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Study of Material Behavior of Concretes Using CSL Model
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ABSTRACT
The recently developed confinement-shear lattice model is reviewed. The procedure for
generating aggregates in a given specimen and the constitutive model for on aggregate-cement
strut are shown. It is suggested that the model can easily be extended for early age concretes
and fiber reinforced concretes. The state-of-art of the extension and the general procedure of
the extension are given in this paper.

TEES sIAE w0 B A U(scale)ol] whEp FEA R
% o = 1y F dAAT BEE
474 et @A BEE FxAE &)
o

O L1t rlo ot

o] AFE BEASH7] S mdd Feolth  AEe 4E F 434 (explicit dynamic)®] 7,
o M9 vlHEA HuZ g &Fe] AS FIAs = FEvF w2y, A e ZAgER

HAFE F AdAA g Ast 275t LAYE FAE ATS F de A

AFAFEY BE] HHE w2 AURZ BZASAL dEAFY wygds T LS

(snapback) &@74& REASIE g o]

CSL(Confinement-Shear Lattice)

olax v}, o] xR (1) AHI =AE

dasy, 2) 289 A B dd

Ho
i)
o, ¢
aQ
o
wn
2
7
o
1o
=
:\é
1)
)
)
2
id
b{>
M ok 1w e
e L O X R e

ggnﬁ

] o

o 10
o
)
ox
olr
to

Lo
il
o E
k
M Moot
ik
r =
o
_|>i
o
i)
S
A2
Hy
o
i)
o
ol
)

<
)

:

K
o
offt
[
e
X
offt
rlo
[>
|m
P
i)
X,
fm I3
)
e
O
41 A
I
0,
ot
¢

m e
as)
oo

,d
o 2 I

o of I
o
I
=)

Ol _{},
30,
o
1>
=2
iy
i)
2
(o]
fr
v
)
v
X
fvio}
i~
rlr
>
=
(m
&
o
[>
Jm
LS
rlo
Mgt
R
>
=
m
|

@
0
=
to wo
i
1o,
N
e
L
2 o 39
18
o
o
o
i
LOr_‘
£y
@
w0
=
ko
e,
o
P
N
2
o
rH
u
o
(m
i
o
Jo
f
o
H

E = Zelth. ZaE iRl A7t
SAA7] o ZAE Al iFel AdeA EAIG &
22 A GA AAem ojFojzin (1) 7IE A8 W Fel £ v =A

1o ke

« 439, melvheta A
wx 439, melv)eta A}



A3 GEE APF o

Fo] S B8 A AAlol A AAE AL (2) A" 74 ZA
o] FAHES Delaunay AtA AR AZA3Ge] AAHmesh)E FA =M, AFA A 2 E oygs =
A AAES ddstE 2E-o] "t (3) o3 FA Hz gl 9 o Ade ~EHE 9

= o EAsS

A kA at A au} go] degsE HAH5He 19 la9t 2 F4L AW, BE
3} %

/,l‘i‘r.
n-u l-ug m - ug
ENT T T T fu 7
FESY o= FEANIE 9 FF2A &3 22 dA7 Ao
&—Eé, 0<o< ab(e,a))
AN, oy (ew)e 2B FHEIA FAE AL 8 AAzdH, & 2o

Ub(é‘,w)zao(w)exp{ K(<‘U) <X(8,w)— oo (w) >

o714,  we  FANIEYS FENEIE 1Y dxAgs dede W3 s,
tanw= ey/ Vaer=oyvalardl #A7 Ak B4 og(w)e 19 3a9k 2ol @G de] AAE

el e 2

o, ()

pure shear
w0
PUrE CEMTpression
w==r2 / pure tension
J // L T

=T, T i
a2l 2. meso-levelol A e EbA ofod

)= 0o (w)  forw < w,
0pp(w)  forw =

BEFLTFA x(w)s AAR A7 &) NFuyde wdsy, thgo 2oz Vet

e forw < w,
w
—{e %y 1—— | f <w<
x (g,w) g‘Uo &m [ wo} orwy <w<0
e forw>= 0



3} 2o

]

=]

svi, o}

2] vl &

o

=

Kw)e AAz7

W ﬁéﬁwthM =% Mzrﬁwgwﬂwﬂﬂw
= N Lo o0 No X W DN T o
A H e ~ Y N A o T ol o —
B Ay ofy et x - . °
T ool o BN o Wy TNy MR
wj AN R %%Eﬂ.ﬂﬁ%ﬂ.
- o= o)) Eeﬂ%m._umo 7ota]_ﬂ_ U zne odp ® RO oF
: T A eI A s R e
TR Mo DN T EW IR R
. — v T £ - T O B o go X
"€ ® AT W R e
ER - I B_ s E W w5 ok _ W N _
N Ty T 20 X ﬁﬂa?ﬂr :timuk/;moﬂﬁow%
) W ® %%AT% & o F oo ﬂwl%zﬁ;_ﬁ%
S ey ° R
° gz e sy TR R T
8 ~ X d|ﬂl] noo = = Do =
A BN e LTy T R m S
30 Y A= & T = e
[edi] o W g o r o N o N R X C
1o fo” ‘._oL =) 14 - X0 T =
T X I T R e
W oo o w 2o 3 2R e P A
- oEA ﬁﬁﬂwi GO EelrL dﬂ]ﬂc‘m.oie\ol
M_n ﬁuut . zﬂl;lzt I ﬂélumo owﬁllﬂ %o W oy
ol Nﬂdw T a%%m. ﬁ%dr.&ﬁﬂﬂ@
o R 2P FE W BT g &
— = RS ] = o it W Mﬂxlﬂ
S o W E.elyl]r,_ f%.zr.ww _xl]ﬂctovﬂ
5”3 IR TITRBLD
= - - —y ) RGN o % —_
E ol I ol R e
< NN JASI B ~ T R = = o gy of
w9 N B Mok ok &
00 E#dﬂoﬂa N o T JO.O oo w s :u‘_tw_ljln n_mn\ Ml
.Arﬂplqw,wxﬂ mﬂmEEx_ o nﬂﬂuﬂOAT ovﬂux ,w.L\nmmL
z izt S AL LS TIS
@ "o Trl8ET by ® T WK g
T R Mg ~ ®F = 5 X W amﬁwa%ﬂiﬂ
Ro= W oy R u T Moo m ® do
ol o%% Hﬂ%gﬂ%&rﬂﬂ = e Wk %
© -
S b W o TMLew o ELD o TRNE W
B T Y %H,ﬁmg 40_ xﬁﬂ«% W M_%ﬂﬂm_ﬂsﬂg S
Sm g e " M ﬂuiﬂa BdRT Mo = M = do O
nl E@ o W™ = F N Mo & B e e M
SR R N | B i y W
0} ™ = o s} ~o iy N tlo — NS ) N B5 o o o
O Zﬁ B X MM —~ MH o O_H == o)
Bs HOOT T ma D S R T
Of Ao el ﬂ,ol o ri o X ol =~ O_H Ne LC dﬂ o1 W R
™ = — ™ ]Urﬂiil o B n = i = T 70 i
BN @ N o]o# - ,Wo ‘um‘_ﬂném X oW‘Ul.ﬂ{ H TR
TEH T T = . o EH B
ARl @ @ BRRIT S FEMN X BRBLAP D N



o —— ’ ; //

[ -
B _.' II-' } ' " y .

| \ /

L
H i HE s @
(a (b)
O74. (o) M7 2L 232E 2 g4, (b) M7Zol

AA HEES o] &dlA ZAYES HIER HFo HIAES At A vo]az&EHQl 249
$Ey PHEAT fAF oz At AW AR P FHL A AelF o] 43}
A gn wed My Fo 498 o gtk = vl davt gEvel 918 35

& golth,

= oo, 27
A s Al 2AaYES] £G4 dTstvlde AdE darvt stk # =RdAE CSL RS
ol g 27IAR] AeE AT F A= P DD oz AgE IR WeEEs A &
< ek ek AlAE st CSLE e hehgh 3o 7]Qlete] AR 2

BT AARNERT) FASn FHALWEN LW A 9T Adets AT LT HTFZALY
21 (0571 9FT-%D0A-0DI} AA 471 A LA (057434 DIDel ela]A] o] Fojxl Zow,

1. Cusatis G, Bazant ZP, Cedolin L. (2003). “Confinement-Shear Lattice Model for Concrete
Damagein in Tension and Compression: 1. Theory” Journal of Engineering Mechanics—-ASCE,
Vol. 129, No. 12, pp. 1439-1448

2. Cusatis G, Bazant ZP, Cedolin L. (2003). "Confinement-shear lattice model for concrete damage
in tension and compression: II. Computation and validation” Journal of Engineering
Mechanics—ASCE, Vol. 129, No. 12, pp. 1449-1458.

3. Gianluca Cusatis, Luigi Cedolin. (2006) "Two-scale study of concrete fracturing behavior”
Engineering Fracture Mechanics, available 6 March.



