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Non-linearity on pull-out test of cohesive soil using
low tensile strengths of geogrids
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Influence of geosynthetics inserted into cohesive granular soil was obviously investigated using geosynthetics-soil-interaction-testing device (ITD).
Observations were already made during undertaking pull-out test, and then the results revealed that a correlation between shear stress and normal
stress exhibits non-linear behaviour. In this paper, three approaches of trend-lines namely linear, logarithmic, and polynomial were compared. From
analysis, polynomial trend line gave the best correlation among others. The final equation is very important part when estimating more accurate
values of cohesion and friction angle design purpose.
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Introduction

Geosynthetics has already been applied worldwide in geot-
echnical engineering. Particularly geogrid, it is already used
such as basally reinforcement of embankments, retaining
walls and many other applications. For instance, applica-
tion of pull-out test can be used in case of inclusion of
geosynthetics with several layers for reinforcing a structure
of retaining wall.

Main aim of this paper is to determine an accurate
method when taking a coefficient of friction λ and coeffi-
cient of cohesion λc, when undertaking pull-out test.
Then, the second purpose is to introduce a simple mathe-
matical method to obtain them. The last one is to compare
several approaches used for analysing them in order to ob-
tain more accurate values.

Methodology and testing device

In these tests, six geogrids with tensile strengths ranging
from 30 to 40 kN/m are applied. These geogrids are mod-
erate tensile strength which raw materials are mainly PET
(Polyester).

Interaction-behaviour of geosynthetics and soil is an
important thing to be investigated for a reinforced struc-
ture. In recent years extensive studies have been done in
Geotechnical Institute at Freiberg of Mining and Technol-
ogy to bridge the gap of knowledge in geosynthetics soil
interaction [1,2,7].

Geosynthetics-soil-interaction-testing device (ITD) in
Geotechnical Institute of Technical University Bergaka -
demie Freiberg is a large shear frame device as described in

Figure 1. Not only for shear test, this device is also possible
to do other tests as for friction test and pull-out test. Di-
mension and range of performance are shown in Table 1.

The shear box encompasses a lower and upper shear
frame which each box has a volume of 250 cm3. Generally,
shear box can be filled a compacted soil ranging from 60
to 80 kg depending on kind of soil, water content, and de-
gree of compaction. Compaction of soil sample can be
done with a compactor after mixing it up homogeneously
using a mixing device.  

Table 1. Characteristic of ITD

Figure 1. Installation of sample and overview of ITD
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Geogrids used in tests

Geogrids used for pull-out test comprise six kinds of uni-
axial geogrids within range of medium tensile strength as
shown in Table 3.

Name of the test described in Table 3 can be explained
as follows: take an example for IPV-01-CS5-V7-112 that
IPV is the name of pull-out test, 01 means number of ge-

ogrid used, CS5 means Canitz soil by adding 50 percent
of fine sand, V7 means seventh number of test, 114 means
water content of 11.4%.

Shear behaviour of soil

There is a familiar equation used in estimating a shear stress
based on normal stress, cohesion, and friction angle. This
equation is so-called Mohr-Coulomb [3, 5], as shown in
Equation 1. 

Preparation of cohessive soil

Soil used in this research is a mixing of Canitz clay and fine
sand. In this compound soil, sand was added to Canitz clay
amount of 50% by weight. Characteristics of compound
soil used in the tests are shown in Table 2. 

In order to get a maximum density by using Proctor
compaction, great effort is really needed to determine cer-
tain water content in the soil. This was done by trial and
error approach and then plotting it to a planar surface of
paper, we obtain the maximum density which it is on a
peak of hyperbolic curve. Maximum density for the soil is
obtained when water content is around 11.3%. Grains dis-
tribution of the soil used in the test is shown in Figure 2.

Table 2. Characteristic of compound soil for the testing

Table 3. Tensile strengths of geogrids and names of pull-out test

Figure 2. Grains distribution of CS5
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Analysis and results

To analyze a number of pull-out tests from laboratory, sim-
ple way was applied. By using simple method of linear re-
gression with excel worksheet, three kinds of trend lines are
simply used to describe scatter patterns of laboratory plot-
ting data, namely linear, logarithmic, and polynomial [4].

In this analysis, we plots scatter pattern of correlation
between shear stress and normal stress to get friction angle
and cohesion, and then finally the closest trend line should
be chosen as the best trend line. Figure 3 shows distribution
of shear stress over normal stress from pull-out test namely
IPV-03-CS5-V1-112.

Figure 3 shows the correlation between shear stress and
normal stress resulted from laboratory pull-out test reveal-
ing non-linearity. Polynomial trend line between shear
stress and normal stress presents the closest correlation
among others with coefficient of correlation R= 0.9985.

Furthermore, Table 4 presents the correlation between
shear stress and normal stress for all types of geogrids used
in these tests. It is clear that inclusion of geogrids for all of
pull-out tests with six different geogrids shows that polyno-
mial trend line gives the highest coefficient of correlation R2.

Appropriate trend line is important thing when we will
predict value of cohesion, particularly in pull-out test. As
we know well that cohesion is important parameter of co-
hesive soil and influences behaviour cohesive soil. It will
have an effect on behaviour of composite material during
the test.

Distribution of coefficient of correlation R2 for three
equations can be seen in Figure 4. From the figure, the co-
efficients of correlation of linear and logarithmic are not
stable (fluctuated) compared with polynomial which poly-
nomial trend-line has R2 at least 0.9544.

It is important to understand that behaviour of com-
posite soil by inclusion of geogrid on pull-out test is not
linear but non-linear as findings resulted from six pull-out
tests. 
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Figure 3: Plotting of shear stress vs. normal stress and trend lines
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Discussion

There are three mathematical equations used in the analy-
sis, namely linear, logarithmic, and polynomial trend-lines.
In mathematical point of view, we can estimate that a pre-
diction will be accurate if trend-line between a distribution
of data and a prediction is close to a certain level or signif-
icant level. Here, coefficient of correlation R2 is used to pre-
dict them. The more higher the value means the prediction
is closer to data of measurement. 

From six tests, they show that the coefficients of correla-
tion R2 of polynomial equation provide the highest values.

In an equation, a coefficient of cohesion λc is intercept
or constant of the equations. Meanwhile, a coefficient of
friction λ is slope or gradient of the equation.

For simplicity, a linear equation is simpler but it will
provide different values for λ and λc. Besides that, using
non-linear approach will show that slope as the designated
coefficient of friction λ is changing at a normal stress.

Conclusion

Behaviour of composite soil with inclusion of geogrid on
pull-out test has already been presented using simple re-
gression analysis. Non-linearity of pull-out test, here, is ob-
served using of three equations namely linear, logarithmic,
and polynomial trend-line. Based on analysis, polynomial
give the best equation which coefficient of correlation R2

are the highest among other equations.
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Figure 3: Plotting of shear stress vs. normal stress and trend lines
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1 

IPV-01-
CS5-V7-
114 

y = 0.4056 x + 18.928 
y = 5.0723 ln(x) + 12.09 
y = - 0.00007x2 + 0.4078 x + 
18.914 

Linear, 0.9977 
Log., 0.9285 
Poly., 0.9977 

 
 
2 

IPV-03-
CS5-V1-
112 

y = 0.2731 x + 17.827 
y = 3.5376 ln(x) + 12.843 
y = - 0.0137 x2 + 0.6844 x + 
15.428 

Linear, 0.9176 
Log., 0.9947 
Poly., 0.9985 

 
 
3 

IPV-05-
CS5-V7-
116 

y = 0.7366 x + 11.442 
y = 7.827 ln(x) + 1.8328 
y = - 0.0107 x2 + 1.004 x + 
10.101 

Linear, 0.9883 
Log., 0.9680 
Poly., 0.9925 

 
 
4 

IPV-07-
CS5-V1-
112 

y = 0.4707 x + 10.624 
y = 5.0968 ln(x) + 4.2563 
y = - 0.0196 x2 + 0.9611 x + 
8.1726 

Linear, 0.9224 
Log., 0.9379 
Poly., 0.9544 

 
 
5 

IPV-09-
CS5-V2-
113 

y = 0.6934 x + 11.927 
y = 16.617 ln(x) - 23.509 
y = - 0.0178 x2 + 1.585 x + 
1.6741 

Linear, 0.9388 
Log., 0.9659 
Poly., 0.9605 

 
 
6 

IPV-11-
CS5-V3-
113 

y = 0.424 x + 10.87 
y = 9.8756 ln(x) - 9.8934 
y = - 0.0029 x2 + 0.2798 x + 
12.528 

Linear, 0.9800 
Log., 0.9530 
Poly., 0.9821 

 

Table 3. Tensile strengths of geogrids and names of pull-out test


