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3-D Finite Element Model for Predicting Bending and Shear Failure of RC Beams
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Abstract

Three—dimensional finite element model for analysis of reinforced concrete members was developed in order to
investigate the prediction of bending and shear failure of reinforced concrete beams. A failure surface of concrete in
strain space was newly proposed in order to predict accurately the ductile response of concrete under multi—axial
confining stresses. Cracking of concrete in triaxial state was incorporated with considering the tensile strain—softening
behavior of cracked concrete as well as the cracked shear behavior on cracked surface of concrete caused by aggregate
interlocking and, dowel action. By correlation study on failure types of bending and shear of beams, current finite element
model was well simulated not only the type of ductile bending failure of under—reinforced beams but also the type of
brittle shear failure of no—stirruped reinforced concrete beam.

Keywords : Reinforced concrete beam, finite element model, bending and shear, failure surface in strain surface
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Fig. 1 Uniaxial stress—strain curve of concrete in compression

a

Q
Bl

Failure surface in Deviatoric Plane

TOC!fdl
Compressive Meridian
& =60
g=0°

~_“Failure

criterion
Tensile Meridian JR—
act

»

Failure surface in Meridian Plane

Fig. 2 Failure surface of concrete

FESTATN,, £ 15 S5 EAA ] A El st 3
= oMol Hos el HEEIS] vlEA,
831 9 Y EFIA ] HM#DE_&%‘—E% ]
t}, 329 valatd 24 Hsieh 5 (1979) 2 A

f=adk+tbyJ+tco,+dh—1=0 @

o171A,




1%?, 2%, el 8%'? ‘fﬁ B2RE du7)FS 243t
o] AEZAAFN,, S Ae] 98l ZayES] 33
= friesto] vk 4= gtk

fyoy,voy,v05)=0 )

1714,
Y+ py—g=0 ©)
by o tdL 10

p= GJQ , 4= (]2

9 A y & el oA v o, = yo, W o
nFwste] Az FoE Aireke SHUEo] Fo
24 g P 2aelEe] Pug ovldick 9 2
PR 28 Al A ESAAGFE 9 5+ A

on, e cEAEelAe] HrlhE e JuE
o A EY 15UHFELTE b} o] ekl
% ol

Atk F=E 5] Al AR EV Bk dAAE
EAS WEee R a7 98 oje] AY AuE 2w
(Kupfer, et al., 1969; Smith, 1987) WEEZHAT=
ARE, 2% 4 3% A¥FHH=] HWUF AT o]
of th&sh= W MPERH vuste] AYSAAT
o] A& v Zo] AlRbsISit

A= 0.3 + 0.7X% (for \,;< 3)

€l

Ai= BA,— 84 (for A\,=3) (12

web] chEgEelA el Ariha g el s sk 45

[
o

‘S Proposed
< - Selby (1993)
<]
©
&L 20—
=
@
IS =
o
o
&
= 10— /
L
=
s L /
5] _~
e
ol L | 1 | L | L | 1
1 2 3 4 5 6

Strength Enhancement Factor, Agj

Fig. 3 Strain enhancement factor

Y —_{_/ “\L

N\

HPES ST SAEY] 15945 MAER
R thew) o] UEd 4 9l
Eei ™ )‘ei & (13)

e
o
=2
_>.:

F
ﬂ.].l.u
mﬁ‘,
o:.:
rE

& 2AES 3xkd HA
2 24 758 9] Aol pagee 2 73
W e 9% olo tgehs MPES 2yeld o
& 295} Po] o] WAlEh 2o melanh
F W o) BARlEE FAAT) ABSEE 4
LS 7)-10] o]—L]a]. /Ht‘ﬂx%gi o1 HEE o‘iﬂ_ﬂ%_%
o7 yHs] e 183 o] FEEIE9)

O

E'=E '+ C.! (14)

IxercEB|x| ®148 ®Me=2010. 1) 111



Steel bar
) T edinterface - T
+ crack—L
width—r
74 7 <mmm
Aggregate interlocking Dowel action

Fig. 6 Shear transfer in cracked concrete

/ l—
v solid element
for concrete

7T
bar element .
for steel +

—

“,

Fig. 7 FE for Reinforced concrete

o = diu (15)
cr 2 Gf

oM, @, = w89 deHA T Mk 2AES
A, w, = Fnle] Folu,

H ddo] dAsl ZIYEL] AGHYEEALS A
‘%%E‘u Bl e ARGl Ssf wtdo] SR A
o AP ES BAT 5 9l A0 eid 9tk
AT v A3 o] A AskA] ok At
Al el <l LA o] - PG E STl wh

G(jzajG(l—e), < e< €, (16)

AN, a = 32K FAe WA el whE iz
i’ﬂ 3 7l 7 dAA 0.5, 1 olAto] v+ HHIA] 0.25
= AR, €, & 1 Holld AdddsEyS o ol
wgle 5 gl o] 2a2)E0) APREES Ve,

Aaze)E A9 3319 f
g sl 38 5989 3744 14 2 3
3 2879 1399 Sulese welstick
e el %, B4 oSl ASE 19 A9 B
4 ASS S Aow e 7 W wag)
E el v B2 33 9L WPE WA 7 0

112 xszrussx #1438 M62(2010. 11)

— a bare steel bar

a steel bar embedded
in concrete

>
>

Fig. 8 Average stress—strain curve of bars embedded in concrete
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Table 1 Specimen of RC beam under bending
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Fig. 10 Specimen A(Burns et al., 1966)
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Fig. 14 Predicted crack in specimen A
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(@) at failure by experiment

Table 2 Experimental and FE results of Specimens

(b) at failure by 3—D FEM
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