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A Study on the Evaluation of Dynamic Behavior and Liquefaction
Caused by Earthquake of Sea Dike Structures on the Ground
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Summary

The laboratory tests are performed on how the liquefaction potential of the sea dike structu-
res on the saturated sand or silty sand seabed could be affected due to earthquake before
and after construction results are given as follows ;

1. Earthquake damages to sea dike structures consist of lateral deformation, settlement,
minor abnormality of the structures and differential settlement of embankments, etc. It is
known that severe disasters due to this type of damages are not much documented. Because
of its high relative cost of the preventive measures against this type of damages, the designing
engineer has much freedom for the play of judgement and ingenuity in the selection of
the construction methods, that is, by comparing the cost of the preventive design cost at
a design stage to reconstruction cost after minor failure.

2. The factors controlling the liquefaction potential of the hydraulic fill structure are magni-
tude of earthquake(max. surface velocity), N-value(relative density), gradation, consistency
(plastic limit), classification of s0il(G & VS), ground water level, compaction method, volumet-
ric shear stress and strain, effective confining stress, and primary consolidation.

3. The probability of liquefaction can be evaluated by the simple method based on SPT
and CPT test results or the precise method based on laboratory test results. For sandy

TRERACRK ARE 7] 91=  sea dike, liquefaction caused by earthquake,
A ERERK BELAGRBAR pore water pressure, cyclic triaxial test, sand
s AR and silt layer, hydraulic fill, permeability, ef-

fective overburden presure, axial stress and
~ shear strain, differential settlement of emba-
nkment.,
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or silty sand seabed of the concerned area of this study, it is said that evaluation of liquefac-

tion potential can be done by the one-dimensional analysis using some geotechnical parame-

ters of soil such as Iy, vy, gradation, N-value, OCR and classification of solis.

4. Based on above mentioned analysis, safety factor of liquefaction potential on the sea
bed at the given site is F,=0.84 when M=523 or a,, =0.12g. With sea dike structures
H=42.5m and 35.5m on the same site F;=3.54~2.08 and F=1.74~1.31 are obtained, respec-
tively. Local liquefaction can be expected at the toe of the sea dike constructed with hydraulic

fill because of lack of constrained effective stress of the area.
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Table-1. The properties of used soil

Mechanical Shear
ltem analysis strength
Gs |y | % | L | e | n Y D | D | CU
(gfem®) |(gfem®) (%) (mm)|(mm) Co | 0w [USCS
Sand| Silt | Clay (kg/) .
Samples | ()
cm?)
lic fi
I({Sy cgau M 965|103 | 180 | NP | 085 | 45 |975| 25| — |06 ]0093| 172|010 |17.37] s
Natural de-
) 267103191 | NP | 1.82| 40 |575|425| — |0.09]003| 30 |021 |2304| SM
posit(8-2)
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Table-2. Test condition of cyclic triaxial for
liquefaction potential evaluation

Item | Void Cyclic
Relative . |Durat| Cell | Back T
. ratio | | triaxial
density bef -ion |pressure|pressure ress
efore str
Dr(%) (sec) |(kg/em?)|(kg/cm?)

Sample r( test | oo glem’)(kg/em (kg/em?)
0.99 50 | 0.859 | 60 117 1.07 0.24
0.72 50 0818 | 60 117 1.07 0.24
0.66 50 | 0.859 | 60 117 107 0.24
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Table-3. Liquefaction potential analysis(exsample of A type sea dike)

Factor of Safety

SPT Cyclic stress ratio N Req'd
Elev. % .
No. USCS () Fines Against
N N1 Ri(Design) | Rf(Liquef.) Fs=1.0
1 100.0
1 10 145 826 |
1 10 12.7 770
1 10 10.7 68.0
1 1265 SP-SC 15.0 0.161 0.281 3.95
2 63.9
2 8 7.3 54.9
2 7.35 SM 15.0 0.143 0.188 4.88
50.0
Elev. of ground water level=100.0
. Dynamic Properties )
Layer Unit Vertical Stress Shear wave Shear
No. weight total weight effective velocity modulus
(peh (psf) (psh (fps) (ks
1 116.7 2106.4 980.1 400.0 579.88
2 108.0 4963.5 22771 370.0 459.17
Max. Surf. Acc, a(max)=0.12g
Settlement
Layer Cyclic ' Volumfatric Settlement
No. G/Grax L shear strain strain (i)
(%) (%)
1 0.2808 8.0 0.1489 0.9083 3.9346
0.0111 NP 9.8207 3.2768 54657
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