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'CU= xOW xO=O xaUwD |[Qa |xOvvmCNU =@ Q}Dx=W |=Q@ xm 1 |x]@=Q xm CU=
|x]@=Q '|rw] |xOvvmCNU C=QF= uDiQoQ_vQO =@ u}=Q@=v@ "Ow@ Oy=wNv Q@Dat Qo}O

"OwW|t xO=O xaUwD |O}OH
=@ u=UWm Vv=tm ?} Q[ xm CU= xO=O u=Wv [23]'u=QoWywSB |NQ@ C=ar=]t
O=a@= C@Uv x@ xDU@=w 'OvW=@ xOW C} wkD |rw] |xOvvmCNU =@ xm '|WQ@ |=ypv=B
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"Ovmv Vv=tm �1� pv=B xJv=vJ ?mQt Q}Dx=W OQmrta "4 pmW

"Ovmv Vv=tm �1� pv=B xJv=vJ pv=B sUH O=R; s=Qo =}O "5 pmW

%O};|t CUO x@ 7 |x]@=Q R=
Vs1 = a1t

�ywp3 (7)

QO xOWx�=Q= VwQ R= Ov=wD|t Cr=L u}= QO Vs1 Q=Okt 'QDxO=U CQwYx@ u}vJty
"O}; CUO x@ Vs1 = 0 60:a1:t:�yw |x]@=Q R= 'BS5950 OQ=Ov=DU=

Ctw=kt w CU= �1� pv=B R= QDxO}J}B |tm �0� pv=B |WQ@ |WQ@ OQmrta
|=Q@ O=R; s=Qo =}O uDiQoQ_vQO =@ "OQw; CUO x@ 1 |xrO=at R= u=wD|t =Q u; |WQ@
u}= |=Q@ 1 |xrO=at QO |Q}tN pY=it |rw] |xrY=i '5 pmW j@=]t '�0� pv=B

%O};|t CUO x@ 9 w 8 \@=wQ R= Cr=L

Cc = 2
sin �

s
Mpn0;1
�yt t

� b (8)

Ct = 2
sin �

s
Mp0;1
�yt t

� b (9)

Mp0 = �yf :bf :t2f=4|x]@=Q R= wCU=|WWm p=@|Q}tN QovrMp0 '=yu; QO xm
=ywQ}v `} RwD T=U=Q@ xm CU= |Q=Wi p=@ |Q}tN Qovr 'Mpn0 w OwW|t x@U=Lt

"OwW|t x@U=Lt 'CU= xOW xO=O u=Wv 6 pmW QO xJv; j@=]t `]kt QO
R= O}=@ 'OwW|t X0 w W0 |Q}tN pY=it p}mWD Ea=@ xm |Qovr Q=Okt
pYit CQwY u}= QO \ki =Q} R 'OwW QDW}@ ?mQt Q}Dx=W |q=@ CtUk sw=kt Qovr

"|rw] |xOvvmCNU =@ |WQ@ pv=B |=Q@ |WWm u=O}t pOt "3 pmW

xDio |WWm u=O}t |WQ@ OQmrta 'Ov}=Qi u}= x@ xm &OwW|t ptLD 'O@=}|t xaUwD
VvD u}= ẁtHt xmv; =D 'O@=}|t V}=Ri= |}=We VvD '|Q=PoQ=@ V}=Ri= =@ "OwW|t
�yt =@ xm '|}=We VvD Q=Okt u}= "OvwW u=H s}rUD ?@U �cr |Wv=tm VvD w

%O};|t CUOx@ 5 |x]@=Q R= [13]'|Qo}O C=ar=]t T=U=Q@ 'OwW|t xO=O u=Wv

�yt = �3
2�cr sin 2� +

r
�2
yw + (�cr)2[(3

2 sin 2�)2 � 3] (5)

"CU= u=H s}rUD VvD �yw w |WWm |}=We VvD ?QwD |x} w=R � 'u; QO xm
3 pmW j@=]t 'OwW xO=iDU= |rw] |xOvvmCNU l} R= u=H pv=B QO Qo =
pmW |}=We |WWm u=O}t =yv; R= s=Om Qy QO xm OwW|t s}UkD pv=B wO x@ u=H
x@ =RHt s}rUD |x}L=v wO '�yt x@ |WWm |}=We VvD uO}UQ =@ w CiQo Oy=wN
'wU l} R= O}=@ |rw] |xOvvmCNU '|Q=DiQ u}vJ O=ONQ |=Q@ "Ot; Oy=wN OwHw
K]U 'Qo}O |wU R= w |WQ@ pv=B Qy QO |WWm u=O}t p}mWD |=Q@ |i=m C}@rY
CtU x@ pv=B CtU l} R= |WWm u=O}t |ki= |=yxir-wt p=kDv= |=Q@ |i=m `]kt

"OW=@ xDW=O =Q Qo}O
xOW ZQi ?mQt Q}Dx=W |Oqwi VN@ |WQ@ Ctw=kt OQw;Q@ |=Q@ 'xt=O= QO
xm |Qw]x@ 'OvW=@ b0 w a0 'b1 'a1 ?}DQD x@ '�0� w �1� |=ypv=B O=a@= xm CU=
uwvm = "OvW=@ u=H jta d w 'u=H pv=B ZQa b 'a1 + a0 = d 'b0 = b1 = b

|WQ@Ctw=kt 'TBU w xv=o =OH Qw]x@ Ov=wD|t �Vs0 w Vs1� pv=B Qy |WQ@Ctw=kt
ẁtHt R= (Vs) |rw] |xOvvmCNU =@ ?mQt |=yQ}Dx=W |Oqwi CtUk |}=yv

%O}; CUO x@ 6 |x]@=Q CQwYx@ pv=B Qy |WQ@ Ctw=kt
Vs = Vs1 + Vs0 (6)

Vv=tm sOa =} wVv=tm w u=H QO |rw] |xOvvmCNUC}akwt x@ Vs0 w Vs1 Q}O=kt
|=ypv=B R= s=Om Qy '|rw] |xOvvmCNU C}akwt T=U=Q@ "CU= xDU@=w =ypv=B
Cr=L Qy QO xm 'Ovvm Vv=tm pv=B wO Qy =} w Ovvmv Vv=tm CU= umtt �0� w �1�
Qw]x@ Cr=LQy C=}�RH 'xt=O= QO "CW=O Ovy=wN |Dw=iDt Q=DiQ ?mQt |=yQ}Dx=W

"CU= xDiQo Q=Qk |UQ@ OQwt xv=o =OH
Ovmv Vv=tm �1� pv=B xJv=vJ Q}Dx=W |Oqwi CtUk |WQ@ Ctw=kt "1"2"2
�1� pv=B 'OQ}o Q=Qk |v=kwi p=@ |m}ORv QO |rw] |xOvvmCNU Qo = '4 pmW j@=]t
R= '�cr �1� pv=B u=H QO |v=QL@ |WQ@ VvD 'Qo}O CQ=@ax@ "OwW|tv Vv=tm Q=JO
,=t}kDUt �1� pv=B |WQ@ Ctw=kt |Dr=L u}vJ QO "OwW|t QDW}@ �y s}rUD VvD
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UOv
yt |=ywQ}v pO=aD uDiQoQ_vQO =@ "OvDUy ps xOvvmCNU jQw QO OwHwt |wQ}v w pw1

%O};|t CUOx@ 11 |x]@=Q R= �Y |xrY=i '|Q=Wi w |WWm
�Y = ( tf2 )(1 + pw1 + ps � prb � prt

pf
) (11)

jQw QO OwHwt |wQ}v ps w '�1� pv=B QO u=H |wQ}v pw1 'p=@ QO wQ}v pf 'u; QO xm
|Q=Wi p=@ |Q}tN Qovr '|Q}tN |FvN QwLt pwL |Q}oQovr =@ "CU=xOvvmCNU

%O};|t CUO x@ 12 |x]@=Q R= 'Mpn0

Mpn0 = pf
2tf

h
�Y 2+(tf � �Y )2i+(prtdrt+prbdrb+pw1dw+ps

(12)

%u; QO xm
prt = �yrArt

prb = �yrArb

pf = �yfbf tf

pw1 = �ywa1tw

ps = �yfbf ts

p=O QO |v=DLD w |v=kwi |=yQwD=tQ; `]kt K]U ?}DQD x@ Arb w Art '=yu; QO xm
"OvDUy p=@ w =yQwD=tQ; s}rUD Ctw=kt ?}DQD x@ �yf w �yr w '|vD@

13 |x]@=Q O}=@ 'OQ}o Q=Qk �1� |WQ@ pv=B u=H QO |Q}tN |FvN Q=D xmv; |=Q@
%OW=@ Q=QkQ@

prt + prb + pf < pw1 + ps (13)

p=@ |x@r R= �Y |xQ=Ov= x@ |}xrY=i QO |FvN Q=D OwW ZQi Qo = R}v Cr=L u}= QO
CtUk w VWmQO �Y |xR=Ov= x@ u=H R= |DtUk 'OQ}o Q=Qk Q}Dx=W |Oqwi |v=kwi
p=@ |WWm CtUk R}v Cr=L u}= QO "OQ}o|t Q=Qk Q=Wi QO (a1 � �Y ) |va} Qo}O
pt=W |Q=Wi CtUk w |Oqwi p=@ w =yQwD=tQ; QO OwHwt |=ywQ}v pt=W ?mQt
'|Q=Wi w |WWm |=ywQ}v pO=aD uDiQoQ_vQO =@ "OvDUy xOvvmCNU uwQO |wQ}v

%OQw; CUOx@ 14 |x]@=Q R= u=wD|t =Q �Y |xrY=i
�Y = ( tf2 )(1� pf + prb + prt � ps

pw1
) (14)

15 |x]@=Q R= 'Mpn0 ?mQt p=@ |Q}tN Qovr '|Q}tN |FvN Q=D pwL |Q}oQovr =@
%O};|t CUO x@

Mpn0 = pw
2:a1

h
�Y 2+(a1� �Y )2

i
+(prt:drt+prb:drb+pf :df+ps:ds)

(15)

xOWQmP \@=wQ =@ |FvN Q=D |Q}oQ=Qk |=yCr=L R= s=Om Qy QO |Q}tN Qovr u}=Q@=v@
w 8 \@=wQ j@=]t Cc wCt |x@U=Lt |=Q@ u=wD|t u; R= w CU= x@U=Lt p@=k
u=wD|t w OwW|t u}}aD 1 |x]@=Q |=yQDt=Q=B |t=tD ?}DQD u}= x@ "OQm xO=iDU= 9
|x]@=Q R= =Q �1� pv=B |WQ@ Ctw=kt w QwmPt |x]@=Q R= =Q �0� pv=B |WQ@ Ctw=kt
Q}Dx=W |Oqwi CtUk pm |WQ@ Ctw=kt 6 |x]@=Q j@=]t TBU w OQm x@U=Lt 7
"Ot; Oy=wN CUO x@ Vs0 w Vs1 ẁtHt R= 'Ovmv Vv=tm �1� pv=B xm |Dr=L QO

"�1� pv=B w ?mQt p=@ QO C=}�RH "6 pmW

'CU= xOW xO=O u=Wv hr=6 pmW QO xm Qw]u=ty "OwW p}mWD Ov=wD|t |Q}tN
u=H '|v=kwi |Oqwi p=@ '|vD@ p=O %pt=W Q}Dx=W |}q=@ CtUk OwW|t ZQi
'x=ox}mD CQw=Ht QO |a]kt uDiQoQ_vQO =@ "OW=@ |rw] |xOvvmCNU w '�1� pv=B
Ov=wD|t Q}Dx=W |q=@ CtUk |Q}tN |FvN Q=D 'OQ}o|t Q=Qk |ivt Qovr CLD xm
u}=Q@=v@ "OQ}o Q=Qk �1� pv=B u=H QO ?6 pmW j@=]t =} p=@ QO hr=6 pmW j@=]t
p=@ QO |Q}tN |FvN Q=D xmv; |=Q@ "OwW x@U=Lt xv=o =OH Qw]x@ |Q}tN Qovr O}=@

%OW=@ Q=QkQ@ 10 |x]@=Q O}=@ 'OQ}o Q=Qk Q}Dx=W |v=kwi |Oqwi
prt + prb + pf > pw1 + ps (10)

|q=@ |x@r R= �Y |xR=Ov= x@ |}xrY=i QO |FvN Q=D OwW ZQi Cr=L u}= QO Qo =
Qo}O CtUk w VWm QO �Y |xR=Ov= x@ |Oqwi p=@ R= |DtUk 'OQ}o Q=Qk p=@
|=ywQ}v pt=W ?mQt p=@ |WWm CtUk "OwW|t `k=w Q=Wi QO (tf � �Y ) '|va}
u=H QO OwHwt |wQ}v pt=W |Q=Wi CtUk w prb w prt u}}=B w q=@ |=yQwD=tQ;
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"�0� pv=B w |WWm p=@ QO C=}�RH "9 pmW

|=ywQ}v pt=W ?mQt p=@ |WWm CtUk "OQ}o|t Q=Qk Q=Wi QO (tf � �Y ) |va}
|Q=Wi w |WWm |=ywQ}v pO=aD uDiQoQ_vQO =@ "CU= p=O |=yQwD=tQ; QO OwHwt

%O}; CUO x@ 17 |x]@=Q R= Ov=wD|t �Y |xrY=i
�Y = ( tf2 )(1� prb + prt

pf
) (17)

|x]@=Q R= 'Mpn1 |Q=Wi p=@ |Q}tN Qovr '|Q}tN |FvN Q=D pwL |Q}oQovr =@
%OwW|t x@U=Lt 18

Mpn1 = pf
2:tf

h
�Y 2 + (tf � �Y )2i+ (prt:drt + prb:drb) (18)

Q=Okt "O};|t CUO x@ 9 pmW x@ xHwD =@ Mp1 |Oqwi |WWm p=@ |Q}tN Qovr
=} �0� pv=B u=H QO CU= umtt xm 'OQ=O |FvN Q=D C}akwt x@ |oDU@ Mp1
jQw Ct=N[ xmv}= ZQi =@ xm CU= sRq QmPD u}= "OQ}o Q=Qk Q}Dx=W u}}=B p=@
xOvvmCNU jQw QO Ov=wD|tv |FvN Q=D 'OW=@ p=@ Ct=N[ R= QDtm xOvvmCNU
Qw] x@ Cr=L Qy |=Q@ |Q}tN Qovr |FvN Q=D C}akwt x@ xHwD =@ u}=Q@=v@ "OQ}o Q=Qk

"O};|t CUO x@ xv=o =OH
u}= "OwW `k=w �0� pv=B u=H QO |Q}tN |FvN Q=D xm CU= u; pw= Cr=L

%OW=@ Q=QkQ@ 19 |x]@=Q xm OyO|t MQ |v=tR Cr=L
ps + pw0 > pf (19)

u}}=B |x@r R= �Y |xrY=i QO �0� pv=B u=H QO |Q}tN |FvN Q=D Cr=L u}= QO
x@ |Oqwi p=@ R= |DtUk "OQ}o|t Q=Qk hr=9 pmW j@=]t |rw] |xOvvmCNU

"Ovmv Vv=tm �0� pv=B xJv=vJ ?mQt Q}Dx=W OQmrta "7 pmW

"?mQt p=@ QO C=}�RH "8 pmW

Ovmv Vv=tm �0� pv=B xJv=vJ Q}Dx=W |Oqwi CtUk |WQ@ Ctw=kt "2"2"2
�0� pv=B 'OQ}o Q=Qk |WWm p=@ |m}ORv QO 7 pmW j@=]t |rw] |xOvvmCNU Qo =
R= pv=B u}= u=H QO �cr |v=QL@ |WQ@ VvD 'Qo}O CQ=@ax@ "OwW|tv Vv=tm Q=JO
x@=Wt �0� pv=B |WQ@ Ctw=kt |]}=QW u}vJ QO "OwW|t QDW}@ �y s}rUD VvD

%OwW|t xDWwv 16 |x]@=Q CQwYx@ 7 |x]@=Q =@
Vs0 = a0t

�ywp3 (16)

|Q}tN |=yQovr "O}; CUO x@ 1 |xrO=at R= Ov=wD|t �1� pv=B |WQ@ Ctw=kt
CtUk QO xOWxO=O |=yxrO=at =@ 'Mpn1 w Mp1 '|Q=Wi w |WWm |=yp=@ QO
Vv=tm �1� pv=B xm CU= xOW ZQi Cr=L u}= QO xm =Hv; R= "CU= Cw=iDt p@k
R= u=wD|t =Q u; |WQ@ Ctw=kt w CiQo Oy=wN pmW |}=We |WWm u=O}t 'Ovm@
9 w 8 \@=wQ =@ xm Ct w Cc Q}O=kt xm CU= R=}v u}=Q@=v@ "OQw; CUOx@ 1 |xrO=at
xm |D}a[w QO |Q=Wi w |WWm |=yp=@ |Q}tN |=yQovr T=U=Q@ 'Ov=xOW |iQat
|=H x@ 9 w 8 \@=wQ QO 'Qo}O CQ=@a x@ "OvwW x@U=Lt 'Ovm@ Vv=tm �1� pv=B
|x@U=Lt |=Q@ "OvwW u} Ro}=H Mpn1 w Mp1 Q}O=kt O}=@ Mpn0 w Mp0 Q}O=kt
xDiQo ltm 8 pmW QO xOWxO=O u=Wv |} wQ}v C=}�RH R= QwmPt |Q}tN Qovr wO
p=@ pt=W 'OQ=O ?mQt OQmrta xm 'Q}Dx=W |v=kwi p=@ Cr=L u}= QO "CU= xOW
x=ox}mD x@ l}ORv D `]kt 'Q}Dx=W |xv=yO pw] QO "CU= KrUt uD@ p=O w |Oqwi
|FvN Q=D xm OwW|t ZQi "O} Q}o@ Q_v QO =Q 'OQ}o|t Q=Qk |ivt Qovr CLD xm
q=@ |x@r R= �Y |xR=Ov= x@ |}xrY=i QO w Q}Dx=W |Oqwi p=@ QO ?mQt p=@ |Q}tN
u; Qo}O CtUk w VWm QO |Oqwi p=@ R= �Y |xR=Ov= x@ |DtUk u}=Q@=v@ "OQ}o Q=Qk
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"Ovm Vv=tm pv=B wO Qy xJv=vJ ?mQtQ}Dx=W OQmrta "10 pmW

"?mQt Q}Dx=W |vD@ p=O QO VvD VNB |xwLv "11 pmW

|xOvvmCNU |Q}tN Qovr '|iQ] R= "O};|t CUO x@ Mp1 = �yf :bs:t2s=4
|Q}tN Qovr w Mpn0 = �yf :bs:t2s=4 |x]@=Q R= 'Mpn0 '�0� pv=B QO |rw]
Ctw=kt uwvm = "O};|t CUOx@ Mp0 = �yf :bf :t2f=4 R= |Oqwi |WWm p=@
Ctw=kt TBU w CU= u}}aD p@=k 1 |x]@=Q R= Vs1 w Vs0 |va} =ypv=B |WQ@

"O};|t CUOx@ QwmPt Ctw=kt wO ẁtHt R= ?mQt Q}Dx=W |Oqwi VN@ |WQ@
(Vc) |vD@ p=O |WQ@ Ctw=kt "4"2"2

|Oqwi Q}Dx=W u=}t ?mQt OQmrta xm CU= xO=O u=Wv [18]'2012 p=UQO |D=ar=]t
u=wD|t 11 pmW j@=]t u}=Q@=v@ "OQ=O OwHw Q}Dx=W R= |DtUk QO \ki |vD@ p=O w
|Ov@s}UkD �D |x}L=v� w �B |x}L=v� CtUkwO x@ =Q ?mQt Q}Dx=W |xv=yO pw]
Ctw=kt |Ov@pwtQi xm =Hv; R= "OQ=O ?mQt OQmrta 'D |x}L=v \ki u; QO xm OQm
'CU= xOW xO=O K}[wD [18]'QwmPt |xar=]t QO ?mQt Q}Dx=W QO |vD@ p=O |WQ@

"CU= xOW xOvU@ \@=wQ QmP x@ \ki =Hv}= QO
R= [24]'ACI24318M-05 T=U=Q@ u=wD|t =Q D |x}L=v |WQ@ C}iQ_

%OQw; CUO x@ 25 |x]@=Q
VC�D = Fst sin!:Nst (25)

lDUO l} |tU= |Q=Wi Ctw=kt Fst w h}OQ Qy QO M}tpo O=OaDNst 'u; QO xm
u=}t |xrY=i QO 11 pmW j@=]t xm 'CU= |WQ@ QwD=tQ; uwO@ �strut� |Q=Wi

%CU= x@U=Lt p@=k 26 |x]@=Q R= w [25]'OwW|t p}mWD |r=wDt M}tpo wO
Fst = fceAst (26)

%�27 |x]@=Q� xm|Qw] x@
fce = 0 85�sfcu (27)

|=Q@ �s = 0 75 'CN=wvm} `]kt =@ |Q=Wi lDUO |=Q@ �s = 1 'u; QO xm
lDUO |=Q@ �s = 0 60 '|i=m |[Qa QwD=tQ; =@ pmW|Q]@ |Q=Wi lDUO

"OQ}o|t Q=Qk Q=Wi QO (a0 � �Y ) |va} u; Qo}O CtUk w VWm QO �Y |xR=Ov=
|Q=Wi CtUk w '(ps) xOvvmCNU jQw QO OwHwt |=ywQ}v pt=W |WWm CtUk
w |WWm |=ywQ}v pO=aD uDiQoQ_vQO =@ "CU= (pf ) p=@ QO OwHwt |wQ}v pt=W

%O}; CUO x@ 20 |x]@=Q j} Q] R= Ov=wD|t �Y |xrY=i |Q=Wi
�Y = (a0

2 )(1 + pf � ps
pw0

) (20)

R= '(Mp1) |Q=Wi p=@ |Q}tN Qovr '|Q}tN |FvN Q=D pwL |Q}oQovr =@ TBU
%O};|t CUO x@ 21 |xrO=at

Mp1 = pw0
2:a0

h
�Y 2 + a0 � �Y )2i+ (ps:ds + pf :df ) (21)

Cr=L u}= "OwW `k=w Q}Dx=W u}}=B p=@ QO |Q}tN |FvN Q=D xm CU= u; swO Cq=L
%OW=@ Q=QkQ@ 22 |x]@=Q xm OyO|t MQ |v=tR

ps + pw0 < pf (22)

xm CU= xOW ZQi Cr=L u}= QO "CU= xOW xO=O u=Wv ?9 pmW QO \}=QW u}=
p=@ |q=@ |x@r R= �Y |xR=Ov= x@ |}xrY=i QO Q}Dx=W u}}=B p=@ QO |Q}tN |FvN Q=D
CtUk w VWm QO |Oqwi p=@ R= �Y |xR=Ov= x@ |DtUk u}=Q@=v@ "OQ}o|t Q=Qk QwmPt
QO OwHwt |=ywQ}v |Q=Wi CtUk "OQ}o|t Q=Qk Q=Wi QO (tf � �Y ) |va} u; Qo}O
|Q=Wi |=ywQ}v pO=aD uDiQoQ_vQO =@ "CU= (pw0) u=H w (ps) xOvvmCNU jQw

%CU= x@U=Lt p@=k 23 |x]@=Q R= �Y |xrY=i |WWm w
�Y = ( tf2 )(1� ps + pw0

pf
) (23)

j} Q] R= '(Mp1) |Q=Wi p=@ |Q}tN Qovr '|Q}tN |FvN Q=D pwL |Q}oQovr =@
%OwW|t x@U=Lt 24 |x]@=Q

Mp1 = pf
2tf

h
�Y 2 + (tf � �Y )2i+ (psds + pw0dw) (24)

\@=wQ R= xO=iDU= =@ |FvN Q=D |Q}oQ=Qk |=yCr=L R= s=Om Qy QO |Q}tN Qovr u}=Q@=v@
R= xO=iDU= =@ =Q Ct w Cc Q}O=kt u=wD|t u; R= w CU= x@U=Lt p@=k xOt;CUOx@
Ctw=kt u}}aD |=Q@ '1 |x]@=Q |=yQDt=Q=B |t=tD u}=Q@=v@ "OQm x@U=Lt 9 w 8 \@=wQ
pv=B |WQ@ Ctw=kt "OwW|t XNWt CU= xOW Vv=tm Q=JO xm �1� pv=B |WQ@
Ctw=kt u}=Q@=v@ "O};|t CUO x@ 16 |x]@=Q R= CU= xOWv Vv=tm Q=JO xm R}v �0�
x@ |WQ@ Ctw=kt wO u}= ẁtHt R= Cr=L u}= QO Q}Dx=W |Oqwi CtUk |WQ@

"O};|t CUO
pv=B wO Qy xJv=vJ ?mQt Q}Dx=W |Oqwi CtUk |WQ@ Ctw=kt "3"2"2

Ovm Vv=tm
|WWm |}=We VvD 'OQ}o Q=Qk Q}Dx=W u=H \Uw QO |rw] |xOvvmCNU Qo =
OwW Vv=tm Q=JO Ovv=wD|t �0� w �1� |=ypv=B R= s=Om Qy QO 10 pmW j@=]t
=Q pv=B wO Qy |WQ@ Ctw=kt u}=Q@=v@ "OQ}o pmW =yv; QO |WWm |}=We VvD w
pv=B Qy |=Q@ Ct w Cc O}=@ Qw_vt u}= |=Q@ "OQw; CUO x@ 1 |xrO=at R= u=wD|t
|WQ@ Ctw=kt u}}aD |=Q@ 1 |xrO=at R= u=wD@ =D 'O}; CUO x@ =RHt CQwYx@
9 w 8 |=yx]@=Q R= u=wD|t pv=B Qy |=Q@ Ct w Cc |x@U=Lt QO "OQm xO=iDU=
QmPD u}= "O=O Q=Qk \@=wQ QO =Q \w@ Qt |Q}tN Qovr OQwt Qy QO w OQm xO=iDU=
x@U=Lt p@=k 18 |xrO=at R= �1� pv=B QO ?mQt p=@ |Q}tN Qovr xm CU= sRq
|x]@=Q R= pv=B u}= x@ \w@ Qt |rw] |xOvvmCNU |Q}tN Qovr u}vJty "CU=
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CPG4 w CPG3 'CPG2 'CPG1 ?mQt |=yQ}Dx=W R= |}xvwtv "12 pmW
"OwOLt <=RH= pOt QO xOWxOwRi= |rw] |xOvvmCNU w |[Qa |xOvvmCNU =@

"?mQt |=yQ}Dx=W OwOLt u=tr= pOt R= |}xvwtv "13 pmW
xO=iDU= |rw] |xOvvmCNU R= QwmPt |xvwtv wO |y=oW}=tR; pOt QO xmv; x@ xHwD
OQw;Q@ QO |O=yvW}B |r}rLD VwQ CkO |@=} RQ= |=Q@ =yv; R= u=wD|t 'CU= xOW
'|}=QH= C=}�RH xm CU= sRq QmPD u}= "OQm xO=iDU= |@ wN x@ Q}Dx=W |WQ@ Ctw=kt
j@=]t Q[=L |xar=]t QO xOWxDiQo Q_v QO Q}Dx=W Kr=Yt C=}YwYN w 'O=a@=
u; T=U=Q@ OwOLt <=RH= |=y|R=UpOt w xOw@ [14]'Q}N= |y=oW}=tR; C=ar=]t

"CU= xOW s=Hv=

OwOLt <=RH= p}rLD "1"3
|Oa)@xU pOtl} '�13 pmW j@=]t� |]NQ}e OwOLt <=RH= |=yp}rLD s=Hv= |=Q@
|=yjQw w 'u=H 'Q}Dx=W p=@ "CU= xOW xO=O xaUwD ANSYS Q=Ri=sQv R= xO=iDU= =@
=@ |vD@ p=O w SHELL281 |}xQo 8 |}xDUwB u=tr= =@ |Oqwi CtUk |D} wkD
?}DQD x@ R}v |WQ@ Cq=YD= w =yQwD=tQ; "CU= xOW |R=UpOt SOLID185 u=tr=
"CU= xOW |R=UpOt SOLID95 |}xQo 20 u=tr= w LINK8 \@=Q u=tr= =@
=} |Oqwi p=@ hQ] x@ p=O 'CU= Q=Wi CLD |vD@ p=O xm |v=tR 'C@Ft Qovr QO
Oy=wN xO=O xaUwD =yv; u}@ |Q=Wi |wQ}v u}=Q@=v@ w Ovm|t CmQL |WQ@ Cq=YD=
|}xrY=i 'Ovm|tCmQLhr=NtCyH QO p=O xm|v=tR|va} '|ivt QovrCLD "OW
'Q=DiQ u}= uOQmpOt |=Q@ "O};|t OwHw x@ |WQ@ Cq=YD= O=ODt= QO p=O w p=@ u=}t
Kw]U |wQ Q@ 'TARGE170 w CONTA174 K]U x@ K]U p=YD= |=yu=tr=
Qy 'l =m]Y= ?} Q[ h} QaD =@ "CU= xOW xO=O Q=Qk |}xDUwB w SOLID u=tr=
QO "Ovvm |R=UpOt =Q K]U wO u}@ VRer OvDUy QO=k Cq=YD= GwR u}= R= s=Om
'xDiQoCQwY p}rLD QO "CU= xOW ZQi 0 45 l =m]Y= ?} Q[ VywSB u}=
xDiQo Q=Qk xO=iDU= OQwt [14]'Q}N= |y=oW}=tR; C=ar=]t QO xOWxO=O C=}YwYN
w u=UWm CQwYx@ Kr=Yt w |R=UpOt pt=m |Q}tNu=UWm pOt =@ Oqwi Q=DiQ w
w uD@ |Q=Wi Ctw=kt OQwt QO QDW}@ C=aq]= |=Q@ "CU= xOW ZQi OQou=Uty

"OQm ẁHQ [14]'QwmPt `HQt x@ u=wD|t Oqwi
xQ=W= u; x@ =Hv}= QO CU= sRq w CU= xOW C}=aQ p}rLD QO xm |Qo}O |xDmv
,qt=m Q}Dx=W |wQ Q@ |Q=PoQ=@ Qo = "CU= Q}Dx=W u=H QO Vv=tm p=ta= VwQ 'OwW
'OW=@ xDW=Ov |}x}rw= Xkv xvwoI}y R}v pv=B u}= w OW=@ u=H pv=B |xLiY uwQO

'uD@ |}xv=wDU= |Q=Wi Ctw=kt fcu '|i=m |[Qa QwD=tQ; uwO@ pmW|Q]@ |Q=Wi
R= xm 'CU=yDv= l} QO |Q=Wi lDUO QwLt Q@ Owta QDlJwm `]kt K]U Ast w

%O};|t CUOx@ 29 w 28 |=yx]@=Q
Ast = dstDs (28)

dst = Ds sin! ! = tan�1(a
l
) (29)

|WQ@ Ctw=kt "CU= |Q=Wi lDUO ZQa dst w M}tpo Q]k Ds '=yu; QO xm
x@ 30 |x]@=Q R= [23]'ACI23318M-05 T=U=Q@ u=wD|t R}v =Q B |x}L=v QO

%OQw; CUO
VC�B = 0 17pfcu(B � bf )ds (30)

"CU= VQ@ |=Q@ p=O QF-wt Ct=N[ ds w |vD@ p=O ZQa B 'u; QO xm|Qw] x@
|=yx}L=v |WQ@ Ctw=kt ẁtHt =@ Q@=Q@ |vD@ p=O |rm |WQ@ C}iQ_ u}=Q@=v@

%OwW|t xDWwv 31 |x]@=Q CQwYx@ w CU= D w B
VC = VC�D + VC�B (31)

w OQ=Ov =Q QDW}@ Q=@ ptLD Qo}O ?mQt Q}Dx=W 'OwN |WQ@ C}iQ_ x@ uD@ uO}UQ =@
|Oqwi CtUk |WQ@ Ctw=kt ẁtHt R= ?mQt Q}Dx=W |}=yv |WQ@ Ctw=kt u}=Q@=v@

%�32 |x]@=Q� O};|t CUO x@ (Vc) |vD@ p=O w (Vs) Q}Dx=W
Vult = Vs + Vc (32)

|O=yvW}B VwQ CkO |@=} RQ= "3
|=yQ}Dx=W |WQ@ C}iQ_ |v}@V}B QO |O=yvW}B |r}rLD VwQ CkO 'xt=O= QO
w |O=yvW}B VwQ R= xOt;CUO x@ G}=Dv |xU}=kt =@ |rw] |xOvvmCNU =@ ?mQt
s=Hv= |=Q@ "CU= xDiQo Q=Qk |@=} RQ= OQwt |]NQ}e OwOLt <=RH= |=yp}rLD G}=Dv
u}vJty "CU= xOW xO=iDU= [26] ANSYS Q=Ri=sQv R= OwOLt <=RH= |=yp}rLD
R= xOt;CUO x@ G}=Dv =@ xU}=kt QO |WQ@ C}iQ_ QO |rw] |=yxOvvmCNU Q}F-=D
|=yQ}Dx=W 'Qw_vt u}= |=Q@ "CU= xOW K} QWD xOvvmCNU uwO@ ?mQt |=yQ}Dx=W
|=ys=v =@ |}=yxvwtv w xDiQo Q=Qk Q=m |=v@t [14]'2003 p=U QO |}xOWV}=tR;?mQt
xOWQmP |=yxvwtv QO "CU= xOW ?=NDv= CPG4 w CPG3 'CPG2 'CPG1
|=ypv=B QO |}xOvvmCNU xvwoI}y w xOW xO=iDU= |[Qa |xOvvmCNU R= \ki
x@=Wt ,qt=m =yxvwtv u}= "CU= xOWv xO=O Q=Qk |Q]k =} w |rw] CQwYx@ |WQ@
C@Uv |QDlR=v u=H 'CPG1 |xvwtv xm CU= u; QO \ki =yv; Cw=iD w OvDUy
p=O QO |i=[= |WQ@ QwD=tQ; 'CPG4 w CPG3 |=yxvwtv w CPG2 |xvwtv x@
x@ jta C@Uv xm CU= u; CPG4 w CPG3 |=yxvwtv Cw=iD "Ov=xDW=O |vD@
|xar=]t QO =yxvwtv u}= R= s=Om Qy "CU= 150 w 250 ?}DQD x@ =yv; QO Ct=N[
pv=B u=H QO |Q}oQ=Qk hrDNt Cr=L 3 QO |rw] |xOvvmCNU R= xO=iDU= =@ Q[=L
"Ov=xOW sw=kt u=H \Uw QO w '|v=DLD p=@ x@ l}ORv '|v=kwi p=@ x@ l}ORv %pt=W
ZQi QDt|r}t 10 =@ Q@=Q@ w C@=F |rw] |xOvvmCNU Ct=N[ 'OQ=wt |t=tD QO
xi=[= u; x@ |rw] |xOvvmCNU xm '=yxvwtv u}= R= |m}D=tW Q} wYD "CU= xOW

"CU= xOW xO=O u=Wv 12 pmW QO 'CU= xOW
[14]'QwmPt |y=oW}=tR; C=ar=]t R= Qo}O |xOW?=NDv= Q}Dx=W |xvwtv wO
=@ "OvQ=O u=H pv=B \Uw QO |rw] |xOvvmCNU xm 'OvDUy CPG8 w CPG7
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QW

u=Qt
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UOv
yt

|xOvvmCNU Cw=iDt |=yC}akwt =@ ?mQt Q}Dx=W |=Q@ RU}tuwi VvD "14 pmW
C}akwt x@ xHwD =@ u=H pv=B Vv=tm |ovwoJ w CPG2 |xvwtv |=Q@ |rw]

"|rw] |xOvvmCNU
hQat 'CU= xOW xO=O ?mQt Q}Dx=W Qy |=Q@ 1 pwOH QO xm 'Vexp |y=oW}=tR;
Q=@ x@ QwmPt `HQt QO xOWx�=Q= Q}O=kt =Q} R "CU= [14]`HQt QO xOWxO=O Q}O=kt hYv
VwQ u}= R= xOW|v}@V}B Q}O=kt xm|r=L QO 'OwW|t \w@ Qt =yQ}Dx=W |oDN}Uo

"CU= |oDN}Uo Q=@ hYv |va} 'Q}Dx=W pv=B l} |WQ@ Ctw=kt x@ \w@ Qt
|r}rLD VwQCkO =OD@= "CU= xDiQo Q=QkEL@ OQwt G}=Dv x=oO}O wO R= 'xt=O= QO
QO |rw] |=yxOvvmCNU Q}F-=D TBU w |UQQ@ |WQ@ C}iQ_ OQw;Q@ QO |O=yvW}B
|=Q@ Vult=VANSY S Q}O=kt "CU= xOW xar=]t ?mQt |=yQ}Dx=W |WQ@ Ctw=kt
OyO|t u=Wv 'CU= xOW CUQyi 1 pwOH QO xm CPG4 =D CPG1 |=yxvwtv
�8 R= QDtm OwOLt <=RH= |R=UpOt x@ C@Uv |O=yvW}B |r}rLD VwQ |=]N xm
"OwW|t ?wULt pw@k p@=k Q=Okt l} |r}rLD |=yVwQ QO =]N u=R}t u}= "CU=
|=yxOvvmCNU R= CPG4 =D CPG1 |y=oW}=tR; |=yxvwtv QO xm =Hv; R=
OQw;Q@ QO |O=yvW}B VwQ |HvUCLY |=Q@ u=wD|tv 'CU= xOWv xO=iDU= |rw]
l}ORv Q}O=kt |@Uv Qw] x@ =t= "OQm O=vDU= =yv; |y=oW}=tR; G}=Dv x@ |WQ@ C}iQ_

"O=O s=Hv= ,qt=m =Q p}rLD u=wD|tv u}=Q@=v@ w O=O Oy=wNv MQ Vv=tm l} Qw�D Q_v R=
u=wvax@ |}xLiYuwQ@ u=mtQ}}eD l} CU= sRq |]}=QW u}vJ QO 'Qo}O CQ=@a x@
|=Q@ =RHt |r}rLD |xrLQt wO Qw_vt u}= |=Q@ "OwW p=ta= xR=U x@ x}rw= Xkv
Q}O=kt |Wv=tm p}rLD 'pw= |xrLQt QO "CU= xOW ^=Lr Q}Dx=W |OOa |xar=]t
pY=L Owt u}rw= w xOW xDiQo Q=mx@ |Wv=tm |=yOwt |v}@V}B |=Q@ xR=U |xS} w
x@ umtt |Wv=tm MU=B |R=Ux}@W Qw_vt x@ x}rw= pmWQ}}eD u=wvax@ p}rLD u}= R=
x}rw= pmWQ}}eD xm |r=L QO 'swO |xrLQt QO TBU "CU= xOW p=ta= Q}Dx=W u=H
u}= x@ "CU= xOW s=Hv= OwOLt <=RH= |]NQ}e p}rLD 'OQ=O OwHw Q}Dx=W u=H QO

"CU= xOW xDiQo Q_v QO p}rLD G}=Dv QO |Oqwi <=RH= |Wv=tm C=QF= ?}DQD

=yEL@ w G}=Dv "2"3
CU= u; 'OwW pQDvm OwOLt <=RH= |=yp}rLD R= xO=iDU= =@ O}=@ xm |}xH}Dv u}rw=
OwN x@ \w@ Qt |}=We |WWm u=O}t Ov=wD@ �0� w �1� |=ypv=B R= s=Om Qy xm
|v=DLD p=@ |m}ORv QO |rw] |xOvvmCNU |Dkw 'Qo}O CQ=@a x@ "OvyO xaUwD =Q
OyO xaUwD OwN uwQO =Q |}=We |WWm u=O}t Ov=wD@ O}=@ �1� pv=B 'OQ}o|t Q=Qk
O}=@ �0� pv=B 'OwW|t `k=w |v=kwi p=@ |m}ORv QO QwmPt |xOvvmCNU |Dkw w
'OwW `k=w u=H pv=B \Uw QO xOvvmCNU Qo = u}vJty "OW=@ xDW=O =Q |}=v=wD u}=
xaUwD \@=wQ xm OwW|t |Qw;O=} "OwW `k=w pv=B wO Qy QO O}=@ |}=We |WWm u=O}t

"CU= xOW |R} Qx}=B Cr=L 3 u}= T=U=Q@ xDWPo |=yVN@ QO xOWxO=O
QO |}=We |WWm u=O}t xm OyO|t u=Wv OwOLt <=RH= |=yp}rLD G}=Dv
|rw] |xOvvmCNU |Q}oQ=Qk pLt x@ xDU@=w 'CU= xOW xDio xJv; j@=]t =ypv=B
|=Q@ =Q RU}t uwi VvD `} RwD '14 pmW "O@=}|t xaUwD �0� w �1� |=ypv=B QO
=Q xDmv u}= w OyO|t u=Wv xOvvmCNU |Q}oQ=Qk Cr=L 3 QO CPG2 |xvwtv
|WWm u=O}t |xaUwD |}=v=wD 'xOvvmCNU pLt x@ xDU@=w pv=B Qy xm Ovm|t C=@F=
'OQ}o|tv pmW |}=We VvD u=O}t xm |}=ypv=B QO CU= |y}O@ "OQ=O =Q |}=We
=Pr w CU= QDnQR@ (�y) s}rUD VvD R= (�cr) u=UWm |v=QL@ |WQ@ VvD Q=Okt
QO |}=We |WWm u=O}t |xaUwD =t= "Ot; Oy=wNv OwHw x@ u; |=Q@ Vv=tm \}=QW
(�y) s}rUD VvD R= (�cr) u=UWm |v=QL@ |WQ@ VvD xm OyO|t u=Wv =ypv=B
Q=JO u=H jQw '�cr Q=Okt x@ pv=B uwQO |WQ@ VvD uO}UQ =@ u}=Q@=v@ w CU= QDtm
"OQ}o|t pmW u; QO |WWm |}=We VvD xm CU= s=ovy u}= QO "OwW|t Vv=tm
w �1� pv=B wO Qy =} w l} QO xm OyO|t u=Wv =Q |Q=PoQ=@ R= |}x_Lr '14 pmW
xaUwD u=mt= |}=We |WWm u=O}t w xOW QDnQR@ �cr R= OwHwt |WQ@ VvD �0�
|=Q@ xm |}x}rw= ZQi ?}DQD u}= x@ "CU= xOW Vv=tm Q=JO u=H jQw w xDi=}
pY=L G}=Dv u=wD|t uwvm = "OwW|t C=@F= 'Ow@ xOW s=Hv= |r}rLD \@=wQ |xaUwD
xU}=kt OwOLt <=RH= G}=Dv =@ =Q Q}Dx=W |WQ@ C}iQ_ |v}@V}B QO |r}rLD VwQ R=

"O=O Q=Qk VHvU OQwt =Q |r}rLD VwQ CkO w OQm
VN@ |WQ@ Ctw=kt |O=yvW}B |r}rLD VwQ R= xO=iDU= =@ Qw_vt u}= |=Q@
'Vcr pv=B Qy |=Q@ Q}Dx=W |Oqwi CtUk |v=QL@ |WQ@ Ctw=kt 'Vs Q}Dx=W |Oqwi
x@U=Lt Vult ?mQt |=yQ}Dx=W |}=yv Ctw=kt w 'Vc |vD@ p=O |WQ@ Ctw=kt
u; Q_=vDt OwOLt <=RH= G}=Dv =@ xOW|v}@V}B Q}O=kt =@ x=Qty '1 pwOH QO w xOW
Vult=VANSY S Q}O=kt 'pwOH|}=yDv= uwDU wO QO "CU= xOWCUQyiVANSY S
|WQ@ Ctw=kt C@Uv |xOvyOu=Wv ?}DQD x@ xm CU= xOW x�=Q= Vult=Vexp w
<=RH= R= xOt;CUO x@ Q_=vDt Q}O=kt x@ (Vult) |r}rLD VwQ =@ xOW|v}@V}B |}=yv
Q}O=kt xm CU= sRq QmPD u}= "CU= (Vexp) |y=oW}=tR; w (VANSY S) OwOLt
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v}@V
}B"CPG4 =D CPG1 |=yxvwtv x@ \w@ Qt |rw] |xOvvmCNU =@ ?mQt |=yQ}Dx=W |}=yv |WQ@ Ctw=kt |xU}=kt "1 pwOH

Vult
Vexp

Vult
VANSY S

Vexp VANSY S Vult VS1 Vs0 Vcr1 Vcr0 Vc h Q}D x=W
(Kn) (Kn) (Kn) (Kn) (Kn) (Kn) (Kn) (Kn) (mm)

1 08 1 04 431 448 466 267 98 54 98 101 187 5 CPG1-T

1 05 1 02 431 443 453 216 136 75 75 101 375 CPG1-M

1 08 1 06 431 440 466 98 267 98 54 101 362 5 CPG1-B

1 26 1 07 562 660 706 444 164 250 164 98 187 5 CPG2-T

1 29 1 03 562 702 724 313 313 313 313 98 375 CPG2-M

1 26 1 08 562 656 706 164 444 164 250 98 362 5 CPG2-B

1 01 1 03 543 531 551 267 98 54 98 183 187 5 CPG3-T

1 01 1 02 543 527 548 216 136 75 75 183 375 CPG3-M

1 01 1 04 543 525 551 98 267 98 54 183 362 5 CPG3-B

1 16 1 07 675 736 784 444 164 250 164 176 187 5 CPG4-T

1 19 1 03 675 779 802 313 313 313 313 176 375 CPG4-M

1 16 1 08 675 729 784 164 444 164 250 176 362 5 CPG4-B

"CPG8 w CPG7 ?mQt |=yxvwtv x@ \w@ Qt |rw] |xOvvmCNU =@ ?mQt |=yQ}Dx=W |}=yv |WQ@ Ctw=kt |xU}=kt "2 pwOH
Vult
Vexp

Vult
VANSY S

Vexp VANSY S Vult Vs2 VS1 Vs0 Vcr2 Vcr1 Vcr0 Vc Q}D x=W
(Kn) (Kn) (Kn) (Kn) (Kn) (Kn) (Kn) (Kn) (Kn) (Kn)

0 91 0 96 436 412 396 267 158 116 50 75 75 129 CPG7
1 03 1 05 629 616 646 517 313 313 208 313 313 129 CPG8

|=yxOvvmCNU =@ CPG8 w CPG7 ?mQt |=yQ}Dx=W R= |}xvwtv "15 pmW
"|[Qa w |rw]

=@ |=yQ}Dx=W QO =yxOvvmCNU xvwou}= u}vJty "CU= Ct=N[ x@ jta C@Uv
QO =t= "OwW `k=w QF-wt Ov=wD|tv 'CU= sm =L =yv; Q=DiQ Q@ |WQ@ Owt xm 'x=Dwm |xv=yO
|xOvvmCNU uOwRi= Q}F-=D 'sm Ct=N[ x@ jta C@Uv w Ovr@ |xv=yO =@ |=yQ}Dx=W
x@ Q[=L |xar=]t QO xm |Qw] x@ 'CU= xOw@ xHwD p@=k |WQ@ Ctw=kt QO |rw]

"CU= xOW xOQw;Q@ �25 OwOL QO \UwDt Qw]
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"O};|t CUOx@ Vc w Vs2 ẁtHt R= |}=yv |WQ@ Ctw=kt u}=Q@=v@ "CU= Vs2 R=
|xOvyOu=Wv QwmPt |=yQ}Dx=W QO Vult=VANSY S w Vult=Vexp C@Uv wO
QO xm 'CU= |O=yvW}B |r}rLD VwQ \UwD xOW|v}@V}B O=Oa= |=Q@ |i=m CkO

Q}F-=D |rw] |xOvvmCNU xm CPG3 w CPG1 |=yxvwtv QO Vult=Vexp l} x@
\@=wQ CkO Qou=}@ Ov=wD|t 'CU= xDW=Ov Q}Dx=W |WQ@ C}iQ_ V}=Ri= QO |v=OvJ
CPG8 w CPG7 |=yxvwtv |=Q@ =yp}rLD G}=Dv |xYqN u}vJty "OW=@ xOWx�=Q=
OwN |=ypv=B R= |m} QO |rw] |xOvvmCNU '|y=oW}=tR; |=yxvwtv j@=]t xm
'xOWQmP |xvwtv wO |=Q@ Vult=Vexp Q}O=kt "CU= xOWCUQyi 2 pwOH QO 'OvQ=O
VwQ |=]N xm OyO|t u=Wv 'Ov=xOW |R=UpOt |y=oW}=tR; |xvwtv x}@W,qt=m xm
OwOL QO CPG8 |xvwtv QO w �9 OwOL CPG7 |xvwtv QO |O=yvW}B |r}rLD
Qou=}@ Ov=wD|t R}v G}=Dv u}= "CU= xOt; CUOx@ V}=tR; \UwD xm CU= |Q=Okt �3

"OW=@ xOWx�=Q= \@=wQ pw@k p@=k CkO
|WQ@ Ctw=kt QO |rw] |xOvvmCNU Q}F-=D x=oO}O R= G}=Dv 'swO VN@ QO
Vult=Vexp Q}O=kt 'CU= xOW u=wva ,q@k xm Qw]u=ty "CU= xOW |UQQ@ Q}Dx=W
|rw] |xOvvmCNU =@ |=yQ}Dx=W |WQ@ Ctw=kt V}=Ri= |xOvyOu=Wv 1 pwOH QO
xDN}Uo |WQ@ Owt QO xm |}=yQ}Dx=W "CU= xOvvmCNU uwO@ |=yQ}Dx=W x@ C@Uv
p@=k =yv; QO |WtN Qovr QF= w OvQ=O x=Dwm |xv=yO xm OvDUy |}=yQ}Dx=W 'OvwW|t
Ct=N[ � x@ � jta C@Uv =yQ}Dx=W xvwou}= QO 'Qo}O CQ=@ax@ "CU= Z=te=
QO |v=OvJ Q}F-=D |rw] |xOvvmCNU uO=OQ=Qk 'OQ=wt u}= QO "CU= O=} R '(d=t)
w CPG1 |=yQ}Dx=W x@ |rw] |=yxOvvmCNU uOwRi= =@ "OQ=Ov |WQ@ Ctw=kt
Ctw=ktV}=Ri= 'OvDUy 250 '�d=t�Ct=N[ � x@ � jtaC@Uv |=Q=O xm CPG3
|rw] |xOvvmCNU uOwRi= u}=Q@=v@ "CU= xOw@ �1 w �8 OwOL QO ?}DQD x@ |WQ@
C@Uv =@ CPG4 w CPG2 |=yQ}Dx=W =t= "CU}v Q}PBx}HwD '=yQ}Dx=W xvwou}= x@
'Ov=xOW sw=kt |rw] |xOvvmCNU =@ xm|v=tR QO 150 '�d=t�Ct=N[ � x@ � jta
u}=Q@=v@ "Ov=xO=O u=Wv OwN R= �20 w �30 OwOL QO Ctw=kt V}=Ri= ?}DQD x@
x@ xDU@=w |WQ@ Ctw=kt QO |rw] |=yxOvvmCNU Q}F-=D xm CiQo xH}Dv u=wD|t

30

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

4/
2|

xQ=t
W'

32
�2

|xQ
wO'

�13
95

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt &Q}Dx=W p=@ ZQa %bf

&|Q=Wi p=@ QO |Q}tN pY=it |rw] |xrY=i %Cc
&|WWm p=@ QO |Q}tN pY=it |rw] |xrY=i %Ct

&|WQ@ Cq=YD= u=ty =} M}t poQU Q]k %Ds
&u=H pv=B jta %d

&|vD@ p=O |q=@ QwD=tQ; =D |Q}tN |FvN Q=D R= xrY=i %drb
&|vD@ p=O u}}=B QwD=tQ; =D |Q}tN |FvN Q=D R= xrY=i %drt

&VQ@ QO p=O QF-wt jta %ds
&|v=UWm pwOt %E

&|vD@ |Q=Wi w[a QF-wt |Q=Wi Ctw=kt %fce
&uD@ |}xv=wDU= |Q=Wi Ctw=kt %fcu

&Q}Dx=W u}}=B =D |rw] |xOvvmCNU |xrY=i %h
&|WQ@ Cq=YD= |xrY=i %`

&VWm QO |Oqwi p=@ sw=kt |Q}tN Qovr %Mp

&?mQt p=@ sw=kt |Q}tN Qovr %Mpn

&|vD@ p=O |=yQwD=tQ; u}}=B |x}q QO |Q}tN |wQ}v %Prb
&|vD@ p=O |=yQwD=tQ; |q=@ |x}q QO |Q}tN |wQ}v %Prt

&u=H Ct=N[ %t
&|vD@ p=O jta %tc

&|Oqwi p=@ Ct=N[ %tf
&|vD@ p=O |WQ@ Ctw=kt %Vc

&|Q]k |xOvvmCNU =@ |Oqwi Q}Dx=W |WQ@ Ctw=kt %Vs
&|v=QL@ VQ@ %Vcr

&|y=oW}=tR; |}=yv VQ@ %Vexp

&|rw] |xOvvmCNU =@ ?mQt Q}Dx=W |}=yv |WQ@ Ctw=kt %Vult
&|WWm |}=We VvD ?Qwt |x} w=R %�
&|WQ@ pv=B |Q]k ?Qwt |x} w=R %�d

&|WQ@ Vv=tm ?} Q[ %k
&uwU=wB ?} Q[ %�

&|WWm u=O}t Q@ xOQ=w |}=We VvD %�t
&|WWm u=O}t Q@ s}rUD |}=We VvD %�yt

&|rw] |=yQwD=tQ; s}rUD VvD %�yr
&u=H s}rUD VvD %�yw
&u=H QO |WQ@ VvD %�

"u=H QO u=UWm |v=QL@ VvD %�cr

|r}rLD VwQ l} |=Q@ |rw@k p@=k Q=Okt w xOw@ �� 9 OwOL QO =]N |xv}W}@ u;
"CU=

|Q}oxH}Dv "4
|}=yv |WQ@ C}iQ_ w |oDN}Uo Q=DiQ u}}aD |=Q@ |r}rLD VwQ l} VywSB u}= QO
VwQ QO "CU= xOW x�=Q= |rw] |xOvvmCNU =@ |Oqwi � |vD@ ?mQt |=yQ}Dx=W
|rw] |xOvvmCNU |Q}oQ=Qk C}akwt T=U=Q@ umtt |oDN}Uo |=yOwt 'QwmPt
|[=} Q |xO}J}B C=@U=Lt OvtR=}v w CU= xO=U VwQ u}= "CU= xOW xDiQo Q_v QO
u=QoWywSB\UwD xOWV}=tR; |=yQ}Dx=W R= |O=OaD |wQ Q@ |O=yvW}B VwQ "CU}v
xO=iDU= =@ OwOLt u=tr= VwQ R= xOt;CUO x@ Q}O=kt =@ G}=Dv w xOW xDiQo Q=mx@ Qo}O
"CU= xDiQo Q=Qk xU}=kt OQwt =yxOvvmCNU Q}F-=D |@=} RQ= |=Q@ ANSYS Q=Ri=sQv R=
|=ypOt w |O=yvW}B |r}rLD VwQ R= xOW|v}@V}B G}=Dv u}@ sm hqDN= x@ xHwD =@
|L=Q] |=Q@ |i=m CkO '|O=yvW}B VwQ xm CiQo xH}Dv u=wD|t OwOLt u=tr=
=D CPG1 |=yxvwtv |t=tD QO "OQ=O |rw] |xOvvmCNU =@ ?mQt |=yQ}Dx=W
|}=]N =@ =Q Q}D x=W |WQ@ C}iQ_ CU= xDUv=wD |O=yvW}B |r}rLD VwQ 'CPG4
"Ovm |v}@V}B OwOLt <=RH= p}rLD R= xOt;CUOx@ Q=Okt x@ C@Uv �8 R= QDtm
xm CPG8 w CPG7 |=yQ}Dx=W |WQ@ C}iQ_ Q}O=kt |r}rLD VwQ u}= u}vJty
�9 R= QDtm |}=]N =@ =Q 'Ov=xOW xDiQo Q_v QO |y=oW}=tR; |=yxvwtv x}@W ,qt=m
VwQCLY 'xvwtv wO u}= QO Vexp w VANSY S Q}O=kt u}vJty "CU= xOQm OQw;Q@
"Ov=UQ|t C=@F= x@ =Q xar=]t u}= QO xDiQos=Hv= |]NQ}e OwOLt <=RH= |R=UpOt

QmWD w Q}OkD
|=yp}rLD xm |Rr=t |rt x=oWv=O |QDw}Bt=m C}=U uqw�Ut |Q=mty R= u}vJty

"OvQ=O =Q QmWD p=tm 'CU= xOW s=Hv= =Hv; QO ANSYS

s�qa CUQyi
&|vD@ p=O u}}=B QO |rw] QwD=tQ; `]kt K]U %Arb
&|vD@ p=O |q=@ QO |rw] QwD=tQ; `]kt K]U %Art

&|WQ@ Cq=YD= `=iDQ= %a
&|vD@ p=O ZQa %B
&u=H pv=B ZQa %b

�References� `@=vt
1. Basler, K. and Thurlimann, B., Literature Survey on Sta-

bility of Plate Girders, Fritz Engineering Laboratory, Re-
port No. 251.1 (1957).

2. Cooper, P.B., Literature Survey on Longitudinally Sti�-

ened Plates, Fritz Engineering Laboratory, Report No.
304.2 (1963).

3. Lee, S.C. and Yoo, C.H. \Experimental study on ul-
timate shearstrength of web panels", J. Struct. Eng.,
125(8), pp. 838-846 (1999).

4. White, D.W. and Barker, M.G. \Shear resistance of

31

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

"""=@
?mQ

tQ}
Dx=W

|o
DN}U

oQ=D
iQ|

v}@V
}B

transverselysti�ened steel Igirders", J. Struct. Eng.,
134(9), pp. 1425-1436 (2008).

5. Basler, K. \Strength of plate girders in shear", J. Struct.
Div., 87(10), pp. 151-180 (1961).

6. Gaber, E. \Beulversuche an modelltragern aus stahl",
Bautechnik, 22, p. 6 (1944).

7. Massonnet, C. \Essais de voilement sur poutres a ame
raidies" Memoires AIPC, Zurich 14, pp. 125-186 (1954).

8. Rockey, K.C. \Shear buckling of a web reinforced by
vertical sti�eners and a central horizontal sti�ener", Alu-
minium Development Association, 17, p. 161-171 (1957).

9. D'Apice, M.A. and Cooper, P.B., Static Bending Tests
on Longitudinally Sti�ened Plate Girders, Fritz Engi-
neering Laboratory, Report No. 304.5 (1965).

10. Fielding, D.J. and Cooper, P.B., Static Shear Tests on
Longitudinally Sti�ened Plate Girders, Fritz Engineering
Laboratory, Report No. 304.7 (1965).

11. Alinia, M.M., Shakiba, M. and Habashi, H.R. \Shear
failure characteristics of steel plate girders", Thin-
Walled Structures, 47(12), pp. 1498-1506 (2009).

12. Moon, J., Yi, J., Choi, B.H. and Lee, H.E. \Shear
strength and design of trapezoidally corrugated steel
webs", J. Constr. Steel Res., 65(5), pp. 1198-1205
(2009).

13. Narayanan, R., Al-Amery, R.I.M. and Roberts, T.M.
\Shear strength of composite plate girders with rectan-
gular web cut-outs", J. Constr. Steel Res., 12(2), pp.
151-166 (1989).

14. Baskar, K. and Shanmugam, N.E. \Steel-concrete com-
posite plate girders subject to combined shear and bend-
ing", J. Constr. Steel Res., 59(4), pp. 531-557 (2003).

15. Porter, D.M. and Cherif, Z.E.A., Ultimate Shear
Strength of Thin Webbed Steel and Concrete Composite
Girders, Elsevier Applied Science Publishers, pp. 55-64
(1987).

16. Roberts, T.M. and Al-Amery, R.I.M. \Shear strength
of composite plate girders with web cutouts", J. Struct.
Eng. ASCE, 117(7), pp. 1897-1910 (1991).

17. Queiroz, F.D., Vellasco, P.C.G.S. and Nethercot, D.A.
\Finite element modelling of composite beams with full
and partial shear connection", J. Constr. Steel Res.,
63(4), pp. 505-521 (2007).

18. Darehshouri, S., Shanmugam, N.E. and Osman, S. \Col-
lapse behavior of composite plate girders loaded in
shear", J. Struct. Eng., 138(3), pp. 318-326 (2012).

19. Hayatdavoodi, A. and Shanmugam, N.E. \Web buckling
and ultimate strength of composite plate girders sub-
jected to shear and bending", Int. J. Struct. Stab. Dy.,
15(2), 18 p. (2015).

20. Dehghani, A., Hayatdavoodi, A.A. and Nateghi-A, F.
\Behavior and ultimate shear strength of composite
plate girder with diagonal sti�ener", Sharif J., Civil
Eng., 32-2(1.2), pp. 37-46 (2016).

21. Porter, D.M., Rockey, K.C. and Evans, H.R. \The col-
lapse behaviour of plate girders loaded in shear", Struct.
Eng., 53(8), pp. 313-325 (1975).

22. Timoshenko, S. and Gere, J.M., Theory of Elastic Sta-
bility, 2nd ed., McGraw-Hill, New York, U.S.A. (1965).

23. Yonezawa, H., Miakami, I., Dogaki, M. and Uno, H.
\Shear strength of plate girders with diagonally sti�-
ened webs", Proceedings of the Japan Society of Civil
Engineers, 1978(269), pp. 17-27 (1978).

24. BS 5950: Part 1, Structural Use of Steelwork in Building.
British Standard Code of Practice for Design in Sim-
ple and Continuous Construction, Hot Rolled Sections,
British Standards Institution (1990).

25. American Concrete Institute (ACI), Building Code Re-
quirements for Structural Concrete and Commentary,
ACI 318M-05, Detroit (2005).

26. ANSYS, User's Manual, Version 11, Ansys (2009).

32

www.SID.ir

