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The Effects of Piles Spacing and Length to Diameter Ratios on the Soil-Pile-Structure
I nteraction Phenomenon

A. Mahboubi K. Panaghi

Abstract The seismic analysis of structuresin the past relied on the assumed soil desirable effects as the
elongation of excitation period with higher damping. Therefore, imposing earthquake loading at the
foundation level fulfilling higher safety requirements was the common practice until occasional
movement amplifications demanded more rigorous research. The goal of the current study isto scrutinize
the effects of length to diameter and spacing to diameter ratios on the response of soil-pile group-
structure systems of 2x2 and 3x3 arrangements. The mentioned parameters increase in the kinematic
interaction study resulted in higher transfer functions. Such changes lead to decrease in the real part and
increase in the imaginary part of the impedance functions in the inertial interaction study.

Key Words Kinematic Interaction, Inertial Interaction, Pile Foundation, Transfer Function, Impedance
Function.

Al e AYFYA OT F0b 5 AYO/YY Wlis 5L 5 -@)u*
J|}€J M J\:@JJ ali...‘l.‘:\b s ) L.?:A E) UT Lf""\"'é'd SIS s ug.rgf}:j c}_)f u)L:.\i..:\J gdj}w.a 6@.).;..\.4_‘5.} (\)

J‘Jéj dﬂ)v\.‘ C,.q); a@\: ‘W)jaw;u‘}a& L;w.\.-@x oIS (s Sl &\Jfgé &j}uﬁg\} (T)



.‘njj_(_)) [AC_MJWUJJB‘UJ}E;MJJ/J_];J

Gl pde e (Blge 53 IISLL s
el gy b b cndls 3 o5l oy i
ay atels JUES) 5 salmst i A s S
CS 7 (o OS5 S S &S S
Sogme L oo iy ad o3l Ol 3 ST Ol
S A o

oslaul b el oy ol 52 o.\..i(al?n}\ Sladlae
s 5,y Aile eddesle s gla 55 )
el gods la s, L 5 [3-6] sl ) e
b e Sl M (g 5 e [T.8] L e
3550 Seelos e o 5ol ge LAV L o
s Sr mn OF 51 e [9] 5 513 eslizud
@3ds slas gy sl sl L S st ol
3550 (S5 e SLaOlll 2s) sdoee gl 29))
bl s 5 g [10,11] 12 15 5 e oo
Slos 3 @HSLL Gl o0 sl s 3 (S
[12- cl 48 8 &) poo Gk Oliioes (el 5
ol Ol a3l (65 e Ol sla a5 18]
s S i mh Ly S e
e gdwe Sl gy o=l Jls ol bl e
Oslite (gloy slazse Jold a5 Bl 51 s
ol elin K53 o Slag s Ll

~SLs Sl gallis o5 il a5 ael
SRS 0T 3 oS Al e e gl ol
Gl s IS e sl sl () LS
= LS S0l 51 mis Slize 50 o5l
e 03 Bl ol S ) 23,8 e e
L SSS55 5 i sl S L Oles Oludige
S s e sl (350 B sbas S
s 53 S A5 pdige oS Sl S 0,5
Jbs ot te g b gla b Sopon b o b
3 5 ol S 88 3 Sl 5 S
LS o oalital s e (S5l g0 a3 LS s S

u_Af &;ﬁjbbﬁﬁ‘jé‘mﬁm b a)'L,u)

\YaY ui.i a)w LW_)WJLM

PRV

Ol geay ol 5l eslizal lapad ago slas )8 51 S
VT piile i3 Cos &S ol plaosle gl 2 o
03 Al e G bapes 55 ¢ Slss o) Sl
e il o e L et a3l 5
Ol bl S L Ladl S0l aSh (L3 S o o
o3l S Seolios Sl a0 zie ol 50
53 o Ol Lapad ool e dle 2,148
S ol 2 ln i S 2 0 ddls laosls
S slaas¥ s losla slal Jlal 50
el (halp 3l A0 S e 13 eslial ) 5e Sl
3 s il ML Rl o el il glaosL
Bls A3l o La a5 Sl 5,8 55 S
53 La0T 53 a8 slasdony 53 IS, sba 28,
S K s s - R Bl —
Sl 2050 02 s RS th‘ LS
Sl i G et Sl a8 L S et
ol s el B3l (il o Sl bl S |
Gl S 5 by o5 s cplaarl osline oy 5 0y
SLa oo edld Juhe 2l 5 ol o sl
SolASSL sl Jol GO s A dal g sl
Ws8 g e s odoB Sl 50 (gles )
O rad sl Lls slaesle slos ) o
Lo —Sb Solei 2S00 51 8 5 bi s
o g 53 o3l 84S @ oy J oS > s
S Jlesl say &S (555 )l Cd udy 0 Dy 5
s 5 b o3l i S 3 W5 g2
33 5ot DS plal b o A 1S il
Godaliin 5 mad — S SGilecn S5l s ) 50
3 odndy ol 4ty ol oS > iS5
el ol 53 5 e Slllas [1] 28 8 15 s 5
Ol ymeas aju—@;—su DS Al g er.'SJ'-’
amo Lasslo sl b s eaiS as dile

Ol A 3 i Sl ol e sdle [2] csliS

=933 Ol joe pwdige 4 00



Jomea [y SLol (Salys ool 5 5 g 0
) A el RS s 4 el pl g e
ol old BasS Olge @ = Sphlasl ol
ol 5 g pdn Ol sl e e s 51
Cly 21U Gl pad —S S5l 4 by e
Ol (Sl (uilial) (o bl LS 5
o3l et S RSN oy andllan 55 e
S i 35055 B g VU S L s S Sl s
Jde 4y LSS ot Sl 5550 0t JS ol s
J=6 C)_;} S 3P 3 G e Ly SIS g el
35 b Gras Gl e s el WIS e il e
YL oy Jdse qmls 235 b 51 0oy o llas
ol s ed s 4 o 4 Oy e Slale 5 Sl
S 5 e 53 el sl tss 3l eslinad
Shestizal Ol cpl 53 ol Sla, 55 1 Gloses oSl
RS sedndy 53 OF 3 45 giea 53S0,
o B Oyt ol 4 atly 5 i
ot s 5l oin S e il aadlt 3 e
B W) (25 L L s )l il s
S b bl 3,5 e 15 ealinad 3 g0 a5
A e Cewsas |y 5 S0 sl L s th 3
sl A S 6l ol Sl
Gl iy oLl o3l — et — S S,
b i gt gt 58 ol andlls [1-19]
23 8 Lamad f alols Gl 5 e b
oy o3 Jlasl 5 bl il s o a0 S
Jle = saksan ol — et S-S50
93l 0 S aze ABAQUS 6.8 55 (515!
S b sy e SO O pots S ) )
o 6l o Blize 5U lids a5 s sdowe s 8
e® 3 sy Selinl e lasl Cow Jue
ot gle ped gy el a8 b s ol ss S

93,8 Ol as pwdige 4500

dpl.‘i Q\JALS—L;}?NL&)W\

A S e 5 S et b el 3 0T St
Sgoin ol b sl Ol 3 Sy, nl s
AL bl glads 5o d e s SGES
IS St s La s s (e ) 50w)
S L, a8 cl 01 5,555 cpl doly k6,5 e
o= dm Rl s st e (Al e s
B s et Ol S5 55 Oldign S5 S
s Gl Ko Oy pmary ls oyl NN
St o3l O 53 &S b kB S sS
S slbwdds 3 a5 ol Je S ete s
N s e ol 2 il e S Al gl S S
el oyl @ Al GESLA Gy s S 20
Sl 8o g Lo Jdos s o5l |
= Ol b 5 esliil 555 o515 0 S el
SIS wasg L (63l madm ST LS 5 Ol 5o
o SS  hol gosle ol s s eslaad S
Ol b sl Ols oS > 51 cosline el Sae
S oIl b S ol St 5l gladdaie G yae sl
ST Ol oS 1 4 65 osbar il o 5353 2
St 5> sl ol 33l s Slie s 1,
Soiler Sl ol Soilean S0l p0lS
iy LS e aly LA il 5 ek sy
eSS S Do JWE UL e
ot 23 e ol Slé 3 ST Ole oS
Sl aS e Glos A S > s a sl i
23 el Bl e s se a3 g 2
LSS S g, il i o
Aol e sladloasl glajl 5o S 5 el
o 25 4 ok Sledisialy el slasls
= S S ol il il S Sl 3
Sl bl Lo g (Sl (25,00 51 )
LSS 3 0t SO S5l sla S 5 glosle o

s_%b.la\ Jl}-j ey U{‘ (a2 J}J:‘jA G)Lﬁ

”vqr‘ug 4)w(/’-?b;;fjk:¢v\mﬁ‘j[aﬂ



.‘njj_(_)) [AC_MJWUJJB‘UJ}E;MJJ/J_];J

3 = Laped il —med S S0 Gedu
V> s Lﬁ@iJ}b.M\gLfﬂgjLﬂ 00 a4
a8 s e Y0 5\ ALl s il
e el el 4 Jsb ol opl by 5 el
el (oot deal Sz YO 5 Yo NN
B Y. 0 ISR VLAV PR IR S RVRTWEE
03 R s Lamed o galolb ol T gandls
o3l o —SL L;;S)J;lda.xi.gﬁc“:ajﬁ
Al e O S 5 Jsb 5 o 5l e i
(ol ol RS s b o) e v/t AL
N0 L ol hs ol ol aw A 4 S e s
3,5 Jeos S S 8,8 s sl s
555 el s S bl b o sy 8 S
Sl hls e o (galds 5o s o s oS ol
e L s b Y s e
1 gaadlas 3l caalsl s Luls b S LA ys e
~ S S ey g S U
Al gadlas 515 Jol asdllas Ol e o5l - xad
ol et es S e kb laaed ol o
a3k ps sandllas Ol s oo
S Gl S el Ladis i e
Jioe s e slos sl Pl 516 23 S e
Joe go3lol aalpdl e slas SIS epl a5 (68 sl
S s e s g s a5 Ly 5 gdoa 5152
(Olwls Oloy L 513 g 0 s gdome Lol L ASL o0
53 LIS gla e sl eslial (ol U5 o o 5
(o=l mesdle 5,8 3 a5 55 Jbe slae LS
SN 03 5 S Lae )l s s e gl e
;)ﬂéuoul.ugwlﬁ)@ﬁzwﬁd.\ﬁ
TS s sl ladas gaen 3 osla
g 3l dde sladile 53 oS Ll bl » Soia

.Ju.)j..' J)JML; Lf"l;- Lgl.h‘jjﬁ)sj.}j.lm

\YaY ui.i a)w LW_)WJLM

Golwdidas 53 mad 5 S il e
sl sl leand sed da S Ly
od e S il 45 S S s 3 sl O ot
Glawle SLs s XY 5 XY =y 6@,,&\)][{
o Sy (S L G g 4 S 13 (S e

Lled

Silwdds Ly,

— 05,5 lp el ol sadlas gode (g3lude
LS plicwl a8 51 3 v Coes 3590 YXY
s b ol g5ledbe 51 Jol> Eb samlis
S gl als ks s L Maheshwari et al. (2004)
Laj e lwdds Gosoei 5 S (5L, e oS
1] (V) s el ongs § plil (sl o sl
05,3] Cewsa Maheshwari et al. (2004) Ciaa
Saals @y a3 el Gasls o Dl 85
dens O WSS 3 L iy Ko 53 (635,55 &S -
S Slaolall Sl esli il b bas e (s5lad e o
SLa (gl oslinal 3550 (gl e 5 a8 S ) 500
oy mtd drs Oy uslS 5 .l 03 o HISS Jus
et B Sl B B o el s
S S At N
ol Jids 5 Gl 5505wl g5 3l ol sadlae
35l ol 4 S L s Sl gl S| S1ys
das b e wlade o (gyls bapad ag5ludie ()
o 7S e sl 5 Wl Ve il 5 e Sl 00
Lasli ol 35 b il o o V/0 Logad 55 50
A 5 edal st ol Ol (glude s
Al Jad G
o33 an w5 (g3de Jdo Comn Sl slazel I
3 e Yo bl sl e s St e 1S el
S ) 2 35 e Slrey, S A S w8
D3 osbine 83 L sl (sl ) slag IS0
et ks b e gadlllas > S

32 Oles pdige 4 20



Ll — g [ lex]

80939 < > & Fuly ddely oo
o8]

Pile Head (Drucker-Prager)
—————— Structure (Drucker-Prager)
se—--—--  Pile Head (HISS)
Structure (HISS)

0.05 0.10 0.15 0.20

0.25 0.30 0.35 0.40 0.45

oy U S

[11] Maheshwari et al. (2004) ;i 5l Jol- BB L S Jl i 4 by e il galie VS

).;\} 64&“.}4,0)5 G)LAJCQ.&L&S[?‘ C!Lﬁ.d C)Lv.ﬁj»ﬁ} \ Jj.,\;-

Eler Sl s Elas s Jde £ 3
E=80 MPa, v=0.35, p =1900 kg/m?®, ¢=35° , y=5° e S
E=21 GPa, v=0.20, p =2400 kg/m® oM —
 =50000 kg/m® Sl o5l

S Soslome 55 sk slse, S ol (Solei
23 el Sl b 4B SIS S e sl K05
ClB L e s ) e e b g
L3 33 i o e DU oL
L G S B LI R PR I P P

G kS 00 L aS Ay ez GLils g S
53 o5k 035 Jde sl 308 o Jlasl ol o 4 1)
A el el S Al b e (gandllas
sdal 3y e oS (Setitdly @ a5 b AS B S
PSS g 3ok, 046 (St ges s 3
Aol s sl Sl bl B as S ol
o3l 5 ot S Flas Slosar (V) s
a3 e 0L [y andllan ol s eslizad 5 50

92 Oles pudige 4 200

53 S 5 st o il s o (5 3

Sl el S Sl 056 5 Cnlodd w3 5 L
B8 S S g olad o 03,5 I
G S 5 el sl (e gl s
e 8 5 eslind a4y e el S,
(o o) ho mhaw 5 (S1) g IS0 mhas
2o s slae S sl e A0S
2 S s slae S w38 4 52l Dl
[URRCSUER Wt NE W B VS KRR A
Lol Cons 5 o Ly bl 3 slan 3 me
= = s G e R Sian S
S Sl S s S S slapiA O e
S e 8,10 Sl syt
led o, S sl (5508 A3 S Al wles

H“H’“& 4)[0-«54/’-?’-";’}%(][»4



.‘njj_(_)) [AC_«_JWQ_}}E@J}EW}/UQBJ

..\Abk;a
L)i‘j) )\ aaleul L: u;le L;Lau\.d\ k;..:‘}; ﬁhlﬂ.ﬁ

& 324 Novak and Mitwally (galewy 4 sddasl)
[19] K5 oo amilea |3
ky —S[sl(ar,v,D)+is2(ar,v,D)] ()
T S 2 Jsle G S osew Ky O j5 oS
Osd s a5l Sy S s gdeme Gladl 50 U alols
Al 1 Ol g S Vo A gl >l 5l as

C)T)J‘\Sﬂ t{ﬁ‘ﬂ@&&g}ar‘ﬁ LS)L?“

Vs
S g e Vs 5 GOISL sl (5 5 @
adslee (gilome 5 b GbCand Col S 5

:Qﬂ\ﬁSMb@Ow‘)@‘ﬂ)&“‘%Js"%

S Rl

S goin dde Glao LS 55 (650 Ll i (g5lede

i sl o5 lpel St 1B s il 15,38 Sels
LSl s (S 5l lamr 5 e s
Sr g5 o) 28,5 s sl sl S ealin
b SN, (o 3 L iz gl ) slag 5
A o JWEEl O 0 4 oS ) gbas 555 ) slons Lo
s mls o Lk sl kel DL
SLaOlall (Il e 53 IS e (6,8 sl (s30e
ssoes a0l g5 5 S gy Jols 3 g 5o
5 La i slol Coe e LTI LAOT s 4
ssleme slaoladlan LaOl JUisl 5 La IS 05
g 3N eoldl g5l s a5 L 55 5 5 s
SeSS 5 gla b 3 oS a Sl s i
53 A0 S Ol las e Sl e LB 3y
Slwdds 6l s lS oldl 5l 5o S 2
s lS GLaoll s eslinal HiSaes slaj e
e TN PR B P PP ST
b daeome ol 6 8 Sl 5 (SU las 4 b s
ol gladde 51 glases () 52 08 o el
OLES 5 Lol s ol 4 S 5S4y (50 Jaul 5 5 ok

wﬂlMW‘)&,\SJJJMd‘jg.&ﬁbb@dﬂjﬁ—;sbgj#‘)‘m”uﬁ YJK..Z

\YaY ‘& o yleds LW}WJLA

32 Ol pes pdige 4 p0



Slatew JuS ol 4 by e sla Lo 51 ) ey
L;)‘Aaém‘))jﬁwﬁ\bw‘jdxj.h‘
Sla IS L sl bl glasl slie (V) Jsar
MJ&QL;J\)‘;!)L\J
Sl gl 58 4 et 4 3015 glasL polis
J)lj&lﬂd\#l)}w)ﬁ))jﬂdb-bg\;ﬁ
MQ)UQ-&\.)}J&W)[—@)&&J}W
A L iz S L et m S e SR
gbﬁft_;u)bj@o;uh;_.ﬂ;«_uemaﬁ
U Slal 5 sed 0 a5 L S 55 (g medt (25 S

b S e O 0AS LS

U 5 dlons

(1) eslod galaly Gellae ilS 5 oy aily JUil U

13 g o dnlen
Up ()
TF(f) = \Uff(f) (v)

» el b P U, (1) Olys oS

Gl La s st o FOT L blize il )|
J‘)HH)JJ_:EMJJ de:JS.J 6&6‘)‘&)‘4
Olallae a .19_5.1]/: OJ.AT Cewdds Gl}_v 9 LA €l>u‘

Doledds 45‘)\ (in)JK,;\): &»&j“e(}-’)dj‘

&80

bl gla il 3 L ol los ) slag 138
Ga—wls Lo 5 53,810 5VY/0 N Vo 0 A
o 09,5 Sl P S Y VA (IS L
Ojjj 6‘J_s u::):.o}l.;sv_\' j“/\' 9 (YXY) ‘_;:.U‘)Lg.g-
L 00 8 Jlasl Lnpts 3 (MX7) 6 6 ot
Do (s 3550 Sla e Shoo ot 4 a5
S9d>= LAW JJ‘MLJEUANJGLSJ.‘B
cu..bﬁ]»kgub}_:lzj);ﬁl;b]j\.;ﬁjjﬁ A
bl gla il 2 L o5l glos ) slag 1S
{i‘ji LQA_’LS&A L;\_)" ).':')A Vo E) YY/0 N V/0 0 N/o
Gl St s O B s (IS0 ol
s ey L o Ol 10 5 il aalsl s 55
b 5L s Ol gl S L S
S Ll @ o Oy s Slawle Sl 5l s o
23 LIPS ey e 4 Ol ) AR g
JS)JJ‘ W)J"‘)JJJ_“‘: L}_\ék}-MM
JLS)J_:\ BLIS] d.i_ﬂ ;ﬂj 4 L&d)‘gjb e&fl.w
i Dl Ble s Sl s alde s S

fpl> L;c\.JUm BE) oslaial S0 v__zjl;.? dLad)Ug)b 6\J.: u.:w.»‘ JLg ﬁauu Y dj.)\>

j}é%%ﬂ&ﬁg;ﬁ&biﬁﬁAﬁdW'ﬂe . )
Jobos g5
(x¥) 46 & (1Y) bl
s el s il S,

33 las padige 4 o0

H“H’w@ AJA_J‘WJWJL»



.‘njj_(_)) [AC«JWDJJBQJJEWJJ/J_[;”

——— 3 x Jwith l/d=16

3 x 3with 1/d=20

— — 3 — — 3 x 3with l/id=25
.......... A 2 % 2with id=16
—%—— 2 x 2 with I/d=20
weessesmpisenss 2 x 2 with lid=25

6

5_
2 4
=

3 4

]
2_ -
1 . .
0 2 4 6

(3558 ils 8

Sosline ol 4 J b glaciand 4 a5 L YXY 5 YXY @;duwﬁélﬂwgﬁwwcu Ol i Gaslia ¥ IS

7
6 -
5 4
o |
£
4 49
e}
4 — & 3x3withsid=2
S 3 x 3 with s/d=4
? — — 3¢ ——  3x3with sid=h
0 (PO ST 2 x 2 with s/d=2
———%e—— 2 x2 with s/d=4
....... wparaans 2% 2 with sid=6
1 . T T T
0 5 4 5 10 12 14 16
() puils 3

Soslie s 4y ol glacd 4 a5l YT VY cwiduabfélﬁ‘rjﬁjé\.{ Jlazl GLT Ol s Gaslin ¢SS

S, s s SYL Gl s b el S
osls =25 Hb&jw R NETRE LSL“(':‘M-:*‘
53 edel ey JLa! &l ese cadllas s 545
YL slie glyls IS sbay YY I slaoy S
Jls Ol Bl e XY el Slaes S 4o
L aslio 5o Lagiaw (pl oS v 0 Al 5 0
035k esly Cod 5 S @M sl glyls glaes S
1/ 350 IS5 5 Jisl b ke il s
LSS S5 4 b A 5 e e
sl de a LS 3 a os gl ol 53 5l

\YaY “il o yleds L(.:qj@m.:.vd\_\.a

S5 Sl s 53 45 dins e OLES S ()

o dsb cd b Glagtans sx SoS e
A lamed e o cai by 55,5 s
=l e IB 4SS Sl SRS, S
e al5l ) pman S o IS
P Sl & Sl i e SO S
Gl bS5 s Wl ol idias e OLES | 355
Sl b e Sos s YL Gl
OLis 1y 35 fasdoms gl Sa F b e Sl

e e il Ll e ame D ol e

32 Ol pes pdige 4 p0



S sy adaNe Olp5 o LSl o ok S3
Lot 40 abols U 5 s 4y b o 2l
= lis LU ials sl b o galols
sl gla palS b 5l s dlial @\_?
sla ils 3y Sl )l sl Jdsan wil g o
s ek Gl 8 3 L O a5 5
..Lil;.@..i—ﬁlé-
CML_.!'}JJWCQ.JJ‘J& shyls L;Laav;m.:,.u
OLLS 55 5l 1) (65 (e S kb 4 alols
VL slie 4 am 5 L 0l e 1 s cpl s s
ooalS Slade ol o dle 55 ol cdalie Lol sal
b Lla il 35l oo (S35 03 e S0
Laessdoe OF 3 a5k A3l 4 0155 8
23 e D3l aob (Sla S B s g o
Ol e &8 0T 5l sls o Cilises b)) (glake
Sydswe O gods ol andlls s Saud S S
Sl 610850 53 Saaly 5 S bl el
ug;‘_‘»‘o.lﬁﬁwjf}b)b()‘f‘rf f}f‘ul&fﬁ
s 53 (ol eSS WIS o 5550y 2l e
MLPJACAJBU_;\)J@‘J:ALSGJA&JNW
L J:’l—":)\ JQJJW}J A_J}Lﬂﬁtgbw)}?}
o)jszcpwu)\MQgTﬁwl;
Olyme b ol e Qﬂl)l.xiaédh.&jf@ sl in.xf\l
j‘.sjlsmméa_b{bﬁ.x&l{ww); C}k.«
el Hpjgb'wé‘)b L;uw BE S =0l
Ol 5 e (V) US55 48 65 0kes Lol 5L (5 508

e sl éuw 23 Ole ol 5 S sdalioe

33 las padige 4 o0

O se Sl o (gadS js s pd enls Loy e
che 03 sl S Jdle S s (IS ke 4 S
(s 2 45 B0 50 0l DL M U s 5 5 ol
S cnl ;S an ey 33,5 Jol= 58 0 Jlesl
a5 L sdaleowsay JUESl il 55 pslie
Dlas b 5 dules ol Wl 0 sles ) NS

C,.w.;; e,l:;.SL-md S48 L.ﬁ-‘)b Ls‘a)) LS)\J‘?)L’

oill b alowe

Sl st ok — S s S (IF) ildal 16
ol 5335 oo (Bome s g0 5
e 5 (S0 s el 3) Bl ) 8 5
K bl Salys ooew A3l o S e (59,0
GMHS,L S 03,8 4 b Ll e ilS 5 (gl
A3 5 et 53 Py pasle Geals L i
sl ils 3 s U Ll s F—b ol oS
e Gt K 3 e il 3|
ol gaals e aay Ske oy o Col eSS Sl
Gl i a5 Lt Ol L blae Sy b 5 U
St )b - Ol ois Jls el Sl ad) S0 (65,0
o=l s e g Sl pad e 3 Sl
s 5 (Ol e ) 0 508 b olaali
2 Lo ek m S et Bl Salos

9=(ntl =27Ift1

=%, <
0 O

L ddb e 58 4 il S 3 f 0ls S

Dol Gabos & o ool [Salis w5l
Jol2) b ol ol 5 A glacand 4 VL
Al s A5 e e ol () S
EL st Ced Ol s (0 5V s IS5

ot e S s Bl LS 5 L il
gadlas 5 Jsl gandllas an by o 5 Sa glie
sLS s (VA sla |5 s e 0L £

e A Ll Gl e end D S

H“H’w@ AJA_J‘WJWJL»



.‘njj_(_)) [AC«JWDJJBQJJEWJJ/J_[;”

s 8 pllo i u.w".\?‘.n* c.lLl b el

a3 e &L ol S350 53 1 3L s SS

1.05
100 -
0.95 - )
0.90
085 4| ——e—— 3 x 3 with I/d=16 .
e m— 3 x 3 with Vd=20 K
— —w—— 3 x 3 with /id=25
osg 4| s 2 x 2 with I/d=16 RCFIUSROT T
———— 2 x 2 with I/d=20 L
rrrearyenne 3¢ 2 with id=25
075 T T T T T T T
0 2 4 5 3 10 12 14 16

(55 8) oils 3

g s b Bl 6l LYY Y e (slaes 8 gl ilisl wl > o Sl is 0 IS

o o pdlo g wiligal ol e Ceand

baod Cosline b 4 Jsb glacs

09

08

B

3 x 3with s/d=2
3 x 3 with s/d=4
3 x 3 with s/d=6
2 x 2 with s/d=2
2 x 2 with s/d=4
2 x 2 with s/d=6

05

6

(55599 il 3

Lol palis anslis 5 3l A LYY 5 VY et gl s S (sl ildsl b i e ks VIS0

5 i

odd o jllo i pudligal b g 5loe

0a

06

04

02

0o

Sslite a4 adlol gl Cond w5 L

3 x 3 with I/d=16
3 x 3 with I/d=20
3 x 3 with I/d=25

........... R 2 x 2 with I/d=16
—_— 2 x 2 with l/d=20
FrarraamEarrany 2 x 2 with I/d=25

(5578 ouils

a5y A1 S5 LT XY et slaes S (8l il w5 (S3lome oo S i VIS

\YaY “il o yleds L(.:HJCAM.:;JL.J

lapad Cslite Jhd 4y Jsb lacd o

32 Ol pes pdige 4 p0



AR

12
———— 3 x 3with s/d=2

: — s - 3 x 3with s/d=4
: Wl ——s——  3X3with s/c=5
AR 1 PO 2 x 2 with sld=2
__%; —W— 2 x 2with s/d=4
§ 081 2 x 2 with s/d=6
o }
2
% 06
e
K 1l
> o4
3
O
3 02
O

0.0 1

T T T T T T T T
0 2 4 6 8 10 12 14 16
(55,8) il

Sl S 3 Y 5 VY s sl 5 (5l il 5 (3l Cand i A S
Coslane Sl 4 alols glacas e g L

3 e e el by s il e SlbI S L
5t g8k o oS Gk Sl Gles ) e 655
;;ﬁ@|ﬂﬂj&im6&

&S dom

o lepad Iob s gla eyl S aadlle ol 5o
5> Lot b s ol ool 815 Lall s
= XF) L5 65 (XY LB e sad (sloes S
Sl S ES, D) o3l — g Sl 28,0
5 Wl ml 5 Dl yess godalin b o ol & sl
2 o (B S S 3550 (Il
5 B s Jsb slite s an gl Jol (sanlllas
A a Aol Dsline Sl an (gl pss addlas o
b oot st S sl 53 med s S s
25,5 ploil ABAQUS i33lp 5 3l eslinal  (sdases
el ez ) @u D)
Slaes S o baped o & Job ol AIHIL -
oy ol 5o JWl ml ke e sline ma
e ialS Ulg e alis ool W oS e
cdalin L O0e i Sl 53 ol s 5 s
ol e Gl Lk s e

33 las padige 4 o0

53 aS b ool Wl e Wl ol s

bl 4 e bapad Dok 5158 e et
ol 5338 o GBS L S A ol plaw
2 e JalS Lages Jpb (2l e S
Ol s (e alS a5
Ch_w el 58l Lal il S @M O ol
5l ALS Sl et 5 Sl
53 il w5 (5l e Ol 55 sl
03 e s e |y Splite o U e glaey S
Ganllas 4 by e 5)lse dilen 50 (A) ISE
Homly e Gl Gt FoS 2l 4 JY)
Gl St Lol an 5t Salea 3ol Wse
e e SL e o Sl 8
e Ll GLa g 53 &S 20T Sl ls oLl
Pt Dbl S L oS > Sales 50S
Pl Gt 4 Cond e Ol Sl s
S s S nl pesdle 35 o alS
3 g SN O Sl Sl Bt 0l 53 S
et e Sl 3 5 Ml S sete S
S s d\.::ﬁy@&&lﬁ-}@,ﬁéaj,\{w

éﬁvj ol il Sosen L;Laa(..:.m:w S el

H“H’w@ A)[«_J"‘/..?r_';‘j%‘,/[w



.‘njj_(_)) [AC_MJWUJJB‘UJ}E;MJJ/J_];J

Oy w315 3 Al ol das o OLES | 542
oALS 4 e Cnd ol RIS Sl g
2L alS ol 33,8 e ot e
Slasiin a4y 4S5 ol gl S5 5
ajldﬂj@_n:jdujldgug_,ﬁfw
o3 Ol Fn il oo
Cogoim Laped b oy Jsb Cos L0580 S -t
252 Wt 6550l 53 (S3lme a3 2alS
33 ml e SalS LS aS was e 0L
5 d e SRl Gl 4 Ll e s !
A Jsb ol shls el slaes 5 s S
o e 48 WAl b e 508 e Wl 03 5 i
I inl b 23 8 n s 53 il e S
g et dgb IS L S il ar g sl
ol s Aol e (RIS s aed 5 S eles
J»LJCLNQMUASWJJM&‘J:»
A5 ol AT Al GBI S e e 52
03 ldel @u Sl s SWL Oyl a4 e
ol L 23,8 e sline med — S (latas
=l il S Lagad b w alol o
bl glac I as by e olis 4 G iliial
Al ) s Sl s bspad S Jol b
e e opl A s Jol adlae aSles 5
SLaOe 15 4y ein o8 A3l oo (OF [281S) (e
33,5 on pad e 53 o s g o 03 8 S S
23 S e e R e 0T il
3 et a8 JGeS eled W8l 53 Je S slaptees
(s 03 (Al (il e LS 4 e S
U il s alS Oy w0 S 0 8

e e OS2 J‘..Zl.k.;.a\

\YaY ‘gil o yleds LW}WJLA

\Y

5 Sle S a0 salie Ol e s e s
Gl el o R e cpl b b 5 JLs
0555 s plnail 2aLS 4 Wl o Al
5 5 Lagard o salols Rl ans 55 ae
235 2, Shes o by e Slekily 2alS S35
e S5 Sbea 3 g 03l Cad Lal
S et Seaglis L g pomie b O 50
oS 3 lared Kaleal 55 Joe Sl e
Sl 5 03 5 Sosln 031y L ol 5o
Ol 15T Ol iy et e L0 i
53 e a3l S LS talS b e
23 S0k SO zn 5 il slas s
o=l aols Jos a1y JE) il 5 Al e
e e (s 4 ol O] w3l s
Loalin b op, S Sl 0 cod 1) 6565
Olsss o oplmr s sde . mlyls YU Olesly
0375 53 Lagasd slad (il 3l a5 5 pod elalie
ot 3 5 e e OLSGe i s Eely
.njfda Jlasl @\)3 sl

o glres S 55 Bl S5 Jlaas I3l =Y
Pt P A e S oaly (e sl
5 et on 8 cnl s JWEH w5 olis
23,8 o Flsn larados S 4 by e Jlizl
o= YL Bl s 4 Ll e b
2 b LS B L 0L 5 L ils b
Al e 6LAW

A 4 e lapad Jhd a Jsb s 1T
S 4 s 8 il w5 e
33 ot =S s e LS
po andllae 5o o ol 4 anoly S HAL )
Lapod b ay al ol s Jolpl I 5

32 Ol pes pdige 4 p0



VY

&

. Balendra, S., "Numerical Modeling of Dynamic Soil-Pile-Structure Interaction", M.Sc. Thesis,

Washington State University, (2005).

2. Goodson, M. W. and Anderson, J. B., "Soil-Structure Interaction-a Case Study", Proceedings of the

2005 Sructures Congress and the 2005 Forensic Engineering Symposium, New York, (2005)

3. Nogami, T. and Konagai, K., "Time domain axial response of dynamically loaded single piles",

N

Journal of Engineering Mechanics, ASCE, 112 (11), pp. 1241-1252, (1986).

. Nogami, T. and Konagai, K., "Time domain flexural response of dynamically loaded single piles",

Journal of Engineering Mechanics, ASCE, 114 (9), pp. 1512-1525, (1988).

5. El Naggar, M. H. and Novak, M., "Nonlinear lateral interaction in pile dynamics", Soil Dynamics and

6.

Earthquake Engineering, 14, pp. 141-157, (1995).
El Naggar, M. H. and Novak, M., "Nonlinear analysis for dynamic lateral pile response", Soil

Dynamics and Earthquake Engineering, 15, pp. 233-244, (1996).

7. Wu, G. and Finn, W. D. L., "Dynamic nonlinear analysis of pile foundations using finite element

method in the time domain", Canadian Geotechnical Journal, 34, pp. 44-52, (1997).

8. Bentley, K. J. and El Naggar, M. H., "Numerical analysis of kinematic response of single piles",

Canadian Geotechnical Journal, 37, pp. 1368-1382, (2000).

9. Penzien, J., "Soil-Pile Foundation Interaction”, Earthquake Engineering, Chapter 14, Prentice- Hall,

10.

11.

12.

13.

14.

15.

16.

pp. 349-381, (1970).

Cai, Y. X., Gould, P. L. and Desai, C. S., "Nonlinear analysis of 3D seismic interaction of soil-pile-
structure system and application", Engineering Sructures, 22 (2), pp. 191-199, (2000).

Maheshwari, B. K., Truman, K. Z., Gould, P. L. and El-Naggar, M. H., "Three dimensional nonlinear
dynamic behavior of pile groups using finite element method in the time domain", Canadian
Geotechnical Journal, 41, pp. 118-133, (2003).

Poulos, H. G., "Analysis of the Settlement of Pile groups", Géotechnique, 18 (4), pp. 449-471, (1968).
Poulos, H. G., "Behavior of Laterally Loaded piles, II: Pile Groups", Journal of Soil Mechanics and
Foundation Engineering, ASCE, 97 (SM5), pp. 773-751, (1971).

Butterfield, R. and Banerjee, P. K., "The Elastic Analysis of Compressible Piles and Pile Groups",
Géotechnique, 21, pp. 43-60, (1971).

Kausel, E. and Peek, R., "Boundary integral method for Stratified Soils", Res. Re, R82-50, MIT,
Cambridge, MA, (1982).

Kaynia, A. M. and Kausel, E., "Dynamic behavior of pile groups", Proc. of the 2™ int. conference on

numerical methods in offshore piling, Texas University, Austin, pp. 509-532, (1982).

J*’)JJ-:’Q‘)“‘"‘J"’"\:‘G“%% ’r"‘?nu@ajwﬁw_}%;]ﬂﬂ



njjfj)[mc_ﬁﬁd.dbjjﬁaadjﬁﬁmj/u@bﬁ V¢

17. Sen, R., Davies, T. G. and Banerjee, P. K., "Dynamic Analysis of Piles and Pile Groups Embedded in
Homogeneous Soils", Earthquake Engineering and Structural Dynamics, 13, pp. 53-65, (1985).

18. Ahmad, S. and Mamoon, S. M., "Seismic Response of Floating Piles to Obliquely Incident Waves",
Proc. of the 2™ int. conference on recent advances in geotechnical earthquake engineering and soil
dynamics, St. Louis, MO., University of Missouri-Rolla Publication, pp. 805-814, (1991).

19. Novak, M. and Mitwally, H., "Transmitting boundary for axisymmetrical dilation problems", Journal

of Engineering Mechanics, ASCE, 114 (1), pp. 181-187, (1988).

\V«YL&O)WLM}WJLM wﬁﬁb‘ﬁ’wwﬂiﬂ



W‘Ih&yé«d;@_y%;]@ WJJJJ‘JWWW@/@
*._51433}5(: JBE™ 58 4856 b > S s Silw S 18 (Fluwlre OVl <ol d (8 5 )4

() ¢ ™ e [N .
oS dea ;siL""CL’ Lge plie 55 g

g3 G S o G 0 ad o 40 5 Ob o Cogm 2 4d) 0 (G iCb e (5] o e (Sl BJLES S (5 e OU - OIS
O A o ool i Ol (sl plon S i3S o o] JUIS oo 3 it o (Sl S (6 e 5 i bl i Sanli
ol b JU (sloo i (Sl 5 Sl s Com tomti 3 5 i o JUS (sloajllm 3 o800 ok 207 Slow] s Lo sl
e (o 2zt SV (tnlin 5 JUIS (s3las] G ST el 5 il (Sl o i (5o Lol d oty Sudd] SKaali o diiS po
lloms Vs Kol 1 aslizad b o ) 33 2350 O s 5 o (sabslan SoSw Ol oo |y 4 sl (slodl 2 slowl 1150
ilodte 43 CFD 3 Shas oy v 0Mle s i )it (il o (51455 b JUS 5 Ol = ANSYS CEX /i 5 (CFD)
Sl ey ) 3 B Al 15 0 3550 SV 3 (S o AT 5 oS o o o7 ety U O e (sla sl
Jidos i U Caonld 45,8 0,0 ol 5 it Aloed Jibo 5 Oy{Son 5 Blio 7 a0 Lo T Jobo i ok azsiloe ko L
SSG sy b p 2 St s S Shas 5l (Sl gl s S sdalin 5 315 ARG LST ol (el sddantle o0
A bl g ol Sea gl Olsea ol s el ol Jdbe VTl Kas gl 25 0L glad s (s5ledie o

S 1255 oSleGes Ss e (CFD) Sl Vlw Sl o 5B0L 2 slad she glaii 53 JUIS S saoily

S

Application of Computational Fluid Dynamicsfor Modeling of Secondary Flow cellsin
Trapezoidal Channel

M. Azhdary Moghaddam M.Tanesaie M.Givehchi

Abstract Channel flows have three components of velocity, 1component in flow direction and
2components in spanwise of Channel. Because of heterogeneity of velocity undulations, in the channel
section the vortices are formed that are nominated “ Secondary Current Cells’. These cells cause the
lateral shear stress in the channel walls and introduce the erosion and scour of the channel walls.
Heterogeneity of the turbulency is caused due to boundary conditions of the bed, side wall and free
surface, the aspect ratio and the geometry of the channel. The mechanism of secondary currents can be
expressed by longitudinal vorticity equation. In this research, the flow in trapezoidal channels has been
modeled using the “ Computational Fluid Dynamics’ (CFD) with “ANSYS CFX" soft ware, and
additional to investigation of sufficiency of CFD in modeling of secondary flow cells, depth averaged
velocity and boundary shear stress distributions are perused. For this purpose, the experimental model of
Tominaga, and analytical model of Shiono and knight has been used to verify the numerical results. The
numerical results are in agreement with the experimental and analytical models.

Keywords Trapezoidal Channels, Secondary Current Cells, Computational Fluid Dynamics (CFD),
Depth Averaged Velocity, Boundary Shear Stress Distribution.
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Comparing the perfor mance of metakaoline with silica fume on properties of high
performance concrete

M. Shekarchizadeh M. Valipour F. Pargar

Abstract Nowadays, the use of high performance concrete is rapidly increasing due to its capability of
being a good substitute for poorly constructed structures and also concrete structures in corrosive
environments which suffer from short life span and immature failure. However, in the last decades the
pozzolans are greatly used in order to produce concretes with improved mechanical properties and
durability. One of the most usable pozzolans is silica fume and metakaoline. In present paper, the
mechanical properties and durability of high performance concretes containing metakaolin of 5, 10 and
15% of cement replacement is compared to those containing silica fume with 5, 7.5 and 10 % of cement
replacement using compressive strength test, water absorption, void volume, sorptivity, electrical
resistance and gas permeability tests. According to the results, metakaoline showed better results
compared to silica fume regarding improvement of mechanical properties and durability of high
performance concretes and it is found that the optimum content of metakaoline is about 10 to 15% of
cement replacement which can make it a good substitute for silica fume.

Keywords High performance concrete, Transport properties, Metakaoline, Silica fume, Mechanical
properties, Durability properties
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Application of WAF Method in Numerical Simulation of Roll Waves
A. Mahdavi N. Talebbeydokhti

Abstract In this paper, the weighted average flux (WAF) method is used to investigate the devel opment
and propagation of roll wavesin inclined steep channels. In fact, the WAF method improves the accuracy
of the classic HLL scheme in evaluating numerical interface fluxes. The present shallow water solver is
capable of efficiently capturing flow discontinuities associated with roll waves. In addition, it provides a
robust approach to eliminate the numerical instabilities due to small water depths usually encountered in
roll wave modeling. The simulated free surface profile and flow velocity show very satisfactory
agreement with available analytical solution. The numerical results for time evolution of wave amplitude
under different undisturbed Froude numbers are compared with those obtained by another numerical
model. Comparisons are also made between water depth time histories computed by these two models.
The observed agreement implies the efficiency and accuracy of the present scheme while it is relatively
simpler in computer implementation and consumes shorter simulation run times.

Keywords Nonlinear shallow water equations, roll wave, shock capturing scheme, weighted average
flux
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A Comparative Study on Seismic Performance of Zipper and Special
Chevron Braced Frames

M. Razavi M.R. Sheidaii

Abstract Zipper braced frames are an innovative bracing system for stedl structures. Conventional inverted-V-
braced frames exhibit a design problem arising from the unbalanced vertical force generated by the lower story
braces when one of them buckles. This adverse effect can be mitigated by adding zipper colurmns or vertical
members connecting the intersection points of the braces above the first floor. In this paper anumerical study has
been performed to estimate and to compare seismic performance of Zipper braced and special chevron braced
frames. For this purpose nonlinear pushover static analysis and nonlinear dynamic time history analysis have
been performed on typical building structures with different number of stories under several earthquake ground
motions. According to the analysis results, the ductility and response modification factors of chevron braced
frames computed fromnonlinear static analysiswere generally smaller than the values obtained for zipper braced
frames and the digtribution of inter-gtory drifts ratio and maximum story drifts obtained from nonlinear time
higtory analysis, demongtrates the efficiency of the zipper struts in achieving a more uniform damage distribution
over the height of the structure, and generally satisfies allowable inter-story drift ratio limits.

Keywords Zipper braced frame, time history analysis, response modification factor, inter-story drift
ratio, ductility.
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Structural Behavior of in-city canalsfilled with different CLSM containing
Recycled Aggregated

M.K. Sharbatdar

Abstract Compacted Low strength material (CLSM) made with material such as fly ash and recycled
aggregates is used as filler at city infrastructure canals without compaction need. Experimental small
specimens and large canals were casted with this concrete and tested to give several results. Test results
of compression strengths on 12 different designs shows that this concrete with high workability and w/c
ratio over 2 can be replaced with low compacted filled soils and can reduce asphalt settlement over city
pavements. Large CLSM canals inside and outside of laboratory tolerated concentrated loads from 3.5 to
7 ton about standard 45-ton Truck (at Bridge and pavement design codes) with low settlement after two
months and showed acceptable structural behavior.

Keywords CLSM concrete, Fly ash, Canals, concrete design, settlement, compression strength, pavement
design.
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An Investigation on Lateral Earth Pressure in Integral Bridges Due to the Cyclic Loading

J. Bolouri Bazaz S. Rasouly

Abstract Several relationships to assess at-rest pressure coefficient in retaining walls, have been
developed by different researchers. These suggested relationships are generally a function of mechanical
soil parameters such as internal friction angel, Poison Ratio and over-consolidation ratio. In integral
bridges, however, this coefficient is also a function of many other parameters other than soil
characteristics. The deck of this type of bridges is subjected to the horizontal movement, which results in
cyclic load to be applied to the bridged wall. In the present research, the influence of this cyclic loading
on the lateral earth pressure is investigated. A prototype laboratory model of a retaining wall, with
cohesionless backfill, was developed in which different cycles of lateral displacement with various
amplitudes were applied to the wall. The model was instrumented by small pressure cells to measure the
earth pressure at-rest, active and passive conditions. Additionally, the applied load and displacement to
the wall were measured, using load cell and LVDT.The results of this study indicate that the variation of
at-rest earth pressure coefficient with depth is not linear and it is not only a function of internal friction
angel but dependent to the depth and number of cycles. Finally, it could be concluded the cyclic loading
causes the backfill material becomes stiffer and stiffer so that an arching is formed. This results in a
reduction in lateral earth pressure in the lower parts of the wall.

Keywords Retaining wall, Cyclic Displacement, Lateral Earth Pressure.
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Using Resistivity to Evaluate Durability of Concrete

A.R. Pilvar A.A. Ramezanianpour =~ M. Mahdikhani ~ F. Moodi

Abstract One of the main factors of premature deterioration of concrete structures is the corrosion of
reinforcements. Chloride penetration of concrete is one of the main reasons of this phenomenon.
Therefore, to have durable structure, it is necessary to have concretes with low permeability. There are
various methods to evaluate permeability of concrete. Finding a relationship between them can be useful
for understanding the mechanism of corrosion. Concrete resistivity test is a suitable indicator for
concrete penetration and chloride ion permeability. It is a non-destructive, simple, rapid and cheep
method that can also be used in site.In this study, various permeability and resistivity tests were carried
out on different types of concrete to find a relationship between them. In addition, the main factors
affected the resistivity are disgusted and the major constraints of relation between resistivity and
permeability of concrete are illustrated. Finally, a new method is recommended to eliminate these
problems.

Keywords resistivity, permeability, corrosion, microstructure, durability, RCPT
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Evaluation of accuracy of capacity spectrum and improved capacity spectrum methods for
determination of performance of concrete frames

M. Izadpanah A.R. Habibi

Abstract Performance seismic evaluation is an important topic in earthquake engineering. In this
regard, several methods have previously been developed and used. The main objective of present
research is to evaluate two methods including “ Capacity Spectrum Method (CSM)” and “ Improved
Capacity Spectrum Method (ICSM)” in determination of seismic performance of concrete frames. For
this purpose, several sample frames are subjected to several different earthquake records, seismic
performance of them are evaluated using these two methods. It was demonstrated that CSM and ICSVI
methods under estimate displacement at seismic performance level. Based on the numerical results of this
study, it was concluded that the ICSM method is more accurate than the CSM Method.

Keywords Concrete frames, Capacity spectrum method, Improved capacity spectrum method, Ductility,
Seismic performance.
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3-D Numerical Investigation of Sedimentation and its Control at River Lateral Intakes by
SSIIM2 Software

H. Shamloo A. Asnaashari

Abstract The intakes usually have been used in water distribution networks, irrigation channels, sewage
networks, and the water/wastewater treatment facilities, etc. Lack of sediment control entered to the
intake channel is the main reason of entering sediments to the installation systems, which makes many
problems for different parts. Due to suspended particles in water, the facilities used such as pumps and
turbines are damaged. In this study, first, numerical simulation of sediment flow in an intake from a
rectangular channel using SSIM2 is investigated. Among the main parameters affecting the flow the
channel cross-section, main channel and intake slope, and the entrance form are supposed to be constant.
Then, the effects of the deviation angles 45-90 degree, ratio of diverted discharge 0.2-0.57, and Froude
Number 0.32-0.48 on ratio of sediment entering to the intake have been investigated and obtained
numerical results were compared with experimental results that good agreement has been observed. Then
for numerical investigation of sediment control methods the effects of the submerged vanes, spur dike
length, and spur dike distance from the front intake entrance for different ratios of diverted discharge
were investigated. The results showed that the effective performance of the vanes increased and
consequently eliminated the bed sediment ingestion into diversion with a single spur dike at opposite side
of the intake. Also an average reduction of 36% in sediment ingestion into diversion was observed when a
spur dike located at a distance of twice intake width from the centre line. Then obtained numerical results
have been compared with experimental results that good agreement has been observed.

Keywords Lateral intake, Sedimentation, Sediment control methods, SSIIM2, k- turbulence model.
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