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Government Buildings

The Sagamie Pavilion in Chicoutimi, which houses a number of provincial
“ government agencies, consists of two major wings. Differential movement
between these two wings caused severe cracking in the connecting corri-
dar, Severe cracking also accurred in an unreinforced masonry wall of the
stairwell in the newer wing, due to flexural failure about its weak axis,

In La Baie, nen-structural miner damage due to cracking of masonry
infills accurred in the Palice and Fire Station, This facility remained
fully operational after the esarthquake, even during the three-hour power
outage,

Although very little damage was reported in Montréal, about 340 km
scuthwest of the epicenter, the City Hall in Montréal East experienced
severe damage to the masonry cladding (see Figure 3). This structure
is located near the bank of the 5t. Lawrence River on 17 m (56 ft.)
of clay. It is important to realize that the structure had had a histary
of settlement problems and had experienced, prior to the earthquake,
differential sattlements of over 90 mm (3.5 in.) causing cracking of the
masanry cladding and interior walls

Churches

The nine-storey bell tower of the Christ-Reoi Church in Chicoutimi suffered
cracking to the exterior and interior mascnry. The structural system
consisted of stesl framing with tension-only cross-bracing. The cross-
bracing showed signs of buckling and one cross-brace on the sixth storey
was found ta have been amitted during construction. The nave of the
church sustained damage te the marble decorative wall panels and a
number of prisms fell from the crystal chandeliers.

The Maison Provinciale des Filles de Ste-Marie-de-la-Présentation, a re-
ligious residepee in La Baie, experienced cracking of the unreinforced
masonry infilled walls of this two-storey reinforeed concrete frame struc-
ture. In the chapel, ane small masonry wall collapsed behind the altar,
This wall was unreinforced, was improperly connected to the backing wall,  Figure 3: Less of masonry cladding from clock
and had the decorative masonry blocks stacked in their upright position, tower of Montréal East City Hall
Failure of this wall accurred about its weak plane, which coincided with

the azimuth to the epicenter.

Embankment Failures

At least six highway embankment failures and
several natural slope landslides were reported.
Figure 4 shows a highway embankment failure
on Route 138, just east of Ste-Anne-de-Beaupréa
{about 120 km south of the epicenter). The em-
bankment consisted of medium to fine sand, with
a total height of 24 m (78 fLR and a slope of
1.5 horizontal to 1.0 vertical. It is believed that
liquefaction played an important role in this em-
bankment failure. The slope failure tosk place
over a stretch of about 60 m (200 ft.).

Canadian Mational reported two slides of railway
embankments with the larger occurring north of
Hervey Junction (sbout 170 km southwest of
the epicenter), This slide occurred in a 15 m
(50 ft.) high embankment, consisting of fine to
redium sand with a slope of 1.5 horizontal to 1.0
vertical. The railway track was left suspended

Figura 4: Overall view of embankment faifure (60 m long) near Ste-Anne-

over a length of about 90 m (300 ft.), and the . .
line was closed for one week in order to repair the de-Beaupré (Québec)
embankment.

Fallow-up Work and Open-File Report

Follow-up work includes studies on damage to industrial facilities, response of dams, occurrence of liquefaction, causes and
. extent of electrical power failures, distribution and amount of damage, assessment of repairs, and studies on the stability of
embankments and natural slopes, More information can be abtained fram: Mitchell,
D.. Tinawi, R. and Law, T., The 1988 Saguenay Earthquake — A Site-Visit Report, Geological Survey of Canada Open-File
Repart No. 1999, February 1989, 97 pages. This report may be ordered from Ashley Reproductions Inc.. 386 Bank Street,
Ottawa, Canada K2P 1Y4; telephone 613-235-2115; price $16.50 (cAN 3) plus shipping and handling costs.
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The following has been extrac-—
ted from the report "The M=g
Saguenay earthquake of November
25, 1988, in the province of
Quebec, Canada: preliminarcy
NCEER strong-motion data
report” prepared by F. Friberg,
R. Busby, D. Lentrichia, D.
Johnson, K. Jacob and D. Simp-
son; Lamont-Doherty Geological (S S S0 S0 S0 S LAY S0 R P OO RN S T B R0 S0 S (W ) O
Obeervatory of Columbia Univer- Seconds

sity, Palisades, NY 10964,

December 1, 1988,
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First 50 sec of the 214 sec Dickey record, at an epicentral
From the Introduction —— The distance of 198 km. Components NO, Up, N90,

earthquake caused some damage
in the sparsely populated re-
glon, caused pover ocutagee more
regionally, and was widely felt
in eastern Canada and over a
wide area in the northeastern
U.5, from Maine to Bostom, New
York Clity and Washington D.C.
along the Atlantic coast, and
inland as far as Ohio and
Michigan. It is the first
severe earthquake in eastern
Horth America to occur since
the National Center of Earth-
quake Engioeering Research
(NCEER) installed a number of
digital strong-motion stations
in portions of the northeastern
and central U.5.
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L-DGO functions as NCEER's
ground motion core-facllicy.
During 1988, digitally recor-
ding strong-motion instruments
were installed by L-DGO person-
161 ohder Lts NCEER uieston and Response spectrum of the N0 component of the Dickey record.
with combined funding by NSF
and the State of New York.
Station Inestallation occurred
throughout the summer and fall
of 1988; in faecr the stacion
nearest to this earthquake
became operative only about one
week prior to the Saguenay
earthquake. Hence this earth- 0
guake provided the firet real
opportunity to test the perfor-
mance of the strong-motion e
stations. It allowed a test of
its novel communications capa-
bility to retrieve the digital
data by phone from the instru-
ments within houre of the
‘event. The earthquake also

- provided an opportunity to test
the readiness of the NCEER Peak horizontal accelerations from CGS data (circles) and NCEER
ground motion core-facility to (triangles). Western US acceleration data are typlecally
process the data quickly, at represented by Joyoer and Boore (for M=6.3 and 6.0) but not tao
least in a preliminary fashion. distances as far as shown here.

Pseudo-Relative Velocity Response

Peak Acceleration

Log Acceleration, cm/als

2
Log Distance, km
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First 50 sec of the integrated
displacement of the N0 component
of the Dickey record, filtered
with & long period limit of 2
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Data == The strong-motion data
for the Saguenay earthquake and
its fore—shock are presented in
the report in a preliminary a8.00
form. All of the data proces- L &
sing and plotting was done = =
using the Sun Agram strong-
motion processing software NCEER station locations, with preliminary eplcenter.
package conoverted at Lamont
(6ee Friberg and Liu, 1989, or
Converse, 1984)}. The data con-
gists of nine three-component IEM
digital accelercgrame recorded Peak Acceleration 0
at elght NCEER 55A-1 Station Code Location Total Sengitivty ~ Orientation  [gm/secisec)
gtatipns. Statlon coordi-
pates and orlentations are DCRY Dickey, ME +-025g NO 61.95
given in Table 1. Up 23.07

MY} B9 .42
Main shock accelerograms -——
Eight of the accelerograms are i Sl Faliayheld H=0.1208 NJ;T i:;
from the main-shock for the N267 541
Saguenay earthguake. Each
record was sampled at 200 MIME Milo, ME +-035g NI26 312
samples per second for each Up 359
component of acceleration at Nif 4.51
variable resolutions. LYON Lyon Mtn., NY +-05g NS5 173
Ko instrumenct corrections have NU3;5 ;ﬁ
been made since the accelerome-
ters record accelerations MSNA Massena, NY +-05g MN245 5.49
truthfully for frequencies up Up 1351
to about 30 Hz, and with only N335 6.81
lictle distortion to higher .
frequencies close to the natu- SMME Machias, ME +H-038 HS]S :g
ral frequency of the sensor at Hﬁpj 211
50 Hz. Moreover, these highest
frequencies have low signal NEWC MNewcomb, NY +-05g MNLS 217
amplitudes. Up 1.70

NI105 272
Eeferencea ;

FAL Pulisades, NY +H-0.125g MO 0.29

Converse, April, AGRAM: a ;JI;PJ gi:
Series of Computer Programs for ? Q
Processing Digitized Strong-— 1
Motion Accelerograms, Version
2.0 United States Geological Friberg, Paul & Liu, Lynn, The Instruction Manual, NCEER
Survey Open-File Report 84-525, Sun Verslon of Agram Strong- Technical Report B9-XXXX, in
1984, motion Processing Programs: An preparation, 1989.
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EQE Engineering

i'I'hu following 18 excerpted from
the EQE Engineering report
entitled "The Saguenay, Quebec
earthquake of November 25, 1988
~— & preliminary summary,”
December 5, 1988, EQE Engineer-—
ing, 595 Market 1Bth and 2lat
floors, San Fraocisco, CA
94105. Price, 55.00.

From the Abstract —— Damage in
the centers of population and
industry along the Saguenay
River was generally moderate,
due apparently to the epicen—
tral distance of 30-40 kilome-
ters, and the location of the
towns on solid rock. Sporadic
damage was cbserved at loca-
tions over 100 kilometers from
the eplcenter, mostly near the
City of Quebec.

The information contained in
this report was compiled by
Harry Johnson, Charles
Scawthorn, Richard Augustine,
Jean-Paul Conoscente, and Sam
ySwan, of EQE Engineering Inc.

Background. Minor sporadie
damage occurred in the popula-
ted areas along the Saguenay
River east of Lac-Saint-Jean,
and also in the ecity of Quebec
about 170 kilometers south of
the espicenter., Motlon was felt
as far away as New York City,
Washington D.C., Buffalo, and
Detroit, illustrating the
gradual attenuation typlcal of
eastern earthquakes. Mineor
injuries were reported in the
Chicoutim! and Quebec area, as
well as at least two fatallties
from heart attacks.

EQE dispatched a team of
engineers to the Saguenay/Lac-—
Saint-Jean area nearest the
eplcenter on Sunday, November
27, for a general reconnais-
sance of earthquake effects.
The E(QE team was able to con-
tact selsmologists sent to the
area from the Canadian Geologl-
cal Survey (CGS), and from
Columbla University's Lamont
fooherty Geological Observatory,

- who provided valuable assis-—

tance, a8 did engloeers from
the provineial utility Hydro
Quebec, the loecal municipal

agencies, and the local news

media,

The inicial concern of the
local government focused prima-
rily on the reaction of the
populace, rather than direct
damage from the earthquake.

The Saguenay/Lac=-Saint-Jean
region has not been & focus of
hiscorie earthquakes, and the
experience 1s totally unfamil-
lar to the local population.
Many of the injuries treated by
hospitals were caused by panic
rather than earthquake damage,
A large portion of the populace
was reported suffering from
sleeplessness and anxfety in
the days following the shock.

Initially, damage appeared
modest. However, in suvbsequent
days estimates of losses from
the earthquake have lncreased
to over $7 million, and are
likely to be much higher when
losses outside the epicentral
area are fully accounted.

Geological Setting. The region
of Saguenay/Lac-5aint—Jesn is
principally rock, with a gener—
8l lack of overlaying soft soil
deposits of significant depth.
The lack of overlaying soft
soil to amplify the mocion of
rock may account for the modest
level of damage observed in the
populated areas nearest the
epicenter. The few pockets of
soft soil in the Saguenay/Lac-
Saint-Jean area experienced
sporadiec settlement, with
subsequent damage to structures
and roadways. Damage at far-
fienld locations to the north,
to the southeast along the
Saint Lawrence, and In the area
of Quebec appear to have
occurred in soft soll reglionms.

Power Outages. The earthquake

caused a power blackout over a
large portion of the Hydro Que-
bec system, including service
to the Saguenay/Lac-5aint-Jean
region, and to sections of the
City of Quebec and Montreal.
Service was lost to about
250,000 customers in Southern
Quebec Provioce. Little if any
damage was reported to substa-
tions or transmission lines In
the power system. The outages
appear to have been caused by
protective relay actuation, a
common occurrence even in mod-
erate earthquakes. Momentary

electrical faults caused py
swaylpg transmisslon line
splashing of oll within s
tion transformers will of
cause relavs to actuate,

opening swiltchyard circul
breakers and disconnecti
sections of the power gri

Hydro (Quebec reported onl
minimal damage to substat
in the Saguenay/Lac-Saint
area. However, substatio
gwitchyard damage was rep
in the hydroelectric gene
regions further to the no
Details are pending inspe
by officials from the uri

Power was restored to ess
tially all of the Hydro
service area within about
hours of the earthgquake.

Effects on Industry. The

aluminum emelting operati
reported minimal direct
from the earthquske. FPre
releases from Alcan mentd
minor leaks in water, fue
poeumatic alr, and steam

The Alcan plant in the to
Arvida reported cracking

concrete columns of cne sfruc-
ture, requiring shutdown
overhead bridge cranes opgra—
ting above. Necessary re
on the columns were expec
take one or two days.

Power was lost to the sme
operations for up to 3-1/
hours following the earth
Extended power outages pr
potential problems to sme
furnaces; surprisingly th
seemed to be no source of
up power. Reports, howew
indicated no serious damafe to
the furnaces.

Far—field Effects. Sporafiic

damage was reported at
distances ranging from 10{ to
200 kilometers ino differejt

directions from the eplcenter.

(epi-
Cers

Hear the town of Beaupre
central distance 120 kilo
south), a landslide of sonpe
4,000 cublc meters of sol
separated from the shouldger of
a roadcut on Route 138.
gimilar slide dislodged from
the embankment supporting|a
rall line pear La Tuque
(eplcentral distance 140
kilometers southwest),
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