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The problem of scour around any obstruction placed inm .an
alluvial channel‘is of great importance to hydraulic engineers. In
practice, a channel is often'ObStruCteﬂ-in"many:ways,'suéh as:
training dikes, bridgegﬁiers,;aBUEment&,,Spur,diﬁés<and799'fbrtﬁ.

To be able to design,a.saﬁé.and economic structure, it is important to
have a clear picture of scour phenoménon around these obstructions.
considerations for the safety of the bridge foundationf like the pos-
sibility of scour, its magnitude, its effect on~the~stability‘of?the.
;structure,,andxmethoﬂs for minimizing such effect. fItyis-we;l kanh;thaL
canStrictiQn.Ofithe”flow»due to abutments andﬁpiérs.inythé channel Te-
sult in 4 rise in water~=level upstream-dfi;he'constrictian,tiﬁcréase;
in flow velocity in. the constricted area and eddying and separation

. around the object. At the time of éreat;flocds, this produces severe

scouring at the abutmernts andqpiersg,oftenfwith'deVasgating results.
TN\

In recentYgégg'fheuintﬁrﬁst.oftheuenginéets‘h&S'bEEﬂ focused
on the usefulness. of Spuf dikeS in minimizing scour at the abutments by
streamlining the flow and establishing uniform velocity distribution.
fhroughutheﬂogeﬁing, |

—~—

In order to study the variables governing the depth of scour

around obstructions such as spur dikes, tests were carried ott. The




salient features of these tests dre summarized herein.

Ahspuridike_13~a structure cOnstructed;atgan;angié to the flow
direction extending from the bank of an alluvial channel into the main
flow. It serves one or more of the following functions:
1. Training of the stream flow

2. Protection of the stream banks from erosion

3. 1Improvement of depth for navigation.

As the water flows around the spur dike, the flow pattern is
of this the shear distribution around the spur dike is modified. This
leads to scouring action until equilibrium is established between the

various forces influencing the scouring action.




2, EARLIER STUDIES

Some work has been done on various aspects of the hydraulic
characteristics of spur dikes. Lacey worked out maximum scour depth
at a spur dike. Based mainly on the‘fieldiqf‘QbSErvations,'GIaude;Cg

\ ~(11)

~eompared‘the'maximum scour dgﬁths-with:thoae obtained by
Lacey. Andru and J. Blench(lB));after analyzing various laboratory

and field data on scour at obstructions, concluded that the depth of
local scour depends i; discharge intensity and the size of bed material.
Mushtaq Ahmed(ﬁ) conducted investigations on the’behavioriof'Spur'dikes

and drew some conclusions regarding the effect of various parameters

on the maximum scour depth.

Much work has been done in regards to the effect of dikes

(9)

nedr a. bridge opening at Lehigh University. Professor J. B. Herbich's
valuable conclusions regarding the effect 0of the length of dike, shape,

and the flow condition in scouring aspects are equally important.

More laboratory invesﬁfgatians1havg been conducted on problems.
. . | | 2y . |
related to scour at bridge piers. Emmett M. Laursen has conc¢luded

that depth of scour for a given geometry of obstruction 1s dependent

on the width of obstruction and thé'depth_bf.fIOWJWhEH there is an

appreciable seédiment supply. Ksin-Kuan Livt™ and M. M. skinner¢t®

have given some qualitative results regarding scour at abutments.

o o | . (6) | | o
Carl walzzard'andedseph-Bradleyﬁ') reported the preliminary findings

.:ﬂ,'

T ——
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of an investigation of scour at.bridge abutments. R. J. Garde(s) K. ™
" Subramanya and K. W. Nambudripad concluded that. the maximum scour depth

- is affected significantly bj'thé size of the sediment, flow condition

and size and sﬁape of dikes.

o
¢




3. THE CURRENT PROGRAM

For the past few years research study in the control of
scour at bridge abutments, with spur dikes has been conducted at the
Hydraulics Division of Fritz Engineering Laboratory, Lehigh University.
;En the:beginningjit'inyolvedztests in a ffxedebed model study but later

were also made on a movable bed model

Some interesting conclusions were also reached regarding
shape, size and location of dikes for effective control of scour in
the'casemof'QOQ-abutﬁents;andf£ixed,bed models. They are published

. . 3 o L e . (10)
in :detail by the IﬂgtitUté~of,R¢SearQh,,Lehigh.University( O)t

The current program is conducted to get the idea of the effect
of dikes on. scouring by using different lengths of dikes and diffetrent
spacing. The purpose of this investigation is the study of the

characteristics of scour at the spur dikes in general, with the dikes

of different lengths and having different :spacings.




4. THEORETICAL APPROACH

4.1 MECHANISM OF SCOUR

Scour is basically.aAconseQuencequ'&ninbalanqg.betweEn the
rate of~sedimeﬁt3transp9rt_out.of?ﬂn'area;and the rate of supply of
sediment to that area. At a bridge crossing the area of vital im-

portance is the immediate vicinity of the foundations of the abutments
. 5

and the piers. The inbalance between the two rates arises from a variety

of causes which .are SO complicated by themselves that they defy a co-

herent and simplified approach.

. (Y
K ° .

There aré two kinds of channel constriction scour.
1. General Scour which is caused by a long iconstriction
of flow establishing a new regime of flow, and
2. Local scour Qﬁichfis caused by a local constriction
of flow due to abutment piers or dikes .
Wé'shallmCOnfinewoufSelVE§;to the latter.

K3

Due to the complexity of the nature of the various factors

involved affecting local scour, most of the studies so far are empirical.

Several investigators have proposed various empirical formulae

for the depth of local scour. Some of these express the scour depth

as a multiple of Lacey's regime depth D, im the contracted section.




Lacey proposed the following relationship for computing the
.maximum scour depth at a contracted section, which he related to the
regime flow depth.
ﬁHLj;-OW4JC%)l/3
in Wwhich
D, is Lacey's regime depth for a straight reach
Q is the total discharge "
f is Lacey's silt factor
With the help of Lacey's formula and his assumption that local scour
is proportional to regime flow depth, Khosla proposed the following
formula
9

94)1

Q" 1/3
£

D_ = 0.9K (
in. which
Dy is maximum scour measured from the water surface
Qj~is,dis¢harge-per foot width
K 1is the factor depending on type of obstruction
Ahmed and Blench similarly relate the depth of maximum scour to .a mean
flow intensity, and to some extent on bed material. Laursen, on the
:Other~hand3;COHCLudes that with bed load movement continuing during the
Séduringupr0CE&Sythe~maximum-l;cal;scpur is indepenééntuofﬂsedimentf
size and flow obstruction. He concluded that the ‘maximum scour depth
below the stream bed may be four times the depth of generdl scour in
'case;Qfﬁan;émhankment-éx;eqding to the edge;of~themmain-éh&nﬁEl*With
neighboring scour holes overlapping, and as much as twelve times when

the main channel is eonstxicted.with~nq_overlgp:pﬁ adjacent scour holes.




A recent study by Liﬁ, ChangandSkinnefindicatgs that the
effect of flow velocity on scour may be appréciablé and thét if the bed
load is appreciable, the constriction ratio has n6 appreciab1e effect
on Scoqr'depth;'but.if there is no bed load, the limiting scour is a

@

function of coﬁstriction ratio..

%

4.2 DIMENSIONAL ANALYSIS

Consideration of the phenomenon of locdl iscour with the aid

of dimensional analysis may also prove helpful.

The following more important independent variables may be
considered to effect the scour

.'/’

h  depth oﬁiappf;ach;flgw

Vv velocity of approach flow

B width of channel

W representative fall velocity of bed material
9 density of water

A ﬁynamic-viscﬁsity.of'waterasediment:mikture
g gravitational constant

d opening‘ratio M

@ skew angle of dike

G geometry of spur dike.

So thathg,~the~scaur‘depth, can be related to these variables as follows:

DS = f) (h: V: 'B: W, ? b M ). G’ d’ 9)'




If h, V and § are selected as repeating variables the above
equation may be converted into a group of dimensionless /( -terms as
follows, with the 71 -terms arranged in order of their importance.

D

s ¢ (¢ 4 @ V_ B W VOJ

But the magnitude of the task of determining the details of this rela-

tionship is rather enormous and the exact relationship can only be es-

tablished by conducting numerous experiments in the laboratory which

would be time consuming too.
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5. MOVABLE BED STUDIES
— oy

K

5.1 DESCRIPTICN OF EQUIPMENT N

i
\L
%

| A)short account of the various units of the testing eqﬁipment

J

used for the study is given below.

A, Head Tank, Motor and_Pymg‘

An overhead tank supplies water to the testing tank
'byﬁgravity, A constant head was maintained in this tank.
by an overflow: channel leading directly to the sump. The
pump used was a De Laval, Model 10/g, with a maximum

s | |
“1750i£;m?aﬁdua'CapaCity of 1800 gpm against a head of
70 feet. This pump was driven by a 25 HP Westinghouse
Model HF motor with a maximum of 1720 xrpm.

B:. Venturi meter

Located adjacent to the:tgsting,tank-waS'an_Ssinch
by 5-inch Venturi meter which was connected with the
head tank by an 8-inch iron pipe. It was calibrated to

read

where
AH is the differential height in manometer in

feet of liquid




C. Testing Tank (Fig. 1)

Theftes;ingltank available for use was 35 feet long,
10 feet wide and 2 feet deep and served as a flood plane
across which constriction could be placed. The tank was
divided in two equal sections each 5 feet wide by means
of a wooden plank wéll, The purpose of which is to
minimizejthe‘work of the testing of different spacings
of dikes.

A recessed section was formed in the central 10-foot
length by raising the floof of the tank by 5 iﬁches,dn@
either side of this section. When a sand layer of 2-inch
depth was spread on the floor this gave.the'test section
a 7-inch deep sand layer which was sufficient to measure
thé.anticipatéd}s§ggr,

A;bafﬁle.madé~of wire gauge and filled with well
~ graded stones was placed at the head of the tank so as to
obtain a uniform fIQanénoss the width of the tank. That
this se;yed the purpose was testified by measurements of vel-
ocity in thefpreIiminary‘testingzoffthe previous studies.
A tailgate at the downstream end of the tank regulated the
water level in the tank.

Different lengths of dikes with‘different spacing were
tested. Dikes of 0'-10", 1L'-6" and 2'-4" with spacing of
4"6", 2 _!,,,_3211,,: ]_'_]_ 5" _an'd a s‘ingle dike were -teste&) in the

two sections of the tanks. The dikes were made of wooden

-11




plank and were fixed to the base of the tank by means of
/
another plank attached at the bottom and with weights on

both sides.

-12




6. METHOD OF TESTING

Before the commencement of‘thg-testé, several points had to
be considered and settled regarding the procedure for the tests.
Some of them were conditioned by the l#mitation-ofjthegstudy, others

wére established by previous studies here and elsevwhere.

6.1 BED MATERIAL

The bed material used in the ‘tank was a New Jersey medium
sand with an average diameter of 0.30 mm. The grain size distribution

curve of the sand is shown in Fig. 2.

6.2 RUNNING TIME FOR TESTS

It has been shown that the depth of scour caused by a
contracted flow increases_rapfﬁly with time, though theg%atemofﬁscour de-
creases rapidly as the :depth increases. In Figs. 3 and 4 two curves
are shown of scour depth plotted against time, one with the bed load
supply in the scour hole and the other without it. After a certain
period of time the increase in scour is so Small;that the scour depth

may appear to have reached a limit.

It was reasonable to choose from the graphs a prdctical value
of ‘the running time for tests within which most of the scour took place.

A value of six hours was chosen, since the increase in scour depth after

this period was found to be negligible.

-13




7. DESCRIPTION OF TESTS

Without any dikes in the two sections the test was carried
out to check that the velocity in both the sections was the same.
Before any test the sand bed in the tank was carefully leveled, first
by a hand tool and then by a wooden: board hung from a movable bridge
over the tank: A point gauge which was calibrated to read up to
10;901~f00t and which was attached to»the"bridge was used for leveling

the bed and dlso for contouring the scour patterii.

In or&er'tOJestablishithe:floqulewly and.gradgally the tail-

gate end was first raised and then water in the tank was diverted

slowly through the baffle. After the first flow of 0.8 e.f.s. was
established the tailgate .end was lowered and water level adjusted to

S

2 ‘inches in the test.

Water wasﬂgrédually%stopﬁedVafter six hours of run -and then

the scour pattern was .contoured. ‘After.each.test5rseveralgphotographs

of the scoured bed was taken and photo-mosaics préepared. The scour
pattern and the effgct,of'dikes in connéction with various tests can

The above procedure was common for all the tests, In all

'theftéstsfit”Was~QbserVEﬁlthat,.asrwas proved by previous laboratory

studies, the scour at first increased rapidly with time. though with a

-14




Withé‘rapidlydecreasingrate«b In fact mOSt‘of~the SCbur‘took place

within the first 4 or 4 and'ljz;hqprs,,after ;hich,the movement of the
bed-méterial~was so small that?is~seeméd to pass into what Lid, Chang

and Skinner describe as the second stage of ‘scour-formation

¢
establishment of scour.

7.1 TEST NO. 1 (Fig. 5)

In the firsg test the dike lengths used was 1'-6" in both the
sections and was placed in the middle of the tank. The main object of
this test was to observe. the velocity in both the sections and also the
scour pattern. It was observed that the velocity is the same in both
the sections and also the scour pattern obtained after six hours of
flow was practically the same in both.the sections. 'Thisibrove& that
all the conditions in both the sections are the samefliThe'entéring

velocity in the section. was kept 0:.482 ft./sec.

ﬁ Q =V; x A
= 0.482 % 10 x 2/12
=0.8 c.f.s.
Q at the section a-a at Fhé.dike-
=0.8 =Vy (10 - 3) x 2/12

Vy, =0.69 ft. /sec.

and this velocity was kept for all the tests at the dike. U

-15




The procedure of the test i\§ the same as explained previous ly.

The scour pattern for this test is shown in Fig. 5.

7.2 TEST NO. 2

In this test dikes having lengths of 1'-6" were used, Three

dikes were placed in one section and five dikes in the other section.

The velocity at the dike was kept as 0.69 f.p.s .and accordingly

the dis charge wags 0.8 c.f.s. After running the test for six hours the

scour pattern was made by contours o f ~fe';q;uaali scouring: The photographs

of the scour pattern were taken. The scour pattern is shown in Fig. 6.

From the scour pattern it is seen that the effect of scouring at dikes
other than the first one is not much. Ho;‘/_w;ever ; the number of dikes

affects the scouring inclination and the depth of maximum scouring at

the first dike.

In this test dikes having lengths of 1'-6' were used. One

VA
W

dike was :_p'.lfa-c ed in one section and nine rdi,'k,e_s were z_p]flja;c,:'ezd in the other

section. The spacing of the dikes are shown in Fig. 12. Velocity was

0.69 f.p.s and the scour pattern was obtained which is shown in Fig. 7.

There was not efféctive scouring at the. dikes other than the first one:

-16




7.4 TEST NO. 4

In this test dikes having lengths of 0'-10" were used. Three

dikes were placed in one section and five dikes in the other section.

The new discharge was calculated as the same velocity as in

the previous test was to be maintained

Q =0.69 (10 - 1.66) x 2/12

" =0.956 c.f.s.

After running the test for six hours the scour patterns were

obtained. These are shown in Fig. 8.

7.5 TEST NO. 5

In this test dikes having lengths of 0'-10" were used. One
dike was placed in one section and nine dikes were placed in the other
section. Discharge was kept 0,956 c.f.s.” to have 0.69fps velocity at
the dike. ‘As before the scour pattern was obtained after running the

test for six hours. The scour pattern is shown in Fig. 9.

In this test dikes having lengths of 2'-4" were used. Three

dikes were placed in one section and five dikes in the other section.

The discharge was calculated as the same velocity as in previous

test was to be maintained

H

-0 .615 c.f.s.

-17
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7.7 TEST NO. 7

In this test dikes having lengths of 2'-4' were used. One dike
was placed in one section and nine dikes were placed in the other section.
Discharge was kept 0.615 c.f.s. to have 0.69 f.p.s. velocity at the dike.

As before the scour pattern was obtained after running the test for six

"hours. The scour pattern is shown in Fig. Ll.
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:Tﬁe-Effe¢t~0flthé;diké~was.6b8¢rved~withha,consfant velocity
through the openings by varying the lengths and spacings of the dikes.
The scour at the first dike was obtained from the scour ;étterns and
the area,of-maximum scouring was measured in sq. inches for all the
tests and was plotted against the number of dikes (Fig. 17). Itrwgs
found that the'apéaﬂof:maximum-scouringjatfthe“firSt dike increases
with the increase in number of dikes put in a section. Also from the
plot it was observed that the maximﬁm,ﬁrea of scouring at the first
dike in each test increased with the increase in the length of the

dikes.

.The.mﬂximum;scouring:aﬁjthg first. dike in each test took
place at some inclination with the dike and this inclination wasaaiso
measured from the scour patterns. A plot was made of inclination of
scouring versus the number of dikeg (Fig. 16)‘and'itTWas observed
that the inclination -of the maximum scouring with the first dike

decreased with the increase in the number of dikes.

For test No. 9 the Froude numbers at six sections for dis tance
3, 6,9, 12, 15, 18, 21, 24; 27 .and 30 inches from the dike end were

calculated and a plot of Froude number versus a nondimensionalized
D+ d

term '*b;lw“waS»made:(Fig; 18). Where D is the depth of water,

dg is the depth of scouring and it was observed that the Froude number

increases with the decrease in the ratio :
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