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SYNOPSIS

This paper presents the experimental studies carried
out on reinforced concrete columns with double-spiral web-
reinforcements wound and welded on logitudinal bars by the
machine which has been developed, aiming at the prefabri-
cation of reinforcement bars assemblages as well as the
improvement of columns as regards to earthquake resistance
capacities. About thirty specimens have been tested, sub-
jected to alternating repeated anti-symmetric loads with
constant axial load. The variables considered in this in-
vestigation are shear span ratio, axial load level, the
amount and diameter of web reinforcement, the angle between
web and longitudinal reinforcements and the with or without
weiding between both the reinforcements. It has been found
from the tests that double spiral web reinforcements are
much more effective for reinforced concrete columns than
conventional web reinforcements.

INTRODUCTION

One of the most important factors in the Structural
design of tall buildings in such countries having large
seismic loads as Japan, is how to obtain sufficient shear
strength for the columns with small shear span ratio. The
objective of this paper is to review recent reseach (4)
carried out at University of Hiroshima, on reinforced con-
crete columns, made from the reinforcement bars assemblages
fabricated by the machined as shown in Fig. 1(2) and to
use these results to provide a means of determining seismic
design for columns with double spiral web reinforcements.
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TEST PROGRAM

The tests specimens, as shown in Fig. 2, are one-third
full scale of the columns which are subjected to anti-
symmetrical lateral loading with or without constant axial
load as shown in Fig. 4. The variable elements of the
specimens are shown in Table 1. Structural deformed bars
SD35 (D25,sr = 3.82 t/cm?2 and. D29, st = 3.75 t/cm2) were
used as logitudinal reinforcements in columns and steel
wire (54, 94) and structural round bars SR24 (9g) were
used as double spiral hoops (web reinforcements) and con-
ventional hoops respectively. The stress strain curves
for these hoop materials are shown in Fog. 3. The ordinary
mixed concrete consisted of portland cement, river sands
and usual size aggregates were used and their compressive
strength of cylinder are shown in Table 1. Specimens were
subjected to more than ten times alternating lateral loads
up to ultimate to study their hysteretic loop characteris-
tics. The relative displacements due to the rotation bet-
ween both up and down gauge houlders were measured as shown
in Fig. 4. The strains for both reinforcements and con-
crete were also measured by using wire strain gauges.

TEST RESULTS

The results of tests are shown in Table 2 and illust-
rated in Fig. 5-6. Based on the results of 26 tests, the
following trends were observed:

(1) The maximum load of double spiral hoop specimens
without axial load is about 30% higher, regardless of the
shear span ratio and web reinforcement ratio, than that of
conventional hoop specimens with the same ratio of web re-
inforcement. It is about 24% and 15% higher for the speci-
mens with axial load of 36.7 kg/cmZ2 and 73.3 kg/cm2 respec-
tively (Table 2, 8) col.).

(2) The maximum load is not influenced by the diameter
of web reinforcement or the angle between web and longi-
tudinal reinforcements (Table 2, 8) col. No. 3 - 10 speci-
mens) .

(3) The loop of load-deflection is nearly the same in
positive and negative loadings for double spiral hoop
specimens while it is smaller in negative loadings for
conventional hoop specimens (Figs. 5-6).

(4) The resisting load does not decrease so much even
in the range of large deflection for the double spiral
hoop specimens with the web reinforcement ratios of 1.2%
and 1.8%.
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(5) The maximum load of the specimens with web rein-
forcement ratio of 1.8% is nearly the same with that of
specimens of 1.2% but the resisting load at large deflec-
tions does not decrease even under high axial stresses of
73.3 kg/cm?2 (Table 2, 6) col.).

(6) The resisting load at small deflection is small
for the specimens without welding, compared with that of
specimens with welding but they are nearly the same at
large deflection.

(7) The difference of loops between double spiral
hoop and conventional hoop is larger for the shear span
ratio of 1.5 partly due to the fact that the double spiral
hoop specimens reached their bending capacities.

‘General examinations were made into the test results,
on the crack strength, and maximum strength.

(8) There is little difference between double spiral
hoop specimens and conventional hoop specimens regarding
stress levels of bending crack, bending shear crack or
middle inclined crack from which loads deflections increase
more remarkably than before (Table 2 and Fig. 7). Diagonal
line crack or shear compression loads are, however, higher
for double spiral hoop specimens. Bending shear crack )
level can be approximately calculated by Arakawa formula™ ‘.

(9) Web reinforcement share, 7w, in ultimate shear
strength of double spiral hoop specimens can be estimated

by <
T™w = 0.5-pw-soy (pw~so¥ = 80 kg/cm2) (1)

in which pw is web reinforcement ratio and soy is effec-
tive yielding strength for steel wire not having a defi-
nite yield point (0.85-s¢B) while concrete share ruc is
calculated by Ono-Arakawa formulalI) (Fig. 8). The above
equation is also supported by the results of embedded
strain gauges for steel wire.

I) 7. = Vifm ¥ ool 1w = ko (500 + Fo) Mgégsi 1.7

0.115
M/Qd + 0.115

II) Tue = (0.90 + 9%#£50)-ku-kp (180 + Fc)

kc,ku,kp: Coefficients dependent on d.d, and pt, respec-
tively.
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CONCLUSIONS

The results from these tests of the specimens with
small shear span ratio are summarized as follows:

(1) The maximum load of the specimens with double spi-
ral hoop is much higher than that of conventional hoop
specimens and the loop of load deflection curves is much
more stabilized even at large deflections.

(2) The web reinforcements share in ultimate shear
strength for double spiral hoop specimens can be calcu-
lated by assuming the half of reinforcements reaching the
effective yielding strength (0.85s0B).

(3) Further researches are needed to establish design
formula of taking into considerations the loop stabilities
at large deflections.
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DISCUSSION

B.R. Seth (India)

The conclusion of 50% of web reinforcement contributing
to ultimate shear strength. should be based on more rational
way. The quantity contributing to ultimate shear strength
will depend on the ratio of web reinforcement used. The pro-
portion shall be high for low ratios and low )
for higher ratios for web steel. More thorough investiga-
tions are recommended.

Author's Closure

With regard to the question of Mr, Seth, we wish to
state that the authors agree that the web reinforcement con=~
tributing to ultimate shear strength is not proportional to
the ratio of web steel used. However, the web reinforcement
ratios used are usually relatively high for the shear-fajlure~
type columns with the small ratio of shear span, for which
double spiral web reinforcements have been found to be used
most effectively. In this range of high ratios, the conclu-~
sion of 50% will be valid. It is also natural that non-linear
expression, such as the 1.5 times as much as the values obtai-
ned by the non-linear curve shown in the Fig. 8 of the paper,
should be established for the wider range of web reinforcement
ratios.
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