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xO=iDU= OQivt |=y`tW |m =m]Y= |WWm w |Q=Wi ?=D u}}aD QO VwQ u}=
u=QoWywSB O=yvW}B x@ xDU@ 'xOWxQ=W= Cr=L wO QO |O=yvW}B ?}=Q[ w OwW|t
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"V}=tR; s=Hv= pLt "2 pmW

xOWs=Hv= |}=QLY C=}rta "2"4
`@ QtQDt 78000 CL=Ut x@ |v}tR |@ wvH `r[ QO V}=tR; x=oCN=U |m}ORv QO
|}xv=to 'QDt 3 � 6 O=a@= x@ |}xOwOLt QO 'OwQMQU |rL=U |xk]vt QO `k=w
VwQ =@ xOW|Q=iL |xv=to "OW QiL pLt l =N |}=U=vW C=}rta s=Hv= CyH
CyH hrDNt j=ta= R= xOQwNCUO |=yxvwtv 'V}=tR; u}L QO w =QH= |v}W=t
V}=tR; s=Hv= x@ |Q=iL OvwQ |] QO ut[QO "OW x}yD |m} R}i |=yV}=tR; s=Hv=
OyO|t u=Wv =yV}=tR; R= xOt;CUOx@ C=aq]= "OW s=Ok= SPT OQ=Ov=DU= Pwiv
|xYqN "CU= xOW|Ov@xv=O O@ |xU=t OL QO xv=OCWQO |xk]vt l =N xm
OYQO 'XwYNt uRw 'SPT OOa Q}O=kt 'l =N |Ov@xk@] w |Ov@xv=O C=aq]=
x�=Q= 4 |r= 1 |=ypwOH KQW x@ QDt 5 jta =D s}kDUt VQ@ V}=tR; G}=Dv w C@ w]Q
|v}tRQ} R ?; K]U 'xv=to QiL pL=Qt QO 'xOWs=Hv= |=y|UQQ@ Q@=v@ "CU= xOW

"|tm =QD Ci=@ u}}aD CyH SPT V}=tR; G}=Dv "2 pwOH
|@Uv sm =QD SPT OOa jta |xQ=tW

Ncor N �m� xvwtv
sm =QDt xt}v 16 16 2 1
sm =QDt xt}v 15 17 3 5 2
sm =QDt xt}v 17 19 5 3

"V}=tR; pLt l =N C=}YwYN "3 pwOH
e


d 
wet
Gs

w jta |xQ=tW
�gr/cm3� �gr/cm3� ��� (m) h}OQ

0 63 1 67 1 99 2 73 19 12 2 0 1
0 29 1 80 2 06 2 32 14 18 3 5 2
0 55 1 83 2 07 2 84 12 93 5 0 3

|WWm |Q=PoQ=@ pw=ODt |=yVwQ "3
Q@ V}=tR; OQ=Ov=DU= VwQ� u=wva =@ ASTM-D3689-90 �1995� OQ=Ov=DU=
|wQ Q@ |Q=PoQ=@ V}=tR; |xwLv '�|m}D=DU= |WWm |wQ}v CLD OQivt `tW |wQ
hrDNt |=yVwQ u=}t R=VywSB u}= QO "CU= xO=O KQW =Q|WWm |wQ}vCLD `tW
xOW xO=iDU= wQ}v p=ta= CyH 3�SM test� s=Q; |Q=PoQ=@ |xw}W R= 'xOWx}YwD
|Q=PoQ=@ "CU= xOW u=}@ R}v ASTM-D1143-81 QO VwQ u}= C=}�RH "CU=
R= �25 OwOL |=yV}=Ri= QO w OwW|t p=ta= |L=Q] Q=@ �200 =D Cr=L u}= QO
'xQwO Qy QO w CU= |}xrB CQwY x@ |Q=PoQ=@ "OQ}PB|t s=Hv= wQ}v p=ta= |L=Q] Q=@
OwW s=Hv= |DaQU QO O}=@ |Q=PoQ=@ "OwW|t xO=O CUWv C}@FD |=Q@ |i=m CYQi
QO w OW=@ Ca=U Q@ Iv}= 0 01 =} QDt|r}t 0 25 R= QDtm `tW |}=Hx@=H nvy; xm
C}a[w x@ VwQ u} QDl}ORv VwQ u}= "OwW QDW}@ Ca=U 24 R= O}=@v CQwY Qy
xO}t=v R}v 4�|Q=PoQ=@ pQDvm =@ V}=tR; VwQ� u=wva =@ w CU= |m}D=DU= |Q=PoQ=@

[24�22]"CU= |WWm |Q=PoQ=@ QO wQ}v p=ta= VwQ u} QDG}=Q xw}W u}= "OwW|t

|}=yv Q=@ ?=NDv= |=yVwQ "1"3
C}iQ_ uOQmXNWt CyH =Q |Dw=iDt w xOQDUo |=yVwQ hrDNt u=QoWywSB
|}=yv Q=@ u}}aD QO pwtat pw@k OQwt |=yVwQ "Ov=xOQm x�=Q= =y`tW |}=yv |Q@ Q=@
u}O@ xOWh} QaD CUmW |x]@=[ 3 R= xOt; CUOx@ Q=Okt u} QDtm '`tW |WWm

[24w11]%CU= CQwY
6 25 u=R}t x@ q=@ CtU x@ |}=H@=H `tW QU QO xm CU= |Q=@ CUmW Q=@ "1

"Ovm O=H}= QDt|r}t
CUWv � Q=@ |vLvt |=yT=tt OQwNQ@ |x]kv R= xm CU= |Q=@ CUmW Q=@ "2

"O};|t CUOx@ �|vLvt |=yDv= w =OD@= QO T=tt�
q=@ CtU x@ s�=k |}=H@=H |v=yo =v Qw]x@ u; QO xm CU= |Q=@ CUmW Q=@ "3

"O@=}|t V}=Ri=

=yV}=tR; s=Hv= "4
=@ x=oDN=U u}= "OwW xDiQo Q_v QO ?U=vt |y=oDN=U O}=@ '=yV}=tR; s=Hv= |=Q@
C=O}ytD uOQmsy=Qi w pLt l =N |UQQ@ pL=Qt w |}=U=vW |m}vmDw�S C=ar=]t

"OwW|t x�=Q= l}miD x@ VN@ u}= QO wQ}v p=ta= w `tW |=QH= CyH sRq

V}=tR; pLt |iQat "1"4
RQ@r= |x}L=v QO QRN |=} QO |rL=U |xk]vt QO '|W}=tR; |=yxvwtv |=QH= pLt
x=oO}O R= "CU= xOW `k=w QUm =J |rL=U |xk]vt w OwQMQU QyW QO '|RmQt
'OwW|t ?wULt CWQ � u=oQo uwR <RH xk]vt u}= 'u=Q}= |U=vWu}tR C=t}UkD
|QvQD=wm u=QwO w uSw�r=B |xQwO C=@ wUQ pt=W |U=vWu}tR C=@ wUQ Q_v R= xm
|xvt=O |DN=Uu}tR |=ywQ}v OQmrta QF= QO w |O=tDt u=}r=U |] xk]vt u}= "CU=
?; C=Q}}eD |] w u=QOvR=t w p=tW |=ypUo w =y|oDUmW QF= QO w RQ@r= |r=tW
|rai CQwYx@ QRN |=} QO pL=U |DWO CtUk |oDiQwQi w |oOv=QwQ w |}=wy w

"�2 pmW� CU= xOt;QO
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"O}=i}vw} VwQ x@ l =N |Ov@xk@] "1 pwOH
5 3 5 2 (m) jta

0 131 0 138 0 151 (mm) D10
0 183 0 186 0 206 (mm) D30
0 222 0 226 0 261 (mm) D50
0 241 0 246 0 289 (mm) D60
0 16 0 32 1 32 ��� D200
1 053 1 024 0 974 Cc

1 835 1 787 1 912 Cu

Sp Sp Sp l =N ẁv
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O=RQ

wv=[
Q'=W

=BV
wW

|U
}a

"=y`tW V}=Q; uqB "3 pmW

x@ |rY= Q}D |xr}Uwx@ |Q=Wi |wQ}v pmW x@ VWm |wQ}v ptar=Tma "CU= xOW
CQwYx@ |Q=PoQ=@ p=ta= |xk} Q] "CU= xOW pkDvt u}tR x@ =Hv; R= w |vD@ |=yx}=B
C}@FD |=Q@ |i=m CYQi xrLQt Qy QO w xOw@ |Q=PoQ=@ pQDvm |xw}W x@ w |}xrB
|xrLQt x@ uO}UQ =D |Q=PoQ=@ |=yxrB =yV}=tR; u}= QO "CU= xOW xO=O CUWv
10� 10 O=a@= w |a@ Qt `]kt =@ p}iwQB OOa wO R= "CU= xOQm =O}B xt=O= CUmW
xO=O x}mD u}tR x@ =y`tW QU R= QDt 1 5 |xrY=i QO xm 'QDt 3 pw] w QDt|Dv=U
|}=Hx@=H G}o wO p=YD= =@ xm 'CU= xOW xO=iDU= `HQt Q}D u=wvax@ 'CU= xOW
|x}YwD xmv}= x@ xHwD =@ "CU= xOW C�=Qk u; hQ] wO QO `tW |}=Hx@=H u=R}t
xOw@ |L=Q] Q=@ �25 u=R}t x@ |Q=PoQ=@ |=yxrB ASTM-D3689-90 OQ=Ov=DU=
xt=O= |oDN}Uo |xrLQt =D =yxvwtv V}=tR; xm ẁ[wt u}= uDiQoQ_vQO =@ 'CU=
|=yxrB 'wQ}v |=yG}o V}=tv CkO w `tW |Qw�D |Q@ Q=@ C}iQ_ x@ xHwD =@ w xDi=}
xDiQo Q_v QO lH uwDU}B x@ �bar� Q=@ 1 Q=Wi pO=at sQowr}m 72 u=R}t x@ |Q=PoQ=@
CU= xOQm =O}B xt=O= CUmW |xrLQt x@ uO}UQ =D |Q=PoQ=@ |=yxrB u}= w xOW
OQ=Ov=DU= |=yx}YwD R= |Q=PoQ=@ p=ta= w =y`tW |}=tv=H x=oDUO CN=U |=Q@�
Q=@ p=ta= sDU}U w C=R}yHD R= |}=tv "�CU= xOW xO=iDU= ASTM-D3689-90

"CU= xOW x�=Q= 6 |r= 4 |=ypmW QO =y`tW |wQ Q@ |WWm

C=aq]= p}rLD x} RHD w G}=Dv "5
pwOH `tW 12 |wQ Q@ VWm V}=tR; pY=L G}=Dv p}rLD w x} RHD x@ VN@ u}= QO
w ?}=Q[ G=QNDU= w `tW |WWm C}iQ_ '|}=Hx@=H � Q=@ |=yQ=Owtv pt=W 6

"CU= xOW xDN=OQB |Dw=kt |=yQDt=Q=B

|}=H@=H � Q=@ |=y|vLvt Q=DiQ "1"5
AtqU= Q=Okt R= Q_vhQY =yxvwtv xm OwW|t xOy=Wt |Q=PoQ=@ |=y|vLvt s=tD QO
|=y|}=Hx@=H =@ 'u=Um} ,=D@Uv |]N Q=DiQ sQowr}m 200 OwOL |=yQ=@ |xOwOLt =D
200 Ctw=kt x@ uO}UQ CyH |}=Hx@=H |xOwOLt "OvyO|t x�=Q= x@=Wt Q_=vDt
u=wD|t x]kv u}= R= xDiQoCQwY C=Oy=Wt x@ xHwD =@ "CU= lJwm Q=}U@ sQowr}m
`tW w l =N VvmQOv= QO x}rw= s}rUD |x]kv u=wvax@ AtqU= Q=Okt R= Q_vhQY
l} =@ |vLvt xm 'xrLQt u}= R= TB |Q=PoQ=@ 'AtqU= Cq=L |t=tD QO "OQm O=}
C@Uv x@ ?}W =@ xOwOLt OQ=w 'OUQ|t sQowr}m 200 Q=@ |xOwOLt x@ s}qt ?}W
|=ypmW� O@=}|t xt=O= |}=yv Ctw=kt Q=@ x@ uO}UQ =D Q}Ut u}= xm 'OwW|t |QDOvD

"�10 |r= 7

|oOv@UJ Q=Okt� s}kDUt VQ@ V}=tR; R= xOt;CUOx@ |=yQDt=Q=B "4 pwOH
"�CU= ?; |L]U VWm R= |W=v |xOt;CUOx@

C
'

jta |xQ=tW
(kg/cm2) �m� xvwtv

0 04 33 3 1
0 04 32 6 2

"AtqU= Qy QO |iQYt Kr=Yt u=R}t "5 pwOH
AtqU= xU=t w uW u=t}U ?;
�cm� �kg� �kg� �Liter�

8 158 41 10
12 158 41 14
16 158 41 15
20 158 41 16

1 2� xOWxDiQo Q_v QO |=y`tW pw] x@ xHwD =@ xm CU= u}tR |QDt 5 jta QO
`k=w |v}tRQ} R ?; K]U |q=@ QDt 3 5 |xR=Ov= x@ ,=OwOL =yv; |t=tD hm '�QDt

"CU= xOW

V}=tR; OQwt |=yxvwtv C=YNWt "3"4
120 pw] x@ |}xQ}=O `]kt K]U =@ xOWxDN} Q =HQO |vD@ `tW 12 pt=W =yxvwtv
w 16 '12 '8 |=yAtqU= =@ |}=DxU xwQo 4 QO xm 'OvDUy QDt|Dv=U 12 Q]k w

"Ov=xOW =QH= QDt|Dv=U 20

AtqU= QDt=Q=B "4"4
Kr=Yt C=}YwYN 'u=t}U w ?; Q=Okt x@ u=wD|t uD@ AtqU= QO QF-wt pt=wa R=
V}=tR; u}= QO "OQm xQ=W= uD@ QO xOWOQ=w |=wy u=R}t w uD@ |=y|vOwRi= '|ovU
uD@ Kr=Yt \qDN= |=yC@Uv QO |iQYt ?; u=R}t Q}}eD =@ Cw=iDt |=yAtqU=
Q_v QOC@=F =yAtqU= |t=tD QO u=t}U w '|ovU Kr=Yt |va} 'CU= xOt;CUOx@
|=yAtqU= 'uD@ \qDN= C@Uv QO |iQYt ?; u=R}t Q}}eD =@ \ki w xOW xDiQo

"CU= xOW O=H}= Cw=iDt
x@ QHvt xm 'uD@ |xOvvm\wrNt QO xOWxO=iDU= Kr=Yt C@Uv '5 pwOH QO
CU= sRq QmPD u}= "CU= xOW x�=Q= 'CU= xOW Q_vOQwt AtqU= x@ |@=}CUO
C@=F \}=QW w OL=w |wBO =@ |ovU Kr=Yt R= =y`tW s=tD uD@ CN=U |=Q@ xm
OQ=Ov=DU= j@=]t II ẁv u=t}U ẁv R= |iQYt u=t}U "CU= xOW xO=iDU= Q=Oyov

[25]"CU= ASTMC150
uqB 'Q_vOQwt |=y|Q=O=wQ p=ta= w wQ}v p=ta= sDU}U C=YNWt x@ xHwD =@

"CU= 3 pmW KQW x@ |}=QH= |=y`tW

V}=tR; s=Hv= |xk} Q] "5"4
AtB 'Q=@ 60 w 16 Q=Wi G}o wO =@ |m}rwQO}y lH l} R= =yV}=tR; u}= QO
x=ox}mD R= |WWm |wQ}v p=kDv= CyH |Oqwi Q}HvR l} R= w Q=Wi p=ta= |DUO
|m}rwQO}y lH u}}=B w q=@ QO |Rri |xLiY wO "CU= xOW xO=iDU= `tW x@
x@ |DUO AtB =@ u=tRsy \@=Q Q}D w xOW xO=O Q=Qk Q=Wi s}UkD |xLiY u=wvax@
xO=O p=kDv= `tW x@ |WWm |wQ}v 'xOW?qk Q}HvR R= xO=iDU= =@ w xOW xOv=Q q=@
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`tW |WWm |Q@ Q=@ C}iQ_ QO AtqU= Q}F-=D "2"5
w 16 '12 '8 |=yAtqU= =@ |vD@ `tW |xvwtv 12 QO xOWs=Hv= |=yV}=tR; |]
�Q=@ |=y|vLvt 'QDt|Dv=U 12 w 120 Q]k w pw] =@ ?}DQD x@ w |}xQ}=O `]kt =@ 20
V}=tR; OQwt =yxvwtv "CU= xOW x�=Q= VN@ u}= QO u; R= pY=L G}=Dv w u=mtQ}}eD
G}=Dv u=wvax@ AtqU= Qy |=Q@ |Q@ Q=@ C}iQ_ \UwDt G}=Dv w Ov=xDiQo Q=Qk |WWm

"CU= xOW xDiQo Q_v QO AtqU= u; |xvwtv

"12 AtqU= |=yxvwtv |=Q@ u=mtQ}}eD � Q=@ |atHD Q=Owtv "8 pmW

"16 AtqU= |=yxvwtv |=Q@ u=mtQ}}eD � Q=@ |atHD Q=Owtv "9 pmW

"20 AtqU= |=yxvwtv |=Q@ u=mtQ}}eD � Q=@ |atHD Q=Owtv "10 pmW

"u=mtQ}}eD C�=Qk |=yG}o ?Yv R= |}=tv "4 pmW

"Q=Wi C�=Qk |=yG}o x=Qty x@ uwDU}B x@ uewQ Q=Wi p=ta= AtB R= |}=tv "5 pmW

"`tW x@ |WWm |wQ}v p=ta= sDU}U C=R}yHD R= |}=tv "6 pmW

"8 AtqU= |=yxvwtv |=Q@ u=mtQ}}eD � Q=@ |atHD Q=Owtv "7 pmW
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|U
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"AtqU= ?UL Q@ \UwDt |WWm |}=yv Q=@ C=Q}}eD "11 pmW

l =N QO |WQ@ QDy@ |=yQ=DiQ O=H}= Ea=@ xm u=t}U =@ xOWK}rUD l =N R= lR=v
"OyO|t O=ODt= l =N QO =Q `tW |xvO@ ,qta xm 'CU= xOW

=yxvwtv Kw]U "4"5
'q=@ |=yAtqU= QO xm CU= xOW XNWt Kw[w x@ =yxvwtv Kw]U |xOy=Wt =@
'OvQ=O xU=t R= xDUw}B w lR=v |}x}q |HQ=N K]U |wQ xOWxO}Wm uwQ}@ |=y`tW
h=Q]= l =N 'u=t}U uOWxD=QO}y =@ OUQ|t Q_v x@ "CU= pYDt =y`tW |xvO@ x@ xm
|rw 'Ov=xOW xDUw}B sy x@ xvO@ w xU=t R= |mR=v Rvr w CU= xOW `tW |xvO@ R= |�RH
|a]kt |=y|oDUw}B =@ w O=} R GQi w prN =@ Q=wty=v|Lw]U 'u}}=B |=yAtqU= QO
|xOWs=Hv= C=Oy=Wt j@] "�15 |r= 12 |=ypmW� CU= xOW xOy=Wt l =N =@
=@ |=y`tW =@ xU}=kt QO QDq=@ AtqU= =@ |=y`tW QO `tW w l =N T=tD K]U
"Ov=xDUw}B=v w|a]kt p=YD= Kw]U u}}=BAtqU= QO wCU= QDnQR@ 'QDu}}=BAtqU=

|}=yv Q=@ w |}=Hx@=H \=@DQ= "5"5
QO xOt;CUOx@ G}=Dv j@] 'OwW|t xOy=Wt 17 w 16 |=ypmW QO xm Qw]u=ty
xOy=Wt |}=yv Q=@ Q_=vDt |}=Hx@=H u=R}t QO |O=} R Cw=iD 'AtqU= Qy |xOwOLt
"CU= xOWv xOy=Wt =y`tW u}= |}=yv Q=@ u=R}t QO Cw=iD Q=Okt u}= xm 'OwW|t
x@ xm CU= u}= 'OwW|t xOy=Wt 8 AtqU= C}a[w QO `tW Q=DiQ QO xJv;
|}=H@=H lOv= =@ w |v=yo =v Qw]x@ �V}=tR; R= |W=v C=Oy=Wt j@]� OUQ|t Q_v

"�10 pwOH� OwW|t `]k `tW |xvO@ w l =N u}@ |m =m]Y= \=@DQ=
\=@DQ= |}=Hx@=H w Ctw=kt u=R}t u}@ xm OQm xOy=Wt u=wD|t Q=Owtv u}= R=
Q=@ |xrLQt x@ xm QDW}@ |}=Hx@=H =@ |}=y`tW Cio u=wD|t xm |Qw] x@ 'CU=
\=kv QO Q=Owtv VR=Q@ "OvQ=O =Q |QDnQR@ |}=yv Q=@ ptLD |}=v=wD 'Ov=xO}UQ |}=yv

"Ovm|t u=}@ =Q ẁ[wt u}= '17 pmW QO Q_=vDt

|Qw�D \@=wQ R= xOt;CUOx@ Q}O=kt "6"5
=@ =yxvwtv |y=oW}=tR; Ctw=kt u=R}t |xU}=kt '=yV}=tR; u}= s=Hv= h=Oy= R= |m}
xU}=kt u}= xm 'CU= xOw@hrDNt |=yxt=vu}}; w u=QoWywSB |O=yvW}BCtw=kt u=R}t
'CU= xOy=Wt p@=k G}=Dv u}= QO xm ẁ[wt u} QD|rY= "CU= OwyWt 18 pmW QO
u}tND sOa w |oOQDUo ẁ[wt u}= xm CU= hrDNt |=yVwQ u}@ VL=i hqDN=
"OyO|t u=Wv =Q `tW |Q=PoQ=@ V}=tR; s=Hv= swRr w =y`tW C}iQ_ R= ?U=vt
|ak=w T=}kt QO xDiQoCQwY |=yV}=tR; w xOWs=Hv= |=yVywSB |NQ@ OvJ Qy

"=yxvwtv |WWm |}=yv |Q@ Q=@ C}iQ_ "6 pwOH
=@ Q_=vDt |}=Hx@=H |}=yv C}iQ_ |xvwtv |xQ=tW

�mm� |}=yv |WWm Q=@ �kg� |WWm `tW
0 05 187 S81
0 95 295 S82
0 80 330 S83
3 40 710 S121
2 40 705 S122
1 70 625 S123
2 40 1060 S161
2 10 980 S162
4 20 1350 S163
3 20 1310 S201
1 80 1440 S202
3 60 660 S203*

Qo}O |xvwtv wO =@ O=} R Cw=iD Cra x@ S203 `tW |=yxO=O R= %*
"OW Oy=wNv xO=iDU=

"hrDNt |=yAtqU= QO =y`tW |WWm Ctw=kt \UwDt "7 pwOH
S20 S16 S12 S8 xvwtv |xQ=tW
1375 1130 659 270 �kg� |}=yv C}iQ_

"AtqU= Qy QO `tW |xvwtv uRw "8 pwOH
S20 S16 S12 S8 AtqU=
36 5 38 5 38 36 5 �kg� xvwtv uRw

QO |WWm `tW |xQ=OH w l =N u}@ |m =m]Y= |}=yv Ctw=kt \UwDt "9 pwOH
"AtqU= Qy

20 16 12 8 �cm� AtqU=
1319 1072 638 214 |}=yv |WWm |m =m]Y= Ctw=kt

Qs (kg)

\UwDt |WWm |}=yv Ctw=kt "3"5
\UwDt 'Ov=xDiQo Q=Qk V}=tR; OQwt xvwtv 3 AtqU= Qy QO xmv}= x@ xHwD =@
QO \w@ Qt AtqU= =@ |=y`tW QO xOWpY=L |xH}Dv u=wvax@ =yxvwtv Ctw=kt

"CU= xOW x�=Q= 11 pmW w 9 |r= 7 |=ypwOH
|m =m]Y= Ctw=kt u=R}t 'AtqU= V}=Ri= =@ OwW|t xOy=Wt xm xvwou=ty
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