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Ov}=Qi xm OvDUy Oqwi |=yxQ=@ QU R= ẁv wO 2�BOF� |vS}Um = |xQwm |xQ=@ QU w
|m} QDmr= Twk |xQwm |xQ=@ QU R= VywSB u}= QO [4w3]"CU= Cw=iDt =yu; O}rwD
u} QDW}@ "CU= xOW xO=iDU= |Dr=iU; \wrNt QO |awvYt |=yxv=OnvU u=wvax@
p=U QO|WywSB QO [5]"CU= |R=UwQ|Dr=iU; |=yx}q QO xQ=@ QU ẁv u}= |xO=iDU=
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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
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