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ABSTRACT

Assessment of the reinforcement behavior of soil under cyclic and monotonic loads is of great impor-
tance in the safe design of mechanically stabilized earth walls. In this article, the method of conducting a
multistage pullout (MSP) test on the polymeric strip (PS) is presented. The post-cyclic behavior of the
reinforcement can be evaluated using a large-scale pullout apparatus adopting MSP test and one-stage
pullout (OSP) test procedures. This research investigates the effects of various factors including load
amplitude, load frequency, number of load cycles and vertical effective stress on the peak apparent
coefficient of friction mobilized at the soil-PS interface and the pullout resistance of the PS buried in dry
sandy soil. The results illustrate that changing the cyclic tensile load frequency from 0.1 Hz to 0.5 Hz does
not affect the pullout resistance. Moreover, the influence of increasing the number of load cycles from 30
to 250 on the peak pullout resistance is negligible. Finally, the effect of increasing the cyclic tensile load
amplitude from 20% to 40% on the monotonic pullout resistance can be ignored. The peak apparent
coefficient of friction mobilized at the soil-PS interface under monotonic and cyclic load conditions
decreases with the increase in vertical effective stress.

© 2018 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Polymeric strip (PS) is a type of geosynthetics which is
frequently used in mechanically stabilized earth walls (MSEWSs). By
considering the failure mechanisms in the MSEWs, direct shear and
pullout tests are performed to investigate the soil-reinforcement
interaction behavior (Palmeira, 2009). In the pullout conditions,
the length of reinforcement which is located behind the rupture
surface (anchorage length) is tested because the interaction is
mobilized in this area. Several studies have been done on these
strips such as Lo (1998, 2003). In these two studies, the behavior of
PS was evaluated under monotonic conditions. The behaviors of
other types of reinforcements under monotonic conditions have
been evaluated by several researchers. Palmeira (2004) used nu-
merical and experimental approaches to evaluate the soil-geogrid
interaction. Abdi and Arjomand (2011) performed the pullout
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tests to study the interaction of clays reinforced with geogrids
encapsulated in thin layers of sand. Esfandiari and Selamat (2012)
carried out the pullout tests on metal strips with transverse
members, in combination with m-Buchingham theorem and sta-
tistical analysis. Suksiripattanapong et al. (2013) studied the in-
fluences of soil properties, dimension and spacing of the transverse
members on the pullout mechanism of the bearing reinforcement
which is composed of a longitudinal member and a set of trans-
verse members. Alam et al. (2014) investigated the pullout behavior
of a steel grid reinforcement using experimental and numerical
approaches. In order to increase the pullout resistance of the steel
strip, Mosallanezhad et al. (2015) introduced a novel reinforcing
element which is composed of a series of extra elements (anchors)
attached to the conventional steel strip. Mosallanezhad et al. (2017)
introduced a new and simple reinforcement system including
transverse geogrids connected to a base geogrid with a 45° angle.
They conducted the large-scale pullout tests to evaluate the per-
formance of this reinforcement for increase in pullout resistance.
Moraci and Cardile (2009) conducted a multistage pullout (MSP)
test to study the influence of various factors including cyclic tensile
load frequency and amplitude, vertical effective stress and tensile
stiffness of the geogrid on the post-cyclic pullout resistance. The
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Table 1
Specifications of the polymeric strip provided by the manufacturer.
Ultimate tensile Strip width Strip mass Strip length
strength (kN) (mm) (kg/100 m) (mm)
75.4 90 + 2 25.6 700
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Fig. 1. Particle size distribution curve of the soil.

geogrid was surrounded by granular soils. Their results depicted
that the effect of the cyclic tensile load frequency on the test results
is negligible. Furthermore, the cyclic tensile load amplitude at the
vertical effective stresses greater than 50 kPa affects the pullout
resistance, and it can be ignored at the lower vertical effective
stresses (e.g. 10 kPa and 25 kPa).

Design methods for the MSEWSs subjected to static loading are
relatively well studied. But the behavior of embedded geo-
synthetics subjected to repeated loadings is rarely reported. Such
research is required to improve the design of MSEWs under traffic
and seismic loading conditions. Moreover, in order to study the
internal stability of the MSEWSs subjected to cyclic loads, it is
essential to estimate the pullout resistance and the interface
apparent coefficient of friction mobilized in the anchorage zone.
Thus, the behavior of these types of reinforcements under cyclic
conditions is important for the safe design. In addition, in many
situations, the cause of rupture of MSEWs is the lack of seismic
considerations in the design (Ling et al., 2001). Furthermore, these
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Fig. 2. Compaction curve of the soil.
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Fig. 3. Placement of strip, clamp system and sleeve sheet in the laboratory.

walls are exposed to different types of loads, such as dead loads,
repeated loads caused by vehicle traffic, impact loads caused by
compaction of soil layers, and earthquake loads. Therefore, a
number of researches have been done on reinforcing systems over
the past two decades (Cai and Bathurst, 1995; Ling et al., 1997;
Bathurst and Hatami, 1998; Nouri et al., 2006; Nova-Roessig and
Sitar, 2006; Latha and Krishna, 2008; Moraci and Cardile, 2012;
Tang et al., 2013; Liu et al., 2015; Panah et al., 2015; Cardile et al.,
2017).

In general, the pullout resistance at different levels of rein-
forcement is expressed by the following equation:

Py = Flad,lp (1)

where P; is the pullout force, F* is the coefficient of pullout resis-
tance, « is the scale correction factor, ¢, is the vertical effective
stress in the reinforcement level, p is the section perimeter of the
strip, and L is the anchorage length.

The post-cyclic pullout resistance (Pr) and monotonic pullout
resistance (Pyy) are equal to the shear forces mobilized along the
reinforcement:

Pre = taclp (2)

Pim = Tamlp (3)
where 7,5, and 7, are the average apparent shear stresses under

monotonic and post-cyclic conditions, respectively. Using Eqs. (1)—
(3), the relationships between shear stresses and ¢;, are obtained as

Tac = MS/GSYU(/ (4)

Tam = #s/GSY”(r (5)

where pg,gsy and ,ug/GSY are the monotonic and post-cyclic peak
apparent coefficients of friction mobilized at the soil-PS interface,
respectively.

Table 2
Soil properties.
D10 (mm) D30 (mm) Dgo (mm) [ Cc Composition (%) Soil classification Gs €max €min
Fines passing #200 sieve Sand Gravel uUscs AASHTO
0.15 0.19 0.27 1.8 0.89 4 96 0 SP A-2-4 (0) 2.65 0.87 0.55

Note: ¢, - uniformity coefficient; c. - coefficient of curvature; G - specific gravity; emax - maximum void ratio; en;, - minimum void ratio.
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Table 3
Summary of pullout test programs.
Test type Investigated factor L (cm) ay, (kPa) f(Hz) AlPim N
MSP Load frequency (f) 70 20 0.1 0.3 30
70 20 0.2 0.3 30
70 20 0.5 0.3 30
70 30 0.1 0.3 30
70 30 0.2 0.3 30
70 30 0.5 0.3 30
Load amplitude (A) 70 20 0.1 0.2 30
70 20 0.1 0.4 30
70 30 0.1 0.2 30
70 30 0.1 0.4 30
70 40 0.1 0.2 30
70 40 0.1 0.3 30
70 40 0.1 0.4 30
70 80 0.1 0.2 30
70 80 0.1 0.3 30
70 80 0.1 0.4 30
Number of load 70 20 0.1 03 50
cycles (N) 70 20 0.1 0.3 100
70 20 0.1 0.3 250
70 30 0.1 0.3 50
70 30 0.1 0.3 100
70 30 0.1 0.3 250
OoSP Clamp resistance 20
30
40
80
PS resistance 70 20
70 30
70 40
70 80

As mentioned before, several studies have been carried out stress on the pullout resistance and the value of y;,gsy have been
on the post-cyclic pullout resistance of reinforcements. However, investigated.
to the best of the authors’ knowledge, few MSP tests have been
carried out on the PS. Therefore, the cyclic behavior of this 2. Experimental studies
system requires further investigation. In this paper, large-scale
pullout tests were used to investigate the factors affecting the 2.1. Apparatus and instrumentation
post-cyclic behavior of the PS in the compacted dry granular soil.

The effects of different factors such as load frequency (f), load The pullout test device was developed in accordance with
amplitude (A), number of load cycles (N), and vertical effective ASTM D6706-03 (2003) with a length of 1200 mm, a width of
OSP for comparison | Stage |  Stage | Stage
(monotonic) one | two | three
Attainment of P Cyclic phase  Verification of
' starts influence of cyclic phase
Prm
______ P
Prc P = N\ N
—————— S—— = ==
7 \
7 \
7 N
/ \
ar Q, ~ Pii - / .
A
Cyclic
l_ phase_|

Clamp displacement Clamp displacement

Fig. 4. Schematic representation of one-stage and multistage pullout tests.
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Fig. 5. Multistage pullout test results to study the effect of cyclic tensile load frequency and comparison with one-stage results.

600 mm and a depth of 500 mm to evaluate the factors affecting
the values of Prc and ug/csy. The test device consists of a linear
variable differential transformer (LVDT), a load cell, a hydraulic
jack, an airbag, a data acquisition system (DAQ), a computer, an air
and oil compressor, a clamping system, and bolts and nuts for
fastening the device door. The number of cycles and the values of
force and displacement are recorded by the DAQ in real time.
Further details on the test apparatus can be found in
Mosallanezhad et al. (2017).

2.2. Test materials

PSs with the resistance of Ty, = 75.4 kN, length of L = 70 cm, and
width of w = 9 cm were used as the reinforcement. These com-
posite strips are made of two different materials: (i) polyester yarn
to bear the tensile force, and (ii) a very strong sheath of high-

Pullout force (kN)

—a

e _ .
P -=- 0/ =30 kPa L
—=o- 0/ =20 kPa L
1 C
N=30,4=0.3P
o+——rrr— T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Frequency (Hz)
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Fig. 6. The pullout resistance under one-stage pullout and post-cyclic conditions
versus cyclic tensile load frequency under the vertical effective stresses of 20 kPa and

30 kPa.
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Fig. 7. Effects of the cyclic tensile load frequency and vertical effective stress g;, on the peak apparent coefficient of friction u$ /GsY mobilized at the interface in one-stage and post-

cyclic conditions.

density polyethylene to withstand environmental (chemical, me-
chanical, etc.) factors. According to the tensile tests carried out on a
PS, the elastic modulus of the PS was estimated as 850 MPa. The
loading rate of these tests was 1 mm/min. The basic characteristics
of the PS reported by the supplier company are indicated in Table 1.

The test soil is classified as poorly-graded sand according to the
unified soil classification system (USCS). The physical properties of
the dry soil were determined according to relevant ASTM stan-
dards. Based on the standard Proctor compaction test, the
maximum dry density and optimum moisture content were
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Fig. 8. Multistage pullout test results to study the effect of cyclic tensile load amplitude in comparison with one-stage results.
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obtained as Ygmax = 1.75 g/em® and Wopt = 8%, respectively. The
direct shear tests, conducted at 97% of yqmax under the vertical
effective stresses used in the pullout tests, gave values of the peak
(d)’p) and constant volume (¢’ ) friction angles about 40° and 32°,
respectively. The particle size distribution and compaction curves
are depicted in Figs. 1 and 2, respectively. Soil properties are
indicted in Table 2.

2.3. Test procedure

The distance between the strips and the sidewalls was
Ds = 25 cm. Thus, the friction between the soil and the sidewalls
was ignored in accordance with ASTM D6706-03 (2003). As shown
in Fig. 3, this reinforcement is placed between two layers of com-
pacted dry soil. These layers were compacted in three layers with
about 8 cm thickness using a hammer to reach the target dry
density of 1.7 g/cm?, i.e. 97% of Ydmax. In order to obtain uniformly
compacted layers, compaction was done by 3 hits of an 8-kg rect-
angular hammer with dimensions of 300 mm x 200 mm, dropping
from a height of 200 mm. Therefore, the energy transferred to the
sand is equal to 9600 N m/m?>. Accordingly, approximately 25 cm of
compacted soil was located on the PS. One end of the PS was
connected to the clamp and the other end was put free on the
sublayer soil. The LVDT was utilized to measure the clamp
displacement and the load cell was connected between the clamp
and the hydraulic jack in order to measure the pullout force. In the
next step, the airbag was placed on the soil to apply a uniform and
continuous overburden pressure during the tests. The lid of the
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device was closed and fastened by bolts and nuts. After the air
pressure was transferred into the airbag by the compressor and
became constant, the LVDT and the load cell were set to initiate the
test. Eventually, the hydraulic jack pulled out the reinforcement.
The LVDT and the load cell were connected to a central DAQ via a
linking wire, and the pullout force, the number of cycles and the
clamp displacement were recorded during the pullout process. It
should be noted that the clamp system was placed in the box to
confine the entire length of the reinforcement during the test
(Moraci and Recalcati, 2006). Therefore, the tests without PS (soil-
clamp interface) were performed at different vertical effective
stresses to deduct the resistance of the clamp from the total
resistance of the systems.

According to Table 3, a total of 30 pullout tests, including MSP
and one-stage pullout (OSP) tests, and tests carried out without PS
(soil-clamp interface), were performed. In the MSP test, the ranges
of load frequency and amplitude are 0.1-0.5 Hz and (0.2—0.4)P;p,
respectively. The number of load cycles ranges from 30 to 250 and
the vertical effective stress varies between 20 kPa and 80 kPa.

2.4. Loading

In this research, OSP and MSP test procedures have been used.
The OSP test adopted the same loading procedures as performed by
Mosallanezhad et al. (2017). The strip is pulled out at a constant
speed of 1 mm/min to achieve the monotonic pullout resistance
(Pym), but the MSP test contains three loading phases. According to
Fig. 4, in the first phase, the load increases until it reaches the fixed
pullout load by using the same constant test rate adopted in static
pullout test (1 mm/min). In the next step, the second phase of the
MSP test begins as a sinusoidal cycle. To define the load in this
section, three parameters including f, A and N must be defined.
After the completion of this phase, the third phase continues as
same as the first phase to obtain Py.. In fact, in the MSEWSs and due
to the thrust of the soil, PS reinforcement is under static pullout
loads, and seismic loads create an increment of the applied tensile
loads. The first and the second phases of the MSP test simulate
these conditions. The last phase of the MSP test is performed to
investigate the changes in pullout resistance and interface apparent
coefficient of friction and to provide a comparison with those
values achieved in the conventional OSP tests (Moraci and Cardile,
2009). Several researchers started the cyclic tensile load (second
phase of the MSP test) from a fixed index tensile load. For instance,
Moraci and Cardile (2009, 2012) started a second phase of the MSP
test from a fixed index tensile load varying from 0.2P;, to 0.4P;ny;
Cardile et al. (2017) used pre-stress tensile load ranging from
0.06P;, to 0.5Py,. A sustained loading history before starting the

11 T ST TR TN (NN TR SN SN T NN TN TN SN SR SN SN SN ST T [N SO S S 1
(b)

1.04 E
% 0.99 E
3.
~ 0.8 -~ A=02P,,
< 07 - 03Pm 2

va 04P
0.6 N=30, 0.1 Hz -
0..} T T T T
0 20 40 60 80 100

Vertical effective stress (kPa)

Fig.10. Effects of the cyclic tensile load amplitude and vertical effective stress ¢}, on the peak apparent coefficient of friction ug /GsY mobilized at the interface in one-stage and post-

cyclic conditions.
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Fig. 11. Multistage pullout test results to study the effect of the number of load cycles and comparison with one-stage results.

cyclic load affects the pullout behavior during the second phase of
the MSP test (Kongkitkul et al., 2004). However, the present study
aims to investigate the influence of the cyclic loading on the pullout
resistance and the peak apparent coefficient of friction mobilized at
the soil-PS interface. Thus, the MSP test procedure was used so as to
investigate the influences of cyclic loading on the design parame-
ters actually used in the design of earth reinforced structures
(Moraci and Cardile, 2009). Therefore, in the present study, all MSP
tests were performed with a given loading history (Pg = 0.4Py).

3. Results and discussion
3.1. Effect of cyclic tensile load frequency

In this series of tests, the load amplitude and the number of
cycles were fixed at 0.3P., and 30, respectively. Three values of
frequency (0.1 Hz, 0.2 Hz and 0.5 Hz) were considered. Fig. 5 pre-
sents the curves of the MSP and OSP tests under the vertical
effective stresses of 20 kPa and 30 kPa. Fig. 6 shows the pullout
resistance versus the load frequency for various vertical effective
stresses. In each curve, the load frequency of zero indicates the
results of the OSP test. As can be observed in Fig. 6, for the values

investigated in this research, the load frequency does not have
much impact on the pullout resistance, and increase in vertical
effective stress leads to an increase in peak pullout resistance.
Moreover, changing the frequency up to 0.5 Hz results in a negli-
gible reduction (5%) of pullout resistance. In the post-cyclic pullout
conditions, Moraci and Cardile (2009) observed a hardening phe-
nomenon for geogrid embedded in the granular soil at the vertical
effective stresses equal to 25 kPa and 50 kPa, whereas at the lower
vertical effective stress (10 kPa), a slight softening post-cyclic
behavior was reported. Besides, in the monotonic pullout condi-
tions, some reinforcements like geogrids (Abdi and Zandieh, 2014;
Yu and Bathurst, 2016), metal strip (Esfandiari and Selamat, 2012),
steel grid (Alam et al., 2014) and grid-anchor (Mosallanezhad et al.,
2016) do not illustrate a softening behavior. By contrast, in this
paper, it is possible to observe that the mechanical response of PS in
the post-cyclic conditions was that of softening type for all vertical
effective stresses (similar to the OSP test). Furthermore, the unload-
reload tensile stiffness at the cyclic phase increases (Fig. 5) due to
the viscous characteristic of the PS and different test rates during
the second phase of MSP test. Specifically, in order to maintain the
imposed load frequency and amplitude, the test rate has to be
varied during the single load cycle, reaching a displacement rate
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Fig. 12. The pullout resistance under one-stage and post-cyclic conditions versus the
number of load cycles under the vertical effective stresses of 20 kPa and 30 kPa.

higher than the monotonic displacement rate. The higher test rate
leads to a higher tensile stiffness response of the PS. After this
phase, the tensile stiffness decreases to the values obtained in the
OSP tests.

Fig. 7 shows the variations of I’LE/GSY and #g/c,sy/#s/c.sx( with
vertical effective stress. It is observed that the values of ug,gsy with
a frequency of 0.5 Hz are slightly lower than the rest of other fre-
quencies. The monotonic peak apparent coefficient of friction
ts/csy mobilized at the soil-PS interface decreases with the increase
in vertical effective stress (Lo, 1998, 2003). Similarly, in addition to
us/csy, the results show that by increasing the vertical effective
stress, ug /GsY also decreases due to dilatancy at the interface
(Moraci and Cardile, 2009). It should be noted that for the selected
parameters in this figure, the values of ug sy and s sy are always
higher than the coefficients of friction mobilized in the sand at
constant volume conditions tan¢’, = 0.625 (Fig. 7a). As can be seen
in Fig. 7b, the values of u /GSY /us/csy are very close to unity, which
means that the effect of the load frequency on the values of the
peak apparent coefficient of friction mobilized at the soil-PS
interface is negligible, while for geogrid, based on the results of
Moraci and Cardile (2009), the second phase of the MSP test leads
to a decrease in post-cyclic peak interface apparent coefficient of
friction mobilized at the interface, varying from 0.11 to 0.16, at
frequency of 0.1 Hz.

3.2. Effect of cyclic tensile load amplitude
In this section, load frequency and number of cycles were fixed

at 0.1 Hz and 30, respectively. Load amplitude A was considered as
0.2P;1, 0.3P;, and 0.4P;,. The results of MSP and OSP tests, in terms
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of the peak pullout resistance, are presented in Fig. 8. In Fig. 9, the
relationships of pullout resistance versus A/P.y, are plotted for
different vertical effective stresses. Note that A/P;, = 0 corresponds
to the results of the OSP test. It can be seen that P,. decreases
slightly with the increase in A/Py,. It should be noted that the dif-
ferences between P;, and P for the vertical effective stresses of
20 kPa, 30 kPa, 40 kPa and 80 kPa are 7%, 9%, 2% and 2%, respec-
tively. In geogrid, the cyclic tensile load amplitude affects the
pullout resistance at the applied vertical effective stress higher than
50 kPa, whereas at the lower vertical effective stress, this influence
can be ignored (Moraci and Cardile, 2009). By contrast, in the PS,
the cyclic tensile load amplitude does not have a significant effect
on the pullout resistance at all applied vertical effective stresses in
this study. Besides, the unload-reload tensile stiffness evaluated at
the cyclic phase in the MSP tests is very high. In the third phase of
the MSP test (performed at constant displacement rate of 1 mm/
min), the tensile stiffness decreases to the values obtained in the
OSP tests. Moreover, the softening behavior can be observed from
the values obtained under OSP and MSP conditions. Fig. 9 shows
that the influence of the cyclic tensile load amplitude on the pullout
resistance seems to be negligible.

The variations of u¢ /GSY and ug /GSY /s /csy with vertical effective
stress are shown in Fig. 10a. As can be observed in this figure, also in
this case, the monotonic and the post-cyclic peak apparent co-
efficients of friction mobilized at the soil-PS interface decrease as the
vertical effective stress increases. In addition, ug,csy and ps/gsy are
higher than the coefficient of friction mobilized in the sand in critical
state (tang/,, ). Experimental results depict that the effect of the cyclic
tensile load amplitude on the values of sy can be ignored (Fig. 10b).

3.3. Effect of number of load cycles

The experimental results related to the effect of number of cy-
cles are presented in Fig. 11. In this figure, the cyclic tensile load
frequency and amplitude were considered as 0.1 Hz and 0.3P,
respectively. The number of cycles was considered as 30, 50, 100
and 250. In the figures of this section, the softening behavior is in
accordance with that obtained in the OSP test. Moreover, in this
case, the unload-reload tensile stiffness at the second phase of the
MSP test rises (Fig. 11), and then it decreases to the values obtained
in the OSP test. The maximum differences in the pullout resistance
due to the change in the number of cycles are insignificant, which
are 2% and 5% at the vertical effective stresses of 20 kPa and 30 kPa,
respectively (Fig. 12). In Fig. 12, the case N = 0 indicates the results
of the OSP test. As can be seen in Figs. 12 and 5a, b, with increasing
number of cycles from 30 to 250, the pullout resistance gradually
decreases. Moreover, monotonic and post-cyclic pullout resistances
increase with the increase in vertical effective stress. According to

1] 1 1 1 11 1 1 1
(a) /0.1 Hz, A=0.3P, (b)
1.07 . - 1.0 -
—— OSP
09 _._ =30 ™ F g 0.9 -
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Fig. 13. The effect of the number of load cycles and vertical effective stress ¢}, on the peak apparent coefficient of friction u$ /GsY mobilized at the interface in one-stage and post-

cyclic conditions.
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Fig. 13, it can be observed that similar to the OSP test, the values of
KS /GSY in the MSP test decrease with the increase in vertical effec-
tive stress. Furthermore, the ratios of uS /GSY /us/csy are close to
unity. Thus, the number of cycles also has a negligible effect on the
peak apparent coefficient of friction mobilized at the soil-PS
interface.

4. Conclusions

In order to evaluate the post-cyclic behavior of PS buried in
compacted sandy soil, MSP tests were conducted. The effects of
various factors such as cyclic tensile load frequency and amplitude,
number of load cycles and vertical effective stress on the post-cyclic
pullout resistance and the post-cyclic peak apparent coefficient of
friction mobilized at the soil-PS interface were investigated. The
following conclusions were drawn:

(1) Similar to OSP test, the post-cyclic peak apparent coefficient
of friction mobilized at the soil-PS interface (l‘g/csv) de-
creases with the increase in vertical effective stress. The post-
cyclic pullout resistance also increases with the increase in
vertical effective stress.

(2) Within the values investigated, the cyclic tensile load fre-
quency has no effect on the pullout resistance and the values
of ug /Gsy- BY changing the frequency (from 0.1 Hz to 0.5 Hz),
the values of “g/csy are always higher than the friction
mobilized in the sand in the critical state (tan¢’c,).

(3) For the values studied, the effect of the cyclic tensile load
amplitude is insignificant. The post-cyclic peak apparent
coefficient of friction mobilized at the soil-PS interface is
higher than the coefficient of friction of the soil at constant
volume conditions.

(4) Changing the number of cycles from 30 to 250 causes slight
changes in the pullout resistance and the peak apparent
coefficient of friction mobilized at the soil-PS interface.

(5) The differences between the post-cyclic pullout resistance
(Prc) and the monotonic pullout resistance (Py,) are insig-
nificant in this study. In other words, the post-cyclic pullout
behavior of the PS is as same as its monotonic behavior.
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