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|xO=t� xv}tR |xO=t QO �=yxv=O� uSwrmv}= |iO=YD `} RwD pY=L xm '|R=i wO ?mQt
|tHL C@Uv Qo = "CU= xOW xDiQo Q_v QO 'CU= �u=t}U xU=t Cqt |xv}tR
C@Uv 'OwW xDiQo Q_v QO 1 Q@=Q@ xv}tR |xO=t w uSwrmv}= R=i wO pt=W ?mQt |xO=t
C@Uv =@ 2 |x]@=Q CQwY x@ 'CU=yxv=O sHL Qov=}@ xm (Vi) uSwrmv}= |tHL

%OQ=O \=@DQ= (Vm) xv}tR |xO=t |tHL
Vi = 1� Vm (2)

"=yxv=Ol@U |a=HDQ= pwOt u}}aD OQwt QO xOWs=Hv= C=ar=]t "1 pwOH
xv=Ol@U VwQ p=U QoVywSB

xOW\U@vt p}W CwY<=Qw=t V}=tR; 1979 [12]RrwJQ w Qrwt
xOW\U@vt p}W RwUmwD � QDU=m w =m =v=D � |Qwt pOt 1995 [8]u=Q=mty w uUr}v

xOW\U@vt QDUm =N w u=t}U RwUmwD � QDU=m w =m =v=D � |Qwt pOt 1997 [9]nv=}
xOW\U@vt p}W |RmQt xv=O pOt 2003 [10]u=Q=mty w uJ

xOW\U@vt TQ w p}W |R=i xU pOt 2010 [11]u=Q=mty w |m
xOW \U@vt TQ =m =v=D � |Owt pwOt 2014 [13 ] |v=OR} w |v=mOQ=

35

Archive of SID

www.SID.ir

http://www.sid.ir


"""|
awvY

t|
=yxv

=Ol
@U|

a=H
DQ=C

=YN
Wt

u}}a
D

"=yxv=Ol@U Q=DN=UR} Q "2 pmW

%OQm u=}@ 9 |x]@=Q CQwYx@ u=wD|t =Q uSwrmv}=|DNU '5|x]@=Q x@ xHwD =@ xH}Dv QO
Ci = Cm + 1=Vi(C �Cm) : A�1 (9)

C=YNWt u=wD|t 'A VvQm RmQtD ?} Q[ uDW=O CQwY QO '9 |x]@=Q j@=]t
C=YNWt x@ xDU@=w R}v 'AVvQm RmQtD ?} Q[ =t= "OQm u}}aD |DL=Q x@ =Q uSwrmv}=
|x]@=Q R= s}kDUt |xO=iDU= xH}Dv QO "�8 w 6 \@=wQ x@=Wt� CU= (Ci) uSwrmv}=
w AwQDwR}= Kr=Yt ZQi =@ "CU}v umtt uSwrmv}= |DNU QwUv=D u}}aD |=Q@ 9
|a=HDQ= pwOt?UL Q@|DNU QwUv=D w|@rW= |=yQwUv=D |=yxir-wt uOQmu} Ro}=H
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[23]"OwW xaH=Qt xOW s=Hv=

|y=oW}=tR; |xt=vQ@ "4
|iQYt Kr=Yt "1"4

xv=Ol@U "1"1"4
QwB=}r w '|}xR=U |=m}r '|rwtat |=m}r |xv=Ol@U ẁv xU R= VywSB u}= QO
TQ=B u=Qta =m}rQB CmQW R= QwB=}r w u=Q}= =m}r CmQW R= =m}r xm 'CU= xOW xO=iDU=

"CU= xOW x}yD u=HQ}U
|=yxv=O R= CN=wvm} |xR=Ov= 4 'Kr=Yt uOQmlr= =@ VywSB u}= s=Hv= |=Q@
"CU= xOW x}yD QwB=}r |=yxv=O R= CN=wvm} |xR=Ov= 3 w |}xR=U w |rwtat |=m}r
=yv; |Q=Pos=v x=Qty x@ xOW xO=iDU= |=yxv=O |xR=Ov= |Ov@xk@] '2 pwOH QO
|=yxQ=tW w xv=Ol@U ẁv |xv=Wv 'L w S 'M hwQL "CU= xOW xO=O u=Wv

"CU= xv=Ol@U |xR=Ov= |xOvyOu=Wv '4 |r= 1
u; x@ xHwD =@ xm 'CU= xOW xO=O u=Wv =yxv=Ol@U Q=DN=U R} Q '2 pmW QO
|rwtat |=m}r |=yxv=O R= QDtm ?D=Qt x@ |}xR=U |=m}r w QwB=}r |=yxv=O pNrND

"CU=
|=yOQ=Ov=DU= j@] =yxv=Ol@U R= xwQo Qy |m} R}i C=}YwYN CN=vW |=Q@

"xO=iDU= OQwt |=yxvwtv |Q=Pos=v "2 pwOH
(mm) xR=Ov= ẁv s=v

3 4 4 8 6 4 8 0 9 5 11 2 12 7 16 0 20 xvwtv
4 90

QwB=}r
L3

7 90 L2
11 1 L1

4 10
|}xR=U |=m}r

S4
7 20 S3

9 60 S2
14 3 S1
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M4
7 20 M3

9 60 M2
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OQ=Ov=DU= j@] '=yxv=Ol@U |rN=O pNrND R= |v}tND |=Q@ u}vJty
'CU= xOW u}}aD =yv; |xRwQ l} w xk}kO 30 ?; ?PH OYQO [25]'EN 1097-3

"CU= xOW xO=O V}=tv 6 w 5 |=ypmW QO xm
|xDUwB Ct=N[ w pNrND QO Cw=iD x@ xHwD =@ 6 =D 3 |=ypmW C=Q}}eD OvwQ
|=yxv=O xm CU= XNWt OvwQ u}= j@=]t "CU= x}HwD p@=k =yxv=Ol@U |HQ=N
|xDUwB w pNrND 'QDtm ?; ?PH OYQO u}vJty w QDW}@ |r=oJ p}rO x@ QwB=}r

"OvQ=O =m}r |=yxv=O x@ C@Uv |QDs}N[
Ctw=kt Q@=Q@ QO |Q=}at s}kDUtQ}e CQwYx@ '|oOWOQN Ctw=kt V}=tR;
OQ=Ov=DU= T=U=Q@ V}=tR; u}= "CU= Q=@ p=ta= QF= QO =yv; |oOWOQN w =yxv=O
V}=tv 7 pmW QO u; G}=Dv w s=Hv= =yxv=Ol@U |wQ Q@ [27]'EN 13055-1
QDW}@ VywSB u}= |=yxv=Ol@U XwYNt uRw xmv}= x@ xHwD =@ "CU= xOW xO=O
xOW xO=iDU= QwmPt OQ=Ov=DU= pw= VwQ R= 'CU= ?amtQDt Q@ sQowr}m 150 R=
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xHQO 20 OwOL ?; |xJ[wL QO |oxRwQ 28 uU =D w R=@ ?r=k R= Ca=U
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=@ Q_=vDt VvQm =D 5 � 10�6 VvQm pY=i OL QO |rw] VvQm � VvD |vLvt
VvQm |vLvt R= xOvQPo \N ?}W u} QDy@ w |a=HDQ= pwOt u=wvax@ |}=yv Q=@ �40
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"CU= xOW Qw_vt uwU;wB ?} Q[ u=wvax@ |}=yv Q=@
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?} Q[ |x@U=Lt R= |}xvwtv '11 pmW w |a=HDQ= pwOt |x@U=Lt R= |}xvwtv

"OyO|t u=Wv =Q uwU;wB
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"(kg/m3) |@=NDv= |=yxv}tR |xO=t \qDN= KQ] "3 pwOH
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7 3 280 2 560 3 1375 3 1
3 1 257 545 1479 2
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ẁv |xv}tR |xO=t |a=HDQ= pwOt 'xOWs=Hv= |=yV}=tR; G}=Dv x@ xHwD =@

|xO=t |a=HDQ= pwOt w 0 193 u; uwU;wB ?} Q[ w p=mU=B=o}o 20 3 Q@=Q@ 1
xOW xDiQo Q_v QO 0 19 u; uwU;wB ?} Q[ w p=mU=B=o}o 20 5 Q@=Q@ 2 ẁv |xv}tR
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%OQm u=}@ 11 |x]@=Q
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(GPa) =yxvwtv
xv=Ol@U�30 |w=L �20 |w=L �10 |w=L

xv=Ol@U xv=Ol@U xv=Ol@U
2 37 1 95 2 60 2 56 M4
1 39 1 16 1 55 1 47 M3
1 04 0 85 1 15 1 12 M2
0 55 0 54 0 33 0 77 M1
6 39 6 32 6 96 5 90 S4
4 40 4 65 4 41 4 14 S3
3 48 3 94 3 94 2 56 S2
2 75 2 43 3 26 2 56 S1
23 9 25 85 23 77 22 17 L3
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1. Haydite
2. Central aggregate model
3. periodic �eld
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