Mitcl” rsity, Montreal, Quebec, Canada
Three full-scale reinforced concrete beam-column-slab subassemblages were

order to investigaf:e the seilsmic design and detailing requirements of the
concrete Code. Predicted and measured responses are compared and the role of

bs, joints and the spandrel beams are investigated. Some suggestions for design

" ' “Tthe results of non-linear analyses of six story frame structures designed
ferent levels of ductility are presented.

! o -madian Concrete Code (Canadian %) C?
= ..rds Association 1984) introduced new Domgis e mmnt o mmares e S o

eismic design and detailing requirements I.I e *i: ‘: {::. {;l: l:.
for reinforced concrete strucif.ures. The i #_ EIERER S R
jesign provisions for ductile moment =

‘esisting frame members (K = 0.7) were | |

~evised and new provisions were presented

m-mnhers with "nominal ductility" (K =

1,3). The research reported in this paper

is part of an overall study of the seismic

BeRasieur of reinforced concrete Lo
structures in Canada. As part of this " ‘. “===’h%==%'ii‘===4¢=
- study a number of reinforced concrete e e ;E | Ei ';'; _—
frame structures with varying degrees of ! f iR i e
ductility (K = 2.0, K = 1.3 and K = 0.7) i

- were designed for Montreal and Vancouver :

(&3 HE- 1). Full scale test specimens
épresenting the second floor exterior
cam-column-slab sub-assemblage of the e
L frame structures were built and j
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ol e ‘IM purpose of these tests was to

410 -iB3te the behaviour of members with

e rent levels of ductility and to (? C? ?

- behav ioural models capable

3 m the full response of these

!  enabies . '‘Pese behavioural models
.. _4inear dynamic analyses of the
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CSA &
o= alloy

Association L?'ne
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nadian
LA P b (grie properties of the
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in Table 1.
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gverage concrete strengtps .

ens K2.0, K1.3, and KO.7 were 39

g A2 P s W respectiyer,
instrumentation consisted qf T:la

following:
t. Load cells.
o - FNDIts for

deflections. |
3, Mechanical straln targets on the j)

reinforecing bars, on the top a*:h
bottom of the beam along its 1ep
to determine curvatures and also j
the form of rosettes on the side fje
af the beam along 1Ls length ¢
determine shear strains,

4.Dial gauges at the column-silap
connection to determine bond slip j
joint shear distortion.

Loading was applied to predetermined
load levels up to general yielding,
The peak loading in subsequent cycles was
controlled by deflection with maximunm
deflection levels taken as multiples of
the deflection measured at general
yielding.

measuring beam +:.

.-Il.l
-~ \J
L]

3 TEST RESULTS

Figure 4 shows the load vs. beam ti1p

deflection responses for the three
Specimens, 3

c

decrease in load capacity as well as @
1?rge Stiffness reduction and severe
PiNching of the response curves after 2
displacement ductility of about 3. This

Car‘r’yin . fter d

di 8 capacity a

Fizplauceme“t ductility of about 3 (see
Lo N08. o spalling of the cover
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a displacement
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f"rce:ne joiﬂt region. The tensions 1in

rs from bhending of the main
in the spandrel beams

he S torsion ;
. eal® nit both direct shear

trans
~ flow to the side faces

pors ea
wh _10'71:3,' ShThe total tension 1in the
ointe. therefore be limited by the
city of the spandrel Dbeam,
ple the torsional capacity of the
| peam in specimen K1.3 15 about
d(];ekhl'm and since the slab bars are
4 245 mm from the centre of the beam
ated “ tensile force that can be
00/0.245 = 40% kN,
yield force of 48 kN

cotal force corresponds to 3.4 Dbars
this yield jevel on each side of the
From the strain measurements all
¢ pars on sach side of the column yielded

Failure and some bars had reached
2in hardenling. pite . Eo  the large
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gEMBLAGE RES PONSES
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the 1940 E-~W component of E1 Centro was
used for comparison purposes. Only a
brief summary of the results of the
analyses of some Montreal structures are
presented. The acceleration-time
nistories were scaled to give a maximum
acceleration of 0.27 g, that is, 1.5 times
the acceleration having a probability of
exceedance of 10% in 50 years. The
modified Takeda hysteretic model (Takeda
&L ai. 1970 and Litton 1975) was used Lo
model the K = 0.7 structure (Fig. 9a). 1In

order to account for reduced stiffness,
strength degradation and pinching for the
1.3 structure a new model

9b).

he stress-strain

concrete, (c)
concrete K = 2.0 ang K =

was developed (see Fig,.

developed to
combined effects of
d and shear in order to
nal responses, that 1is,
(Collins and Mitchell

1 was used
yres. This mode |
" By hear distortion in the

_ | :
beams bi-linear bond slip mode

A :itn;ptztimate this contribution.
use

yhe = ral models Were used to
The behaviou response at \

t the sectional

sl Y ations along lengths of the
d“feren?fh:ocresulting distributions of

nd shear strains were then
o determine the flexural

.+ Ae and the shear component, As
g‘i‘mp:?:eem'begm tip deflection. The

contribution to the tip deflection due to
a'-eoneentrated rotation at the column
' were determined from the

bond slips and joint shear

Modified Takeda Model for K = 3 o

integrated U

decaying
strength
guideline

face, )
predicte

strains,
Figure 8 compares the measured
contributions of the components (i.e. Afv ;

O and Aj) to the beam tip deflectilon
with those predicted. As can be seen the /

predicted components and the overall
responses are in good agreement., IU 1S
apparent that particularly after general
- Yielding bond slip and joint distortion
- contribute significantly (about 50%) to
i?he total deformation. The improved
;:h':'j’:':.f-}mr‘ﬁnce of specimen K0.7 is evident
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! DESIGN RECOMMENDATIONS AND CONCLUSIONS

The design recommendations and conclusions
dré summarized below:

l. The tests clearly indicated that the
reinforcement in the slab contributes
:;Egificantly to the response by
redu:iasmg the strength and

, A“iithe negative moment ductility.
"eﬁ:ect.ivemplle method of determining the
account s f's ab width" is presented which
bean, Th #E the role of the spandrel

€3¢ effective flange widths can
tly greater than 3 times the
S suggested in the CSA Code

:iazignifican
o0 wide

(" ®
3 The
SPecifio

icilsA Code (1984) should be more

249

strongly emphasizes the need Cto address
this problem.

4. The K2.0 test specimen had details
soiresponding to . K .= 1.3 In previcous
Canadian concrete codes and displayed

little ductility and energy dissipating
capacity.
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