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Liquefaction-Induced Uplift of Geotechnical Buried Structures:
Centrifuge Modeling and Seismic Performance-Based Design
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Abstract

Geotechnical buried structures with relatively light weight have been suffering from uplift damage due to liquefaction
in the past earthquakes. The factor of safety approach by Koseki et al. (1997a), which is widely used in seismic design,
predicts the triggering of uplift. However, a method for “quantitative” estimates of the uplift displacement has yet to
be established. Estimation of the uplift displacement may be an important factor to be considered for designing
underground structures under the framework of performance-based design (ISO23469, 2005). Therefore, evaluation of
the uplift displacement of buried structure in liquefied ground during earthquakes is needed for a performance-based
design as a practical application. In order to predict the uplift displacement quantitatively, a simplified method is derived
based on the equilibrium of vertical forces acting on buried structures in backfill during earthquakes (Tobita et al., 2012).
The method is verified through comparisons with results of centrifuge model tests and damaged sewerage systems after
the 2004 Niigata-ken Chuetsu, Japan, earthquake. The proposed flow diagram for performance-based design includes

estimation of the uplift displacement as well as liquefaction limit of backfill.
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(a) Uplifted buried structures and settled backfill

(b) Car collided with uplifted buried structure (Konishi et al., 2008).

Fig. 1. Uplifted buried structures after the 2004 Niigata-ken Chuetsu, Japan, earthquake
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Table 1. Summary of centrifuge model tests

Ground water Input Relative density Trench size Apparent unit weight of
Test Case level acceleration Backfill Original ground buried structure
m m/s? % % m? kN/m®
CSt 0 6.78 36 85 2.3X2.3%X3.0 9.57
CS2 1 7.15 36 85 2.3X2.3%X3.0 9.57
CS3 1.7 7.19 36 85 2.3X2.3%X3.0 9.57
CS4 3 6.60 36 85 2.3x2.3%X3.0 9.57
CS5 1 6.79 72 85 2.3X2.3%X3.0 9.57
CS6 1 6.47 85 85 2.3%X2.3%X3.0 9.57
CS7 1 6.97 36 36 4.56%X3.0%X3.0 9.57
CS8 1 6.95 36 85 2.3X2.3X3.0 11.27
CS9 1 7.06 36 85 2.3X2.3%X3.0 11.08
CS10 1 6.93 36 85 2.3X2.3%X3.0 15.47
(a) L1 : Uplift displacement (m) TASHO] ARt wep Sk o FaEe] &
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Fig. 3. Results of centrifuge model tests(CS2)
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Table 2. Properties of sand and buried structure used in the test

Wet unit weight, ~,

(KN/m®) 14.8

Saturated unit weight, ,,, (kN/m? 18.1

Backfill
Friction angle, 6 (°) 10.0
Width of a trench, a (m) 2.30
Unit weight, v, (kN/m® 9.57
Buried Diameter, ¢ (m) 1.10
structure
Length, A (m) 3.00
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Table 3. Parameters used in Nagaoka case study

Maximum void ratio, e, 0.99
Minimum void ratio, e;, 0.59
Specific gravity, G, 2.67
Wet unit weight, 7, (kN/m°) 14.1
Saturated unit weight, +,,, (kN/m° 18.6
Unit weight of reinforced concrete, ~, (kN/m° 23.5
Diameter of buried structure, ¢ (m) 1.05
Trench width, a (m?) 2.1
Excess pore water pressure ratio, r, 1

Frictional angle between structure and backfill, § (deg.)| 10
Coefficient of earth pressure, A 0.5

0.50

® Observed |« Predicted uplift

o Predicted displacement (7 =2m)
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Fig. 10. Predicted and observed uplift displacements during 2004
Niigata-ken Chuetsu, Japan, Earthquake
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