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THE EFFECT OF SPUR DIKES

oy
FLOOD FLOWS THROUGH BRIDGE CONSTRIGTIONS

by
John B, Herbich, M, ASCE®

I. INTRODUCTION

The hlghway engineer is confrontegd with problems
of de31gn1ng bridges, culverts, and other structures to

handle flood flows,

Several investigations of scour at brldges in the
northeastern -United States caused by floods of 1955, were
conducted and people began to wonder if washed- -out bridges
and flooded roadways, undermlned culvert aprons, and other
evidences of flood damage were really unavoidable, It now

appears that much of the damage could be prevented by

'proper de31gn

In the State or Connecticut alone the damage in
August ang October 1955, amounted to about $30,000 ,000,
rlfty per cent of the damage was on State bridges and

roads and fifty per cent on Town and Clty bridges and

roads.

- - - - - - - - - - - - - - - - C - - - -

* Associate Professor of civil Engineering,
Chairman, Hydraulics D1v181on ‘
Department of Civil Englneerlng Lehigh University
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Because a large percentage of the bridge damaéé
could be attributed to failure of foundations caused by
scour, the present study was initiated in 1958. 1In the
past, the bridge superstructures were designed meticu-
lously from the structural point of view, while the hy-
draulic design of piers and abutments was based on the.
"rule of thumb". Undermining of structures because of
scour is still very .much of a problem, espééﬁally with
the present trend towards. high approach embankments to
bridges,'with consequent deep flood plane flow, The
main difficulty with the existing structures which were
built 15-20 years ago, is the fact that these bridges,

in many cases, contracted the flow excessively.

Scour is also noticeable at the piers and abut-
ments of bridges which are badly located, and especially
at points of severe stream curvature, resulting in deep
scouring at the outside of the bend. Answers to.all of
the problems in highway hydraulics are not at hand. 1In
perhaps no other field of hydraulic construction is the
designer so handicapped by lack of knowledge of the basic
factors involved. However, some progress has been made
during the past few years in studying the problem of

scour around bridge piers and abutments.

This paper deals with the effect of spur dikes on
flood flows through bridge constrictions. A spur dike may

be defined as a projection extending upstream from the
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bridge abutment and which serves to channel the flow of.
water smoothly through the opening between the abutments
(Fig.1l). The spur dike may also be called a guiding dike
(i.e., to guide flow between bridge abutments). The ad-
vantages of spur dikes are many, and properly designed
spur dikes would:

(a) reduce the chances of scour at bridges,

(b) reduce excessive backwater,

(c) allow a greater constriction than otherwise

possible, or provide a more efficient

waterway.

IT. GENERAL COMMENTS

The current practice in hydraulic design of bfidges
appears to be limited to determining thewidth of constrict-
ion, which would assure mean velocity below the scouring
velocity. The constriction of the stream causes concentra-
tion of flow in the Vicinity of abutments, resulting in
higher velocities, and eddying caused by discontinuities in
the shape of abutments. The concentration of flow and eddy-
ing increases with the increase of contraction (or is a

function of percentage contraction = Lo/L x 100%) ., (Sketch A).

In view of the formation of zones of eddies adjacent
to the abutments, the effective bridge opening is in fact
reduced, and the actual velocity higher than the design vel-

ocity. In addition to the higher velocity near the abutments,
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the combination of high velocity and eddy velocity causes

scour, undermining of abutments, and eventual failure.

Thus two possible solutions are apparent to
provide a more efficient waterway.
(a) provide more uniform velocity distribution
through the bridge opening,
(b) eliminate eddying caﬁsed by discontinuities

in shape of abutments.

III. PREVIOUS STUDIES

The earliest laboratory study of the problem of
scour around abutments was a report written in 1894 by
Engels in Germany, although reference was made to pre=-
vious work carried out in France by Durand-Claye in 1873.
The Engels study was confinéd to narrow limits, however,
and no attempt was made at generalization nor prediction

of scour patterns.

Investigation in this field seems to have lapsed
for some years, and it was not until 1949 that a theoret-
ical approach wasvattempted° The U.S. Department of
Agriculture published'a paper entitled: FLOW THROUGH
DIVERGING OPEN CHANNEL TRANSITIONS(l)*. Also, Posey
studied briefly the scour around a pier in the Rocky
Mountain Hydraulic Laboratory(2), This was followed by
an investigation by the U.,S. Geological Survey on COMPﬁ—

- - o= =Y e - =3 - - - - - - o

TATIONS OF PEAK DISCHARGES AT CONTRACTIONS, in 1953(3).

* These numerals refer to listing in the Bibliography
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After the disastroqs'flobds in Iowa in 1954, the
State University of ITowa began investigations into SCOUR
AROUND BRIDGE PIERS AND ABUTMENTS. This work, reported
by Laursen and Toch in 1956? was concerned solely with

SCOU.I‘(L") °

The first study on the effect of spur dikes on
the flow pattern in this country, was sponsored by the
Georgia State Highway Department. The model spur dikes
were made to simulate dikes coﬁstructed of timber cribs.
It was reported by Carter in 1955, that for spill-thfough
type abutments, a dike of length equal to 0.08(B) (where
B = width of opening) at a distance of 0.08(B) from the
beginning of abutment curvature, and at an angle of 0°
to the flow, proved to be the most efficient(>).,  Wo

other details were given in the paper.

Following the August 1955 flood in Connecticut,
the Connecticut State Highway Department made careful
measurements of maximum and average depths of scour and
obtained other data relative to mgximum'high water, mode
of failure, debris, and channel characteristics. A
formula was developed relating the average depth of scour
to the difference between the sediment load in the ap-.

proachaflow and the transport capacity under the bridge“ﬁ

°
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Some studies were conducted in Sweden by Hartzell
and Karemyr where dikes were used to align the flow and
secure a uniform velocity between the abutmen£s<7). It
appeared that a dike some distance away from the abutment
and at a 10° angle with the diréétion of flow, gave best

results. However, the tests were inconclusive.

Colorado State University and Lehigh University
Qommenced studies oflthé effect 6f spur dikes almost
simultaneously early in 1959. The studies at Cblofado
were conducted in a movabiefbed modei, while ‘at pehighf
in a fixed-bed model. . An:elliptically-shaped dike ﬁith
a ratio of 2-1/2:1 appeared to be most efficient in the
Colorado tests, It was also reported(g) that the depth
of scour at the abutments is inﬁersely proportiona1 to
the length of dike. It was élso notéd that the scour:
depth is a function.of the percentage-of contraction.
The design criteria were presented for spill-through
type abutments, and tentative guidé for deté:mining the
iength of spur dike was given. In addition, a limited
investigation was made for L5° skewed openings. In thié
part of the.study, the depth of scour decreased with in-.
crease of lerigth of dike in case of downstream‘skew; but
for thé upstream skew, the length of dike dia ndt seem

to have any effect on the depth of scour.



N

L]

"

w

l.)

w

Iv. EXPERIMENTAL STUDIES

(1) General

The ob jective of the study has been to”détermiﬁe
the shape and size of dikes necessary for genepélized
conditions, consistent with field conditions. The major-
ity of tests were carried out in a fixed-bed model and
necessary measurements of depth, velocity, and discharge
taken to permit calculations of Froude Number and velo-

city distribution in the vicinity and between abutments.

The principal reason for commencing the studies
on a fixed-bed model, was the fact that the problem of
scour between bridge abutments is a very complicated one,
involving a great number of variables, In addition,.
there ‘is a question of "scale effect" between the movable
bed model and the prototype. Employment of the fixed-bed
model reduced thé number of variables considerably,
facilitated the study of velocity distribution, and pre-
sented a much clearer picture of the effect of spur dikes

on the flow between bridge abutments.

(2)'Test Facility
Thé tank which was available for use in this study
was 35 feet long, 10 feet wide, and 2 feet deep, and served
as the flood plain across which a constriction could be

placed. Flows up to L cubic feet per second were utilized.



Vertical forty-five degree wing-wall abutments

;)-;9

were selected for this study. The rate of flow was de-

™

termined from a Venturi meter, velocities were measured,
using a midget current meter (Leupold Volpel & Co.), and -

a propeller meter (Ott).

(3) Limitations and Assumptions

(a) The secondafy effect of backwater_was_negli-
gible, and measurement of backwater effects
was not possible in view of the short length
of the tank,

(b) The width of tank was not altered during the

[A)

study,
(c) Flow upstream of the bridge construction was
kept below critical,

(d) A constant-rate flood flow was assumed.

(4) Preliminary Studies

Early studies included variation of length of .
abutments (or percentage opening) and discharge. Velo;
city and’depth data were obtainéd for bridge openings
with and without dikes. Surface particle path lines
were obtained from photographs(lo).

. (a) Basic Idea:

The basic idea involved placing the spur

(A

dikes along the -streamlines to divert

the flow smdothly towards the abutment

».

opening.
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Tt will be noted, however, that the streamline
pattern varies with the discharge, and consequently
dikes would have to be constructed for the highest dis-
charge, and assumption made that the dikes so placed
would produce satisfactory flow conditions for lower
discharges. The tests indicated that the dikes elimin-
ated the separation at point B but at high rates of

flow, marked separation and eddying occured at point C.

To avoid this condition at point C, very short
dikes, called "stub" dikes, tangent to the line BC

were found to be very effective. (_Skahﬂ.B)

(5) Géneral Studies

The basic study involved bridge crossings of
the flood plane'at right angles, or 90-degreevapproach,
and 60-degree skewed approach (Fig. 1,.2).

(a) Basic Ideas
(1) An improvement in the uniformity of the
velocity distribution across the opening,
a removal of flow separation, and a reduct-
ion of eddying, reduces scour at the abut-
ments. o S
(2) Spur dikes are“dgsigngd'sgmthaﬁg. )

(1) a more uniform velocity distribution is.

achieved across the opening,



(ii) no hydraulic jump is formed along the

abutments,

i

(i1i) no separation of flow occurs at the

abutments.

(b) The following were the test variables:
(1) percentage opening (L/Lo, x 100%). Data
obtained for the following L/L, values:

90° Approach 60° Approach

22.9 22.9
3L.6 ‘ 34.6
43.7 49.6

(2) Length of dike (Lg): 18", 27", and 36",

)

(3) Dike angle (o)

wy

90° Approaéh 60° Approach

0°, 10°, 20° 0°, 15°, 20°

and-30° and 25°

Discharge (Q) was constant for the majority bf tests,

and straight dikes were used to simplify analysis. Addition-

al tests involved change in discharge and curved, rafherlthan
straight, dikes,
V. TEST RESULTS

(1) 90° Approach

(a) Figure 3 presents meter rpm data (or velocity) versus
_ the distance between abutments;ﬁobtained for an
opening of 22.9%. Data were obtained across the
"1

opening abutments for a bridge without a dike, and

with dikes of various lengths (Lgq) installed at
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various angles («) to the abutments. A consid-
erable improvement is observed in the velocity

distribution, particularly for o = 10°,

(b) Figure | presents data for opening of 34.6%. Im-
provement is observed in the velocity distribu-

tion, particularly for o« = 10°.

(c¢c) Figure 5 presents data for opening of }3.6%., Im-
provement 1s observed in the velocity distribu-

tion for all o 's,

(2) 60° Approach = Spur'dike at downstream abut-
ment only. _

(a) Figure 6 presents data for épening of 22.9%.
Velocity measuremeﬁts were obtained across the
opening‘between abutments along three lineS}

A (BF), B (centerline),zand C (CG) (Sketch C).
At Line A, a decrease in velocity is observed
near the downstream abutment, but an increase
near the upstream abutment. A considerable im-
provement 1s observed near the dgwnstréam abut-
ment at Line B, and a general'impfovement in
velocity distribution'acrogs the abutment at
Line C, when a spur dike is employed. The
pattern is similar for dike angles ofAO and

15 degrees. The iength‘of dike dbes not appgar

to be an important variable in this case.
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(b) Figure 7 presents data fop opening of 3.6%. ' N
Improvement is observed along the downstream
: abutment at Lines A, B, and C for dike angles

of O and 15 degrses.

(c) Figure 8 presents data for orening of 49,6%.
Improvement is observed across the opening
between the abutments at Lines A and B.
Increase in veloeitieslin observed near the
upstream abutment at Line C. The dike with
a 15-degree angle produces slightly lower

velocity along Lines A and B.

(3) Curved Dikes

The majority of tests were conducted with straight
dikes to simplify the observations, while fully realizing
that curved dikes would be more desirable in providing a
more efficient velocity distribution and in preventing:
formations of eddies at the wall discontinﬁities. Some
tests were carried out with curved dikes, and Fig. 9 shows.
that a very uniform veiocity distribution may be obtained.
The dike was tangent to the vertical wall abutment, and

had a éhape of a spiral. (Sketch D),
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VI, PRELIMINARY ANALYSIS OF DATA

(A) 90° Approach

(a) Continuity equation,
For a rectangular channel, the continuity equation
may be written as:
Q=Vby | (1)

wheres Q = discharge

V = velocity
b = width
y = depth

By taking the natural 1ogarithm of equation (1)
logeQ = logeV + logeb + logey (2)
and then, by differentiating Eq. (2) the following

equation is obtained:

o

P i et ]

o

dQ _ av _db . dy
v

As the discharge is constant, the steady flow exists, and

av  dy _ db
Tty 7% ()

Although in actual experiments, the velocity and
depth were not constant in the opening acrqss the abutments,
sufficient data were taken_to_egable determination of aver-
age velocity and depth ovsr Line B, .

It was indicated in Sketch A that the effective
width of the opening 1is reduced, and thus the efficiency
of transmission of channel is decreased. When sﬁur dikes
are added, the effectiveness og the channei increases as

the dikes guide the flow smoothly between the abutments.



a3

- 1“

Let us call the effective width of‘the chanﬁel
without spur dikes by, and the effective width with spur
dikes b, The differepce between the two widths may be
written as:

Ab = b = by = nbg = bg - (5)

where n = measure of effectiveness
of the channel

Equation (L) may also be written in a differential form:

AV AX Ab ‘
—_— = o o 6)
Vo Yo Lo . ' (

where AV and Ay stand for conditions
after and before installing
spur dikes
subscript o = original conditions

Equation (6) may be written as:

AV | Ay (n=1)bo
—_— R e e = = - 1
75 ¥ e 5o (7)
or
v .
n=1-5%_24 - (8)

In the analysis, the differences in average velo-
city and depth were computed. Since in most cases the
installation of spur dikes caused a decrease in average
velocity and a decrease in depth'(FigOIO), n was found
to be greater than one, which indicates an increase in
the efficiency of transmissibn cf the channel, Tﬁe values
of n were plotted against percentagelopening in Fig. 11,

which indicates the following:s
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V1) UL LIS UPSIILIES LESLOU, ULIE ULKE placeu du
o= 20° yielded approximately similar in-
crease in effectiveness. |

(2) Doubling the length of dike showed oniy a
small increase in value of n.

(3) While for small percentage openings the bene-
fits appear to be independent of the angle
and length, for large openings a dike placed
at ot = 20°, provide a more efficient channel.
In addition, very high velocities occur at
the end of .dike with o = 0,

(b) Velocity Parameter |

One of the useful parameters in this study was

k k
Vv -V g AV
found to be (——v——i) = (v—)

where V = velocity in the channel
with'no dikes employed
Vg = velocity in the'channelf

when dikes werevused
4k = ekponent

Tt was found that useful plots may be obtained with value
of k = 1/2,-a1though»other values could be used. Figures
12 and 13 preseng the piots’of -vzv7ﬁt(named the velocity
parameter) versus percentage opening'aﬁd dike angle res-

peéfively; It may be seen thats

(1) The effect of dike length (Lg) is unimportant for

values betweén 18 inches and 36 inches. As the
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openings between abutments (Lo) were 27-5/8
in., 41-7/8, and 52-1/2 in., the foilowing
Lg/Lo ratios: 0.652, 0.43, and 0.343 existed
for Lg = 18 in.
(2) A dike with of = 0° has the greatest influence
| for 22.9% opening, while a dike with d£= 10°
has the greatést value for about 35% opening,
and a dike with of= 20° for }3.6% opening.
The average influence the angle o is also
indicated in Fig. 11 and 12.

(B) 60° APPROACH

(a) Figures 14 and 15 present the plots of [é&q

versus percentage opening and dike angle,
respectively. The plots were made for

Line A, B, and C.

It may be seen that: ' _

(1) At Line A, the spur dike 1s most effective
at 50% opening.

(2) At centerline (Line B), the spur dike is
most effective at between 30 and 35%
épening, depending on the dike angle oC .

(3) At Line C, the dike is most effective at
the'22.9% opening. |

(b) It was shown in Fig. 8 that using a spur dike at
thé downstream abutment improved conditions

near the abutment, while actually increésing
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the velocities near the upstream abutment (on
Line C). Pilot studies indicated that consid-
erable improvement is obtained if a spur dike

is also placed at the upstream abutment.
VII. CONCLUSIONS

1. Spur dikes decrease the depth of water
through the.constrictions°

2. Properly aesigned spur dikes guide flow 1in
tﬁe opening between abutments, reducing
the chance of scour at the abutments,

3. Spur dikes can produce uniform flow be-
tween abutrﬁents°

L. Length of dike greater than a minimum length
is not important in producing a uniform

velocity distribution between the abutments.

5. Shape.of dike is of importance, the length of

dike is that needed in develdpment of that '
shape. .The shape depends'upon the flow and
percentage opening. Various shapes may be
uéed: logarithmic, spiral, involute, etc,
The shape of dike should be determined for
maximum flow expected. This will provide
satisfactory conditions for lower flows,

6. Straight, stub-dikes should be used on the
downstream side of the abutments to prevént

scour at the abutment.



M

- 18
ACKNOWLEDGMENT

" The author would like to acknowledge assistance
of Mr. S. M. Ali, Byllesby Fellow, and Mr. R. Apmann,
Instructor, in performing the experimental work and an-
alysis of the data, Professor W, J. Eney 1s the Head

of the Department of Civil Engineering.

Parts of the study were sponsored by Modjeski
and Masters, Consulting Engineers, Harrisburg, Penn-

sylvania, and Lehigh University Institute of Research.



B

A
;//%%) Effective
p ™ Width

Direction =i
J of Flow

'« Bridge _ |

. Opening e
>/>>5> (W) /
g A
: Z
A
L~
%

Sketch A

Direction of Flow

Line B

%&

/)? Line A F
A
2
i

Line C’

Sketch C

).

Sketch B

Direction
of Flow
spur
dike
C
= stub
dike
Direction
of Plow
=%
curved
dike

Sketch D



)

BIBLIOGRAPHY

FLOW THRCUGH DIVERGING
OPEN CHANNEL TRANSITIONS
U.S. Dept, of Agriculture

WHY BRIDGES FAIL IN FLOODS

FOR HIGHWAY BRIDGE OPENINGS
Civil Engineering Section,
Report CER 59 SSK 36
Colorado State University

Posey, C.J.
Civil Engineering Feb. 1949
Kindsvater, C.E. COMPUTATION OF PEAK DISCHARGE
Carter, R.W, AT CONTRACTIONS A
Tracy, H.J. U;S., Geological Circular
, No. 283 1953
Laursen, E.M. SCOUR AROUND BRIDGE PIERS
Toch, A, AND ABUTMENTS
Iowa Highway Research Board
" Bulletin No. L 1956
Carter, R.W. HIGHWAY HYDRAULICS
Proceedings of the Fourth Annual
Georgia Highway Conference »
Feb, 1955
- Moulton, L.K. REPORT ON INVESTIGATION OF SCOUR
Belcher, C,. AT BRIDGES CAUSED BY FLOODS
Butler, B.E OF 1955
Highway Research Abstracts - --
Vol. 27, No. 8, pp. 14=31
’ Sep. 1957
Hartzell, C, ANORDNINGAR FOR MINSKNING AV RISKEN
Karemyr, T, FOR EROSION UTANFOR VAGBANKAR
(METHODS USED FOR REDUCTION OF
SCOUR AT ABUTMENTS) ‘
Chalmers Teknlske H8gskolo
Sweden 1957
Reinius, E, MODELLUNDEBS&KNING AV EROSION
I ETT BROIAGE (MODEL STUDIES
OF EROSION AT A BRIDGE SITE)
Karaki, S.S. . HYDRAULIC MODEL STUDY OF SPUR DIKES

Sep. 1959



»

Bibliography

10, - Carle, R.J. THE EFFECT OF SPUR DIKES
Kable, J.C,. ON FLOOD FLOWS THROUGH
HIGHWAY BRIDGE ABUTMENTS
.Hydraulics Division Report
Fritz Engineering Laboratory
Lehigh University June 1959

11. Kable, J.C. THE DETERMINATION OF THE LENGTH

' OF SPUR DIKES FOR FLOOD FLOWS

THROUGH HIGHWAY BRIDGE ABUTMENTS
Hydraulics Division Report
Fritz Engineering Laboratory
Lehigh University July 1959



| "Oid

MO14 HOVONddY
006 ¥O04 HOLINS NOILINIFIA

1334 01=1
—
- 3IMA 8NLS SLN(Od
NIWIHNSVIW

X= g +A1 FHA+

P\

3N YNdS” >

3N INZONVLS A

NOILO3YHId MOd




2 3INM
LIN39NVL

ANFWLNEY Q3IM3NS ¥O4 HOLINS NOILINIA3A

d31N3D

mzj <

MOTd 40 3TONV.




'$40 26°2 - I9YVHOISIA
622 ONINIdO 39VANIOHId ‘ANINLNEY. WYIHLSNMOA NO 3IMIa Io<om&m< oom
SIN3INLNEY N3I3ML3g ZomkDm_m._.m_@ ALIDOT3A €°91d

{os o | - Joo
-06 4011
ool oz
Jou Jos!
Hozi Jow!
dos1
SeqIQ INOYUM ----

ig 4nds 81 — o 100l

g 4nds J2 — ol

Mg indg K, 9¢ — |

- Ho01 - {021
Joll loel
Hozi 10%!
y - qosl ..mux_o ON




$49 26°2 . 39MVHOSIA o
NMOQ NO 3)Ia ¢ HOVONddY .06

6'PE ONINIdO 39VINIOHId * ININLNEY WYIHLS

SIN3IWLINGY NIIM

08
06
00!

o1l

S noyim
9jig 4ndg | g,
9jig 4nds )2
g 4nds  o¢

[

+38 - NolLngidisia »._._uo.._m\/ ¥ 914

w

~00iI

oll

et

WdY  N313N

ool
-{soi



@M? ONIN3dO JOVLNION3d ‘INIWLNGY WYIHLSNMOA NO mg_a

$40 26°¢ 3JO9HVHOSIO

“HOVOHddV o06

m.._.ZMSC.Dmd NIIML3H zogam_m.rw_a >t001_w> G old

oo_ =

SONIQ 4NOYMM -
awg ndg gl —
aiq 4nds J2 —
-aIg h..aw 9¢ =

002 =

Lp9="N

S3Mid ON

L

0S

WdY  N313IW

Wdd H313W



A . w*o NmN 39HVHOSIO | .
mNN oz.zwn_o wo«Fszmmm IN3NLNEY s_qwm._.ngoo NO 35ia ¢ HOVONddY 009

- SIN3WLNEY N33MLIE Zo;zm_mhm_o ALID0T3A 9o o_.._

o¢i

o2
ol 4 Ol
_Q_ . ,
ool H ool
06 m 4 06
=1
m
.
oel 4 Hosl
0
- ON_. = -1 021
on 8, 1 ol
00l {oo
06 ’ { os
' 3ma 1noHLM --—- 1o
{001 o 3NIQ ¥NDS 8] —— {oo1
' 3a unds 2 ——
06 oo 4 06 .
Mg ¥nds 98 ——
08 | | 108

x e

Wd¥  H3L3W
©



$§0 26'2 394VHOSIA ° ®¢m ONIN3dO wwﬂ.zwommm k2w§F3m< §<wm.rm2>>oo NO wvzo 'HOYOMddV 09
SIN3WLNGY meg._.mm ZO_PDm_mkm_o >.:oo.._m> L "old

06
08
. . .o. au.
oL . ,
09
. ”omw
o6 = A
m o.M
08 w 2 .m.
g —409 D
1~
2
0L 5 =
09 = 06
\ 08
soNg inouum  -—--- o8 0L
g 4nds | g| oL .YV, 109 W,
aWg Jndg - J2

TP LT: [ —




3INA LNOHLIM
3MA ¥NdS: ..w__
3N HNdS L2
3INA ¥ndS ,9F

S sieze 394YHOSIA '9°'6b ONINIJO 3OV.IN3ONId * INFWLNBY AYIMLSNMOG NO 310 -* HOVOMAAY oom

s,

»l

m...zws:.:md zmws?_.mm ZOCDm_m.pw_o >b_004w> m 914

H19N3T 40

3ONVHD 40 193443 ‘Gl=

. Hov

(0]

1

oL

~09

0%

408

qoL.

05

|

,, ....ON.

108

-NdY. ¥313W-

09

o

llll\lllll

. iuDjsuod ‘0=p
v I._.GZMJ n_O Pommuw

1
[]
[so]

1
R

)
o
o

~
o
ol
ol

» ' (L]

WV



- 406 HOVOMddY
o 'S3IMC G3A¥ND  ¥O4

SIN3WLNGY NIZIMLIE NOILNGINLSIA ALIDOTIA 6 'Ol

S0 02 39HVHOSIA -

S§9 G2 I9UVHOSIQ
$§0 262  39UVHOSIA

IMA LNOHLIM —
CANg 22—
g, 9¢ ——-

e e on awen en am aw am om o

ot

oS

0S5
09
oL

08

09

Nd¥. ¥3L3IW

WdY Y313



$§9.26'2 JOUVHOSIA  6°22 ONINIJO IOVINIOY3Id
3NITY3LNID 9NOV 371404d 30v3HNs 431VM NO S3aMIQ -¥NdS 40 .,._.om.._._n_w 3HL O1l 914

SaMQ_ LNOHLIM —
SIMQ HLM ——




~INNVHD 3HL 40 SSINIAILOTA43 NO SIIA 40 IONINTANI 11 'Oid
ONINIdO %

08 0L 0% oS ov oe 02 Ol 0 4

r 1 I _ | T _ ———000'|
|oUUDYD JO UOISSIWSUDL} JO | | - —{ogor
SSOUSAIID8)J® JO BINSDAW D U .

, . ,4
IInl = C. .

Q .
q

VYN IYIYIIIVIIIIVSIIVIIIIIIFI)

OQ.‘

— 001l

—00¢2’|




549 g6'2 3IOUVHOSIA ‘ HOVONAAY 06 "SONINIJO 3OVINION3d
 SNOIYYA ¥04 ¥3L3WVMVd ALIDOT13A NO HLONIT 3NA 40 103443 21'9ld.
ONIN3dO %

os ob o oz o5 o» og o0z
——————r——g——r——7—————— 20

: oO_uB ,.

“|eouenjyu| eboseny| o0



muo 26'2 3I9YVHOSIA Io.qomn_md 006 mm.._wz< Md

m:o_m<> 404 ¥ILINVHVD ALIOOT3A NO HLION3T 3MIQ 40 193443 ¢l 9l
| o JTONV o
R
m.o,..N.N. , 1 €0
- dvo 1 0
%8'Ch [%6%E
0z o 0 0z o 0
— _ T 49 T 1 T
| | 8l
o le> |
co w9k~ -4 €0
. ) A vn 1.
sajbuy jo 208 770 % 0'C2 vo
sousn|ju] sboieay == \



N

mwm<10m_o HOVO¥ddV 09 wazmzmao mwaﬁ.zmomma msomm@/ 804 o
mw.__.m?dm,\a ALISOT3A NO NCILYO0T ANV 379NV 3MQ 40 103443 +1°9id

@Zmzmgﬁ %

08 ‘ob o0¢ o0z .05  Ob og . o0z
| T ) 0 —— T | o
Sum._ncocm A |
om— - N-O
o0 :

.

o IO

408 (Pead)

<04 4,

oV




$}0 26'2 3IOHVHOSIO ‘HOVONddY .09 "SITONV 3MIG SNOI¥VA
04 H3ILIWVHEVD ALIDOTI3A NG SNIN3JO I9VLIN3OH3d J0 a_..omm..&m Gl ol

39NV
Gb o_m . m__ _ O 0
LSEY ,
%G be —__]%°
% _
) 4 ¥0
@U :0: . |

“
p 4 s
—- & 40 o ] s i \.-u‘.



.._.mdzo zo_kqmm._..zo Y3L13W IN3H¥END 110 Si'old

JLNNIN ¥3d SNOILATOAZY

022 002 08! o] op! or4] 00! 08 08
: ~ | _ I _ B _ o I ~ I ‘ ) _ | _ 1 _ T
34NUIA / SUOIINIOASY

op 0g 02 O 0
ool T ' U
|-o20

00
—0t'0
050
090

—040

‘S'd'4  S3ILIDOT3IA

—08°0

060

'S'd’d SEQJ;HQO;’B/\

F o ,«" aow ey

A

. . .
A ~4.,.'. N '/ N



	Lehigh University
	Lehigh Preserve
	1960

	The effect of spur dikes on flood flows through bridge constrictions. Presented at the Annual Meeting of the ASCE in Boston, October 1960 Hydraulics file No. 280-M-16
	J. B. Herbich
	Recommended Citation


	tmp.1342713828.pdf.6wcc9

