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'=y|R=UwQ Ovv=t |O=} R OQ=wt QO '|R} Qo?; w |DwY |=y|oS} w p}rO x@ pNrNDt uD@
pNrNDt uD@ s=wO w |m}v=mt X=wN 'VywSB u}= QO "OQ=O OQ@ Q=m xQ}e w 'KrUt |=ypv=B

QO R} Qo?; C=@}mQD OQ@ Q=m "CU= xOW |UQQ@ |oOQwN Q@=Q@ QO u; QO uwiOt Oqwi w
=yV}=tR; G}=Dv R= "CU= xOW xDiQo Q_v QO \qDN= |=yKQ] |NQ@ QO R}v \wrNt

|x]U=w x@ VywSB u}= QO xar=]t OQwt pNrNDt uD@ |=y\wrNt xm CU= xOW XNWt
x@ u@ QmO}Um =|O R=o =Q} R 'Ov=xDW=O uw}U=v@ Qm x@ |O=} R C}U=UL 'u; pNrNDt Q=DN=U

Q}F-=D xJQo = 'R} Qo?; |vOwRi= O=wt OQ@ Q=m "OwW uD@ O=} R j=ta= OQ=w Ov=wD|t CrwyU
"Ovvm Ov)m =Q uD@ uw}U=v@ Qm OvwQ Ovv=wD|t =t= 'OvQ=Ov pNrNDt uD@ Q=DN=U QO |v=OvJ
C}Y=N Vy=m =@ Ov=wD|t R} Qo?; O=wt R= xO=iDU= xm CU= xOW XNWt u}vJty

Vy=m R}v =Q ?; |xv}} wt ?PH ?} Q[ 'xv}} wt |=yxrwr |xQ=OH w ?; u}@ |oOv@UJ
Vy=m R}v 'CU= OQor}t |oOQwN O=H}= C=t=Rr= R= |m} xm '?; OwHw p=tDL= =Pr "OyO

w xv}} wt ?PH ?} Q[ u}@ |]N |x]@=Q xm CU= xOW XNWt 'Qo}O hQ] R= "O@=}|t
?PH ?} Q[ Vy=m 'Qo}O CQ=@ax@ "CU= Q=QkQ@ pNrNDt uD@ QO |oOQwN p}Uv=DB
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w Vwt=N um\wrNt x=oDUO xk}kO 3 '\qDN= xk}kO 3 R= TB "Ov=xOW xi=[=

"CU= xOW s=Hv= \qDN= Qo}O |xk}kO 2 COt x@ xQ=@ wO TBU
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x@ u; hQYt =} w xOW hPL =yxv=OR} Q u; QO xm CU= uD@ R= |awv pNrNDt uD@
[2]'=y|R=UwQ QO pNrNDt uD@ OQ@ Q=m u} QDW}@ uwvm =D [1]"CU= xO}UQ xv}tm u=R}t
OQ@ Q=m =@ x]@=Q QO [3]"CU= uD@ ẁv u}= |WmyR C}Y=N 'OQ@ Q=m u}= p}rO w xOw@
'O=tHv= w ?wP X=wN |UQQ@ x@ OwOLt OwHwt C=ar=]t '|R=UwQ QO uD@ u}=
C=ar=]t T=U=Q@ [7�3]"CU= |W}=U w |Q=Wi Ctw=kt '|DQ=QL Z=@kv= w \=U@v=
=D 15 u}@ O}=@ '?U=vt OQmrta Qw_vt x@ pNrNDt uD@ QO pNrND OYQO 'u}W}B

[8]"OW=@ OYQO 25
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"CU= xDiQo Q=Qk [12]'ASTM C33 OQ=Ov=DU= R=Ht |xOwOLt uwQO
�30 pwrLt QO Ot=H Q=Okt =@ p}mr; uq}U uw}Urwt= R} Qo?; |xO=t u}vJty

"CU= xOW xO=iDU= |vD@ |=y\wrNt QO hrDNt Q}O=kt =@ xm 'CU= xOw@

\wrNt |=yKQ] "4"2
|m}v=mt X=wN Q_v R= pNrNDt uD@ \wrNt OvJ C=}YwYN =OD@= VywSB u}= QO
'CU= xOW |UQQ@ �?; |ov}} wt ?PH w uw}U=v@ Qm Q@=Q@ QO Ctw=kt Ovv=t� s=wO w
pNrNDt uD@ QwmPt |=y|oS} w QOhrDNt hQYt Q}O=kt =@ R} Qo?; \wrNt QF=TBU
\wrNt |=yKQ] "CU= xOW xU}=kt =yOQor}t |oOQwN Q=DiQ 'u=}=B QO w V}=tR;
|=Q=O \wrNt 5 w R} Qo?; O=wt Ok=i \wrNt 12 %pt=W VywSB u}= QO xOWxO=iDU=
=@ Q_=vDt R} Qo?; O=wt |w=L \wrNt |=yKQ] R= s=Om Qy xm 'CU= xOw@ R} Qo?; O=wt
u=wD|t =Q QwmPt \wrNt 12 xmv}= ut[ "CU= R} Qo?; O=wt Ok=i \wrNt KQ] l}
sHL |rw 'C@=F xDUO Qy QO u=t}U x@ ?; C@Uv xm 'OQm |Ov@s}UkD xDUO 4 QO
xOWxDN=U |=yuD@ u=t}U x@ ?; C@Uv "CU= xOw@ Cw=iDt =yv; QO u=t}U Q}tN

"CU= xOW ?=NDv= 0 45 w 0 42 '0 38 '0 35 Q@=Q@

V}=tR; VwQ "5"2
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yt "pNrNDt uD@ hrDNt |=y\wrNt Ctw=kt w |Q}PBPwiv ?} Q[ '\qDN= KQ] "1 pwOH

Ctw=kt |tHL sQH
W/C

|Q}PBPwiv ?} Q[ pNrND R} Qo?; |xO=t uW u=t}U ?; hQat
(MPa) (Kg/m3) (Cm/s) ��� ��� \wrNt

8 5 1730 0 45 0 19 28 - 1480 185 83 P1
10 3 1743 0 45 0 17 26 - 1470 210 95 P2
12 7 1778 0 45 0 15 24 - 1470 245 110 P3
9 3 1770 0 42 0 20 29 - 1435 205 86 P4
12 2 1800 0 42 0 16 25 - 1505 215 90 P5
15 6 1840 0 42 0 12 20 - 1610 230 97 P6
13 7 1820 0 38 0 15 24 - 1500 250 95 P7
18 1 1870 0 38 0 11 19 - 1590 265 100 P8
22 8 1910 0 38 0 08 15 - 1680 280 106 P9
16 7 1960 0 35 0 13 21 - 1500 300 105 P10
21 3 1985 0 35 0 09 17 - 1575 315 110 P11
24 3 1995 0 35 0 08 15 - 1625 325 114 P12
10 1 1770 0 42 0 17 26 1 1491 213 90 P4-1
12 9 1800 0 42 0 15 24 0 5 1526 218 92 P5-0 5
13 8 1800 0 42 0 14 23 1 1554 222 93 P5-1
20 3 1840 0 42 0 09 17 1 1666 238 100 P6-1
22 8 1870 0 38 0 08 16 1 1644 274 104 P8-1

"(mg/cm2s1 2) hrDNt |=y\wrNt |xv}}wt ?PH ?} Q[ "3 pwOH
?PH ?} Q[ hQat ?PH ?} Q[ hQat

xv}}wt \wrNt xv}}wt \wrNt
2 86 P10 4 11 P1
2 23 P4-1 4 01 P3
2 58 P5-0 5 3 85 P4
2 25 P5-1 3 79 P5
2 14 P6-1 3 64 P6
1 97 P8-1 3 21 P8

"(mg/cm2s1 2) hrDNt |=y\wrNt |xv}}wt ?PH ?} Q[ Q=Owtv "2 pmW

"hrDNt |=y\wrNt uw}U=v@ Qm OYQO "2 pwOH
OYQO hQat OYQO hQat OYQO hQat

uw}U=v@ Qm \wrNt uw}U=v@ Qm \wrNt uw}U=v@ Qm \wrNt
55 P4-1 56 P7 70 P1
56 P5-0 5 46 P8 64 P2
47 P5-1 37 P9 61 P3
41 P6-1 49 P10 71 P4
36 P8-1 41 P11 61 P5

32 P12 50 P6

xmv}= ut[ "OyO|t Vy=m COWx@ =Q xv}} wt Pi=vt QO OwHwt ?; Q=Okt 'xOWQmP
C@Uv Vy=m 'CU= xOy=Wt p@=k hrDNt |=y\wrNt |xU}=kt R= xm Qw]u=ty
uw}U=v@ Qm Vy=m ?Hwt Ov=wD|t R}v u=t}U Q}tN sHL V}=Ri= w u=t}U x@ ?;

"OwW uD@

xv}}wt ?; ?PH "3"3
|wQ |r=aiv= |x}q VWwB 'CU= O=} R pNrNDt uD@ uw}U=v@ Qm CaQU xm |v=tR
Q}tN Qo = "OvmCav=tt Oqwi |oOQwN R= Ov=wD|tv 'pH Vy=m x@ xHwD =@ uwiOt Oqwi
R= [16]"CU= Z=te= p@=k u; |oOQwN CaQU 'OW=@ lWN OQor}t h=Q]= u=t}U
syt Q=}U@ ?; =@ T=tD s=ovy QO pNrNDt uD@ |xv}} wt ?PH Q=Okt |UQQ@ wQ u}=

"CU=
3 pwOH QO hrDNt pNrNDt |=yuD@ |xv}} wt ?PH V}=tR; R= pY=L G}=Dv
u}= \wrNt 17 R= \wrNt 12 |wQ Q@ V}=tR; u}= "CU= xOW x�=Q= 2 pmW w
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"CU= xOw@ C} -wQ p@=k uOWxDUmW u=tR QO P8 w P5 |=yxvwtv

|Ov@`tH w EL@ "4
OQwt pNrNDt uD@ |=y\wrNt s=tD 'OwW|t xOy=Wt 2 pwOH QO xm Qw]u=ty
C}U=UL u}= xm 'Ov=xDW=O uw}U=v@ Qm x@ |O=} R C}U=UL VywSB u}= QO xar=]t
R} Qo?; |vOwRi= O=wt OQ@ Q=m "CU= xOW O=H}= uD@ u}= pNrNDt Q=DN=U |x]U=w x@
OYQO Vy=m p}rO x@ =t= 'CU= xDW=Ov pNrNDt uD@ Q=DN=U QO |v=OvJ Q}F-=D xJQo =
OvwQ Ov=xDUv=wD 'CO2 R=o Q=WDv= CaQU Vy=m u}vJty w xv}} wt Pi=vt `=@W=
QO "OQm xOy=Wt 2 pwOH G}=Dv QO u=wD|t =Q Q=DiQ u}= "Ovvm Ov)m =Q uD@ uw}U=v@ Qm
x@ C@Uv pNrNDt uD@ QO OQor}t h=Q]= |r=aiv= |x}q uw}U=v@ Qm OvwQ p=L Qy
OQor}t QwO u=t}U OwOv= sm Ct=N[ w uD@ |q=@ pNrND |x]U=w x@ |rwtat uD@
OvwQ Ovv=wD|t R} Qo?; |vOwRi= O=wt \ki 'VywSB u}= G}=Dv T=U=Q@ "CU= QD`} QU

"Ovvm Ov)m pNrNDt uD@ QO =Q uw}U=v@ Qm
O=wt R= xO=iDU= 'OwW|t xOy=Wt 2 pmW w 3 pwOH QO xm Qw]u=ty |iQ] R=
'xv}} wt |=yxrwr |xQ=OH w ?; u}@ |oOv@UJ C}Y=N Vy=m =@ Ov=wD|t R} Qo?;
xm ?; OwHw p=tDL= 'p}rO u}ty x@ "OvyO Vy=m R}v =Q uD@ |xv}} wt ?PH ?} Q[
Qo}O |wU R= "CU= xDi=} Vy=m R}v 'CU= OQor}t |oOQwN O=H}= C=t=Rr= R= |m}
R}v u=t}U Q}tN sHL V}=Ri= w |v=t}U O=wt x@ ?; C@Uv Vy=m '�2 pmW j@=]t�
xJQo = "OvwW uD@ |xv}} wt ?PH ?} Q[ Vy=m Ea=@ Ovv=wD|t xm OvDUy |rt=wa
pNrNDt uD@ |xv}} wt ?PH ?} Q[ Vy=m QO R} Qo?; |vOwRi= O=wt OQ@ Q=m Q}F-=D
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