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ABSTRACT: The pullout resistance of reinforcement is an important parameter in the design of
reinforced retaining structures. At incipient failure, the kinematics of failure in a reinforced
retaining structure shows that the sliding mass of soil pulls the reinforcement obliquely along the
slip surface. The response of reinforcement to oblique pull can be considered to be made up of
equivalent axial and transverse components of the oblique pull. Accordingly, axial and transverse
pullout tests were conducted on geostrip, and metal strip (both smooth and ribbed) reinforcements
embedded in uniform sand. Ribbed metal strip reinforcement registered higher pullout resistance
than smooth metal strip and geostrip reinforcements. The modified axial pullout resistance factors
accounting for transverse pull ranged from 0.44 to 1.23, 1.4 to 3.5, and 2.0 to 5.2 for geostrip,
smooth-metal-strip, and ribbed-metal-strip reinforcements, respectively. While the axial pullout

resistance factors ranged from 0.34 to 0.65, 0.75 to 1.1, and 0.94 to 1.3.
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1 Introduction and Background

The term mechanically stabilized is referred to as strengthening the soil by the inclusion of
artificial reinforcement elements in the form of metal strips or geosynthetic elements. Inclusion of
reinforcement improves the overall performance of the composite soil by restraining the tensile
deformations of the soil through (a) interfacial bond resistance between soil and reinforcement,

and (b) passive resistance against the transverse ribs.

In general, soil-reinforcement interaction is governed by two mechanisms - direct shear and pullout
modes. In reinforced soil wall designs, pullout resistance of reinforcement is an important
parameter to perform internal stability check. During this check, mobilization of tensile force in
the reinforcement and its direction in the vicinity of the failure surface is considered. Localized
mobilization of force in the reinforcement is dependent on the kinematics of failure of the
reinforced structure. In general, the reinforcement intersects the slip surface transversely/obliquely
(as shown in Figures. la & 1b, the portions ‘E’ and ‘F’) along the failure surface. The loci of
maximum tension or the failure surface was linear at a failure angle of (45+/2) for extensible
geostrip reinforcement and bilinear for inextensible metal strips as given in AASHTO, FHWA and
other published literature (Elias, Christopher and Berg, 2001; Madhav and Umashankar, 2003b, 2003a;
Shahu, 2007; Narasimha Reddy, Madhav and Saibaba Reddy, 2008a, 2009; Anderson et al., 2010; Patra

and Shahu, 2012; AASHTO LFRD Bridge Design. 9th edn, 2020) (Refer Figure 1).

The locus of maximum tension on the reinforcement at different layers clearly distinguishes the
active and resistant zones and the minimum embedded or adherence length of the reinforcement
in the retained zone is of interest in the internal stability check of the design. The minimum
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adherence length is in general based on the axial pullout resistance of the reinforcement (Khalid
Farrag 1993; Ingold 1983; Fahmy et al. 1994; Sobhi and Wu 1996; Bergado et al. 2000; Abdelouhab et al.

2010; Palmeira 2009). The pullout load corresponding to a front-end displacement of 20 mm for
inextensible reinforcements or a rear-end displacement of 15 mm for the extensible reinforcements

is considered as the axial pullout resistance (Elias, Christopher and Berg, 2001).

However, many published literature studies (for example, Madhav and Umashankar 2003a; b;
Narasimha Reddy et al. 2008a; b, 2009; Patra et al. 2015; Patra and Shahu 2012; Shahu 2007,
Zornberg et al. 1998) suggest that the design for embedded or adherence length of the
reinforcement in the resistant zone should consider the oblique pullout resistance considering the

realistic kinematics of soil along the failure surface.

Zornberg et al. (1998) investigated the failure mechanisms of geosynthetic reinforced soil slopes
using a centrifuge model. A slip mechanism passes through the toe of the embankment and

corroborated the oblique pull of the geosynthetic reinforcement along the failure surface.

Analysis of an axial pull on a reinforcement is quite straight forward, where the normal stresses
acting on the reinforcement-soil interface, q: and qp, being equal to gravity stresses (Fig. 2a).
Therefore, the mobilized shear resistances at the interface (t: and 1b) are proportional to normal
stresses. When the reinforcement is subjected to transverse pull at one end (wr), soil under the
reinforcement mobilizes additional normal stresses (Aqp) and thereby the mobilized shear
resistance along the reinforcement increases (Fig. 2b). The increase in the pullout resistance

improves the factor of safety against pullout.
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Analytical models were firstly proposed by Madhav and Umashankar (2003a, 2003b) to predict
the response of individual sheet reinforcement subjected to transverse pull or displacement. The
proposed analytical models are valid for small transverse displacements of the order of 0.01 times
the length of reinforcement, and hence the formulation is applicable only to small inclinations at
the reinforcement end. (Madhav & Manoj 2004) extended the model to account for larger
displacements and the inclinations of the reinforcement at the reinforcement end. In these models,
the Winkler model was used to represent the soil and it has several limitations. Narasimha Reddy
et al. (2008b, 2009) performed pseudo-static seismic analysis of reinforced soil wall considering
oblique force or displacement using the horizontal slice method. Patra et al. (2015) and Patra and
Shahu (2012) considered a two-layer Pasternak model to represent the soils to overcome the
limitations observed in Winkler’s model. Bhowmik et al. (2019) discussed the behavior of geogrid
and geosynthetic sheet reinforcements under inclined pullout using large-scale inclined pullout
apparatus. They concluded that the maximum pullout force increases by more than 20% as the

inclination of pullout force increase from 0° to 30° in case of sheet and geogrid reinforcements.

Hariprasad and Umashankar (2018) discussed the behavior of smooth-metal-strip reinforcement
embedded in sand bed and subjected to a transverse pull. However, the combined effect of axial
and transverse pullout on the smooth metal strips was not reported. Karnamprabhakara et al. (2022;
Karnamprabhakara and Balunaini (2021) reported the effect on accounitng the transverse pull on
the reinforcement and proposed modified pullout resistance factors for polyester geogrids
embedded in pond ash and waste foundry sand. There are certain studies on modelling the tensile

loads and pullout loads of geostraps (Miyata, Bathurst and Allen, 2018, 2019). However, there are
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no pullout studies studies available on geostraps and metal strips considering the effect of

transverse pull.

The present study is aimed at measuring the inherent additional pullout resistance of the geogrid
at an assumed failure angle considering the actual or realistic oblique pullout force on the
reinforcement. So, an extensive experimental program was carried out to study the response of
geostrips and metal-strip (both smooth and ribbed) reinforcements subjected to axial and
transverse pull. The effect of oblique pull was studied considering the equivalent transverse force
as additional normal force on the reinforcement. The modified axial pullout resistance factors
(F axialjmod), duly considering the effect of transverse pull, were proposed at three different normal
stresses.

2 Experimental Program

2.1  Materials used

Sand

Indian Standard (IS) Grade-II sand, widely known under the name of Ennore sand, IS 650:1991
was used. Table 1 provides the properties of the dry Ennore sand used in the study from testing,
and it was classified as poorly graded sand (SP) as per USCS classification. The shape of sand
particles was found to be sub-angular to angular. More details of the Ennore sand can be found in
Hariprasad et al. (2016).

Reinforcement

Reinforcements in soil were broadly categorized into inextensible and extensible. Reinforcements

that deform less than the surrounding soil are classified as inextensible reinforcements (e.g., metal
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strips, metal grids), while reinforcement that deforms as much as surrounding soil are classified as
extensible reinforcements (e.g., geostrips, geogrids). In the present study, an extensible
reinforcement (geostrip) and inextensible reinforcements (metal strips) were used to study the axial

and transverse pullout responses.

1. Geostrip

The geostrip reinforcement used in this study consisted of discrete channels of closely packed,
high-tenacity polyester fibers encased in a polyethylene sheath. The width and thickness of
geostrip were equal to 90 mm and 3 mm, respectively. The tensile strength of the geostrip was

equal to about 100 kN.

ii. Metal strips
The top and bottom surfaces of the ribbed metal strip had pairs of 3 mm-high ribs, equally spaced
at 110 mm along its length. The configuration of smooth-metal-strip was same as that of ribbed-
metal strip, but surface of the reinforcement was filed to remove the ribs from the surface of the
strip. The width and thickness of metal strips were equal to 40 mm and 4 mm, respectively. More

details on the metal strips can be found in Hariprasad and Umashankar (2018).

2.2 Pullout test apparatus

A unique test frame which facilitates to conduct pullout testing on various reinforcements in axial
and transverse directions, individually, was used in the present study. The major components of
the test frame include axial pullout setup, transverse pullout setup, test sample box, normal load

application unit, power control panel, and hydraulic control unit. The schematic view of the unique
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pullout test frame, highlighting the important components of the system can be found in
Karnamprabhakara et al. (2021). Stationary pluviation device with adjustable heights was used to
prepare uniform sand beds. Needle flow valves installed in the axial and transverse pullout flow

lines, will aid in using one pullout setup at a time.

The size of the sample test box used in this study was equal to 900 mm (in length), 900 mm (in
width), and 1000 mm (in depth). The normal loading unit comprises of a rigid plate of dimensions
890 mm x 890 mm (in plan), connected to a hydraulic cylinder and guide rods for uniform
movement of the plate during testing. The power control panel and hydraulic control unit were
used in parallel for pumping the oil into the various cylinders in the circuit, and also for their
upward and downward movements. Detailed description of Pluviation device can be found in
Hariprasad et al. (2016), axial pullout test setup and its components in Karnamprabhakara et al.

(2021), and more details on the transverse pullout test setup in Hariprasad and Umashankar (2018).

Test procedure

Smooth polythene sheets were glued to the inner walls of test chamber to reduce the friction along
the walls during the application of normal stress. During the Pluviation process, the height of fall
and sieve opening width to pluviate the sand particles were maintained as 150 mm and 2 mm.
Average relative density of sand bed of about 85% was achieved during sample preparation.
Throughout the testing, uniform sand beds were ensured from the Pluviation method. The spatial
variability in the sample preparation was discussed in Hariprasad et al. (2016). The effective length
(Le) of the reinforcements used in the axial and transverse pullout testing was equal to 850 mm.
The reinforcements were placed at mid heights underlying the prepared sand beds and were firmly

7
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clamped in the U-groove of the clamping system with the help of bolt and screw arrangement. To
hold the reinforcements within the U-groove, they were sandwiched between two thin mild steel
tabs to avoid slippage during axial and transverse pullout tests. A sleeve of 32 mm was used in the
axial pullout system to avoid the passive resistance developed at the front-face of the chamber.
The clamping levels for axial and transverse pullout are at 520 mm, and 400 mm from the bottom
of the test chamber. However, rigid concrete blocks of depth 200 mm were placed at the bottom
of the test chamber during axial pullout testing, considering the effort in preparing the sample. The
effective depth of the sample for axial pullout testing was equal to 640 mm with reinforcement

placed at mid-height.

Both the axial and transverse pullout tests on the three reinforcements considered were tested under
three normal stresses equal to 17 kPa, 52 kPa, and 87 kPa. The unit weight (y) of the pluviated
sand was equal to 17.1 kN/m?, and the depth, D, of reinforcement was equal to 320 mm and 400
mm, for axial and transverse pullout samples, respectively. In case of axial pullout testing, the
reinforcement was pulled axially at a constant pullout rate of 1 mm/minute, whereas, in case of
transverse pullout testing, transverse pullout load was applied on the reinforcement in incremental
mode for a given normal stress in accordance with (ASTM D6706, 2006). The pullout resistance
during the axial and transverse pull of the reinforcements were recorded using the axial and
transverse pullout load cells, respectively. The axial and transverse pullout displacements of the
reinforcement were taken as the average of the readings measured from the two potentiometers.
More details of the equipment, working mechanism, and data recording are available in

Karnamprabhakara et al. 2021; Hariprasad and Umashankar 2018.



171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

3 Results and Discussion

The axial and transverse pullout responses of geostrip, smooth and ribbed metal strip
reinforcements embedded in uniformly prepared sand beds were discussed in the following
sections. The response of reinforcement to oblique pull for a given normal stress on the
reinforcement was accounted by considering the transverse pullout as an additional normal stress
on the reinforcement to the applied normal stress. Accordingly, the axial pullout resistance factors

and the modified axial pullout resistance factors were presented in the following sections.

3.1  Pullout resistance of geostrip

Figures 3a and 3b show the axial and transverse pullout response of geostrip reinforcement under
the normal stresses of 17 kPa, 52 kPa, and 87 kPa. The pullout force was observed to increase with
the front-end axial pullout displacement and reaches a limiting value in the range of 5 mm-10 mm
displacement (Fig. 4a). An expected increase in the axial pullout force with an increase of normal
stress was also observed. The pullout response of geostrip reinforcement mainly depends on
frictional resistance mobilized between the soil and the surface of reinforcement. In the case of
transverse pullout, at a given normal stress, no limiting value of pullout force was attained, and
the transverse pullout force was found to increase continuously with the transverse displacement
for the range of displacement (=30 mm) considered in this study (Fig. 4b). This behavior could be
attributed to the increase in normal stress from the soil elements underneath the strip due to
transverse pull of the reinforcement at its one end, leading to an increase in the mobilized shear

resistance between soil and reinforcement (as shown in Fig. 2). For instance, it could be observed
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that the transverse pullout force increased by 38%, when the transverse displacement of the

reinforcement increases from 15 mm to 20 mm under normal stress of 87 kPa.

3.2  Pullout resistance of metal strips

The axial and transverse pullout behavior of smooth-metal-strip reinforcement under three normal
stresses were presented in Figures (4a and 4b). The axial pullout resistance increased with the
increase in normal stress on the reinforcement. In case of axial pullout testing, the smooth metal
strips reached a limiting pullout force in the range of axial pullout displacement of 5 mm-10 mm
(Fig. 5a), and the load was nearly constant after reaching the limiting pullout force. At this stage,
the limiting interface shear stress along the entire length of the metal strip reinforcement has been
attained. In the case of transverse pullout testing, the pullout force was found to increase
continuously with the displacement due to the mobilization of additional normal stresses on the

reinforcement due to transverse pull (Hariprasad and Umashankar 2018).

Figures 5a and 5b show the pullout response of a ribbed-metal-strip reinforcement subjected to
axial and transverse pull. The pullout force in the case of ribbed metal strips is due to the frictional
resistance mobilized between the surface of reinforcement and sand and the passive resistance
against the transverse ribs. High axial and transverse pullout forces for ribbed-metal-strip
reinforcement can be attributed to the additional passive resistance from the transverse ribs in
comparison with the smooth metal strips. According to studies reported in the literature (Huang,
Bathurst and Allen, 2012; Miyata and Bathurst, 2012), axial pullout resistance of reinforcement
was higher in the case of ribbed-metal-strip reinforcement compared to smooth-metal-strip

reinforcement. In the case of ribbed-metal-strip, the limiting pullout resistance during axial pull

10
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was observed at a front-end displacement in the range of 15 mm-20 mm (Fig. 6a). In the case of
transverse pullout testing performed at a given normal stress, no limiting value of pullout force
was attained, and the transverse pullout force was found to increase continuously with
displacement for the range of displacements considered in this study (Fig. 6b). The behavior was
similar to that of smooth metal strips. For instance, ribbed-metal-strip tested under a normal stress
equal to 87 kPa, the transverse pullout force was found to increase by 58% when the transverse

displacement of the reinforcement increases from 15 mm to 20 mm.

For all the normal stresses considered in the study, higher transverse pullout force was noticed in
the case of ribbed-metal-strip reinforcement compared to smooth-metal-strip reinforcement at a
given displacement. For instance, transverse pullout force for ribbed-metal-strip was higher than
that of smooth-metal-strip reinforcement by 36%, 17%, and 27% corresponding to a transverse
displacement of 20 mm corresponding to normal stresses of 17 kPa, 52 kPa, and 87 kPa,
respectively. This increase in transverse pullout force can be attributed to the additional passive

resistance coming from the transverse ribs in the ribbed metal strip.

33 Pullout resistance factor (F*)

In the design of mechanically stabilized structures, the pullout resistance factor, F*, between the
reinforcement and the backfill material is used to estimate the pullout resistance of reinforcement

(Eq. 1) (Elias et al. 2001).

Pult: F*. a. Le. b. C. On (1)

11



231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

where, Pu:is the ultimate pullout resistance of the reinforcement, a is the correction factor to
account for the non-linear shear stress distribution along the reinforcement (in general, taken as
0.6-1 for geosynthetic reinforcements and 1 for metallic reinforcements), 6, is the normal stress
acting on the reinforcement, L. is the embedment length of the reinforcement in the resisting zone,

b is the width of the reinforcement, and C is the effective unit perimeter (= 2, in general).

The variation of F* values of reinforcements with the equivalent depth, Zq, of reinforced wall (that
correspond to various normal stresses) were plotted for both the axial and transverse pullout

testing.

Figure 6a shows the typical failure surface of the reinforced soil structure with extensible
reinforcement of height, H, with an angle of inclination, 0, to the horizontal. The failure surface
intersects the reinforcement obliquely and the oblique pullout of reinforcement was shown as P;,
oblique, and the corresponding oblique pullout displacement that reinforcement undergoes along the
failure surface was shown as 8. The corresponding axial and transverse components are dcos O
and Osin O, respectively (refer to Fig. 7b). In other words, the oblique pullout, P;, obiique, can be
resolved into components along axial and transverse directions of the reinforcements and were
equal to Py, axial, and Py, wans, respectively. The transverse pullout force (Pr, «rans) on the reinforcement
will impose additional vertical force on the reinforcement, thus leading to enhanced pullout
resistance of reinforcement along the axial direction. It should be noted that reinforced soil
structure with inextensible reinforcements will have a bilinear failure as shown in Figure 1b, and

the upper half of the wall will be subjected to transverse pullout alone.

12
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The pullout resistance factors were proposed for all the reinforcements embedded in uniform sand
beds under three normal stresses. To define pullout resistance factors, the Federal Highway
Authority (FHWA) suggests considering the axial pullout resistance at a rear end displacement of
15 mm, and 20 mm for extensible and inextensible reinforcements, respectively. However, the
present study emphasizes the effect of oblique pullout of reinforcement. Thereby, the pullout
resistance factors were defined for an assumed oblique pullout displacement (=0) of 30 mm. The
corresponding axial (=6cos 0r) and transverse (=3sin 0r) pullout displacements were equal to 12
mm (or the displacement corresponding to peak pullout resistance) and 27 mm, respectively,

considering the angle of shearing resistance of sand particles equal to 42° (Hariprasad and

Umashankar 2018).

Thus, the axial and transverse pullout resistance factors were defined at the resolved displacements

using the Equations 2 and 3.

Axial pullout resistance factor, F. = ——"%% .
al,bCo,
Transverse pullout resistance factor, Flfm = nfrom 3)
al,bCo,

where a was considered equal to 1 for both geostrip and metallic strip reinforcements, and C was

equal to 2.

13
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The transverse pullout force was considered as the additional force on the reinforcement and the
modified or improved axial pullout resistance, P:, axiamod, Was calculated using the following

equation 5,

= [O-n ‘a‘Le bC + Rf,trans ] 'Fazial (4)

r,axialjmod
Using equation 3 in equation 4, the modified axial pullout resistance is equal,

*
F axia

.o,.aLbC+F,

rans

o,aLbCF, ] (5)

r,axialjmod = [

From the definition of ultimate pullout resistance of reinforcement from FHW A, the modified axial

pullout resistance factor is defined as in Equation 6,

* — Pr,axial|m0d 6)
widmod =07 b Coo,
Equating equations 5 and 6,
F, axiallmod =F axial (1 + F;‘rans) (7

Figures (7a, 7b, and 7c) show the axial, transverse, and modified pullout resistance factors for the
reinforcements (geostrip, smooth-metal-strip, and ribbed-metal-strip reinforcements) plotted
against equivalent depth as well as the normal stresses at that level of the reinforcement. Pullout
resistance factors for ribbed-metal-strip reinforcements were higher compared to smooth-metal-
strip reinforcements for all the cases due to mobilization of passive resistance against the ribs on

the surface of reinforcement.

14
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The variation of the pullout resistance factors due to axial and transverse pull with the equivalent
depth of the reinforced wall showed similar trends for all the reinforcements tested. The pullout
resistance factors were found to decrease with an increase in the equivalent depth. The higher
pullout resistance factors at lower depths were due to dilation occurring near the surface of the
reinforcement (Hariprasad and Umashankar 2018). The modified axial pullout factors (F*axiaumod)
were much higher in comparison with the axial and transverse pullout factors, because of the
consideration of the effect of the transverse pull on the axial pullout resistance due to the
mobilization of additional normal stresses under transverse pull. The modified axial pullout factors
(F"axialjmod) Were found to be in the range of 0.44 - 1.23, 1.4 - 3.5, and 2 - 5.2 for geostrip, smooth-
metal-strip, and ribbed-metal-strip reinforcements, respectively. While, F aial values considering

only axial pull were found to range from 0.34 - 0.65, 0.75 - 1.1, and 0.94 - 1.3, respectively.

In case of inextensible reinforcements considered in the present study, the proposed transverse
pullout resistance factors can be used in the design of reinforced soil wall for the upper half height
of the wall, and the modified axial pullout resistance factors can be used for the lower half of the

wall.

It could be noted that the entire analysis in the present study was carried out for a limit state
equilibrium using tie-back wedge analysis and coherent gravity methods for extensible and
inextensible reinforcements. However, the present analysis could be extended with the stiffness

method proposed by AASHTO (2020).
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Conclusions

A unique large-scale pullout apparatus capable of performing axial pull and transverse pull of the

reinforcements was used to study the axial and transverse pullout responses of extensible (geostrip)

and inextensible (smooth-metal strip and ribbed-metal strip) reinforcements. The major findings

from the study are as follows:

a)

b)

9

For three different normal stresses used in the study, the limiting axial pullout force was
observed at a front-end displacement ranging between 5 -10 mm for both the extensible
and inextensible reinforcements. Whereas the transverse pullout force was found to
increase continuously with the pullout displacement due to the mobilization of additional
normal stresses in the soil elements underneath the reinforcement during the downward

pull.

The axial and transverse pullout forces of ribbed-metal-strip was found to be high in
comparison with smooth-metal-strip. The axial (Faxia') pullout resistance factors of
geostrip, smooth-metal-strip, and ribbed-metal-strip reinforcement ranged from 0.34 to
0.65,0.7 to 1.08, and 0.93 to 1.27, respectively. Similarly, the transverse pullout resistance

factors (F") ranged from 0.29 to 0.88, 0.9 to 2.1, and 1.2 to 3.0, respectively.

The modified axial pullout resistance factor (Faxiaimod) considering the effect of transverse
pull on the reinforcement were found to be higher than the conventional axial pullout

resistance factor (F'axia) for all the reinforcements considered. The modified axial

16
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(Faxialjmod ) pullout resistance factors for geostrip, smooth-metal-strip, and ribbed-metal-

strip reinforcements ranged from 0.44 to 1.23, 1.4 to 3.5, and 2.07 to 5.2, respectively.

The proposed modified axial pullout resistance factors (F axiajmod) may be helpful to perform a

realistic design of MSEW and RSS structures.

List of notations

F" - Pullout resistance factor (dimensionless)

F . - Axial pullout resistance factor (dimensionless)

F* - Transverse pullout resistance factor (dimensionless)

trans

F

axial|mod

- Modified axial pullout resistance factor (dimensionless)

C - Reinforcement effective unit perimeter (dimensionless)

b - Width of the reinforcement (m)
L, - Effective length of the reinforcement (m)
o, - Normal stress on the reinforcement (Pa)

a - Correction factor for non-linear stress distribution over embedded length (dimensionless)

P. ... - Axial pullout force (kN)
P wrans ~ Transverse pullout force (kN)
Pult - Ultimate pullout resistance force (kN)

¥ - Unit weight of the sand (kN/m?)

@ - Angle of shearing resistance (in degrees)
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341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

q,- Normal stress on the top of the reinforcement (kPa)

g, - Normal stress on the bottom of the reinforcement (kPa)

7, -Mobilized shear resistance on the top of the reinforcement at the interface (kPa)

7, - Mobilized shear resistance on the bottom of the reinforcement at the interface (kPa)
Aqb - Additional normal stress on the reinforcement (kPa)

D, - Effective depth of the reinforcement from the top in the test box (m)

Z, , - Equivalent depth of the reinforcement (m)

Hf - Failure angle (in degrees)

O - Oblique pullout displacement (mm)
List of Abbreviations

ASTM- American Standard of Testing Materials
FHWA- Federal Highway Authority

IS- Indian Standard

MSE- Mechanically Stabilized Earth

USCS- Unified Soil Classification System
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Figure 1

Mechanism at limit state for reinforced soil structures with, (a) extensible reinforcement, and (b)
inextensible reinforcement
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q,and q;- Normal stress acting on top and bottom of reinforcement

t,and 1 - Shear stress acting on top and bottom of reinforcement

Aqy- Additional normal stress acting on the reinforcement when it subjected to transverse pull
Figure 2

Pullout mechanism: reinforcement subjected to (a) axial pull, and (b) transverse pull
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Figure 3

Pullout behaviour of geostrip reinforcement: (a) axial pullout, and (b) transverse pullout
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Figure 4

Pullout behaviour of smooth-metal-strip reinforcement: (a) axial pullout, and (b) transverse pullout
(Hariprasad and Umashankar, 2018)
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Pullout behaviour of ribbed-metal-strip reinforcement: (a) axial pullout, and (b) transverse pullout
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Oblique pull/displacement: (a) at a depth z; from the surface of the reinforced wall, and (b) representation

of forces along the reinforcement
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Pullout resistance factors considering: (a) axial pullout, (b) transverse pullout, and (c) modified axial

pullout
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