl 0o Mg b e :’*'. b g’Farface i A8 - i ! along edges of N N Vg ; i
LR e | o it y v - elastic. filler. I3 i .: 4 R T
; 4 K /,/ : i : a = %) ; : ! : . ;' - '
K it S ‘ 1o "“] RN 4 [SES F S B BN $"Elastic filler-: LR
n e 24Fillef | - _:"ﬁ : '_L --4¢Bands @15" -t SRR ST N, P
: _ B 51 ~Bottom of b " ‘ i
| A Ht L (5 R Ak
i : Ll it L+L{'| sy el -l T . PART PLAN |
' p : b ——-- o} © -3 Cramfer }\ : el
~5’ "@/2’ ‘ L 3194 24"WL1. Dowels-- ..+ Y T' i - " : : P . T B . 180.3 Ur— .«-/ﬂ 13'6° Dowels----..., ’ /i
— < I i AN e R i o : : L %08; Hook .l R ™ i y Ll
e SECTION K-K K ' . '." '.H - : ! I ‘ t RL_ ‘n' H Il I soLevel ot I — ) Lo ° “Dowel: ; bo”; ends- [ b io@i2* N \ ,l "lElﬂstC fl”ef"' l "‘!7,:'
‘ tolnl o] k-2 RO Pl "L“"’_L Lol - : ; 1 ”6 OMQ R - ;‘;JL."' , . . ey
.\2 Pl_" 2.y §’Ubars each face--* : : l] ‘ i R
: ' : -é G - i " " B - y ‘ N : s t
Cotorm tearing. 3| l=t| 5o |3 HALF SECTION L-L '"HALF. SECTION MM ] | o
g 26:0° Trmb see qu?lleﬁBZﬁ A 2 M ': Slab remforcemenf not snown : l : ':
e I I RN N R = . L T S
crown of roadway -~ s: 1Y S ot shown. 4 ’fﬁ’.z R s ?-4";'9 - Peeee ZdORoadway Sbf_ébd_ . ; 3"*0 ¥ v A I ! ’? i ®
) - S 20 R e i o ,u--zal--q i 8 » ymm: about & bridge.:" i g ‘ TS D
*x18"Ga q ; v ! 1 E T : : ‘ P
gHXex ,,:, /;n%m:? ch:crs“, J°Topand bottom. - ;ﬂ' ] o8 e S’SIralth bars @15°1op and boftom - ----=-+{ S et EMd TDDGﬂd botfom OfS/ﬂb and GUfb‘"'“" ; SECTION U- U / ‘ R
" ) B 1 H * 1 3 N . ] ,""-' ¢ b B * A 4 e i 4 * . - bV
9”"’“’7"’3‘7 washer=-" _-..§¢ e Hook bothends. . %, . v St :» i Alfemafe WIfhi‘benf bars@lﬁ' ' ‘ : i o L X L zv6 "":"7'?'5"'7 """" S0 ’E‘"'?'8"'7"""'"'5'0'""""TM“{ E ‘\i‘
R I AR l—}-l S S F e 2 I5pe0TOH- 2" /o---~35pamrz-zo : . Lo g . N B v
. '"'§¢Sfirrups ey z Mo - “.(_ E o b Rauno onz'radius " pe o : i S :_f,' :__32_:‘ : | T l l | l : | ’IE -:
- : ’ : g % HE TR : N)ooCurb T i R R T g i
4 3ands @221, l % "EJ g T Ci) - , " barsoss® d E ¢6xaxd | : : &
el - SR ‘3‘,\- wuvElL167.08 ﬂpproi CE § _.;;: N g , ‘ “ : g;)f’ge,’?”,’%’;srs ‘ } K "‘@ T : - [ E1159.06 Approx. .. ; , ;
SECTION R-R | PART ELEVATION P-P RS - |44 spacers. + g T SECTION v TR i ST
, I o 4 ; s s g ! f = “4®Stirrups | Vo " EEEE R R o Thie e s SRR e s R s e T
il s SilodyT b R R e P PART ELEVATION-PIERS 1 AND 2
: :— A9l e ----4-6 b L etan bR SAE B TRt - R I EREZangtt ‘n;l-é:- f ' Vo 24 UL:—
i ot g-34>----=-nrn- e i 7 i b e et I e . ! ! ‘ S IR L ddersnin g Post H , NOTES
ity A —-—----—:'135' ’.(4 "Beam N,nf‘ ‘ L ------ B T T 13-l msnsss Somenmmmnasenees :l- ./7'.:-459509'.30.:-.-.2 105 *as,xpp 30— 3 g-..,:/()-L ; ,""ZM’”" I o i Chamfer all exposed edges of concrete ond 9d095 OfCOHCfefe at
) ' 120 Dowels, ~ 1/ 0 i ¥ A o i g : ‘ - ‘1,\"""“7“‘_;,%“1"11' :"-D__V_ Ple/asn;:,ﬁlle? Vs, unleimfrhher;/wse;show?b e it
O S 5 Y"";' . . o ; RV -5 ; : ace all reinforcement so that centers of bars ir the oufer ayer.
= P o : LIRS SECT' oN. N-N ‘ (R a‘ _,E byt £ ‘ ; will be 2* from face of concrete, unless otherwice shown.” All Z‘I/‘
. 3 N o ) o IS - e-ePost 26561817 mensions fo reinforcement are fo centers of bars.
g £ s ‘ ‘ ‘ ~Symm. about € N C//panqle ‘ roL Usels bard/ameier radii for 45°bends of main reinforcement in
™ 1 : SO #* Top and bottom § e Begmssereee >\ $ by rotation N et e-Metal quardral/
2 €Beam--~_ Hook bothends.- i LN o ' ‘:';’:_‘ vr é—w : Fasfen elaslrc filler toone face of concrefe.
€ Bridge : ¢ - s Drain infef ‘_.'.. : ---Seal hole with grout 1*deep.
o g 49,32,4, 3 6'long---- - PR 4 --Rammed sand ) UNITED STATES
! R T 3 |---Paint hole with osphalt ‘ OepaRTMENT OF THE INTERION
: K ‘ --"é'Grouf CENTRAL VALLEY PROJECT - cALIFonmA
e . ™ ) ot DELTA-MENDOTA CANAL
Re/:%{grlfrg’r%f;;.rf’-(m A ‘ - ' gt Bonds . TSTATION 2283+6277 - .
. v l 19 Bands 0" i Depress slab 447" . construction joint COUNTY HIGHWAY BRIDGE
> yr L IR Pegnn eeneein +_7 - 2 el ~-25'x1-4"Galvonized pipe SLAB-BEAMS-ABUTMENTS—PIERS
i j. ‘ i ) I Tt
PSS Pptemm e */38 ¥ : JE 18207 ==rmmmmmmemmm s menm T e DETAIL OF GUARDRAIL ano DRAIN 0N, LD e SUBMITTEO.... KU "”“"‘2""""
R - Lo s | PART FOOTING PLAN-ABUTMENTS 1AND 2 : ' G . raaceo. »mmm:a;{)? g
, : Ll R | H ) ! 2 X R R Ot 75, ]
'f' SEC 'lON 0-0 v““\_L,E OF FEET i AL ‘ SC:LE OF FEET - = “DH D::Z:Pc::::izo AN 13, lSﬂ; plass |
: B Lo . . I eer 2 oF . 214-D-15828

- "




.~ € Conal
o€ Abutment |

/«{‘(\
QAN Y
2,

Yo 7: Top and .bottom.
Hoak curb end of - top bars
N

£ @15 crs.Too gnd
bottom alt. wi'h 5 ¢
‘bent bars @.5" érs.

«& Abuiment 2

Extend pipe’
.as d/re@:@m

12" Steel irrigotion
pipe on upstream

s LT T R e L P ATt

5 ,.T-Meta/ guardroil ond posts ‘ 2-3§

X

side only ---.___

[
£

t
s

Pureniioceigh 0"

SEOTION D-D

e e e

~Slope top
 + of concrefe

'
L

T T ke T~

o Metal pnsf., tbe . '
encased in concrete<

.

“E1161.21
Approx,

[ PU

oy

4
5
e

RETPERPTRNY £ 3 MET P

& Bridge

4042

€ Pier

'
PO §
)

N

~

1" Elostic filler-.

B

__i .z@s 2@/2 206"
24" 112"

N 12" Steel irrigation e o g™ SR SRUPPL
N p/ge onl upstreom N . ¢ pier 2 RN : / : I"Elastic
NN ey SRR S R 2 il
. E K'K“A‘"i'r . . et e O S P eeslh e e
' Pl od n‘*f\ M N T e e e im0 s ey "“""""vf,’“' ,.-~‘(’7 Top and bottom. '-§
'I I‘ . .5 9, g Diophragm J Gﬁﬂﬁlﬂ) % Haak curb end.of top bors o
Pl o tirese 36 End bor .
3 (RS Re - DETAIL ‘4"
L8
@ 3 } £1175.64 -<os., Symm. abouf t e
. 2 o F S ) : by rofation:sessem~
RN ¢ Bridge ond . ;
L% € Roodwayi-- Jon foSymm. obout ¢ pier :
e ) 3L w £1.172 52~
P TS S \ N R S SN, N AU AU N S SRS O, N e S N SN ¥ 472,
o E’L ——’E(Dwg_2140159/7'\ \ s Chomfer Lht hche
. Vel ) . lastic filler--= X g " .
NS .~Droin \ , . fu@r e
RN  diniaddeldabee - o
ERE ot 30 @17 P
‘Yv‘_- . T : . - ot |
; : ; 3 e
( ; \---‘-;--~—>—-~-/o 0 -~~--5\/o o"—--d-c-—-f--—~20 o -\;-—---w’-r- —~-~-~20 o B -39 TN
o N u " . . | . 2l -
\e’%e(‘“ Metal guarc'rarl / -<—] \\ “Detail 4 S~ N\ RN 2 I
: " and posts---* ‘,l‘\-f ‘ c AR : \ AN % 2
‘ i i i
: L - . . " 1 '
T pLan # N : >
L 1 l‘} L33 10 '-‘ ’," ! : g ) 'u::
- CALE. OF FEET .. : ‘\ - E Y
) Do ' vl

’,,~-~El.151 19 Approx,

'r-'G Bridge
: e PRGN e
s < e 24-0" Roadway
1250 vonpe o='- - 250" T ot gt

i
b

: C Abutment 24

HIRN S5t~
X /.__—
t
]
I 7 L‘s
i
jl—‘-:{ Ut
AR
: f R : P '
i i |
£l i61.21 ,-...1.1__1_'1._.‘..&-_'-:_..0_.1 ”
Approx-~~_ | o1
ABUTMENT |
£1.153.19 b
Apprqx.—-‘ I i
': € Columns ond
N € Beams~--:;
5 )
‘,'\ E L
R . N )
. R
. Ly
T
B
¥ v
1
Lok
H )
P
SO T Bt
ei
. H e
7 P
by
' “\ ':\':“»,;’
" @.S.‘LA*;
B

{
X
#

<X

FOOTING PLAN
crt

£1.175.54-2.. | Slope 1*in 1250 ¢

’

Mo m o memim e b me sl S

E1153.19 Approx. Py

TEST HOLE No. I
APPROX, 50 RIGHT. STA. 3640+94¢

EN172.9 fo 170.9 . Brown top soil.

E1.170.9 o 168.9 * Brown clay.

£1.168.9 o 162.9 Brown sandy ¢l a)

£l 162.9 fo 155.9 Brown light son and cloy.
£1.155.9 7o 152.9 Fine sond.

e Bl
L
-
=
- SEGTION B-8 e
U U U S | -;—

SECTION . C-C

LOG OF TEST HOLES

and

TEST HOLE No.E2
APPROX, 50 LEFT STA. 3641+31

E1173.4 fo 171.4 Black loom.
Et.171 .4 fo 167.4 Brown clay -
£1.167 .4 fo 163.4 - Brown sondy clay,
£1.163.4 fo 153.4  Brown fine sand

slight clay.

‘....../7 6" ain ‘.' ...... ‘D.l‘._k\_._.;.’..’.si

PART ELEVATfDﬂ’ PIERS ND 2

LS
1
SEALE T FEET
Y
l;;olloecafola‘-‘g?-lf“"" ' ‘_*';:‘,..2:; Strop galv

w127

.12 400 /rr/gohon
pipe :
=P, 214 Bent ga/v
DETAIL OoF" HANGER :

' ° : s
[

SCALE OF FEET
ESTIMATED OUANTITIES

goncrete.. . ... .l il il el s 305 Cu.yds.

Reinforcement - Steel @%‘%PLDS
Miscelloneous Metalwork. _......_..9000 L

NOTES

Design based on(g-20-4%loading in gccordance w;‘n "Standard
Specifications for Highway Bridg es The Ame n Assonahan

-of-State -Highway Officials, Edlt/an

~ Concrete design bosed. on a compress:ve sfrength af JooopSI

-in gecordance er,,,d“, “\iiie 8i .60 Htee: Specifications for
Concrete and Rennurery vuniicie, June, 1940.

Abutment ond pier- footings fo be placed on undisturbed firm
foundation.

Footings designed for a soil pressure of two tons per square

foot.
Elevations of bottom of footings are approximate - only:

4-16-53 ] AS BUILT 8Y 2I5-LTR. 6-10-83
| D Alp

UNITEQ _STATES .
DEPARTMENT OF -THE INTERIOR
BUREAU OF RECLAMATION

‘GENTRAL VALLEY PROVECT -CALIFORNIA
DELTA=-MENDOTA GANAL STA. 3641+41

COUNTY HIGHWAY ~BRIDGE
PLAN - SECTIONS -PIERS

- B3s . LAPPROVED. . . .X}? 7

CNECKED.}#_

REV i-23-50

OENVER,COLORADO, MARCH 8,

SHNEET | OF 2

- ._svamirren. . . RV Ted s

e RECOMMENDED _ Mm- o]
CHIER ENBINEER

o I2I4~D°I5916




Figure"4
Report Hyd-485

Waves caused by segmented piers under concrete highway
..bridge at Mile 8l.69--Delta-Mendota Canal, Central
*“Valley Project--Discharge of about 3,100 cfs flowing

left to right, wave height trough to peak in canal

flow estimated at 6 to 12 inches.

L .
P214-D-58502

B. Waves caused by model bridge piers Mile
8l.69--Discharge equivalent to 3,100 cfs
prototype: at ‘a 15.6-foot depth (Figure 3j.
Wave height about 7 incaes (prototype).

CANAL CAPACITY STUDIES
Wave Similarity--Prototype and Model




Figure 5
Report Hyd-485

P214-D-57336".

A. Bridge Mile 81.69--Wave formed at upstream
jeft side of canal, Abutment 2, Figure 3.

P214;D-57334~ s Y

B. Bridge Mile 56.60--Wave formed at upstream
right side of canal, Abutment 1, Fiqure 1.

Bridge Mile 56.60--Waves reflected upstream
for app:qximately:oneehalf mile.

CANAL :CAPACITY STUDIES
Wave Action at Bridges in the Delta-Mendota Canal
August 1958 .
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Figure 7
Report Hyd-485
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PXD-2071

A. Wave action for segmented piexs having
32-inch spaces.

B. Wave action minimized by closing spaces
between segments.

PX«D-58506

C. Wave action reduced by four, 12- by 12-inch
timbers in spaces.

D. Wave action reduced by 15-inch cylinders
in spaces. '

CANAL CAPACITY STUDIES.
Methods of Reducing Wave Formation
Bridge Mile 56,60

8 )
Hyd~485
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‘B.  Pier spaces closed.

Discharge 3,100 cfs - Depth 15.6 Feet

PX-D+58510

‘C. Segmented -piers having 2l~-inch spaces. D. Pier spaces closed.

Discharge 3,500 cfs - Depth 15.6 Feet

" CANAL CAPACITY STUDIES
Wave Reduction by Pier Closure - Bridge Mile 81.69
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CONVERSION FACTORS--BRI’I‘ISH 7O ME'I'RIC UNITB OF. MEASUREMENT g

‘The {oll conversion factors ndapted by the Bureau of Rec]nmauon are’ thos nshed by the American SOciety 1or
Testing and Materials (ASTM Metric Practice Guide, January 1864) except that additional: faetors {*) commonly used in
the Bureau have been added. Further discussion o! deﬁnmons ot qunnu o8 anrl units iz given on paqee 10-11 of the Lo
ASTM Metric Practice Guide N

The metric units and converslon factors adopted b the ASTM are based on the "Intemationel System of Units" (des ted
8I for Systeme International d'Unites), fixed by the International Committee for Welghts and Measures; this sys R
also known as the Glorgl or MKSA (meter-kil m (mass)-second-ampere) system. This e'ystem has been adopted by the ;
International Organization for smnda.rdimuon ISO Recommendation R-38L.: - o

The metric technical unit of force is’ the kllo -1orce, ‘this'is the force which when gglied toa body ha.ving a.n
mass of 1 kg, glves it an acceleration of 9. 80685 m/sec/sec, the standard accefera.uon free fall toward the earth's "
center for sea evel at 46 deg Iatitude.  The metric unit.of force'in SI-units is'the newton (N), which is defined as:. -~

- that force which, when applied toa body having & mass of 1 kg, gives:it an acceleration of 1 m/sec/sec. ~These units
must be distjnqxushed from the (inconstant) local weight of & body having a mass of 1:kg; that is, the weightofa .~
hody is that force with which a body is attracted to the earth and is'equal to:the mass:of a body. multiplied by the ' w
acceleration due to gravity. ‘However, because it is gene: edpracuce ‘to.use "pound”  rather than the technically
correct term " -force," the term "Xl " (or derived mass unit) has been used in this guide instead of "ld.logram
force';jiari ?:q)srlegxsl}nq the converslcn ﬁactors 1orces The newton unit uf !orce wm ﬂnd increasing use, and 1s‘ :
essen n
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ABSTRACT

Prototype and laboratory measurements were made of the heights and frequen-
cies of waves generated by segmented bridge plers set in: the flow prism of
the Delta Mendota Canal, Central Valley Project. large oblique angles of
the bridges and the openings in the piers caused waves to be generated on
the canal water surface. The waves reduced the freeboard of the canul :
lining and means were sought for reducing the wave height. The'studies
showed that full closure of the spaces between pier seguments was necessary.
to reduce vave heights to & minimum. Partial closure did not produce ‘sat-
isfactory reductions in height. Conformance of the waves formed by the ...
1:2h scale model and the prototype was very good. : .

ABSTRACT

- Prototype and laboratory measurements were made of the heights and freq,uen-_-“

cies of waves generated by segmented bridge plers set in: the flow prism of
the Delta Mendota Canal, Central Valley Project. ~Large cbligue angles of
the bridges and the openings in the piers caused waves to be generated on
the canal water surface. The waves reduced the freeboard of the canal
lining and means were sought for reducing the wave height.. . The studies )
showed that full closure of the spaces betvean pler segments was necessary
to reduce wave heights to a minimum. Partial closure did not produce sat-
isfactory reductions in height. Conformance of the vwaves formed by the
1:24 scale model and the prototype was very gool. ‘

ABSTRACT

Prototype and laboratory meésurements .were made of the heighfs and frequen-
cies of waves generated by segmented bridge plers set in the flow prism of -
the Delta Mendote Canal, Central:Valley Project.  Large obligue angles of

":the bridges and the ‘openings in the plers caused waves. to be' generated on

the canal water. surface. .The waves reduced the freeboard of .the canal

“:1ining and means were sought' for reducing the wave height. The studies

showed that full closure of the spaces between pier segments was necessary
to reduce wave heights to a minimum,: Partial closure 'did not:produce sat-
isfactory reductions in height.  Conformance. of.the waves formed by the -

1:2k scale model.and the prototype was very good.

ABSTRACT

Prototype and . laboratory measuremenis were made of the heights and frequen-
cles of waves generated by segmented bridge piers set in the flow prism of
the Delta Mendote Canal, Central Velley Project.  large oblique angles of
the bridges and the openicgs in the piers caused waves to be' generated on’

: the cenal water curface. The waves reduced the freeboard of the canal

lining and means vere sought for reducing -the wave height. The studies
showed that fulliclosure of the spaces between pler segments was necessary
to reduce wave heights to a minimum.. Partial closure did not produce sat-
igfactory reductions in height. Conformance of the waves formed by the
1:24 geale model and the prototype was very good. .
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