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Seismic Risk Analysis of Quay wall Considering Effective Stress
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Abstract : Seismic risk analysis was performed based on the total stress and effective stress of caisson type quay
wall and pier type quay wall. In order to consider the effective stress effect, the pore pressure of the ground was
distributed, using Byrne(1991) simple formula to estimate parameter and applied to the finn model. Through the
results of seismic risk analysis according to the total stress and effective stress analysis method, the necessity of

effective stress analysis in the seismic design of the quay wall installed on the soft ground was confirmed.

Keywords : effective stress, quay wall, finn model, fragility, risk
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Fig. 1. Modeling of analysis target.
Table 1. Soil properties (Busan)
Density Poisson’s ratio  Dynamic shear elastic modulus Cohesion friction angle
(kN/m’) v, G,(MPa) (kN/m?) ©
Gravel 18.0 0.491 168 0 35
Lower clay 17.5 0.495 94 40
Upper clay 17.5 0.495 16 40 0
Rubble 18.0 0.495 93 - -
Sand 17.5 0.496 153 0 30
Weathered rock 20.0 0.461 1000 25 32
Table 2. Soil properties (Incheon)
Density Poisson’s ratio ~ Dynamic shear elastic modulus Cohesion friction angle
(kN/m’) v, G,(MPa) (kN/m”) O
Gravel 18.0 0.3 489 - -
Clay 18.3 0.45 145 62 0
Lower sand 18.0 0.35 300 28
Upper sand 18.0 0.35 124 30
Sand 18.0 0.35 124 0 30
Weathered rock 21.0 0.3 992.8 30 35
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Fig. 2. Pore pressure distribution (Pa).
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Fig. 9. Peak acceleration with 10% probability of exceedance on Seismic hazard map (%) (Ministry of Oceans and Fisheries, 2014).

Table 3. Peak ground accelerations

Mean Return Period Exceeding Probability / Period

Peak Ground Acceleration Peak Ground Acceleration

(years) (%/ years) at Busan area (g) at Incheon area (g)
50 10/5 0.03 0.03
100 10/ 10 0.045 0.045
200 10/20 0.06 0.065
500 10/ 50 0.085 0.095
1000 10/ 100 0.11 0.12
2400 10 /250 0.17 0.17
4800 10 / 500 0.23 0.215
Table 4. Parameters of extreme distribution Table 5. Median and log-standard deviation (Pier type quay wall)
Busan Incheon Execution level of Collapse prevention
a 23095 23462 function (10 cm) level (30 cm)
u 0.0058 0.0062 Total Effective Total Effective
A 14173 L6873 Stress Stress Stress Stress
Median(C,) 0.205 0.146 0.507 0.344
L.S.D(&;) 0.199 0.062 0.229 0.370
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34 Al 0.21 gollM 50%2] FeFdo] vebdAIRE, 8-S

O O

Table 6. Median and log-standard deviation (Caisson type quay wall)

Collapse prevention
level (30 cm)

Execution level of
function (10 cm)

Total Effective Total Effective
Stress Stress Stress Stress
Median(C,) 0.217 0.10 0.458 0.291
L.S.D(&;) 0.284 0421 0.145 0.32
a4 Al 0.15 gollA 50%2] FHeHdol JERATHFig.

11(a)). B8t GG dish A5 ke 28934
Al 0.51 gollAl 50%2] FoFdo] Yeb o, fa-82 34
Alelli= 0.35 gollA] 50%2] FHeFdol == Ath(Fig. 11(b)).
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Fig. 12. Fragility curves for maximum displacement criterion (Caisson type quay wall).
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Table 7. Seismic risk of Pier type quay wall

oy

¢ (

Execution level of function(10 cm)

Collapse prevention level(30 cm)

Period
Total Stress Effective Stress Total Stress Effective Stress

1 time 2.963x10™ 5.904x10™ 3.741x10° 1.159x10™
10 years 2.959%10° 5.888x10” 3.741x10™ 1.158x10°
50 years 1.471x107 2.910x107 1.869x10° 5.779x10”
100 years 2.920x107 5.734x10” 3.734x10° 1.152x107
200 years 5.755x107 1.114x10™ 7.455x10” 2.292x107
500 years 1.377x10™" 2.557%10" 1.853x107 5.631x107

Table 8. Seismic risk of Caisson type quay wall

Execution level of function(10 cm)

Collapse prevention level(30 cm)

Period
Total Stress Effective Stress Total Stress Effective Stress
1 time 3.026x10™ 2.432x107 4.408x10° 1.612x10™
10 years 3.022x107 2.405x107 4.407x10™ 1.611x10”
50 years 1.502x107 1.146x10" 2.202x10° 8.027x10”
100 years 2.981x107 2.161x10™ 4.399x10° 1.599%107
200 years 5.874x10” 3.855x10" 8.778x10° 3.172x107
500 years 1.404Ex10" 7.040x10™ 2.180x107 7.743x107
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Fig. 13. Reliability index of Pier type quay wall.
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Fig. 14. Reliability index of Caisson type quay wall.
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