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Liquefaction during the 1990 Manjil, Iran, Earthquake, II:
Case History Analyses

by M. K. Yegian, V. G. Ghahraman, M. A. A. Nogole-Sadat, and H. Daraie

Abstract Liguefaction and liquefaction-induced permanent ground defor-
mations and building settlements were widespread during the 1990 Manjil, Iran,
earthquake (M = 7.7). In the first of these companion articles, geologic, seis-
mologic, and geotechnical data of liquefaction case histories were presented.
This article presents results of the analysis of (1) the ground-motion data; (2)
liquefaction strength corresponding to level ground conditions; (3) permanent
lateral ground deformations; (4) residual shear strength of the liquefied sands;
and (5) settlement of buildings on liquefied sands.

Introduction

In the companion article (Yegian ef al., 1995), the
authors describe the results of field surveys and inves-
tigations of liquefaction and liquefaction-induced dam-
age from the 1990, Manjil, Iran, earthquake. Case his-
tories are identified that relate to liquefaction of level
ground, permanent ground deformation, and liquefac-
tion-induced settlement of buildings. To document the
relevant geotechnical data for these case histories, geo-
technical field investigations were performed using the
standard penetration test (SPT) equipment. The modified
SPT, (N, values, the blow counts corrected for the ef-
fect of overburden pressure and energy ratio (Seed er al.,
1983), and the grain-size distribution of the liquefied and
nonliquefied sands were obtained at 33 locations
throughout the liquefied region. The companion article
presents the borehole logs of these case histories together
with the general description of the geology of the hg-
uefied region. It also includes a complete list of peak
ground acceleration values obtained from this earth-
quake.

This article presents analyses of the recorded ground
motion and of the geotechnical data from the Manjil
earthquake. Case histories corresponding to liquefaction
of level ground are analyzed following the empirical pro-
cedure described by Seed er al. (1983). The strength
against liguefaction, as determined by analysis of the case
history data, is compared with that given by Seed et al.
(1983). In addition, analysis of permanent lateral ground
deformations is made to evaluate the residual (minimum])
shear strength of the liquefied sands. Finally, the mea-
sured field settlement values of level ground and of
buildings on liguefied sands are analyzed and the results
are compared with those obtained by other theoretical
and empirical procedures.
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Ground Motions

The ground motions during the Manjil earthquake
were recorded at 15 stations. Figure 1 shows a plot of
peak accelerations of the two horizontal components of
the recorded ground motions versus the distance of the
recording stations from the fault. Also in Figure 1, a
comparison is made between the recorded data and the
attenuation relationships proposed by Idriss (1990) and
Joyner and Boore (1988). It is noted that, in general, the
Manjil data match well with the attenuation relationship
of Idriss (1990). Hence, for case historics located be-
tween 10 and 50 km from the fault, where recorded data
are lacking, ground accelerations were estimated from
this relationship. However, for the case histories located
near the Caspian Sea, 60 to 85 km from the fault, the
ground surface accelerations were obtained based on the
record at Lahijan located 62 km from the ruptured fault.

The recording station closest to city of Astaneh-Ash-
rafieh was at Lahijan, 20 km southeast of Astaneh-Ash-
rafich. The soil profile at these two cities is generally
characterized as 50 to 70 m of alluvium overlying bed-
rock (Nogole-Sadat, 1992). Thus, in the analyses of hg-
uefaction case histories in the Astanch-Ashrafieh region,
the recorded ground motion from Lahijan was used.

Figure 2 shows the transverse component of the ac-
celeration time history recorded in Lahijan (Naderzadeh,
1991, personal comm.). Although the trace of the dig-
itized record shows a total duration of 60 sec, the du-
ration of interest for liquefaction analysis is considerably
shorter. To illustrate this, the equivalent number of uni-
form cycles, N, of the Lahijan record was computed as
a function of time using the procedure suggested by Seed
et al. (1975). Figure 3 shows the result, which indicates
that the record has a total of about 17 equivalent uniform
cycles and an “effective” duration of about 15 sec. This
calculated value of N, = 17 cycles from an earthquake







