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Abstract. The increased use of geogrids in highway pavement subbase layer reinforcement applications has resulted in
a need to better understand the soil-geogrid interface properties for the use in analysis and design. For this purpose, a
series of laboratory large scale pullout tests was carried out with three different aperture size geogrid samples randomly
sampled from a single manufacturer. It was found that geogrids are unique in their pullout performance within pave-
ment subbase layer structure based on their aperture sizes. Analysis indicates a strong relationship between pullout
performance and geogrid aperture size of geogrids at moderate normal stress levels. Such findings aid in selection of
appropriate geogrid types for subgrade and subbase interface reinforcement purposes. Further experimental analysis
was conducted to investigate the wide-width tensile test performance for the same samples used in the pullout tests in

this study.
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1. Introduction

Geogrids are the products of choice for subbase and sub-
grade stabilization and base reinforcement applications.
Spreading of vertical loads due to heavy traffic loads is
maintained by the interlock between each aggregate par-
ticles. Geogrids confine and increase the strength of sub-
base layers resulting in an increased long-term pavement
performance. Geogrids provide reinforcement to the base
and subbase aggregate layers of pavements due to their
high resistance to elongation besides to their ability to in-
terlock with the surrounding aggregates. Geogrids con-
tribute to the long-term performance of pavement sub-
base layers because of their ability to confine. In recent
years, the use of geogrids for soil reinforcement has incre-
ased greatly due to their high tensile modulus properties
(Phanikumar et al. 2009).

Geogrids are used mainly in asphalt pavement road
applications to provide reinforcement to the unbound
subbase pavement layer and to stabilize the low bearing
capacity subgrade layer. The amount of lateral movement
under these two layers can be reduced greatly by provi-
ding a geogrid within the subbase pavement layer. Parti-
al penetration of aggregate materials through the geogrid
apertures results in interlock of the subbase and subgra-
de aggregate particles. The reinforcing system, depending

on geosynthetics tensile characteristics, can minimize the
vertical settlements between high quality fill material and
poor foundation soils resulting in an increased road per-
formance (Palmeira, Antunes 2010).

Geogrid type, number of geogrid layers and depth of
the geogrid in the reinforced soil are important for bea-
ring capacity of geogrid. The test results showed both qua-
litative and quantitative relationships between the bearing
capacity and the geogrid parameters (Alamshahi, Hataf
2009). The geogrid aperture shape effects and its bearing
capacity were investigated by Dong et al. (2010) and it was
found that the triangular aperture size geogrid was more
effective than the rectangular aperture size geogrid (Dong
etal 2011).

Geogrids are reinforcement materials with varying
aperture sizes consisting of a combination of transverse
and longitudinal polymer ribs. The intersection of the ribs
has very high strength which prevents the lateral move-
ment of the ribs under stress. These transverse and lon-
gitudinal ribs provide passive interface shear strength
against the pullout forces (Sert, Akpinar 2011).

The soil-geosynthetic interaction mechanisms can be
very complex, depending on the type and properties of the
geosynthetic and the soil (Palmeira 2009). Specially, new
theoretical methods related to stability of granular soils

ISSN 1822-427X print / ISSN 1822-4288 online

http://www.bjrbe.vgtu.lt

doi: 10.3846/bjrbe.2012.22



The Baltic Journal of Road and Bridge Engineering, 2012, 7(2): 160-168 161

are presented in literature (Abusharar et al. 2009; Moraci et
al. 2012). Pullout mechanism is closely related to geome-
trical grid parameters including rib spacing and transverse
rib diameter (Palmeira, Milligan 1989), aggregate particle
size and soil moisture content (Jewell 1990). The pullout
load is usually determined as a total of the lateral bearing
resistance of the geogrid ribs and the friction effect betwe-
en geogrid surface and the soil (Palmeira 2004).

A lof of studies related with geogrid types and mesh
geometries focused on quantifying the various pullout
mechanisms (Lopes, Ladeira 1996; Sugimoto et al. 2001)
and geogrid reinforcements (Kongkitkul et al. 2010; Rowe,
Taechakumthorn 2011; Yeo, Hsuan 2010).

Moraci and Gioftre (2006) compared the pullout test
results conducted on the three different geogrids with
the same normal stress and embeded anchorage lengths.
They observed that peak interface apparent coefficient
of friction of soil-geogrid interface was strongly affected
by the shape geogrids geometry and applied confining
stress but less affected by the geogrids longitudinal tensile
stiffnesses and reinforcement length.

Teixeira et al. (2007) reported that soils reinforced
with geogrids may indicate higher interface shear strength
compared to the unreinforced soils. Palmeira (2004) sho-
wed that passive ressistance occuring in front of the geo-
grid decreased the pullout shear mobilization between soil
and transverse ribs.

Several studies have shown that geosynthetics are
effective reinforcement structural materials for long term
pavement performance. Subaida et al. (2009) explained
in their study that it was possible to reduce the base layer
thickness of the pavement as long as the geosynthetic ma-
terial cost was less than the base material. This is important
particularly for developing countries where geosynthetics
are costly. They also showed that benefits of using geosynt-
hetic depend on the quality of the geosynthetic material
and the thickness of the pavement layer. Other researchers
(Montanelli, Cancelli 1999; Ghosh, Madhav 1994; Perkins
1999) have found that soil-geosynthetic interaction and
subgrade strength are important parameters in reinforce-
ment mechanisms of pavements layers.

Alagiyawanna et al. (2001) showed that longitudinal
members contribute more resistance to pullout forces than
transverse members of the geogrid. This is due to the fact that
higher elongations occur in the longitudinal direction.

In this study, three types of rectangular aperture size
geogrids are analysed between the pavement subbase layer
and compacted subgrade layer. For this purpose, pullout tests
were carried out with three different aperture size geogrid
samples randomly sampled from a single manufacturer. Pul-
lout tests and wide-width tensile tests were compared.

2. Experimental studies

2.1. Pullout tests

Pullout tests are performed in laboratory conditions to de-
termine resistance of geogrids to pullout. The purpose is
to simulate the field conditions and compare the geosyn-
thetic material performance. A special designed large scale

pullout test device built at Karadeniz Technical University,
Trabzon, Turkey was utilized to perform the pullout ex-
periments. Geogrid samples were tested under 35 kPa ver-
tical pressures three times for repeatability purposes. All
the pullout tests were performed at a displacement rate
of 5.0 mm/min until the geogrid samples were ruptured.
The tests were performed under displacement control of
5.0 mm/min to capture the shear strength-displacement
response envelope.

The pullout test box used in the experimental pro-
gram is shown in Fig. 1. The pullout test device was compo-
sed of a rigid pullout box, vertical and horizontal pistons,
a clamping system and measurement sensors (pressure
gauges, strain gauges that have 5000 microstrain capacity,
vertical and horizantal LVDTs) and data acquisition sys-
tem. Pressure gauges and strain gauges were provided by
Tokyo Sokki Kenkyujo Company. Two types of pressure
gauges were used for laboratory tests: 200 mm diameter
and 2 MPa measurement capacity KDA-PA/KDB-PA gau-
ge and 50 mm diameter from 200 kPa to 2 MPa measure-
ment capacity KDE-PA/KDE-PA gauge. KM strain gauges
have +5000 x 1076 strain measurement capacity. 100 mm,
500 mm and 1000 mm measurement capacity LVDTs were
provided by TDG Company to measure the lateral and
vertical displacements.

Fig. 1 shows the general view of the pullout test equi-
pment used in this research program. The dimensions
of the test-box are 1000 mm (length), 1000 mm (width),
800 mm (height). The ASTM standard Standart Test Met-
hod for Measuring Geosynthetic Pullout Resistance in Soil
specifies the dimensions of large-scale pullout test boxes to
be larger dimensions such as 610 mm long, 410 mm wide,
and 300 mm high.

The pullout test device was mainly made of steel pro-
files that were interconnected with bolts. The loading plate
and vertical piston were built to apply vertical pressures.
To measure vertical displacements value, 1000 mm capaci-
ty LVDT was placed near the vertical piston.

The subgrade and subbase soils were filled from the
back side of the box and was compacted after the back
side was closed with the “U” profile steels. Each layer soil
was compacted at 0.2 MPa stress level which was obtained
from the field study under a roller compacter as shown in
Fig. 2. As the the roller compacter passed over subbase lay-
er, the 200 mm pressure gauge located on top of the layer
measured the compaction stress. A 15 t force capacity ho-
rizontal piston system clamped by metal clamp was used
to pullout the embeded geogrid samples. Two 500 mm
capacity LVDTs, placed left and right side of the tensile ap-
aratus, were used to measure geogrid’s horizontal displace-
ment. 24 channel data acquisition system was used during
the pullout tests to record the data.

Typical pavement loads of 80 kN single axle load
and 700 kPa pressure load are considered for pavement
designing (Wu 2007). According to 2002 Guide for the
Design of New and Rehabilitated Pavement Structures
the equivalent single axle load (ESAL) for heavy vehicles
was determined as 80 kN (18000 Ib) in the U.S. Accor-
ding to the studies of Priest et al. (2005), Mulungye
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Fig. 1. Schematic view of the pullout apparatus. Not to scale and all dimensions are given in mm

et al. (2007) and Fang et al. (2007), the axial load of
80 kN was chosen. Park (2008) found that tire pressures
on pavement ranged from 550 kPa to 890 kPa. Priest
et al. (2005) accepted the vertical pressure on subba-
se layer as 35 kPa. In this study, for determining tire
contact pressure, measurements were obtained in field.
Heavy truck loads were measured on the field by using
the 200 mm diameter pressure gauges installed on top
of asphalt pavement layer and subbase layer. The mea-
sured pressures ranged from 550 kPa to 790 kPa on top
of the pavement surface and from 31 to 33 kPa on top
of the subbase layer. In each test, 35 kPa vertical pressu-
re and ESALs of 80 kN were applied during the lateral
pullout force by the vertical piston in the pullout tests in
accordance to the field and previous study.

Fresh specimen was randomly cut from the sam-
ple rolls of the geogrid material. Three types of biaxial

Fig. 2. 200 mm diameter pressure gauge and roller compacter
compacting the subbase layer

geogrid samples randomly sampled from a bacth of their
product were used in the testing program. These geo-
grids were 5050 mm, 40x40 mm, and 30x30 mm aper-
ture size geogrids as shown in Fig. 3. 50x50 mm aper-
ture size refers to 50x50 mm. Prior to performance of
the pullout tests, the geogrids were visually inspected

5050 mm

Fig. 3. Three types of different aperture size geogrids

40x40 mm

30x30 mm
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and no defects were found. Biaxial geogrid samples can
carry loads applied in x-y directions in the plane of the
geogrid.

Table 1 summarizes the properties of the subbase and
subgrade soil and Fig. 4 shows the gradation curve for the
two soil materials used in the tests. First, the subgrade soil

Subbase-subgrade materials gradation curves
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Fig. 4. Gradation curves for subgrade and subbase layer soils

Table 1. Properties of the subbase and subgrade soil used in the
pullout test experiments

Property Unit  Subgrade  Subbase
Liquid limit % 23 -
Plastic limit % 18 Nonplastic
Max dry unit weight kN/m3 18.23 19.1
Friction angle ° 274 34.2
Cohesion kPa 29.21 13.4

Fig. 5. Pressure gauge and strain gauge placements on top of the
subbase layer. Plan view of pressure gauge and and strain gauges

Table 2. Mechanical characteristics of geogrids

was placed in the half of the box, then the geogrid wsa lay-
ed and finally the subbase material was spread and com-
pacted. Optimum water content of subgrade material was
18% and subbase material was 4.7%.

Loose granular subgrade fill material was placed in
100 mm lifts. The total fill thickness of 800 mm was main-
tained prior to pullout testing. The subgrade soil was initi-
ally dried (110.5 °C) and later it was compacted inside the
box at a moisture content of 4.7%.

Pressure gauges with 1MPa capacity shown in Fig. 5
were located approx 70 mm above and below the geogrid
samples to measure the vertical pressure distributions. The
50 mm diameter pressure gauges were aligned near to the
pullout box edge. The strain gauges were placed next to the
pressure cells. One big pressure cell (¢ = 200 mm) with a
2 MPa capacity was positioned in the middle of the pullout
box.

One of the special features of this device was the plexi-
glass windows on both sides of the pullout box device and
the digtial image processing. 300 mm long and 150 mm
plexiglass windows opened on right and left sides of the lar-
ge scale pullout test box and the digital camera were used
to measure the geogrid sample displacements. The pullout
test device with plexiglass windows and digital image pro-
cessing is the first application at literature.

The digital image method was used to quantify the la-
teral and vertical displacements of geogrid samples inside
the box during the pullout tests. The digital image process
allowed to determine the displacements on the x-y coordi-
nates of scale meters which were placed on the plexiglass
window during construction of the device. The variations
of displacement of grid members in the longitudinal di-
rection were found to be insignificant. This is due to the
fact that the soil above, below and inside the geogrid aper-
ture imposed high constraint. It is worth noting that the
magnitudes of the settlements in the subbase layer were
non-uniform due to the soil characteristics and the non-
uniform vertical pressure distribution. The reinforced sub-
base was subjected to an average settlement of 20 mm.

It can be said that when geogrid ribs with varying aper-
ture sizes are combined with a subbase aggregate, it produ-
ces a mechanically stabilised layer with no lateral (mini-
mal) displacements. As long as high strength junctions and
stiff ribs are provided with effective mechanical interlock of
aggregate particles into the aperture, the permanent defor-
mation of subbase layer is expected to result in high resi-
stance. According to tensile tests, mechanical properties of
geogrids are shown in Table 2.

Aperture dimensions Unit 50x50 mm 40x40 mm 30x30 mm
Test No. 1 2 3 1 2 3 1 2 3
Load (at peak value) kN/m 5.64 5.76 5.76 2.8 2.72 2.64 3.52 2.32 3.32
Strain (at ultimate) % 25 25.5 23 25 11 15 75 14 26
Strain (at peak value) % 11 9 10 5 5 6 23 7.5 10
Displacement (at peak value) ~ mm 40 26 30 14 16 17.5 70 22 26
Displacement (at ultimate) mm 87 75 68 76 32 45 80 43 76
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2.2. Wide-width tensile test

Wide-width tensile strength experimental analysis was
conducted on same geogrid samples used in the pull-
out testing program. For this purpose 300 mm wide and
300 mm long geogrid samples were tested under wide-
width tensile test device. The wide-width tensile tests were
performed on geogrids with a fixed cross-section area un-
til the geogrids break apart. The tests showed typical plas-
tic deformation.

3. Results and analysis

3.1. Pullout shear strength results

Pullout shear strength test results showed that the interac-
tion between the given subbase soil and geogrid has been
perfect for the pullout interface strength design of these
structures. All the studied geogrid samples especially the
50x50 mm aperture size geogrid showed a higher mutual
effect with the subbase soil.

Fig. 6 demonstrates the pullout strength versus dis-
placement results under normal pressure equal to 35 kPa.
As seen in Fig. 6, the 40x40 mm aperture size geogrid and
30x30 mm aperture size geogrid have shown close pullout
strengths. The 30x30 mm aperture size geogrid has shown
some more durability to pullout force but when it starts
to rupture, it quickly looses its durability and shows less
displacement than the 40x40 mm aperture size geogrid.
The 50x50 mm aperture size geogrid has given ideal re-
sults of durability and displacement values. The durability
which it showed until the rupture point is approximately 2
times higher than of the 30x30 mm and 40x40 mm aper-
ture size geogrids. Just like the other geogrid versions the
50x50 mm aperture size geogrid’s pullout load graphic has
shown increasing inclination until the rupture point. The
geogrids showed an increasing stress-strain relationship to
the yield point, then failed after this point.

Mechanism of full interaction between geogrid sam-
ples and soil was obtained during the pullout tests. In this
study S/D ratios (the bearing member space ratio) of 12.5,
13.3, and 10 were obtained for 50x50 mm, 40x40 mm,
30x30 mm aperture size geogrids, respectively. S is the di-
mensions of geogrid and D is the member thickness. These
S/D values were slightly higher than in the previous study
by Jewell (1990), since their geogrid samples and loading
conditions were slightly different. In this study, no lateral
displacements were observed on the geogrid samples indi-
cating mechanism of full interaction. This is mainly due to
the high S/D ratio of the geogrid samples. As geogrid aper-
ture dimensions become larger, pullout strength increases.
This result can be explained according to the previous stu-
dies. Study from Palmeira and Milligan (1989) indicated
that the pullout strength is highly affected by S/D (the be-
aring member space ratio). Higher pullout strength from
geogrid bearing members can be obtained as the S/D ratio
increases, according to Jewell (1990). Max interface shear
or mechanism of full interaction can be achieved as the
S/D ratio reaches 10.
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Fig. 6. Load-horizontal displacement curve from aperture size

geogrids
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In this study, the pullout peak strength values for all
types of geogrids were calculated as 6.66 kN/m, 2.48 kKN/m,
3.38 kN/m for 50x50 mm, 40x40 mm, 30x30 mm aperture
size geogrids, respectively (Fig. 6). The average value can
be computed as 4.17 kN/m. Similar pullout strengths were
reported by Teixeira et al. (2007).

The digital image process indicated that the variation
of displacement of the longitudinal members was found
to be insignificant. As shown in Fig. 7, no lateral displa-
cement indicates that aggregate particles are constrained
within the geogrid aperture resulting in an improved
subbase pavement layer performance life. It can be said
that when combined with a suitable subbase aggregate
geogrids with varying aperture sizes produces a mecha-
nically stabilised layer with no lateral displacements. The
high strength junctions of the apertures (no ruptures were
observed) allowed strong interlock of aggregate particles.

The findings of this study demonstrated performance
differences between geogrids with varying aperture sizes.

It is important to note that these conclusions are based on
research performed with three different aperture size ge-
osynthetic reinforcing materials compacted between the
subgrade and the subbase soil layers.

3.2. Vertical stress distribution

Table 3 summarizes the statistical analyses of stresses ob-
tained at top and bottom of geogrid level. According to
Table 3 for test number 1 the stresses measured by sensor
1, 2, 3, and 4 located at the bottom of 50x50 mm aper-
ture size geogrid gave high standard devition stress value
of 35. The average stress value was computed as 49 kPa
which was almost 3 times higher than the stress value of
14 kPa. Similar trends were observed for tests number 2
and 3 which gave standard deviation values of 18.01, 12.1,
respectively. For all tests and sensors of 50x50 mm aper-
ture size geogrid at the bottom of geogrid level, it was ob-
served that average value 36 kPa and standart deviation as
21.7. When it was compared between bottom and top of

556 170 557 170 1 1 0
433 1685 434 165 1 1 U]
55 15 255 154 0 0 L]
15 1 115 124 o o o

Fig. 7. Initial (left) and final image (right) and the immediate displacement values. The first photo is obtained at the
beginning of the test and the second one is obtained at the end of the test

Table 3. Vertical stress distribution

Bottom of geogrid level, kPa Stan- Top of geogrid level, kPa Stan-

Geogrid Test Ave- da{d Ave- dal:d
types No. Sensor No. rage dg‘g: Sensor No. rage dé‘(l)lr?'

1 2 3 4 5 6 7 8

1 91 14 27 64 49 351 113 18 13 39 4575 462

2 54 39 17 56 415 1801 63 73 4 29 4225 317

20x30mm - 4 14 5 16 3 175 121 22 31 14 75 355  27.23
Average 53 193 20 5133 36 2173 66 406 103 4767 41.16 3504

1 5 17 21 40 2075 145 1 2 3 55 1475 2551

2 31 13 16 18 195 7.9 25 16 17 9 1675 655

40x40mm 4 26 19 32 13 225 826 40 41 16 66 4075  20.41
Average 20.6 163 23 2367 2091 1022 22 196 12 4267 2408 17.49

1 5 6 19 - 10 781 5 7 11 - 766  3.05

2 17 3 65 26 2775 197 2 11 109 101 5575 57.08

30x30mm 3 7 16 36 17 19 1219 155 11 20 31 5425 676
Average 9.66 833 40 215 1891 1323 54 966 467 66 3922  42.57
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50x50 mm aperture size geogrid levels, it could be seen
that at the top of geogrid level average vertical pressure
value of all test numbers and all sensors was 16% higher
than those of bottom geogrid level. Similarly, standart de-
viation value at top level was 66% higher than at bottom
level. According to Table, in the event of using 40x40 mm
aperture size geogrid, the average vertical pressure of top
of the geogrid level was 1.2 times and standart deviation
was 1.7 times higher than those of bottom of the geogrid
level. For 30x30 mm aperture size geogrid, at the top of
geogrid level vertical pressure value was almost 2 times
higher than the stress value at the bottom of geogrid and
standart deviation was 3 times higher than standart devia-
tion of bottom of the geogrid level. For test number 1 the
stresses measured by sensors 5, 6, 7, and 8 located at the
top of 40x40 mm aperture size geogrid was calculated as
14 kPa which was almost 14 times higher than the stress
value of 1 kPa at the test number 1 the stress measured
by sensor 1. For test number 1 the stresses measured by
sensor 5, 6 and 7 located at the top of 30x30 mm aperture
size geogrid, stress values obtained from sensors and their
average value were comparatively adjacent. According to
these determinations, it is worth saying that the vertical
stress distribution composed at different level in pullout
box was non-uniform.

3.3. Wide-width tensile test results

Further experimental analysis was conducted on the same
samples to investigate the wide-width tensile strength
properties. Wide-width tensile tests of the longitudinal
ribs were performed with unconfined geogrid specimens
based on the ASTM standard Standart Test Method for
Tensile Properties of Geotextiles by the Wide-width Strip
Method. Table 4 shows the wide-width tensile test results
for all geogrid samples tested. The results for 30x30 mm
geogrid aperture size indicate average tensile strength of
3.42 kN/m and max elongation of 10%. Larger values were
observed for 50x50 mm aperture size geogrid (5.7 kN/m
and 10%, respectively). Using the tensile peak strength re-
sults, it was checked that tensile strength properties of the
50x50 mm aperture size geogrids were better than those of
40x40 mm (2.68 times higher) and 30x30 mm (1.95 times
higher) aperture size geogrids. Comparison of the test re-
sults showed that unconfined geogrid wide-width tensile

strengths were about the same as that obtained from pull-
out strength tests per unit width as shown in Table 3. The
wide-width tensile strength values of geogrids were about
0.1 kN/m to 1 kN/m lower than their pullout strength
strength values per unit width. In the case of 50x50 mm
type geogrids, the extra pullot strength values were 1 N/m
above the wide-width tensile strength values. The differ-
ences between the pullout and wide-width test results are
due to the difference in clamping mechanisms, unconfine-
ment, and unconfinement conditions.

According to statistical analyses on tensile test
results shown in Table 4, for three types of geogrids
(50x50 mm, 40x40 mm, 30x30 mm) standart deviation
of peak strength value was lower than residual strength
value. On the contrary, in pullout tests standart deviation
of peak strength value was higher than residual strength
value. In the pullout tests, standart deviation values were
not small and probably it was due to interlocking with
geogrid and soil particle. Soil material properties, aggre-
gate dimensions and surface friction state can be effective
parameters in this regard.

As demonstrated by this study, it was found that ge-
ogrids are unique in their pullout performance within pa-
vement subbase layer structure based on their aperture
sizes. These findings throw light on the relative importan-
ce of geogrid aperture size in pullout performance tests,
but they should be viewed with a caution due to the lack
of historic data on additional factors affecting long-term
field subbase-subgrade layer performance of asphalt pave-
ments.

4. Conclusions

The findings of this study are limited to laboratory tests.

It is possible that these findings may vary if conducted on

the field for long term subbase-subgrade pavement layer

performances. The main conclusions concluded from this
study are:

1. All three geogrid types showed almost no lateral dis-
placement. The lateral displacement of the subbase is
prevented and the geogrid is successful in confining the
subbase layer and subgrade soils. It is clear that high
resistance to permanent deformation of subbase layer
can be achived by stiff ribs providing interlock of soil
particles into the aperture.

Table 4. Pullout and wide width tensile strength values of the geogrid samples

Aperture size geogrid

5050 mm 40x40 mm 3030 mm

Test No. Ave- Std. Test No. Ave- Std. Test No. Ave- Std.

1 2 3 rage  dew. 1 2 3 rage  dewv. 1 2 3 rage  dew.
Tensile test, KN/m

Peak 5.64 5.76 5.76 5.72 0.05 2.8 2.72 2.64 2.71 0.08 3.52 - 3.32 3.42 0.14

Residual 3.1 5.1 3.4 3.86 0.88 2.1 1.9 1.65 1.88 022 2.9 - 2.5 2.7 0.28
Pullout test, KN/m

Peak 776 656 566 6.66 0.86 3.04 24 2 2.48  0.52 32 3.6 336 3.38 0.2
Residual 4.2 3.9 3 3.7 0.5 1.8 1.3 1.1 1.4 036 1.55 1.45 1.23 1.41 0.163
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2. Pressure sensors installed on top and bottom of the ge-
ogrid samples indicated that the geogrids reduce the
vertical stress significantly by distrubuting the ver-
tical load to a wide range over the subgrade soil. The
reduction in the vertical stress on top of the subgrade
was 12%, 14%, 52% for 50x50 mm, 40x40 mm, and
30x30 mm aperture size geogrids, respectively. This
important finding indicates that smaller aperture size
geogrids can improve the subgrade bearing capacity in
terms of vertical stresses.

3. The pullout peak strength values for all types of geogrids
were calculated as 6.66 kN/m, 2.48 kN/m, 3.38 kN/m
for 50x50 mm, 40x40 mm, 30x30 mm aperture size
geogrids, respectively. The 50x50 mm aperture size
geogrid has given ideal results in terms of the pullout
force. The aperture structure of a 50x50 mm geogrid
exhibits the highest mutual effect with the surrounding
subbase soil, and this characteristic allows the geogrid
to be used as a prime reinforcement for subbase struc-
tures.

4. The mechanical ultimate strain values were measured as
24%, 17%, 20% for 50x50 mm, 40x40 mm, 30x30 mm
aperture size geogrids, respectively, and also peak
strain values were measured as 10%, 5% and 13.5% for
50x50 mm, 40x40 mm, 30x30 mm aperture size ge-
ogrids, respectively.

5. According to the results of wide-width tensile tests,
peak tensile strength properties of the 50x50 mm aper-
ture size geogrids were better than those of 40x40 mm
(2.68 times higher) and 30x30 mm (1.95 times higher)
aperture size geogrids. This is due to the fact that the
50x50 mm aperture size geogrids had the highest elon-
gations of 10%.

6. Comparison of the test results showed that unconfined
geogrid wide-width tensile strengths were about the
same as that obtained from pullout strength tests per
unit. The wide-width tensile strength values of geogrids
were about 0.1 kN/m to 1 kN/m lower than their pull-
out strength values per unit width.

7. It was found that strains at failure observed during ten-
sile tests were roughly of the same magnitude as those
at failure during the pullout shear strength tests.
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