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ABSTRACT

This study concerns the strengthening of reinforced concrete (RC) columns
against earthquake force rather economically. To save human lives as many as
possible during severe earthquakes, it is necessary to minimize the subsidence
of slabs at each floor level as small as possible and behaviors of columns which
support slabs have decisive influence. For this purpose, RC columns with a re-
inforcing bar in the central position of the section were taken up. It is expected
that this type of RC columns would show higher properties for minimizing the
shortening of the length after some shear and bending cracks occurred. To certify
the effect of this way of reinforcing, experimental study using 12 specimens of RC
short columns of shear span ratio of 2.5 was carried out. To compare the behav-
iors of columns with central reinforcing and without that, 6 pairs of specimens
were used. The specimens were loaded by both axial and horizontal cycle load
and the failure processes to the ultimate state of the member were examined.
The efects of axial load and detailing of tie reinforcement were also discussed.
As the results of this study, the effects of central reinforcing for making higher
the earthquake resistant properties of RC columns were observed.

INTRODUCTION

It is inevitable that during severe earthquakes in RC columns many cracks
occur. The possibilities of shortening of column length are very high and in the
worst case columns collapse completely and slabs which are supported by columns
would fall down. ’

It is proposed that as one way of reinforeing RC columns rather economically
for above mentioned phenomena to put central reinforcing element in RC columns
(Fig. 1). Columns undergo total bending deflection as members of portal frames.
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Figure 1. Axonometric drawing of specimen.

Ordinary reinforcing bars are subject to additional bending strain and are rather
easy to buckle. But the central reinforcing element is not subject to this additional
strain and the possibility of buckling is lower than that of peripheral reinforcing
element. Therefore it is expected that central reinforcing element would be more
effective for preventing the shortening of the length of RC columns. In this study,
a central reinforcing bar is used. But in practical cases, it is expected to use a
steel pipe or a steel H-section which has higher buckling resistance than ordinary
reinforcing bars. '

EXPERIMENTAL PROGRAM

For all the column specimens, the cross section is 20cm X 20cm, the length
is 100cm, the ratio of shear span to depth is 2.5 and the main bar ratio (P)
is 1.00%. The configuration of the specimens is shown in Fig. 2. The variables
which are considered to affect the behavior of RC columiis subjected to axial load
(N) and shear load (Q) are as follows:
(1) Axial load ratio (0o = N/F. - A.)
0.25 and 0.33
(2) Tie ratio (Pw)
0.56%(2 — 9¢ @110), 0.85%(2 — 9¢ @75) and 1.28%(2 — 9¢ @50)
(3) Central reinforcement ratio (F)
0.0% and 0.97%(D22)
where, F. is compressive strength of concrete’ and A. is equivalent cross section

area. . 21
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Figure 2. Test specimens.

Table 1. Properties of specimens.

Strengthof Axial load Tie ratio Tie pitch Tensile steel Central bar
Specimen Concrete (kgf/cnl) ratio ratio ratio
Compression _ Tention (%) (%) {mm) (%) (%)
9201 298.5 25.90 0.25 1.28 $0 0.95 .-
9202 298.5 25.90 0.25 0.85 75 0.95 -
9203 298. 5 25.90 0.25 0. 56 110 0.95 -
9204 304.9 26. 26 0.33 1.28 50 0.95 -
9205 304.9 26.26 0.33 0.85 75 0.95 -
9206 304.9 26.26 0.33 0.56 110 0.95
9207 321.6 21.20 0.25 1.28 50 0.95 0.97
9208 321.6 21.20 0.25 0.85 75 0.95 0.97
9209 321.6 27.20 0.25 0.56 110 0.95 0.97
9210 231.2 21.80 0.33 1.28 50 0.95 0.97
9211 231.2 21.80 0.33 0.85 15 0.95 ° 0.97
9212 231.2 21.80 0.33 0. 56 110 0.95 0.97

Table 2. Properties of reinforcement.

Cross Yielding point
section(cnf)  strain(X) strength(kgf/cnf)

D22 3.87 0. 206 35586.2

D13 1.27 0. 202 3635.8

9¢ 0.64 0.180 3195.3
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Figure 3. The loading set-up.

Table 1 and 2 show the properties of specimens and reinforcements, respec-
tively. The loading set-up is shown in Fig. 3. The loading process is as follows:
(a) to apply constant axial load, (b) to apply horizontal shear load of 3tf, (c) to
apply horizontal shear load to cause first visible bending crack, (d) to apply hor-
izontal shear load to cause first visible shear crack, (e) to apply 4cycles of shear
load for relative horizontal displacement of £10mm (deflection angle of 1/100),
(f) to apply 3cycles of shear load for relative horizontal displacement of £20mm
(2/100), £30mm (3/100) and +40mm (4/100) and (G) to apply lcycle of shear
load for relative horizontal displacement of £50mm (5/100) as shown in Fig. 4.
The shear loading from the right side is considered as positive loading.

60

40

20

-40 |

-60

Bending Crack
A ial ///
load
/ Shear Craock |
'\
AA/\/\/\/\/\/\/\/\/\/\ L
AT
Control \/
for load | Control for Displacement
o] 1 2 3 4 S 6 7 8 e 10 11 12 13 14 15 16 17

Cycle time
Figure 4. Loading process.
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Table 3. Experimental results.

Shear load (tf)

Specimen : Displacement/Length
Initial Maxinun at 1/100 at_2/100 at_3/100 at _4/100 at 5/100
bending crack dcycle Scycle Scycle Scycle icycle

9201 6.0 -6.5 10.3 .0 -9.7 9.1 -9 8.7 69 6.3 -6.4 6.1 -
$202 49 -0 10.5 - 9.3 -4 9.5 -89 1.4 -6.8 2.5 - - -
4203 $.0  -4S 10.0 9.5 -9.2 8.0 -8.2 35 -85 - - - -
9204 66 -55 1.1 0. 9.3 971 -89 8.6 -9 L8 - - -
9208 L5 5.9 $.7 .4 -%4 81 -l [N} - - - - -
906 85 -1.0 1.0 BN R TH R WA Y - - - - - -
9207 55 -6.0 11.0 9.9 -10.% .7 8.7 88 -2 .8 -1 1.3 -6.2
9208 6.6 -5.5 1A 10.9 -t0.4 9.4 -B3 L S A N R A oo -
9209 &8 -5.0 10.2 9.1 4.5 19 -1 1.8 s - - - -
9210 8.0 -85 10.3 8.4 -8.0 85 -2 LA N .0 51 .9 -5.2
92t L5 LS 9.3 .1 -2 Ly -1 6.2 5.1 0 -2.2 .1 -L0
9212 5.0 -50 9.7 ‘8.1 8.3 86 -5.2 3.8 -2.% 0.8 -2 0.5 -

RESULT OF EXPERIMENT
Table 3 shows expermental resuit. |

Dostructmn Properties of Speclmens without Central Reinforce-
ment

The crack patterns and shear loading and deflection relationships at the final
cycle of loading for member deflection angles are shown in Figs. 5 and Figs. 6,
respectively. Cracks are shown by full lines for positive loading, dotted lines for
negative loading and shaded portions for the parts of concrete separation from
main bars. The broken lines in Figs.6 are shown for considering the ductility
properties taking into account the P — § effects.

For the specimens of 1.28% tie mtm, the cracks occur concentrically malnly
in the end portions and at the final stage of loading, the concrete separations
from main bars are observed. It is observed that these specimens show rather
high energy absorbing capacity and are ductile.

For the specimens of 0.56% tie ratio, after maximum loadmg, loadmgs for
2/100 deflection angle caused longitudinal cracks in the compressive zones and
bond splitting cracks in the middle portions and later. on concrete separation
zones broaden. It is observed from the figures of shear loading and deflection
relationships that after longitudinal cracks, the specimens show abrupt declining
of its load sustaining capacity and lose its energy absorbing capacity.

The specimens of 0.85% tie ratio show intermediate properties between spex:-
imens of 1.28% and 0.56% tie ratios.

Destruction Properties of Specimens with Cent;_‘hl Reinforcement

The crack patterns and shear loading and deflection relationships at the final
cycle of loading for member deflection angles are shown in Figs. 7 and Figs.
8, respectively. The crack patterns are similar to those for specimens without
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central reinforcement. The bond splitting cracks in the central portions occur
morc as the axial loading become higher.

For specimens of 1.28% tie ratio, after maximum loading, the declining of
load carrying capacity is rather smooth and show rather high energy absorbing
capacity and rather high ductility even after 5/100 deflection angle.

But for specimens of 0.56% tie ratio, rather abrupt declination of load carrying
capacity is observed and rather brittle property is observed.

The specimens of 0.85% tie ratio show intermediate properties of specimens
of 1.28% and 0.56% tie ratio.

DISCUSSION

After maximum loading, the relationships between deflection angles and shear
loading (Q) and axial displacement (DY) are shown in Figs. 9. In these figures,
shear loading and axial displacement are normalized by maximum shear loading
(Qmaz) and axial displacement (DYrmas) at maximum loading.

It is observed that as shear resistance capacity declines, the axial displacement
become larger. As the axial loading becomes larger, the declination of shear
resistance capacity and axial shortening become larger.

For the case of 1.28% tie ratio, the specimens with central reinforcement show
rather higher ductility and higher resisting capacity of axial loading than those
for the specimens without central reinforcement. But in this case both specimens
do not collapse completely.

For the case of 0.85% tie ratio, the possibility of complete collapse for both
cases becomes higher, and for the case of lower axial loading, no superiority of
specimens with central reinforcement over those without central reinforcement is
observed. But as the axial loading becomes larger the superiority of the former
case for resisting axial loading is observed.

For the case of 0.56% tie ratio, similar tendencies of resisting properties of
both types of specimens are observed.

CONCLUSION

As the result of this study, following results are obtained.

" The ordinary specimen without central reinforcement show different proper-
ties depending on tie ratio and axial loading. Keeping ductility after bending
yielding, the specimens of 1.28% tie ratio fail due to bending compressive col-
lapse at the final stage. The specimens of 0.56% tie ratio show rather brittle
property due to longitudinal cracks which occur in the whole part of specimens
after bending yielding. The specimens of 0.85% tie ratio show intermediate prop-
erties of former two cases. These tendencies become more pronounced as axial
loading becomes higher. -

The specimens with central reinforcement show different properties depending
on tie ratio and axial loading as the case of ordinary specimens. The effects of
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central reinforcement are observed for the case of higher tie ratios and higher
axial loading. For lower tie ratios and lower axial loading, the effects of placing
central reinforcement are not expected. .

For the case of reinforced concrete columns subjected to large horizontal de-
flection and large axial force, besides making tie reinforcement higher, to use
central reinforcement is effective for keeping the ductility and the resistance for
axial force.

Appropriate sectional area and moment of inertia of an area of central rein-
forcing bar or steel member should be studied further.
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ORTADAN DONATILI BETONARME KOLONLARIN
OZELLIKLERININ INCELENMES]

Yasuo TANAKA - Younggon RO - Tetsuya TOYOTA

Bu ¢aligma deprem etkisindeki betonarme kolonlarin oldukga ucuz olarak
giiglendirilmesiyle ilgilidir. $iddetli depremler sirasinda miimkiin oldugu kadar
¢ok sayida insanin yagamini kurtarmak iizere dogsemelerdeki sehim miimkiin
oldugu dlgiide kisitlanmali ve bu konuda etkili olan kolonlarin davramglan
izerinde durulmalidir. Bu amagla kesitinin tam ortasinda da donatis1 bulunan
betonarme kolonlarla ugragilmistir. Bir dlgiide kayma ve egilme gatlaklarinin
ortaya gikmasindan sonra, bu tiir betonarme kolonlarin eksenel boy degisiklik-
lerinin en aza inmesi ve daha iyi 6zellikler gostermesi beklenmektedir. Bu tiir
donat1 kullanmanin etkilerini belgelendirmek amaciyla, moment - kesme kuvveti
orani 2.5 olan 12 adet betonarme kisa kolon numunesi iizerinde deneysel galisma
yapilmigtir. Ortasinda donati bulunan ve bulunmayan kolon davramlarim
kargilagtirmak iizere alt1 ¢ift numuncden yararlanilmigtir. Numuneler diigey ve iki
yonlii yatay yiiklerin etkisinde gogme modlarina ulagilana dek denenmistir.
Eksenel yiik ve etriye donatisinin baglant1 detayinin etkileri ayrica tartigilmistir.
Sonug olarak, ortalarinda da donati bulunduran betonarme kolonlarin depreme
kargi daha iyi davrandig1 gozlenmistir. :
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