*_feee "H* " S§Ticju; 1- !

fin ssjirninnilB
2
21 (Material model for concrete)
2 1
211 (Crack modelling)
(Nonlinearity)
(Tensile cracking)
(22):
21.1.1 (Crack representation)
L (Discrete crack model)
2. (Smeared crack model)
(Node)
(Element) 2.1 Ngo  Scordelis (1)

(Constitutive matrix) 2.2 Rashid (23)



2.1.1.2 (Crack inititation and crack

propagation)

(Strength criterion)
(Principal stress)

(Cracking stress) (Modulus of rupture)
(Tensile strength in flexural)
150 (35)
L (Strength criterion)
2. (Fracture mechanics criterion)

.. 1979-1980 Bazant

Cedolin  (24)
(Stress concentration)
Bazant  Cedolin (24) .. 1979-1980
2.1.1.3 (Constitutive)

(Constitutive)



3
L (Fixed crack model)
2. (Rotating crack model)
3. (Non-orthogonal multi-crack model)
.. 1985 De Borst ~ Nauta (25)
C.Sittipunt S.L.Wood
(18,19)
2.3 (Global
coordinate) (Crack coordinate)
2 (Normal
stress function) (Shear stress function) 2

(Material nonlinearity) (History



dependency) 0

2.1.2 ' (Normal stress function)
2
L (Poisson’s ratio)
2. Uniaxial
2
Uniaxial
(Loading), (Unloading) (Reloading)

CSittipunt ~ S.LWood (18,19)

2121 (Tension stiffening)

2.12.2 (Crack closing and crack reopening)
2.1.2.3 (Compression softening)

2.1.2.4 (Effect of steer confinement)

2125 (Degradation of concrete



properties with cyclic loading)

2121 (Tension stiffening)

(Plain  bar)
(Tension Stiffening)

2
2.4
(CTm) (Otcra)
(Tensile strain) (gy3 8,
T
3 a, 1 G
2.1.2.2 (Crack closing and crack

reopening)



] (Envelope curve)

(Monotonie curve)

(Uniaxial tension)

10

(Uniaxial compression)

. (Unloading curve)
3 (The initially stiff region),
region) (The stiffened region)
] (Reloading curve)
25
n
ﬂ‘ 1

(Load Step)

Yankelevsky Reinhardt (26)

5 (0.7) 1¢ (72, (.G) . ( 3CBft

(Crack closi

(8nGn)

ng 1As <0)

(The softened

2.6

( nCTn)

2.5



1 (Inttially tiff region, & > G2
86  (00)
G2
2 (Softened region, . =02 > ]
ca) (109
02 (Tangent stiffness)
1
3 (Stiffened region, a <02 1< <1

() (e

i [&_IY 2 )
E, ' Ec. k2)
k2p
0 =1 I
KIEC-k 2t
O-()v\
& = e
0s Ec
k 1: s¢ -£,,
k2 = crc -c7n
Et =
Ec=
(Crack opening 1A s > 0)
4 1
1 (Intially stiff region,

26

a<04

I<c< ')
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2 (Linear softening region |, G2><7>C 1«8

< Ik B0
' axl2,G2

3 (Linear softening region I, <7><R 1
< < i) 8
"ax2G) (' axG)

4 (Softening region, G =G1 "I )

G G,

(1,6 (Last load step)

(81G1 (Current load step)

o |

Ae , 1:8

5 G, G2G3G4  Gn

2.1.2.3 (Compression softening)

(Uniaxial  Compression)

2.1

C.Sittipunt SLWood (18,19)

'(r angent Stiffness)
(ED (Transition point) ( 4G 2.1 @
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>8n (T=Ec )
<1 a-an_ - 10["-") &)
AT foult A
fah -
Ec =
4 gonk fal  1om
2 e fak
2.1.2.4 (Effect of steel confinement)
(strength) (ductility® !
(triexial -compression)
(Confined concrete)
Shiekh zumeri (12)
28 3 1
1 (The uncrushed section)
(Unconfined concrete)
(E9 (Snan
8<8 fall fal
kdc fc ks



2

2 (The crush plateau)
faB
3
3 (The totally crushed section)

( 2fad ( §085ff)
0.30fad

3 KED Q

Shiekh  zumeri (12)

2.1.2.5

(Degradation of concrete properties under cyclic loadings)

Karsan, Jrsa ~ Sinha (28)

Yankelevsky  Reinhardt (29)
2 (Envelope curve)
(Common point curve) 2.9

0.30fall

14



J (8mClm (focal point)
S 3
le .7
Vg, =7 +0.85  Epi, )
(cp, <Xp) common point
(£'1, CTJ
(ea, (79
210
3
1 (The Initial unloacing, D-E)
(0
0.30ful
2 (The Softening unloading, E-F)
(00
£0 @ ©
Yankelevsky  Reinhardt (29)
e,,(1.0-0.425¢"")
£r = 1_ { e *) (4)
, <0.70- Cx
£ =0.701 £7 5)
= AL
L1 ) (fa
max o
3 (The zero-stress unloading, FG)
(Ep0) (origin) 1



1 (The intial reloading, AB~ GH)
(o
2 (The softening reloading, BC ~ H)
0.10eC
3 (The envelope cuveCD 1)
211
3
1 (The intid reloading, ER
( Grad
2 , (The softening reloading, ~G)
0.10C
3 (The crush plateau, AB~ G-H)
(B
2( H
(229 ( B085QQ) (ce 2)
0.30fClL

0.30fad

16



i

25
3
L (The initial unloading, BC ~ |-J)
(E0 0.30fa
2 (The Saftening unloading, CD  JK)
p0) (I K
3 (The zero-stress unloading, D-E)
(8p0) (Origin)
(Ductility)
(Energy dissipation )
2.1.3 (Shear stress function)
CSittipunt ~ S.LWood (17,18) 3

(Smeared crack model)

Aggregate

interlock



1) Gdl= 1 Aggregate interlock
2) Gaw= Dowel action

(©) ©)
G-c. :Gm

2.1.3.1

due to Interface Shear transfer)

212

GII’
Gl,
6L =/ e " Kn < Gr
Gl = & ["miﬂ____.)ﬁ- Gl £r < <
kmin - GrJ
gL =G mn <st

(6)

(Shear stiffness
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£ =
£ 11 - Gs =Gm
Gm= Gh
G. = ghivudusdeuresneuniniiliuan 3 ]
E1 =
V =
3 [ £m  Gmm Gmn
Gl
2.1.3.2 Dowel action (Shear stiffness due to dowel
Action)
Dowel action 3
(Fexure) . (Shear) (Kinking) 2.13
J Dowel action (Shear
deformation)» 1
Dowel action
Dowel action 9
G =2.0| =—+—
G O,
Gjm Dowel action 1

Gjm Dowel action



2
Dowel action
Gd]N = G min
GL :f(Gi,Q,rl,rz)Y'Y'
Yn

yl, =
f(gL,Q,r, ,r2) =

fL  enr2) ()

1) 9) (10

., re)= (r[sin(0 -c 1 +r2/cos (

20

Dowel action
Dowel action
| (10)
'H < |Y,|
CNrAA\N\<\Yn +r, | (10)
) |(n +r,\z \r
()
()

- 6, m e (11)

Dowel action

(1=12)



'« aw  «ifiam

ITrlin &ij

G lit ' ~ G min H < \PI (12)

(o C P12 Y-yl
Glw =2 n’ + rJg +C) MIGconc m \_/,\A\y\<\y,, +Y,I

T .rj/y +121C + rw2
1 h +r2)( *c] ]

;}Yn +r,\z\r\

5 = [sin(Q - #1)
C = eos (Q - OK
3 2,yn
2.1.33 (Effect of cyclic loading)
214
3
L (Loading region, BC ~ ER)
(©)
Dowel action
2 (Unloading region, CD FG
cul
(A 0
3 (Slip regon,DE  AB)
[p -ylc0l, Tsit ) (fi -Xnﬂ(,-Tsllp)
( D
/ mex
(A
2 fi N
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2.2 (Material model for reinforcing steel)

221

(Monotonie loading curve)

2.15 (Load reversal)
(Monotonie curve) 3 2.16

1 (Linear region)
(Modulus of elasticity)

()

2 (Yield plateau)

(8 1012
3 (Strain hardening)
(Utimate strength, 8

(Necking)

2.2.2

215

(Unloading) (Linear region)
(Nonlenearity)
1 1 Bauschinger efffects

2
(Bauschinger effects)



JA

2.2.3
2
(Softening) Ramberg-
Osgood
2.2.3.1 Ramberg-Osgood
Ramberg-Osgood
Ramberg-Osgood
(Bauschinger  effects)®
Ramberg-Osgood (13
- 21 7 ey )" | (13)
£1,01
00,a
Es (Modulus of Elaticity)
1
¢ J) Leo
(previous
strain history) QDX Ramberg-Osgood

CStipt  SLWbod (1819)
Ramberg-Osgood



1
curve)
2.16
(3
Regjon)
m ="
< oM
ES
2
AB-C)
(16)

24

3
( AB). ( BO
00001Es
(Strain Hardening
Ramberg-Osgood
syl (14
£< am Ve >
5
L m 6)
(Envelope curve)
(Envelope curve) 217 (
( AB) ( BQ
(To
(8 .<7))
1 o> Il
M a
0 =A-ay +B((Tan -cmin) (15

a =6

A =0./938 B =0.55723

(Monot



a =T A=07713% B =047989

CIaX
<Zﬁn 9 4
(Xt
Aktan (30) A B
(Least square analysis)
( )
J 2 U< joma|
1
Gc a C.Sittipunt (3)
Aktan (30)
(Common point)
2183 2.18
( CE) ( CE)
( AB)
D 8-001 ( ss A-B)
( H) | 0 ( o6
F-G) 2.18 (£0.01)



(tangent stiffness)
(16)
=(E._j)_ ko |
2 (E L
(16)
ki=fie-£1  k2=ac-0,
fl,cr
B1,CT, (Common paint)
Es (Initial Modulus of Elasticity)
Et (Tangent Stiffness) (Common paint)
GO
(Ultimate point) 2.18
218 ( G
E ° £c00L ( £c
CE ( HJ)
2.18h 009 (  8h H-J)

( +009)

D (X 2



0.0001 Es
(17)

k> s -k 7

k1= egm -£1 k2= <m -C7,

2

<0 a |

(17)

1,CT \E - )
m- a® 13 : (Common point)
Es (Initial Modulus of Elasticity)
Et (Tangent Stiffness) (Common point)
0.0001E s
3.
Popov (31) Ma (32)
! 2.19
(Yield Plateau)
2 ( A-BC) ( DEF !
( BC)
(£9 (Yield Plateau)

Bauschinger effect

. As3 <0.50-\ed-£y\
2.20a

(AS3) 0.50 A - Y1

(Monotonie Curve)
(strain hardening)™

( EF)

( A-B-CD)
(' B-CD)
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. AS'S > 0.50 *\sth - Sy |
2.20b ( EFo) (Aes)
0.50* M - Syl ( FG) -

( E-G)
(Monotonie strain-hardening Curve)

G E-F-G
G E+001

Ramberg-Osgood C.Sittipunt (3) '
(odey

2.3 ! T (FINITE ELEMENT PROCEDURES)
, Incremental-terative - algorithms
FNTE

incremental-iterative algorithms

23.1
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\r Tejdvs= V' rhdy T (18)
[, =
b, s, {= [
Cr=
(m) w (/
H (M)
Mx.y,z) =H (mx,y,z)U (19)
()= m
I (m) = m
()
5()
()=¢ m (20)
) <1()
C
aTm=c (1)
m 1 £ (m)

¢ o



KU =R

R=R8+Rs+R, +R(.

=T\
K T/;/jj.(s {m)rC [m)B (m)d V (m)

X R VEL W

Rs

=T \HEE s

Mz 7 \8 [m)r(T,m)d Vv {m)
) i

Rc

incremental-iterative algorithms

)

(22)

)



t + At HAF
t+ Al AR
tH*R _t+*F =0
4AIF = F + AF
=t {VmT:
m v|m)
Af
t t+A
AU AF
Ar K ttk
AFANKAU

fs)
+AF % TF KA

(28)
KAU="#R-'F
t+ At

+ ='U + AU

t+ At

(34)

(32)



)

2.3.2 FINITE
Newton-Raphson algorithm
22

2.3.3

233.1

32

235

21

ANTE Incremental-terative

HNITE

(iterative)



AB
2-3-4-58
£1=
£'4 -
+1

2.2
AB AB 12345

A £ 1
Al = £TH - £]

(A-1:2-3-4-5-B 2.22)

33

Acl-

88
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2.3.3.2

(total strain
increments)  iterative strain increments

lterative Strain increments
iterafive strain increments

iterative strain increments

25%

Ramberg-Osgood



2.3.3.3 Newton-Raphson

Newton-Raphson

A C

234

234.1

NAS

2.23

35



2.34.2

2343

(load-control algorithm)

Pecknold (34)

36

12 13

2
(displacement-control algorithm)

Darwin



(20) 2.24 2.25
2
2
. o .
E +0.05 . 1005 | I+0.00001 in. -0.00001 Iln.
S/ r ] 1 1
2.3.5 Incremental-lterative
' 2
2.35.1 Newton-Raphson

/+A/K AU |_ R_/+A/P/-I

AT =
t+ At

31

005in -0.05in

Incremental-lterative
Newton-Raphson

t+ At



iteraion

38

“WR = ' t+ At
Mpi-l BT b
& t+ At
BA =A EHA L (39)
M o S
t+ At
37 3B
[+ 0= (39)
+Mp O _ip (40)

the full NR iteration (the full Newton-Raphson iteration)

(K 31
the modified NR iteration ,

the ful N-R iteration

the modified N-R iteration
the full N-R iteration
2.26

Dawin ~ Pecknold (34) the ful NR
the modified N-R iteration
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Sittipunt (18) the full NR iteration
2.35.2
norm nom
TOL
-M Ix (41)
= the Euclidean norm X=

R -
AP =

the convergence tolerance

TOL

(convergence tolerance) 5%
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