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"CU= p=YD= Qvi |v=QwO |DNU

"OQw; CUOx@ R}v Qo}O u=}@ l} =@ u=wD|t =Q |}=yDv= |Q=OQ}o ?} Q[ u}vJty
A QU QO xm s} Q}o|t Q_v QO =Q |yQo wO Q}D u=tr=l} '4 pmW j@=]tCr=L u}= QO
|}=yDv= |Q=OQ}o ?} Q[ "CU= xOW OQ=wM Qovr 'CU= p=YD= |v=QwO Qvi |=Q=O xm
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xO=U

Cq
=YD

=QO
OwH

wt|
�RH

|Q=
OQ}o

|@=}
RQ=

"h} QaD p@=k |=y|DNU `=wv= w Cq=YD= |]NQ}e Q=DiQ "7 pmW

?rYxt}v Cq=YD= |]NQ}e Q=DiQ "4"2
|rYit Cr=L u}@=t '|Oqwi pw=ODt Cq=YD= QDW}@ u=QwO � Qovr Q=DiQ |rm Qw]x@
u}vJty "�7 pmW� OQ=O Q=Qk �s�=k QwLt� pt=m ?rY Cr=L w �|ki= QwLt� p;xO}=
'CU= |]NQ}e |Q=PoQ=@ pw] s=tD QO ,=twta Cq=YD= |=Q@ u=QwO � Qovr |x]@=Q
u=QwO� Qovr |vLvt QO "O@=}|t Vy=m Q=@ V}=Ri= =@ p=YD= |DNU xm|Qw]x@
p=YD= |DNU '|Q=PoQ=@ |xOQ Qy QO "OQ=O OwHw x}rw= |DNU l} |Oqwi Cq=YD=
'xH}Dv QO w CiQo Q_v QO �|U=tt� |Dv=Sv=D =} �|QDw� |Dv=mU CQwY@ u=wD|t =Q
Q=DiQ =@ |ak=w Cq=YD= QO |}=yDv= |Q=OQ}o ?} Q[ =} |Q=OQ}o OYQO s}y=it
u}= |rm Cr=L QO Q=@ V}=Ri= =@ w Ow@ Oy=wN |Q=PoQ=@ |xOQ R= |a@=D |]NQ}e
|DNU R= xO=iDU= '|DNU ẁv xU u}= u}@=t xm CU= |y}O@ "OwW|t xDU=m Q}O=kt

"OW Oy=wN ?=wH u} QDj}kO ?Hwt 'xR=U p}rLD R= xrLQt Qy QO |U=tt

|R=UpOt w |L=Q] "3
xO=iDU= OQwt |=y?=k |R=UpOt w |L=Q] "1"3

x=Qty x@ xO=U ?=k ẁv R= |oty 'Q=DWwv u}= QO xO=iDU= OQwt |}xR=U |=ypOt
5 '3 ?=k xU "OvDUy \UwDt |Q}PBpmW =@ w |Oqwi |QO@ Q[ |=y|Ov@ Q=yt
|xv=yO� xv=yO xU |=Q=O s=Om Qy xm Ov=xOW xDiQo Q_v QO Qw_vt u}O@ xk@] 8 w
w Q}eDt =yxv=yO pw] "CU= QDt 3 C=k@] `=iDQ= w OvDUy �xOW|Ov@ Q=yt \Uw
xv=yO pw] Q}F-=D '?=k `=iDQ= Q}F-=D Q@xwqa =D &CU= xOW Q=}DN= QDt 7 w 5 '3 Q@=Q@
s}rUD Ctw=kt =@ xtQv Oqwi 'xO=iDU= OQwt Oqwi "OwW xO}O xar=]t u}= QO R}v
nv=} pwOt 'Fu = 3700 kg/cm2 |}=yv Ctw=kt 'Fy = 2400 kg/cm2

"CU= 0 3 uwU=wB ?} Q[ w E = 2� 106 kg/cm2

w `@ Qt QDt Q@ sQowr}m 200 w 700 ?}DQD x@ =y?=k |xOvR w xOQt |rkF Q=@
Q@ 'x}rw= |L=Q] |=Q@ |}xRQr |Q=PoQ=@ "CU= xOW Qw_vt QDt 5 Q}D Qy Q}oQ=@ ZQa
|wQ =y?=k xm CU= xOW ZQi [30]"CU= xDiQo s=Hv= 2800 |xt=vu}}; T=U=
R=Ht VvD \@=w[ T=U= Q@ =y?=k |L=Q] u}vJty "Ov=xOW `k=w xU ẁv l =N
|=Q@ |L=Q] `]=kt ẁv "CU= xDiQo CQwY [23]'u=tDN=U |rt C=QQkt syO EL@t
"CU= xOW ?=NDv= |]wk w IPB 'IPE MQt}v ?}DQD x@ =yOv@O=@ w =yuwDU '=yQ}D
=y?=k Q=DiQ |UQQ@ |=Q@ "CU= xOW xO=O u=Wv =ypOt O=a@= w xUOvy '8 pmW QO
K}[wD "2"3 Ov@ QO xm Cq=YD= |]NQ}e pOt x@ xHwD =@ '|rkF |Q=PoQ=@ CLD

"|WtN Qovr |xv}y@ `} RwD =@ Q=OQ}oxt}v Q}D "5 pmW

"xv}y@ |WtN |DNU w Q}D \N s=Qo =}O "6 pmW

%CU= 7 w6 \@=wQ CQwYx@ =yu; Q@ sm =L \@=wQ xm 'CU= Q}D |}=yDv= |WtN

M+ = �2EIb
Lb

� + qL2
b

12 (6)

M� = +2EIb
Lb

� + qL2
b

24 (7)

Qovr |xv}y@ `} RwD |xOvyOu=Wv A `]=kD |x]kv '�6 pmW� Q=Owtv u}= QO
|x]kv u}= "CU= M+ = M� = qL2

b=16 u; QO xm &CU= |WtN
|=Q@ [29]"OwW|t r = 0 66 =@ Q_=vDt �Kopt� |xv}y@ |DNU x@ QHvt `]=kD
CUOx@ =Q Q_=vDt Q}O=kt w OQm pta OvwQ u}ty x@=Wt u=wD|t R}v Qo}O |=y|Q=PoQ=@

"OQw;
2EIb
Lb

� + qL2
b

24 = �2EIb
Lb

� + qL2
b

12 ) � = qL3
b

96EIb
M = 2EIb

Lb
� qL3

b

96EIb + qL2
b

24 = qL2
b

16
Kopt = (qL

2
b

16 )=( qL3
b

96EIb ) = 6EIb
Lb

r = 1
(1 + 3EIb=k�Lb) ; k� = Kopt ) r = 2

3 = 0 66

uwQktCr=L 'CN=wvm} |xOQDUo Q=@CLD Q}Dl} QO |D=k}kLD VQ=Rol} T=U=Q@
Qovr w xv=yO \Uw C@Ft Qovr u; QO xm CU= |Q=OQ}o �75 Cr=L u=ty xiQY x@
CUOx@ Q}D |xQtv u}}aD |=Q@ =Q Qovr u} QDlJwm w OvQ@=Q@ sy =@ =yx=ox}mD |ivt
|xv}y@ |DNU |Q=Po|=H =@ u=wD|t =Q �75 =@ Q@=Q@ |Q=OQ}o OYQO u}= [24]"OyO|t
?} Q[ u=ty pO=at xm OQw; CUOx@ �R� |Q=OQ}o OYQO |x]@=Q QO6EIb=Lb

"CU= r = 0 66 Q@=Q@ |}=yDv= |Q=OQ}o
R= 1

(1 + 2EIb=k�Lb) = 1
1 + 2EIb=[(6EIb=Lb)� Lb] = 0 75
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|R}
Q@D|

i=w
O}wv

w|
Qk=@

u=t=
U

"xar=]t u}= QO xO=iDU= OQwt |v=tDN=U |=y?=k "8 pmW

|W@v l} =@ x=Qty O}=@ p=YD= ẁv u}= "CU= xDiQo Q=Qk xHwD OQwt ?9 pmW
xO=iDU= 'CU= |Q=Wi p=@ |=Q@ |@v=H x=ox}mD u}t-=D u; |xi}_w \ki xm '|v=kwi
p=kDv= \ki R}v ut}Wv Cq=YD= R= Qw_vt 'u=H |W@v =@ xO=U Cq=YD= Ovv=ty "OwW
|yHwD p@=k |Q=OQ}o Q}D |=yDv= QO O}=@v p=YD= u}=Q@=v@ "CU= s�=k |y=ox}mD Vvm =w
O}=@ |v=kwi |xOvQ=Oxov |W@v w ut}Wv |=y|W@v xm CU= p}rO u}= x@ "Ovm O=H}=
p=YD= =@ sy 'Cq=YD= |=Q@ xOt;CUOx@ |=y|W@v [32]"OvW=@ h=]av= p@=k ,=D@Uv
QO I}B =@ p=YD= 'xt=O= QO xm &Ow@ Oy=wN OQ@ Q=m p@=k |J}B p=YD= =@ sy w |WwH

"CU= xOW xDiQo Q_v
Cq=YD= |L=Q] 'OvDUy Ov@ Q=yt x=Qty x@ xO=U ẁv R= =y?=k xmv}= x@ xHwD =@
C=k@] |x}rm QO xH}Dv QO w OwW|t QF-=Dt |rkF |Q=PoQ=@ R= \ki uwDU x@ Q}D
Q@ xOW|L=Q] |xO=U Cq=YD= C=YNWt "Ow@ Ovy=wN u=Um} Cq=YD= '=y?=k
"CU= xOW xOQw; 2 w 1 |=ypwOH QO 'p@k VN@ QO xOWQmP C=YNWt T=U=
|Dtw=kt V}@ xm Ov=xOW xDiQo Q_v QO |wLv x@ Cq=YD= O=a@= xm CU= sRq QmPD u}=
|}=yCtw=ktV}@ |}=QH= p}qO x@ CU= umtt ,qta "OW=@ xDW=Ov OwHw =yu; QO
|=yCr=L |xU}=kt xmv}= |=Q@ =t= 'OW=@ xDW=O OwHw xOWxDiQo Q=mx@ Cq=YD= QO

"VywSB u}= QO xDiQ Q=mx@ u=H |W@v CiH =@ p=YD= C=YNWt "1 pwOH
|W@v |xR=Ov= |W@v pw] I}B Q]k |xv=yO pw] |OQ@ Q=m s=v�cm� �cm� �cm� �m� Q}D
6�6�0 6 15 1 2 3 DWC-3
7�7�0 7 20 1 6 5 DWC-5
8�8�0 8 25 2 0 7 DWC-7

"VywSB u}= QO xDiQ Q=mx@ ut}Wv |W@v =@ p=YD= C=YNWt "2 pwOH
|W@v |xR=Ov= |W@v |xR=Ov= pw] Q]k |xv=yO pw] s=vut}Wv |v=kwi |W@v I}B Q}D |OQ@ Q=m�cm� �cm� �cm� �cm� �m�
15�15�1 5 8�8�0 8 12 1 2 3 TSC-3
15�15�1 8 8�8�0 8 17 1 6 5 TSC-5
15�15�2 0 8�8�0 8 20 2 0 7 TSC-7

xO=iDU= SAP2000 Q=Ri=sQv QO |m}D=DU= |]NQ}e |=yp}rLD R= 'CU= xOW xO=O
[31]"CU= xOW

uwDU x@ Q}D Cq=YD= |R=UpOt w |L=Q] "2"3
|=y|W@v =} w u=H |=y|W@v R= xO=iDU= 'uwDU x@ Q}D |xO=U Cq=YD= pwtat `=wv= R=
Q}D uDN=UpYDt |=Q@ 'u=H |=y|W@v ltm x@ |WQ@ |xO=U p=YD= "CU= ut}Wv
hr=9 pmW QO Cq=YD= u}= |J}B |xvwtv "OwQ|t Q=mx@ uwDU p=@ x@ =} Qo}O |Q}D x@
QO Q}PBh=]av= u=mt= OL =D O}=@ |W@v 'p=YD= ẁv u}= QO "CU= xOW xO=O u=Wv

"OwW xDiQo Q_v
x@ Q}D |xO=U p=YD= |=Q@ pw=ODt `=wv= R= R}v ut}Wv |W@v =@ xO=U Cq=YD=
�Q}PBh=]av=� xOWvC} wkD ut}Wv l} |wQ Q@ Q}D 'p=YD= ẁv u}= QO "CU= uwDU
ut}Wv Ovv=t xOWvC} wkD |=yut}Wv 'Q=DWwv u}= QO "OQ}o|t Q=Qk xOWC} wkD =}

"xO=U p=YD= C=}�RH "9 pmW
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"""|
xO=U

Cq
=YD

=QO
OwH

wt|
�RH

|Q=
OQ}o

|@=}
RQ="Cq=YD= |=Q@ xDiQ Q=m x@ pOt u=QwO � Qovr C=YNWt "3 pwOH

n
Mu Rki |OQ@ Q=m s=v

(ton.m) (ton.m/rad)

1 560 0 720 46 417 DWC-3
0 971 1 580 284 186 DWC-5
0 600 2 996 1933 095 DWC-7
1 108 1 415 424 786 TSC-3
0 647 3 260 1661 135 TSC-5
0 400 6 191 5110 891 TSC-7

"u=H |W@v Cq=YD= u=QwO � Qovr |]NQ}e |vLvt "10 pmW

"ut}Wv |W@v Cq=YD= u=QwO � Qovr |]NQ}e |vLvt "11 pmW

"|]NQ}e Qvi =@ p=YD= |R=UpOt |xwLv "12 pmW

OL =D Cq=YD= O=a@= =Hv}= QO 'OQ}PB CQwY u=Um} u=v}t]= ?}=Q[ =@ hrDNt
"Ov=xOWv xDiQo Q_v QO q=@ CUO u=mt=

xO=iDU= u=QwO� Qovr |=y|vLvt R= |Oqwi Cq=YD= Q=DiQ uOQmpOt |=Q@ ,qwtat
R= =} w |Q_v \@=wQ j} Q] R= =} =y|vLvt u}= 'OW xQ=W= R}v ,q@k xm Qw]u=ty "OwW|t
|OOaDt |=ypOt uwvm =sy "Ov};|t CUOx@ |y=oW}=tR; |=yxO=O |vLvt VR=Q@

"CU= xOW x}YwD hrDNt u=QoWywSB \UwD
?rY Cq=YD= hrDNt |=yCr=L |=Q@ xOWx�=Q= |=ypOt w C=ar=]t QDW}@
u}= QO xm|r=L QO "OvW=@ xDW=O |Q}PBh=]av= |tm CU= umtt ,qta xm CU=
,qta xm �|rYit� xO=U Cq=YD= x@ \w@ Qt |=ypOt w =yV}=tR; R= O}=@ Q=DWwv
xOWxO=iDU= pOt Qw_vt u}= |=Q@ "OwW xO=iDU= 'OvW=@ xDW=O Q}o |tm CU= umtt

"CU= [13w12]uJ w |W}m |xOWx�=Q= pOt 'VywSB u}= QO
uOQmpOt QO |@U=vt CkO 'CU= xOW xO=iDU= QDt=Q=B 3 R= u; QO xm pOt u}=
xmCU= xOW =v@|}=yQDt=Q=B T=U=Q@ pOt u}= u}vJty "OQ=O Cq=YD=|]NQ}e Q=DiQ
|=yOQ@ Q=m |=Q@ xH}Dv QO w Ov};|t CUOx@ p=YD= xUOvy |wQ R= |r}rLD CQwYx@
|W@v x=Qty x@ uwDU x@ Q}D Cq=YD= |=Q@ uJ w |W}m pOt "CU= QD?U=vt |rta
?rY Cq=YD= |=Q@ sy u=wD|t Q=O|W@v Cq=YD= u}= R= 'pta QO w CU= xOWx�=Q=
|x]@=Q CQwYx@ pOt u}= |rY= |xrO=at "OQm xO=iDU=xO=U Cq=YD= |=Q@ sy w

%CU= 8

m = �
(1 + �n)1=n for � > 0 and m > 0 (8)

�r 'p=YD= Q@ xOQ=w Qovr M '� = �r=�0 ' m = M=Mu 'x]@=Q u}= QO xm
|Q}tN u=QwO |x} w=R �0 = Mu=Rki 'xOQ=w Qovr QF= QO p=YD= u=QwO |x} w=R
?} Q[ n w p=YD= |x}rw= |DNU Rki 'p=YD= |}=yv |WtN C}iQ_ Mu '`HQt
|=yp}rLD |QUl} |y=oW}=tR; |=yxO=O |wQ Q@ u=Q=mty w |W}m "CU= pmW
\@=wQ u}= [33]"OvO}UQ pmW ?} Q[ |x@U=Lt |=Q@ |]@=wQ x@ w OvO=O s=Hv= |Q=t;
?}DQD x@ ut}Wv |W@v ltm x@ p=YD= w u=H |W@v CiH ltm x@ p=YD= |=Q@

%CU= 10 w 9 |=y x]@=Q j@=]t

n = 1 322 log �0 + 3 952 > 0 6 (9)

n = 2 003 log �0 + 6 070 > 0 4 (10)

u=Wv 3 pwOH QO w x@U=Lt xDiQQ=mx@ Cq=YD= |t=tD u=QwO � Qovr C=YNWt
x@ xO=U p=YD= |WtN |DNU 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW xO=O
u=H |W@v CiH ltm x@ xO=U p=YD= |WtN |DNU R= QDW}@ ut}Wv |W@v ltm
OQm sUQ =Q Cq=YD= u=QwO� Qovr Q=Owtv u=wD|t =yQDt=Q=B u}= R= xO=iDU= =@ "CU=

"�11 w 10 |=ypmW�
\@=wQ =@� |]NQ}e |=yQvi X=YDN= R= Cq=YD= |ak=w \}=QW uOQmpOt |=Q@
u}= C=}�RH "CU= xOW xO=iDU= =yuwDU w =yQ}D u}@=t |L=wv x@ �u}at u=QwO� Qovr
Qovr |]NQ}e |=y|vLvt Qw_vt u}= |=Q@ "CU= xOW xO=O u=Wv 12 pmW QO Q=m
u=tr= R= TBU w xOW xOR ?} QkD \N |O=} R O=OaD =@ 11 w 10 |=ypmW u=QwO�

"CU= xOW xO=iDU= SAP2000 Q=Ri=sQv QO 2|Q}tN |]NOvJ
O=} R u=OvJ xv Q}O=kt x@ xHwD =@ |rkF |Q=PoQ=@ CLD xm CU= sRq QmPD u}=
u=UWm ,=@} QkD Cq=YD= |ak=w Q=DiQ OwQ|t Q=_Dv= 'uwDU w Q}D |@Uv |=yu=QwO
w |}x]@=[lD pOt R= xO=iDU= p}rO x@ p=YD= |=yQvi |]NQ}e |R=UpOt w OW=@
x@ OwN |x}rw= |=yCtUk QO |]NQ}e `@=D u}= xD@r= "CU= uJ w |W}m |xDUw}B
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|R}
Q@D|

i=w
O}wv

w|
Qk=@

u=t=
U "��� |Oqwi |xO=U |=y?=k Cq=YD= |=Q@ �R� |Q=OQ}o OYQO |xv}tm w xv}W}@ Q}O=kt "4 pwOH

TSC-7 TSC-5 TSC-3 DWC-7 DWC-5 DWC-3 ?=kxv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm
8 7 8 4 7 1 6 5 5 5 4 9 6 0 5 7 4 3 4 2 2 4 2 4 xk@] 3
8 9 8 5 7 3 6 5 5 9 4 7 6 1 5 7 4 5 4 1 2 5 2 3 xk@] 5
9 3 6 4 7 9 5 0 7 0 4 0 6 4 4 0 4 8 3 0 2 6 2 2 xk@] 8

"��� |Oqwi |xO=U |=y?=k |=y?=k Cq=YD= |=Q@ (r) |}=yDv= |Q=OQ}o ?}=Q[ |xv}tm w xv}W}@ Q}O=kt "5 pwOH
TSC-7 TSC-5 TSC-3 DWC-7 DWC-5 DWC-3 ?=kxv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm xv}W}@ xv}tm

6 0 5 8 4 8 4 4 3 7 3 3 4 1 3 9 2 9 2 8 1 6 1 6 xk@] 3
6 1 5 8 5 0 4 4 4 0 3 2 4 2 3 9 3 0 2 8 1 7 1 6 xk@] 5
6 4 4 3 5 4 3 4 4 8 2 7 4 4 2 7 3 2 2 0 1 8 1 5 xk@] 8

ut}Wv |W@v w u=H |W@v p=YD= Cr=L QO =yQ}D |xv}W}@VvD C@Uv "6 pwOH
"|QDt 5 |xv=yO =@ xk@] GvB ?=k QO p;xO}= |rYit Cr=L x@

TSC-5 pOt DWC-5 pOt xk@]AJ Q}D |v=}t Q}D CU=Q Q}D AJ Q}D |v=}t Q}D CU=Q Q}D
0 91 0 88 0 91 0 95 0 94 0 95 5
0 89 0 88 0 89 0 94 0 94 0 94 4
0 88 0 88 0 88 0 94 0 94 0 94 3
0 88 0 88 0 88 0 94 0 94 0 94 2
0 88 0 88 0 88 0 94 0 94 0 94 1

|W@v Cq=YD= =@ ?=k u=ty "3 '�DWC-5� u=H |W@v Cq=YD= =@ ?=k u=ty "2
"(TSC-5) ut}Wv

x@ Q}D Cq=YD= |ak=w \}=QW p=ta= QF= QO =yQ}D C}a[w |UQQ@ x@ =OD@= QO
Q}D `]=kt u}}aD QO |rY= QwDm =i s}v=O|t xm Qw]u=ty "CU= xOW xDN=OQB uwDU
|v=}t CtUk QO xm CU= xv}W}@ VtN R= |W=v |QwLt VvD Q=Okt 'xO=U ?=k QO
Q@=Q@� |xv}W}@ |WtN |=yQovr C@Uv '6 pwOH QO xvwtv |=Q@ "OQ}o|t pmW Q}D
|W@v w u=H |W@v p=YD= =@ Q=OQ}oxt}v Cr=L |=yQ}D �xv}W}@ |=yVvD C@Uv =@
u=Wv QDt 5 |xv=yO pw] =@ xk@] 5 ?=k QO p;xO}= |rYit p=YD= Cr=L x@ ut}Wv

"CU= xOW xO=O
CU= xOt; CUOx@ 1 R= QDlJwm =yQ}D |xty |=Q@ C@Uv u}= '6 pwOH j@=]t
"CU= xOW QDy@ Cq=YD= |ak=w Q=DiQ uDiQoQ_vQO =@ =yQ}D C}a[w xH}Dv QO w
u=v}t]= CyH QO =yQ}D |=Q@ 'Cq=YD= |ak=w Q=DiQ R= uOQm Q_vhQY Qo}O CQ=@ax@
|ivt Qovr |Q=Okt 'Cq=YD= QO OwHwt |�RH |Q=OQ}o uDiQoQ_vQO =@ =Q} R 'CU=
xv=yO \Uw C@Ft Qovr |xv}W}@ R= Zwa QO |rw &OwW|t pY=L Q}D |=yDv= QO
|x�=Q= OwYkt =Hv}= QO w Ow@ |v}@V}B p@=k R}v =OD@= R= xH}Dv u}= "OwW|t xDU=m
5 ?=k QO =yQ}D C}a[w Ow@y@ 6 pwOH j@=]t "CU= Vy=m u}= |OOa Q}O=kt
O=OaD =@ =y?=k Q}=U QO =yQ}D C}a[w "CU= OYQO 12 |r= 5 OwOL QO xk@]

|=ypmWQ}}eD O=H}= ^=Lr R=|yHwD p@=k |=]N wCU=l}ORv Q=}U@|]NCr=L
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