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Paths Forward to Evaluating Combined Geotechnical Hazards during Earthquakes

oo 0O
Susumu TAI

Synopsis

The paper gives an overview of recent developments in evaluating seismic
performance of geotechnical structures. Evaluation of the seismic performance of
geotechnical structures affected by soil liquefaction was based on conventional
procedures for simulating the undrained cyclic behavior of sandy soil. Recent
developments and paths forward in evaluating seismic performance of geotechnical
structures are based on additional cyclic and post-cyclic soil behavior, such as the
effects of steady state (residual strength) and combination of cyclic and steady state
effects, and effects of void redistribution. In addition, combined geotechnical hazards
due to soil-structure-fluid interaction are recognized as challenges in geotechnical
engineering as exemplified by the overturning of buildings supported by pile-foundation
during 2011 East Japan earthquake.
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Figure 2 Damage to a caisson type quay wall
(Rokko-Island -14m quay wall, Kobe port, Japan, 1995
Hyogoken-Nambu earthquake)
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Figure 1 Seismic response of saturated sand deposit

(1993 Kushiro-oki earthquake, Kushiro port, Japan)
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Figure 3 Computed residual deformation through the

effective stress analysis under undrained condition
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Figure 4 Measured undrained monotonic shear behavior
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Figure 7 Hollow cylinder test results on the effects of cyclic
loading before reaching the steady state (Toyoura sand with

DL clay mixture)
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Figure 9 Damage to a dike at the Shiribeshi-toshibetsu
river, Hokkaido, Japan, during 1993 Hokkaido-Nansei-oki
earthquake

Figure 10 Computed deformation of dike
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Figure 11 Computed settlements at crest

Table 1 Case designation for numerical analysis

Case No. Sus (kPa) Sus (kPa) Sus (kPa)
for Asa for As1 for As2

A [e3°) <) <)

B 0.1 180 50
C1 25 180 50
Cc2 50 180 50
C3 75 180 50
C4 100 180 50
D1 0.1 100 25
D2 0.1 25 7
D3 0.1 15
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Figure 12 Damage to a sheet pile quay wall subject to
earthquake motion of extremely long duration (2011 East
Japan Earthquake (M=9.0), Soma Port, No.2 Wharf
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Figure 13 Input earthquake motion at Soma Port during
2011 East Japan Earthquake

(a) at t=126s: immediately after primary portion of
shaking

(b) at t=240s: partially dissipated state of excess pore

water pressures

Figure 14 Results of the effective stress analysis of a
sheet pile quay wall (Displacement scale: enlarged by
five times, Color contour: excess pore water pressure

ratio)
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Figure 15 Computed and measured lateral and vertical
displacements of a sheet pile quay wall (Case 1: Cocktail
glass model, partial drainage, coefficient of permeability
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Figure 18 Computed acceleration at the ground surface (top), input bedrock acceleration (middle), and computed relative
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Figure 19 Computed excess pore water pressure (top) and excess pore water pressure ratios (bottom)
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Figure 21 Computed deformation of soil column at (a)
t=3.6x10s (during shaking), (b) t=8.8x10%s (ten days),
(c) t=4.9x10% (15 years), and (d) t=1.05x10s (30 years)
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Figure 23 Computed deformation of soil column out of
the mildly sloping ground at (a) t=1s, (b) t=229s, and (c)
t=27350s (7 hours)
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