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=} w TQ |Q=Okt x=Qty x@ |q C=QP R= ,=DOta u; Q=DN=U xm 'OvOQm h} QaD |DiQO=@
QO |D}Urm =} w |UQ |=yOv=@ \UwD xU=t =} w |q C=QP "CU= xOW p}mWD xU=t
lWN Cr=L QO xm 'OvyO|t p}mWD =Q R=@ |Q=DN=U w OvQ}o|t Q=Qk Qo}Om} Q=vm
nQR@ |=yxQiL OwHw x@ u=wD|t Tr l =N |UOvyt |=y|oS} w R= [1]"OvDUy Q=O}=B
xQ=W= R}J=v |oOv@UJ w sm ,=D@Uv |r=oJ 'u}�=B |a}@] C@ w]Q OYQO 'Q=DN=U QO
uDW=O |x]U=wx@ '`=@W=Q}e Cr=L QO w |a}@] \}=QW QO Tr |=yl =N "OQm
QDCU )U 'uOWQD|] =t= &OvQ=O|}q=@ ,=D@Uv|WQ@Ctw=kt '|}xv=Ou}@ |wk |=yOvw}B

pw�Ut xOvU} wv �
"1402 8 3 VQ}PB '1402 6 27 x}LqY= '1402 4 26 Ci=} QO %M} Q=D

%xr=kt u}= x@ O=vDU=
|QwLtxU sm =QD \}=QW CLD \UwDt |=yVmt QO u=oQo Tr l =N `=@W=Q}e Q=DiQ |@=} RQ= "1403 "u=t=U '|OQHwQ@ |v=t}rU w s=vy@ 'xO=Rxrr=OaU 'uULt O}U '|Q�=L

DOI:10.24200/J30.2023.62479.3228 "111�101 "XY '�2�40 'h} QW u=Qta |UOvyt "u=Uty=v



u=Q=
mty

w|
Q�=L

uU
Lt

O}U
/"""

|=y
Vm

tQO
u=oQ

oT
rl

=N`
=@W=

Q}e
Q=DiQ

|@=}
RQ=Vmt � C@=F u}ov=}t Xr=N VvD� |Q=PoQ=@ Q}Ut QO w p=mU=B wr}m 400 w

VvD pQDvm CQwYx@ 2 w 1 'QiY |WQ@ VvD |=yC@Uv =@ w �|Wy=m |Q=DN=U
s=Om Qy |=yDv= QO '|WQ@ Ctw=kt Q=DiQ |UQQ@ Qw_vtx@ u}vJty "CU= xOW s=Hv=
w |QwLtxU VQ@ CLD C@=F |Q=DN=U Vmt \}=QW QO =yxvwtv '=yV}=tR; R=

"Ov=xDiQo Q=Qk VvQm pQDvm CQwYx@

VwQ w xOWxar=]t l =N |m} R}i C=YNWt "2
=yxvwtv |R=UxO=t;

I}B Q=Ry |=yxBD R= xm 'CU= xOw@ u=oQo Tr 'Q[=L VywSB QO xOWxar=]t l =N
|WN@ w u=Q}= jQW p=tW |x}L=v QO u=oQo Tr "CU= xOW x}yD u=oQo QyW QO `k=w
|=}U; =D w CU= xOW xO}Wm =B wQ= ?Qe p=tW R= xm 'CU= |}=}U=Qw= Tr Ov@ Qtm R=
|a}Uw K]U w OvQ=O 11|DiQO=@ -=Wvt QwmPt |=yTr "OQ=O xt=O= u}J w |RmQt
j@=]t [25]"Ov=xO=O p}mWD QwmPt |xk]vt QO |q TvH R= |}=yxBD pmW x@ =Q
O}OW VR} QwQi C}r@=k =@ |=yl =N xwQo QO Tr l =N 'xOWs=Hv= u}W}B C=ar=]t
xOWxar=]t Tr l =N |Ov@xv=O |vLvt VwB '�hr= � 1� pmW QO [27w26]"OQ=O Q=Qk
Tr l =N 'u; j@=]t xm &OwW|t xOy=Wt ASTM D 422�63 OQ=Ov=DU= j@=]t
'CU= xOW p}mWD TQ w |q pt=W xv=OR} Q �96 OwOL w xU=t �4 R= ,=@} QkD
OYQO uDiQoQ_vQO =@� TQ C=QP =Q u; OYQO 29 =D 21 OwOL Q=Okt u}= R= xm
"Ov=xO=O p}mWD |q C=QP =Q u; |k=@ w �QDtwQm}t 2 R= QDlJwm O=a@= =@ C=QP
(PL) |Q}tN OL '(LL) |v=wQ OL 'ASTM D 4318�87 OQ=Ov=DU= j@=]t
CUOx@ OYQO 7 1 w 25 1 '32 2 ?}DQD x@ QwmPt l =N (PI) |Q}tN u=Wv w
2488� OLDt |Ov@xk@] sDU}U T=U=Q@ u=oQo Tr l =N ?}DQD u}O@ "CU= xOt;
�sm |Q}tN C}Y=N =@ |q l =N� |DQ=@a x@ w �ML� ẁv R= �ASTM D
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l} |oDN}Uo sR}v=mt '�2014� u=Q=mty w 9wS [19]"Ovm|t =O}B V}=Ri= s}rUD
CW=Oyov Q=DiQ xm OvO=O u=Wv w OvOQm xar=]t =Q |oOWQD QF= QO |Ur |m =N ?}W
[20]"CU= x@v=Hxty VvD K]U w |WQ@ VvD C@Uv x@ xDU@=w Tr l =N � ?;
CLD `=@W=Q}e |QwLtxU |=yV}=tR; s=Hv= =@ '�2016� u=Q=mty w 10p}i u*=w@
|m}D=DU= sm =QD R= |W=v |x}rw= |v=Uty=v Q}F-=D |UQQ@ x@ hrDNt VvD |=yQ}Ut
OvO}UQ xH}Dv u}= x@ w OvDN=OQB `=@W=Q}e Q=OTQ |q l =N |=yxvwtv Q=DiQ QO
|yHwD p@=k |WQ@ |=yVvQm 'C@=F Vmt CLD u=Uty sm =QD |=yV}=tR; QO xm
sm =QD QF= QO xOW<=kr= |x}rw= |v=Uty=v R= |W=v xm 'CU= xOW O=H}= =yxvwtv QO
Q}F-=D |UQQ@ OQwt QO xOWs=Hv= Q}N= |=yVywSB G}=Dv [21]"CU= xvwtv |m}D=DU=
|=yl =N w [22]'`=@W=Q}e |xOvwWsQwDt |=yl =N R= |}=yxvwtv Q=DiQ QO |v=Uty=v
\}=QW CLD =yxvwtv pmWQ}}eD Q=DiQ xm OvyO|t u=Wv [24w23]'`=@W=Q}e |WR} QwQi
'C}=yvQO "CU= |WQ@ w |tHL |=yVvQm R= |@}mQD CQwYx@ u=Uty=v VvD
R= QF-=Dt `=@W=Q}e |=yl =N |m}v=mtwQO}y Q=DiQ xm CiQo xH}Dv u=wD|t |rmQw]x@

"CU= |Q=DN=U Vmt w |WQ@ VvD C@Uv 'x@v=Hxty VvD K]U 'VvD Q}Ut
|WR} QwQi |=yl =N Q=DiQ Q@ xOWs=Hv= C=ar=]t |xQDUo 'u=tRCWPo =@ xJQo =
`=@W=Q}e|WR} QwQi|=yl =N|m}v=mtwQO}y Q=DiQ 'p=Lu}= =@ =t= &CU= xOW QD`}Uw
`=@W=Q}e |QwLtxU x=oDUO QO �x}rw=|WQ@VvD OwHw�|}=kr=|v=Uty=v Q}F-=DCLD
|WQ@ VvD QF= |UQQ@ Q@ RmQtD =@ Q[=L VywSB QO =Pr "CU= xOW |UQQ@ CQOvx@
|O=OaD 'u=oQo Tr l =N R= xOW|R=UR=@ |=yxvwtv |m}v=mtwQO}y Q=DiQ QO x}rw=
300 pt=W \UwDt |Q=DN=U |=yVmt QO `=@W=Q}e |QwLtxU |=yV}=tR;

102



2|
xQ=t

W'
40

|xQ
wO'

�14
03

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

�C &u=oQo Tr OQ=Ov=DU= sm =QD |vLvt �A &u=oQo Tr |xOW|R=UR=@ |=yxvwtv l =N � ?; CW=Oyov |vLvt �? &u=oQo Tr |Ov@xv=O |vLvt VwB �hr= "1 pmW
[28]"Q@=Q@ 3500 |}=tvnQR@ =@ |W@ wQ |vwQDmr= AwmUwQm}t \UwD xOW|R=UR=@ |xvwtv R= xOWxDiQo Q}wYD

p@k xOW|R=UR=@ |=yxvwtv R= 15�SEM� |vwQDmr= AwmUwQm}t \UwD xOWxDiQo
l =N |xOW|R=UR=@ |=yxvwtv 'u; j@=]t xm &OwW|t xOy=Wt V}=tR; ẁQW R=
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=OD@= 'VQ@ |xrLQt ẁQW QO =yxvwtv u}= w xOw@ xOvwWsQv w xOvwWCNU |=yCr=L
R}v Q=DiQ u}= "�? � 5 pmW� Ov=xOW \=U@v= Q=JO TBU w sHL Vy=m Q=JO
CLD sm =QDt |}xU=t |=yl =N =} w xDi=}s}mLD V}B |UQ |=yl =N Q=DiQ x@=Wt
VvD\}=QWhrDNt |=yVvDC@Uv QO u; p}rO xm 'CU= sm |x@v=Hxty |=yVvD
VvD C@Uv =@ |=yxvwtv xm |}xvwox@ 'CU= |oOWQD |xrLQt QO =yxvwtv Cw=iDt
"Ov=xDW=O Q=Qk x@v=Hxty Xr=N VvD u} QDtm CLD =yxvwtv Q}=U x@ C@Uv 2 |WQ@
?Hwt 'q=@ ,=D@Uv |Q=DN=U Vmt Q=vm QO u}}=B |x@v=Hxty Xr=N VvD p=ta=
QO 2 |WQ@ VvD C@Uv CLD |=yxvwtv sHL Q}}eD w |WQ@ Ctw=kt Q=DiQ Cw=iD
Q_=vDt |tHL VvQm C=Q}}eD '�? � 6� pmW QO "CU= xOW =yxvwtv Q}=U =@ xU}=kt
Q}O=kt |=Q@ VQ@ p@k=t |xrLQt QO |WQ@ VvD |=yC@Uv ?UL Q@ |v=QL@ Cr=L

"CU= xOW x�=Q= |Q=DN=U Vmt hrDNt

Vmt R= uO}UQ |=Q@ w |oOWQD Q}Ut QO xOW|R=UR=@ |=yxvwtv |=Q@ pO=aD u=tR
'p=mU=B wr}m 400 hOy |Q=DN=U Vmt x@ p=mU=B wr}m 750 |x}rw= |Q=DN=U
'p=mU=B wr}m 300 x@ p=mU=B wr}m 400 |Q=DN=UVmt R= uO}UQ |=Q@ w RwQ 8 ,=OwOL

"CU= xOw@ RwQ 7 ,=OwOL
=yxvwtv s�=k |}=H@=H u}vJty w sHL C=Q}}eD x@ \w@ Qt |=y|vLvt QO
|Q=DN=U Vmt \}=QW CLD xm OwW|t xOy=Wt �A � 4 w ? � 4 |=ypmW�
'2 =D QiY R= |WQ@ VvD |=yC@Uv V}=Ri= =@ 'C@=F u}ov=}t Xr=N VvD w
"Ov=xO=O u=Wv OwN R= |QDW}@ sHL Vy=m =yxvwtv 'x}rw= |WQ@ VvD V}=Ri= p}rOx@
|=yVR} QwQi Qov=}@ xm OwW|t xO}O |}=yVQB QwmPt |=y|vLvt QO u}vJty
u=oQo Tr l =N '1 pwOH x@ xHwD =@ "CU= Tr l =N Q=DN=U QO xOWO=H}=
Vy=m R}v w ?; ?PH x@ TQ C=QP |q=@ p}=tD "OQ=O TQ �25 '\UwDt Qw]x@
sQwD |mOv= RwQ@ ?Hwt |oOWQD Ov}=Qi |] QO xvwtv x@ |r=ta= QF-wt VvD |H} QOD
Vy=m � xvwtv `=@W= |xHQO V}=Ri= QF= QO 'Qo}O hQ] R= "OwW|t =yxvwtv QO
u}ov=}t Xr=N VvD CLD w xOW CU )U |}xv=Ou}@ |=yOvw}B '�|Q=DN=U Vmt
QO "CU= xO=O MQ l =N Q=DN=U QO VR} QwQi =} sHL Vy=m 'xvwtv x@ xOWp=ta=
MQv R= QDW}@ l =N Q=DN=U QO VR} QwQi ẁkw MQv '\UwDt |=yVmt |xOwOLt
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xOt;CUOx@ G}=Dv |Q=Po|=H w p=mU=B wr}m 400 w 300 |Q=DN=U |=yVmt QO
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2 ) + 2c01 tan(�4 + �0
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