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QO xOQ=w |=yVvD p@=kt QO xm 'OvW=@ CUmW |otQkJ R= |L]U |=Q=O O}=@
sw=kt 'OvQ}o|t Q=Qk u; ZQat QO |Dr=iU; |=y|R=UwQ xm 'hrDNt |=y=tO |xvt=O
w =yV}=tR; s=Hv= Qw_vt x@ "Ov=xOW s=Hv= �150C |=tO QO =yV}=tR; "OvW=@
x=oDUO R= xO=iDU= =@ |y=oW}=tR; C=a]k '|}=H@=H � Q=@ |vLvt uOQw;CUOx@
QO "OvDiQo Q=Qk |}x]kv xU VtN |Q=PoQ=@ CLD uD 15 C}iQ_ =@ Universal

s=Hv= 3 mm/min MQv =@ w |m}D=DU= CQwYx@ =y|Q=PoQ=@ |x}rm 'VywSB u}=
MQv =@ |Q=PoQ=@ R= TB "OyO|t u=Wv =Q |Q=PoQ=@ |xwLv '4 pmW "CU= xOW

"CU= xOW C@F x=oDUO \UwD xa]k Qy x@ \w@ Qt |}=H@=H � Q=@ G}=Dv 'QwmPt
'OwW|t xOy=Wt 5 pmW QO xOt;CUOx@ |}=H@=H � Q=@|vLvt R= |}xvwtv
Q=DiQ uOw@ OQ)D w |]N R= u=Wv '|}=H@=H w Q=@ u=}t xOt;CUOx@ |]N |x]@=Q xm
CUmW |otQkJ Q}O=kt 'Cr=L u}= QO "CU= �150C |=tO QO |Dr=iU; |xO=t

"CU= x@U=Lt p@=k xOt;CUOx@ CUmW |v=QL@ Q=@ R= xvwtv Qy
x@ QR} Qi QO =yxvwtv 'V}=tR; Qy |=Q@ OOa 3 O=OaD x@ =yxvwtv |x}yD R= TB
Q=Qk Q=Wi x=oDUO QO |}x]kvxU |Q=PoQ=@ CLD w OvO}UQ �150C uwtR; |=tO
'lQD x@ C@Uv uQ=kDt CQwYx@ u}}=B |=yx=ox}mD '|Q=PoQ=@ Cr=L u}= QO w OvDiQo
=yxvwtv |v=QL@CUmW Q=@ "�6 pmW� OvDiQo Q=Qk 'Ow@ |v}}=B |x@r \Uw QO ,=k}kO xm
x@U=Lt '1 |x]@=Q j@=]t '�KIC � =yu; |v=QL@ VvD COW ?}=Q[ ,=D}=yv w C@F

[12]"OvOW

"|Q=PoQ=@ |xwLv R= |}=tv "4 pmW

|y=oW}=tR; |=yxvwtv CN=U "1"4
|=y\wrNt sm =QD QF= |UQQ@ w =yxvwtv CN=U QO u=Um} \}=QW O=H}= Qw_vt x@
|xv}y@ Q}k �1 R= V}=tR; OQwt |=yxvwtv |x}rm CN=U QO xOWKqY= |Dr=iU;
\wrNt \qDN= KQ] R= pY=L xm �|Dr=iU; \wrNt |vRw �4 8 pO=at� C@=F
3 Q}O=kt "CU= xOW xO=iDU= 'CU= xOw@ p=WQ=t VwQ x@ xOWvKqY= |Dr=iU;
Ctw=kt QO |r=N |=[i OYQO QF= |UQQ@ Qw_vt x@ |r=N |=[i OYQO 7 w
x@ |@=}DUO Qw_vt x@ "CU= xOw@ VywSB u}= Q_v Ot |Dr=iU; |=y\wrNt CUmW
|=y|SQv= =@ |QwD=Q} S |WNQJ |xOvvmsm =QDt x=oDUO R= '|r=N |=[i u=R}t u}=
|=[i u=R}t 'xOWs=Hv= |=]N w |aU T=U=Q@ "CU= xOW xO=iDU= Cw=iDt sm =QD
|QwD=Q} S VNQJ 90 w 30 QO '��1 ?} QkD =@ '|Dr=iU; |=yxvwtv Q_vOQwt |r=N

"CU= xOW pY=L
CUOx@ 130 mm Q@=Q@ |@} QkD Qw] x@ u=W`=iDQ= w 150 mm =yxvwtv `=aW
QO "OvDiQo Q=Qk VQ@ CLD xrLQt 3 QO xOWxDN=U |}xv=wDU= |=yxvwtv "CU= xOt;
xO=O VQ@ 30 mm Ct=N[ =@ |}=ylU}O x@ |}xv=wDU= |=yxvwtv 'pw= |xrLQt
lU}Os}v x@ |}xQ}=O |=ylU}O p}O@D VQ@ C=}rta pt=W 'swO |xrLQt "OvOW
|WD; |xQ= =} u=OQo lU}O =@ VQ@ x=oDUO '|Dr=iU; |=yxvwtv VQ@ CyH "Ow@
|=tQo hPL w Q=wty K]U =@ VQ@ p}rO x@ xm 'CU= xDiQo Q=Qk xO=iDU= OQwt
R= Oa@ 'swU |xrLQt QO "CU= ?U=vt ?; uO}W=B \UwD VQ@ s=ovy xOWO=H}=
QO "CU= xOW O=H}= =yu; |wQ Q@ |}x@r |=ylQD '|mU}Os}v C=a]k uOWxO=t;
x@ |}=ylQD 'sm Ct=N[ =@ xe}D R= xO=iDU= =@ |}xQ}=Os}v C=a]k |wQ Q@ xrLQt u}=
"OwW|t xOy=Wt CN=U pL=Qt R= |}=tv 3 pmW QO "CU= xOW O=H}= 2 cm pw]

"CN=U pL=Qt R= |}=tv "3 pmW
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QOt
Lt
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O}tL

"QwO 35 sm =QD CLD '|Dr=iU; |=yxvwtv CUmW |otQkJ "7 pmW

"QwO 90 sm =QD CLD '|Dr=iU; |=yxvwtv CUmW |otQkJ "8 pmW

%Sasobit 'uQ}=DU= � u}O=Dw@ � uQ}=DU= |vOwRi= =@ |Dr=iU; \wrNt %SBS 'l}DUq
|QwD=Q} S sm =QD QwO O=OaD 90 w 35 O=Oa= w 'C}@ wU=U |vOwRi= =@ |Dr=iU; \wrNt

"Ovvm|t u=}@ =Q
|Q=PoQ=@ CLD xOWxDN=U |=yxvwtv |wQ Q@ xOWs=Hv= |=yV}=tR; T=U= Q@
CLD xOWKqY= |Dr=iU; |=y\wrNt xmCU= xDmv u}= Qou=}@ pY=L G}=Dv 'I Owt
CUmW |otQkJ |DQ=@a x@ =} Ov=xOQm pta xOWvKqY=Cr=iU; R= QDy@ '|WWm Q=@
R= "CU= xOw@ xOWvKqY= |=y\wrNt |otQkJ R= QDnQR@ 'xOWKqY= |=y\wrNt
xO=iDU= l}DUq QOwB =yu; QO xm |}=yxvwtv 'xOWKqY= |Dr=iU; |=y\wrNt u}@
|=y\wrNt ?}DQD x@ 'u; R= Oa@ "OvO=O u=Wv =Q CUmW |otQkJ u} QDW}@ 'Ow@ xOW
Ctw=kt u} QDW}@ 'uQ}=DU= � u}O=Dw@ � uQ}=DU= u}vJty w C}@ wU=U |=Q=O |Dr=iU;
C@Uv R}vl} QiUi|rB O}U= wnv}B} QDU= |Dv; |w=L |=yxvwtv "OvDW=O =QCUmW
O}U= |=Q@ Q=Okt u}= w OvDW=O |QDW}@ CUmW |otQkJ 'xOWvKqY= Cr=iU; x@
|otQkJ Q=Okt 8 w 7 |=ypmW "CU= xOw@ nv}B} QDU= |Dv; R= QDW}@ l} QiUi|rB
"OyO|t u=Wv |QwD=Q} S QwO 35 w 90 sm =QD CLD =Q hrDNt |=yxvwtv CUmW

"CU= xOw@ Q=QkQ@ sm =QD Cr=L wO Qy QO ?}DQD u}= xm CU= sRq QmPD u}=
Qou=}@ 'CUmW Q@=Q@ QO l}DUq QOwB =@ xOWKqY= |=y\wrNt O=} R Ctw=kt
Vvm =w QF= QO Q}k sQwD =Q} R 'CU= |Dr=iU; \wrNt u}= |SQv= |R=UxQ}NP C}r@=k
C=}YwYN Ow@y@Ea=@ Q}kl}D=twQ; <=RH= ?PH j} Q] R= Q}k =@l}DUq QOwB C=QP

"OwW|t u}}=B |=tO QO Q}k
Ow@y@ Ea=@ xm 'CU= |R=Ux=Q QO OQ@ Q=mQB |=yQtwDUq= xrtH R= R}v SBS

"Cr=iU; |xOWuwtR; |=yxvwtv R= |m} |}=H@=H � Q=@ |vLvt "5 pmW

"xvwtv |UOvy C=YNWt "6 pmW

KIC = Pcr
2R t
p
� aYI(a=R; S=R) (1)

w lQD pw] a &CU= 75 mm Q@=Q@ u; Q=Okt w =yxvwtv `=aW R 'u; QO xm
|v=QL@ Q=@ Pcr &CU= 30 mm Q@=Q@ w =yxvwtv Ct=N[ t &CU= 20 mm Q@=Q@
pmW ?} Q[ Q=Okt Y1 Q=Okt "OwW|t XNWt =yuwtR; G}=Dv R= w CU= CUmW
I Owt QO xm |Q=PoQ=@ ẁv u}= QO "OQ=O |oDU@ S=R w a=R Q=Okt x@ xm 'CU=
xOW u}}aD 3 734 Q@=Q@ [13]'xOWs=Hv= C=ar=]t j@] Y1 Q=Okt 'CU= xOW s=Hv=
xOW x@U=Lt hrDNt |=yxvwtv |=Q@ CUmW |otQkJ Q=Okt ?}DQD u}O@ "CU=

"CU=

p}rLD w G}=Dv "5
C=YNWt =@ |Dr=iU; |=yxvwtv CUmW p@=kt QO Ctw=kt |xU}=kt Qw_vt x@
|=y|vOwRi= =@ |=y\wrNt "Ov=xOW xO=O u=Wv|}xr}t Q=Owtv CQwYx@G}=Dv 'hrDNt

%R= Ov=CQ=@a xm 'Ov=xOt; =yQ=Owtv QO p}P |=y|Q=Pos=v CQwYx@ hrDNt
\wrNt %PPA 'nv}B} QDU=|Dv; |vOwRi= =@ |Dr=iU; \wrNt %Anti agent

QOwB |vOwRi= =@ |Dr=iU; \wrNt %CR 'l} QiUi|rB O}U= |vOwRi= =@ |Dr=iU;
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Dr=iU

;|
=y\

wrNt
CU

mW
Ct

w=kt
|U

QQ@=@ '|Dr=iU; \wrNt |DQ=@a x@ =} w Q}k Ct}k V}=Ri= x@ xHwD =@ "OvyO V}=Ri=
Q}PBx}HwD |O=YDk= Q_v R= =yxOvvmKqY= R= xO=iDU= '|R=UwQ Qta uOW|vqw]
x@ nv}B} QDU= |Dv; w l} QiUi|rB O}U= 'C}@ wU=U %uwJty |}=y|vOwRi= w CU=
Q_v Ot |}=QH= |=yxSwQB QO Ovv=wD|t |ovU Kr=Yt w Q}k =@ QDCL=Q \qDN= p}rO

"OvQ}o Q=Qk
|=[i OYQO Vy=m =@ |DQ=@a x@ =} sm =QD Q=Okt V}=Ri= =@ '9 pmW j@=]t
Cr=L |=Q@ sy xm CU= xDi=} V}=Ri= CUmW Q@=Q@ QO =yxvwtv Ctw=kt Q=Okt |r=N
|=y\wrNt xm CU= u; Qt= u}= Cra "Ow@ Q=QkQ@ =yxOWKqY= sy w xOWvKqY=
u}= w OvQ=O QDuoty w QDsm =QDt |Ov@xv=O =@ |Q=DN=U 'QDtm |r=N |=[i OYQO =@
=Q VvD RmQtD Q=Okt '|ovU Kr=Yt u}@ QO ?U=vt `} RwD Cra x@ sm |=wy Q=Okt

"OyO|t Vy=m |Dr=iU; \wrNt QO

|Q}oxH}Dv "6
CUmW Ctw=kt QO hrDNt |=y|vOwRi= Q}F-=D |y=oW}=tR; |xar=]t u}= QO

%CU= xOW pY=L G}=Dv u}= w |UQQ@ |Dr=iU; |=y\wrNt
x@ C@Uv |}q=@ CUmW |otQkJ Q}O=kt 'xOWKqY= |Dr=iU; |=y\wrNt �

"Ov=xDW=O xOWvKqY= |=y\wrNt
u} QDW}@ l}DUq QOwB |w=L \wrNt 'xOWKqY= |Dr=iU; |=y\wrNt u}@ R= �

"CU= xO=O xH}Dv =Q Q=Okt u} QDtm nv}B} QDU= |Dv; |w=L \wrNt w Q=Okt
"CU= xDi=} V}=Ri= CUmW |otQkJ Q=Okt 'sm =QD Q=Okt V}=Ri= =@ �

"CUmW |otQkJ Q=Okt QO sm =QD Q=Okt Q}F-=D "9 pmW
Q}k x@ Qt}rB u}= QO u}O=Dw@ |=ylwr@ OwHw "OwW|t u}}=B |=tO QO Q}k C=}YwYN
|SQv= ?PH C}r@=k 'Qt}rB u}= =@ xOWKqY= |=y\wrNt "OyO|t u=UWm C}Y=N
|Dr=iU; |=y\wrNt CUmW |otQkJ V}=Ri= p}rO Ov=wD|t xm 'OvQ=O =Q |QDW}@

"OwW |krD SBS =@ xOWKqY=
|=y\wrNt uOWQDCNU Ea=@ |Um =w |=y|vOwRi= s=tD =} w C}@ wU=U
|QDW}@ |xv}W}@ Q=@ Q=Okt 'OwN |OQmrta |=tO |xOwOLt QO w OvwW|t |Dr=iU;
OWQ ẁQW |=OD@= QO =Q \wrNt Ctw=kt KC QDt=Q=B xm |}=Hv; R= "OvyO|t u=Wv
Q=Okt u}=Q@=v@ 'OwW|t xv}W}@ Q=@ V}=Ri= Ea=@ R}v C}@ wU=U w OyO|t u=Wv lQD

"O@=}|t V}=Ri= CUmW |otQkJ
Q}UOQU j]=vt QO =Q |R=UwQ Qta Ovv=wD|t QwmPt |=yxOvvmKqY= u}=Q@=v@

=yCWwv=B
1. Styrene- Butadiene-Styrene(SBS)
2. crumb rubber (CR)
3. Sasobit
4. Anti-Stripping
5. semi-circular bend
6. gyratory compactor
7. Aromatic
8. Rheological
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