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Abstract 

This research investigated the cyclic and post-cyclic pullout behavior of geocell in cohesionless soil 

using a series of 24 multi-stage pullout tests. To control the number of pullout tests, only the effect of 

the effects of cyclic loading amplitude, number of cycles and load frequency are evaluated and other 

parameters are assumed to be constant. The results indicated that the ultimate post-cyclic pullout load 

was less than the monotonic pullout load. This was the result of a reciprocating motion from loading 

caused by the interlock between the geocell infill soil and the surrounding material, which weakened 

and broke during the cyclic phase. It was found that, as the grain size of the soil increased, the 

interlocking strength increased and consequently the ultimate post cyclic pullout load increased. The 

soil particle size had a significant effect on the cumulative displacement during the cyclic phase. 

Furthermore, the increases in the loading amplitude and the number of cycles decreased the 

interlocking resistance of the infill soil with the surrounding material, which decreased the ultimate 

post-cyclic pullout load. The effect of the loading frequency likely depended on the geocell infill soil 

density.  

Keywords: Cyclic; Post-cyclic; Geocell; Pullout testing; Soil-geosynthetic interaction 

1. Introduction 

Urban structures are increasingly likely to be constructed on weak soil. There are so many different 

geotechnical methods to improve these soils. These methods contain using pile and micro-pile 

systems, chemical soil improvements, dynamic compaction and etc [1-5]. Geosynthetic reinforcement 

is a common soil-improvement technique that is designed to stabilize weak soil. Geocells are three-

dimensional (3D) cellular geosynthetics that have been used to improve the performance of pavement 

and railway beds, to avert landslides, and under pipelines, embankments and retaining walls [6-13].  

Most of the studies that have been conducted on the geocell reinforcement performance were 

based on the monotonic loadings, however, different types of dynamic loadings are being applied to 

the reinforced structures over their service life. Therefore, the response of geocell reinforcement to 

dynamic loads should be evaluated. Tafreshi and Dawson [14] compared the behavior of geocell 

reinforced foundations under monotonic and cyclic loading. They showed the efficiency of geocell 

reinforcement in reducing the foundation settlement. Moreover, the presence of geocells limited 
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plastic deformation under cyclic loading more than a similar geocell monotonic loading. Latha and 

Manju [15] assessed the seismic behavior of physically modeled geocell retaining walls. They found 

that the increase in seismic loading parameters showed more effect on the retaining wall behavior than 

the increase in geocell layer parameters. Biabani et al. [16] evaluated the performance of a physically 

modeled geocell reinforced sub-ballast under railway cyclic loading. They indicated that the lateral 

displacement of the sub-ballast was reduced by increasing geocell stiffness. Also, they conducted a 

series of numerical simulations to measure the induced stress in geocell cells showing the dependency 

of maximum mobilized stress on the geocell stiffness. Pokharel et al. [17] used three types of granular 

materials investigate the behavior of geocell reinforced bases under repeated loading. The results 

demonstrated that the presence of geocell decreased the plastic deformation and increased the elastic 

deformation under cyclic loading. Xinye et al. [18] also compared the behavior of geocell and geogrid 

reinforced retaining walls through a series of shaking table tests. They illustrated that the geocell 

reinforced retaining wall showed higher ductility and damping than the geogrid reinforced wall under 

seismic loading, although, the obtained dynamic resistances of these two reinforcements were the 

same. Venkateswarlu et al. [19] compared geocells and geogrids reinforced a machine foundation. 

The results showed that the presence of geocell led to a decrease in the resonant amplitude and peak 

particle velocity in comparison with unreinforced foundation. In this comparison, the natural 

frequency of the soil system was also increased by placing geocell. The aforementioned studies 

mostly discussed the effect of the geocell mattresses for reinforcing different geotechnical structures 

under different dynamic loadings. However, geocell reinforcing mechanisms under different types of 

loadings should be evaluated, as well. Also, Venkateswarlu et al. [20-21] and Venkateswarlu and 

Hegde [22-24] performed a series of numerical modeling and experimental tests to assess different 

aspects of geocell reinforced soil bed behavior under dynamic loadings. From the studies, they stated 

that reinforcing the soil bed with geocell was found to be a worthwhile approach to control the 

vibration parameters. It was found that a significant reduction in ground vibration was observed in the 

presence of geosynthetics. Maximum reduction was observed in the case of geocell reinforced 

condition as compared to other cases. They observed that 98% improvement in the stiffness of the 

foundation bed was occurred in the presence of geocells. Furthermore, the dynamic response obtained 
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from the field study was compared with the mass spring dashpot analogy. The dynamic response 

predicted from the analytical study has shown reasonable agreement with the test results.  

Zhao et al. [25] identified passive resistance, shear resistance, and vertical load distribution 

are the main components of a geocell reinforcing mechanism. The first two components control the 

interfacial behavior of a geocell and are significant in the design process of a geocell mattress. Also, 

Tavakoli and Motarjemi [26] investigated the shear behavior of geocell-reinforced sandy and gravely 

soils using large-scale direct shear tests. The results led them to recommend the use of geocells in 

cases with low-normal stress and large main particle sizes. They increased the soil aggregate size and 

observed a significant increase in the geocell interfacial strength. They suggested the use of geocells 

with a cell diameter to the medium-grain-size ratio of 4 to produce the best interfacial performance. 

On the other hand, to assess the passive resistance component, pullout tests should be performed (Isik 

and Gurbuz [27]). Moreover, the total capacity of the geocell reinforced should be evaluated to use in 

the design process, as in practical projects (such as retaining walls, slopes, embankments, etc.) the 

geocell mattresses can be subjected to pullout loading. Khedkar and Mandal [28] investigated the 

pullout behavior of a cellular reinforcement. They showed that the pullout resistance increased with 

the increase in the cellular reinforcement height to a specific value. Then the pullout resistance 

decreased due to the higher interaction with transverse elements. They also suggested the interaction 

coefficient of the cellular reinforcement which was increased by increasing the reinforcement height. 

Han et al. [29] evaluated the interaction between geocell reinforcement and gravely soil by pullout 

test. They found that the pullout capacity is composed of two factors: the shear resistance along the 

shear bands developed at the top and bottom interfaces between the geocell and the adjacent backfill 

and the anchorage resistance induced by passive pressure inside the aperture of the geocell, which 

increases and becomes more dominant in the total pull-out resistance with an increase in the height of 

geocell. Biabani et al. [16] also evaluated the pullout resistance and the interfacial behavior of 

geocells. The behavior of the geocell reinforcement depended on the loading mechanism, friction 

coefficient, and geocell modulus. The geocells mobilized at higher passive resistance values in the 

pullout test than in the large-scale direct shear test and this was related to the different geocell 
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reinforcing mechanisms for mobilization in each of these tests. Isik and Gurbuz [24] redesigned the 

conventional pullout test apparatus to assess the pullout resistance of a geocell mattress in sandy soil 

under monotonic loading. This large-scale test on 3D geosynthetics showed that the pullout resistance 

increased with an increase in the geocell length, width, height, and stiffness, although the total pullout 

resistance was limited by the strength of the longitudinal and transverse strip junctions. A large 

amount of strain was induced near the geocell front in this study but gradually decreased toward the 

end of the geocell. Furthermore, they evaluated an analytical method to calculate each geocell 

reinforcing mechanism for geocells with a square pattern. Also, Fakharian and Pilban [30] assessed 

the pullout resistance of diagonally enhanced and conventional geocells in sandy soil. Both the 

stiffness and ultimate resistance of the diagonally enhanced geocells improved significantly compared 

to the conventional geocells. They conducted three tests on a physical model of a shallow footing 

reinforced with geocells. The results showed an improvement in bearing capacity and the load-

settlement response of the footings supported on the new geocells compared to the conventional 

geocells. 

It can be seen that the previous research on geocell mattress pullout resistance and reinforcing 

mechanism was done under monotonic loadings. On the other hand, a geosynthetic reinforced 

structure may be subjected to the both pullout load and earthquake load. It is known that a static 

pullout load applies on the geosynthetic through the backfill meanwhile if the backfill subjected to a 

dynamic loading like earthquake or traffic loading, this dynamical loading can be passed to the 

geosynthetics through interaction mechanisms and pullout capacity will be determinative in design 

process. There were so many literature evaluated the behavior of a geosynthetic reinforced structure 

under seismic loads [31-33]. Therefore, it is essential to investigate the pullout resistance and 

reinforcing mechanisms of geocell mattresses under cyclic loading and consider the cyclic conditions 

during the design process if necessary.  In the current study, 24 three steps pullout tests were carried 

out to evaluate the cyclic and post-cyclic geocell pullout resistance and interfacial properties of three 

types of cohesionless soil. Furthermore, the effect of cyclic loading amplitude, number of cycles, load 

frequency, and cumulative displacement has been examined on the ultimate pullout load and pullout 

load-displacement behavior of geocell in detail.  
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2. Experimental program 

Three types of granular soils were used to evaluate the cyclic and post-cyclic pullout behavior 

of the geocells. Their properties are given in Table 1 and Fig. 1 shows the soil grain-size distribution. 

These materials were classified as SP and GP according to the Unified Soil Classification System. 

The maximum and minimum unit weights of the soil types were measured using a vibration table test 

for the poorly graded samples according to ASTM D4253 [34] and ASTM D4254 [35], respectively. 

Moreover, the geocell mattresses used in this study, were manufactured of polyethylene strips covered 

with multiple rhomboidal indentations on the both sides. Each strip was ultrasonically welded at fixed 

intervals to produce cellular honeycombs. The parameters are given in Table 2. The strength 

properties of the geocell was calculated according to ASTM D4595 [36]. A common pullout 

apparatus shown in Fig. 2 was used that was composed of a large box of 90 cm in length, 50 cm in 

width, and 50 cm in depth. Vertical pressure was applied through the use of an airbag which applied 

75 kPa of maximum pressure. The pullout force was applied using a two and half-ton hydraulic jack 

with the ability to apply 75 mm of maximum displacement at up to 100 Hz. To avoid boundary 

effects, acrylic glasses were attached to the sides of the pullout apparatus box.   

To perform the pullout test, the dry granular materials were held in 20-kg plastic bags. To reach 70% 

relative density for each soil, the amount of soil required to reach the relative density was measured 

according to the maximum and minimum unit weight tests. It was found that the prepared samples in 

each of these 20-kg bags should be placed in 4 cm, 3.5 cm and 3 cm thick layers for sand, gravel 1, 

and gravel 2, respectively, to reach 70% relative density. Hence, each soil sample was poured into the 

lower half of the pullout box and vibrated until the thickness of the layer reached the calculated value 

(4- cm for sand, 3.5- cm for gravel 1, and 3-cm for gravel 2). As the used soils were poorly graded, 

these soils compaction with hammer or any other method except from vibration wasn’t effective and 

the soils wouldn’t compact. The vibration method used in this for compaction. As this method can 

lead to the higher density than 70%, the density should be measured in each layer. To control the 

achieved relative density, a small steel cylindrical container was placed in different positions inside 

each soil layer after each layer compaction. The weight and the volume of this cylindrical container 
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were measured and accordingly the density of soil calculated. Same procedure was performed by 

Mahigir et al. [37].      

Upon reaching the middle height of the pullout box, a geocell of 800 mm in length and 40 cm 

in width was placed on the soil (Fig. 3). To minimize sidewall friction, a minimum 75-mm space was 

maintained between the edge of the geocell and the edge of the box according to ASTM D6706 [38]. 

The geocell was attached to a two and half-ton hydraulic jack with the ability to apply 75 mm of 

maximum displacement at up to 100 Hz. A new clamp was designed to attach the 3D geosynthetic to 

the hydraulic jack. A plate of 2.5 mm in thickness was welded to a 12-mm pipe at the point at which 

the geocell was attached to the 10-mm clamp. Two vertical plates of 3 mm in thickness were placed 

on each side of the geocell wing to avert rupture at the connection during the pullout test. The front of 

the clamp was drilled and attached to the hydraulic jack (Fig. 4), then the geocell was attached to the 

jack.  

               To measure displacement at different parts of the geocell during the test, wires were 

attached to the centers of each geocell cell row. These wires, as shown in Fig. 3, go through 

metal rods to avoid any damage to the wires and also avoid any interaction. At the end of the 

box, there are holes. Rods were finished in there and the wires are attached to the LVDTs. 

These wires were passed through the back wall of the box connected to the LVDTs were 

attached to LVDTs at the back of the box. To reach a firm attachment between wires and the 

geocell walls, a 4 mm hole was created at the attachment place. Each wire was tied to a hook 

and the hook was attached to the geocell wall (Fig. 5). At last, each geocell cells were fixed at 

their placed by some bolts. After the geocell layer was prepared, each cell of the geocell was 

filled with the amount of soil required to attain the specified relative density. Then, the fixity 

bolts were removed to let geocell deform freely during the tests. Next, the upper half of the 

pullout box was filled with granular materials in the same manner as the lower half. The 

airbag was placed on top of the granular material to apply either 20 or 60 kPa of vertical 
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pressure. This airbag was attached to an air compressor and the value of air pressure was controlled 

with compressor gauge during the test.  

 

 The box was secured and closed with bolts before the application of the vertical pressure. Then, the 

multi-stage and monotonic pullout tests were conducted. 

 

The monotonic tests were conducted under 1 mm/min rate of displacement until a rupture 

occurred at the geocell or the geocell reached 75 mm of frontal displacement. The multi-stage pullout 

tests were performed in three stages. Initially, the pullout test was conducted at a constant rate of 1 

mm/min until the force reached a specific ultimate monotonic pullout load (Pm) under 20 and 60 kPa 

of vertical pressure. Moraci and Cardile [39] showed that the cyclic stage of 2D geosynthetics 

initiated at 0.2 to 0.4 Pm; thus, 0.4 Pm was chosen to initiate the cyclic stage and evaluate the cyclic 

and post-cyclic behavior of the geocell as well as the 2D geosynthetic. In the cyclic stage, a control 

sinusoidal-force pullout load was applied at 0.1 and 1 Hz at amplitudes (A) of 0.2, 0.3, and 0.4 Pm. 

The cyclic load was applied for 10 and 30 cycles (N) and the test continued under a 1 mm/min rate of 

displacement to evaluate the post-cyclic behavior of the geocell. Testing continued until a rupture 

occurred at the geocell or the geocell reached 75 mm of frontal displacement.  

3. Results and discussion 

3.1. Monotonic and multi-stage pullout behavior 

Figs. 6 and 7 show the monotonic and multi-stage pullout behavior of geocells in sandy and 

gravely soils under 20 and 60 kPa of vertical pressure, respectively. It can be seen that the geocell 

reached a lower ultimate pullout load in all multi-stage tests than the monotonic one in each soil type 

under both 20 and 60 kPa of vertical pressure. This can be related to the reciprocating motion during 

cyclic loading which weakened and broke some of the interlockings of geocell infill and geocell 

walls. Consequently, this effect led to reach a lower ultimate pullout load in the multi-stage tests than 

in the monotonic tests. On the other hand, Fig. 6(a) shows that the pullout load decreased at a frontal 

displacement of 63 mm, indicating that most of the interaction between the infill material and 
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surrounding sandy soil had broken. The pullout load continued at 8 kN and the passive resistance in 

each geocell pocket due to the adjacent cell mobilized at up to 75 mm of frontal displacement.  

The obtained results demonstrated in Figs. 6 and 7 also indicate that the monotonic ultimate 

pullout load decreased 15% in sandy soil under 20 kPa of vertical pressure in the multi-stage test. The 

decreases were 11% and 9% for gravel 1 and gravel 2 under the same vertical pressure, respectively.  

It can be inferred that the shear resistance between the geocell and surrounding soil increased as the 

soil particle sizes increased and the interlock was harder to break in coarser soil as the cyclic loading 

characteristics were kept constant. The increase in vertical pressure led to a decrease in the difference 

between monotonic and multi-stage ultimate pullout test results and the ultimate pullout loads 

decreased 13%, 10%, and 5% for sand, gravel 1, and gravel 2 under 60 kPa of vertical pressure, 

respectively. This shows that, for the same soil particle size, the increase in vertical pressure stiffened 

the geocell-soil interaction and decreases the difference between ultimate monotonic and multi-stage 

pullout load. Moreover, Fig. 7(a) shows that the monotonic test did not reach a steady-state because 

not all of the geocell pullout load capacity had mobilized at 75 mm. This is in contrast with the multi-

stage test graph. The cyclic phase for sandy soil under 60 kPa decreased the geocell membrane 

mechanism and reached a steady-state in the post-cyclic phase. However, not all of the reinforcing 

mechanisms mobilized in the monotonic test and greater frontal displacement were needed to reach 

the total pullout resistance of the geocell.    

To investigate the behavior of geocell along the 80 cm length, the activated length was 

measured during monotonic and multistage tests. When LVDTs attached to the middle of each geocell 

row started to record displacement, that length of geocell was considered as activation length. The 

obtained activated length versus pullout load is demonstrated in Fig. 8.  It can be seen that all the 

geocell length contributing to pullout resistance was activated in all tests except for the monotonic test 

in sandy soil under 60 kPa vertical pressure where only up to the middle of third row was activated. It 

shows that a higher pullout load was needed to activate all of the geocell lengths in this condition. 

Furthermore, increases in either the vertical pressure or soil particle size caused the development of 

pullout load in the first cellular row. This behavior was similar in the other geocell cellular rows, but 

the rate of the pullout load needed to activate the second and third rows decreased. This result may 
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indicate that the first geocell row mostly carried the load when either the vertical pressure or soil 

particle sizes were increased or the geocell needed a higher pullout load to deform. Also, the geocell 

length activated in lower pullout load during multi-stage tests in comparison with monotonic test 

results. This is related to the interaction loss after applying cyclic loading. Therefore, the geocell 

displace more during multi-stage tests and each of the geocell cell rows activated in lower pullout 

load. However, it can be seen in Fig. 8(a) that the first row of the geocell in multistage and monotonic 

tests in sandy soil under 20 kPa vertical pressure has activated in the same pullout load because the 

cyclic phase initiated at 20 mm frontal displacement according to Fig. 6(a).  

3.2. Effect of load amplitude and cumulative displacement 

The multi-stage test results for amplitudes of 0.2, 0.3, and 0.4 Pm in gravel 2 are shown in Figs. 9 and 

10 under 20 and 60 kPa of vertical pressure, respectively. It can be seen that the increase in cyclic 

load amplitude from 0.2 to 0.3 and 0.4 Pm caused the ultimate post-cyclic pullout load to decrease by 

2% and 4% under 20 kPa of vertical pressure, respectively. Figs. 9 and 10 indicate that this reductive 

effect decreased as the vertical pressure increased and the increase in load amplitude from 0.2 to 0.3 

and 0.4 Pm led to a decrease in the ultimate post-cyclic pullout loads of 1% and 3%, respectively. The 

effect of amplitude indicates that the weakening and breaking of the geocell-soil interlock developed 

when the cyclic load was applied at a higher amplitude. This effect decreased at a higher vertical 

pressure as the interlocking between the geocell infill soil and the surrounding soil was harder to 

break. Correspondingly, the same behavior was seen in sandy soil and gravel1. In order to assess the 

load amplitude effect in sand and gravel1, the ratio of ultimate multi-stage pullout load to ultimate 

monotonic pullout load for each test was calculated using Eq. (1) and is given in Fig. 11. It can be 

seen that the geocell pullout load in sandy soil at 0.4 Pm and 20 kPa of vertical pressure decreased to 

about 15% of the ultimate monotonic pullout load and the pullout load decreased to 12% and 9% in 

gravel 1 and gravel 2, respectively, under the same loading conditions. The obtained results show that 

the reductive effect of an increase in the cyclic load amplitude increased as the soil particle size 

became finer because of the decrease in the soil-to-infill soil interaction. 
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𝑅 =
𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑚𝑢𝑙𝑡𝑖 𝑠𝑡𝑎𝑔𝑒 𝑝𝑢𝑙𝑙𝑜𝑢𝑡 𝑙𝑜𝑎𝑑 

𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑚𝑜𝑛𝑜𝑡𝑜𝑛𝑖𝑐 𝑝𝑢𝑙𝑙𝑜𝑢𝑡 𝑙𝑜𝑎𝑑
         (1) 

Furthermore, the soil particle size and load amplitude affected the cumulative displacement 

during the cyclic phase. Fig. 12 shows that the cumulative displacement during the cyclic phase 

decreased as the soil particle size and vertical pressure increased. The cumulative displacement in 

sandy soil under 20 kPa of vertical pressure and 0.2 Pm of load amplitude was 4.7 mm. This value 

became 4.2 mm at 60 kPa of vertical pressure and 0.2 Pm of load amplitude. When the loading 

characteristics were held constant, the cumulative displacement decreased from 4.7 mm in sandy soil 

to 3.3 and 3.1 mm in gravel 1 and gravel 2, respectively. This indicates that, as the interaction 

between the geocell infill soil and surrounding soil stiffened, the cumulative displacement decreased. 

A stiffer interaction was reached with an increase in the vertical pressure and soil particle size. By 

contrast, the increase in load amplitude from 0.2 to 0.4 Pm caused some of the interlock between the 

infill materials and surrounding soil to break and the geocell to displace easily during the cyclic phase. 

 

3.3. Effect of frequency and number of cycles 

The multi-stage load-displacement behavior of the geocell at 0.1 and 1 Hz and 0.4 Pm of load 

amplitude under 20 kPa of vertical pressure in gravel 1 are shown in Fig. 13. Also, Table 3 shows the 

cumulative displacement and 𝑅 values for tests at 1 Hz and 0.2, 0.3, and 0.4 Pm of load amplitude 

under 20 kPa of vertical pressure in gravel 1. It can be seen that the increase in loading frequency to 1 

Hz led to increase the ultimate pullout load in post cyclic phase where there wasn’t any significant 

differences between the ultimate pullout load obtained from multi-stage and monotonic tests. 

However, the ultimate pullout of the multi-stage test at 0.1 Hz was 10% lower than the ultimate 

pullout of the monotonic test. Moreover, an increase in load frequency considerably decreased the 

cumulative displacement during the cyclic phase and the ultimate post-cyclic pullout load at different 

loading amplitudes.  

Similar results were reported by Zuo et al. [40] for the effect of frequency on planar geosynthetics. 

However, Moraci and Cardile [39] reported that frequency had no significant effect on the pullout 

behavior and Mahigir et al. [37] reported a reductive influence of frequency on the pullout behavior of 
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geogrid. These different results indicate that the effect of the loading frequency on the pullout 

behavior of geosynthetics depended on the properties of the geosynthetic, soil, and frequency content. 

In this evaluation, the enhancing effect of load frequency can be related to the increase of geocell 

infill soil density as the applied vibration can compact a poorly graded granular materials like gravel 1 

and by increasing the load frequency caused to obtain a higher ultimate post cyclic pullout load.  

Fig. 14 shows the multi-stage test results after 30 cycles at 0.4 Pm of load amplitude and 0.1 

Hz under 20 kPa of vertical pressure. It is evident that the post-cyclic phase did not occur in sandy 

soil and the geocell reached 75 mm of frontal displacement during the cyclic phase. This behavior 

indicates that the interlock between the geocell infill soil and the surrounding soil was lost, causing a 

significant increase in displacement during cycles 1 to 4. The rest of the cycles were applied at 55 to 

75 mm, where only passive resistance in each geocell cell contributed to the cyclic pullout load. The 

steady-state of the post-cyclic phase was reached for gravel 1 and gravel 2 because the increase in the 

number of cycles failed to break the gravel-to-infill soil interlock completely. The ultimate post-cyclic 

pullout loads in gravel 1 and gravel 2 were 14% and 12.5% lower than the ultimate monotonic pullout 

loads because of the loss of some of the interlock between the infill soil and surrounding soil during 

the cyclic phase. It can be seen, the ultimate post-cyclic pullout loads obtained from tests conducted in 

gravel 1 and gravel 2 were lower than the ultimate geocell loads obtained in tests with 10 cycles. 

 

4. Conclusion 

The present study evaluated the cyclic and post-cyclic pullout and interfacial behavior of geocells 

through a series of multi-stage pullout tests in sandy and gravelly soils. The effects of cyclic loading 

amplitude, number of cycles, load frequency, and cumulative displacement were investigated. 

However, some assumptions were performed and some other parameters such as the geocell type, 

relative density of soils, geocell height, cell aperture size, etc. could affect the obtained results which 

were considered as the study limitations in this evaluation. Hence, further studies are needed to 

investigate the effect of these parameters on the cyclic and post-cyclic pullout and interfacial behavior 

of geocells. 
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1. It was found that the ultimate post-cyclic pullout load of the geocell in sand, gravel 1 and 

gravel 2 was nearly 15%, 11% and 9% lower than the ultimate monotonic pullout load 

under the same vertical pressure, respectively. The increase in vertical pressure led to a 

decrease this difference and the ultimate pullout loads decreased 13%, 10%, and 5% for 

sand, gravel 1, and gravel 2, respectively. It was concluded that the reciprocating motion 

of loading during the cyclic phase partially broke the soil-to-geocell infill interlock. The 

pullout load then increased as the passive resistance in each geocell cellular was 

mobilized until all of the pullout capacity of the geocell had been contributed and the 

pullout load reached a steady state.  

2. The loss of interaction during the cyclic phase lowered the ultimate pullout load in the 

post-cyclic phase in comparison with monotonic testing. The loss of strength of this 

interaction was dependent on the soil particle size. As it increased, the loss of interaction 

decreased from 15 % to 9% and 13% to 5% under 20 kPa and 60 kPa vertical pressure, 

respectively. Because the coarser soil formed a better interlock between the surrounding 

soil and geocell infill soil, which decreased the ability of the cyclic load to break each 

interlock. Moreover, the size of the soil particles affected the cumulative displacement 

during the cyclic phase, where the geocell displaced 4.7 mm in sandy soil which was 

decreased to 3.1 mm in gravel 2 under the same loading condition which showed geocell 

could be more freely displaced as the soil-to-soil interlock weakened or was broken. 

3. Evaluation of the effect of loading amplitude and number of cycles indicated that an 

increase in the cyclic loading, number of cycles, and amplitude caused a decrease in the 

interaction between the geocell infill material and the surrounding soil resistance. 

Consequently, in gravel 1 and gravel 2 were 14% and 12.5% decreased in the ultimate 

post-cyclic pullout load than ultimate monotonic pullout load. As the interface stiffened 

with an increase in the vertical pressure and soil particle size, the reductive effect of 

loading amplitude decreased nearly 1.5%.  

4. Contrary to the loading amplitude and number of cycles, the increase in frequency led to 

the development of the ultimate post-cyclic pullout load, which showed no significant 
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difference from the monotonic pullout behavior and multi-stage test results at 1 Hz. A 

comparison with previous research on planar geosynthetics showed that the effect of 

frequency could depend on the soil and geosynthetic complex properties and their 

response to the different frequency values. It was concluded that the increase in the load 

frequency led to compact the geocell infill materials. This compaction caused an 

increase in the ultimate post cyclic pullout load of the geocells. 
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List of Figures and Tables 

Table 1. Soil properties 

Properties Sand Gravel 1 Gravel 2 

Gs 2.65 2.61 2.65 

Dr (%) 70 70 70 

Cu 1.88 1.7 1.99 

Cc 0.94 1.15 1.24 

𝛾𝑑𝑚𝑎𝑥 (ton/m3) 1.62 1.53 1.56 

𝛾𝑑𝑚𝑖𝑛 (ton/m3) 1.37 1.43 1.4 

𝛾𝑑 (ton/m3) 1.54 1.48 1.5 

Φ (degree) 37.8 42.3 45.6 

C (kPa) 4.13 1.03 0.98 

 

Table 2. Geocell parameters 

Property Value 

Cell area (cm × cm) 26.6 × 21.6 

Geocell height (cm) 5 

Geocell length (cm) 80 

Geocell width (cm) 40 

Ultimate longitudinal tensile strength (kN/m) 6.42 

Ultimate transversal tensile strength (kN/m) 2.6 

Seam peel strength at junctions (kN/m) 15 

Elongation at break (%) 100 

 

Table 3. The effect of 1 Hz frequency on the geocell behavior 

Load amplitude (%) 20 30 40 

Cumulative displacement 

(mm) 

1.6 2 2.2 

R value 0.005 0.01 0.015 
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Fig. 1. Grain size distribution 

 

Fig. 2. Image of apparatus 
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Fig. 3. Geocell placed on the lower half of soil sample 
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Fig. 4. Clamp designed for geocell-hydraulic jack attachment: (a) geocell attachment to clamp; (b) vertical 

plates 

 

Fig. 5. Wire attachment to the geocell wall 
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Fig. 6. Monotonic and multi-stage pullout test results under 20 kPa of vertical pressure: (a) sand;  

(b) gravel 1; (c) gravel 2 
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Fig. 7. Monotonic and multi-stage pullout test results under 60 kPa vertical pressure: (a) sand; (b) gravel 1; (c) 

gravel 2 
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Fig. 8. Displacement distribution along geocell length: (a) sand; (b) gravel 1; (c) gravel 2 
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Fig. 9. Multi-stage pullout test at different cyclic load amplitudes under 20 kPa of vertical pressure: (a) 0.2 Pm; 

(b) 0.3 Pm; (c) 0.4 Pm 
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Fig. 10. Multi-stage pullout test at different cyclic load amplitudes under 60 kPa of vertical pressure: (a) 0.2 𝑃𝑚; 

(b) 0.3 𝑃𝑚; (c) 0.4 𝑃𝑚. 
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Fig. 11. Effect of soil particle size on cyclic load amplitude: (a) 20 kPa; (b) 60 kPa 
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Fig. 12. Cumulative displacement induced during cyclic phase: (a) sand; (b) gravel 1; (c) gravel 2 
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Fig. 13. Multi-stage load-displacement behavior of geocell in gravel 1: (a) 0.1 Hz; (b) 1 Hz 

 

 

     

  

0

2

4

6

8

10

12

14

16

0 10 20 30 40 50 60 70 80

P
u

llo
u

t 
lo

ad
 (

kN
) 

Displacement (mm) 

Monotonic

Multi stage

(b) 

0

2

4

6

8

10

12

14

0 10 20 30 40 50 60 70 80 90

P
u

llo
u

t 
lo

ad
 (

kN
) 

Displacement (mm) 

Monotonic

Multi stage

(a) 



34 

 

 

Fig. 14. Multi-stage test results for 30 cycles: (a) sand; (b) gravel 1; (c) gravel 2   
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Fig. 4. Clamp designed for geocell-hydraulic jack attachment 

: (a) geocell attachment to clamp; (b) vertical plates 

Fig. 5. Wire attachment to the geocell wall 
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Fig. 9. Multi-stage pullout test at different cyclic load amplitudes under 20 kPa of vertical pressure: (a) 0.2 Pm; 
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