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Anisotropic Continuum Damage-Plastic Model for Concrete
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ABSTRACT

The growth and propagation of microcracks existed in concrete cause failure
of concrete, This is called "damage”. The concepts of two principles,
equivalent strain principle and equivalent energy principle, are reviewed and
compared in the case of uniaxial compression to concrete, The damage
evolution law and constitutive equation are derived by using the Helmholz
free energy and the dissipation potential by means of the thermodynamic

principles,

1 A
zagey gun e ARFIA
et B3-8YY NAYYE AR
o RTE Ag o] wAste
nze WRE FX 7172 EE
& ST s a4old o sk
AAFFe AAZEe 44 4%
2 wdsh] @ Rolth, FAAE B}
g F¥ LAL olF Wol TAR}E
MAFEHRE BN LY 2
Azg Z3ES AREYL 7AT
99 AsE BARIIAE AR A
nE uAFEY 9% 1AL F A
Mze AnEdol Gasth
AuA §7 49
GRS L

]

=
H

Mo

Kachanov ¢}

J
S

i
E3nE

+
23zA 49744
25 H4AHA

0
3}
g
L

BINEE

28
£
£E
X

PRI
Rl

Rabotnovel] 2% FAESH/NIE S
2.8 3l qr]d] S HY
A& UFE 498 A 2 L o)
stegA AR AFdA ¢AsE ¥
Aol did] WAEasE FYlEE A=
9 AFE E¥33A dr

ME& &33HE Yy FY 849
FEZHELZ HBAIIE WA=tz
1 FALEA FAEY Alolg #4
g (1) Zo] & 4 Ut

= M(D): ¢ (1)

o714 & KAEYHolelt L DE
EAMS 2N Murakami (1987)E 23}

#Zo] EEaFTh
D= 1=§:‘1 Di n;®n; (2)

o o

a{m

(i=1,2,3 for principal directions)
EREHADN MD)E 8= g
W 4(3)7 Zoh

_..91 —



1 e _ 1 -7 -
1"D1 0 0 w (0 D) = 2 o E ! c (6)

1 N Y T I S,

M(D)= 0 i-D, 0 (3) =5 o MT:E'V\:M:o
0 0 % A(6)= HE AFEL FaE A(7)

)

&89 A ARE £4HA e SWo D) om
ez w8Y 4 9& QgEe T a0 METMesEro
Lemaitrez} At MY E 571 Y9 (8)

Ishikawa 5(1985)2 Y=t=9 U
F &R HOEZHAY HYE

Sidorff7} AFE oA FrdYE
g 4+ At W9E SUEE FAE

g wE s uyge fug N WT UVEY vE SgNse A
2L ui &ATX g Ao Wy e BESFAETE ol FALSHA Ho
F3 LU= RAoZ o]AL Aoz ¥ HMPE(ey)ol Y MY E(e)Y ¥2
st 4(4)9 o d- = (9)
= El:o=E':M:o (4) ’

v % #o x’)‘:’z}‘iﬁ—’?g} ANE B3t
7NN Ex xIl@AddAel A(4)9 (8)e] GAHE 217 gol

AB7tA 8 ZAYEd dE &R

s 99 z}o}e % % 9o
9 5 (Krajcinovic ¢} Fonseka (1981),
(1985), (1985,

1 |
1992), ¢} Shreyer (1988), //

Suaris % (1990), Ju (1987, 1989), /

Abu-Lebdeh 9} Voyiadjis(1993))& w . 5[ 0, = E <1 - d> £y ]

HFE T7F 948 wE AEEg oYy E = 800

A7 E AR FIHEEE ol &% & | 1 ' 1

AREE et o 0.001  0.002 0003  0.004 0.005
A FrHdeEl e &44E AR o 21

¢ g4 AE iR FANAN F3

€80l FRELTHOE A HE AL A

fslaes EAFHA G AR Y=z

% ZTa 3te Y E oz EHI

Oi 0.5 —
kil

Ishikawa % Mazars

Yazdani

E4"E AR sty
We(0,0) = %oT cEl:o (5)

E457 ge AR datd

G,

N\

= . 2
, ° E (1 - di> e,
E = 1350.4

0 ! 1 | !

0 0.001 0.002 0.003

Ei

a9 1. 45 3Y-UyE 34

T

4

0.004 0.005



3 ZIAYEE ¢FE FsAu
AxollE G A Hole HAAR
ol g Qe efsjArvt vl el W
@3te] &A4fo] YT B 4 T
metba SHEA Y AEF AFEEA
B9 &40 28414 5 At olH#
W g Ortiz(1985)7F FYH-& o] &8
o AR
3. 4g e BA

dutdow B #AZAqA ygu
= Arej¥ 4 (state variables)ol] 9%
42 BEEs AY XTdES AHY
A A Fedired dgd dvET
(associated variables)& & ¢§lr},
EX4Eg M E &4d 84 29
A2 BE JuA & 7EE FEF
A Eo.

%7t 4R BS AR AH X
Y42 Helwholtz AHfrolldAE 4(10)
I ol g vR, £AdUA " &
Ao iz el AR 1Y $ Ut
pv(e®, D,q,8)=W°(e® D)+yp(q)+wa(B)

(10)
AN v va(B)E 44 FELA
Y F(q)o B 2AAIA G &EAA

(B)ell % &3 AE HedY.

HYED &89 @A o] &Y
F Dol g% dE¥s YE USH Z
o] +& 4 glrh.

Y &40 AAstE Ayt 4 E
BASHA HE2A {gE Ay 9

— 93 -

n g ztEr
498 A2y3A e YeRUE Clausius

- Duhem F-FA4& 2(12)9) o] &
ATH
oe-py20 (12)

A WA 2(10)F &4l 9§ d
WA kg 4(12)o] i
-Y D20 (13)
£ 9o Clausius-Duhem FE4]€ 9}
FA7lE 28L& 83 g,
Dz=zo0 (14)
TE AFolA 2(10)F -4
YA BEE 4(12)d dYsid Had
E S
0:e?-Rq20 (15)
E ¢gon orlH RE AHFEEST)
W Fojzl GEH oid] HojiAdA
o] dojdti 7Y oR RE A3 E
HY I 3320 TP 2448
£}
4, &4-24529
Yol 2z EWHE o83ty &AW
& 2(16)3 Zo] Ao 4 Ut
fal Y,B)= Y4“*~[Bo+B(p)] (16)
o 7] 4
B, = Z7]&4A
B(p)= —2ll)
Yo=YiJiY
J = d3Y A,
EEHH g% FJuPIHor RE
E4ETY FEE Ad] F U

d
d D=hg—o (17)



e R S R S R

DT
(18)
2(18)& ¥E rE &
afy dY
hg= 8 3y (19)
4 afqg 9B 3fq4
B op 2B
. afy .
5>0, if fa=0and —5—5d ¥>0
8=0,if f4<0, ' (20)
or iffa=0and —o&d Y <0
FEYH S H-¥MYE A=
do =p asa” e’ Fdef
2
+P—5—sa,—‘gﬁi dD (21)
=E:de®+F:dD
o 71 A
-T
F=2aMuE—2M e (22)
AR Y ES FES
_ Y ., e Yy .
dY =— o1 defr 5 1dD (g3
=F:de®+ G: dD
o 714
— -1 -T
G=¢% a% :E: a% et (24)

ST FEE€ oA dedd

dD=N:F:de*+N:G:dD (25)
o 714
afy
_ Y
N= afd 9B afd (26)

3B 9B 9B
ol B Astd &3 AT

_ NF ...
dD=—7- =y de (27)

714 1= @A ol

420 ACDA sk &4
dASE Qe

do = Kde® (28)
o 7] A
R-F+F-NLE_ (29)

#3l7] f3teq F&
HE 4(30)9) Fo] g,

f,(0, D,@)= 04 “*~[Ro*R(q)]=0 (30)
4714

Ed = s's

s = 05 - B O
Ro= i7li/§i]

a
R(q)=xp—\]'§;(19—)—

MYETEL VAR 24 HBo=
FEs

de = de® + de? (31)
2](28)2 HE
do = K (de - deP) (32)

g dom HP=AY

df, = —5% K (de-ds?)

+Tafl% Q(de-deP) (33)

af, 9R _
"TIR aq dq = 0

= < d
CRRE &4 BEUH( epod—o2)

Nx AUPES AVE dEe A
T 8 A(34)9) o] T F U,



YYUE 8L 9 Yoy

(35)

(36)

(37)
wekr] FEAHY $Y-UYE BA

= 4(38)E fx=€o

do = H de (38)

oq7l4 He &4-24& n8@ FA

A7t 0

H=K
_[(__a_fL
do

/-2 &
afp
aD

ofp
aD

Q)

K+ o)
fp
da
afp
do

o

d
- H? -"a—% 7]

(39)
FEE 4(39)F ¢|&3ld ZAE
9] 840 HEH d= FRLEY 114
el e gxstsoiyat wiysl
ZFL = ZIYEL AFEE AMAHA
X3t &4UA gEH i dF
o FEaAsAY Z2aYy AL £F
TEEA di A7/ I¥yPFo 3l
t},

5. &
&8 e &38A WL AHY
BAE edste 45 A¥A F71

B AfAdzgsd 24EdEE 7}

3l olAAME YEd SF-A4R
g9 AMEYH &3 R £24& 13
& TAYEHL RESFAT

[=2]

b

. Yazdani, S, and Schreyer, H.L.,

FaEY

Krajcinovic, D. and Fonseka, G.U.,
"The continuous damage theory of
brittle materials,” Journal of
applied mechanics, Vol.48, Dec,
1981, pp. 809-824.

Ishikawa, M., Yoshikawa, H., and
Tanabe, T., "The constitutive model
in term of damage tensor,” Finite
element analysis of reinforced
concrete structures (proceedings),
Tokyo, Japan, May 1985, pp.93-103.
Mazars, J., "A model of a unilateral
elastic damageable material and its
application to concrete'”
Proceedimgs of RILEM Int. Conf.
Mechanics of Concrete,
Lausanne, Switzerland, 1985,
Ramtani, S., Berthaud, Y., and
Mazars, J., "Orthotropic behavior
of concrete with directional
aspects: model ling and
experiments,” Nuclear Engineering
and Design 133, North-Holland,
1992, pp.97-111,

Fracture

"An
damage model with
dilatation for concrete,” Mechanic
of Materials 7, North-Holland,
1988, pp.231-244,
Suaris, W,

Fernando, V.M.,
cyclic loading

anisotropic

Ouyang, C., and
"Damage model for
of  concrete,”
of Engineering Mechaincs,
No. 5, May 1990,

Journal
Vol.1186,
pp. 1020-1035.



10.

1L,

Simo, J.C. and Ju, J.W., "Strain-
and stress-based continuum damage
models-1I, Formulation,” Int,
Journal of Solids and Structures,
Vol. 23, No.7, 1987, pp.821-840.

Ju, J.W., "On energy-based coupled

elastoplastic damage theories:
constitutive modeling and
computational aspects,” Int.

Journal of Solids and Structures,
Vol.25, No.7, 1989, pp.803-833.
Abu-Lebdeh, M. and Voyiadjis, G.Z.,

"Plasticity-damage model for
concrete under cyclic multiaxial
loading,” Journal of Engineering
Mechanics, Vol,118, No.7, July
1993, pp.1465-1484.

Ortiz, M, "A constitutive theory
for the inelastic behavior of
concrete,” Mechanics of Materials
4, 1985, pp.67-93.
°]714, WEF, "oy EHEUL
olg¥ TAYE FAHAWAAY =&,
AVEZAY =83, 19949 793
(A A A )



