VoA 2le IWE-1FY (g Caolodl «(1F+) 3ul) ¥ o)leds BT alo cConn j dusmo g (] joe (oo 4y i

R

Qo2 dwiid b (538 grdaud uled Zabw (S0l (gous 5 (B lojT axdlia
i3 Ol omigidolp Sigy bawgi (ow)y g Slawle sS4

¥ bacanl olg>

olizile S o codluol 83T oKl colizile,S axly ¢ cwaige (8 00SLiils o)) jos (cwidige 09,5 Loliul
VRNV T 25 VPRV 2 ydy VFRUTNY wdly

oS

S pglie Cannd 0 dgls ol 45 bl o ilizeo olgo ot oS yiee g SIkas] gl ghone SSE (gl > 5 e Jlanms sl
5 GRS G S slagtalosl gty (al 55 o0 LAt e G Gl Lagi S e Cuand )0 5 (S0t 95 Gialejl b
Pl iloads o b5 by (Filedr b (o050 Dlalad b (285 g e byl (il38l jslited, o 03l (lo g 5 ded (59, 2 peliaas (Y
G585z mhw b )5 dend 99« Slo s aod S Plaxis 2D sgase (sliz l38le 5 55 ansge adlold (o) 5l am b ialejl ol jo us S
S g ISl b Ve e B0 a3gamme ;s 00iai S 5 Jlos sla i b chlizee ol g glis b b Slalad | lgiden ol 5 o
3,9 » ygkaieds (Genetic Expression Programming ) GEP « S5 &l e o gidals 51 oolai ol b cwlio (80 b (gladasl, Lol jo g wos
Foog Ve o) laslpm Cov puiitns Sl Gialo] YE S 1 S (009381 5 00l &y900 031518 (lasyg 0005 ol sl (S (0 (5950
2 65 o slaly S isz wias oo (Lt laae i 59, 4 (2t lagtalej] @l W8S 8 s (A GhalesT 3550 JSlskS
e Gy 9 GRES G S hales] @S eizres el 0350t bl )l aend (595 Sz had aball g 4l A bae S 8 2F Cueslie
b Ly (o5ei mal 8 5 SYsh Bpas 3 aszradio 5 Lk cage M5 jsbas wlgice S oy Al b dend oz awiie oS ol o 51 S
Slgpdend o AiS g Sedib Rl ) st (5l ls sleods g dgae Slaidlw glaliad s oot il sl ,SB sl o>
dguza 1yl )l8le 5 Lawgi (sose Dlalllas ulizd (Sleil 19 00,5 o0 0590 o 50 Lo )90 slajly (S ladia b Jobo (28l 4 oo odily gl
A R sl b ) S e 5955 ol codtill GEP Jows aslol 1o b alool (30 slbdanss Sy 5 LSyl w2 g Plaxis 2D
00l ) s & g b cpal s s o 4| LB i Jae 35505 0 o 6o oy 45 (s ) s smiaontins Sl gy /AT
g o0litsl a0 48 GEP 3l asliiosl b o5 anlllne (ol 1o ol abasl, 3 Gt syt 850 35y ysbiiods g co olgidos

Slga 3L 5518 Ygons o5 e sl lsi hos ST 039 S Aoudio )

slals S slaa¥ o ,o (B8l & ygods wiinn | i
7S Glgied liges S 5l £55 cpl g Wigd g0 aLlAT I
5 Abdi 14%) (Potyondy) «&,5 o I3 ocolaiul 5,50
¢ Bergado ¢«Y--0 Rowe 4 Skinner ¢«Y-\) Arjomand
g Chen V- - # ()| ,Kan g Nouri ¢V- - A Teerawattanasuk
Sy50 53 Sl Sl ipg yo3 sl le jo (Ve -V (e
g L) casloads plol Gilizee (yudions lawg glae S

Sgi g0 alil plue S oSl lgica, Vidal

Sl ool pue S pdgl sl 5l oy (Y -+ Haeri)
Bl Jlees £ 5l s (ploojle NN JLs o Vidal Lawgs
E9 A iy g Wiload aislu oddiplue 3, S L odd mhs
ol oolitul SSSg5 sleolan )3 (s Sypeh )8
—oiyS olml el pdyBllasilyd ouiiS s 5l oolaul ol
S 6l sl g Baile ool as YL plSorinl g sgase sl
59 Y-+ Khedkar) aib oo Wojgn 0 by ,Sb Sl

1. Synthetic

CAVFFATTAL : led oyl ¢ Jgiune odiunys ©

(& bazinl ) jesfandiari@iaukshac.ir : el o]



IWE-12Y d(1F4) 500) ¥ o Lol LAY wlo cam ) duxo g oyl o (oo 4 25 [ (g b sl .z 7Y

9 U"MS)A"‘ ‘g_}"'mﬁ)" )Q 9 Lols )‘).‘3 ‘5""))‘39)9‘ Plaxis 2D
2l (6 iy llanil 0uiiS prhine (6l (S (yg oo Liwlejl o a8
2 il o5y slaplall G sl oo £k P 5555
pylie > ;0 dows 5 S 1S il dalllas gz iRgh oyl
il 5 prtins (B2 GRES g5 slagiles] oSy s
SLasl 5550 gl (V) Jouz) ab ploxl sgamme sliz) (goae
oolaiwl b iz 1090 ) dad [0 p92dd o Sl ipgh o)
sl waxr (2Lb Llps (GEP) (St Slle (omgiaal 5l
ool gl 5 Sl slasle glalad s Sl ot

30,5 gl Pl GRS 95 (59505 95512 yaliie

o3l 9 wlae -¥
S -V-¥

9> b oe awle laialesl cpl jo saoslizul Sl
Crimmad ] 00l 1)1 (V) JSE 0 peliae (o g ol
odd odilouiS A jsbay (V) Jgaz ;0 S poe s S5ag
e o Sl I gl S5 L3l SKhasl bl .ol
) o by slagias Jols meie (S Gtales] alissas
Bad yaens ASTM o jlaibin] b JSwbsks $- 5 Y-
(ASTM, D2487-11,2007a)

POl gy 5o aid S eluil gl inbojT Cuned ) Joux

Slaws oolawl 850 5 lailin Sl 2y
Lo g gomdils iules]
\Y  ASTM D698 ;ASTM D2487 > S 70 o
S Olasin
¥ ASTM A370 tons oS el
2 ASTM S g iales]
ve ASTM-D3080 s (B Giole]
Ve ASTM D698 o515 Galoj!
40 —e—P=10kpa
35 —e— p=20kpa
30 _ e~ ®—p=40kpa
s
b
L 20
g 15
10
5
o€
0 1 2 3 4 5 6 7

(mm) (B Ghsea e

OO ilejl 50 (0 padi — (o T 10905 ) ST

4. Galvanized
5. Geogrid

o,8en Abdi Y0 (),Ken 4 Varuso ¢Y--A Rowe
.(Y+\+ Balunaini ¢v - + 4

s 0duS e e S S (K5nnd 055 (9,0
P os5 gl julipw )3 5 Mty e Sgue |, S paaS
Loy ple o0y 085 ¢ pslme S yo olael L 09290 (slo )l
¥e) Gurung) oS o el Sk Jhsl cuss
«l,Ken 5 Bathurst «¥- .Y Alagiyawanna 4 Sugimoto
Cewddy gl Joeroysbay (Yo VY ) Kon 5 Zhou V-0
slces SB aglie Cand o Shb slayl,l o0,
9 Moraci Y+ - A ‘Ql)liun 9 Yln) A)}MJ‘SA ﬁl?u‘ Muj)u
=09y prlSe (YooY ], ¢ Racana Y+ \Y .Cardile
5 PRislej] Wiges lawg wilide slhosiSalus iiS
s slaghy) abwsts g ond wyn (JolS b
¥+ -4 Palmeira V- -V Handy) ailas 5 |13 5.8550,90
¥+ o ,Ken 4 Sieira «¥--\ | Kea g Goodhue
(Ve A o ),Ken 4 Subaida

(paylasil) ob; Ko s b ans 90 a4 bossSmlus
ale sgame JS& ais b b Tloy yeengsy ¢ " o liwsSSgsy assle
g g i (38 (sloaSl b 05l (38 sla g anns
Pl peiione bausgs 005 s 53, L o Jelows 5 Lo sinles]
9 OA.S.SSCJ.M 0‘9.41 Oy SS)—AM C.'a.w S Kol 6[;‘9) 9 03
5 Khedkar Y4Ad Palmeira) wloads zlscwl LS
s Zhang «¥-\- .|, Ke» 4 Abdelouhab ¢Y--4 Mandal
EQERY IR OV

WouisS grbane cilisie cwsin sla i)l @l 5t oiman
oz 3 Slllae g wilad )5 15 b5l 590 (e lawgs
as oy ol lidss ol 418 ) sloxl ouiS mls dlge ialS
s sl lg sl balgs 10,5 Jlozae b iiS g <o)l
Y+ -0 Rowe g Skinner) coul alils owgwmes Sglas

S0 yo I, Sldlas (Y+VY) Selamat 4 Esfandiari
L g wsols plosl ToptdgllE (o3l (sladons iiS cygm Lialey]
DS gy Cenglie 130, ol dend dwdie jo A5 (g,
SioleT L (YY) ), Kea 4 Lajevardi el ioljbl aeus
Sedin D ygots (wodiiS e S92 1) (B AES gy
S abay b 1y T ol g ol plosl lawgie 9 o5 o515 L
L (V-10) o,Ken g Panah .aisgei auglae SanisS g0
5 Silye Dypets Sopedy eaiSrlis losz 0925 )3 i
W3ges owyp ) ghoe SB- 5l eg cal sloy ) L8, (ST
L) s sloS> goae L8 (Y- VF) o) Kan 4 Sukmak
Nle s Lags b s Glgieas Sl slacugh ) oo 5 S

2. Geotextiles
3. Geomembranes
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6. Linear Variable Differential Transformer
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1. Introduction

In this study, to study the interaction of soil and strip in the passive and active zoon, pull out experiments,
direct shear test and numerical modeling of finite elements were performed. The expected results of this study
saved the strip. Also, using genetic expression programming (GEP), new design criteria for soil stabilization in
narrow and conflicting building spaces were extracted to estimate the pull out force.

2. Methodology
2.1. Experimental study

In this research, sive analysis gradation, density test, tensile test, pull out test and direct shear tests were
performed on soil, strips and galvanized sheets respectively.

2.2. Genetic Expression Programming (GEP)

The proposed GEP model presents the values of pull out force with R2 index equal to 0.93 for the model
validation mode (test mode) whose parameters did not play a role in estimating the model. Therefore,
according to the presented results, it is suggested to use the relation presented in this study, which is presented
using GEP, in order to estimate the pull out force.

2.3. FE modeling

The FEM-based software package, Plaxis 2D, was used for the numerical modeling and analysis. After
examining the optimal distance in Plaxis 2D finite element software, numerical studies were performed by
finite element software to investigate the interaction and deformation of metal strips.
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3. Results and discussion

3.1. Effect of shearing element on the pull out capacity of strip

When height of elements made variable, the results generally show that taller shear elements have caused
increased pull out capacities. As the results indicated the ribs have helped increase pull out capacity. Ribs on
both sides of strips appeared to have caused increased friction on both sides of strip. The slip surface appeared
to have shifted from strip-soil interface to soil-soil interface. Results showed increment in pull out capacities
due to taller elements. The plastic deformation associated with Sample involving one shearing element and 8
cm height is shown in Fig. 1.

Fig. 1. Plastic deformation after pull out test

3.2. Genetic Expression Programming (GEP)

According to the presented results, it is suggested to use the relation (Eq.10) in this study, which is
presented using GEP, in order to estimate the extraction force.
F=[hxn [x (n+h)2)x (p0.5)] +[(n+ [((p2-9.585816) x (h0.5))2)] 0.5]+ [h + n+ p-0.15237 x p-(h x (-
2.798554)) x (-0.15234 + normal stress)] (10)

3.3. Finite Element Modelling Results

Fig. 2 is an output of a pull out test with a conventional plain strip and a 100 kPa normal stress from Plaxis
2D finite element software. As shown in the figure, the pull out is created symmetrically in the strip. It should
be noted that due to the width of the strip and the test box, the flat strain conditions are not perfect. Fig. 3 (a-
b) show another model of strip with an 8 cm shear element under 100 kPa normal stress with mesh and contour
of the stresses created. The results show that the deformation of the element added to the strip is very similar
to the deformation created in the laboratory.
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Fig. 2. Plain Strip with 100kPa normal stress
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Fig. 3. Strip with one shear element and 8 cm height under 100kPa normal stress

4., Conclusions

The results of this study provide a solution to the problems related to the construction of a reinforced soil
projectin projects with opposition or limited construction space. The results of direct shear tests on galvanized
sheets show that shear element with a height of 8 mm had the highest growth rate in the friction angle and
when the number of shear element increased, no significant increase was observed due to the collision and
overlap of failure surfaces and their effects on each other. Also, in this study, a finite element model presented
of the deformations obtained from the experiment, which had a suitable validity of the created deformations
with the laboratory results. The proposed GEP model provides pull out force values with an R2 index of 0.93
for the correct modeling mode (tested mode) whose parameters are not in the ideal drawing model. According
to the presented results, Equation 10 can be used for finding pull out capacity of strip.
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