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- RESUME 

Les auteurs examinent la base de calcul et la surcharge due aux siismes, y compris les 
facteurs entrant en jeu dans le calcul du cisaillement A la base, par exemple les zones 
sismiques, le contena spectral des siismes. la d61erminntion des frequences, le 
cornportement de la smcturc, le coefficient de priorirt et le coemcient de fondndon/sol. L:I 
rn6thode de repartition des forces dans le sens vertical, la torsion et les limitcs de la fltche 
honzontale des &ages sont igalement pksentees. Les similitudes et les diffkences entre 
les trois codes sont relevkes. On s'est aperqu qu'en rkgle gknerale, les dispositions des 
codes des trois pays avaient des liens enwe elles au niveau des d~verses composantes. Le 
cisaillement h la base calculi pour la zone sisrnique B risque tlevP de cllaque pays s'est 
aver6 Ic plus imponant dans le code japonais (BSW), et le moins important dans lcs 
recommandations du NEHRP amiricain; les forces sismiques decrites dans le code 
canadien (CNBC) sont 1igkrement supirieures 1 celles du NEHRP. 

- 
- - 
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ABSTRACT: The b a s i s  o f  des ign  and t h e  s e i s m i c  load, including t h e  f a c t o r s  t h a t  
con t r ibu te  t o  t h e  b a s e  s h e a r  calculat ion,  e.g. s e i s m i c  zoning, s e i s m i c  s p e c t r a l  con ten t ,  
period determinat ion.  s t r u c t u r a l  behaviour, importance f a c t o r  and soi l / foundat ion 
fac to r .  a r e  examined. The method of  d i s t r ibu t ing  t h e  f o r c e s  in t h e  ver t i ca l  direct ion.  
to r s ion ,  s t o r e y  d r i f t  l imitat ion,  e tc .  a r e  a l s o  p resen ted .  Similar i t ies  and 
d i f f e r e n c e s  among t h e  t h r e e  c o d e s  a r e  noted. I t  i s  found t h a t ,  in general .  t h e  
p rov is ions  o f  t h e  t h r e e  count r i es  can b e  r e l a t e d  t o  o n e  a n o t h e r  in  t e r m s  of  t h e  var ious  
components.  The b a s e  s h e a r  in t h e  r e s p e c t i v e  h i g h e s t  s e i s m i c  z o n e  i s  l a r g e s t  in t h e  
J a p a n e s e  code (BSLJ) and l o w e s t  in t h e  NEHRP recommendat ions o f  t h e  U.S.A. ; s e i s m i c  
f o r c e s  in t h e  Canadian code (NBCC) f a l l  s l igh t ly  above  t h o s e  o f  NEHRP. 

1 INTRODUCTION 

Se ismic  r e s i s t a n t  des ign  in d i f f e r e n t  
count r i es  h a s  benef i t t ed  g r e a t l y  from 
l e s s o n s  learned o f  e a r t h q u a k e  e f f e c t s  in  
o t h e r  p a r t s  of t h e  world. Similarly. 
c o d e s  developed in var ious  count r i es  have  
provided guidance and models  t o  d e s i g n e r s  
and code w r i t e r s  everywhere.  Because o f  
proximity and cu l tu ra l  and economic 
f a c t o r s ,  Canadian s e i s m i c  p rov is ions  have  
t radi t ional ly  been modelled a f t e r  t h e  U.S. 
Codes. While t h e  J a p a n e s e  s e i s m i c  code 
h a s  had l e s s  d i r e c t  inf luence on t h e  
deve lopment  o f  t h e  Canadian Se i smic  code. 
t h e  a c t i v e  s e i s m i c  h i s t o r y  o f  J a p a n  and 
t h e  e x p e r t i s e  and exper ience  in e a r t h q u a k e  
engineer ing in  J a p a n  make a comparison of  
a l l  t h r e e  s e i s m i c  codes  des i rab le .  

The National Building Code o f  Canada 
(NBCC) (National Research Council Canada 
1985a. b )  p rov ides  technical  r equ i rements  
f o r  ensur ing  public s a f e t y  in buildings 
and i s  a model code t h a t  can b e  adopted  
and t h e n  used  in municipal by laws  o r  
provincial  building codes. 

The Building S tandard  Law in J a p a n  
(BSLJ) h a s  been  in fo rce  s i n c e  1950 t o  
s a f e g u a r d  t h e  l ives ,  hea l th  and proper ty  
o f  t h e  people  and t o  i n c r e a s e  t h e  public 
welfare .  The new a s e i s m i c  d e s i g n  method 
( In te rna t iona l  Associat ion f o r  Earthquake 
Engineering 1984: 534-546) compr i ses  t h e  
r e v i s e d  enforcement  order .  no t i f i ca t ions  
and  r e l a t e d  r e g u l a t i o n s  in fo rce  s i n c e  

1981 under  t h e  Building S tandard  Law. The 
r e g u l a t i o n s  were  i s s u e d  a f t e r  a f i v e - y e a r  
na t iona l  research  p r o j e c t  t o  deve lop  new 
a s e i s m i c  des ign  methods  and a t h r e e - y e a r  
review. 

The 1985 ed i t ion  o f  t h e  U.S. National 
Earthquake Hazards Reduction P r o j e c t  
(NEHRP) (Building Se i smic  S a f e t y  Council 
1985) i s  based  o n  t h e  document  i s s u e d  by 
t h e  Applied Technology Council (1978) and 
c o n t a i n s  t h e  r e s u l t s  o f  add i t iona l  
r e s e a r c h  and rev iew p r o c e s s  by t h e  
Building Seismic S a f e t y  Council. This  
ed i t ion  i s  intended t o  s e r v e  a s  a s o u r c e  
document  f o r  u s e  by any i n t e r e s t e d  member 
o f  t h e  building community, and in 
par t i cu la r  f o r  t h e  deve lopment  o f  s e i s m i c  
p rov is ions  th roughout  t h e  U S A .  

2 DESIGN PROCEDURE 

The d e s i g n  procedure in  NBCC c o n s i s t s  o f  
calculat ing the  stresses in s t r u c t u r a l  
members  caused by t h e  load d u e  t o  
e a r t h q u a k e s  and des ign ing  t h e  members  f o r  
stresses of  var ious  load combination o f  
fac to red  l o a d s  us ing  limit states des ign  
(Table 1) .  Though working stress des ign  
i s  included in t h e  NBCC, i t  i s  gradual ly  
being l e s s  used. 

In t h e  BSLJ d e s i g n  procedure t h e  
stresses on s t r u c t u r a l  members  caused  by 
t h e  load d u e  t o  modera te  e a r t h q u a k e  
mot ions  a r e  caluculated and t h e  members  



des igned  f o r  stresses of  t h e  load CB = Ds Fes Z Rt CO ( 2 b )  
combinat ions o f  pe rmanent  load and s e i s m i c  
load using working stress des ign  (Table  where  Ds i s  s t r u c t u r a l  coef f ic ien t  
1 ) .  Furthermore.  f o r  buildings h igher  t h a n  ( s e e  3.5). Fes s h a p e  f a c t o r  = Fe Fs ( s e e  
31 m and f o r  i r r e g u l a r  bui ldings 3.10) and Co = 1.0. 
calculat ion of the  u l t imate  l a t e r a l  s h e a r  For  NEHRP: 
s t r e n g t h  o f  each s t o r e y  above t h e  ground 
i s  requ i red  and confirmed t h a t  i t  b e  not,  1.2 A v  S' 2 5 * A a  
l e s s  t h a n  t h e  spec i f i ed  u l t imate  l a t e r a l  CB = -i ( 3 )  
s h e a r  f o r  s e v e r e  e a r t h q u a k e  motions. Flow R TZ/3  R 
c h a r t s  o f  t h e  var ious  des ign  r e q u i r e m e n t s  
a r e  given by Ishiyama (1985). where  S' i s  s o i l  f a c t o r  ( s e e  3.7). R 

In NEHRP, u l t imate  s t r e n g t h  d e s i g n  r e s p o n s e  modification f a c t o r  ( s e e  3.5). T 
pr inciples  a r e  ut i l ized in  spec i fy ing  t h e  fundamenta l  period ( s e e  3.4). Aa e f f e c t i v e  
load combinat ions (Table  1 ) .  and dead  peak acce le ra t ion  coef f ic ien t  ( s e e  3.2). 
l o a d s  contain a port ion o f  t h e  (* o r  2.0. see 3.3.) 
velocity - r e l a t e d  z o n a l  acce le ra t ion  The f a c t o r s  included in Eqs.( l ) -  ( 3 )  a r e  
coef f ic ien t  A V  ( s e e  3.2) t o  account  f o r  shown in Table  2. 
t h e  e f f e c t s  of ve r t i ca l  s e i s m i c  motions. 

Table  2. Comparison of  f a c t o r s  
Table 1. Load combinat ions f o r  s e i s m i c  
design.  Ef fec t  NBCC BSLJ NEHRP 

NBCC 1.25 D + 1.5 Q Seismic hazard  v Z Co AI .AV 
0 . 8 5 D + 1 . 5  Q S p e c t r a l  c o n t e n t  S R d  2.5/TzI3* 
1.25 D + 0.7(1.5 L + 1.5 Q) S t r u c t u r a l  K DsFes  R 

behaviour  
BSLJ D + L + Q  Importance I ** 

D + L + S  + Q Soi l / foundat ion F Rt S' 

NEHRP (1.1 + 0.5 Av)D + L + S & Q * see 3.3 and Fig. 6. ** importance i s  
(0.9 - 0.5 Av)D + Q e x p r e s s e d  by s e i s m i c  hazard  e x p o s u r e  

g roups  and s e i s m i c  performance ca tegor ies .  
D = dead  load. Q = s e i s m i c  load. L = l ive  
load. S = snow load. A V  = ve loc i ty - re la ted  
zona l  acce le ra t ion  coefficient.  3.2 Se i smic  zoning 

The s e i s m i c  zoning m a p s  in NBCC (Figs. l a .  
3 SEISMIC LOAD b )  (Heidebrecht.  et al.  1983) g ive  z o n e s  

der ived from t h e  peak  ground acce le ra t ion  
( t h e  p a r a m e t e r  t h a t  i s  governed by t h e  

3.1 Base s h e a r  coef f ic ien t  e f f e c t  o f  n e a r  f i e ld  e a r t h q u a k e s ) .  and  t h e  
o t h e r  g i v e s  z o n e s  der ived  from peak  ground 

The b a s e  s h e a r  coef f ic ien t  C B  f o r  NBCC: veloci ty  (mainly governed by f a r  
e a r t h q u a k e s ) .  The probabi l i ty  o f  

C B = v S K I F  ( 1 )  exceedance  t h a t  c o r r e s p o n d s  t o  t h e s e  peak 
ground motion p a r a m e t e r s  i s  10% in 50 

where  v is zona l  veloci ty  r a t i o  ( s e e  3.2). years .  The ve loc i ty - re la ted  s e i s m i c  z o n e  
S - s e i s m i c  r e s p o n s e  f a c t o r  ( s e e  3.3). K ZV (Fig. l b ) ,  and t h e  corresponding z o n a l  
numerical coef f ic ien t  f o r  s t r u c t u r a l  veloci ty  r a t i o  v govern  mainly t h e  longer  
behaviour  ( s e e  3.5). I importance f a c t o r  period s t r u c t u r e s  o r  h igher  buildings. 
( s e e  3.6). F founda t ion  f a c t o r  ( s e e  3.7). Fig. l a  g i v e s  t h e  acce le ra t ion- re la ted  

In BSLJ, t h e  b a s e  s h e a r  coef f ic ien t  f o r  s e i s m i c  z o n e  Za which g o v e r n s  mainly t h e  
m o d e r a t e  e a r t h q u a k e  motions: s h o r t e r  period o r  lower  buildings. The 

e f f e c t  o f  Za and ZV a r e  combined i n t o  t h e  
CB = Z Rt Co ( 2 a )  s e i s m i c  r e s p o n s e  f a c t o r  S ( s e e  3.3 and 

Fig. 4) :  
where  Z i s  zoning coef f ic ien t  ( s e e  3.2). The s e ~ s m i c  zoning map in BSLJ (Fig. 2 )  
Rt d e s i g n  s p e c t r a l  coef f ic ien t  ( s e e  3.3). only ind ica tes  r e l a t i v e  seismici ty .  
Co s t a n d a r d  s h e a r  coef f ic ien t  = 0.2 ( s e e  dividing J a p a n  i n t o  f o u r  zones.  The 
3.2). s e i s m i c  zoning coef f ic ien t  Z i s  1.0. 0.9. 
For s e v e r e  e a r t h q u a k e  motions: 0.8 and 0.7 from h i g h e s t  se i smic i ty  z o n e s  

t o  t h e  lower  se i smic i ty  zones.  I t  i s  n o t  

748 



Fig. 3 a  Contour  map f o r  e f f e c t i v e  peak  
a c c e l e r a t i o n  (NEHRP) 

Fig. l a  Accelerat ion-  r e l a t e d  s e i s m i c  z o n e  - 
Z a  (NBCC) 

exp la ined  how t h e s e  v a l u e s  are r e l a t e d  
t o  a c c e l e r a t i o n  o r  t o  veloci ty  n o r  i s  t h e  

Fig. l b  Ve loc i ty - re la ted  s e i s m i c  z o n e  Z s  r e t u r n  period spec i f i ca l ly  s t a t e d .  
(NBCC) Comparing t h i s  map t o  t h e  s e i s m i c  c o n t o u r  

l i n e s  by J a p a n e s e  r e s e a r c h e r s  (Ha t to r i  
1976. 1977) .  t h e  map s e e m s  t o  b e  r e l a t e d  
n o t  only t o  t h e  s t a t i s t i c a l  se i smic i ty  b u t  
a l s o  t o  t h e  eng ineer ing  exper ience  t h a t  
h a s  been  employed in Japan .  

By m e a n s  o f  t h e  s t a n d a r d  s h e a r  
coef f i c ien t  Co, t w o  l e v e l s  o f  s e i s m i c  r i s k  
a r e  a d d r e s s e d :  Co = 0.2 f o r  m o d e r a t e  
e a r t h q u a k e  mot ions  a n d  1.0 f o r  s e v e r e  
e a r t h q u a k e  motions .  Th i s  i s  i n t e r p r e t e d  
a s  follows. Moderate  e a r t h q u a k e  mot ions  
would occur  s e v e r a l  t i m e s  dur ing t h e  u s e  
o f ,  t h e  buildings. and  t h e  maximum 
a c c e l e r a t i o n  a t  t h e  ground s u r f a c e  becomes  
0.08 t o  0.1 g. The r e s p o n s e  o f  l o w - r i s e  
bui ldings  may reach  0.2 g cons ide r ing  a 
dynamic amplif icat ion o f  2.0 t o  2.5. 
S e v e r e  e a r t h q u a k e  mot ions  would occur  
p e r h a p s  once  dur ing  t h e  u s e  o f  t h e  
buildings, t h e  maximum ground a c c e l e r a t i o n  
a t  t h e  ground s u r f a c e  may reach  0.33 t o  
0.4 g. and  t h e  e l a s t i c  r e s p o n s e  o f  low- 
r i s e  bui ldings  may become 1 g cons ide r ing  
a dynamic amplif icat ion o f  2.5 t o  3. The 

Fig. 2 Seismic h a z a r d  zoning coef f i c ien t  1 g f o r c e  i s  t o o  l a r g e  f o r  t h e  economic 
Z (BSLJ) d e s i g n  o f  u s u a l  bui ldings  a n d  t h e r e f o r e  i s  

Fig. 3b Contour  map f o r  e f f e c t i v e  peak  
veloci ty  - r e l a t e d  a c c e l e r a t i o n  (NEHRP) 



reduced by Ds which v a r i e s  from 0 2 5  t o  
0.55. This  t a k e s  in to  accoun t  t h e  e n e r g y  
absorb ing  capaci ty ,  i.e. t h e  duc t i l i ty  
and  t h e  damping o f  s t r u c t u r e s  ( s e e  3.5). 

The s e i s m i c  hazard  ca lcu la t ions  f o r  
NEHRP a l s o  employ h i s to r i ca l  s e i s m i c  d a t a  
as  well a s  knowledge o f  geologic  z o n e s  f o r  
which a maximum p laus ib le  e a r t h q u a k e  c a n  
be  pos tu la ted .  The ground motion 
a c c e l e r a t i o n  t h a t  h a s  10% chance o f  
exceedance  in 50 y e a r s  w a s  chosen  as t h e  
b a s i s  f o r  t h e  map. NEHRP employs  a n  
e f f e c t i v e  peak a c c e l e r a t i o n  EPA t h a t  i s  
de r ived  from t h e  5% damped r e s p o n s e  
s p e c t r u m  in  t h e  0.1 t o  0.5"s per iod range.  
In add i t ion  t o  EPA. a n  e f f e c t i v e  peak  
veloci ty"  EPV w a s  de r ived  by s e t t i n g  EPV = 
12 in./s (30 cm/s)  f o r  EPA = 0.40 g. and 
t h e n  halving t h e  EPV f o r  s u c c e s s i v e  80-  
mile (130 km) inc rement  in d i s t ance .  For  
e a s t e r n  and  mid-wes te rn  U.S.. t h e  second  
halving w a s  ca r r i ed  o u t  a t  a 160-mile (260 
km) d i s t a n c e  s i n c e  longer  period w a v e s  
have  been  found t o  a t t e n u a t e  l e s s  rapidly 
there .  From t h e  c o n t o u r  maps  o f  EPA and  
EPV, t w o  zoning m a p s  w e r e  der ived,  o n e  f o r  
EPA appl icable  t o  s h o r t - p e r i o d  s t r u c t u r e s .  
and f o r  EPV appl icable  t o  modera te -  t o  
long-per iod s t r u c t u r e s  (Figs. 3a. b )  . The 
z o n e  boundar ies  f o r  EPA and  EPV with  
v a l u e s  given in Table  3 form t h e  s e v e n  map 
a r e a s  ( o r  s e i s m i c  z o n e s )  a long  county 
boundaries .  t o g e t h e r  with  a n  a s s i g n e d  
"Seismicity Index." Also given in Table  3 
f o r  e a c h  map area are t h e  numerical  
c o e f f i c i e n t s  Aa and  A v .  cor respond ing  t o  
EPA and  EPV. respec t ive ly .  f o r  u s e  in  t h e  
l a t e r a l  fo rce  calculation. Table  3 a l s o  
s h o w s  t h e  z o n e s  a n d  z o n a l  r a t i o s  f o r  NBCC. 

The s e i s m i c  zoning m a p s  f o r  NEHRP a n d  
NBCC are s e e n  t o  b e  b a s e d  on  s i m i l a r  
principles.  Some d i f f e r e n c e s  e x i s t .  
however ,  s i n c e  NBCC i s  based  o n  peak  
a c c e l e r a t i o n  and  NEHRP on  "e f fec t ive  p e a k  
acceleration." a n d  t h e  veloci ty  - r e l a t e d  
m a p s  w e r e  der ived s l igh t ly  d i f fe ren t ly .  
Despi te  t h e s e  d i f f e r e n c e s ,  a r e a s o n a b l e  

cont inui ty  in s e i s m i c  zoning h a s  now b e e n  
ach ieved  a c r o s s  t h e  Canada-U.S. border .  
where  p rev ious  v e r s i o n s  g a v e  m a j o r  
d i s c r e p a n c i e s  (Uzumeri e t  al. 1978) .  

A s  w a s  d e m o n s t r a t e d  above.  t h e  BSLJ 
zoning map can  b e  i n t e r p r e t e d  t o  r e p r e s e n t  
0.33 t o  0.40 g o f  d e s i g n  ground 
a c c e l e r a t i o n  in t h e  h i g h e s t  s e i s m i c  zone.  
This  i s  comparable  t o  t h a t  o f  t h e  h i g h e s t  
z o n e  in NBCC and  NEHRP. i.e. 0.40 g. 
However, t h e  f u r t h e r  subd iv i s ion  o f  z o n e s  
o c c u r s  in t h e  r a t i o  o f  0.9. 0.8 a n d  0.7 
f o r  BSLJ. and  0.75. 0.50. 0.375 e tc .  f o r  
NBCC and NEHRP. 

3.3 S p e c t r a l  c o n t e n t  

The s p e c t r a l  c o n t e n t  o f  t h e  d e s i g n  
e a r t h q u a k e  as a func t ion  o f  t h e  
fundamenta l  per iod o f  t h e  building i s  
r e f l e c t e d  in t h e  s e i s m i c  r e s p o n s e  f a c t o r  S 
(Fig. 4 )  in NBCC. The f a c t o r  i s  c o n s t a n t  
f o r  s h o r t e r  p e r i o d s  o r  lower  bui ldings  and  
d e c r e a s e s  inverse ly  in p ropor t ion  t o  t h e  
s q u a r e  r o o t  o f  t h e  fundamenta l  per iod f o r  
longer  o r  h igher  buildings. The c u r v e s  
f o r  t h e s e  two  r e g i o n s  are connected by 
s t r a i g h t  l ines.  

In BSLJ, t h e  d e s i g n  s p e c t r a l  coe f f i c ien t  
Rt (Fig. 5 )  is c o n s t a n t  (Rt = 1 )  f o r  
T < Tc. where  TC i s  t h e  c r i t i ca l  per iod 
w h o s e  va lue  i s  0.4. 0.6 o r  0.8 s. 
depend ing  on  t h e  s o i l  profile.  Rt 
d e c r e a s e s  hyperbolically according t o  
Rt = 1.6 Tc/T f o r  T > 2 T c ,  which 
c o r r e s p o n d s  t o  a c o n s t a n t  veloci ty  
r e s p o n s e  f o r  longer  per iods .  For  TC < T < 
2 TC t h e  c u r v e s  are smooth ly  connected by 
pa rabo las .  The s m o o t h  curve  a v o i d s  t h e  
d r a s t i c  change  o f  d e s i g n  b a s e  s h e a r  which 
o c c u r s  in spec i f i ed  d e s i g n  s p e c t r a  w h e r e  
s h a r p  c o r n e r s  are p r e s e n t .  This  a p p e a r s  
a p p r o p r i a t e  s i n c e  in m o s t  c a s e s  t h e  
fundamenta l  per iod i s  only e s t i m a t e d  by 
empir ical  formulae. 

The p a r a m e t e r s  t o  a c c o u n t  f o r  s p e c t r a l  

Table  3. NEHRP and NBCC s e i s m i c  z o n e s  

NEHRP NBCC 

Map Coeff ic ient  Coeff ic ient  Seismici ty  Se i smic  Zone Accelerat ion Velocity 
Area Aa A v Index za .  z v  Ratio  a Ratio  v 

7 0.40 0.40 4 6 0.40 0.40 
6 0.30 0.30 4 5 0.30 0 -30 
5 0.20 0.20 4 4 0.20 0 -20 
4 0.15 0.15 3 3 0.15 0.15 
3 0.10 0.10 2 2 0.10 0.10 
2 0.05 0.05 2 1 0.05 0.05 
1 0.05 0.05 1 0 0 0 
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Fig. 4 Seismic r e s p o n s e  f a c t o r  S (NBCC) 

r e s p o n s e  spec t rum f o r  modal ana lys i s .  The 
f a c t o r s  2.5 and 2.0 a r e  t h u s  r e s p o n s e  
amplif icat ion f a c t o r s  r e l a t i v e  t o  t h e  
ground motion p a r a m e t e r s  Aa and A v .  

3.4 Est imat ion o f  fundamenta l  period 

The methods  o f  calculat ing e s t i m a t e s  f o r  
t h e  n a t u r a l  pe r iods  o f  bui ldings in t h e  
t h r e e  c o d e s  a r e  given in  Table 4. 

Table  4. Summary of  period e s t i m a t e s  

Code Moment r e s i s t a n t  Other  
f r a m e s  bui ldings 
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Fig. 5 Design s p e c t r a l  coef f ic ien t  Rt 
(BSLJ) 
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FUNDAMENTAL PERIOD T. s 

NBCC T = 0.1 N T = 0.09 h/$D 

NEHRP T = CT H3'. T = 0.05 H/$L 
CT = 0.035 ( s t e e l )  
C T  = 0.030 ( c o n c r e t e )  

BSLJ T = h(O.02+0.0la ) 
= 0.02 h (concre te )  
= 0.03 h ( s t e e l )  

a = r a t i o  o f  h e i g h t  o f  s t e e l  on concre te  
s t r u c t u r e ;  H = h e i g h t  ( f t . ) ;  L = l eng th  
(f t . ) ;  h = he igh t  ( m ) ;  D = dimension o f  
fo rce  r e s i s t i n g  s y s t e m  (m); N = no. o f  
s t o r e y s .  

All t h r e e  codes  permi t  t h e  per iod T' t o  
b e  calculated by more re f ined  methods  b u t  
t h e  permiss ib le  dev ia t ion  from Table  4 i s  
limited. In t h e  NBCC. T' 5 1.2 T; f o r  
NEHRP. T' 5 1.2 T in map a r e a  7 and  
i n c r e a s e s  t o  T' 5 1.7 T in map area 2 ;  f o r  
BSLJ, t h e  b a s e  s h e a r  with T' should n o t  b e  
l e s s  t h a n  0.75 b a s e  s h e a r  with T, b u t  
r e q u i r e s  a p ropor t iona te  i n c r e a s e  in  top  
l a t e r a l  fo rce  on t h e  building. 

Fig. 7 s h o w s  t h e  comparison o f  
fundamenta l  pe r iods  calculated by t h e  
formulae in Table  4. All fo rmulae  
ind ica te  t h e  f a c t  t h a t  t h e  h igher  t h e  
building, t h e  longer  t h e  fundamenta l  
period. However, t h e  l a r g e  d ivergence  in 
Fig. 7 may a l s o  indicate  t h a t  p r e c i s e  
e s t i m a t i o n  o f  t h e  fundamenta l  per iod i s  
imposs ib le  by using a s imple  formula with 
only a few p a r a m e t e r s  in it. 

Fig. 6 Normalized b a s e  s h e a r  coef f ic ien t  
t o  account  f o r  s p e c t r a l  c o n t e n t  (NEHRP) 

3.5 S t r u c t u r a l  behaviour  

c o n t e n t  in NEHRP are :  1.2 S'/Ta/3 < 2.5 A a  The numerical coef f ic ien t  K in  NBCC 
/ A v .  o r  < 2.0 Aa/Av f o r  s o i l  p r o f i l e ,  t y p e  modi f ies  t h e  s e i s m i c  d e s i g n  load depending 

Sa in  a r e a s  where  Aa > 0.30. This  is on t h e  mate r ia l  a n d  t y p e  o f  construct ion.  
shown in Fig. 6 assuming  A a  = A,. T h e s e  damping. duct i l i ty ,  and /or  energy-  
e x p r s s i o n s  a r e  used  d i rec t ly  t o  d e f i n e  a a b s o r p t i v e  capacity. 
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re inforced concre te  buildings. a ssuming  a 
load f a c t o r  o f  1.0 (Rainer  1987). Thus 
J a p a n e s e  code permi t s  force reduct ion 
f a c t o r s  t h a t  a r e  only a b o u t  one  ha l f  o r  
l e s s  t h a n  t h o s e  in NEHRP f o r  s i m i l a r  
ground motion paramete rs .  The NBCC force  
reduc t ion  f a c t o r s  a r e  only s l igh t ly  
s m a l l e r  than  t h o s e  o f  NEHRP. These  
d i f f e r e n c e s  in t h e  fo rce  reduct ion f a c t o r s  
ca r ry  forward in to  t h e  b a s e  s h e s r  
comparison ( s e e  3.1 1 ) . 

0 5 0 100 150 
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Fig. 7 Comparison of  period ca lcu la t ions  
(NBCC. BSLJ and NEHRP) 

The performance o f  va r ious  t y p e s  o f  
s t r u c t u r e  i s  e x p r e s s e d  in  NEHRP by t h e  
s e i s m i c  r e s p o n s e  modification coef f ic ien t  
R in  t h e  denominator  o f  t h e  b a s e  s h e a r  
calculation. Five c a t e g o r i e s  o f  
s t r u c t u r e s  a r e  recognized: bear ing wall 
s y s t e m s ,  building f r a m e  s y s t e m s .  moment  
r e s i s t i n g  frames.  dua l  s y s t e m s ,  and 
inver ted  pendulums. These a r e  t h e n  
f u r t h e r  subdivided depending on t h e  t y p e  
of ve r t i ca l  e l e m e n t  t o  r e s i s t  t h e  l a t e r a l  
s e i s m i c  forces. The correspondence 
be tween  K of  NBCC and R of ATC-3 ( t h e  
f o r e r u n n e r  t o  NEHRP) h a s  been d e m o n s t r a t e d  
by Rainer (1987). 

In BSLJ. t h e  building should b e  in the  
e l a s t i c  range  when s u b j e c t e d  t o  modera te  
ea r thquake  motions. Therefore. t h e  energy  - 
absorb ing  capaci ty  i s  n o t  t a k e n  in to  
account  in t h e  c a s e  o f  t h e  s t a n d a r d  s h e a r  
coef f ic ien t  Co = 0.2 ( s e e  Eq. ( 2 a ) ) .  

In t h e  c a s e  o f  s e v e r e  e a r t h q u a k e  
motions,  t h e  building will s u s t a i n  
i n e l a s t i c  response.  For  t h i s  c a s e  BSLJ 
r e q u i r e s  t h a t  t h e  u l t imate  l a t e r a l  
s h e a r  s t r e n g t h  o f  e a c h  s t o r e y  n o t  be l e s s  
t h a n  t h e  spec i f i ed  u l t imate  l a t e r a l  s h e a r  
in which Co = 1.0 ( s e e  Eq. ( 2 b ) ) .  

I t  can b e  s e e n  t h a t  t h e  r a t i o  of t h e  
m o s t  duc t i l e  s t r u c t u r e  (K = 0.7) t o  t h e  
usua l  s t r u c t u r e  (K = 1.3) in NBCC i s  
approximately 0.5 and  t h e  r a t i o  o f  Ds = 
0.25 t o  Ds = 0.55 in BSLJ i s  a l m o s t  t h e  
same.  This  i s  a l s o  t h e  c a s e  f o r  NEHRP, f o r  
R = 7 t o  8 ( m o s t  duc t i l e )  and R = 3.5 t o  
4.5 (ordinary reinforced concre te  o r  
masonry) .  The i n v e r s e  o f  Ds in BSLJ 
cor responds  t o  R i n  NEHRP. In a b s o l u t e  
t e rms ,  t h e  force reduc t ion  f a c t o r s  implied 
by Ds in BSLJ a r e  1/0.25 = 4.0 f o r  t h e  
m o s t  duc t i l e  buildings. and 1 / 0 5 5  = 1.8 
f o r  r e g u l a r  types. The corresponding 
va lues  in t h e  NBCC can  b e  shown t o  b e  6.5 
f o r  duc t i l e  f r a m e s  and 3.5 f o r  ordinary 

3.6 Importance f a c t o r  

The importance f a c t o r  I in NBCC i s  1.3 f o r  
a l l  p o s t - d i s a s t e r  bui ldings and s c h o o l s  
and 1.0 f o r  a l l  o t h e r  buildings. 

BSLJ d o e s  n o t  include a n  importance 
f a c t o r  because  BSLJ s t i p u l a t e s  t h e  minimum 
s t a n d a r d  appl icable  f o r  a l l  buildings.,  

In NEHRP t h e  importance o f  a building i s  
accounted f o r  by t h e  Se i smic  Performance 
Ca tegor ies  and t h e  Seismic Hazard Exposure 
Croups. The fo rmer  d e p e n d s  on t h e  s e i s m i c  
zone  under  considerat ion.  

3.7 Ef fec t  o f  s o i l  prof i le  and foundat ion 

The foundat ion f a c t o r  F f o r  NBCC i s  1.0 
f o r  very dense .  s t i f f  and hard so i l s .  1.3 
f o r  medium so i l s .  and  1.5 f o r  l o o s e  and 
s o f t  so i l s .  e x c e p t  F S < 0.44 where  Z a  < 
Z V .  and F S < 0.62 where  Za  > 21. 

BSLJ d o e s  n o t  explicitly s t i p u l a t e  s o i l  
o r  foundat ion f a c t o r s ,  b u t  t h e  d e s i g n  
r e s p o n s e  spec t rum (Fig.5) ind ica tes  t h e  
f a c t o r  can be ca l ib ra ted  a s  1.0 f o r  hard 
so i l s .  1.5 f o r  medium s o i l s  and 2.0 f o r  
s o f t  soi ls .  

In t h e  NEHRP recommendations. t h e  s o i l  
prof i le  coef f ic ien t  S' i s  1.0 f o r  s t i f f  
s o i l s  and rock. 1.2 f o r  s o i l s  o f  i n t e r -  
media te  s t i f f n e s s  and depth.  and 1.5 f o r  
s o f t  and d e e p  depos i t s .  

3.8 Weight o f  t h e  building 

NBCC s t i p u l a t e s  t h a t  t h e  weigh t  o f  t h e  
building ( f o r  calculat ion o f  t h e  s e i s m i c  
f o r c e )  includes dead  load (weigh t  o f  a l l  
pe rmanent  s t r u c t u r a l  and n o n - s t r u c t u r a l  
components  o f  a building) p lus  25% o f  t h e  
des ign  snow load. 60% of  t h e  s t o r a g e  load 
f o r  a r e a s  used  f o r  s t o r a g e  and t h e  fu l l  
c o n t e n t s  o f  any tanks .  

BSLJ s p e c i f i e s  t h a t  t h e  weigh t  o f  t h e  
building include dead  load p l u s  
appl icable  port ion o f  live load and snow 
load ( i n  t h e  c a s e  o f  heavy snow d i s t r i c t ) .  
The appl icable  port ion i s  0.6 kN/ma f o r  
r e s i d e n t i a l  rooms and 0.8 kN/m2 f o r  



o f f i c e s  which cor respond  t o  a b o u t  o n e -  
th i rd  o f  t h e  d e s i g n  l ive  load f o r  f l o o r  
s l a b s .  

The w e i g h t  in NEHRP inc ludes  t h e  
following: d e a d  w e i g h t  o f  t h e  s t r u c t u r e .  
p a r t i t i o n  and  p e r m a n e n t  equ ipment  
including o p e r a t i n g  con ten t s .  a minimum of  
25% o f  f l o o r  l ive  load f o r  s t o r a g e  
buildings. t h e  e f f e c t i v e  snow load. 

The inclusion o f  t h e  live load in BSLJ 
i s  t h e  only m a j o r  d i f f e r e n c e  b e t w e e n  t h e  
calculat ion o f  t h e  w e i g h t  o f  t h e  building 
compared t o  NBCC a n d  NEHRP. The appl icable  
con t r ibu t ion  of  t h e  l ive  load t o  t h e  t o t a l  
w e i g h t  o f  t h e  building may b e  f rom 5 t o  
10% o f  t h e  t o t a l  weight .  

N O R M A L I Z E D  S H E A R  

l " " l W " ' l -  - 
NBCC (F t  = 0.15 V) 

NEHRP (T > 2.5 s )  

BSLJ (T = 0.2 s )  
3.9 Distr ibut ion o f  s e i s m i c  load 

1 . 0  

In NBCC, t h e  b a s e  s h e a r  V i s  d i s t r i b u t e d  
as  fol lows:  a por t ion  F t  o f  t h e  b a s e  s h e a r  Fig. 8 S h e a r  d i s t r i b u t i o n s  f o r  NBCC. BSLJ 
i s  a s s u m e d  t o  b e  concen t ra ted  a t  t h e  t o p  and  NEHRP 
o f  t h e  building and  i s  g iven  by: 

F t  = 0.004 V (h/D)= < 0.15 V ( 4 a )  A comparison o f  t h e  s h e a r  d i s t r i b u t i o n  
o f  t h e  t h r e e  c o d e s  normal ized by t h e  b a s e  

F t  = 0 f o r  h/D < 3 (4b)  s h e a r  i s  p r e s e n t e d  in Fig. 8, a s s u m i n g  
t h a t  t h e  m a s s  i s  uniformly d i s t r i b u t e d  

The reminder  i s  d i s t r i b u t e d  by: a l o n g  t h e  h e i g h t  o f  t h e  building. 
A.n e x t e n s i v e  p a r a m e t e r  s t u d y  f o r  l a t e r a l  

wx hx load va r ia t ion  h a s  b e e n  p r e s e n t e d  by 
F X  = (V - F t )  ( 5 )  Ishiyama (1986). 

E w i  h i  

where  wx i s  t h e  por t ion  o f  w e i g h t  loca ted  
a t  l eve l  x, hx i s  t h e  h e i g h t  above  b a s e  t o  
l e v e l  x a n d  t h e  summat ion  i s  f rom i = 1 
t o  N. 

In BSLJ, t h e  l a t e r a l  s e i s m i c  s h e a r  
coef f i c ien t  given f o r  e a c h  s t o r e y  is 
ca lcu la ted  by mult iplying t h e  b a s e  s h e a r  
c o e f f i c i e n t  and t h e  l a t e r a l  s h e a r  
d i s t r i b u t i o n  f a c t o r  Ai which is given  by: 

w h e r e  a i i s  t h e  normal ized w e i g h t  and  i s  
de f ined  as  t h e  w e i g h t  a b o v e  l eve l  i 
d ivided by t h e  t o t a l  w e i g h t  o f  t h e  
building above  t h e  ground. 

The l a t e r a l  s e i s m i c  fo rce  F X  a t  l eve l  x 
in  NEHRP is as fol lows:  

w h e r e  k i s  a n  e x p o n e n t  r e l a t e d  t o  t h e  
building period: k = 1 f o r  T < 0.5 s. k = 

2 f o r  T > 2.5 s ,  l i n e a r  i n t e r p o l a t i o n  
b e t w e e n  T = 0.5 a n d  2.5 s. 

3.10 Torsion 

In NBCC. t h e  t o r s i o n a l  e f f e c t  i s  
cons ide red  by t h e  t o r s i o n a l  moment  M t r  in  
e a c h  s t o r e y  using:  

Mtx = (F t  + E F i )  e x  ( 8 )  

w h e r e  ex i s  d e s i g n  eccen t r i c i ty  a t  l e v e l  x 
and  i s  computed by o n e  o f  t h e  following. 
whichever  p rov ides  t h e  g r e a t e r  stresses. 
and  t h e  summat ion  i s  from i = x t o  N: 

w h e r e  e is d i s t a n c e  b e t w e e n  t h e  loca t ion  
o f  t h e  r e s u l t a n t  o f  a l l  f o r c e s  a t  and  
a b o v e  t h e  l eve l  and  t h e  c e n t r e  o f  
s t i f f n e s s  a t  t h e  level ,  and  Dn i s  t h e  
d imens ion  o f  t h e  building in  t h e  d i r e c t i o n  
o f  t h e  computed eccentr ic i ty .  

A dynamic a n a l y s i s  i s  r equ i red  f o r  cases 
w h e r e  t h e  cen t ro id  o f  m a s s  and  t h e  c e n t r e  
of  s t i f f n e s s  o f  t h e  f l o o r s  d o  n o t  l i e  
approx imate ly  in a ver t i ca l  line. 

In BSLJ, t h e  d e s i g n  eccen t r i c i ty  i s  
e q u a l  t o  t h e  computed eccen t r i c i ty  w i t h o u t  



cons ide r ing  t h e  a c c i d e n t a l  t o r s ion .  
c 0.3 -' 1 1 - 

I n s t e a d ,  t h e  e c c e n t r i c i t y  o f  s t i f f n e s s  Re 
o f  e a c h  s t o r e y  i s  r e s t r i c t e d  t o  b e  l e s s  2 BSLJ(TOKY0) 
t h a n  0.15: 0 2  

d 2 0.2 - CHARLOTTECITY) - 
R e  = e / r e  < 0.15 (10 )  -'g 

w u  
w h e r e  r e  i s  e l a s t i c  r a d i u s  which i s  2 p: 

d e f i n e d  as t h e  s q u a r e  r o o t  of t h e  ?$ 0.1 - 
t o r s i o n a l  s t i f f n e s s  d iv ided  by t h e  l a t e r a l  zv, 
s t i f f n e s s .  a m  

In c a s e  Re e x c e e d s  0.15. t h e  u l t i m a t e  2 
l a t e r a l  s h e a r  s t r e n g t h  o f  e a c h  s t o r e y  m u s t  m 0- ,  I I 

- 
b e  ca l cu la t ed  and  i t  m u s t  b e  conf i rmed t o  0 1 2 - 
b e  n o t  l e s s  t h a n  t h e  s p e c i f i e d  u l t i m a t e  
s h e a r  as i n c r e a s e d  by t h e  f a c t o r  o f  Fe. 

FUNDAMENTAL PERIOD T. s 

1.0 t o  1.5, t a k i n g  i n t o  a c c o u n t  t h e  v a l u e  
of  R e .  If  t o r s i o n a l  mot ion  occur s .  
s t r u c t u r a l  m e m b e r s  in t h e  t r a n s v e r s e  
d i r e c t i o n  will  a l s o  a f f e c t  t h e  movement .  
Th i s  can  b e  t a k e n  i n t o  a c c o u n t  t o  a 
c e r t a i n  e x t e n t  by t h e  i n t r o d u c t i o n  o f  t h e  
e l a s t i c  r ad ius .  The s p e c i f i e d  u l t i m a t e  
s h e a r  i s  a l s o  i n c r e a s e d  by t h e  s h a p e  
f a c t o r  Fs .  1.0 t o  1.5. in c a s e  v a r i a t i o n  
o f  l a t e r a l  s t i f f n e s s  i s  l e s s  t h a n  0.6 ( s e e  
Eq. ( 2 b )  a n d  I sh iyama  1985) .  

The NEHRP r e c o m m e n d a t i o n s  f o r  t o r s i o n  
p r o v i d e  f o r  an" i n c r e a s e  o r  d e c r e a s e  o f  
e c c e n t r i c i t y  ( a c c i d e n t a l  e c c e n t r i c i t y " )  
o f  0.05 t i m e s  t h e  d imens ion  o f  t h e  
bui ld ing in t h e  d i r e c t i o n  o f  t h e  app l i ed  
fo rces .  In NBCC n o t a t i o n ,  t h i s  would 
c o r r e s p o n d  to :  

3.11 Comparison o f  b a s e  s h e a r  c o e f f i c i e n t s  

A compar i son  of  b a s e  s h e a r  c o e f f i c i e n t s  
among d i f f e r e n t  c o d e s  h a s  t o  t a k e  a c c o u n t  
f o r  a l l  t h e  r e s p e c t i v e  r e q u i r e m e n t s .  Th i s  
can  i n  p r a c t i c e  on ly  b e  d o n e  f o r  
i nd iv idua l  buildings.  a n d  e v e n  t h e n  i s  a 
d i f f i c u l t  t a s k .  I t  i s  i n s t r u c t i v e .  
however ,  t o  e x a m i n e  t h e  b road  v a r i a t i o n s  
in b a s e  s h e a r  c o e f f i c i e n t s ,  t a k i n g  f o r  
e a c h  code  a p a r t i c u l a r  t y p e  o f  bui ld ing 
a n d  s e i s m i c  r i s k  zone .  All o t h e r  
v a r i a b l e s  s u c h  as per iod calcula t ion.  
we igh t .  impor t ance  and  s o i l  f a c t o r s  a r e  
a s s u m e d  c o n s t a n t  o r  comparable .  The NBCC 
b a s e  s h e a r  c o e f f i c i e n t s  a l s o  n e e d  t o  b e  
mul t ip l ied  by 1.5 t o  br ing them t o  t h e  
s a m e  u l t i m a t e  d e s i g n  load b a s i s  as BSLJ 
a n d  NEHRP ( s e e  Tab le  1 ) .  Thus  f o r  t h e  
m o s t  e n e r g y  a b s o r b e n t  c a t e g o r y  a n d  h i g h e s t  
s e i s m i c  r i s k  zone ,  t h e  compar i son  o f  b a s e  
s h e a r  c o e f f i c i e n t s  f o r  NBCC. BSLJ a n d  
NEHRP i s  s h o w n  in  Fig. 9. The BSLJ i s  
s h o w n  t o  s p e c i f y  b a s e  s h e a r  c o e f f i c i e n t s  
a b o u t  tw ice  as l a r g e  as NEHRP a t  t h e  low 
pe r iod  e n d  whi l e  t h o s e  o f  NBCC are midway 

Fig. 9 Comparison o f  b a s e  s h e a r  
c o e f f i c i e n t s  app l i cab le  t o  t h e  h i g h e s t  
s e i s m i c  z o n e s  o f  NBCC, BSLJ a n d  NEHRP 

b e t w e e n  t h e  o t h e r  t w o  codes .  

4 OTHER CONSIDERATIONS 

4.1 S t o r e y  d r i f t  l imi t a t ion  

NBCC g i v e s  n o  a b s o l u t e  v a l u e  o f  s t o r e y  
d r i f t  l imi ta t ion.  However,  i t  s a y s  
" s t o r e y  d r i f t  s h a l l  b e  c o n s i d e r e d  in  
a c c o r d a n c e  wi th  a c c e p t e d  practice." and  
t h e  commenta ry  (Na t iona l  Resea rch  Council 
Canada  1985b)  r ecommends  s t o r e y  d r i f t  
l imi t a t ion  t o  b e  1/200 t i m e s  t h e  s t o r e y  
height .  u s i n g  t h e  s p e c i f i e d  loads .  The 
d r i f t  o b t a i n e d  f rom e l a s t i c  a n a l y s i s  i s  
mul t ip l ied  by 3 t o  g i v e  m o r e  r e a l i s t i c  
v a l u e s  o f  a n t i c i p a t e d  d e f l e c t i o n  t a k i n g  
i n t o  a c c o u n t  i n e l a s t i c  d e f o r m a t i o n s .  To 
p r e v e n t  co l l i s ion  o f  bui ld ings ,  a d j a c e n t  
s t r u c t u r e s  are s e p a r a t e d  by twice  t h e i r  
i nd iv idua l  d e f l e c t i o n s  i f  t h e y  are n o t  
connec ted  t o  e a c h  o t h e r .  

BSLJ r e s t r i c t s  t h e  s t o r e y  d r i f t  
c a l c u l a t e d  f o r  t h e  m o d e r a t e  e a r t h q u a k e  
m o t i o n s  (Co = 0.2) n o t  t o  e x c e e d  1/200 o f  
t h e  s t o r e y  height .  Th i s  c a n  b e  i n c r e a s e d  
t o  1/120 i f  t h e  n o n - s t r u c t u r a l  m e m b e r s  
wi l l  n o t  s u s t a i n  s e v e r e  damage.  I t  i s  
n o t  r e q u i r e d  t o  c a l c u l a t e  t h e  s t o r e y  d r i f t  
c a u s e d  by s e v e r e  e a r t h q u a k e  mot ions .  

Both s t o r e y  d r i f t  a n d  P-Delta e f f e c t s  
are exp l i c i t l y  s p e c i f i e d  by NEHRP. The 
d e s i g n  s t o r e y  d r i f t  A i s  ca l cu la t ed  as  
t h e  d i f f e r e n c e  in  d e f l e c t i o n  6 1 a t  l e v e l  
x, where:  

a n d  6 xe i s  t h e  d e f l e c t i o n  f rom an  e l a s t i c  
a n a l y s i s  d u e  t o  t h e  p r e s c r i b e d  s e i s m i c  
d e s i g n  f o r c e s  a n d  Cd is a d e f l e c t i o n  



amplif icat ion f a c t o r  t h a t  i s  r e l a t e d  t o  
t h e  type  o f  s t r u c t u r e .  Cd i s  s i m i l a r  b u t  
n o t  a l w a y s  t h e  s a m e  in value as t h e  
r e s p o n s e  modif icat ion coef f i c ien t  R. Thus 
f o r  ve ry  duc t i l e  building R i s  large.  6  t o  
8 ,  and  C d  i s  a l s o  large.  4.5 t o  6.5. This  
g i v e s  recogni t ion t o  t h e  va ry ing  d e g r e e s  
o f  d e f o r m a t i o n s  e x p e c t e d  from bui ldings  
having d i f f e r e n t  d e g r e e s  o f  duc t i l e  
behaviour .  The a l lowable  s t o r e y  d r i f t  A a 
d e p e n d s  on  t h e  Se i smic  Hazard Exposure  
Group and  i s  0.010 hsx f o r  g roup  I11 
( e s s e n t i a l  bui ldings)  and  0.015 hsx f o r  
o t h e r s ;  hsx is t h e  s t o r e y  h e i g h t  below 
l e v e l  x. 

P-Delta e f f e c t s  need t o  be  cons ide red  
when t h e  s t a b i l i t y  coef f i c ien t  8 e x c e e d s  
0.10 : 

where  Px i s  t h e  t o t a l  unfac to red  ve r t i ca l  
d e s i g n  load a t  and  a b o v e  l eve l  x. 

4.2 Overturning moment  reduc t ion  
coef f i c ien t  

NBCC a l l o w s  a reduc t ion  o f  over tu rn ing  
moment  a t  t h e  b a s e  by a  reduc t ion  
coef f i c ien t  J  t h a t  v a r i e s  from J  = 1.0 f o r  
T < 0.5 s t o  J  = 0.8 f o r  T > 1.5 s. 

BSLJ d o e s  n o t  a l low a reduc t ion  o f  t h e  
over tu rn ing  moment  a t  any  level.  

The over tu rn ing  moment  reduc t ion  f a c t o r  
K in NEHRP i s  s i m i l a r  t o  t h a t  o f  NBCC. 
e x c e p t  t h a t  i t  i s  b a s e d  on  t h e  number  of  
s t o r e y s :  

c = 1.0 f o r  t o p  10 s t o r e y s ;  
= 0.8 f o r  t h e  20th s t o r e y  f rom t o p  

and below; 
= va lue  b e t w e e n  1.0 and  0.8 

l inear ly  i n t e r p o l a t e d  b e t w e e n  
l o t h  and  20th s t o r e y  below top. 

The founda t ion  o f  a l l  buildings. e x c e p t  
f o r  inver ted  pendulum s t r u c t u r e s ,  may b e  
des igned  with  K = 0.75. 

4.3 Dynamic a n a l y s i s  

In NBCC, a dynamic a n a l y s i s  i s  r equ i red  in 
s o m e  c a s e s  when i r r e g u l a r  t o r s i o n a l  
behav iour  i s  expec ted .  as exp la ined  in 
3.10. The so -ca l l ed  "modal a n a l y s i s "  
which can e s t i m a t e  t h e  r e s p o n s e  o f  t h e  
building in a s t o c h a s t i c  manner  us ing  a  
g iven  s p e c t r u m  ( t a k i n g  t h e  s q u a r e  r o o t  o f  
t h e  s u m  o f  t h e  s q u a r e s .  SRSS) can  a l s o  b e  
appl ied t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  
s h e a r  a long  t h e  h e i g h t  o f  t h e  building. 
However, t h e  b a s e  s h e a r  i t s e l f  as  o b t a i n e d  

by t h i s  method i s  n o t  in tended  t o  b e  used  
f o r  p u r p o s e s  o f  des ign .  

In BSLJ, t h e  fundamenta l  period o f  t h e  
building can  a l s o  b e  calculated by us ing  
a n  accep ted  method o f  dynamics. Then t h e  
d e s i g n  s p e c t r a l  c o e f f i c i e n t  R t  can  b e  
ob ta ined  from Fig. 5  provided Rt i s  n o t  
l e s s  t h a n  0.75 t i m e s  t h e  o r ig ina l  R t  us ing  
T in Table  4. The s h e a r  d i s t r i b u t i o n  
f a c t o r  Ai i s  t h e n  ca lcu la ted  by us ing  T 
ob ta ined  from t h e  dynamic ana lys i s .  The 
s h e a r  d i s t r i b u t i o n  can  a l s o  be  de te rmined  
by SRSS using Rt as  a n  a c c e l e r a t i o n  
r e s p o n s e  s p e c t r u m  o r  by us ing  any  o t h e r  
dynamic a n a l y s e s  including l i n e a r  and  non-  
l i n e a r  t ime h i s t o r y  a n a l y s e s .  

Because  BSLJ a p p l i e s  only t o  bui ldings  
l e s s  t h a n  60 rn in he igh t ,  dynamic a n a l y s e s  
( including usual ly  non- l inea r  t ime  h i s t o r y  
a n a l y s i s )  are requ i red  f o r  a l l  bui ldings  
h igher  t h a n  60 m a n d  t h e  approva l  o f  t h e  
Min i s te r  o f  Cons t ruc t ion  m u s t  b e  ob ta ined .  

The modal a n a l y s i s  p rocedure  in  NEHRP 
u s e s  t h e  s a m e  ground motion p a r a m e t e r s  Aa 
and  A v  and  b a s e  s h e a r  coef f i c ien t  C S  as 
t h e  e q u i v a l e n t  l a t e r a l  fo rce  procedure,  o r  
s t a t i c  method. wi th  minor excep t ions .  
Modal f o r c e s  a r e  computed and  t h e n  t r e a t e d  
s imilar ly  a s  in t h e  s t a t i c  method. 
Deflect ions  and d r i f t s  calculated f rom t h e  
modal a n a l y s i s  method are augmented  by t h e  
de f lec t ion  amplif icat ion f a c t o r  Cd. 
Limits  are provided f o r  pe rmiss ib le  
v a r i a t i o n s  o f  t h e  per iod T' o f  t h e  
fundamenta l  mode from T calculated by t h e  
s impli f ied formulae in Table  4 .  

4.4 S o i l - s t r u c t u r e  i n t e r a c t i o n  

Nei ther  NBCC n o r  BSLJ h a v e  p rov i s ions  f o r  
cons ide r ing  t h e  e f f e c t  o f  s o i l - s t r u c t u r e  
i n t e r a c t i o n  in p rac t i ca l  design.  NEHRP. 
however ,  inc ludes  a  method f o r  cons ide r ing  
t h i s  e f f e c t .  Both t h e  changes  in per iod 
a n d  in e f f e c t i v e  damping are cons ide red  in  
t h e  e q u i v a l e n t  l a t e r a l  fo rce  method as 
well  a s  t h e  modal a n a l y s i s  procedure .  
This  r e s u l t s  in r educed  b a s e  s h e a r .  
l a t e r a l  force ,  and  over tu rn ing  moments .  
b u t  may i n c r e a s e  t h e  computed v a l u e s  o f  
t h e  l a t e r a l  d i s p l a c e m e n t s  and  P-Delta 
e f f e c t .  

5  SUMMARY A N D  CONCLUSIONS 

The main f a c t o r s  which c o n s t i t u t e  t h e  
s e i s m i c  load p r o v i s i o n s  o f  t h e  Nat ional  
Building, Code o f  Canada (NBCC), t h e  
J a p a n e s e  s e i s m i c  code (BSLJ) a n d  t h e  U.S. 
NEHRP Recommended Prov i s ions  have  b e e n  
p r e s e n t e d  and  compared. While t h e  t h r e e  
c o d e s  d i f f e r  in deta i l .  t h e y  h a v e  



e s s e n t i a l  common f e a t u r e s  and  are 
comparable  in t h e  d i s t r i b u t i o n  o f  l a t e r a l  
s h e a r s  in t h e  r e s p e c t i v e  h i g h e s t  r i s k  
zones .  The NBCC prov i s ions  a r e  q u i t e  
s i m i l a r  t o  t h e  NEHRP recommendat ions .  
s i n c e  t h e  f o r e r u n n e r  o f  t h e  NEHRP, t h e  
ATC-3 provis ions ,  s e r v e d  as a n  insp i ra t ion  
t o  t h e  1985 NBCC s e i s m i c  code. 

The Canadian code (NBCC) and  t h e  U.S. 
NEHRP recommenda t ions  are mainly based  o n  
l imit  s t a t e  des ign  w h e r e a s  t h e  J a p a n e s e  
code (BSLJ) i s  b a s e d  on  working stress 
des ign  and u l t ima te  s t r e n g t h .  

All t h r e e  c o d e s  include t h e  e f f e c t  o f  
s e i s m i c  risk. s p e c t r a l  con ten t s .  
s t r u c t u r a l  behav iour  (energy  a b s o r p t i o n  
capac i ty )  and so i l / founda t ion  e f f e c t s  f o r  
s e i s m i c  load. The importance o f  a building 
i s  included in NBCC and  NEHRP b u t  n o t  in 
BSLJ. 

The o t h e r  e f f e c t s  t h a t  have  been  
compared include to r s ion ,  s t o r e y  d r i f t  
l imita t ion,  over tu rn ing  moment  reduct ion.  
and dynamic ana lys i s .  

A comparison o f  b a s e  s h e a r  c o e f f i c i e n t s  
among t h e  t h r e e  codes ,  t ak ing  i n t o  a c c o u n t  
a l imited set of  pa ramete r s .  s h o w s  t h a t  
f o r  t h e  s t r u c t u r e s  with  t h e  h i g h e s t  energy  
a b s o r p t i o n  loca ted  in t h e  h i g h e s t  r i s k  
z o n e s  in r e s p e c t i v e  coun t r i e s ,  t h e  
J a p a n e s e  code (BSLJ) g i v e s  a b a s e  s h e a r  
coef f i c ien t  t h a t  i s  more t h a n  twice  as  
l a r g e  t h a n  t h a t  o f  NEHRP; NBCC l i e s  
halfway b e t w e e n  t h e s e  two  codes .  

Although t h e s e  t h r e e  c o d e s  have  
int roduced u p - t o - d a t e  knowledge o f  
se i smology  and e a r t h q u a k e  engineer ing.  
d e s i g n  and cons t ruc t ion  p rac t i ces ,  t h e r e  
s e e m s  t o  b e  room f o r  improvement,  n o t  only 
through deve lopments  from f u t u r e  r e s e a r c h  
and  pract ice .  b u t  a l s o  in ut i l iz ing fully 
t h e  state o f  p r e s e n t  knowledge. 

F u t u r e  improvements  f o r  codif icat ion 
should b e  carr ied o u t  in t h e  areas o f  
s e i s m i c  r isk ,  d e s i g n  f o r  s e v e r e  
e a r t h q u a k e s  consider ing accep tab le  damage  
levels .  tors ion.  s t r u c t u r a l  discont inui ty .  
dynamic a n a l y s i s  and  s o i l - s t r u c t u r e  
in te rac t ion .  
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T h i s  pape r  is  be ing  d i s t r i b u t e d  i n  r e p r i n t  
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