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Abstract

Various underground facilities are being constructed to improve the urban environment. Therefore, it is more necessary
than ever to reasonably evaluate the seismic response of underground utility tunnels, playing a significant part in urban
infrastructure. In this study, the major features and differences of two types of existing pseudo-static analysis methods
are reviewed. Each method uses a simplified 2D frame model to represent the seismic behavior of underground
structures. Applying each method to a one-barrel rectangular utility tunnel in Korea, the suitability in predicting seismic
responses, especially the racking deformation of the tunnel, is examined. In addition, several precautions and suggestions

are provided in this study against the inattentive application of the methods to seismic evaluation of underground

structures.
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Fig. 1. Deformation of rectangular cavity subjected to uniform shear strain: (a) with free—field shear stress distribution applied to cavity
surface; (b) with free—field stress distribution removed from cavity surface (redrawn after Penzien, 2000)
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Fig. 2. Relationship of soil deformation and racking deformation of a box structure: (a) Soil deformation profile and racking deformation;
(b) Simplified racking frame analysis (modified from Wang, 1993)
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Table 1. Parameters used in simplified analysis of 1—barrel utility tunnel

Soil model Soil condition Depth to bedrock Site classification Depth to tunnel
Ve200 Single—layered soil
S V.30 = 200m/s
Single—layered soil
S,
Vs300 V., = 300m/s 30m 4
Singlelayered soil BO: overburden soil depth = 4.7m
Vs400 V. = 400
$30 — m/s . )
B1: overburden soil depth = 9.7m
e Multi-layered soil (generic soil) 3 P
S V., = 462m/s m g
Multi-layered soil (generic soil)
S,
KLL22s3 Vi, = 591m/s 17m 3
= LAS 3572 e XX HRASY FOtoll CHet & 33
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Table 2, Relative transverse displacements of soil and structure to base of structure using the finite difference method (FLAC 2D) with

simplified methods for general soil models

] _ Relative displacement [mm]
Soil model Object
(a) FHWA (b) KISTEC (c) FLAC 2D
Soil 1.43 1.26 0.153
Vs400
Structure 2.83 2.23 0.192
Soil 1.33 117 0.199
KLL21s4
Structure 2.70 1.60 0.288
Soil 0.75 0.64 0.226
KLL22s3
Structure 1.55 0.92 0.259
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