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Module 13: Seismic Considerations

Learning Objectives
By the end of this section, you will be able to:

¢ Identify the primary seismic deformation modes for underground structures, including ovaling,
racking, and longitudinal strains.

e Calculate peak ground velocity (PGV) and ground motion attenuation at various tunnel depths
using standardized empirical formulas.

e Evaluate the relative stiffness of tunnel linings using compressibility and flexibility ratios to
determine soil-structure interaction requirements.

Executive Summary: Unlike above-ground structures, tunnels are constrained by the surrounding
ground, requiring a seismic design approach focused on accommodating ground deformations rather
than resisting inertial forces. While tunnels generally perform well during earthquakes, significant risks
arise from ground failure hazards like fault rupture, liquefaction, and landsliding, as well as transverse
racking and ovaling caused by ground shaking.

Introduction

Tunnels generally perform better during earthquakes than above-ground structures because they are
constrained by the surrounding ground and typically do not experience the strong vibratory
amplification seen in bridges. Furthermore, seismic ground motion amplitude tends to decrease with
depth.

Despite this, seismic design must not be overlooked. Severe damage is often associated with ground
failure, such as:

e  Fault rupture through a tunnel.
e Landsliding, particularly at tunnel portals.
e Soil liquefaction.

Design and analysis should be based on the ground deformation approach, where the structure is
designed to accommodate deformations imposed by the surrounding medium.

Determination of Seismic Environment

Earthquake Fundamentals

General: Earthquakes result from abrupt movements on fractures called faults. This release of built-up
strain energy is called fault rupture.
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Earth's Tectomnic Plates
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Figure 13-1. Major Tectonic Plates and Their Approximate Direction of Movement. (Source:
WWW.maps.com)

Fault Movements
Faults are created when stresses exceed material strength.
e Fault Creep: Slow, relatively continuous movement that does not cause an earthquake.
e Primary Fault Rupture: Rupture propagating in a narrow zone traceable back to crystalline rock.

e Blind Thrust Faults: Thrust faults that do not break the ground surface.

Types of Faults
Faults are classified by their mode of relative displacement.
e  Strike Slip Faults: Relative movement is essentially horizontal.

e Dip Slip Faults: Deformation is perpendicular to the fault plane, involving Normal (extensional)
or Reverse/Thrust (compressional) motion.

e Oblique Slip Faults: Show both strike slip and dip slip displacement.

Copyright 2026 Page 2


https://www.maps.com/

N Seismic Considerations for Road Tunnels

RIGHT LATERAL (RL) LEFT LATERAL (LL)

REVERSE (R) MHORMAL (N}
{THRUST)

REVERSE OBLIQUE (RO-LL) NORMAL OBLIQUE (NO-LL)

Figure 13-2. Types of Fault Movement

Earthquake Magnitude

A measure of energy released. The moment magnitude (Mw) scale is a unifying measure of the kinetic

energy released.
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Figure 13-3. Comparison of Earthquake Magnitude Scales (Heaton, et al., 1986)

Source Geometry

The hypocenter (focus) is the point where slip initiates; the epicenter is the point directly above it on
the surface.
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Figure 13-4. Definition of Basic Fault Geometry Including Hypocenter and Epicenter

Copyright 2026 Page 4



T

2 POH-PRO ¢

Seismic Considerations for Road Tunnels

Ground Motion Hazard Analysis

Seismic hazard analysis involves identifying sources, evaluating their potential, and characterizing the
intensity of design motions at the site.

e Deterministic Approach: Identifies worst-case scenarios from capable sources.

e Probabilistic Approach: Incorporates rupture likelihood and magnitude distributions to compute
the probability of exceedance.
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Figure 13-5. National Ground Motion Hazard Map by USGS (2002) - Peak Ground Acceleration with 2%
Probability of Exceedance in 50 Years (2,500-yr Return Period) - for Site Class B, Soft Rock
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Figure 13-6. General Procedure for Probabilistic Seismic Hazard Analysis
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