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panel precast wall construction has

mrgeused extensively in Europe over the

i Large panel systems have

F'St 50 yearS- : - ;
reen used in recent years 1n selismlcC

reqions of the USSR, Bulgaria, Romania,
Japan and elsewhere. As reporfzed'by
pintel (1977) precast panel buildings
showed good performance during the 1977

romanian earthquake.
The use of large panel construction in

seismic zones of North American has been
limited due to concerns regarding lack of
knowledge of the reliability of these
systems during high intensity ground
shaking, To provide necessary data,
several research groups in the United
States and Canada have recently reported
results of analytical and experimental
investigations into the seismic behaviour
of large-panel systems.

In the present study an analytical model
E:”lmd to study the behaviour of

“Panel wall systems with coupling

beams in large panel
Scussed,

An analytical model that accounts for inelastic action in both
- Selected results of a
re presented to 1llustrate significant differences between simple

2 CONFIGURATION OF LARGE PANEL SYSTEMS

Large panel systems consist of precast
wall panels stacked one above the other.
The wall panels constitute the primary

gravity load bearing system and also
provide resistance to lateral loads.

floor systems are usually of precast
concrete plank construction. Several

methods have been used to make the
horizontal connections between wall panels

and floor planks at each story level.
Cast-in-place grout is placed in the joint
between the wall and plank elements and
vertical continuity is provided by either
mild reinforcement across the joint or by
vertical post-tensioning between the roof

and foundation levels.

The

3 COUPLING BETWEEN WALL SYSTEMS

Vertical continuity between large panel

walls can be provided by "wet" or "ary”
joints. In wet joints reinforcement hoops

projecting from adjacent panels are

embedded in grout with a continuous
reinforcing bar passing through the hoops

for the full length of the joint.
Alternatively, bolted joints can be used

to connect the panels. Behaviour of
vertical joints has been reported by Pall

et al. (1979), Pollner et al. (1975),
Cholewicki (1971), Mueller and Becker

(1980) and Pekau (1981).
vertical coupling between walls can also

be provided by coupling beams. Behaviour
of cast-in-place walls subjected to ground

shaking has been shown to be significantly
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so that ductility is severely limited.
more effective method of reinforcement
placement is in the form of diagonal
struts. Tests by Pauley (1971) produced
load deflection plots under cyclic loading
that demonstrate good ductility and enerqgy

dissipation characteristics.

4 BEHAVIOUR OF LARGE PANEL WALL SYSTEMS

Under high intensity ground shaking,
portions of large panel wall systems can
be expected to enter the inelastic range
of l_:aehaviour. In simple wall systems the
horizontal connections are relatively weak

ntal work carried out for s
and Shahrooz (1984) ang mi?‘
ccese (1984) have CO?firmEd thelkug
and Caof jeformations predicted by S
Eypes ~al models. .
upling beams are 1ntroduc3dla
d of enerqgy dissipation {q
gnergy dissipation may o

a

me tho

& ANALYTICAL MODELLING OF COUPLED SYSTEY

previous analytical studies of COupleg
large panel wall systems, such as the
study of walls coupled by limiteg e
bolted connections by Pall et al, (1980,

and the study of walls with coupling his,
by Fintel and Ghosh (1981), have S

considered the walls to act
monolithically. In other words ngo
inelastic action was permitted in the
horizontal joints. It is however
difficult to ensure that only linear
elastic behaviour occurs in the horizontal
joints under intense ground shaking, poy
an economical design it may be necessary
to allow some inelastic action in the
horizontal joints. The modelling
techniques used in this study permit an
evaluation of the distribution of enerqgy
dissipation between the horizontal joints
and the coupling beams. For the coupling
beams to be effective, a certain amount of
shear must be transferred across the
horizontal joints near the base of the
Structure after the coupling beams enter
the inelastic range of behaviour.
Premature sliding along horizontal
connections may prevent the coupling beams
fFom functioning as locations for enerqgy
dissipation.
mog:;l;:e irese?t study the analytical
e fg e?hnlques developed by Llorente
Coupléd :rli'lmple walls were extended tOtS
o horiza systems. .Wall panel elemen
incorpora:nta} connection elements were
s, €d into a general purpose ;
Kanaan angrggramme' ek deve.lOPEd :
owell (1975) for seismic

analySiB Of ]_
a
CQuplin Planar systems.
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A typical discretization of a multi-
storey coupled wall system is shown in
Fige 1. A single beam line element is
used to represent slender coupling beams
while truss elements are used to represent
diagonal reinforcing bars 1in deep coupling
beams. To minimize computational effort,
substructuring can be used to eliminate
internal degrees of freedom in the linear
elastic panel elements, as was ,done by
Llorente et al. (1981) in their study of
simple wall systems. However this
Ert:cular refinement has not yet been

fporated in the version of DRAIN-2D

Used in this investigation.
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Figure 1. Discretization of Ten Story

Coupled Wall System

post-tensioning) were investigated.

Typical results are S

The case,

for vertical continuitye.
ith no

0, represents a simple wall W

coupling beams.
The significant differ

petween simple and coupl
evident. Maximum horizo
and width of ga

greater for the simple wall.
maximum slip at each story level 1is
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7 CONSTRUCTION DETA ILS

while the results of this study confirm
that coupling beams can be used to improve
seismic response of large panel systems, a
number of practical problems need to be
addressed. Coupling beams can be cast
monolithically with the panels in the
precast plant to provide essentially the
same system as used in cast-in-place
construction. However the size and
arrangement of the combined precast unit
May require the use of special frames to
Support the unit to prevent damage during
transportation and erection.
w":!iler (1981) suggests that each half
{nta | G;Pling beam could be cast

Jrally with a wall panel with a point

of |
L i_m”t_icn at the joint designed for

Shea | ,
* transfer, or that steel shapes used

2 floor plank
| | Supports could be developed
tato Coupling beams, .

| hm Mﬂlﬂ and beams could be fabricated

SCParatel
TN ately anqg Connected together in the

_.%!‘&tﬂry tests are required to

Strength and dquctili ty of such

a4 gy Jander cyclic loading. Bhatt
Comnggyy | o0) tested welded beam-column

_5‘3?3 ‘Precast concrete elements
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{ta . OU49h tolerance requirements

" 8s PFurther tests of welded

and ?ther types of connection details are
requlr?d to develop practical and
€economical details with the required

strength and ductility characteristics.

8 DESIGN CONS IDERATIONS

Mueller (1980) identifies four potential

approaches to design of large panel wall
systems for seismic loading:

a) Monolithic Design. As for reinforced
concrete cast-in-place walls, a

flexural hinge is developed at the base

of the wall. This involves stringent
construction and detailing

requirements,

b) Elastic Limit Design. It may be
possible to design some structures to
remain elastic throughout the
earthquake motion. Appropriate

unreduced design force levels are
required for this approach.
c) Weak Horizontal Design. All inelastic

action occurs in the horizontal

joint. If excessive slip occurs as a
result of the unconfined nature of the

vyield mechanism, overall instability
may occur. In addition, degradation of

the gravity load-bearing horizontal
connections 1s undesirable.

d) Weak Vertical Fibre Design. All
inelastic action occurs in coupling
elements in vertical planes. This
procedure has the advantage of
confining inelastic action in elements
that are not the primary load bearing
system. Results of the present study
suggest however that it may be

difficult to avoid entirely the
occurrence of inelastic action in the

horizontal joints.
An optimum design for earthquake loading

is likely to involve a combination of
energy dissipation in coupling elements
(beams or connectors) with some controlled
amount of inelastic action permitted in
the horizontal joints. Further studies
will be required to develop a sound basis

for design along these lines.
Tt is also conceivable that design could

be based directly on dynamic inelastic
analysis of the type described in this
paper if appropriate earthquake and
structural characteristics can be defined.

9 SUMMARY AND CONCLUSIONS

Lateral load resisting characteristics of

large panel precast wall systems ha?e been
reviewed. AN analytical model to simulate
behaviour of inelastic horizontal
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