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ABSTRACT

A site E—ln’lpllflCE?thn study was carried out for the Fraser Delta of British Columbia

The ‘Study COI‘lSlSte.d of three major components: (1) definition of representative soii
profiles and Seliectloniof dynamic soil properties to simulate typical conditions in the
delta, (2) selection of input motions compatible with the local seismo-tectonic setting,

ncluding possible megathrust earthquakes offshore, and (3) dynamic response

analyses for the selected sites using current state-of-the-practice procedures. The

foundation factor computed from these analyses were compared to the provision in
the 1990 National Building Code of Canada. The comparison appears to indicate that
for typical sites involving deep soil deposits in the Fraser Delta, the current code value
of 2 as the foundation factor is generally adequate, except for the period range of
about 0.5 to 2 sec depending on: the type of building, the site conditions and the level

of spectra considered.

INTRODUCTION

oil sites during recent major earthquakes around

f amplification of ground motions at these sites.
earthquake, the 1988 Armenian earthquake, and

the 1989 Loma Prieta earthquake. A site amplification study was, therefore, carried
out to assess the level of protection offered by the seismic provisions of the current

National Building Code of Canada (NBCC 1990) to buildings founded on deep‘s'oil
deposits 1n the Fraser Delta. The delta is located In the southwest corner of the British

Columbia mainland within the Greater Vancouver Regional District, and is in one of

the highest seismic areas in Canada.
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River Sf;gllme‘ntf; of Holocene age and glacial deposits of the Late Wisconsin age or

older. The river sediments generally consist of unconsolidated fine-grained marine

sediments (silts and clays) overlain by sand-sized marine and tidal flat deposits which

are in turn overlain by fine silty overbank deposits. These postglacial deposits are up
to about _200 m thick. The underlying glacial deposits consist of ice-loaded tills,
glaciomarine and glaciofluvial deposits which overlie Tertiary sedimentary bedrocks.
The bedrock surface is estimated to occur at depths of 250 m or deeper under most of
the delta (Blunden 1975).

Three representative deep soil sites in the Fraser Delta (Sites A, B and C) were
selected for ground response analyses. The selection was based on site locations
“olative to urban and industrial development as well as available site specific data.

The idealised soil and small-strain shear modulus profiles are shown in Fig. 2, based
SOIL PROFILES
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Fraser Delta, using the Cornell-McGuire method and
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probability level of 0.0021 pef
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mzmn_u;-*'f:_-1 umhim n}tluence by any specific earthquake. Records satisfying the above
. T ;| : _ - iy . . - - . e E »
magnitude and epicentral distance ranges but with a/v ratios significantly higher and
lower than unity were also included in another part of the study (Sy et al. 1991).

Rogers (1990) indicated that the potential subduction thrust earthquake could occur at

a focal depth down to about 40 km and as close as 100 km west of the study area. The

rupture surtace could extend another 150 km further to the west. A search for

earthquake records on rock at epicentral distances between 100 km and 250 km from
subduction events with a magnitude greater than 7.5 resulted in 12 records (including
1985 Mexico and two Japan earthquakes). In addition, the study also examines the
potential excitation of relatively moderate ground motions from distant subduction
ovents (>250 km), comprising 10 records from the 1985 Mexico earthquake.

DYNAMIC RESPONSE ANALYSES

The computer program SHAKE was used to compute the response of the soil deposits

to the selected input motions. For the NBCC model earthquakes, the selected records

were all scaled to the same peak ground velocity for the area (0.21 m/s). For the
subduction earthquakes, the closer suite of records (100 to 250 km) were scaled to
0.2 g, while the distant records (>250 km) were scaled to 0.05 g. Attenuation
relations proposed by Kawashima et el. (1984) and Youngs et al. (1988) for subduction
ovents were used to arrive at these levels of peak ground motions.

The mean and mean plus one standard deviation (mean + SD) pseudo-acceleration
ace and at rock were computed by the SHAKE program

Heidebrecht and Stafford-Smith (1973) showed that the
systems lies somewhere between uniform

"frame” and "shear wall" type structures. Consequently, the base shear was computed
for these two types of structures using simple continuum models (Heidebrecht and Lu
1988). The base shear was obtained by combining the first five modal values using the
square root of the sum of the squares method. For each mode, the base shear is the

t of the modal mass and the pseudo-acceleration response spectra. To facilitate

product
later discussions, the computed base shears at the surtace and at rock are designated

as V_ and V_, respectively.

response spectra at the surt
for each suite of records.
dynamic behaviour of most structural

in the 1990 NBCC is given by: V, = vSIFW; where v =

seismic response factor, I = 1mportance factor, F =

_ dead load. For convenience, assuming a structure of
= vol.

he elastic base shear, V,,
zonal velocity ratio, 5 =
foundation factor, and W
normal importance (I = 1) and unit weight (W = 1), then Ve
grained soils with depth

The S factor is specified
r limits the product

_ 2 for "very soft and soft fine-

greater than 15 m”, which applies to most of the Fraser Delta.
in the code as a function of the structural period. The code furthe

"FS" to a "caping” value of 3 in the short-period range.

The 1990 NBCC specities F
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For the mean + SD level,
code factor for “H.‘l’i{)(iH
The \u_-nif-p I values vary

pvrimi.ﬂ: close to 1 sec, with maximum values of about 2.4,
the foundation factor for both types of structures exceeds the
hetween 0.5 and 2 sec, except for "wall" structures on Site A.
hetween 2.5 and 3 for "frame" buildings and between 1.9 and 2.3 for "wall" buildings.
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Fig. 6 Comparison of computed versus code values of base shear - subduction events

Currently, no local strong motion records are available to allow for calibration against
the results presented herein. However, reasonable inferences can be drawn from
these results. In general, for the NBCC model earthquakes, the code foundation factor

appears to be adequate, except for the period range of about 0.5 to 2 sec depending
on: the type of building, site conditions, and whether the mean Or (mean + SD) level

spectra are considered. Since this period range corresponds to the majority of
buildings in the area, further studies are needed to investigate possible influences on
the results from (1) the shortcomings of the equivalent-linear method embodied in the
SHAKE analysis currently used in the practice, and (2) the peculiarities of some input
otions. For the suites of subduction events, the computed base shears are overall
less than the code specified values. This favourable situation, of course, requires
further confirmation when more insight into the subduction events and more

subduction records become available.

CONCLUSIONS

In summary, for typical deep soil sites in the Fraser Delta the increase of the code

foundation factor, F, from 1.5 (NBCC 1985) to the present value of 2,_ as a result of
lessons learned from the 1985 Mexico earthquake, appears to be justlhed. Further
studies are needed to confirm the overall applicability of the present code value of 2

to typical buildings in the Fraser Delta.
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