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tecent Canadian R are examined using
akes. The d 1
1splacement

ductilfty demands are analyzed for b

actility capacity. I - Sstructu

2hich RN sriod );nde;e:; found that the NBCC 1'139;0 Sfystems with different

ent i orce ~
period structural systems Tc:: eafl to '3 very high ductilitreguctlon factors,
S duction factor for Shg;t avoild this, two types of per'yd t‘;mand for short
: Period struct : +0 ependent force

<how that the linearly varyi : ures are investi

viable means to reso}]'_v £ A5 Peériod dependent reduction ?:{::’d- e
. @ the high ductility probl tor represents a

period structural systems. €MmS associated with short

INTRODUCTION

For economlC reasons, the design strength specified in building codes
to allow for the effect of earthquake motions is considerably smaller than
the strength demand of the structure if it remains elastic. Therefore,

structures so designed are expected to be deformed into the inelastic range

to strong ground shaking. The permissible level of the
in codes is based on, among other

tures during

when subjected
strength reduction from elastic strength
considerations, observation of the seismic performance of strucC

major earthquakes. a larger strength reduction is permitted for
aining larger inelastic deformation without

structural systems capable of sust
ismic code specification is to ensure that

failure. One important task 1in se
the minimum specified strength 1s not reduced far in excessS
tility demand of

strength in the sense that the resulting duc . -ty
ground motions does not exceed its ductility
rried out on the base

when subjected to the design
capacity. This implies that evaluation should be ca
shear specification of the building codes.

In general,
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evaluate the Dase shea: QXD eg s
".1~"r NBCU ll)‘)“) ll"\"i”uth '-

'R ih
There are nree | "asons i

g made tO

_ attempl

In this papeil, |
code provision

of the Canadian seismicC v_ ~ade 1990).
Committee on the National B8ul ld ing (*;Hil ! imﬁ First, unlike the i %
, } @ ~ '"1ALO at CN1S ‘ | ”“*"F‘Hi-
- avaluation 18 approptis | - | * ' % '8
L «mic design strength 1in NRCC 1990 is explicit l_‘l’ UXPressed |
Sei1sSmig £ words, the reduction [‘h,!”' ..H
| R

i g h.‘
edition, Ctht In othet

strength.
strength, can bhe ghi i e

arms of the elastic * .
;;;fineti a¢ the rat io of elast 1S 8¢ .-mu_]th L O .'-lt..l ll.lll Segried i e
from the Code without ambiguity. Second, grouiu | f"‘ i. ‘ ' “ ®COrads are o
available from two SsStrong ea rthquakes recent Ly “{:{zl” e l,” -anaca, which ‘A

for this evaluation. Third, the t]h_..“q” . I:
'l “

be used as representative 1inputl ] t
33 ~ Te s 1 i fferent structura Systems cover |
detailing requirements f[oOI the different ¥ 'Ted in NBC

1990 are much more specific than in the previous edition of NRCC

structural system mentioned in the code has to be designed and det
according to the requirements of the current Canadian material desi SN cod
' y L © 9

and standards. In other words, this 18 a direct linking between the 0| am
* L 4 - - : : - .‘Illll b

loading on one hand, and detailing requiremen ts on the other, for each of | | |
. ' 1

structural systems covered.

I‘:d‘ii
ai] ®d

STRUCTURAL MODEL AND DESIGN STRENGTH SPECIFICATION

in the short to moderate period range, the Nigher m 1
: Ldal

For buildings
significant and the MAIOC Seiem:
_ AN

contributions to the base shear are not
1s from the fundamental mode. Single-degree-of- freedom ( S D¢
- 6 SDOF)

response
representations for these builf-nm;--

Systems are convenient structural model
and they are used as structural models in this study.

= The )'flii."ld strengths of the SDOF systems are specified based on the
ear prov'151on of the NBCC 1990. The minimum base shear Vv . : Yo
structure is given as B dmoeee. 8 Suilding

V = (Ve/R)U
(1)

where Vv : :
fespﬂnse-e Rlsis Zheforizu;:li”.t ]:ateral Seismic force teépresenting elastic
ALY et raci Stx 1Cation factor with assigned values between 1- fn.
factar S rstems, to 4 for ductile structural systems. U ; e
.8 level. of Protection based on experience -mthls d

' n an

assigned valye of 0.6
S +0. To understand the ; * :
fearrange it in the following form: * ‘MPiieation of Eq.1 it is useful tc

the overst
_ ‘ength includ
e :
nowinal values the higher material strength realised
alise than the

Specified {n :
dESIg["l' the many nominal or minimum design

it :
strengthre:fpecltlve of strength demand, the
istribution eff Kot St o Dy . Fao0r
s Ebcat due to the redundancy of most
8 i S@ shear VvV and the overstrength
that th ferual lateral strength of the
€ actual lateral Sstrength of the




building should be
cqual ¢
O

factor R ahich is . a .
gystem concerned. 4lNction

thE‘ Elast_ic

S
of t‘h_e e Crength detaut

tility Ve, reduced by a

ca C 1 \
pa-l.tf of th ¢ '
Che SLfucCtural

Since the reduction
strength to actual strength
F

(3)

adopt
BLed by - NBCC 1990 is period

equivalent :
e elastic lateral seismic force, V 1s
r Ver specified as
VE = VSIFW
(3)

vhere, v 1s the zon : :
+the 1importance fath];- Vz‘loflty ratio, S is the seismic response factor, I 1is
e ieat S it by r;tio s“ t"he .foundation factor; and W a1s the dead' load
3 velacit SRR R d_t':!fined as the ratio of the horizon .
groun 1Ly to a reference velocity of 1 m/sec e : Hta.:‘l
taken as 0.2 in the strength calculation and all in-Put grour:; nfot:idgr: revcar;ss

1n ]:.he‘c;alt:l.;‘];e;.tlon are -sca.led to a peak ground velocity of 0.2 m/sec. For a
rock site (F=1) and building of normal importance (I=1), the yield strength

of the SDOF system model becomes
(6)

of structural systems aIe€ studied,

The more ductile structural systems
y SDOF systems having
stralin hardening

The responses of three

having an R value equal to 4, 3, and 2.
£ 4 and 3, are modelled Db

with specified R values O
~ilinear hysteretic force displacement relationship. The

ken to be 3% of the initial <tiffness. The less

SDOF systems having

stiffness of the system is ta

ductile systems with an R value
2 stiffness degrading hysteretiC behaviour. Among 4 '
dopted in this study .

stiffness degrading models, the 0-hysteretiC model is-a ' | =
For all structural nodels, a 5% critical viscous damping 18 ass1gne'd t:o ea
y dissipation

SDOF system tO represent other non—hysteretic form of energ

during the ear thquake shaking.

of 2, Are represented by
number of available

canadian earthguake

from the earthquakes ¥
North Western Territories

hich occurred
of Canada.

753




3 . s
T e b e | b i et N T
gy .‘F-l-,-l'l'l- __|.|.__ . P o o o o i gy . k " - - ¥
PR Ve ity (pki? i -:l.l-l'q:'l-'-i Al SETE B BRI el o | i B d . gl

I g ! i i H g g s o |

: . e Ly = i o o i (e L - i

- Rl ey Pl T e | e F E

. - i Lt : "}1: 3 -II.';,".'-. ; '.. "

= - '] -
o o o T ey -
a 1,
oy A L Jenl .' P
7 iR g i sy i e T e
o 3 ' i 4 v A s e E
N S i e . et A i (R ] e e - TR b e | '
. fy -y ey M o BT i L e -5 ] % _ H il .' 3 1 i ’ L) L + & - T
- 1 ol ol SR s R ’ ] Jar i A ; ; - T - I'F‘r. |_. _.|"':..'|.I-‘|' _'l""]':'h'_ R L, = ¢ i L :
¥ s i i i i R -1". A lt.._rrl- ol i i : .'. ey |I-.l| - I-ﬁdrlh.' _-J.l ;r e . . . A
3 . e o LT - B E | Ll = . L ’ L (e 3
- B Bt e i S e e I i el o o e e i i ' o
x . W o i B P lm L g P s e v A st L b gk
T s . E ] e i l-.- F_‘-_l- L b 25 -_‘F F L i L"I-'Iﬁll'-_1‘ R
. " Pos Lt L R o i s - Famt el T el
" 4 - i e i P R— .
e P - =1 i Oy R ORT g - - FF
3 L 1 i g
- - - - =
o il g - ! 3

v

earthquakes, with the Strong,
*”#t

fFrom four
haracterized by extreme
" b “

rock sites :
The records are C

recorded on
!

were
' = 9.
earthquake of magnitude Mg P ' | |
high c:mak acceleration, A, to peak VE-].GCItY .V, (A/V) ratios, which e
from 1.2 to 10 (Heidebrecht and Naumoskl 1988).
obtained from the 1988 §aq,
'nd?

of recoras was
5 7 which occurred 1n the province of Quebe.

earthquake of magnitude Mg |
(19 horizontal components) were recorded On Trock sites At 4
hetween 36 and 177 km. The t8tie ;']

- [ ti

e at epicentral distances
range from 1.62 to 9.68 (Tso and Haumo%.
i

The second selt

=

Ten records

this earthquak _
also have high A/V ratios which

1990).
con of the 5% damped mean acceleration fesSpons
56

Figure 1 shows comparis _
d Saguenay earthquake records with the 2,>7, branch

spectra of the Nahanni an
fFactor S used in NBCC 1990, all scaled to peak S oisha

of the seismic response |
This comparison is meaningful because the Z;3>%2y brapey,

velocity of 0.2m/sec.

of the seismic response factor is recommended for regions where sejigp;

ground motions are expected ¢to contain major energy 1in the short D*‘-‘rio;
ords far exceed the Z2;>2, branch

range. The mean spectra of both sets of rec
of the seismic response factor in the short period range.

EVALUATION OF THE FORCE REDUCTION FACTORS

Since all input motions have high A/V ratio, and have their enerqgy in
are considered to be representative of gqroung

the short period range, they
motions that may occur in regions where Za3>Zy in the Canadian seismic zoning

maps (NBCC 1990). To be consistent, the strength of the SDOF systems used are
calculated using the 253>2y branch of the S curve. The mean displacement
ductility demands for the three classes of structural systems having R=2, 3
ar.'nd 4, subjected to the Nahanni and the Saguenay set of records are shown in
Fig. 2. For all three classes of structural systems, the ductility demand
decreases with increase of structural period. In view of the mean elastic
response spectra of these two earthquakes as shown in Fig. 1, such a trend
can be expected. Of more concern is the very high ductility demand of short

period (say < 0.3 sec) structures, exhibited in all these plots.

Using mostly earthquake records from California ¢to evaluate the

;zslzziic responses of SDOF systems, the studies by Blume (1970) and Newmark
(1973, 1982) showed that the overall ductility demand bears a simple

relationship to the reduction factor, as can be expressed by

w R*
4 (7)

In o

red:;::;nm;ii;rttes c;ucuhty demand of the system is similar in value to the

ship provides an imeortto Spe:::]_fy the strength of the system. This relation-

the maximum inelastfc dazt llnf‘ between the design strength on one hand, and

Therefore, this simpl : orm‘?tlon'demand on the other. In NBCC 1990, R"90=R.

in each of the d . .e .relatm“s“lp can be represented by the line p=R shown
uctility demand plots. It can be seen that the ductility

than that impli
ductility capii]i.id bfy Eq.7. Such high ductility demand may be beyond the
y of the structural systems. One alternative to reduce this
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very high ductlljmqr demand for

rE}dUCtiDﬂ 1n Stfﬁ'ngth £ Sh{)rr_ Der ;
- 1 '
sdopting a period d cOm elastic g b od SLructures i«
- ' “Pendent reduct i e L THSE ey Short > 'O cut down the
‘tlon factg L Pperiod P
ko, Structures b
g 4

y ¢ - T o -
eauce the hi h ductilit demand £
d 9 Y or

forms of period dependent reduction f
ACtor

first form 1s that proposed b
Y N
value of the reduction factor Eurmark‘ and

UCtures, their

an be written as ; :

+
= R
R N-H Eor T 5 0.5 sec

V 2R-1 (8)

|

0 U.125 ¢« p ¢ 0.5 sec

and R*"N_-H varies linearly from unity
hetween 0.03 and 0.125 sec.

to a value of \/2R-1 when T varies

The second form of reduction factor is the linearly

dependent reduction factor, R"[. It takes the value of R for period 1lon
. . er
than 0.5 sec. For period below 0.5 sec, it decreases linearly as the per?od

decreases from 9.5 sec and has a value of unity at T=0 (riqid structure)
Mathematically, 1t can be written as ’

varying period

% = R o T > 0.5 sae, (9)
= 1+{(R-1)T/0.5 RO -0 - < - F-%5 0.5 set,
this form of reduction - period variation 1s similar to that proposed Dy

Berrill et al. (1980). The period dependency of these two forms of reduction
factor together with the period 1ndependent reduction factor R"gp, 1is

graphically illustrated in Fig. 3.

The mean ductility demands of SDOF systems designed based on the three
forms of reduction factor R*,6 subjected to the set of scaled ground motion
records from the Saguenay earthquake are shown in Fig. 4. T.he plots represent
ductility demands of structural systems designed corresponidlng to R.=2,. 3 ,.-an0
4. The horizontal line representing the simple fE'latio_“Shlp Pt hsls mcluc:led
in each of the plots. The Newmark-Hall type of period dependent'IEG;lCti‘z;:
factor leads to some reduction of ductility demand from that associated Wi

the period independent reduction factor. Howevel, A
period dependent reduction factor R*p leads to ductility

| ly over R for
below R for ductile structural systems (R=3 or 4h), tanderi.cl);g?;n)gra
systems with nominal ductility (R=2) 1n the very short P

varying reduction facto
Nahanni earthquake follows ah
the linear reduction factor R

ductility demand problems
when their strength is designe€

d base
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CONCLUSITONS

which are designed with some d“Ctilit
For many short periﬂldloi:jucsgr?;ve lower strenq;hf t:l:hhe:f:m mt‘;hebspecifiﬂ
reserve, and hence -:r?s J!sh'::hwn in the present St;:dy r;dictiony facytnre
elastic !trengthsllevlel of ductility demam;l 1L Itte e e i,
to indtrﬁir:deziizent, as exemplifi?d h:rt?czg;r; the linearly varyj
::;egdent reductiion ffzctl:;hgainie;:espents a ui:able means t;c; resolve the
dependent reduction aociate‘j with short period *st!:'uctura Systems,
ductility prablnms assrthquake records and realistic 'mo.delllng of duct
available Canadian eaherein that R*p reduces the-' dLlCt.lllt'y .demand of
systems, it 1S sho:n such a level that the maxlmnm duc_tlllty d?mand
pariod' sttn;.c;tuerqeusal fzo the R factor in NBCC 1990. With this reduction
approximace ' |

. : 11 periods can be estimated e
35 d for buildings of a

the ductility deman

relation p=R.

!
3

'E.‘)(pggﬁd
Used

1le
Shory
M ie
Eact0r '
1ng the

hi aper is focused on the evaluation of the reduction
s L L] &
1:9(; f:r reqions where 25 > 2Zy. Presently, 1t is not possibl
Hﬂfcsimilar evaluation for other seismic regions where 2, 8L . 0F 3. ¢ 2,
ou

b se there are no strong motion records from Canadian earthquakeg to
ecau | '
provide appropriate excitation for such evaluation.
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