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STRENGTH BEHAVIOR OF HIGH STRENGTH R/C COLUMNS UNDER

BIAXIAL BENDINGfSHEAR AND VARYING AXIAL LOAD

Mitsuo MIZOGUCHI*, Takashi ARAKAWA and Yasuyuki ARAI®

ABSTRACT

Twelve short square R/C columns using high-strength concrete were
tested to examine the effects of biaxial bending-shear force and varying
axial load on the shear and flexural strength behavior. The columns were
cyclically deflected either along their transverse principal axis to produce
uniaxial bending-shear or along their diagonal to produce biaxial bending-
shear. For columns failing in flexure, the experimental results were found
to be in close agreement with the computed vealues given by the AIJ Code,
regardless of the differences of concrete strength, bisxial bending-shear
and varying axial load. For short columns subjected to low compressive or
tensile axial stress, the computed ultimate shear strengths by the 1988 AIJ
Design Equation overestimated the test results. The shear test results were
in best agreement with the computed values by the "Kuramoto-Minami's Ulti-
mate Shear Design Equation" proposed in 1990.

1. INTRODUCTION

Recently, there has been a rapid growth of demand for high-rise R/C
buildings, which require the use of high-strength concrete and reinforce-
ment. The experimental studies on the strength behavior of short R/C columns
using high-strength materials has been carried out and published by many
researchers[1,2]. On the other hand, in the case of square short columns
with moderate levels of transverse reinforcement, it was pointed out in Ref.
[9] that the previous loading in either direction did not significantly
affect the ultimate shear strength of these columns. However, very few
stodies have been conducted on the flegural and shear strength behavior of
high-strength concrete columns subjected to biaxial bending-shear and vary-
ing axial loads.

This report describes the test results (B columns failing in shear and
4 columns failing in flexure) that examined the strength behavior of high-
strength concrete (design streagth Fc ranging from 300 to 600 kgf/cm?)
columns wnder varying axial loads. In this test, specifically, two types
of lateral loading along a principal axis to produce uniaxial bending-shear
and lateral loading along a diagomal direction to produce biaxial bending-
shear are applied and compared.

*Department of Civil Engineering and Architecture, Mureran Inst. of Tech.
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2. EXPERIMENTAL PROGRAM
2-I19

2.1 TEST SPECIMENS ﬂp

A total of 12 approximately 1/5-scale
column specimens shown im Fig.l were tested. pyr ghear _] 3~40@45
All specimens had an 18 cm square section with
eight D13 longitudinal bars (gross reinforcement
ratio Pg=3.14 %) and a clear height of column
h,=45 cm. Four specimens {transverse reinforce-
ment ratio Pw=1.044 % and shear span ratio
M/QD=2.5) were designed to fail in flexure and

...:l
—
4S04—400—t

bxD=254x400

+—4600—+h

eight specimens (Pw=0.456 % and M/QD=1.23) were 44— 1100mm . 4
designed to fail in shear. The cross section of + 8-D13 lﬁﬁ’éﬁ%mn
the test column was so decided to be able to EEH -
produce a high axial compressive stress{g ,=N/bD 3 0-00 KR =45°
=150 kgf/cm?) when loaded by hydraumlic actwator 41604
(capacity=50 tonf). Fig.1 Details of specimen
The specimens  were Table 1 Test specimens
named according to the Fo Shear series | | Shear series I | Flexure series
loading condition and main kgf/em’ Oo = -60~45~150 |0g = ~40~30~~100 {0q = -60~45~150
variables as indicated in n, —0.200~0,150~0,500 |-0.133~0.100~0.333
; 29/3| -30¢ 100t | -3.0¢ 2.0t

Tab!e 1. The first numeral oo g — ovias
1nd1gates _the angle of Bu650 5v258 av1ad
loading with respect to n |-0.133-0.100~0.333 -0.133~0.200~0.333
the principal axis; '0' is g, gqf:s -30¢ 12,0t -15t 7.0t

C e . = (7] oV1im OVflim
uniaxial 1a?ef’a} 1(‘)ad}ng mi5 potpl 4Vl
(g =0") and '4' is biaxial
loadi i th di ! load n [-0.1p0~0.075~0.250 =0,100--0.075~-0.250
oading with diazgonal loa eo0 |22/3] -30t  1a0c -15¢ 7.0t
45° from the principal 8= 0 QVizh ovelzZh
axis. The second mark 'V’ b4 4vidh A¥elan

represents the varying

axial load as shown in Fig.2 (b) and addition of 'f' represents the flexure
test series. The third numerals '25','13' and '12' represent the fluctuating
range of aXxial compressive stress ratio s =g ,/Fc; the first '2' and '1'
represent axial tension of 7 =-0.2 and 7 =-0.133 or -0.100, and the second
'5', '3' and '2' represent axial compression of x»=0.5, 0.33 and 0.25,
respectively. The last marks '¢Z ', 'm' and 'h' are short for the design
concrete strength of Fc=300, 450 and 600 kgf/cm?.

2.2 LOADING HISTORY AND VARYING AXIAL LOAD

The horizontal load was applied by imposing a controlled deflection on
the specimen. On the other hand, the applied axial load was given as a
function of the horizontal load. As shown in Fig.2 (a), the deflection
increment in each cycle was 0.9 mm (rotation angle R was defined as the
lateral displacement & divided by the clear height h,, R=2x10"?=1/500 rad.)
and the displacement was increased progressively from the beginning to the
end of a total of 12 cycles (& =10.8 mm, R=24x10-7=1/40 rad.).

The axial load was varied 12cycle g,

proportional to the lateral shear 'éa 10.8 mm /i__,_
force Q as shown in Fig.2(b). The $ !
values of g ,= 30 and 45 kgf/cm? _,Eo

were assumed as the basic axial §._",,"

load stress of the column. The &+

minimem and maximum axial loads ~ -6 [10.Bum e -60
were determined to develop as the (a) Cyclic loading history = (b) Varying axial
lateral shear forces of column Fig.2 Cyclic loading history

reached about 2/3 of the nltimate and varying axial load
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shear strength calculated by the existing equation [3]. The values of 2Q/3
are shown in Table 1.

2.3 MATERIALS AND FABRICATION OF SPECIMENS

Properties of the reinforcing bars and the design concrete mix propor-
tions are summarized in Table 2. All specimens were horizontally cast in
steel forms. Three days after casting, the specimens and the control
cylinders (diameter=10 cm and height =20 cm) were stripped, and then kept
continuously wet and covered with a polyethylen sheet until 80 % of concrete
design strength was attained. The specimens were tested at the age of 19~
50 days. The actual concrete strengths of columns ¢, are given in Table 3.

Table 2 Materials

ulSize As Oy Es(x10%) Fe w/c Mix.prop. Remark
g (cm?) |(kgf/cm?)(kef/cm?) (kgf/em?)| (#) | € : 8 : G
5| 4% (0123 2070 1976 || o 300 60 | 1: 2.86.: 3.73 | for f£-type
8| 64 |0.282 | 3770 2.050 | & 450 44 | 1:2.24: 358 | ovidm, 4vidm
“lp10 [0.713 | 3870 — | 450 42 | 1:288: 3.76 | OVE13m, 4VEldm
‘s 1D13 L1267 3500 1.840 g 600 31 1:1.757 2.73 | for h-type
™ |p1g |2.865 | 3870 — © by weight
2.4 LOADING APPARATUS -
Reaction frame
Figure 3 shows an elevation view g Ho414%405x13x28 —
of the loading apparatus. Axial and LI LTI T TTT] [11] -”?-iig
lateral loads were applied to an L- L2l Actuator fo 5
shaped loading frames by hydraulic H[@ @ °
actuators & and @, respectively. Harizontal Tf Zﬂé
Actuator () was used for keeping the Brace = bﬁﬁ;ﬁ
upper and lower loading beams hori- f]lll\r|]|J ANEEE
zontal during shear test. On the ' 2 - 3@

other hand, actuator () was used for
keeping such as the bending moment

0
1 \Un'iversa'i/'

at the top of column M,,,=0 and T -g ﬂt F}?ggf_‘\“’"
bending moment at the bottom M,,,=
M,., during flexure test. Fig.3 Loading apparatus

The influence of the angular deviation of vertical actuators on the
lateral shear force was considered. Three horizontal braces were used for

restraining the specimen from rotating in the direction normal to the load-
ing plane during loading as shown by solid square marks in Fig.3.

2.5 INSTRUMENTATION AND TEST PROCEDURE

The applied lateral and axial loads were measured by load cells which
were incorporated in the loading and restraining actuators @ to & . In
order to obtain the lateral displacement in the loading direction of column,
four linear variable differential transducers were used, two on each side of
the loading plane and located at the mid-depth of the upper and lower beanms.
Similarly, six linear transducers were used for measuring the axial dis-
placements between the upper and lower beams. Strains in longitndinal and
transverse reinforcement were measured by wire resistance strain gages
{length=2 mm), as shown in Fig.1 by solid circle marks. Load-deflection
curves and strains were recorded by personal computer and stored in floppy
disk at each load stage. Also, crack patterns were traced and photographed.
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3. TEST RESULTS AND DISCUSSION
3.1 FRACTURE PROCESSES

The applied axial load for a column is basically different betweeam the

positive and negative loading. Therefore, the crack pattern, failure mode
and load-deflection relationship in each specimen
are not symmetric as shown in Figs.4 and 5. Q) h$?)5h9m75"1es
L OV1Zh
OV258 —~ = QVidm —= = QY12h -d= —a_ —~ 18] L2
25¢ m Ov12h OVELl3m ik :f\\\
i - B ~<0V13m
8 ovisd
- F 0v254
R B, =4, 1. L.
<) 4 8 6(m)
at PR i =

x(d):l;llax(e)“-&()max(f ) -Ql‘lax (®) +Qll-ﬂx(h) :Qmax

4¥25¢

CRZEE b
IR e . ; Bl foor T :
{a') rQaa (b')-Qmax (c')+Qmax (d')-Quax (e')+Quax (E')-Quax (5'}+Qasx (h')-GQmox SERTP),| (©) Flexure series
cracks during positive loading 8t \ VelZh
--eresr cracks daring negative loading 4 ovsln
Fig.4 Cracking pattern and after failure o B
4 8 &{(mm)
(1) Shear test series - Q{n)
In the positive loading of the OV-type Fig.5 Load-displacement
column, flexural cracks occured in the first envelope curves

cycle at both ends of the column. And then the diagonal cracks appeared in
the 2nd~ 3rd cycles as shown in Figs.4 (a), (c) and (e). Soon after that,
these shear cracks extended and a little bit widened. The maximum lateral
loads were reached after yielding of the transverse reinforcements placed at
the position of 9 cm from both ends of the colunn, In the case of high-
strength concrete columns, it was observed that few cracks appeared and the
load carrying capacities dropped rapidly after reaching maximum load.

In the negative loading of the OV-type column, the crack appearance and
its propagation behavior are different from those of the positive loading,
because the applied axial load of column varied from compression to tension.
The shear cracks were more horizontally inclined and widely distributed
throughout the height of the column than those in case of the positive
loading. These shear cracks extended with the increase in the displacement
level and crossed with the diagonal shear cracks of the positive loading.
With further increase in loading cycles, the maximum-loads were attained
with spalling of cover concrete on the longitudinal middle bars. The load
carrying capacity of column reduced gradually as shown in Figs.5 (a) and (b),

On the other hand, for the diagonally loaded 4V-type columns, the cracks
widely propagated on all face of column. The crack propagation and trans-
verse reinforcement yielding in the both positive and negative loading were
similar to the OV-type columns.

(2) Flexure test series
In the positive loading, all four columns reached the maximum load at
the 4th~ 5th cycles and failed in flexure with the longitudinal bars yielded
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and concrete crushed, in spite of differences of concrete strength and
lateral loading direction angle @ .

In the negative loading under axial tension, the load carrying capacity
of the column increased gradually with the increase in loading cycles. The
cyclic loading was stopped at the 12th cycle leaving a reserve tensile
strength.

{3) Load-displacement envelope curves

In the positive loading of the shear test series, as shown in Figs.5
{a) and (b), the ultimate shear strength is higher for columns with higher
concrete strength o ;. However, the load carrying capacity after reaching
maximom load dropped rapidiy. This tendency is more remarkable in the &4V-
type columns than the OV-type columns.

On the other hand, in the negative loading, no recognizable differences
with respect to ¢, and § were observed. The load carrying capacity after
reaching maximum load showed a smoother slope.

In the case of the flexure test series as shown in Fig.5 {(c), the slope
of load carrying capacity after reaching maximum load was more gentle than
the shear test series.

3.2 CRACKING STRENGTH tQbep
(e ov

(1) Flexural cracking load 12¢ ojszz-49w—“J£T:;%osi.

Figure & shows the results of the 8;_4§Lh.:zﬁ::_1]é::=~-q;—
infinence of ¢, on the flexural cracking Eq.(iXan=150)\L Vi

0 —

load. In this figure, the three dotted lines 4F Eq.(1)(cn=0)t‘_—-=(—')ﬁ;ga-
show computed values given by Eq. (i) assum- ] ===
ing that axial stress ¢ ,=0 and 150 kgf/cm®. 0500 400 500 600
As can be seen, all the test results in the Op kef/em?
positive loading show a little higher values Fig.6 Flexural cracking load
than the computed values(as a square column) tQscp

obtained from Eg. (1), To the coatrary, in (9}

the negative loading, test results are a 16 ¢

little lower than the computed values. 12;

However, the test results resembled with L

the tendency of Eq.(1). -3

(2) Shear cracking load 4T =

As shown in Fig.7, the shear cracking L ! OV _(-)Nega-

loads in the both positive and negative 0 300 400 500 600

Op kgf/cm?

loading increase a little in proportion to . .
Fig.7 Shear cracking load

the increase of concrete strength g ;.
The existing empirical Eq.(2) for shear cracking strength can be applied to
the high strength concrete columns under biaxial bending-shear and varying
axial load.

3.3 ULTIMATE STRENGTH

The ultimate shear and flexural strengths of column subjected to vary-
ing axial load can be evalunated by adopting the lateral shear forces ,Q, as
the axial ioad reached maximum in each positive and negative loading. The
measured .Q, and the ratios of the test results to the computed values by
Egs. (1}~ (5) are listed in Table 3.
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Table 3 Test results
Coluan | 9B E At flexoral cracking| At shear cracking At maximum load eai tuce
Mo, . oe |3 tQbc tObe tQac EQsc tQu 00 tQu tQu  _t0u | aode
(kgf/em?) S| n {ton) ecQbe (ton) eQsc 7 {ton) (mm) cQsu cQs cQfu

ovzse 342 +[ 0439 1030 1.24 L4388 1240 1.07 439 K 2 0.84 .02 0.78( S
3.0 {-]-0023 1.54 0.93!-0.090 2.09 Q.45 §-0.175 5.21 812 0.69 0.88 0.55| 8§

oviag 332 +f 0299 949 1.56 0.300 11.43 1.20) 0301 1224 L69 0.9 Q.98 O0.71f S

333 |- 0003 1.24 0.60 |-0.061 2.07 Q.42 |-0,120 6,35 542 0.78 0.82 0.37] §

ovlim 471 +| 0.290 10.49 1.31 | 0.316 14.89 1.12 | 0.318 1522 270 0.8 0.91 0.71} §
41.9 |-} 0032 125 0.45 |-0.078 2.34 Q.46 | -0.127  5.83__516 0.62_0.97_0.34] 5 _

OVizh 602 4+ 0.225 12.03 1.48 | 0.248 17.64 1.l6 0.249 17726 1.47 0.90 0.88 0.78) §

523 | -] -0.035 1.0 1.37 | -0.100 395 0.87 | -0.100 5.29 266 0.46 0.87 0.35 S

4vase 323 +| 0409 B.36 1.12 | 0.468 13.68 1.21 | 0.564 1383 271 0.91 .13 0.88] 8

304 |~ 0016 1.20 0.60 |-0.152 2.76 0.71 [ -0.186 545 720 0.75 0.93 0.37 b:]

wig 328 +1 0.217 5.36 1.10 | 0305 12.45 1.31 0.305 1264 266 0.94 1.0z 0.73{ s
30,5 [-] 0032 0.89 0.40 |-0.123 3.23 0.77 {-0122 752 5.41 0.93_0.97 0.52| §

AV15m 478 +] 0295 10.94 1.34| 0313 16.17 1.20| 0314 17.08 232 0,96 1.00 0.79] S

414 |- | -0.007 141 0.72 |-0.126 381 0.95 | -0.126 635 722 0.66 1.03 0.42 s

4Vi2h 598 +| 0176 8.10 1.18 0.251 19.00 1.25 0.251 21.64 266 1.10 1.07 0.9 8

51.3 |- 0.001  1.29 0.55 |-0.080 2.53 0.49 | -0.100 585 269 0.32 06.96 0.38 5

ovEldm 508 +| 0235 500 1.37 — - _— 0.295 10.20 362 0.79 0.60 0.99( F
43.3 |-] 0013 0.79 0.65 - — = 1=0118 >5.85 10.47 0.77 0.49 0.91| F _

OVelZh 603 +| 097 4.97 1.34| 0.247 969 0,93 | 0.249 10.43 232 0.72 0.54 0.91( F
NeSR | 498 |- -0.036 096 3.39) — .|=0.100_ _>5.59 10.87 0.67 0.46 _0.87( F _

4V¢lin 492 +| 0279 610 L.52 1 0.302 0.305 9.77 432 0.72 0.54 0.90| F
521 |-|-0028 050 1.20| — ~0122  >585 1032 0.79_0.47 0.91| ¥

5vgizh 598 +| 0195 4.80 1.31 _— 0.250 10.69 356 0.74 0.55 0.9%4 F

47,6 |- | =-0.022 0.94 1.08 — -0.100  »6.12 1081 0.74 0.51 0.95| F

For the calculation of the shear force Q in the following egquations,
the differences of loading direction angle ¢ are neglected.
Flexural cracking strength [3]:
W,c=1.8/ o s+Ze + ND/6,
Shear cracking strength [3]:
Qsc=1{0. 085ke( o 515000 /(H/Qd+]. T3}0],
Ultimate shear strength [3]:
Qsu={0. 115kukp( & s+180)/(M/Qd+0. 12) + 2. /PR oWy }bj,
cqu-'»(l).9+an/250)qu. (00_515[]) --.-o.----oncuoo.-----(g)

Kuramoto-Minami's egquation [4]:
cQs:bd.Pwawy + (7 "’""2“ -P'a'y/a-n) bDoB'."."".""'.""'."(4)

as 7=20.5-2q, v={v (7 +2a)(1-7-2a)+(L/D)*~(L/D)}/2,
as 7 >0.5-2q, 7=a=(VTHL/D)*—-(L/D))/2
Ultimate flexural strength [3]: -
Nmax=N>Nb, Wu={0.5a 0,2 D+0.024(1+ g,)(3.6 ~g )bD* g s}
*(Nmax —N)/(Nmax—N,)
No2zN>0, Mu=0.5a,0,g ,D+0.5ND(1-N/bDa »)
0>NzNwin, Mu=0.5a,0,2,D+0.0Ng.,D,

(-_ch:zlbc/ho “‘""""""""""'(1)

cBse=(1+ 0 o/150)Qscons===+(2)

cOfu=XZMu/ h se=e=es=(5)

(1) Ultimate shear strength tQu m?‘i"l‘—:
Figure 8 shows a relationship (v) 5 00’-1591"/”9/
between ,Q, and ¢ ;. In this figure, 207 ?.-‘\‘5-5}&"/ o
the dotrted lines are the conmputed 16pF .~ /
values of a square column givel:;el by . "“%: #a-(4X00 =150)
Egs.(3) and (4) assuming that ¢ ,= 12| 198?.“.'.’2!.‘1--(--3-1;'
150, -60 kgf/cm? and neglecting the [ ez =280) . _-.{-)Nega.
effect of @ . Also, the comgputed 8 EE:(%U'E“-_-'E}_'_(Q)(UP_“."GO)
values obtained from 1988 AIJ Design 4'_ 0 “_____--._
Equation and AIJ R/C Standard [5,6] [ --eemeemm e IORC
are shown by Ibroken lines. t L L L
As can be seen, the .Q, in the 0300 400 s00 600

positive loading increased in propor-
tion to the ¢ ,. The rate of increase

U kgf/cm2
Fig.8 Ultimate shear strength
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in 4V-type columns are a little higher than that of OV-type columns.

In comparison with the 25/-type and 13¢/-type columns under same g , but
having different fluctuating range of 5 , as shown in Table 3, the ,Q, of
25¢-type columns with high 7 indicated a little higher valume than that of
the 13f-type columns. On the other hand, in case of the 13¢-type and 13m-
type columns under same fluctuating range of 7 but having differentg , the
Q. of 13m-type columns with high ¢, indicated a little higher value than
that of the 13£-type columns.

(2) Comparison of the shear test results with computed values

in the positive loading, the shear test results are about 16 % lower
than the computed values given by the existing Eq.(3}. This means that the
Eq.(3) overestimated the test resuits. Baut the results are in best agree-
ment with the computed values obtained from"Ultimate Shear Strength Egq. (4)7
proposed by Kuramoto-Minami in 1990, regardless of the differences of load-
ing direction and varying axial load. In this case, it is necessary to
expand the applicable upper limit of g, up to 600 kgi/cm®.

In the negative loading, the shear test results showed almost constant
values regardless of the differences of g, and 6, and are in best agree-
ment with the computed values given by Eq. (4).

For the allowable temporary shear force of column prescribed in the
"ATJ R/C Standard” [6], all shear test resmlts in the both of positive and
negative loading are conservative values. However, it is necessary to note
that the “1988 AIJ Design Equation” [5] and Eq.{3) overestimate the shear
forces of the columns with tensile aXial stress.

{3) Flexure test resunlts

As listed in Table 3, flexural strength of four columns in the positive
loading showed almost all same values, in spite of differences of # and
o 5. These test results are in good agreement with the computed values given
by the flexural strength Eq.(5). On the other hand, in the negative loading
under axial tension, the cyclic loading was stopped at about 90% of computed
values given by Eq. (5).

(4) Comparison of the past shear tests with computed values

Table &4 shows a comparison of the past shear data of 32 columns tested
in our laboratory [7,8] with the computed values given by Egs.(3),(4) and
AlJ Commentary Eq.(6.9)} [5]. For the 18 columns in the Ref.{8] and this
test, because the axial loads in the positive and negative loadings are
different, the data im both loadings are treated separately. Therefore, a
total of 50 sets of test results data were compared.

As listed in Table 4, the computed values given by Eq.(3) are a little
overestimated. On the contrary, the values by Eq.(6.9) are a little under-
estimated.

Table & Comparison of shear test data with computed values

Name of Eq. Eq.(3) AIJ Com.Eq. (6.9) Eq. (&)
Axial tQu Standard Varia.| tQu Standard Variz.| tQu Standard Varia.
Data | 10ad |¥O- | @su  devi. catioz| ova  devi. ratiol Cos  devi, ratio}
Ref.7|Compr.} 9 1094 0.085 8.8 |1.15 0.093 81 | 113 0.091 8.0
t4 |0-Ten.| 5!0.98 0.093 9.5 {098 0.050 5.1 | 096 0.050 5.2
Ref.8 |Compr.} 10 [ 0.91 0.046 5.0 | L15 0.055 4.8 |1.11 0.051 4.6
10 0-Ten.|10 |0.97 0065 5.8 | 086 0061 7.1 | 0.82 0.059 7.1
Herein|Compr.} 8 10.93 0074 8.0 | 118 0115 9.8 | 1.00 0.078 7.8
8 Ten. 8 [0.68 0.138 20.5 | 1..42 0140 9.8 [ 0,93 0.068 7.3
Total Comp. |27 1093 0.073 7.8 |116 0.09 7.7 |1.08 0.092 8.4
32 0-Ten.] 23 {0.87 0.173 20,0 | 1.08 0.268 24,8 | 0.89 0.085 9.6
Total [50 |0.90 0,133 14,8 | 112 0.197 175 | 0.99 0.131 13.2
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Figure 9 shows the relationship 1.5} p:Ref.7
between the ratio of the test results a:Ref.8
to the compunted values given by Egq.(4) jfgi_ % :This test
and the axial compressive stress ratio cQs x a
n . The ratios of ,Q,/.Q. showed =a ]“Ogr'g
tendency to slightly increase in pro- X ?g’
portion to 5 . However, the average [
ratio taken from the 50 data sets is ost
equal to 0.99 (standard deviation is -0z 6 * 62 * [£4 * &g
0.131 and variation rate is 13.2 ). i : n=0/0g

Also, the computed values by Eq.(4) ig.9 .
are in best agreement with test results. Fig.9 Comparison of .Q,/.Q. and 7

a
n
117N @gk a
ol g Ay
TH X
x X

[odi w9

4. CONCLUSION

Based on the results of this study the foliowing conclusions were made:
(1) The ultimate shear strength of short column, within the range of ¢ ;=300
~600 kgf/cm?, increases in proportion to the concrete strength g ;.
(2) The ultimate shear and flexural strength of short column under biaxial
bending-shear is similar to that of colume loaded along the primcipal axis
and there is almost no need to consider the effect of ¢ .
(3) The ultimate shear and flexural strength of short column under varying
axial load can be evaluated by adopting the lateral shear force as the axial
load reached to maximum in each positive and negative loading.
(4} The computed value obtained from Eg.(4) proposed by Kuramoto-Minami is
in best agreement with the shear test results. It is necessary to note that
the 1988 AIJ Design Equation and Eq.(3) overestimate the calculated values
as compared to the test results for the short column under tensile axial
stress.
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