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A laboratory study of the influence of reinforcement stiffness and the size of soil

particles on Reinforcement pull-out
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ABSTRACT: The interaction parameters between soil and reinforcement at their interface play a critical
role in influencing the mechanical behavior of reinforced soil systems. Interaction parameters between
soil and reinforcement influence reinforced soil behavior mechanically. In this research, the effect of the
size of soil grains and the stiffness of the reinforcement on the pull-out resistance of the reinforcement
from the soil has been investigated in a laboratory. The pullout resistance of three types of reinforcements
with different stiffness in three types of soil with different grain sizes has been investigated. Pull-out
tests have been performed at three stress levels of 50, 100, and 150 kPa. To investigate this issue and
determine an evaluation for the stiffness of the reinforcement, a device has been built to measure the
penetration of solid soil grains in the reinforcement. The results of the tests show that the penetration
of soil grains into the reinforcement has a significant impact on the resistance of the reinforcement to
being pulled out of the soil. The amount of penetration of solid soil grains into reinforcement increases
by reducing the stiffness of the reinforcement and increasing the size of the diameter of the soil grains.
For each specific vertical stress level, the greater the penetration of solid soil grains into reinforcement,
the higher the pull-out strength of that reinforcement. The results show that with the increase in the
diameter of the solid grains of the soil, the pullout resistance of the reinforcement has also increased,
but this increase has been more significant in the case of reinforcement with lower stiffness compared to
reinforcement with higher stiffness. Also, the difference in the pullout resistance of three reinforcements
with different stiffness in fine-grained soil was less than the difference in the pullout resistance of three
reinforcements in coarse-grained soil, which indicates the simultaneous effect of reinforcement stiffness

Review History:

Received: Nov. 09, 2022
Revised: Feb. 28, 2023
Accepted: Mar. 17, 2023
Available Online: Apr. 08, 2023

Keywords:

Pull out strength

reinforcement stiffness

soil and reinforcement interaction
soil grain size

reinforced soil

and soil grain size on pullout resistance.

1- Introduction

Animportant factor in the design and analysis of reinforced
soil systems is the interaction between soil and reinforcement.
It is possible to improve the safety and reliability of reinforced
soil systems by developing a more accurate and deeper
understanding of the soil and reinforcement interaction
parameters [1, 2]. Using reinforcing elements increases
confining stress and, consequently, increases the soil’s
resistance [3-5]. There is a close relationship between the stress
distribution in the soil and the placement of reinforcements in
the soil. So that by changing the arrangement of reinforcement
in the soil mass, the stress distribution in both horizontal
and vertical directions of the mass can be changed [4]. The
indentation of soil grains in reinforcement has a significant
effect on the shear and pull strength of soil reinforcement.
Various parameters, such as the size of the soil grains, the
type of reinforcement, and their stiffness, affect the shear
resistance of reinforced soils [6, 7]. One of the most important
parameters of the pull-out strength of reinforcing soil is the
type of deformation created in reinforcement. As a result of
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the change in the stress level and the size of the soil grains in
reinforcement, there is a state of depression and elevation on
the surface of reinforcement. As a result of creating a wavy
state on the surface of the reinforcement, the conflict between
the soil grains and the reinforcement increases [8]. A major
objective of this study was to investigate the influence of the
mechanical characteristics of reinforcement and soil on the
interface characteristics. This deformation is a function of the
stiffness of the reinforcement and the size of the soil grains.
For this purpose, the pull-out strength of different types of
reinforcement with different levels of stiffness in three types
of soil with different grain sizes has been investigated

2- MATERIALS

In the laboratory, geosynthetic pull-out apparatuses
were developed and tested. As shown in “Figure 17, the
loading box’s dimensions were 610 mm long, 460 mm wide,
and 320 mm high. In this research, three types of granular
soil including sand, fine and coarse gravel were used. The
reinforcement consists of two types of geotextile and one
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Fig. 1. Geotextile pull-out device

type of steel strip. Geotextiles used in this study are woven. It
was chosen that the reinforcements used would have varying
degrees of stiffness.

3- LABORATORY TESTS

Using reinforcing strips placed 16 ¢cm above and 16
cm below the sample layer, the reinforcing strips were
in the middle of the sample layer. The dimensions of the
geosynthetic tape were 15 cm (width) x 70 cm (length). 30 cm
was the length of reinforcement buried within the soil mass.
To ensure the accuracy of the test method, all tests conducted
in this study were repeated at least three times.
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4- RESULTS

The results of the pull-out test performed on reinforcement
strips with high stiffness (steel reinforcement) in sandy
and coarse gravel at stresses of 50, 100, and 150 kPa are
shown in “Figure 2”. The average pull out force of steel
reinforcement in sandy soil and coarse gravel is about 7.4 and
8.73 kN, respectively. The highest pull out force related to
coarse-grained soil at vertical stress of 150 kPa is 11.88. The
results of the tests performed with type 2 and 3 geosynthetic
reinforcement at stresses of 50, 100, and 150 kPa respectively
in sand and coarse gravel are shown in Figures “Figure 3”
and “Figure 4”. The highest pull out force obtained from
type 3 geosynthetic reinforcement was 16.2 kN from coarse
soil corresponding to 150 kilopascals of vertical stress. By
comparing the results of the Figures, it can be seen that the
pull out strength increases significantly with the reduction of
reinforcement stiffness. So that by reducing the stiffness of
reinforcement in sandy soil from metal reinforcement to type
3 geosynthetics, the pull out strength increased by about 36%.

5- Conclusion

According to the results of the tests conducted in this
study, in addition to the mechanical characteristics of the
soil and the shear strength parameters, the stiffness of the
reinforcements and the sizes of the soil particles also play
a significant role in determining the shear resistance of the
interface and the resistance of reinforcements to pull out
of the soil during shear. By reducing soil penetration in
reinforcement, the external elongation resistance is reduced.
For each reinforcement, with the increase in the diameter
of the soil grains, the pullout resistance and the interaction
coefficient between the reinforcement and the soil have
increased.
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Fig. 2. Pull out the capacity of steel reinforcement at (a. sand b. coarse gravel)
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Fig. 4. Pull out the capacity of type 3 geosynthetic reinforcement at (a. sand b. coarse gravel)

References
[1] M. Abdi, H. Mirzaeifar, Experimental and PIV evaluation
of grain size and distribution on soil-geogrid interactions
in pullout test, Soils and foundations, 57(6) (2017) 1045-
1058.3

[2] A. Ouria, E. Heidarli, S. Karamzadegan, Utilization of
recycled concrete aggregates as coarse material sandwich
to improve the pullout strength of geosynthetics in a fine
sand, International Journal of Geosynthetics and Ground
Engineering, 8(5) (2022) 55.

[3]E. Heidarli, A. Ouria, Laboratory study of the effect of
cement stabilization of the interface of reinforcement and
sand on the interface shear strength, Civil Infrastructure
Researches, (Articles in Press) (2022).

[4] A. Ouria, E. Heidarly, Laboratory Investigation of the
Effect of the Geotextile Placement Pattern on the Bearing
Capacity of Footing on Reinforced Sand, Modares Civil
Engineering journal, 21(3) (2021) 21-34

201

[5TA. Ouria, E. Heidarli, M. Enshaei, A laboratory study
of the effect of wraparound anchorage, increasing
reinforcement thickness and nailing in improving the
bearing capacity of strip foundation on sandy soil, Civil
Infrastructure Researches, (Articles in Press) (2022).

[6] P. Vangla, G.M. Latha, Influence of particle size on the
friction and interfacial shear strength of sands of similar
morphology, International Journal of Geosynthetics and
Ground Engineering, 1(1) (2015) 1-12.

[71A.K. Choudhary, A.M. Krishna, Experimental
investigation of interface behaviour of different types
of granular soil/geosynthetics, International Journal of
Geosynthetics and Ground Engineering, 2(1) (2016)
1-11.

[8]S. Attache, M. Mellas, Numerical study of large-scale
pull-out test of horizontal corrugated strips, International
Journal of Geotechnical Engineering, (2017).-



A. Ouria et al., Amirkabir J. Civil. Eng., 55(5) (2023) 199-202, DOI: 10.22060/ceej.2023.21922.7853

HOW TO CITE THIS ARTICLE

A. Ouria, E. Heidarli, S. Karamzadegan, A laboratory study of the influence of reinforcement
stiffness and the size of soil particles on Reinforcement pull-out, Amirkabir J. Civil Eng., 55(5)
(2023) 199-202.

DOI: 10.22060/ceej.2023.21922.7853

202



785 500 ()] yo (o kien & i

AFY B AYR Olbxio AFY Lo D oylads DO 093 «pusS yuol ()l o cwdins 4 i
DOI: 10.22060/ceej.2023.21922.7853

SB 51 0iS gxhows

B SP S GRVEIIN PRVENSI W P PP IR N

.Olﬁl ‘J‘frfb)‘ ;UJ%.;J)I (B olKaiily el 9 u“3 0481

18,5913 ey ,U

VF NV CADA edl
VYA 0,555
VENNYINE 2y

A RAVRR VAL H PV

038 gehne 9 SB yr S 051 gl ol )y crlne SB clavptianns  SGlKe Hl8y 13 138,56 Jelge oy yiages (St WS
Wiy 01555 s 5 S it dy 018 s g S S e b SolSin iyl 1y o Lol o e Luth 5>
U)ym Sk )I b.\u.gclu.m ;mu’r—’ W9LM 2 b.\.u.{élum u'buu).ust_{l} le.hdu‘.) b)l.)ul ).»J‘l;d,jwu;] » ol
Claauail L SB o5 dw > Cglite (sl 5w b 048 grlune g5 dus (St y9 o Ceoglie .l s ooy 2K ol

wlo.\wplz.:‘JKmbM \I B 5\" D Jw@mum)bémusﬁdlmuubjwlw;)l)sw)ﬁb)youlazn

1605 Clols
. i Sols (glaaily et Jlado lan b ol oiid did b 2w 0aiS e (ww (4l (oSS oS g fadse cpl awyp gl
DS g S . .
S e 3 Cuoglio 3 (63b ,5b o S e 13 S sladily (Kib)g,8 Ay o L b yiolojl gulis 5,8 (5150310l 0SS e y3 SB-

Ol 38l g 018 prlane e 1018 b adiiS e )3 ST sl (gl D485 jlade .l ansly S5 5l oS gl  SiiS s
e 33 SB al> (sladils S9is lje i b a8 A s (gl b oo GRS S slaaily Jlab ojlu]
sol slaaly Jlad 2l581 1 amd o (L5 gl ol 035y iy 303 oS e (o (S0 (g Cunglie 035y iy oS
dulio ) oS B b 0aiiS prlune 550 53 il cpl (Jg ol 4Bl iol58] 55 00k e (S00iS gy Cenglie «S1E
9 Gl (o i o0 o 4 (S8 550 Coglin IS 55 5 ol 03 S i s NS e
Olojen 5l oaims lis a8 ol 6393 4l a3 S5 45 00138 peliano duw ( SS y9 y Caoglio OIS | 1208 iy, SB-

018 grbus § S S,

SB sl o3l

o S

M[)L;o L;AUA‘SU?)J) Qmsu.o 2 Sk ‘51.64.3].) b)'l.ﬁl 9 DA.IJ.{C.L«A (S

dlpb)mblydsbx»@wdbwtsﬂxbmw
Opaasie § podite Sl 5Kl Plue 5l (2035 gl JS
2 x> qul)L;a OAMSCLMA9 Sk Lf)a-wuo &4-9 JLl s d“‘j 59j)
Mo oo g 045 415 3y50 S 2355 ) o.x;:falm oo sl s
9 SB S ytie Juad cusds b VY] 235 oo laoxe G g (s3laidl
5 &) e S s 53 553)90 (S pae Job (oo 048 e
2 aed o33l BRIl Felite lalsy b il g LB
25 9 Oloww 1 edlaiwl .l 00y )3 i piizes bawgd e S
dllb &l U»LQSJ:XA).) 33) uw])ﬁlu.ggowc.lmé.b»))‘;wfyl
C.LM Cowolsus wl/.s‘ L IWV=IY] sl o Slggudy b.i.l.lsclm ) uSB
d‘i9l} wl)ﬁlwowal“wp&l; 5 3994 thd.gufl& sadily s

doddo —)
2038 S g e Jolge 1 (S oS e 5 S g 1S
Pes g oo S bbb oo pae SB lagiun Julov g ok
5 Jebod slahey 4 ol oxiS s 9 S 184l gla il
Cawd e SB (ot lp @bl BB 5 Soel sl sl
OlRighy bawgs (gashe 5 iz sla ) il Jlo s (b > 28l
SPeslatal [AV] cunl 00035 Sleidy (golool (sl pielly ol e sl
Cuoglis Sialj8l o) 5 0aiS jgame (15 ol G s yolis
Jole a4 e SB i (ol Vo] 3980 (S lame
G g SB Dy (SuaS oailS e (LIS (SuS oll
Jolse el 31 S 5o 591 canliol 3,05 Sy S5 g 041 xluns (3

aouria@uma.ac.ir :olsle jboge odiwg ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

are



W g, 9 dlge =Y
oxlatwld g0 pdlas =) —¥

5 3 s b e ol i S g5 a5 il
e 50 @8ly awle g b dlee | edlainly yge S b salatwl il
S g sy o)Si b Elsl 08 pglaen Jeo)) jod Sk
o 3l S by ddlae £95 93 cl g 0392 4o 35 ol 5 03latsls yg
ASTM D2487 b i piumw (gaudids & d g5 b .loss s
duwle Glasuin Culodgy odd (ganaily & go 5l sadodlawl dwls [Y+]
O ol odddoald s VS 9 Y ot 50 Buizd cpl 40 eolatwldyge
S 59y g2 08ke g A ojlows SN 5l o 0y a5 (] 40 edddoslaiw] o
5l easdy 5 Lalesl cpl yd ooliulyge cudyd b Canlodgs Ve oyleud
Uigy 4 dxg b Culedg ¥ oojleds S (gg; onle o (o] YA S
SHSPL s B> 30 (] )3 03litslsj90 S £45 a2 W)y
5 0ltwl 3)50 pdlias paual ¥ SWS 50 lodgy ol (gl dild Wy oo
S sly e (3900 ST ) (oD Cunglio Jlagel VS
ol 0l 03l ylis Zlas

04iS g =¥ =Y
Olysar V58 )lg £9 S g hUuSSH) £ 93 pSl Baios
Uikt oyl ) oolituldyee gla liwsS 55 cal sddodlainl 008 prlus
Clssl glaigSa oolaiwldyge (slaodiiS g WMl o odbsaBl o ]
Olgieds 0dlaiold yge (o318 Hlo bl atsly  Jglite e pdaw ST LA
£o5 0S8 o lgicds bawgio iSws b 0l e <) g 00iS prlus
GISAL Y £ o5 ouilS s lgicds oF (B pdaw b 00iS pdao o ¥
» bgilejl cpl o edlatuldyge (cla folnSis; cla Sty .lows
2 oddodlatnl (glaodis pluwe (sl S Cool oddiodly (LB Y oo
[*'YJASTM D5199 ([*\]ASTM D4595 clas sl ol

Cw) 005 01> uL“ odlaiwl

ay.

095591 b 100] 3l oo G s 5 bl Lilato g 0 gl
sl po  Saiwe Ll s 4 (SB s 4 dig d> o SU)
Podd @iy L ALl e (]38l 0uiS e 033 BUI 4 S
SOl gdaly S W saiiS pdine (605 )18 (g0g00 b (S laye
loslitul g (SB o (3 00iS mle Glods s b 4 jskay )

Caz 9 0 3 G @i OlFe G5 ke Cpar ol e
el SB glaaly Sibys,8 [YV= V] 0l s |y lasce 3B 4 a8
§osisS el iiS g by Cuogliio 3 g2 b il 00 e
s g5 S sladily gojlul Al alise glayiel)l oyl SB
CJ“‘“’JBW " UMJ)JLAA?LQO))J“)‘yGODJ»ASCJ»M S 90.).2.15

b oddcoghs SB Sid Logase ()9 g Cagby [YE-YY] ailb 55

5 SB sladlh o SKlas! Sl o da i)l ) 51 Sy @l
i 0955 g £ (VA VY] amd )13 5b cou IS joboay |y 0uiiS s
syl )l 1 (SO e S it )3 048 o 53 o Dol JSS
y2 bl oo (SB lame jl0aiS e SIS gy Canglie )3 poeo jlon
Al og 0aiS mus ) (SB glo &by (g 0jlul g i o yus5
sl S )3 ] o 39 g 0aiS prane paws 4> (Saal YU o (S8, 98
DJJJ.(CLL*«:ﬁélS LgLfb FHE) ‘_g).:f).) cbw@‘w@)))ll}y | 0N
(9 015 (s (g g S g oA s Syl Juad (oD
Sligios ded ;> Cuwl oits bayial)ly ol blite pb 5 Slus asg
5| paiane O ygany 008 e g S S o fuad Slasuio o (LS
S Clord s (S gy b S e oo G laile]] ol
ol Baa cwl onds lo S by Coglis 5l siuws (el yiide
2 S g 0aiS e Sl Slaseiio (6,135,506 0956 g i
2 008 paane S s 0556 55U S Canlodgy S b Juad lastiie
S cpl il oAb wyp (SAdS g pm iglae jd dels slaaly )l
sokie (pdy Bl o S ladily o3lul g oniS e e @b IS5
A lisee gla ot b odiiS pdus 80 duo (SAiiS g3 Caoglie

ool 00wy calisee (glaaily ojlil b S g5



AFY B AV docio VFY Jlo oyl D 093 ¢3S prol ) yos (it &yt

100
90 //
80 /
1, 70 /
3 60 /
4 50
i\
2 40 /
~
~ 30
20
10
"
0
0.01 0.1 1 10
03wl 590 (gdwlo (Gaadild Hlaged ) JSUS
Fig. 1. Particle size distribution curve of the sand
bbm,b)’o LgMLo dh‘;‘}gs Al Jg.\?
Table.1. Properties of the sand used in this study
DIO D30 D60 (P Y
0.4(mm) 0.6(mm) 1.2(mm) 34° 16.5KPa

(o yd oy 39y o= dwlo— A1) 23liwld y90 e Y S

Fig. 2. Materials used in this study

ary



P 200 T A
3 150 4 -7 ..
.:')% -7 - -7 - { ]
b 200 4 ‘/,f"/"
3 e
S :, ~"@ - y=0.67x+16.3 - auls
J - & - y=0.83x+27.6-3, ;5
= 0 | A= yExHA0 el o
0 50 100 150 200

(Bl s0g0e A5

03wld yg0 gIlao (53908 (T — o g Cuoglio Hloges .V JSWS

Fig. 3. Shear resistance-vertical stress diagram of the materials used

83L8wld 90 (S OAS o (SHlSe ilasuivn .Y Jgas

Table.2.Basic parameters of reinforcement used in this study

o o8 SO Jgie g gk e Ceoglio a>lg 39
2O 9 ol 2 Js S oo , . B
, #e5) 5970 ReSsks) 03Liiuwld ;90 00 huwno
(o ) (o skso) o
(o 1 (Yo (&30 50
axa0)) go5 00iS mhuws
V/eYXYoF y > - 10 Vo - v/a ¢ & ‘
(58
v\ VO/AY Y/A Y00 V/AA Y g5 ouisS ghess
A f VYIYY Yiso MY “Jaf Y g5 oaisS zhewe

adiges (gjwodlel 5 yiulojl asliy —F ¥
&y 05181 g 04 e 5w 3l pls 2Kl sadlllas
Sk (oot )I odiS CJM uum{ 09 wgl.o.c » o.)l.éi&»l))y Sk
SFUS LS g slaptalofl gglaie cul (gl b ) o
b pbml SB glgl jn dlsee e el b abosiS e |
oS VD g Voo B 5 mow dw cov RES e sl iule]
Doy 4By > yio e V b yislef] (6 8L sy iz S plodl JISsly
plos] 395 S p5Y liabl ol cons 5l & loj b b zalel plos
odlazuldyge S Cogb,y line ndiges ai Al (cilweske ¢ cagb,
Glayseil pbol 13 el o yipte b s Sae Lylyd s

DS gy o8 <Y —Y
sogate (RIS oBaed IS g Cudl yp Cur
ol b S g ym oK (Ab 48,5 1,8 solatwldyge g odi )b
s S5 ogige (Bl )L csd90s (B ISk cond 4w
Sl s 35 (Il A ol 008 S8 Seig S 55
oo Vo Cwlbus g (el g oy (Job) o Jue YYexFFexEN.
[*¥]ASTM D6706 » st bl 5 ioles] (g sl .l o
DABlS 5 SIS Lo 15 00135 pelase easlio (65,5 Can 1 Ll
S5 e ol 5 VU o 5 (5388 sl ol S
09y i 3,5 fate (o318 gams oIl Cuend 4 00l e
ol o 03,9l O JS5 3 odluldyge jiusS

ary



AFY B AV docio VFY Jlo oyl D 093 ¢3S prol ) yos (it &yt

(‘" &9 baS Elm—c Y &y baS Elm—ga 3 &9 0aS E.Lmo—u.ﬂl) bblﬁl‘mlb)y) S clm.n ¥ JS....;

Fig.4.Reinforcement used (a.typel b.type2 c.type3)

Geosynthetic # Vertical load cell
-~
61cm

Pull out loading jack Pull out load ce

<
Control panel

I
Vel

Vertical loading arm Vertical loading yoke

EE

G5 158 poai-g LiiS (g Bwd Suilowd JSWi—r (S (39 o 01D g3 geai— A1) 23LEw]d yg0 ppiiammenns O JSd
(S 99y Dwd (5 dars JA15 )3 5US ghno

Fig.5. a) Photograph b) Schematic diagram of the pull out device c¢) Installation of geosynthetic

ary



Table.3. Properties of stiffness index of reinforcement types
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Fig.11. Pull-out capacity of different soil sizes in the different types of reinforcement
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Fig. 12. Interface shear strength in different types of reinforcement
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Fig. 13. Adhesion and friction angle at the improved interface with different reinforcement types
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Fig.14. Interface interaction coefficients in different types of soil

14

i“z‘ ) s oaisS e il 1‘2‘ Yo oaiS gl 1 Yes oaS ahoe (2
1 T 1 !
0.8 + W 0.8 0.8
e e
=06 h =06 ~06
..... @+ 50kpa 0.4 <o @-o- 50Kpa
04+ A--- 100kpa 0.4 02 4+ -+ 100kpa
02 + . +---- 150kpa 0.2 e +----- 150kpa
0 +———————+— 0 4 Attt
012345678 012345678 0123 45%6 78

o ool als ol Lasgie

(e (ool il ol Lavgie

(o eodls ails o3lasl lawgie

DS s~ ) £ BkS prbuuno— B)ilidio (53908 (G T g (S gladild (gLaeIuil glgil 4D LS il g g il gt 0905 IO JSWS
(Yoo 008 dame—g Yo

Fig.15. Interface interaction coefficients in different grain size
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