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The Northridge, California, earthquake of 1994:

fire ignition by strong shaking
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The Northridge earthquake contributed unprecedented detail and quality of data on
strong ground motion and on its effects on man-made structures. About 110 fires have
been attributed directly to the effects of this earthquake. Two hypotheses for the
principal causative agents leading to fire ignition were examined: differential motion
and strains in the soil, and inertial forces. The fire-ignition frequency is described with
respect to: (1) simple measures of strain in the soil (via density of water pipe breaks,
n), (2) occurrence of severely damaged buildings (via density of red-tagged buildings,
N), (3) site intensity of shaking, (/yy), and (4) inertial forces (via peak horizontal
ground velocity, v,,). It is shown that the rate of fires (per unit area) ignited by
earthquake shaking can be predicted by several empirical equations of comparable
accuracy and in terms of common scaling parameters of strong ground motion. ©
1998 Elsevier Science Ltd. All rights reserved.
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1 INTRODUCTION

Examples of devastating fires caused by earthquakes
occurred in San Francisco during the 1906 earthquake (58
earthquake-related fires), in Tokyo following the 1923 Great
Kanto earthquake (about one third of one million houses
were burnt), and in Fukui (Japan) during 1948 earthquake
(2000 houses burnt). Many earthquakes have triggered
fires in California (e.g. 13 fires by the 1933 Long Beach,
109 fires by the 1971 San Fernando, six fires by the 1984
Morgan Hill, 26 fires by the 1987 Whittier-Narrows, and 41
fires by the 1989 Loma Prieta earthquake'). Although the
fire loss has usually been small,” even following numerous
simultaneous ignitions, a potential for life threatening con-
flagrations exists during strong winds in densely built areas.

The analyses of potential risk from conflagrations consist
of three parts: ignition frequency, fire-spreading models and
fire suppression. The ignition rates, usually per area of built
structures, are scaled empirically from peak ground accel-
eration, site intensity, or damage frequency of buildings™*.
This paper presents an analysis of ignition rates of fires
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following the Northridge, California, earthquake of 17
January 1994 (M = 6-4, focus at 118-55° West longitude,
34.21° North latitude, and at H = 18 km depth). The empha-
sis is placed on correlation with different characteristics
of strong ground motion and its consequences,’”’ e.g.
number of red-tagged buildings per unit area, N, number
of water pipe breaks per unit area, n, and the distribution
of site intensities, /yy, and of peak ground velocity, v,,. The
aim is to find the best descriptors (which can be scaled by or
correlated with N, n, v,, and Iyy) for the causative mechan-
isms and for the observed fire ignition rates. The number of
fires reported for this earthquake® (110) is too small for a
separate statistical analysis of the different types of fire
ignition (e.g. electrical, natural gas and combustible chemi-
cals). Also, high rise buildings are not considered in this

paper.

2 THE DATA

Maps showing locations of fires caused by the Northridge
earthquake were presented by the Earthquake Engineering
Research Institute (EERI)®. Gas-related fires, responded
to by the Los Angeles Fire Department (LAFD), were






