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Results of a parametrig :\Illd}' On Site LCSponse eftects
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his paper presents a bdbrief overview and some resulits of - §
3 e TesSholse ¢ :& tqiﬁ' EGS 'J"L.t" = s T YN TN . . i bah e p irametric st 'le:\'
At S1C¢ g | IS * -0 StIong earthquake ground motions. Influence of
_— . o B e e Eal s ~ s 5 ' . |
a soll C) {“i‘ R i h“m\hh as well as frequency content and i1ntensity of the
ceismlic MmOt Lon are i1nvestigated. The results are presented in the form of dynamic
sundation raclors. Lomparisons are made with the proposed foundation factors in

he National Building Code of Canada (NBCC) 199Q.

: ) These show that the compucted
actors signilficantly exceed the

code values when the predominant
. 3 - ¥ d"-‘i'\.'\ » o Y= 7 .|L"l 119 ""k > i""‘l- "'_.*' \ 41 ' - "41 = - . 3
~ari10d 0L tlie eal LligUuanet HQL1lonN 1S close to the site pﬂ'l'lﬂd

INTRODUCTION

Seismic waves propagating through near-surface soil layers can amplify and
sroduce free field ground motions much larger and with different characteristics
+han those at rock. The combined e ffects of earthquakes and local site conditions
re commonly referred to as site response effects. There are many examples when
1S been caused by site response ff ts. During the 1985 Mexico

tant l damage and collapse of
ets during the 1989 Loma Prieta,
ailure for many facilitles.

City e._‘art,'z‘:qt_m};e. site amplification caused subs

pany buildings. Similarly, the site response efte

- - : - 1-"""1 = 111' v - - " 3 - - -
LAllliornlia eariiiguake wele the ma jOor Cause 2 e 7

In the seismic provisions of the NBCC 1990 (Associate C(ommittee oOnN the
. e ; " 2 3 k e R S

National Building Code 1990). the site effects are represented by Ioundation
— : ‘ __ x _ o " - Aoy O ~

factor. The soil conditions are categorized into 4 types, and values are assigne d

- - = e E . - . - = " o s I:'f‘"
to the foundation factor, depending on soil type and depth. In order to evaluate

} i, & - ..' . . _“" - . - .,’...3_...‘
the code foundation factor, an extensive investigation oI site IeSpPonset > has been
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1990, One phase of this Invest fpation

affects (Elhmadi et al. 1990). The parametars
fr‘nqt“wu,’y content. and 1int ensilry 0f eart hr‘u:.:lu-f
swarview and some results of this parametric study,

METHODOLOGY OF THE PARAMETELCG STUDY

Soll Categorles

Four categories of soll deposits are consldered In the paramet ie a6
These categories are: (1) normally to Lightly overconsollidated clay ARCY . ¢ 4
heavily averconsolidated clay (0C), (1i1) alluvial sand and z1i]1 (h8) m”.: f s

site thicknesses of 5, 15, 40 and LOO 1 ;f:

dense sand (DS). For each category,
of soll and thicknesgses St
/ : i1 .”,5,:;‘

considered Iin the analysis. These Ctypes
range of sites expected to produce slite response effects., The soil

required for the site response analysis are based on meanured data ey

sites (Elhmadi et al. 1990), Figure 1 shows the low strain shear MO s

versus depth for the four soll types, The low strain fundamental periods ¢, r_'
- a3 5 L;;F_r'

of the sites considered are given in Table 1.
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Table 1. Low strain site perlods (sec)

b TR i T i

Site, Thickness (m)

. 15 440) 100
NC .37 0.65 oy €0 2 A0
OC 4 3 5 .32 0./0 L. 3
AS 0.18 0,40 0.83 .65
DS 0.08 18 0.39 0.7

‘

matlorftcai: l:j'lclhar:::tz:r?fmjj t;hat the fr‘*’qu‘mﬁy content of strong selsmic ground
ground acceleratibn i ) ?::::l 4 itheEa/v ratlo, in which a is the peak horizontal
High a/v ratios are ch:racteri‘;tis th*e p"?’k norizontal ground velocity (m/sec).
period) content: 1ow a/v ratir-.‘ ¢ of earthquake motions with high frequency (low
(long period) content. It sh Jf are characteristic of motions with low frequency
velocity, v, to scale the fu d be mentioned that the NBCC 1990 uses peak ground
ratio to define differe ntensity of ground motion and three ranges of a/v

| nt force coefficients for structures of low perji_r;d W

The stro

of actual timenii:tgizn d&tgbage at McMaster was used to select three ensembles
their relationghy 4 teﬂ’ vécorded on rock or stiff sofl. The three ra-n:*emt-‘;t;-ﬂ and
2s52.) are d&finadp . C;: ihe zonal combinations in NBCC 1990 (/ ;}7:_ . 7)_.-7##‘ :and
intermdiate s raticgo lowsg H - high a/v ratios, mean a/v u"z E'? ,,:2 )ﬂ? 1 -
a/v = (. 5 (Z,<Z.) Wh’ gt fhd ekl (Zy=Z,); and V - very low a/v ragio’ ’mf*ﬂﬂ
velocity related s’elsm?m Zy and 7, répresent respectively ac:ccler'-".t:i{:,n ;;ftfl

€ Zones., Fach ensemble contains | 15 dl.ffe;en‘tj t}_f;s::
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rories. A detalled listing of 47

his
Figul‘e 2 ShOWS t lﬁlf:f m{—-{an a0 o ] 8423 ; T_Fi_-f CO I B 1"':1_['_} j = p, i e n i P .
: A S | e N I =L Aad L 1 on Py o f—y - 1N ) 1.}.;;:,_1:: p : = = e el
eﬂSembleﬁ’(lE records, scaled to peak -ESponse spectra fc \di et al. (1990).
_ " . : S =23 .= O PRl =S LOY eac " - , S
g W L - - sec : - p B R
U =NCY content of the sec. The relations

From +rhis figure. The predominant pe+: T
- Perlods for ¥H nsembles are evident

BT Ty o 5 S B S G 0 13
1 hbourhOD - ._), = Y an \ - I a‘[""l 1 il =
ne f—f. d 1-0 sec regp d V finaﬁ:ﬁibleﬁ are 'iﬂ T;h%

Eﬂtively‘

ror the purposes of the parametrj
—) @

our levels of peak ground velogilt{f Study, all

0.2 and 0.4 m/sec. It should be nééez‘

o of zonal velocities defined in the sej

i zziﬁilme'histories are scaled
Soitser Dot S correspond to v=0.,05,
P aing ange of v covers the full

oning maps used with NBCC 1990.

to £
§ e I
rang

sgpoNse Analysis

R

In the parametric study, the soi :
ared systems with Propagztion ofogiezipzzizi arel m?dEIlEd as one-dimensional
The computer Pprogtam SIREN developed by J.W ;2 B the vertical direction.
oot al. 198Y) 1s used for the 'res Ezln at O“‘JE'AI’LIP & Partners
represented as a series of lumped masses connectedpb Sfo f‘?alySls. *The o R T
hehaviour is modelled by a hysteretic StreSS/Str’ainy reln l_near ?prlng?. Tk}e soil
Massing principles (Pyke 1979). ationship satisfying the
B8y each site and value of v (0.

acceleration time historiles were cognpu?:?a:i ?1-511}1 Aoy '0.& m'/SEC)’ .Surface

: : ¢ each time history in each
ensemble as 1nput ‘motlon at the base of the soil profile (rock level). The
acteristics of the motions at both the rock and surface 1eve1' were
d then analyzed statistically for each ensemble. The following
response characteristics were computed and analyzed 1n the parametric study (all
.re for 5% damping): (i) elastic base shear coefficients for wall- and frame-type
«tructures, (ii) base shear coefficient ratios (surface to rock), and (iii)
dynamic foundation factors. Detailed discussion for all of these characteristics

is given 1n Flhmadi et al. (1990). This paper presents SOME of the results for

foundation factors.

response char
11so computed an

FOUNDATION FACTORS

For structures of normal importance,

1990 is defined as
CE)

V. = F(vSW)

e

factor, having a Jalue of I for Toek OF stiff soil
te conditions (see NBCC 1990 for

is the zonal horizontal veloclity
o seismic zoning map, and equivalent toO peak

coefficient. as specified in th -
: response factor or unit veloclty base shear

velocity in m/sec; S s -the seismilc ‘des
ol ' S + in terms of F, NBCC 1990 prov:
coefficient; and W is the dead load. Note that or limit on the product F5S,

for low period "caps" on base shea d FS need not be greater
namely: FS need not be greater than o
than 3.0 when Z,=Z, or Z.<Zy.

1t 18 necessary to

S NBce 199 foundation factor F, 2
1) with +he surface base S

in which F is the foundation

sites and a wvalue of 1.3 to 5 For: othek sl
tegories); V

In order to evaluate th hear implied b

compare the code base shear (EQq.
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and Stafford Smith 1973). The compiﬁ% ang
des and D% modal damping. Only frame . ati,

for wall str =ty
exceeded those IO HEtOLes in g, .
results were an For each site and each set of inpyt Hot

llf,‘”-
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. 1 e i
e mtemedliie - 0 01,02 aud 0.9 s n%ean B s one Standay,
T -and -V en;em mie{; foundation factor spectra, F , Vversus undamenta] Sty 4
deviation ayna
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: re computed. RecC
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t important factors in site response € : SEE Conve..,
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' i Rt versius T/T.) .
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wall gtructures
was performed

This paper presents only results for two soil categorie?, (normally
lightly overconsolidated clay, NC, and dens-e sand, DS) and tWO' Site thickneggss
(5 m and 100 m). These represent limits in terms of the soil categories
thicknesses considered in the parametric study. The results for the other
soil categories and thicknesses follow the same trends and they are withip
pange ot the results Frem these l1imit cases. In order to compare the dynani

foundation factors with the provisions of the NBCC 1990, the code foundatio
facter, F ]

s 1S prescribed as
Lollows: F= thickness of 5 m and 100
Figure 3 shows the code foundation factor F=!
period, for the three zonal combinations: note that
g at Jow veriods because of the limitation of the

code foundation factor F=1 has a valu

1l for NC - thickness of 5 B and for DS -
2 for NC - thickness of 100 m.

uctural
value ig reduce

FigurES 4 to 7

sh
i i B O e
of F" are b




deposit, NC, are in general 14 _ L
exception TO tt‘ris 18 the 5 n :Ef;kttl;n] thoge I::{::-r the stiff soil deposit, DS. An
<hows iarger P: values for DS Siteatéé deposit subjected to H enﬂemblé,'whiﬁh
m/S€ec. CD?CerTnjﬁiiﬂna influence of Siténtiﬁgge for NG site, for v=0.2 and 0 4
jpput motion, th? results follow expectedrt;CkE%SS and f?equency content of the
As is shown L Fig. 6, the largest values foreih i Slt.:e but not for NC site,

H enSEIﬂb].E‘- a8 maxz3'5)r while the effect of Vv € O m DS site are associlated with
H‘Dfever' t}Ile S i PrO(ziuceg significant ;::Em}jiiuis S N (F*max:]-).
(E - ax ¥ o ln-tefms ol NC site (Rips. 4 asy Sy s e;fatthe 100 m DS site
cOﬂtEI?t on the peak values cannot be recognized w:nen S ect of the frequency
5 m wth'those for 100 m soil deposit. For example the?;mpare1j“3rESUItS}in:
chow similar peak values, when subjected to H ensem‘:»le Th'm E{nd 100 m NC sites
.nd V ensemble. An explanation for this is associated w‘ith ]{:i > EE;ElSG e
layers. Based on th_e I'ESE.lltS Presented in Figs. 4 and 5 and thzse EECt }?E L
bE A2 1 and 40 m given in Elhmadi et al. (1990), it seems tha: t}?: ie;;}:;zzsisf

the NC site is characterized by that of the top 5 to 10 m soil deposit

Comparing the dynamic foundation factors, F', with the corres di NBC
1990 foundation factors, F (i.e., a value of 1.0 ff;r all periods foprm;‘ru]in'g}?' i
for F=2), one can see that the F* values in the neighbourhood ofit‘ne site‘ ejli%;:vd
.xceed the code values in almost all cases. The difference is especiallyplar e
for low intensilty levels of the input motion. The same conclusion is true for tﬁe
results corresponding to thicknesses of 15 m and 40 m (Elhmadi et al. 1990).

CONCLUS IONS

Results of a parametric study on site response effects due to strong
sarthquake ground motion are summarized in this paper. The parameters include the
soil type, site thickness, frequency content and intensity level of the seismic
otion. The results are presented in terms of dynamic foundation facteors, E.,
versus the ratio of the fundamental structural period to the site period, T/1;.

The main conclusions are:

the intensity level, v, is the most influential

- Among the parameters studied,
function of v. The influence of Vv 1s

parameter. Values of F' are a decreasing

less pronounced for denser deposits.
which is a function of almost all parameters

ry

=" Fhe wmite peried, 1., . i
<ite thickness, shear modulus and damping ratio),

(10

is a very importan
- In the neighbourhood of the site pe

riod, the dynami
‘he NBCC 1990 foundation factors, in almost all eases.
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