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QD`} QU Vy=m ?@U ẁ[wt u}= xm CU= xOw@ QDtm u=tR QO sw=Ot V}=Ri= p=L
xOW =yQ=Owtv uOW QDsQv w Ctw=kt Vy=m Ea=@ 'xH}DvQO &CU= xOW QF-wt VvD
|}=Q}t w xDi=} Vy=m |DNU w xOW =Qov=wQ QD`} QU l =N 'Q}N= j=iD= O=ONQ =@ "CU=

CU= xOQm =O}B V}=Ri=

VvD |=yC@Uv Q=O|q |xU=t |}=Qov=wQ Ctw=kt |xU}=kt "2"6
hrDNt |}xNQJ

|=yCSR CLD |q �10 =@ xU=t |xvwtv |}xNQJ MU=B '8 |r= 6 |=ypmW QO
|xU=t |xvwtv '=yu; j@=]t xm OwW|t xOy=Wt 0=25 w 0=23 ' 0=20 hrDNt
O=OaD QO |}xNQJ VvD C@Uv V}=Ri= =@ 'R}tD |xU=t |xvwtv Ovv=ty Q=O|q
|=yxNQJ O=OaD QO ?}DQD x@ QwmPt |=yxvwtv "CU= xOW =Qov=wQ |QDtm |=yxNQJ
O=OaD =@ ?} Q[ |xU}=kt '�y6 pmW QO "Ov=xO}UQ |}=Qov=wQ x@ 14 w 23 '30
|xNQJ =D Q=O|q |xU=t |xvwtv '0=20 VvD C@Uv QO OyO|t u=Wv =yxNQJ
"CU= xDi=} V}=Ri= |v=yo =v |}xQiL Q=Wi ?} Q[ u; R= TB w xOWv =Qov=wQ '30
'0=25 w 0=23 |=yVvD C@Uv QO ' �y8 w �y7 |=ypmW =@ j@=]t =t=
Q}F-=D "OUQ@ |}=Qov=wQ x@ =D 'CU= V}=Ri= p=L QO sw=Ot CQwY x@ ru ?} Q[
VvD C@Uv 'O6 pmW QO "CU= XNWt =yxvwtv VvD Q}Ut QO |Q=DiQ u}vJ
|=yC@Uv 'O8 w O7 |=ypmW QO =t= "OQ=O xOvwW`tH Cr=L 'VvD Q}Ut 0=20
QO |oOvwWsQv Q=DiQ w CU= xDi=} Vy=m ,=a} QU QF-wt VvD '0=25 w 0=23 VvD

3 w 2 |=yx]@=Q T=U=Q@ ?}DQD x@ u=Uty=v w u=Uty |t}mLD VvD Cr=L wO |=Q@
%OwW|t x@U=Lt

�0ref = �03c (2)

�0ref = �01c + �03c
2 (3)

,qwtat "OvDUy xv}tm w xv}W}@ |rY= |=yVvD '?}DQD x@ �03c w �01c 'u; QO xm
VvQm |=yQ=}at R= |m} x@ uO}UQ =@ '|}xNQJ |QwLtxU |=yV}=tR; QO
p@ wO |xvt=O =@ |QwLt VvQm x@ uO}UQ =} '�2=5 lD |xvt=O =@ |QwLt
l =N '�ru = 1� l} OwOL QO |}xQiL ?; Q=Wi ?} Q[ V}=Ri= =} w �5
VvD C@Uv x@ uO}UQ |=Q@ |r=ta= |}xNQJ Q=@ Q=Okt [25]"OwW|t ZQi =Qov=wQ
x@U=Lt 4 |x]@=Q T=U=Q@ QwmPt OQ=Ov=DU= j@] 'V}=tR; Qy QO Q_vOQwt |}xNQJ

%OwW|t
PC = 2:�03C :CSR:AC (4)

x@v=H xty Q=Wiu}@ hqDN=�|t}mLD Q=Wi�03c 'R=}vOQwt|}xNQJ Q=@PC 'u; QO xm
`]kt K]U Ac w Q_vOQwt |}xNQJ VvD C@Uv CSR '�xvwtv uwQO Q=WiTB w

"OvDUy s}mLD R= TB xvwtv

xOW |UQQ@ |=yQDt=Q=B "5
|}xNQJ=UB w |}xNQJ |=yQ=DiQ w |}=Qov=wQ |UQQ@ hOy 'Q[=L |xar=]t QO
R= 'Qw_vt u}= |=Q@ "CU= xOw@ Q=O|q |xU=t w xU=t CU )U |r}N |=yxvwtv
13pmvwt |xar=]t x@ xHwD =@ "CU= xOW xO=iDU= |q �10 =@ xU=t w R}tD |xU=t
QO Q}}eD O=H}= Ea=@ '�10 OwOL QO Cr}U uOwRi= xm OW xOy=Wt '�2011�
QDW}@ |UQQ@ |=Q@ |q Q=Okt u}= p}rO u}ty x@ [26]"OwW|t xU=t |}=Qov=wQ Q=DiQ
VvD C@Uv R}tD |xU=t |=Q@ "CU= xOW ?=NDv= Cr}U w xU=t \wrNt Q=DiQ
|}xNQJ VvD C@Uv |q �10 =@ xU=t |=Q@ w 0=28 w 0=27 '0=25 |}xNQJ
|DQwYx@ x}rw= |}xNQJ VvD C@Uv "CU= xOW xO=iDU= 0=25 w 0=23 '0=20
VvD C@Uv wO "OUQ@ |}=Qov=wQ x@ xNQJ 15 CLD xvwtv Qy xm CU= xOW ?=NDv=
"Ov=xOW xDiQo Q_v QO u; R= QDu}}=B w QDq=@ w Q}N= Q=Okt x@ xHwD =@ Qo}O |}xNQJ
VvD pQDvm VwQ R= ASTM�D5311 OQ=Ov=DU= =@ j@=]t 'Q[=L VywSB QO
xO=iDU= |m}t=v}O |Q=PoQ=@ p=ta= CyH 'RDQy 0=1 Ot=U@ =@ |Uwv}U Gwt w
'pQDvm VvD VwQ x@ =yV}=tR; s=Hv= |=Q@ 'Q}N= OQ=Ov=DU= T=U=Q@ "CU= xOW
0=1 Ot=U@ 'Q[=L VywSB QO xm 'OW=@ RDQy 2 =D 0=1 u}@ O}=@ |Q=PoQ=@ Ot=U@
VvD Gwt pmW 'ASTM-D5311 OQ=Ov=DU= j@] "CU= xOW xDiQo Q_v QO RDQy
xOQw;Q@ 5 |x]@=Q j@] =Q QwmPt R=}v w Ov=t@ |k=@ CN=wvm} O}=@ Q_vOQwt |}xNQJ

%OR=U
0=9qc < qe

< 1=1qc and 0=9tc < te

< 1=1tc (5)

x@ tc w te '|WWm w |Q=Wi CtU QO VvD |xvt=O ?}DQD x@ qe w qc 'u; QO xm
[27]"OvDUy |WWm w |Q=Wi |=yVvD p=ta= u=tR COt ?}DQD

78



2/
1|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

"CSR = 0=27 =@ '161 R}tD |xU=t QO |}xNQJ |Q=PoQ=@ G}=Dv "4 pmW "CSR = 0=25 =@ '161 R}tD |xU=t QO |}xNQJ |Q=PoQ=@ G}=Dv "3 pmW

79



"""|
}xNQ

J=U
Bw

|}x
NQJ

Q=DiQ
QO|

qQ
w[L

Q}F- =D

"CSR = 0=20 QO |q �10 =@ xU=t Q@ |}xNQJ |Q=PoQ=@ G}=Dv "6 pmW "CSR = 0=28 =@ '161 R}tD |xU=t QO |}xNQJ |Q=PoQ=@ G}=Dv "5 pmW

80



2/
1|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

"CSR = 0=25 QO |q �10 =@ xU=t Q@ |}xNQJ |Q=PoQ=@ G}=Dv "8 pmW "CSR = 0=23 QO |q �10 =@ xU=t Q@ |}xNQJ |Q=PoQ=@ G}=Dv "7 pmW

81



"""|
}xNQ

J=U
Bw

|}x
NQJ

Q=DiQ
QO|

qQ
w[L

Q}F- =D

"R}tD |xU=t QO xNQJ C@Uv Q@=Q@ QO ru C=Q}}eD "10 pmW

"Q=O|q |xU=t QO |}xNQJ C@Uv Q@=Q@ QO ru C=Q}}eD "11 pmW

=@ =t= &CU= 0=28 w 0=27 Q@=Q@ CSR =@ |}xvwtv R= QDW}@ 0=25 Q@=Q@ CSR =@
Q=Wi C@Uv '|}=Qov=wQ Cr=L x@ uOW l}ORv w |Q=PoQ=@ |=yxNQJ O=OaD V}=Ri=
CSR =@ |=yxvwtv x@ C@Uv |QDW}@ V}=Ri= 'QDnQR@ CSR =@ xvwtv QO |}xQiL ?;

"CU= xDW=O QDlJwm
hrDNt |}xNQJ VvD |=yC@Uv =@ Q=O|q |xU=t ru |xU}=kt "2"4"6

Q=Wi C@Uv 'QDtm |=yxNQJ QO |q �10 =@ xU=t ?}mQD QO '11 pmW j@=]t
R= QDW}@ 0=23 'CSR QO w 0=23 R= QDW}@ 0=20 'CSR QO |}xQiL ?;
|}xQiL ?; Q=Wi C@Uv '|Q=PoQ=@ |=yxNQJ O=OaD V}=Ri= =@ =t= &CU= 0=25
|xU=t QO =t= 'CU= xOW QDlJwm |=yCSR R= QDW}@ 'QDnQR@ |=yCSR QO
xOw@ QDtm R}tD |xU=t x@ C@Uv |}xQiL ?; Q=Wi C@Uv V}=Ri= ?}W Q=O|q

"CU=
|}xNQJ VvD |=yC@Uv QO Q=O|q |xU=t =@ xU=t ru |xU}=kt "3"4"6

u=Um}
C@Uv OWQ COW '|q |Q}tNQ}e |xv=OR} Q OYQO V}=Ri= =@ '12 pmW x@ xHwD =@
CU= |vat u=O@ u}= "CU= xOW QDW}@ |Q=PoQ=@ ẁQW QO |}xQiL ?; Q=Wi xi=[=
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