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Chang Bock Im, Taek Mo Shim, Ho Seon Choi, Jun Mo Yang and Seon Jeong Park, 2016, Technical Status
and Applications of the probabilistic fault displacement hazard analysis. Journal of the Geological Society
of Korea. v. 52, no. 4, p. 447-455

ABSTRACT: Earthquakes generate vibratory ground motions, and also are generally accompanied by the surface fault
displacements in the case that the earthquake magnitude is more than a certain level. Because surface fault displacements
can cause significant damages to the important industrial facilities located on or near faults, it is important to assess
the possibility for surface fault displacements at their sites. Thus, structural engineering design is required to
accommodate the effect of the potential fault displacements. Vibratory ground motions have widely been evaluated
based on both deterministic and probabilistic methods, and their evaluation results have been reflected in aseismic design
of important buildings, bridges, pipelines, and nuclear facilities. And the structural integrity of their facilities should
be maintained from the vibratory ground motion. On the other hand, in case of evaluation of surface fault displacement,
the determination method has been considered for site selection and construction of important industrial facilities. However,
recently the need for the evaluation of Probabilistic Fault Displacement Hazard Analysis (PFDHA) has been issued
and actively studied in the USA, Japan, IAEA, etc. PFDHA results are presented as the annual frequency of exceedance
for various levels of surface displacement. Two approaches are presented for PFDHA; the earthquake approach and
the displacement approach. The first relates the estimation of fault displacements at or near the ground surface due to
the occurrence of earthquakes in the similar manner as is performed in the probabilistic seismic hazard analysis (PSHA).
The second approach is derived directly from the characteristics of the faults at the site of interest, which requires the
rate of displacement events and the distributions for fault displacements. In this paper, we summarize PFDHA
methodologies, their basic concepts, and also propose some suggestions to be considered for application to our country.
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Fig. 1. Example of Probabilistic Fault Displacement
Hazard Analysis (PFDHA) curves for a site at Yucca
Mountain (from ANSI/ANS-2.30, 2015).
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Fig. 2. Definition of variables used in the Probabilistic Fault
Displacement Hazard Analysis (from ANSI/ANS-2.30,
2015). L is the length of surface rupture on principal
fault; [ is the distance on the surface rupture; r is the dis-
tance from the principal fault; and =z is the dimension
of the area considered for calculating the probability of
fault rupture (area 2?), respectively.
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Table 1. Inputs and data needed for the Probabilistic Fault Displacement Hazard Analysis (from IAEA, 2015a).

Input to PFDHA Data needed
Direct method (Displacement method)
Location of faults Maps of faults

Frequency of displacement
events based on slip rate
and average displacement
per event

Paleoseismic estimates of displacement per event

Slip rates

Total length of fault

Cumulative displacement on fault

Scaling relationships between fault slip and fault dimensions

Probability of exceeding
specific amounts of slip

Compilations of measured slip at sites with multiple ruptures
Compilations of measured slip versus fault dimensions

Earthquake method (principal fault)

Location of principal faults

Probability of principal
surface rupture

Slip distribution function

Maps of active faults

Down dip geometry of faults

Depth distribution of earthquakes

Relationships between earthquake magnitude and rupture
dimensions

Frequency of surface rupture as function of magnitude

Mapped displacement profiles for surface rupturing
earthquakes: maximum and average displacements
Paleoseismic estimates of displacement per event
Slip rates

Paleoseismic recurrence intervals

Total length of fault

Earthquake method (distributed fault)

Location of principal faults

Probability of distributed
rupture

Slip distribution function

Maps of active faults

Maps of distributed ruptures in historical earthquakes, as
function of magnitude, style of faulting, distance from principal
fault, hanging/food wall

Measurements of the amplitude of distributed slip on individual
ruptures indicating location with respect to the principal rupture
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(2) Characterize earthquake frequency
and distance distributions

(1) Identify seismic sources

Rupture

Frequency
Probability

Fault™ Site

Mmax

Magnitude Distance
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(4) Compute ground motion
hazard curve

(3) Characterize ground motion
distribution

Peak Acceleration
Rate of Exceedance

Distance Peak Acceleration

Fig. 3. Schematic diagram illustrating the components
of Probabilistic Seismic Hazard Analysis (PSHA) for
ground shaking (from Youngs et al., 2003).
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(2) Characterize earthquake frequency
and distance distributions

(1) Identify seismic sources

Rupture

Frequency
Probability

Fault™™ site

Mmax

Magnitude Distance

i

(4) Compute displacement
hazard curve

(3) Characterize displacement
distribution

I
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Displacement
Rate of Exceedance

Displacement

Fig. 4. Schematic diagram illustrating the components
of the earthquake approach to Probabilistic Fault
Displacement Hazard Analysis (PFDHA) (from Youngs
etal., 2003).
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