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Assessment of seismic behavior of improved ground by Sand Compaction Pile Method
using solidified iron and steel slag

Hiroki KINOSHITA, Koji ICHII, Takashi TSUCHIDA, Yoshiyuki MORIKAWA, Hidenori TAKAHASHI,
Haruhiko SHINOZAKI, Kenji Maruyama and Yasunori TAKAHASHI

The Sand Compaction Pile Method (SCP) is a major method to improve soft clay ground. Natural sand
is generally used as a filling material of SCP. However, iron and steel slag has been recently applied as a
new material because natural sand is difficult to be obtained in Japan. And, it is one of the important
problems to clarify seismic behavior in applying such a new material. In this study, the cyclic loading tests
using hollow cylindrical torsional test apparatus and dynamic centrifuge model tests were conducted to
investigate the seismic behavior of improved ground using iron and steel slag. Furthermore, the deformation
behavior of these materials is examined through simulation of the results of these tests by numerical analyses.

Key words: SCP method, Iron and steel slag, seismic behavior, dynamic centrifuge model test, numerical analysis
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Fig-1 Concept of cyclic loading test.
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Fig-2 Photo of cylinder test piece.
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Table-1. The test cases of cyclic loading.
Case Material of SCP | Area ratio
1-1 sand 30%
1-2 slag 30%
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Fig-5 Time historeis of double amplitude shear strain.
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Table-2. The test Cases of dynamic model test.

Case Material of SCP | Area ratio
2-1 Sand 58%
2-2 Slag 58%
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Fig-7 Input wave (horizontal acceleration).
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Fig-19 Comparison between test and analysis value.

Table-3 Parameters for analysis (Elements simulation).

Parameters Slag Clay
Porosity n 0.45 0.55
Poisson's ratio v 0.33 0.33
Initial shear modulus G,,(kN/ m’) 171900 1462
Initial bulk modulus K,,o(kN/m?) 448200 381
Standard confining pressure csmo'(kN/mz) 98 98
Parameters depending confining pressure mg, mg 0.5 0.5
Bulk modulus of pre water Kv(kN/m?) 2.2E+06]| 2.2E+06
Upper limit of dumping ratio h,,,, 0.129 0.200
Cohesion C(kN/m?) 0 16.9
Internal friction angle ¢ (°) 47.3 6.7
Phase transfomation angle ¢ (°) 28.0 -
sl 0.005 -
Parameters related to ‘;)Vll Vanaobls(i) -
dilatancy 02 0.50 .
cl 3.69 -
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Fig-20 Concept of layered element model.
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Table-4 Parameters for analysis (Reproductiv analysis of
dynamic centrifuge model test).

Sand Sand
Parameters Slag Clay (Dr=70%)| (Dr-90%) Gravel
Porosity n 0.45 0.55 0.45 0.45 0.45
Poisson's ratio v 0.33 0.33 0.33 0.33 0.33
Initial shear modulus 4255
Gy (kKN/m®) 171900 | ~13340[ 98700 | 104300 [ 180000
Initial bulk modulus 11000
K o(kN/m®) 448200 | ~34800f 257400 | 272000 | 469400
Standard confining pressure
o' (KN/m?) 98 98 98 98 98
Parameters depending
confining pressure mg, mg 0.5 0.5 0.5 0.5 0.5
Bulk modulus of pre water
Kv(kN/m?) 2.2E+06] 2.2E+06| 2.2E+06| 2.2E+06|2.2E+06
Upper limit of dumping ratio
Hinax 0.129] 0.200 0.32 0.32 0.24
Cohesion C(kN/m?) 0 0 0 0 0
Internal friction angle ¢ (°) 435 334 38.5 41 40
Phase transfomation angle ¢ ,(°) 28.0 - - - -
sl 0.005 - - - -
Parameters related to \;’11 5 28 - - - -
dilatancy 02 050 - - - -
cl 3.69 - - - -
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Fig-21  Analysis result (mesh deformation).

Line B

Caisson Sand

7 0.0m = Gravel

Horizontal displacements (m)

-1.50  -1.00  -0.50  0.00 o
8.0
/
‘X Line A Line C
6.0 Horizontal displacements (m)
i -0.60 -0.40 -0.20 0.00
0.0 T
4.0 N
I
I
X I
2.0 |
-2.0 : \
2 I o
Z 0 i I \
= I
E - |
\ = - } +
-2.0 g ~40 | T\
)
[a) ! \
Qi ‘ \
| \
-4.0 ! +
| — ] 6.0 : \ ¥
—+— Line A (Analysis) | | —+— Line A (Analysis) ‘*
~6.0 H —* Line B (Analysis) 4“ —— Line C (Analysis)| |
Line A (Test) 4 Line A (Test) |
Line B (Test) Line C (Test) (
8.0 \ \ -8.0 | : :

%Proto type scale

Fig-22 Comparison between test and analysis value.
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