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u=Q}WtCmQWCN=U O} Qow�S ẁvl} R= xWv=QD l =N |v=kwi |x}q K}rUD Qw_vt x@
|DNU xm CU= QmP x@ sRq "CU= xOW xO=iDU= 1 pwOH QO Q_vOQwt C=YNWt =@
OQ=w |=yVvD QF= CLD =D OW ?=NDv= |}xvwo x@ u; |=yxtWJ O=a@= w O} Qow�S |x}q
OQmrta w u; |}=We OQmrta CyH sRq |WWm |wQ}v w VvQm 'xWv=QD K]U Q@

"OwW O=H}= xrwr Q=DiQ Ow@y@ QO ?U=vt

swiw�S "4"2
swiw�S Kr=Yt |SQv= ?PH u}vJty w sm uRw Q}_v |Y=wN R= xO=iDU= Qw_vt x@
Q@ sQowr}m 30 w 20 |r=oJ wO QO |r}]DUt `]kt =@ swiw�S lwr@ R= '�EPS�
"OW xO=iDU= uwiOt |xrwr pmWQ}}eD Vy=m u=mt= |UQQ@ Qw_vt x@ ?amtQDt
'=yu; VvQm � VvD C=}YwYN w xOW QmP |=ylwr@ Q=DiQ |xwLv |UQQ@ CyH
QDt|Dv=U 5� 5� 5 O=a@= x@ swiw�S |=ylwr@ |wQ Q@ |QwLtlD V}=tR; |O=OaD
QDt|r}t 1 2 CaQU =@ VvQm pQDvm \}=QW QO =yu; G}=Dv '2 pmW QO xm OW s=Hv=

"CU= xOW xO=O u=Wv swiw�S lwr@ |wQ xk}kO Q@
VvQm QO =yxvwtv |Q=Wi Ctw=kt '|QwLtlD |=yV}=tR; G}=Dv x@ xHwD =@
sQowr}m 30 w 20 |r=oJ wO QO �[19]'ATM C578�95 OQ=Ov=DU= j@=]t� �10
xm Qw]u=ty "CU= p=mU=B wr}m 134 3 w 57 1 =@ Q@=Q@ ?}DQD x@ ?amtQDt Q@
|]NQ}e Qw] x@ |Q=Wi Ctw=kt 'swiw�S lwr@ |r=oJ V}=Ri= =@ 'OwW|t x_Lqt
"OQ=O Ck@=]t [19]'ASTM C578�95 OQ=Ov=DU= =@ Qt= u}= xm O@=}|t V}=Ri=
Q=DiQ 'xvwtv Q@ OQ=w VvQm R=QD V}=Ri= =@ [20]'�2009� =tQ w =U= C=ar=]t G}=Dv j@]

"CU= xOy=Wt p@=k 2 pmW QO R}v Q=DiQ u}= xm OyO|t MQ xOvwWCNU
"=yV}=tR; QO xOW xO=iDU= O} Qow�S C=YNWt "1 pwOH

O} Qow�S QDt=Q=B
s_Dvt |ar[ 6 xtWJ pmW

5 8 (kN=m) |WWm Ctw=kt
695 (gr=m2) K]U OL=w uRw

27� 27 (mm) =yxtWJ O=a@=
5 2 (mm) Ct=N[

"|QwLtlD V}=tR; QO swiw�S lwr@ VvQm � VvD Q=DiQ "2 pmW

|Q=QmD |Q=PoQ=@ CLD O} Qow�S =@ KrUt l =N QO uwiOt |=yxrwr |wQ |}=yV}=tR;
O} Qow�S w pUw�S =@ KrUt l =N QO w [13]'�2008� GrN w |WQiD TOkt \UwD
"CU= xOW s=Hv= [14]'�2015� s=QyD}U w GOy \UwD |m}D=DU= |Q=PoQ=@ CLD
R} Qm =N K}rUD CQwY QO u; Q@ OQ=w VvD w xrwr pmWQ}}eD Vy=m u}@t =yu; G}=Dv

"CU= xrwr |wQ
uwiOt |xrwr |wQ R} Qm =N QO swiw�S lwr@ Q}F-=D OQwt QO VywSB sOa x@ xHwD =@
=@ Q[=L VywSB QO 'u}W}B C=ar=]t QO l}i=QD Q=@ Q}_v '|Q=QmD |=yQ=@ CLD
w KrUtQ}e R} Qm =N \}=QW QO uwiOt |xrwr Q=DiQ '|m} R}i pOt l} R= xO=iDU=
"CU= xOW |UQQ@ |Q=QmD |Q=PoQ=@ CLD O} Qow�S |x}q w swiw�S lwr@ =@ KrUt
|wQ Q@ `k=w swiw�S lwr@ ZQa w |r=oJ 'Ct=N[ Q}F-=D 'Q_vOQwt |=yV}=tR; QO
VvQm 'xrwr s�=k Q]k VvQm Q@ O} Qow�S |x}q l} =@ x=Qty 'xWv=QD QO uwiOt |xrwr

"CU= Q_vOt xrwr G=D Q@ OQ=w Q=Wi u}vJty w xrwr G=D |]}Lt

Kr=Yt C=YNWt "2
l =N "1"2

�xrwr |q=@ w h=Q]= QO� xWv=QD pN=O QO xO=iDU= OQwt l =N C=QP |xR=Ov= `} RwD
9 5 l =N |=yxv=O |xR=Ov= |xv}W}@ u; j@=]t xm OwW|t xOy=Wt 1 pmW QO
|Ov@xk@] sDU}U j@=]t w 'QDt|r}t 2 2 u; C=QP |xR=Ov= \UwDt 'QDt|r}t
QO G}=Q �SW� ?wN |Ov@xv=O =@ xU=t [15]'ASTM D2487�11 CN=wvm}
u}t-=D 'QwmPt l =N ?=NDv= p}rO xm CU= QmP x@ sRq "CU= QwWm |v=Qta |=yxSwQB
|xR=Ov= uDN=U OwOLt Q@ |v@t [16]'ASTM D2321�08 QO Q_vOQwt Q=}at
xHwD =@ u}vJty "CU= QDt|r}t 38 Q]k x@ xrwr |wQ Q@ l =N |xv=O u} QDnQR@
'ASTM D[17]1557�12 OQ=Ov=DU= T=U=Q@ OQ=Ov=DU= sm =QD V}=tR; G}=Dv x@
C@ w]Q =@?amtQDt Q@ uDw}vwr}m 21 5 'xOW xO=iDU= l =N |xv}W}@ ?w]Qt|r=oJ

"CU= �9 5 |xv}y@

xrwr "2"2
QO u=w=Qi OQ@ Q=m =@ '2O} Qrm pv} w |rB TvH R= =yV}=tR; QO xar=]t OQwt |xrwr
|rB TvH R= xrwr [18]'ISIRI�9118 |xt=vu}}; "CU= ?q[=i w ?; |rkF p=kDv=
x@ xrwr Q]k C@Uv =@ w QDt|r}t 250 =D 100 Q]k |xOwOLt QO =Q O} Qrm pv} w
"Ovm|t x}YwD ?q[=i p=kDv= |=yxSwQB QO xO=iDU=CyH '50 Q@=Q@ xQ=w}OCt=N[
Q]k x@ xrwr R= 'TQDUO QO |m} R}i pOt O=a@= x@ xHwD =@ 'Q[=L VywSB QO =Pr

"xWv=QD pN=O QO xOW xO=iDU= l =N C=QP |xR=Ov= `} RwD "1 pmW

62



3/
2|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

"l}D=tW Q}wYD "3 pmW

=yV}=tR; s=Hv= VwQ w |R=UxO=t; "2"3
=@ ?amtQDt Q@ uDw}vwr}m 18 5 '=yV}=tR; |x}rm QO xWv=QD l =N ?w]Qt |r=oJ
QoUL uO=O Q=Qk R= Oa@ xWv=QD |R=UxO=t; CyH "CU= xOw@ �6 ,=OwOL C@ w]Q
=@ l =N 'u; uOQmC@=F w xWv=QDhm QO xrwr uO=O Q=Qk w xrwr pN=O QO GvUu=mtQ}}eD
w ?wN|Ov@xv=O x@ xHwD =@ "OW xDN} QCN=wvm} Qw] x@ xrwr |q=@ w h=Q]= QO \=}DL=
=@ w QDt|Dv=U2Ct=N[ x@|=yx}q QO xWv=QD|R=UxO=t; 'l =NC=QP|xOQDUo `} RwD
|OvwB 5 5|x@ wml} =@V@ wm|xr}Uw x@ x}q Qy sm =QD 'Q_vOQwt|r=oJu=R}t x@ xHwD
QDt|Dv=U30�10 O=a@= x@ |Rri |xLiYl} |wQ Q@CN=wvm} w|}x@ Q[CQwYx@
|xr}Uw x@ u=mt= OL =D l =N |x}q |r=oJ u=R}t "CU= xOW s=Hv= xWv=QD pw] QO
xWv=QD |xQ=w}O |wQ Q@ GQOtVm\N?Yv =@ x}q sHL w R=}vOQwt l =N Q=Oktu} RwD
|=yx}q |=Q@ Q_vOQwt C@ w]Q w |r=oJ u=R}t xm CU= QmP x@ sRq "CU= xOW pQDvm
lWN |r=oJ �89 OwOL lWN |r=oJ� uwiOt |xrwr |w=L |xWv=QD QO l =N
ASTM2321�08 OQ=Ov=DU= QO Q_vOQwt sm =QD \}=QW '�sm =QD V}=tR; QO xv}W}@
xrwr |wQ w h=Q]= l =N |=Q@ �85 u=R}t x@ sm =QD OYQO |xv}tm XwYN QO [16]'D
x@ |R} Qm =N R=QD uO}UQ R= Oa@ 'swiw�S lwr@ |w=L |=yV}=tR; QO "Ovm|t <=[Q= =Q
|wQl =N|QDt|Dv=U 2 |x}q |=QH= =@ 'u; G=D |wQ Q@GvUQ=Wi uO=O Q=Qk w xrwr G=D
"�4 pmW� OW ?Yv l =N K]U Q@ Q_vOQwt Ct=N[ w ZQa =@ swiw�S lwr@ 'xrwr
|xrY=i =D =yx}q |=QH= w |R} Qm =N 'O} Qow�S |x}q |w=L |=yV}=tR; |=Q@
uOQm C@=F w O} Qow�S uO=O Q=Qk =@ TBU w s=Hv= xWv=QD K]U R= QDt|Dv=U 5
x@ sRq "CU= xDi=} xt=O= xWv=QD K]U =D Q_vOQwt sm =QD =@ =yx}q |R} Qm =N 'u;
TOkt C=ar=]t T=U=Q@ �u� O} Qow�S |x}q |Q}oQ=Qk uwiOt jta xm CU= QmP
?=NDv= �D� |Q=PoQ=@ |xLiY Q]k 0 33 pO=at [13]'�2008� GrN w |WQiD

"CU= xOW
w QDt|Dv=U 15 Q]k x@?rY |Q=PoQ=@ |xLiY uO=O Q=Qk w xWv=QDp}tmD R=TB

uwiOt xrwr |y=oW}=tR; pOt"3
V}=tR; x=oDUO "1"3

'|Q=PoQ=@ sDU}U '�xWv=QD�V}=tR;|x@aH %|rY=CtUk xUpt=W 'V}=tR; x=oDUO
'QDt|Dv=U 60 ZQa x@ V}=tR; |xWv=QD "CU= C=aq]= C�=Qk w C@F sDU}U w
|rmwD "CU= xrwr uwiOt jta x@ xHwD =@ Q}eDt `=iDQ= w QDt|Dv=U 100 pw]
uwiOt |=yxrwr Q=DiQ |wQ u=WC=ar=]t QO [21]'�2015� u=Q=mty w |OQHQyt
|xwqa x@ xrwr ZQa Q@=Q@ xrwr O=ODt= QO VvD Q}F-=D |xOwOLt xm OvO=O u=Wv
QO xar=]t OQwt uwiOt jta |xv}W}@ |=Q@ =Pr "CU= xrwr uwiOt jta Q@=Q@ 1 5
QDt|Dv=U 15 Q]k x@ |Q=PoQ=@ |xLiY 'xrwr Q]k Q@=Q@ 2 pO=at '=yV}=tR; |xt=vQ@
Oy=wN QDt|Dv=U 65 R= QDtm VvD Q}F-=D |xOwOLt 'QDt|Dv=U 16 Q]k x@ xrwr w
OQmrta 'QDt 1 Q@=Q@ swiw�S lwr@ w xrwr pw] C}=im u}@t hQ] l} R= Qt= u}= "Ow@
hQ] R= w &CU= lwr@ Q=DiQ xH}Dv QO w OwN pw] QO xrwr |Wv=tm Q=DiQ ?U=vt
|@v=H |=yVvQm w =yQ=Wi Q@ xrwr pw] w |}=yDv= \}=QW Q}F-=D sOa u}@t 'Qo}O

"CU=
l@U |@v=H xHw 3 =@ |Oqwi CrmU= =@ x@aH l} QO V}=tR; |xWv=QD
30 Ct=N[ =@ lQLDt |@ wJ C=LiY R= �x@aH |}=Hx@=H QO CrwyU CyH�
'xrwr |rw] QwLt Q@ Owta 'V}=tR; |x@aH Qo}O xHw "CU= xOW xO=t; QDt|r}t
x@ 3Tqo|UmrB TvH R= 'xrwr pmWQ}}eD |Q}oxR=Ov= QoUL |xOy=Wt Qw_vt x@
'l}rwQO}y QOvr}U l} %pt=W '|Q=PoQ=@ sDU}U "CU= xOw@ QDt|r}t 20 Ct=N[
uDw}vwr}m 10 OwOL =D Q=@ p=ta= C}r@=k =@ xOvvmpQDvm VN@ w uewQ uRNt

"Ow@
p@=k w =yxO=OC@F wC�=Qk OL=wl} R= xO=iDU= =@ C=aq]=C@F wC�=Qk sDU}U
hrDNt |=yQoUL R= |HwQN |=yu=} QH '|rN=O QoVR=OQB l} |xr}Uw x@ pQDvm
QO s�=k Q=Wi 'xrwr G=D |]}Lt VvQm 'xrwr G=D u=mtQ}}eD |Q}oxR=Ov= |=yQoUL�
VvQm u=R}t "Ovm|t Ci=} QO =Q �|Q=PoQ=@ K]U Q@ xOQ=w Q=@ COW w 'xrwr G=D w xQ=vm
w QDt|r}t 50 C}iQ_ =@ QoUL� CUWv |Q}oxR=Ov= QoUL \UwD xrwr s�=k Q]k
'|Q=PoQ=@ |xLiY Q@ OQ=w s�=k Q=@ u=R}t &�OwN C}iQ_ |xv}W}@ �0 01 CkO
CkO w uDw}vwr}m 10 C}iQ_ =@ Q=@ pwrU� Q=@ |Q}oxR=Ov= pwrU l} |xr}Uw x@
l}\UwD xrwr G=D|HQ=N |xQ=w}O|]}LtVvQm &�OwNC}iQ_ |xv}W}@ �0 01
|xQ=vm w G=D Q@ OQ=w s�=k Q=Wi w KFG�5�120�C1�16 |Q=HD s=v =@ GvUVvQm
1 C}iQ_ =@ =yGvUQ=Wi� GvUQ=Wi wO R= xO=iDU= =@ =yV}=tR; R= |O=OaD QO xrwr

"Ov=xOW |Q}oxR=Ov= ,=t}kDUt �p=mU=B wr}m 0 1 =D |Q}oxR=Ov= CkO w p=mU=B=ot
O}=@ xWv=QD ZQa [16]'ASTM D2321�08 ptar=QwDUO |x}YwD Q@=v@
T=U=Q@ u}vJty "OW=@ QDt|r}t (W = 1 25D + 300) =@ Q@=Q@ smCUO
R= pY=L Q}O=kt R= QDW}@ O}=@ xWv=QD ZQa |xv}tm [22]'�2010� 4wDW= |xt=vu}};

"OW=@ 2 w 1 \@=wQ
W = 1 5D + 305 (1)

W = D + 406 (2)

�QDt|r}t� xrwr |HQ=N Q]k D w �QDt|r}t� xWv=QD ZQa |xv}tm W '=yu; QO xm
|xv}tm <=[Q= Qw_vt x@ w QDt|r}t 160 pO=at xrwr Q]k x@ xHwD =@ wQ u}= R= "OvDUy
?U=vt QDt|r}t 600 =@ Q@=Q@ xWv=QD ZQa 'QwmPt |=yxt=vu}}; Q_vOQwt ZQa
OQwt |=yQDt=Q=B w V}=tR; x=oDUO l}D=tW Q} wYD '?3 w hr=3 |=ypmW "CU=

"OvyO|t u=Wv =Q =yV}=tR; QO xO=iDU=

63



"""Q
Os

Qiw�S
lwr

@QF=
|y=

oW}
=tR;

|U
QQ@"|Q=QmD Q=@ CLD |=yV}=tR; C=YNWt w xt=vQ@ "2 pwOH

hOy V}=tR; xrwr uwiOt jta C@Uv swiw�S lwr@ O=OaD
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