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INTRODUCTION

' I'he Saguenay earthquake of November 25. 1988 & _1
B i i bl sone e o doc it 29, 1! constitutes for Eastern North America a
damag(*s This O&I‘H’l(’ uak | | i dJa-Dn the Characteristics of the grﬁund motions and the related
far as 'l’m*olntr" | N : a'Ye’ whose epicentre was located 36 km south of Chicoutimi, was felt as
al o ) al( e B, Vi ak o : G s g Vo L I S
2l - 1089 Lefe b; : wl O{rl(\ City. It caused a large variety of geotechnical damages (Tuttle et
Al o oy e e O 3 . Ci e - _ | -V
) y L re et al., 1990) but minor structural damages to large buildings (Mitchell et al.

1989).

LO

e I'his paper presents the results of the analysis of more than 1920 files of reported damages
) - ) B T A s o : |
uildings. Some of these files were submitted as part of a compensation prograim sponsored by t.

Ministry of Public Safety of the Government of Queébec. Other files, concerning public buildings,
Gtatistical studies show that the geographical distribution of

also reveals relationships between ground motion,
to buildings, inventoried

1€

were supplied by the government.
damages are related to site effects. This study
type of soil and type of structural damage. The total repair cost of damage

in the present study, reached 44 millions of dollars.
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EATHQUAKE MOTION CHARACTERISTICS

Figire 1 shows the largest of the two peak horizontal ground accelerations recorded for each
intrumented site (Munro and Weichert, 1989). These accelerations were recorded at rock level
axcept ab Hade 56 Paul, which was on a thick layer of alluvial deposits, This figure clearly illustrates
the amplification of ground motion due 1o local soil effects, There is an amplification of 1.5 to ¢
betweon the Bale St Faul station (on alluvial deposits) and the La Malbaie and Les Eboulements
wbitions (on rock), at the same distance from the epicentre, The map shows a considerable decrease
g;t:!:'ljﬂ?:ﬁlkg ﬂ;:J:Jﬂd ll:;;falnmtitm blﬁ%md a distance of 110km from the epicentre. According 1o
sttong reflexions u*"( e 0), :ihin‘i-; due to the larg,ﬂ focal depth of the earthquake (29 km), and to the
APPM‘M dﬂfarmntlj::t;ml ’z “{ thg carth’s crust along the St, Lawrerme River, between the

(1990) show fhl.tlfér e :t’:-il n:;i tl: e North American Shield (see Fig 1). Leboeuf and Lefebvre ;
accaleration Is less tha, 34 | stances of more than 110 km, the amplification for the spectral -
ndA and the predominant periods are low (less than 0.075s); whereas for

i epleantral distances less than 110km. the amnlifieest |
L perlod vary from 0,130 10 .20, PACtion can be as high as 5, and the predominait
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“Usage of fﬂ(‘il}j,if“ﬂ 5 : o OIS e S M according 1.

“Houses of less than 2 storeysg “““""“*“Hﬁ.‘hﬁimﬁﬁﬁgb‘;:Ei’f?f_ff_f_df_i’f}.[‘ s
Apartment buildings of more thay 9 « SRR . —ir}_“i”"‘_t;_ﬂ(,:'.f_‘___?j_‘__‘_[ usands §)
Commercial and industria) Stareys IR 5,617 L
Churches 5 585
Schools 51 ;W‘ ‘
Hospitals 226 ; c")(')(()’((]’“
Public services 36 61(378
Wells and aqueducts 3 .2’050

“Total 228 1:01 3

- 1852 43,928

1.ments). Some reserves mus :
olements). OOI erves must however be made on the objectivity of the collected dat (1) all
o Nt Af L a _-‘_r ‘(_ {_a.r a.-: 1 E‘

. ooc due to the earthquake wer :
damages due : Juake were not always reported; (i1) the determination of the cause of t|
. AL Calls 1€

mages was not always compiled - 25% of = ‘
damag S e atReg 0 tl}e files corresponding to important damages above
compensation thre > lere oroughly investigated and are well documented. 5% (i.e., 75) of the
' ere not attributec . s Meaellf (13 - ’ g
claims were no 2z to the earthquake itself; (iii) the evaluation of the cost of damages caused
by the earthquake has generally been made by the owner, except for public buildings and private
houses with large damages where an independent assessment was made, and (iv) the normalized
municipal evaluations used in this study to define the level of damage do not always reflect reality,

particularly for public services buildings.

DISTRIBUTION OF DAMAGES

s presented in Fig. 2 shows that the damages are con-
ome regions located more

damaged buildings. This

The geographical distribution of damage
centrated along the St. Lawrence River where the population is denser. 5

than 300 km from the epicentre, like the Boucherville region, have severa,ll S i
map does not specily building type or the degree of damages. Table 1 gives the number of -

and their amount according to usage of the facilities. A total 9[ 1"200 clfx,l;nlsz, wa&;ci:zdstf;);elyc:;:
rise buildings (detached or semi-detached houses, a:pa,rtrr:lent b}lllfllngs wit a;—:’.tsrsmjrlt S
totaling 6.1 1\-'153; 114 claims were received for medium rise bm‘ldllngs (da,pfblic S;W'mes o
more than two storeys, commercial buildings, churches, hospitals and P

taling 1 M3.
totaling 36.8 M$; and 2928 claims were received for wells and aqueducts, totaling

Figures 3a, b and ¢ give the number of

the three classes of facilities mentionnec} aLbcmi-‘:(jt ; | e
except for a peak in the Quebec City region A 90 3 | damaged surface We

n the Montreal region (300 to 350 km) FlhgurI:SOi
(drying up): the Ferland-Boileau regiot; whe

' res
the south shore of the 5= L&WTGUCZ_RS;? after the earthquake, some wells(f::,fii of damage repair
: 3 a :
phenomena did not all occur 1mmeadl D Rav, for o A At large distances, few

uch with distance.

ratlo
Figure 3d shows that the average damage :
portant‘

11l
_ o does not change ;
cost to estimated building value), . volved were im

1
claims were reported but the amounts
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Figure 4. Distribution of the average damage intensity, Dlsy, for houses superimposed on a surface

deposits map.

lay foundations can be found at very large

profiles, 14% on sand). Damaged buildings involving ¢
‘ted to an epicentral distance

distances whereas comparable damages for sandy foundations are lim

of 130 km.

't when comparing the damages in Chicoutimi,

Boucherville area, mostly on clay deposits, at
s were also sssociated with other local effects,
and foundation on 1l material.

Amplification due to the overburden is evider

mostly on bedrock, close to the epicentre and the

390 km from the epicentre. Many damaged building
lope crest (generally clay)

such as sloping ground, proximity of a s

Very few of the 1857 reported cases ‘nvolved important damages. Essentially, the damages

were cracks and fissures 1O walls and foundations. The a.nalysi:s; was carried out Ey'f;?'ldln(grnlliz
buildings in two classes: (1) small buildings (less than 2 stoTeys high), and (2) large buildings

than 2 storeys high).
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Typically, the small buildings have a 1‘(111{'1‘?({? or concrete block I-UHIHJ;I[:H‘-'H walls, .
e ik et SaDs -[ he dﬂ??l;l?’,t‘h ‘..m‘ CONCE ““.M_HI N the s hie.
of the buildings. Table 2 summarizes the type ol tla.ln;lg::,ﬂ? most commonly reported Na reporteg

cases involved collapse or required demolition. Only 4.7% (5-1' lmuws)‘ have a lli’lﬂl}l_’;_’{;{_‘* "

greater than 507% due to the necessity of rebuilding the foundations or, in some cases. dr
For more than half the requests involving a damage ratio, DR;, greater than 50%. the c;
damages could be related to excessive settlements of fill. Soil liquefaction in the Fe
area, close to the epicentre, also caused damage to foundations (Law, 1990).
Large buildings presented a higher level of damage in the unreinforced masonry exter

and the interior walls (see Table 2). Fewer damages to chimneys and foundations Were reporteq, 3
striking difference in building behaviour can be observed: several unreinforced concrete block u-d}_;ﬁ
were displaced inside the building and they have to be demolished. Failures also OCcurre

top of the walls, chimneys or parapets. Vibrations also worn out the ceme
masonry walls:

Wild

d QI Iht{‘
nt bonds of the exterior

' Some cases, a separation of several inches between one non-anchore

wall and the building structure was noticed. Cracks occurred mostly around

doors) or corners (walls and ceilings). It is important to note that symmetric
less damage than nonsymmetrical ones.

d exterior
openings (windows.
al buildings suffered

It appears that earthquake damage is controlled by the type of foundation (masonry, ¢
concrete blocks), the quality of construction, |

connection with the structyre The ag 1di '
Hi€. 1he age of the buildines z
g g uildings did not se

oncrele,

the wall construction (stucco, stones, bricks) and its

iUl 1L

em to have played a significant

CONCLUSION

The compy | '
mprehensjve survey of buyil

played a significant roje In
€Xplanation Jjes In

from the €picentre,

es clearly pointed out that soil and site factors

the dama,ge . .

. ' observed and its o ey e - ible
: : : - eographical distribution. A possible

the ampllﬁcatmn B . ; l

of the seismic n
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- 140km). Dam
are some eviden

was very uneven
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widespread in thick ove
€s that loca] to ol
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L70 km, Shannon and St-Brigitte-de-Lava

2 ' rburden zones or in alluvial valleys and there
Pography contributed to

I concentration on the North

lotions by the soil layers. Some towns, far

ake (for example, in Boucherville - 320km

damages or failures. Damage distribution
Shore of the St. Lawrence. It is also
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damage intensity, Ulgy,
: o is a clear trend of the average Py
ith some irregularities, there is a i ek b |

A'lthOll.glll W}ithd?stance t‘f the epicentre. There are ver.y - dani&fleliall zone (see Fig. 1). This

T 1 2 bevond the contact North American Shleld_Apia aound accelerations shown 1n
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is well correlated to the

Fig. 1.

DAMAGES AND TYPE OF SOIL

that most
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£ Superlmpme}is <cale small extents of clay

rted
d&mages were repo
feW 96% Of the rep()ft@d

on multilayer soil

Any site effects should be examined

) 1t DI{IU
e v dadmag:i::tiiilsshiuld be noted th&t\?t t
* ith clay geposiis. & e locally. Very
S s &?SOCIat::g;ZLted and could exist elsewrheés tc;le data showed that
. mufl ﬁieposn s k or till foundation. For $h ¢ ’thicker than 20m, 26%
for buildings <'~:)11d}:'e(lroc'1 temosits (56% on clay deposits
cases are located on soil deposits {
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2 possible that local mechanisms {deep hvpocentre) and “tectonic ARisotropy” along th, Propag. ..
? f s path pla_}*f‘d A :-Tig'niﬁ;_“ﬂ nt role. “t0)p
| The horizontal and vertical seismic vibrations induced __-~-M't‘rat% cracks and NSSures A
h foundations and weakened the ppriphrrd! walls but no H:.‘t_jtrr fallures to '-~?r‘:3rt~;”wﬁ Were m‘:l the
; Most damages to detached houses involved the !}inumi-.ﬂmn walls and can bhe explained b ‘f,hai r
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? structure. T R
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