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u=vtU x=oWv=O 'u=Qta |UOvyt |xOmWv=O

QO xv=OnvU u} Ro}=H u=wvax@ hrDNt |=yOYQO =@ |D=a}=[ l}DUq QOwB R= xO=iDU=
QO |}xR=U w |m}v=mt hrDNt C=}YwYN |y=oW}=tR; |UQQ@ Qw_vt x@ uD@ O}rwD

QOwB |w=L \qDN= KQ] ẁv OvJ '|rwtat uD@ Q@ xwqa "Ov=xOW |UQQ@ Q[=L Q=DWwv
|awvYt h=}r= w =yxv=OnvU |ak=w sHL OYQO 15 w 10 '5 pO=at |D=a}=[ l}DUq
xDN=U =yxvwtv w xDiQo Q_v QO |tHL OYQO 1=5 w 0=75 =@ �PPS� O}irwU ur}iB|rB

|=yCtw=kt |rw '|Q=Wi Ctw=kt Vy=m OwHw =@ xm O=O u=Wv =yV}=tR; G}=Dv "OvOW
Ctw=kt w xDi=} Ow@y@ h=}r= w l}DUq QOwB |w=L |=yxvwtv |x@ Q[ w |WtN w |WWm

�5 w h=}r= �0=75 =@ xvwtv w �48 u=R}t x@ l}DUq �15 =@ xvwtv |}=yv |x@ Q[
"OvDW=O V}=Ri= Q@=Q@ 5=72 =D l}DUq �5 w h=}r= �1=5 =@ xvwtv w Q@=Q@ 2 =D l}DUq

|Q@=Q@ �2=7 '|WtN C}iQ_ |OYQO 50 V}=Ri= Ea=@ h=}r= w l}DUq QOwB uOwRi=
O=a@= =@ |R=UwQ |vD@ |=yp=O |SQv= ?PH w |Q}PBpmW V}=Ri= w Ck=] T}Ov= ?} Q[

"OvOW |rwtat uD@ =@ x@=Wt p=O x@ C@Uv |a=HDQ= QDU@ Q@ nQR@
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msharbatdar@semnan.ac.ir

'|WtN Ctw=kt '|R=UwQ |vD@ p=O '|D=a}=[ l}DUq QOwB %|O}rm u=oS=w
"�PPS� O}irwU ur}iB|rB h=}r= 'Ck=] T}Ov=

xtOkt "1
l}DUq =@ uD@ |Q=WiCtw=kt xm OvO=O u=Wv '�1999� VQ=mty w?}]N u}vJty
xU=t u} Ro}=H l}DUq =@ uD@ x@ C@Uv =Q |QDtm Ctw=kt 'xv=OCWQO u} Ro}=H
xO=O u=Wv �2008� u=Q=mty w 1nvS C=ar=]t G}=Dv ,=vt[ [4]"CU= xO=O u=Wv
C@Uv l}DUq sHL V}=Ri= =@ |m}DUq uD@ |v=UWm pwOt w Ctw=kt xm CU=
|=yCtw=kt Vy=m 'Qo}O |iQ] R= [20]"CU= xDi=} Vy=m |t=Q;x@ xO=U |xvwtv x@
w xOvvmu=wQ jwi uOQm xi=[= w l}DUq uOwRi= =@ xOt; CUOx@ |WWm w |Q=Wi
'�2009� u=Q=mty w u=}Hvo |=yV}=tR; QO [21]"CU= xOW u=Q@H |DavY C=a}=[
=@ |m}DUq uD@ w OQm =O}B V}=Ri= CWQO l}DUq �5 |v} Ro}=H =@ |Q=Wi Ctw=kt
u=Wv l}DUq QOwB x@ C@Uv |QDq=@ |Q=Wi Ctw=kt 'xv=OCWQO u} Ro}=H l}DUq
,=t=tD l}DUq u; QO xm xOW |Qw;pta uD@ xm O=O u=Wv G}=Dv u}vJty [22]"O=O
|Qw;pta uD@ x@ C@Uv |yHwD p@=k Ctw=kt V}=Ri= 'CU= xOW xU=t u} Ro}=H
|=Q@ swi=mr}U R= xO=iDU= w xDW=O �xv=OCWQO u} Ro}=H� xOW xkQw l}DUq =@ xOW
xOW x}YwD xU=t =@ l}DUq |v} Ro}=H R= pY=L |Q=Wi Ctw=kt Vy=m Q@ x@re
Ow@y@ Ea=@ |}xv=NOwQ |xU=t =@ xOW OQN l}DUq �15 |v} Ro}=H [23]"CU=
w |WWm '|Q=Wi |=yCtw=kt pFt |m}DUq |=yuD@ s=wO w |m}v=mt C=YNWt
[24]"CU= xOW Qrm Q@=Q@ QO Ctw=kt w |O}U= '|}=}rk Ctw=kt '?; ?PH '|WtN

p}O@D u=yH QO |DU} R\}Lt Cq[at u} QDnQR@ R= |m} x@ l}DUq C=a}=[ `iO
OvwW|t xO=iDU= uD@ QO xv=OnvU u=wva x@ l}DUq C=a}=[ [2w1]"CU= xOW
CUmW '|OQD w OvyO|t V}=Ri= =Q |SQv= ?PH '|Q}PBh=]av= Q}_v |Y=wN w
V}=Ri= =@ uD@ AtqU= xJQo [3]"OvWN@|t Ow@y@ =Q uD@ sm |otQkJ w |v=yo =v
=@ xOW xDN=U |=y\wrNt QO Q}N=Vy=m u=R}t |rw 'O@=}|tVy=ml}DUq OYQO
CQwY x@l}DUq QF= |wQ Q@ |Q=}U@ u=QoWywSB [8�4]"CU= QDtm R} Q l}DUqxOQN
xm Ov=xDi=} QO w xOQm xar=]t uD@ |}=Q=m QO h=}r= CQwYx@ =} w xv=OR} Q w xv=OCWQO
[16�9]"CU= QDtm |r}N uD@ |}=Q=m QO l}DUq h=}r= XwYNx@ w QOwB |ivt Q}F-=D
x@ l}DUqxOQN R= xO=iDU= w CWQO |xv=OnvU u=wva x@ l}DUq R= xO=iDU=
V}=Ri= w XwYNt sQH w |WWm w |Q=Wi |=yCtw=ktVy=mEa=@ 'xU=t u=wva
w ODi=|tv j=iD= OQ=wt u}= QO Q=Wi QO OQD |oDN}Uo "OwW|t x@ Q[ Ctw=kt
Q}}eD xmv}= ut[ 'CU= xOw@ QDtm xv=OR} Q l}DUq QO |WtN Ctw=kt Vy=m u=R}t
[19�17]"CU= xOWv xOy=Wt RwQ 28 w 7 u}vU QO uD@ |Q=Wi Ctw=kt QO |v=OvJ

pw�Ut xOvU} wv �
"1400 9 7 VQ}PB '1400 6 6 x}LqY= '1399 10 27 Ci=} QO %M} Q=D

DOI:10.24200/J30.2021.57365.2904



"""w
|m

}v=m
t|

=yC
tw=k

t|
y=o

W}=t
R;|

UQQ
@"|iQYt u=t}U |m} R}i C=YNWt "1 pwOH

u}ov=}t Q=Okt OL=w |m} R}i xYNWt h}OQ
3780 cm2=gr �u}r@� |tQv 1
0=2 OYQO |rw] \=U@v= 2
105 xk}kO x}rw= VQ}o u=tR hr= 3
200 xk}kO |}=yv VQ}o u=tR ?
412 kg=cm2 xRwQ 7 |Q=Wi Ctw=kt hr= 4
512 kg=cm2 xRwQ 28 |Q=Wi Ctw=kt ?

"|iQYt u=t}U |}=}t}W C=YNWt "2 pwOH
��� u}ov=}t =y?}mQD h}OQ ��� u}ov=}t =y?}mQD h}OQ

2=24 MgO 5 20=90 SiO2 1
2=74 SO3 6 4=78 Al2O3 2
0=55 K2O 7 3=72 Fe2O3 3
0=26 Na2O 8 62=6 CaO 4

"xU=t w uW |Ov@xv=O |vLvt "1 pmW

Q@=Q@ xm 'CU= xOW |Q}oxR=Ov= w x@U=Lt �|ak=w sHL x@ uRw C@Uv� QOwB |r=oJ
=@ xOW QB w |r=N Cr=L wO QO |Rri hQ_ "CU= xOw@?amtQDt|Dv=U Q@ sQo 1=05
=D l}DUq |w=L hQ_ TBU "O}; CUOx@ l}DUq j}kO uRw =D OW uRw l}DUq
l}DUq |ak=w sHL C}=yvQO xm Ot; CUOx@ O}OH uRw w OW QB ?; =@ hQ_ |x@r

OwW|t Ctw=kt Vy=m Ea=@ hrDNt |=ypmW x@ l}DUq V}=Ri= CQwY Qy QO
jQi sy =@ xv=OCWQO w xv=OR} Q CQwY x@ l}DUq QF= w OQ=O |Dw=iDt G}=Dv w

[27�25]"Ovm|t
Ctw=kt '|D=a}=[ l}DUq OYQO V}=Ri= =@ |Q=Wi Ctw=kt Vy=m seQ|ra
u=UWm u; p}rO xm CU= xDW=O V}=Ri= sy |OQ=wt QO =} w |�RH Vy=m =} |WtN
syt |=ylqt R= |m} xm |}=Hv; R= [28w23]"CU= xOW u=}@ l}DUq C=QP uOw@
C=QP R= xO=iDU= 'CU= ?U=vt |WtN Ctw=kt x@ uO}UQ |vD@ |R=UwQ |L=Q]
|WtN Ctw=kt Vy=m u=R}t w OW=@ O}it Ov=wD|t |vD@ |=y|R=UwQ QO l}DUq
QDUm =N |DL =} l}DUq �30 =D uOwRi= =@ |Q=Wi Ctw=kt Vy=m =@ xU}=kt QO
R=}v ?UL Q@ =yuD@ [29w26]"CU= xDi=} V}=Ri= |DL w xOw@ QDtm Q=}U@ 'l}DUq
C=ar=]t |NQ@ G}=Dv xm OvQ=O |Dw=iDt |}x@ Q[ Ctw=kt 'hrDNt |=yOQ@ Q=m QO
\wrNt QO l}DUq |=yxv=OnvU xm |v=tR [31w30]"CU= Q}N= ?r]t O} -wt u}W}B
C}iQ_ Vy=m ?Hwt w V}=Ri= uD@ QO x@ Q[ p@=kt QO Ctw=kt 'OvwW ?}mQD uD@
[33w23]"OwW|t |SQv= ?PH w uD@ |Q}tN |SQv= C}iQ_ V}=Ri= w u=UWm |SQv=
xm OvO=O VQ=Ro [35]'�2013� u=Q=mty w Qm@ w@= w [34]'�2011� u=Q=mty w 2|@ R=
=D 25 V}=Ri= ?Hwt xv=OR} Q w xv=OCWQO Kr=Yt =@ l}DUq |=yxv=O |v} Ro}=H
|v} Ro}=H Q}F-=D '�2017� u=Q=mty w 3?}]r= "CU= xOW |SQv= ?PH |OYQO 75
KrUt uD@ Q=DiQ QO =Q xU=t u} Ro}=H �20 =D xOW OQN l}DUq =@ xU=t |Q=Okt
w xOW OQN l}DUq xm OvDi=} QO w OvOQm |UQQ@ u}}=B CaQU =@ x@ Q[ Q=@ CLD
|oDN}Uo lQD sy w lQD u}rw= QO sy x@ Q[ Ctw=kt V}=Ri= Ea=@ 'xv=OR} Q =}
l}DUq |w=L uD@ |WtN w |Q=Wi |=yCtw=kt Vy=m x@ xHwD =@ [36]"Ov=xOW
'Q_vOQwt uD@ x@ PPS h=}r= uOwRi= =@ CU= xOW |aU Q[=L Q=DWwv QO '|D=a}=[
u=wva x@ l}DUq O}=wi R= xO=U uD@ Xk=wv Ow@y@ Q@ xwqa =D 'OwW QDtm Q}N= Xkv
nQR@ T=}kt QO |R=UwQ |vD@ |=yp=O CN=U QO u}vJty w |m}v=mt C=YNWt

"OwW xO=iDU= R}v

|y=oW}=tR; |=yxvwtv "2
=yxvwtv w Kr=Yt C=YNWt "1"2

C=YNWt xm 'CU= xOw@ IA}D OvrDQB u=t}U 'Q[=LVywSB QO xOW xO=iDU= u=t}U
Q=mx@ |ovU Kr=Yt "CU= xOW x�=Q= 2 w 1 |=ypwOH QO u; |}=}t}W w |m} R}i
|ovU Kr=Yt w �uW� xv=OCWQO |ovU Kr=Yt pt=W Q[=L VywSB QO xDiQ
ptLD QO |tyt Q=}U@ Vkv xv=OCWQO u=wvax@ uW "CU= xOw@ �xU=t� xv=OR} Q
QB CyH 2=7 |r=oJ =@ xv=OR} Q u=wvax@ sy xU=t w xDW=O uD@ Q@ xOQ=w |=yQ=@
uW ?; ?PH OYQO "CU= xOW xO=iDU= =yxv=OCWQO u}@ |r=N |=[i uOQm
u}}aD CyH |Ov@xv=O V}=tR; "CU= xOw@ OYQO 2=5 w 0=9 ?}DQD x@ xU=t w
OQ=Ov=DU= w ACI211 ptar=QwDUO T=U=Q@ |ovU |=yxv=O |xR=Ov= `} RwD |xwLv
xOW xO=O u=Wv 1 pmW QO \@DQt |=y|vLvt w xDiQo CQwY ASTM C33

"CU=
xO=iDU= |=yl}DUq |xOvvmO}rwD CmQW l} R= R=}vOQwt |Di=} R=@ l}DUq
l}DUq QOwB CQwY x@ ?=}U; R= TB "CU= xOW sy=Qi u}W=t ?QO QO xOW
xi=[= =yuD@ x@ 3 pwOH QO |Ov@xv=O C=YNWt =@ hr=2 pmW Ovv=t |Di=} R=@
=@ "OwW|t xOy=Wt ?2 pmW QO QwmPt QOwB |Ov@xv=O |vLvt ,=vt[ "CU= xOW
x=oW}=tR; QO |}xO=U VwQ =@ 'Ovm|tv ?PH =Q ?; l}DUq QOwB xmv}= x@ xHwD
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"|Ov@xv=O |vLvt w xOW xO=iDU= l}DUqQOwB "2 pmW

CW=@v= R= =D 'OvOW xi=[= \wrNt x@ G} QOD x@ w xrLQt OvJ QO PPS h=}r= =yDv=
"OwW |Q}owrH uD@ QO h=}r= uOW xOwD w

|Qw;pta |xwLv w =yxvwtv C=YNWt "3"2
QO |m}v=mt C=YNWt |=yV}=tR; s=Hv= CyH :|m}v=mt C=YNWt �
|=Q@ QDt|Dv=U 10� 10� 10 |@amt |=y?r=k R= Q[=L VywSB pw= VN@
CyH QDt|Dv=U 10� 20 |}xv=wDU= |=y?r=k '|Q=Wi Ctw=kt |=yV}=tR;
10�10�50 p}]DUt?amt Q}D '|r} RQ@ |WWmCtw=kt |=yV}=tR; s=Hv=
30 `=iDQ= w 15 Q]k x@ |}xv=wDU= |=y?r=k w |WtN Ctw=kt |=Q@ QDt|Dv=U
'OvOW xO} Q@ QDt|Dv=U 15� 6=4 XQk 4 CQwY x@ xv=wDU= Qy xm QDt|Dv=U
5 'Q}D |xvwtv 5 '|@amt |xvwtv 6 "Ov=xOW xO=iDU= x@ Q[ V}=tR; s=Hv= |=Q@
x@ Q[ V}=tR; s=Hv= |=Q@ �XQk 12� |}xv=wDU= |xvwtv 3 w |}xv=wDU= |xvwtv
%pt=W xvwtv 280 ẁtHt QO u; T=U=Q@ xm OvOW xDN=U \qDN= KQ] Qy |=Q@
OOa 50 w |YQk |xvwtv 120 w |}xv=wDU= |xvwtv 50 '|@amt | xvwtv 60
|]}Lt \}=QW QO =yxvwtv |t=tD "OvOW xDN=U p}]DUt ?amt Q}D |xvwtv

"OvOW |Qw;pta RwQ 28 COt x@ ?; u=w pN=O w x=oW}=tR;
|WtN Ctw=kt QO |D=a}=[ l}DUq R= xO=iDU= Q}F-=D |UQQ@ CyH :|vD@ p=O �
ẁv xU =@ p=O |xvwtv 6 ,=awtHt 'Q[=L VywSB QO '|vD@ ?rY |R=UwQ

xwqa "OvOw@ x@=Wt xvwtv wO \qDN= Qy R= xm OvOW xDN=U \qDN= KQ]
w |D=a}=[ l}DUq \ki |w=L uD@ 'Oy=W |xvwtv u=wvax@ |rwtat uD@ Q@
|=yp=O O=a@= "OvOW xDiQo Q_v QO h=}r= w l}DUq ?}mQD |=Q=O uD@ u}vJty
?r=k "OvOw@ QDt|Dv=U 10 Ct=N[ w QDt 1 � 1 ZQa w pw] x@ |vD@
?r=k uwQO xOW xDN=U uD@ w OW sy=Qi xvwtv Qy uD@ uDN} Q |=Q@ |@ wJ
?rY |R=UwQ |WtN Ctw=kt u}}aD |=Q@ "OW |Qw;pta RwQ 28 w xDN} Q
jQw w |]wk 4 ltm x@ =Pr &'Ow@ |a=HDQ= QDU@ uOQm sy=Qi x@ R=}v '|vD@
�Set up� u=tO}J 'Qo}Om} x@ =yu; uO=O VwH w QDt|r}t 6 Ct=N[ x@
QDt 1=25 |a@ Qt O=a@= x@ |Rri ?r=k TBU "OW x}yD V}=tR; |xawtHt
xU "OW xDN} Q ?r=k uwQO QDt|Dv=U 15 `=iDQ= =D l =N TBU w xDN=U
x@ w Ow@ |t=O=@ w |OwNv \wrNt CQwY x@ QDU@ l =N pm R= QDt|Dv=U
|xU=t QDt|Dv=U 12 w OW l}miD u} Q} R |x}q =@ p}=DUmDw�S jQw |xr}Uw

"xOW QOwB l}DUq |Ov@xv=O "3 pwOH
(g)pm `tH 80 50 30 16 10 lr= xQ=tW

�mm� lr= Q]k
2000 10=8 40 90=23 104=86 0 �g�QOwB l}DUq

"PPS h=}r= |m}v=mt w |vi C=YNWt "4 pwOH
(mm) Q]k (mm) pw] (kg=cm3) |r=oJ (MPa) |v=UWm pwOt
0=08 =D 0=07 70�40 0=9 3500

4 pwOH QO xOW x�=Q= C=YNWt =@ PPS h=}r= R= u}vJty "CU= xOt; CUOx@
"CU= xOW xO=iDU=

uD@ \qDN= KQ] "2"2
OQ=Ov=DU= T=U=Q@ 0=5 u=t}U x@ ?; C@Uv =@ |rwtat uD@ \qDN= KQ]
'lWN |=yxv=OnvU |xO=iDU= x@ xHwD =@ w xOW xDiQo Q_v QO ACI�211�89
VywSB QO OwHwt |=yQ}eDt x@ xHwD =@ "CU= xDi=} V}=Ri= |}=yv |iQYt ?; Q=Okt
uD@ x@ xOW xi=[= h=}r= OYQO w |D=a}=[ l}DUq OYQO pt=W xm Q[=L
x�=Q= 5 pwOH j@=]t hrDNt \qDN= KQ] 10 ẁtHt QO 'CU= xOw@ |rwtat

"Ov=xOW
|q=@ w u}}=B OL u}@ QO xU=t |Ov@xv=O Q=Owtv uDiQov Q=Qk p}rO x@ u}vJty
|Ov@xv=O KqY= Qw_vt x@ QDt|r}t 1 R= QDsQv |O=@ |xU=t |Q=Okt 'xt=vu}}; |Ov@xv=O
xOW |rwtat |xU=t u} Ro}=H |tHL CQwYx@ l}DUq QOwB "CU= xOW xO=iDU=
|r=oJ T=U=Q@ uD@ ?amtQDt 1 QO |iQYt |xU=t |ak=w sHL =OD@= QO =Pr "CU=
|=yOYQO T=U=Q@ TBU w xOW u}}aD ?amtQDt 0=3 Q@=Q@ w XNWt |xU=t
uDW=O =@ w xOW XNWt u} Ro}=H l}DUq |ak=w sHL 'OYQO 15 w 10 '5
?UL Q@ l}DUq QOwB uRw �?amtQDt|Dv=U Q@ sQo 1=05 Q@=Q@� l}DUq |r=oJ
xm O=O u=Wv '�1397� xO=RR=tv \UwD xOW s=Hv= C=ar=]t "CU= xOt; CUOx@ sQo
�10 OwOL Vy=m Ea=@ \UwDt Qw]x@ OYQO 1=5 =D 0=5 R= PP h=}r= uOwRi=
|=yOYQO ?}mQD Q}F-=D |UQQ@ swRr x@ xHwD =@ =Pr [37]"CU= xOW |Q=Wi Ctw=kt
\qDN= KQ] xU R= l} Qy x@ '\qDN= |=yKQ] QO l}DUq QOwB =@ h=}r= hrDNt
OYQO 1=5 w 0=75 CQwYx@ h=}r= Cw=iDt OYQO u=R}t wO 'l}DUq QOwB =@
QO '=yxir-wt |x}rm uOQm \wrNt R= TB \qDN= |=yKQ] CN=U QO "OW xi=[=
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"\qDN= KQ] Qy QO hrDNt |=yxir-wt uRw "5 pwOH
� kg� h=}r= uRw l}DUq xv=OR} Q pm xU=t uW u=t}U ?; KQ] s=v h}OQ�1=5 �0=75 (kg) uRw ��� OYQO (kg) (kg) |O=@ (kg) |rwtat (kg) (kg) (kg) |}=yv (kg) x}rw= \qDN=

0 0 0 0 890 80=9 809=13 1040 360 200 180 CS 1
6=75 15=22 5 867=03 76=29 769=27 1040 360 197=1 180 RC5S0=75 2
6=75 30=44 10 839=54 72=94 729=41 1040 360 196=3 180 RC10S0=75 3
6=75 45=66 15 810=86 68=95 689=5 1040 360 195=6 180 RC15S0=75 4

13=5 15=22 5 873=78 76=29 769=27 1040 360 197=1 180 RC5S1=5 5
13=5 30=44 10 846=29 72=94 729=41 1040 360 196=3 180 RC10S1=5 6
13=5 45=66 15 817=61 68=95 689=5 1040 360 195=6 180 RC15S1=5 7

0 0 15=22 5 860=76 76=29 769=27 1040 360 197=1 180 RC5 8
0 0 30=44 10 832=79 72=94 729=41 1040 360 196=3 180 RC10 9
0 0 45=66 15 804=11 68=95 689=5 1040 360 195=6 180 RC15 10

"|}x]kv Q=yJ |WtN Ctw=kt V}=tR; "4 pmW

uDw}v ?UL Q@ x=oDUO |wQ R= xOW C�=Qk Q=@ |xv}W}@ P xm Ot; CUOx@
QDt|r}t ?UL Q@ =yxvwtv `=iDQ= w ZQa 'pw] ?}DQD x@ d w b'L w

"OvDUy
x@ Q[ V}=tR; ẁv u} QDxO=U 'xOvwWQ=QmD |=yx@ Q[ =@ xvRw \wkU V}=tR;
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u=Wv V}=Ri= OYQO 185 w180 ?}DQD x@ l}DUq \ki |w=L |=yxvwtv x@
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RC15F1=5 RC10F1=5 RC5F1=5 RC15F0=75 RC10F0=75 RC5F0=75 RC15 RC10 RC5 C \qDN= KQ] s=v

30 24=5 24=16 29=7 24=8 17=4 6=2 5=67 5=2 4=2 OQwNQ@ \UwDt O=OaD

720 585 572 705 592 415 47 35 23=8 0 |xvwtv x@ C@Uv V}=Ri=
|rwtat uD@ `HQt

QO RmQtDt Q=@ CLD |R=UwQ |vD@ |=yp=O u=mtQ}}eD � Q=@ |=yQ=Owtv "13 pmW
"x@r

QO Ctw=kt |rw 'CU= xDi=} Vy=m �30 =D l}DUq |w=L |vD@ |=yxvwtv |Q=Wi
|r=L QO "CU= xDi=} V}=Ri= OYQO 47 w 65 ?}DQD x@ |}=yv w x}rw= |=ylQD O=H}=
'CU= xOW |Q=Wi Ctw=kt QO �43 =D Vy=m Ea=@ �1=5 =D h=}r= V}=Ri= xm
QHvt |=yx@ Q[ O=OaD QO |Q@=Q@ 4=2 R= V}@ x@ Q[ Ctw=kt V}=Ri= x@ QHvt |rw
CU= xOW |}=yv lQD x@ QHvt |=yx@ Q[ O=OaD QO |Q@=Q@ 7=2 w x}rw= lQD O=H}= x@
Ctw=kt V}=Ri= QO h=}r= w l}DUq QOwB ?}mQD xHwD p@=k Q=}U@ Q}F-=D Qov=Wv xm

"CU= x@ Q[

|R=UwQ |vD@ p=O |}xR=U Ctw=kt "5"4
%|=yxvwtv xm OvOW ?=NDv= x@=Wt |}=DwO A}D 3 ?r=k QO |R=UwQ |vD@ p=O VW
VW w GvB w 'l}DUq QOwB �5 |w=L uD@ =@ Q=yJ w xU '|rwtat uD@ =@ wO w l}
\qDN= KQ] u} QDy@ u=wva x@ xm � h=}r= �0=75 w l}DUq QOwB �5 |w=L uD@ =@
QO RmQtDt Q=@ CLD 7 pmW j@=]t w xDN=U �OvOw@ |WtN Ctw=kt u} QDW}@ =@

"OvOW V}=tR; |WtN CQwYx@ �|vD@ |R=UwQ x@=Wt� p=O |x@r
O=a@= |R=Ux}@W CyH QDt|Dv=U 15 ZQa w pw] =@ Q=@ Q} R |Oqwi jQw
"CU= xDiQo Q=Qk p=O |}q=@ |x@r RmQt QO QDt|Dv=U 2 Ct=N[ w wQOwN l}DUq
=yp=O QO|WtN |=ylQD |xOy=Wt w p=O\UwD ptLD p@=k Q=@ |xv}W}@ =DV}=tR;
Ci=} xt=O= |}=yv CUmW |xrLQt =D |Q=PoQ=@ R}v Q=@ Ci= R= Oa@ w OQm =O}B xt=O=
"OvOW |Q}oxR=Ov= GvUQ=@ \UwD Q=@ Q=Okt w =yGvUu=mtQ}}eD \UwD =yu=mtQ}}eD w
Q=@ p=ta= pLt QO u=mtQ}}eD =@?U=vDt p=OVW u=mtQ}}eD � Q=@ |x}rw= |=y|vLvt
u}vJty "Ov=xOW xO=O p=O |x@r QO =yu=mtQ}}eD =Pr "OvwW|t xOy=Wt 13 pmW QO
CiH |=yp=O |xv}W}@ |=yQ=@ w x�=Q= 11 pwOH QO =yxvwtv |xv}W}@ |=yQ=@ G}=Dv
6 |=ylQD |ak=w w l}D=tW |=tv "Ov=xOW xDiQo u}ov=}t R}v u=Um} uD@ TvH =@
x@ QDW}@ =ylQD 'CiQ|t Q=_Dv= xm xvwou=ty "OwW|t xOy=Wt 14 pmW QO xvwtv
xO}Wm =yxQ=vm x@ =ylQD 'wO w l} |=yp=O QO "OvOw@ xDi=} VQDUo p=O RmQt CtU
CtU x@ w QDpO=aDt Q=DiQ h=}r= w l}DUq |w=L |=yxvwtv QO =ylQD |rw 'Ov=xOW
R} Q |=ylQD '|i=}r= |=yp=O |=Q@ xmv}= ut[ 'Ov=xDW=O p@=kt xHw QO p=O RmQt

"OvOw@v xOy=Wt p@=k |oO=U x@ 'xDiQo pmW
ptLD |QDW}@ Q=@ 'xO=U uD@ x@ C@Uv l}DUq |w=L uD@ OyO|t u=Wv G}=Dv
xH}Dv u}ty |m}DUq uD@ x@C@Uv h=}r= wl}DUq |w=L uD@ u}vJty "CU= xOQm
Ck@=]t |WtN w '|WWm' |Q=Wi |=yxvwtv G}=Dv =@ xD@r= xm CU= xDW=OQ@ QO =Q
x@ |Oa@ pL=Qt QO QDtm |DNU w x}rw= pL=Qt QO QDW}@ |DNU uDW=O Q=_Dv= "OQ=Ov
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"xOQ=w |}=yv Q=@ u=R}t =@ |R=UwQ |vD@ |=yp=O |WtN |=ylQD |ak=w |=tv w l}D=tW |xWkv "14 pmW
"C=Q}}eD u=R}t w |R=UwQ |=yp=O Q@ xOW OQ=w Q=@ |xv}W}@ G}=Dv "11 pwOH

C@Uv Q=@ V}=Ri= OYQO C=Q}}eD ?} Q[ u}ov=}t Q=@ |}=yv Q=@ C=L}[wD s=v xQ=tW
��� pQDvm |xvwtv x@ ��� (kN) |}=yv (kN) p=O

0 35=4 115=83 86=83 xO=U uD@ Plain concrete
1

144=83 2

+5=25 12=47 121=91 111=16 l}DUq �5 =@ uD@ RC5 3
132=66 4

+51=36 10 175=33 162=83 w l}DUq �5 =@ uD@
RC5F0=75 5

187=83 PPS h=}r= �0=75 6
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Q} R K]U ?}DQD x@ 'OW=@ � Q@=Q@ lQD u}rw= O=H}= |x_Lr QO xvwtv u=mtQ}}eD
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|R=UwQ |vD@ |=yp=O |oOQwNlQD u=mtQ}}eD |Q@=Q@ 3 w 2 Ck=] T}Ov= |Q@=Q@

"CU= xOW

QDW}@ |=yQ=@ =@ Oa@ pL=Qt QO |QDtm CUWv w xOW QDsm =QDt |tm 'l =N w O=H}=
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12 x@ C=Q}}eD ?} Q[ 'h=}r= =@ ?}mQD TBU w l}DUq uOwRi= =@ |rw 'CU= xDW=O
|=yxvwtv G}=Dv x@ QDW}@ O=tDa= C}r@=k R= u=Wv xm CU= xDi=} Vy=m OYQO 10 w

"CU= G}=Dv QO sm Q}}eD sOa w QwmPt
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I5 `HQt xvwtv x@ xvwtv Qy C@Uv I5 \UwDt I2 `HQt xvwtv x@ xvwtv Qy C@Uv I2 \UwDt
� 9=93 � 5=5 Plain concrete

2=72 27=045 1=6 8=8 RC5
1=66 16=50 1=3 7=2 RC5F0=75

|WtN Ctw=kt Vy=m uOW QDtm Ea=@ h=}r= 0=75 uOwRi= ,=vt[ "CU=
|w=L \ki |=yxvwtv x@ C@Uv �4 =D V}=Ri= Ea=@ |Q}@aD x@ xm CU= xOW

"CU= xOW l}DUq QOwB
V}=Ri= Ea=@ ?}DQD x@ |D=a}=[ l}DUq QOwB |OYQO 15 w 10 '5 V}=Ri= "4
OYQO 48 w 35 '24 w pw= lQD QO x@ Q[ Ctw=kt QO |OYQO 65 w 58 '24
xOW |rwtat uD@ =@ =v@t |xvwtv x@ C@Uv |}=yv lQD O=H}= QO x@ Q[ Ctw=kt
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"CU= xOW l}DUq QOwB |w=L |xvwtv x@ C@Uv |}=yv w x}rw= |=yx@ Q[
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