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Seismic damage potential to ductile and nominally
ductile concrete frames
K.A. Hamdy', W.K. Tso", and A. Ghobarah"

ABSTRACT

Two reinforced concrete ductile moment resisting frames and two nominally ductile frames are
d according to the current Canadian concrete design code. For each type of frame design, one

igne | ‘
fcj'zfnge s 4 storeys high while the other is ten storeys high. The frames are analyzed dynamically using the
computer program DRAIN-2D. The response parameters investigated are the storey drifts, the beam

rotational ductility demands and the bgam shear stresses. The above mentioned parameters are used to
compare the equivalence of the seismic behavlour of nommglly ductile frames and that of duculie frames.
t was found that the behaviour of nominally ductile frames Is legs favoura.ble than that of ductile frames
mainly because the response shear stresses in the beams of nominally ductile frames are much larger than

the design values.

INTRODUCTION

Moment resisting frames (MRF) are the most commonly used framing system for reinforced concrete

structures. According to the current Canadian practice, designers are given two options for_the s?s:nics
design of reinforced concrete frames (National Building Code of Canada. NBCC 1990). The first optiO

to design a ductile frame, which involves special design and deta'iling provi§ions to insure C{uctt;i rbgﬂ;veio;re.
The second option is to design a nominally ductile frame.'Thts option m:vo!ves _d_e&gnfmg oz
seismic lateral load as that for ductile frames, but without tak_mg all the spepaal prov1snon§hor ? v
in the design of the frame members. By allowing such a choice, the code implies that either typ

will provide equivalent seismic performance under the design level earthquake disturbance.

| ismi ' ctile
The objective of this investigation is to compare the equivalence of the seismic behaviour of du

signed
and nominally ductile frames. To achieve this aim, two four storey and _two ten storey frar?tis S;i edfe gords
according to NBCC 1990 and CAN3-A23.3-M84. Each of the frames IS subjected to earthq

ot | rd. 15 records
normalized to the design velocity. To avoid dependence on tr!e characteristics t?f a Scli?vgi:jeura?crc; sdponses. The
are used and the results are discussed based on 2 statistical lanalysmbof L erol?ational ductility demands
response parameters investigated are the total and interstorey drifts, the beam

and the beam shear stresses.
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Figure 1. Member dimensions and reinforcement ratios of the four storey frames.
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DISCUSSION OF THE DESIGN RESULTS
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The reinforcement ratios in the beams of nominally ductile frames are larger than those of the beams
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Figure 5. Typical moment-rotation relationship for the members of nominally ductile frames.
(Chung, Meyer and Shinozuka, 1987) '

DISCUSSION OF THE ANALYSIS RESULTS

The results discussed below are the av e
: . erage results of the dyvnami frames under
e mee_"_ground motion records used in this study. B e ol the

LOr rift

S Mainly stems from e difference between the drifts of ductile and nominally
hat the same sections were used for both design options.
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a) Four storey frames.

Figure 8. Beam rotational ductility demands.

b) Ten storey frames.
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Figure 9. Comparison between the design and response shear stresses
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Figure 10. Comparison between the design and response shear SIr€sses

i the beams of the ten storey frames.
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