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A theoretical method to predict the pullout behaviour of extruded geogrids
embedded in granular soils
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ABSTRACT: Pullout tests are necessary in order to study the interaction behaviour between soil and geosyn-
thetics in the anchorage zone; hence the test results have direct implications in the design of reinforced soil struc-
tures.A new theoretical method to determine the pullout behaviour of extruded geogrids embedded in a compacted
granular soil was developed. In particular, in the theoretical method: the frictional and the bearing component of
the pullout reistance of geogrids are evaluated by simple equations (considering the scale effects negligible), the
mobilisation of both frictional and bearing components of pullout resistance were determinated using the load
transfer functions approach and the geometry of the elements on which the bearing resistance mobilizes, the soil
dilatancy effects and the geogrid extensibility were taken into account. The comparison between theoretical and
experimental results showed a good agreement, thus confirming the reliability of the proposed approach.

1 INTRODUCTION

Pullout tests are necessary in order to study the interac-
tion behaviour between soil and geosynthetics in the
anchorage zone; hence the resulting properties have
direct implications on the design of reinforced soil
structures.

In order to analyse the internal stability of rein-
forced earth structures, it is necessary to evaluate the
pullout resistance of reinforcement, mobilized in the
anchorage zone.

The pullout resistance in a pullout test can be
described by the following equations:

where PR = pullout resistance (per unit width);
L = reinforcement length in the anchorage zone;
σ ′

v = effective vertical stress; φ′ = soil shear strength
angle; fb = soil–geosynthetic pullout interaction coef-
ficient;µS/GSY = soil–geosynthetic interface apparent
coefficient of friction; F* = pullout resistance factor;
and α = scale effect correction factor account for a
non-linear stress reduction over the embedded length
of highly extensible reinforcements (FHWA, 2001).

The soil–geosynthetic pullout interaction coeffi-
cient fb may be determined by means of theoretical
expressions (Jewell et al., 1985), whose limits have

been investigated by different researchers (Moraci
and Montanelli, 2000; Palmeira and Milligan, 1989),
or by back-calculation from pullout test results. In
this case previous experimental studies (Moraci and
Montanelli, 2000; Palmeira and Milligan, 1989) have
shown that the values of fb are largely influenced by
the choice of the value of the soil shear strength angle.

According to FHWA (2001) the scale effect cor-
rection factor can be obtained from pullout tests on
reinforcements with different lengths or derived using
analytical or numerical load transfer models which
have been “calibrated” through numerical test simula-
tions. In the absence of test data, α = 0.8 for geogrids
and α = 0.6 for geotextiles.

Nevertheless, it is important to define the role of all
the design (and test) parameters on the mobilisation of
the interaction mechanisms (frictional and passive) in
pullout condition, including geosynthetic length, ten-
sile stiffness, geometry and shape, vertical effective
stress (acting at the geosynthetic interface) and soil
shear strength. In the present paper, on the basis of
the test results obtained by the authors (Moraci and
Recalcati, 2006; Moraci and Gioffrè, 2006), a new the-
oretical method to determine the pullout response of
extruded geogrids embedded in a compacted granular
soil was developed.

The proposed method is able to evaluate both
the passive and the frictional components of pullout
resistance taking into account the reinforcement exten-
sibility and geometry, as well as, the non linearity of
the failure envelope of the backfill soil. This paper
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deals with some results of the theoretical research car-
ried out in order to evaluate the pullout behaviour of
extruded geogrids.

1.1 The pullout resistance

The main interaction mechanisms affecting the pullout
resistance of extruded geogrids are the skin friction
(Fig. 1a), between soil and reinforcement solid sur-
face, and the bearing resistance, that develops against
transversal elements (Fig. 1b).

The pullout resistance of a geogrid, assuming that
the different interaction mechanisms act at the same
time with maximum value and that they are inde-
pendent of each–other, may be evaluated using the
following equation:

where PRS is the skin friction component of pullout
resistance and PRB the bearing component of pullout
resistance.

According to the experimental results obtained by
Moraci and Recalcati (2006), which may explain the
different behaviour of the three geogrids used in the
research and according to the previous analytical work
carried out by the authors (Moraci and Gioffrè, 2006),
the determination of the pullout resistance of geogrids
embedded in granular soil for which the scale effects
are negligible (i.e. S/B larger than 40 and S/d50 larger
than 1000) may be evalutated using the equation:

where CαS is the reduction coefficient of geogrid area
where skin friction develops; nt = (LR/S) is the number
of geogrid bearing members; ntb = number of nodes in
a transversal element;Ab is the area of each rib element
where the bearing resistance can be mobilized; σ’b is
the bearing stress.

In order to separate the two components of the pull-
out resistance it is possible to perform pullout tests on
geogrid specimens where a portion of transverse rein-
forcing elements are removed (Alagiyawanna et al.,
2001; Alfaro et al., 1995; Matsui et al., 1996; Palmeira
and Milligan, 1989). Therefore experimental research
was carried out to evaluate and calibrate the load
transfer curves essentials to validate the proposed
method.

Figure 1. The two mechanisms for bond between reinforce-
ment and soil (Jewell et al., 1985).

2 LOAD TRANSFER CURVES:
EXPERIMENTAL RESEARCH

2.1 Test apparatus and materials

The load transfer curves evaluation was carried out
performing pullout tests on a HDPE geomembrane
(Fig. 2a) and on a HDPE extruded mono-oriented
geogrid with isolated transversal bar (Fig. 2b) by vary-
ing the applied vertical effective pressures (10, 25 and
100 kN/m2). The displacement rate was 1.0 mm/min
in all tests.

The test apparatus used is composed by a pullout
box (1700 × 600 × 680 mm), a vertical load appli-
cation system, a horizontal force actuator device, a
special clamp, and all the required instrumentation
(Moraci and Recalcati, 2006). For the geogrid, a more
detailed analysis of the transversal bar geometry has
also shown a non-uniform shape with greater thickness
at the rib intersection. The passive interaction mech-
anisms develop both at the node embossments and at
the transversal bars. Therefore, the node embossment
and the transversal bar geometry have been carefully
determined to calculate the effective passive resistance
surfaces.

A granular soil was used in these tests. The soil
was classified as a uniform medium sand with unifor-
mity coefficient U = d60/d10 = 1.5 and average grain
size d50 = 0.22 mm. Standard Proctor compaction tests
gave a maximum dry unit weight γdmax = 16.24 kN/m3

at an optimum water content wopt = 13.5%.
The results of pullout tests are reported in Figure 3,

that shows the frictional stress τ versus the displace-
ment d, measured at the edge attached to the clamp,

Figure 2. Pullout tests on a HDPE geomembrane (a) and
on a HDPE extruded mono-oriented geogrid with isolated
transversal bar (b).
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Figure 3. Load transfer curves: experimental results.
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for the HDPE geomembrane and the bearing stress σ’b
versus the displacement d for the geogrid with isolated
transversal bar. The different curves on the graphs are
referring to the different applied confining pressures.

Tests performed both on HDPE geomembrane and
on geogrid with isolated transversal bar show a strain
softening behaviour, with a progressive decrease of
pullout resistance after the peak.

3 THE METHOD

The load-transfer method is probably the most widely
used technique to study the settlement of single axially
loaded piles, and is particularly useful when the soil
behavior is clearly nonlinear.

The proposed simple method involves modeling the
geogrid as a series of elements supported by discrete
nonlinear springs, which represent the resistance of
the soil in skin friction (τ-d springs), and a nonlinear
spring at the transversal bar representing the bearing
(σ’b-d) spring.

The springs are nonlinear representations of the
shear stress τ and of the bearing stress σ’b mobilization
versus displacement (d) as shown schematically in
Figure 4.

The method may be summarized in the following
way:

– The geogrid can be divided in n elements within
transversal bars (Fig. 5);

– Considering the element n, it assumes a displace-
ment dn;

– Evaluate the passive stress σ’b using the load trans-
fer curve σ’b-d and then the passive component Pn

RB
using the following expression:

– Assuming a displacement dgn in the middle of the
element n (in first analysis dgn = dn), it can possible
evaluate the frictional stress τ using load transfer
curve τ-d;

PR
transversal bar

geogrid

Figure 4. Idealized model used in load transfer analyses.
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Figure 5. Method scheme used in load transfer analyses.

– The pullout resistance at top of the block n can be
evaluated using the following expression:

– Block deformation can be evaluated, assuming a
linear variation of load:

where

– A new displacement in the middle of the block n can
be evaluated:

– When the difference between |dgn – dgn*| is less than
a tolerance, it is possible to pass to the next block
n-1 evaluating the pullout resistance Pn−1

– It is proceeded until obtaining the values PR and d
at the top of geogrid.

– Repeating the procedure for various values of db it
is possible to obtain the pullout curve (PR, d).

According to experimental results on a HDPE
extruded mono-oriented geogrid with isolated transver-
sal bar and on a HDPE geomembrane (see Table 1
and Table 2), the validation of the method was carried
out using simplify transfer load curves (Fig. 6). The
load transfer curves for friction stress component of
pullout resistance are schematized as a bilinear model.
The load transfer curves for bearing stress are schema-
tized with an non linear model taking into account the

Table 1. Load transfer curve: Frictional stress component.

σ ′
v τmax d(τmax) τmin d(τmin)

[kN/m2] [kN/m2] [mm] [kN/m2] [mm]

10 5 3.00 2.5 100.00
25 15 3.00 7 100.00

100 45 3.00 28.5 100.00

Table 2. Load transfer curve: Bearing stress component.

σ ′
v Ti d(σ ′

b max) σ ′
b max σ ′

b min
[kN/m2] [–] [mm] [kN/m2] [kN/m2]

10 2000 20 1200 670
25 2000 20 1600 980

100 2000 20 5200 2800
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Figure 6. Load transfer curves used: a) friction stress
component; b) bearing stress component.

decrease of bearing stress after the peak value. Using
the following expression:

– Friction stress component

– Bearing stress component

Table 3. Structural characteristics of the different geogrids.

Wr Wt Br Bt Ab

(mm) (mm) (mm) (mm) (mm2)

GG1 11.26 6.6 3.80 3.57 66.35
GG2 11.86 6.0 4.65 4.48 82.03
GG3 12.36 5.5 5.16 4.85 90.45

Figure 7. Schematic cross section of the geogrid bar.
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Figure 8. Geogrid GG1: Comparison of pullout curves for
LR = 0.40 m.

4 EXPERIMENTAL VALIDATION OF
PROPOSED METHOD

In order to verify the stability of the algorithm and
the reliability of the numerical results, the developed
method is applied and compared with experimen-
tal results obtained by Moraci and Recalcati (2006)
using the simplify experimental load transfer curves
obtained for the three applied vertical effective pres-
sures (10, 25 and 100 kN/m2) investigated.

Reader may obtain the test details on geotechnical
observation, test procedure and instrumentation etc. in
Moraci and Recalcati (2006).
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Figure 9. Geogrid GG1: Comparison of pullout curves for
LR = 0.90 m.
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Figure 10. Geogrid GG1: Comparison of pullout curves for
LR = 1.15 m.

A more detailed analysis of the transversal bar
geometry has also shown a non-uniform shape with
greater thickness at the rib intersection. The pas-
sive interaction mechanisms develop both at the node
embossments and at the transversal bars. Therefore,
the node embossment and the transversal bar geom-
etry have been carefully determined to calculate the
effective passive resistance surfaces.

The results of this analysis are reported in Table 3,
where Wr and Br are, respectively the node width
and thickness; Wt and Bt are, respectively the width
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Figure 11. Geogrid GG2: Comparison of pullout curves for
LR = 0.40 m.
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Figure 12. Geogrid GG2: Comparison of pullout curves for
LR = 0.90 m.

and thickness of the bar portion between two nodes
(Fig. 7), andAb is the effective area of each rib element
(composed of the node embossment and of the bar
portion between two nodes At +Ar) where the passive
resistance can be mobilized.

The direct comparison between experimental data
(symbols) and numerical results (continuous and bro-
ken lines) show in Figures 8–16.

The presented comparisons clearly illustrate the
application of the above formulation. The proposed
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Figure 13. Geogrid GG2: Comparison of pullout curves for
LR = 1.15 m.
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Figure 14. Geogrid GG3: Comparison of pullout curves for
LR = 0.40 m.

method predicts the experimental behavior well, both
in terms of the peak pullout resistance and in terms
of the residual pullout resistance, especially for low
applied confining stress investigated.

Vice versa, the comparison between experimental
data and numerical results for high applied confining
stress are mainly influenced by the method assumption
of a displacement at the bottom of geogrid therefore in
this simple theoretical method is difficult to evaluate
the geogrid rupture achieved for long reinforcement at
high applied confining stress.
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Figure 15. Geogrid GG3: Comparison of pullout curves for
LR = 0.90 m.
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Figure 16. Geogrid GG3: Comparison of pullout curves for
LR = 1.15 m.

5 CONCLUSIONS

Comparison between the theoretical and experimental
results permits the following conclusions to be drawn:

– the proposed method predicts the pullout curves
well, especially for low applied confining stress;

– using this method it is possible to predict the pull-
out response for different reinforcement lengths
and stiffness and different confining stresses on the
base of simple pullout tests performed in order to
evaluate the load transfer curves.
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