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|QDW}@ Z=@kv= w VRN 'QDtm |v=UWm pwOt 'sm =QDOwN uD@ u}vJty "CU= VRQr

"CU= xO=O u=Wv OwN R= |rwtat uD@ x@ C@Uv
x@ xv=yO l} |xO}vDV}B pmW � T p@ wO Q}D 4 O=OaD R}v '2006 p=U QO
=@ Qo}O OOa wO w q=@ Ctw=kt sm =QDOwN uD@ =@ =yu; R= OOa wO xm QDt 10 pw]
VywSB syt G}=Dv R= "OvOW V}=tR; 'OvOw@ xOW xDN=U q=@ Ctw=kt |rwtat uD@
w sm =QDOwN uD@ x@ C@Uv |rwtat uD@ QO =yuwOv=D VvD QDtm Ci= x@ u=wD|t QwmPt
xOWxDN=U |=yxvwtv x@ C@Uv SCC =@ xOWxDN=U |=yxvwtv QDQ}PBpmW ?} QND
=yxvwtv |xty |WtN w |WQ@ Ctw=kt Q}O=kt u}vJty "OQm xQ=W= |rwtat uD@ =@

[15]"Ot; CUOx@ QDW}@ |tU= Q}O=kt R=
=@ xO}WmTB |QU=QU |=yp=O '=}vO QO Q=@ u}rw= |=Q@ R}v '2009 p=U QO
w |Q}PBpmW w [16]'OvOW xar=]t q=@ Ctw=kt sm =QDOwN uD@ =@ |oDUw}B uwO@ p@=m
200� 1200� 7500 O=a@= x@ |ak=w T=}kt QO |QU=QU p=O xU Qovr `} RwDR=@
CUOx@ G}=Dv u}= xYqN Qw]x@ w OW |UQQ@ Q}eDt C} RmQt R= GwQN =@ QDt|r}t
Oqwi =@ �=yp=O w =yQ}D� xO}WmTB |QU=QU |=yxR=U KQ] s=ovy QO "1 %Ot;
QO xOWx}@aD� xDUw}B |rwtat Oqwi |x}@aD =@ u=wD|t '|oDUw}B uwO@ |xO}WmTB
QO xDmv u}= 'OQm pY=L u=v}t]= w[a Q}PBpmW Q=DiQ R= '�=yxv=yO pw] QU=QU
<=[a= |=Q@ xOWVQ=Ro |=yxvwtv s=tD QO "2 &CU= C}ty= R�=L R}NxrRrR j]=vt
�|WtN CUmW =@ |=yxvwtv QO� w[a ?} QND R= p@k 'xDUw}B |rwtat Oqwi =@
|tU= |WtN C}iQ_ "3 &CU= xOW sOyvt xR=U TBU w xO}UQ s}rUD x@ Oqwi
=@ |oDUw}B uwO@ xO}WmTB Oqwi =@ xO}WmTB |xQUl} |=yQ}D `]kt �|}=yv�
x@ "4 w &OQw; CUOx@ `]kt x@ xDU@=w C=@U=Lt x=Q R= \ki u=wD|tv =Q 'O=} R CkO
xO}WmTB |=yxR=U QO QovrVNB R=@ �20 Q=Okt x@ |UQDUO Qw_vtx@ u}ov=}t Qw]
Q}PBu=mt= |DQwY QO Qt= u}= "CU= ?U=vt w VQ}PB OQwt |oDUw}B uwO@ Oqwi =@
xO=iDU= w[a QO |QU=QU CQwY x@ xDUw}B |rwtat Oqwi |xv}tm R= xm CU=

"OwW
Q}D 9 |=Q@ |y=oW}=tR; VywSB l} R}v [17]'�2002� u=QoWywSB |NQ@
QO |rY= |=yQ}eDt w OvO=O s=Hv= pmWp}]DUt |QU=QU �|HQ=N� |xO}WmTB
=yuwOv=D Q}Ut u}vJty w |rwtat w xO}WmTB Oqwi `]kt K]U 'QwmPt VywSB
O=OaD w pw] uDiQo Q_vQO =@ |]@=wQ '|y=oW}=tR; G}=Dv T=U=Q@ "OW xDiQo Q_v QO
=yuwOv=D |}=yvVvD |=Q@C@Ft w |ivt u=tt |L=wv QO xOWp}mWD |Q}tN pY=it
\@=wQ '2012 p=U QO 'T=U= u}= Q@ w OW x�=Q= QwmPt <=[a= |WtN C}iQ_ w
=@ [5]"OW KQ]t ACI318 |xt=vu}}; \@=wQ =@ uOQm u} Ro}=H |=Q@ |O=yvW}B
xJQo = '|oDUw}B uwO@ Oqwi =@ |oO}WmTB |xv}tR QO xOWxQ=W= C=ar=]t x@ xHwD
=@� |rwtat |=yuD@ |=Q@� xDWPo |xyO OvJ QO QwmPt <=[a= |L=Q] |=yVwQ
QwmPt <=[a= |UQQ@ OUQ|t Q_v x@ |rw 'CW=O |@ wr]t CiQW}B ��xQ@} w x@ R=}v
|xU}=kt '=ylQD |xaUwD '=yuwOv=D QO VvD V}=Ri= %xrtH R= '=yx@vH |Q=}U@ R=
pUv ,=@} QkD |=yuD@ |=Q@ ,=YwYN =[a= V}=B w |oDUw}B uwO@ w =@ Cr=L |Q=DiQ
uD@ Q+@= |DL =} w HSSCC sm =QDOwN uD@ pt=W '�xRQr x@ R=}v uwO@ |=yuD@� O}OH
|QU=QU <=[a= QO XwYNx@ |}=yv w CtON Cq=L QO '�UHSSCC� sm =QDOwN
u=vJty 'CU= Vw=m p@=k |Q}PBpmW w Qovr `} RwDR=@ u=mt= =yu; QO xm �u}at=v�

"CU= |Qwi w |QwQ[
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}RwD
R=@

Q}D |Q=PoQ=@ V}=tR; w |R=UxO=t; "4
'|Q=PoQ=@ ẁv '|y=ox}mD \}=QW '=yxv=yO pw] '`]kt C=YNWt '3 pmW QO
`=wv= C}akwt u}vJty w |WQ@ |=yKqU pY=wi 'xO}WmTB w |rwtat |=yOqwi
u=Wv Q}D w =yOqwi Q@ =yu; ?Yv C}akwt w |m} QDmr= j}kO |Q}oxR=Ov= |=yQ=R@=
"OW ?=NDv= x=oW}=tR; C=v=mt= x@ xHwD =@ Q}D O=a@= w pw] 'xR=Ov= "CU= xOW xO=O
ẁv u}= u}@ |oDUw}B sOa OQmrta O=H}= '=yp@=m sw}vD}r T} Qo VWwB R= xO=iDU=

uwO@ xO}WmTB Oqwi =@ xO}WmTB Q}D 'u}=Q@=v@ "OW Oy=wN QHvt =Q h=Q]= uD@ =@ Oqwi
|Q=PoQ=@ '?} QND |xrLQt =D x=oW}=tR; QO �UPS� pmW � I |QU=QU |oDUw}B
xO}WmTB |=yOqwi p}iwQB 'xDiQoCQwY C=@U=Lt x@ xHwD =@ "CU= xOW V}=B w
R= GwQN |xv}W}@ x@ uO}UQ |=Q@ xv=yO Qy QO swU xHQO |vLvt wO CQwY x@

uwO@ Oqwi |xDWQ OOa 2 =@ xO}WmTB Q}D |rw] w |[Qa `]=kt "3 pmW
"|oDUw}B

w hrDNt |=yxOvvmu=wQ jwi =@ J |xkrL w L |x@aH 'V h}k 'AtqU= u=} QH
w |Q}tN R=i QO xOWpY=L |}=yv G}=Dv xm �2 pmW� OW s=Hv= ?; Cw=iDt u=R}t

"CU= xOW x�=Q= 2 pwOH QO [1]'`HQt |v=yH |=yQ=}at =@ =yu; |xU}=kt

xO}WmTB w |rwtat |=yOqwi "2"3
AIII Oqwi ẁv R= |y=oW}=tR; Q}D CN=U QO xO=iDU=OQwt |rwtat |=yOqwi
VvQm � VvD |vLvt w OvOW V}=tR; xm OvOw@ u=yiY= uy;?wP CmQW pwYLt
"CU= xOW x�=Q= 3 pwOH QO =yOqwi |r}tmD C=aq]= "OW u}}aD VWm QO =yu;
=@ G270 |}=D7 12|xDWQ ẁv R= Oqwi OOa wO R= xO}WmTB Oqwi |=Q@
xm =}v=BU= Farpecila CmQW pwYLt 'Q}eDt C} RmQt R= GwQN w 13sm |oO=O=w
|xrY=i '�sw}vD}r� XwYNt T} Qo |xr}Uw x@ w xOv=WwB |vr}D=|rB hqe \UwD
s=Hv= R}v QwmPt Oqwi VWm V}=tR; "OW xO=iDU= 'CU= xOW QB hqe w Oqwi u}@
QO =yu; |m}v=mt C=YNWt u}vJty 'OW u}}aD =yu; VvQm � VvD 'Q=Owtv w OW

"CU= xOW x�=Q= 4 pwOH

"sm =QDOwN uD@ |Q}tN R=i |=yV}=tR; "2 pmW

[1]"`HQt =@ xOWxDN=U sm =QDOwN uD@ Q+@+= |Q}tN R=i |=yV}=tR; G}=Dv |xU}=kt "2 pwOH

h}kV L |x@aH J |xkrL AtqU= u=} QH
Q}D u=wva�x}v=F� T40 T20

h2=h1
T50 �H Q]k T50 Q]k

�x}v=F� �x}v=F� �x}v=F� �QDt|Dv=U� �QDt|Dv=U� �x}v=F� �QDt|Dv=U�
5 57 2 4 1 2 0 88 2 5 0 45 72 2 74 UPS2�12
6�12 � � 0 8�1 2�7 � 1 5 55�85 2�7 55�85 [1]`HQt

"�xO}WmTB Q}e� xOvvmKrUt |=yOqwi C=YNWt "3 pwOH
Es s}rUD VvQm s}rUD VvD |oDN}Uo VvQm |oDN}Uo VvD

(GPa) "y �y(MPa) "b �b(MPa)

240 0 002 500 0 152 806 75

"xO}WmTB Oqwi |m}v=mt C=YNWt "4 pwOH
|}=yv VvQm |}=yv VvD s}rUD VvD Eps pO=at Q]k Oqwi |xDWQ

��� (MPa) (MPa) (MPa) (mm) |}=D7
3 53 1811 9 1687 2 180 5 15 24
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2/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt "|y=oW}=tR; Q}D |=yQ}eDt w C=YNWt "5 pwOH

xO}WmTB |=yOqwi |rwtat |=yOqwi uD@
Q}Dep(max) xv=yO \Uw dp

Ap
xv=yO \Uw A0s xv=yO \Uw As

d0 d
|Q=Wi Ctw=kt uD@ |Q=Wi Ctw=kt

xO}WmTB|v=}t x=ox}mD |v=}t x=ox}mD w �`@ Qt QDt|r}t� |v=}t x=ox}mD w |v=}t x=ox}mD w �QDt|r}t� �QDt|r}t� 28 uU QO uD@ p=kDv= uU QO
�QDt|r}t� �QDt|r}t� �`@ Qt QDt|r}t� �`@ Qt QDt|r}t� �p=mU=B=ot� RwQ �p=mU=B=ot�

170 370 280 2�12 2�12 30 370 95 85 USP2� 12�226� �226�

QO s}rUD |x]kv u}rw= =@ Qw@ Rt Q}D |Q}tN w u=UWm u=tt |vLvt "4 pmW
[20]"x=ox}mD

xv=yO \Uw |=Q@ =Q +wL2
24 w =yx=ox}mD |=Q@ =Q �wL2

12 u=tt QwmPt |Q=PoQ=@ \}=QW
"OyO|t xH}Dv

u; QO xm OyO|t u=Wv =Q w1 Q=@ CLD u=UWm u=tt '4 pmW R= 1 |vLvt
|=yu=tt xm |Q=@ "CU= xO}UQ �2 x@ xv=yO \Uw QO w �4 x@ x=ox}mD QO u=tt

%O};|t CUOx@ 2 |x]@=Q R= 'Ovm|t O=H}= =Q QwmPt
w1 = 12� 4=L2 = 48=L2 (2)

|=yVNQJ =@ |rY=it |}=yDv= |=yx=ox}mD QO 'w1 R= V}@ Q=@ V}=Ri= =@
"OwW|t p}mWD �Ov=t|t C@=F �4 OOa QO |}=yDv= u=tt� C@=F u=tt u=UWmQ}e
C@=F u=tt l} =@ x=Qty pYit |}=yDv= |Q=OQ}o \}=QW =@ u}at Q}D l} x@ Q}D u}=Q@=v@
Oa@ u=UWmQ}e VNQJ u=R}t "Ov=t|t Q=O}=B u=vJty w2 Q=@ =D xm OwW|t p}O@D
|Q}PBpmW |Q}oxR=Ov= |=Q@ |Q=}at CUmW |x_Lr =D |Q}tN pY=it p}mWD R=
\Uw QO u=tt wlimit = w1 +w2 |xOvvmOwOLt '|}=yv Q=@ QO ,=D}=yv "CU= Q}D
O}rwD �4 pmW R= 2 |vLvt� u=UWmQ}e u=tt |vLvt w OUQ|t �4 x@ R}v xv=yO
|Q=O}=B=v x@ QHvt w p}mWD =DU=Q l} QO |Q}tN pYit 3 'QwmPt Q=@ QO "OwW|t

%O};|t CUOx@ 4 |x]@=Q R= Q}D |}=yv Q=@ "OvwW|t Q}D
wlimitL2=8 = 'M+

n + 'M�n = 8! wlimit = 64=L2 (3)

3 |vLvt� Q}D u=UWm Q=DiQ ZQi =@ u=UWm u=tt |vLvt xm CU= xHwD p@=k
5 w 4 \@=wQ R= wlimit Q=@ CLD |ivt w C@Ft u=UWm |=yu=tt w �4 pmW R=

%OwW|t u}}aD

CUOx@ 1 |x]@=Q CQwY x@ �xv=yO \Uw� Q=@ Q} R w |v=}t x=ox}mD pLt QO C} RmQt
Q=Qk QwD=tQ; |xm@W pN=O xO}WmTB |=yOqwi 'xOW|L=Q] p}iwQB x@ xHwD =@ w Ot;
|=yOqwi K]U Q@ |YNWt |=yu=mt QO j}kO |m} QDmr= |=yQ=R@= w OvOW xO=O

"�3 w 1 |=ypmW� OvOW ?Yv |R} QuD@ R= p@k xO}WmTB w |rwtat

e(x) =

8>>>>>>><>>>>>>>:
�0 027x3 + 0 0822x2 + 0 0265x+ 0 002
0 � x � 2 175
�0 0661x3 + 0 6468x2 + 1 8759x� 1 53
2 175 � x � 4 35

(1)

"CU= xOW x�=Q= 3 pmW w 5 pwOH QO xYqN CQwY x@ |W}=tR; Q}D C=}�RH
=@ P hQL 'Unbound swyit =@ U hQL 'UPS2�12 CQ=@a '5 pwOH QO
=@ ?}DQDx@ 12 w 2 O=Oa= 'SCC swyit =@ S hQL 'Post-tensioned swyit
R=Ht |xv}tm OYQO R= "OvDUy 12 Q]k =@ |rwtat OQor}t w p@=m OOa 2 swyit
CQ=@ax@ "OW xO=iDU= [18]'=m} Qt; uD@ |xt=vu}}; |O=yvW}B |rw] |rwtat Oqwi

"CW=O Q=Qk ACI |xt=vu}}; VWm QO xOWpQDvm Cr=L QO Q}D 'Qo}O

14Qovr `} RwDR=@ swyit "5
|m}D=DU= u}at=v |=yxR=U QO O}it w syt |=yQ=DiQ R= |m} Qovr `} RwDR=@ =}VNB R=@
sy=Qi =Q QDtm VvD =@ |L=wv x@ QDW}@ VvD =@ |L=wv R= u=tt p=kDv= |xR=H= xm CU=
'Qovr `} RwDR=@ |rm Qw]x@ [20]"OwW|t Ot;Q=m w |O=YDk= KQ] x@ QHvt w OR=U|t
w[a |v=QL@ `]kt u}rw= |=yOqwi s}rUD R= Oa@ |vD@ u}at=v <=[a= Q=DiQ Qov=}@
wO u}= x@ xDU@=w =Q pm Qovr `} RwDR=@ [21]'CEB-FIP 1998 |xt=vu}}; "CU=
O=ONQ p}rO x@ x=ox}mD |wQ =} w xv=yO pw] QO |DNU C=Q}}eD "1 %Ov=O|t OQwt
|Q}tN C}iQ_ x@ xm |y=ox}mD u}rw= QO =yOqwi |Q}PBpmW u=R}t "2 w =ylQD `=wv=

"OvUQ|t OwN

Qovr VNB R=@ QO xOWs}rUD `]kt u}rw= Q}F-=D "1"5
s}rUD |x]kv u}rw= ẁkw x@ xDU@=w s}kDUt Qw] x@ |QU=QU Q}D l} u=UWmQ}e Q=DiQ
[18]'ACI318�11 |xt=vu}}; "CU= C@Ft u=tt |x}L=v =} |ivt u=tt |x}L=v QO
Kw[w Qw_vtx@ =Pr "Ov=O|t R=Ht =Q |ivt =} C@Ft u=tt |L=wv R= l} Qy QO s}rUD
%OwW|t QDuWwQ xOWQmP OQwt '|QU=QU Q}D l} |=Q@ |OOa p=Ft l} QmP =@ 'QDW}@

|ivt u=tt |x}L=v QO s}rUD |x]kv u}rw= "1"1"5
CLD xm =Q L pw] x@ |QU=QU Q}D l} |rN=O |xv=yO u=tt |vLvt '4 pmW
x=ox}mD QO Q}D|WtNC}iQ_ "OyO|t u=Wv 'OQ=O Q=QkCN=wvm} |xOQDUo |Q=PoQ=@
CLD Q}D u=UWm p}rLD "OwW|t ZQi OL=w 4 =@ Q@=Q@ w u=Um} 'xv=yO \Uw w
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=yQ}
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|Qw
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wQo
vr`

}RwD
R=@%O};|t CUOx@ 9 |x]@=Q R= wlimit Q=@

wlimitL2=8 = 'M+
n + 'M�n = 4! wlimit = 32=L2 (9)

11 w 10 \@=wQ R= wlimit Q=@ CLD R}v |ivt w C@Ft u=UWm |=yu=tt
%Ov};|t CUOx@

M�e = (32
L2 )L

2

12 = 32
12 = 2 67 (10)

M+
e = (32

L2 )L
2

24 = 32
24 = 1 33 (11)

u}vJty "CU= xOW xO=O u=Wv 5 pmW R= 3 |vLvt QO u=UWm u=tt |vLvt
%CU= 12 |x]@=Q j@=]t Cr=L u}= QO VNB R=@ u=R}t

�R = 100(1� 1
1 33 ) = �24 8 (12)

|x}L=v QO u=UWmQ}e Q=DiQ RwQ@ x@ R=}v Cr=L u}= QO xm CU= QmP x@ sRq
"OQ}o|t pmW xv=yO \Uw QO u=UWmQ}e Q=DiQ s=tD w CU}v |ivt u=tt

Qovr `} RwDR=@ u}}aD Qw_vtx@ =yxt=vu}}; |O=yvW}B \@=wQ "2"5
[18]ACI318� 11 |xt=vu}}; "1"2"5

|=yxR=U Ovv=ty =Q xO}vDV}B |=yxR=U QO Qovr `} RwDR=@ ẁ[wt 'ACI |xt=vu}};
QO 'ACI |xt=vu}}; QO 318�11 V}=Q} w QO "OQ}o|t Q_v QO |rwtat |xtQ;uD@
Q=Okt x@ '"t |WWm Oqwi u} QDQwO QO VvQm xm 'CU= R=Ht Qovr `} RwDR=@ |DQwY
u}= QO "OUQ@ Z=@kv= w VRN 'xO}vDV}B QF= uDiQo Q_vQO uwO@ 0 0075 |xv}tm
Qy |=Q@ 1000"t Q=Okt =@ Qovr `} RwDR=@ �20 |xv}W}@ 'QwmPt |xt=vu}}; 'CQwY
"�|WWm Oqwi Xr=N VvQm R= CU= CQ=@a "t� OQ}o|t Q_v QO =Q |Q=PoQ=@ ẁv
=ysR}v=mt u} QDsyt R=|m} 'h=Q]= uD@ w QwD=tQ; u}@|oDUw}B xmCU= xOWXNWt
uD@� |rwtat |=yuD@ |=Q@ OQwt u}= QO "CU= KrUt uD@ |=yxR=U Ctw=kt QO
'CU= OwHwt |v=w=Qi |=yVQ=Ro w C=ar=]t '=yxR=U QO xO=iDU=OQwt �xRQr x@ OvtR=}v
|oDUw}B OQwt QO KrUt uD@ |=yxR=U QO sm =QDOwN uD@ R= xO=iDU= OQwt QO um}r

"CU= xOW QWDvt |mOv= |=yVQ=Ro 'OQor}t w uD@ u}@
|=Q@ xt=vu}}; |O=yvW}B 1000"t w 0 0075 Q}O=kt x@ uO}UQ Qw_vtx@ =Pr
Q[=L VywSB QO "CU= R=}v |QDW}@ |=yV}=tR; 'sm =QDOwN uD@ |=Q@ '|rwtat uD@
w xO=iDU= sm =QDOwN uD@ Q+@+= |=Q@ �|rwtat uD@ |=Q@ xO=iDU= p@=k� QwmPt Q}O=kt R=

"CU= xOW |@=} RQ=
[22] Euro code2 �2004� 'EC2 |xt=vu}}; "2"2"5

p}rLD VwQ R= xO=iDU= '|Q}tN VNQJ OQwt QO |L}[wD uwO@ EC2 |xt=vu}};
xDUv=O R=Ht |WtN <=[a= |=Q@ =Q Qovr `} RwDR=@ uDiQo Q_vQO =@ |]N R}r=v; T=U=Q@
"cu xm CU= QmP p@=k "CU= xOW xO=O u=Wv 6 pwOH QO |}xt=vu}}; OQ=wt "CU=

\Uw QO s}rUD |x]kv u}rw= =@ Qw@ Rt Q}D |Q}tN w u=UWm u=tt |vLvt "5 pmW
[20]"xv=yO

M�e = (64
L2 )L

2

12 = 64
12 = 5 33 (4)

M+
e = (64

L2 )L
2

24 = 64
12 = 2 67 (5)

|=Q@CU= |Q=}at w[a R= x]kv Qy QO u=UWm u=tt w s}rUD u=tt u}@ |xrY=i
wlimit Q=@ x@ =D OyO u=Wv OwN R= O}=@ `]kt u; QO w[a xm |v=UWmQ}e Q=DiQ u=R}t
%O};|t CUOx@ 6 |x]@=Q R= `]kt l} QO R=}vOQwt VNB R=@ u=R}t u}=Q@=v@ "OUQ@
�R = 100(1� 'Mn

Me
) (6)

|x]@=Q R= Q_vOQwt Q}D |}=yDv= |=yx=ox}mD QO R=}vOQwtVNB R=@ u=R}t p=Ft |=Q@
%O};|t CUOx@ 7

�R = 100(1� 4
5 33 ) = �24 9 (7)

C@Ft u=tt |x}L=v QO s}rUD |x]kv u}rw= "2"1"5
xm Qw]u=ty "OyO MQ C@Ft u=tt |x}L=v QO =OD@= s}rUD xm OQ=O OwHw u=mt= u}=
\Uw QO w �3 =yx=ox}mD QO |WtN C}iQ_ 'CU= xOW xO=O u=Wv 5 pmW QO
u=tt xm |}=H 'Ovm|t O=H}= =Q 5 pmW R= 1 |vLvt w1 Q=@ "CU= �1 |xv=yO
Q=@ Q=Okt "OUQ|t 'Mn = +1 0 |va} OwN |WtN C}iQ_ x@ xv=yO \Uw QO

%O}; |t CUOx@ 8 |x]@=Q R= w1

w1 = 24=L2 (8)

Q=@ |xOv=t|k=@ w O};|t OwHwx@ xv=yO \Uw QO |Q}tN pYit 'QwmPt Q=@ QO
=yx=ox}mD u=tt "OwW|t ptLD CU=Q w AJ |}=yDv= |xQ] wO \UwD w2 =D w1 R=
OvUQ@ OwN s}rUD u=tt x@ wlimits = w1 + w2 |}=yv Q=@ QO =D O@=}|t V}=Ri=
�"CU= xOW xO=O u=Wv 5 pmW R= 2 |vLvt QO wlimit Q=@ \UwD xOWO}rwD u=tt�

[22]"Euro code2 �2004� =@ j@=]t Qovr `} RwDR=@ "6 pwOH
Oqwi |Q}PBpmW w uD@ Ctw=kt Qovr `} RwDR=@ OYQO

fck � 50MPa � � 0 44 + 1 25(0 6 + 0 0014="cu)x=d

fck � 50MPa � � 0 54 + 1 25(0 6 + 0 0014="cu)x=d

|rwtat w O=} R |Q}PBpmW =@ Oqwi � � 0 70
sm |Q}PBpmW =@ Oqwi � � 0 80
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UOv
yt [23]"DIN1045 � part1 �2001� =@ j@=]t Qovr `} RwDR=@ "7 pwOH

0 7 � � � 0 64 + 0 8x=d C50 60 R= QDtm |x@DQ =@ uD@ � H ẁv� |rwtat |Q}PBpmW =@ Oqwi0 8 � � � 0 72 + 0 8x=d C55 67 R= V}@ |x@DQ =@ uD@
0 85 � � � 0 64 + 0 8x=d C50 60 R= QDtm |x@DQ =@ uD@ � N ẁv� |rwtat |Q}PBpmW =@ Oqwi

� = 1 0 C55 67 R= V}@ |x@DQ =@ uD@
[21]"CEB-FIP =@ j@=]t Qovr `} RwDR=@ "8 pwOH

Oqwi |Q}PBpmW xR=U =} uD@ Ctw=kt Qovr `} RwDR=@ OYQO
�A w S |=yTqm � |rwtat w O=} R 12MPa � fck � 35MPa � � 0 44 + 1 25x=d

|rwtat w O=} R 40MPa � fck � 60MPa � � 0 56 + 1 25x=d
|rwtat w O=} R xOW|Ov@ Q=yt |=y?=k w |QU=QU |=yQ}D 0 75 � � � 1 0
|rwtat w O=} R xOWv|Ov@ Q=yt |=y?=k 0 90 � � � 1 0
�B Tqm � sm 12MPa � fck � 60Mpa

� � 0 75 + 1 25x=d;

0 90 � � � 1 0

[25] AS 3600 |xt=vu}}; "6"2"5
%CU= xOQm Qw_vt =Q Qovr `} RwDR=@ |=Q@ C}OwOLt xU '�2001� =}r=QDU= |xt=vu}};
R=Ht u=tt VNB R=@ 'Ku � 0 40 Qo = &�30 u=tt VNB R=@ 'Ku � 0 20 Qo =
75(0 4�Ku) u=ttVNB R=@ Q=Okt 'OW=@Ku � 0 40 � 0 20 Qo = w &CU}v
s}UkD |}=yv Cr=L QO |FvN Q=D jta R= CU= CQ=@a Ku� OwW|t xDiQo Q_v QO
xOWQmP OQ=wt |xty CU= QmP x@ sRq "��c=d� |WWm |=yOqwi QF-wt jta Q@
p@=k p=tQv |Q}PBpmW =@ |iQYt |=yOqwi w p=mU=B=ot 50 =D uD@ Ctw=kt |=Q@
'xO}WmTB wV}B |=yOqwi Ovv=ty 'sm |Q}PBpmW =@|}=yOqwi |=Q@ "CU= xO=iDU=

"CU= xOWv xO=O Qovr `} RwDR=@ |xR=H=

|y=oW}=tR; w |Qw�D p}rLD G}=Dv |xU}=kt "6
|y=ox}mD ptar=Tma � Q=@ u}vJty w �|y=oW}=tR; w u=UWm � Qovr � Q=@ Q=Owtv
xm OwW|t xOy=Wt xO}WmTB Q}D |=Q@ 'hr=�6 pmW QO �|y=oW}=tR; w u=UWm �
|HQ=N w |rN=O |=yx=ox}mD ptar=Tma |y=oW}=tR; w u=UWm Q}O=kt u; j@=]t
QO lQD VQDUo w ẁkw =@ w xOw@ j@]vt sy Q@ ,=@} QkD =yxvwtv |oOQwNlQD R= p@k =D
xm CQwY u}= x@ 'CU= xDiQo xrY=i |y=oW}=tR; Q}O=kt R= u=UWm Q}O=kt 'w[a
Vy=m G} QOD x@ |oOQwNlQD R= Oa@ |rN=O x=ox}mD ptar=Tma |y=oW}=tR; Q}O=kt
xOW |HQ=N x=ox}mD QO =yptar=Tma |y=oW}=tR; Q}O=kt V}=Ri= x@ QHvt w xDi=}
QO Qovr `} RwDR=@ O=ONQ swyit x@ u}= "CU= xDi=} xt=O= w[a ?} QND =D OvwQ u}= w
KQ]t |WtN CUmW =@ |=yxR=U QO Qovr `} RwD R=@ xm OwW|t Qw;O=}� CU= Q}D
'|}=[a= u}vJ QO |rwtat Oqwi u=R}t V}=Ri= =@ xm OwQ|t Q=_Dv= u}vJ "�CU=
O@=} Vy=m Qovr `} RwD R=@ w |v=QL@ `]=kt QO |Q}tN pY=it p}mWD p=tDL=
|=y|UQQ@ sRrDUt 'xRQr x@ R=}v uwO@ |=yuD@ Q+@+= u}vJ |=Q@ ,=YwYN ẁ[wt u}=�
u=UWm |=yQovr|vLvt QO xm Qw]u=ty u}vJty "�CU= |Qwi w QDW}@|y=oW}=tR;
|x}L=v R= Qovr `} RwDR=@ '�?�6 pmW�CU= xOy=Wt p@=k Q}D pw] QO|y=oW}=tR; w
Q} R u=tt QO V}=Ri= w |v=}t x=ox}mD u=tt Vy=m =@ w C@Ft u=tt x@ |ivt u=tt
x@ sRq "CU= xDUw}B ẁkwx@ w[a ?} QND |x_Lr QO u; |xv}W}@ w xO=O MQ Q=@
QO =yOqwi hrDNt |=yC}akwt Q@ xOW?Yv |=yQoTL V}=B xm CU= K}[wD
|rwtat |=yOqwi s}rUD =OD@= ?}DQDx@ xm CU= u; R= |m =L �9 pwOH� Q}D pw]

50 |w=Ut =} QDtm Ctw=kt =@ |=yuD@ |=Q@ |Q=Wi Q=D u} QD|v=QL@ QO |}=yv VvQm
13 |x]@=Q j@=]t p=mU=B=ot 90 =D 50 Ctw=kt |=Q@ w 0 0035 Q@=Q@ 'p=mU=B=ot

"CU=

"cu = 2 8 + 27[ (98� fcm)
100 ]4 (13)

[23] DIN1045 � part1 u=tr; |xt=vu}}; "3"2"5
x�=Q= Q=YDN= x@ 7 pwOH QO Qovr `} RwDQ=@ uwt=Q}B u=tr; |xt=vu}}; |=yC}OwOLt
"Ov=O|t Qovr `} RwDR=@ |=Q@ sRq \QW =Q c=d < 0 45 C@Uv u; QO xm CU= xOW
0 35 x@ q=@ OL u}= 'OwW p=mU=B=ot 55 R= V}@ uD@ Ctw=kt Qo = u}vJty
x@ R=}v p=mU=B=ot 55 R= V}@ Ctw=kt =@ |=yuD@ |=Q@ u}vJty "O@=}|t Vy=m
Qo = xm |DQwY QO "CU= |v=QL@ |L=wv QO Cwt=N \UwD |oOWQwYLt |xv}tm
|Q}tN pYit |L=wv QO VNQJ pQDvm x@ sRrt 'OwWv u}t-=D |oOWQwYLt |xv}tm

"CU=
[21] CEB-FIP |xt=vu}}; "4"2"5

'Oqwi |Q}PBpmW x@ Qovr OOHt VNB OYQO [21]'CEB-FIP |xt=vu}}; QO
|=Q@ "CU= xOW x�=Q= 8 pwOH QO \}=QW u}= "OQ=O |oDU@ xR=U ẁv w uD@ Ctw=kt
x�=Q= |}=yO=yvW}B QwmPt |xt=vu}}; 'xO}WmTB Oqwi |=Q@ B =} A ẁv Tqm u}}aD
C=t=Rr= Qo = xmv}= Q@ |v@t 'CU= xOW x�=Q= 8 pwOH QN; Q]U 3 QO xm CU= xO=O
xO}WmTB <=[a= QO Qovr `} RwDR=@ �25 =D 'OwW O=H}= |QU=QU |=yQ}D QO xOWQmP
CEB- |xt=vu}}; 1992 p=UV}=Q} w 'OUQ|t Q_vx@ xm OwW|t Qw;O=} "CU= R=Ht
Oqwi |Q}PBpmW w uD@ Ctw=kt x@ =Q Qovr `} RwDR=@ xm CU= |}xt=vu}}; u}rw= 'FIP

"CU= xOQm xDU@=w
[24] BS8110�1997 |xt=vu}}; "5"2"5

x�=Q= =Q |y@=Wt OwOL [22]'Euro code2 |xt=vu}}; Ovv=ty QwmPt |xt=vu}};
xOQm ^=Lr c=d QDt=Q=B x@ xDU@=w 14 |x]@=Q =@ j@=]t =Q Qovr `} RwDR=@ =t= 'OyO|t

"CU=

� � c=d+ 0 4 w � �
8<:0 7 KrUt uD@ |=[a=

0 8 xO}vD V}B |=[a=
(14)
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=yQ}
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W}=t
R;w

|Qw
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Q}PBp
mW

wQo
vr`

}RwD
R=@

"sm =QDOwN uD@ Q+@+= =@ |oDUw}B uwO@ xO}WmTB |QU=QU Q}D �|y=oW}=tR; w u=UWm � |y=ox}mD ptar=Tma � Q=@ w �|y=oW}=tR; w u=UWm � Qovr � Q=@ Q=Owtv "6 pmW

"|Q=PoQ=@ u}L Q}D |v=QL@ `]=kt QO Kr=Yt VvQm |y=oW}=tR; Q}O=kt "9 pwOH
(10�6) xv=yO \Uw QO Kr=Yt VvQm (10�6) |v=}t x=ox}mD QO Kr=Yt VvQm

(kN) Q=@ hrDNt Cq=L QO Q}D OQmrta
"ps "cc "s "ps "cc "s

3368 157 202 3367 440 158 165 |oOQwNlQD
3433 186 481 3379 516 161 200 |v=}t x=ox}mD '|WWm |rwtat |=yOqwi s}rUD
3494 356 1280 3485 898 2000 270 Q=@ Q} R '|WWm |rwtat |=yqwi s}rUD
4223 2100 8098 7405 3200 9485 543 �7 pmW� =yuwOv=D |oQ=B R= p@k Gw= |x]kv

"�hrDNt |=yxt=vu}};� |Qw�D w |y=oW}=tR; Q}D Qovr `} RwDR=@ OYQO Q=Okt xU}=kt "10 pwOH
|y=oW}=tR; [25] AS3600 [24] BS8110 [21] CEB-FIP [23] DIN1045 [22] EC2 [18] ACI318� 11 Q}D

24 1 0 20 25 15 15 20 UPS2�12

=yVQ=Ro u}rw= 'u=Q}= QO OvJ Qy "CU= QDOwyWt Q=}U@ '�OvQ=O |R=Uu=tDN=U QO
'xtQ;uD@ |=yxR=U `=wv= R= |[a@ Qovr `} RwDR=@ w Q}PBpmW Q=DiQ |UQQ@ x@ \w@ Qt
Ctw=kt |=yuD@ =@ |ak=w T=}kt QO |oDUw}B uwO@ Oqwi =@ xO}vDTB w xO}vDV}B

[29�26]"CU= xOw@ xRQr x@ R=}v uwO@ =} w =@ |=yuD@ Q+@+= =} w q=@
R= xR=U |rm Q=DiQ O}=@ 'xR=U l} Qovr `} RwDR=@ w |Q}PBpmW |@=} RQ= |=Q@
|=yQ}D |UQQ@ x@ R=}v '=yQ}D QO p=Ft u=wva x@� OW=@ Q_vOt |Q=PoQ=@ |=yDv= =D =OD@=
xm |r=L QO "xO=U x=ox}mD =@ |=yQ}D xv w CU= C}ty= R�=L |OQ=wt u}vJ QO u}at=v
|rwtat |=yuD@ w xO=U x=ox}mD =@ |=yQ}D x@ \w@ Qt 'OwHwt C=ar=]t �90 OwOL
'OW xQ=W= xm xvwou=ty 'xmv}= ut[ "xQU l} |=yQ}D xv w CU= �xRQr x@ OvtR=}v�

"�CU= OWQ x@ wQ R}v =yuD@ Q+@+= w q=@ Ctw=kt |=yuD@ OQ@ Q=m u=yH QO xRwQt=

R}N |Q}PBpmW |x@U=Lt w xOWV}=tR; Q}D R}N � Q=@ |vLvt "1"7
(��)

s}rUD R= Oa@ C=ar=]t ?re= QO xtQ;uD@ |=yxR=U QO xm CU= u; QmP p@=k |xDmv
uwO@ Oqwi =@ |=yxR=U QO xm |r=L QO OwW|t ZQi C@=F Q=@ Q=Okt 'Oqwi uOW
OwHwt Q=Owtv OWQ x@ wQ ?}W u=vJty '|rwtat |=yOqwi s}rUD R= Oa@ |oDUw}B
uwO@ xO}WmTB Oqwi xm CU= p}rO u=O@ u}= "CU= V}=Ri= p=L QO Q=@ w CU=
� Q=@ |=yQ=Owtv QO |iqDN= u}vJ "CU= xO}UQv s}rUD |xrLQt x@ Rwvy |oDUw}B
VNB R=@ Q}O=kt QO Q}}eD O=H}=Ea=@ w xOW |WtN |DNU QO Q}}eD O=H}=Ea=@ R}N
xm |Q}PBpmW u}}aD pwtat |=yVwQ R= |m} "OwW|t xR=U CUmW Ot w Qovr
Q=@ Q=Owtv "CU= R}N � Q=@ Q=Owtv 'OyO|t u=Wv |Q=PoQ=@ u}L QO =Q w[a |rm Q=DiQ
Q}D QO u; j@=]t xm CU= xOW xO=O u=Wv 7 pmW QO Q}D �xv=yO \Uw `]kt� R}N �

u}= xm CU= xO=O MQ Q=@ Q} R QO =yu; s}rUD TBU w |v=}t x=ox}mD |wQ |rw]
Q}O=kt x@ xHwD =@ "CU= Q=@ Q} R x@ C@Uv |v=}t x=ox}mD QO QDW}@ Qovr p}rOx@ Qt=
Q}O=kt =@ |y=oW}=tR; Qovr `} RwDR=@ Q}O=kt '�6 pmW� |y=mW}=tR; w u=UWm Qovr

"CU= xOW x�=Q= 10 pwOH QO R}v u; G}=Dv w xU}=kt |}xt=vu}};

|oDUw}B uwO@ xO}WmTB <=[a= |WtN |Q}PBpmW "7
OvtR=}v uD@ =@ |oDUw}B uwO@ xO}WmTB Oqwi =@ <=[a= |xv}tR QO C=ar=]t xJQo =
Q=}U@ =yu; |Q}PBpmW C=ar=]t =t= 'OUQ|t xDWPo p=U 50 R= V}@ x@ xRQr x@
Q}PBpmW '=yxR=U |L=Q] QO syt QDt=Q=B l} 'R}NxrRrR j]=vt QO "CU= OwOLt
?PH |xiUri 'xR=U l} |}xRQr KQ] QO xm CU= p}rO u}= x@ w CU=yu; uOw@
x@ xHwD =@ "CU= xHwD OQwt ?}yt |=yxrRrR |=Q@ u=UWmQ}e Cr=L QO |SQv=
|xR=U w |rwtat |xtQ;uD@ |xR=U u}@ O=} R Q=}U@ |=yCw=iD w |Q}PBpmW C}ty=
CU= KQ]t p=-wU u}= '|oDUw}B uwO@ xO}WmTB Oqwi ẁv R= ,=YwYN w xO}WmTB
u}v=wk Rwvy [22]'EC2 [24]'BS8110 [18]'ACI318 uwJty |}=yxt=vu}}; =QJ xm
|=yC}OwOLt u=ty R= w Ov=xDiQov Q_v QO QwmPt |=yxR=U |Q}PBpmW |=Q@ |}=RHt
|Q}PBpmW =@ Oqwi w |Q=Wi |QwLt |wQ}v =@ xR=U |=Q@ |rwtat |xtQ;uD@ |xR=U
xR=U |rm |Q}PBpmW QO |tyt QF= 'OW u=}@ xm xvwou=ty� Oqwi ẁv Cw=iDt
C=aq]= Ow@tm 'u; p}qO R= |m} "OwW|t xO=iDU= '��8 =D 6 |=ypwOH� OQ=O
|tyt EL=@t u}vJ OwQw |=Q@ R=}vOQwt |Qw�D w �|ak=w T=}kt QO� |y=oW}=tR;
Ctw=kt ẁv R= ,=YwYN 'sm =QDOwN |=yuD@ |=Q@ |Ow@tm u}vJ "CU=yxt=vu}}; QO
|OWQ x@ wQ OQ@ Q=m xRwQt= w OvDUy QDumWOQD xm � |}=yuD@ Q+@+= u}vJ =} w q=@
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u=DU
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h}
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u=Qt
a|

UOv
yt "Q}D `]kt |y=oW}=tR; R}N w <=vLv= |Q}PBpmW Q=Okt "11 pwOH

(�') <=vLv= |Q}PBpmW (��) R}N |Q}PBpmW

��
�� �y

�'
'u 'y

(mm) (mm) (10�6 rad=mm) (10�6 rad=mm)

14 34 7 2 48 12 5 94 5 7 5

"xOWV}=tR; Q}D |=Q@ xv=yO \Uw <=vLv= � u=tt Q=Owtv "8 pmW

"=ylQD `=wv= |wQW}B w ẁkw w Q}D ?} QND R= |}=tv "9 pmW

Q}D �V}=B� |y=oW}=tR; |=yxDi=} EL@ w xU}=kt "8
u}W}B C=ar=]t =@ xOWV}=tR;

x@ Q=@ Q} R QO u; R= TB w |v=}t x=ox}mD QO |WWm |=yOQor}t =OD@= '|W}=tR; Q}D QO
Q=oR=U 'OW xQ=W= u; 1"1"4 Ov@ QO xm [18]'=m} Qt; |xt=vu}}; =@ xm � Ov=xO}UQ s}rUD
ZQa 'O=OaD Q@ 'Q}D |wQ Q@ Q=@V}=Ri= Qy =@ xmv}= ut[ "�9 pwOH w 7 pmW� �CU=
"CU= xOW xi=[= ��9 pmW� |WQ@ � |WtN w |WtN |=ylQD� =ylQD ẁv w
xm � [4]'CU= 2006 p=U QO |WywSB |xDi=} =@ Q}=et |}xH}Dv u}vJ 'OwW|t Qw;O=}
OvDUy x=Qty lQD |mOv= O=OaD =@ ?re= QwmPt CUmW <=[a= %OW sqa= QDV}B
O=H}= %OW u=}@ QDV}B xm � [8]'|Qo}O |xOWsqa= |xH}Dv =@ wUty w ��9 pmW�
=@ xO}WmTB |=yQ}D QDW}@ QO xm CU= j}ta lQD l} |=H x@ OOaDt |=ylQD
VywSB QO "CU= �CU= Q=_Dv= p@=k |WWm Oqwi uwO@ w |oDUw}B uwO@ |=yOqwi
u}vJty w xOQDUo Q=@ R= xO=iDU= '|v}@V}B p@=kQ}e Q=DiQ u}= x}HwD |=Q@ 'QwmPt
xOW xO}WmTB Oqwi w uD@ u}@ l =m]Y= O=H}= Ea=@ xm p@=m p}iwQB uOw@ |vLvt

"�9 w 1 |=ypmW� OQm KQ]t u=wD|t =Q 'CU=
Q=@ wO Q} R w |v=}t x=ox}mD |L=wv QO O=} R �R}N� pmWQ}}eD O=H}= =@ C}=yvQO
|v=}t x=ox}mD |=Q@?}DQDx@ 'Q}D |Q=Wi |L=wv uD@CtU x@ |WtN |=ylQD 'RmQtDt
QDW}@ VQDUo "Ov=xOQm =O}B VQDUo pmW � I Q}D |q=@ p=@ w u}}=B p=@ QO 'Q=@ Q} R w

"xOWV}=tR; Q}D |=Q@ xv=yO \Uw R}N � Q=@ Q=Owtv "7 pmW

OvtR=}v� |rwtat uD@ =@ xOWxDN=U |=yQ}D =@ x@=Wt 'sm =QDOwN uD@ Q+@+= =@ xO}WmTB
p@k � |oOQwNlQD R= p@k u=UWm |x}L=v "1 %OQ=O OwHw x}L=v Q=yJ ?re= �xRQr x@
|Q}tNu=UWm |x}L=v "3 '�? =D hr=� xOQwN lQD u=UWm |x}L=v "2 '�hr= R=
hr=� xOQwNlQD u=UWm |x}L=v QO "�O =D G� |Q}tN |x}L=v "4 w �G =D ?�
�hr= R= p@k� xOQwNvlQD u=UWm |x}L=v x@ C@Uv |DNU Vy=m l} '�? =D
|DNU Vy=m 'Qo}O |x}L=v x@ |}x}L=v R= OwQw =@ |rm Qw]x@ "OwW|t xOy=Wt
Oqwi s}rUD ẁQW =@ |DNU Vy=m u} QDW}@ "CU= OwyWt p@k |xrLQt x@ C@Uv
p@k |xrLQtQO xm OwW|t xOy=Wt Qw@ Rt |L=wv x@ xHwD =@ "CU= xO=O MQ |rwtat
w sm R}N p@=kt QO w O=} R Q=Owtv ?}W 'pt=m u=UWm |xrLQt =} |oOQwNlQD R=
x@ ?}W '|Oa@ pL=Qt QO xm |r=L QO "CU= xOW ptL xvwtv \UwD |O=} R Q=@
xOQm =O}B |QDQ=wty Cr=L Q=Owtv '|Oa@ |xrLQt x@ p=kDv= |=Q@ w xDi=} Vy=m ?D=Qt

"CU=

(�') <=vLv= |Q}PBpmW w <=vLv= � Qovr |y=oW}=tR; |vLvt "2"7
Q}D

"CU= u; <=vLv= |Q}PBpmW u}}aD 'w[a l} |Q}PBpmW |x@U=Lt Qo}O VwQ
|=yOqwi VvQm u; QO xm |}=vLv= =Q s}rUD <=vLv= [30]'�1982� u=QoWywSB |NQ@
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lQD ẁv wO ẁkw =@ =Q |WtN CUmW Ot '|}=yv Q=@ QO |oDUw}B uwO@ p@=m w
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ẁv QO xm � VWm QO xOW pQDvm =} w xtQ; sm CQwY@ xm OwW|t |krD C} Rt
pk=OL R= V}@ xm '�11 pwOH� 14 |Q}PB pmW ?Um w �CU= xHwD p@=k OwN
u}vJty "OW ?} QND 'OW=@|t (��min = 3=5) xOW x}YwD |O=yvW}B Q=Okt
uO}vW =@ 'Q}D CUmW Ot u}= QO xm CU= u; Qou=}@ |y=oW}=tR; CkO =@ C=Oy=Wt
w Ow@ x}v=F 5 OwOL |v=tR COt QO xm '|Oqwi |=yxDWQ lD lD uOWxQ=B |=OY
w C@Ft w |ivt Qovr |L=wv QO uD@ |Q=Wi VvQm |xv}W}@ x@ uO}UQ =@ xrY=iq@
,=@} QkD 'Qo}O CQ=@ax@ "CU= xO=Di= j=iD= 'CU= |L=wv u}= |Q=Wi uD@ uOWOQN =@
u=tRsy 'uD@ |=yQ=D u} QD|v=QL@ QO |Q=Wi uD@ |oOWOQN w =yuwOv=D |oQ=B ' ẁkw
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