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INTRODUCTION

The 1988 Saguenay earthquake, which registered peak ground acceleration in
che order of 10% g near the epicentre was found to contain high energy in the
frequency range of relatively stiff structural systems (with periods smalle_r than
Mis set) such 'as low-rise buildings, concrete dams or nuclear contalnment
structures. After the earthquake a site visit team reported that the %‘:artgc']l.lléfiie
did not cause significant structural damages. However, the‘pzc_)r serv;iiictuie};
performance of 1low-rise "tension-only:' cross-braced bulllls ;zcgjséonstructural
containing "soft-storeys" as well as unreinforced masonry wa

elements were observed (Mitchell et al. 1990).
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1 specified by the NBCC to study the z

scaled to the acceleration leve :
hehaviour of the structural systems. The peak ground motion parameterg
from the selected sites are summarized 1n Tabviag 1.
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THE 1990 EDITION OF NBCC

In the 1990 edition of NBCC, the minimum lateral seismic force st th
&

of the structure is given by Dase

V =«(V,/R) U
(1°
' L)
wher : .

basede Uis a c.?llbr.'atlon factor equal to 0.6 to maintain a level of
requ1re;:ntenglneerl:ng gxperience ana ctonsistent with  the prevl?rotecti
S5 structzliem;d Itjls the force modification factor that reflects the 10Us code
. : - 113+
O disslpate energy through inelastic behaviour. The ezp?blilu

lateral forc
: e at the base of the .
is given by structure representing the elastic response. Vv

on

e

¢ | i
, ls the seismic response factor
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| response factor N Raation ratio, a, 1s used implicity
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The strength of th : .
’ & : € SDOF system is defined in ternps £ : -
strength parameter, n, expressed as the ratio OL a non-dimensional
\

to the maximum effective force applied durzigtiiede:airgtf;baske shear at yield,
quake:

units with the mass.

Constant strength and constant ductility elastic (R=1) and inelastic design
spectra were constructed for initial periods ranging from 0.05 sec to 0.75 sec.
The constant strength spectra represents the ductility demand for systems with
different yileld levels. The constant ductility spectra reflects the strength
demand imposed on the structure by the earthquake for a specified ductility level
allowing for a direct comparison with the code formulation. An elastic-perfectly
plastic (EPP) hysteresis model assuming 5% viscous damping was used. The EPP
model was selected because it is representative of the interstorey hysteresis of
low-rise steel structures with tension-only cross-bracing that were affecte:d most
significantly by the earthquake. Moreover, previous studies that have considered
the effect of EPP, bilinear and stiffness degrading hysteresis models (SDM) on
the ductility demand of SDOF systems have concluded that ufsing an EPP mocillzlglf)or
inelastic design is generally on the conservative side (Mahin and Bertero .

Strength Demand -vs- Capacity

ctra is shown in Fig. 1 for Baie St-Paul.

B NN Ss RenmEaAn it ter than 0.3 sec, there is generally a

For systems with initial periods grea . 4 increases. For systems designed
reduction in the ductility demand as the period 1n

:0od is reduced and
with n > 1 the ductility demand will remain bounded as the perio

rems designed with n =
the system converges towards the static response.EPFPo;;j};Sl ionverges towards the
L the ductility demand will grow unbounded i'f the Pt g, short-period
static response. The ductility demand is thus A

1 CL el
Structures designed with a substantial s

gth reduction factor.
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This observation, that code supplied strength is sometimes be]oy
computed from dynamic analyses, has also been found by other research
sometimes believed that actually constructed structures will poss
damping and ductility than specified in the design, which may compensa
of the potential deficit. However, nonlinear dynamic analyses indica
damping effect is uncertain because of the impulsive nature of earthgq
motion and that increased ductility will have a very small impact on
demand of short-period systems with ductility levels greater than 2

the de]-nand
s 0
@58 1arg8r
Ce fgr Some
Ce that thE
Llake graund
the Strength

dS 1S showp

can be
factor varying from 1 to 4 and

s (Fischinger and Fajfar 1990).
ural damages have indicated that
f structural systems and the

SCtIRetiures . - An improved overstrength
considered in the next editions of NBCC.

, the strength demand
-Period interval. In this case,

Ulvalent lateral force, V,. One

]

“AG respouse factor, S, in the short period

atios., To satlsfy the strength demand
ed with substantial ductility levels,

730




S
)
O
t
s
S

e =

Y = Py

¥

Wd

e

-t et et e W

Al |

v

. AD

T S g e AT T

= SRS o o . =y ST T T e i =
rThe fo llowing Dil-linear wvaysiase: on factor, R, co | 8
| drlation hae F » Could be used bv the NRC
world: 45 been adopted b- =4 DYy the NBCC code,
wwU PY many codes around tin
— = '= JAAL L L 1E
g == ]_ -I'_ (llG i~ 1) F[\/rrl l'['. 54 T
e :
I = Ll e, W :
) . Tl {f"f’

5)

shere pg is the global ductility of tt
5 i 1€ Strll{:turg

vibration and T 1s 2 g e
of 1 d parameter given as a fu S 1ts fundamental period

P - f SO- . I : :f ] :
the CYP€ o % w Ty should also be related to £] : the seismic zone and
hort-peri1o0d O accele tion X% L] rioc
short-p d leratio contro cransition p*e 1od between the
: range and the medium-period +
. or the

~locit -controlled ran .
= l'f'yqrjcnw fact *Eﬁi‘ Uslr%;the dynamic procedure of NBCC wit
amplif1cCé or the following values can be id et * with proper zonal
o - ) : Udencl ied fDr

g ! T: = 0.30 sec

ZH/ZV e 1, T1 = (). 47 sap (6)

ga/fv < 1, T = 0.61 sec (/)
(8)

In the case of 1nelastic systems, increasingly smaller values of T, are
generally observE—:d in Fig. 2 with an increase in ductility which will corré;pond
to a decrease 1in code supplied strength. The hysteresis model might also
influence the value of T;. A preliminary investigatiénlof51SDM.inelastiggmmctra
of the transverse acceleration record at Baie St-Paul has indicated a slight

<shift of T; toward shorter periods as compared to EPP model.

In the context of NBCC, the value of p in Eqs. 4,5 will correspond to R.

Figure 3 shows a comparison of the strength coefficients(Hnmnuxxlusingtjmzusual
R values and new coefficlents using R as the strength reduction factor in the
short-period range. If a period-dependent strength reductilon factor is used,
there is a significant increase in the strength to be supplied by the code for

all originally selected R values which are greater than one. To CDﬂthl*the
: 4 new value of R can be defined

e strength demand and the code

between the earthquak |
+rhat the value oFf 1

R could be selected such
S from 1y 0 E9EV.

to obtain a better balance

supplied capacity. This value O
converges to 1 as the period 1s redu

ed for the design of short-period

The following;'procedure ig  SUSEESte, = e g from Eg. ¥, (181
structures with T < Tj: (i) select R_from NBGE . {11) EOmpRLE
compute n from Eq. 3, (iv) compute R LEom 5
-~ . e
— - T T : T < Tl’ o
R 1 + (R l)( / 1) (10)
R = n K EL ks |
£ n - 1)1T/%1) G S (11)
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(v) obtain the adjusted equlVve (12)

from
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RUILDING ANALYZED

uilding shown in Fig. 5 has been do.
1990 for Baile St-Paul, Chicoutimi ang Queb,
tem is made up of orthogonal "tension*cnhj

: sses ver ‘
For this structural S}'Ste.m which pOSSiiDnS sho{ll];'ll;tle 1atera1
o i fr&mﬁsf- r which no special detailing of connec : £ vi ’ TeQuirey
R a!?dlghas been selected. The fundamental perliods of vibration i, the
an R value © : <

' h been computed has 0.25 sec for the building located in Baie St-Pay)
X-dir. nhave

and 0.34 sec for the other sites.

| ‘ :
The two-storey stesl office b Bheg

- 1-M89 and NBCC
ding to CAN3-516. ) an :
g:i;r Tl?eg lateral load resisting SYS

of short period structures positioned ijp the

eismic response
The s i e spectra have been shown to be strcmgly do

acceleration-bound region of th P ; _‘ Mlnateg
by the first mode of vibration. Building structures which are fairly regular ¢ap

thus be modelled as SDOF systems according to the procedure described by Fajfar
and Fishinger (1988). The strength and the stiffness of the MDOF systep are
determined by applying monotonically increasing lateral loads proportional to the
first mode of the structure. For example, the initial yielding of the Baje St
Paul lateral load resisting system occurred at a base shear value of 1664 kN The
frame has been designed for a maximum base shear of 1320 kN according to NBCC
The 25% overstrength can be attributed to the use of a material factor (g=0 9
and the member selection process using sections available from the CISC database‘,
The actual building overstrength is likely to be larger if non-structural
components are to be considered in the design process.

_Tecord was 1m‘:re?s-ed to reach the design ductility level of 1.5. The
e summarized in Table 2. The value of B i 25
um of the absolute displacement values of all yield

quantity is signifj Ing the record, to the yield displacement. This

ructures that are susceptible to low-cycle fatigue.
» Omax, are also given.

iiVEL The response fron 1od of the structure resulting in a lov
$ which are Similar to ththg Quebec City record demonstrates
€ Bale St-Paul
response.
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