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ABSTRACT

Sand compaction pile (SCP) is a ground improvement method which is used to secure the stability of the soft ground by using
a type of replacement pile filled with coarse grained material. The behavior characteristics of the SCP, which is frequently
used for improving both the onshore and offshore ground, is governed by the ground condition, the installation method, and
replacement ratio. Therefore, the stability of the SCP in terms of the bearing capacity and displacement needs to be evaluated
considering both the design values and in—situ conditions of construction site. In this study, numerical analysis is carried out
based on the conditions of 00 revetment construction site in South Korea where unexpected displacement occurred during
construction of SCP. Based on the analysis results, the displacement of the revetment structure according to the replacement
ratio of the SCP was compared to the result calculated from design formulas. The results showed that the lateral displacement
can be exceeded the reference value from proposed criteria regardless of increased replacement ratio of SPC. It is also confirmed
that the behavior of the structure according to the replacement ratio of SPC in not reflected in the existing calculation methods.
Therefore, the stability of the SCP composite ground should be examined through the site inspection after the SCP construction.
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(a) Bulging failure

(b) General shear failure
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Fig. 1. Failure modes of sand compaction pile (Barkesdale and Bachus, 1983)

2 siEXpRIARISISE=RE M173 KBS



Table 1. Suggested formula to compute bearing capacity of composite ground (Kim and Lee, 2004)

Author Suggested formula Failure mode
Greenwood 1+ sing,
= 2K 2¢ JK s
(1970) Dt (ﬂ/(‘ z pC + Cu pC )( 1— Sll’l(ﬁbs )
_ , . 1+ sing,
\/eS\C(1972> G = (Cu E + q F;[ ) (m )
Hughes et al 1+ sing, ) .
: 4, + —
(1975) Gup = e, +0, )( Sm%) Bulging failure
Mori 1+sing,
h+ —_—
(1979) Gue = O57h+56,)( 1—sing, )
Hansbo ) 1+ sing,
(1994) Gun = (0,456, 1—sing, )
(1) gy =2(K - q +2¢ JE.)+3aK A, - (1— L)L)
Qe = 'pe 0] Cu pe ALY, oH K
. applied when the settlement is small
(1—sin?e, )
(qO = 3Cu , a = )
Wong (1+sin’g, )
(1975) 1
@ g4 = (K - q+2, \/K,m)(?) Shear failure
. applied when the settlement is large
(1—sing, )
=1.5 = 's
(g =15, &, (1+sing, )

Madhav and Vitkar
(1978)

1
Dt = Cujva + gryntB‘/v"r + Dfﬁ/cjvq

Where, ~, : unit weight of the clay, z : depth of composite ground, ¢, : undrained shear strength of cohesive soil, (;55 . internal friction angle
of sand(gravel), q : effective stress at equivalent failure depth, K;m . passive earth pressure coefficient of cohesive sall, E , Fq . coefficient
of cavity expansion with pile diameter,a'w " initial lateral stress, a : pile diameter, K&, : active earth pressure coefficient of pile, H : pile length,
q - vertical stress at soil surface, B : loading width, D; : embedded depth of foundation, N, N, N, : bearing capacity factor
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Fig. 2. Cross—section of revetment construction site
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c: a\'e.rage vertical stress. ) A sectional area of sand compaction pile
o :vertical stress oncohesive soil A : cross sectional area of original ground
o :vertical stress on sand compaction pile and sand compaction pile

On : lateral stress at surface of sand compaction pile
@:: intemal friction angle of sand compaction pile

Fig. 3. Conceptual drawing of bearing mechanism in SCP
composite ground (Murayama, 1962)
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Fig. 4. Numerical model of revetment construction site (a,= 53%)

Table 2. Input parameters

for numerical model of revetment construction site

. Concrete ) ) Rubble mound (rubble
Description block Fill Backfill mound foundation) Clay SCP
) ) Mohr Mohr ) Mohr Mohr
Material model Flastic Coulomb Coulomb Elastic Coulomb Coulomb
Young's modulus (MPa) 20000 50 50 50 10 80
Poisson’s ratio 0.2 0.35 0.35 0.3 0.3 0.3
Unit weight
(KN/m) 25 19 19 18 16.7 18
Cohesion
- 1 1 1 4 1
(kPa) 9 9 0 9 0
Internal friction angle (°) - 25 25 40 25 35
Coeff|C|ent(sr:/sr;ermeab|l|ty _ > % 10° 2 % 10° 5 % 107 5 % 10° 5 % 10°

Table 3. Summary of numerical analysis programm

Case no, * (%) Analysis results
Case 1 0%
Case 2 20%
Vertical I
Case 3 10% ertical Asett ement
Lateral displacement
Case 4 53%
Case 5 60%
Case 6 20%
Case 7 40%
Ultimate bearing capacity
Case 8 53%
Case 9 60%

*a: area replacement ratio
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Fig. 5. Displacement of concrete block according to area
replacement ration of SCP
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Table 4. Analysis results of vertical and lateral displacement

Area replacement ratio Displacement of concrete block
(%) Vertical displacement (mm) Lateral displacement (mm)
0 130 310
20 48 66
40 47 51
53 44 45
60 36 41

Table 5. Criteria of lateral movement for bridge abutment (Bozozuk, 1978)

Description Vertical (6,) and lateral (4,) movement Note
Criteria I J, >100mm, ¢, >50mm Intolerable
50mm < 6, < 100mm
Criteria II N Harmful but tolerable
25mm < ¢, <50mm
Criteria III 5, <50mm, 8, <25mm Tolerable
Load (kN) Table 6. Ultimate bearing capacities according to area re—
5 0 500 i 000 1, 500 2,000 2,500 3,000 p|acement ratio
"“8“86333,3-“..““ Area replacement ratio (%) Ultimate bearing capacity (KN)
°6 AA“A‘
5 ""“ou, 1.t 20 1,290
o 0%, fa,
oy a oo;_ ‘A‘ 40 1,430
: g R
= 10 A a S S 53 1,690
c o s .,
£ a °x, % 60 1,900
= a ox .
8§ 15 ° %,
o °x 2000 T
Area replacement ratio, a, a 55
: .,
20 + 020% o° 40% a L 1,900 T v
0 0 a ..
=53% 460% “ 1,800 +
25 = ° 1,700 1
Fig. 6. Load—settlement curves of SCP composite ground g 1,600 --_ _________________
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