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Fig. 2. Photograph of experimental flume
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dso(mm) D/ds y(m) V.(m/s) y/D  V/V, Fr
0.78 4487 0.13 0.35 3.7 0.94 0.292

Table. 1. Properties of flow and sediment used in experiments

nJ..';a:Lé:.«l6&6\;’-&,,/;\:}.)9-)(,5!)5;“”54{.19){}»@\:3.\' Jou

Soil Wopt (%) pdmax(g/cmg) PL®) LL@®) Pl®) LI®%) typesoil (USCS)
Sand+ (5%) bentonite 20 1.65 16 4932  29.02 0.12 SP-SC
Sand+ (10%) bentonite 18.1 1.73 12 66 54 0.11 SP-SC
Sand+ (15%) kaoline 15.17 181

Table. 2. Atterberg Limits and properties of sediments used in experiments
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and water content for sand + (5%) bentonite

(Caéjilg'/.o+wb)¢.3)b))v5|f?w);A{JLJ.:;,.ULLQ\J::;J 0 JK

85
Ll
&, Bw=20%
=z 8 370,
— Bw=213%
= 75 r= IJ
E,LD fls] w=17%
o
5 7
m
5 63
]
]

relative densitv (%)
Fig. 5. Variation of shear strength versus relative density and water
content for sand + (5%) bentonite

oo 10+ asle Sl sl Gl bl Sasl Sk ols s, N IKS

ogr 3| S 5 ey g Susby g2 5 TAY (SIS e 0

0
-1
2
-3
24 \Y 5% 80 - 3%
£ 5800
5 — — 3%80+3
-7

-16-12 -8 -4 0 4 8 12 16 20 24 28 32
x(cm)

Fig. 6. Longitudinal scour profiles for sand + (5%) bentonite
compacted with Dr = 80% and W¢ = w,¢, Wope+ 3%,
Wopt* 3%



0L 05 dedamsdon 5 ()8 o

ol SBJJJ.;M“L_I W}A Miwjﬂ

g oy TN+ asle y3  SeataT Ol e Y

Js 53 e b S a0 S gt oy 1)+ 0 LI
ol b S o s a0l BlbI s ol bl Saul
Soglite 3| 3 S e Olie 5 e a5 S5 Ll
S oS 4l S 6 S sl s Saeil S5k 05
3 gl il G T & g 4 (Stial ok b Sb 3
m03 95 O o oo 4 oy S s S el 2y
I35 055 Oy 5 0oL el sl ol SISl ol
SLt Sl o815 pde andl 358 0 il Db s Koo
el Al o 4 S o 5 |y s pl b BB s
o Se S 655 ol 5o ol 258 lapilesl s e bl
St Lal s ol 55wl 4 S 2 O s (Sl e
ol 53 el 0 odalie il il 53 (Kol Gas oy Sl
iy S (Sl Ole 015 a3 Gl 55 Sb 68
5 St 00 iy 5 ol as (VY ISS) cd s S
Srdotl B35 Lol ol OF 51 36 2 o lis
3ol i i s el § Sl b pls s Sk
5 by 53 A0 (ST 5 a8 (G S 4 Al RIS
ol Laasls S cpls 3l miy St 5 Canglie g 1 i
iy (Sl e ST Ol ol 3 45 0 Sl ol S
Cosb,y ¥ s S nglin Olye aeslin b imon ey i
i gl 45 350 o e dalie gy Sl S 5 a5 it
QO JS2) 55l (g iy Dlde a3l by Cosb,y 5o S
ot 3 S by A o ol 53 (Saet
el S5 o palie Il b Wl el sl Bl S
O Sl g 3 e Cogby s A oS5 38 Gl S
o (Sl el iy 3 S gl 3 bl Sl sy o
S 3 45 ol S3 o3V i recke 0 31
e 28 L S i sdtalie 5 0l ) 55 el TE Ol
szjszuﬁ@_nﬁuj@ﬁjwu\‘i ol
2 el sl dg sk 540 (SIS

1/4

oo 10+ ke S 3wl Gl bl el soe sl Ly A JKS

oo Ol feS 5 e gy Sask 03 5 TAY (SIS e s s

-------- 3% 80 - 3%
5800
— — 3% 8(+3

dm(em)

-16-12 -8 4 0 4 § 12 16 20 24 28 32
x(cm)
Fig. 8. Transverse scour profiles for sand + (5%) bentonite
compacted with Dr = 80% and WC = Wy, Wope+ 3%, Wop— 3%

oo 10+ ale Sk s al GLLL Sail Lo e s, A K2

ogr ) S 5 e g Susby 03 57 (SIS e s s

30600 - 3%
3900
— — 30 00+3

-16-12 -8 -4 0 4 8 12 16 20 24 28 32
x(cm)
Fig. 9. Transverse scour profiles for sand + (5%) bentonite
compacted with Dr = 90% and WC = wp,¢, Wop+ 3%,
Wopt— 3%

s 10+ e S sl Gl bl Sl sl S Ol (gla o N+ RS

Coge Susby s A oS5 a0 0 S

x(cm)
Fig. 10. Contour of scour hole for sand + (5%) bentonite, Dr=80%,
We=Wopt

oo 10+ anle S sl Glbl el IS Olpee sla goin N K

gy sk, 5 A0 (ST e o

x(cm)

Fig. 11. Contour of scour hole for sand + (5%) bentonite, Dr=90%,
Wc= Wopt



\Yavdl /Y e_)u/r.h.k?;ha_)jé

Sk sl sy s (s Ao 5 1E) gl S5 s

S MV ke byl Sl s Sl JbS Lo s
Y+ ) g Slacushy 5o 5 Ao Ar 5V GlaST S s
sdalin V8 S0 53 oS 4 S0k .l ol 0351 (Y — ag
oS5 arss 53 s (Santl JIs S Jsb anns Ui 55 0
FeS Sagby 53 oS15 s 53 4 50 el alls Lo j A 5 Ve
sl Ol 33 4 S (Kol Job (83 28 Ol g )
Olsee 33 4 53 cpl &S ol ol bl (g2t Ol & K03
ol s 43 0L T g S i Ao s ¥ s iy s
g 35 o odalie (10) IS 55 &S &S0k (pioman
sV oS5 am s g a s Sl ol 03 Sl IS o e
b etel s & 0L 8 lacgshy 4S5 doys A
1l GBI 5> ol slml (Kol s S o a8 Jl-
1) S 53 il ok e Y + sty Syl Ol b o135
Skl S JSs Santl ds S Ol gla e (05 A
4 aag Sugby Olys 03 dopd Av 5 Ve SIS ey 55 5o 4l

53 st WV e e S sl Sanil Lo sl s V0SS

A @S15 (2 IV (S15 (Al gy 3l eS 5 iy gy Ssho

Y
N £
|

sensee 10% 70 -3%
— 10700

—_— 10% T0=3

dm(em)

-16-12 -8 4 0 4 8 12 16 20 24 28 32

x(cm)
a.
—al
0 =
1 . !
5 % | ¢
g -3 ‘s o.:
= 4 eesses 109 80 - 3%
5 10800
- — — - 10% 80+3

.-16-12 -2 4 0 4 8 12 16 20 24 28 32
x(cm)

b.
<
Fig. 15. Transverse scour profiles for sand + (10%) bentonite
compacted with We = wp,¢, Wop e+ 3%, Wop— 3%, @) Dr =
70% b) Dr =80%

ot Ol jos wdige Sa s — oode e

sl N anle 53 Cugby 5 (ST 4 el (Sl e VY S

_ 8

= Ow=18.1% Bw=21.1%
2 6

- Hw=151% Hszand
324

=)

ER =

= 70 80 90

relative density (%)
Fig. 12. Variation of maximum scour depth versus relative density
and water content for sand + (10%) bentonite
Skt o Zash) Ol 5 0515 dops 0 Cand o0 Zaglie i R

oy )+ ake bsla

(]
L)

Ow=18.1%
Bw=21.1%
Bw=15.1%

—_
Lh

[*)

shear strength (kpa)
=

7 i g0 . 90
relative density (%)

Fig. 13. Variation of shear strength versus relative density and water
content for sand + (10%6) bentonite

23 g ey PV e aule S sl v-<»~wj Sk b sy N USS
TAY @S15 (Ve (S5 (Al gy 5l S 5 ey gy Sushs

0
-1
2
=3
5
4 1 sevses 10% 70-3%
= 5 10% 70 0
6 — = 10% 70+3
16-12 -8 4 0 4 8 12 16 20 24 28 32
x(cm)
a.
-l
0
-1
2
£ 3
:’ -4 . ssssss 10% B0 - 3%
5 . 10% 80 0
- — — 10% 80+3
-6
7
16-12 -8 4 0 4 8 12 16 20 24 28 32
x(cm)
b.
—

Fig. 14. Longitudinal scour profiles for sand + (10%) bentonite
compacted with We = wp,¢, Wopi+ 3%, Wop— 3% , @) Dr = 70%
b) Dr =80%



0L 05 dedamsdon 5 ()8 o

R 6[;'-):‘_}.;41\._; W}ﬂ M‘ =3

ot IS s 110 S e (Sl Ul 1 s S g5 50
gy Smsby 3 1A oSS L s adle b by )50
Sl Gas (glo 3 TE 2alS 5l SULs S s ealid
Coalin 5 S 035 oS o s S
e Sl 5y s (UKLl 5hS £/01) St ol 55
o (Sl gy S @8 ) 53 ok o SI L alte
Adedalle ey 3l ey 5 asle I3 (ool &l U U Oy 50
by S e e 4 (Satl IS gl
5 St Js S oo 5 Jobo Slofis g oo 3,5 JS
53 el osls 0L (A 5WV) sl S 55 el o]
oo V0 Bad BLSl 4S U sdalie s o8 S L anslie
45 258 0 Ao WY Ul (Sl I (2018 sl 0 58
Ui la mown . Coul oy 00 Ll L5 0 S js
sl osls 0L (14) S s Sk &S ol 5o SKawdd db S

sl

A ey IV ale S s Al Sl Ol gla e N S

-15 -10 -5 0 (5 ) 10 15 20 25
X(cm
Fig. 19. Contour of scour hole for sand + (15%) kaoline, Dr=90%,
Wce= Wopt

(ST 3055 93 39290 1193 () £
2 gl o Lﬁwmj ol s sy S ok
S Sat] Ges s @l Sl 3 il s
B B G g e [T G PR R PSR P
Loy oo G g5 0 e Lok oSt 55 Al b
Sl 68 53 pl 53 Srale b Co e 5 o Soslite glals glaS
obel ol 5l gssdee S omes ol oglane
SOl Kinsy baws sdunnr S 3 adge Sanddl
3 ot 1S5 5 oy S8 65 UL Lals, opl 53 & Sl 0l
Ol (1) Jsdr 53 S &850kl plo ol ol a S L5

Cosl okl s 4 L;:w&j G 3l Sl @L‘J Gl ol e3ls

1/6

oo IV anle S sl Gl bl Kool Ol sla o AN K3

A (S5 am s A (S5 am o -l g Cusb o s

Fig. 16. Contour of scour hole for sand + (10%) bentonite, Wc=
Wopt, a) Dr=80%, b) Dr=90%

OIS ey TN anle S s aly Sl Job Ly WY K

0

-1
23 T /
5—4

-18-14-10 -6 -2

2 6 10 14 18 22 26 30

x{cm)
Fig. 17. Longitudinal scour profile for sand + (15%) kaolin
compacted with Dr = 90% and W¢ = wy,,

O35 ey N0+ anke Sk s aly St S e Ly, A JSKS
0 ~

e

dm(

1
2
3
-4
5
6
-7

-16-12 -8 -4 0 4 8 12 16 20 24 28 32
x(cm)
Fig. 18. Transverse scour profile for sand + (15%) kaolin
compacted with Dr = 90% and Wc = w,

S ey A0+ aule y3 ST Ol e —F-¥
4_:}?@_& LaeSti oS 5o anle 4y oy 710 O @8LAI L

QMWJW)jJWMw‘jLW‘AMAMW@T



\Yavdl /Y e_)l.«.i/r.h.k?;ha_)jé

ot Ol jos wdige Sa s — oode e

il e glite fash S Jeol i b S

j.blp-uibj};QM%L}@M&\)\J@\}JJ\JJBGH ML@AY’J‘,»

Researcher Equation maximum scour depth (cm)

Briaud et al. [19] dgec(mm) = 0.18R625 6.23
Khassaf [6] dT =26 Fro4 1589

Ting et al. [4] dgec = 0.12 RO-682 7.08
Rambabo et al. [20] (dgec/D) = K[(U,/U,.) + (—0.474)] 3.225
Debnath and Chauduri [3] dsec=2.05 Fr, " 727129 £,70%7 236.83

. dsec Cu —0.982 ~
Najafzacieh [7] =) w2 7800
y V.Y

Table .3. Comparison of the present study with the calculated ones by other researcher equation
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Abstract
The main reasons of bridge failure are local scour around the piers. In fact, they will be appeared as a scour

hole in the river bed. Moreover, lack of control during the time, local scouring will threaten stability of
structure. Therefore, determining of depth and dimension of the scour hole, also finding effective factors on
scouring are important. Lots of researchers have studied the local scour around the bridge piers. Actually,
they have proposed lots of appropriate techniques to control and to reduce scour around piers and bridge
abutments. These proposed approaches are divided into two methods which are altering the flow and bed-
armoring. In this research, the local scour around the bridge piers in a cohesive soils have studied.
Particularly, the cohesive soils in form of mixture of Bentonite (montmorillonitic clay from 0 to 15%) and
bed sediment (fine sand) used. In fact, this approach is a solution to challenge bed-armoring against
existence shear stress. As a result, the proposed method will be used for controlling the scour. The
experiments were carried out at the Hydraulic Laboratory of the Water Engineering Department, at Shiraz
University, Iran. The laboratory flume was a rectangular cross section with 18 m length, 1.2 m wide and 0.4
m deep. According to channel geometry, the discharge and the depth of flow were determined to be 0.034

m3/ s and 13 cm, respectively. In all experiments, the discharge and flow depth were constant. This study
focused on the best compaction conditions, optimum clay content and the bed shear strength. The undrained
shear strength of the soil was measured using an in situ miniature van shear apparatus. The best compaction
conditions including optimum moisture and compaction energy. From standard Proctor test, the optimum
initial water content W, and the optimum dry density pqop Was determined. The compaction was expressed
as the ratio of dry density p; to maximum dry density pgp: Of the mixture. Therefore three relative
compaction equal t070%, 80% and 90% used. Also, three water content optimum initial water content,
optimum initial water content — 3% and optimum initial water content + 3% are used. The results indicate
that for smaller clay content (5%) the shape of the scour hole was similar to that in sand sediment and is
regular and symmetrical. For clay content equal t010%, scour hole is geometrically much irregular compared
to that observed in sand bed and it is observed that a steeper slope of the scour hole in sediment mixture.
The slope became steeper whit an increase in relative compaction. In fact, the higher relative compaction and
the higher clay content increases shear strength and decreases the maximum scour depth. The samples
compacted at optimum water content creates a structure with the most resistant to scour. The erodibility of
samples compacted dry of optimum water content is less than samples compacted on the wet side of
optimum. The results showed that under conditions which the amount of Bentonite equals at least 10% of
dry weight in the mixture (Bentonite and sand sediment), relative compaction equal s to 90% and and water
content equals to optimum moisturesimultaneously, the local scour reduces by 100% in single pier. In
addition, the influence of the compaction and type of clay mineral was investigated. The results show that
Bentonite was more effective than Kaolin. If the 15% of dry weight Kaolin clay mixed with bed sand
sediment to be used and relative compaction equal to 90% and water ontent equals to optimum maoisture,
simultaneously, the maximum scour hole was reduced only by 34%.

Key word: Local scour, Bridge pier, Incohesive soils, Bentonite, Kaolin.
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