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- The basi : i
CIe t(? Py ba&;eosfh:;flcg;l alnd‘ the seismic load, including the factors that

determination, structur ;:ubatmnt e.g. seismic zoning, seismic spectral content,
. S i : et a eha}rlou_r, importance factor and soil/foundation
fact?f- are . e rl}ethf)d of distributing the forces in the vertical direction

torswﬂ- storey drift Ilimitation, etc. are also presented Similarities d
dif'fqr?nwﬁ among the three‘ codes are noted. It is found ihat in general ’ta.ll'?e

provisions of the three muntr}es can be related to one another In te‘rms of the v;arious
mnpon-EHtS- The base shear in the respective highest seismic zone 1s largest in. the
Japanese code (BSLJ) and lowest in the NEHRP recommendations of the US.A. ; seismic
s in the Canadian code (NBCC) fall slightly above those of NEHRP. e
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1981 under the Building Standard Law. The
regulations were issued after a five-year
national research project to develop new
aseismic design methods and a three-year

1 INTRODUCTION

Seismic resistant design in different
countries has benefitted greatly from

lessons jearned of earthquake effects In review.

other parts of‘the ‘WOf‘ld- S_imilarly, The 1985 edition of the US. National

codes developed 1n various countries have Earthquake Hazards Reduction Project
(NEHRP) (Building Seismic Safety Council

provided guidance and models to designers
and code writers everywhere. Because of
proximity and cultural and economic
factors, Canadian seismic provisions have
traditionally been modelled after the U.S.
Codes. While the Japanese seismic code
has had less direct influence on the
development of the Canadian Seismic code,
the active seismic history of Japan and
&e.’expertise and experience 1In earthquake
engineering in Japan make a comparison of
all three seismic codes desirable.

The National Building Code of Canada
(NBCC) (National Research Council Canada
1985a, b) provides technical requirements
~ for ensuring public safety in buildings

and is a model code that can be adopted
~ and then used in municipal bylaws oOF

provincial building codes.
_ 750 Building Standard Law in Japan
 (BSLJ) has been in force since 1950 to
‘d the lives, health and property
le and to increase the public

Farthquake

~ welfare. The new aseismic design method
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neering 1984: 534-546) comprises the
sed enforcement order. notifica sians

document issued by

Council (1978) and
additional

1985) is based on the
the Applied Technology

contains the results of
research and review Pprocess by the

Ruilding Seismic Safety Council This
edition is intended to serve as a source
document for use by any interested member

of the Dbuilding community, and in
development of seismic

hout the USA.

2 DESIGN PROCEDURE

n NBCC consists of

The design procedure | _
in structural

calculating the stresses

members caused by the
d designing the members for

stresses of various load combination of
factored loads using limit states design
(Table 1). Though working stress design
is included in the NBCC, it 1is gradually
being less used. | '

in the BSLJ design procedure the
stresses on structural members caused by
the load due
motions are caluculated and

to moderate earthquaké
the memben_ .
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Fig. 3b Contour map for effective peak

velocity-related acceleration (NEHRP)

how these values are related
to acceleration or to velocity nor is the
return period specifically stated.
Comparing this map to the seismic contour
lines by Japanese researchers (Hattori
1976. 1977), the map Seems to be related
not only to the statistical seismicity but
also to the engineering experience that
has been employed 1In Japan.

By means af “the standard shear
coefficient Co, two levels of seismic risk

are addressed: Co = D2 Hor moderate

earthquake motions and 1.6« for 'severc
earthgquake mo tions. This 1S interprgted
ag follows. Moderate earthquake motions
would occur several times during the use€

of the buildings, and the maximum
acceleration at the ground surface becomes

0.08 to 01w e of low-rise

11d 1} each 0.2 8 considering a
blllldlqgs O e of 20 to 25,

ions would occur
of the

explained

—

a4 dynam 2
ce 18 toO large for

(liegiél?rof usual buildings and therefore 15
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St B9LJ @ D75, 050, 0375

NBCC and NEHRP

33 Spectral content

The spectral content of .
function

earthquake as a :
fundamental period of the by,
-eflected in the seismic response ¢. -
(Fig. 4) in NBCC. The factor ig . "
for shorter periods or lower bmlm-w.,_.
decreases inversely in proportion . ™

Ir"_'lr
1

maps of EPA and
From the contour 4 square root of the fundamenta] p.,. . "

there. : for
.o maps were derived, one - 1.1 | i
EE: atw;liizziggto short-period structures, longer or higher buildings. T},
d ff)r EPV applicable to moderate- to for these Iwo regions are connecteq |
an (Figs. 3a, b). The straight lines.

long-period structures

~one boundaries for EPA and EPV with In BSLJ, the design spectra] coeffici.

values given in Table 3 form the seven map Bt (Fig. 5) is cons A = 1) .
areas (or seismic zones) along county T  Tc, where T¢ 1s the critica
boundaries, together with an assigned mhose  value 18 04, 06 or g
"Seismicity Index.” Also given in Table 3 depending on the soil profile

for each map area are the numerical decreases hyperbolically accordine

coefficients A3 and Ay, corresponding to B e T O 2 T whi
EPA and EPV, respectively, for use in the corresponds to a constant veln.

response for longer periods. For T. ¢ 1
2 T¢ the curves are smoothly connected t
parabolas. The smooth curve avoids !
drastic change of design base shear whict
occurs in specified design spectra wher

sharp corners are present. This appears

lateral force calculation. Table 3 also
shows the zones and zonal ratios for NBCC.

The seismic zoning maps for NEHRP and
NB_CC. are seen to be based on similar
principles. Some differences exist,
however, since NBCC is based on peak
acceleration and NEHRP on "effective peak

acceleration,” : appropriate since in most cases th
maps were dua-ri*»j?‘endcI thseligEEII}‘?{:c:ilit;(t:.mlated fundamental period is only (*St"m":“'d
Despite these differe erently. empirical formulae.

nces, a rea
Sonable The parameters to account for spectral

Table 3. NEHRP and NBCC seismic zones
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Fiﬂ- 6§ Normalized base shear CO€

rf:‘zfr?:fﬁ;seﬁtrumr for modal analysis. The

o 1'|~_--_—ﬁ and 2.0 are thgﬁ response
Plification factors relative to the

sround motion parameters Aa and Avy.

3.4 Estimation of fundamental period

Lht methods of calculating estimates for
t-.r:t. natural periods of buildings in the
ree codes are given in Table 4.

Table 4. Summary of period estimates
b s e e L S

Code Moment resistant
frames

Other
buildings

e Bt s A T = 009 h/{D

i R . B
e —— e
e L e LEEE S T e R o T T e r—

NEHRP T = C+ H3/4 T = 005 W/iL
Cr = 0.035 (steel)
Cr = 0.030 (concrete)

T = h(002¢+00) « )
= 0.02 h (concrete)
= 0.03 h (steel)

a = ratio of height of steel on concrete
structure: H = height (ft.); L = length
(ft.): h = height (m); D = dimension of
force resisting system (m); N = no. of
storeys.

BSLJ

All three codes permit the period T to
be calculated by more refined methods bl;lt
the permissible deviation from Table 4 1s

limited. In - the MNBEC.. T & 18 Gl g
12 T in map area 7 and

NEHRP, T S
increases to T' £ 1.7 T in map arca 2: for
uld not be

b hear with T’ sho
BSL.J. the base s B ki

less than 0.75 base shear wl |
| ionate increase 1n top

he building.

lateral force on t |
the comparison of

Fig. 7 shows

tal
B 4. All formulae

t the higher the
the fundamental

However, the large divergence_in
also indicate that precise

f the fundamental period_is
using a simple formula with

parameters in 1t

estimation O
impossible by
only a few

fficient

bm nt for spectral content (NEHRP) 15 Structural behaviour
B ' e in NBCC
_. Fo e e | coefficient K In ,
i1 oo - ot . 2o ies/8 ¢ 38 Ay The  PURSEIEC d depending
B Wt in NEHRP are: 1.2 S,/T file type modifies the gelsmic dtesisnoéazonstruction'
{ /8y, 0r < 20 Ag/Ay for soil 39&‘0 This is on the material and ypend/o" anarsy -

i“m“ where Aa >A0'= Ay. These damping d““““t{{ 2 -
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NBCC
(STOREY HEIGHT

FUNDAMENTAL PERIOD T, ¢
L

sUILDING HEIGHT, T
eriod calculations

omparison of P

g, T
A LJ and NEHRP)

(NBCC, BS

arious types of

The performance O VCTTUCHRP by the

' sed 1 '
structure 1S expres a ‘ _
seismic response modification COEfflc}:z:::
R in the denominator of the base S -

Five categories

structures are recognized: bearing wall
systems, building frame systems, moment
resisting frames, dual systems, and
inverted pendulums. These are then
further subdivided depending on the type
of vertical element to resist the lateral
seismic forces. The correspondence
between K of NBCC and R of ATC-3 (the
forerunner to NEHRP ) has beendemonstrated
by Rainer (1987).

In BSLJ, the building should be in the
elastic range when sub jected to moderate
earthquake motions. Therefore, the energy -
absorbing capacity is not taken into
account in the case of the standard shear
co?rfflc;;.ent Co = 0.2 (see Eq. (2a)).

e case
motions, the b(:éld;egverz.lfarthq“ak_e
mela.stic response. For thil i g
reqmires - that o tha ultimast T
shear strength of each stor e
than the specified ultimat e St sy
In which Cy = 1 (see E e

It can be seen th 9. (2b)).
most ductjle — at the rat;
usual Structure (Kurf.- 1(K3):-_

APProximatel
8.5 1o Dy = grg N

calculation.

R.= 7 t the Case
45 (ngd‘a ik ductile) 5 t;r NEHRP, for
Inary relnfﬁrced n R = 3.5 to

CG!"I‘QSDOn‘dS ks én\»:erse of D' W BSLJ

te .
by Dy i porce

Japanese€ b
f:—_‘lCtOrS that are {)nl}’ -Flhr'il]f | Fed, |

less than those in NEHR
ground motion parameters h
Faduection factors ape 2 ¢ ’
smaller than those gf N.l-'l *;'5.
differences In the force h_ﬁ'rl%-!.m;.. |

carry forward into th;f“;}'“-”

CompaFISOn (See 3_1 ]_ ) : "1’_!,‘“._.;.1

3.6 Importance factor

The importance factor | i, NBCr .
all post-disaster buildings .= 'S13,
and 1.0 for all other bui]djﬂnd Sch
BSLJ does not include 'an’”gf‘i
factor because BSLJ stipulatex Ha
standard applicable for ,j b”'
In NEHRP the importance of gll‘ldin;_
accounted for by the Seigpic. PPUIHW
Categories and the Seismic Ha?ar-drfprrwh
Groups. The former depends o o EXpo
zone under consideration *e

S | o

ol
K Fl y
:} Yot ! 1:} T[1 II.-

3.7 Effect of soil profile apg foundat
dliog

The foundation factor F for NBCC i
for very dense, stiff and hard soilf
for medium soils, and 15 for Ioos;r*!};
soft soils, except F S < 0.44 where-zfj”u
£%. and F S ¢ 062 where 7, > 7,

BSLJ does not explicitly stipulate s
or foundation fAactors., but the desi
response spectrum (Fig5) indicates f
fat_:tor can be calibrated as 1.0 for har
Solls, 15 for medium soils and 20 fo
soft soils.

In_ the NEHRP recommendations, the sl
P”?flle coefficient S’ is 1.0 for stif
smlg and rock, 1.2 for soils of inter
mediate stiffness and depth, and 15
soft and deep deposits.

3.8 Weight of the building
NB.CC Stipulates that the weight Of thﬁ'
bmlding (for calculation of the Se!Sm-liL’
force) includes dead load (weight " Ja':
Dermanent Structural and non_struft“t;‘f
::I:OmPonents of a building) plus 254 OflaiiLj |
feslgn Snow load, 60% of the storas® .,
COr areas used for storage and o
OFB’l;Ents of any tanks. _ of Uf
buildi:gSDecflfies that the Wel‘i:; r;'“ﬁ

3

applij ; :
Pplicable portion of live load 3i tric‘f-}‘

gﬁ
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A e ponent relate€
| Miag period: & = 1 for T < 05 & k =
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- / .
iy e L
! ol v

offices which correspond to about one.-
third of the design live load for floﬁr

1abs- : :
SIThe weight 1In NEHRP includes the

ﬂl.“,:,‘.‘iring: dead weight of the structure

partition and permanent equipment
mcluding operatmg contents, a minimum of
5y of floor live load for storage
bl.lildings' the effective SNOWwW load_

The inclusion' of !:he live load in BSLJ
g the only major dlf_ference between the
Calcu]ation of the weight of the building
Compar'ed to NBCC andNEHRP. The applicable
contribtltiﬂn of th'e .lwe load to the total
weisht of the bmldmg may be from 5 to
0% of the total weight.

3.9 pistribution of seismic load

in NBCC, the base shear V is distributed
as follows: a portion Ft of the base shear
is assumed to be concentrated at the top
of the building and 1s given by:

Ft = 0004 V (h/D)? < 0.15V (4a)
Ft =0 for h/D < 3 (4b)

The reminder is distributed by:

Wix hx

Fais (¥ - Ft) (5)
Y wi hij

where wx is the portion of weight located
at level x, hx is the height above base to
level x and the summation is from i1 = 1
i

In BSLJ, the lateral seismic shear
coefficient given for each storey 1is
calculated by multiplying the base shear
coefficient and the lateral shear
distribution factor Aj which is given by:

1 2T
Ai =1+ (— - ai) (6)
{a i dode: 3%

Whgre a i is the normalized weight and ig
defined as the weight above level 1

divided by the total weight of the

building above the ground.
 .' The lateral seismic force Fx at level x
In NEHRP is as follows:

wx hxk
-Fl.-:..__.lx (7)

L wi hik

—

ifor 7.0 25 s, linear interpolation

. T r. 95 and 2.5 s.

NORMALIZED SHEAR
U 0.5 1.0

R Dl oo, Rewid SIRTEE WUSEE DT W B UTRE GTT CC

NBCC (Ft = 0.15 V)

5_
=
o
=
a 0.5 NBCC (Ft=0) \\_
v NEHRP(T < 05 s)
i
=<
= NEHRP (T > 25 s)
o
=
BSEJ &) = 1.2 =)
1.0

Fig. 8 Shear distributions for NBCC, BSLJ
and NEHRP

A comparison of the shear distribution
of the three codes normalized by the base
shear is presented in Fig. 8, assuming
that the mass is uniformly distributed
along the height of the building.

An extensive parameter study for lateral
load variation has been presented by

Ishiyama (1986).

3.10 Torsion

In NBCC, the torsional effect 1S
considered by the torsional moment Mtx In

each storey using:
Mtz 2. (Ft >+ L Fix ez (8)

where ex is design eccentricity at levql X
and is computed by one of the followilng,
whichever provides the greater stresses,

and the summation 1s from i = x to N:
ex = 15 e + 0.10 Dn (9a)
ey = {.hre > 0.10 Dn (9b)

' the level, and Dn is the
omae Py building in the direction
of the computed eccentrici‘ty.

A dynamic analysis 1S required for cases
where the centroid of mass and the centr_e
of stiffness of the floors do not lie

approximately in a vertical line.

In BSLJ, the design eccer}trici!:y 1S
equal to the computed eccentricity without
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i B if torsional motion OCCUrsS, cogfflf:lents applicable . ase
the transvers€  geismic zones of NBC(C BSL ) the |
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members 1IN :
direction will also affect the movemendt

This can be taken Into account to a
certain extent by the introduction of the
The specified ultimate
shear is also increased by the shape
factor Fs, 1.0 to 15, in case variation 4

of lateral stiffness is less than 0.6 (see

Eq. (2b) and Ishiyvama 1985).
The NEHRP recommendations for torsion 4.1 Storey drift limitat;
Ation

increase or decrease of

structural

between the Dther two Code
WwacCs.

elastic radius.

OTHER CONSIDERATIQNS

provide for an
eccentricity ( accidental eccentricity”) NBCC gi
* : . BIVES no abcs
Ef_ 0.05 times the dimension of the  drift ]imit.atiar:m,bmﬂlu;e value of g
f::;ég:;ng nl\ the direction of the applied “storey drift Shini Ewt‘k't?r, e
mrréq;mnd ntONBCC notation, this would accordance with accepted -ONSidereg
‘ : cepte b
the commentary (Nationa] Reiz;{!}:tj‘:
ex * e t 005 by (11) (l:iamniidet]' 1985b) recommends a,t‘;;.l.f'
BEOR 10 be 1/200 time. ) i

done fo - i

Cven then js ;: ‘ndividual deflections if they are

S instructive seamected to each other S
: ; BSLJ restricts e storey

o C
taking for maolf.l”at‘-'d for the moderate earthqui
di the IO?S (Co = 0.2) not to exceed 1/200
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