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The d€sig. of ret.i ning walls depends on the n.gnitude of rctive presur. .xe rted fro m rhe b.cki ll Therefo re, glihrting t! e sale of th is

prcsure is a tuaaneiut lactor in ln. de,ign ln ihis study, to 6se$ the a.tiv€ eaih PlsuE a iigid !€t ining @ll was built caPable of

;anslating .nd/or rctatinB {nh adjustable spe.d. Furthe., several physical tesr were .ondud.d on a laboritory sl. und€r rhe innu.nc. of

unifoln su..nar8e. rn order to aalurt t1le behavior ofthe soil and r1ld failur€ wed8e,cncuhr nrt pre$ure eus and Particle iFag. v.leinetry
m€thod wer€ us;d. Th€ asutrs bdi..red rh.t in th. ranslation dd rr.nslation.rot.tion.l node,, $e disiribulion of ltteEl activ€ Pre$ure
ilonS the wall hei8lr w.s non-linear whil. ir w.s lelativ.ly liD.ar u.d€i ror.tion aloud the bae. By incEasing the .nou or slrchary., the

etfeci ot rhe arching ph.ione.on at rh. low€r portio. oi t!€ w.I w.s mo!. evident. This I.d to a degligibl. nagnitude of Pr.$ute at the baF

of th€ waU r. add iii;n, it w$ obeded tlrat d;ing the adive norion of th€ wall, th e disrinction betee. o $e slationa ry !€gion an d th e fa ilur.

,one uas a tunction of th€ node of wall notion,

K.ywq& . Artite e h p,esurc, gid Ebihing wl|, rcbnon nad. banshhbn node

L ltrod!€tion

The design of a reiaining w.ll d?Pdnds on the anount ol a.nve
pr$urc €x€rt€d fon $e b&ldill Therelore. .stinating the :n.unt .r
rctive pEsure ex€rted on a igid rctaining wallis a najor f.ctor in the

d6ign proe$, A@rdingly, nany effons bave b*n made to evaluai€

tle behavior of the r.tdned ba.Mll Mr physicd ahd nuner'cal
nodelinB as ueu as lheorebsl analysei CoNentio.ally, Coulomb! .nd
Rankin.! m.thods [l2l are ukd to c.lculate dt acriv. pr.$ur€ behind

igid r.tiining walls. The arcning Ph€nonenon was list invesnSated

bakd on the dents o.dring in silos. {here Jans*ns th@ry I3l w*
rai,ed to €stimate th. lat{al pressure in silo wlllt T.E.di I4l
pr.dided thlt thc failut. Plan. occudng behjnd the {all wts or
pdrabolic t}?e. and th. narimun pr4ur. did nol occu!.t the bds. or
the uall He athibuted th€se obsedations ro the .rching .llecL
Following Jans.n! lh.ory and T€tzaghi s studi€s, ext.nsiv. r.earch
srudies hav. b..n conducred to d.v.lop thG rhory and to ,tudy th€

arching eitecr acrc vrrious ..gin eering neB, slch as reraini.g wili
tunn€ls, pil.s, slone colunn{uppnried embankn.na, dd PiPelines
Phvsical lests..d nunsical mlyses on r€taining waus i.dicaFd rhat

tn. dntribution ol adiv. pre$we behind thr wdlis nonlin.ar.nd i,
,nflr.n..d by rn. ar.n'.g .ff*t It l0l In '...nr 

yerb due ro the

comp.errry or rhe poblen. oilq -.sea(heB h.v. nFd b inLeri8r.
th.iniluen'.or,'.h.ntph.nomendonrhel{.ralerr$ P'e(r. Pa,l
ind salgado ttl ploPosed i formulatioD ror calculatingth.ldiv.."ith
pre*ure shil€ considenng rhe arching .ff€c! However. the efi<r or

r.harye pr€$ure on rhe anount of lateBl pre$ure wff not considered

in th€re rudj€s PipaFonsra an d Hcng I r I I anal rlical ly i nv.sliSated the

silo effd under the innu.nc. of uniform !e.ti.al prc$ure ad the

fomadon ot arch shap.s in grinul.r materialt B.sed on these studies

an a$umption oi unjtom v.rtical stre$ in Jan$.nt clasicar th.orv
cor.srohdslotheassunDrionof aline$r.ducrio.of sheatste$ b.sed

onhrysapploeh tr2l. Knosavi.t d. le. lrl condu.ted.n analvti.d
study on a dgid lelaining wall syslem under active hodzontal lhndation
dov€menl with a uniforn surcharR€ on $. r.tiined ba.ldill unliLe

Drevious udilG .onducted in this lield, the analv*s were c.tndd out in

i tuedinensional syn€n oi equilibriln in recbnSllat coordin.tes A

new fomulation w.s proposed to ev.luat th€ magnitude dd
dctibution of v€.tical. lar.ral, aod sb..r {r.$es in lhe iailute zone

behind a ieiaininc walL These theo!'.6 were later dev.loPed lor th?

ssumption oian;nlin.ar flilure sudacebebi.d th. wall I14l

I. addjtio n to rnalld cal nethods, p bys ial mod.ling and exPerte. b
h.ve also been Perforned to rmlyze the pEssure of th€ soil hehind th€

reining wall and to t.sl the ar.hing .fect in Sranular n:rerids
Kho$li It,Itlconducted sev.rdPhtsicd t.sr. to d.Ernln. rh' adrv'
.rnn prc$ure behind a dgid leEining wall undd the rannation node

without.onsidering dre luch.rge .ffec! A good sgre.nent b€tue. the

.x*limentil Eslits and th€ pr.dictionr d.nled toh th. ptoPosed

fo;duhtion consid.ring th. archi.S.ftect confim.n n!'h t
phenon€hon behind t]le wau The ioou€nc€ of wall face frictidn o' soil

;rchins and rh. dGttbution of active €.rth presure was exPerinentallv

investiatcd by ripaPone* ct al 116l. cuo and zhou llTl inlesrjgat?d

ih. formation of st bl€ athes in .oh.sionlers {raoular matenah ot
hateials with snallapp.rot cohesion The resulh indicakd that the

mateials int rnal friction.ngl€ 8..er.lly controlled th. shaP€ orthe
fuch. while lhe.ritical atch sidrh dep.nded on cohesion.

on the other hand. s4.ral sbdies hav. b*n cn'.d out using

num€.ical simul.tio!,l13 2ol and also the Pa icle 
'm.g. 

Velocinerry
(PN) ut,21 221 to as€s the occuren.e ol archinB in grandar s"

1 Cotr6polding iurhor r-mrl2dr'6; nh khorvi@ur. n lM H. Khonvi)
Journal HonePaS. ijmgelkcr
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*o."'* *'o *ljt[i;'jne $.idesprcad in $e rccenr decades. ln u,sreserrch. numericat &alrss hale been conducred lo elatua" ,i," in*, 
"i,".m"j",i 0,"0"ii",."r,r,"wa' and dvnani. paamere^ on rhe behalior urcRs\4. 

''" "*r* 
p.,. ii"iii. iin"iJ"i ,*J, 

"rta'ine afiecr Lhe senerdl deromar,on iom rurLhemore. Lhe "ar lrlir"*..",'*,.., "i,r,Ii",rernro.cemnrs stirness. Any soaf in the accelerariotr mpltra" r".""1.,,r," 
"i"r_*,."ii*0,'-"wnll disptacefreni Tle diffe;mce betweetr the natudr fieq**y _A m ft.q,"".y 

"iil" l*" "rU.",."is a significet facror affeciing fte wall sehmic r csponse.

::il.'h:;{::;fl":f1"ffi" """' Dlaahic aaat'sis, Finite di'e.eh.a, ceoslnthaic

I. II*TRODUCTION

Reinforced soil retaining warh are mainry composed of three €remenrs of she , r€inforcemenr andemban&ment, and the stabirity of lh€se ;alh is provided by rhe ri.,;"" U.,*.." iii" 
-r"ii 

_o ,r,"reinfo.c€menr and the r.ansfer offorces in the fi inS r" *. *i"r"." a..""ir. r" ,r," i"u'i*" j.*0"., 
,r,"use of this rype or r€rainins walts has been expandi,rsrorldwide due ro rheir eas; ;; j.;il;;;d p."p"rormabrljt) compared wirh orher reraininS $a rypes. On rh€ ofier hand. rhe debitiry 

"ri"irii"e ,.,h"d, ,th€ desisn ofreinforced soit reraining walts, rhe iompri"".a *nu";o, oi,r,.," ,-;,,;; ;;;t;;".;;,,,,.,,""operatons and also,under fte influence ofoperaring loads, and esp€cially under i.p"" 
"fay"?.i" 

r""a, i"sersmrc regrons such as lran, necessitare the sludy and undersranding ofiynamic b"ir_i", 
"i.""r, "rucl**morc and makes jr more evidenr. rhe appticari;n or numericar ,iaai"! t" .r"ay ir,.-i.p"o "i.r"oi""param€brs on lhe behavior ofmenlion€d retaining wa s has been considered by res*r"r,.,J una ,.loru" i"recent years. due 10 high sp€ed and accuracy and besides, ress cosl.

. Futaki et alIr]conducred experimenrs ro assess the stabiriry ofreinforced soit relaining warh in s*.c anodynamic conditions. Their sludies demonsrrale thar during rhe consrruction, fte m*t^u,i 
""rif",o*glh 

orthe bdr rises up qirh incrcasine overp,essure rwal heishi. However, rhe iosirio; ;i;;t,; ;;i;,.,.".,,"
change according ro lhe heighl of rhe wa . Crourd srress is aho incfeased in dynamic

condirions. and rensile forces of bells increare bv abour t4oo in rhe vibralion state.
Bathurn and Halami[2] srudied rhe effecl oilhe srruclure base liequency on ile response and behavior of

Beosynth€tic armed soits. rheir jnvesrigadon showed rhar the srifness an; tength 
"r 

ir,. i.i"i*i**t *otle condition of watl bracker does noiafT€d rhe ,nodek base frequency. r, ;* 
"f* 

r"""a-ir,"i , ,*gerappried accelerarion would resurr in lower base frequencies. They sr;rea riaitr,e re;t,;;;;;;i on,h"rigidity of foundarion.
Klar ard Sas[]1, and Correia er at. I4l presenred simptified anatyticat merhods foranatyzine rhe stucluresor reinrorced soir unde, operarins roii, which is 

"ot 
," .",;.1i. ,r" rri.*i';ili;;,";;, 'or,r. *",
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Abstract
Reinforced soil retaining walls have recently become wid€spr€ad due to th€ir advanlages over

conventional relaining walls. ln lhh paper, numerical analyses, using FLAC software, have

been employed to invesligare the influence of mechanical and geomel cal popenies of lhe
wall and anplitude and frequ€ncy of lhe source vibration on the dynamic behavior of a

geosynthetic-reinforced soil retaining wall. The rcsults show that the type of facing affecls lhe
general florln of d€formation. Also lhe wall dhptacem€nt decrcase with incr€ase in

reinforcem€nt sliffness and lenglh. Any increase in th€ acceleralion amplitude increase the wall
displacement and reinforcement loads. Th€ dimerence belwe€n tbe frequency of the base

excilation and the nalural fr€quency ofthe model is the most imponanl faclor detennining the

wall dynamic response.

Keywords: Reinforced Soil Relaining wall, Geosynthetic rcinforcements, Dynamic analysis'

Numerical mod€ling, Finite diff€rence.

I. INTRoDUCTIoN
Reinforced soil retaining walls have become increasingly popular and widespread around lhe world
in the pasl two decades due to lheir dislinctive advantages over conventional relaining walls These

walls commonly consisl ofthJee elements: facing, reinforcements and backfill and their stability is

provided by friction between the soil and reinforcements and also translening consisling loads in

the backfill to the reinforcing elements. What's more, their mechanical responses duting

construction and under service loads are complicated and therefore, a subjecl ofintensive research.

Their response 1o ground molion in seismically active areas poses an even more complicated
problem to engineers for a safe, serviceable and economical design approach.

l.l. Prcvious Related Works

ln order to asses the accuracy of numerical methods, the U.S. Commuter Rail Service (wES)

constructed and toaded two kinds ofreinforced soil retaining walls until the failure stage. For each

wall, a sepamted numerical analysis was done. The resuhs showed a great match beMeen

numerical methods and the experiments []1.
Bathurst& Cai (t995), using TARA-l soflware, modeled a kind of Seosynthetic'reinforced

soil retaining wall with concrete block facing and did a complete research on dynamic response of
the wall. The results showed the eflecl of dynamic loading on the wall displacemenq sheanng

force, displacemenl be$een concreie blocks, rcinforcement loads. and acceleration response on top

of the wall. Based on these resulls lhey recommended some melhods for dynamic design of
reinforced soil retaining walls [2].

Futaki et al (1996) did sorne experiments to evaluale static and dynamic slability of
reinforced soil retaining walls. The results showed that during the construction, maximum lension
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