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h=}r= "OOQo|t Q@ 1970 p=U x@ |rta CQwYx@ =yu; |xO=iDU= |rw 'CUv=O
QO |Oq}t 1965 p=U QO Q=@ u}rw= w OvOw@ ur}B wQB|rB h=}r= ,=DOta xDiQ Q=mx@
Q=m u}= "OvOW xO=iDU= =m} Qt; VDQ= Q=Hiv= O[ |=yxR=U CN=U CyH uD@
ur}B wQB|rB h=}r= X=wN C=}�RH =@ x]@=Q QO |WywSB C=ar=]t ẁQW `k=w QO
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=yu; ?; ?PH OYQO w OvOw@ R} Qo@; ẁv R= xO=iDU=OQwt h=}r= xmv}= x@ xHwD =@
"Ow@v \qDN= KQ] QO xO=iDU= OQwt ?; uOQm xi=[= x@ |R=}v =Pr 'Ow@ QiY ,=@} QkD
OOa 48 pm QO 'xO=iDU= OQwt h=}r= `=wv= w \qDN= |=yKQ] O=OaD x@ xHwD =@
|WWm Ctw=kt |=yV}=tR; s=Hv= CyH QDt|r}t 300�150 |}xv=wDU= |xvwtv
xDiQo Q_v QO h=}r= uwO@ Oy=W CQwYx@ xU}=kt CyH =yu; OOa 3 xm 'OW xDiQo
C}U=UL p}rO x@ AAC O}rwD QO �A-Glass� A |xW}W h=}r= R= xO=iDU= "OvOW
x}rw= pL=Qt u=ty QO h=}r= Vvm =w Ea=@ '|}=}rk |=y\}Lt x@ A-Glass |q=@
wqmwD= R= Oa@ 'Ow@ OwyWt h=}r= uOW sQwDt 'VQ@ u=tR QO xm |Qw] x@ 'OW|t
h=}r= R= xO=iDU= R= TB xm |}=Hv; R= w "Ow@v =ylwr@ QO xW}W h=}r= R= |QF= R}v
xO=iDU= R}v �E-Glass� E |xW}W h=}r= R= 'OWv pY=L |@ wN G}=Dv A-Glass

|Qw;pta |=Q@ "OW xO=iDU= sw}v}twr; QOwB R= uD@ uOQm Q=O=wy CyH u}vJty "OW
"OW xO=iDU= l@U uD@ |xv=NQ=m QO OwHwt |DavY wqmwD= R= =yxvwtv

=y V}=tR; R= pY=L G}=Dv "4
G}=Dv C}=yvQO w OvOW |Ov@xDUO G}=Dv '|WWm Ctw=kt |=yV}=tR; s=Hv= R= TB
|=yV}=tR; R= xrY=L G}=Dv '4 pmW QO "OvOW xU}=kt Qo}Om} =@ Cw=iDt h=}r= |=Q@
xOy=Wt xOW wqmwD= Q=O=wy l@U uD@ |=yxvwtv x@ u@ Qm h=}r= uOwRi= R= xrY=L
u} QDW}@ '\wrNt x@ h=}r= �3 uOwRi= =@ xm CU= u; R= |m =L G}=Dv "OwW|t
0 30 pO=at �71 u=R}t x@ |WWm Ctw=kt V}=Ri= Ea=@ w O=H}= |WWm Ctw=kt
O=H}= Ea=@ xOW wqmwD= Q=O=wy uD@ |=yxvwtv x@ h=}r= uOwRi= "OwW|t p=mU=B=ot

"xv=NsQo QO |y=oW}=tR; |=yxvwtv "1 pmW

"u}r} RQ@ V}=tR; x=oDUO R= |}=tv "2 pmW

w ?=UL u; ?; u=R}t 'sQo 0 1 CkO =@ p=D}H}O |wR=QD =@ u; |r=oJ |Q}oxR=Ov=
=@ xOWx@U=Lt ?; �0 75 =@ x=Qty ?=ewO =OD@= "OW sm \wrNt sRq ?; Q=Okt R=
uOQm Vwt=N uwO@ TBU "OW xOR sy xk}kO 1 COt x@ w uRty uwQO QwmPt VwQ

"OvOW xi=[= u; x@ |Ov@u=tR 4 pwOH j@] Qo}O O=wt 'uRty
45 |]}Lt |=tO QO xv=NsQo QO Ca=U 6 COt x@ =yxvwtv '|R} Q?r=k R= Oa@
�1 pmW� |i=[= |=yCtUk "OwW pY=L x}rw= VQ}o =D OvOW |Q=Oyov xHQO
w xHQO 195 |=tO =@ wqmwD= OQ=w TBU 'OvOW xO} Q@ OQ=Ov=DU= VQ@ s}U =@ xvwtv
"OW s=Hv= wqmwD= QO Ca=U 12 COt x@ |}=yv |Qw;pta w 'OvOW Q=@ 12 Q=Wi

xOW wqmwD= Q=O=wy uD@ R= xOWxDN=U |=yxvwtv |WWm Ctw=kt u}}aD CyH
"OW s=Hv= 'OwW|t O=yvW}B xvwtv uOQm s}v wO =@ xm ASTM C496 OQ=Ov=DU= R=
|=y\qDN= KQ] R= QDt|r}t 300� 150 |}xv=wDU= |=yxvwtv u}=Q@=v@ �2 pmW�
�4 x@ |}=yv pwYLt |vwQO C@ w]Q uO}UQ |=Q@ w O}rwD q=@ VwQ x@ xOWQmP
uOW OQU |=Q@ "OvOW xO=O Q=Qk uw; QO xHQO 70 |=tO QO Ca=U 48 'pm uRw
QO ?QNt C=Q}}eD R= |Q}owrH p}rO x@ 'j=D= |=tO x@ uO}UQ w =yxvwtv |H} QOD
"OvOW V}=tR; |xO=t; =yxvwtv u; R= TB w Ov=t xDU@ uw; ?QO '=yu; |Qwr@ Q=DN=U
QO xm OW s=Hv= =yxvwtv |wQ Q@ ASTM C496 OQ=Ov=DU= j@] u}r} RQ@ uwtR;

[9]"OwW|t xOy=Wt |WWm V}=tR; |}=B Q@ |xwLv 3 pmW
|xa]k Qy=_ xJv=vJ w OW|UQQ@ =yxvwtR;CUmW|ovwoJ 'OQ=Ov=DU= j@] Q@
=yV}=tR; s=Hv= OvwQ R= 'Ow@ pwtatQ}e u; CUmW ẁv w xOW wqmwD= Q=O=wy uD@
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|WWm Ctw=kt Vy=m Ea=@ E ẁv R= h=}r= =@ xU}=kt QO |}=}rk |=y\}Lt x@
|=Q@ \ki uD@ u}= CN=U QO h=}r= R= xO=iDU= "OwW|t =yxvwtv QDW}@ |Q=Wi w
O}rwD QO w OwW|t x}YwD 'OW=@ C}ty= R�=L Q=}U@ Ctw=kt V}=Ri= xm xS} w |=yQ=m

"CU}v xiQY x@ uwQkt |DavY w xw@v=

|}=wDLt Q}F-=D ,=@} QkD ur}B wQB|rB w u@ Qm h=}r= uOwRi= u; j@=]t xm OwW|t xOy=Wt
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