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|=y|vLvt 'uD@ CUmW l}v=mt '|OOa |R=UpOt 'OQU p=YD= %|O}rm u=oS=w
"|vD@ |WtN |}x]kvxU |xO=U Q}D pOt 'uD@ |WWm w |Q=Wi VvQm - VvD

xtOkt "1
'CU= OQDxt}v K]U l} QO u=mtQ}}eD - Q=@ \@=wQ =@ lQD VNB |v}@V}B x@ QO=k xm
s}Ok uD@ wO u}@ OQU p=YD= K]U Q=DiQ [2]'�2007� w�=Q w uW}m "Ov=xO=O xaUwD =Q
R}v [8]'�2010� uW}m w x=W "Ov=xOQm |UQQ@ |y=oW}=tR; CQwY x@ =Q O}OH w
'2Ov}=Qi |x}L=v pw] 'CUmW |SQv= uwJty|]NQ}eCUmWl}v=mt |=yQDt=Q=B
lQD lwv |oOWR=@ R= |W=v |}=Hx@=H w 4CUmW 1 Owt Ck=] '3|oOvvmW OOa
u}}aD 6xR=Ov= QF= VwQ R= xO=iDU= =@ hrDNt |vD@ R} Q=w Kw]U |=Q@ =Q 5|v=QL@
VwQ ?r=k QO xOvv=@UJ |=yu=tr= R= u=wD|t xm CU= xOW C@=F u}vJty "OvOQm
|oDN}Uosy R= w CUmW |R=UpOt |=Q@ OvtDQOk Q=R@= l} u=wva x@ OwOLt <=RH=
uQk s}v R= V}@ 7 �CZM� l =v@UJ |x}L=v pOt swyit [9]"OQm xO=iDU= O=wt
VWm \@=wQ R= |O=OaD "CU= xOW x�=Q= [11 w 10]'u=QoWywSB |NQ@ \UwD V}B
[12]'�2016� Vv=Q=mty w lQ=B \UwD R}v Twm =@; QO xO=iDU= OQwt V}=OH -

|x}L=v |=ypOt |=y|oS} w R= |NQ@ u}vJty "CU= xOW |}xU}=kt |xar=]t
|Q=}U@ "CU= xOW xar=]t [13]'�2018� u=w} wvwQJ w hv=w}rU \UwD l =v@UJ
|vD@ Q}D V}=tR; R= xO=iDU= =@ |vD@ R} Q=w Kw]U CUmW l}v=mt C=}YwYN R=
C=}YwYN [21]'�2011� uW}m w x=W [20�14]"OvwW|t u}}aD |WtN |}x]kvxU
|wQ Q@ 'p=D}H}O Q} w=YD |oDU@ty VwQ R= xO=iDU= =@ =Q uD@ R} Q=w K]U CUmW
CtU wO QO uD@ |=Q@ hrDNt |Q=Wi Ctw=kt =@ |WtN |}x]kvxU |vD@ |=yQ}D
"OvOQm xar=]t 'Ow@ xOW xO=O Q=Qk Q}D \Uw QO s�=k CQwY x@ xm '|R} Q=w K]U
pw= Owt lQD Q=WDv= |UQQ@ CyH |WywSB [22]'�2018� u=Q=mty w nv=} 'u}vJty
O}OH |@=QN pOt l} =@ 8Ovw}B Q@ |vD@t l}t=v}O} QB VwQ R= xO=iDU= =@ uD@ QO

|=yR=U wCN=U?re= QO xmCU=|v=tDN=U Kr=Yt u} QDsyt uD@ 'Q[=L p=L QO
QO lQDWt R=}v l} '|vD@ <=[a= |R=Uy@ w Q}taD xRwQt= [1]"OwW|t xO=iDU= uQOt
'|vD@ |xa]k l} |R=Uy@ w s}tQD |=Q@ xm |t=ovy "CU=yCN=UQ} R |Q=Oyov
C=}rta s=ovy QO xmu}= =} w OwW u} Ro}=H O}OH uD@ l} =@ |t}Ok uD@ R= |DtUk
uD@ uDN} Q u=tR QO xm |wLv x@ 'ODi=}@ j=iD= |yHwD p@=k |v=tR |xikw '|R} QuD@
R} Q=w K]U 'xR=D uD@ w |t}Ok uD@ u}@ Kw]U QO 'OW=@ xOW CNU |t}Ok uD@ 'xR=D
|=y?=k |=QH= pw=ODt |xw}W QO u}vJty "OwW|t O=H}= OQU p=YD= u=ty =}
"OvwW|t Qy=_ R} Q=w Kw]U 'xOwr=W whkU 'hm x@ uwDU p=YD= pLt QO 'KrUtuD@
sDU}U l} QO u; hQ] wO Kr=Yt R= QDh}a[ ,=D@Uv R} Q=w K]U Ctw=kt ,qwtat
K]U Q=DiQ x@ xDU@=w COW x@ xOW Q}taD sDU}U l} OQmrta "CU= xOW Q}taD
'R} Q=w K]U QO VvD K]U `} QU C=Q}}eD w VvD RmQtD p}rO x@ [2]"CU= R} Q=w
[3]"OQ=O OwHw xOW Q}taD sDU}U QO R} Q=w K]U O=ODt= QO |}q=@ CUmW Q]N
xv=OnvU T} QD=t 'uD@ CUmW l}v=mt C=}YwYN |xv}tR QO |O=} R C=ar=]t
|=yQ=m \ki 'p=L u}= =@ "CU= xOW s=Hv= Kr=Yt Q}=U w uD@ u}@ K]U 'u=t}U -

xOW s=Hv= O}OH w s}Ok uD@ u}@ K]U Q=DiQ |xar=]t |=Q@ |tm |y=oW}=tR;
QoWywSB |O=OaD \UwD O}OH w s}Ok uD@ K]U u}@ 1Ovw}B C=}YwYN [4]"CU=
|OOa |R=Ux}@W |xw}W l} [3]'�2001� u=Q=mty w s}r [7�5]"CU= xOW xar=]t

pw�Ut xOvU} wv �
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=Q="�QDt|r}t x@� =yQ}D O=a@= "1 pwOH
a0 x}rw= h=mW t Ct=N[ S xv=yO L pw] b jta Q}D |xR=Ov=

15 2 50 190 241 76 lJwm
30 4 50 380 431 152 \UwDt
60 8 50 760 810 304 nQR@

|QwLtlD Q=Wi |=Q@ VvQm - VvD |vLvt "2"2
R=}v uD@ |QwLtlD |Q=Wi VvQm - VvD |vLvt x@ 'CDP pOt R= xO=iDU= |=Q@
|QwLtlD |Q=Wi |=yV}=tR;T=U= Q@ u=wD|t =Q QwmPt|x]@=Q 'uD@ Qy|=Q@ "CU=
QO |}=yV}=tR; u}vJ G}=Dv Qo = p=L u}= =@ [23]"OQm u}}aD |O=} R ,=D@Uv CkO =@
|NQ@ QO xOW x�=Q= \@=wQ T=U= Q@ =Q VvQm - VvD |vLvt u=wD|t 'OW=@v TQDUO
QO 'Q[=L Q=DWwv QO xO=iDU= OQwt \@=wQ R= |NQ@ [29�24]"OQm s}UQD |tra `@=vt

"Ov=xOW x�=Q= xt=O=
[24]%O} QO=t |tyU |x]@=Q ��

�c = Ec"c
�
1� 1

2
�
"c
"c1

��
(1)

[25]%u=vW} Q=m w |=UO |x]@=Q ��

�c = Ec"c
1 + ( "c"c1 )2 (2)

[26]%=B wQ= |xt=vu}}; |x]@=Q ��

�c = fcm
k� � �2

1 + (k � 2)�
;

k = 1 05Ecm "c1
fcm

;

� = "c
"c1

(3)

[27]%|mUwH=t |x]@=Q ��8>>>>><>>>>>:
�c = Ec"c if �c � elimfcm

�c = fcm (elim�2)2
4(elim�1)

�
"c
"c1

�2�
fcm (elim�2)2

2(elim�1)

�
"c
"c1

�
+

fcm elim
2

4(elim�1)

if �c > elimfcm

Ec = fcm
"c

(2� elim) ;

elim = 1� exp
��fcm

80
�

(4)

[28]%wU w nvw |x]@=Q ��8>><>>:
�c = �fcm

�
2
�

"c
�"c1

�� � "c
�"c1

�2�
if "c

�"c1 � 1
�c = �fcm

�
1� � "c/�"c1�1

2/��1
�2�

if "c
�"c1 > 1

(5)

[29]%Rv�=U |x]@=Q ��

"|vD@ Q}D |xUOvy "1 pmW
"uD@ C=}YwYN "2 pwOH

fcm(MPa) E(GPa) �

34 31 4 0 19

OvDUy xv} RyQB w Q@u=tR pwtat Qw] x@ |y=oW}=tR; |=yQ=m xm =Hu; R= "OvOQm x�=Q=
Q=wWO |y=oW}=tR; |=yxvwtv QO |ak=w Qw] x@ |Q=PoQ=@ w |RQt \}=QW p=ta= w
|}xR=U Q=DiQ C=ar=]t |xaUwD x@ Ovv=wD|t O=tDa= p@=k |OOa |=ypOt 'CU=
|}x]kvxU |vD@ Q}D l} |R=Ux}@W |=Q@ |Ov}=Qi 'Q[=L Q=DWwv QO "Ovvm ltm
x�=Q= Twm =@; Q=Ri=sQv R= xO=iDU= =@ xv=yO \Uw QO R} Q=w K]U l} |=Q=O |WtN

"CU= xOW

|vD@ Q}D |R=UpOt "2
=@ uD@ wO u}@=t |[Qa OQU p=YD= |=Q=O |vD@ |xO=U Q}D l} 'Q[=L Q=DWwv QO
|UOvy C=}�RH "CU= xOW |R=UpOt |}x]kvxU VtN CLD u=Um} Ctw=kt
|xUOvy =@ Cw=iDt |xR=Ov= xU QO Q=Oh=mW |}=yQ}D QO \@DQt |=y|Q=Pos=v w
2 h=mW ZQa w 0 2 jta x@ h=mW C@Uv '2 5 jta x@ xv=yO C@Uv =@ x@=Wt
V}=tR; w j}kLD [8]'�2010� uW}m w x=W \UwD |y=oW}=tR; Qw] x@ xm QDt|r}t
xOy=Wt \@DQt C=aq]= '1 pmW w 1 pwOH QO "CU= xOW ?=NDv= 'OvOw@ xOW

"OwW|t

uD@ Q=DiQ |R=UpOt "1"2
|=Q@ u}vJty "CU= xOW xO=iDU= C3D8R |}xQo 8 u=tr= R= Q}D |R=UpOt |=Q@
"CU= xOW xO=iDU= 9 �CDP� uD@ |Q}tN CQ=UN pOt R= uD@ Q=DiQ |R=UpOt
pOt |=Q@ xOW xO=iDU= |@=QN |=yQ}eDt x@ \w@ Qt Q}O=kt w uD@ Kr=Yt C=}YwYN

"Ov=xOW x�=Q= 3 w 2 |=ypwOH QO ?}DQD x@ Q[=L |xar=]t QO CDP
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`=UD= x} w=R C} RmQt R= GwQN fbo=fco KC xD} RwmU} w QDt=Q=B
36 0 1 1 16 0 667 0

CtUk QO 6 |r= 1 \@=wQ |t=tD R= pY=L |=y|vLvt '2 pmW j@=]t
sy Q@ ,qt=m '|Q=Wi Ctw=kt |xv}W}@ |x]kv x@ uO}UQ =D Q=Owtv |OwaY |xN=W
|xN=W QO '|Q=Wi Ctw=kt |xv}W}@ |x]kv R= Qw@a R= TB =t= "OvDUy j@]vt
R= pY=L Cw=iDt Q=DiQ xDUO wO '|oOvwWsQv =} |@=QNTB |x}L=v =} Q=Owtv |rwRv
\@=wQ R= pY=L |=yQ=Owtv pt=W 'pw= |xDUO "OwW|t xOy=Wt xOW QmP \@=wQ
"CU= 6 w 2 \@=wQ R= pY=L |=yQ=Owtv pt=W 'swO |xDUO w 5 w 4 '3 '1
|@=QNTB |x}L=v QO pw= |xDUO \@=wQ R= pY=L |=yQ=Owtv xm OwW|t xOy=Wt
swO |xDUO \@=wQ R= pY=L |=yQ=Owtv 'u}vJty "OvDUy j@]vt Qo}Oty Q@ ,qt=m
wO u}@ |rY= Cw=iD "OvDUy j@]vt Qo}Oty Q@ ,qt=m |@=QNTB |x}L=v QO R}v
QDW}@ x@ xHwD =@ Ck}kL QO "CU= |oOvwWsQv |x}L=v |vLvt ?}W 'Q}N= |xDUO
swO |xDUO x@ C@Uv pw= |xDUO QO |oOvwWsQv |x}L=v QO |vLvt ?}W uOw@
C@Uv pw= |xDUO QO |Q=Wi VvD CLD uD@ |@=QN CaQU xm CiQo xH}Dv u=wD|t
x@ pw= |xDUO |=y|vLvt |oOvwWsQv |x}L=v ?}W "CU= QDW}@ swO |xDUO x@
CtU x@ |Q=Wi Ctw=kt |xv}W}@ |x]kv |r=wL R= CN=wvm} w |H} QOD CQwY
|oOvwWsQv |x}L=v ?}W =t= 'CU= xOQm p}t |ki= CtU x@ w xOW sm Q=Owtv |=yDv=
uO}UQ =D |Q=Wi Ctw=kt |xv}W}@ |x]kv |r=wL R= 'swO |xDUO |=y|vLvt QO
TB w xDi=} V}=Ri= |H} QOD CQwY x@ '0=2�fcm pO=at VvD Q=Okt u} QDtm x@
Q}N= \@=wQ |t=tD xm OvJ Qy "CU= xOt; QO |ki= CQwY x@ ,qt=m 'u; x@ uO}UQ R=
|DN=wvm} w |oDUw}B x@ xHwD =@ =t= 'Ovvm|t |R=Ux}@W =Q uD@ Q=DiQ |@} QkD Qw] x@
OUQ|t Q_v x@ 'pw= |xDUO |=y|vLvt |=Q@ |oOvwWsQv |x}L=v QO xOW xOy=Wt
"OvyO|tu=Wv uD@ |Q=Wi |ak=w Q=DiQ x@ =Q |QDl}ORv Q=DiQ QwmPt |=y|vLvt xm
Qo}Oty Q@ pw= |xDUO x@ \w@ Qt |=y|vLvt xm =Hu; R= 'xOW QmP ?r=]t x@ xHwD =@
4 '3 '1 \@=wQ R= |m} u=wD|t 'OwW|tv xOy=Wt =yv; u}@ |Dw=iD w OvDUy j@]vt
\w@ Qt \@=wQ OQwt QO ẁ[wt u}= "OQm ?=NDv= pw= |xDUO R= |oOv}=tv x@ =Q 5 w
'pw= |xDUO x@ \w@ Qt \@=wQ u}@ R= 'wQ u}= R= "CU= jO=Y R}v swO |xDUO x@
|=y|@=} RQ= Qw_vt x@ 2 |x]@=Q 'swO |xDUO x@ \w@ Qt \@=wQ u}@ R= w 1 |x]@=Q
Q[=L VywSB |R=UpOt QO xO=iDU= |=Q@ =yv; R= |m} ?=NDv= C}=yv QO w |Oa@

"CU= xOW ?=NDv=

|QwLtlD VWm |=Q@ VvQm - VvD |vLvt "3"2
|WWm VvQm - VvD |vLvt 'CDP pOt QO xO=iDU= OQwt pt=wa R= Qo}O |m}
uD@ l} |=Q@ |WWm VvQm - VvD |x]@=Q xm OvJ Qy "CU= uD@ |QwLtlD
V}=tR; =} s}kDUt VWm V}=tR; j} Q] R= |y=oW}=tR; Qw] x@ u=wD|t =Q ZwQit
Q@ u=wD|t =Q xOW QmP Q=Owtv =t= 'OQm u}}aD Q}D VtN V}=tR; =} xvwtv Ci=mW
|WWm Ctw=kt u}ov=}t Q=Okt [31 w 30 '28]"OQm s}UQD R}v |tra `@=vt |NQ@ T=U=

[26]%OQm x@U=Lt 10 |x]@=Q R= xO=iDU= =@ u=wD|t =Q uD@ |QwLt

fctm = 0 3f( 23 )
ck (10)

Ctw=kt w \UwDt |QwLt |WWm Ctw=kt '?}DQD x@ 'fck w fctm'u; QO xm
"OvDUy p=mU=B=ot ?UL Q@ xRwQ 28 uD@ |}xv=wDU= |xvwtv |Q=Wi xYNWt

"6 =D 1 \@=wQ R= pY=L VvQm - VvD |=y|vLvt |xU}=kt "2 pmW

�c = "c
A+B"c + C"2

c +D"3
c

A = 1
Ec

; B = P3 + P4 � 2
P3fcm

; C = � 2P4 � 1
P3fcm"c1

; D = P4 � 1
P3fcm"c1

;

P1 = "cu
"c1

; P2 = fcm
fcu

; P3 = Ec"c1
fcm

; P4 = P3 (P2 � 1)
(P1 � 1)2 � 1

P1
;

(6)

w ("c1) \UwDt |Q=Wi Ctw=kt Q}_v VvQm '(Ecm) uD@ |rw] |v=UWm pwOt
Q_v QO =@ =yQ=DWwv QO TQDUO p@=k\@=wQ R= xO=iDU= =@ u=wD|t =Q ("cu)|}=yvVvQm
[27 w 26]%OQm x@U=Lt p=mU=B=ot ?UL Q@ (fcm) \UwDt |Q=Wi Ctw=kt uDiQo
Ecm = 22(0 1fcm)0 3 (7)

"c1 = 0 0014 [2� exp (�0 024fcm)

� exp (�0 140fcm)]
(8)

"cu = 0 004� 0 0011 [1�
exp (�0 0215fcm)]

(9)

R= xOQm Qw@a `]=kDt \N |x} w=R Cv=Sv=D Q@=Q@ wO pO=at R}v x}rw= |v=UWm pwOt
R= l} Qy R= K}LY xO=iDU= |=Q@ "CU= xOW xDiQo Q_v QO("c1; fcm) |x]kv
pwOt Ck}kL QO "OwW h} QaD K}LY Qw] x@ |v=UWm pwOt O}=@ '6 =D 1 \@=wQ
6 w 2 '1 \@=wQ QO "CU= Cw=iDt QwmPt \@=wQ R= l} Qy QO xDiQ Q=m x@ |v=UWm
7 |x]@=Q j@=]t |rw] |v=UWm pwOt R= 3 |x]@=Q QO w x}rw= |v=UWm pwOt R=
xOW h} QaD x]@=Q OwN x=Qty |v=UWm pwOt R}v 4 |x]@=Q QO "CU= xOW xO=iDU=
|v=UWm pwOt h} QaD x@ |R=}v '5 |x]@=Q 'OwW|t xOy=Wt xm xvwou=ty "CU=
|vLvt |rwRv CtUk QO 'x@U=Lt QO xwkr=@ |OOa pmWt R= |Q}owrH |=Q@ "OQ=Ov
^=Lr 0=2�fcm pO=at VvD Q=Okt u} QDtm '5 w 4 '3 '1 \@=wQ QO VvQm - VvD
xOW ZQi � = 1 'QwD=tQ; uDiQo Q_v QO sOa x@ xHwD =@ u}vJty [28]"CU= xOW
6 |r= 1 \@=wQ R= pY=L VvQm - VvD |=y|vLvt |xU}=kt '2 pmW QO "CU=

"OwW|t xOy=Wt p=mU=B=ot 34 \UwDt |Q=Wi Ctw=kt =@ |vD@ |=Q@
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|O
=yvW

}B|
OOa

pOt
|x�

=Q=

"|WWm |oOvwWsQv CtUk |=Q@ Cw=iDt pOt wO "3 pmW

"|WWm VvQm - VvD |=y|vLvt |xU}=kt "4 pmW

Cr=L QO VvQm - VvD |vLvt |=Q@ �2001� wU w nvw \UwD '11 |x]@=Q
[28]%CU= xOW x�=Q= |WWm |QwLtlD VvD8<: �t = Ec"t if "t � "cr

�t = fcr
�
"cr
"t

�0 4
if "t > "cr

(11)

QO |oOQwNlQDVvD 'fcr w "t ZwQitVvQm QO |WWmVvD Q=Okt '�t 'u; QO xm
|xYNWt Ctw=kt uDiQo Q_v QO =@ '12 |x]@=Q T=U= Q@ xm 'CU= "cr Q}_vVvQm

%O};|t CUO x@ p=mU=B=ot ?UL Q@ f 0c uD@ |Q=Wi
fcr = 0 31pf 0c (12)
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VtN R= |W=v |Q=Wi w |WWm |=yVvD u} QDW}@ Q}F-=D CLD xm CU= xOW `k=w
p=YD= 'Kr=Yt Ctw=kt w CUmW l}v=mt C=}YwYN j@] xmu}= R}v w CU=
'OvDUy xJQ=Bl} xm |]=kv Q}=U x@ C@Uv CUmW |=Q@ |QDOaDUt C}a[w OQU
"CU= OQU p=YD= Q=DiQ Q}F-=D CLD COW x@ Q}D Q=DiQ xm CiQo xH}Dv u=wD|t &OQ=O
Cr=L wO x@ \w@ Qt u=mtQ}}eD - Q=@ |vLvt wO |xU}=kt R= u=wD|t =Q ẁ[wt u}=
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1. bond properties
2. length of process zone
3. brittleness number
4. mode I fracture toughness
5. critical crack tip opening displacement
6. size e�ect method
7. cohesive zone model
8. bond-based peridynamics
9. concrete damage plasticity
10. traction-separation relation
11. damage initiation criterion
12. damage evolution law
13. crack mouth opening displacement
14. initial compliance
15. initial compliance
16. mode I (opening mode)

�References� `@=vt
1. Golewski, G.L. \Measurement of fracture mechanics pa-

rameters of concrete containing y ash thanks to use of
Digital Image ", Measurement, 135, pp. 96-105 (2019).

2. Kishen, J.C. and Rao, P.S. \Fracture of cold jointed
concrete interfaces", Engineering Fracture Mechanics,
74(1), pp. 122-131 (2007).

3. Lim, Y.M., Kim, M.K., Shin, S.K. and et al. \Numer-
ical simulation for quasi-brittle interface fracture in ce-
mentitious bi-material system", In Proceedings of the 4th

International Conference on Fracture Mechanics of Con-
crete Structures, 1, pp.73-80 (2001).

4. Shah, S.G. and Kishen, J.C. \Fracture behavior of
concrete{concrete interface using acoustic emission tech-
nique", Engineering Fracture Mechanics, 77(6), pp. 908-
924 (2010).

5. Tschegg, E. and Stanzl, S. \Adhesive power measure-
ments of bonds between old and new concrete", Journal
of materials science, 26(19), pp. 5189-5194 (1991).

6. Tschegg, E., Tan, D.M., Kirchner, H.O.K. and et al. \In-
terfacial and subinterfacial fracture in concrete", Acta
metallurgica et materialia, 41(2), pp. 569-576 (1993).

7. Kunieda, M., Kurihara, N., Uchida, Y. and et al. \Ap-
plication of tension softening diagrams to evaluation
of bond properties at concrete interfaces", Engineering
Fracture Mechanics, 65(2-3), pp. 299-315 (2000).

8. Shah, S.G. and Kishen, J.C. \Nonlinear fracture proper-
ties of concrete{concrete interfaces", Mechanics of Ma-
terials, 42(10), pp. 916-931 (2010).

9. Spring, D.W. and Paulino, G.H. \A growing library
of three-dimensional cohesive elements for use in
ABAQUS", Engineering Fracture Mechanics, 126, pp.
190-216 (2014).

10. Dugdale, D.S. \Yielding of steel sheets containing slits",
Journal of the Mechanics and Physics of Solids, 8(2),
pp. 100-104 (1960).

11. Barenblatt, G.I. \The formation of equilibrium cracks
during brittle fracture, general ideas and hypotheses,
axially-symmetric cracks", Applied Mathematics and
Mechanics, 23(3), pp. 622-636 (1959).

69



"""|
R=Ux

}@W
|=Q@

|O
=yvW

}B|
OOa

pOt
|x�

=Q=

12. Park, K., Choi, H. and Paulino, G.H. \Assessment of
cohesive traction-separation relationships in ABAQUS:
A comparative study", Mechanics Research Communi-
cations, 78, pp. 71-78 (2016).

13. Selivanov, M.F. and Chornoivan, Y.O. \A semi-
analytical solution method for problems of cohesive frac-
ture and some of its applications", International Journal
of Fracture, 212(2), pp. 113-121 (2018).

14. Muralidhara, S., Raghu Prasad, B.K., Eskandari, H. and
et al. \Fracture process zone size and true fracture en-
ergy of concrete using acoustic emission", Construction
and Building Materials, 24(4), pp. 479-486 (2010).

15. Park, K., Paulino, G.H. and Roesler, J. \Cohesive frac-
ture model for functionally graded �ber reinforced con-
crete", Cement and Concrete Research, 40(6), pp. 956-
965 (2010).
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17. Hoover, C.G. and Baûant, Z.P. \Universal size-shape ef-
fect law based on comprehensive concrete fracture tests",
Journal of Engineering Mechanics, 140(3), pp. 473-479
(2014).

18. Kumar, S., Pandey, S.R. and Srivastava, A. \Determi-
nation of double-K fracture parameters of concrete us-
ing peak load method", Engineering Fracture Mechanics,
131, pp. 471-484 (2014).

19. Koz lowski, M., Kadela, M. and Kukie lka, A. \Fracture
energy of foamed concrete based on three-point bending
test on notched beams", Procedia Engineering, 108, pp.
349-354 (2015).

20. Gil, D. and Golewski, G. \E�ect of Silica Fume and
Siliceous Fly Ash Addition on the Fracture Toughness
of Plain Concrete in Mode I", in IOP Conference Se-
ries: Materials Science and Engineering, IOP Publishing
(2018).

21. Shah, S. and Kishen, J.C. \Fracture properties of
concrete{concrete interfaces using digital image corre-
lation", Experimental Mechanics, 51(3), pp. 303-313
(2011).

22. Yang, D. Dong, W., Liu, X. and et al.\Investigation on
mode-I crack propagation in concrete using bond-based
peridynamics with a new damage model", Engineering
Fracture Mechanics, 199, pp. 567- 581 (2018).

23. Kmiecik, P. and Kami�nski, M. \Modelling of reinforced
concrete structures and composite structures with con-
crete strength degradation taken into consideration",
Archives of Civil and Mechanical Engineering, 11(3), pp.
623-636 (2011).

24. Owen, D. and Figueiras, J. Ultimate Load Analysis Of
Reinforced Concrete Plates and Shells Including Geomet-
ric Nonlinear E�ects, �nite element software for plates
and shells, pp. 327-388 (1984).

25. Desayi, P. and Krishnan, S. \Equation for the stress-
strain curve of concrete", in Journal Proceedings, 61(3),
pp.345-350 (1964).

26. Institution, B.S. Eurocode 2: Design of Concrete Struc-
tures: Part 1-1: General Rules and Rules for Buildings,
British Standards Institution, pp.27-37 (2004).

27. Majewski, S. The Mechanics of Structural Concrete in
Terms of Elasto-Plasticity, silesian polytechnic publish-
ing house, gliwice, pp.32-55 (2003).

28. Wang, T. and Hsu, T.T. \Nonlinear �nite element analy-
sis of concrete structures using new constitutive models",
Computers & Structures, 79(32), pp. 2781-2791 (2001).

29. Saenz, L. \Equation for the stress-strain curve of con-
crete", ACI J., 61(9), pp. 1229-1235 (1964).

30. Massicotte, B., Elwi, A.E. and MacGregor, J.G.
\Tension-sti�ening model for planar reinforced concrete
members", Journal of Structural Engineering, 116(11),
pp. 3039-3058 (1990).

31. Wahalathantri, B.L., Thambiratnam, D., Chan, T. and
et al. \A material model for exural crack simulation in
reinforced concrete elements using ABAQUS", in Pro-
ceedings of the First International Conference on En-
gineering, Designing and Developing the Built Environ-
ment for Sustainable Wellbeing, Queensland University
of Technology (2011).

32. ABAQUS, \ABAQUS 6.14 user's manual", Dassault
Systemes Simulia Corp, Providence, RI, USA (2014).

33. ACI Committee 318, \Building code requirements for
structural concrete (ACI 318-95)", American Concrete
Institute (1995).

34. Shah, S.P., Swartz, S.E. and Ouyang, C. \Fracture me-
chanics of concrete: applications of fracture mechanics to
concrete, rock and other quasi-brittle materials", John
Wiley & Sons, pp.110-162 (1995).

35. Shah, S. \Size-e�ect method for determining fracture en-
ergy and process zone size of concrete", Materials and
Structures, 23(6), pp. 461-465 (1990).

36. Ba, Z.P. and Kazemi, M.T. \Determination of fracture
energy, process zone longth and brittleness number from
size e�ect, with application to rock and conerete", Inter-
national Journal of fracture, 44(2), pp. 111-131 (1990).

37. Bazant, Z.P. and Pfei�er, P.A. \Determination of frac-
ture energy from size e�ect and brittleness number", ACI
Materials Journal, 84(6), pp. 463-480 (1987).

38. Beverly, P. \Fib model code for concrete structures
2010", Ernst & Sohn, pp.78-79 (2013).

70




