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[15]'ASTM-D 1557�12 OQ=Ov=DU= T=U=Q@ xOWKqY= sm =QD V}=tR; x@ xHwD
lWN XwYNt uRw |xv}W}@ Q=Okt '�2 pmW� Q_vOQwt |xU=t |xvwtv |wQ Q@
�11 5 OwOL u; |xv}y@ C@ w]Q u=R}t w ?amt QDt|Dv=U Q@ sQo 1 92 Q@=Q@ l =N
QDt|Dv=U Q@ sQo 1 57 l =N lWN XwYNt uRw |xv}tm u}vJty "OvDUy
x@ sRq "CU= xOW |Q}oxR=Ov= Gs = 2 68 Q@=Q@ R}v u; |xS} w |xOwD w ?amt
u=R}t w l =N lWN XwYNt uRw |xv}W}@ Q}O=kt R= u=v}t]= |=Q@ CU= QmP
xm CU= xOW s=Hv= Q=@ 3 'xOW QmP l =N |wQ sm =QD V}=tR; 'u; |xv}y@ C@ w]Q

"CU= Z=te= p@=k =yu; G}=Dv hqDN=

96



3/
1|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

"l =N |=Q@ �85 sm =QD w p}=DUmDw�S |x}q 1 =@ KrUt |xvwtv "4 pmW

"l =N |=yx}q R= hrDNt |=ysm =QD =@ p}=DUmDw�S x}q l} =@ KrUt xvwtv "5 pmW

"p}=DUmDw�S |x}q 2 =@ KrUt |xvwtv "6 pmW

"CU= xOW |iQat Q_vOQwt |=yQDt=Q=B w =yV}=tR; |rm KQ] Q[=L VN@

KrUtQ}e |=yxvwtv |wQ =yV}=tR; KQ] "1"3
xm OyO|t u=Wv =Q KrUtQ}e l =N |=yxvwtv |wQ =yV}=tR; |rm KQ] '3 pmW
lWN |r=oJ |xv}W}@ x@ xvwtv lWN |r=oJ C@Uv� sm =QD OYQO Rc 'u; QO
|x}q 2 Ct=N[ ?}DQD x@ h w u1 |=yQDt=Q=B w �OYQO ?UL Q@ |y=oW}=tR;
w xv}W}@ Q}O=kt x@ xHwD =@ xm CU= QmP x@ sRq "OvDUy �85 w �97 sm =QD =@ l =N
?}DQD x@ �85 w �97 sm =QD 2 u; |xS} w |xOwD w l =N XwYNt uRw |xv}tm
|=yV}=tR; QO u1 Q=Okt "OvDUy �20 w �85 OwOL |@Uv |r=oJ 2 =@ Q_=vDt
|Q}oQ=Qk R= hOy "CU= xOW ?=NDv= QDt|Dv=U 6 w 4 '3 '2 '1 5 '1 hrDNt
sm =QD w h Ct=N[ x@ l =N |x}q |wQ �97 sm =QD w u1 Ct=N[ x@ l =N |x}q
Q=Okt |DQ=@a x@ =} QDU@ CUWv w |Q@ Q=@ QO u} Ro}=H |x}q sm =QD QF= |UQQ@ '�85

"CU= u; CBR

p}=DUmDw�S =@ KrUt |=yxvwtv |wQ =yV}=tR; KQ] "2"3
QDt|Dv=U Q@ sQo 1 63 Q@=Q@|}xU=t l =NlWN XwYNt uRw sm Q=Okt x@ xHwD =@
uDW=O w l =N lWN XwYNt uRw |xv}tm w xv}W}@ Q}O=kt =@ xU}=kt QO� ?amt
'1 pwOH QO �3 Q} R =}vQi}r=m |Q@ Q=@ ?} Q[ u}vJty w ��20 OwOL |@Uv |r=oJ
CyH w [16]'OwW|t ?wULt sm |Q@ Q=@ =@ w CUU l =N |xOQ QO xOW QmP l =N

"Ow@ Oy=wN O}it QDW}@ =} p}=DUmDw�S |x}q 1 =@ K}rUD 'u; |Q@ Q=@ V}=Ri=
p}=DUmDw�S |x}q 2 =} 1 =@ KrUt |=yV}=tR; |rm KQ] '7 |r= 4 |=ypmW
=@ ?}DQD x@ p}=DUmDw�S |wQ w Q} R l =N x}q wO '4 pmW QO "OvyO|t u=Wv =Q
Q}O=kt hrDNt |=yV}=tR; QO u1 "OvDUy �85 sm =QD =@ u1 w h |=yCt=N[
OwN x@ =Q �1 6 |r= 0 2 u}@ u1=D Q}O=kt� QDt|Dv=U 8 w 6 '4 '2 '1 5 '1
'�0 4 |r= 0 2 R=� u1=D sm Q}O=kt |=Q@ V}=tR; s=Hv= Cra "OyO|t X=YDN=
|};Q=m |xv}W}@ =@ Q_=vDt uwiOt jta� K}rUD |x}q |xv}y@ uwiOt jta u}}aD
|x}L=v u}}aD '�1 6 |r= 0 4 R= V}@� u1=D nQR@ Q}O=kt |=Q@ w �K}rUD |x}q

"CU= |Q@ Q=@ QO QF-wt
l =N |Q}oQ=Qk Cr=L QO =Q p}=DUmDw�S |x}q 1 =@ KrUt |xvwtv 'hr=5 pmW
�85 sm =QD =@ h Ct=N[ x@ u; Q} R |x}q w �97 sm =QD =@ u1 Ct=N[ x@ u; |q=@
|x}q u}}=B w q=@ 'l =N x}q 2 |Q}oQ=Qk u}@t '?5 pmW u}vJty "OyO|t u=Wv =Q
x@ u} Q} R l =N |x}q w �97 sm =QD =@ u2 w u1 |=yCt=N[ x@ ?}DQD x@ K}rUD

"KrUtQ}e |xvwtv "3 pmW

97



"""|
}xU=

tl
=Ns

m=QD
wK

}rUD
QF=|

UQQ
@sm =QD |SQv= Q}F-=D sOa R= |Q}owrH Qw_vt x@ w �6 w 5 '3 |=ypmW� QDu}}=B sm =QD

sm =QD =@ u} Q} R |x}q QO ��97 sm =QD� QDq=@ sm =QD =@ |v=kwi |x}q V@ wm R= |W=v
s=Hv= R= p@k [19]'ASTM D 1883�07 OQ=Ov=DU= j@=]t '��85 sm =QD� QDu}}=B
QDq=@ sm =QD =@ l =N |x}q =OD@= u}=Q@=v@ "CU= xOW TmaQ@ ?r=k xD w QU 'V}=tR;
|x}q uO=O Q=Qk =@ TBU w xOW sm =QDt w xDN} Q ?r=k uwQO 'Q_vOQwt Ct=N[ QO
uwQO ?r=k |v=kwi K]U x@ uO}UQ =D QDu}}=B sm =QD =@ l =N |=yx}q 'u; |wQ K}rUD
QDq=@ sm =QD =@ x}q |Q}oQ=Qk CyH� xvwtv ?r=k uOv=OQoQ@ =@ TBU "Ov=xOW sm =QDt u;
QmP "CU= xOW s=Hv= V}=tR; '|Q=PoQ=@ lH Q} R u; uO=O Q=Qk w �xvwtv |q=@ QO
=} �85 sm =QD� ?r=k QO Q_vOQwt sm =QD =@ x}q O=H}= |=Q@ xm CU= |QwQ[ xDmv u}=
C@ w]Q 'XwYNt uRw x@ xHwD =@ ?r=k uwQO |x}q Qy l =N R=}v OQwt uRw '��97

"CU= xOt; CUO x@ ?r=k sHL w ��6 OwOL C@ w]Q =yx}q s=tD QO� Q_vOQwt
|wQ}v O=H}= CyH xOvvm KrUt u=wvax@ p}=DUmDw�S OQmrta sR}v=mt xm =Hv; R=
Q}}eD =Pr 'CU= u; |}=We QF= Q@ |vD@t 'OwN Q} R |x}q x@ VvD Vy=m w |WWm
|=[i x@ R=}v uwO@ 'x}q \Uw QO |oO=Di= Q=}W =@ |tyU pmW x@ l}ORv u; pmW
|xvwtv ?r=k |RQt \}=QW =Pr "CU= pw] V}=Ri= CyH OwN h=Q]= QO |i=[=
|wQ V}=tR; G}=Dv QO QF-wt w p}=DUmDw�S OQmrta |=Q@ xOvvm OwOLt pt=a CBR
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