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Cq=YD= |=yI}B "CU= uDw}vwr}m 60 2 |}=yv Ctw=kt w 57 9 s}rUD Ctw=kt
|=y?=k |UOvy C=YNWt '1 pmW "OvQDt|r}t 20 Q]k x@ A490 ẁv R=
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R= =Q |R=Usw=kt ẁv u}= uOw@ pw@kp@=kQ}e w Ovm|t O}}-=D =Q ẁ[wt u}= '7 pmW

"OyO|t u=Wv |SQv= ?PH C}iQ_ w |Q}PBpmW x=oO}O
|Q=PoQ=@ |x}rw= pL=Qt R= |WWm p@=m 'C |QO@ Q[ p@=m =@ xOW sw=kt ?=k QO

99



"""R=
xO=i

DU=
=@|

Oqw
i|

WtN
|=y

?=k
|R=

Usw
=kt

"AJ CtU p@=m QO xOWO=H}= |=yVvQm "10 pmW

"|Q=PoQ=@ |=yxrB QO CU=Q uwDU |QwLt |wQ}v C=Q}}eD "11 pmW

"Ow@ Oy=wN lOv= C} wkD u}= |xR=Ov= 'C} wkD x@ R=}v

|Q}oxH}Dv
Ov@ Q=yt =@ xOWsw=kt |WtN |=y?=k w =yvD |WtN ?=k OwOLt u=tr= |=ypOt
R= |QO@ Q[ Ov@ Q=yt '|}xv=wDU= |Oqwi hqe l} pN=O R= xOWxO=O Qw@a |r@=m
"CU= xOW O=H}= ABAQUS Q=Ri=sQv ltm x@ 'p@=m =@ |QO@ Q[ Ov@ Q=yt w |W@v
s=Hv= xOv@=}V}=Ri= |=yxvt=O =@ |}xNQJ |Q=PoQ=@ QF= CLD =y?=k |]NQ}e p}rLD
?U=vt CkO '|@ QHD G}=Dv =@ OwOLt u=tr= p}rLD G}=Dv |xU}=kt "CU= xDiQo
Q=DiQ '=yuwDU |QwLt |=ywQ}v 'x}=B VQ@ "OyO|t u=Wv =Q OwOLt u=tr= |=ypOt

"CU= xOW |UQQ@ w u}}aD =y?=k |@=QN sR}v=mt w |}=H@=H� wQ}v |}xNQJ

"|W@v Ov@O=@ =@ |WtN ?=k QO Ov@O=@ |rm Vv=tm "9 pmW

|x_Lr =D 'Qo}OCQ=@ax@ "Ov=j@]vt sy Q@ ?=k wO u}=|}=H@=H� x}=B VQ@ |=yQ=Owtv
xOWsw=kt ?=k '�S |@v=H u=mtQ}}eD =D |va} Q]k O=ODt= QO Ov@ Q=yt uOWs}kDUt
Q}F-=D|@ |WtN ?=k Q=DiQ QO Ov@ Q=yt w OyO|t pmWQ}}eD x}rw= |WtN ?=k Ovv=ty
u=mtQ}}eD Q}_v |@v=H |=ywQ}v R= |@v=H |=ywQ}v Rw=HD CQwY QO 'u; R= TB "CU=
Q=DiQ xrLQt u}= =D xH}DvQO 'Ovm|t CmQ=Wt ?=k Q=DiQ QO Q}N-=D =@ Ov@ Q=yt '�S
QO p@=m 'xrLQt u}= R= QPo =@ "CU= |WtN ?=k l} Q}PBpmW Q=DiQ CQwYx@ ?=k
|x_Lr Ctw=kt OwQ|t Q=_Dv= w Ovm|t Ctw=kt ?=k QDW}@ |=yu=mtQ}}eD p@=kt
x@ 'Ovm|t O}}-=D =Q xDmv u}= 3 pwOH QO xOWxO=Ou=Wv G}=Dv "O@=} V}=Ri= |@=QN
?=k QO Q}_v Q=Okt Q@=Q@ |@=QN |x_Lr u=mtQ}}eD w 1 62 ?=k |}=yv Q=@ xm|Qw]
C}iQ_ R}v ?=k u}= |@v=H u=mtQ}}eD� x}=B VQ@ T} RQDU}y |vLvt "CU= |WtN
^iL ut[ xw}W u}= QO '?}DQD u}= x@ "OyO|t u=Wv |SQv= ?PH QO =Q u; ?U=vt

"CU= xDi=} V}=Ri= Q@=Q@ 1 62 x@ u; Ctw=kt '?=k |Q}PBpmW
=@ |=y?=k AJ CtU p@=m |rw] VvQm� |@v=H u=mtQ}}eD |=y|vLvt
x_Lqt xm|Qw]u=ty "Ov=xOW xO=O u=Wv 10 pmW QO D w C |r@=m Ov@ Q=yt
u=mtQ}}eD� �20mm |@v=H u=mtQ}}eD R= 'D ?=k QO p@=m |rw] VvQm 'OwW|t
p@=m =@ xOW|Ov@O=@ pOt QO xm|r=L QO 'CU= xOQm V}=Ri= x@ ẁQW ��S R=Ht
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Abstract
In this paper, the behavior of 
exural steel frames us-
ing cable bracing is investigated. X bracing with angle
pro�les, X bracing with a cable, and bracing with two
cables passing cylindrical steel sheaths at the intersec-
tion of the cables, are the three types of retro�tting of

exural steel frames studied in this paper. The �nite
element model of a steel frame, with and without the
three types of retro�tting has been made. Non-linear
analysis of frames under cyclic loading with increasing
oscillations has been undertaken. Comparison of the re-
sults from the �nite element model with experimental
data shows that the �nite element model has acceptable
accuracy. By determining shear base, the axial force of
columns, and the cyclic behavior of force-displacement,
the failure mechanism of frames and the advantages and
disadvantages of each type of retro�tting have been in-
vestigated .
According to results, using the Cornerstone pro�le for
retro�tting steel 
exural frames increases remarkably
the initial sti�ness and ultimate load of the frame com-
pared to 
exural frame and reduces ultimate displace-
ment. Reduction in plasticity and frame energy absorp-
tion capacity shows the unacceptability of this type of

164

retro�tting, from the perspective of plasticity and en-
ergy depreciation capacity. In the frames retro�tted by
a cornerstone, because of the bracing function and a
signi�cant increase in the axial force of columns, the
need to reinforce the columns and foundation is greater.
Due to buckling of the compressive member in this type
of retro�t, permanent deformation occurs in the frame.
In retro�tted frame using cross cables, cables from the
early stages of loading begin to pull, which increases the
frame's initial sti�ness compared to the sti�ness of 
ex-
ural frames. In this case, ultimate load increases and
failure displacement reduces. In this frame, the cable
brace converts frame behavior from ductile to brittle.
Being narrow and unstable in hysteresis cycles shows the
meager capacity of this frame to resist lateral forces. In
this method of retro�tting, the required reinforcement
of columns and foundation is considerable.
The initial sti�ness of the frame with a cable brace with
sheath and the 
exural frame is the same. Up to the
�xed amount of displacement and the brace being
straight, the cable is ine�ective in 
exural frame behav-
ior, and, after that, if lateral forces invade lateral forces,
the brace contributes with a delay in frame behavior.
By adding the brace to these frames while maintaining
the plasticity of the frame, its resistance will increase.
In this case, the increase in the axial force of the column
is less than other methods of bracing, and the existing
possible overload in columns and foundation can be re-
sponsive to the increase in axial force in columns, or,
if retro�tting is needed, the amount of reinforcement is
slight .

Key Words: 
exural steel frame, cable bracing, non-
linear behavior, cyclic loading, base shear.


