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CT: This paper describes a methodolo e GaT, :
B sl Tucation. B tisthatiology invnlveiytﬁuer qif;éz::g:\n;?z :elstmc k;:le*'-s;lgﬂ requirements for_ a specific
hlﬁ gimilar seismo-tectonic characteristics (e.g. magnitude and epi::;:rml Lle yellta ) o g g w:hich
the m& ‘risk at thg particular site. This ensemble of records is used ti m;sltg I;iea)tit;;ig;?seev:ﬁ;? dOTmF a}t;e
design nqulremengs, 1.e. response SPECtrfl and base shear of typical multi-degree of freedom struclftﬁ‘se;) ';J‘he
W_mmtrat:es. this methodol_ogy by a;_)pllcation to the city of Ottawa. Results are compared with the rovi.siones
of the 1985 edition O:f the N atlonal‘ Building Code of Canada. It is concluded that a site specific evs?luation of

. mic design requirements provides important information which cannot be determined from the normal

building code design provisions.

1 INTRODUCTION

independent of the actual value of the ground motion

e ‘ : - : parameters, although it is defined in terms of the
Seismic design requirements are typically stated in relative values of the seismic zones Z, and Zy. The

two parts: Supplement to NBCC 1985 also defines a response

a) specification of one or more parameters to define spectrum which can be used for dynamic analysis, e.g.

~ theseismicrisk ata specific site or location, and to determine the vertical distribution of lateral seismic

~ b) specification of a process to use the seismic risk forces in non-uniform structures, or to determine the

parameters (and other information concerning the torsional effects when the mass-stiffness eccentricity 1s

type of structure, foundation, etc.) to determine the not uniform throughout the height of the building.

utnﬂl forces (e.g. base shear) for which the This design spectrum has a constant shape and 1s
structure is to be designed. simply scaled according to the value (e

In Canada, the application of these requirements The building code approach, as described above,

for the design of building structures is specified in the treats parts a) and b) of the design -requirements as
National Building Code of Canada (NBCC 1985) being essentially independent. While N-BCC 1985
(Associate Committee on the National Building Code ‘neludes a limited dependence of the seismic response
1980). Part a) is satisfied by the specification of zonal factor S on the relative values of zonal velocity and

velocity and acceleration ratios, "a" and "v", which acceleration, most seismic .codgstprovide a single
‘correspond to the horizontal ground accelerations and function, equivalent to S,-WhICh is mdependent ofrthe
m.mctively. These zonal ratios are based on actual value f{f t?le seismic ground matl?nl;l I_n fl:lea ity,
probabilistic seismic ground motion maps of Canada the characteristics of earthquakes whic 1;1 tx;}er:ﬁe
| m‘u‘llbtﬁht.et al 1983) which define these structural.regponse.depend very‘muclz o:x ‘2 condie:
 parameters, at a probabil it.y of exceedance of 10% in 50 level of seismic rpotwn and thﬁ se1silmo- :g (;micentral
years, in terms of velocity-related and acceleration- tions, e.g. magnitude of earthquaRe and ep

g

|  related | | ' e site in question.
& mm zones, Zy and Z,. distance to th q
o

SRk o il e The assumption of the independence of the seismic
;mw::pﬁiﬁf; iearZit: io risk and the structural response proceSI: ?Zb’ng‘: ;it;ls;
Ty e il e O i P TR factory for normal building structures, but i i
CiRTaERRR Sy 4 > v, mn zl > le m.rmlarly ’ to be adequate for the demgn of more critica
t b) : structures. It is the primary objective of this papefrto
describe a methodology to determine site speci }ic
ic design requirements and to illustrate t. e
application of these requirements for one Canadian
At SRR SR % ML e LA ne .. e. the city of Ottawa. A submd;ar)f ob,!e?uve_
*, SRRV f"‘q’ ' '. 4 ‘M | i‘. a mﬁon O 2% e It is | i! to use thiﬂ methodﬂlﬁﬂy to gvaluate t.h& sultahlhty Of
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.‘ ;_ fl in the bull.ding code 5 Pprosch, with
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“pecified in NBCC 1985

L ODOLOGY FOR DEVELOPMENT OF 4171y
- 2 R epIC DESIGN REQUIREMENTS

L aiated above, the seismo-tectonic environmens
f R e mﬂ‘ the seismic risk and the characler

s affect the structural response to earth.
r:" ch are felt at a Pﬂrticulur site. The seismic
yfgld the values of the peak horizon

4 accelerations and velocities, designated
ggﬂ PHV wnpmttiw.:ly, for » specific site
Pfobabillty of exceedance (Basham et ol
Because these calculations are based on the
' 'mag‘nitudﬁ-recurmnm rels .tiﬂfl"*ihj}j'-*i for
mm-ta{:tonic mgium and on appropriate
la*" it I8 pﬂﬂﬁihli} to determine the
B ades and epicentral distances for the seismo
s ienils ”#Qn' which make dominant contributions
| mtinn at the le:f!iﬁf:d pl‘f}h;ihfh!.y of
_ance This information has been provided for a
ey of Canadian cities by Basham (1983)
“mm of strong seismic ground motions (Klop
S Wmht 1986) is used to select an ensemble of
£ 2y strong motion records which were obtained at
' ofepicent.ral distance (R) and magnitude
m gimilar to those which make a dominant
 teibution to the ground motion in the seismic risk
as outlined above. A range of both M
'::'} T in the nd‘thUfh‘md of the combination(s) of M
 and R which make up the dominant contribution are
used to search the data base. It is important that these
 acords be on "rock” in order to eliminate the effects of
A # amplification on the characteristics of the
 strong motion records. It is also important that the
records have @ minimum intensity to qualify as
. "strong” seismic ground motions; a minimum peak
 acceleration of 0.025 g is used in this study. An
 ensemble of at least 10 time histories (TH) is desirable
in order to do a statistical analysis of the reuultg;
wowever larger ensembles are preferred if the data is
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- ut le of TH which simulate the seismo-
ectonic conditions at a particular site (referred to here
te Ensemble Time Histories, SETH) are then

 used as the excitations for a subsequent investigation
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B requirements for that site. Regardless t_lf
| the sctual intensity of the recorded TH's, cach TF) i*
1 wcaled to the same peak velocity "v". In this study,

" is that value which corresponds to the zonal
elocity ratio specified in NBCC 1985, This allows for
sier comparision with the design requiremen:s

led in NBCC 1985. Velocity scaling is used: i

S

- " 1 :*

stinct components: a) the determind

T'*T':i!"lf;’f{l' ""! }J”
',i r 'j‘t " lJr '-l-..-.

ienl slsstic muiti riligrﬁﬂ f.;f f!‘#*’d'ﬁﬁ
i ench ¢ ane, # level of damping s cneser
'S FTepresentatlive of that would be
SH e e r}:“;h;{ e F &S DOTiae 169 fﬂlﬂilrfﬂ*.ﬂ or 'ﬁtf';f[ﬁ

WINIOLE greian - | : |
FC gy ournd iotion inthis ‘a-;te;d--;._ fiar;;pghg st N, ot

"'j"'i':_r‘ | T EERT T j ¢ i ' 1
} s used throughout This is aiso the lsvel of
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are used to represent the ”r.ht‘-aii{h level”
> Denign spectra are commonly specified at
”f*i'i level (Rosenblueth 1980) in order 1o ensure that
vnere is a relatively small probability that the
response will be above the specified design level For a
normally distributed set of resulis, the M + 8D level
corresponds Lo 84 1% of all responses being below the
specified level
Uniform wall and frame structures are used to
represent Lypical elastic multi-degree of {reedom
structures In this context, wall structures are flexural
cantilevers and frame structures are shear cantilevers.
These two types of structural systems represent the
two extremes of dynamic characteristics of structural
systems. Uniform flexural cantilevers have the lowest
ratios of higher to fundamental periods whereas
uniform shear cantilevers have the highest ratios
Similarly, uniform flexural cantilvers have the lowest
fundamental mode participation factor whereas
uniform shear cantilevers have the highest, Five
modes are used to determine the dynamic response ol
these systems Modal responses are computed Dy a
numerical integration {linear aeceleration method)
time-history analysis and are then combined to deter-
mine the total response time history. Base shear 1%

used as the structural response parameler in this
paper.
The hase shears of elastic

structural systems having a enta
natural periods are expressed in terms of seismic

response factor (5) spectra as defined in NBCC 1985.
This paper uses a rormalized version of the S factor
specified in NBCC 1985 as outlined below. The base

shear V in NBCC 1985 is specified as follows’

multi-degree of freedom
range of fundamental

in which

., = zonal velocity ratio

§ = geismic response factor .
K = structural system coeflicient
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g = S0.44

ason for doing so is that S* hag , i
£ 1.00 for Zg = 4y. This allows for .

3]

The Te

aximum
&0 e el
pzl:zjnfmm the.dynamic analygiﬂ of fralme ;a:::dd(i:‘]-l
m Y Fig. 1 illustrates the S* spectra for the H'I;f*
sys winations: Zg < &v,Za = Zy,and Z, > 7 S
00’;:1 order to calculate the dynamic SRF ;4 1S first
cossary to det.erm.ine Tthe equivalent {:Iaiﬁtit:‘ hd:g
o ~ondition 1:_1 the I\BCC.1985 base shear }*‘ru;n
st.hef studies (Rainer 1986)‘. lt‘haﬁ been determined
:hat the factol'ed t{asg shear Ttuﬂmg a load factor of 1 5
: p]ied s 5 mUItIPlleFi to V) should be elastie when
tl'l:e factor K is appmxirnatt.el}* equal to 5. Using unit
S ees for [ and F, .whlt‘h represent the case of
ructures of normal 1mportance oOn rock or stiff soil
fundations, this results in the elastic base shear v

follows.

e 88

V "3J;V5?tvv [4]

-~

which can be rewritten in the form

gt=Ve33vW [5]

if the dynamic base shear Vg is substituted into the
above, then the dynamically determined SRF can be

obtained as follows
GRF = Vg/3.3vW (6]

The SRF is independent of the actual value of the
peak ground velocity "v", provided that the dynamic
response V3 is computed for the same value of "v" as is
used in the denominator of eq. [6].

In this study, the foregoing methodology 1s illus-
trated by application to the city of Ottawa. The
response spectrum obtained on the basis of the site
specific investigation is compared with that specified
in NBCC 1985. Comparison is also made with a design
spectrum created using the velocity and acceleration
amplification factors specified in NBCC 1980
(Associate Committee on the National Building Code
1980). The SRF spectrum is also compared with that

specified in NBCC 1985, i.e for Z, > Zv.

3 SELECTION OF SITE ENSEMBLES OF TIME
HISTORIES

Table 1 summarizes the seismic risk parameters gnd
the resulting Site Ensembles of Time Histories
(SETH) for Ottawa. As can be seen from this t,:able, the
dominant contributions to the ground motions ik
slightly different for PHA and PHV. Also, In the CdﬁS;
of velocity there are two combinations ?f M and
‘which make up the dominant contrihuu‘on‘ Thf 15;
because the seismicity is due to several 1!:ldePef1 er}s
- earthquake source zones. The Ottawa 9?'5’?1“” tl,o
such that 75% of the dominant contribution 1% due

an earthquake of M = 6atan R of 70 km; this arises

- Wwestern Que i
: N YQuebee o IR
ApPproximately < duebec (WQU) seismic source zone.

y 20% {.;f_ the dominant contribution is
& 2.7 earthquake at - | .
“riSes from the juake at an R of 140 km, this

. {: arlio - b . .
Detailed descerin h*“ levoix (CHV) seismic source zone
, - UEsCriptions of the seis .

Table 1. S

i b ry of seismic risk parameters and site
“ e selection for Ottawa.

—

S e

l)‘—*ﬁﬂl‘iptiﬁn

-

]tﬁm Value

10% in 50 yr. motions PHYV (m/s) 0.10

PHA (g) 0.20
NBCC Seismic Zoning: . 9
Vv 0.10
Li 4
a 0.20
Dominant Contri- to PHV % 15
butions to Ground M 88
Motions at Prob- R(km) 70
ability of Exceedance
of 10% in 50 yrs. To 20
(Basham 1983) M 6.9
R(km) 140
to PHA % 95
M 6.6
R(km) 60
Ranges Used to Select M 6.0-7.0
Site Ensembles of R(km) 40-80
Time Histories (SETH)
Total No.of T.H. o6
Mean Values M 6.4
R(km) 54.9
Distribution of T.H. Califnrnia{ iz
by Geographical Balkan/Italy
Source Region
. 11
Distribution of T.H %a f‘ % 18
by Seismic Zonal Z& ; 7. o7
Combination® a '

Combinatladhe. 7 ene

0.8
+7 < 7. corresponds to A/V < %
Z:-‘ Z,,Lorresponds tc 0.8 =< AIV<= 1.25

Za > Lv corresponds to AN > 1.2

gseveral combinations of M and R

ibut? ' 3 neces-
t contributions, 1L Was n
g the SETH from the

Because there are
making up the dominan

L]

' t contributions. In
+ significant of the dom%nan' o
b EJJ;gcamse the 20% contrtbut}on due to ‘Vlh:ve .
I Ottf?‘:f 140 Ilrn was neglected 1n order to
at an
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Fig. 5 Normalized Seismic Respnse Factors for Frame Structures
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5 for Za 7 “v n tho :
NBCC 1969 rﬁrtr;ctures are larger t,hﬂi th the oppos!

of 1 8 or less, W . tse el

gtructure

1 subsets, : becaus
;gggslgﬁﬁ. Because of this, and . subsequent
#alues of SRF occur at

discussion of SRF will be

mately 1.85 in the
exceeds the specified S
indicates that the low
underestimate the respon

should be noted that the zona e
;m‘:': Table 1) is 2.0, whereas the S* for Zy - Zny, 1mp

e ¢
' 4. Consequently, it is no
s e ﬂPPFOﬂmﬂteI}’ : nse in the acceleration

isi | res
surprising that structura adegouately predicted b Ahe

amplification region is in ] :
spesiﬁed §* This is due to the fact that Z, in Ottawa 18
2 zones higher than Z,, whereas the S* for Zg > Zy 18

intended to cover the normal case of Z, being 1 unit

higher than Zy.
Fig. 6 shows the frame structure SRF for the

California and Balkan/Italy subsets (for Zg > Zy) of
the Ottawa SETH. The individual subsets have SRF

peaks exceeding 2; however, these peaks occur at
different periods. The peak of the Balkan/Italy SRF is
at a higher period (T = ~0.25 s) than that for the
California records, which is consistent with the shape
of the spectra shown in Fig. 3. The composite effect, as
shown in Fig. 5, is to produce an overall Z, > Z, SRF
which is essentially flat in the period range
0.1s<T<025s.
| _On the basis of the results presented in this section
It 1s expected that the elastic base shears for frarné
structures situated in locations with Zyq two zones
hlgh_er than Z, will exceed those predicted using S* as
Z}:emgfd in N _BCC 1985. It is therefore recommended
at 5* be revised for this zonal combinati -
value of 2.0 (rather than 1.41) f o gy
| 4Ll tor T < 0.25 s, with a

¢ of 1.41 by he

1 A/V for Ottawa (alv,

tio . 8.
N of thig mathodulagy o
e n'mtheh Tf‘?m igation
y hlgherthan %, i..afﬂ:o;:

sponding to Za > Zy in the seismic .
in NBCC 1985 The results indicate ¢ Vst
response factor specified in NBC e 108e 2t the ™\
7, two 20NES larger thar} o) 810 to o for
having fundamental periods less AN 0 o,

The results also show that i
~eeds to incorporate ground acce|,,
as independent parameters with . _
fcation factors in each case. In ., . P''

spectrum for Ottawa, the velocity 4,,,.;... 18
(for 5% damping) commonly ygeg } o
design spectra are found to be tog |4, . s

to 3 would be appropriate.
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