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SUMMARY

To verify the full possibility of curvature ductility improvement in con-
crete flexural member by the use of confined concrete, monotonous and repeated
high-over loading tests were carried out on the post-tensioned prestressed
concrete beams and the ordinary reinforced concrete columns with the high yield
strength confining reinforcement. Test results were compared with those ob-
tained from corresponding specimens confined by ordinary yield strength hoop
reinforcement. From the monotonous loading tests, significant curvature duc-
tility improvement were obtained in the beams and columns confined by the high
yield strength hoop reinforcement. Also, very stable moment-curvature hyster—
etic curves were observed in the repeated high-over loading tests.

INTRODUCTION

The primary importance in the aseismic design of framed structure is to
provide the curvature ductility sufficient to absorb the earthquake energy at
the critical section of each constituent member. There are several methods for
increasing the curvature ductility in reinforced and prestressed concrete
flexural members. The lateral confining of concrete seems to be one of most
effective and most practical methods for this purpose, because the compressive
deformation capability of concrete can be considerably improved by lateral
confining.

Past many experimental studies (Ref. 1~5) on laterally confined concrete
had been carried out by using relatively low yield strength hoop reinforcement
of 4,000 kgf/cm? or less, and the yielding of confining reinforcement had taken
place at an early stage of loading, for instance, when the axial strain of con-
crete becomes 0.3 to 0.4 %. Theyielding of hoop reinforcement generally re-
duces the improving efficiency of compressive deformation capability in concrete,
because of the considerable decrease in lateral confining stiffness by yielding.
The author emphasized from the previous studies on the confined concrete with
various strengths of hoop reinforcement from 1,640 to 14,250 kgf/cm? that the
use of confining reinforcement having 8,000 kgf/cm2 or more in yield strength
is necessary for full improvement of compressive deformation capability of con-
crete by elastic lateral confining. In this study, to verify the full possi-
bility of curvature ductility improvement in concrete flexural member by the
use of confined concrete, monotonous and repeated high-over loading tests were
carried out on the post-tensioned prestressed concrete beams and the ordinary
reinforced concrete columns with the high yield strength confining reinforce-~
ment. Test results obtained were mainly discussed on the ability of curvature
ductility improvement in comparison with those confined by ordinary yield
strength hoop reinforcement.
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COMPRESSION BEHAVIOR OF CONCRETE CONFINED
BY HIGH YIELD STRENGTH HOOP REINFORCEMENT

Prior to describe the beam and column test results, typical loading test
results on the laterally confined concrete obtained from the author's previous
studies (Ref. 6 ~9) are summarized briefly in this section.

Tests were carried out on 28 - ¢15x 30 cm concrete cylinders confined by
circular spiral reinforcement and 36 - 19.4x19.4x40 cm square columns by square
one. As the confining hoop reinforcement, the steels having 1,640 to 14,250
kgf/cm? in yield strenmgth and having 5 to 9.2 mm in diameter were used. The
volumetric ratios of spiral reinforcement varied from 0.4 to 3.13 Z, which
correspond to the pitches from 32 to 2.5 cm. The compressive strength of plain
concrete was 300 kgf/cm?, excepting that it varied from 300 to 600 kgf/cm? in
some test series for obtaining the effect of concrete strength upon the confin-
ing efficiency.

Typical stress-strain curves and corresponding confining stress for con-
crete are shown in Fig. 1. The confining stress is calculated from the meas-
sured strain of spiral reinforcement by the formula oy, = 2Agfs/(s-D), where Ag
denotes the sectional area of spiral reinforcement, fg the tensile stress in
spiral reinforcement, s the pitch of spiral reinforcement and D the diameter
of cylinder specimen or width of square column specimen, respectively. It can
be seen in Fig. 1 that the yielding of spiral hoops takes place at the concrete
strain of 0.4 % in case of the ordinary yield strength spiral reinforcement and
after that the strain softening can be obviously observed. On the contrary, in
the case of high yield strength spiral reinforcement linear increase in hoop
strain is obtained with a little or without any decrease in compressive stress
over remarkably large compressive strain in concrete. These facts well suggest
that the lateral hoop reinforcement should confine the concrete without any
release by yielding for purposing the full improvement of compressive deforma-
tion capability in concrete.

~— ¢ 60mm spral hoop ( s=5cm, R=152% fy =117%0kgl /et )
-— @ BOmm spical hoop ( s=Scam, R=153% 1y = 3225 kgt /cm’ )

— ¢ 92mm spiral hoop (s Scm A 269, 1y 10000 kgt/cm')
500, === ® BImm spiral hoop (5= Scm R =261, 1ys 3550kgl/cm’)
oy E
~ omma,

t E L00) T 2
~ s = 8 i 2
by "' B 3 N ... =1
=z = 2300 Voo Tl @
2 \ £ &

= \ Plaj o
'sm " ' ain 3 E
200 \ 0
100 g W R ©
Z § Z
5 CONF STRESS () P 50 § 109 st NS T
R 8

0 05 10 15 20 0 05 10 15 20
STRAIN (%) STRAIN (%)

Fig. 1 Typical measured stress-strain curves and corresponding
confining stress obtained from axial loading tests

To evaluate quantitatively the compressive deformation capability improve-
ment in concrete by lateral confining, the axial compressive strain at which
the average stress in measured stress-strain curve becomes maximum was calcu-
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Fig. 2 Available limit of compressive strain of concrete
obtained from monotonous concentric loading tests

As a reference, typical stress-strain curves under cyclic high-over axial
loads obtained from the cylinder specimen with the high yield strength spiral
hoop reinforcement is shown in Fig. 3 with comparative that with the ordinary
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yield strength one. The stable stress-strain hysteretic curves are observed
in the former in comparison with those in the latter.

Also, the stress-strain relationship of confined concrete with various
yield strength of hoop reinforcement was idearized by the author basing on the
measured stress-strain curves. Details are omitted in this report (see Ref.9),

IMPROVING THE CURVATURE DUCTILITY IN PRESTRESSED
CONCRETE BEAMS BY HIGH YIELD STRENGTH
LATERAL CONFINING REINFORCEMENT

The prestressed concrete beam shows relatively smaller curvature ductility
in comparison with the ordinary reinforced concrete one, and thus the improving
of its' curvature ductility is necessary for successful use in the seismic area.
To verify the possibility of flexural ductility improvement by the use of high
yield strength lateral confining reinforcement, monotonous loading tests were
carried out on three post-tensioned bonded beams laterally confined by high
yield strength rectangular spiral reinforcement and corresponding three beams
confined by ordinary yield strength one. The beams are 16 x 21 cmin rectangular
cross sectional dimension with 14x19 cm in confined concrete core dimension
shown 1n Fig. 4. As the confining reinforcement, ¢6 mm round bar with 11,740
kgf/cm in yield strength was used in the former beam specimens and that of
3,600 kgf/cm? in the latter ones. Three different pitches of 2.5, 5.0 and 7.5
cm in confining reinforcement are prepared in corresponding to the volumetric
ratio of 2.81, 1.40 and 0.94 %, respectively. The mix proportion of concrete
was 1:2.17 : 2.65 by weight with the
water cement ratio of 45 %. The 140 16
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In addition, two beams confined by ¢6 mm confining reinforcement of 2.5 cm
in pitch were prepared in the same manner for repeated high-over loading tests,
where one is confined by high yield strength rectangular spiral reinforcement
and remaining by ordinary yield strength one.

The loading tests were carried out under the loading condition shown in
Fig. 4, and compressive and tensile fiber strains at midspan section were meas-
ured by the electric displacement transducer in the guage length of 50 cm, from
which the flexural curvature was calculated.

Moment-curvature relations obtained from the monotonous loading tests are
shown in Fig. 5 and Fig. 6, respectively. From these figures, it can be seen
the the degree of ductility improvement becomes larger as the increase of
volumetric ratio of lateral confining reinforcement. Especially, in case of
the specimen with the confining reinforcement of high yield strength with the
pitch of 25 mm, (Specimen BH25M), excessively large post peak deformation was
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observed without any obvious decrease of load carrying capacity. Such a con-
siderably ductile curvature deformation seems to be owing to the improvement

in compressive deformation capability of concrete by using the lateral rein-
forcement of high yield strength.

For the quantitative comparison of degree of curvature ductility improve-
ment, the curvature at which the compressive fiber strain of confined core
concrete reaches at the available limit of strain in the stress-strain curve
described in previous section is indicated on the measured curves in Fig. 5
and Fig. 6 . In this study, such a curvature is names as the available limit.

In Table 1, the available limits of curvature obtained are summarized with
the values at the yield load.

Table 1 Available limit of curvature and ductility ratio

T
Confining renforcement l Curvature at yielding L Available limit of curvature i
B:am pitch fy* |¢y(crt);erved) ﬁyc(calcula{ed) ] Za (observed) ' Pac(calculated) Zal@y ' Packyc
° cm kgf/cm? |L x10%em! xW0'em’ | x10’em © o x10 ‘em

BH25M 25 11700 r 0.58 E 0.695 | 2.32 2863 ( 4.00 3.78
BHSOM 5 11700 ' 0.56 i 0540 E 120 133 ; 2.4 2.46
8H75M 7.5 11700 ! 0.43 ; 0.476 , 083 i 0.97 l‘ 1.93 : 2.04
BN2sM] 25 ss0 | ose 0565 | 142 1ar 248 260
BNSOM| 5 3060 | 058 0.476 | 103 0.91 178 1 191
BN7SM| 75 3060 | 037 049 | 055 | 073 |Lw 148

+0.2%% oft-set stress

As a reference, the moment-curvature relationships calculated by using the
idearized stress-strain curve of confined concrete (Ref. 9) are plotted in Fig.
5 and Fig. 6 by broken lines with the indication of available limit of curva-
ture. Good agreement are obtained between experimental and calculated results.

Fig. 7 and Fig. 8 show the midspan deflection hysteretic curves obtained
from repeated high-over loading tests on additional beams. Test results showed
that even under the repeated high-over load, the deflection ductility can be
considerably improved by using the closely spaced lateral confining reinforce-
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ment. Especially, it can be emphasized from the comparison between the hyster-
etic curves in Fig. 7 and Fig. 8 that the improving of the flexural ductility
becomes excessively large in case of the confining reinforcement of high yield
strength, which provides the extremely stable hysteretic load-deflection char-
acteristics in a plastic range without any decrease of load carrying capacity.
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——-- BH25R Repeated Loading Test ———= BN 2SR Repeiled Loadng Test
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Fig. 7 Load-deflection hysteretic Fig. 8 Load deflection hysteretic
curve on the beam with the curve on the beam with the
confining reinforcement of confining reinforcement of
high yield strength ordinary yield strength

IMPROVING THE FLEXURAL DUCTILITY OF REINFORCED
CONCRETE COLUMN BY HIGH YIELD STRENGTH
LATERAL CONFINING REINFORCEMENT

The improving of ductility in columns is also quite important to secure
the ductility of frame itself because the rupture of the column immediatly
leads to the collapse of total frame as a structure. From such consideration,
the possibility of improving the flexural ductility of columns by using high
yield strength spirals were also investigated in this study.

The specimens used are 20 x 20 cmin full sectional dimension with the core
of 18x18 cm and are confined by ¢6 mm square spiral hoops with 11,240 kgf/cm?
and 3,165 kgf/cm? in yield strength. The pitches were 3 cm and 6 cm, which
correspond to the volumetric ratios of 1.68 % and 0.84 %, respectively. In Fig.
9, the schematic figure of specimen is

shown. The target compressive strength B .
of concrete was 200 kgf/cm?. The tests ‘
were carried out by means of applying 0 fl/l'ltorxrvrn!hlx‘::)_it LR (et fom, 1o U S0kt Zon |

the flexural load under the action of
various magnitudes of constant axial
load.
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Fig. 11 Measured and calculated moment-curvature hysteretic curves
for columns with various yield strength hoop reinforcement

The typical moement-curva- Axial Load (ton)

ture relationships as well as
the typical hysteretic moment
curvature curves obtained are
shown in Fig. 10 and Fig. 11.

Also the test results are plot-
ted on the calculated moment-
and the curvature-axial load

interaction curves in Fig. 12.

As can be seen in these figures,
the rotational capacity of the
column can be also significantly
improved by using the high yield
strength hoop reinforcement even
under considerably high axial

load. o
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Fig. 12 Calculated moment- and curvature-
axial load interaction curves for
columns specimens

CONCLUSIONS

From the test results, following conclusions can be derived.
1) Lateral confinement of concrete by high yield strength lateral reinforce-
ment can remarkably enhance the compressive ductility of concrete subjected
to uniaxial load in comparison with that by ordinary strength lateral rein-
forcement. Such confinement is also very effective for preventing the
early fatigue failure of concrete under high intensity repeated load.
2) The flexural ductility of prestressed concrete beams, which is generally
supposed to be undesirably small compared with ordinary reinforced concrete
beams, can be considerably improved by using the confined concrete with
high yield strength lateral reinforcement not only under monotonous load but
also under repeated high-over load.
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&)

9)

Also, in case of ordinary reinforced concrete column subjected to combined
axial load and flexural moment the use of such confined concrete enables to
increase significantly the curvature ductility.

As the test results obtained in this study concern, it can be recommended
that the steel having the yield strength more than 10,000 kgf/cm? is desir-
able to use as a lateral confining reinforcement for full improvement of
flexural ductility in the prestressed concrete and the ordinary reinforced
concrete flexural members.
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