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Prediction of Residual Deformation and Seismic Performance
for Cement-Treated Countermeasure
Koji Ito
Abstract

This paper describes a simplified procedure to assess residual settlement, as well as a numerical procedure
to assess the seismic performance of a cement-treated countermeasure installed in liquefiable ground. A
simplified prediction method for residual deformation was derived using the conventional standard liquefaction
assessment method in combination with the standard design chart for the cement-treated countermeasure.
The resulting predicted residual settlement of the ground was acceptable in comparison with the measured
settlement resulting from an artificial earthquake experiment performed on-site. Numerical analyses that take
into account the material nonlinearity of a cement-treated body were carried out to investigate two different
types of problems: (a) clarification of the performance of a lattice-type countermeasure and (b) determination
of a rational design for a block countermeasure. The results showed that the material nonlinearity of a
cement-treated body should be considered. Furthermore, the relative displacement of the underground
structure decreased with an increase in the width of the cement-treated body, thus confirming that our proposed
numerical procedure is capable of providing a rational design for a cement-treated countermeasure in terms of
seismic performance.
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Table 1 JHIRILHIE L RREVE T & (RHUE)
Liquefaction Assessment and Residual Settlement on

Original Ground

e[ TR - M. M=7.5. v,=0.65, a,—=2350Gal

ol B B TS IR IV RV T I ol
1.0 42.1 | 0.60 0.49 [1.23] — —
2.0 32.2 | 0.60 0.48 [1.25 | — —
3.0 27.8 | 0.60 0.47 [1.26 | — —
4.0 25.2 | 0.46 0.47 [0.99 | 1.0 | 1.0
5.0 23.4 | 0.34 0.46 [0.74 ]| 1.0 | 1.0
6.0 22.1 | 0.28 0.45 [0.62] 1.0 | 1.0
7.0 21,1 0.26 0.44 [0.58 ] 1.0 | 1.0
8.0 | 10 |#Evif| 23 18.4 [20.2 | o0.24 0.44 [0.55 | 2.0 | 2.0
9.0 19.6 [ 0.23 0.43 [0.54 | 2.0 | 2.0
10.0 19.0 [ 0.22 0.42 [0.52 | 2.0 |20
11.0 18.5 [ 0.21 0.41 [0.51 |20 |20
12.0 18.0 [ 0.20 0.41 [0.49 | 2.0 | 20
13.0 17.7 | 0.20 0.40 [0.50 | 2.0 | 2.0
14.0 17.3 [ 0.19 0.39 [0.48 ] 2.0 | 2.0
15.0 17.0 [ 0.13 0.38 [0.34 20 |20
16,0 | — | mag | — — — - - i [20.0

Table 2 ZRHHILT= (M)

Residual Settlement on Adjacent Type of Countermeasure

Pt y =18 4kN/m’, Vs=172n/s, G, =55775kN/m2, ¢ =27° . C=0kN/nm’

ALK 0 ,=500kN/m’, E =500000kN/m”, v =0. 167, G,,=214225kN/m", a . =78.5%

TR Go T Ty D, P e, | T
| wvd | s | avmd |7 T e |0 ] st | ) | (ew
1o [180221 | 197.3 4.2 |2.39E-05 74.8 |1.96E-03

2.0 | 180221 | 198.2 8.3 | 4.80E-05 71.0 |2.00E-03

3.0 | 180221 | 199.2 12.2 | 7.238-05 67.7 [2.036-03] — — —
4.0 | 180221 | 200.1 16.1 |9.69E-05 64.8 [2.068-03] 0.270 [o0.02 ]o0.02
5.0 | 180221 | 201.1 19.8 | 1.226-04 62.2 [2.09E-03] 0.358 [o0.02 ]o0.02
6.0 | 180221 | 202.0 23.3 | 1.46E-04 60.0 [2.11E-03 0.454 [0.02 ] 0.02
7.0 | 180221 | 202.9 26.8 | 1.71E-04 57.9 |2.136-03] 0.554 [0.02 [o0.02
8.0 | 180221 | 203.9 30.1 | 1.96E-04]0.1] 56.1 [2.156-03[ 0.006 [0.02 |o0.02
9.0 | 180221 | 204.8 33.3 [ 2.206-04 54.4 |2.176-03] 0.008 0.02 |o0.02
10.0 [ 180221 | 205.8 36.3 [ 2.456-04 52.9 |2.186-03] 0.009 [0.02 |o0.02
11.0 [ 180221 | 206.7 39.2  [2.696-04 51.5 |2.20E-03] 0.010 [0.02 |o0.02
12.0 | 180221 | 207.6 42,0 | 2.926-04 50.2 |2.216-03] 0.012 [o.02 [o0.02
13.0 [ 180221 | 208.6 44.7 |3.166-04 48.9 [2.228-03] 0.014 [o0.02 |o0.02
14.0 | 180221 | 209.5 47.2 | 3.38E-04 47.8 [2.236-03] 0.015 [o0.02 o0.02
15.0 [ 180221 | 210.5 49.7 | 3.61E-04 46.8 [2.248-03] 0.017 [o0.02 |o0.02
16.0 i 0.2

Table 3 ZEiLT&E &+
Residual Settlement on Lattice Type of Countermeasure

?;[é E3 r Dr P i &y (/LT
(m) (%) e (/) | (%) | (em)
1.0 74. 8 1. 96E-03 — — —
2.0 71.0 2. 00E-03 — — —
3.0 67.7 2. 03E-03 — — —
4.0 64.8 2. 06E-03] 0.270 0. 05 0. 05
5.0 62.2 2.09E-03 ] 0.358 0. 05 0. 05
6.0 60. 0 2. 11E-03 | 0.454 0.05 0.05
7.0 57.9 2.13E-03 | 0.554 0.05 0.05
8.0 0.2 56. 1 2. 15E-03 ] 0.006 0. 05 0. 05
9.0 54.4 2. 17E-03 ] 0.008 0. 05 0. 05
10.0 52.9 2. 18E-03 ] 0.009 0. 05 0. 05
11.0 51.5 2.20E-03] 0.010 0. 05 0. 05
12.0 50. 2 2.21E-03 | 0.012 0.05 0.05
13.0 48.9 2.22E-03 | 0.014 0.05 0.05
14.0 47.8 2.23E-03] 0.015 0. 05 0. 05
15.0 46.8 2.24E-03] 0.017 0. 05 0. 05
16.0 — — — - 7 0.58
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