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1 INTRODUCTION

It is the accepted view of the profession
that building code provisions should be
simple to implement yet provide conserva-
tive results. However, it is also agreed
that the extent of conservatism should not
vary appreciably among different structur-
al members and confiqurations with similar
ductility supply. Using this view as a
criterion, it is of some interest to test
the torsional provisions of the recently
revised National Building Code of Canada
(NBCC 1985),

The problems facing code writers in this
area are not simple since a dynamic system
having at least two degrees-of-freedam
(DoF) has to be transformed for the pur-
pose of analysis to an 'equivalent' static
one, and therefore the effect of location
in plan on the response of different mem-
bers cannot adequately be dealt with even
for a simple single storey monosymmetric
system such as that shown in Figure l.
The reason for the difficulty is the dyna-
mic modal coupling of lateraland to;sional

ore-

motions in asymmetric structures. _
over, the effect of the natural vibration

period has to be addressed, since the re-
Sponse of low period asymmetric EISEEAERe
differs from that of systems with R
to high periods. . T
~ In view of these difficulties 1t - lio—-
 deed m;rprising that the present code P
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visions are in many cases in reasonable
agreement with results of dynamic time
history analyses., Yet the discrepancies,
some of which were already derived in an
earlier study (Rutenberg and Pekau 1983),
warrant same modifications to the torsion-
al provisions of the 1985 NBCC. Same pos-

sible amendments are proposed in this
paper.

This paper considers only the coupling
effect in monosymmetric structures. Since
the response of systems with bidirectional
eccentricity has been shown to be lower

(Tso 1983), the simplified model appears

to be conservative. The problem of acci-

dental eccentricity is not dealt with 1in
this paper in view of the limited data
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Fig. 1 Plan of single storey structural
model

739




Gk RS s S
Ay YRS, SR
o L L e A e

e T SR S p—
‘I‘!".-"'"W-';.fl'.l-‘l::.'l
i by 1L LERRS

number of time .
computer program DRAIN 2D

2-DoF systems of the type 5 ;

These have latera
r, = 0.25, 0.50, 0.75, 1.

and 2.0 secCS., and eccC

E,‘/p -~ O-l; s 3!’ 0'5’
where p = Mad
¢ PR and .1.5: e CM. Note

; mass ce :
ration about the 1istically kigh

' a
that e = 1.5p 1s an unre s
eccentricity even for very narrow ol b
plans (b = 3.0p). and thus may be con

ered as an upper bound. These sy§tems'
were excited by five earthquake time his
tories: E1 Centro 1934 NS, 1940 NS, 1940

EW; Olympia 1949 N8OE; and Taft 1952 N69W.
Five percent damping was assumed for the
two coupled modes. Seven torsional to
lateral frequency ratios were considered:
B ® 0.70,°0.87; 1.0, 1.12, 1.28, 1.%l
and 1.58. Note that §iy is defined here as
9 = ry cr/P, i.e., the stiffness radius
of gyration ry is taken about the centre
of rigidity CR whereas p is about CM.
This somewhat unusual definition is based
on the observation that this frequency
ratio is independent of eccentricity, i.e.,
Ly ho oMoty ST IR
isolate the eff o i pc?s§1ble &
il ECF of eccentricity from
properties of the system. wWith

, however, a constant
that variations

e¥ =

aX18. Thesge res
dividing the displacement:ynomallzed by

resp _
e flﬂér ec) 1 at sevye, A sample o

R - dec | era. of 3
‘eccentrjcj k fo 1l statj 5
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cgmpari50n5 of these result g
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Note, however thas .
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ake the comparison M€anings,, - g,

code based analyses disregargeq .,
ntal eccentricity contribnfi: g

Ii'iF:

cide _ ;
expression for dynamic €Ccentri, ;. O 4
Tthus, the following expression. ¢ €

") .‘.,’[.‘: ra |
emplDYEd :

eqr = l1.5¢e + 0.05p

for members located on the VR
of the floor, namely the side G%r¢1

from CR and

("M

I =

eAaAl = O.5e - 0,05b

for members on the rigid sige .
vant expressions in the code hay. .
rather than 0.05b, i.e., G-Uﬁbw&;t}m
as the accidental eccentricity m?;:ﬂﬁn
bution (Tso 1983). Ntrj -
The results (averages, .. .
and extreme values) are givep f%r}}ﬁi

locations on the floor plan ¢ hr
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members located at a; = + 150 T

sisting shear and torque, as wej] ..
= B
bers at the two other edges oriepte.-

e t ¥ T
. I'A - I':...-l'"

pendicular to the direction of e

and resisting torque only. Note t}!;;;:_:
the latter case the code values were
puted using equation (1l). Since ;_h._ ,_
itself is not explicit regarding fﬁ;
alysis of these members, the use of
tion (1) is believed to reflect the
intentions of the code writers.
Results for a; = -1.5p, i.e., members

LA

located at the flexible edge of the
to translational frequency ratios:

g = 0.71, 1.00, 1.22 and 1.58. Taking

the 'average + 1.00' as the standard for
comparison, it can be seen that for low

frequency ratios representing rotationall;
flexible structures the NBCC formula i

Vt:.’:ry conservative., It is still conserva-
tive at large eccentricities for 0p=1.0,
with the conservatism being reduced with

o e

increasing frequency ratio (see Figs. <
and 24).

Consider now the response of members aE‘
the rigid edge (a; = +1.50) for 0 = 07"
0.87, 1.00, 1,12, 1.22 and 1.58. Usin
the same sStandard for comparison it ¢
Seen from Fig. 3 that, for Hp = b7, v
code formula appreciably underestimate’
the response, This large underestimate
is reduced with increasing iy, but e 1y

be

for
;
i
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floor nor of members resisting torque only.
In these cases the results are likely to

be Very nonconservative. The code Pref.
dictions for members on the flexible gide
of the floor plan are in much better
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ﬁdl varies from 6.0e at
triciti&s to 1l.0e at e =
iﬂnn between the dynamic

Main, one may chaose to

nt with dynamic results
ﬂf the frequency range
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Ags = 0.5; Mg > 1.35
However it
p Can be seen from Fig
for Q4 < 1. 12, this & v oves

estj
imate the teSponse at larger ecCentri-

Cities, For n
egative eccentrici
eXpression of the o ties an

*
31 = ag @

(8)
where
2
g - Gs(l-ﬂ%e*a); Qe*341.0
2
5 it : ﬂg&*3>1.0

lowers the response with increasing e and
0, and so0 is better correlated with the
dynamic results, but perhaps is not simple
enough. Better agreement with time his-
tory results can be cbtained by means of
exponential functions, but these are even
more complicated.

It will be observed that some engineers
prefer using natural building dimensions

b and 4 in the design eccentricity formu-
lae rather than the 'artificial' dimension
0. In this case one may substitute p =
D/3 where D = the largest buildinq
dimension.

4 CONCLUDING REMARKS
Ithasheenahmbynmsofmmen

sive parameter study that the st.;tig code
provisions underestimate the response

members on the rigid side of the rigidity
centre at low frequency ratia , as m:l aﬂ
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