6th Canadian Conf EFarthoiiak
ATy ua ke E”EJ’.’?E?{M

ing ! Toronto | 1997/ 6e ~ -
JIi /i oeme Conf. Canadienne Sismique

eismic response of a frict;
s o 0? a Iriction-base-isolated house
In Montreal e

4 hev = - iy 3. ! '
Avtar S. Pall' and Rashmi Pall’

ABSTRACT

A two storey residential house, inco ati P Seigg

Montreal. Threc‘dinwt}ﬁional nonlinear t'1II;FC(?Lli:t[;%yrg;rl;c::;??? llsoilmms, hais G
he seismiC response ol the structure. Compared to COIIV&I‘lliO;IE:i] g(f:‘;sst\;?;f;?bﬁ? tth dieteﬁrjmng
jccelerations 10 a_tnctmn-basfa isolated building are dramatically reduced thereb fhs EHSS“ arl
the building and 1S contents is minimized. The friction-base isolators are simplg‘in fOﬂiTI’i%ZOi
and need no maintenance, repair or replacement over the life of building. The low cost of
friction-base :solators suggests wide application in low-rise construction iﬁcluding residential

housEs.

INTRODUCTION

During a major earthquake, a large amount of cnergy is released in rapid ground motion. The
amount of energy fed into the structure depends on the relationship between the frequency content
of the ground motion and the natural frequency of the building. When the two frequencies are in
close proximity, the building resonates and shakes violently. Unfortunately , this is the case 1n
medium height buildings. The amplified accelerations can Cause severe damage
f the building even when the structure tself does not suffer any damage. All
building codes, including National Building Code of Canada, recognize that it 18 economically not
feasible to reconcile the seismic energy within the elastic capacity of structure. The code
philosophy 1s 10 design structures (O resist moderate earthquakes without significant damage and
r earthquakes without structural collapse. 1n general, reliance'for survival 18 plz}cefi
on the ductility of the structure 10 dissipate energy while undergoing inelastic deformations. Tt;:s
assumes permanent damage, after repair costs of which could be economically as significant as the

collapse of the structure.

most low-nse 1o
o the contents O

e on ductility of the structure can be reduced if the

amount of seismic energy getting 1nto the structure can be controlled and a 1}131811'1}13’3{:1103“ ?v{;\tehri
energy can be dissipated independently from the primary structure. In :lot}v-nstch . florcingg ,ground
overturning moments are nol significant, ' decoupled from Jing in frame 3
motion by providing base isolators. 1he introduction O

{ supplemental dam . |
| new techniques like
buildings 1s more convenient and econom_lcal. {
.o devices, it has bec

ible to design damage
base-isolation and friction-damping _ _ 2 o] " Resolution ‘ACR
" ‘he State of Californa passed an Assembly -, .

free structures. In September 1985, N “ust incorporate
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5 The effectiveness of frictio
6. The friction-base ‘solated building 1s not very sensitive to accidental eccentricit
7. Although there is significant reduction in Stresses when compared to fixed bagé h
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not possible to save In material cost as standard size material i

_ I c s available i
_uscd. Hm_avever, in larger buildings of 3 storey height or more thee ldnth.e market g
:solators will be more than offset by the savings in material cost. , additional cogt g

Friction-damped Buildings

Base isolation is not the onl :
dissigators prov! e only technique for protection against eart .
st pvid roton b bsrbing hquke CTEy Wil he St s
techniques have been d riction-damping devices suitabl : 1S deformine
eveloped by Pall itable for different constructior
panel precast concrete by Pall (1980,81,82,84,86,89) | construction

, construction: cast-i ,02,064,80,89). These devices for:

connecting precast claddi ; cast-in-place concrete sh ok ap
: in : earwalls; S
specimen devices (Pall 8% tOFg‘_amcs, Cyclic dynamic laboratory tei}ié hbfaced o ke
, Filiatrault 1986). The performance is re:l:li‘:;%lbeen i
e, repeatable and

possesses large rect

angular h : :

that can be encountered in ysteresis loops with negligible fade over several cycles of
cycles of reversals
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quake resistance. This resolution is

. Jance of collapse of structu philosoph .
ly sensitive and costl re, the modern buildings ha phy was only concerned with
y STy €quipment which must be pr iy s ada i

of Canada 1990, Clause 83 of Commentary-J of the Sglgepclt:i-e};\tw;IiationatlhBuildinngode
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In 1988, a residential house incorporating frictio :

: . n-base isolat 14 4 :

paperl discuSses the results of the analytical studies and describegrfh:isoﬁgtlg::?iMogt:e?il. Tt‘_hlts
on details of its

practical application.

STATE-OF-THE-ART

oncept of base isolation i : :
Tl]:SCtO iso?ate g e Z onitbne\fi. Mecham:cal engineers have used this concept for
furi _ . ration of machinery to the foundation or vice-versa. 1|
ars, 'the use of ba§e isolation system as a mean of aseismic design of struct  h .
altrﬂcted conSIdeE‘able attention. The reviews on its historical and recent devcglo ments%urei =
e_ﬁensively prowded b_y Kelly 198'6, Tarics 1987 and Buckle 1990. Now thg conce ?‘;ef bi‘iesr;
isolation has matured mtq a practlcal reality and is taking its place as a’viablc altepmativc to
Convemiona] fixed bas? seismic resistant construction. In the past decade about 40 base isolated
huildings have been built or }'etmﬁtted in the U.S and Japan. The most commonly used isolators
are of Iaminate'd.rubber bearings with or without lead core. Friction type base isolators have been
ysed by Electricite de_France in nuclear power plants (Vaidya, Plichon 1986). All base isolators
have certain features 1n common. These are: horizontal flexibility, energy dissipation capacity.
The purpose€ of the horizontal flexibility is to shift the natural frequency of the structure to a lower
ay from the energy containing frequencies of the earthquake. However, low
flexibility could result in excessive displacements relative to ground. Energy absorbing capacity

educes both base displacement and the transmission of the seismic energy to the building. The
.solators should also have some rigidity against wind and low earthquakes.

cen
recent Y€

Friction-Base Isolators

In low-rise structures, where overturning moments are not significant, the friction-base
. olators are located horizontally between the foundation and the superstructure to partly isolate it
from the forcing ground motion (Pall 1981 11, 1986). Ideally, frictionless joints will allow the
foundation to move without exerting any force on the building, but the displacements ?f the
building relative to ground will be very large. A friction force is therefore required, sufficient to
-eact to wind and small earthquakes. Du ring a severe earthquake, the magnitude of lateral force
that the building can experience 1S limited to the slip load. The slip load or the coefficient of
friction is so selected that the stresses :n the materials do not exceed the permi551ble stresses of the
materials and that the relative displacements arc limited to an acceptable vah_lc of say 25 mm. In
frction-base isolated buildings, the displacement at the end of an earthquake is a permanent offset
as there is no restoring force. In order to provide restraint on the total movement during

catastrophic conditions, increasing resistance to slid vided by the ramp shape in steel

ing is pro
plates or by providing an elastic pad at the end of travel (Fig. 3).
safety valve to limit the forces exerted and as a 4 of the structure

damper to limit the amplitude ol
interesting feature of the friction-base isolated buildingfis thﬁt thfi‘,( natu}r{a;nlzeer;he henomenon of
- . . 2 g : - 0 eart ua ci
varies with the amplitude of vibration 1.€. the severity q 1 economic advantages ot

resonance is difficult to establish. Some of the many technical an
friction-base isolators are:

The slippage of device acts like a
f vibration. Another

l. Friction-base isolators provide high damping by dissipating €ncrgy in friction during slippage.
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bove grade and one basement below grade. It is about 20 m x |< The
C : 5 S X |8 .
: about 700 m? including the basement. 1he basement wall m i

The superstructure is of typical Canadian cope. ¢ Of

' in the
The residential house 1S located 1N

house has two storeys a .
plan and has a total living area o

' to the round floor. - : Pl a ri?‘.’tn-lil?ir
rcmefijd an:;:itlefgming x%ilh brick veneer. The front view of the h(‘"i”““ 'S Shown ip F;, T
<o S[tu cture is actually floating OVer the foundatlombasemen! wall. A continygy, whit

. - - ol i w3 Nite

The superstru brick masonry, is a strip of flashing on the outside of the isolatigy ;.. ¢

line, just below the bricK Sqerlin SR JOInt 4
protect against rain or moisture penetrating 5

A total of 15 friction-base isolators are pI:OVldCd]:?lr!] along the (E:-uter basement wall. T

location of the isolators is shown in plan 1n rig, . € cross-section of the wa]] shows th.

location of friction-base isolators. The reinforced concrete wall above the isolators is COnting..
tia_beam. The floor acts as a rigid diaphragm and is bolted to the tie-beam. The interjo, =

1T - -
A Nl '|l!
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have pinned connection at the top and bottom and can r_c)tate to accomodate a displacemgm Foa
mm. During construction, to avoid blowing of the tie beam and light weight wooden ‘h"
structure in wind storms, 6 low yielding anchor bars of 10 mm diameter WEre prorids&{;;_
corners. These anchor bars are redundant after the outside masonry veneer is COﬂSImCEE'dh Tlh

bars will yield during a major earthquake and allow the base isolators to slide.

1
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I'he cost of 15 friction-base isolators was only $8000. Patented ( Pall 1980)

. s f. ‘ ti:’?r‘l-}'\,'};.:
isolators were designed and supplied by Pall Dynamics Limited. P

Nonlinear Time-History Dynamic Analysis

ime-history dynamic analysis was carried out | '

_ : )Y using the
Program consists of series of subr 'tC?eveIOped at the University of California, Berkeley. This
ilibri outines that Carry out a step by step integration of the dvnamic

Kapur, wh he design spectrum of
, which is an av N the design spectrum o
;rcc':]ca”hquake record forms the basis oefl?lfe ﬁfmany earthquake records, has been used (Fig.3)

crations of this earthquake record S response spectrum. For Montreal, the ground

alysis were also carried out for
ation time step was 0.005 second.

The sUperstructyr and 45 degrees axis.
Isolator ¢ 7: € 1S assumed :
BIV., Misnaiia o be ri 1d : :
for pres Y Viscous ddmplng of 3% 8ld elastic. Nonlinearity is assumed i > friction-base
cesence of non. 0 of critical Y 1S assumed in the friction-ba:

Initial elastic stage to accoun
} due to slipping of frictior
- F'riction-base isolator is modellec
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including residential houses. r all low-rise building,
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a) with ramped surface

b)  with rubber cushion

Figure 3. Detail of Friction-Base Isolator
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Figure 4. Hysteresis Loop of Friction-Base Isolator (with ramped surface)
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Figure 5. Time-Histories of Artifical Earthquake (Newmark, Blume & Kapur)
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