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'Q[=L VywSB QO xOW |@=} RQ= Qo}O ẁ[wt 'x@ Q[ Q@=Q@ QO Ctw=kt Q@ xwqa
xU}=kt QO uD@ uRw x@ Ctw=kt C@Uv uOw@ u}}=B "CU= uD@ XwYNt uRw |UQQ@
QO pmWt l} u=wva x@ nQR@ |=yxR=U Qo}O w =yGQ@ CN=U |=Q@ 'Oqwi =@
=@ |R=Ul@U xRwQt= 'p}rO u}ty x@ "OwW|t ?wULt |O=YDk= |xaUwD Q}Ut
'p=L u}= =@ [4]"CU= u=tDN=U CavY u=Q=mQOv=CUO |xkqa OQwt 'Ctw=kt ^iL
'|Q=Wi Ctw=kt =@ xU}=kt QO |i=}r= w l@U uD@ |}x@ Q[ Ctw=kt |xv}tR QO
xDN=OQB =yv; R=|WN@|iQat x@ xt=O= QO xm 'CU= xOW s=Hv= |QDOwOLt |=yVywSB

"CU= xOW
|m} 'uD@ pOt wO |}x@ Q[ Ctw=kt |xU}=kt QO '�2021� u=Q=mty w 1u}t
xm OvDi=} QO |U |B Q; =@ |Qo}O w VvQm |xOvvmCNU |v=t}U |=yC} RwBt=m =@
QO '|U |B Q; =@ xU}=kt QO VvQm |xOvvmCNU |v=t}U |=yC} RwBt=m R= xO=iDU=

[13]"CU= QDQF-wt |}x@ Q[ |=yQ=@ Q@=Q@ QO Ctw=kt

|=y?}U; O=H}=Cra x@ 'Ovvm|t x[Qa xm|D=tON Q=vm QO nQR@ `}=vY w =y|Qw=vi
|=yQ]N ZQat QO =Q |QW@ |xat=H C=}L Ovv=wD|t COtOvr@ QO |]}LtCU} R
Q=O}=B |xaUwD x@ O}=@ `}=vY w =y|Qw=:vi |xaUwD QO =Pr "OvyO Q=Qk |Q}PB=vu=Q@H
|=yR=}v `iQ xm OwW Q=DiQ |wLv x@ |Qw=:vi |xaUwD QO xm |vat u}= x@ "OwW xHwD
uD@ xmu}= x@ xHwD =@ [2 w 1]"Ovmv O=H}= xOv}; pUv |=yR=}v `iQ |=Q@ |Q]N 'p=L u=tR
CU= u=yH QO xO=t u} QDhQYtQ)B '?; R= Oa@ w CU= u=yH QO nQR@ `}=vY R= |m}
CavY u}= 'sOQt |xQtRwQ |oOvR =@ uD@ CavY uOQwN xQo x@ xHwD =@ u}vJty w
x@ =@ 'Q[=L VywSB QO [3]"Ovm =i}= Q=O}=B |xaUwD jkLD QO |tyt Vkv Ov=wD|t
XwYNt uRw Vy=m u}vJty w |}x@ Q[ Ctw=kt 'Q=O}=B |xaUwD s}y=it |Q}oQ=m
R= |m} xm 'T=o =@ h=}r= OQ@ Q=m =@ xm CU= xOW |aU 'l@U uD@ O}rwD w uD@
Q@=Q@ QO uOw@ j}=a 'sm uRw Cra x@ =m}r u}vJty w CU= QmW}v `}=vY C=a}=[
CyH QO [5 w 4]'u; =@ xOW O}rwD uD@ ?wr]t C=}YwYN Qo}O w CwY w CQ=QL
xDW=OQ@ Q=O}=B |xaUwD jkLD CyH QO |t=o 'x@ Q[ Q@=Q@ QO sw=kt l@U uD@ O}rwD

[11�6]"OwW

pw�Ut xOvU} wv �
"1401 10 28 VQ}PB '1401 9 26 x}LqY= '1401 6 14 Ci=} QO %M} Q=D

DOI:10.24200/J30.2023.61026.3140

%xr=kt u}= x@ O=vDU=
"38�29 "XY '�2�39 'h} QW u=Qta |UOvyt "=m}r w T=o =@ |w=L |xv=Ol@U uD@ QO x@ Q[ Q=F; |y=oW}=tR; |UQQ@ "1402 'OtL=O}U '|UQ@ w =[Q}ra 'wr=N



=yp=O C}iQ_ Vy=m ?@U |rm Cr=L QO xJQo GFRP |=yOQor}t R= xO=iDU=
C@Uv OQor}t u=R}t OYQO 30 |r= 20 OwOL V}=Ri= =@ =t= 'OwW|t x@ Q[ Q@=Q@ QO
OQor}t =@ |=yp=O R= QDy@ |DL =} w x@=Wt OQmrta x@ u=wD|t |Oqwi OQor}t x@

[21]"Ci=} CUO x@ Q[ Q@=Q@ QO |Oqwi
|=yOYQO =@ =m}r |xv=O l@U w T=o =@ h=}r= OQ@ Q=m Q}F-=D 'Q[=L VywSB QO
|}x@ Q[ w |Q=Wi |=yCtw=kt Q_v R= =yxv=OnvU u} Ro}=H 30 w 20 '10 |vRw

"CU= xOW |UQQ@ uD@ QO XwYNt uRw w

VywSB VwQ "2
|=yxvwtv CN=U =@ 'xDN=Ul@U |=yuD@ |m}v=mt X=wN 'Q[=L VywSB QO
x@ Q[ V}=tR; CyH |mU}O |=yxvwtv w |Q=Wi Ctw=kt V}=tR; CyH |@amt
|xt=vu}}; T=U=Q@ C@=F \qDN= KQ] l} =OD@= 'Qw_vt u}O@ "CU= xOW xar=]t
|xvwtv OvJ '|rY= |=yxvwtv CN=U R= V}B w xOW xDiQo Q_v QO ACI 211
xDN=U T}r}UwQm}t w xOvvmu=wQ jwi |xv}y@ u=R}t uOQw; CUO x@ CyH |W}=tR;
T=o =@ uOwRi= uwO@ QwmPt \qDN= KQ] T=U=Q@ '|rwtat uD@ |=yxvwtv "CU= xOW
|}=yxvwtv TBU "Ov=xDiQo Q=Qk V}=tR; CLD |Qw;pta R= TB w xOW xDN=U =m}r w
OL=w 1� 3 x@ 1 |vRw C@Uv x@ =m}r w T=o =@ ?}mQD =@ w Q}N= \qDN= KQ] =@
=@ '�T=o =@ uwO@� =m}r R= xO=iDU= =@ |}=yxvwtv u}vJty w �=m}r OL=w 3 'T=o =@
'|Qw;pta R= TB w xOW xDN=U '=yxv=OCWQO u} Ro}=H 30 w 20 '10 |=yOYQO
xDN=U x=oDUO w ptar=QwDUO R= xO=iDU= =@� |}x@ Q[ w |Q=Wi Ctw=kt |=yV}=tR;
xOW G=QNDU= G}=Dv w xDiQo CQwY =yv; |wQ Q@ �ACI 544 |xt=vu}}; T=U=Q@ xOW
QO ?amtQDt Q@ sQowr}m 437 'C@=F Qw] x@ u=t}U Q=}a xm CU= QmP x@ sRq "CU=
�1 w T}r}UwQm}t 'u=t}U uRw �6 u=R}t x@ =y\wrNt |x}rm QO w xOW xDiQo Q_v
Q]k x@ |mU}O CQwY x@ =yxvwtv "CU= xOW xO=iDU= xOvvmu=wQ jwi 'u=t}U uRw
15� 15 |@amt w �Iv}= 2/5� QDt|r}t 63/5 `=iDQ= w �Iv}= 6� QDt|r}t 152
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xOW xO=iDU= �Iv}= 0/5� QDt |Dv=U 1/27 Oa)@ |xv}W}@ =@ =m}r R= 'T=o =@ Q@ xwqa

"CU=

"xU=t |Ov@xv=O "1 pmW

"uW |Ov@xv=O "2 pmW
"xOW xO=iDU= T}r}UwQm}t |m} R}i C=YNWt "1 pwOH

uwQm}t 1 > C=QP |xR=Ov=
720 =D 480kg=m3 xOW sm =QDt |tHL uRw

2/2 �Gs� XwYNt uRw
30000 =D 15000m2=kg XwYNt K]U

20 QO `k=w uOat R= QDt|r}t 19 Oa)@ |xv}W}@ =@ xDUmW |ovU Kr=Yt "Ov=xOW
'ASTM-C33 ptar=QwDUO T=U=Q@ w xOW x}yD QDWwW � pwiRO QwLt |QDtwr}m
?}DQD x@ '2 w 1 |=ypmW QO "CU= xDiQo CQwY =yv; |wQ Q@ sRq |=yV}=tR;
?}DQD x@ xU=t w uW |r=oJ "OvwW|t xOy=Wt uW w xU=t |Ov@xv=O |=yQ=Owtv

"CU= xOw@ 2/62 w 2/65

T}r}UwQm}t w u=t}U "2"3
xm 'CU= xOw@ nvQ|QDUm =N w |QOwB |}xO=t '|U}r}U |xOwO =} T}r}UwQm}t
"CU= T}r}UwQi |=yS=}r; O}rwD Ov}=Qi QO |m} QDmr= Twk |=yxQwm |aQi pwYLt
V}=Ri= %xrtH R= 'xOW CNU w xR=D uD@ QO T}r}UwQm}t OQ@ Q=m |=}=Rt x@ xHwD =@
'|Q=O}=B w s=wO V}=Ri= '|Q=Wi Ctw=kt V}=Ri= 'uDN=Ov= ?; Vy=m '|oOv@UJ
R= |OvtxQy@ CyH Q[=L VywSB QO |Q}PBPwiv Vy=m w |v=UWm pwOt V}=Ri=
xOW xO=iDU= 1 pwOH QO GQOvt C=YNWt =@ T}r}UwQm}t QOwB R= jwi X=wN
QF-wt Q=}U@ ?wN uD@ l} O}rwD QO u=t}U C}i}m xm =Hu; R= 'Qo}O |wU R= "CU=
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"xOW xO=iDU= |=y\qDN= KQ] "3 pwOH
xv=Ol@U OYQO uW xU=t u=t}U ?; T}r}UwQm}t xOvvmu=wQ jwi xv=Ol@U h}OQ��� kg=m3 kg=m3 kg=m3 kg=m3 kg=m3 kg=m3 kg=m3

0 995 900 437 136 26/3 4/4 � 1
10 805/5 900 437 136 26/3 4/4 21 2
20 616 900 437 136 26/3 4/4 42 3
30 426/5 900 437 136 26/3 4/4 63 4

"�T=o =@ w =m}r� xv=Ol@U =@ xOW xDN=U |=yxvwtv "4 pwOH
|mU}O |xvwtv |@amt |xvwtv xv=Ol@U h}OQxRwQ 28 xRwQ 14 Om xRwQ 28 xRwQ 14 Om �OYQO�

4 4 C0 4 4 B0 0 1
4 4 C1 4 4 B1 10 2
4 4 C2 4 4 B2 20 3
4 4 C3 4 4 B3 30 4

"x@ Q[ p}=Uw w |vD@ |xvwtv l}D=tW pmW "3 pmW

|xt=vu}}; T=U=Q@ "OwW|t C@F |}=yv |@=QN x@ uO}UQ CyH sRq |=yx@ Q[
xOQm OQwNQ@ =y?qk R= OOa 3 x@ xvwtv xm OyO|t MQ |v=tR |}=yv |@=QN QwmPt

[28]"OW=@
|=yxvwtv O=OaD w C=YNWt w 3 pwOH QO xOW xO=iDU= |=y\qDN= KQ]

"Ov=xOW x�=Q= 5 w 4 |=ypwOH QO xOW V}=tR; |@amt w |mU}O

EL@ w =yV}=tR; G}=Dv "5
u=R}t w |Q=Wi Ctw=kt 'x@ Q[ |=yV}=tR; R= pY=L G}=Dv 'Q[=L VN@ QO
|Q=t; p}rLD |=ypwOH xm CU= QmP x@ sRq "CU= xOW x�=Q= XwYNt uRw
Ctw=kt Qy "CU= xOW s=Hv= 5?rDt Q=Ri=sQv R= xO=iDU= =@ =yQ=Owtv s}UQD w
Ctw=kt "CU= xvwtv 4 u}ov=}t 'G}=Dv pwOH QO xO�W C�@F |}x@ Q[ w |Q=Wi
T=U=Q@ |}x@ Q[Ctw=kt w |QDt|Dv=U 15 |@amt |xvwtv T=U=Q@ =yxvwtv |Q=Wi
xOW |Q}oxR=Ov= |QDt|Dv=U 6/35 `=iDQ= w 15/2 Q]k x@ |mU}O |xvwtv
xU w T=o =@ OL=w l} ?}mQD |vat x@ xv=Ol@U 'Q[=L VywSB QO "CU=
G}=Dv p}rLD w x} RHD x@ =ypwOH w =yQ=Owtv ?r=k QO 'xt=O= QO "CU=m}r OL=w

=yV}=tR; |xt=vQ@ "4
uD@ syt X=wN R= |m} '�|m}t=v}O |SQv= ?PH� x@ Q[ Q@=Q@ QO Ctw=kt Ow@y@
QO Ctw=kt xm |}=yC}akwt QO |oS} w u}= |Q}oQ=m x@ CyH xm &CU= |i=}r=
x@ Q[ Q@=Q@ QO Ctw=kt u=R}t CU= sRq 'OW=@ R=}v OQwt uD@ |=Q@ x@ Q[ Q@=Q@
uD@ |=Q@ |}x@ Q[ Ctw=kt |Q}oxR=Ov= |=Q@ V}=tR; ẁv u}OvJ "OwW xO}HvU
QO xm |QDt=Q=B w x@ Q[ sU}v=mt T=U=Q@ =yV}=tR; u}= xm 'OQ=O OwHw |i=}r=
R= |m} "OvwW|t |Ov@xk@] 'OwW|t O}OR=@ w |Q}oxR=Ov= 'x@ Q[ V}=tR; u=} QH
'CU= xvRw \wkU |xr}Uw x@ QQmt |=yx@ Q[ V}=tR; 'x@ Q[ V}=tR; |=yVwQ
=Q xOW u}}aD V}B R= |@=QN K]U l} x@ uO}UQ |=Q@ sRq |=yx@ Q[ O=OaD xm
u}tND l} u=wva x@ =yx@ Q[ O=OaD "OyO|t x�=Q= V}=tR; OQwt |xvwtv |wQ Q@
Ov=wD|t Q}N= V}=tR; "CU= xOW h} QaD |@=QN K]U QO xvwtv |SQv= ?PH |i}m
|};Q=m Ow@y@ C=@F= w |i=}r= uD@ Cw=iDt |=y\wrNt C}r@=k |@Uv |xU}=kt |=Q@
xHwD =@ 'Q[=L VywSB QO =Pr "OwW xO=iDU= |rwtat uD@ x@ C@Uv |i=}r= uD@
xO=iDU= u=mt= u}vJty w xOW xDN=U |=yxvwtv QO T=o =@ h=}r= R= xO=iDU= x@
xOW xO=iDU= QQmt |=yx@ Q[ |xw}W R= '|y=oQ=m \}=QW QO xOW QmP VwQ R=
=@ |@amt |=yxvwtv |wQ Q@ |Q=Wi Ctw=kt V}=tR; 'Q[=L VywSB QO "CU=
R= xO=iDU= =@ |mU}O |=yxvwtv |wQ Q@ x@ Q[ V}=tR; w |Q=Wi lH R= xO=iDU=
|=yxvwtv "CU= xDiQo s=Hv= 'xDN=U ACI 544 |xt=vu}}; T=U=Q@ xm |y=oDUO
�Iv}= 6� QDt|r}t 152 Q]k w �Iv}= 2/5� QDt|r}t 63/5 Ct=N[ =@ |mU}O
^iL CyH "OwW|t xDN} Q x}q l} QO xvwtv \ki |rw 'OvQ}o|t Q=Qk ?r=k QO
`=iDQ= =D =Q ?r=k u=wD|t "OQ}o|t s=Hv= |HQ=N |xQ@} w 'h=}r= CN=wvm} `} RwD
|}xv=wDU= |xvwtv l} =} 'OQm h=Y =Q u; K]U w Q)B �Iv}= 2/5� QDt|r}t 63/5
|x}q =@ u}}=B CtUk QO xvwtv "OQm =OH u; R= =Q Q_v OQwt |xvwtv w CN=U pt=m
x}=B xLiY |wQ Q@ w OwW|t xO}WwB T} Qo =} GRr |Div |xO=t l} R= |mR=v
"OW=@ q=@ x@ wQ xvwtv |xOW s=tD K]U xm |Qw] x@ 'OQ}o|t Q=Qk =yxv=@ R u}@
OQ}o|t Q=Qk xvwtv |wQ Q@ �Iv}= 2/5� QDt|r}t 63/5 Q]k x@ |Oqwi AwD TBU
u}vJty 'xOy=Wt p@=k lQD u}rw= ẁkw CyH sRq |=yx@ Q[ O=OaD "�3 pmW�
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"=m}r \ki =@ xOW xDN=U |=yxvwtv "5 pwOH
|mU}O |xvwtv |@amt xvwtv xv=Ol@U h}OQxRwQ 28 xRwQ 14 Om xRwQ 28 xRwQ 14 Om �OYQO�

4 4 D0 4 4 L0 0 1
4 4 D1 4 4 L1 10 2
4 4 D2 4 4 L2 20 3
4 4 D3 4 4 L3 30 4

"�T=o =@ w =m}r ?}mQD� xv=Ol@U |w=L |=yxvwtv |=yV}=tR; G}=Dv "6 pwOH
xv=Ol@U OYQO uD@ uU |Q=Wi Ctw=kt |}x@ Q[ Ctw=kt XwYNt uRw

��� (Days) (kg=m2) lQD u}rw= |}=yv |@=QN (kg=m3)

0 14 298 19 22 245828 405 31 33

10 14 163 127 129 206328 220 180 183

20 14 129 212 213 173928 173 305 308

30 14 78 91 93 160528 100 121 123

"=m}r \ki |w=L |=yxvwtv |=yV}=tR; G}=Dv "7 pwOH
u} Ro}=H =m}r OYQO uD@ uU |Q=Wi Ctw=kt |}x@ Q[ Ctw=kt XwYNt uRw

��� uW |tHL (Days) (kg=m2) lQD u}rw= |}=yv |@=QN (kg=m3)

10 14 258 18 20 208028 378 25 27

20 14 231 27 29 203728 340 40 43

30 14 200 66 68 202128 286 97 100

"xv=Ol@U OYQO =@ XwYNt uRw u}@ x]@=Q Q=Owtv "4 pmW

|=H x@ xv=Ol@U �70 |w=L uD@ xm CU= QmP x@ sRq "CU= xOW xDN=OQB
wQi uD@ '|Q=OQ@?r=k R= TB w CU}v |} wQ}v I}�y ptLD x@ QO=k '=yxv=OnvU

"OR} Q|t

=yxvwtv XwYNt uRw |UQQ@ "1"5
xv=Ol@U �20 |w=L |=yuD@ |x}rm 'OwW|t xOy=Wt 6 pwOH QO xm xvwou=ty
uD@ h} QaD T=U=Q@ u}vJty "CiQo Q_v QO l@U uD@ u=wva x@ u=wD|t =Q QDW}@ w
|}xR=U l@U uD@ u=wva x@ u=wD|t =Q xv=Ol@U �20 |w=L uD@ '|}xR=U l@U
=@ xm OwW|t xDiQo xH}Dv 4 pmW w 7 w 6 |=ypwOH QO CkO =@ "OQw; Q=tW x@
4 pmW QO xm xvwou=ty "O@=}|t Vy=m XwYNt uRw 'xv=Ol@U OYQO V}=Ri=
xOW QDtm xv=Ol@U OYQO V}=Ri= =@ 'uRw Vy=m Q=Owtv ?}W 'OwW|t xOy=Wt
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"|rwtat uD@ x@ C@Uv =yxvwtv XwYNt uRw w |}x@ Q[ '|Q=Wi Ctw=kt C=Q}}eD u=R}t "8 pwOH
xv=Ol@U OYQO uD@ uU |Q=Wi Ctw=kt �C=@ Q[ O=OaD� |}x@ Q[ Ctw=kt XwYNt uRw

��� (Days) (kg=m2) lQD u}rw= |}=yv |@=QN (kg=m3)

10 14 ��45 ��568 ��486 ��1628 ��45 ��480 ��454

20 14 ��56 ��101 ��868 ��2928 ��57 ��883 ��833

30 14 ��73 ��378 ��322 ��3428 ��75 ��290 ��272

"xv=Ol@U OYQO x@ C@Uv =yxvwtv |Q=Wi Ctw=kt Q=Owtv "6 pmW

xDi=} V}=Ri= |}x_Lqt p@=k CQwY x@ xv=Ol@U |w=L uD@ |=Q@ =yxvwtv |SQv=
OwW|t xOy=Wt 7 pwOH |x_Lqt w 5 w 4 |=ypmW QO CkO =@ u}vJty "CU=
=m}r \ki |w=L |=yxvwtv QO XwYNt uRw w |Q=Wi Ctw=kt Vy=m COW xm
Q=Owtv ?}W xm CU= QmP x@ sRq "CU= xOw@ T=o =@ |w=L |xvwtv R= QDtm Q=}U@
xOwOLt u}ty R= QDtm =m}r OYQO 10 =D QiY |w=L |=yxvwtv QO |Q=Wi Ctw=kt
?}W xm CU= |r=L QO u}= "CU= xOw@ T=o =@ w =m}r ?}mQD |w=L |=yxvwtv QO
\qDN= KQ] wO Qy QO OYQO 30 =D 20 u}vJty w OYQO 20 =D 10 CtUk
QO CkO =@ 'Qo}O |wU R= "OvDUy sy x@ l}ORv '\wrNt |xv=Ol@U =@ w =m}r =@
w 6 |=ypwOH QO XwYNt uRw u}vJty w |Q=Wi Ctw=kt x@ \w@ Qt |=yxO=O
uRw '=yxvwtv |QU wO Qy QO xm OwW|t xOy=Wt 4 pmW u}vJty w 6 pmW w 7
Cra x@ w |k]vt ẁ[wt u}= xm 'OQ=O Tma |x]@=Q |Q=Wi Ctw=kt =@ XwYNt
xm |Qw] x@ &CU= T=o =@ h=}r= w =m}r |xv=Ol@U =@ =yxv=OnvU uOW u} Ro}=H
QO |Q=Wi Ctw=kt 'xv=Ol@U OYQO 30 w 20 '10 =@ uD@ |xRwQ 28 |xvwtv QO
'=m}r |w=L uD@ QO w OYQO 75 w 57 '45 ?}DQD x@ \wrNt |xv=Ol@U =@ uD@
|UQQ@ w 6 pmW QO CkO =@ 'u}= OwHw =@ "CU= xDi=} Vy=m OYQO 29 w 16 '7
'xv=Ol@U OYQO 20 =D 10 u}@ |xOwOLt QO xm OwW|t x_Lqt Q=Owtv ?}W
x@ xHwD =@ u}vJty "CU= xO}UQ OwN u=R}t u} QDtm x@ |Q=Wi Ctw=kt Vy=m MQv
Q@ xwqa 'xv=Ol@U �20 =@ uD@ xm OwW|t xOy=Wt 6 pmW w 6 pwOH |=yxO=O
Q=m x@ |}xR=U l@U uD@ u=wva x@ Ov=wD|t w OQ=O |@ wN Ctw=kt 'sm XwYNt uRw
?wULt l@U uD@ u=wva x@ �20 R= QDW}@ |xv=Ol@U =@ |=yuD@ u}vJty "OwQ
|w=L |=yuD@ 'xDiQo s=Hv= |=yV}=tR; T=U=Q@ xm CU= QmP x@ sRq "OvwW|t

"xv=Ol@U OYQO =@ |Q=Wi Ctw=kt u}@ x]@=Q Q=Owtv "5 pmW

u=R}t "OwW|t xOy=Wt Q=Owtv QO |}=y|oDUmW O=H}= =@?}W Vy=m u}= xm 'CU=
x@ C@Uv |YNWt Qw] x@ xv=Ol@U �20 x@ \w@ Qt |x]kv QO Q=Owtv |oDUmW
<=R= x@ u}=Q@=v@ "CU= xOW QDO}OW 'xv=Ol@U �10 =@ |x]kv x@ \w@ Qt |oDUmW
|UwULt Qw] x@ XwYNt uRw Vy=m COW '�20 R= QDq=@ |xv=Ol@U OYQO
xv=Ol@U |w=L |xvwtv uRwVy=m u=R}t |xU}=kt =@ 'Qo}O |wU R= "CU= xOW QDtm
|=yxvwtv QO xm OwW|t xOy=Wt =m}r \ki |w=L |xvwtv =@ �T=o =@ w =m}r ?}mQD�
sy x@ l}ORv =yxvwtv |QU wO Qy QO uRw Vy=m u=R}t 'QDtm w xv=Ol@U �10 =@
'CU= xOW QDW}@ Q=}U@ T=o =@ |w=L |=yxvwtv uRw Vy=m COW u; R= TB w xOw@
w 1/7 ?}DQD x@ xv=Ol@U OYQO 30 w 20 =@ |=yxvwtv uRw Vy=m xm |Qw] x@

"CU= xOw@ =m}r \ki =@ |=yxvwtv QO uRw Vy=m u=R}t Q@=Q@ 1/9

|Q=Wi Ctw=kt "2"5
|=yxvwtv XwYNt uRw w |}x@ Q[ w |Q=Wi |=yCtw=kt u=R}t '6 pwOH QO
uwO@� |rwtat uD@ x@ C@Uv Q}N= Q}O=kt C=Q}}eD u=R}t '8 pwOH QO w xv=Ol@U

"CU= xOW x�=Q= �xv=Ol@U
=m}r ?}mQD� xv=Ol@U |=yxvwtv |Q=Wi Ctw=kt Q=Owtv '5 pmW QO u}vJty
xU}=kt CyH =m}r \ki =@ |=yxvwtv |Q=Wi Ctw=kt Q=Owtv u; Q=vm QO w �T=o =@ w
Ctw=kt 'OwW|t xOy=Wt 5 pmW w 6 pwOH QO xm xvwou=ty "CU= xOW s}UQD
'|Qw;pta |=yxQwO |x}rm QO =m}r w T=o =@ ?}mQD |w=L |@amt |=yxvwtv |Q=Wi
|=yxvwtv x@ C@Uv u}vJty w |rwtat uD@ |xvwtv x@ C@Uv |}x_Lqtp@=k Vy=m
?PH u=R}t w |}x@ Q[ Ctw=kt 'p@=kt QO "Ov=xO=O u=Wv OwN R= =m}r \ki |w=L
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"xv=Ol@U =@ xvwtv |a=]kCUmW w |rwtat uD@ |xvwtv |Q]kCUmW "8 pmW

"|mU}O |=yxvwtv |wQ Q@ x@ Q[ V}=tR; "9 pmW

"xv=Ol@U OYQO =@ |}x@ Q[ Ctw=kt |x]@=Q Q=Owtv "10 pmW

|QDW}@ ?}W =@ OYQO 10 =D QiY R= xv=Ol@U u=R}t V}=Ri= =@ |SQv= ?PH w
|xvwtv CyH |}x@ Q[ Ctw=kt '10 |xv=Ol@U OYQO =@ |x]kv QO w xOQm OWQ
'�10 R= xv=Ol@U u=R}t Qw@a R= TB xm |r=L QO &CU= xO}UQ 180 x@ xRwQ 28
Qw@a =@ "CU= xOW QDtm |}x@ Q[ Ctw=kt V}=Ri= COW |DQ=@a x@ =} Q=Owtv ?}W
ẁQW |}x@ Q[ Ctw=kt u=R}t w xOW |rwRv Q=Owtv '�30 RQt R= xv=Ol@U u=R}t

�30 |w=L xRwQ 28 uD@ |=Q@ Q=Owtv |=yDv= QO xm |Qw] x@ &CU= xOQm Vy=m x@
|}x@ Q[ Ctw=kt |=yQ=Owtv '11 pmW QO "CU= 121 x@ Q[ OOa 'xv=Ol@U
xOy=Wt =m}r \ki |w=L |=yxvwtv w �T=o =@ w =m}r� xv=Ol@U |w=L |=yxvwtv
Ctw=kt xm OwW|t x_Lqt 9 pwOH |xOy=Wt u}vJty w =yv; j@=]t xm &OvwW|t
xDi=} V}=Ri= |QD`} QU Q=}U@ MQv =@ \wrNt |xv=Ol@U |w=L |=yQ=Owtv |}x@ Q[
'CU= xDW=O =m}r |w=L |xvwtv =@ =Q hqDN= |xv}W}@ '�20 QO xm |Qw] x@ 'CU=
'12 pmW QO "CU= xOw@ =m}r \ki |w=L |xvwtv Q@=Q@ 7 OwOL QO u; u=R}t xm
x@ C@Uv 'uD@ |xRwQ 28 w 14 u}vU QO |}x@ Q[ Ctw=kt C=Q}}eD u}@ |x]@=Q
xOW XNWt \=kv R= l} Qy "OwW|t xOy=Wt u}vU u}ty QO |Q=Wi Ctw=kt
`r[ QO "CU= C@=F |xv=Ol@U OYQO =@ \qDN= KQ] l} x@ \w@ Qt =yQ=Owtv QO
QwLt QO w xRwQ 28 =D 14 |v=tR |xR=@ QO |Q=Wi Ctw=kt C=Q}}eD 'Q=Owtv |ki=

"|@amt |=yxvwtv |wQ Q@ |Q=Wi Ctw=kt V}=tR; "7 pmW

OvQ=O |OwOLt OQ@ Q=m '|Q=Wi Ctw=kt |OYQO 90 Ci= Cra x@ 'xv=Ol@U �60
u}@ |x]@=Q "OvDU}v |} wQ}v I}y ptLD x@ QO=k xv=Ol@U �70 |w=L |=yuD@ w
|vD@ |=yxvwtv |xRwQ 28 w 14 u}vU QO 'xv=Ol@U OYQO =@ |Q=Wi Ctw=kt

"OvwW|t xOy=Wt 6 pmW QO �T=o =@ w =m}r ?}mQD� xv=Ol@U |w=L
|Q=Wi Ctw=kt |xv}W}@ 'OwW|t xOy=Wt R}v 6 pwOH QO xm Qw] u=ty
V}=Ri= =@ xm 'CU= `@ QtQDt|Dv=U Q@ sQowr}m 405 'xv=Ol@U uwO@ xRwQ 28 |xvwtv
xvwtv QO w xDW=O |O}OW Vy=m |Q=Wi Ctw=kt 'T=o =@ h=}r= w xv=Ol@U OYQO
`@ QtQDt|Dv=U Q@ sQowr}m 220 x@ w xDi=} Vy=m |Q=Wi Ctw=kt 'xv=Ol@U �10 =@
xm Qw]u=ty '�20 x@ xv=Ol@U OYQO u=R}t uO}UQ =@ 'u; R= TB |rw &CU= xO}UQ
'xv=Ol@U Q=Okt V}=Ri= =@ 'CU= XNWt R}v Q=Owtv ?}W Vy=m w |oDUmW R=
x@ Ov=wD|t ẁ[wt u}= xm 'CU= xO=O u=Wv OwN R= |QDtm COW Ctw=kt Vy=m
QO u}vJty w Kr=Yt QO xOW O=H}= |r=N |=y=[i QO =yxv=Ol@U |Q}o|=H Cra
|xvwtv QO C}=yv QO w "OW=@ T=o =@ h=}r= |oOQWi Cra x@ QDtm |=[i p=eW= QF=
`@ QtQDt|Dv=U Q@ sQowr}m 173 Q=Okt x@ |Q=Wi Ctw=kt 'xv=Ol@U �20 |w=L
Vy=m MQv w xDi=} V=Ri= ?}W ,=OOHt Q=Owtv |=yDv= =D 'u; R= TB "CU= xO}UQ
28 |Q=Wi Ctw=kt 'xv=Ol@U �30 =@ uD@ QO ,=D}=yv =D 'CU= xOW QDW}@ Ctw=kt
|=yxvwtv QO Q=Owtv |rm OvwQ "CU= xO}UQ `@ QtQDt|Dv=U Q@ sQowr}m 100 x@ xRwQ
'7 pmW QO "CU= xRwQ 28 |=yxvwtv x@=Wt |O=} R OwOL =D R}v xRwQ 14 uU =@
"OwW|t xOy=Wt =yv; |wQ Q@ |Q=Wi Ctw=kt V}=tR; w |@amt |=yxvwtv Q} wYD

|}x@ Q[ Ctw=kt "3"5
|=yxvwtv CUmW 'OwW|t xOy=Wt 8 pmW CU=Q CtU Q} wYD QO xm Qw] u=ty
=@ xm |r=L QO 'CU= |Q]k CQwY x@ x@ Q[ V}=tR; CLD xv=Ol@U Ok=i |mU}O
x@ 'xv=Ol@U |w=L |mU}O |=yxvwtv QO 'pmW u=ty QOAJCtU Q} wYD x@ xHwD
CQwY x@ QwmPt |=yxvwtv CUmW 'x@ Q[ V}=tR; CLD T=o =@ h=}r= OwHw Cra
Ctw=kt V}=tR; w |mU}O |=yxvwtv Q} wYD '9 pmW QO "CU= xO=O MQ |a=]k

"OwW|t xOy=Wt =yv; |wQ Q@ |}x@ Q[
VmJ |wU R= xOQ=w |=yx@ Q[ O=OaD� |}x@ Q[ Ctw=kt u=R}t '10 pmW QO
xOy=Wt xv=Ol@U OYQO x@C@Uv �xOy=Wt p@=k lQD u}rw= x@ uO}UQ =D XwYNt
|xv}W}@ xm Ci=} QO u=wD|t 6 pwOH QO CkO =@ u}vJty w u; j@=]t xm &OwW|t
305 u=R}t x@ w xv=Ol@U �20 =@ 'xRwQ 28 uD@ x@ \w@ Qt '|}x@ Q[ Ctw=kt
'xv=Ol@U uwO@ w RwQ 28 uU =@ uD@ QO skQ u}= xm CU= |r=L QO u}= "CU=
Q=m x@ h=}r= w xv=Ol@U Q}otWJ Q}F-=D x@ u=wD|t =Hu}= R= xm 'CU= xOw@ 31
"OQ@ |B x@ Q[ Q@=Q@ QO uD@ Ctw=kt w |SQv= ?PH C}r@=k QO '\wrNt QO xDiQ
|}x@ Q[ Ctw=kt V}=Ri= u=R}t xm OwW|t xOy=Wt 10 pmW QO CkO =@ u}vJty
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"|}x@ Q[ w |Q=Wi |=yCtw=kt u}@ |x]@=Q "12 pmW
xv=Ol@U |xRwQ 28 |=yxvwtv |=yV}=tR; R= pY=L G}=Dv |xU}=kt "9 pwOH

"=m}r \ki |w=L |xvwtv =@ �T=o =@ w =m}r�
|}x@ Q[ Ctw=kt |Q=Wi Ctw=kt xv=Ol@U OYQO
xv=Ol@U =m}r xv=Ol@U =m}r ���

180 27 220 378 10
305 43 173 340 20
121 100 100 286 30

w |Q=Wi |=yCtw=kt |x]@=Q Q=Owtv xmu}= OwHw =@ OwW|t x_Lqt 'QwmPt O=Oa=
|xv}tm w xv}W}@ \=kv w QwmPt Ctw=kt wO u}@ \=@DQ= OvwQ R= |@ wN O}O '|}x@ Q[
|x]@=Q l} u=wD|tv '=yQ=Owtv |UQQ@ R= |rw 'OyO|t x�=Q= =y?}W w =yQ=Owtv
Ctw=kt R= xO=iDU= =@ |}x@ Q[ Ctw=kt Q}O=kt |x@U=Lt CyH j}kO w XNWt
|UQQ@ =@ "OwW x@U=Lt xv=o =OH O}=@ |}x@ Q[ Ctw=kt w OQw; CUO x@ |Q=Wi
QO �uD@ uU� u=tR Q}F-=D C@Uv u}= xm 'xRwQ 28 x@ 14 |}x@ Q[ Ctw=kt C@Uv
QO C@Uv u}= xm OwW|t xDiQo xH}Dv 'Ovm|t XNWt =Q Ctw=kt Qy V}=Ri= OvwQ
'10 '0 \=kv QO C@Uv u}= |UQQ@ =@ "CU= 0/75 x@ l}ORv |OOa OQ=wt ?re=
C@Uv uOw@ QDlJwm x@ xHwD =@ xm OwW|t x_Lqt xv=Ol@U OYQO 30 w 20
'xRwQ 28 x@ 14 |Q=Wi Ctw=kt =@ xU}=kt QO 'xRwQ 28 x@ 14 |}x@ Q[ Ctw=kt
'OQ=O |}x@ Q[ Ctw=kt C@Uv x@ |Q=Wi Ctw=kt ?Um OvwQ QO |QDW}@ Q}F-=D u=tR
VQ}o QO Q}N-=D QO T=o =@ QO xOv=t|k=@ QmW Q=Okt Q}F-=D x@ Ov=wD|t ẁ[wt u}= xm
G}=Dv =@ xU}=kt CyH '=m}r \ki =@ |}=yxvwtv CN=U x@ xHwD =@ "OW=@ \@DQt uD@
uRw G}=Dv |}xU}=kt |=yQ=Owtv s}UQD Q@xwqa 'T=o =@ w =m}r ?}mQD |w=L |=yxvwtv
|=ypwOH QO G}=Dv V}=tv w |Q=Wi Ctw=kt w x@ Q[ Q@=Q@ QO Ctw=kt 'XwYNt
CyH =yxvwtv |QU wO Qy |}x@ Q[ w |Q=Wi Ctw=kt |=yV}=tR; G}=Dv '7 w 6

"CU= xOW x�=Q= R}v 9 pwOH QO |OOa CQwY x@ 'xU}=kt
l} =@ |}x@ Q[ Ctw=kt w xv=Ol@U OYQO u}@ |[=} Q |x]@=Q '13 pmW QO
x@ =} w |}x@ Q[ Ctw=kt i Q}eDt u; QO xm 'CU= xOW xOR ?} QkD 3 |xHQO |vLvt
|xv=Ol@U OYQO V w xOy=Wt p@=k lQD u}rw= O=H}=CyH =yx@ Q[ O=OaD '|DQ=@a
|xU}=kt x@ '10 pwOH QO u}vJty "OvDUy =yxv=OnvU |=H x@ xOW u} Ro}=H
pY=L G}=Dv w xRwQ 28 |mU}O |=yxvwtv |wQ Q@ x@ Q[ V}=tR; R= pY=L G}=Dv
CkO CyH xm CU= QmP x@ sRq "CU= xOW xDN=OQB |O=yvW}B |[=} Q pOt R=
xDN=U R}v 60 w 50 '40 |=yxv=Ol@U OYQO =@ |=yxvwtv '|[=} Q pOt QDW}@
O=H}= CyH "CU= xOW s=Hv= x@ Q[ V}=tR; =yv; |wQ Q@ xRwQ 28 uU QO w xOW

OYQO w xv=Ol@U OYQO =@|}x@ Q[Ctw=kt |x]@=Q |xU}=kt Q=Owtv "11 pmW
"=m}r

xOW xO=O V}=tv |Q=Wi Ctw=kt Qy =@ Q_=vDt |}x@ Q[ Ctw=kt u=R}t |Owta
\w]N w RwQ 14 uU =@ uD@ x@ \w@ Qt nvQRtQk \=kv w |vLvt \w]N "CU=
s}UQD |=yQ=Owtv "CU= RwQ 28 uU =@ uD@ x@ \w@ Qt nvQ|mWt \=kv w |vLvt
2 |xHQO |vLvt uO=O VwB w =yV}=tR; R= xOt; CUO x@ \=kv T=U=Q@ 'xOW
'QDy@ xJ Qy |xU}=kt CyH "CU= xOt; CUO x@ pUm = Q=Ri=sQv R= xO=iDU= =@
QO xm Qw]u=ty "Ov=xOW s}UQD Q=Owtv l} ?r=k QO xRwQ 28 w 14 |=y|vLvt
&CU= xRwQ 28 Q=Owtv x@=Wt xRwQ 14 Q=Owtv |rm pmW 'OwW|t xOy=Wt 12 pmW
u; |xv}W}@ Q}O=kt w xOQm CmQL AJ CtU x@ xRwQ 14 Q=Owtv xm Cw=iD u}= =@
|Q=Wi Ctw=kt V}=Ri= =@ xm OwW|t x_Lqt =yQ=Owtv |xOy=Wt =@ "Ov=xDi=} Vy=m
Vy=m =yQ=Owtv ?}W 'xRwQ 28 sy w xRwQ 14 |xvwtv QO sy 'OYQO 20 =D QiY R=
14 Q=Owtv ?}W 'sm |Q=Wi |=yCtw=kt =@ Q=Owtv |x}rw= \=kv QO "CU= xDi=}
QO =yQ=Owtv |kqD |xOy=Wt =@ ẁ[wt u}= xm 'CU= xOw@ xRwQ 28 R= QDtm xRwQ
Ctw=kt Q}O=kt R= xRwQ 14 Q=Owtv ẁQW w 78 (kg=cm2) |Q=Wi Ctw=kt pLt
|x@U=Lt =@ u=wD|t =yQ=Owtv QDj}kO |UQQ@ QO "CU= XNWt QDu}}=B |Q=Wi
Ctw=kt C=Q}}eD Q}F-=D u=R}t x@ '=yv; |Q=Wi Ctw=kt x@ |}x@ Q[ Ctw=kt C@Uv
\w@ Qt xOt; CUO x@ C@Uv u} QDW}@ "Ci=} CUO |}x@ Q[ Ctw=kt QO |Q=Wi
u} QDtm w �xv=Ol@U �20 =@ xvwtv�173 (kg=m2) |Q=Wi Ctw=kt =@ x]kv x@
=@ xvwtv� 15 (kg=m2) |Q=Wi Ctw=kt =@ x]kv x@ \w@ Qt xOt; CUO x@ C@Uv
x@ xv=Ol@U �20 =@ xvwtv QO xm OyO|t u=Wv ẁ[wt u}= "CU= �xv=Ol@U �60
'=yxvwtv Qo}O C@Uv x@ |}x@ Q[ Ctw=kt '|Q=Wi Ctw=kt QO V}=Ri= OL=w Qy <=R=
QO OwHwt |=yQ=Owtv |UQQ@ =@ 'u}vJty "CU= xDW=O =Q V}=Ri= Q=Okt u} QDW}@
14 u}vU QO |Q=Wi x@ |}x@ Q[ Ctw=kt C@Uv xm Ci=} QO u=wD|t 12 pmW
�30 =@ uD@ |=Q@ w xDi=} V}=Ri= '�20 =D xv=Ol@U OYQO V}=Ri= =@ xRwQ 28 w
w =m}r ?}mQD� xv=Ol@U �20 |w=L uD@ =@ xU}=kt QO Q}N= C@Uv 'xv=Ol@U
uRw uDW=O =@ 'xv=Ol@U �20 |w=L uD@ 'xH}Dv QO "CU= xDi=} Vy=m �T=o =@
xv}y@ |}xvwtv '|}x@ Q[ Ctw=kt u} QDq=@ w ?U=vt |Q=Wi Ctw=kt w XwYNt

"CU=
1/76 =@ Q@=Q@ xv=Ol@U �20 =@ uD@ QO |Q=Wi x@ |}x@ Q[ Ctw=kt C@Uv
QO C@Uv u}= "CU= |Q=Wi x@ |}x@ Q[ Ctw=kt C@Uv u} QDW}@ xm 'CU= xOw@
0/82 Q@=Q@ xv=Ol@U �10 =@ uD@ QO '0/076 Q@=Q@ 'xv=Ol@U OYQO QiY =@ uD@
|x@U=Lt w Q=Owtv QO CkO =@ "CU= xOw@ 1/21 Q@=Q@ 'xv=Ol@U �30 =@ uD@ QO w
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yt x@ |rwtat |=yuD@ ?re= '|}x@ Q[ |Q=PoQ=@ CLD "OQ=O |rwtat uD@ x@ C@Uv

w =m}r |w=L |=yuD@ |rw 'OvwW|t xDN}Uo w OvQwN|t lQD |Q]k CQwY
"�8 pmW� OvwW|t xDN}Uo 'lU}O R= |a=]k uOW =OH CQwY x@ T=o =@

l@U uD@ u=wva x@ u=wD|t =Q xv=Ol@U OYQO 30 w 20 |w=L |=yuD@ �2
�20 |w=L uD@ '|}xR=U l@U uD@ h} QaD T=U=Q@ u}vJty "CiQo Q_v QO
Qo}O C} Rt xm 'OQw; Q=tW x@ |}xR=U l@U uD@ u=wva x@ u=wD|t =Q xv=Ol@U
"CU= u; |q=@ |SQv= ?PH u=R}t w |}x@ Q[ Ctw=kt '|rwtat uD@ x@ C@Uv u;
=D xv=Ol@U OYQO V}=Ri= =@ |Q=Wi Ctw=kt x@ |}x@ Q[ Ctw=kt C@Uv �3
xOQm Vy=m x@ ẁQW Q}N= C@Uv 'xv=Ol@U �30 uD@ |=Q@ w xDi=} V}=Ri= '�20
�20 |w=L uD@ x@ \w@ Qt |Q=Wi x@ |}x@ Q[ Ctw=kt C@Uv u} QDW}@ "CU=

"CU= 1/76 xm 'CU= xOw@ T=o =@
V}=Ri= u=R}t '=m}r w T=o =@ \wrNt OYQO 20 w 10 |w=L |=yxvwtv QO �4
|=yxvwtv QO w =m}r \ki |w=L |=yxvwtv Q@=Q@ 7 OwOL QO |}x@ Q[ Ctw=kt
Vy=m u=R}t 'u}vJty "CU= xOw@ sy x@ l}ORv =yv; |}x@ Q[ Ctw=kt '�30
x@ '=m}r w T=o =@ \wrNt OYQO 30 w 20 |w=L |=yxvwtv XwYNt uRw

"CU=m}r \ki =@ |=yxvwtv QO uRw Vy=m u=R}t Q@=Q@ 1/9 w 1/7 ?}DQD
'O@=}|tVy=m =yxv=OnvU |=H x@ xv=Ol@U|v} Ro}=H =@ uD@ |Q=WiCtw=kt �5
=yxv=OnvU|va} uD@|rY=CrmU= hPL w uOWh}a[ x@ u=wD|t =Q Qt= u}= xm

"O=O C@Uv
u}vU |x}rm QO xv=Ol@U �20 =@ uD@ |SQv= ?PH u=R}t w |}x@ Q[ Ctw=kt �6
p@=k |Q=Wi Ctw=kt uDW=O =@ Qt= u}= xm 'CU= QDW}@ Q=}U@ '|rwtat uD@ R=

"OwW|t ?wULt C} Rt l} u; |xRwQ 28 pw@k
C@Uv |QDq=@ |SQv= ?PH |}=v=wD w |}x@ Q[ Ctw=kt ,=DOta |i=}r= |=y uD@ �7
h=}r= |SQv= ?PH C}r@=k x@ u=wD|t =Q ẁ[wt u}= xm 'OvQ=O |rwtat |=yuD@ x@
uD@ 'OW=@ QDW}@ h=}r= C}r@=k u}= xJ Qy "O=O C@Uv |i=}r= uD@ QO OwHwt
C=ar=]t |UQQ@ =@ "OyO|t u=Wv OwN R= |QDq=@ |}x@ Q[ Ctw=kt 'pY=L
G}=Dv |xU}=kt w |Oqwi h=}r= |w=L uD@ |}x@ Q[ Ctw=kt |wQ Q@ u}W}B
'T=o =@ h=}r= |w=L uD@ xm OwW|t x_Lqt T=o =@ h=}r= |w=L uD@ =@ u;
|w=L uD@ x@ C@Uv |QDtm |Q=Wi Ctw=kt xD@r= w QDq=@ Q=}U@ |}x@ Q[ Ctw=kt
=@� OQ=O OwHw uD@ Q@ =yx@ Q[ ẁkw u=mt= xm |]}=QW QO "OQ=O |Oqwi h=}r=
umtt uD@ |Q=Wi Ctw=kt R= xO=iDU= =@ pwtQi j} Q] R= x@U=Lt xmu}= x@ xHwD
j} Q] R= ,=t}kDUt |}x@ Q[ Ctw=kt CU= sRq '�OW=@ xDW=Ov =Q sRq CkO 'CU=
QO QQmt |=yx@ Q[ VwQ OUQ|t Q_v x@ xm 'OwW xOQw; CUO x@ x@ Q[ V}=tR;
R}v x=oQ=m QO w CU=yVwQ Qo}O =@ xU}=kt QO VwQ u} QDQ]Nsm w u} QDTQDUO

"OwW|t s=Hv= |DL=Q x@

"xv=Ol@U OYQO w |}x@ Q[ Ctw=kt u}@ |x]@=Q "13 pmW
pY=L G}=Dv =@ xRwQ 28 |=yxvwtv |=yV}=tR;R= pY=L G}=Dv |xU}=kt "10 pwOH

"pOt R=
|}x@ Q[ Ctw=kt |Q=Wi Ctw=kt xv=Ol@U OYQO
|ak=w G}=Dv pOt |ak=w G}=Dv pOt ���
31 24/9 405 21/3 0
180 212 220 234 10
305 234 173 221/8 20
121 149 100 149 30

xO=iDU= =@ TBU w XNWt Q=Owtv |wQ Q@ =yV}=tR; R= pY=L O=Oa= =OD@= 'xrO=at
s=kQ= x@ xrO=at u} QDl}ORv '=]N w |aU w Q=Owtv u}OvJ uO=O VwB w pUm = Q=Ri=sQv
?re= QO OwW|t xOy=Wt R}v 10 pwOH QO xm Qw]u=ty "CU= xOW ?=NDv= |ak=w
CyH 'u}=Q@=v@ "OvQ=O |ak=w G}=Dv =@ |mOv= hqDN= 'xrO=at R= pY=L G}=Dv OQ=wt
u=Wv |xOwOLt QO xv=Ol@U OYQO x@ C@Uv |}x@ Q[ Ctw=kt Q}O=kt |x@U=Lt
u=wD|t 'Q[=L VywSB QO xDiQo CQwY |=yV}=tR; x@=Wt \}=QW =@ w xOW xO=O
'=yxO=O |Q=t; p}rLD w 13 pmW x@ xHwD =@ "OQm xO=iDU= xrO=at R= |@ wN CkO =@
xRwQ 28 |=yxvwtv QO �V� xv=Ol@U OYQO w �i� |}x@ Q[ Ctw=kt u}@ |x]@=Q

%OwW|t xOR ?} QkD 1 |x]@=Q CQwY x@
i = 0=01v3 � 1=13v2 + 29=05v + 24=88
R2 = 0=89 (1)

|Q}oxH}Dv "6
|QDq=@ Q=}U@ |SQv= ?PH u=R}t w |}x@ Q[ Ctw=kt 'T=o =@ w =m}r |w=L uD@ �1

=yCWwv=B
1. Min

2. Ramkumar
3. Banthia
4. Chusilp
5. MATLAB
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