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1. INTRODUCTION

Over the past few decades significant advances in seismic resistant design

have been incorporated in the earthquake codes of many countries. These
developments result from research in earthquake engineering, and from the

lessons derived from field observations of structures which have experienced
major earthquake events. The earthquake design philosophy of Canada and the
People's Republic of China (PRC) is the same and both countries have recently
-evised their earthquake codes. Various provisions in these regulations are

compared and discussed in this paper.

9. SEISMIC ZONING AND GROUND MOTION PARAMETERS

| :r own, but analogous, methods to assess seismic
R aanic o ds incorporate historical

risk and develop seismic zoning maps. These metho b
records and geological and tectonic information; they adl‘i b?ﬁeedd(i)fl%eiesr’:f:‘l;;gis
analysis of the earthquakes that have been experienced by

: ility of
within and adjacent to these countries. Both countries use a probability
exceedence of 10% in 50 years tO

define zonal ground motion
e e ot o |
(I) President & Senior Structural Englnleer, Y}l(lilzlr:ﬁ?:n
Professor of Yunnan Institute of Technology:
Republic of China.
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bility level to :dentify a moderate

parameters and assign this proba

earthquake. ake magnitude and epicentral

t a iven site, the Canadian Code
distance on the ground motion spec_truf(nP?_I A) galnd peak horizontal velocity

By using both parameters, the
the frequency content of potential

earthquakes. |
nsity information, together with modern

rements and geological/tectoniC gonqlt%ons, as an md%rect
Meusees” measuhg China's new intensity scale is similar to the modified

ni : : :
g/{a;-rac?ﬁ;;e(h fﬁ) 21(131 tensity scale; an approximate relationship between PHA

and intensity established for China 18:
a=10I1g 2-0.01)
where A= peak horizontal gro

China has used historical inte

(1)
und acceleration and I=earthquake intensity.

As summarized in Table 1, China's seismic design code, the ADBCC,
elates the PHA to its intensity scale for design purposes. This parameter
represents only a single ground motion measurerr}ent. In qrder to account
for the influence of earthquake magnitude and epicentral dlgtancg on the
frequency content of the earthquake ground motion, tbe _Eng1neer1ng
Mechanics Institute of the Chinese Academy has statistically analysed the
spectra of the main shock and numerous after shocks of the 1976 Tangshang
earthquake. The results, which are presented in Fig. 1, show that: (1) the
short period oscillations are predominant for nearby, moderate earthquakes
and the period corresponding to the peak point of the response spectra is
around 0.1 seconds; (i1) the long period oscillations are predominant for large,

distant earthquakes and the period corresponding to the peak point of the
response spectra is around 1.0 seconds.
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The ADBCC refers to a set of characteristic periods on the design

spectrum; these are conceptually similar to "predominant periods.” The
StheaS stipulates the influence that earthquake magnitude and epicentral
istance has on this important parameter (see Fig. 2 and Table 2). For the

majority of seismic zones in Ching, only the influence of nearby earthquakes
0se zones 1n which the influence of distant

earthquakes must be considered are clearly specified on the Chinese seismic

zomng map. The ADB . _
(if they are available) agg t?lles t‘;erlecomrnends the use of microzoning results

design of important, structy . ection of ground motion records for the
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3. GENERAL DESIGN APPROACH OF NBCC AND ADBCC

Various methods

ADBCC' permits an analysis using
superposition method, or the non-
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| wl?e a mgdiﬁcaticgm fa tl ent lateral seismic for
R 1S . actor l‘eﬂecting the ca Cf‘ l‘epresenting sl et (2)
Capability of the « ~1asle response.

dissipate energy through inelastic b
;' : - : Ul lla . _
.; calibration factor (equal to sy sonaviour (see N
| at the same level Stiplllﬂtﬁdo{g){ﬁt llb applied to n?alfnrigl(‘ 1990). U 1\3 '
4 to excellent capability of 1'05%985 edition of the Nr;até](? design base shear
Sctors used. SISUng seismic loads coani;ti(gtbu}:gi“gs .
SISLENL with the R

The Chinese code expresses the base shear as
’ - L& T

V=Vem
is the equivaler i |
Vfﬁl.wéd by(; ..redent’(;atelal force corresponding to the elastic res (3)
P uced earthquake”, which is defined as a mino:::nlbhe :
arthquake

| by the ADBCC. The minor earth *
; . ‘thquake and its ground mot;
established from the moderate earthquake by t}%; follownilgg‘:};]gggz:?}it;r are

3111:: Iy - I = 1g(1/c)lg 2
In this equation, ¢ = AJ/A is defined as a “str ' -
ks i - uctural beh " (¢ he

the same _physu:_al meaning as R); A represents the PI?AaSg:;s?cﬁg:ng(ctgds
the basic 1r}ter151ty Iy, of a modgrate garthquake, and Ac¢ the PHA '
mrre_spondmg to the* reduced intensity I¢ of a minor earthquake. The code

specified valu_es of c corresponding to different types of lateral load resisting

- systen}s, are listed in Table 3. The decrement of earthquake intensity Al can

| be derived from Eqn (1). Values of Al are listed in Table 3 for different

structural systems. From the Table we note that the re_duced‘intensity 1S

| between 1-2 scales lower than the corresponding basic intensity.

erate earthquake having a
of 10% in 50 years. On a probability density plot of

Ehé o e 5 e hquak th an intensity value, Im
statisty : - akes, the me . ‘ y Amy
tistics of Chinese earthqu wen e I nits lower R

| corresponding to frequent evel , . manding to
: . ; ‘1 () years corresponaiiis
basic intensity Ip. The probability _of Z)t(ecle;dence in 50 ¥ S defines this

1m

The basic intensity 18

h - he ADB

the mean value intensity 18 approx . .63'2(70' Ehleuake” and assumes the

Im as the intensity corresponding 10 2 minor eartid X€ derate (basio

PHA of a minor earthquake at _

earthquake; that 18 Am = A/3. This de:l:rease
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an the moderate earthquak&
. -h are stronger (?nd e rlvgtéh a probability t{;]f exceedf;nc;:
e in * Using the groun
) | rthquake .
ﬂ;eZ gg%ﬁgﬂd;gfs as a "majo dll. 0; Eozﬁ?; ;aaajorqearthqlllake (see Tablt;; {‘ ;-]hﬂ:
i PORIET .. he undertaken to ensure that the
3CC reqdre plastic analysis be sildings or buildings with .
aE ¢ structures (espec se does not occur. Based on the

that colla . 3o
wntm}led a:fs intzlfgitiep;' and the economic conditions
vari -

o f exceedence O f major earthquakes in VII, VII],
P i ADBCC Bpeﬁﬁsesagl; iﬁmﬂﬁgome PHA corresponding to minor

o . 6,
and IX intensity zones a5 e Table 1).

: arameters corresponding to a minor
In the ADBCC the o mon'mrll It)iesiglrn or checking strengths, and

earthquake are used for cross-sectmed e ecking building dri & The

: or earthquake are us 5.
fx]:gdsgrt:;ae;nr’fi‘lquake is used for the detailing of structures.

4. ANALYSIS OF EARTHQUAKE ACTION

LSDOTISE DECLI C

JL':_!_! Force anc

»

LA LN

]
Lauiva S8l

' ' ' h the NBCC and the
The main earthquake analysis approaches of bot ‘ :
ADBCeC are based upon response spectrum tbepry. In Eqn (2), Wh:lCh denotes
the NBCC provisions for establishing the minmimum lat_eral seismic force V,
the equivalent lateral seismic force respresenting elastic response, Ve, 1s

(5)
v is the zonal velocity ratio, i.e. the specified zonal PHV expressed as a ratio to
1m/s, and S is the seismic response factor for unit value of zonal PHV ratio.
Some general comments relating to the foundation factor, F, are offered
below. The importance factor of the structure, I, and the gravitational load,
W, will not be discussed in this paper. Note that only the PHV is specified
explicitly by the NBCC; the PHA is introduced implicitly by means of the

seismic response factor S, which depends on the fundamental period of
vibration of the building. '
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Ia{r?su&eed :;l ::ll;eck the strength of a structure in thé first stages of the design,
TSI _ cone%gdlng to a "minor earthquake". The coefficient o is |
: CC instead of K and S. a is defined as an earthquake f
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The-ADBCC stipilates that the e
determlnE?d- from Flg 2 and Tabl.e 1 ar.t'hquake inﬂuence :
the site, epicentral distance and the per: ‘ | coefficient q is
«imuim values of o listed in Tablepiﬁrlo
omax = Sm‘ax-h = 2.25a .
The code requires that the minimum values of (9)
0.20max- o shall not be less than

The Influence of Sub-soil

The NBCC accounts for soil ampl; - .
Conditions into four types and asgilg‘;?l;a;l?;luﬁgtae?halfby Classifying so1l
(see Eqn (5)). The classification takes into accoung(i)n tﬁ?}?r F to each type
depth of the surﬁcigl _1ayers. On the other hand altl(l)ougthegﬁaiﬁgal and
~lassifies the subsoil into four types (and also the site). it doesen : B(EC dalso
the concept of a foundation factor. Instead, the ADBCC chan e(s]h t]gl e
charact.eristic period of the spectrum to account for the predgnﬁnazt period

of the site so1l.

Qoil-structure interaction is not considered explicitly in the the NBCC and
this phenomenon is only dealt with in a perfunctory manner. In the ADBCC,
slthough the analysis of earthquake action 1s based on the assumption that
structures are founded on rigid bases, for the design of high-rse reinforced

~oncrete buildings constructed on type 111 and IV sites and having concrete
' f good rigidity, soil-structure interaction

by reducing the resulting earthquake forces by 80-90%,
d site. The dnift calculation of a rgid-

severity of liquefactio ,1.e. U _ :
thickngss of the 1iquiﬁed soil; (2) suggesting coun ee
the category of ymportance

+3 CONTROL OF
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.tional strength approach ang
The NBCC's stated princip]e.

drift Obtained from an elastic analmis

9 times the com |

should be esta
structural comp

ht 1S recommended.

KRy e city of the latera

carrying capa
considered. 3 = .
. drift be checked not only 1n consideration of
The A?a%ﬁc s then--.structural components, but also to ensure
the accep
that collapse ot L€ 5%
separate calculations: & under the "minor earthquake”: The

aluation of the elastic dn ‘
éll;sticEi;crgranlental drift or the inter-storey drift of frame-shear wall

<tructures resulting from a minor earthquake shall satisty

Aue < (8e)h ..
whereef_\ue ies equal the elastic incremental drift calculated from the o for

minor earthquakes; in this calculation all load factors are t_aken as 1.00. 06q1s
the elastic incremental drift limitation (see Table 4) and h 1s the storey

height.
(2)  Evaluation of elasto-plastic drift under major earthquakes: The elasto-

plastic deformations of soft stories or weak portions of structures shall be
checked with respect to "major earthquakes". To distinguish the weak
storey, a yielding strength coefficient is used. The yielding strength
coefficient of a storey is the ratio between the storey shear force carrying
capacity Vy and the storey shear force Ve imposed by a major earthquake:

Ey = Vy/V, (14)
Vy is evaluated from the specific shear strength and the actual
remfercement of the structural members involved and Ve is determined by
elastic analysis under the action of a major earthquake.

(13)

The elasto-plastic incremental drift of a soft storey or a weak portion of a

structure resulting from a maio '
B < Bt Jor earthquake should satisfy 15)

yhere Supis the clasto-plastic incremental drift. The ADBCC has suggestst
drift limitation (see Tablec5).ati}‘1}11i %IJPBC?E e ke ap increments

* ol e Pk it der
which this limitation may be increased BURATRE Setne aopditions 01
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The earthquake influence coeffiaent is the product of the ratio of PHA to gravity acceleration K
n : atio :
| ) of this paper. N K by the maximum magnification factor of the response spectrum;

“The Chinese earthquake intensity scale is similar to the Modified Mercalli scale. In this Table Vi1, Vi

IX are Chinese intensity scales.
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