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Reducing the irreversible damage caused by earthquakes has always been the ultimate goal for
researchers and scientists in earthquake engineering. Knee-braced frames (KBFs) are one of
the common lateral load-resisting systems against seismic forces. During a severe earthquake,
all frame components remain within the elastic range, while only the knee member enters the
plastic range. In previous studies, the knee member was considered a linear element (with an
infinite radius of curvature) that acted as a beam when absorbing energy. In the present
research, using the ABAQUS finite element software, the radius of curvature of the knee
member was reduced, transforming it from a linear element into an arc element. The
simultaneous impact of axial force, shear force, and bending moment on energy absorption
was examined. The results indicate that in frames with a constant span-to-height ratio, the
arched knee member demonstrates better seismic performance compared to the linear knee
member, increasing the frame's load-bearing capacity by up to 15%. However, with an increase
in the span-to-height ratio, alongside a roughly 40% increase in strength, the likelihood of
failure more than doubles.
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Introduction
In knee-braced frames (KBFs), the frame stiffness is provided by diagonal braces that are

connected to the knee member instead of the beam-column joint. The brace limits inter story drift,
while the knee member dissipates seismic input energy through cyclic deformation in shear or
bending. In this respect, KBFs combine the lateral stiffness similar to concentrically braced frames
(CBF) with the ductile behavior of moment-resisting frames, akin to what is observed in
eccentrically braced frames (EBF). The main advantage of knee-braced frames over eccentrically
braced frames is that damage is concentrated in a single secondary member, which can be easily
replaced after a destructive earthquake. The main idea for this type of bracing was introduced in
1986 by a design engineer named Aristizdbal-Ochoa (1986). Mofid et.al. presented the linear
behavior of the proposed system and the appropriate shape and degree for the bracing member. In
all the previous studies, the knee member acted as a beam, but in this research, by changing the
radius of curvature of the knee member, this member is affected by the axial force in addition to
the shear force and bending moment, and in fact, the energy consumption will be achieved by
using the arc function. And the influence of the radius of curvature on the seismic behavior of
frames with different height-to-span ratio is investigated.

Method
For validation and verification in this research, the laboratory studies of the frame with a knee

brace, which was carried out by Zahraei et al. in 2014, were used. In their experiments, Zahraei et
al. designed samples according to AISC (2005) seismic regulations, similar to frames with
divergent bracing. The frames were installed by means of screws at the base of each column to a
strong beam connected to the floor of the structural laboratory of the building and housing research
center. The plasticity characteristics of the non-linear behavior of steel were considered in the form
of a bilinear diagram with isotropic strain hardening. The results of their test showed that the
overall frameset showed very good behavior with regard to the overall shape of the cycles and
before the frame failure. For parametric studies in this research, 12 models were made using
ABAQUS finite element software with steel materials.

Results
According to the results, in all cases, with the increase in the ratio of span-to-height, due to the

increase in the area under the curve, the seismic energy loss has increased and the seismic capacity
of the frames has been increased. The increase in the seismic capacity of frames with a ratio of
span-to-height of 2 is higher than that of frames with a ratio of span-to-height of 1.5 and 1 in all
models, and also due to the increase in the slope of the graph in these models, the stiffness of the
frames increases. In the frames that have a constant ratio span-to-height, frames with a radius of 1
(arc-shaped knee member) show the best performance in terms of stiffness and increased seismic
capacity. The results of the analysis indicate that in all samples, with changes in the radius of
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curvature from one meter to infinity, the amount of equivalent plastic strain increases, and as a
result, the frames show more potential for cracking.

Conclusions
In a fixed radius of curvature in all models, the use of rectangular frames shows better seismic

performance than square frames, but the amount of equivalent plastic strain shows more, as a result
of these frames They have more potential for failure. The knee member with a curvature radius of
one meter (arc) compared to the knee member with an infinite curvature radius (straight line) has
shown better seismic performance, and this improvement is due to the increase in the ratio of span-
to-height (i.e. changing the frame from square to rectangular) increases. In frames with a constant
ratio of span-to-height, the frames with an arc knee show a lower equivalent plastic strain than the
frames with a straight knee.
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