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{ INTRODUCTION

widespread investigations of linear and
won-linear interaction effects on the response
of structures have been presented in the
literature (Whitman 1970, Liu & Fagel 1971,
chopra & Gutierrez 1974, Luco 1985), however
for buildings which have structural
eccentricities little is known of the effects
of interaction on the resultant torsional

response arising during earthquake vibrations.
?:e?‘bﬁm City earthquake of 1985 resulted 1in
mud?a”ial or total collapse of several
i ?;iu‘i'-'e to torsion (Chandler 1986), and
Mexd can emiit has been suggested that the
S quake code design recommendations
(Nationa] Unal effects in asymmetric buildings
include niversity of Mexico 1977) do notl
a sufficient safety margin.

1:::,1??31335 structure-soil model employed
building udy comprises a single-storey
mmﬂa:ith structural eccentricity
input, pe to the direction of earthquake
hﬁﬂsﬂme:ung on the surface of an elastic
. If&cui-ﬁﬁusﬁhalf space (Figure 1). To
- Yomajp W;Yﬂiﬂ of response in the time
2 hﬁil'i -.-tfjefaetion forces at the
.'I",._r'_ti'llf.‘f.-;_:.-:‘?f'f iliﬂf,errace are r'epr'esented b}’

ffoundation flexibility on the elastic earthquake response of

tric study is presented of P o
T: A parame' . _ _ SOll—-structure int ' .
3 RAC i asmetrlc buildings subjected to earthquakes. eraction effects on torsional

-freedom elastic 1lnteraction i St i :

o :ifm e half--space found;ﬁiil_ consisting of a single-storey structural
ideal-sed djesign spectra, obtained fr*OI_n detailed studies of a large number of strong motion
By camparing the lateral and torsional responses of identical

g models founded on l?oth_r‘lgld and flexible foundations, the influence of soll-structure
_ n t.or‘sit?nal coupllng %s assessed for a range of building-foundation systems
je of the effectlVe ?ccentrlclty concept to define the coupled response, or edge dis;placement
Comparisons are also made with the equivalent static design torque and shear

The study is based on a simple

The earthquake input is represented Dy

Use 18

) The results indicate that for certain ranges of the
pa-meter's which cont",ml _str'uctural‘ response, typical of actual buildings, interacting systems
oxhibit 2 substantial 1increase 1n torsional response compared with equivalent rigidly based
In these cases increased allowance for torsional coupling is necessary for safe

coefficients, making suitable adjustment to
impedance values according to an approximate
procedure which takes into account the
influence of modal coupling and the values of
the controlling system parameters. By varying
parameters which represent dynamic soil
properties, a wide range of foundatlion

flexibility has been considered.

The building-foundation system in this form
does not admit classical normal modes because
of non-proportional damping in the foundation
medium, and hence straightforward application
of the response spectrum technique is not
possible. The procedure proposed DYy Tsail
(1974) and later developed for asymmetric
buildings by Balendra, Tat & Lee (1982) is
employed in this study to obtain approximate
normal modes and the corresponding modal
damping for the asymmetric shear building
model. The technique matches rigorous and
approximate normal mode solutions of the
response of the structure for all five natural
frequencies of the interaction system. The
maximum structural response tO earthquake
input is then obtained by standard response
spectrum techniques, employing the complete
quadratic combination (CQC) method (Newmark &
Rosenblueth 1971) to combine the modal maxima.
A detailed parametric study has been
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elastic half - space

Fig.1. Respons

implemented for ranges of the key COQt”°111“g
parameters, typical of actual buildmg-goil
systems. First, analysis is made for a rigid
foundation, comparing the dynamic floor
lateral and torsional responses with the
design provisions of major codes. The study
1s then extended to cover a range of flexible
foundations representing typical soil
properties, including suitable comparison with
rigid foundation results in order to assess
the importance of interaction on torsional
response. Finally, comments are made on
~rrent design practice in the light of these
results, and the need for revision in certain

cases to allow for inep '
- eased tors
response is indicated. .

Pp) in the two halves of the disc, ar

withiln
1985).
compone

the range 0 s e £ 0.424r (rp.,
For a uni—direetionalrmﬁhu

s 1 .L.e_',,‘f'l 2

nt of free-field ground accel eratin.

-i.-,..'lI

Vgx» a@ssumed to be uniform over the base ¢

the buil

freedom, viz: i) translation VM Of the centre
of mass Cy in the x~direction d

1ding, the system has fijve degrees o

structural deformation, ii) rotation 8 of the

floor m

Lo structural deformation; and three de

ass about the z-axis (through Cp) du

translation Vo Of the foundation mass in the

X=direction, iv) rotation 8, of the foundation

.1'“

1 g | '

mass about the Z-axls, and v) rocking ¢ of the
Whole building about the y—-axis. Note that w

=VR-
motion
rotatio

=
_.-,,Iul-
\-.I-

€6 (see Figure 1). The equations
for translation in the x-direction an
n about CM are expressed as




f % Ky and Koy are ¢

P Jﬁal StiffneSSQS gefinedhztlgte;al
jvely, Cv and c M al’"eR tl:ld
s eAlNS damping for the superstructur e
O ap0™ e proportional to the stiffness zs

o ST BK oM (2)
oy ™
3 i f proportionalj
ﬂnstant o BENG TR
evalugal qamping in the fundamental mode of
crit.i. structure (Balendra et al 1982). The
t,he"ilonl al stiffness and corresponding damping
;:;fned at Cp are given Dy:
cop = KoM~ B9 » %eh = %M ~ S Cv (3)
6R
o squations of motion for the whole system
as:
are
- t e
aegteg R + P(t) =0 (4a)
ﬁﬁiﬁéh§#n+ ﬁma E'T(t) == O (ub)
mﬂ¢ﬁ“*mm+”“)‘° (4)

Ly (j=0,1) are moments of inertia of
W“m base and floor masses respectively about
Bl yo- T(t) and: M{t) are

y‘ﬂXiSi
mw-actim forces for translation, rotation
o ~ocking respectively (Figure 1). These

approximated by

ingeraction forces are

prequency independent spring-dashpot
pefficients (Richart, Hall & Woods 1970) in
the fOrm:

p(t) = Cr¥e * KTVo (5a)
7(t) = Cz8, * Kz0o (5b)
M(t) = Cre + Kpo (5¢)

where the coefficients Ct, Cz, Crs KT» K7z, KR
nave been developed according to the method of
araffar-Zadeh and Chapel (1983).

2.2 Approximate normal mode method

Putting vy'= VH'-F Vagx (where VM' x Vo4& It
)
W), equations (1) and (4) can be written as

De3Y) + [CrI{T} + [K* (Y} = —(P'] (6a)

(6b,6C)

(6d)

.. ox V
T*Cy  eey cyh (60 )
e
Cz*Com ecyh
CR-I—hECV

and matrj
Ly [KS]{XC[K‘] 1s obtained by replacing [C i
st Lo T» Kz and Kr in equation E6e¥u ;
€ following transformation: :

(Y} = [A,1{r)

(7a)
. [ o]
In which [A,]= ___ll_r/-('m W Hoes et
O 2
l 1/1(mg )Y,
| 1/(Iyo+Iy, W,] (7b)
1
where [0]= [cbv by e
bg’ ¢ 52

1s the [2x2] norm
al mode matrix
Superstructure, satisfying: LOE. B

(21T [Mg[e] =

T
e Lwi” | 8

XN ﬂhich wg (K=1,2) are _the lateral and
torsional circular frequencies and g (k=1,2)
are the modal fractions of critical damping
for the superstructure (z,=0.05, AT o
and-[I1 iIs a wnlt matrix. Premultiplying
equation (6a) by [A,]T and applying equation
(7a) gives:

(71 + [C1{F) + [K1{r} = -{Y) (9a)
= [Kyl | Kyl
where [K] = (9b)
[Kypd| CKL] ] sxs
(9¢c)

[(Kyl = Looge® Joxzaes k=1,2

and the submatrices [Kyp,] and [K; ] are Eiven
by Balendra et at (1982}, Ihe matrix [C] 1S
obtained by replacing Cwy ] bY,..[2Ckwk] and K,
K7 and Kgr by Cr, Co and Cgr ih LK Furthermore

0} (9d)

{?}T = {moy' My (mu)l/zggx O

Consider a gecond coordinate transformation

(10a)
(10b)
[G?] s K=1 tO D (10c)

(r} = [A;1{al

in which [A,1T[A,] = Bl
(A, ]TCKICA,] =

are the natural circular
f the building—foundation system.
equation (10a) into (9a), and

by [AQ]T gives:

where Wk» k=1 £O D)

frequencies O
qubstituting

premultiplyina

oy + [CI0a) + [m*1Ma) - -(Y) (11a)
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(11b)
(11¢)

The r .
appmximated to: ¥
) = [4](q), wnere [A] = ra,J0A,]

2.3 Estimation of modal damping
ol Wl
tion Vgx=¢€
g harmonic ground mo g
Btj: E:"sesuﬂlnfs the circular fr‘*equencx of ;Qi
;r:und excitation, the exact solutlon
be expressed as:

response may

{Y(w)}-mzfAl[[}?J-m"[I]ﬂm[a] -1{Y} (14)

and the approximate normal mode solution is:
(¥ (w)) = [a] Ty 1w [1]+10[ ] ~* (T} (15)

The modal damping Tj) is then determined Dby

matching the exact and approximate response
from equations (14) and (15), at frequencies

w=d'y (k=1 to 5), and for a dominant
approximate modal response component in each
mode considered. For this study, these have
been established as response components 1,2, 4
for modes 1,2,4 and the maximum approximate

response component for modes 3 and 5. Hence
& e
IYJ(WR)’ . IYj(cuk)I k=1 to 5 (16)

% (17)
8y varyin
€ the da
t s mpin
O mode (Cl) whi Plng ratio COPPesponding

from western United Btaton .
period beginning 1933 Pj
Ba X Lmue N WA m{jti".}n ]r r“Jrj : 39,
amplif‘ication factoprs f:;'f}rj;jr”‘f Pag iy,
velocity and acceleratjop ” 8p1. Pooy Y
different critical dampip, ;Jr ® 8pe. d0g,tty |
frequency rarnge. > rndﬂg -
presented 1n a tripartitq o
The ground motion set USéiq Of
normalised to a maximypn gP:n thhgﬁif,V
a, of 0.38, a (v/a) ratio (, . "9 acg, cugy
VelOCitY) of 48 in/SEC/g (Q; Usaxiﬂijl.,l-;:r :.’ .
intermediate soil Stif'fnésujm%mnq-
ratio (d = maximum groyng (:_jisi) .Yy
to ensure that the Speetpu&m“
adequate band (freqUency) wfﬂ ®DPreg . Of ¢
a range of earthquakes. ldth "oty

4
g T - b
Jrjf } ?_ 'F_Ir -'|4- | o

' \'4 . =1 .
18 4 alue commonly used in B n‘ Ny
incorporate an 3 S1 TP

- dequat SPeggy,
conservatism. © de "3 ¢

normalised to a maximum ground aq
0.38, Vs natural perijo Celerat
ik dampng N o

earthquake of 1940 ang Romanj an
1977: The design Spectrum for
provides a reasonable r'epresent 5%- -
corresponding E1 Centro speotrumattlhon
: ro

Romanian curve,
10
nger than 1 sec where there jis 3 S1gnifj
Cant

El Centro (1940)

3.50 }Sx damping
Romanian(1977)
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JETRIC RESPONSE OF RIGIDLY BAskp

ameters

to carry out a detalled study of the
ucuHW’SYStem’ the parameters
~ing the response are developed in g
influe sional form and implemented in the
Eameston (1) and ‘(4). The
pqud e anplOYEd are listed in Table 1, and
paran!et of the non-dimensional terms en, \p, o

15. . he following values have been
and éh'd +o parameters whose influence on the

order
IHStr‘

assigdneof response has been found to be
trefigible: v=1/3, O6m=0.3, 5p=0.1)4. The
nefur’al frequencies of the system are
na

jated on the basis of the uncoupled
canslatimal natural period Ty, relating to
tr ~igidly based building. Parameter o in
thzle 1 {5 a measure g aLne atruecture~-
I:undation stiffness and 18 a function of the
.otal height H of the building (see below),
the shear wave velocity Vg of the foundation
nediun and the fundamental coupled frequency
y. of the rigidly based structure. Values of
uiconsider'ed in this paper are a=3, 6, 10 and
», the first three values corresponding
approximately to shear wave velocities of 100,
200 and 330 m/s, respectively, and the latter
value corresponding to a rigid foundation.
Although some differences in results are
observed between a=10 and a=«, these are not
large; consequently values of o intermediate
between 10 and infinity are not presented.
The parameters ep and AT are of apeclal
significance in studies of torsional coupling
in rigidly based buildings (Chandler &
Hutchinson 1987); e, is a measure of the
static eccentricity e/r of the structure and
\7 i1s the ratio of uncoupled torsional and
translational natural frequencies wg/wy, where

. *d In section o 2
y d38uming

Ty=0

Jom—me?) have

all empirical rel: Sni:
% | ationship

N (Applied Technology Council 1978)
riod Ty and N, the

oreys, the followi
dare derived: e

number of buildi
; ing s
relationships g

- Hehg) /9 (H=Nhg ) (19b)

Where me ts fhe loor mas

(assuming a floor intens
r=10m), h

‘ S of each storey
‘ ' 1ty of 5.2 kN/m? and
s 18 the inter-storey height (taken

Eiiiézﬁn), and H is the total height of the
Nng. The building m
g g mass m, together with

measured to the overall centre of
mass of the N-storey bullding, are employed in

this study with the single~-storey idealisation
shown in Figure 1.

3.2 Torsional code provisions

The design storey torque given by building
codes comprises two parts:

Ty = Tep + Ta (20)

where Tegp and Ty are equivalent static
torsional moments accounting for static and

accidental eccentricity respectively. The
latter term accounts, approximately, for a
number of e2ffects. whiceh. . tanpgot e
quantitatively determined (Chandler 1985).
The components Tegp and Ty are written in
general form

E (21a)
Ty = bYQp, o)

where Y is the plan dimension of the building

perpendicular to the earthquake direction, Qvu
is the uncoupled (design) shear corresponding

to e=0, and a,b are coefficients whose values

e~-storey torsionally coupled interacting systems.

e R R e

1 1
"’v=21r/Tv=(Kv/m)/2 - “JB:(KBR/JBR)/Z (18)
Table 1. Dimensionless parameters for singl
D€ Description
Structural  Static eccentricity ratio

Parameters Torsional to translational freq.

Mass ratio
Height ratio

Definition Symbol

e/r Sr

ratio wg/ Wy !
my /M Om

h/r Sh

M—

Poisson's ratio

s ;“;'Dﬂnsity ratio
‘ers  Shear wave velocity ratio

m/mr *hp Op
VS/H(ml/Zﬂ) o
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. nsidered
The design eccentricliy

4o 18 qefinea 85

for the CO
Table 2. Th
eb = Tb/Qvu
eccentricity ra

r = Teb/TQvu = 2

edr' = Bd/

Teb &
ign
Table 2. Code coefficients for deslg
eccentricity.
b

Building codes a

ATC3 (California) $.0 0-?8

Canada 1.5 0. :

Mexico 1.5 0.1

New Zealand 1.7-0.5¢p sl
Eurocode No.8 1+e,p/€ep 0.05

R T et

The supplementary eccentricity ratio €,p

specified by Eurocode 8 (1984) is assigned the
smaller of the two values computed from the

following expressions:

1
e,r=0.894(ep)2 , < 0.4 (23a)
or elp=(0.5/eln){0-667—6r2-0-51\T2+ 1/
[(0.667+er2-0.5172) 2+2ep 247213 (23b)

quthermore, if A2 > 10(0.667+en?), then
€i1r 1s taken to be zero.

ti
he varia r Tor .
sed puildings is shown in Figures ?“ Mg
ba (a) shows the maximum P_,,-L:_;_*}H{

upe 3
ocentricity envelopes obtaineq pn ' fecy),
gnse o TS design spectra ill1gqtqlfﬂa?n1;:

ecce

and assum
mental mode.

=

ing 5% of ¢eriticai dampin 0 5
R -y

5

i

for Ty of 0.1, 0.2, 0.5 g D N %
?
r&F.each \f'alu.@irl Chy ?
:

e ding to buildings i
(correspon g Ngs of the bro Of o .f;
shown in Figure 3(a)), the envelopes hFﬁhuﬂJ' i
drawn from results obtained ogvyep e Ve b“"“r |
2R, |
petween 0.6 and 2.0, COPT‘ESponding Ee LN
actual buildings (Hart, DiJulio g ;. ° Moy )
shown on the same figure gpre th 197z, "
= a J )
response curves for a pg, ST
e g8
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J g to the El Centro and Romanian
§ O™ ptained by time history analysis
4 damping in both vibration modes.
{ @ 5in8 °* tained us ing design spectra

B CEEEEE . gt 8 0. W
; S i, T 'J. 2 _":. :

- - L] & 1 - N s L
o Pl r-#,'f{ L

: " ‘ kf_*—* s v ; tﬂrsj_(}nal OOupl lng 13 eSS pec ially
n-a fﬁ; ﬁ f or S hort—period buildings y  as

& S view of the spectral shape. For

§ ettt e time history curves match the
1 T ¢ ained using design spectra : for
g ot ‘as of ©ps time history analysis
g nore conservative effective
requirements ror the records
| jte the variation in spectral
.. gﬂ- seen the E1 Centro and Romanian

Mw;kes (Fi gure 2 ) , the effective
e#"w?:m envelope averaged over a range of

i cer 0.1 and 2.0 sec) is relatively

S ap) compares the results of this
Figt . 1 and 2.0 sec (the upper and
M"fﬂr n.d?s to the results shown in Figure
jower W‘f the corresponding building code
. _-}-aii::s for dynamic eccentricity ratio

Frwiﬁian (22), see alsn Table 2), © The
(ﬂﬁ“a:t of earlier studies (Tsicnias &
reSﬁ"

 nsOn 1981, chandler & Hutchinson 1987 )
ubch ~firmed; namely, the ATC3 (Applied
i council 1978), Canadian (National
- ﬂ code of Canada 1985), Mexican
9'11;1 university of Mexico 1977) and New
ﬁmﬂ (standards Association of New Zealand
ﬁ?ﬂ codes are non—-conservative to varying
imees for buildings with small eccentricity
(ep ¢ 0.15). For higher eccentricity ratios,

the Canadian, Mexican and New Zealand codes
give ble estimates of response, whilst
the ATC3 code remains non-conservative to a
secreasing extent. The Eurocode 8 (1984)
provisions, shown for Ar=0.8 and 1.4, are
conservative throughout and especially for
large eccentricities.

4 further assessment of dynamic results is
made in Figure 3(c), in comparison with the
bi-linear and parabolic approximations of
effective eccentricity suggested by Dempsey &
Ts0 (1982) and Chandler & Hutchinson (1986),
m‘@l?‘r In the latter case twO Curves
ire shown corresponding to the computed
féSponses to the E1 Centro (1940) earthquake,
¢ the average response to a series of T

- : t strong-motion European earthquakes
Mi g the Romanian earthquake of 1977,

-- '.'L-."%'"; e ]
e .- -';EI'.-: 1'-...-: \ T

PS€y and Tso envelope is reasonable for

{ [F*09.10, but is non-conservative compared

g, the higher of the dynamic response
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4 EFFECT OF

TO understand tor
EIEIEtiQally found

Parametrioc response

INTERA i
COUPLING CTION ON LATERAL~TORSIONAL

I . .
1 Dynamic amplification of shear and torque

sional coupling effects in
ed buildings by a study of

ti:ompar*isons With building code provisions), it
® uUseful to consider these effects in

l;elation Lo the key structural parameters ep,
bT and the foundation stiffness parameter a,
Y averaging selected response quantities over

ihwlde range of Ty. The trends observed are
€n representative of buildings with a range

Of natural periods and their general

applioability 1S enhanced. These

Characteristics are examined using two
response ratios:

(1) shear amplification ratio (Qy/Qyy ),
where Qy 1s the dynamic storey shear
calculated for the coupled system. Both

Qy and Q. are calculated for the
interaction model, the uncoupled

structure having three degrees of
freedom.

(ii) amplification of eccentricity (egp/ep),

where esp is given in equation (22), Tep
peing the dypamic-storey tLorgue
calculated for the coupled system.

Figure U4(a) illustrates the variation of the
shear amplification ratio Qy/Qyy with AT, fOr
models with o=3, 6, 10 and » (a range from
very soft to infinitely rigid soils). The
structure-soil model is subjected t:,o
free-field earthquake spectra as shown 1n

Figure 2, taking damping in the fundamental
mode to be z,=0.05 and eccentricity ratio
er=0.3. Furthermore the results presented -are
based on the average response Of systems with
Ty Iin the range 0. =0 0 gers e

recommendation of building codes, Qv/’?vu =.1
(i.e. no allowance for shear reduction) 1S

also shown. Comparison of the curves for
various o show that the reduction of shear for

. soft soil condition (a=3), when AT Ve 1{.;
less than for stiffer soils (a26), for wh(i 1
interaction has negligible eff‘e-ct. Fc?r kThar'
the reverse situation applies, with s D

= In all cases the
eduction of shear for a=3. _
lt’;r::ot,lplt-:'d shear is less than the corresponding

uncoupled value.

g 4ty ) oonpalss the ciynian;tlz
/Ep arils
4fioation of eccentricity €dr ‘
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6 CONCLUSIONS
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soil-structure interaction ¢ Tso 1985).

: has extended previous results to i ncorporate
ts of soil-structure

interaction OnN tors

effec
g, with the
following conclusions:

2 o
FECTIVE ECCEWTRICYITY HATIO «

s

1 L 1 |
0.15 0.20 0.25 0.30 0.35 0. 4D

STATIC ECCENTRICITY RATIO e

eccentricity re

Demp
qualitatively

As indicated i
| _ n section 4, the resulls
e ' 1 couplin
that :d in Figures 4,5 and 6 show clearly 1ona P
flenbl?ﬂtl.metric structures supported on
oundati
ons may exhiblt B (1) Torsional coupling
by the amplification or a

effects, as exhibited

ttenuation of the
d translational

C
r::;g:: :hra lateral and torsional floor
Wildings Il'lt.he tsiant 480 ") bas:,ed individual torsional an
of mim n partlcular, the amplification response components of the structure, are
o T < 0,65 (Ehat 48, not qualitatively af fected DY changes 1n
ion? 28 the flexibility of Lhe foundation medium.
as negligible effect on

for pyi-
" buildings weak in tors
ffects 5y rnteraction g tructures

E (?1gnr:al;¥ increased by interaction €
| ffectiye §833, and leads 80 inoressec 1ateral-torsional coupling in 8
.'_eﬁﬂent!‘i-cj_ty'pequirements in this with uncoupled frequency ratios (AT)
n these Case” greater than 1.2, and hence conservative

1 o (Figures 5,6(a)). Hence, |
design

rvative to implement &

3 ]
T e - - i 1 s
N A i - LIy S EE & ' e :
e . - !, . Ry = & r
i A of LA et T mirs AR ) -
= =l - e DN p e Bl Ll - R 3 - i | ¥ i
oot R e R L by BRI 3 : .
8 Tl e "Rt R R et - % g s k E
B e PR T ke L pi B T e T i = i
'ﬁ 1 5 Lt "':qu'\}- n oy e ALEAE o L oy L | i :
i P r.,'"li:: A e 4 .-."'.," o R . b C . b i P a 4 }
el [h ' O a1 e 3 s Lk '’ = 4 A -
i J e LT s ; Y R L 3 e g f
= i e Tal et (P, B i i B, Vi T =
f = M g ] [E RsgieT R, BN vy - i h !
= T .EI 3 Al Ed, el el L ot S . - .
b 1‘: = CHE bt '"-"l;“in_" e 7 4 o - 3
4 L rxy Lo R e LT FREE e i = ; ' -
: i PR R T o b e
- 39 b g R [ i g Qe i
i o, iy C TR = el ;_I:I. % - 4 T D e E
= o mi] iy g et BT i3 b -t r ¥ ! » ¥ 1.
* - 1% [T e R ELF
- oy g L] 'y
1 - ¥ o Ty L i LT e
R e i e r
h i i g 1 -
1
g, |
o ' ¥




W . '1%‘-.\_3' .rrﬁﬁirﬁm:;& 2 e 5 RS o b3 A R oy e

TR

e ‘ﬂﬁrm&? i - e = T ——
e R - B A L R L - TOTY S g1 o SR T
] _ y 2 L i .-b- e il it |1 " . & i .'i.n; I l_# "‘_. ;H' .-l_-'::'ll';!""lr i =
A E 5 = | g 4 3 =3 o - . L} &
& e 3 L 4 - 2 E L - - WAy TR - R ¥
* ; & : e : ; . ] - T “ !
. i y ol 1 I'\' ; .. ] il I-—. ¥ .r -\- -l:- - :. {- ks | d - - - ! : g -
» : A e iy g A R A b v
E R = e ke Aot ol -
! 1 ; ¥ B0 5o e & P R S e e T UL Ly
- ke h B e i pat ST e P s . "

(3)

research

specific de

REFERENCES
1978. Tentative

| 1l . .
Applied Technology Coun ot of geismic

lop
rovisions for the deve
r]?egulations for buildings. Structurﬁ*\?é
Engineers' Association of California,

3-06. Washington:U.S. Dept. of Commerce.

Balendra, T., Tat, C.W. & Lee, S.L. 1982.
Modal damping for torsionally coupled
buildings on elastic foundation. Earthquake
Eng. Struct. Dyn. 10:735-756.

Lhandier, 4.M. 1985, Coupled torsjional
response of single-storey building models to
earthquake loading. University of
London:PhD thesis.

Chandler, A.M. 1986. Building damage in Mexico
City earthquake. Nature. 320:497-501.

Chan'dle‘r, A.M. & Hutchinson, G.L. 1986.

gS. Proc. 8th European Conf.

Chon karthquake Eng. Lisbon. 3(6.7):33-40
andler,. Ao % Hutchinson, G.L. 1987

Heidebrec ht ,

Mohraz, B. & N‘“‘hﬂ'f‘._._"arw;,_

Hall twi ;Jtiiica,l studies ogr Ver, L .
St?i sontal e;‘—lr"t‘,h{_'_ilh-;lkté? }-“I"f-'*"’{.;-;-rjl' “Ua ey
9t latory Commisslion. Report NUREe . Vg
REQJG.C-. PiJitllio, R.M, & Lﬁlﬂﬁwmi“-

Ha;;r:ﬂi(}nal pf‘;ﬁpori{f&‘:ii (}_.f'- hj'_gt’l"“l"ji;,, 1” ﬂp ]+

By 101(8712), 3,_ullg, .
S I

truct. DiV.
qu S A.c_ & T:‘SO, W.Kt‘

1joadling provision Changesq
1ding Code of Canada 19H5_(}”

] 1”‘{)[ ;

J s

i o | an; |
oiv. Eng. 12(3):653-660. ey
riu, S.C. & Fagel, L.W. 197, Eapy,

interaction Dy ast Fouriep oy .
Eng. Mech. PIV. ASCE, 97:12?3ﬁ12??aﬂhmm A
J-E:- 19851 Linear S(__)j_l-__t:

LUuco, e . ¥ ‘ thu]
e eVI?w- in 8.Kx. Datt . Ctup,
Farthquake ground motion and {4 é;ﬂ @Wf
SErucLuUres. New Iork:pn, Soc “mmpf
Engrs . be%wh

National Bullding Code gf Banecs .
snhgeation 4.1.9.1, QlﬂUaegwu1%g
Ottawa:Associate Committeefylaw2g,2{
Building Code. jhhumﬁ

National Unliversity of Mexieg_1977 {
(I SEE Barthquake, aCcording D%&n

construction regulations fqn. the
pistrict of Mexico. No, ”06=Chap_ \n dery)
240 (VII). g B
Newmark, N.M. & Rosenblueth, By o
Fundamentals of eal’"thQUake engi;;el?}ﬂl
Englewood Cliffs, N.J.:Prentice-ya); ™
BLQUare, F.k., Hall, J.R., & WOods, R.D.  1qn.
Vibrations of soils ang fOUMaH';:*
Englewood Cliffs, Ned.:Prentice-ja);
Standards Association of New Zealand, 197
Code of practice for general stmgt;;;;
design and design loadings for bUil{iin{::

lllll

NZS 4203:Part 3 (earthquake Provisions
i 2.9/3. |

s8Rl N.C. 1974, Modal damping for
soill-structure interaction. J. Eng. Mech,
Div. ASCE. 100:323-341.

TREaniens . T.G. 38 gReehinson, G.L. |
Evaluation of code requirements for the
earthquake resistant design of torsionally
coupl ed buildings. Proc. Instn. Civ. ENgrs.,
London. 71 :821-843,

€ Lo S 1983. A proposal to improve the
Static torsional provisions for the Nationa!
BUildinS Code of Canada. Canad. Jnl. of UV
Eng. 10(4):561-565.

-y

. "hitman, R.v., 1970. Soil-structi
A Interaction. In R.J. Hansen (ed.), SEI_SmlL
unifieq . « 1984, design fopr nuclear power plants. Canbri (8"
Selsmic regi ules fop Massachusetts: MIT Press.




