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“A STUDY ON THE DUCTILITY OF STEEL REINFORCED
CONCRETE COLUMN SECTIONS SUBJECTED TO CONSTANT
AXIAL LOAD AND REPEATED BENDING MOMENT”

By Minoru Wakabavasur and Michio SHIBATA

Synopsis

A numerical analysis is conducted on the moment—curvature relation of steel reinforced
concrete column sections under constant axial load.  Assuming piecewise-linear hysteretic, stress-
strain relations for steel and concrete and using discrete element approach, the step-by-step incre-
mental calculations show some interesting results that the ductility under repeated loading is much
less than that under monotonic loading, and that there exists some critical value of curvature ampli-
tude for estimating the ductility. If the curvature amplitude is greater than its critical value,
the moment capacity of the cross-section deteriorates considerably under repeated loading.
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Fig. 8. Moment-curvature relation for monotonic loading.
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Fig. 9. Critical curvature vs. axial force ratio relation.
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Fig. 10. Moment-curvaturerelation for alternately repeated loading.
(a) Section 0.



W - S —RMAEEBRTE— 2 Y P EROISRBHN IV ) — FHHOERES

Seclion 1

steo1

o

N/No = 0 '
1030ums0 ounso aomed // yowat
i 1
; I
N/No = 0.1 / e
/ /
1002 e0 feamin ifocwsn / ORHaC
10755 / 190015 6 [ nmb 2000
o Lt o
.
!
N/No = 0.2
1670 10.0010 90 10:605 o0 [0 “m’b 20,00
o 150000 T )
N/No = 0.3
e o
v 20000 NjEOG mnonownmos  Newso  ntownmice Ko
NiNo = 0.4
i e s ]
Al
e e
1
N/No =05
e w . oo
1000 1003100y oms\ 180020700 \/ﬂ.nn

Fig. 10. Moment-carvature relation for alternately repeated loading.
(b) Section I.



160

Section J

WA KMRIEREI95B () 51. 4)

ser o
n town 1200 00 nji0 G we0a mumnjzmos  w-gn noown 20 Wr0o
N/No = 0
(o ipavean igbomnec oo
ey W uomy w0 omL/ "’ “Hnb% 500
200 00 Voo 2o 239 co <200 5
secr s
[ Wiz W sian o 20900 w500 R rown 2060 waisio
N/No = 0.1
sz . e
0% W10 Q/ 102000 / )
| J / ; %
Lo 205 50 <200 50 <200 ¢
sz
o ton | 200 50 n 20050 s 305.0m tomen 2000 s o vowen g3 x < 030
NfNo = 0.2
~ o0ommeo shoseeen honens y .
se.r e
W ronen 200 a0 N0 0w s ass.om o 200,00 w450 " own 120000 W s w0
N/Ng = 0.3 —
I/
. 10tauteo ) ouseo
1000 10700100 0701575 15 0020 Z/ Jw ‘o
w209 0 Croc.a0 o0
P
 tonen ;203,00 W os on owen 2050 W oo nown s Nzoos o
NiNo = 04
1008

755 on Toner | 200,00

ne

N 7580

N/No = 05

200 29 200 02

Fig. 10. Moment-curvature relation for alternately repeated loading.

(c) Section II.



A - SR ¢

—EMP L EBT e~ 2R BHBES 27 ) — FEOERESD

secvon @ g e
n 1eMan | 200 0O LEECKT N0 Q rorQwer ;230 G0 ~Nc00 # TONaR 207 90 wemo b
N/No = 0
<0 <29 30 <203 20
D000 ne e onn oo w1500 n soman 300 02
NINo = 0.1 i
|
so0esead soend fooueeso frvousa
' / 1o 01900 / e / o / T
t
i
|
i
200 0 209,00 <200 00 20200
acs we
W 10w 03,00 0o W vaenaen a0 N mea niown zo0.0e Wz no
!
N/No =02 l
|
10001820 onanas frvounso oaseo
10 4 o010 50 0015 o z / W M.Z// .00
20000 200,00 20,00 203,00
P
» 1owsn 1200.00 nje00s w8 om im0 ws 4180 " rowen 0000 K= 80
N/No =03 I
Jooauneo anesss ouees anes
105 .o.umZ 500175 W5 0020 o
-200.00 <20 30 20800 0.0
sre s
o rouan ‘m ™ niamon ke 6 on town [zno o w:emo noen 0000 %6390

N/No =04 “
10005850

)

-10.00 % 10,0020,

-200.00
ste 3 e
s ToNen 1 200.00

N/No = 05

10008880
Bt

Tobneo
10 oo 0 00015 4
-200.00 -200.00

-200 00 -200 60

20000 N9 0n oMM 120090 % s 7390  cowee

2000
ma——

-e00 00
200,00 w990
fineo
2030

20800

Fig. 10. Moment-curvature relation for alternately repeated loading.
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Fig. 12. M vs. cumulative curvature relation.
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