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Experimental Study on Reinforcement Effect of Geosynthetics
for Surplus Soil, an Unsuitable Fill Material
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ABSTRACT

Surplus soil is commonly used at construction sites, because suitable fill material is not always immediately available and leads
to additional costs. However, most surplus soils do not meet the requirement of suitable fill material to achieve the stability
and strength of embankments. In this study, Proctor compaction tests and field compaction tests were performed by installing
geosynthetics to resolve the problems caused by compacting unsuitable soils. Compaction energy and the number of geosynthetics
were changed under the type A— and D~ and type A Proctor compaction tests (KS F 2312), respectively. The field compaction
testing using geosynthetics was performed on surplus soils of high water content. Optimum water content and maximum dry
density of compacted soil decreased and increased by reinforcing geosynthetics, respectively. Compaction curves behaved with
geosynthetics as the compaction curves behaved with higher compaction energy. Efficient compaction was possible because the
compaction energy increased to 2.10 and 2.71 times the compaction energy required to achieve the same maximum dry density
with one and two geosynthetic layer(s), respectively. Furthermore, field compaction tests verified that efficient compaction was
possible because the dry density of unsuitable surplus soils of high water content was increased by reinforcing geosynthetics.
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Table 1, Physical properties of soil

Lecs Specific gravity Natg;i‘tevfer Liquid limit Plastic limit Plasticity index Particle size
(Gs) o (LL, %) (PL, %) (PI) analysis
(W, %)
Sand : 65.52%
SM 2.66 39.62 4110 35.05 6.05 Silt : 26,88%
Clay : 7.60%
100
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Fig. 1. Particle size distribution curve of soil used in Proctor compaction tests
Table 2. Physical properties of PET mat
) Elongation Tensile strength Seam strength
Fiber type Product type (%) (KN/m) (kN/m)
Polyester Woven geotextile 20 100 50
Table 3. The type and conditions of compaction test
Contents Compaction test type No, of soil layers No. of blows per layer No, of geosynthetic layers
D—NR D 5 55 -
A-NR -
A-M1 A 3 25 1
A-M2 2

*Description of test name: D, Type D Ptoctor compaction test; A, Type A Proctor compaction test; NR, Proctor compaction test without
geosynthetics; M, PET mat; 1 and 2, Number of geosynthetic layers,
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(b) A-M1

Fig. 2. Type and method of A Proctor compaction test
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Table 4. Compaction test results

Contents Optimum moisture content, wop (%) Maximum dry density, Yamax (g/cm®)
D-NR 12.30 1,927
A-NR 14.35 1,784
A-M1 13.68 1.822
A-M2 13.08 1.849

*Description of test name: D, Type D Ptoctor compaction test; A, Type A Proctor compaction test; NR, Proctor compaction test without
geosynthetics; M, PET mat; 1 and 2, Number of geosynthetic layers,
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Fig. 4. Comparison of compaction curves obtained by installing PET mat (with and without PET mat) and by changing compaction
energy (A and D type) and number of reinforced PET mats (from one to two) in Proctor compaction tests

Table 5. Compaction energy

Compaction tvoe Weight of Rammer No, of soil No, of blows Volume of mold Compaction energy
P Y rammer (N) drop height (m) layers per layer (m°) (kN-m/m?)
D 44 1 0.45 5 55 22x10° 2470.6
245 0.30 3 25 1.0x10°° 551.3
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. Compaction energy (KN-m/m°)
W . Weight of rammer (kN)

H : Rammer drop height (m)

N, : Number of layers

N, : Number of blows per layer

: Volume of mold (m®)
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Table 6. The results of Proctor test

compaction tests using PET mat

Contents Optimum water content, Maximum dry density, Ratio of optimum water content | The ratio of maximum dry density
(Dopl <%) Vdmax (g/Cm3> (a)opt/a)opt of A_NR) (Vdmax/Vdmax of A_NR)
A-NR 14.35 1.784 1.0 1.0
A-M1 13.68 1.822 0,953 1.021
A-M2 13.08 1.849 0.91 1.036

*Description of test name: A, Type A Proctor compaction test; NR, Proctor compaction test without geosynthetics; M, PET mat; 1 and 2, Number

of geosynthetic layers,
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Fig. 5. Type A Proctor compaction test results without PET mat and with PET mat(s)
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Fig. 6. Compaction effort relative to dry density
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Table 7. Compaction effort affected by number of reinforced PET mat layers (type A compaction test)

Compaction effort, E. (kN-m/m°) Ratio of compaction effort
Water content, @ (%)
A-NR A-M1 A-M2 A-M1 / A-NR A-M2 / A-NR
10.0 1049.9 1316.1 1.90 2.39
12.3 11212 15229 2.03 276
14.4 5513 12272 15542 223 2.82
17.0 11912 1552.8 2.16 2.82
20.0 1199.7 15241 2.18 276

*Description of test name: A, Type A Proctor compaction test; NR, Proctor compaction test without geosynthetics; M, PET mat; 1 and 2, Number

of geosynthetic layers,
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(a) Installation of containers
measuring density of ground

(b) Passes of a vibratory single
drum roller

Fig. 8. Field compaction testing procedure

(c) Survey of elevations of both
PET mats and containers
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Table 8. Results of field compaction tests (Average dry density)

Non—reinforcement PET mat one layer PET mat two layers The ratio of maximum dry density
ot ) | 57 0 | i o | 278, | i o | B | (5 e o | 76 e e e

145 1.629 145 1.687 142 1,723 1.036 1.058

130 1.629 126 1.688 123 1723 1.036 1,058

90 1.630 89 1.690 86 1725 1.037 1,058

52 1.630 46 1.691 49 1728 1.037 1.060

15 1.632 12 1.692 12 1729 1.037 1.059
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