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| (J'rou‘nd motion characteristics and engineering
implications of the 1988 Saguenay, Quebec earthquake
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An analysis is performed on 31 horizontal components recorded at rock sites
rhe earthquake which occurred in the Saguenay region of the province of
ranada. on November 25, 1988. The peak ground motions, response spectra,
hear coefficients are analyzed statistically. The results are compared
from other studies and with equivalent parameters in the National
ode of Canada. It is found that the Saguenay earthquake has produced

larger peak ground motions and response spectra than those
shear coefficients for low period
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from other studies. The base
-xceed those from the code provisions.

INTRODUCTION

Oon November 25, 1988, an earthquake of magnitude M.=5.7 occurred 1n the
v region of the province of Quebec, Canada. The earthquake caused some

a
damage in the sparsely populated epicentral regilon, caused power outages MOIFE
0

nally, and was felt over an extremely large area, as far south as New York
Ontario. This earthquake was the most

ears in eastermn North America (ENA). 1t was
whose resulting ground mot1onS

vl o Far west as Toronto,

nt magnitude

1ack of data from SCTIODE earthquakes in eastern Canada, the
nd motions in thils region have been based on data

rom western North America (WNA) (Hasegawa et al. 1981), or <tochastic predlictlion

] ' ore
techniques have been deve10ped,based.on.theoretlcal mnodels (Atkinson and'&of-
ce related parameters, such as the base shear coe

2
1990). Similarly, the respon
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of Clvil Engineering .nd Engineering

S€ ' Department
earch Englneer, ep Sedbowie e fma i

I Res
Mechanics, McMaster University, Haml
] Mechanics,
11 Professor, Department af - Civik Engineerlnyg anc;ggnfi;lEEflﬂg
McMaster University, Hamilton, Ontarilo, Canada,
: i ineering
ivi Engineering and Engl
- epartment of Civil '
i araare SR : P ] Hamilton, Ontarlo, canada, L85 5 99 o

Mechanics,

525




=T Building Pode of Qanad% 1990 R
rated in C ke records from other regionsg i "otk 1%

- . & = ' Cl'?r O o - o 1].'1 - - JJ
[]I‘fi_'l' entcs 1Tl P luable 1nf0f1’ﬂatl{jﬂ f{)r t‘hf‘_‘ ; I'L

ed
o e stroIng de va versi s o F oy PRORGE
. je fined based © rovide 25 8 o P oW of T
are defl }nay earthquake reCOrdE’: P techniques of earthquake ground F_d_r_lrjﬁ Ld
e Sague 1 1011 i o Mot ; L
Thyuﬁig the present predictli® £ the base shear coefficient Cion, W
updatllls 2 _ AN

uat
~astern Canada, and for eval

1990.

: onse
tud the Peak ground e arneasll_) zed :EEEFM’ gt bam
] scu ’ re 2 2 g § ] st -
-II']' this £ t}};e SagUEI]ay earthquake a z{with th Stlca]_]_ . T}- th::fr
R he respomnse€ spectra are s Skt ¢ prEdictiGn 1?1@?
ground motions and t : .{ents are compared with those Speci £ S for Fr-r:
and WNA. The base I Np,

L9990 ;
CROUND MOTION DATA

rock sites during the Saguenay earthquake were o
n Canada Strong Motion Seismogr COrdeq

b
, : aph ) 'y
(Munro and Weichert 1989), at epicentral distances between 43 44 177 Iit""’ork
addition, six rock records at distances between 200 and 525 km Weta S

. 4 O ta'
the National Center for Earthquake Engineering Research (NCEER) (Fribe, lned by

The motions at
ten accelerographs from the Easter

1988) = idn this -study,; < the 31 horizontal components from these reCOErdet al
analyzed. - ars
The peak values of the ground motion range from 0.13 ¢, 15 gx

acceleration, and from 0.1 to 4.65 cm/sec for wvelocity,
characterized with high peak acceleration, a, to peak velocity, v, (a/v)

With exception of one component which has a/v=1.04, the a/v ratios of thr .
components range from 1.26 to 9.68. As is expected, the a/v ratj "~ Other
decrease with increasing epicentral distance. However, it is gy

high a/v ratios (greater than 1.26) at ver ' '
‘ : y long epicentral d
km), which is the case with the : e
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by the regression analysis. Usually b, is set equal to l]. and the regresslion

-1”-'11_\1-‘-*1-” igs carried out to determine b, and by, 1n the case when a posit ive value

e - gbhtainetd Tor Dy, 'LE 18 8Set: Lo Z6X0, and the coefficients b, and b, are

determil ned h}f the regress lon anal VS 1S.
PEAK GROUND MOTIONS

for mean horizontal peak ground acceleration, a,

The attenuation functlions
regression analysis have the

and peak ground veloclty, Vv, determined by the

following form

log a = 4.064 - Jog R = O OUZTO RS Oy s Q231 (42

log v = 2.414 - log R - 0.00101 R} O1og v = 0 2%9 (3)

Lt

shere the acceleration is in cm/sec”, the velocity 1is in cm/sec, and the

epicentral distance, R, 1s In kKm.

of the features of the acceleration attenuation.

Figures 1 and 2 show some
attenuation

1 shows the distribution of the acceleratian.data,on*Which the

and mean +/- 1 standard deviation) are superimposed. As can be
is relatively small.
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igure
cur

e
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es (mean,
the dispersion of the data around the mean curve
= 2 shows a comparison between the mean attenuation curve for peak ground

ure
~celeration for the Saguenay earthquake and those obtained by Hasegawa et al.
(1981) for eastern Canada (EC), Atkinson and Boore (1990) for ENA, and Joyner and

noore (1988) for WNA, all of which are developed for rock. The curves from these

<tudies are computed for the magnitude of the Saguenay earthquake of Do o AR

comparison with the Hasegawa et al. (1981l) curve (referred to as Hasegawa curve
in the further discussion) is of special interest because the same attenuation
~elation has been used for developing the probabilistic seismic zoning maps for
eastern Canada. As 1is shown, at epicentral distances less than 300 km, the
earthquake produced larger accelerations than those predicted by
At short epicentral distances, below 100 km, the Saguenay
earthquake curve is about 2 times higher than the Hasegawa curve. For long
:nontral distances, beyond 300 km, the osaguenay earthquake peak ground
af ted by the Hasegawa
rrenuation relation. Concerning the Atkinson and Boore (1990) curve and the
oyner and Boore (1988) curve, both are similar in shape with that of the
aguenay earthquake, but the predictions based on these curves at€ very low in
comparison with the accelerations obtained during the Saguenay earthquake.
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~celerations are substantially lower than those predic
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The results for the horizontal peak ground velocity are shown in Figs. 3
and 4. As can be seen from Fig. 3, the dispersion.of the velocity data around the
mean curve is somewhat larger than that for the acceleration data, which leads
to a larger standard deviation (see Eq. 3). Figure 4 shows a comparison between
the attenuation relation for the mean ground velocity from the OSaguenay
earthquake and those from the foregoing studies. In terms of the Hasegawa
prediction, the Saguenay earthquake has produced larger velocities for a wide
range of epicentral distances, below'SOOlﬂn.Pu:short.epicentral distances, below

100 km, the mean velocities from the Saguenay earthquake are about 2.5 times

larger than those predicted by Hasegawa. The Atkinson and Boore (1990) and the

Joyner and Boore (1988) curves are substantially below the Saguenay earthquake

curve for all epicentral distances.
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Hln-_afr__}';]l_ Amplifications

[he codes for seismic design usually define tl 1
amplification factors in terms of the F:: e ak RS e o e
- 1D 7 L e — £ c : Y Y OO - - . — %
.ommonly specified at mea Bkt ground motions. These factors are
L | t J} 5 SRt d . standard deviation (M+1SD) level i i
ensure that there 1s a relatively small prot S5 e s i
ative small probability that the r« '
-y Lthe 1e response will be

above the specified design level,

In this study the amplifications _
: ' : . ' ' . - g . - Ch L 1( 5 ( N o ~ - 2
| e ookl e | clons of the Saguenay earthquake spectra in
terms of the peak ground acce leration and velocity are examined. T ke
- fluence of the epicentral distance SOE DO IR A0 S
influence ¢ he eplcentral distance on the spectral amplification, th
i ’ , 7 D 1 : = D ¥ Y e 1 - ! : ’ e SPEC 1‘_ ra
are analyzed in three groups, which correspond to the following ranges of
. i : L i e &8 : ’ C e, O T
epicentral dilstances: U to 100 kKm, JOU to 200 lm and 325 o 525 kkt T;
: A IR _ _ i I . 1e
epicentl a2l distances within these ranges will be conditionally referred to
‘ e : i : E ' 3 - LC 2C O as
<hort, intermediate and long eplicentral distances. The first group comprises th
| ot _ se e
spectra from 8 components, the second group from 13 components, and the third
+oup from 10 components. The response spec > - e
group f lp . g ponse spectra from each group are scaled to a
ptﬂ:ik gl,FuI;d acce C,li'a;lm’“l f: 15, Tﬁd to a peak ground velocity of lm/sec. The
M+1SD of the spectra rrom the accelera ] cscali SV e o ~ 3 _
M+1S p ¢ tion scaling are shown in Fig. 6, and those

cfrom the velocity scaling in Fig. /.

Figure 6 shows that the maximum amplification of the spectra in terms of
the peak ground acceleration is about 3.3, in the period range between 0.1 and
2 seac. Lt 1S associated with the spectra from intermediate and long epicentral
distance range. The spectrum from the short epicentral distance Trange shows
maximum amplification of 2.5 at very short periods, around 0.04 sec. This 1s aue
to the significant presence of such short period components in the records at
short epicentral distances. Concerning1ﬂu3velocity'amplificationtaftjmzspectra,
Fig. 7 shows that the spectra from the three ranges of epicentral distances have
the same maximum amplification of about 3. It should be noted that both the
acceleration and velocilty amplification of the Saguenay earthquake spectra of 3.5
and 3.0 respectively are larger than those suggested by Newmark and Hall (1982)
(2.7]1 for acceleration amplification and 2.3 for velocity amplification), which
with a slight modifications are accepted in various codes for aseismic design.

BASE SHEAR COEFFICIENTS

coefficients were calculated for each

component time history for uniform frame and wall-type structures. Simp%G
continuum models of frame and wall structures were used. The response analy51§
was performed using Bime hiSEoryY superposition method, for five modes and OS%
modal damping. The base shear coefficients were analyzed statisticalLyiinrthree
sroups of records obtained at different ranges of epicentral distances (short,

: ’ : ' lous
intermediate and long epicentral distance range, Aas defined 1n t':he‘ prev1ore
section). For each group, the M+1SD level of the base shear coefficients W€

res
determined. In this paper, the results are presented only for frame s;ruc;zOdS
because they are larger than those tfor wall structures for fundamental Ppe€

below about 0.0 sec,

The unit velocity base shear

car coefficient

. : h
' M+1SD level of the unit velocity base S
sy o P for frame structures with fund?mental

spectra for the three groups of recoras, ik ha
periods between 0.0l and 4.0 seec. : ﬂ:y reiiified
ratios, the base shear coefficien ik
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SUMMARY
The analysis and results presented in this paper show that the
| grguﬂd

motion during the Saguenay earthquake is characterized by vVery high Peak
motions and response spectra. It is found that the peak ground acceler Broup

peak ground velocities and response spectra are significantly larger for :

range of epicentral distances, than those from the prediction rel,;t' i
prediction relations for eastern Canada should be updated to g lons, Ty,
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