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|xv}W}@ w xv}tm =@ |i=}r= w |rwtat KrUt
|rw] |WWm QwD=tQ;

�OWQ= T=vWQ� � xO=RuUL O}tL
�O=DU=� � Q=OD@ QW s_�OtLt

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

|=yQ}D |WtN C=}YwYN QO |D@Ft Q}F-=D '|rw] |=yOQor}t w =yh=}r= C=}YwYN
QO �xv}W}@ w xv}tm � |rw] QwD=tQ; Cw=iDt C@Uv wO Q}F-=D 'Q[=L Q=DWwv QO "OvQ=O xtQ;uD@
|UQQ@ |y=oW}=tR; CQwY x@ |i=}r= |=yQ}D |=ylQD VQDUo |xwLv w |WtN X=wN
|=yQ}D xm 'OvOW xDN=U Q}D OOa 8 "Ov=xOW xU}=kt |rwtat |vD@ |=yQ}D =@ =yv; G}=Dv w
uD@ Q}D 6 pt=W sy 'sQ=yJ =D swO |=yxwQo w `HQt |rwtat uD@ Q}D 2 pt=W 'pw= xwQo
G}=Dv "OvOw@ 1/5 w 1/0 '0/5 Q@=Q@ |Oqwi h=}r= |tHL OYQO =@ xOW KrUt |i=}r=
|SQv= ?PH w |Q}PBpmW '|WtN Ctw=kt '|oOQwNlQD Q=@ xm O=O u=Wv |y=oW}=tR;
u} QDW}@ "CU= xDi=} Ow@y@ OwN x@=Wt |rwtat uD@ |=yQ}D x@ C@Uv |i=}r= uD@ |=yQ}D
=@ h=}r= �1 w xv}tm |WWm QwD=tQ; =@ xOW xDN=U |=yxvwtv u=}t QO |Q}PBpmW C@Uv
'0/5 uOwRi= ,=vt[ "CU= xOW xOy=Wt |i=}r=Q}e x@=Wt |xvwtv x@ C@Uv �30 V}=Ri=
Ctw=kt OYQO 29 w 23 '16 V}=Ri= Ea=@ ?}DQD x@ |Oqwi h=}r= OYQO 1/5 w 1/0

"CU= xOW h=}r= uwO@ |=yQ}D x@ C@Uv |WtN

hamidhasanzadeh3020@gmail.com
msharbatdar@semnan.ac.ir

'|SQv= ?PH '|WtN Ctw=kt '|Q}PBpmW '|Oqwi h=}r= %|O}rm u=oS=w
"|WWm QwD=tQ; |xv}tm

xtOkt "1
|=y pwtQi ACI544"4 R ptar=QwDUO [11�8 '2]"Ov=xOW O=yvW}B |i=}r= KrUt
h=}r= w OQor}t x@ KrUt |=yQ}D |tU= |WtN C}iQ_ |x@U=Lt |=Q@ |OOaDt
|=yQ}D |Q}PBpmW w |WtN Q=DiQ 'u=QoWywSB |NQ@ [2]"CU= xO=O x�=Q= |Oqwi
xO=U QU wO CQwY x@ =Q �UHPFRC� q=@ OQmrta =@ |i=}r= KrUt |D} RwBt=m
xm 'Ov=xOQm |UQQ@ h=}r= OYQO QO Q}}eD w Q=OQ}oQU wO =} |QU=QU |xv=yO wO =}
u=Q=mty w 2OwtLt pY}i [16�12]"CU= xOW xDiQo xH}Dv QDtm |=yCwt=N x@ R=}v
|QU=QU |xv=yO wO KrUt uD@ Q}D 6 Qovr w |WtN `} RwDR=@ OQmrta '�2018�
|Q}PBpmW '|i=}r= |=yQ}D xm OvDi=} QO w OvOQm |UQQ@ =Q Oqwi h=}r= uwO@ w =@
p}mWD =ypYit Q=m w R=U w xO=O u=Wv =Q pt=m `} RwDR=@ |=[=kD w xDW=O |@ wN

[17]"Ov=xOW
CN=wvm} Q=@CLD sm =QDtOwN uD@ =@ =Q|vD@ Q}D 14 '�2018� u=Q=mty w OwtLt
OQmrta '�2013� 4w=O=H w |rm R}v w �2017� u=Q=mty w 3w} [18]"OvOQm V}=tR;
xO=iDU= xm OvDi=} QO w OvOQm xar=]t =Q ?mQt h=}r= x@ KrUt |vD@ |=yQ}D |WtN

Ow@y@ Ea=@ 1 �SFRC� |i=}r= uD@ u=wva x@ |vD@ <=[a= QO |Oqwi h=}r= OwHw
|WtNCtw=kt u}vJty w|WQ@Ctw=kt w |otQkJ '|Q}PBpmW '|WWmCtw=kt
`} RwD 'h=}r=|m}v=mt w|m} R}iC=}YwYN x@h=}r= =@KrUtuD@ OQmrta xm &OwW|t
OQor}t Vy=m x@ QHvt w OQ=O |oDU@ uD@ w h=}r= Ovw}B C=}YwYN 'h=}r= OYQO w
QO wQm =t w wQm}t T=}kt wO QO h=}r= |O=a@= C@Uv [5�1]"OwW|t Cwt=N w |rw]
[6]"OvDUy QF-wt|m}v=mt X=wN wCUmW |=yOt wT} QD=t w h=}r= u}@ Ovw}B Ow@y@
OQor}t |=Q@ |rtmt Vkv Ovv=wD|t wQm =t w wQm}t T=}kt wO QO =yh=}r= u}vJty
Ctw=kt w |m}v=mt X=wN wCUmW |=yOt QO w OvW=@ xDW=O xR=U QO OQ@ Q=m |=Q@
RILEM162-TDF %Ovv=t '|Dw=iDt |=yOQ=Ov=DU= [7]"OvQ=Po@ Q}F-=D uD@ |WtN
uD@ |xQ=@ QO ACI544�2008 |xD}tm w �b Model Code2010 wTC

pw�Ut xOvU} wv �
"1401 9 20 VQ}PB '1401 9 10 x}LqY= '1401 6 7 Ci=} QO %M} Q=D

DOI:10.24200/J30.2022.60932.3131

%xr=kt u}= x@ O=vDU=
"|rw] |WWm QwD=tQ; |xv}W}@ w xv}tm =@ |i=}r= w |rwtat KrUtuD@ |=yQ}D lQD Q=WDv= |wor= w |WtN Q=DiQ |xU}=kt "1402 's_=mOtLt 'Q=OD@ QW w O}tL 'xO=RuUL

"27�15 "XY '�2�39 'h} QW u=Qta |UOvyt



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

QO xOW xO=O u=Wv |=y|Ov@xv=O |vLvt =@ QDt|r}t 5 |xR=Ov= |xv}W}@ =@ xU=t
"CU= xOW xO=iDU= 1 pmW

j@=]t OwQy=W u=t}U |xv=NQ=m CN=U II A}D OvrDQB u=t}U R= u}vJty
uD@ CN=U |=Q@ |QyW ?Q )W ?U=vt ?; w ASTM C150 OQ=Ov=DU= =@
w 10 Q]k OQor}t ẁv wO R= 'Q}D |=yxvwtv CN=U |=Q@ "CU= xOW xO=iDU=
'Cwt=N u=wva x@ QDt|r}t 8 Q]k w |WtN |=yOQor}t u=wva x@ QDt|r}t 16
|WWm Ctw=kt C=YNWt w xO=iDU= '�Qw@=W}v� u=U=QN Oqwi CmQW |O}rwD
xOW x�=Q= 1 pwOH QO 'Ov=xOW |Q}oxR=Ov= p=UQw}vw} VWm x=oDUO =@ xm '=yv;
ASTM A820/A820M OQ=Ov=DU= C=YNWt j@=]t |Oqwi h=}r= R= "CU=
x@ 20 OwOL R= �Q]k x@ pw] C@Uv� O=a@= C@Uv =@ xDUUo w x=Dwm |=ypw] =@
xOW xO=iDU= uD@ QO �2 R= QDtm |tHL OYQO =@ ,qwtat w hrDNt `]=kt =@ '100

"CU=
0/8 Q]k w 50 pw] =@ Q=O?qk =yDv= wO |Oqwi h=}r= R= Q[=L VywSB QO
R= w p=mU=B=ot 1140-573 |WWm Ctw=kt =@ '60 |Qy=_ C@Uv w QDt|r}t
ASTM 820 OQ=Ov=DU= =@j@=]t Type I ẁv w Crimped-End Wire |xDUO

"CU= xOW xO=iDU=
xOW xO=iDU= |i=}r= w |rwtat uD@ \qDN= KQ] |=Q@ R}v ACI-211 VwQ R=
O}=@ 'u}= OwHw =@ &CU= xOWv xOy=Wt =yv; \qDN= KQ] u}@ |Y=N Cw=iD w
|xO}OB =} |oOW=OH R= |Q}owrH w h=}r= CN=wvm} VNB |=Q@ C=_Lqt |NQ@
x@ uD@ CN=OQB w sm =QDt 'uDN} Q CyH =Q=m \wrNt l} O=H}= w uOW |}xrwro
|=Q@ xwQo 4 |=yQ}D |=yxvwtv QO 2 pwOH QO xOW x�=Q= \qDN= KQ] R= "O}; pta
xOW xO=iDU= =yxvwtv CN=U QO lWN |xU=t w uW R= R}v w uD@ ?amtQDt 1

"CU=

=yxvwtv C=YNWt w |L=Q] |v=@t "2"2
j@=]t swO l} T=}kt =@ |Oqwi h=}r= uwO@ w =@ |=yQ}D |y=oW}=tR; |xvwtv
250 w 250 '200 Q@=Q@ d QF-wt `=iDQ= w h pm `=iDQ= w b ZQa =@ 2 pmW
xDN=U w xDiQo Q_v QO QDt|r}t 1980 |y=ox}mD pw] w 2300 pm pw] x@ QDt|r}t
|xrY=i x@ RmQtDt |=ywQ}v w OvDiQo Q=Qk |}x]kv Q=yJ |Q=PoQ=@ CLD w OvOW
Q}O=kt |x@U=Lt |=Q@ "OvOW p=ta= uQ=kDt CQwY x@ w Qo}Om} R= QDt|r}t 660
|=Q@ sRq |rw] |=yQwD=tQ; pm K]U w (�max) |xv}W}@ w (�min) |xv}tm

[20 w 19]"OWN@|t Ow@y@ =Q h=}r= x@ KrUt uD@ Q}D |WtN OQmrta '?mQt h=}r= R=
|UQQ@ =Q VJ}B w VtN pta wO Qy CLD |=yQ}D '�2016� 5povU w p}D=B
[21]"CU= xOW Ctw=kt wO Qy Ow@y@ Ea=@ |Oqwi h=}r= xm OvDi=} QO w OvOQm
=@ =Q xO}O?}U; KrUt uD@ |=yQ}D |R=Usw=kt sy '�2020� Q=OD@ QW w |@ w}=
u}@ =yxvwtv |}=yv |wQ}v xm OvDi=} QO w OvOQm |UQQ@ HPFRCC R= xO=iDU=
QO R}v '�1398� Q=OD@ QW w |v=N|kD [22]"CU= xDi=} V}=Ri= OYQO 95 =D 27
QHvt '|WtN <=[a= x@ HPFRCC |=yh=}r= uOwRi= xm OvDi=} QO OwN |xar=]t
[23]"OwW|t |rwtat uD@ =@ |=yQ}D =@ xU}=kt QO |WQ@ |=yCwt=N Vy=m x@
|i=}r= |D} RwBt=m uD@ Ovv=t xS} w |=yuD@ QO u=wD|t Q}N= |=yh=}r= R= u}vJty
X=N |=yuD@ CN=U QO R}v w O}OH |vD@ |=y?=k QO �HPFRCC� Ovtv=wD
xi=[= |Q}PB QF= w xO=iDU= hrDNt |=yCr=L QO |R=Usw=kt |=Q@ ECC Ovv=t
VQDUo QO |Oqwi h=}r= Q}F-=D [25 w 24]"OQm xOy=Wt =Q =yuD@ `=wv= QO =yh=}r= uOQm
uOwRi= xm O=O u=Wv R}v OQor}t |xrYw |=Q=O |Di=} R=@ KrUt uD@ |=yQ}D QO lQD
|xU}=kt u}vJty [26]"OwW|t xrYw pw] |OYQO 40 Vy=m Ea=@ h=}r=
|}xNQJ Q=@ CLD |=yQ}D QO PPS w |Oqwi h=}r= ẁv wO R= xO=iDU= Q}F-=D
QDW}@ |atHD |xOW hrD |SQv= Q}O=kt '|Oqwi h=}r= |w=L uD@ xm O=O u=Wv
xH}Dv PPS h=}r= |w=L uD@ QO Q_=vDt Q=Okt x@ C@Uv =Q |QDq=@ Ctw=kt w

[27]"OyO|t
|=yQ}D |WtN Q=DiQ QO |v=w=Qi |=yQDt=Q=B xm OvO=O u=Wv u}W}B C=ar=]t
u=tRsy Q}F-=D |UQQ@ XwYN QO |O}OH C=ar=]t x@ R=}v |rw 'OvDUy QF-wt xtQ;uD@
|WtN Q=DiQ QO |WWm |rw] QwD=tQ; OYQO Cw=iDt Q}O=kt w |Oqwi h=}r= OYQO
CQwY x@ Q[=L Q=DWwv QO xm 'CU= |i=}r= |=yQ}D QO =ylQD O=H}= |xwLv w

"CU= xOW |UQQ@ |y=oW}=tR;

|y=oW}=tR; j}kLD VwQ "2
\qDN= KQ] w Kr=Yt "1"2

CyH xv=OR} Q u=wva x@ xU=t R= w Ctw=kt V}=Ri= CyH xv=OCWQO u=wva x@ uW R=
'OwW|t xO=iDU= ?U=vt |Ov@xv=O =@ uD@ QO =yxv=OCWQO u}@ |r=N |=[i uOQm Q)B
pw@k p@=k |xOW s=tD |xv} Ry =@ sRq |}=Q=m x=Qty x@ s=wO w Ctw=kt Q@xwqa =D
w 19/5 |xv}W}@ |xR=Ov= =@ xDUmW uW R= 'Q[=L VywSB QO =Pr "OwW u}t-=D
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"xOW xO=iDU= |=yOQor}t |m}v=mt C=YNWt "1 pwOH
Ctw=kt |xv}W}@ CUmW VvQm s}rUD Ctw=kt xvwtv QwD=tQ; Q]k

fu(MPa) (�) fy(MPa) (mm)
566/75 74/70 419/19 1

8568/69 39/43 409/09 2
567/72 57/06 414/14 u}ov=}t

663/49 59/01 422/18 1
10662/61 60/32 422/18 2

663/05 59/66 422/36 u}ov=}t

639/54 37/63 498/05 1
16636/91 38/09 497/22 2

638/22 37/86 497/63 u}ov=}t

"Q[=L VywSB QO \qDN= KQ] "2 pwOH
(kg=m3) xv=OnvU

(kg=m3) u=t}U (Kg=m3) ?; (w=c)
h=}r= OYQO \qDN= KQ]uW xU=t (vf)

675 1100 395 203 0=51
0 NRC

0/5 SFRC 0/5
1/0 SFRC 1/0
1/5 SFRC 1/5

"�QDt|r}t ?ULQ@ O=a@= s=tD� xOW V}=tR; |vD@ |=yQ}D C=}�RH "2 pmW

Q]k OQor}t OOa 2 R= =yCwt=N |Q=Oyov |=Q@ w OvDiQo Q=Qk Q}D u}}=B QO w OvOW
"CU= xOW xO=iDU= Q}D |q=@ QO QDt|r}t 10

pw] QwD=tQ; OYQO T=U=Q@ (�max) |rw] |=yQwD=tQ; |xv}W}@ 'u}vJty
%CU= xOW x@U=Lt 3 |x]@=Q j@=]t Tvq=@

�b = Asb
bd

= �10 85f 0c
fy

: 600
600 + fy

=

0 835� 0 85� 28� 600
400� (600 + 400)

= 0 0298 (3)

'OvwW|t x@U=Lt 4 |xrO=at j@] |WQ@ |xv}tm |=yQwD=tQ; 'R}v =yCwt=N OQwt QO
157/08 Q@=Q@ |y=oW}=tR; |=yxvwtv u}= QO xOW xO=iDU= |=yCwt=N CL=Ut =t=
|QDt|r}t 100 |=yxrY=i QO QDt|r}t 8 Q]k Cwt=N xm 'CU= xOw@ `@ QtQDt|r}t

xOW xO=iDU= 2 w 1 \@=wQ j@=]t [23]'ACI1318�19 |xt=vu}}; R= |vD@ |=yQ}D
%CU=

%(�min) |rw] |=yQwD=tQ; |xv}tm |x@U=Lt
�min = 1 4

fy
= 0 00331

Asmin = �min bd = 139 02mm2 (1)

Asmax = 0 85f 0cb�1d
fy

: 0 003
0 003 + 0 005 = 782 50mm2 (2)

Q@=Q@ uD@ p=mU=B=ot 30 |Q=Wi Ctw=kt =@ w xt=vu}}; j@=]t �1 ?} Q[ 'u; QO xm
OQor}t |xv}tm u=wva x@ QDt|r}t 10 Q]k x@ OQor}t 2 R= =Pr "OwW|t 0/8357
x@U=Lt |WWm |rw] OQor}t |xv}W}@ u=wva x@ QDt|r}t 16 Q]k OQor}t 4 w |rw]

17



"=yxvwtv C=YNWt w |Q=Pot=v "3 pwOH
|WWm |=yOQor}t C=YNWt xvwtv KQW xvwtv s=v xwQo xQ=tW

2�10 |WWm OQor}t |xv}tm =@ xOW KrUt |rwtat uD@ Q}D NRC-MIN 1 1
4�16 |WWm OQor}t |xv}W}@ =@ xOW KrUt |rwtat uD@ Q}D NRC-MAX 2
2�10 |WWm OQor}t |xv}tm =@ |Oqwi h=}r= sHL OYQO 0/5 =@ xOW KrUt |rwtat uD@ Q}D SFRC0/5-MIN 2 3
4�16 |WWm OQor}t |xv}W}@ =@ sHL OYQO 0/5 =@ xOW KrUt |Oqwi h=}r= uD@ Q}D SFRC0/5-MAX 4
2�10 |WWm OQor}t |xv}tm =@ sHL OYQO 1/0 =@ xOW KrUt |Oqwi h=}r= uD@ Q}D SFRC1/0-MIN 3 5
4�16 |WWm OQor}t |xv}W}@ =@ sHL OYQO 1/0 =@ xOW KrUt |Oqwi h=}r= uD@ Q}D SFRC1/0-MAX 6
2�10 |WWm OQor}t |xv}tm =@ sHL OYQO 1/5 =@ xOW KrUt |Oqwi h=}r= uD@ Q}D SFRC1/5-MIN 4 7
4�16 |WWm OQor}t |xv}W}@ =@ sHL OYQO 1/5 =@ xOW KrUt |Oqwi h=}r= uD@ Q}D SFRC1/5-MAX 8

"V}=tR; sDU}U |ak=w w l}D=tW |=tv "3 pmW

=yxvwtv V}=tR; u=tO}J w |y=oW}=tR; C=R}yHD "3"2
'|Y=N C=R}yHD w =yQ=R@= R= 'V}=tR; u}L QO Q_v OQwt |=yQ}eDt |Q}oxR=Ov= |=Q@
|=Q@ GvUwQ}v '=yu=mtQ}}eD |Q}oxR=Ov= |=Q@ GvUu=mtQ}}eD '=yGvUVvQm %Ovv=t
|=yGvUVvQm R= "Ov=xOW xO=iDU= Q=@ p=ta= |=Q@ AtB w lH 'Q=@ u=R}t |Q}oxR=Ov=
VvQm |Q}oxR=Ov= |=Q@uB=S TMLCmQWCN=U QDt|r}t 5 pw] x@ FAL5-11 ẁv
\Uw QO XwYNt |=y?UJ =@ w sRq CkO =@ |Oqwi |=yOQor}t |wQ Q@ |rw]
"OvOW C_i=Lt x@ Q[ w uD@ C@ w]Q Q@=Q@ QO w ?Yv |Q=Wi w |WWm |=yOQor}t
|x]kv wO w xv=yO \Uw QO u=mtQ}}eD |Q}oxR=Ov= |=Q@ GvUu=mtQ}}eD OOa xU
Q=Qk xOQ=w s�=k Q=@ |Q}oxR=Ov= |=Q@ sy |vDw}vwr}m 500 ẁv GvUwQ}v w =yQ}D Qo}O
'TBU "OW C@F \@DQt x=oDUO \UwD V}=tR; u}L QO sRq C=aq]= "OvDiQo
3 pmW |y=oW}=tR; sDU}U j@=]t |m}D=DU= |}x]kv Q=yJ VtN CLD =yxvwtv

"OvOW V}=tR;

=yQ}D u}= QO |WQ@ CUmW =Pr &CU= xOw@ QDW}@ xv}tm |=yQwD=tQ; R= xm 'OvDiQo Q=Qk
"Ow@ Oy=wN sm =L |WtN Q=DiQ w O=O Oy=wNv MQ

Avmin = 0 35 bs
fy

= 0 35� 200� 100
490 =

14 28mm2 < Av = 157 08mm2 (4)

l} xwQo xm 'OvOW xDN=U w |L=Q] xwQo 4 QO |vD@ Q}D 8 'Q[=L Q=DWwv QO
=@ |Oqwi |i=}r= uD@ 'Qo}O xwQo xU w �`HQt� xOW KrUt |rwtat uD@ u=wva x@
xvwtv wO pt=W xwQo Qy "OvOW xDiQo Q_v QO �1/5 w 1/0 '0/5 |tHL |=yOYQO
|=yOQor}t |xv}W}@ w (2�10) |WWm |=yOQor}t |xv}tm =@ xOW KrUt uD@ Q}D

"OvOw@ (4�16) |WWm
uD@ |=yxvwtv xm 'Ov=xOW x�=Q= 3 pwOH QO =yxvwtv C=YNWt w |Q=Pos=v
R= xO=iDU= =@ SFRC CQwY x@ |Oqwi |i=}r= uD@ w NRC CQwY x@ |rwtat
xv}tm hQat �A� xm 'Ov=xOW |Q=Pos=v SFRCB-A w NRC-A |Q=PoCtqa
OYQO� |Oqwi h=}r= Q=Okt �B� '|WWm Oqwi Q=Okt �MAX� |xv}W}@ w �MIN�
KrUt Q}D l} NRC-MIN |xvwtv 'p=Ft u=wva x@ "CU= �?amtQDt QO uD@ sHL
SFRC1/0-MAX w |rwtat uD@ R= (�min) |WWm Oqwi Q=Okt |xv}tm =@ xOW
uD@ R= (�max) |WWm Oqwi Q=Okt |xv}W}@ =@ |i=}r= uD@ |xOW KrUt Q}D l}

"CU= ?amtQDt Qy QO �1/0 sHL =@ |i=}r=
xi=[= \wrNt x@ xrLQt u}OvJ |] w |t=Q; x@ h=}r= '|i=}r= uD@ CN=U QO
=yxv=OCWQO w =yxv=OR} Q =OD@= "OwW |Q}owrH h=}r= uOW |}xrwro |xO}OB R= =D OvOW
\wrNt x@ \qDN= ?; |vRw swU l} TBU 'OvOW \wrNt sy =@ xk}kO 2 COt x@
l} w u=t}U 'xt=O= QO "CU= xDi=} xt=O= \qDN= 'xk}kO 2 COt x@ w xOW xi=[=
xDi=} xt=O= xk}kO 1 COt x@ \qDN= w xOW xi=[= ?}mQD x@ |Oqwi h=}r= swU
\qDN= xk}kO 2 COt x@ w xi=[= ?}mQD x@ h=}r= w ?; |x}k@ 'u=}=B QO "CU=
Cw=iDt |=yOYQO Q}F-=D |UQQ@ Qw_vt x@ '|R} QuD@ u}L QO "CU= xOW xO=O xt=O=
w 100 Q]k x@ |}xv=wDU= |xvwtv Q=yJ 'uD@ |Q=Wi Ctw=kt u}}aD CyH h=}r=
TB RwQ l} =yxvwtv xm 'CU= xOW x}yD \qDN= KQ] Qy R= QDt|r}t 200 `=iDQ=
Ctw=kt V}=tR; CLD '|Qw;pta RwQ 28 R= Oa@ w OvOW |Q=OQ@?r=k 'CN=U R=

"OvDiQo Q=Qk ASTMC33 |xt=vu}}; j@] |Q=Wi
|=yuD@ |=Q@ (f

0
c) |}xv=wDU= |Q=Wi Ctw=kt \UwDt xm O=O u=Wv G}=Dv

'28/15 Q@=Q@ ?}DQD x@ h=}r= OYQO 1/5 w 1 '0/5 =@ |i=}r= |=yuD@ w |rwtat
19 V}=Ri= x@ QHvt |Oqwi h=}r= w xOw@ p=mU=B=ot 35/78 w 42/12 '34/05

"Ov=xOW Oy=W |xvwtv x@ C@Uv |Q=Wi Ctw=kt |OYQO 50 =D
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Q=m x@ h=}r= OYQO w |rw] QwD=tQ; u=R}t =@ ?U=vDt |QDW}@ |=yu=mtQ}}eD ptLD
QDW}@ uOW R=@ =@ w OvD =D s}qt R= Cw=iDt |=y?}W =@ w CW=O Ovy=wN =Q xDiQ
u=mtQ}}eD QO OwN |}=yv CUmW |x]kv x@ 'Q}D |v=}t ,=@} QkD |x}L=v QO =ylQD
|x_Lr �cr |oOQwNlQD |x_Lr QO u=mtQ}}eD Q}O=kt "O}UQ Ovy=wN |}=yv
u}ty =@ ?U=vDt R}v �u CUmW |x_Lr |}=yv u=mtQ}}eD w �y uOW |Q=H
`]=kt QO xJv=vJ "OvDUy C@F p@=k |vLvt |wQ R= w O};|t CUO x@ \=kv
|}=yv u=mtQ}}eD Q=Okt 'OW=@ |}=yv Q=@ �15 R= V}@ Q=@ Ci= u=R}t '|rwtat uD@
=yQ=@ Q}O=kt "OwW|t xDiQo Q_v QO 0=85Pmax =@ Q@=Q@ |}=yv Q=@ =@ Q_=vDt �u

|}=yv w xv}W}@ 'uOW |Q=H '|oOQwNlQD hrDNt |=yCr=L QO =yu=mtQ}}eD w
p}rLD w x�=Q= |Oa@ |=yVN@ QO xm 'Ov=xOW x@U=Lt xv=o =OH Qw] x@ Q}D 8 |xty
=yQ}D R= l} Qy |=yOQor}t |WWm |xv}W}@ VvQm � Q=@ |=y|vLvt "Ov=xOW
'=yOQor}t uOW |Q=H |WWm Ctw=kt x@ xHwD =@ "OvwW|t xOy=Wt 6 pmW QO
Q@=Q@ u; Q_=vDt Q=@ xm 'CU= uwQm}t 2000 Q@=Q@ uOW |Q=H Cr=L Q_=vDt VvQm
Q=@ 'p=Ft |=Q@ xm &O};|t CUO x@ Q}D Qy |=Q@ VvQm � Q=@ |=y|vLvt R= Py
xOw@ uDw}vwr}m 53/49 Q@=Q@ |rw] QwD=tQ; |xv}tm =@ `HQt Q}D QO uOW |Q=H

"CU=

=ylQD |x}rw= |=yxOy=Wt w G}=Dv "3
xOy=Wt xrLQt Qy QO xOQ=w Q=@ Q}O=kt =@ ?U=vDt 'xvwtv 8 QO xOW O=H}= |=ylQD
|=yQ}D C}a[w R}v ,=D}=yv "Ov=xOW xO=O u=Wv Cw=iDt nvQ =@ =yQ}D |wQ Q@ w
w l}miD x@ 4 pmW QO |}=yv CUmW w |}=yv Q=@ |x_Lr QO xOQwNlQD
xOy=Wt 5 pmW QO sy =yQ}D R= l} Qy |xv=yO \Uw u=mtQ}}eD � Q=@ |=y|vLvt
?U=vDt w |]N |x}rw= ?}W w Q=DiQ l} R= Oa@ Q}D QO lQD u}rw= "OvwW|t
|}x_Lr QO |oOQwNlQD Q=@ Q=Okt w OwW|t xOy=Wt Pcr |oOQwNlQD Q=@ =@
=@ 'u; R= Oa@ "Ovm|t Q}}eD pw= |xrLQt QO u=mtQ}}eD � Q=@ |vLvt ?}W xm CU=
?}W =@ xOv}=Ri= |]NQ}e CQwY x@ Q}D |WtN Q=DiQ '=ylQD ZQa w O=OaD V}=Ri=
xDi=} V}=Ri= sy =yQ}D |v=DLD |=yOQor}t QO |WWm VvQm u=R}t w xOt; QO |QDtm

"CU=
=@ ?U=vDt uOW |Q=H w s}rUD OL x@ =yOQor}t VvQm uO}UQ ZLt x@
'O@=}|t Vy=m |vLvt ?}W 'uOW |Q=H u=mtQ}}eD w Py uOW |Q=H |wQ}v
|xv}W}@ C}iQ_ x@ Q}D ,=D}=yv =D &CU= V}=Ri= p=L QO |Q@ Q=@ C}iQ_ Rwvy |rw
C}r@=k Rwvy =yQ}D |rw 'O}UQ Oy=wN |vLvt Gw= |x]kv QO Pmax Q@=Q@ OwN

19



"xOW V}=tR; |=yQ}D |xv=yO \Uw u=mtQ}}eD � wQ}v |vLvt "5 pmW

V}=Ri= OYQO x=Qty x@ |rw] QwD=tQ; |xv}tm =@ Q}D 4 |}=yv w xv}W}@ 'uOW |Q=H
QO |rw] QwD=tQ; |xv}tm =@ w |Oqwi h=}r= uwO@ `HQt Q}D x@ C@Uv s=Om Qy
|xv}tm =@ QwmPt Q}D 4 u=mtQ}}eD w =yQ=@ u}@ |xU}=kt "Ov=xOW x�=Q= 4 pwOH
u}vJty w 8 w 7 |=ypmW |UQQ@ "OwW|t xOy=Wt 8 pmW QO |rw] QwD=tQ;
|xv}tm =@ `HQt Q}D QO lQD u}rw= xm OyO|t u=Wv '4 pwOH QO xOW x�=Q= Q}O=kt

=yxvwtv |WtN Q=DiQ Q@ QFwt |=yQDt=Q=B p}rLD "4
(�min) QwD=tQ; |xv}tm |w=L |=yxvwtv QO h=}r= OYQO QF= "1"4
QO 'OvOw@ |rw] |WWm QwD=tQ; |xv}tm |=Q=O xm Q}D 4 u=mtQ}}eD � Q=@ |=y|vLvt
'|oOQwNlQD |=yCr=L QO =yu=mtQ}}eD w =yQ=@ Q}O=kt "OwW|t xOy=Wt 7 pmW
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"xOW V}=tR; |=yQ}D |=yOQor}t |WWm |xv}W}@ VvQm � wQ}v |vLvt "6 pmW

u=R}t V}=Ri= QO |Oqwi h=}r= uOwRi= C@Ft w xOv}=Ri= QF= xm 'CU= xDW=O h=}r=
- |xvwtv 'OwW|t xOy=Wt 8 pmW QO xm Qw]u=ty "OyO|t u=Wv =Q |Q@ Q=@
'CU= xDW=O |QDW}@ |}=yv u=mtQ}}eD '=yxvwtv Q}=U x@ C@Uv SFRC1/5MIN

xOw@ sy |QDW}@ |Q}PBpmW |=Q=O w xOW xvwtv QDQ}O w QDtm CUmW Ea=@ xm
"CU=

V}=Ri= =@ |rw 'CU= xOW xOy=Wt Q}D RmQt QO uDw}vwr}m 10 Q=@ QO '|rw] OQor}t
"CU= xDi=} V}=Ri= Q@=Q@ 2/5 w uDw}vwr}m 25 Q=@ =D Q}N= Q=Okt 'h=}r= OYQO
xOw@ h=}r= �1/5 =@ Q}D QO sy uOW |Q=H Q=@ QO V}=Ri= u} QDW}@ u}vJty
xU}=kt QO h=}r= �1/5 =@ Q}D ,=vt[ "OwW|t xOy=Wt V}=Ri= �38 Q@=Q@ xm 'CU=
uwO@ `HQt Q}D x@ C@Uv =Q V}=Ri= �29 =D xv}W}@ Q=@ u} QDW}@ '=yQ}D Qo}O =@
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"|rw] QwD=tQ; |xv}tm =@ |=yQ}D |=yu=mtQ}}eD w =yQ=@ G}=Dv "4 pwOH
�u Pmax

Pu(NRC�MIN)

Pmax �y Py
Py(NRC�MIN)

py �cr pcr xvwtv s=v
(mm) (kN) (mm) (kN) (mm) (kN)

75/45 1/00 73/66 7/82 1/00 53/49 0/04 10 NRC-MIN

63/6 1/17 85/83 5/24 1/07 57/33 0/63 12/83 SFRC0/5-MIN

61/99 1/24 91 4/95 1/13 60/33 1/13 13/83 SFRC1/0-MIN

60/51 1/29 95 5/76 1/28 68/66 1/09 25 SFRC1/5-MIN

|xv}W}@ =@ |=yQ}D |xv=yO \Uw u=mtQ}}eD � wQ}v |=y|vLvt |xU}=kt "9 pmW
"|rw] QwD=tQ;

QwD=tQ; |xv}W}@ |w=L |=yxvwtv QO h=}r= OYQO QF= "2"4
(�max)

|WWm QwD=tQ; |xv}W}@ |=Q=O xm '|i=}r= w |rwtat Q}D 4 u=mtQ}}eD � Q=@ |=y|vLvt
=yu=mtQ}}eD w =yQ=@ Q}O=kt u}vJty "OvwW|t xOy=Wt 9 pmW QO 'Ov=xOw@ |rw]
x@ C@Uv s=Om Qy V}=Ri= OYQO x=Qty x@ sy QwmPt |=yQ}D hrDNt |=yCr=L QO
w =yQ=@ u}@ |xU}=kt ,=vt[ "Ov=xOW x�=Q= 5 pwOH QO |Oqwi h=}r= uwO@ `HQt Q}D
xOW xO=O u=Wv 10 pmW QO |rw] QwD=tQ; |xv}W}@ =@ xOW QmP Q}D 4 u=mtQ}}eD

"CU=
|xv}W}@ C}iQ_ '|WWm QwD=tQ; |xv}W}@ =@ xOW xDN=U |xtQ;uD@ |=yQ}D QO
|Oqwi h=}r= uOwRi= =@ |rw &CU= xDi=} V}=Ri= �1 =D |Oqwi h=}r= uOwRi= =@ =yQ}D
O=} R |=yh=}r= sm =QD p}rO x@ xm 'CU= xOWv xOy=Wt |UwULt |W}=Ri= '�1/5
QDt|r}t 45 Q@=Q@ h=}r= �1 =@ xvwtv |=Q@ xv=yO \Uw u=mtQ}}eD |xv}W}@ "CU=
|=Q=O '`HQt |xvwtv x@ C@Uv �19 OWQ =@ C}iQ_ u} QDW}@ Q@ xwqa xm 'CU= xOw@

"CU= xOw@ `HQt |xvwtv x@ C@Uv Q@=Q@ 2 R= V}@ OWQ =@ u=mtQ}}eD u} QDW}@

=yQ}D |WtN Q=DiQ QO |rw] QwD=tQ; u=R}t QF= "3"4
|xtQ;uD@ |=yQ}D Q=DiQ QO xv}W}@ w xv}tm |rw] QwD=tQ; OYQO Q}F-=D |UQQ@ |=Q@
|xv}W}@ |=Q=O xm '|i=}r= w |rwtat Q}D 4 u=mtQ}}eD � Q=@ |=y|vLvt '|rwtat
|=yuD@ w |rwtat� Cw=iDt uD@ ẁv 4 |=Q@ l}miD x@ 'OvOw@ |rw] |WWm QwD=tQ;
j@=]t xm &Ov=xOW xO=O u=Wv 11 pmW QO �h=}r= OYQO 1/5 w 1 '0/5 =@ |i=}r=
xDN=U |=yxvwtv CiH u}@ u=mtQ}}eD � wQ}v |}xU}=kt |=yQ=Owtv |t=tD QO '=yv;
C}iQ_ '(�max) =@ xOW xDN=U |=yxvwtv '|WWm QwD=tQ; |xv}W}@ w xv}tm R= xOW

|xv}tm =@ |=yQ}D |xv=yO \Uw u=mtQ}}eD � wQ}v |=y|vLvt |xU}=kt "7 pmW
"|rw] QwD=tQ;

QwD=tQ; |xv}tm =@ |=yQ}D |xv=yO\Uw u=mtQ}}eD w wQ}v Q}O=kt |xU}=kt "8 pmW
"|rw]
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yt "|rw] QwD=tQ; |xv}W}@ =@ |=yQ}D |=yu=mtQ}}eD w =yQ=@ G}=Dv "5 pwOH

�u Pmax
Pmax(NRC�MAX)

Pmax �y Py
Py(NRC�MAX)

Py �cr Pcr xvwtv s=v
(mm) (kN) (kN) (kN) (mm) (kN)

35/02 1/00 240 10/22 1/00 185 1/30 35 NRC-Max

45/56 1/18 283/65 11/96 1/33 245 1/5 40 SFRC0/5-Max

72/08 1/19 285 12/11 1/40 25/99 1/40 50 SFRC1/0-Max

31/49 0/96 230 11/5 1/15 210 2/6 65 SFRC1/5-Max

"|rw] QwD=tQ; |xv}W}@ =@ |=yQ}D |xv=yO \Uw u=mtQ}}eD w wQ}v Q}O=kt |xU}=kt "10 pmW

"Cw=iDt |=yuD@ QO |rw] QwD=tQ; |xv}W}@ w xv}tm =@ |=yQ}D u=mtQ}}eD � wQ}v |=y|vLvt |xU}=kt "11 pmW
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"hrDNt |=yuD@ QO xOW V}=tR; |=yQ}D |xvwtv |Q}PBpmW Q}O=kt "6 pwOH
|rw] QwD=tQ; |xv}tm =@ �hr=

�
�(NRC�MIN) � = �u

�y
�u(mm) �y(mm) xvwtv s=v

1/00 9/65 75/45 7/82 NRC-MIN

1/26 12/14 63/6 5/24 SFRC0/5-MIN

1/30 12/52 61/99 4/95 SFRC1/0-MIN

1/09 10/51 60/51 5/76 SFRC1/5-MIN

"|rw] QwD=tQ; |xv}W}@ =@ �?
�

�(NRC�MAX) � = �u
�y

�u(mm) �y(mm) xvwtv s=v
1/00 3/43 35/02 10/22 NRC-MAX

1/12 3/81 45/56 11/96 SFRC0/5-MAX

1/74 5/95 72/08 12/11 SFRC1/0-MAX

0/78 2/74 31/49 11/5 SFRC1/5-MAX

"|rw] QwD=tQ; |xv}W}@ w xv}tm =@ |=yQ}D |xvwtv |Q}PBpmW Q}O=kt |xU}=kt "7 pwOH
|rwtat uD@ �hr=

�
�(NRC�MIN) � = �u

�y
�u(mm) �y(mm) xvwtv s=v

1/00 9/65 75/45 7/82 NRC-MIN

0/36 3/43 35/02 10/22 NRC-MAX

h=}r= �0/5 =@ uD@ �?
�

�(SFRC0=5�MIN) � = �u
�y

�u(mm) �y(mm) xvwtv s=v
1/00 12/14 63/6 5/24 SFRC0/5-MIN

0/32 3/81 45/56 11/96 SFRC0/5-MAX

h=}r= �1 =@ uD@ �G
�

�(SFRC1=0�MIN) � = �u
�y

�u(mm) �y(mm) xvwtv s=v
1/00 12/52 61/99 4/95 SFRC1/0-MIN

0/46 5/95 72/08 12/11 SFRC1/0-MAX

h=}r= �1/5 =@ uD@ �O
�

�(SFRC1=5�MIN) � = �u
�y

�u(mm) �y(mm) xvwtv s=v
1/00 10/51 60/51 5/76 SFRC1/5-MIN

0/26 2/74 31/49 11/5 SFRC1/5-MAX

"Ov=xOw@ OwN `HQt Q_=vDt |=yxvwtv R= V}@ OYQO 74 w 30 ?}DQD x@ h=}r=
OwOL V}=Ri= sy h=}r= �1/5 =@ xOW xDN=U |rw] QwD=tQ; |xv}tm =@ xvwtv
x@ C@Uv |Q}PBpmW QO V}=Ri= �10 OwOL sy w |}=yv C}iQ_ QO |OYQO 30
xOW xDN=U |rw] QwD=tQ; |xv}W}@ =@ xvwtv |rw &CU= xDW=O OwN `HQt |xvwtv
QO |OYQO 22 Vy=m sy w C}iQ_ QO |OYQO 4 Vy=m sy h=}r= �1/5 =@
|=Q=O xm |}=yQ}D |=Q@ h=}r= O=} R sHL OyO|t u=Wv xm 'CU= xDW=O |Q}PBpmW
Q}O=kt u}@ xU}=kt "CU}v QF-wt w O}it |r}N 'OvDUy xv}W}@ x@ l}ORv |rw] QwD=tQ;
|=yuD@ QO |WWm QwD=tQ; |xv}W}@ w xv}tm =@ xOW xDN=U |=yxvwtv |Q}PBpmW
C@Uv |xv}W}@ =@ xvwtv |Q}PBpmW C@Uv w x�=Q= 7 pwOH QO l}miD x@ hrDNt
QO "CU= xOW xO=O u=Wv w x@U=Lt Cr=L Qy QO |rw] QwD=tQ; |xv}tm =@ xvwtv x@
|yHwD p@=k Qw] x@ |Q}PBpmW Q=Okt '|rw] QwD=tQ; u=R}t V}=Ri= =@ OQ=wt |xty
�65 OwOL =D �0/5 h=}r= =@ w |rwtat |=yuD@ QO u; Q=Okt xm 'CU= xDi=} Vy=m
QO Vy=m u=R}t u} QDtm w CU= xOw@ �74 OwOL =D �1/5 h=}r= =@ Cr=L QO w

|xv}tm =@ xvwtv x@ C@Uv |QDW}@ |}=yv R}N ,=twta w QDq=@ |DNU =@ |QDW}@ |Q@ Q=@
"Ov=xDW=O |rw] QwD=tQ;

=yxvwtv |Q}PBpmW |UQQ@ "4"4
uOW |Q=H u=mtQ}}eD x@ �u |}=yv u=mtQ}}eDC@Uv CQwY x@|WtN |Q}PBpmW
x@U=Lt 6 pwOH QO xOW V}=tR; Q}D 8 |=Q@ Q=Okt wO Qy xm 'OwW|t h} QaD �y

QwD=tQ; |xv}W}@ w xv}tm =@ xOW xDN=U |=yxvwtv |Q}PBpmW Q}O=kt "Ov=xOW x�=Q= w
Qy |Q}PBpmW C@Uv w x�=Q= 7 pwOH QO l}miD x@ R}v hrDNt |=yuD@ =@ |WWm
xO=O u=Wv w x@U=Lt |rwtat uD@ =@ xOW xDN=U Q_=vDt `HQt |xvwtv x@ C@Uv xvwtv
|=yxvwtv xm OvyO|t u=Wv �? w hr=� 6 pwOH QO =yxU}=kt w G}=Dv "CU= xOW
OwN `HQt |=yxvwtv x@ C@Uv =Q |Q}PBpmW u} QDW}@ 'h=}r= �1 =@ xOW xDN=U
|xv}W}@ w xv}tm =@ �1 |i=}r= |=yxvwtv QO V}=Ri= OYQO xm |Qw]x@ &Ov=xDW=O
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yt x@ C@Uv |Q@=Q@ 2/66 =D |W}=Ri= w xDW=O =Q |SQv= ?PH u} QDW}@ 'h=}r= �1 =@

Vy=m Ea=@ '�1/5 =D h=}r= OYQO V}=Ri= w xO=O u=Wv OwN Q_=vDt `HQt Q}D
"CU= xOW `HQt Q}D x@ C@Uv |SQv= ?PH |OYQO 15

=yxvwtv |y=oW}=tR; w |Qw�D |WtN C}iQ_ |xU}=kt "6"4
|=yxt=vu}}; R= |D=@U=Lt |Qw�D Qovr w V}=tR; R= xOt; CUO x@ Qovr |xU}=kt =@
|i=}r= |vD@ |=yQ}D OQwt QO |Qw�D EL=@t w C=@U=Lt |DUQO u=R}t '|L=Q]
QO xv}W}@ |r=ta= |wQ}v hYv ?Q[pY=L |y=oW}=tR; Qovr "CU= xOW |UQQ@

"CU= x=ox}mD =D RmQtDt |wQ}v |xrY=i
5 |xrO=at j@=]t |rwtat uD@ Q}D �Mn� |Qw�D |tU= |WtN C}iQ_ Q}O=kt
9 pwOH QO w x@U=Lt 8 |r= 6 CqO=at j@=]t =yxvwtv |Oqwi h=}r= uD@ Q}D w

%Ov=xOW xU}=kt Qo}Om} =@ w x�=Q=
Mn = Astfsyd

�
1� Astfsy

1 7bdf 0c
�

(5)

Mn = Asfy
�
d� a

2
�

+ 0 5 (h+ e� a) b (h� e)�t (6)

e = [0 003 + "t (fibers)] c
0 003 (7)

�t = 0 007773vF
�l/d�Fb (8)

f
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