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�6 5 |r=N |=[i =@ xvwtv VW '4 pwOH QO xOWx�=Q= |=y\wrNt R= l} Qy |=Q@
|xvwtv 3 pt=W 'pw= xwQo "Ov=xOW s}UkD xwQo 2 x@ =yxvwtv u}= "CU= xOW xDN=U
w xOW `=@W= OYQO 80 =D 55 u}@ xm CU= |}=yxvwtv pt=W 'swO xwQo w Oy=W
x@ =yxvwtv xNQJ u}= QO "Ov=xDiQo Q=Qk M} ?wP � u=Ov@N} |xNQJ l} CLD TBU
"Ov=xOW xDW=Po 600C |=tO QO Ca=U 24 w�180C |=tO QO Ca=U 16 COt
=@ '250C |=tO QO w xDiQo Q=Qk s}kDUtQ}e VWm V}=tR; CLD =yxvwtv |xty
Ctw=kt '1 |x]@=Q R= xO=iDU= =@ w Ov=xOW xDUmW w |Q=PoQ=@ 51 mm/min MQv

[24]"CU= xOW x@U=Lt =yu; s}kDUtQ}e |WWm

St = 2000p
�td

(1)

'�uDw}v ?UL Q@� xOWp=ta= Q=@ Q=Okt p '�QDt|r}t ?UL Q@� xvwtv Q]k d 'u; QO xm
Q@� s}kDUtQ}e |WWm Ctw=kt St w �QDt|r}t ?UL Q@ xvwtv `=iDQ=� Ct=N[ t

"CU= �p=mU=B wr}m ?UL

"s}kDUtQ}e VWm uwtR; x=oDUO "2 pmW

|}=}t}W X=wN |UQQ@ u}vJty w Kr=Yt uOv=WwH V}=tR; G}=Dv x@ xHwD =@
Vy=m x@ QHvt EAF |xQ=@ QU |xv=OnvU R= xO=iDU= xm CU= xOW \=@vDU= =yu;
V}=Ri= xQ=@ QU w Q}k u}@|oOv@UJ =Q} R 'OwW|t|Dr=iU; \wrNt|D@ w]QC}U=UL
|y=oW}=tR; |xt=vQ@ 'x}[Qi u}= R= QDW}@ u=v}t]= ?Um Qw_vt x@ "CU= xDi=}
"CU= xOW K} QWD xt=O= QO xm 'CU= xOW s=Hv= |Dr=iU; \wrNt |wQ Q@ |at=H

=yV}=tR; "4"3
V}=tR; =@ pw= VN@ QO "CU= xOW s}UkD =RHt VN@ 3 x@ |y=oW}=tR; |xt=vQ@
OYQO u}}aD Qw_vt x@ xrLQt u}= QO "CU= xOt; CUOx@ xv}y@ Q}k Q}O=kt p=WQ=t
'5 '4 5 '4 Q}k OYQO <=R= x@ '�7 =D 1 |=yxwQo � Kr=Yt R= xwQo Qy |=Q@ xv}y@ Q}k
OQ=Ov=DU= j@] p=WQ=t VwQ x@ �xvwtv 126 ẁtHt QO� xvwtv xU '6 5 w 6 '5 5
Q}k OQ=Ov=DU= u}ty QO GQOvt |=yQ=}at T=U=Q@ w xOW xDN=U ASTM D1559
|xv=oCiy |=yxwQo |=Q@ xv}y@ Q}k OYQO u}}aD G}=Dv "CU= xOt; CUOx@ xv}y@

"CU= xOW x�=Q= 6 pwOH QO |ovU Kr=Yt
xU '4 pwOH QO GQOvt |xv=oCiy |=y\wrNt R= l} Qy |=Q@ swO VN@ QO
VN@ QO "CU= xOt; CUOx@ =yu; |v=wQ w p=WQ=t Ctw=kt w x}yD xv}y@ Q}k =@ xvwtv
QO xv}y@ Q}k OYQO =@ xi=[= xvwtv 6 'xv=oCiy |=y\wrNt R= l} Qy |=Q@ R}v swU
wO QO |oOvyHQ@ pwOt w s}kDUtQ}e VWm V}=tR; w sm =QDt 4|QwD=Q} S x=oDUO

"CU= xOW s=Hv= �QD =}� xOW|Qw;pta w lWN C}a[w
p=WQ=t V}=tR; "1"4"3

w |Q=Oyov xv=NsQo QO 1650C |=tO QO |ovU Kr=Yt 'V}=tR; u}= s=Hv= |=Q@
OQ=Ov=DU= j@] w \wrNt 'Ow@ 1350C OwOL u; |=tO xm xv}y@ Q}k OYQO =@ TBU

[19]"CU= xOW x}yD w sm =QDt ASTM 1559
s}kDUtQ}e |WWm Ctw=kt V}=tR; "2"4"3

OQ=Ov=DU= QO GQOvt \@=w[ j@] s}kDUtQ}e VWm V}=tR; VywSB u}= QO
xOW s=Hv= 'CU= hwQat �xOWKqY= utDq� V}=tR; x@ xm AASHTO T 283
\UwD =yOa@ xm 'CU= xOW x�=Q= p=yOvm \UwD V}=tR; s=Hv= VwQ u}= "CU=
|@}mQD V}=tR; u}= [20]"CU= xOW O}}-=D 1985 p=U QO wDW; |D=k}kLD |xUU-wt
wOvwo}m \UwD xOWs=Hv= C=ar=]t [21]"CU= h}rm}v=D � CwwQ w utDq V}=tR; R=
xm CU= |W}=tR; VwQ u} QDj}kO V}=tR; VwQ u}= xm OyO|t u=Wv 5CQ@=Q w
TQDUO QO |Dr=iU; |=y\wrNt |D@ w]Q ?}U; |v}@V}B |=Q@ Q[=L p=L QO
pmWQ}}eD MQv =@ |Q]k CQwYx@ pmW|}xv=wDU= |xvwtvV}=tR; u}= QO [22w1]"CU=

"xO=iDU= OQwt |ovU Kr=Yt xwQo |=Q@ xv}y@ Q}k OYQO G}=Dv "6 pwOH
xv}y@ Q}k OYQO xvwtv |xQ=tW

5 10 �OW=@ |my; 'Kr=Yt pm �100� 1
5 40 �OW=@ |}xQ=@ QU 'xv=OCWQO �100� 2
5 30 �OW=@ |}xQ=@ QU 'xv=OCWQO �50� 3
5 50 �OW=@ |}xQ=@ QU 'xv=OR} Q �100� 4
5 37 �OW=@ |}xQ=@ QU 'xv=OR} Q �50� 5
5 65 �OW=@ |}xQ=@ QU 'Kr=Yt pm �100� 6
5 45 �OW=@ |}xQ=@ QU 'Kr=Yt pm �50� 7
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p=WQ=t V}=tR; G}=Dv "1"4

hrDNt |ovU Kr=Yt =@ xOWxDN=U |W}=tR; |=yxvwtv |=Q@ p=WQ=t Ctw=kt G}=Dv
u=Wv pmW u}= QO xOWx�=Q= G}=Dv "CU= xOW x�=Q= 4 pmW QO xv}y@ Q}k OYQO w
|xv}tm Q=Okt R= QDW}@ |r=WQ=t Ct=kDU= 'xOWV}=tR; |=yxvwtv |t=tD xm OyO|t
"OvQ=O �sQowr}m 800� u=Q}= |=yx=Q |Dr=iU; |R=UwQ |xt=vu}}; QO xOWXNWt
|xvwtv R= |Oqwi |xQ=@ QU |w=L |=yxvwtv |x}rm p=WQ=t Ct=kDU= xmv; ut[
�100 =@ xOWxDN=U |=yxvwtv p=WQ=t Ct=kDU= xm |Qw]x@ 'CU= QDW}@ R}v Oy=W
14 97� CU= Oy=W |xvwtv R= QDW}@ �46 OwOL QO |}xQ=@ QU |ovU Kr=Yt
'OwW|t xOy=Wt QwmPt pmW QO xm Qw]u=ty "�uDw}vwr}m 10 23 p@=kt QO uDw}vwr}m
'CU= xOW |Dr=iU; |=y\wrNt QO p=WQ=t Ct=kDU= V}=Ri= Ea=@ xQ=@ QU OwHw
p=WQ=t Ct=kDU= V}=Ri= QO |}xQ=@ QU |xv=OCWQO |ovU Kr=Yt syU um}r
V}=Ri= xm OwW|t \=@vDU= "CU= |}xQ=@ QU |xv=OR} Q |ovU Kr=Yt R= QDW}@
p}rO x@ Oy=W |=yxvwtv x@ C@Uv Oqwi |xQ=@ QU |w=L |=yxvwtv p=WQ=t Ct=kDU=
"�1 pwOH� OW=@ |Oqwi |xQ=@ QU |=yxv=OnvU QDW}@ |Q=Wi Ctw=kt w |DNU
|Dr=iU;|=yxvwtv |xv=OR} Q w xv=OCWQO|ovUKr=Yt Q}O=kt uOQmu} Ro}=H =@
R}v \wrNt QO xv}y@ Q}k OYQO xm CU= xOW x_Lqt Oqwi |xQ=@ QU Kr=Yt =@
|vRw OYQO w u=R}t x@ xHwD =@ xv}y@ Q}k OYQO V}=Ri= OvwQ "CU= xDi=} V}=Ri=
xO=O u=Wv 7 pwOH QO \wrNt x@ xOWxi=[= |Oqwi |xQ=@ QU |ovU Kr=Yt
|@ wN |oDU@ty ?} Q[ =@ xv}y@ Q}k V}=Ri= OvwQ 'QwmPt pwOH j@=]t "CU= xOW
OYQO V}=Ri= "CU= |}xQ=@ QU |=yxv=OnvU V}=Ri= OYQO =@ ?U=vDt �0 981�
Q=@ Q} R QO Cr=iU; |Q}PBh=]av= V}=Ri= x@ QHvt |Dr=iU; |=y\wrNt QO xv}y@ Q}k

[26]"OwW|t Q}UOQU j]=vt QO Cr=iU; QDW}@ s=wO u}vJty w
XwYNt uRw|xv}W}@T=U=Q@ x=oQ=m QOCr=iU;|}=QH=C=}rta|xH}Dv pQDvm
|w=Ut \}=QW QO "CU= xOW s=Hv= pLt QO xOW=QH= |Dr=iU; \wrNt |y=oW}=tR;
|ovU Kr=Yt |r=N |=[i OYQO 'pNrND OYQO 'Q}k OYQO 'u=Um} sm =QD |SQv=�
|QDW}@ XwYNt uRw |xv}W}@ xm |Dr=iU; \wrNt '�"""w xOW?PH Q}k OYQO w
|xv}W}@ =@ |Dr=iU; |=y\wrNt x@ C@Uv |QDW}@ |Q@ Q=@ Ctw=kt w s=wO 'OQ=O
|w=L |Dr=iU; |=y\wrNt xmv}= x@ xHwD =@ "CW=O Oy=wN |QDtm XwYNt uRw
OvQ=O Oy=W |=yxvwtv x@ C@Uv |QDW}@ |oDUmW OYQO w |ak=w |r=oJ 'xQ=@ QU

"xv}y@ Q}k w hrDNt Kr=Yt =@ |=yxvwtv |=Q@ p=WQ=t Ctw=kt G}=Dv "4 pmW

|oOvyHQ@ pwOt V}=tR; "3"4"3
xm 'OvQ=O Q}F-=D |Dr=iU; |=y\wrNt |oOvyHQ@ ?} Q[ |wQ Q@ |irDNt |=yQDt=Q=B
w Ct=N[ '|ovU |=yxv=O u} QDnQR@ |tU= |xR=Ov= %R= Ov=CQ=@a =yu; u} QDsyt
xOWs=Hv= |=yVywSB [25]"|Q=PoQ=@ u=tR COt u}vJty w |vLvt pmW 'xvwtv Q]k
|xvwtv QO OwHwt |ovU Kr=Yt |xv=O u} QDCWQO |xR=Ov= xm CU= xO=O u=Wv
Q=PoQ}F-=D|oOvyHQ@?} Q[V}=tR; G}=Dv Q@ xOWO=} |=yQDt=Q=B Q}=U R= QDW}@ 'V}=tR;
uOQmu} Ro}=H Q}F-=D 'xOWO=} |=yQDt=Q=B uDW=Oxov C@=F =@ VywSB u}= QO [25]"CU=
xDiQo Q=Qk |@=} RQ= OQwt |Dr=iU; \wrNt QO |my; |ovU Kr=Yt =@ Oqwi |xQ=@ QU
?} Q[ u}}aD |=Q@ ASTM D4123 OQ=Ov=DU= VwQ R= Qw_vt u}= |=Q@ "CU=
x=oDUO R= |}=tv "CU= xOW xO=iDU= Q_vOQwt |Dr=iU; |=y\wrNt |oOvyHQ@
xO=O u=Wv 3 pmW QO 'CU= xOW xO=iDU= sRq |=yV}=tR; s=Hv= |=Q@ xm UTM

's}kDUtQ}e VWm V}=tR; x@=Wt V}=tR; s=Hv= \}=QW w =yxvwtv O=OaD "CU= xOW
|=yxwQo R= l} Qy |=Q@ Qo}O CQ=@ax@ 'OW=@|t CU= xOW xQ=W= u; x@ QDV}B xm
w Oy=W |xvwtv 3 %CU= xOW xDN=U xvwtv VW '4 pwOH QO GQOvt |xv=oCiy
TBU "CU= xDiQo Q=Qk M} ?wP w u=Ov@N} |xNQJ w `=@W= \}=QW CLD xvwtv 3
CQwYx@ |Q=QmD Q=@ p=ta= =@ w s}kDUtQ}eVWm VwQ x@|oOvyHQ@?} Q[V}=tR;
QO CL=QDU= x}v=F 2 9 u=tR COt w x}v=F 0 1 |Q=PoQ=@ pm}U =@ w |Uwv}Uxt}v
|=tO w xOw@ uDw}v 570 Q@=Q@ xOWp=ta= Q=@ u}vJty "CU= xOW s=Hv= 250C |=tO
sRq QmPD u}= "CU= xOW xDW=O xov C@=F =wy |x_iLt R= xO=iDU= =@ V}=tR; s=Hv=
UTM x=oDUO QO OwHwt Q=Ri=sQv =@ xm '|oOvyHQ@ ?} Q[ |x@U=Lt QO xm CU=
xOW xQ=W= u; x@ ASTM D4123 OQ=Ov=DU= QO xm 3 w 2 \@=wQ R= 'OwW|t s=Hv=

%CU= xOW xO=iDU=
MR = P (� + 0 2734)

tH
(2)

� = 0 359H
V
� 0 27 (3)

C@Uv � '�uDw}v� |Q=QmD Q=@ P '�p=mU=B=ot� |oOvyHQ@ ?} Q[MR '=yu; QO xm
'�QDt|r}t� Q}PBCWoQ@ |ki= pmWQ}}eD H '�QDt|r}t� xvwtv Ct=N[ t 'uwU=wB
\UwD xvwtv |ki= pmWQ}}eD "CU= �QDt|r}t� Q}PBCWoQ@ s�=k pmWQ}}eD V w
s}_vD xvwtv |wQ |ki= CQwYx@ xm '6�LVDT� |]N C=Q}}eD |Q}oxR=Ov= C=R}yHD

"OwW|t |Q}oxR=Ov= 'CU= xOW

"�|oOvyHQ@ pwOt V}=tR;� UTM x=oDUO "3 pmW
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w]Q

C}U
=UL"|Dr=iU; |=yxvwtv QO xOWxO=iDU= |xQ=@ QU |vRw OYQO w xv}y@ Q}k |]N uw}UQoQ "7 pwOH

Y 2 X2 XY
xv}y@ Q}k OYQO xQ=@ QU |vRw OYQO xvwtv |xQ=tW

(Y ) (X) xOWxO=iDU=
26 01 0 0 5 10 0 �|my;� Oy=W
29 16 2209 253 80 5 40 45 |}xQ=@ QU 'xv=OCWQO �100
28 09 625 132 50 5 30 25 |}xQ=@ QU 'xv=OCWQO �50
30 25 3794 56 338 80 5 50 61 6 |}xQ=@ QU 'xv=OR} Q �100
28 84 1082 41 176 67 5 37 32 9 |}xQ=@ QU 'xv=OR} Q �50
31 92 10000 565 00 5 65 100 |}xQ=@ QU ,qm
29 70 2959 36 296 48 5 45 54 4 |}xQ=@ QU 'Kr=Yt pm �50
203 97 20670 3 1763 25 `tH

r =
n
nP
i=1

xiyi�(
nP
i=1

xi)(
nP
j=1

yj)s
[n

nP
i=1

x2
i�(

nP
i=1

xi)2][n
nP
i=1

y2
j�(

nP
j=1

yj)2]
= 0 981 y�x = 5 153 + 0 005x

"lWN w QDCtw=kt hqDN= wlWN 'QD s}kDUtQ}e|WWmCtw=kt G}=Dv "6 pmW

"hrDNt Kr=Yt =@ |=yxvwtv |=Q@ s}kDUtQ}e VWm Ctw=kt MQv "7 pmW

w |Q}UtQo j]=vt QO |QDW}@ Ctw=kt w s=wO xm OwQ|t Q=_Dv= u}=Q@=v@ '�5 pmW�
[27]"OvW=@ xDW=O |QDW}@ |WRN Q=@ ptLD u}vJty

s}kDUtQ}e VWm V}=tR; G}=Dv "2"4
xO=O u=Wv QD w lWN |=yxvwtv |=Q@ s}kDUtQ}e VWm Ctw=kt G}=Dv '6 pmW QO
s}kDUtQ}eVWmCtw=kt 'OwW|t xOy=Wt QwmPt pmW QO xm Qw]u=ty "CU= xOW
CLD xm 'QD |=yxvwtv 'Qo}O CQ=@ax@ "CU= QDtmlWN |=yxvwtv R= QD |=yxvwtv |=Q@
Ctw=kt Ci= =@ 'Ov=xDiQo Q=Qk M} ?wP w O=tHv= |xNQJ l} TBU w `=@W= \}=QW
=@ hrDNt |=yxvwtv |=Q@ Ci= u}= u=R}t um}r "Ov=xOW xH=wt s}kDUtQ}e VWm
xm OyO|t u=Wv 6 pmW "CU= Cw=iDt �4 pwOH� Kr=Yt ?}mQD |xwLv x@ xHwD
Kr=Yt uOQmu} Ro}=H Cr=L x@ \w@ Qt s}kDUtQ}e |WWm Ctw=kt Vy=m u} QDtm
Vy=m u} QDW}@ w Oqwi |xQ=@ QU |xv=OCWQO Kr=Yt =@ |my; |xv=OCWQO
|xv=OR} Q Kr=Yt =@ |my; |xv=OR} Q Kr=Yt |v} Ro}=H Cr=L x@ \w@ Qt Ctw=kt

"CU= Oqwi |xQ=@ QU
QO s}kDUtQ}e VWm Ctw=kt C@Uv xm s}kDUtQ}e VWm Ctw=kt MQv G}=Dv
=Q =yxvwtv lWN Cr=L QO xvwtv u=ty s}kDUtQ}e VWm Ctw=kt x@ QD Cr=L
QwmPt pmW QO xm Qw]u=ty "CU= xOW xO=O u=Wv 7 pmW QO 'Ovm|t h}YwD

"=yxvwtv (Gmb) XwYNt uRw x@ \w@ Qt Q=Owtv "5 pmW
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'OwW|t xOy=Wt 8 pmW QO xm Qw]u=ty "OW=@ �1 pwOH� |my; |=yxv=OnvU
'|Dr=iU; |=yxvwtv |wQ Q@ O=tHv= w ?wP |xNQJ w `=@W= |xNQJ p=ta= =@
xm |Qw]x@ &Ov=xOW QDsQv =yxvwtv '|DQ=@ax@ =} w xDi=} Vy=m |oOvyHQ@ ?} Q[
|xv=OR} Q R= xm CU= |Dr=L x@ \w@ Qt |oOvyHQ@ ?} Q[ Vy=m u=R}t |xv}W}@
|Dr=L x@ \w@ Qt |oOvyHQ@ ?} Q[ Vy=m u} QDtm w CU= xOW xO=iDU= xQ=@ QU
|}xQ=@ QU |xv=OCWQO |xv=OnvU =@ |my; |xv=OCWQO |xv=OnvU xm CU=
?}DQD u}= x@ "CU= xOW xO=O u=Wv 9 pmW QO C=Q}}eD u}= "Ov=xOW u} Ro}=H
|}xQ=@ QU |xv=OR} Q |w=L |=yxvwtv |oOvyHQ@ ?} Q[ QO =Q Q}F-=D u} QDW}@ C@ w]Q
|}xQ=@ QU |xv=OCWQO |w=L |=yxvwtv |oOvyHQ@ ?} Q[ QO =Q Q}F-=D u} QDtm w

"CU= xDW=O
|QDW}@ |ak=w |r=oJ w |rN=O l =m]Y= |x} w=R 'Oqwi |xQ=@ QU |rm Qw]x@
|t�=O |=ypmWQ}}eD Q@=Q@ QO p}rO u}ty x@ w OvQ=O |a}@] |ovU Kr=Yt x@ C@Uv
xDN=U Q}UtQo j]=vt QO xm |}=y|R=UwQ |=Q@ =yu; R= xO=iDU= w OvDUy QDsw=kt

[27]"CU= xiQY x@ uwQkt 'OvwW|t

|Q}oxH}Dv "5
|Dr=iU; |=y\wrNt |D@ w]Q C}U=UL |@=} RQ= VywSB u}= s=Hv= R= |rY= hOy
xOw@ |Dr=iU; uD@ =@ u; |xU}=kt w EAF |m} QDmr= Twk |xQwm |xQ=@ QU |w=L
|xO}OB Q@=Q@ QO =Q |Dr=iU; \wrNt Ctw=kt |m} QDmr= Twk |xQwm |xQ=@ QU "CU=
Kr=Yt |xv=OCWQOVN@ uOQmu} Ro}=H xm |wLv x@ 'OyO|tV}=Ri=|oOWu=} Qa
Ctw=kt V}=Ri= QO |QDW}@ Q}F-=D '|Oqwi |xQ=@ QU |xv=OCWQO Kr=Yt =@ |my;
|Oqwi |xQ=@ QU Kr=Yt =@ xv=OR} Q VN@ uOQmu} Ro}=H x@ C@Uv |oOWu=} Qa
%CU= VywSB u}= R= pY=L G}=Dv |=yxDi=} u}= 'OQ=wt u}= Q@ xwqa "CU= xDW=O
u}= xm CU= xO=O u=Wv |}xQ=@ QU |=yxv=OnvU |}=}t}W X=wN p}rLD G}=Dv ��
'OQ=O |O}U= C}Y=N xm Q}k =@ p@=kD QO w OvQ=O |R=@ C}Y=N =yxv=OnvU

"O=O Ovy=wN p}mWD Q}k =@ |QD|wk Ovw}B
|xv=OnvU =@ Q}k Ovw}B Ctw=kt xm CU= u; R= |m =L uOv=WwH V}=tR; G}=Dv ��
"CU= QDW}@ ?w]Qt |=wy w ?; QO |a}@] |xv=OnvU =@ Q}k Ovw}B R= |}xQ=@ QU
u=R}t =@ ?U=vDt |xv}y@ Q}k OYQO xm CU= xO=O u=Wv p=WQ=t V}=tR; G}=Dv ��
OYQO w Q}k |oDU@ty ?} Q[� CU= Cr=iU; O}rwD QO xOWxOQ@ Q=mx@ |xQ=@ QU

"�CU= 0 981 =@ Q@=Q@ xQ=@ QU
|ak=w XwYNt uRw V}=Ri= x@ QHvt EAF |}xQ=@ QU |xv=OnvU R= xO=iDU= ��

"OwW|t |Dr=iU; \wrNt
|Oqwi |xQ=@ QU R= xO=iDU= xmCU= xO=O u=Wv s}kDUtQ}eVWmV}=tR; G}=Dv ��

"OwW|t |Dr=iU; \wrNt |WWm Ctw=kt V}=Ri= Ea=@ |m} QDmr= Twk
|D@ w]QC}U=UL xmCU= xO=O u=Wv u}vJty s}kDUtQ}eVWmV}=tR; G}=Dv ��
xDi=} V}=Ri= Oy=W |Dr=iU; \wrNt x@ C@Uv |Oqwi |xQ=@ QU |Dr=iU; \wrNt

"CU= xOw@ QDW}@ V}=Ri= u}= QO xv=OCWQO syU w
\wrNt |oOvyHQ@?} Q[ xmCU= xO=O u=Wv |oOvyHQ@?} Q[V}=tR; G}=Dv ��
w xDi=} V}=Ri= Oy=W |Dr=iU; \wrNt x@ C@Uv Oqwi |xQ=@ QU |w=L |Dr=iU;

"CU= QDW}@ \wrNt |oOvyHQ@ ?} Q[ V}=Ri= QO xv=OR} Q syU

|xQ=@ QU xv=OCWQO Kr=Yt =@ |=yxvwtv x@ \w@ Qt u; u} QDtm w |Oqwi |xQ=@ QU
=@ xv=OCWQO VN@ uOQmu} Ro}=H =@ xm CU= u; O} -wt G}=Dv u}= "CU= |Oqwi
|xO}OB Q@=Q@ QO =Q Cr=iU; Ctw=kt u} QD?U=vt u=wD|t |Oqwi |xQ=@ QU Kr=Yt
|xQ=@ QU |xv=OR} Q Kr=Yt \ki R= xO=iDU= xm |r=L QO &OQw; CUOx@ |oOWu=} Qa
xmr@ 'OyO|tv V}=Ri= =Q |oOWu=} Qa |xO}OB Q@=Q@ QO Ctw=kt =yvD xv |Oqwi
|xO}OB Q@=Q@ QO Ctw=kt Vy=m Ea=@ ,q=tDL= |my; |=yxv=OnvU =@ xU}=kt QO

"OW Oy=wN sy |oOWu=} Qa

|oOvyHQ@ ?} Q[ V}=tR; G}=Dv "3"4
|xNQJCLD xm|}=yxvwtv wlWN |=yxvwtv |=Q@|oOvyHQ@?} Q[V}=tR;G}=Dv
"CU= xOW xO=O u=Wv 8 pmW QO 'Ov=xDiQo Q=Qk O=tHv= w ?wP |xNQJ w `=@W=
|xQ=@ QU |=yxv=OnvU R= xO=iDU= 'OwW|t xOy=Wt QwmPt pmW QO xm Qw]u=ty
|yHwD p@=k Q=Okt x@ |my; |=yxv=OnvU |=H x@ |Dr=iU; \wrNt QO Oqwi
Ov=wD|t xO}OB u}= Cra "CU= xO=O V}=Ri= =Q |Dr=iU; \wrNt |oOvyHQ@ ?} Q[

"lWN w QD pwOt hqDN= w lWN w QD |oOvyHQ@ pwOt G}=Dv "8 pmW

|}xQ=@ QU Kr=Yt =@ |=yxvwtv |=Q@ lWN x@ QD |oOvyHQ@ pwOt C@Uv "9 pmW
"|my; w
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1. electric arc furnace
2. basic oxygen furnace
3. stone mastic Asphalt
4. Gyratory
5. Kiggunndu and Robert
6. linear variable di�erential transformer

�References� `@=vt
1. Abdi, A. and Kavosi, A. \Evaluation of stripping of ag-

gregate in hot mix Asphalt", 2nd Conference on Asphalt
and Asphalt Mixes, Tehran (2004) (in persian).

2. Liz Hunt, P.E. and Boyle, G.E. \Steel slag in hot mix
Asphalt concreate", Oregon Department of Transporta-
tion, Final Report (www.ntl.bts.gov/sec508/slag-�nal)
(2004).

3. Kalyoncu Rustu, S. \Iron and Steel Slag", Available:
http://www.minerals.gov/ minerals/pubs/commpditv/
iron-Steel-Slag/7930300.pdf (2000).

4. \Feasibility study of using steel slag in Asphalt pave-
ment", Sepahan Riva Tahghigh, Isfahan (2011) (in per-
sian).

5. \Iron and steelmaking slag in Europe and the envi-
ronmental legislations", NSA Slag Conference, Tempa
(2010).

6. Shen, D.H., Wu, C.M. and Du, J.C. \Laboratory in-
vestigation of basic oxygen furnace slag for substitu-
tion of aggregate in porous Asphalt mixture", Journal
of Construction and Building Materials, 23(1), pp. 453-
461 (2009).

7. Ahmedzade, P. and Sengoz, B. \Evaluation of steel slag
coarse aggregate in hot mix Asphalt concrete", Journal
of Hazardous Materials, 165(1-3), pp. 300-305 (2009).

8. Pasetto, M. and Baldo, N. \Mix design and performance
analysis of Asphalt concretes with electric arc furnace
slag", Journal of Construction and Building Materials,
25(8), pp. 3458-3468 (2011) (in press).

9. Lizn Hunt, P.E. and Glenn, E. \Steel slag in hot
mix Asphalt concrete", Final Report of State Research
Project#511, Oregon Department of Transportation
(2000).

10. Xue., Y., Wu., S., Hou, H. and Zha, J. \Experimental
investigation of basic oxygen furnace slag used as aggre-
gate in Asphalt mixtures", Journal of Hazardous Mate-
rials, 138(2), pp. 261-268 (2006).

11. Ziari, H. and Khabiri, M.M. \Preventive maintenance
of 
exible pavement and mechanical properties of steel
slag Asphalt", Journal of Environment Engineering and
Landscape Management, 15(3), pp. 188-192 (2002).

12. Tabatabaei, N. and Bakhshi, P., \Evaluation of using
steel slag on stone mastic Asphalt", 2nd Conference on
Asphalt and Asphalt Mixes, Tehran (2004) (in persian).

13. \Iran pavement manual-234", Ministry of Roads & Ur-
ban Development, Transportation Research Institute
(2011) (in persian).

14. Rezaei, M., Practical of Road and Pavement, Adine Pub-
lication (1998) (in Persian).

15. Stuart, K.D. \Moisture damage in Asphalt mixtures- a
state of the art report", U.S. Department of Transporta-
tion, Federal Highway Adminstration , 119 p. (1990).

16. Riahi, M. \Evaluation of In
uences of hydrated lime on
mechanical properties of hot mix Asphalt", A Thesis for
the Degree of Master of Science in Computer Engineer-
ing, University of Tehran (2008) (in Persian).

17. Hoa, P. and Liu, H.Y. \E�ect of bitumen acid number
on moisture susceptibility of Asphalt mixtures", Journal
of Testing and Evaluation (JTE), 34(4), (2006).

18. Pinto, I., Kim, Y.R. and Ban, H. \Moisture sensitivity
of hot mix Asphalt (HMA) mixtures in Nebraska{phase
II", University of Nebraska- Lincoln (2009).

19. Ziari, H. and Tabatabaii, A. \Bitumen & Asphalt test-
ing application guidance", Iran University of Science and
Technology (2006) (in Persian).

20. AASHTO, Resistance of Compacted Bitumenous Mix-
ture to Moisture Induced Damage, Test Method T283-85,
part 2: Methods of Sampling and Testing, Washington
D.C. (1986).

21. Austroads Asphalt Test \Stripping potential of Asphalt-
tensile strength retio", Austroads National Asphalt Re-
search Co-ordination Group, Australian Asphalt Pave-
ment Association (2003).

22. Shukla, S.K. and Yin, J.H. \Function and installation
of paving geosynthetics", Department of Civil Engineer-
ing, Institute of Technology, Banaras Hindue University,
Varanasi, India (2002).

23. Boyes, A.J. \Reducing moisture damage in Asphalt
mixes using recycled waste additives", California Poly-
technic State University (2011).

24. Kandhal, P.S. \Moisture subceptibility of HMA Mixes;
Identi�cation of problem and recommended solutions",
NCAT Report NO.92-1 (1992).

25. Jahromi, S.G. and Khodaii, A. \Investigation of vari-
ables a�ecting resilient modulus in Asphalt mixes", Proc.
GeoHunan Int. Conf., pp. 56-64 (2009).

26. The Asphalt Institute, Mix Design Methods for Asphalt
Concrete and Other Hot Mix Types, (MS-2), 6th Ed.
(1993).

27. Mallick, R.B. and EL-Korchi, T., Moisture Sensitivity of
Hot Mix Asphalt (HMA) Mixtures in Nebraska{Phase II,
Taylor & Francis Group, Boca Raton, New York (2009).

96

www.SID.ir

