V-3 Lo/ VYAV Gyl VY 0 lowd /1A alan/ iS5 9 (5,1 (05w cwiige Ciliudod

AERI

it T S 39 (i gh 190 Cigo gy P g vy il BRSO 3T (w5
Sowno Ol Cawdml 9o

*r}'}éﬁ'é Jg.w)g"@)é@ ol “@L‘a) S0

Ol gl e cadlye oliils oyl pae cwaign 05,5 HLaiils g ¢ o iud jau =Y g )

Olpl ol (las; oadls ( Sdgyoud slaosle g o (2ol ,8 (e (550 (gzmiils =Y

WPIEIY 2y g, DN YN cdly o

ouuS>

E4

St Oloxiur Comrd iy (Sndil Gos (B (1 Comj bpro g 5 glojlur o Joly Sy 51 g ol 4
Cladloe (i law 38 )il 45 (5 jobdy dgud oo Dol Lol ddgn &5 Ko Wlbxino CuwndY L ! 2005 03 iww!
A5 31 oy U LagiliBle 5 (o Lol 513,13 41,8 Gl o (Sinsdal (2520 53 81500 Oloriuo Camdpmly Jg 2980
L St Olondiao Cawd il sy Dgay 63,13 o (55905571 9 839, lamasns b (oanlio ()15 5Lw Cglild (oo
Gl o)) e (52 E98 s (Siunmi] (IS )3 ol 5 (3255 51 ot 9 bgle LS Lugili Bl g
3,13 Cy o Simidio Sl Cuwdmly (Sunadil 305 GEBE 13 oy 91U b o S 35 5 ) Cado 50 51 ol
VY (Sl Jgb o] (25 500 L o Gl 03081 GUST Sighy 90 Cgo oy 9L 9 () S5 @lRiaas 3, Ses (32 yige
€1 91 e e (le BRI Cadgly j90 Cige Pli—(w) S 5 9 () 029331 b omimed Sl Bl RS oy
31 edliiw] 4 G (g om0 (30805 (3] 1 el Consddy gl g davgi b o] 205 809D i Sl (Bos 53 o3
514 bl o jlonnns Wli 0 (63,190 5 9 3,0 (Shanudal J 555 53 o (565U gl 90 Cgo () U g () S

355 Clidlone Wl yin 1 i il (2l L (g eilisg, 45 aloa jl ¢ los o

Sl 5o il

gl yg0 Cge yLd L 93U dge ¢ 2Ruilol Juto cCawd iy SNiavwis]

D8l o BlasT g oo oouel el Ay a5 Siie
@l sl T o9 Sl s, 5l ey 0l
s 5 Job mals a5 ol aalym o))y (gloais cladle
=2 Ol sladiarn 5l asb ol jo  Saciol Jlogs
o=l aS sl 4 wil WKt Siwiol §oc
Sz o L owp lailBog, sloojle o 4 (Siwial
y Leojlos ol ol o5 oS ol B L ol >

Aol
sleslaiwl as oo o ol @@uﬂ i
Wi oo o 398 Gy e 2 S50 Sidie Sl
(Rajaratnam & Hurtig, o5 Slgww |y b ,> 65,
.2000; Bozkus et al., 2007; Sadeghfam et al., 2014)
G-kl Sl B8 ol > ‘sﬁblf_.i‘..gu)"l oolde o
SNl 09800 Sml Gl 358 0Lz Wge azmyo

Ol o g dzy )0 o Aol o gl iy g (65,

http://doi: 10.22092/aridse.2017.109677.1195

daneshfaraz@yah00.com : Jgiwws o0, *


http://doi/

V=1 Lo/ VYAV Gl /YT 05lond VA wla/ iS5 9 (55l (505w (cwriigee Wil

Gosb sl (Fimetal 985 Jome 4y oo 5 Joee o
gy Sl 035 oS slaglar oS s
2l JLS 50 (ngs Sl (B9, Badod (nl oleiin
slonl asleog; Cny basee jo (S aS Lo,
soly Gl oass s gt il 50 0,5 aalgss
5 oolitl L oy aif cdlSiice ialS jslaiads canslio
Baa Ly g a0y, 559551 5 cnnbo b )15 5L llas
S sloojls Cassimly (Swtal Gos alS
Cmdimly 55 (Fmeial Bas 5 Jsb ()b )09 &
—as S )5 ooliiul o9 Bl 4 S-St Slio
Ol aslllae &j550 5 oty (ool oS psboay ()25
Ll 00l olus! ol dalllas B o s lawgs

938 U Bl ialejl gy & o nl o
gllas 4o (Suigh 90 Sige o) 9l 9 vy S 5 9 )
9 Goe Rals jolaieds Sdio Do Cewsiml (29w,
el oo a3y calisee sla o yo (Kol Job
o L= g oy e Loy (o) 09— 3l l—
Jolae f51a o 50 " B35 by 5 e sidsh oo ige
o0 95 5 oy badie Ly g (s 08U &Y o (S
15 e ela,zall oalal Judos (gl e oas onliiu
15 sl 00 ooliil AeSLSly oy Ubs, 5l dalllas oy
U 1 (Sl Jsb 5 as Ol o0 (Sl (o) 2
(Vg ) Lalg)) <88 5l 50 nj sl st

= esliil ( 8k slaes I8 s (o me o
Al oo gt S 8l o e Szl llas
Al 42l ol jody 55 a5 e DSl

3 ismtly (Kot e 45 g00se Sliios
5 Ople G Sl vy (Sgyene slaosle
5 s «(Chabert & Engeldinger, 1956) 5,015l
sy; {Chiew, 1992) o.> (Lee etal., 1961) .l S en
> g o (Zarrati et al., 2004) |l Sen 4
—1)5 9 el—es,S (Sanoussi & Habib, 2008)
(Singh  sl.o ¢ S (Karimaee & Zarrati, 2011)
g 4l ,—as (Elsebaie, 2013) L.l & Maiti, 2012)
Ui .l ouus bl (Nasr-Allah et al., 2016) -l Son
oJldlose (Tuna & Emiroglu, 2011; 2013) olégl,ual o
«Elnikhely, 2016) L. (Abdelhaleem, 2013)
9 iy plo g S Glas e Cans il (Siwis
e = 0lesz Selspid bl 5 Qb Goe b
dmsS assls )8 ) 3590 1) sl (St
Slpss g o sloal BlbI o Sl (Goel, 2010)
35 0901y (e 9 Gos (Jsb) u;i"'“"“"‘ R
ol 8

Sits] i oyl I3 ] (S gl
S5l lp Gl a5 oty 09 (20 GRIHIL
eleoslu ol & jgoas i wlesls &l Sl )

Dr = (0,0, B, A, Y, Yo Ve X X, N, 0, 0, o5, 1) M)

L. =1,(0,d,B,d., YA, Yo, Ve, X, 0L, 0, 05, 9, 1)

S Olxa

) )‘1 A 4_3.]3| d_a.c =Yp Aoy 0
Aol =X «Sio Olrao 5l o a gl §oe =YE

¢ ( fe Sl o 3_:)3) ..\_.a)\b =N ‘Jl_»lf 6&5)5

M

Lol 4o aS
U 514 Loy Sl 5 251 D
So—iib=d ¢ o, e a>ly o =0 Swiol 5, 4>
o aJgl 5 ae=ya s JLIS o, ec=B o0

1- Grouting



ey 91U 9 o) 8T BRLLejT o) 2

OS5 0 5 eSS (o by, Sl el Ly
5 oem edo sle el ds, p, 96l S5 sl pata

fogy S (I =8 s Siis Slxio Cwlses =t

u] Pyatw > =P g L;-‘-"‘L"’Q 4“")91“"’5 =H

7,*,*,*,*,*,*,**,*,”, =Re*) \ﬂ
S d.'d.’d,"d."d."d."d, pd, A )
s _ d B ya Yo Ye X X3 P Yo & Mo
B T R A T A LS ®
S S S S S S S S S S 5292

b)) D alade jo o > 84,8 sae FIp ©)le
Ll (St Silao
39580 58U iyl (o 4 g ol 5
las an Gdsh g0 Soge s 6l 5 vy S5 9 o)
ohelS jshaiean St Slrio cwsimly (25—,

PssN Xg X B ds polie o ol o8 L

syRex Ve 9¥a slaytally 52l 1515 o toen

O ygods 338 dal) 90 o Stwtal Job 5 Bee piSTa>
(F 50 Laily)) wigds oo 4D ;5

1) Jazr 2Btlojl Ll sllas (Siiel Sy dy ¢ (pr Yo b o
P L 3ol slacudgame 4 axgi bl oo s, D, ds d,
. y
4S5 0,8 i adsl la alesT L JUIS i o = fz(FrD,d—D,d—s) *)
S S S
MYA Jlse GBlyoul g e Joo VA Lasgie Jad b als
B3 Ol ln clie 0al (Byae (uails p Glate Ll o oS
g ol Sl ) am (Sl
PO (3855 2alojl bl —) Jgo
Slaxy <0 39,8 olacl sdguxo 4z 30 W by ok Bdg9uxo ) -
ol g9
Clld g (4l pd) Az 50 u (o gilw)
YA FIYO DY ony <Fr=<o/ <[ <Y SViEY sals iles!
YA FIVO & oY <Fr <o/ - S Y Svisy Py F 1wy oS 5 b ialesT
YA FIVO & oY <Fr <o/ - S Y LSvisy sk yoe Cdge oy ¢l g ) oS 5 b Liubes]

Sl 00,5 solaul adl e olfiils g ous olKinle s
AT aBb LIS )3 (605 (e b g Bl (ol S
e o0 i3l S oSl iz ) JUIS (sloolguo
= i VI (o0 ST LSS o oy g0 b JUIS L >

B gy g 3190
BB bojT Ol s
hebais alaie b JUIS 51 b ialesT sl sl

2 e IED 5 oIV B s £y 5 oye b &



V=1 Lo/ VYAV Gl /YT 05lond VA wla/ iS5 9 (55l (505w (cwriigee Wil

5y Job o ol L5 adsl iales] 5| ol gl
Abe GRIBIYL slaos jo e ) sl b (S|
S e (59 (S5 ES LT U 0yh> Gas nize
OR5 SB 0 b e VY gy s Job bl (0l 2
§ (Sl 8, i 5 b da i Cgr clio Aol
Goe 58,5 7L 5o Ly e il YWF 2wy Cualies
Ot Ol Sl (S Jleisl SalS 6l celie
1 oatie s U g i sl gl S
onl G o Ol e oS 9 51 U
3 el WIE elas) b Gl oSy (605 40 0035
S| Y0 gl i S b s eolitl JUIS S
5 (Uil dmsge 3 l) Site Slmio b JUIS (59955
a5 ol adys A o e il Be g pgs wlas Job
el Saiin Olrao Ao om0 VY ALsl o
O JSs) el oo

el «JUIST slal o Sz S 3 S oo casls
Felisy g0 Jate 1ol 95 b b (L (20 el ot
Sy sl ouls (6,03l bcaay (29,5 )0 0l Ceal
ooliiwl (5525 azm )0 Gl Sl 398 Gl obxl
il 00 s JUIS (53,5 51 e ) ALols 4y 45 0
Ol 9 e VO 3 Seiin Sl L domy yo dlold
aS ol ad,S Ll o te ile ) 3jlal a ] Sl
5 Jsbcal oot axils 455 cnl b ilesT D 5o
o plyr Slakin 4 azgi b (ge) yow Culs

Seael Cowsa X
Ay s et (o Oyson all il
P LS YV o (JBa b adsl (ggm) D)3 &5 o5 il
9 e ) Job an Siiie Dlrio s caSe o
FIYD 50 ¥ slagls,s cad b e il Ve Culis

23,5 518 Glejl 090 a5l 2

Ol e

B A 50

o3lw! 3,90 (2Bl 3T JUI o Wlsaga 31 IS lod - S5

Sl jlan Sdgjae by LIl E adaie « St
SP‘}QQ.MQ‘SAQW‘)QQQ&QF&‘Q.&ABMM
Sy Jolgd o St Oliao Cavspml jo Sy |

@ axg bl o (5,505l iolesl LL b asine

e B8 Ol oyt AbE A ahaile ) S s

Sl it iy st e B aloe il AL
55 D ghaiie o sl o ployr Gos C alabe
Slomio o (Sgpame b ddgl Goe 5 0l >



ey 91U 9 o) 8T BRLLejT o) 2

po—as Plot Digitizer I3 3ls 5 5l solawl L oS e
g Slwle S B0ls ylgieas jiolosl SLL dlaxd
i iy ey Alin g oL Cllind ol
5 Syl 8 )i Slasiio g (33l0 0y (St
e 00,8 Sl Ll 9y (Lo Glagee
51 Plot Digitizer |5 8ls 5 0 blas 0,5 0, JI5 Cp>
8,9 ol ceal b, ) Sl 5 e ke aio
o ool JUlS
() JUIS 8 lsss 55, zome Slmio ¥ S
= SRSl sl o (59) o0d caai sl b
Ol 5> (@) e sl il (glabes sl 5 (2) Ob>

a3 o sl Iy Baios

2 ol A Comad (Sl Goe wa b Oy
LS o Jolsh o loctls  ialesl 4yl sl
Vo eilop F) glaado & decilsp Vo) glasb ¥
Sl Bals cud aBBs ¥ Saedy (Cudls  Y) (glaads
2 (Sl b (s g (Jsb 7S 525 s
L sialosl o slasl o «Sie Olmio Cand ol
Jleznd (culSe (50590 o g (slakee il 51 oolal
i S8, plos Plot Digitizer ,l58ls 5 51 oolacwl b
ol seme o jlas s gl 4w S ey
sboagaple) (b S oo s 4 99,9 5 (2 S
ol yo et s JUI 8lems 5l 6 gl (patie

) 3O Sy 1 S iy ol aBgie Ly &Ln)']

Sl w1y 9 (3l oy (23 BAKS walild (b plolig, - JSud

0.5
NURTIRTL S UER 0% {dwj ) Sl e

159
e e B VY 51 555 51 5 S, ol
S BgSs et Sy 50 (Sl Gor Canl CSIgiS,
L g sl S lgiSh by po (Sl Gos l 2eS
LS (Sl Gos Dl Jlane Blzul Slidl
Gouaily 4 slaws ¢l (Melville, 1997) ol o

gowasils dayioley] jo ad, S Slgaw, o CSeS

Yo (P9 ) O3 Olasin
Glome Hlare il sy gl Bz (pl o
ol 4 ol eolanul aslgy 5l lpd el o Cye
5 G9eSol, Sliiss .ol esls 4l (Yalin, 1971)
36 S s> sl (Raudkivi & Ettema, 1983) L.l
AU B8 sl 50505 JUS (201 w53 ) JuSis
ailo 55l00) o Swiul 4l 5 ogw, O3 Soins
Slyoul , 5108l e dae IV 5l 58,5 b @lyd el



V=1 Lo/ VYAV Gl /YT 05lond VA wla/ iS5 9 (55l (505w (cwriigee Wil

)J ,,A_..M.:" 3 ul.:a_w) ;.ulin ul_.aM W 5* ‘S—MJ )Q
Soasile anle iy g, O3 5lae,0 e dg0> pgw
D)3 ik 5 ¥ US4 o _aseie sl b 15 S|

Bllas ool ot i gaadlo L oy, L bolse 5,

00,5 jee dbged (39w y LB o Ysone 8
Ded oo Gl o lulisl sl Sl
Caley s 358 odllae A a g Ly aslllae (0l o
ke VA lagio jhad b anle lre Lajls) g b jlxe
o el ol 43 00, S VYA e Bl
sloul 5l o g ol e Cowoas  Kiwcial Jlode jiSTas

100 ¢

90
EE
3 70
?.’i 60
]
.Iz‘ 50
D 40
X 30
:3, 20

10

0 ' ' J
(] 1 2 3 4 5
(550 (gluo) 153 ks o3l
(415l 43) yows ©iliguwy (Guiaails goxie =Y JSWS
ot Oligasy (SilS0 St =Y Jpan
D,. Dy. D,.
Cc Cu O_g 4 Y \
(o shso) (%0 ko) (%0 skro)
- 179 VI VIYA \A VIV VY S )3

Sl s oo JSii 1) o] S aey0 ) - 4
0 (WP) (szas 5 (WL) S5, 0> (et sloinles]
sl 5 g ASTM  D4318-87 o laib—wl g,
= ASTM D421-58 o ,laill solpiios (5 ey 0n
aslo g, ganaily Joie .90 )5 (ganes, ¥ Jgus wlul

Sl sasa 5 &ITE S o

IS Syt s g 4 e i
Alas 3o Cosl ¥ 5l 2aS 0sds drline (CU =V/8Y)
3,8 o B leSh Ol laedn 1) solawl 5490
(Lambe & Whithman, 1969)
o $b 9 oy S

S0 A4S &ild Cl )0 s 40 39z g0 Aoy, S



ey 91U 9 o) 8T BRLLejT o) 2

ant &y 300 3938 v, Gl =¥ Jpan

Sy yS Sy L S0 u> Sley e Py (339
CH LYY Y8 A Gs=2.75
100
7
2 ¥ <
3 e
i @ f
:5‘ !
9
g ¥ /
el
) __o)/
0 o
0.0010 0.0100 0.1000
(o (o) SN0

(51332) s Slignsy (Gaal> godio—E JS5

$U o bl Jlail g o g 0B b g Gl 5 (S9lS
gt sl ell g s S LIS Koo 5 S
3l 0933l a8 el ools ylid Oladod g o0 S
SiS by )0 de s So lake B (gl e Cige ()
Cnglie Ayl B 05t o 5 Gho,y 50 doyd o s
Voo LYee pliean) o (spdndeis jtals 5 by
(Zhang, 2007) 545 0 (2l
Csige )y $ls pleen—d g (SO Slakin
¥ sz jo 0l Gipgim )0 eolatul 550 (gl jse

O PREPCN

ooy P (J s a s e a8lsl ) il

Sskse Soige sl Ul (ish jee Sise
Sl Jbsle o5 ais Jaxs sy LGB 5l (29,5
s Y o Gk log,s L jpame oS 35 2
5 Job ol oud JSas ol uily sladisn L g ol
Senr g 095 VO LS s iz a0 0lyS onl (80
8l 4 o1 (25 5 Jsb 5l (6 ey Sglis b s g
5| s Jsmame oyl (Uddin, 2008) cul zegil S
LSis b 5 hg,y 0 aiby, S 4 o 00438l

ol 3k 5l g (03 9 (ploend STy ol

gk y90 Cge () PU (aleensd 9 (S 50 Olasudio -€ Jgoa

Cagb, .. JS&= oig coluwe S92 ol ©lyd 851l e o s
) ) ) ) ) - S g
(w2,3) (oS0 yoHlw 2 p)5) (P55 2 @50 y) (P51 2 oYIgSIsh) (5% gib)
Sy} &
Vo e N Yo- fA VA d




V=1 Lo/ VYAV Gl /YT 05lond VA wla/ iS5 9 (55l (505l cwriigee ol

oalS el S Loy Cwglis rals el Sas
oo dlso Ly 0 ;a8 (olas sl S (5 ndyd98
Jlss 3l srS ol el g 35-b o0 SLs B3 S L
2 Sl 3o 5 Job (palS an (o Ceaglie

el o gl o b alie

ooy g e
“omly o Sl Jsb Jdgn i O USS
09 @l > 20 ¥ o ) St Slras cws
g oIS ol )0 ams e LS Js )3 vy (599
sy 5 JUI e 4 (Sl Gos o S o3
el JUI (2 4 (Sl Jobo m g S 581
Slxio jl (65908 0l (20 (Rl 45 9 o0 onaline
Cdimly (Sl Job 5 oo Rl 2ol St
St 59,5 il 93 L Ly a8 (5 s el ous

IRV 5 V1P i oy (St Jsb 5 Gos w0l
sl @Bl a3l

Lo 5 gy 4 (il ool yo eolitul 050 () 9l
50,5 590 L S bgles olKiws b g 5Ls 0590 ol e
o) P59y ) sl giliwga 5 by YU
Al Bl LB eiSy O jgod S 4 Sl 90 Sige
Coglin ioly 8l Boas Coonnd 45 amd o ylis Slidiss
Sz Gl Jdse (c=o+tan(g) ) SB by
sanline oy Vo il Ay e 5 ol S
(Mohammadi & Niazian, 2013; Zaid et <l sois
cel o pdndsas ralS 50 goanay ol al., 2014)
Sg-dor &gl el s 3550 (Kol jlaie ralS
5 Shol iyl 5l ol SLS 55 Caglio 45
(il gy 2 9 Sl SIS G galilon
O3l S o9t 9 Dol et Ly oS5 il
a5 o515 slaghy, Sl S eke b el
Sgatp 2 Boes ot sl sdion y2uie § alidl
3l ST S Ehd s semlilos

9 Sl dngly S5e byl 51 o o s

|~.~‘\3fo‘"‘.¢*

4-_-:[3)!;._.\0 (S — 4._.7‘3)';._.\-\/\'0 o

O/ VY SFr<0/0 o3guse 5 ol ya (o5 dw 43 Suie Wleho 1 dry (Siwenit] (Job Jadg i iy —0 S

ol sl aloT IS loj a4y 50,50 (o ansy
Sl oo 2 Ghaleil 3)90 slaod ) S50
AL cpizman 8l oo 3l SO Jolee tha )lej 50
9 90 Lol sl o (Brme my a0 Ve ad

o L Seo ) Hleean () (Sig ey ) pad il

Cwd b (Sinl o o Olyis £ S

dlas 4 oy b 5 )y (b ABLII L ) Ste Dlmio
O L R BN TR W R -1 b S W P e
-EO T VK SO By VIRV RUII UL P S
Camnd 88l j5 om0 g talej] )0 ode] Cawoty Kol



ey 91U 9 o) 8T BRLLejT o) 2

sloasly i Saiws G,k 5l SB by Caglie
S Moz Gpad il 8l s ey ¢l i S0 (S
S5 e ol Sl Gl ol g g, 53

3 )0 PgaTan (ggm) DS 4 Gad Alal g ) b

ommimad ol a8l malS Lialeyl slale; soles
ol =0 Gl b ey 9L T S5 5 Gy 3l
WLA)T UL°) U’)’(S")’u ) ‘\5(5)9]944 Sl 00l i

PR g ] o QM-:"LSQJ ‘(Mo Y’,)

] Sgpaiie YU ol OT J=do a5 el oolidl glasl asl 5 ol #IY0
1.2
O (aals) Jof Galesl
LT O (e ooy a3l 1) pgo Ghalesl
0.8 b Olowssilisom oo adlal) pou (ialejl
£
£ 06 |
% 0.4 |
0.2
0
0.02 0.03 0.05 0.07 0.08 0.10 0.12 0.13 0.15 0.17 0.33 0.50 0.67 1.00
1.2
B(aaly) Jol Siole;i
Lr O( ey ot 28l 1) g iulasi
L 08 | B 335 g oo 5 ooty 48L) p g Sl
=
5 0.6 |
=
0.4 |
0.2
0
0.02 0.03 0.05 0.07 0.08 0.10 0.12 0.13 0.15 0.17 0.33 0.50 0.67 1.00
(&) t/ta
1.2
1 B(aals) Jof gale;l
O (e s a3L3I 1) mgo halesT
0.8 | B 3 g oo 5 ooty 28LA) p g Sl
E
§ 0.6 |
0.4 |
0.2
0

@

0.02 0.03 0.05 0.07 0.08 0.10 0.12 0.13 0.15 0.17 0.33 0.50 0.67 1.00

t/ta

ik 90 Cige (o) U L o S 5 9 gy e AT Uy (Siansbial (o o8 (Silo; Oyt -~ JSCS

(Fr=Y¥/o (z 9 Fr=)

/Ao (u JFr=o0/0 (d.”)



V=0T 0o/ VYAY ylannj VY Lo /1R s/ oS 5 (55l (51005l onbigee oo

oo a8lol 48 09 b o sadlive o Kiwio] Gos gl
Sl Jsb mals cel oy gb L ol oS 5 g )
5 ooy e 3l cl 00 LialesT slaple) (seled 5o
GhalS )3 (il jge Cge wy L L o S
G55 Bl 50 g dgpie 5 (il Jobo (b 55

Lol @il alS ao o VY Kol Jgb o

S mly (o] o Jsb Sl i ¥ S
oy 95U g ey oyl ablsl ey b |y St i
Ol o e s QL iz (2 a0 g Tl
o (Sl Jobo s o S @B gm0 g
Corms B8] 970 5 0] oty Sl Jobo 0 yidon

ailer el Galojl S ey a2 5lais j50 Loy an o

1.2 -
O(uals) Jof alej
1| Blor; oo adlal by pge Galesl A A -
B( o) 3l g ooy o abld) pom Gl
.08 | -
£
- 0.6 |
=
0.4
0.2
0 L L L | L | L L L L
0.02 0.03 005 0.07 0.08 010 0.12 013 015 0.17 033 050 0.67 100
() t/ta
1.2
o (aall) JS' s_':"-.‘.L“jT
LT O, uailal ) pgs iyles I |
0.8 B 335 g oo 5 cyoids 48L) p g Sl =
y R T
=
E06 |
s
=
0.4 f
0.2
0 - - - - - - - - - - -
0.02 0.03 0.05 0.07 0.08 010 0.12 0.13 015 017 033 050 0.67 1.00
52 t/ta
1.2
O(uals) Jof solesT
LT B, sad adlal ) g Gtatesi - [ T
0.8 | Bows iz om) oy aBlal) pgus alejl —
y T m M.
£
0.6 |
—
=
0.4 |
0.2
0 L L L L L L | L L |
0.02 0.03 005 007 0.08 010 012 013 0.15 017 033 0.50 0.67 100
@ t/ta

ik y90 Cige )y U b o] S 5 9 () (b ALST b (Stansdial (oo Job (Sloj Ot -V JSUS
(Fr=Y¥/06 (z 9 Fr=Y+/Ao (o Fr=o/o (W)

\0



ey 91U 9 o) 8T BRLLejT o) 2

0 50 ORI G e &S (5 ysboas (Cewl Dgpde ST
byl jo wl ooludl 5Lasl pge sialesl o ST
20 o, PRIV Kol 3 ee jialS )i o g
Obos ol 50 0o, FEIF 5 ilesl ol slagls;
00 o (aiBo Yo el inle;l slassls cusls »
Sz oty (Sl Gas 53 Gl b (208
2 AT 0 e ol o0 Blas o Sie Glio
A S g9 DS A )y B LI g (a3l
oS S e a0 ol 4 el 055y dus s YAIY
3 Sshyge Soige o) U 5 s S 5 5l ool
(Sl slaojlw Cundiml 53 5 (Do slaoo
Sl g OISl alind 2 o ALl 5 oy
55 g ¥l b ] j0 Bl g585 5 20
5 ) sl Sl 5 i iy il

Al ade ol

Fls 9 o) =S5 9 o) 0093l Lo (e
5 ¥ Sl joboy (Sl Gos 50 sl j5e g
Sdn )...>l_, § gt (ol g o0 00y alS wo o T
s 9e Cige oy 9L b o] oS5 ez s
ol g oy D (S ©ja Rl o
ol Jgogein YU sla oo j0 (Dl)d Loy Cwglie

Seoys Sla s 398 @l e Sl sl
=Sy oy o LSl 5l (LA (Sl es JalS
Gibesl (o0 e sl Sishyse Sige ) UL O
sl 0 B A S )0 cods

Ot 45 353 e oaalin A JS jloged 55 50
YY) Gy Sl o s (Sl rals
Oy oS 5 e 50 ecpmimmen el s0lidl 5lis! (4l
A oy b a8lal 4 s (s 90 Sige o) 9L

=0 0 uog_.a.‘>d._> GM‘ L)M.Cbls SRR ul)o

70

—— il b e
——— el I FIVD 0
—— PP AR

30 r

sasiad| B gutlS duo 3

20
10 |

15 20 25 30

Sl dos guals dwe o

20

10

50 —— il T e
40 '\”\/\
30 r

—— i g B e
—— il g I FITD s

0 5 10 15 20 25 30
(@ids) plej

O d8LS] 51 il Sl ok (il waoyd (Floj Ol pndd Hl5ged —A JSUS
(gwy ©1)3 &y il y90 higo (yw, 93l g (wy S 35 (2 g g, 13 4w, ()

"




V=1 Lo/ VYAV Gl /YT 05lond VA s/ iS5 9 (55l (505w (cwriigee Wil

YIOY 5 FI0 sgos any o il £ Sgum 5l s Sy
o TF sy 35 S Sl Sl
Sgame pys g 9> SLagialejl o e il YF 5 YA

Lol 00l

Pt (Sl G by Condg 4 S5

ol Sl 00 gl weads 3 islesl 4w yo JUIS
el o0t 4l (el I FIYO o)

o 9 o9 inlesl 4o 4T 0gd o ovalive Lxil jo

S il Bec (4iBo Yo lls p leg ()?.)5—‘ o

oY _ - =
) (L8) gt bl (e B2 BLAIL) pys ool (0 S 3 oy 32 BLAI L) g (le5T e
o
—_— »
oA
o ] \IY VA Y The
X/B
—af
—o /Y
—uY

0y PU L T S 5 g oy (s dBLST O j90 )3 (Sl Job Judg yy dlilo -4 S5
(Obslejl axs s Yo 5 (FI=1¥/0) asli p yid VYO Gl 9 ,3)

U lsSen oizen JSE cul 0 ansioe ol 4l
5 Boe oS o) oy UL ol S 5 g ) e
2,5 ovnlie Feog 4 ‘;:‘“‘““““’" Jed9n Job

Slrio ax gllas (Sl Jsb Jdgn Ve S5

Cge )y P g (w3l eslaal (gan bulyd jo Seda

PV (o o 1) Ll o alal b 5 (sl e

Shudsl J5b Judy 5 2o =+ S
(gl y9o g (s 99l g )y a5 (ol ABLSI L (T 9 (o ol LT L (0 ¢ Sl y90 Cigo (g 93U g (o 31 23! (g (1)

Y



ey 91U 9 o) 8T BRLLejT o) 2

5 oy oo a8l b (e Bl Y9) adgl Sl Job
2 e A (gl g0 Sige )y 8B L ) cuS S
8l JalS as o YY 5 as 0 V/0 sgus
9 oy ez Cdibge Sl alilg e s ()]
‘_ng‘;,o 5o 03_394_3 gsiﬁjjj‘)‘—.fﬁ 6Lbo)’Lw wou.ul.)
Lo L ) 96 g ) Sl 0 azgi bl (e
(o oS CailB g goladl L a5 3l g 0,85
sl (j $599951 g a0y, pims b (clin 5,550
A Sein Olxao (6,554 w0 J 3,8
pmred 33,5 o dnog Gllb g 118 o g0 o likone
s 5 oy # Slye SBle lH L 0g, e
Gos ualS jo 1) olae ol 5l 6 s 2l ole ‘d.mlj.ﬂ
logase o Sy oue sloojle oo o  Siweio] arci

e @Blge )0 5 So—iio Sl o Cwdymly )

S 5 A

U Etalel (o 4 g5 il
s SFigliyge Sige oy 9L b ol S g ey 09
65751 oS Slgins 83l Cews iy Sletslo wllas
Sl Jobo 5 Goe (20LS 50 (Siiio Slxio)
RWAPLES N

S 5 oy Sete 5l 5 Sl alRalej] b
(Sl Js b 5 Gos 22lS 5 05t 50 ooy SU L O]
Sloras Cwd il jo Subils p adsl lagyle) ;o 0%
3o et s DI b rizmen ol oo
ey sl 038l 351 Sl Jsb g ae LialS
P IR SO ) FA I PYR (Y RESROR I
5 (Sl i Gae (aidBo Yo ctbyy Gl
oot Lol U g gl sialagl o ye il £12) sga
e A o Sish yge Soge ) $U L vy eSS s
oy e 5l el 4Bl palS aoys FA 5 YO Sga>

GalS )0 sl yge Sige oy L L ol S 5

F Sy

Abdelhaleem, F. S. F. 2013. Effect of semi-circular baffle blocks on local scour downstream clear-overfall

weirs. Ain Shams Eng. J. 4(4): 675-684.

Bozkus, Z., Cakir, P. and Ger, M. 2007. Energy dissipation by vertically placed screens. Can. J. Civil Eng.

34(4): 557-564.

Chabert, J. and Engeldinger, P.1956. Etude des affouillements autour des piles de points (Study of scour at

bridge piers). Bureau Central d’Etudes les Equipment d’Outre-Mer.

d’Hydraulique, France.

Laboratoire National

Chiew, Y. M. 1992. Scour protection at bridge piers. J.Hydraul. Eng. 118(9): 1260-12609.

Elnikhely, E. A. 2016. Minimizing scour downstream of spillways using curved vertical sill.

Proceedings of the 19" International Water Technology Conference. Apr. 21-23. Sharm El Sheikh,

Egypt.

Elsebaie, H. I. 2013. An experimental study of local scour around circular bridge pier in sand Soil. Int. J.

Civil Environ. Eng. 13(1): 23-28.

Y



V=1 Lo/ VYAV Gl /YT 05lond VA W/ iS5 9 (55l (505l (cwriigee Wil

Goel, A. 2010. Scour investigations behind a vertical sluice gate without apron. Pac. J. Sci. Technol.
11(2): 59-65.

Karimaee, M. and Zarrati, A. R. 2011. Effect of collar on time development and extent of scour hole
around cylindrical bridge piers. Int. J. Eng. 25(1): 11-16.

Lambe, T. W. and Whithman, R. V. 1969. Soil Mechanics. Sl Version. John Wiley, New York.

Lee, S. O., Seungh, K. and Sturm T. W. 1961. Comparison of laboratory and field measurements of bridge
pier scour. U.S. Geological Survey, USA.

Melville, B. W. 1997. Pier and abutment scour. Integrated approach. J. Hydraul. Eng. 123(2):
125-136.

Mohammadi, M. and Niazian, M. 2013. Investigation of nano-clay effect on geotechnical properties of
Rasht clay. Int. J. Adv. Sci. Technical Res. 3(3): 37-46.

Nasr-Allah, H. T., Yasser A. M., Mohamed, A. G. and Shawky, A. 2016. Experimental and numerical
simulation of scour at bridge abutment provided with different arrangements of collars. Alex. Eng. J.
d0i:10.1016/j.aej.2016.01.021. (in Press)

Rajaratnam, N., and Hurtig, K. I. 2000. Screen-type energy dissipator for hydraulic structures. J. Hydraul.
Eng. 126(4): 310-312.

Raudkivi, A. J. and Ettema, R. 1983. Clear-water scour at cylindrical piers. J. Hydraul. Eng. ASCE. 109(3):
338-350.

Sadeghfam, S., Akhtari, A. A., Daneshfaraz, R. and Tayfur, G. 2014. Experimental investigation of screens
as energy dissipaters in submerged hydraulic jump. Turk. J. Eng. Environ. Sci. 38(2):

126-138.

Sanoussi, A. A. and Habib E. A. 2008. Local scour at rounded and sloped face with skew angles.
Proceedings of the International Conference on Construction and Building Tecnology. June 16-20.
Kuala Lumpur, Malaysia.

Singh, S. M. and Maiti. P. R. 2012. Local scour around a circular pier in open channel. Int. J. Emerg.
Technol. Adv. Eng. 2(5): 454-458.

Tuna, M. C. and Emiroglu, M. E. 2011. Scour profiles at downstream of cascades. Sci. Iranica. 18(3):
338-47.

Tuna, M. C. and Emiroglu, M. E. 2013. Effect of step geometry on local scour downstream of stepped
chutes. Arab. J. Sci. Eng. 38(3): 579-88.

Uddin, F. 2008. Clays, nanoclays, and montmorillonite minerals. Metall. Mater. Trans. A. 39(12):
2804-2814.

Yalin, M. S. 1971. Theory of Hydraulic Models. Macmillan, London.

Zaid, H. M., Mohd, R. T. and Ibtehaj T. J. 2014. Stabilization of soft soil using nanomaterials. Res. J. Appl.
Sci. Eng. Technol.

¥



ey 91U 9 o) 8T BRLLejT o) 2

Zarrati, A. R., Gholami, H. and Mashahir M.B. 2004. Applicationof collar to control scouring around
rectangular bridge piers. J. Hydraul. Res. 42(1): 97-103.
Zhang, G. 2007. Soil nanoparticles and their influence on engineering properties of soils. Geo-Denver

Congress: New Peaks in Geotechnics. Feb. 18-21. Denver, Colorado, United States.

A



Z Irrigation and Drainage Structures Engineering Research/Vol.19/No.73/ Winter 2019/P:1-16

AERI

Experimental Investigation of Clay and Nano-Clay Montmorillonite Effect
on Scour Reduction at Downstream of Screen

M. Rezaie, A. Ghaderi and R. Daneshfaraz*

*Corresponding Author: Associated Professor, Department of Civil Engineering, University of Maragheh,
Maragheh, Iran. Email: daneshfaraz@yahoo.com
Received: 19 February 2017, Accepted: 24 June 2017

Abstract

In this study, a non-structural and eco-friendly solution has been used to reduce scouring at downstream of
screens. The upstream of screen which are known as stilling basin, are protected against scouring but the
downstream of screens always are subjected to the flow scouring. Since clay and nanostructured-clay has
suitable compatibility with river system and ecology as a view of the environment, the bed sediment at the
downstream of the screen have been admixed with clay and nanostructured-clay, after grouting its effect on
scour reduction have been evaluated in the three different flow. The experimental results indicate the
positive effect of clay and nanoclay on scour depth reduction at the downstream of screens. The best
performance has been occurred for clay and nano-montmorillonite clay mixture. The positive effect of clay
and nano-montmorillonite clay mixture for scour length reduction is observable, and by utilizing this
mixture, the length of scouring has been decreased 33 percent. Furthermore by addition of clay and nano-
montmorillonite clay mixture, the scour depth reduced up to 39 and 46 percent. According to the result,
utilizing clay and nano-montmorillonite clay mixture has a positive effect on scouring control, and as a
practical view, it could be very useful for some cases such as rivers which bed protection by some materials
such as concrete is not possible.

Key Words: Downstream Souring, Experimental Model, Nano Structured-Montmorillonite Material
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