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ABSTRACT

This paper presents results of :
 wall connections. In e aiﬂ lftixpenmemal study on seismic behavi T
der the combination of y, a half-scale model of a typical slab-wall SNE 0% DTS S0
un cyclic lateral loads and distributed Venic\:laloa;?lnn(ec;:pt;l was tested
s (which simulated

service vity loads of th :
gonnectiiTr? be:t/ween e Slatf asrlfjb; ;n the full-s;ale prototype). Test results indicated th

e | _ wall experienced severe damage acsl L e
. result likely to influence the internal force distribution pattemsg 0§t CHElY. SEAgeR OF (o 1ER,
gn'uqtures under lateral 10f.:ldS. Damage was accentuated by the pres Cu;rmg Lo B
nanifested by the formation of shear shding planes in the Slali)s ence of gravity load, and was

INTRODUCTION

The study presented herein was motivated by the current design requirements for slab-wall
and frame-wall structures which primarily consider the base of the walls as the critical sections
for lateral load design. This practice reflects the assumption that the lateral loads are mainly
resisted by the stiffer vertical elements of the structure, e the shear-walls. In reality, the base-
shear capacity of a structural wall can only be mobilized if the horizontal diaphragms of the
structure are sufficiently stiff in their plane, so that lateral forces are distributed 10 the vertical
elements (columns and walls) according to their lateral stffness. In most reinforced concrete

frame-wall structures, a large portion of the total mass 18 accumulated at the floor slabs of the
structure: therefore, accelerations .nduced by earthquakes arc ¥1kcly to cause the dcvcllogn:::ltl
of large inertia forces in the slabs. al displacement levels the slab-

If for the imposed later . .
connection possesses 1nsu likely that horizontal forces W

fficient stiffness and strength, it 18

3 teral
he diverted to the other vertical elements of the structure (e.8. columns); 1N such casc'ﬂl\a cand
forces will not be resisted by

the wall, even if the wall pOSSESSES the de;ircd Sma?r%tai;l .
o : ible to m
therefore it is conceivable that . such circumstances it may not be pOss
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i g desirable hierarchy of failure in the structurec.

i jons 1$ characterized by two features:

flexible in their planczé [:)'IC énccchi:wm f;f_}mplam; sheas
} 3 ce am actic Llba

ransfer occurring between floor slabs and 'walls is gr?vcm 4 . _pal o Lon dt"':’”jifir:;g

in tf;c <labs. Because of the deep beam action, a portion of the vertical interiace betweey 4,

and wa‘IHs is under normal tension, and is therefore expected to crack under moderate leyel,

g sk . A D 13 of
tateral drift. Cracking is likely to cause redistribution of in-plane shear stresses in the fle
compression zone ( Fig. 1).

2) The gravity loads which are inevitably ;{rcscnt i;n thc slab, induce ncgativc MOoments at the
supports. Associated with the normal tension which _rc§ult§ from the ﬂcxural action of the
moments are the following effects: a) the available preyielding range of the longitudinal slah
ré:’nfmccmcm is reduced, and b) vertical flexural cracks which form at the connection, ,mw:
area of contact between slab and wall, over which shear transfer can take place.

Behaviour of the slab-wall ¢
1) When horizontal diaphragms arc

r
.‘;

Aura]

the

The objective of this paper is to present the results of an experimental study of the |1,
load behaviour of a slab-wall connection. The study focused on the characteristics of the des :
beam action and gravity load effects summarized in the preceding. In the experimental prog;amp
a half scale model of a typical connection was tested under various levels of loading up tr;

failure in order to obtain the load-deformation characteristics of the model and to identify -
failure mechanisms. Yy us

EXPERIMENTAL PROGRAM

A series of experiments investigating the behaviour of '
A _ | slab-wall connections which had
prc'}/lously C@m out by Na_kashnma et al. (1981), (1982), had shown that in cases of strb;en
walls and ﬂex}blc slabs, failure occurring in the slab close to the connection o



The design of the specimen fol
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3ppf0x - 4 maximum she g under the action of
. p ; i .::ir t}‘r‘:t}.. — it g
and hori~ all contained 0,379, - b NOL Exceeding
- b and 0.54% vertical

o 150 mm o.c., and 8 mm vertical bars at 2 aIns consisting of
s 0 mm 0.C.). The sUNE of ¥ mm horizontal bars
. ' A 0

. ¥ ot ()f - v - . -2 .
gross arcd the wall in vertical reinforcement Deta
il . - - (.: : ¥ .
age Pr tails of the slab and wall reinforcement

814
ab (6 mm dig

and the |
l{_.l i o, : I‘.r. . . '
e it 250 mm top and

ﬂm(’)u

imately ()-S‘Jfﬁ _Mpil (for ductile failurey
ontal web reinforcement rmpcctivcl;(;hc W
curt

esented elsewhere (Imran 1990).

Concrelc used for fabrication of the specimen had
R el ‘ . - dd 4 ¢ hn . . , T
Mpa, and Spll[tlng ..str:cngth of 3 _Mpa. Reinforcing bars iad({u compressive strength of 17 5
Mpa, but actual yielding for the 8 mm diameter bars ()C;:un‘(,(jd ﬂ;;rr;nal yield strength of 400
.ameter bars, at 465 Mpa. , : il A at 60)/ Mpa, whereas f¢

mm' dli - [ VDT’s, and rein fi‘:_ l'he "ﬁﬁpcgtwc ultimate strengths wercp()ﬂ() ;1:;: ‘:)33{;31;\;‘16 1:)

s cimen otn‘ a 200 Cen:‘cm strain gauges, Zurich targets were placed -on all th p?‘ .
C mm g = . s " € 1aces

of the SP grid, and the configurations of these targets were monitored

throughout the test in order to obtain surface strains of concrete

floor-slabs were propped at their free ends by means of roller Supports.

During the test, the
tensioned to the Laboratory strong floor in order to simulate full fixity

The specimen was post-
at its base.

RESULTS

experienced a sharp otiffness reduction even at
of 0.5 A,. The stiffness reduction

ction with wall;
¢ in the vicinity

The floor slabs of the specimen
small-amplitude cycles corresponding to displacement levels

was accompanied by formation O ks in the slab, at the conne
cracks forming in the upper part O f the slab crack
of the connection (Fig. 4).

f flexural-shear crac
f the wall were continuation O

Full-depth major cracks, (resembling

" Nakashima (1982)), developed in the |
' tests these cracks did not control 1 fai_l“fc mcChj:‘i?c <eC
n with the waib This point also coyrcsPO“

approximately a quarter of the sparn froﬂ} o nt of z€
. flection line, of PO which acts in combina!

aporoximate location of the :

therefore the location of a

in-plane shears induced in the sla -
slab is a potential weak link, e o cut-off (as €€ in

diaphragm if longitudinal reinforcerm

Phmis :,._1-“1_"#. i
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At large levels of lateral displacement, widening of flexural cracks was Observe
interface of the slab-wall connection. The growth of the slab in 1ts plane in the din_{r;.* 1t
load appeared to affect the pattern of cracks in the wall (F1g. 4), and it is belieyegd hr Of
have also affected the wall strength. The increasing clongation of the slab was a)g, h: Migs,
the fact that the strain recorded on the transverse reinforcement remained in eNsion i

the direction of loading (Fig. 5). Furthermore, because the specimen was statically dc_:tg-a:f;;ﬁ-‘ ,'
expansion in the slab was unrestrained in both the longitudinal and the ransverge f "iNage
However, such an expansion is likely to be partially restrained by the adjacen: ?i-iab ire

a continuous structure, therefore causing development of internal actions which Npa'*i b
affect the internal force distribution throughout the structure. For this reason fuﬂh")ﬂ:q likej,

understand the effect of nonlinear slab deformations on the overall behavior ~¢ °* Study ,

Ut .
necessary. STUCyry -

By, - '
et

or Uf {hc -y tr

.. The hysteretic load displacement relationship of the specimen
(displacements were measured at the tip of the east slab panel relative 1o

15 plotted in Fie
A
of the slab and wall reinforcement occurred simultaneously at 0.36%

the SUPPOTt). Yieis

e ‘ ; : : total la'e"aj ,4-4.,._:;“ iy
respective relative contributions of slab and wall were, 0.13% of the slab le e iy
relative to the face of the connection) and 0.22% of the wall hei ., (,m “aSureg

bas;), At that displacement level, the average shear stresses
gg;or;tal faces of the conncctif)n were 0.19‘\/1?; and 0.341?; respectively. The ' and
*. splacement of the Specimen attained during the test was | 25% ' o Ma]
that stage, the avgc?&c in-plane shear stress in the slab was 0 25\/1?_. 1 o neight,

. -

wall _ , while sh o 2

Gfaavcr:aac:ii 0.3 | F o Prcwou;? tests (Nakashima 1981) also indicated sim“:raf Sti'x:sses IN the

e fhlS?'cdu C:‘; itrcss developing at the vertical face of the slab-wall conhcc[i g Eﬂf-"f'niz
i mﬂucnccc c;vcl sheai rac;;stancc of the slab side of the connection was x . 151 oclieved
, gravity loads and by the | nanly causeg

IS present in vertically oriented clemcm); ack of the beneficial R of Sclf‘“’mght which




At low levels of lateral displacemen; the ;
’ i

unif(?m‘ly from the slab to the wall through the on. Thi
-+ LIS was evident from the formation

of a uniform cracking pattern along the wall
- Is of lateral displ € of the ¢ : :
higher leve S ~displacement, as th onnection (Fig. 8b
vecame wider, it is believed that the U‘ansf:rh(;}nzomal fleiiral crick g. 8b). However, at

n-

connect
sid

ya ndiadinal siab rein forc.cment plotied in Fips. o st dl(:f‘.IErrlibution of tensile stresses
- ; € stresses were computed

rcem " i 3

©nt using the hysteretic stress-strain model

. : d Pinto (1977
that the tensile Sress difference between two adjacent cizslst-ggtrnzﬁ?: e thl‘:j'gjﬂbﬁgmm
a single bar was

ing zero as the lateral displacement was ;
pro hing Sp { Was increased. Thi
\proac - 1118 suggests that the contribution

of the flexural tension region of the connection in tr ine ;
the wall was practically very small. ansferring in-plane forces from the slab to

CONCLUSIONS

Thc m(_zcharélsrrxllh of Shzar Fransfcr at slab-wall connections subjected to cyclic lateral loads
was investigated. 1ne study 1included data from an experimental investigation of an interior
sJab-wall connecuon tested at the University of Toronto, under combined vertical and lateral

loads simulating earthquake eftects. Data from other related tests were also considered when
applicable. Results of the study are as follows: |

1 Although ‘th'e pa{tem of in-plane actions was similar in the slab and the wall, the two
-lements exhibited different behaviours in response to the applied lateral loads; these differences
are believed to have resulted from the action of gravity loads on the slab, and from the different

displacement constraints present in the two elements.

2. The experiment revealed that vertical loads affect the in-plane stiffness and shear resistance
of the floor-slabs particularly in the vicinity of the slab-wall connection. The available
experimental evidence also -dicates that vertical shear forces generated from gravity loads
reduce the in-plane shear resistance of the slab at critical boundaries where top Or bottom

longitudinal slab reinforcement is cut-off (points of zero gravity moment).

3. Widening of flexural cracks at the <lab side of the connection at high levels 0{ displacement
the connection. The in-plane shear

was observed to cause redistribution of shear forces along ion |
.« limited to approximately

resistance of slab-wall connections at the vertical face of the support 18 ' 1
imentally obtained shear resistances were only

0.25\1?: Mpa; in all test cases considered, expernmen _ e
60% of the nominal values computed using the ACI Code equations ( 3
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racking patierns in specimen
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