ABSTRACT : The results of quasi i d
scale reinforced concrete bﬂan; ~8t

of toncrete s X - SPecimens are r -~ t on ej |
Ve bt.ren‘kth, loading se | Teported, The effects on be: 1gh-t large
investigated. A S _ Al performance

f I INTRODUCTION
.‘ 2 EXPERIMENTAL WORK

ﬂost of the experimental work available
in literature on seismic behaviour of

g reinforced concrete beams was carried S IRC apac it
"* out on rectangular beam speci ~
| mens with p]'_‘o erti : '
equal top and bottom steel, sub jected to . o0 0T ReSt bima are Sembirined

in Tables 1 and 2. These properties have
been arranged in such a way to enable
comperative studies on various para-
meters, based on the following considera-

equal moment and shear reversals. In the
case of high shear in both directions,
wide full-depth cracks are observed when

the top and bottom flexural reinforce- tions :
| ments yield progressively. These wide a. Beams 1A, 1B and 2A were designed
; full-depth cracks reduce the interface to investigate effects of concrete
; shear transfer capacity and cause a strength variation.
' detrimental overloading of the dowel b. In Beam 2B, unequal upward and down-
, mechanism. However, this is an extreme ward shear was the result of unequal t.?p
£ case, and in most of the actual and bottom steel. Howexjer, in 3B and_uA
5 structures reversals are far from being unequal shear was obta.med b_\*- 2 speua{.
equal due to the effect of gravity arrangement of loading (Slmﬂlfa?ef‘zf
loads, and bottom reinforcement 18 application of upward and downward loads
with different shear spans, Table 1).

usually less than top reinforcement at
critical support sections. Consequently,
.“mrd shear is smaller than downward |
shear although flexural yielding takes gati

These beams together with the rt:%ferem;:e
beam 2A were considered for the investi-
on of unequal shear effects.

similar
pigte . in _both  directions. A o0 - tB'easmSexci?Jt igied 31Boad2?1(; sequence
" | . : - ertie - :
critical shear deterioration is t/H'C E;ggsence. of one large amplitude

' ' : 3G unequal shear ‘ ; din smaller
fore expected in cases of q ieformation cycle preceding B ot

reversals., ones, instead of the usual eve
S The PR, ADJect L G-f t?imgrif:f?; ng;‘; ing éeformation hisct‘:o;'f)n-ef;’fa::\'a T—beat.
RS SOERSEAREe A o . ratic of d. Beam 4B was “HF S 4 in the present
- effects of shear ra:ig (i'di;;ctiﬁn) on This beam is not 1inciude .
- maximum r- in either ' | 2.
fﬁrm:t;ea;f reinforced coﬂCfe;]e :::Tﬂ 3
§ subjected  to cyclic loading. T .0 . e e

riations were also st
e ' Eight cantilever test
‘4 in pairs to form
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isenlacements (Fioure 1 hA e Rae %
jisplacements \figure <) which enabled

the determination of, (i) deflections at
the reference and loading points, (ii)
] sl ormations in four
| | y rotation of the
entire unit, (iv) contributions to the

deflection of shear, f{lexure and rigid

hodvy rotation, (v) growth in length and
crowth in depth. Clip gauges were
connected to studs which were welded to
the longitudinal steel bars Dbefore
casting. Gauge readings together with
load cell readings were automatically
recorded on punch tape which was
directly fed to the computer for analy-
g1S.

2.4 Tests

bheam was

crack pattern in each _
elastic

initial

formed during the two .
load cvcles which extended to approxi-
matela#fh@+ displacement ductility. These
elaatiﬁ vcles were generallyr folloyed
e two 2D, two 4D and four 6D loading
cvcles based on reference point deflﬁ?*
tion. This basic loading sequence which

| modified to SOmE extent

New Zealand code
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four

was based on the
gatisfactory
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for beams under four cycles O

displacement ductility aﬁd on |
tion of approximate eut_.l_}_vfilem_,f,ﬁqmilewr
a usual structure 1O ('.?L‘-lfh} a Lnﬁ};- grir
beam. Actual loading fhlstory {
beam is given in Table.jf
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) DATA ANALYSIS

P:]‘H. {1 - Lt r
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- A8 reduced to obtain for each
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>ilear

T st nn L e o
and bendi 1g moment, By ) measured and

calculated deflections at the 1 efere n‘r‘ rJ
::n@a:ﬁ loading points, (iii) r_r_}nt:ribut.iu;u;;
OL shear, flexure and ri gid body rota-
tion to deflection . (iv ¥y TOtat i-_r;..s;;‘ and
curvature 1in each measurement zone, (v)
growth in length and deph, and (vi)
energy dissipation.

The processed data was then plotted in
form of numerous curves illustrating the
performance of each test beam. Data
listing and detailed curves can be found
in the UASE Report 208 . A few dimen-
sionless quantities such as equivalent
cycle stiffness and energy index etc.
were introduced to form a reliable basis
for comparison of beam performances.
Onlv a few sets of curves representing
the performance of beams could De
included in the present paper. However,
oven this limited number of graphics 1

: illustrate the
in the followlng

]

quite sutficient to
observations explained
section.

4, OBSERVATIONS

L 1 Concrete strength

reparding effects

: 8 ybservations |
Following © by comparl-

of concrete strength areﬁTadt
son of Beams 4. 119 agdtf¢n.ﬁf
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-howeverl,
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presente d |
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No significant
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¥he dati

higher shear degra

poorer concrete.

c. Equivalent _ ey
approximate measure of ove

‘ ur
of the cycle. As shown l?mf]iagr
variation indicates 8 simll

as regards s - .
d, In Figure 0, R . Thid

plotted against energy f;:;fgazndication
jati re

variation is also a e

of shear degradation. Observethjn it

clearly supports the observatl

given above.

cycle

4.2 Shear ratio

Four beams are compared 1n th‘{ts 1:‘::2:‘5;»pwa*t:tl:i
Beams 2B, 3B and 4A were gimilar in a

respects (except one for each) to the
reference beam 2A. 2B had unequal steel
and therefore received unequal shear. In
beams 3B and 4A unequal shear was
obtained by a different arangement of
the load. Nominal shear in 3B was of the
same order as that of 2A, while 1t was
somewhat higher for 4A with a similar

shear ratio.
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10) and energy dissipatijo, 8,
(Figure 9). s,
New Zealand Code sets certaj, |
rents for beams where the ”fJfri'ir *quiy,
stress exceeds a limiting Val_u_,}_’,}?l she,
these requirements are rej. .,,.;{r;wrr...!,ﬁf'
certain extent 1in the casgegq P e
shear _(:i-.e. VUEP ‘*-f- Vd wn) e . feﬁji“&i
significant gravity f’rjading‘ The Sult
relaxation method, known ¢, ILF,
purely on intuition ig fr_;rmmét _
such a way to increase the o
nominal shear stress valye
the rather heavy requiremens . NS
T o

action, using the expression, b

Vu = (2 “-]ﬂ)lx 0.3'Pj;: (MPa) {
where r is the shear ratio (between n -
and 1.0) and (2-r) is the factor thv
which relaxation is introdyced ]nﬁL
case of shear force being very Small:*i
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| reinforce-
into the correction
]l:.1§ €Xtremely difficult to establish
8 reliable and realistic measure for
performance of a test beam. However .it
should somehow be expressed ! .
(1) energy dissipation capacity, (ii)
ngth degradation properties, (iiij
: degradation properties and (iv)
iftness degradation properties obser-—
d during the tests. An overall evalu-
ion of the performance of the four
eams considered in all these respects,
ay lead to the conclusion that the
performances of 2A, 2B and 4A are
roughly of the same order, and can be
taken as one unit of performance. The

rformance of 3B is obviously superior,
and 1t can therefore be expressed as a
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is a result of the above discussion,
tquation 1 can be modified as,

V.= 0 x0.3 VE_ (MPa) (2)
where a = 2 ~-§ LS 518
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_' Figure 11. Contributions to deflection, Figure 12.
Test Beam 2A

| In this form, the correction is more introduce thi |

1S 1improvement into Se1lsmic

realistic and it agrees with the test design of beams, agrees very well yirn
results very well, the test results, However, it is
obviously based on @ very limited

experimental evidence; it should there-

fore investigated further an
modified if necessary,
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APPENDIX

h and hi:2.p 9 t he

G i
O 1 ashear LO

In }njrljglrtip}1y
contribution

measurec
;;i vell

. resent pd pt" E 2
tota { iif.:‘ I lecCt LON was

of shear

used as a

degradation. Variations
in Figures 4 and 8 were based on exper.
~  flexural def lection,

shear deflection and deflection due tTO
rotation measured  at the reference

pictures of -the
contributions are
12 for two Lypi-

mental values 0l

end
point. More detailed
variation of these
given in Figures 11 and

cal test beams.

i?ﬁrgy dissipation and equivalent
cycle stiffness calculations were
naturally based on experimental load-
je?iection and moment-rotation relation-
h These curves for two typical test

3
¥y

shi
B o - - ) -
beams are given in Figures 13 to 10.




