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ABSTRACT

Mononobe-Okabe formulation has been widely adopted 1n
aining walls for several decades. Although the
proved toO be quite appropriate for retaining walls which

tive yielding condition during ground shaking,
1d underestimate the induced dynamilc

seismi
formulation has

experieﬂ
SugEESCE
spil presst

Rased on the results of more recent analyt)

ey T

structores_

ood (1973) -nd model wall tests undertaken at the Central Laboratories

of New Zealand (YONg 1985; Elms and Wood 1987), altermate recommendatlons
non-yielding walls 1n

d for the seismic design of rigid,
wake of the well documented 1988 Saguendjy

INTRODUCTION

The current practlce of seismic deslgn of rigid, non-yieldlng

retaining walls “f underpgronnd SETUCTULES such as multi-level building
hasements, box-like transportation and hydraulilc modules, sonolithic bridge
uses the

sbutments, power plants, pumping ST

well-known Mononobe -Okabe (MOU) form 4 over 60 years 2%,
a Simplified"version of LT proposed. (1970) (MO-SW) .
Al though the MO formulation,hos stoo ite well for walls

stions, €tcC.,
ylation develope
by Seed and Whitman

d the test of time qu

o

often overlooked that

quake induced soil pressure

described above, and may

increments against rigld, - -
+rhe same argument :s also valiad IoT

lead to unsafe deslgns.
the MO-SW formulation,
backfill with horizontal surface as:
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Code (Basham et
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The earthquake source ZzZones defined FG’L'_ th*f* geneya% 17"3"‘:“:1“*”_1 tf 3 |
coutheastern Canada are shown 1n Pig. L, including th;—! bkll;’iLtl‘é;l-n“!I“L:% of
Charlevoix (CHV), western Quebec (WBU) , northern App:}l;ichlang (NA) .
Laurentian slope (LSP) and Lower St. Lawrence (L%"L)‘ (Basham et al. 198
Charlevoix subregion has been the most active selsmlc source 1n eastern

ACer havi;

North America with five or six earthquakes of magnitude 6 or gre:

occurred in 1638, 1663, 1791, 1860, 1870 and 1925 (Basham 1987). In the

western Quebec subregion documented large seismic events have been the Mg

Montreal earthquake of 1732, M6.2 Temiskaming earthquake of 1935 and the h

M>.6 Cornwall earthquake of 1944 (Adams and Basham 1987).
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1988 SAGUENAY EARTHQUAKE

An earthguake of magnitude 6.0 occurred in the Saguena e o] E-rek
prOViﬂce of Quebec Dn*25 N?vember 1988 . It has been t%efl;i ;ZiIZZrih‘i;i*
in eastertl Nthh America since the 1935, M6.2 earthquake ﬂea% 'Tl"ne:mi'E;rk’lrn(;1 o
Quebec L eplce?ter'of the Saguenay earthquake, which 1s deﬁict;d%wziir
an ppdseled stat - L Fig. 3 was located at approximately 35 km south of th
Chicoutimi and Jonquiere and about 100 km northwest of the activi

cities ot
rthquake zone. There has been no previously known significant

CharleVDiX eda
earthquake qetivity in the Saguenay region. The focal depth of ‘the
oarthquake WwWas determined by Geological Survey of Canada at 29 km, twice as
Jeep aS compared to most of the eastern Canadian earthquakes previousl
<tudied (EERL 1989: Adams and Basham 1989). .
The seismlc activity generated by the Saguenay earthquake was recorded
3

by +rhe eastern Canadian strong-motion seismograph network shown in Filg.

(EERI 1989) . All instruments werc installed on bedrock except Baie-St.

paul. Accelerographs at 15 of the 22 sites triggered on the main shock of
3 the triggered sites are depicted with solid

75 November FR8S. - In Fig.
cceleration recorded in (g) by each

circles and the maximum horizontal a
instrument are given (Munro and Weichert 1989). The largest maximum

hﬂrizontal secelteration, 0.174 g, was recorded at Baie-St. Paul on
,]1luvium. The largest maximum horizontal acceleratlion on bedrock, “0.156 g,

was measured at St Andre. The seismic activity was also measured by the

1 PRl National Center of

The maximum
200 km from the epilce

Lorizontal acceleration of 0,09 g was recorded at

statlons.
nter (EERI 1989).

Dickey, Maine about

the Saguenay earthquake in the epicenter

350 km was due in whole or in part to soft
reinforced masonry (EERIL

through soft soil deposits

1989, EQE 1989). Amplification O
7as demonstrated at Baie-St. Paul and elsewhere. The lack of soft soils
1 of damage observed

overlying the bedrock may sccount for the modest leve '
in the populated areas neat the epicenter CEQE 19893 . s

Much of the damage caused by
region and at distances of up tO

subsoil conditions Or

tRIA FOR NON-YIELDING RIGID WALLS

DESIGN CRIT

Design earthquake for the study

t of the peak horizontal ground
and maxlmum horizontal

Based on an overall assessmel
rthquake (Fig. %

acceleration zoning map for Sk Canada (Fig. 2),
ground accelerations recorded during the 1988 Saguenay €4

a design horizontal ground acceleration of 0.16 g has bee
representative of the seismic risk 1n SE Canada within the con

study. An exception has Leenn made for the highly seismlc
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5) COHSiderEd Kan Flgld’kgz?lyis assumed to beg e
Wood (197 127*11 Rig. 4o (ThE sall/l?zcrm e fiaid 1.
: = nifo
blem as deplcte lastlcC. £ : i ] :
Ejn?ageneous, isotropic a;ldotff S carthquake induced inertia forces gp the

01 ]

-

d along whi B

considered repre mpetent E]S-'O’fn : g ek m?; o

soll.  The lower boun d (1973) utilized the finite element techniq
' Woo )

. nt occurs. . the dynamic soll pressure
;i;jpis;::imjed static EIasFi? SOlEET;?Zlgizg wall}-’ Saliitilans for the case
: he rigid, 1 ]inearly with depth have been generateq
celeration of (e TR Y1p. 5. The
Jus does not affect the results. 7ﬂua.§olutign5
Fluence of the problem geomelLry defined by tp,

sbution is capped by the passive pressure

|8 -

I
OL

by the author for a
actual value of the modu _
indicate the significant 10l
I/ ratic SRe prEs S dlstr-
envelope for the particular goil;

Flastic solutions in close agreement with.WOod's e E3) were also
obtained by Scott (1973) who used a one-dimensional shear beam analogy tq
model the soil retained by the rigid non-yielding wall, as demonstrateg by
Soydemir (1991). ]

In Fig. 6, the dynamic force increment calculated both by Wood’s
(1973) model, and the MO-SW formulation for a horizontal ground
acceleration of 0.16 g, are presented for comparison. It is observed th

the dynamic thrust on rigid, non-yielding walls may be underestimated by

about 2.5 times by the MO-SW formulation Whi
: : 1tman (1990 i

~y e
= 8§

M
0Ol tests by the Gontyal Laboratories of New Zealand

M ; ing program has been
IN1stry of Works and Development

arth pressure

tS T6r nha placefl rigid walls (Elms and Wood
Imed (YOI(‘: e]l_QrEtalning walls built on a
& 1985) to provide exXperimental data

1n de o - 3
€W Zealangd (Ma Veloplng Lecommendat i St Al resules gRn had
1980) . for seismic design practice in
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B e & J iR A L SRS e ire included in the figul for
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- %S L . L e S v L Lllca

rhe experime

ana

nca 1 res nits are in close agreement - |
~lose agreement with Wood’'s (1973)

jcal SGlUEiCWH?,]ﬂGWEV@Yﬁ thev are sienificant
lytl & . ney are JlﬂﬂlflLdﬂLly greater than the

force increments gilivel b}r the MO-SW formulation

| -

results of analytical and experimental works presented
hat recommendations provided in Fig. 8 be adopted

¢ proposed the

aboOVE 1C 1 t

in seismlC des1gn practice of rigid, non-yieldlng retaining walls in SE
.,nada. Dynamlc soil pressure 1ncrements in Fig. & correspond ta a
Hﬁﬁizoqtji 5round acceleration of 0.16 g and are believed to be applicable

seral. For the highly seismic Charlevoix subregilon, as

fon 1n ge€
the pressure 1lncrements in Fig. 8 should be multiplied by

defined earlier,
o in campli;nce'with the 0.32 ¢ design horizontal sround acceleration
1 for the subreglon. Linear proportionality 1s acceptable since the
8 also

ace to be elastic 1D Wood’s (1973) solutions. Fig.

cpil 1S assu

includes the dynamic soll pressure :nerements calculated from the MO-SW

Formulation for comparison, and the criterila currently used in New Zealand
horizontal ground
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