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1 INTRODUCTION

Reinforced soils are composite materials composed of soils
and reinforcements. China claims a history of several thousands
of years in the application of reinforcement in soils using natural
plants in the construction of houses and city walls. About 1822
Colonel Plasley introduced reinforced-soil technique into British
army and started to use woven cloth as reinforcement materials
In 1960s, French Engineer Henri Vidal proposed the concepts
and design methods of reinforcement soils based on triaxial test
results. Successful application was followed in the construction
of a highway reinforcement retaining wall based on the proposed
design method(Vidai 1969). As a result, the research and
application of reinforcement soils developed rapidly, which
observed wide application of metal materials and precast
reinforced concrete as tension components in reinforced soils.
Geosynthetics found its application in geotechnical engineering
around 1950s. With the advancement of technology and
development of new products, geosynthetics have shown their
superior performance and gradually become prime tension
components in reinforced soils. Geogrid is one type of
geosynthetics with high strength and low strain and is
particularly appropriate for tension materials in
soil-reinforcement engineering.

Conventional trial tests have been used in the study on
deformation and strength behavior of reinforced soils. Sands and
clayed soils are usually used with reinforcement materials as
geotextiles, geogrids, metal nets and plastic nets(Gray et al 1986;
Schlosser et al 1974; Long et al 1983; Broms 1977; McGown et
al 1978; Chandrasekaran 1988; Ling et al 1994; Ingold et al
1983). Due to the anisotropic properties of composite reinforced
soils, the condition in conventional triaxial tests is not similar to
states in real structures, which makes deformation and strength
parameters based on conventional triaxial tests inappropriate in
the direct application of engineering design. A new approach in
the study on the deformation and strength mechanism of
reinforced soils is based on super-size triaxial tests using
real-world soils and reinforcement material(Fukushima et al
1988).

In order to investigate deformation behavior of granular
materials, a rigid box with water balloon lining was designed
to conduct 7 groups of super-size triaxial compression tests
varying geogrid spacing and density of compacted gravels.
Vertical load—defomaiton curves were recorded for

geogrid-reinforced gravel specimen ( with a dimension of 1m in
length, 1m in width, and 2m in height) under different lateral
pressure.

2 LABORATORY TEST

2.1 Test Equipment

All tests were conducted in a rigid box. Samples have a length
of 1m, a width of 1m and a height of 2m. Lateral pressures are
applied through water-balloon lined in the test box while vertical
loads are produced by jacks through a rigid plate. Test
configuration is presented in Figure 1.
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Figure 1. Test Configuration(cm)

2.2 Material properties

Geogrid used in this study is SDL-25 with tension curve
presented in Figure 2. The ultimate tension capacity is averaged
at 29.24kN/m with ultimate elongation rate of 10.32%. Average
tension forces for elongation rates of 2% and 5% are 11.44kN/m
and 20.77kN/m, respectively.

Maximum diameter of granular materials is less than 20mm
and is crushed from cobble stones with gradation curve
illustrated in Figure 3.
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Figure 2. Tension curve of Geogrid
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Figure 3. Gradation Curve

2.3 Test design

Seven laboratory tests were conducted to simulate different
influencing factors in geogrid-reinforced gravels. Three factors
were considered in this study: 1) geogrid reinforcement spacing
(without reinforcement 0.5m spacing 0.3m spacing); 2) density
of compacted gravels ( 20kN/m3 20kN/m3), and 3)
lateral pressure ( 3=0 20kPa 3=40 60kPa). Table 1 lists
all test conditions.

Table 1. Test condition

No. S pacing 3

(kPa) (kN/m3)

1 w ithout geogrid 00 20 20
2 0.5m 00 20 20
3 0.3m 00 20 20
4 w ithout geogrid 40 60 20
5 0.5m 40 60 20
6 0.3m 40 60 20
7 w ithout geogrid 00 20 20

2.4 Test steps

Detailed steps are listed as follows 1)install test box, water
balloon, and locating plank. 2)gravel compaction in layers with
a thickness of 0.2 0.3m and measure density and moisture
content of each layer; 3)install top loading plate and loading
jack 4)fill water balloon and remove the plank 4)connect
pressure device, apply pre-loading (1kPa) and measure initial
displacement 5)increase loading gradually with stable state of
0.01mm/30min 6)increase load to pre-defined amount or stop
loading when under instable state 7)uninstall loading
configuration, excavate compacted gravels and prepare for the
next test.

3 TEST RESULTS

3.1 Specimen State

Table 2 lists compaction state for all specimens.The density
varies between 19.37 19.53kN/m3 for tests No.1 to No.6 with

an average of 19.48kN/m3 and a difference of 0.16kN/m3

Moisture content varies from 4.98 to 6.98% with an average of
5.73% and a difference of 2% The density of test No. 7 is
20.31kN/m3 Data in Table 2 shows good compaction state with
table physical parameter.

Table 2. Test State

No density
(kN/m3)

moisture
(%)

1 19.51 5.45
2 19.37 6.34
3 19.53 4.98
4 / 6.98
5 19.51 5.57
6 / 5.03
7 20.31 /
Note average density from No.1 to No.6:
19.48kN/m3 average moisture: 5.73%

3.2 Loading Test

Table 3 lists test data of laboratory investigation.

4 ANALYSIS OF DEFORMATION BEHAVIOR

4.1 Analysis of deformation behavior of Specimens No.1, No.2
and N

With lateral pressure of 0 20kPa and = 19.48kN/m3, the
influence of reinforcement spacing (without reinforcement, 0.3m
spacing, and 0.5m spacing) on deformation is illustrated in
Figure 4. Compared to specimen without geogrid reinforcement,
vertical deformation can be respectively reduced 8.26%, 16.52%,
54.15%, 54.74% (an average of 33.35%) with reinforcement of
0.5m spacing under an overloading of 34.64kPa, 69.28kPa,
103.92kPa, 138.56kPa (an equivalent of 1.73m, 3.46m, 5.20m,
6.93m soil thickness). Under the same test condition, vertical
deformation can be respectively reduced 31.88%, 58.40%,
57.42% (an average of 49.23%) under an overloading of
69.28kPa, 103.92kPa, 138.56kPa (an equivalent of 3.46m, 5.20m,
6.93m soil thickness), a more effective reinforcement situation.
For reinforcement with spacing of 0.3m and 0.5m, the
deformation differences range from 5.92 to 18.40% (an average
of 11.20%). For overloading of 69.28kPa (an equivalent of
3.46m soil thickness) deformation difference is 18.40%. For
overloading increased to 103.92kPa(an equivalent of 5.20m soil
thickness) deformation difference reduces 9.27%, For
overloading increased to 138.56kPa(an equivalent of 6.93m soil
thickness) deformation difference reduces 5.92%, which
indicates that reinforcement effectiveness has been reduced with
decreasing geogrid spacing and an increase in engineering cost is
inevitable. Economic analysis is critical in real design to make
optimum engineering decision.
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(confining pressure 0 20kPa)

(k
N

/m
)

(%)

(mm)

Specimen
Specimen
Specimen
Specimen
Specimen
Specimen



1259

4.2 Analysis of deformation behavior of Specimens No.4, No.5
and No.6

With lateral pressure of 40 60kPa and = 19.48kN/m3, the
influence of reinforcement spacing (without reinforcement, 0.3m
spacing, and 0.5m spacing) on deformation is illustrated in
Figure 5. Compared to specimen without geogrid reinforcement,
vertical deformation can be respectively reduced 35.95%,
38.08%, 28.18%, 16.40%, 8.39%, 5.21%, 9.96% with an average
of 16.96% with reinforcement of 0.5m spacing under an
overloading of 34.64kPa, 103.92kPa, 138.56kPa, 173.20kPa,
207.84kPa, 242.48kPa, 277.12kPa (an equivalent of 1.73m,
5.20m, 6.93m, 8.66m, 10.39m, 12.12m, 13.86m soil thickness).
A unique situation deserving further consideration is that
deformation reduction decreases within 10% when overloading
intensity increases over 200kPa (an equivalent of 10m soil
thickness). The greater the loading intensity is, the smaller the
reinforcement effect has. This test also indicates that small
reinforcement spacing or stronger reinforcing materials need to
be replaced when the geogrid reaches limit state. With
reinforcement spacing reduced to 0.3m, deformation can be
respectively reduced 72.72%, 56.46%, 46.24%, 46.09%, 54.40%,
37.26%, 38.73% (with an average of 50.27%) under an
overloading of 69.28kPa, 103.92kPa, 138.56kPa, 173.20kPa,
207.84kPa, 242.48kPa, 277.12kPa (an equivalent of 3.46m,
5.20m, 6.93m, 8.66m, 10.39m, 12.12m, 13.86m soil thickness),
which results in greater effectiveness and greater ultimate
loading. For reinforcement with spacing of 0.3m and 0.5m, the
deformation differences range from 25.14 to 50.22% (an average
of 32.82%). For overloading of 103.92kPa, 138.56kPa,
173.20kPa, 207.84kPa, 242.48kPa, 277.12kPa, 311.76kPa,
346.40kPa (an equivalent of 5.20m, 6.93m, 8.66m, 10.39m,
12.12m, 13.86m, 15.59m, 17.32m soil thickness), deformation
differences are 29.68%, 25.14%, 35.52%, 50.22%, 33.81%,
31.95%, 27.34%, 24.82%. The reinforcement effect is still
significant even under high loading intensity and greater
equivalent soil thickness which also suggest that the
reinforcement spacing is a complicated problem and needs
orchestrated laboratory investigation for making rational design
decision.

4.3 Analysis of deformation behavior of Specimens No.1, No.3
and No.7

The influence of compaction state ( = 19.48kN/m3 =
20.31kN/m3 ) and reinforcement spacing (without grid and 0.3m
spacing) on deformation is presented in Figure 6 with confining
pressure of 0 20kPa. Without geogrid reinforcement,
deformation can be respectively reduced 37.61%, 63.69%,
83.08%, 83.44% with an average of 66.96% with density
increased from = 19.48kN/m3 to = 20.31kN/m3 (an
increase of 4.26%) under an overloading of 34.64kPa, 69.28kPa,

103.92kPa, 138.56kPa (an equivalent soil thickness of 1.73m,
3.47m, 5.20m, 6.93m). Under similar loading condition, 0.3m
spacing geogrid-reinforced gravels with = 19.48kN/m3,
vertical deformation can be respectively reduced 31.88%,
58.40%, 57.42% (an average of 49.23%) under an overloading of
69.28kPa, 103.92kPa, 138.56kPa (an equivalent of 3.46m, 5.20m,
6.93m soil thickness). Compared to specimen state with density
of = 19.48kN/m3 and reinforced with geogrid in 0.3m
spacing,deformation can be respectively reduced 46.70%,
59.32%, 61.10%, 38.88% (an average of 51.50%) under an
overloading of 69.28kPa, 103.92kPa, 138.56kPa, 152.42kPa (an
equivalent of 3.46m, 5.20m, 6.93m, 7.62m soil thickness) when
compaction density increases to = 20.31kN/m3 (an increase of
4.26%) without geogrid reinforcement. This scenario strongly
indicates that an increase in compaction specification can
effectively reduce deformation of granular materials.
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Figure 5. Deformation Curve
(confining pressure 40 60kPa)
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(confining pressure 0 20kPa)

Table 3. Deformation Data
Vertical displacement ( mm )Axial Stress

( kPa )
h
( m ) No.1 No.2 No.3 No.4 No.5 No.6 No.7

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
34.64 1.73 1.09 1.0 3.185 2.04 0.68
69.28 3.46 6.72 5.61 4.578 1.63 2.44
103.92 5.20 32.91 13.691 5.56 3.91 5.57
138.56 6.93 74.86 33.88 31.874 6.52 12.40
152.42 7.62 / 38.744 23.68
173.20 8.66 / 16.065 13.43 8.66 /
207.84 10.39 / 22.148 20.29 10.10 /
242.48 12.12 / 33.106 31.38 20.77 /
277.12 13.86 / 52.489 47.26 32.16 /

/ /294.44 14.72 / 55.26
311.76 15.59 / 66.85 48.57 /
346.40 17.32 / 81.18 61.03 /
381.04 19.05 /
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5 CONCLUSION  

Geogrid reinforcement can significantly reduce deformation 
under vertical loads. For geogrid-reinforcement of 0.5-m-spacing 
and geogrid-reinforcement of 0.3-m-spacing, deformation is 
respectively reduced from 8.26% to 54.47% with average of 
33.35% and 31.88% to 58.40% with an average of 49.23%, 
under test configuration of  = 34.64 ~ 138.56 kPa, 3 = 0 ~ 
20 kPa, and  = 19.48 kN/m3, compared to conditions without 
geogird reinforcement. More significant effects were observed 
for test configuration of = 34.64 ~ 277.12 kPa, 3 = 40 ~ 60 
kPa, and  = 19.48 kN/m3. For geogrid-reinforcement of 
0.5-m-spacing and geogrid-reinforcement of 0.3-m-spacing, 
deformation is reduced from 5.21% to 38.08% with average of 
16.96% and 37.26% to 72.72% with an average of 50.27%, 
respectively, compared to conditions without geogird 
reinforcement.  

Increase in density of compacted gravels can greatly reduce 
deformation under vertical load application. With compacted 
density increased from 19.48 kN/m3 to 20.31kN/m3 under 
vertical pressure between 34.64 to 138.56 kPa and lateral 
pressure between 0 to 20 kPa without geogrid reinforcement, 
deformation is reduced from 37.61 to 83.44% with an average of 
66.96%. Compared to geogrid-reinforced gravels with a spacing 
of 0.3m and compacted density of 19.48kN/m3, deformation in 
samples without geogrid-reinforcement having a compacted 
density of 20.31kN/m3 is reduced from 46.70 to 61.1% with an 
average of 51.50% 
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