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ABSTRACT

10 and 18 storeys are designed to the current Canadian seismic provisions, and their
. TE ses to three groups of ground motions are examined. The results indicate that the
ion of inelastic deformations is significantly different for high-rise frame buildings located in seismic
?;:Zw and Za::»Zv.
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INTRODUCTION

ismic regions in Canada are classified into three categories for three combinations of acceleration

velocity seismic zones (£,<Z , £.=£ , and Z, >Z ) (Heidebrecnt et al. 1983). Seismic areas having
>Z are influenced mainly by small or moderate nearby earthquakes, and ground motions in these areas
e expected to exhibit high frequency content ana have high peak acceleration-to-velocity (A/V) ratios.
regions with Z, <Z are affected mainly by large distant earthquakes, and ground motions in these

ow frequency content and low A/V ratios. The specification of seismic
g fundamental periods longer than 0.5 sec Is directly tied to zonal velocity,

rrespective of seismic region category. For short-period buildings, three different levels of seismic design
1sed for the three different categories of seismic areas having Z,<Z,, Z, =2, and £ »L . 1he
of this paper is to evaluate the seismiC performance of high-rise reinforced concrete frame

located in the three different categories of seismic regions.
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regions are expected to have
design forces for buildings havin

STRUCTURAL MODELS

(MRF) buildings having 10 and 18 storeys were
18S and have the same floor plan as shown
E_W direction. The elevations of the interior

Two reinforced concrete ductile moment-resisting frame
considered. These two buildings are designated as 103 and
n Fig. 1. The effect of seismic action was considered in the
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sizes are also depicted. The

and column St . :  2ebinor Wa
e Shown in Fig. 1. The beam & offects in accord with the 1990 edition of the
reclion are S ~ .. - .

in this dt : ity and seismic : ional Bullding Cox
ﬁag@s m;:::; fieﬁiqned for mmbmedél K :HQQOW E; (Associate Committee on National Bullding Code 1990),
B s Vel da (NBCC 1990) (ASS-

.. to the 1984 edition of the Canag;
: — . nd detailed according e " |
National Building L LSEes onmoned and de an Standards Association 1984)
. _ | members were pr M84) (Canadian
and their structural Code (C AN3-A23.3 .

Reinforced Concrete Design

an

i Table 1. The seismiC design base shear, V, for each frame wy,
. T | . ;
.. atv loads are showt
The design gravily

b v=(V,/R)U R = the force modification f

~ : | , R = Cation Tacto
i | , ting elastic response or,
SR 43 smic design force represent ken as 4. V_ is given by

i which V, = e SORTES idi nsidered, R was taken as 4. V,_

; and U = 0 6. For the ductile MRF buildings cO

B
V=VS,FW )

ke b :

! | TR factor, | = Importance factor, F = foundation
., : - olocity ratio, S = seismic response : _ | i ¥ o ndatic
in which n; \R' zogz;;eiﬁgt The two frames were assumed to be located in regions with high Seismicity
factor, a = : |

Accordingly, v was taken as 0.4. F and | were set [0 1.0. To determine S, the fundamental periods
g ?:: )t;.vocfiames were estimated from the formula, T = 0.1 N, where N is the number of storeys.

The design base shear for each frame was distributed over its height based on t‘he ‘NBCC 1990
distribution formula. The frames were designed based on the following three load combinations:

: 5 b S AU
125D + 1.0Q (3)
125D +07(15L+1.0Q)

2

in which D = dead load, L = live load due to use and occupancy, and Q = seismic load.

The effects of geometric nonlinearity (P-delta and slenderness effects) were considered according to
CANS-AQ_’S.S-M84. The factored beam design moments and column design axial forces were obtained from
the elastic analyses of the frames under the three load combinations. The factored column design

moments were related to the beam moment capacities by considering the equilibrium of each joint

coupled with a co{umn overstrength factor. The column overstrength factor was set to 1.2 which is slightly
higher than the minimum value of 1.1re

Zhu (1989) quired by CAN3-A23.3-M84. The final design results are given by

GROUND MOTION DATA

were taken as

Za=zvl and Za >z
of records. |t
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DYNAMIC ANALYSIS RESULTS

to the three groups of records were analy{m f?‘”'*“-"i”f:ally Al
f 0.4 m/s which is the design zonal velocity for the framae 'I"h“
| “ 3 response parameters wae. .. > 'ha
dard deviation (mean+ o) u{alues Of, [h? e . . A cor : were of
mean and mean plus one stan ~+ o level is appropriate for design purposes. A comparigqy,
g The mean-

}tFiillr*r]
i'}“h.ﬁ” '
- : ot . QB A s s “eA
for each group of recordsdl os indicates the dispersion characteristics of the response paramete
ean+ o vaiu
the mean and m

each group of records.

mes
The inelastic responses ka”l«ee If(;i e
records were scaled to a ped

'
statistical results of the response parameters for the 10S and 18S fram e,

Figs. 5 to 6 show the nelastic deformations over frame height are significantly g

be seen that the distributions of

motions. - -
s gr;oggssogrgrg?gﬂhc;r than those in the lower storeys. The high A/V group of records gj5q Prodyce
upper slo e

, d columns. This "whiplash” effect canb *
- * tions in the upper storey beams an : : j € ascriba
s l{}iecizztt,(;fcffé?g?ﬁigher mode participation. Since the high A/V ground motions have highe 4
é%,f,g?,l[ they prompt the higher modal responses of the 10S and 185 frames.

For the high A/V group of ground motions, the Interstorey drifts in lf
% 16

For the low A/V group of ground mot'ions, the in_terstorey drifts In the |Qwer storeys are higher than
those in the upper storeys. Beam inelastic deformations are concentrate:f:l ;}n the lower storeys, This is
particularly true for the cumulative plElStIf: rotation. .In the lower sto.reys Of the 18S frame, the CUNVatyrs

ductility for the low A/V group of records is about twice that ft?r the hl‘gh A/V group whgreas the differencg
increases up to about four times for the cumulative plas'u(? rotation. The cumulatwe
depends on both the peak inelastic response and the durat{on of strong shakmg._ The analysis of the
ground motion data has indicated that the low A/V ground r_notionf_; have longer‘du_ratlon of strong shaking
than the high A/V ground motions. Since the beam peak inelastic response (indicated by the CUrvatyre
ductility) for the low A/V group of records is already higher than that for the high A/V group in t
storeys, the combined effect of strong-motion duration results in much higher cumulative plastic rotation
for the low A/V group of records. The low A/V ground motions also produce higher inelastic deformations
at the base of the first storey columns than the high A/V ground motions. The lower storeys of a high-rige
frame are more vulnerable than the upper storeys due to the high axial forces carried by the lower storey
columns. The concentration of inelastic deformation in the lower storeys would increase second-order P.-
delta eﬂect.'Therefore, low A/V ground motions are more damaging to high-rise frames than high A/V
ground motions even when the frames are designed based on peak ground velocity.

D'&SHC rotation

To gain insight into the effect of ground motion frequenc

>equences of plastic hinge formation are shown in Fig. 7 for the 10S frame subjected to three example
earthquake records, one from each of the

.. three A/V groups. These thr |
Mesa Vibradora N9ow component: (b) /V group ee records are (a) the 1985 Mexico,

the 1952 Kern County, Taft SE9E ¢ ' ne 1935
H , , omponent; and (c) the 193
elena, Carroll College, NOO!_E component, and they have an A/V ratio of 0.36, 1.01, and 2.03 g/m/s,

the Mesa Vibradora record which has a low frequency

y content on the inelastic response, the

eloped only iq the upper storeys. The Taft record has a broad range
't produces column plastic hinges both at the base of

nds for the columns reveals that the use of a column
mn yielding in the upper or middle storeys. This Is
roups of records which tend to excite the higher modes
to the columns above and below the joint
that assumed in the design. The effect of

bution of the

be Considerably different from

054
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areas produce different distributions of i

: : of inelast; ;

high A/V ground motions, the "whiplash® e’rfeséﬁsdi?;m.amn de
significan

modal responses, and inelastic d . :
storeys. In particular, plastic h‘ingioign;atlgns In the upper storeys can be high
Jetailing chould be given to the upper S’[u be developed in the upper stor Igher than those in the lower
<mic regions (Z ory columns and be °r storey columns. Therefore, careful
seismic regions (5 ) ams of high-rise buildings situated in high A/L\l/
'g

' Bl
due to significant contribution of higher

partiz ?;;rc'l)yt Ii/e \?O%riinfugsr;?i:: rlr;elf_istlo deformations are concentrated in the | o

:~a Therefore, special attenti piastic rotanO'_‘ because of the combined effect iower sto_reys_ b

f.;hakmg o ention should be given to the design and detaill gl o

i1 the lower storeys Of high-rise buildings located in low A/V seismic ae alling of the columns and beams
storeys are more vulperable than the upper storeys due to the high ax!l.:\a f0(§a<zu); Because the lower
e B & grauERE motions are more camaging to high-rise bulldings than hig?w ixiagliif&’ r:‘fui?\'ﬁ f\?ﬁn

when the buildings are designed based on peak ground velocity
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Table 5 Statistical summary of strong-
motion durations (sec)
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* Coefficient of variation
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