
�13
98

R}}=B
�'h

}QW
u=Qt

a|
UOv

yt
10

5�9
7"

X
'3/

2|
xQ=t

W'
35

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
leOQor}t VRer � |oOv@UJ |Q=DiQ pOt

sm |Q=yt pw] =@ uD@ QO uwiOt
�OWQ= T=vWQ� � |tyt |[DQt

�Q=}O=DU=� �u=}OQHwQ@ O}Lw
u=Q}= CavY w sra x=oWv=O 'u=Qta |UOvyt |xOmWv=O

Ctw=kt =@ uD@ w Q=OH; OQor}t u}@ VRer � |oOv@UJ VvD Q=DiQ 'Q[=L VywSB QO
l}v=mt |xO=U s}y=it Q@ |vD@t |twyit VRer � |oOv@UJ pOt l} w |UQQ@ |rwtat
|R=Ux}@W R= pOt uw}U=Q@}r=m |=Q@ "CU= xOW x�=Q= sm |Q=yt pw] =@ Q=OH; OQor}t |=Q@
xO=iDU= Twm =@; OwOLt QY=va Q=Ri=sQv QO uD@ pN=O R= OQor}t uO}Wm uwQ}@ |=yV}=tR;

|=yxQo 'OwOLt QY=va pOt QO VRer � |oOv@UJ Q=DiQ |R=Ux}@W |=Q@ "CU= xOW
|=yQDt=Q=B G=QNDU= "OvOW pYDt |]NQ}e |=yQvi |xr}Uwx@ Qw=Ht uD@ |=yxQo x@ Oqwi

G}=Dv =@ j=@]v= u} QDW}@ pwYL hOy =@ w =]N w |aU Ov}=Qi T=U=Q@ |O=yvW}B pOt
=@ |O=yvW}B pOt R= pY=L |}=Hx@=H � wQ}v |=yQ=Owtv |xU}=kt "OW s=Hv= |y=oW}=tR;

Q}O=kt =@ j@=]D Q_v R= |O=yvW}B pOt xm O=O u=Wv C=}@O= QO OwHwt |=ypOt Q}=U
Gw= R= TB Q=DiQ XwYNQO xJ w |oOv@UJ VvD |xv}W}@ u}tND QO xJ '|y=oW}=tR;

"Ow@ Qo}O |=ypOt R= QDy@ Q=}U@ 'VRer � |oOv@UJ

m.mohemmy@yahoo.com
broujerdian@iust.ac.ir

'Bond-link u=tr= '|Q=yt pw] 'VRer � |oOv@UJ 'KrUt uD@ %|O}rm u=oS=w
"Twm =@;

xtOkt "1
"OvOQm OQ=w VRer |oOv@UJ pOt QO =Q Oqwi VvQm QF= [8]'�2017� u=Q=mty
l} 's}rUD=Qi VvQm Q=F; uDiQo Q_vQO |=Q@ [9]'�2015� Tm} Qvy w TwDv=U
u=Q=mty w |mDv=B "OvO=O O=yvW}B 'CU= Oqwi VvQm `@=D \ki xm Vy=m ?} Q[
|oOv@UJ |R=Ux}@W |=Q@ |Oa@xU OwOLt <=RH= p}rLD pOt l} [10]'�2017�
|}xLiY VvD u=tr= =@ uD@ w |}=B QN u=tr= =@ =Q =yOQor}t w x�=Q= OQor}t w uD@ u}@
OvOQm x�=Q= =Q T=tD R= |rOt [11]'�2013� wQDU=m w TOvt "OvOQm |R=Ux}@W
pOt Oqwi w uD@ u}@ T=tD p=wR Q@ =Q VvQm CWoQ@ w CiQ |=ypm}U Q=F; xm

"OQm|t
V}=Ri= =@ xm CW=O xHwD xDmv u}= x@ O}=@ =ypOt |Ot;Q=m w CkO |xU}=kt QO
QDQ=wWO |UOvyt w |}xt=vu}}; OY=kt |=Q@ u; R= xO=iDU= 'pOt |=yQDt=Q=B O=OaD
Q=DiQ |R=Ux}@W QO |Oa@ Vr=J '?U=vt |Q=DiQ pOt ?=NDv= R= TB "OwW|t
u=tr= Q=Ri=sQv QO Q_vOQwt |Q=DiQ pOt |R=UxO=}B |xwLv 'KrUt uD@ w[a l}
OQor}t u}@ VRer � |oOv@UJ Q=DiQ |R=UpOt |=Q@ G}=Q VwQ wO "CU= OwOLt
u; QO xm [13w12]'4\@=Q u=tr= VwQ "1 %OQ=O OwHw OwOLt <=RH= p}rLD QO uD@ w
VwQ "2 w OwW|t xO=iDU= u}at |m}v=mt C=YNWt =@ =RHt |Qvi |=yu=tr= R=
Oqwi w uD@ u}@ |}xDUw}B \=@DQ= |oOv@UJ u=tr= u; QO xm [14]'5p=YD= |x}L=v
T=tD u=tr= |=yQDt=Q=B s}_vD 'xOW xQ=W= |=yVwQ R= l} Qy QO "OQw;|t OwHwx@

"CU}v |v=U; Q=m |Q=DiQ pOt =@ j=@]v= |=Q@

|Q=PoQ=@ CLD KrUt uD@ |=yxR=U Q=DiQ K}LY |v}@V}B C=twRrt R= |m}
|oOv@UJ ZQi "CU=yOQor}t VRer |xO}OB ^=Lr '|m}t=v}O w |m}D=DU=
KrUt uD@ w[a |DNU `k=w R= V}@ u}tND ?Hwt uD@ w OQor}t u}@ pt=m
|=ypOt QDW}@ "OwW|t |OOa |=ypOt QO u=mt Q}}eD `k=w R= QDtm OQw;Q@ w
|a@=D CQwY x@ =Q |oOv@UJ VvD 'VRer � |oOv@UJ |=Q@ xOW x�=Q= |Q=DiQ
QO xar=]t l} QO [4�1]"OvQ}o|t Q_v QO VRer Q=Okt w uD@ |Q=Wi Ctw=kt R=
CUmW Cr=L wO QO VRer � |oOv@UJ VvD |]NOvJ |vLvt '1981 p=U
x�=Q= hrDNt |oOv@UJ \}=QW |=Q@ 2|oOQwNCi=mW CUmW w 1uO}Wm uwQ}@
s}rUD R= TB 3|WWm |oOWCNU Q=F; '=y|Ov@pwtQi R= |NQ@ [5]"CU= xOW
uD@ VvQm 'Oqwi VvQm |=yQDt=Q=B 'Qw_vt u}= x@ "Ovvm|t Qw_vt C=@U=Lt QO =Q
=t}W Q=@ u}rw= "CU= xOW |oOv@UJ |Q=DiQ |=ypOt OQ=w uD@ |oO}O?}U; w
w OQor}t Q]k 'Oqwi VvQm Q=F; =@ |oOv@UJ pOt l} [6]'�1987� u=Q=mty w
l} [7]'�1998� u=Q=mty w |DQ=t u; R= TB "OvOQm O=yvW}B =Q uD@ Ctw=kt
uO}UQ =@ xm OvOQm x�=Q= |Q}tN ?rY VRer |oOv@UJ Q=DiQ ZQi =@ pOt
w wS "O@=}|t Vy=m x}rw= Q=Okt hYv x@ |oOv@UJ VvD 's}rUD OL x@ Oqwi

pw�Ut xOvU} wv �
"1396 11 24 VQ}PB '1396 10 30 x}LqY= '1396 8 6 Ci=} QO %M} Q=D

DOI:10.24200/J30.2018.5027.2195



"""O
Qor}

tV
Rer�

|oO
v@U

J|
Q=DiQ

pOt|=yOQor}t |=Q@ ,qwtat xm swO Cr=L QO "�2 pmW� OwW|t ZQi C@=F OQor}t
C=YDNt R= |a@=D VRer w |oOv@UJ VvD 'CU= QwYDt O=} R |Q=yt pw] =@
Q]k Q@=Q@ 5 R= �L� uD@ QO uwiOt OQor}t pw] |Dkw "OwW|t ZQi OQor}t |rLt
O=} R |Q=yt pw] 'CQwYu}= Q}e QO w sm |Q=yt pw] 'OW=@v QDnQR@ (�s) OQor}t
l}x@l} |x]@=Q l} u=wD|t x=Dwm |Q=yt pw] Cr=L QO [10]"OwW|t ?wULt

%�1 |x]@=Q� CWwv OQor}t lwv x@ xOW OQ=w |wQ}v w |oOv@UJ VvD u}@
�s(�) = F (�)

�;sL (1)

OQor}t w uD@ u}@ |oOv@UJ VvD �s w OQor}t lwv |wQ}v F 'VRer � 'u; QO xm
"CU=

"OQ=O OwHw C=}@O= QO Q=OH; OQor}t |=Q@ |Q=}U@ VRer |oOv@UJ |=ypOt
sm |Q=yt pw] Cr=L QO =t= 'Ovvm|t ^=Lr =Q s}rUD=Qi VvQm Q=F; 'O}OH |=ypOt
"OQ=Ov |D}ty= s}rUD=Qi VvQm Q=F; 'OQor}t uOWv|Q=H w |WmuwQ}@ CUmW p}rOx@
"Ov=xOW |iQat xt=O= QO 'OvDUy Oqwi VvQm Q=F; uwO@ xm hwQat |OOa pOt wO
xOW x�=Q= [5]'u=Q=mty w 8|Bt=}U pOt Q@ |vD@t xm CU= [16]'7?}i pOt 'pw= pOt
|=yQDt=Q=B '1 pwOH QO "OwW|t u=}@ 3 pmW w 5 |r= 2 \@=wQ \UwD w CU=

"CU= xOW x�=Q= pw= pOt

�b = �max

�
S
S1

��
0 � S � S1 (2)

� = �max S1 � S � S2 (3)

� = �max � (�max � �f )
�
S � S2
S3 � S2

�
S2 � S � S3 (4)

"L � 5�s |=Q@ |oOv@UJ VvD `} RwD "2 pmW

"?}i VRer � |oOv@UJ VvD pOt "3 pmW

s}y=it Q@ |vD@t |twyit VRer � |oOv@UJ pOt l} 'Q[=L VywSB QO
|=Q@ "CU= xOW x�=Q= sm |Q=yt pw] =@ Q=OH; OQor}t |=Q@ l}v=mt |xO=U
R= xO=iDU= w [15]'Twm =@; OwOLt QY=va Q=Ri=sQv R= xO=iDU= =@ 'pOt uw}U=Q@}r=m
uO}Wm uwQ}@ V}=tR; R= |Q@Dat |R=Ux}@W 'T=tD u=tr= u=wvax@ \@=Q u=tr=
'CU= x=Qty |WmuwQ}@ CUmW =@ xm sm |Q=yt pw] Cr=L QO uD@ R= OQor}t
|=ypOt R= |NQ@ =@ xOW x�=Q= pOt '|HvUQ=@Da= Qw_vt x@ "CU= xOW x�=Q=
xOW xU}=kt |y=oW}=tR; G}=Dv w Q=OH; |=yOQor}t |=Q@ VRer � |oOv@UJ G}=Q

"CU=

|rLt |oOv@UJ VvD uwv=k "2
x@ uD@ w OQor}t u}@ |oOv@UJ Q=DiQ 'KrUt uD@ xvwtv l} |Q=PoQ=@ pqN QO
'|oOv@UJ K]U u}rw= =} wQ}v p=kDv= VwQ u}rw= "CU= xDU@=w |Q=PoQ=@ u=R}t
|Q@ R w |m} R}i w |}=}t}W |oOv@UJ x@ w OQ=O s=v u=UWm |oOv@UJ K]U
|xr}Uwx@ '|oOv@UJ K]U u}twO "OwW|t \w@ Qt OQor}t K]U |B wmUwQm}t
"�1 pmW� OQ}o|t pmW x}rw= |oOv@UJ CUmW R= TB uD@ =@ OQor}t G; |Q}oQO
|v}at |=oQR@l} x@ =D OvyO|t p=kDv= uD@ x@ =Q |Q=Wi |=ywQ}v 'OQor}t |wQ |=yG;
w p=tQv |xir-wt wO x@ QwmPt |Q=Wi |=ywQ}v "OvUQ@ uD@ VQ@ =} uOW OQN R= p@k
"OvwW|t |Ov@s}UkD 'OwW|t |oOv@UJ |wQ}v x@ QHvt xm OQor}t |R=wt |xir-wt
Qo}O |wU R= 'OwW|t uD@ QO |a=aW |Q=Wi |=yVvD x@ QHvt xm p=tQv |xir-wt
R= |]}Lt VWm VvD Q=Okt Qo = "OvR|t skQ =Q uD@ QO 6|]}Lt |WWm VvD
OQor}t h=Q]= QO uD@ |a=aW |oOQwNlQD 'Ovm Rw=HD (ft) uD@ |WWm Ctw=kt
swO |xrLQt |=yDv= Qov=}=tv |oOQwNCi=mW lQD u}rw= |Q}opmW "OQ}o|t pmW
x@ VRer '=yOQor}t |m =m]Y= Ctw=kt u=R}t x@ xDU@ xO=U |=yOQor}t QO "CU=
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|oOv@UJ VvD 'Oa@ x@ xrLQt u; R= "OwW uD@ w OQor}t u}@ l =m]Y= |oDN}Uo
xt=O= Smax Q=Okt =D VRer u}= w 'Ovm|t VRer x@ ẁQW OQor}t w O@=}|t Vy=m
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u=Qt

a|
UOv

yt "uD@ ?}U; |Q}tN Cr=L pOt QO xO=iDU= OQwt |=yQDt=Q=B "2 pwOH
3 `=UD= |x}w=R 2 C} RmQt R= GwQN fb0=fc k 1 u=UWmwmU} w QDt=Q=B

30 0 01 1 16 0 67 0 05
1 viscosity parameter 2 eccentricity 3 diliation angle

"OQor}t pw] QO |]NQ}e |=yQvi V}=Q; "13 pmW

uD@ p=YD= |=yQvi nvQ OQR CtUk� uO}Wm uwQ}@ V}=tR; |R=Ux}@W "14 pmW
"�OyO|t u=Wv =Q OQor}t x@

"Pull out V}=tR; |xOW |R=UpOt |xvwtv |Ov@Vt "15 pmW

|O=yvW}B pOt uw}U=Q@}r=m "6
VvD |=Q@ Q}O=kt u} QDy@ uOQw; CUOx@ |=Q@ 'OW xQ=W= u}= R= V}B xm Qw]u=ty
'QwmPt |=yQDt=Q=B R= s=Om Qy |=Q@ '|O=yvW}B |=ypOt QO xv}W}@ VRer w |oOv@UJ
"CU= xOW |@=} RQ= 3 pwOH j@=]t pOt 9 |rm Qw]x@ w xO=iDU= hrDNt Q=Okt 3
'=yu; |HvUQ=@Da= w |y=oW}=tR; Q}O=kt =@ |O=yvW}B |=ypOt |xU}=kt |=Q@
"CU= xOW xO=iDU= 'xOW K} QWD ,q@k xm OQor}t uO}Wm uwQ}@ V}=tR; 4 G}=Dv
� |oOv@UJ |=ypOt 'xOW QmP |y=oW}=tR; |xvwtv 4 |OOa |R=UpOt R= TB
|y=oW}=tR; |vLvt =@ =yu; p}rLD G}=Dv w xO=iDU= l} x@ l} |O=yvW}B VRer

"Bond-link u=tr= "11 pmW

"|]NQ}e Qvi 4 =@ OQor}t x@ uD@ p=YD= "12 pmW

VRer � |oOv@UJ |R=UpOt "3"5
s=Hv= 16\@=Q u=tr= w 15p=YD= |x}L=v VwQ wO x@ VRer � |oOv@UJ |R=UpOt
VwQ "OwW|t xO=iDU= 17xOv@UJ u=tr= R= 'p=YD= |x}L=v VwQ QO "OQ}o|t
VwQ =@ xU}=kt QO w OQw;|t OwHwx@ OQor}t w uD@ u}@ |}xDUw}B \=@DQ= 'p=YD=
|Oa@xU |R=UpOt x@ xHwD =@ "OyO|t V}=Ri= Q=}U@ =Q p}rLD u=tR '\@=Q u=tr=
u=tR x@ R=}v |Oa@ wO p}rLD =@ xU}=kt QO xm Q[=L VywSB QO xOW xO=iDU=
'\@=Q u=tr= "CU= xOW xO=iDU= \@=Q u=tr= VwQ R= Q[=L VywSB QO 'OQ=O |QDW}@
|]NQ}e |=yQvi =@ =Q u=Um} C=YDNt =@ xQo wO w OQ=Ov |m} R}i Oa@ xvwoI}y
|=yQvi x@ u=mtQ}}eD � wQ}v |vLvt X=YDN= =@ "�11 pmW� Ovm|t pYw sy x@
OQm |R=Ux}@W =Q Qw=Ht OQor}t w uD@ u}@ VRer � |oOv@UJ u=wD|t 'QwmPt
CUOx@ Qvi Q}oQ=@ K]U QO |oOv@UJ VvD ?Q[pY=L R= Qvi Qy |wQ}v xm
R= xm |DQwY QO 'OQ=O =yQvi O=OaD x@ |oDU@ 'xOW xQ=W= |R=Ux}@W CkO "O};|t
CW=O Oy=wN |}q=@ CkO |R=Ux}@W 'OwW xO=iDU= sm |xrY=i =@ O=} R |=yQvi
OQor}t w uD@ u}@ |}xDUw}B \=@DQ= xm p=YD= |x}L=v VwQ x@ x}@W |OQmrta w
|Oa@xU |R=Ux}@W p}rO x@ 'Q[=L VywSB QO "CW=O Oy=wN 'OQw;|t OwHwx@
Qvi 4 R= 'OQor}t pw] R= QDt|r}t 5 Qy QO 'CkO V}=Ri= |=Q@ w uD@ w OQor}t
xO=iDU= �14 w 13 '12� |=ypmW j@=]t OQor}t x@ uD@ p=YD= |=Q@ |]NQ}e
=Q Pull out V}=tR; |xOW|R=UpOt |xvwtv |Ov@Vt '15 pmW "CU= xOW

"OyO|t u=Wv
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|vLvt =@ |O=yvW}B |=ypOt |}=Hx@=H � wQ}v |=yQ=Owtv |xU}=kt "17 pmW
[18]"uR=y G}r= w wDr |xvwtv |y=oW}=tR;

|vLvt =@ |O=yvW}B |=ypOt |}=Hx@=H � wQ}v |=yQ=Owtv |xU}=kt "18 pmW
[19]"fc = 28MPa uD@ =@ u=Q=mty w Ovwmrw |y=oW}=tR;

|vLvt =@ |O=yvW}B |=ypOt |}=Hx@=H � wQ}v |=yQ=Owtv |xU}=kt "19 pmW
[19]"fc = 34MPa uD@ =@ u=Q=mty w Ovwmrw |y=oW}=tR;

Kw[w x@ xOW QmP G}=Dv QO "CU= QDW}@ =yxvwtv Q}=U R= u; QO uD@ |Q=Wi Ctw=kt
|y=oW}=tR; |vLvt =@ =Q j=@]v= u} QDy@ T33S15 pOt xm OQm xOy=Wt u=wD|t
=]N u} QDW}@ '�max = 2 5pfc |xv}W}@ |oOv@UJ VvD =@ |}=ypOt w OQ=O
uD@ |Q=Wi Ctw=kt QOk Qy Cio u=wD|t xOt; CUOx@ G}=Dv x@ xHwD =@ "OvQ=O =Q
uwDU "O@=} V}=Ri= �max = �

p
fc |x]@=Q QO � ?} Q[ O}=@ 'O@=}|t V}=Ri=

Q_vOQwt |y=oW}=tR; |vLvt =@ =Q |O=yvW}B |=ypOt |=y=]N '4 pwOH sHvB

"|O=yvW}B |=ypOt QO xv}W}@ VRer w |oOv@UJ VvD "3 pwOH
Smax(mm) �max(MPa) pOt s=v

4 2 5pfc T25S4
8 2 5pfc T25S8
15 2 5pfc T25S15
4 2 9pfc T29S4
8 2 9pfc T29S8
15 2 9pfc T29S15
4 3 3pfc T33S4
8 3 3pfc T33S8
15 3 3pfc T33S15

|vLvt =@ |O=yvW}B |=ypOt |}=Hx@=H � wQ}v |=yQ=Owtv |xU}=kt "16 pmW
[5]"u=Q=mty w |Bt=}U |xvwtv |y=oW}=tR;

|ak=w Q}O=kt w |O=yvW}B |=ypOt u}@ =]N |x@U=Lt |=Q@ "CU= xOW xU}=kt
|OOa |=y|vLvt u}@ wQ}v hqDN= C=a@ Qt ẁtHt QPH VwQ R= 'xvwtv Qy QO
|r= 16 |=ypmW QO "CU= xOW xO=iDU= u=Um} |}=Hx@=H QO |y=oW}=tR; w
|=Q@ =Q OQor}t |xOW |Q=PoQ=@ |=yDv= |}=Hx@=H � wQ}v |=yQ=Owtv |xU}=kt '19
pwOH QO u}vJty "OwW|t xOy=Wt |y=oW}=tR; |vLvt 4 w |O=yvW}B pOt 9
pmW QO "CU= xOW x@U=Lt |y=oW}=tR; Q}O=kt =@ pOt Qy |=]N Q}O=kt '4
j=@]v= '=ypOt Q}=U x@ C@Uv T29S8 pOt '|O=yvW}B |=ypOt u}@ QO '16
"T25S8 w T33S8 |=ypOt u; R= TB w OQ=O |y=oW}=tR; |vLvt =@ |QDy@
u}vJty "CU= ?r]t u}ty O} -wt R}v 4 pwOH swO uwDU QO GQOvt |=]N Q}O=kt
hqDN= 'OvQ=O Smax = 4mm |xv}W}@ VRer xm |}=ypOt xm Cio u=wD|t
pwOH swU uwDU w 17 pmW T=U=Q@ "OvQ=O |y=oW}=tR; Q}O=kt =@ |}x_Lqt p@=k
|vLvt =@ |v=Um} hqDN= ,=@} QkD 'T29S8 w T25S8 |O=yvW}B |=ypOt '4
CUOx@ G}=Dv "OvyO|t u=Wv |QDy@ G}=Dv =ypOt Q}=U x@C@Uv w OvQ=O |y=oW}=tR;
Q=Owtv |x}rw= CtUk QO T25S4 pOt xm OvyO|t u=Wv 18 pmW QO xOt;
p@=k hqDN= �C@=F CtUk� swO CtUk QO =t= '?U=vt j=@]v= �|OwaY CtUk�
T33S15 w T33S8 |=ypOt u}vJty w OQ=O |y=oW}=tR; |vLvt =@ |}x_Lqt
"OvQ=O |QDtm |=]N Q=Owtv C@=F CtUk QO w O=} R |=]N 'Q=Owtv |x}rw= CtUk QO
Qo}O |=ypOt u}ov=}t T29S15 w T29S8 |=ypOt '18 pmW QO |rm Qw]x@ w
|QDtm |=]N 'OwW|t xOy=Wt 4 pwOH sQ=yJ uwDU QO xm Qw]v=ty w OvDUy
xm CU= |y=oW}=tR; |xvwtv x@ \w@ Qt '19 pmW "OvQ=O =ypOt Q}=U x@ C@Uv
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UOv

yt "|y=oW}=tR; Q}O=kt OQw;Q@ QO |O=yvW}B |=ypOt |=]N "4 pwOH

=]N ẁtHt |xvwtv =@ =]N pOt
fc = 34MPa u=Q=mty w Ovwmrw fc = 28MPa u=Q=mty w Ovwmrw uR=y G}r= w wDr u=Q=mty w |Bt=}U

393 90 40 32 231 T25S4
242 77 32 17 116 T25S8
215 76 31 21 87 T25S15
348 62 30 31 225 T29S4
131 54 26 17 34 T29S8
227 50 24 29 124 T29S15
279 46 32 31 170 T33S4
173 46 33 23 71 T33S8
275 37 33 38 167 T33S15

|OOa |=y|vLvt =@ |}=Hx@=H � wQ}v |y=oW}=tR; |vLvt |xU}=kt "20 pmW
[5]"u=Q=mty w |Bt=}U |y=oW}=tR; |=yxvwtv |=Q@

|OOa |=y|vLvt =@ |}=Hx@=H � wQ}v |y=oW}=tR; |vLvt |xU}=kt "21 pmW
[18]"uR=y G}r= w wDr |y=oW}=tR; |=yxvwtv |=Q@

Q=Okt x@ OQor}t w uD@ u}@ |oOv@UJ VvD xm ODi=|t j=iD= |v=tR =yVRer u}rw=
pOt Q=Owtv '21 w 20 |=ypmW QO xm CU= |y}O@ u}=Q@=v@ "OUQ@ �max XNWt
xDW=O |y=oW}=tR; Q=Owtv =@ Qo}O pOt wO x@ C@Uv |QDy@ Q=}U@ j=@]v= '|O=yvW}B
|yHwD p@=k Q=Okt x@ |y=oW}=tR; Q=Owtv QO wQ}v 'sm Q=}U@ |}=Hx@=H QO =Q} R 'OW=@

"OUQ|t

|xvwtv 4 |=Q@ pOt Qy |=y=]N ẁtHt `tH =@ |rm Cr=L QO "OyO|t u=Wv
sWW uwDU QO xm Qw]u=ty "O};|t CUOx@ pOt u; |=Q@ pm |=]N '|y=oW}=tR;
T33S8 |=ypOt ?}DQD x@ u; R= TB w T29S8 pOt 'OwW|t xOy=Wt 4 pwOH
Q}O=kt =@ =ypOt Q}=U x@ C@Uv =Q =]N u} QDtm w j=@]v= u} QDy@ 'T25S15 w

"OvQ=O |y=oW}=tR;

=@ |O=yvW}B pOt u} QDy@ |xU}=kt w |@=} RQ= "7
OwHwt |=ypOt

u} QDtm ẁtHt QO xm T29S8 pOt '|O=yvW}B pOt u} QDy@ p@k CtUk QO
pOt 'Q[=L VN@ QO "OW |iQat 'OQ=O |y=oW}=tR; Q}O=kt x@ C@Uv =Q =]N
QO "CU= xOW xU}=kt CmUy w ?}i |xDioV}B |=ypOt =@ ?NDvt |O=yvW}B
OQor}t |xOW|Q=PoQ=@ |=yDv= |}=Hx@=H � wQ}v |y=oW}=tR; '21 w 20 |=ypmW
wDr w [5]'u=Q=mty w |Bt=}U |y=oW}=tR; |=yxvwtv |=Q@ ?}DQD x@ |OOa |=ypOt =@
pOt wO x@ C@Uv |O=yvW}B pOt '=y u; j@=]t xm OwW|t xOy=Wt [18]'uR=y G}r= w
�QDt|r}t 0 5 OwOL� sm Q=}U@ |}=Hx@=H QO "Ovm|t x�=Q= =Q |QDy@ Q=}U@ G}=Dv Qo}O
|@ wN j=@]v= |y=oW}=tR; |vLvt =@ Qo}O |OOa pOt wO x@ \w@ Qt |=y|vLvt
'|rwRv |xN=W QO p=L Qy x@ |rw "CU= xOW O=} R =yhqDN= xt=O= QO |rw 'OQ=O
R}v '22 pmW QO "OyO|t u=Wv =Q |QDy@ G}=Dv CmUy pOt x@ C@Uv ?}i pOt
w Ovwmrw |y=oW}=tR; |=yxvwtv |=Q@ |OOa |=ypOt =@ |y=oW}=tR; G}=Dv |xU}=kt
xOy=Wt OQor}t |xOW|Q=PoQ=@ |=yDv= |}=Hx@=H � wQ}v Q=Owtv G}=Dv w [19]'u=Q=mty
pOt w CmUy '?}i |OOa pOt 3 R= |OOa |R=Ux}@W |=Q@ u; j@=]t xm 'OwW|t
|y=oW}=tR; Q=Owtv |x}rw= ?}W xm OwW|t xOy=Wt "CU= xOW xO=iDU= |O=yvW}B
x@ u; p}rO xm OQ=O |WL=i hqDN= CmUy w ?}i |OOa pOt wO x@ C@Uv
=Q ?}i pOt xm 3 pmW QO "OOQo|t Q@ CmUy w C}i pOt wO |x}rw= Q=Owtv
uwQ}@ CUmW Owt |=Q@ |oOv@UJ VvD |xv}W}@ =@ Q_=vDt VRer 'OyO|t u=Wv
pOt xm 4 pmW QO u}vJty w OyO|t MQ QDt|r}t 3 =D 1 u}@ |xR=@ QO uO}Wm
QDt|r}t 1 5 |oOv@UJ VvD |xv}W}@ =@ Q_=vDt VRer 'OyO|t u=Wv =Q CmUy
Q=Okt x@ xv}W}@ |oOv@UJ VvD x@ uO}UQ |=Q@ xm CU= u; R= |m =L u}= w CU=
'�6 pmW� Q[=L VywSB |O=yvW}B pOt QO =t= "CU= R=}v |}x_Lqt p@=k VRer
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[19]"u=Q=mty w Ovwmrw |y=oW}=tR; |=yxvwtv |=Q@ |OOa |=y|vLvt =@ |}=Hx@=H- wQ}v |y=oW}=tR; |vLvt |xU}=kt "22 pmW

=Q =]N u} QDtm pm QO xm tmax = 2 9pfc w Smax = 8mm |=yQDt=Q=B =@
wO =@ ?NDvt |O=yvW}B pOt "OW |iQat |O=yvW}B pOt u} QDy@ u=wvax@ 'CW=O
C@Uv |O=yvW}B pOt xm O=O u=Wv G}=Dv w OW xU}=kt CmUy w ?}i OwHwt pOt
'Q[=LVywSB QO "OQ=O |y=oW}=tR; |vLvt =@ |QDy@ Q=}U@ j=@]v= 'Qo}O pOt wO x@
u=tr= R= Twm =@; OwOLt <=RH= Q=Ri=sQv QO Oqwi w uD@ u}@ T=tD Q=DiQ |R=Ux}@W |=Q@
Oqwi w uD@ |=yxQo u}@ u=wD|t xOWQmP u=tr= ltm x@ "OW xO=iDU= Bond-link

'Qvi C=YNWt u}}aD =@ w h} QaD =Q \@=Q |]NQ}e |=yQvi 'u=Um} C=YDNt =@
OvyO|t u=Wv xOt; CUOx@ G}=Dv 'C}=yvQO "OQm ^=Lr =Q VRer � |oOv@UJ Q=F;
|WwQ 'Q[=L VywSB QO xOW u=}@ VRer � |oOv@UJ VvD |R=Ux}@W VwQ xm
QmP x@ sRq "CU= Oqwi w uD@ u}@ |U=tD VvmQOv= uDiQoQ_vQO |=Q@ ?U=vt Q=}U@
OQor}t uO}Wm uwQ}@ CUmW Owt |=Q@ xm Q[=L VywSB |O=yvW}B pOt xm CU=
pw] Cr=L |=Q@ xaUwD p@=k 'Oqwi s}rUD=Qi VvQm Q=F; uOwRi= =@ 'CU= xOW x�=Q=

"CU= uD@ |oOQwNCi=mW CUmW w Ovr@ |Q=yt

|Q}oxH}Dv "8
|oO}WmuwQ}@ CUmW Owt |=Q@ VRer � |oOv@UJ pOt l} 'Q[=L VywSB QO
|m} R}i |xO=U |Qw�D l} 'QwmPt pOt |=v@t "CU= xOW x�=Q= uD@ R= OQor}t
j=iD= |v=tR Q=OH; OQor}t QO VRer xm CU= u}= =ypOt Q}=U =@ u; Cw=iD w CU=
OQor}t w uD@ u}@ CU@ pik w OwW p�=v xv}W}@ Q=Okt x@ |oOv@UJ VvD xm ODi=|t
xv}W}@ |oOv@UJ VvD %R= Ov=CQ=@a xOWx�=Q= pOt |rY= |=yQDt=Q=B "OwW xDUmW
"OQor}t w uD@ u}@ pt=m |oDN}Uo |x_Lr QO xv}W}@ VRer w VRer |=OD@= QO
Q=Okt 3 w xv}W}@ |oOv@UJ VvD |=Q@ Cw=iDt Q=Okt 3 'pOt uw}U=Q@}r=m |=Q@
TBU "OvOW |UQQ@ pOt 9 ẁtHt QO w OW P=ND= xv}W}@ VRer |=Q@ Cw=iDt
|O=yvW}B pOt 9 'OQor}t uO}WmuwQ}@ V}=tR; |xvwtv 4 |OOa |R=UpOt =@
=@ =yu; G}=Dv 'p}rLD R= TB w xO=iDU= Oqwi w uD@ VvmQOv= uDiQo Q_vQO |=Q@
pOt 'pOt Qy QO pm |=]N |x@U=Lt R= TB "OvOW xU}=kt |y=oW}=tR; Q}O=kt

=yCWwv=B
1. pull out failure
2. splitting failure
3. tension sti�ening
4. bond-link method
5. bond zone
6. Circumferential stress (Hoop stress)
7. �b (CEB-FIP)
8. Ciampi et al.
9. Haskett et al.
10. pull out test
11. Lettow and Eligehausen
12. Valcuende et al.
13. concrete damage plasticity (CDP)
14. deviatoric stress plane
15. bond zone
16. bond link
17. cohesive element
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