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the NBCC, Iour techniqucs arc proposed for evaluation of the centre of rigidity at each floor
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INTRODUCTION

wWhen the centre of rigidity (CR) of a structure 1S not coincident with its centre of mass (CM),
oreional effects are introduced. If a 3-D dynamic analysis is performed, with 3 degrees ol irecedom at
he CM of each floor level, there i1s no need to evaluate the structure’s CR. Howcver, the obtained
slobal base shear must be calibrated to the 1990 NBCC static base shear. When the 1990 NBCC 1S
gsed for non-symmetric structures, the torsional moments at the CR are obtained by multiplying the
forces at each floor level by the design eccentricity e, where

(1)
: | (2)
C. = 35 ¥ ]I) :
h | 5 1N( ; s SeC( > accounts o
The value of e is simply the distance between the CM and CR and the second term acCOURIS l; [
i - : e % 2 ; o - . - ~ ! t -} l'l’».f
‘he accidental eccentricity which represents 10% ol the width of the structure perpendicular U

carthquake direction. Four methods arc used to evaluate the position of the CR.

Relative rigidities (Method A)

ofines the X : oordinates ol
The most common method, proposed by Blume et al (1961), defines the X and Y €O«

the CR, at level r, by

2 e (3)
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This method, proposed by S
itions of (he€

requires that for all pos |
no torsional rotation. This mecthod can be ap
clements connected DY rigid links. From the applied lateral loads
evaluated, for clement i, in bOth X and Y directions and atl a given level r. The CR for

loads is simply:

CR at all levels of the buildings, a pure translation .
plicd using 2D models for the latera ll.
Pt and P_ﬁ_.. the shears f'j.- |
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this structurc cannot ¢ appropriately analyzed in 2D due to the core/irame interactions in 3D

Building 3 IS a parking structure with eleven stories and a neight of 27.5m. The lateral load.-
resisting elements CONSISIS Ol Y ¢ores and oracings have been added at the perimeter of the structure
.5 shown iIn Fig. 3a I'his Structure has a double eccentricity but only the earthquake in the
direction has been considered here. The other direction X has been analysed by {';umlriw ( 1990). Duc

‘o the difficully 1n cvaluating the stiffness of the peripheral frames which have a flexural as well as a

shear contribution, Method A has been discarded for evaluation on the CR. Fig. 3b shows the CR
or the three other techniques. bven though the CR for methods C and D are within the

LY
i * ¥ = I I r i N = i - : .
‘['!"':LL‘:‘IT_ '\"L‘Ei?\_-ti! Eﬁtll""\.[[q\_-irtﬂ \-..E!"! til{]{L ~1'}1II__I";EI*L..‘![.II[“|'Fﬁ

Struciurco

EVALUATION OF TORSIONAL RESPONSE

rhe NBCC requires the evaluatuon of the torsional moments by multiplying the storey force by the

. T L ! - » 4 ' T3 0 e . . 3 O ' : _ 2. i S . -
design ecceniriciiies cvaluatced using cquations Ll) and (2_). Lunmdcrmg the very wild differences in
the position of the CR using dilicrent techniques, it is essential for a designer to appreciate the impact

" the torsional moments and the corresponding internal distributions on the lateral load resisting
nts. Furthermore, some techniques concerning the evaluation of the CR do create excessivels
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aree torsional moments Of opposite signs (fortunately) but leaves the designer wondering about ther

e

alidity. Furthermore, the NBCC (Clause 4.1.9.1(24)) states explicitly that when the CR and CM ol
the different floors do not hie approximately on a vertical line, a dynamic analysis shall be carried out

nine the torsional response. However, the base shear from a dynamic analysis must be
alibrated to the static base shear. When a 3-D multi-modal spectral analysis is performed where
wodes are combined, such a calibration 1S not quite obvious.

Calibration of a dynamic analysis

The procedure 1s presented in point-form and is summarized below:
1) A 3-D model using three dynamic degrees of freedom at the CM of each floor is created. No
allowance 18 made [or the accidental cccentricity of the mass but it could easily be accounted
[OT.

z) The periods, mode shapes, for at least the first ten modes and the corresponding generalized
- " = . . y i 1 g . . .- " " ~
masses M and participation factors I, 1. 800 1g for each mode are obtained.
3 F

For a given response spectrum, using an annual probability of 0,0021, and earthquake direction
ior the site considered, the spectral modal accelerations Sa are evaluated. No allowance 18 madc
{or the ductility by introducing reduced spectra.

+) For an earthquake in X direction, the base shears and torsions are evaluated for each mode 1.
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ar formula is given by:

» base She
| NBCC, the base !
6) Using the 1990

Vo = B(SIFWIR

S ned wherce
2 calibration factor @ IS obtained

g = VW/ VDHV

ad resisting element, using the combined modal Spectral recn.

e sach lateral 10 _ |
7) Finally for €ac multiplied by o POnse

cosults of the dynamic analysis arc

[t is obvious that the dynamic bas€ shear, for a givcp dirfi:ction, must be evaluated usino T
If a software does not provide such values or the required information to calculae .
the combined modal results for the individual elements cannot be used to evaluate y} Drv
shear due to loss of signs in the modal combinations. THRIIC by

Table 1 shows the results of the base shears using the above procedure assuming the buyild;
5 - - - U F;jl Ic
in Montreal and the force reduction factor R=1. Similarly I and F were set O unity. Fo 5
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FABLE 1. Calibration factors for a 3D dynamic analysis

fEullding Quake 1990 NBC * |

| . C '

| Direction : Ry e |

,f T E

| r I (s) # Vg o (KN) T(s) | Vi vt B

| 1 Y 2 |

3 : : 2,22 25 300 3,06 19 300 e

r : - : 15 900 2,38 17 748 0,90
! 0,95 21 900 l 1,25 22 960 0,95

Resultant torsional moments at base using 1990 NBCC

-

Building Method | M, (kN.m) M, (KN.m)
eq.1 eq. 2
|

' -1 260 000 - 45 000
- 711 000 | 94 000
171 008 197 000

Qo >

44 500
63 000
63 900

| - 124 4060
oo 00 ARE
w0 BN 1A |

w vo i

73 400
37 500

256 200 o
227 108 "

105




|
|
{
H w_

" SONRRRIESI N (ISR |

e

[ 2™ i - L

L

A e il i e S e Ty e G L W oy L o - T asiE .| wij ’ o

T s s s e p—— - el L —C e B e i SRS S




e R — @ -

16
14
12
10

o R

e i

lllll

12000 15000

_
i n |
i
_ L
| =)
!
Tl
= ¢
| W m m .m
| L a
| | . i i_ ﬁ
| | 588 €
d_ w o & (] =
w , H _
| F “
| __ . _ A
| I , } .ﬂ °
| &% _
o @ e
. 4 "
m
4+ O
s WY
| ._
| ] 4
| ]
| - .
E H
{ =
o
|
]
A o § : ch Yo
| |
| d_ H
| | _“ *
| e v
| | m_ |
- _. | |
w. | h_ | _ m
- _ | | | |
. | | | | _
|
| __
- _ _ F “ |
i A e =" S W g
| | ; |
| : u__ _h
| | g
‘...r| ]E.*Ill[ Lo . I|.w
. | # | ,. ﬁ
| | _ “ '
| | Y
i 1 ." d
[+ e
.hf .’l.lllull].:l]r.Frllrl.ll. Te—— _ _m -

r (k)

F (kN)

L
L%

ars in core # 1

77 stories. (a) plan; (b) position of CM and CR; (c) she
107

rs in core #2.

d

A

Building 2 -
(d) she

Figure 2.






