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Evaluation of Plastic Rotational Capacity Based on Material Characteristics
in Reinforced Concrete Flexural Members

Seung-Won Choi”* and Woo Kim”

YKCI Research Center, Korea Concrete Institute, Seoul 635-4, Korea
“Dept. of Civil Engineering, Chonnam National University, Gwangju 500-757, Korea

ABSTRACT Although a critical section reaches its flexural strength in reinforced concrete structures, the structure does not always
fail because moment redistribution occurs during the formation of plastic hinges. Inelastic deformation in a plastic hinge region
results in plastic rotation. A plastic hinge mainly depends on material characteristics. In this study, a plastic hinge length and plastic
rotation are evaluated using the flexural curvature distribution which is derived from the material models given in Eurocode 2. The
influence on plastic capacity the limit values of the material model used, that is, ultimate strain of concrete and steel and hardening
ratio of steel(k), are investigated. As results, it is appeared that a large ultimate strain of concrete and steel is resulting in large plas-

tic capactiy and also as a hardening ratio of steel increases, the plastic rotation increases significantly. Therefore, a careful attention
would be paid to determine the limit values of material characteristics in the RC structures.

Keyword : plastic hinge, plastic rotation, ultimate strain, hardening ratio of steel

1. M

rhu

r 1
o2

A EFZAEAY
2 B4 o] e &7

@ 1o 2
= —
o AN

2
o 2
x 8
o l_ngi
=
iy
L W
ol “—n

o 2
oX
Qs
A AN

= il Jm
X
rr
=
)
oX,
A
off
o
37
T,
o2
rot
i 01\1_4
kil
il

St A= FA s d AA HAe] o]83 o
o] Aojgl Hzolth"
dutdow AZZIAYE FRELS A WA 9F
o] FEAE wesitigte A et o
oA &A% A (plastic hinge)7t BAF o] & o] &
HHA 24 IENETL §AEHE B sEe
OE FEog AFuEC o] v tE wHe o
& ZgebA] 7] wiiel] AdEoel shEo] A
Eo#E Za duh A slddwes 3=

W oo Borr 4y 4T oo rlo

_,d
X
ot

*Corresponding author E-mail : csw2001@snu.ac.kr
Received August 5, 2010, Revised September 1, 2010,
Accepted September 3, 2010

(©2010 by Korea Concrete Institute

1
g
e
o
2
1
12
ogh
flo

1y
o|\
N
s
)
g A
o fr

L)
éﬂlm
—
Iﬁ
(o3
ol
o b
o4
ot
84X
2> 4
s
p
Fg—lo%
X
o_?:—‘oi'
grzi
(A
O, oo

1 rlo

23

1 off
Mz
) ol

td

=

= off ooy rl

“
1L
ol
o
o, 1%

oo B oMo
18 oft o

O

g J}lm
2
ot
RN
)
1o
i
>

w 1o
ox X

m
= ol 1B 2 ok o rfy

ol
o
e

N OHE oo B2 W2
oot
o
Lo,
X,

o
kv
o
i)
rot
ox e
o
X
}1_1‘
rld
r

By
ox, 1o b
2
R AgES

)
L
g,

I
i o

o

e i

B2 oox NN
oX, o it o O
o o
> e
= o
ol
=
L
=
N7 rN
[‘10 ot
I lo
— u
E?a >
N B>
N oX,
o, ol
N
o
o, =
o o
N, =
NEE
5 =
X

B>

4377t AR AR, FAle] 718tketE 54, sk
g o] 59| X9t wet B33 JHE

olol Baker,” Corley™ 2 Sawyer™
3 47 AAolE elstal ol & Altstal Stk A
ZANETFTZAA7EYNE 2-A L] E A&

Zhel gk HEo] 4 2 Aol AAE YA %

=

o

[§]

=2
=o A
S



Moment at first yielding

Fig. 1 Schematic diagram of plastic rotation and plastic hinge
length
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Fig. 2 Design plastic rotation, &, allowed in Eurocode 27
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Fig. 3. Parabola-rectangular stress-strain curve for concrete
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Fig- 4 Sectional distribution of stress and strain
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Fig. 6 Flow chart for flexural curvature calculation
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examined for plastic capacity

o 0.0030 and 0.0035

£ 0.01, 0.03 and 0.05

k 1.00, 1.05, 1.10 and 1.25

W 0.05, 0.07, 0.10, 0.15, 0.20 and 0.25
C30 S5 KOO

—|_—> K: KOO & K05 & K10 & K25

e,  S1&S3&85
£, C30&C35

o 1S FA A ¥k 2y 2 BYS B
ez sHsteR s g 1002R 4383 39 §d
stk EC20lM e Ao dg7d=el wat 1:}% 2 o]
AspE A8 ed 194 B2 B k=108

ol }.

o]

T 2w

2.0%°] 31, o] #37 E?ZﬂﬁﬂﬂfOﬂ o] gk
H](0.3%)9F Ho EH](2.5%)E

Ao o sy

;‘Q:LH](W P (f/fck))E’—
5~25%7FA] WHBIA|A ZHZH] w}e JEFe A
oI3LA A .j_}j] ] 3“ 1—’0}0}":‘

A | Qb
A 2¥)(p)=
HAx A2

0.4~

g QEath @9 a4

ALeE T AR 7E-Z ol (a/ dye F 8.5FEA Fol
o]3l ko] Aujz el wolt), wEhr o] AFoM =
el oJsl] HAYsl= DI HZPTE HESH

A s,

32 243IX|Zo| i &
Table 2= A& RdS WPoR @R H5FE Fx
2 B8 A" 7 a4 wge 243X A4 2

38 verd Zolt.

207k Z713e) ek 204Dl AR sk

A%e il ol A} S 0 e 14
ol Gy PuMES e I3 PRUES] VI(M,/ M)
b gastel wle] Y F Al =R WAL

4k Aoz AREL.

C35S81K00, C35S3K00) I+

7]-6‘1—0]]1:
G F7HIT oA &

74-9-(C30S5K00, C35S5K00,

o Aands g 2

B33y AA3IX A7t d#EA AR
e FHE Holed, ol F
3} —éUUlEQ]- 3hE 'éE_u‘ﬂl—:; )7} Fig. 113 o] =

7HY fdasks gHE

Table 2 Plastic hinge length calculated
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Fig. 11 Ratio of yield moment and ultimate moment
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Fig. 12 Plastic hinge length variation for the concrete ultimate
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Fig. 13 Plastic hinge length variation for the steel ultimate strain
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