
1 INTRODUCTION 
 

The geosynthetic reinforced soil structures are 
widely used in geotechnical engineering for land-
slides stabilization, for the construction of retaining 
walls and for the construction of reinforced em-
bankments founded on soft soils.  

Pullout tests are necessary in order to study the 
interaction behaviour between soil and geosynthetics 
in the anchorage zone, therefore the test results have 
direct implications in the design of reinforced soil 
structures.  

The geogrid pullout resistance is a function of the 
friction at the soil reinforcement interface and of the 
passive resistance mobilized in correspondence of 
the bearing members placed transversely to the 
pullout force direction. 

In particular, the main soil parameters that influ-
ence the pullout behaviour are the same that typical-
ly affect the soil dilatancy, such as the relative densi-
ty, the grain size distribution (in relation to the 
geogrid mesh size), and the vertical effective confin-
ing stress (Moraci and Recalcati, 2006). Therefore, 
important is the role that plays the type of soil in 
which the inclusions are embedded. 

About the geogrid characteristics, the geometry 
and thickness of the transverse elements, the mesh 
size (in terms of spacing between elements), and the 
longitudinal and transversal members stiffness play 
an important role on the pullout behaviour of rein-
forcement geogrids. 

This paper deals with some results of a wide ex-
perimental program developed by Geotechnical Re-
search Group, of the Mediterranean University of 
Reggio Calabria, aimed to study the behaviour in 
pullout conditions, at constant rates of displacement, 
of seven extensible and flexible geogrids of different 
geometry and tensile stiffness, embedded in two dif-
ferent compacted granular soils. The pullout tests 
were performed on two high-density polyethylene 
(HDPE) extruded mono-oriented geogrids and on 
four polypropylene (PP) extruded bio-oriented ge-
ogrids. 

In particular, the main factors that influence the 
mechanical pullout response, in terms of peak 
pullout resistance, are analysed. 

2 TEST APPARATUS 

To develop the test program, a large-scale pullout 
equipment was used. The test apparatus was de-
signed and developed in previous researches (Moraci 
and Montanelli, 2000; Moraci et al., 2003; Moraci 
and Recalcati, 2006; Moraci and Gioffré, 2006).  

The test apparatus (Figure 1) is essentially com-
posed of a rigid steel large pullout box 
(1700×680×600 mm), a vertical load application sys-
tem, a horizontal force application device, two spe-
cial clamps with sleeve system, and all the required 
control and data acquisition instruments.  
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ABSTRACT: In this paper, the results of a large experimental static pullout test program, performed at con-
stant rate of displacement (1.0 mm/min) on extensible and flexible geogrids, of different geometry and stiff-
ness, embedded in different compacted granular soils are analysed.  In particular, the test program aimed to 
study the pullout behaviour of two HDPE extruded unidirectional geogrids and four PP extruded bidirectional 
geogrids. The tests have been performed on two granular soils: an uniform medium sand (U=1.15 and 
D50=0.32 mm) and a well-graded sand with gravel (U=7.48 and D50=1.47 mm). The pullout tests were per-
formed using a large-scale test apparatus developed in previous researches. The test results allows to evaluate 
the influence of reinforcement geometry and soil type on the interface behaviour in pullout conditions. In par-
ticular, the pullout test results were analysed in terms of peak pullout resistance mobilized at the soil - rein-
forcement interface. 



 
 

 
 

Figure 1. Pullout test apparatus. 
 

 
The test procedure used in the research was de-

veloped in previous researches on the soil-
geosynthetic interaction (Moraci and Montanelli, 
2000; Moraci and Recalcati, 2006), and helps to en-
sure a good reproducibility of results and to mini-
mize the scale effects. 

All pullout tests described herein have been per-
formed at controlled rates of displacement (CRD) 
equal to 1.0 mm/min, until geogrid tensile rupture or 
until a total horizontal displacement of 100 mm was 
achieved. 
The pullout apparatus is capable to produce the con-
fined failure of geosynthetic specimen by using an 
internal clamp placed inside the soil, beyond the 
sleeve. This clamp system is able to keep the geo-
synthetic specimen always confined in the soil, for 
the whole test duration, to ensure constant anchorage 
length during the pullout test and to measure dis-
placements and strains in confined conditions.  
The use of internal clamp needs preliminary pullout 
tests, carried out, under the same test conditions, on-
ly on the clamp system (without the geogrid), to 
evaluate the soil - clamp friction.  

In particular, for each type of clamp, three differ-
ent calibration pullout tests were performed at the 
vertical effective stress equal to σ

’
v=10, 25, 50 kPa. 

Therefore, the pullout force due to the soil - clamp 
friction (measured at each displacement level) needs 
to be subtracted from the pullout force measured in 
the test with the geosynthetic at the same displace-
ment. 
The internal displacements along the geogrid speci-
men were measured and digitally recorded during the 
pullout test. 

3 TEST MATERIALS 

The test materials used in this study have been 
classified and mechanically characterized by stand-
ard laboratory tests that have allowed evaluating the 
main geotechnical parameters necessary to develop 
the next phase of pullout tests analysis and discus-
sions. 

3.1 Soil characterization 

Two granular soils were used in these tests.  
The results of the classification tests (Figure 2) 

indicate that the first soil (following called soil A) is 
a uniform medium sand (SP according to USCS 
classification system, A-3 according to CNR-UNI 
10006 classification system), with grain shape from 
sub-rounded to rounded, uniformity coefficient, U, 
equal to 1.96, and average grain size, D50, equal to 
0.32 mm. 
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Figure 2. Grain size distribution curves of soils (Soil A and Soil 
B, respectability) used in the research. 

 

The second soil (following called soil B, Figure 
2), instead, has been classified as a well graded sand 
with gravel (SW according to USCS classification 
system, A1-b according to CNR-UNI 10006 classifi-
cation system), with grain shape from sub-rounded 
to rounded, uniformity coefficient, U, equal to 7.48, 
and average grain size, D50, equal to 1.47 mm. 

The Standard Proctor compaction tests performed 
on soil A indicates a maximum dry unit weight, 
γdmax= 16.24 kN/m

3
, at an “optimum” water content 

wopt= 13.5%. For soil B a maximum dry unit weight, 
γdmax= 18.36 kN/m

3
, at an “optimum” water content 

wopt= 9.8% was obtained. 
The direct shear tests have been carried out at an 

initial unit weight corresponding to the  95% of γdmax 
for each sand studied. The peak shear strength angle, 


’
p , yield, in range between 48° and 42° for the soil 

A, and between 56° and  49° about the soil B, where 
the higher and the lower values refer, respectively, to 
the lower (σ

’
v= 10 kPa) and the higher (σ

’
v= 100 

kPa) confining pressure.  



The shear strength angle at constant volume, 
’
cv , 

results equal to 34° and to 36° respectively for the 
soil A and Soil B. 

3.2 Geometrical and mechanical characteristics of 
geogrids  

The pullout tests have been performed on six dif-
ferent geogrids with different geometry, structure, 
and tensile stiffness characteristics.  

The pullout tests have been carried out on: two 
HDPE extruded mono-oriented geogrids (called 
GGEM1 and GGEM2), four PP extruded bi-oriented 
geogrids (named GGEB1, GGEB2, GGEB3 and 
GGEB4).  

Figure 3 shows a schematic cross section of a ge-
ogrid bearing members that are placed transversely 
to the direction of pullout force. The spacing be-
tween transversal bars in the pullout direction is 
equal to S.  

 
 

 
Figure 3. Schematic cross section of a generic transversal ge-
ogrid bar (Moraci and Recalcati, 2006). 

 
Table 1 shows the geometrical characterization of 

the geogrids, where Wr and Br are the node width 
and thickness, respectively; Wt and Bt are the width 
and thickness of the bar portion between two nodes, 
respectively (Figure 3); Ab is the area of each rib el-
ement (including the node embossment and the bar 
portion between two nodes, At+Ar) where the bear-
ing resistance can be mobilized. 

 
 

Table 1. Geometrical characteristics of the different geogrids 
(about symbol see Figure 3) 

 

Geogrid 

 

S 

[mm] 

Wr 

[mm] 

Wt 

[mm] 

Br 

[mm] 

Bt 

[mm] 

Ab 

[mm
2
] 

GGEM1 240.0 11.86 6.00 4.65 4.48 85.35 

GGEM2 240.0 13.06 4.45 3.02 3.88 59.05 

GGEB1 56.92 16.24 59.49 4.95 3.72 269.70 

GGEB2 64.58 14.98 44.34 5.73 3.88 225.29 

GGEB3 27.82 16.12 32.86 4.42 4.10 174.19 

GGEB4 39.48 14.81 25.84 3.76 2.90 107.10 

 
The mechanical properties of the different ge-

ogrids were evaluated by wide-width tensile tests 
(according EN ISO 10319) performed at the same 
rate of displacement used in the pullout tests 

(1mm/min). The tensile test results are reported in 
Table 2. 

 
 

Table 2. Mechanical proprieties of the different geogrids 
 

Geogrid Polymer 
TF 

[kN/m] 

J2% 

[kN/m] 

J5% 

[kN/m] 

GGEM1 HDPE 98.99 1338.5 1049.0 

GGEM2 HDPE 88.69 1212.1 989.0 

GGEB1 PP 35.26 536 390 

GGEB2 PP 35.60 750 468 

GGEB3 PP 39.70 725 538 

GGEB4 PP 55.90 825 618 

4 ANALYSIS OF PULLOUT TESTS 

Figure 4 shows the classical pullout curves (that 
reporting the pullout force (P) versus the displace-
ment measured at the edge attached to the clamp) for 
the 6 different geogrids embedded in soil A. In par-
ticular, the figure refers to the same specimen length 
(LR=1.15 m), varying the applied normal effective 
confining pressures [10 kPa (Fig. 5a), 25 kPa (Fig. 
5b) e 50 kPa (Fig. 5c)]. 
The pullout curves show, a softening type mechani-
cal response for bidirectional geogrids at lowest ver-
tical effective confining stress (10 kPa), and for uni-
directional ones at effective normal confining 
tensions lower than 50 kPa. In this case the pullout 
interaction mechanisms are developed almost at the 
same time along the geogrid length.   

Vice versa, for bidirectional geogrids at vertical 
effective confining stresses higher than 10 kPa and 
for the remaining geogrids at highest confining stress 
applied, a strain-hardening behaviour was observed.  
In this case the pullout interaction mechanisms are 
progressively developed along the reinforcement 
specimen length.   

In the tests carried out on bi-oriented geogrids 
specimens tensile failure occurred. Particularly, it 
was achieved for GGEB2 and GGEB3 geogrids at 
normal effective confining stress higher than 25 kPa, 
and for GGEB1 and GGEB4 geogrids for confining 
stress equal to 50 kPa. 

4.1 Influence of the reinforcement geometry on 
pullout response 

In order to study the influence of the reinforce-
ment geometry on the geogrid mechanical behaviour, 
in pullout conditions, the results of the pullout tests 
performed on reinforcement of same structure and 
comparable tensile strength and stiffness were com-
pared. So, the analysis concerned all the extruded 
(both mono- and bi-oriented) geogrids.  
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Figure 4. Pullout curves referring to the different geogrids (ex-
truded mono- and bi-oriented geogrids) at the same anchorage 
length (LR=1.15 m) and for different confining pressures [10 
kPa (Fig. 5a), 25 kPa (Fig. 5b), 50 kPa (Fig. 5c)]. 

 
The extruded geogrids, were in detail geometrical-

ly characterized by measuring, per unit area of the 
reinforcement, the spacing between transversal bars, 
the surfaces on which it is possible to mobilize the 
frictional and passive interaction mechanisms, after 
that were defined the number of transversal and lon-
gitudinal bars (Table 3). 

Figure 5 and Figure 6 show the peak pullout re-
sistance envelopes varying the normal effective con-
fining stresses, for extruded mono- and bi-oriented 
geogrids, respectively, in which the black symbol in-
dicate the confined  tensile failure. 
 

Table 3. Spacing between transversal bars (S), number of transversal 

(nt) and longitudinal (nl) bars, bearing (Ap) e frictional (Aa) surface 

per unit area, for extruded mono- and bi-oriented geogrids. 

 

Geogrid 
S 

[mm] 
nt nl 

Ap 

[mm
2
/m

2
] 

Aa 

[mm
2
/m

2
] 

GGEM1 240 4.17 52.63 18717 410000 

GGEM2 240 4.17 54.64 15107 380000 

GGEB1 56.92 17.6 14.9 70598 230000 

GGEB2 64.58 15.5 19.7 68530 250000 

GGEB3 27.82 35.9 23.3 151910 320000 

GGEB4 39.48 25.3 30.7 83359 310000 

 
Regarding the mono-oriented reinforcements, the 

GGEM1 geogrid, for all the applied vertical effective 
confining stresses, has showed values of the peak 
pullout resistance greater than the ones observed for 
the GGEM2 geogrid.  

These experimental results may be due to the dif-
ferent values of the surfaces on which it can be mo-
bilized the interaction mechanisms of passive and 
frictional types. 

In fact, for the GGEM1 geogrid these surfaces are 
greater (up about 8%) if compared to those that 
compete to the GGEM2 geogrid. These results are 
confirmed by applying the theoretical model devel-
oped by Moraci and Gioffré (2006), for the evalua-
tion of geogrid pullout resistance, which can be used 
in absence of interference phenomena between the 
geogrid bearing members.  
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Figure 5. Peak pullout resistance envelopes varying the normal 
effective confining stresses, for extruded mono-oriented ge-
ogrids. 

 
The extruded bi-oriented geogrids, instead, for all 

the values of the applied vertical effective stresses, if 
the geogrid tensile failure doesn’t occur, showed 
comparable values of the peak pullout resistance. 

These experimental results are particularly inter-
esting because it disagrees with the comparison be-
tween the values  of the overall frictional and passive 
surfaces on which it is possible to mobilize the inter-
action mechanisms.  



In particular, the GGEB3 and GGEB4 geogrids 
are those that have the higher values of frictional and 
passive surfaces when compared with the values cor-
responding to the GGEB1 and GGEB2 geogrids. On 
the other hand the GGEB3 and GGEB4 geogrids are 
those that exhibit the lower spacing values between 
the bearing members than the values measured for 
the GGEB1 and GGEB2 geogrids. 
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Figure 6. Peak pullout resistance envelopes varying the normal effec-

tive confining stresses, for extruded bi-oriented geogrids (black sym-

bol indicate the confined tensile failure). 

 
Therefore, the comparable values of the peak 

pullout resistance, in the same test conditions, are 
due to the interference phenomena between the pas-
sive failure surfaces, which are generated in front of 
the bearing members, and the active failure surfaces 
that are generated in the unloading stress areas at the 
back of these bars (Palmeira, 2004 and 2009). In this 
case, the theoretical model developed by Moraci and 
Gioffré (2006) is not applicable. 

Consequently, in order to study the interference 
phenomena, a new series of pullout tests, by remov-
ing some transversal bars from the GGEB4 geogrid 
specimens (LR = 0.90 m), with original spacing be-
tween the transversal bars equal to S = 39.5 mm, 
were performed. The specimens, thus obtained, are 
characterized by spacing between the transversal 
bearing bars equal to 86.7 mm and 129.8 mm, re-
spectively. 

Figure 7 shows the pullout tests results, carried 
out on GGEB4 geogrid specimens with an equal 
length LR = 0.90 m, varying the spacing between the 
transverse bearing elements. All tests were per-
formed at the vertical confining pressure equal to 50 
kPa. 

In particular, in the Figure 7 are reported the peak 

pullout resistance measured, under the same test 

conditions, for different geogrid mesh dimensions.  
The experimental results (Figure 7) show the ex-

istence of an optimum spacing, Sopt, which maxim-
izes the peak pullout resistance.  

In fact, when the transverse bars spacing is below 
the “optimum” value, the pullout response appears to 
be detrimentally affected by the interference between 
the bearing members, as above described. 
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Figure 7. Effect of the transversal bars spacing on the peak pullout re-

sistance for GGEB4 geogrid specimens. (LR=0.90 m, ’V = 50 kPa). 

 
On the other hand, when the transverse bars spac-

ing is above the “optimum” value, the pullout re-
sistance decreases because of the less number of 
bearing members that provide the passive resistance 
contribution to the overall pullout resistance. These 
results clearly demonstrate the significant effect of 
the spacing between the transversal bearing elements 
on the peak pullout resistance of the extruded ge-
ogrids.  

4.2 Influence of the soil type on pullout response 

The soil particles size is one of the factors affect-
ing the soil-reinforcement interface behaviour in re-
inforced soil structures (Jewell et al., 1984; Palmeira 
and Milligan, 1989; Jewell, 1990 and 1996; Lopes 
and Lopes, 1999).  

The size of soil particles relative to the size of the 
openings of the geogrid and of the thickness of the 
transverse bars affects the soil-geogrid interface 
shear resistance. 

In order  to study the influence of the type of soil, 
the results of pullout tests performed on three differ-
ent geosynthetics (GGEB1, GGEB2 and GGEB4) 
embedded in two different compacted granular soils 
(soil A and soil B) are compared (Figure 8).  

The soils and geosynthetics properties have been 
described in section 3. All the tests were performed 
under the same test conditions (relative density, 
normal effective confining stress and anchorage 
length). 

In particularly, the influence of the type of soil 
can be enhanced by comparing (Figure 8) the black 
lines curves (soil B) with the grey lines curves (soil 
A). These curves show that the higher pullout re-
sistance are always obtained with soil B.  



This result can be explained when considering 
that pullout forces are the integrals of the tangential 
stresses mobilized along the interface (along the ac-
tive length, that is the geogrid length mobilized in 
the anchorage zone). Such tensions, at equal length, 
structural characteristics, shape, tensile resistance 
and stiffness of the reinforcing elements, certainly 
depend on shear strength properties of the soil in 
contact with the reinforcement and therefore also on 
the soil particles size.  
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Figure 8. Pullout curves referring to 3 different geogrids 
[GGEB1 (Fig. 9a), GGEB2 (Fig. 9b), GGEB4 (Fig. 9c)] at the 
same anchorage length (LR=1.15 m), under different vertical ef-
fective confining pressures and embedded in 2 different soil 
types.  
 

However, a marked increase in soil-geogrid inter-
face shear resistance was observed when the soil 
contained a significant percentage of particles with 
sizes slightly greater than the thickness of the ge-

ogrid bearing members, but smaller than the geogrid 
openings. 
 
Table 4. Ratio between the equivalent thickness of the transver-
sal bars and the average diameter of soil particles for each dif-
ferent soil type - geogrid combinations. 
 

Geogrid 
Beq 

(mm) 

Beq/D50(soilA) 

(-) 
Beq/D50(soilB) 

(-) 

GGEB1 4.43 13.84 9.42 

GGEB2 3.29 10.28 6.99 

GGEB4 4.02 12.56 8.55 

 
 
The soil A is characterized by an average diame-

ter (D50) equal to 0.32 mm, while soil B (D50=1.47 
mm) has about 84% of the particles with larger di-
ameter of 0.32 mm and exhibited a diameter maxi-
mum equal to 4.75 mm (compared to 0.85 mm of the 
soil A) which is greater than the Beq of each investi-
gated geogrids. In particular, for all the geogrids ob-
ject of this comparison, the ratio Beq/D50 is lower 
than 9.42 when the inclusions are in contact with the 
soil B instead with the A the ratio is always lower 
than 13.84 (Table 4). 

Therefore, the marked increase in pullout re-
sistance at the soil-geosynthetic interface depend on 
the greater shear strength properties of the soil in 
contact and may also be due to the lower ratio be-
tween the equivalent thickness of the transverse bars 
(on which can mobilize the passive interaction 
mechanisms) and the average diameter of soil parti-
cles. 

5 CONCLUSION 

The experimental results presented in this paper 
have shown clearly the influence of the different pa-
rameters studied (geogrid geometry and type of 
soils) on the pullout response of different extruded 
geogrids in interaction with compacted granular 
soils. 

Particularly, with the increase of the surfaces on 
which passive and frictional interaction mechanisms 
can be mobilized, in the absence of interference phe-
nomena, is possible to note a corresponding incre-
ment of the peak pullout resistances mobilized at 
soil-geosynthetic interface. In contrast, when the 
proximity of the transversal bearing members pro-
duces interference phenomena (which occur all the 
more the spacing bars are near) the increases in the 
bearing surfaces are not associated with the increases 
of the peak pullout resistance. 

In the latter case, the effect of interference be-
tween the transversal bearing members shows the 
existence of an optimum spacing bars, Sopt, below 
which the pullout response appears to be detrimen-
tally affected by the interference phenomena. 



The structure of the reinforcement, in the experi-
mental conditions analysed, affects the geogrid 
pullout  behaviour in terms of pullout resistance due 
to the different geometries related to the production 
process that determines both the surfaces on which 
can be mobilized the passive and frictional interac-
tion mechanisms and the interference phenomena. 

Therefore, important is the role that plays the type 
of soil in which the inclusions are embedded. 

In fact, a marked increase in the pullout resistance 
was observed in the soil with better mechanical 
characteristics that, at the same time, contains a sig-
nificant percentage of particles slightly greater than 
the thickness of the bearing members, but smaller 
than the openings geogrids. 
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