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Abstract

In this paper, a new structural lateral bracing system called ‘Chevron Knee Bracing’ (CKB) is investigated. This new form of framing
system is constructed through the knee and the diagonal brace elements. The knee part is a fuse-like component that dissipates energy by th
formation of plastic flexural and/@hear hinges at its ends and mid-span, when the building is subjected to severe lateral loads. However, the
diagonal brace component, on the other hand, provides the required level of lateral stiffness and remains in the elastic range without buckling
at any time. In this investigation, first, by studying of the system in the elastic region, three new and practical parameters are established.
Then, the best fitting optimal shape and angle of the knee and brace elements are projected, analytically. In the next step, by developing a
nonlinear analytical knee element model, the actual behavior of this new CKB system is experienced in the nonlinear static and dynamic
analysis, on two example structural systems, where the knee mi¢rappens to be in the moment and/or shear yielding mode. Using the
results on nonlinear analysis of these test problems, the main properties of the CKB, such as the energy dissipation characteristics of the
proposed systems, are properly inspected by establishment of an energy calculation algorithm. Finally, based on the presented optimal shape
of the CKB in this paper, two step-by-step algorithms accompaniecbpyoariate main graphs and charts are suitably demonstrated and
nonlinear behavior of the new model for flexural and shear yielding modes is well determined, which is followed in the next paper.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction In steel structural systesn moment resisting and
concentrically braced frames have been widely used to resist
Structures dsigned to resist moderate and frequently earthquake loads. The moment resisting frame possesses
occurring earthquakes must have sufficient stiffness andgood ductility through flexural yielding beam elements, but
strength to control deflection and to prevent any possible it has limited stiffness. Té concentrically braced frame
damage. However, it is inappropriate to design a structure on the other hand is stiff, however, because of buckling
to remain in the elastic region, under severe earthquakes,of the diagonal brace its ductility is limited. To overcome
because of the economic constraints. The inherent dampinghe deficiencies in moment sisting and concentrically
of yielding structural elemnts can advantageously be praced frames, Roeder and Popdy have proposed the
utilized to lower the strength requirement, leading 10 & gccentrically Braced Frame (BB system, where the brace
more economical design. This yielding usually provides the g 1564 eccentric to the beam—column joint. By a suitable
du.Ct'“ty or toughness .Of the .StI’UCtL.JI’e against thelgudden choice of eccentricity, a sufficient amount of stiffness from
brittle type structural failure. Since stiffness and ductility are : . . A .

. ST . . the brace is retained whilductility is achieved through the
generally two opposing properties, it is desirable to devise aflexural and/or shear yielding of a segment of the beam
structural system #it combines these properties in the most L . i '

which is called the link, created by the eccentrically placed

effective manner without excessive increase in the cost. ] : .
brace member. To achieve the required ductility, however,
severe yialing of the link is expected, which may lead to
" Corresponding author, serpbus floor damage. Further, as the link is an integral part
E-mail address: mofid@shaif.edu (M. Mofid). of a main structural member, retrofitting may be difficult.
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Fig. 1. General form of Chevron Knee Bracing system (CKB). Fig. 2. Form and definition of the parameters.

In recent years, Aristizabel-ocho@][has proposed a
framing system, which combines the stiffness of a diagonal
brace with the ductile behavior of a knee element. This K = f(l¢, Ac, lb, Ap, Ik, Ak, A, b, h, H, B, E) (1)

system as originally proposed, however, was not suitable for whereb, h, B and H define the frame geometnE is
earthquake-resistant design because the brace was designef, Youﬁg’é modulus of elasticityA, A, Ac and Ay are

tq sle_wder. Consequently, the_ brgce bUCk_Ie_S and leads tothe cross sectional areas of brace, beam, column and knee,
pinching of the hysteresis, which is not efficient for energy respectivelylp, Ic and Iy are the sectional second moment
dissipation. Further, the inedic cyclic deformation of the of areas of tr’1e' beam, column and knee, respectively.

brace which buckles may create a lateral instability problem Through dimensic;nal analysis, Eq) ((,:an be written in

at tthe_ km:e—brac;eﬂj]omtt an<t:i cau;ei sudder:l chtr;\]nge t? th more compact form, after dropping the non-significant
restoring force of the structure. Subsequently, the sys emparameters as follows:

has been re-examined and modified by Balendra et al.
[3,6]. The revised system is called the Knee Braced Frame K [k A/l b h H
(KBF). In this system, the non-buckling diagonal brace Elc/H3 I’ I¢/H3 h"H' B
p_row_des most of the lateral stlff_ness. The fI_e_xuraI or shear wherel is the length of the brace. Based on E2), for
yielding of the knee elenm provides tle ductility under a

thauake. [n thi the d ) trat deach CKB system, the influence of every parameter in the
severe earthquake. In this way, the damage Is concentrate right side of Eq. 2) on the é¢iffness of theframe, when the
in a 'condary member, which can be easily repaired at

L i . other parameters are constant, can easily be demonstrated.
minimum cost. Floor distortions are reduced compared to

the EBE. to a level similar to that of th tional i Several studies have beerred out by Balendra et al4]
€ £bF, o alevelsimilarto that otthe conventionalmoment 1, yeterminate the effect ahe right side parameters of
resisting and concentrically braced frames.

In thi th f f K braci Eq. (2), for the KBF systen, in the elastic region. However,
N this paper, the periormance ol a New Knee bracing j, yyig paper three new parameters are established which are
system called Chewn Knee Bracing (CKB) is discussed,

i he following:
as shown inFig. L The preference of this new system described as the following

of the variables of teframe as follows:

2

with respect to the similar KBF system, in a nonlinear _ (b/h) 3
analytical model is presentetihis analytical model is based ¢= (B/H)

on the mechanical properties and sectional shape, which tarr1(hh/bb) — tam1((H — h)/(B/2))

are readily defined. The angical model is verified by =~ « = @ i(H/(B/2— b)) — @ L(H — h)/(B/2)) (4)
comparing with the experimental data from test frames. (b/h)

Also, using this analytical model, the optimal direction of g = (5)

the knee and brace elements isertained, via establishment (hh/bb)

of three new and practical pangterdn the elasticaswellas  whereKg, « andg are indirectly correlated to the quantity
inelastic range, employing the static and dynamic analysis. of (b/h), Table 1 the Iccation of pointG on the knee
By means of the proposed optimal shape, presented in thiselement,Fig. 2, and the shematic angle? betweenthe
paper, the nonlinear response of the new system is carefullybrace and the knee elemehty. 2, resgectively.
demonstrated in the next study, based on the two step- RefaringtoFig. 2andTable 1 the fdlowing remarks can
by-step algorithms for flexural and shear yielding mode, be made:

through an appropriate and intelligent technique. ) ) )
1. When the brace is a diagonal element which passes

through the beam-column intersection and the middle

2. Elasticanalysis point of the frame an&g = 0.5, this amount remains
constant for all related values 0B/H) and(b/ h).
For a shgle story CKB system, shown iRig. 1, the 2. When pointG, the intersection of brace and knee, tends

expression for the stiffness can be expressed as a function from point D, the intersection of the beam and knee,
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