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An Experimental Study on the Behavior of
Composite Ground Improved by SCP and GCP
with Low Replacement Ratio
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2 2 o dFoAE 1= WE Ay} o]FRojx|x] k& X8 SCP(sand compaction pile) % GCP(gravel
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Abstract  This paper presents the results of laboratory tests conducted to investigate the effectiveness of
applying methodology of a sand compaction(SCP) and a gravel compaction pile(GCP) on soft ground. The test
conditions involved relatively low replacement ratios (=10, 20, and 30%) of a pile to unit cell at 1g (gravity
acceleration) level. Results revealed that GCP significantly enhanced bearing capacity, settlement reduction, and
consolidation rate compared with SCP.
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[Fig. 3] Grain size distribution curves of used soils
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[Table 2] Test conditions

Al
. rea . Applied load for
Applied | replacement | Diameter of consolidation
method ratio, pile(cm) ’
kP:
a, (%) p.(kPa)
12.6(a,=10%),
SCP, 10, 20, 30 | 17.9(a,=20%). 50, 100, 150
. =, 0
GCP £l » S i El £
22.0(a,=30%)
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[Table 3] Consolidation settlements of composite ground
(unit : mm)
SCp SCP
Composite Ground Composite Ground

10% | 20% | 30% 10% | 20% | 30%
50kPa 582 | 445 | 237 | 408 | 414 15.1
100kPa | 76.8 | 56.0 | 44.0 | 69.1 593 | 322
150kPa 859 | 653 | 478 | 772 | 623 | 37.1
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[Fig. 6] Consolidation settlements of composite ground
(a)Applied load(p,)-Settlement

(b)Area replacement ratio(a, )-Settlement
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[Table 4] Predicted consolidation settlements

a. | Measured | Predicted settlement

((72) (mm) o ® ® Average

10 85.9 87.3 | 108.1 | 90.4 95.3
SCP 20 65.3 68.4 | 129.8 | 68.7 88.9

30 47.8 60.1 51.8 | 53.1 55.0

10 772 784 | 793 | 775 78.4
GCP | 20 62.3 622 | 613 | 62.6 62.0

30 37.1 523 | 572 | 412 50.2

(D : Hyperbolic method, @ : Asaoka method,

® : Moden method
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[Table 5] Stress concentration ratios of composite ground

SCP GCP
Composite Ground Composite Ground
10% 20% 30% 10% 20% 30%
50kPa 3.8 23 1.9 1.6 3.1 33
100kPa 2.7 3.6 2.6 1.6 3.0 12
150kPa 23 1.4 1.9 1.6 3.1 12
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[Table 6] Degree of consolidation of composite ground

(unit : %)
SCP GCP
Composite Ground Composite Ground
10% 20% | 30% 10% | 20% | 30%
50kPa 82.2 783 | 98.6 | 8l.1 78.1 99.3
100kPa 78.6 837 | 943 | 853 | 92.1 97.0
150kPa 77.4 820 | 61.1 75.0 | 79.0 | 78.8
Average | 79.4 81.3 84.6 | 80.5 83.1 91.7
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[Table 7] Comparisons of ultimate bearing capacities

Ultimate
a, bearing S q, (GCP)
(%) capacities, (mm) q, (scp)
q, (kPa)
SCP 10 43 11.5 -
Composite | 20 96 13.2 -
Ground | 39 138 270 -
GCP 10 61 252 1.42
Composite 20 113 15.5 1.18
Ground | 3 181 19.0 131
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[Fig. 8] Replacement ratio-bearing capacity relationships
by loading tests
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