STRENGTH DEGRADATION OF REINFORCED CONCRETE COLUMNS
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SYNOPSIS

This paper surveys a number of static tests done in
Japan on the strength degradation of reinforced concrete col-
umns subjected to multi-cycle reversals of lateral load at
various given amplitudes of post-yielding deformation with a
couple of dynamic tests done at given amplitudes. The number
of cycles of some of the static tests and dynamic tests reac-
hes one hundred at one amplitude. The relations among the
strength degradation of columns, the number of cycles, the
type of lateral loading, the ratio of hoops, the shear span
ratio, the level of axial stresses, the magnitudes of amplit-
udes and the level of shear stresses are discussed.

INTRODUCTION

The recent remarkable developement in the dynamic analy-
sis of building frames has made it possible to compute the
responces for any restoring force characteristics of building
frames by using the earthquake motions recorded. The characte-
ristics of restoring force of reinforced concrete columns
composing frames are, however, much more complicated than
those usually used in dynamic analysis. It has been shown in
many experimental studies so far done, that the loop shape of
force deflection curves varies considerably with the number
of cycles, often lesing the stability, in the post-yielding
range. The first three of the tests reported below were moti-
vated mainly by the Tokachioki earthquake which had attacked
the northern Japan in 1968 and damaged a great number of rein-
forced concrete columns.

DESCRIPTION AND DISCUSSION

In the Bibliography of this paper are shown the titles
of 13 papers dealing with the strength degradation of reinfo-
rced concrete columns subjected to multi-cycle reversals of -
lateral load at given amplitudes of post-yielding deformati-
on. In Table 1 are summarized the size of section of
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specimens, strength of materials, type of 1at§ral loading,
ratios of longitudinal steels and hoops, magnltu@es of amp-
litude, etc., reported in those papers. The specimens were
chosen for some of the tests. There are two types of.lateral
loading, A type of central loading and B type of anti-sym-
metrical loading, as shown in Fig.l. Each range of variables
is as follows; size of sections of specimens 1Ocm x l2cm -
42cm x 42cm, strength of concrete at test 0.203 - 0.444 t/c¢2
yield strength of longitudinal steel 3.00 - 4.60 t/cm2, ratio
of gross longitudinal steel area to sectional area 0.9 - 3.8
% ( 9¢ - D29 used ), ratio of hoops O.11 - 1.28 % ( 3¢ -

D10 ), shear span ratio 1.0 - 11, level of constant axial
load O - 0.476, and amplitude( deflection ratio to shear span
) 0.375 - 4 x 102, The strength degradation ( ratio of the
load at the Nth cycle to that at the first cycle) is shown in
Fig.l for each specimen. The number of cycles of several spe-
cimens reaches one hundred, while that of cycles of specimens
showing rapid degradation is less than 10. It is seen that
there are specimens becoming stable after 10 cycles and, on
the contrary,those suddenly becoming instable at the 70th or
90th cycle. The 4 and 9 tests are those of dynamic loading.

The strength degradation at the 10th cycle is plotted in
Fig.2 for all the specimens with horizontal axis being ratio
of hoops of each specimen. There is a tendency that strength
degradation decreases with the increase of ratio of hoops in
each test, but the range varies widely with tests. In general
the strength degradation is less for the tests of A type of
lateral loading( 1,2,4,6,9) than for those of B type( 5,7,8,
10,11,12) except 3 and 13, both having a small ratio of lon-
gitudinal steel. It should be noted that reinforced concrete
columns of actual buildings can be assumed to undergo lateral
loads similar to B type by earthquake motions. It is clear
from the comparison of 8 and 8 in Fig.2 that strength degra-
dation is more remarkable for the specimens having the grea-
ter value of amplitude $§/a. The equation shown in Fig.2 is a-
ssumed a boundary line for the scatter at the 30th cycle.

In Fig.3 are shown maximum shear stress levels obtained
by dividing maximum shear at a given amplitude with B-7d/8-Jp
for all the specimens. Most tests contains the specimens be-
coming instable within 10 cycles in the range that T/c0g va-
lue is arround and more than O.l. A specimen having the
greater degradation of the 1 test failed in bond. The values
of T/cOsare the greatest for the specimens of the 7 and 10
tests due to the smallest shear span ratio, and the smallest
for those of the 4 and 9 tests due to the greatest shear span
ratio. It is obvious that much more tests should be done in
the range of the greater value of T/c0g.

CONCLUSION

1. ;t.was found that there are many factors affecting
the stability of reinforced concrete columns for multi-cycle

— 1140 —



reversals of lateral loads and that to judge based on small
number of tests is dangerous.

2. Strength degradation is greater for anti-symmetrica-
1 lateral loading which is assumed to be induced by earthqu-
ake motions than for one-central lateral loading.

3. Further dynamic test researches are needed on speci-
mens having the greater values of 7/cds .
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Table 1
Type|Bem |Dem |08 P 7 Pw % | 2/p NéwBD|Ya 1072
T T A 120730 1.33204.060175 DI9].J1,44].40 64| 6 0 1
2 | A 120[20.23[3.99[1.90 DI3|49[74[1.05554 2.5 | .197 | 1
3.3 B | 20 | 20 |.336]3.89]1.07 Dp10]26]52[35[70 4¢] 2 |297ive 1
4 | A |10 12 ]26]3.60(300 DIO| .35 3¢ | 11 | 0 [1]234
51 B [35] 35 360(3.50{2.78 D19|.6l [9] [1.2294] 2.4 | .333 1
6 | A [15]15].222]3.00]12.25 g¢ [.I3].25150]1.003¢] 2 | .180] 2.32
7 | B [ 20| 20 [.335]3.21(2.09 13¢] 44 6¢ | | .333 375469
8.8 B |20 20 [.211]3.92]1.42 Dio[26/43[642436].8% 1.5 | O |1.67/333
9 | A 3030444360226 D25] Lol __ DI0 | 5 0 [1.43[285
00| B [ 20 | 20 [372913.2112.09 13¢| .44 [ 59 6¢ | 1 |I671359 375469
[l | B |15 ] 20 [33.35/4.60(3.80 DI2| .37 6 |1,2,3] .167 1
12| B | 35] 35 |.360[3.50{2.78 DI7].60 [.90].20 9¢| 2.14 | .333 1
13 B | 42 | 42 [.330[3.92[0.90 D29| 1.0 9¢ | 1.95] 167 | 1
1.2 3= Reference Number. Type =Loading Type shown in Fig. 1. B(D) = width (depth)

of Section. c08(s0v) = Strength of Concrete (Steel).

ongitudinal Steels (Hoops).

.t-
5% XX?II LLoa.}.

%/ =Shear Span Rot
%a = Amplitude (Deﬂec:‘tione Roi‘:Pgn'fo Shear SPan ).
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P (Pw) = Reinforcement
NegsBD = Stress Leyel





