
�14
03

Q=y@
�'h

}QW
u=Qt

a|
UOv

yt
�| :v

iC
W=O

O=}�
'13

3�1
25

"X
Y

'1|
xQ=t

W'
40

|xQ
wO

R
es

ea
rc

h
N

ot
e|xU=t uOW s}vwO |WWm Ctw=kt

=@ xOW KrUt w u=t}U =@ xOW C}@FD
|L=QH CQwY lU=t h=}r=

�Q=}O=DU=� |U=@aqt u}UL
u=DUro 'Tww�O@vo x=oWv=O 'CWOwv}t |UOvyt |vi |xOmWv=O

Q=@m} CQwY |=ylU=t R= xO=iDU= '1398 p=U R= =vwQm |Q=t}@ |Q}oxty x@ xHwD =@
|m} x@ =yv; R= OOHt |xO=iDU= =} uiO xm |}=H =D 'CU= xDi=} G=wQ swta u=}t QO hQYt

|v=t}U |xU=t |=yxvwtv '=DU=Q u}= QO "CU= xOW p}O@D |]}LtCU} R Cq[at R=
uwo =vwo |=y|@Uv sm =QD QO |L=QH CQwY lU=t h=}r= Cw=iDt Q}O=kt =@ xOW KrUt
V}=tR; R= xO=iDU= =@ =yv; s}kDUtQ}e |WWm Ctw=kt '|Qw;pta RwQ 7 R= Oa@ w xO=t;

u=t}U OYQO uOwRi= xm OvO=O u=Wv xOt; CUOx@ G}=Dv "OvOW xar=]t |r} RQ@ uOW s}vwO
|v=t}U |=yxU=t |WWm Ctw=kt XN=W Ow@y@ QO |yHwD p@=k Q}F-=D '|@Uv sm =QD w
xOW xi=[= h=}r= |xv}y@ Q=Okt '�0 25 |L=QH CQwY lU=t h=}r= OYQO "OQ=O

QDt=Q=B 'C}=yvQO "OvDUy xv}W}@ 'h=}r= |xOW QmP OYQO QO |WWm Ctw=kt xm 'CU=
Ctw=kt u}tND |=Q@ |@ QHD |x]@=Q OvJ w h} QaD �u=t}U OYQO w |mwB C@Uv� |O}rm

"CU= xOW x�=Q= ?wN Q=}U@ CkO =@ xOW K}rUD w C}@FD |=yxvwtv |WWm

hma@gonbad.ac.ir

'|WWm Ctw=kt '|L=QH CQwY lU=t h=}r= '|v=t}U |xU=t %|O}rm u=oS=w
"|@ QHD \@=wQ

xtOkt "1
|Q=PoQ=@ CLD |xvwtv xm ?}DQD u}O@ "CU= xOvvmW w OQ)D Q=DiQ '|Qw;pta u=tR
VvQm V}=Ri= <=R= QO xv}W}@ Ctw=kt R= Oa@ =Q |O=} R Ctw=kt Ci= Q}O=kt '|QwLt
OQm xQ=W= O}=@ u}vJty "OUQ|t |QDtm Ov=tUB Ctw=kt x@ w Ovm|t x@ QHD |QwLt
[14]"CU= u}}=B Q=}U@ x}=B l =N =@ xU}=kt QO QwmPt |=yxvwtv |oDN}Uo VvQm xm
O=yvW}B u=t}U =@ xOWC}@FD |=yxU=t OQ)D Q=DiQVy=m|=Q@|vwo =vwo|=ypLx=Q
w |awvYt h=}r= "CU=yv; u} QDswUQt R= |m} h=}r= R= xO=iDU= xm 'CU= xOW
Ea=@ =ylQD QO CUmW |x}L=v Ow@y@ =@ OwN |WWm Ctw=kt =@ s=Om Qy '|a}@]
|=yxvwtv Ctw=kt w s=mLDU= V}=Ri= ?@U |OwOL =D w xOvvmW Q=DiQ Vy=m

[15]"OvwW|t |v=t}U
xOW xDi=@ CQwYx@ h=}r= R= xO=iDU= XwYN QO |Q=}U@ C=ar=]t ,=k@=U
xm 'Ov=xOW s=Hv= |v=t}U |=yxU=t K}rUD |=Q@ =RHt w �=yl}DDvUw�S xrtH R=�
w [18]'s=wO [17]'|WWm [16]'|WQ@ Ctw=kt |=yQDt=Q=B =@ \@DQt C=ar=]t x@ u=wD|t
"OQm xQ=W= [21�19]'|QwLtxU x=oDUO QO xOWv |WmyR w xOW |WmyR |=yQ=DiQ
sR=wr R= xO=iDU= s=Rr= '=vwQm |Q=t}@ |Q}oxty x@ xHwD =@ '1398 p=U QN=w= QO

'Q=Oxr�Ut |=yl =N xS} wx@ =yl =N R= |a}Uw h}] |=Q@ u=t}U =@ l =N C}@FD
uwo =vwo |=yOQ@ Q=m QO l}vmDw�S |=yTOvyt \UwD '`=@W= pW |xU=t Ovv=t
?=ewO j} QRD [3]'p�=L Q=w}O CWB |=yR} Ql =N [2]'=yx=Q QDU@ [1]'|L]U |=y|B
u=wvax@ u=t}U uOQ@ Q=mx@ "OwW|t xO=iDU= [5]'=yp=v=m w [4]`tWR} Q |=ysDU}U QO
|v} Ro}=H xrtH R= '|R=Uy@ |=yVwQ Q}=U =@ xU}=kt QO 'pLt QO xU=t |xOvvmC}@FD
[6]"CU= KQ]t 'xiQYx@uwQkt |=yVwQ R= |m} u=wvax@ ?weQt Kr=Yt =@ l =N
C@ w]Q 'sm =QD '|v=t}U |xO=t ẁv w OYQO R= QF-=Dt |v=t}U |=yxU=t Q=DiQ
[7]"CU= |Qw;pta |xwLv w u=tR u}vJty w |Q=PoQ=@ \}=QW '|W}=tR; |=yxvwtv
Ow@y@ ?@U u=t}U uOwRi= xm Ci=} QO u=wD|t ' ẁ[wt =@ \@DQt |vi C=}@O= QwQt =@
|Q=Wi Ctw=kt [9]'|WWm Ctw=kt [8]'sm =QD %xrtH R= '=yxU=t |m}v=mt X=wN
|WmyR w xOW |WmyR |=y=DiQ w [11]'lWN w QD |=yxNQJ [10]'xOWv QwYLt
|] QO u=t}U =@ xOW |R=Uy@ |=yxU=t Cq[at R= |m} "OwW|t [13w12]'xOWv

"1402 3 28 VQ}PB '1402 3 14 x}LqY= '1402 1 26 Ci=} QO %M} Q=D

%xr=kt u}= x@ O=vDU=
"133�125 "XY '�1�40 'h} QW u=Qta |UOvyt "|L=QH CQwY lU=t h=}r= =@ xOW KrUt w u=t}U =@ xOW C}@FD |xU=t uOW s}vwO |WWm Ctw=kt "1403 'u}UL '|U=@aqt
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tw=k
t'Cr=iU; \wrNt x@ lU=t |xOW QmP h=}r= uOwRi= xm OvDi=} QO w OvOQm |UQQ@ =Q

x@ C@Uv |QDy@ G}=Dv '|QDt|r}t 12 h=}r= w OWN@|t Ow@y@ =Q Cr=iU; OQmrta
"CU= xOQw; CUO x@ |QDt|r}t 8 h=}r=

|}xNQJ |WQ@ V}=tR; 36 R= xO=iDU= =@ [29]'�2022� u=Q=mty w xO=ROtY
u=Wv w OvDN=OQB l =N x@ lU=t h=}r= uOwRi= |UQQ@ x@ xOWv |WmyR |QwLtxU
|=y|Ow@y@ x@ QHvt |Dr}U |xU=t |=yxvwtv x@ lU=t h=}r= uOwRi= xm OvO=O
Ctw=kt V}=Ri= w |i=[= |Pivt ?; Q=Wi hqD= w QDW}@ `=UD= Q=DiQ %Ovv=t 'Q=O}=B
uOwRi= =@ |Dr}U w R}tD |=yxU=t |WQ@ pwOt 'u}vJty "OwW|t |}=Qou=wQ Q@=Q@ QO

"O@=}|t Ow@y@ lU=t h=}r=
'u}W}B |=y|UQQ@ |xt=O= QO xm CU= xOw@ u}= Q@ hOy 'Q[=L VywSB QO
xO=iDU= |v=t}U |=yxU=t QO xv}y@ CQwYx@ |L=QH CQwY |=ylU=t h=}r= R=
R= '=yv; |R=UOt=H w uiO x@ xHwD =@ '|oOwr; Q=WDv= R= |Q}owrH Q@xwqa =D 'OwW
'=DU=Q u}= QO "OwW xO=iDU= ut= |wLv x@ =ylU=t |xOW O}rwD |=yxr=@ R w C=a}=[
|WWm V}=tR; CLD lU=t h=}r= =@ xOW KrUt |v=t}U |=yxU=t |WWm Q=DiQ

"CU= xOW |UQQ@ |r} RQ@ uOW s}vwO s}kDUtQ}e

=yVwQ w O=wt "2
xOW xO=iDU= Kr=Yt "1"2

|xJ=} QO|rL=U|x}L=v R= 'x}=Bl =Nu=wvax@ Q[=LVywSB QO xOWxO=iDU=|xU=t
Q@ xOW s=Hv= |x}rw= |}=U=vW |=yV}=tR; "CU= xOw@ QUr@=@ QyW |m}ORv QO QRN
|Ov@xk@] sDU}U T=U=Q@ xOW |Ov@xv=OO@ |xU=t 'x}=B l =N xm O=O u=Wv xU=t |wQ
l =N Ot=H |=yxv=O|r=oJ %pt=W 'l =N|m} R}i |=y|oS} w Q}=U "CU= [30]'OLDt

d min = 14=9 'xU=t lWN XwYNt uRw |xv}W}@ w xv}tm 2=74 (Gs)

?}DQD x@ |=yOQ=Ov=DU= T=U=Q@ ?amtQDt Q@ uDw}v wr}m 
d max = 17=7 w
CUOx@ [33] ASTM D 4254w [32] ASTM D 4253 [31]'ASTM D 854
QO u; |Q=DN=UR} Q Tma =@ x=Qty QUr@=@ |xU=t |Ov@xv=O |vLvt "CU= xOt;

"OwW|t xOy=Wt 1 pmW
'u=QOvR=t u=DU= QO `k=w =mv |xv=NQ=m IIA}D OvrDQB u=t}U R= 'Q[=LVywSB QO
xOvvmC}@FD pt=a u=wvax@ '�QUr@=@� x}=B l =N pLt x@ u=t}U |xv=NQ=m u} QDl}ORv

"CU= xOW xO=iDU=

"|Q=DN=UR} QTma x=Qty x@ Q[=LVywSB QO xOWxO=iDU=|xU=t|Ov@xv=O "1pmW

G=wQ xat=H swta u=}t QOVmDUO w CQwYlU=t xrtH R= hQYtQ=@m} |DW=Oy@
|rm |xDUO OvJ x@ =Q =yv; u=wD|t '=ylU=t R= xO=iDU= |rY= hOy T=U= Q@ "Ci=}
Q=OA=B wU '�|L=QH lU=t x@ hwQat� Q=OOv@ w Q=OVm ẁv R= x}q xU %OQm s}UkD
|UivD |=ylU=t 'xOta Qw]x@ N95 w FFP2 A=B wU uwO@ w N95 w FFP2
,qwtat xm 'OvwW|t xDN=U uwr@ Crt w Ov=@ u=BU= R= pmWDt 'xDi=@=v |x}q OvJ R=
OvDUy ur}B wQB|rB |xDi=@=v h=}r= TvH R= ,=DOta uwr@ Crt w Ov=@ u=BU= Qy TvH
=Q Q=@e w jrat C=QP R= =wy uOQm QDr}i |rY= Vkv 'uwr@ Crt |=yx}q =} x}q w
R= "OwQ|t Q=mx@ QwmPt |=yx}q R= C_i=Lt Vkv QO Ov=@ u=BU= "OvQ=O xOya x@
R= |L=QHlU=tl} "OQm xQ=W= |L=QHlU=t x@ u=wD|t =ylU=t `=wv= u} QDG}=Q
'uQ}=DU=|rB 'u=DQw=|rB 'ur}D=|rB 'ur}B wQB|rB %Ovv=t '|m}DUqB O=wt sQo 15 OwOL

[22]"CU= xOW p}mWD p} QD}vwr} Qm =|rB w C=v@ Qm|rB
|]}LtCU} R|=y?}U;Ea=@Ca}@]QOCQwY|=ylU=t|R=U=yQ xRwQt=
'=}r=QDU= =} QwDm} w u=DU= QO '=vwQm swO w pw= Gwt wO QO ',qFt "CU= xOW |Q=}U@
=yOY w OvDUy x} RHD p@=kQ}e xm 'OW O}rwD hQYt Q=@m} CQwY lU=t uD 264
|t=tD ,=@} QkD xmv}= x@ xHwD =@ [23]"OwW|t hQY u=tR =yv; |x} RHD |=Q@ p=U
=} 'uiO =Pr &OvwW|t O}rwD x} RHD p@=kQ}e h=}r= R= w OvDUy hQYt Q=@m} '=ylU=t
`t=wH |vwvm |]}LtCU} R CqmWt R= |m} x@ =yv; R= OOHt |xO=iDU= w O}rwDR=@
XwYN QO u=QoWywSB |NQ@ 'Q}N= p=U wO QO 'wQ u}= R= "CU= xOW p}O@D |QW@
'Ov=xDW=O |D=tOkt C=ar=]t CQwY lU=t h=}r= R= |Q}oxQy@ w OOHt |xO=iDU=

"CU= xOW xQ=W= =yv; x@ xt=O= QO xm
R} Q h=}r= R= xO=iDU= |HvUu=mt= C=ar=]t '�2021� u=Q=mty w |vHwQ@
OvO=O s=Hv= =Q =ywQxO=}B CN=U CyH |Di=} R=@ |=yuD@ QO CQwY lU=t |xOW
Ea=@ '|Di=} R=@ |=yuD@ x@ hQYt Q=@m} |=ylU=t uOQm xi=[= xm OvDi=} QO w
|xOW R} Q h=}r= "CU= xOW |R=UwQ |Q}PBh=]av= w |WWm Ctw=kt uDiQ QDq=@
"OvDW=O |QDq=@ |Q}PBh=]av= '|Di=} R=@ |=yuD@ C=QP =@ T=}k QO CQwY lU=t
'QDtwr}m 1 Ci=Ut x@ xiQ]wO wQxO=}B l} CN=U |=Q@ xm OvDW=O xQ=W= =yv; C}=yvQO

[24]"CU= xOW hQYt |Di=} R=@ lU=t uw}r}t 3 ,=OwOL
lU=t uwRi=RwQ |xr=@ R O}rwD |}=} wB pQDvm CyH QO '�2021� O}rN w u=tLQ
|v} wv VwQ '(CH) O=} R |Q}tN C}Y=N =@ |UQ |=yl =N |R=Uy@ w CQwY
xm 'OvO=O O=yvW}B |U}r}U |=yOwO =@ C}@FD w lU=t h=}r= =@ K}rUD |x}=B Q@

[25]"CU= xDW=O Q@ QO R}v =Q l =N |UOvyt X=wN Ow@y@ 'l =N K}rUD Q@xwqa
Q}oxty |=yxr=@ R R= xO=iDU= |=Q@ xv=Qw;wv |WwQ '�2021� u=Q=mty w 1Iv}r
Q=@m} CQwY |=ylU=t |wQ Q@ |rY= RmQtD =@ uD@ R=UwCN=U QO =vwQm |Q=t}@
|=yxkrL uDW=OQ@ =@ =Q hQYtQ=@m} |=ylU=t u=W}= "OvOQm |UQQ@ =Q hQYt
w OvOQm \wrNt hrDNt KQ] 5 QO uwo =vwo |=yxR=Ov= x@ |v}@ |rN=O s}U w Vwo
'|Q=Wi Ctw=kt |wQ Q@ RmQtD =@ uD@ QO =Q =yv; |r=tDL= |=yOQ@ Q=m w O}=wi TBU
V}=tR; |=Q@ |Q=Wi Gwt CaQU w |v=UWm pwOt 's}kDUtQ}e |WWm Ctw=kt
hQYtQ=@m} CQwY |=ylU=t R= xO=iDU= "OvOQm p}rLD xOW O}rwD uD@ C}i}m
V}=Ri= u}vJty w xOW xDN=U uD@ |=yxvwtv |Dtw=kt X=wN V}=Ri= x@ QHvt

[26]"Ow@ xOW uD@ |rm C}i}m
OOHt |xO=iDU= swUQt |=yVwQ QwQt x@ R}v [27]'�2023� u=Q=mty w 2w}U
=@ xr=@ R lU=t `@=vt uOQ@ Q=mx@ |=Q@ |}=tvy=Q u=wvax@ hQYt Q=@m} |=ylU=t R=

"OvDN=OQB |D; |=yKQ] |=Q@ |oOwr; Q=WDv= p�=Ut x@ xHwD
pwOt 'p=WQ=t |=yV}=tR; s=Hv= =@ u=WQ=DWwv QO [28]'�2023� |kO=Y w |ro
Cr=iU; x@ CQwY lU=t h=}r= uOwRi= '|oDUN w s}kDUtQ}e VWm '|a=HDQ=
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"Q[=L VywSB |=yxvwtv C=YNWt "1 pwOH
C=_Lqt C=YNWt
QUr@=@ |xU=t x}=B l =N

xU=t u} Ro}=H OYQO 8 w 6 '4 '2 Q}O=kt =@ =mv |xv=NQ=m u=t}U xOvvmC}@FD

QDt|r}t 3 w pw] QDt|r}t 20 O=a@= =@ CQwY lU=t |xOW R} Q h=}r= xOvvmK}rUD"0 75 w 0 5 '0 25 'QiY Kr=Yt |v} Ro}=H |=yOYQO =@ ZQa

x}=B l =N OYQO 70 w 50 '35 (Dr) |@Uv sm =QD =@ pO=at =yxvwtv sm =QD

�90 |q=@ C@ w]Q w xHQO 24 OwOL |=tO QO xRwQ 7 |Qw;pta \}=QW w u=tR

|r} RQ@ uOW s}vwO s}kDUt Q}e VWm |Dtw=kt V}=tR;

QDt|r}t 38 � 76 |R=Uxvwtv O=a@= '�CU= QDt|r}t 1 R= QDlJwm O=a@= x@ xU=t
KQ] T=U=Q@ [38]"CU= xOW xO=iDU= ?U=vt |=yxvwtv |x}yD |=Q@ �Q]k � `=iDQ=�
w 
dmax '
dmin |=yQDt=Q=B x@ xHwD =@ =OD@= '1 pwOH QO xOW CUQyi \qDN=
sm =QD =@ pO=at (e) |mwB C@Uv 'CU= xOW x�=Q= "1"2 VN@ QO ,q@k xm 'xU=t Gs
KQ] Qy x@ \w@ Qt lWN XwYNt uRw TBU w xOt; CUOx@ Q_vOt |=y|@Uv

%CU= xOW x@U=Lt 1 |x]@=Q j@=]t (
dmix) \qDN=

dmix = GSave
w

1 + e
(1)

|=H x@ |@Uv sm =QD u; |xH}Dv QO w 
dmax '
dmin |=yQDt=Q=B R= xO=iDU= p}rO
w xv}W}@ lWN XwYNt uRw� OQ=Ov=DU= sm =QD V}=tR; R= pY=L |=yQDt=Q=B
QO xOW \wrNt �u=t}U� |xv=OR} Q OYQO xm CU= xOw@ u}= �xv}y@ C@ w]Q OYQO
[32]'ASTM D 4253 |=yOQ=Ov=DU= j@] xm 'CU= xOw@ �15 R= QDtm =yxvwtv
'Qo}O |} wU R= "OQ}o|t Q=Qk C} wrw= QO |@Uv sm =QD VwQ [33]' ASTM D4254
w |rwUvm %xrtH R= '|i=}r= |v=t}U w |v=t}U |xU=t x@ \w@ Qt C=ar=]t QO
u=Q=mty w |rwUvm w [40]'�2019� u=Q=mty w |U=@aqt [39]'�2014� u=Q=mty

"CU= xOW xO=iDU= |@Uv sm =QD VwQ R= [41]'�2009�
Q=DWwv =@ j@=]t =yxvwtv XwYNt uRw QO h=}r= w u=t}U QF= uDiQo Q_v QO |=Q@
u}ov=}t Q}O=kt 'Gsave |=Q@ '1 |x]@=Q QO [40]'�2019� u=Q=mty w |U=@aqt
\wrNt QO Kr=Yt CmQ=Wt OYQO x@ xHwD =@ �xU=t w 'h=}r= 'u=t}U� \wrNt Gs

"CU= xOW xO=iDU=
CUOx@ Kr=Yt lWN uRw '
dmix w xvwtv sHL uDW=O CUO QO =@
w |U=@aqt C=ar=]t j@=]t '=yxvwtv |x}yD |=Q@ R=}vOQwt ?; Q=Okt "O};|t
u} QDW}@ u; QO xm |D@ w]Q OYQO� xv}y@ C@ w]Q OYQO [40]'�2019� u=Q=mty
xOW xDiQo Q_v QO �10 pO=at �O};|t CUOx@ xOWv QwYLt |Q=Wi Ctw=kt
[42]'�1977� u=Q=mty w QwB|Q=}OviU= x@=Wt C=ar=]t QO xm CU= QmP u=}=W "CU=
|xv}y@ C@ w]Q OYQO 'ur}B wQB h=}r= =@ xOW KrUt w |v=t}U QUr@=@ |xU=t |=Q@

"OvOQm xO=iDU= |R=Uxvwtv |=Q@10
|] uoty |=yxvwtv CN=U |=Q@ pL=Qt u}= 'xYqN CQwYx@ 'C}=yv QO

%CU= xOW
xOW x�=Q= \qDN= KQ] =@ j@=]t �u=t}U w xU=t� lWN Kr=Yt uOQm uRw �

xOW xO=iDU=|L=QH CQwY |=ylU=t h=}r= R=|v=t}U |=yxU=tK}rUD |=Q@
?}DQD x@ CQwY |=ylU=t Ct=N[ w |WWm Ctw=kt 'XwYNt uRw "CU=
C=ar=]t QO uwQm}t 43 w p=mU=B wr}m 400 '?amtQDt Q@ uDw}vwr}m 0 91 Q}O=kt
xDiQo Q=Qk Q_vOt Q[=L VywSB QO w xOW VQ=Ro [24]'�2021� u=Q=mty w u=} Q@=Y
h=}r= R= '=vwQm |Q=t}@ x@ qD@= Q]N uDiQo Q_v QO p}rOx@ xm CU= QmPu=}=W "CU=
w pw] QDt|r}t 20 O=a@= x@ |D=a]k x@ =ylU=t "CU= xOW xO=iDU= wv |=ylU=t
'QwmPt O=a@= ?=NDv= p}rO "CU= xOW xi=[= \wrNt x@ w xO} Q@ ZQa QDt|r}t 3
xm 'CU= xOw@ x=Dwm h=}r= R= xO=iDU= R= |W=v QDW}@ |Q=Wi w |WWm Ctw=kt O=H}=
u=Q=mty w R} Q@N |=yQ=DWwv |xar=]t x@ u=oOvv=wN xHwD QDW}@ C=aq]=?Um |=Q@

"OwW|t ?rH [36]'�2020� 3KqY u@ w [35]'�2009� |rwUvm [34]'�2019�

\qDN= KQ] "2"2
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