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Fig .2. Grain size distribution curve for sand
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value symbol Specifications
- SP Soil type
2.61 Gs Grain density
1.65 Ymax Maximum dry density
1.37 Ymin Minimum dry density
0 C Cohesion
32° (0] internal friction angle

Table 1. Properties of Firuzkuh No.161 Sand
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Description

Standard Test result Number
of test
ASTM . tensile
D45 1.29kN/Strip strength 1
Percentage
ASTM 138.93% of tensile 2
D45 .
elongation
ASTM Shear
D45 >1.46kN resistance 3
ASTM Peel
D45 0.72kN resistance 4

Table 2. Physical and mechanical properties of geocell
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Fig. 1. Sand box and sand rainer
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Siloand 035 23S ool 2 olide Loy 586 alie ¥ J g

Simulate origina
symbo  Scale
Parameters d 1
1 Factor
example sample
Geometry -
Foundation height H(m) 1/N 0.6m 6m
Soil sp
Specific dry 1.53 1.53
weight of the Yd 1 em? em3
target & &
internal friction 1 390 300
angle
Reinforcement
Ultimate tensile T
(kKN/m? 1/N? 1.5 150
strength )
failure strain f 1 15% 15%

Table 3. Scaling factor values according to the simulation
requirements
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(a)s=0cm, (b)s=2cm, (c)s=4cm, (d)s=6cm (e)schematic
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Fig. 10. Images of tests on the foundation reinforced with one
layer of geocell at different displacements:
(a)s=0cm, (b)s=2cm, (c)s=4cm, (d)s=6cm,(e)schematic

il e Gollae oS Jusis 0¥ S tlesl ol o

(B/3) Gas 55 (4B)esle 56 1l b oo o ol ok
03 L5 Loy 38,5 I3 Joma 5 23,8 Sl Fea M ey 5 5
dles! JL ramen 5 Cosl Ole S 3 Osais; 4 (65,

w‘wa;#J)é&Jﬁdw‘—hﬁ“wa



PIFCRCUPRRC g

S B O gael S g3 d_”ua.h.adud: ;ﬂ.ﬁﬁ I

i Sadeo ol Ju 55 (OLES Caaslie iman 5 A S 55
G 45 yidanS s Ol il Ll s 5 oo 385 S s
LS55 Y S edd e gl 53 b aslin 5 e
el e3ls 55 TN Jsles slagsls gl 2alS
O ol i 33 585 5 50 OF Lol S ccnd ol o3 L5 o
& ol i el oile el Rl s ahee SUE
S5 53l el e J S5k S5 Y G e
(el 0l o3ls Gl S0 e bl WS awslis (V1)
To S edgdome 3 oliS b glenl ps S ety
S 4 s S omts Caand S 0 b b el 30
JENPFPRISIRUN PR By PRI E P RV REVR VPSP
o3 JLs Cor e 53 SR L5y Ll 50 55 8 S o0l 5o
oo S0 ode S 55 Y G I banglie 53 5 a8 5 135
G S 4SS w4 o3l by gl 4 B AL )
030U Loy 53 Ol b (il 5 ol 0l Jizie 03 JLS
Coos 53 e plraglr GLIBIL Gl ol o5l ol edalin
el 0 0313 0LE (V) 2 55 8 JSE w0 en Il o
alie SR2 pys o5 cosls (o3l cnl 53 355 0 sl

J}Zuﬁ sdalin J\_}T ‘_)‘.,\.;.A I

Jos3 Y S5 555 AN L eddy 5 0l VY JSS

' loss of support

Fig.12. Reinforced foundation one layer of geocell-geogrid

YYY

O sl g8 Sl 40 s VUL dslas (glag sl Clq—f\ oeals

..\JAJL;& C) CL«AJ.:.C«

sl WY L eddio s Ol Lhleil las MY S
slite sl plrals o 0 S5
Sl (6) s=6em(s) s=4cm(c) s=2cm(c)  s=0cm ()

U layer of geogrid-gencel 1= RFIGC

(a)

(b)

RF1GC

(©)

RF1GC

(e)
Fig.11. Images of tests on the foundation reinforced with one
layer of geocell-geogrid at different displacements:
(a)s=0cm, (b)s=2cm, (c)s=4cm, (d)s=6cm,(e)schematic

LS55 spam o w s (S ren e (L1
— e85 Soslme 5l AL ediS mlie- SISl Ll



gEI :)‘,a& W s ‘;\5}.&‘,2—6&@

Voo Jle /Y wl.q.ﬁ»/f}.:‘gﬁ_...go‘)‘ga

—— = . —
B,
_ 27 e
R, /7
. SRR,
e SRR S o
(e)

Fig. 14. Images of tests on the foundation reinforced with two
layers of geogrid at different displacements:

(a)s=0cm (b)s=1.4cm (c¢)s=2.9cm (d)s=6¢m,(e)schematic

DL é""“}:‘" u}.:w\.)u‘}.? ML‘:’J ngpa JJL&A ol JLQ.Q‘ )Ll
EB e s bl old ileans olie b s an 3 L
Opanllgp Sl 4 Gl S Cldd &S Coul askia
sl o3ls OLas (10) K3 55 5550 glaiulesT oS anlis
ebjw)bgﬁWJDMa%dbw|)é.w1
Gl ialosl Coglize o)l wlin &5 ol o3l3g 5 S oo
bl O e ol S5 L ol s O gl
B ! 4B La:eJ_.Sc_,.“.)}.? JGL“:’ U"pfp S ol
u:u“La)T rLa.?\ )\ o dudﬂfo)‘u\;‘ L}sUa.a J%Jf}jj JJ‘ 03 gl>wo
et 5 Sl 4l il S 85 Y SO Il 4 s
c@‘aﬁdf&na)}@%@w@%gﬂw
o Lgﬁfo)‘..h\ ):A‘_;JLN a1 ij; &‘L>4.:L> BE] )SL,\;- 6‘4{‘5|)
Jales (glas sl Cl"-}'c\ sl Ao s e (Bmax=0.07) ol

Oemed A3 o B b i Ol LIl 4 LAY

ot 0558 as S (Slasls sl 5 oS sl AY g8
Josr b S35 eV Sy s eV K5 S5V S Ladd
Foundation reinforced with one layer of geogrid
----- Unreinforced foundation

Foundation reinforced with one layer of geogrid and geocell

0.35 AT Foundation reinforced with one layer of geocell

S

W

\
)

0.25 e

015 S

Q
N~
\
\
\

Maximum angular distortion)Bmax(
S
N
N
N
\
\

005 I’/ °

0 1 2 3 4 5 6
Fault displacement(cm)

Fig. 13. Fault displacement and maximum angular distortion for
foundations reinforced with one layer of geogrid, one layer of
geocell, and one layer of geogrid-geocell

i S 55 aY 53 b eddCy sl O gowl g5~

ol 0313 OLES 1y Giolesl cpl 5l seas (ool (V4) IS5
I oo pln b oo e S 85 AN bl nl
S 543,530l 5 (2B/3) 5 (B/3) Gas > (4B)
53 JuS Ogeis s bl 53 5 S 5 S e 53 ey 03 lE
0 58 slT olie S
2> LS5 Y 5 L ey Ol bl nolas M JSS
sl gla plralr
Sl (o) s=6cm(s) s=2.90m(c) s=1.4cm(_) s=0cm( i)

2 TS of geoy

(b)



o s sbe! Il 3

S B O gael S g3 ‘5,,u>=hﬂdud; :J.Qw.ﬁ I

el 23135 LS55 o S 5 Sl Coaw dlal 55 3
o D 3 padS g 4 Ogedty ot S s Ll
4 oS e S LS50 5 (e Sl LS55
T S e i Culo Eol b S 55 e 0¥ Lo
53 S a3 Il s el 0 3 ol 4 o
s Sk 53 Lo (2S5 a8 S 515 0 gl il a3
S (sl sl mbr el Ol ol 3105 (6 30 O gl g3
Sl add (g Sl e gl NGB Jlralr o
A Jslxs glas sl Cl’.'_}-"‘ oS Ao s e (Pmax=0.07)
S lie Ans o iy pehes 1 O gl Iy
Y aw 5 93 (S L e mhes Ol Glasls 2l o]
4 U;J,..S/ Ol ol imean (ol ol 03ls OLES (\o) Ji..ﬂ 33
OWELPR T - PR EPC i L PUICN A E RS IC
53,5 0 N3 Ol lih ol e s lasls gl sel
%WL;L@:}\@MJ!F\J:J:@JBM
Lo s Ol s w55 o Jama oy S 35
¥ o 3l e sl aS das e OliS W S5 Y a5 o
Florssl 5 RS S s il 36 0 S 55
Sy a (8) Jodor 5,10 GiLeS e Gl sl 5 (slaysl
Ol 1y Wlie cpl 55 el plonl sla il mb b=
G0 prl i g 5 Shas aslin gl 2 Lo ialesl cpl cdas o
23 i3 s S S5 ke s 5 les 8 lail 5 s S
Sl edplol Jle 5 A Lyl 2
2 dly AS o me 3 el s Ol 5 Shes
(o3 kS 55 Gl s edi s Opldi b alis
GRS S 85 sl slaas I S 85 e S
Ol Ra (%) 2als do s Olge L (V) adaly s & Prna

[4] 555 o

Rd _ Bmaxu_ﬁmaxr (Y)

Bmaxu
Co s Ol 55 (gl sl Cl’.'}‘\ O s Prmaxu

oS
Oameldigd 5 (glausls Cl?.'j-d R Pmaxr

o.)..ig;.ijﬂ

G L S 55 Y SO Lok s O anli g b a3
ol 53 aglin ol 0313 35T+ slas (slay sl 2l e
3 s Seslll bl o S s b el e
L 53 S 4 S5 AV SO 4 o ilesl plas]
o 4 (Vrem) 2B/3 o310 & Ly &5 oo S e 13 o3l
ol ol (g iy LS Ol sl 5 el Jite o35l o
G T GO eSS Gl U ol o el ol ool
5 e Rl g edaline b S5 Y SO L Ol
ol el W S5 slaaN alsl sl ab sl
25 4 oS e L Sl g s (S ey ol
ooty Blsil g loglr (el s ol 0 03 L2
0308 5 s e el a3l S 55 slaaY sl
G b o sl 4 B iuOlabl 5 4 g LG akol
AR s slesle ol (a8 5 S 550N 8
Al s s CHES Gl @Il gla sl b o]
St Sl e Sl 5 U 5 e e3sdoee 3
S &y S Sl il iman 355 0 dalie oS el
i Oy L5 03 L5 8 as e Fo s el
OBl s 4 Ol Ll Gl s sl b el
DAk S55 sl SRl Sl L S e cols
el 4 S Ol sl s 4 Sl s Sl 55,8
Bh g Jae 4y S 55 o e

1 5 4 4w b oddiy o OgawlNigh-T-Y

2 oo it oot S5 aY e bl nl s
s a5 S I3 e i 5By (2B/3) (B/3) Ges 55 (4B)
Oy Jome 03 5 LS55 S,m 53 ez 3 dld S
55 edadlest L asls S5 sl Ol Sl s oS e
Sl o w8 B3 0> s b Ol 3 Jalee I
S das e 0L bl (el ol (Gileand olide Gb s
s ke St 0 gl b 2ol b gl 53 St ety
alie S Sl bl Gest S WS 55 e e
by el b S 5 4N 53 Lol prhos O gl 5 2o
5L el mhs O gl i b L anglis Sialesl pl ool

QW))}SJ.A;,J[}}J)JASC,\..\:‘L)J“‘)JJiﬁjJ‘jd‘A.;Y}J



Ve JL /Y °)L""z/r.9'>3‘:’”‘:.’°J33

e Ol o pwdige EBgh — oode Ao

3K s 4 glasls glrssl ol sl el 48
Colie o plralr 5o edd Cd 035l (655 &5 e
AL blae plals Olhe 35 e b bl oK 3
S aodked S 55,5 SLVDT S sy 5 lagsls #br o
Shias il 53l aalsl 533 55 0 o JralesT ol 3 e s
& 0y 55 O gl 33 5 Shas 0T 5 0 8 55 slanY
@l el 3SR e s S S
s Sl 5 s s S S e sla bl

ey o S 031 Oldis O gl 53 I 55 )
S S 5k 5 AL S5 LS S
23 s e o S Sk s 4 e e 3 Sl
sl S e Cad 2 QJJUJZ){W@)JJQM\J\
Sl ol 55 AS e sl U S e e 3 5 55 e
Sl glrals ly cds LS 51 b adk
S Sl a3y & ged 5 Silesl 5l e 45 ol (42cm)
RGPS W

Lol 35 50 5l 5 03 IS (a2 (Gla0 sl 5B 3T
Sloa S e Ll s (oo Dpet) (555 228
503l S e Sl s el 13T Ol O gl S g s
S el S0 AT s 5 Sl b 0501 s
Sl e iy 0 Sl ST Ol Sl O goisty abads 3
e 3 23 g b B O S Sl 5l 5 e LS
sl i 5 (Pea=033)  lasly gl el
Aas e 5 (5=6cm)

S b 555 Y S Lok s Osenlish oY
Rl o3 s ) G S SU plalr s xS
glsel S LS s s ool b S S
23 Sl pramen )l SIS el bl 5 lasls
sl M Jall Cel 5 das &) S 503 S 03 gdms
pde b3 4 omen 355 o (Brax=0.13) e 5SLe (sl sl
T N S I Lt VI WK WG JO]

J}J:& sdalise a:j)l.;? Ja.wj)b Q}:.\NUJ).‘.D_}&J))LZ

YYo

e O3l e Sl sl Zlrsel 5 oS abralr N0 S
LS5y aw 50 S5 AN 5L S5 Y S Lets

Foundation reinforced with one layer of geogrid

c 04 AT Unreinforced foundation
RS = Foundation reinforced with three layers of geogrid
-
6 ===+ * Foundation reinforced with two layers of geogrid ~ ,*
k73 0.3 Pl
4 4
e PR
o -
L = e
> < ’
o = 0.2 4
c g
c —
£ -~
=} e
£ 0.1 ’,’
= -,
© /’
= s
0 >

0 1 2 3 4 5 6
Fault displacement (cm)
Fig.15. Fault displacement and maximum angular distortion of
a foundation reinforced with one layer of geogrid and two layers
of geogrid and three layers of geogrid

b avslie 53 (576em) slralr aoy Sl s sla il @ £ Jau

Sl 05l 58
5 8 2 F 2 8
3 & R R
g o g © g <
3 o 3 2 3 2
z & £ x Ex
~ X E X
< <
= - S &
1 Free field foundation _ _
2 Unreinforced foundation 0.33 _
3 Reinforced Foundation 0.13 60
With a layer of geogrid
4 Reinforced Foundation 0.23 30
With a geocell layer
5 Reinforced Foundation 0.1 70
With a geogrid-geocell
layer
6 Reinforced Foundation 0.07 80
With two layers of geogrid
7  Reinforced Foundation with 0.07 80
three layers of geogrid

Table 4. Test results at maximum displacement (s=6cm)
compared to the unreinforced foundation

= W-¢
03 g 5 s s Dl B b 55 Spd Js Sm S
SOl 5 Shes Sl gl dly S Ll
ok ol melaws LS 51 U e el (g ey 58
o g 2 e G s el oS 5 4 5 (o
Oy g d il la sl sl 3 LS LES) (e



o s sbe! Il 3

m S O ael L 555 v sag 3 Shes v 5

rupturing normal fault: Part I. Observations
after the Kocaeli 1999 earthquake. Bulletin
of Earthquake Engineering, 5(3), pp.253-
275.

[4] Yang, K.H., Chiang, J., Lai, C.W., Han, J.
and Lin, M.L., 2020 Performance of
geosynthetic-reinforced soil foundations
across a normal fault. Geotextiles and
Geomembranes, 48(3), pp.357-373.

[5] Lin, A., Ren, Z., Jia, D. and Wu, X., 2009
Co-seismic thrusting rupture and slip
distribution produced by the 2008 Mw 7.9
Wenchuan earthquake, China.
Tectonophysics, 471(3-4), pp.203-215.

[6] Yu, G., Xu, X., Klinger, Y., Diao, G., Chen,
G., Feng, X., Li, C., Zhu, A., Yuan, R., Guo,
T. and Sun, X., 2010 Fault-scarp features
and cascading-rupture model for the M w 7.9
Wenchuan earthquake, eastern Tibetan
plateau, China. Bulletin of the Seismological
Society of America, 100(5B), pp.2590-2614.

[7] Anastasopoulos, 1., Gazetas, G., Bransby,
M.F., Davies, M.C.R. and El Nahas, A.,
2007 Fault rupture propagation through
sand: finite-element analysis and validation
through centrifuge experiments. Journal of
Geotechnical and  Geoenvironmental
Engineering, 133(8), pp.943-958.

[8] Bray, J.D., 2001, January. Developing
mitigation measures for the hazards
associated with earthquake surface fault
rupture. In Workshop on seismic fault-
induced failures—possible remedies for
damage to urban facilities. University of
Tokyo Press (pp. 55-79).

[9] Bray, J.D., Ashmawy, A., Mukhopadhyay,
G. and Gath, EM. 1993 Use of
geosynthetics to mitigate earthquake fault
rupture propagation through compacted fill.
In Proceedings of the Geosynthetics' 93
Conference (Vol. 1, pp. 379-392).

[10] Garcia, F.E. and Bray, J.D., 2019a Discrete
element analysis of earthquake fault rupture-
soil-foundation interaction. Journal of
Geotechnical and  Geoenvironmental
Engineering, 145(9), p.04019046.

[11] Ashtiani, M., Ghalandarzadeh, A.,
Mahdavi, M. and Hedayati, M., 2018
Centrifuge modeling of geotechnical

mitigation measures for shallow foundations
subjected to reverse faulting. Canadian
Geotechnical Journal, 55(8), pp.1130-1143.
[12] Loli, M., Kourkoulis, R. and Gazetas, G.,
2018 Physical and numerical modeling of

Yyl

2l 58 RIS 53 o 55,56 s o 0L Dl it
St 53 Ll el 70 550 (Bran=0.23) o S (sl 515
S 6 b S

LS 55 Je s oS 5 Y S Lok plas O gl 50
Jos 555 &Y S L add s G5l alia L
03,8
5 e Gl s w Ll sl e (Bnan=0.1) ey SUe
Ol g Ll @y S 20 AL 35 (6oL sl
G o S i b S 55 Y L el s
oo 58 4 (255 Ll Sy S 0 (imad 355 0
RGN PN - VP e

SR L S el DL IS a5 sl i el
& Ay S s Ol il Y 55 4 S 55 slaaY sl

180 jals el 5 slassls Cle-),c\ a8 5 das e S,

Slasly glessl Ve el cel s e

255 (Bnax=0.07) ooy Sbe sl 15 L o
o Sb S50l e il s e OLES B b
A sl 55 5 S 55 s oAy 5B oS
S s Bl sl el Rl Lol i
S e Rl B Gromen s o e (S e 18 5 g
W CLM.A Opmilligh 3 Shas 35 5 Sl ng Y g
o Sl Ll ale W S 55 51 AU e il 5l el
Sl oy oS s S Olgea fus ol kS
kf;f JJL 4.‘>r.§4 DL céj.\;& ol é.»._ﬂ jf.wa 6ﬁJu__QJLh’u‘
S s s sl plassl Gl el sld S

Sy

Y

[1] Mosavi, S., Jafari, M., 2014 Physical
modeling to reduce the risk of surface fault
using geogrid, 8th National Congress of
Civil Engineering-Babol (In Persian)

[2] Faccioli, E., Anastasopoulos, 1., Callerio, A.
and Gazetas, G., 2008 Case histories of
fault—foundation interaction. Bulletin of
Earthquake Engineering, 6(4), pp.557-583.

[3] Anastasopoulos, 1. and Gazetas, G., 2007a
Foundation—structure  systems over a



Veoy JL /Y e)\.o.i-/rjb"%ejjé

e Ol o pwdige EBgh — oode Ao

[22] Paolucci, R. and Yilmaz, M.T., 2008
Simplified theoretical approaches to
earthquake fault rupture—shallow foundation
interaction.  Bulletin  of  Earthquake
Engineering, 6(4), pp.629-644.

[23] Bray, J.D., 1990 The effects of tectonic
movements on stresses and deformations in
earth embankments (Doctoral dissertation,
University of California, Berkeley).

[24] Bransby, M.F., Davies, M.C.R., El Nahas,
A. and Nagaoka, S., 2008 Centrifuge
modelling of reverse fault-foundation
interaction.  Bulletin  of  Earthquake
Engineering, 6(4), pp.607-628.

[25] Ahmed, W. and Bransby, M.F., 2009
Interaction of shallow foundations with
reverse faults. Journal of geotechnical and
geoenvironmental  engineering,  135(7),
pp-914-924.

[26] Ardah, A., Abu-Farsakh, M.Y. and
Voyiadjis, G.Z., 2018 Numerical evaluation
of the effect of differential settlement on the
performance of GRS-IBS. Geosynthetics
International, 25(4), pp.427-441.

[27] Sadat, M.R., Huang, J., Bin-Shafique, S.
and Rezaeimalek, S., 2018 Study of the
behavior of mechanically stabilized earth
(MSE) walls subjected to differential
settlements. Geotextiles and
Geomembranes, 46(1), pp.77-90.

[28] Huang, C.C., 2017 Failure mechanisms of
steep-faced geosynthetic-reinforced
retaining walls subjected to toe scouring.
Marine Georesources & Geotechnology,
35(8), pp-1099-1110.

[29] Talebi, M., Meehan, C.L. and Leshchinsky,
D., 2017 Applied bearing pressure beneath
a reinforced soil foundation used in a
geosynthetic reinforced soil integrated
bridge system. Geotextiles and
Geomembranes, 45(6), pp.580-591.

[30] King, L., Bouazza, A., Gaudin, C.,
O’Loughlin, C.D. and Bui, H.H., 2019
Behavior of geosynthetic-reinforced piled
embankments with defective piles. Journal
of Geotechnical and Geoenvironmental
Engineering, 145(11), p.04019090.

[31] Holz, R.D., Christopher, B.R. and Berg,
RR., 1998  Geosynthetic design and
construction guidelines (No. FHWA HI-95-
038).

[32] Giroud, J.P., Bonaparte, R., Beech, J.F. and
Gross, B.A., 1990 Design of soil layer-
geosynthetic  systems overlying voids.

YYV

hybrid foundations to mitigate seismic fault
rupture effects. Journal of Geotechnical and
Geoenvironmental Engineering, 144(11),
p-04018083.

[13] Fadaee, M., Ezzatyazdi, P.,
Anastasopoulos, 1. and Gazetas, G., 2016
Mitigation of reverse faulting deformation
using a soil bentonite wall: Dimensional
analysis,  parametric  study, design
implications. Soil Dynamics and Earthquake
Engineering, 89, pp.248-261.

[14] Anastasopoulos, 1., Gazetas, G., Bransby,
M.F., Davies, M.C. and El Nahas, A., 2009
Normal fault rupture interaction with strip
foundations. Journal of Geotechnical and
Geoenvironmental Engineering, 135(3),
pp-359-370.

[15] Anastasopoulos, 1. and Gazetas, G., 2007b
Foundation—structure  systems over a
rupturing normal fault: Part II. Analysis of
the Kocaeli case histories. Bulletin of
Earthquake Engineering, 5(3), pp.277-301.

[16] Moosavi, S.M., Jafari, M.K., Kamalian M.,
and Shafiee, A. 2010 Experimental
Investigation of Reverse Faul Rupture-Rigid

Shallow Foundation Interaction,
International Journal of Civil Engineering,
8(2), 85-98.

[17] ULUSAY, R., AYDAN, O. and HAMADA,
M., 2002 The behaviour of structures built
on active fault zones: examples from the
recent earthquakes of Turkey. Structural
Engineering/Earthquake Engineering,
19(2), pp.149s-167s.

[18] Bransby, M.F., Davies, M.C.R., El Nahas,
A. and Nagaoka, S., 2008 Centrifuge
modelling of reverse fault—foundation
interaction.  Bulletin  of  Earthquake
Engineering, 6(4), pp.607-628.

[19] Bransby, M.F., Davies, M.C.R. and Nahas,
A.E., 2008 Centrifuge modelling of normal
fault-foundation interaction. Bulletin of
Earthquake Engineering, 6(4), pp.585-605.

[20] Lin, M.L., Chung, C.F., Jeng, F.S. and Yao,
T.C., 2007 The deformation of overburden
soil induced by thrust faulting and its impact
on underground tunnels. Engineering
Geology, 92(3-4), pp.110-132.

[21] Anastasopoulos, I., Antonakos, G. and
Gazetas, G., 2010 Slab foundation subjected
to thrust faulting in dry sand: Parametric
analysis and simplified design method. Soil
Dynamics and Earthquake Engineering,
30(10), pp.912-924.



@l e (ghex Wl S

.«uSG O g IS 93 dj,dz.h,.,‘_;ud; .\ﬂ.«ﬁ o

stratified soil. Engineering Geology, 249,
pp.273-289.

[36] Viswanadham, B.V.S. and Kénig, D., 2004
Studies on scaling and instrumentation of a
geogrid. Geotextiles and Geomembranes,
22(5), pp-307-328.

[37] Wood, D.M., 2017
modelling. CRC press.

[38] Bray, J.D., Seed, R.B., Cluff, L.S. and Seed,
H.B., 1994  Earthquake fault rupture
propagation through soil. Journal of
Geotechnical Engineering, 120(3), pp.543-
561.

[39] Anastasopoulos, 1., Antonakos, G. and
Gazetas, G., 2010. Slab foundation subjected
to thrust faulting in dry sand: Parametric
analysis and simplified design method. Soil
Dynamics and Earthquake Engineering,
30(10), pp.912-924.

Geotechnical

YYA

Geotextiles and Geomembranes, 9(1), pp.11-
50.

[33] GHALANDARZADEH, A. and
ASHTIANI, M., 2017 Geotechnical
mitigation measures for interaction of
reverse faulting and shallow foundations:
centrifuge modeling. In The 19th
International Conference on Soil Mechanics
and Geotechnical Engineering.

[34] Moosavi, S.M. and lJafari, M.K., 2012
Investigation of the surface fault rupture
hazard mitigation by geosynthetics. In
Proceedings of the 15th World Conference
on Earthquake Engineering, Lisbon,
Portugal.

[35] Tali, N., Lashkaripour, G.R., Moghadas,
N.H. and Ghalandarzadeh, A., 2019.
Centrifuge modeling of reverse fault rupture
propagation through single-layered and



PIEUPCUIERWE P g S O gl i b (59,5 (aw Sl g 2 St )

Examining the Performance of Geogrid- and Geocell-
Reinforced Foundations Subjected to Normal Faulting

Nabiollah Ahmadil, Meysam Fadaee*?2

1. Ph.D. Student in Geotechnics, Department of Civil Engineering, Science and Research Branch,
Islamic Azad University

2. Assistant Professor, Faculty of Civil Engineering, Science & Research Branch, Islamic Azad
University

Abstract

Surface faulting is hazardous for buildings and transportation systems constructed adjacent to or over the active
faults, causing irreparable damages. These structures must be designed by taking into account the negative
effects of surface faulting. With increasing population growth and the need to expand cities, especially in areas
facing economic constraints or land shortages in large cities, the feasibility of constructing in active fault zones
has increasingly concerned the attention of the Civil Engineers. Therefore, geotechnical measures, particularly
laying reinforced soil foundations, contribute significantly to the reduction of undesirable effects of surface
faulting. This research conducted a series of tests on foundations reinforced with geogrid, geocell, and a
combination of both, subject to normal faulting, to reduce surface faulting hazards. The research simulated the
behavior of a 1.5-m wide strip foundation, placed over 6-m thick alluvium, subjected to a displacement of 60
cm. Seven tests were conducted by different types and numbers of reinforcement, which were scaled to 10.
Image analysis was applied to examine the ground settlement profile, angular distortion, and fault propagation
path. The results indicated that reinforcements used in the reinforced soil foundation could effectively reduce
angular distortion, cause uniform settlement, and divert the fault propagation path to protect the structure
against faulting. Moreover, angular distortion was reduced by 60, 30, 70, 80, and 80%, respectively in
foundations reinforced with one layer of geogrid, one layer of geocell, a combination of one layer of geogrid
and one layer of geocell, two layers of geogrid, and three layers of geogrid. The results also revealed that
adding more than three layers of geogrid did not affect angular distortion reduction. Increased stiffness and
interaction due to the increase of geogrid layers have increased the rigidity of the reinforced soil bed and
prevented the propagation of the fault path below the foundation. The fault path deviates to the end of the
geogrid layers, so it has a considerable and reliable distance from the foundation. Therefore, the effect of
increasing the geogrid layer and reducing the structural damage due to reducing the angular distortion of the
foundation, uniform subsidence, and shear bond distribution in a wider range due to increased stiffness and
soil-reinforcement interaction is observed. Meanwhile, the deflection of the fault to the left of the foundation
occurs to the extent that the foundation is almost without settlement and angular distortion in the fixed part of
the foundation due to the increase in soil stiffness due to the increase of geogrid layers, and maximum soil
settlement is transferred to the left end of the geogrid due to fault deflection. According to the results,
increasing more than two layers of geogrid does not affect reducing angular distortion. The effect of the geocell
layer on improving the behavior of soil foundation subject to normal faulting is to reduce 30% angular
distortion, which is less effective than other reinforcements. In addition, the geocell layer has a negligible
effect on the deviation of the fault path compared to the other reinforcements used in this study.

Keywords: Geogrid, Geocell, Reinforced Foundation, Angular Distortion, Normal Faulting
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