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ABSTRACT

alyses carried out in the Fraser Delta indicate higher amplifications of accelerations

Seismic response an
soil properties and

been considered. The analyses are based on recent information on
results are in accord with amplifications recorded 1n Mexico City, 1985, and San

than have prcviously
for the NBCC design earthquake would trigger i

jayer thicknesses and the
' 089. The computed cyclic stresses
the delta and result in large vertical and horizontal displacements that would likely cause severe

liqucfac[ion In
damage (o lifeline facilities.

INTRODUCTION

inland Southern British Columbia lies within a highly active seismic region. Seven

d in the recorded past 100 years. Geological evidence
. The recurrence

t recent such event

The coastal area of ma
< in the magnitude range M5-M7 have occurre
bduction earthquakes of the order M9 have occurred in the past

every 700 years on average, with the mos

earthquake
suggests that very large su

period of these earthquakes is thought to be about

having occurred about 300 years ago.

The Fraser Delta lies within this region and is particularly prone to damage in the event of a major

This is because it is underlain by deep deposits of relatively loose or <oft soils. The presence of
period of the motion, and cause

earthquake.
the intensity of shaking; lengthen the predominant

such soils can: amphty
strength loss or liquefaction of saturated sandy soils.

major cause of damage was the
d upward through the soft clay

the San Francisco bay muds and caused much of the
Prieta earthquake (Idriss, 1990). In addition,
ed to the damage where 1t was present.

during the 1935 earthquake showed that a

Experience at Mexico City
s the motion propagate

very high amplification of acceleration that occurred a

lakebed deposits. A similar amplification occurred 1n
damage in San Francisco and Oakland during the 1989 Loma

liquefaction of loose sand fill placed on top of the Bay mud greatly add
< sands overlie deep silt and clayey
ossibility in the event of a
: ns from the foundation
ots were discussed 1n

.In much of the Fraser Delta, natural deposits of loose to medium den
degosnts, so that the combined effects of both amplification and liquefaction are a p
major earthquake, and should be considered in design. The major design considerat
point of view are the depth of liquefaction and the resulting displacements. These aspe
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The prcdic[ﬂd amplifications of acceleration from b
-« figurc arc results of recent analysis carried - e lasGen s T
this 11§ = s riecd out by B. C. Hydro in connection with seismic asse t of
___:.cion towers In the eastern F > . - S N
- ransmissic npeioag raser Delta. The layer thicknesses varied widely in the Hydro analyses and
y fir ound were gener: > G : : | :
he depths ¢ ; gl; o generally less than considered in Fig. 2. Also, significant peat 1
. the B ehetile T . B ‘S < -at layers were
Jresent 10 some O : }’h fg;ml]t s. The high surface accelerations computed by HYDRO were associated
. at a depth of >0 m. ‘ -
with a hard layer P The low surface accelerations were associated with a weak surface layer

The results of bot? :}nalyse.:s indicate that base accelerations of 0.2 g could generally be amplified to 0.3
. the Fraser Delta. This is consistent with observations in San Francisco and Mexico City, and in agreﬁm'engi

with the median recommendation proposed by Idriss (1990) also shown in Fig,. 4.

The thickness D‘f the till could range between 90 and 600 m. Additional analyses were carried out and
ated that the predicted surface accelerations were not sensitive to the till thickness. This is to be expected

indiC
hese high confining stresses would act much like a rock.

as the till under t

The thickness of the silt-clay layer could range between 100 and 300 m. Analyses carried out with a silt-
clay layer of 270 m rather than 120 m indicated essentially no change in the predicted peak surface acceleration.

Analyses were also carried out to represent the condition of a sandy rather than a silt-clay layer in the

depth range 30 to 150 m. This condition occurs in the southern portion of the Delta and resulted in essentially

10 amplification.

The predicted peak surface acceleration 1s approximately 0.30 g and represents an amplification factor of
15 for a base rock motion of 0.2 g. In a previous study Byrne and Anderson (1987) computed an amplification
of 1.05. The amplification 1s essentially independent of the thicknesses of the till and silt-clay layers for the
‘hicknesses likely to be encountered. Lower amplifications are predicted in the southern portion of the Delta

where sands rather than silt-clays are present at depth.

The accelerations cause cyclic stresses in the ground, and it is these that may cause the soil to liquefy.
Because the computed accelerations are higher than previously calculated by Byrne and Anderson (1987), the
cyclic stresses will also be higher. The computed equivalent cyclic stress ratios (CSR) as a function of depth for
the top 30 m are shown 1n Fig. 5. CSR is defined as 0.65 times the ratio of the computed peak shear stress Lo
‘he effective overburden pressure. The values <hown are for the soil conditions 1n Fig. 2 and vary significantly
depending on the earthquake record and the choice of modulus reduction and damping values used. The higher
CSR values correspond with surface accelerations that are in agreement with amplifications recorded 1n San
Francisco. For this reason CSR’s indicated by the dashed line shown on Fig. S are considered appropriate for

design.

earthquake exceed the cyclic resistance

Liquefaction is triggered when the cyclic stresses from the design
values of Fig. 3 and the Seed et al.

of the soil (CSR > CRR). The CRR values were obtained from the (N1)g0 '
(1984) liquefaction chart, and are <shown in Fig. 6. A correction value of 1 08 was included to modify the CRR

for an M7 event rather than an M7.5 event. An M7 event is thought to be appropriate for 2 probability of 10%

in 50 years. The design CSR from Fig. 5 is also shown on Fig. 6 and the results indicate that for the lower
bound (N,) ¢ condition, liquefaction to the full 30 m depth 1s predicted to occur. For the mean (Nq)go»

liquefaction to a depth of 16 m 1s predicted.

439




.od out using the computer code 1D-]

Iso carr Q
a values such that under |

erived from (NI)GO : R COnst .
les in agreement with the Seed et 3], (198 Plity

34) |
B)’Tn@ (19‘91)* ThE; I'GSUItS are 5]‘1(}1 ) ]“lU{:f-- b

: nil:r"
*V N ]ir i E

L[“h
dnt am

ysis Were
del werc d
4 occur in 15 €y€
:< outlined by

ress dynamiC ann

faction woul

| Lr

Effective St
rs
pressuremeter paramete

* ditions, lique ooy
cyclic Joad con - e for dong L1115 : & mavbe ceen that in th . o
chart . The detailed procedur e rise as a function of depth. y ¢ depth tange 3 . j‘* I |

sur : »  indicating hquefaction ; : | |
psisbshs GRS - 2 przsual ‘he initial effective stress 0 V%.l n[ ]d to o%::cuqr s “glon, Be
‘ 1O C : : . redicte : O .
v ::;iessures .re high, liquefaction is not p W 9,
m, while excess po .
D-LIQ analysis for the same lower bound (Nl)60 condition ig shown e
- that the CSR exceeds the CRR for the complete depth f sand .
Thus the total stress analysis is seen tq give ,

[o
It may be seen
e fill 30 m depth of the Jayer.

' 1IVE.
pth of liquefaction, perhaps toO conserval

: mdi‘:ﬂlina

comparison.
COn ;
St?,p.d

quuefaction to th
~stimate of the de

l } Ve

The reason for the reduced depth of liquefaction in the case of the effective stress analysis
e re

rise and liquefaction OCCUTS in the layer moslt susceptible to hquefaction, this layer 1oc
: mic stresses are significantly reduced in all layers.

1S th.
S thdt as p{}”‘

] T s
pressur S 13 dblhl_y 3
J L)

iransfer shear load, and subsequent dyna

LIQUEFACTION INDUCED DISPLACEMENTS

Triggering of liquefaction may result in large horizontal and vertical displacements, and the

_ . . S€ cap b
estimated from the effective stress analysis carried out here. The computed maximum of vertical displas: b
at the surface was 0.22 m for the lower bound (N;)g conditions. Liquefaction induced vertica] displace e
can also be estimated from empirical equations based on field experience during past earthquakes. TDL’im;ﬁitg .
and Seed (1987) have presented a chart for predicting liquefaction induced strains based Oon 1In sity x(fdfh
values and field experience. The predictions based on their chart for the various conditions are shown in lTl;I‘-?'-
I. dDlp
Table I t
Liquefaction Induced Displacements *
= =e s L SRS el 5
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(Npgo State  of Liquefied Dicol orizontal ;
Eiet m pl., m Displacement, m
) (
Phene = S
% ea(l:me == T = Byrne Hamada
ot — s
Tkt s Lower bound 5 02 25
Total stress Lower bound 2} 0'5* &/ 3.3
Mean 13 8;{ L e 3.9
. . : x X 5
Based on Tokimateg and Seed, **Based = o e z
3 —-——-*\___\_ 4
S€d on Byrne (1991a). SR e =
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Byrne (1991a) presented a simple extension of the N
- duced lateral displacements taking into HCC(}uﬁt i 1:;.qt l{_:wmark ‘('l
its (-]c.pcndcnc}’ on (N])('}O value. He showed his Pmcidhﬁr;qtuclicuo
ﬂbSCWﬂli@ﬂS- The estimated displacements from this T

765) procedure for predicting liquefaction
lion stress-strain and strength behaviour and
In good agreement with field and laboratory

procedure are shown in Table I (Col. 5) and good

qereement is obtained with the effective stress analysis (2.5 vs 2.7 )
Af . < Ay L e m).

Latf;:,ral liquefaction md“‘lfld displacements can also be estimated from empirical equati
ficld experience. One such equation that is commonly used was proposed by Hamada et al (;1;837;0n5 fb?]md &
al. as follows:

D = 0.75 (H)1/2 (8)1/3
(1)

in which D = the liquefaction induced displacement, m; H = the thickness of the Ii _
‘he slope of the ground surface in %. the hiquefied layer, m; and 6§ =

The predicted liquefaction induced displacements based on this equation (6 = 1%) are also shown o
: G R = n

Table I (Col. 6). They are significantly greater than the prediction from the effective stress analysis However
—ost of the Hamada data were associated with very loose sands, and this is discussed in more detail by Byrné

(1991a).

1t should be noted that all of the empirical methods of predicting liquefaction induced displacements are
strongly dependent on the thickness of the liquefied layer. The total stress analysis procedure which predicts a
greater thickness of liquefied layer will also predict greater liquefaction induced displacements as may be seen
from Table I. Thus the commonly used total stress procedure may be unduly conservative when estimating both

‘he extent of liquefaction and the magnitude of liquefaction induced displacements.

Extensive zones of liquefaction are predicted to occur in the Fraser Delta in the event of a major
carthquake and are likely to result in severe damage. Experience at Niigata, Japan 1964, and San Francisco
1089 indicate that damage to buried services such as water, gas, SEWer, electricity and telephone would be very
<evere due to the large differential movements of the surface crust. Damage to bridge and overpass structures,
and the George Massey Tunnel could also be severe. The dyking system will likely suffer severe cracking, and
flooding is a possibility. Light wood structures supported on the crust are likely to suffer light to moderate
damage. However, older taller buildings supported on piles could suffer very severe damage due to loss of pile

support.

SUMMARY

Fraser Delta deposits indicate that in the event of a major
at the surface. This is 1n accord with

1985. The surface accelerations are not

the silt-clay layer. However, significantly
ears to be the case in the

Dynamic analysis carried out 1n the
earthquake, bedrock motions of 0.2 g may be amplified to 0.3 g
amplifications recorded in San Francisco 1n 1989 and Mexico City 1n

greatly influenced by the thickness of the till layer nor the thickness of
lower surface accelerations are predicted if the silt-clay layer is not present as app

southern Delta.

liquefaction over most areas of the Delta for earthquakes

These amplified accelerations would trigger | | -
considerably in the various locations

with M7 or greater. The density and liquefaction resistance varies 1 i
throughout the Delta and for the Lower bound ondition liquefaction to the full depth of the sand layer €O

: ' Jor4d
occur. This could result in vertical displacements of about 0.7 m and horizontal 'dlsplac‘e-nTents Etl:fupt‘to et
m. Such movements could result in very Severe damage to structurcs and lifeline facilities. ective
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