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ABSTRACT

This paper highlights the major an ' s o3
nodification factor R in place of structural coefticient K '(4) ey d?gfrt Orfﬁu'a,.(";x) Force
(5) Anchorage fprce for parts of portions of building. The minf;;r changesyfror; NgggTatlQn' 3
(1) Impor:tance factor (1), (2) Foundation factor (F) and (3) Top concentrated torce on Strugefts '”C::ude:

Finally, a comparison of the base shear calculated according to NBCC-85 anchuBrEé ,;)0 .
given to show that the base shears tor most structural systems are similar, except unremf;:: l;
masonry (URM). The necessity to increase the base shear tor URM appears t;:w be justify in vierce f
the experience of the Saguenay Farthquake in 1988. . ok

INTRODUCTION

The seismic provisions in the National Building Code of Canada, 1990 (NBCC 90) represent
the second instalment of a two stage changes of seismic provisions in Canada since 1980. The first

stage changes - ~clude the use of peak ground velocity .nstead of peak ground acceleration as a site
[SMIC | ity | 1t ’ d motion characteristic effect in the

d structures: and the adoption of a new set of seismic zoning Maps with
d on the risk probability level of 10% exceedance in 50 years. The reasons

for these changes have been summarized (Heidebrecht and Tso, 1985); and these changes have

been incorporated in the National Building Code of Canada, 1985 (NBCC 85).
In this paper, the second stage changes since 1985 that appear in NBCC 90 will be discussea.

The changes are classified into major and minor changes and specific changes In each class will be

presented below.
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ely (a)the specification of building

‘n three broad areas, nam
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There are major changes al
drifts, and (c) the specifica
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(a) Building Strength Specification i e
g strength specification 15

the information 15 Pres
the current seismic design

ore in form than in actual design 4

resented in a more rational form

philosophy. They will be dig{_“?ﬁ(}
“Uss

. il eS %
Changes in buildin :

These changes were made SO _that]c
implemented, and more reflective O

under three subheadings:

Loading
3 Load Factor for Earthquake ] - .
g Unlike NBCC 85, the base shear value given the NBCC 90, Vgo, Is already calibrate

b ‘ g o L
text of Limit State Design load combination. Any e

‘ ate the load factor aqg, in the con R SMic
;S;ngg‘;cts obtained based on Vg are factored seismic load already and aqQ for garthquake l0ad
should be taken as unity. The change involved from NBCC 85 can be summarized in €quations (1a)
and (1b).
(Vi)gs = aq Vgs = 1.5 Vgs (1a)
(Vf)go = aq V9o = Vo (1b)

where Vs denotes the factored seismic base shear.
Therefore, one should compare Vgg with 1.5Vgs to assess the net change in design baca

shear between the two editions of the Code.
The reason for this change is the desire to make an important distinction between the wind
and earthquake design philosophies. Both loads appear as lateral loads in the design process and
are qften compared in order to choose the “critical” lateral loading source. However m
building designed according to the codified factored seismic base shears can be expected t, A Ost
exceeded some forms of ultimate limit state (inelastic deformation, severe cracking, etc )0 e
they_ are exposed to the "design” seismic event. Unlike wind design, seismic design d;ee .hwhen
the importance of strength in favour of good post-elastic performance. commonly refer::zd
d_uct:le behaviour. It is more appropriate therefore to specity the codi

directly in values compatible with th | mi
* | e ultimate limit stat '
as s done in wind loading. e o

asizes

_ ‘ | o as
fied seismic base shear

h the serviceability state

(a.2) Base Shear Formula
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to the elastic strength demand v actual latar- e
ct | e, Ffeduced by - aleral strenqath of Clural systeme< with <t
of the structural system concer -4 Dy a fact — SHENgth of the building <t 4 Wia an
ned_ or R 'Nhlch s a f J.ld.r‘:.q should be e«
' Unc . ' ™ VR €Qual
uon of the ductil

(3,3) Force Modification Factor R lity capacity

In all previous editions of
L LA 2 Of NBCC
the "K factor in the base shear ex;);';?:

modifit?ation factor is more than a mathemati.. : %ol
recognised that alical | the K factor by the force

KR =

Th ?ecjgﬁjj:oh O-ff-the K and R values for different st

“‘)' % : HpTa benelits using the R factce rb' ructural systems can be found in Table

with the elastic force demand Vg, it draws attel"ltion_tJ ;rr: NBCC 90. First, by relating it Elp\t{_i”;

. . . 2 O t : _ | L1
any R value in the seismic design load. For example usin ; de;‘gners the implication of choosing
: - an il
load ISdO:'Vt;l q;ar:ter Of‘ the design load needed if thegbuildln;alzetgf 4 implies that the design
osed to the design seismi T 1S 10 remain und:

E'Xrl? & it ihe Surv?val (non-c er;ent, The butlding can therefore be excited we\T m*aomtizei &Then

range ¢ " O apse) of the building relies heavily on its ducti\ith Th"‘ F s

reasoning will encourage designers to combine loading and detailin . y. This line of
- g requirements when ¢hoosing

the structural systems.
The second significant benefit is the direct linking of the R values assigned to different

structural systems in NBC_C' 30 on one hand, to the design and detail requirements of these

s.truF*turfal systems, as specuﬁed ‘by'the different material codes in Canada on the other. This direct

linking is consistent with the limit state design approach. The material code of design specifica-
tions serve as the guidelines to provide appropriate capacities to satisfy the seismic demands set
out by the seismic provisions of NBCC 90. Since careful design and detail requirements for ductile
behaviour in the post elastic range have been stated in many Canadian material codes (Chapter 21
:n CSA.A2.3.3-M-84 and Clause 27 and Appendix D of CAN/CSA-516.1-M89), the designers are

guided by NBCC 90 and these material codes 1o end up with a proper balance between strength

and ductility in their design.

of Factored Base Shears Betwe
<cussion of change In strength specification,

(3)

en NBCC 85 and NBCC 90
it is illustrative tO compare

NBCC 85 and NBCC 90 for different structural
stion factor F and importance factor
- 8.6 (v=0.2, Z,=1y) OF

.~ factored base shear for

ryvation applies to
r steel braced

(2.4) Comparison

in concluding this di
the factored base shear specifie

systems. For this comparison, it 1s assu

| are equal to unity and the building s
Montreal, Quebec (v=0.1, Z,>1y) AS shown in Fig. (1) 7

ductile concrete or steel moment resistmg frad B osel isting frame O
ductile steel braced frame (K= 1.0, i ¢ (2) and (3) respect

frames with nominal ducFility K= 1.3, .3
more ductile systems having R= 3.0 of 8-V,
those specified In NBCC 85, wfhlle

3 i ISR S5 & |
R=2.0. This bias in favo mpait Hoqural walls on O?‘d s

comparison of base shear for " ew Zealand 2 | o These desig
earch in N€ * uctile man | e

system on the other. Through r€s=" =\ tailed, can pehave inad = design. In recognitios of 5

concrete walls proper’y i RS dian concrete code for seism

' ' Canadia

have been incorporated
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advances, the design base shear for ductiie flexural wali sp ’

_ : | 5 4
than those specified by NBCC 85, as shown in ©'ig. v NBCC 90 prescribes a higher bace o
For df‘ﬁifjﬁ of unreinforced masonry struCiures, NBLL ey - *b ; : 2 i-**ﬁ* 2 She
- B _ - . . ‘ . " gt T 1€ MNiis D &
NBCC 83, as shown in Fig. (5). The justification of this INCrease i BAse SASar is due to the
ﬁi"t_f.mrr f;ﬂrfﬁrmaﬂrn of such structures in many earthquak*??. g ljets ua.r:m of the Jase g
_ | Ervori R P . f their relatively poor performance N tha -
specification on this class of structure in view O be made (Tso and Zhu 1991 = "9
Saguenay earthquake (M = 5.7) in Quebec province has been ).t
wr-vey in the f-biremraf area showed that a number of short period unreinforceq |,
buildings have suffered damage (Mitchell et al. 1990). ok |

region has been increased from NBCC 80 to NBCC 85, recognising the vulnerability of T dy

structure to the high frequency content of ground motions likely 10 occur associated wiy, LH:‘
quakes in this region. The level of design base shear 1s raised again in NBCC 90-_ The seismic rae..
tance coefficient (design base shear to seismic weight) for shOf‘t period unreinforced mﬁ'}r;f::
buildings in the Saguenay region are shown in Fig. (6). Plotted in the same figure i the ¢ 5
accelerations computed on the two horizontal components of ground Motions mea
Chicoutimi, a town 36 km from the epicentre of the Sagquenay earthquake. The spectral accelo,.
tion plot can be interpreted as the seismic strength demand while the three codified u',,“‘,'”f_
resistance coefficient curves can be treated as the strength supply curves Comparisons mu
supply and demand curves show that even the increase of base shear of NBCC 85 from NRCC 81.‘;@
not sufficient to ensure short period unreinforced masonry structures to withstand the 5
shaking at Chicoutimi. The further increase of base shear for this type of structural syste
90 appears to be a step in the right direction '

%

/
RDeCTral

St

sured at

ground
N NBC(

(b) Estimate of Story Drifts

Reliable estimates of the maximum story drift during
the damage of nonstructural elements. Many of the nonstruct
from damage as they are essential for the functioning of the bu
the cases of designing post-disaster buildings such as hospital

ng drift estimation is to allow adequate separati
prevent them from pounding each other. QObservation of th
n Mexico City in 1985 illustrates the importance of s

the earthquake is essential to limit
}Jral elements need to be protected
dings. This is particularly crucial T
s and fire stations Another reason
on between adjacent buildings to

€ many building damages caused by

oundin ' on |
pounding uch consideration in design.

er b:::ildings, NBCC 90 limits the drift to
drift up to 2% of story height to be
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where Cp values are tabulated for g
< the location factor. A, ranges f |
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flexibly mounted. A, ranges from 1.0
-J at th

MINOR CHANGES

| s should be noted that the min

insignificant changes. They are grou dor chan
mented in a relatively straight fOMaFde under
NBCC 85 provision clauses. manner,

ges described here;

_ erein do not 1

e o ot imply that th

assu:ﬁigmy bﬁcause the changes can be ?r}:w a\ree
g one is familiar with the correspongng

(a) Importance Factor |

While NBCC 85 assigned the |
=t ook, 5 D et Ssénceclgnopsgi?ecee fa;:)tor | = 1.3 to both post disaster buildings
- mportance factor B b b i e oo s n these two types of buildings with a higher
+the hospitals in Mexico G ‘ JONS Bes Lo Quskieds.  Tha poor pRcloryants |
e : _ 1ty fjurmg the 1985 earthquake re-emphasized th A .
aval gbnllty o post-dlsastgr buildings after an earthquake. This leads to a m e :'_ecessaty of the
requirement as well as drift limitation for such buildings. The changes of t:;;;:r?zzz;tffgim

can be summarized in Table ¥4 2

(b) Foundation Factor F

The amplification of ground motion by thick layers
e 1985 Michanocan earthquake and again in the San Francisco bay area during the 1989

{ oma Prieta earthquake. In Mexico City, the amplification of peak ground surface acceleration can

reach as high at 4 (Romo and seed 1987), depending on the depth of soil. Typical amplification isin
the range of 2to 3. TO accommodate the large amplification effect of deep soil deposit, NBCC 90

ncreases the soil factor F for such sotl conditions from 1 5t0 2.0.

of soft soil was observed in Mexico City

during th

distribution along the height
mula for lateral seismic
h more related 10 the

CC 90 decides 10
of the

(c) Top Force Fy
To allow for the higher modal

of a building, NBCC adopted the proce
force distribution. Since the influence of hig
fundamental period T of the building, as opPO>
relate F, directly 10 the fundamental period Tin

building. i . |
Many of the damages in buildings in Mexi

| id b
it ' e, NBCC 90 increases the up

ribution on the story shear
top force Ft in its for
| contribution 15 MUC

ght to width ratio, NB _
width aspect ratio

cont
dure of adding 2
her moda
ed to its hel
stead of the height 1o

he 1985 earthquake ©
the higher modal

ccurred

around the mid-height level. B
contribution. Based on the Mexican expert hen T=3.658C. TOI

| - \d be reached WN€ et il b
to 25% of base shear. This upper ‘ITLte(I)f Ftthv:ft’ihe actadl arthquake force distribution will D€
sacond, 2 L0 ! the formula given by the code

period beyond 3.6

determined by a more refined
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CONCLUSIONS
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design and detatil structures such that
the event of an earthquake. Second, the current Cana ‘ |
that explicitly recognizes the overstrength of buildings from their design va‘
systems used AS me
re

expressed in the form of (1/U) = 1.67 in NBCC 90, indepeng:lent of structurg
research results become available, this factor may be refined to reflect its dependence

structural period and structural systems used in future editif)ﬂs of the Code. Third, the
Code recognises different seismic regions In Canada are likely to experience ground moy
ONg

s - g, .l-fl'.‘l"i{'- ﬁ_ﬂ_1
r

having substantially different frequency content, and makes allowance for the effect on th
The 1988 Saguenay earthqujlje
dKe

different types of ground motions on short period structures.
occurred in a seismic region where the ground motions are expected to contain enerqgy

frequency range and all measured records in the epicentral area confirmed this expectation
demonstrated the necessity to differentiate the different types of ground motions ' |
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IN the high

t of seismic Code

done.
In summary, the current Canadian seismic code (NBCC 90) is at the forefron
ons in Canady

for buildings and provides guidelines for the safe designs of buildings in seismic regi
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Sl i R e el in,

1 Rock, stiff soil

2 stiff sotl > 15m deep
Loose coarse grained soil < 15m deep
Soft fine grained 50l

3 Loose coarse-grain soi! > 15m deep

4 Soft fine-grained soil - 15m deep

puctite C
DUCT.HE‘ flexural wall tframe

puctile steel braced frame

steel braced frame with nominal ductili
Clilily

reinforced masonry
T -
able (2): Importance Factor |
3 b5

1ol 13

post disaster butldings

Schools

Other occupancy
1.0 1.0

Table (3): Foundation Factor F

Category

< 15m deep
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