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1. Introduction

Pin fuse is a new type of structural fuse that is installed at
the plastic hinge of steel structure. The fuse acts through
rotational sliding of steel surfaces on each other during an
earthquake. The presence of frictional force between the
fuse plates reduces seismic energy. Pin fuse frame (Figure
1) is a braced frame that beam-column connection of the
pin fuse type and its diagonal brace has a friction fuse
which prevents buckling of the brace.

The friction fuse of the frame connection is activated
with the friction slip when its the time reaches 80% of the
plastic capacity of the beam. The friction fuse of the
brace is also designed and adjusted in such a way that
when the axial force of the brace reaches 85% of its
buckling capacity, is activated and its buckling is
prevented by the frictional slip of the fuse. This frame has
the ability to absorb high energy through these fuses and
can be used in areas with high seismic activities.
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Figure 1. Pin-fuse frame

2. Verification

In this study, the laboratory study of pin fuse frame was
verificated, based on which the correct modeling of the
frames considered for this study in the opensees software,
was performed. The basis of the verification is laboratory
study performed on the pin fuse frame by Sarkisian et al.
The dimensions and sections of the numerical model used

for Verification are the same dimensions and sections of
the laboratory study conducted by Mark Sarkisan Et al in
2011. To model the friction connection of beams at the
plastic hinge formation, the dimensions of the fuse profile
were selected so that its plastic moment is 80% of the
plastic moment of the frame beam. For modeling the
brace fuse, the dimensions of the fuse profile were
selected so that when the force in the brace reaches 85%
of its buckling capacity, brace fuse will yield.

Opensees software was used for. Nonlinear element
and steel 02 materials were used to model the frame fuses
at opensees. The cyclic loading of the frame is similar to
the laboratory study. Finally, after the frame analysis, the
Moment vs. Rotation diagram of the friction fuse of frame
(Figure 2) was drawn and compared with the results of
the laboratory study for verification.
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Figure 2. Comparison of Moment vs. Rotation
diagrams of fuse, based on laboratory study and numerical
analysis

3. Nonlinear time history analysis
After verifiying the laboratory study, the frames

considered in the study were designed based on the 2800
standard (4th ed. 2017) and the Iranian National Building
Code, Part 10 (2013). The frames used in thi study are
three bending frames of six, nine and twelve floors with
five bays (Figure 3). In two bays of frame there is a
diagonal brace. In the first three frames of the study, the
beam-column connection of the frame is of pin fuse joint
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and its diagonal brace has a sliding friction fuse. The
second three frames of the study are special moment
frames with special diagonal braces. Since the two frames
used have a different structure in the fuse section relative
to each other, each frame was modeled separately in the
opensees software. To model the pin fuse frame, the same
method of verification was used and the fuse was
modeled with nonlinear element and type steel 02
material. Beilin material defined in the opensees software
was used to model the RBS connection of the special
bracing frame. The zero length elements were used to
model the RBS connection. The brace was defined in two
parts and the midpoint of the brace was given a slight
deviation so that the buckling phenomenon of the brace
occurs during earthquake loading.
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Figure 3. Elevation of the frames used for this study

To analyze the nonlinear time history, 7 near-filed
scaled seismic accelerogram were used. Earthquake
accelerograms used in this study were obtained from the
Iranian Earthquake Accelerometer Network. The
earthquake accelerograms used in the study are related to
the earthquakes of Tabas, Manjil, Bam, Zanjeeran, Bala
Deh, Ahar, and Sarpol-e Zahab.

To analyze the nonlinear time history, each frame was
subjected to seven scaled earthquake records. After
analyzing the frames in opensees and transferring the
results to Excel, the following outputs were used to
compare the seismic performance of the two frames.

a. Residual Inter-story Drift Ratios;

b. Maximum rotation of the frame fuses in the floors;

c. Yielding of the brace and slip of the brace fuse in
frames.

One of the most important variables in nonlinear
analysis of structures is the residual inter-story drift
ratios. This variable indicates the degree of structural
failure and stability of the building after the earthquake.
According to Table T-4 of code 361, for the level of life
safety performance, the allowable residual inter-story
drift ratio of the braced moment frame is set at 0.5%.
Also, for the level of the collapse prevention, the
maximum value of the residual inter-story drift ratios, 2%

have been considered. Therefore, in comparing the
interclass drift ratios of frames of this study, the criteria
stated in code 361 have been considered.

Earthquake energy loss in the structure is directly

related to the activation of structural fuses. Therefore, in
this study, the maximum rotations of moment fuses of the
two frame groups (Figure 4 and 5) in one opening were
compared to each other. Based on to the provisions of
Section 10 of the National Building Regulations, it is
proposed to provide a minimum rotational capacity of
0.04 radians for special moment frames, the value of
which should be 0.03 radians in the supra-elastic zone.
Accordingly, the minimum activation angle of the fuses
in the two groups of frames was equal to 0.01 radians.
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Figure 4. Diagram of maximum moment fuse rotation
of nine-story pin fuse frame
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Figure 5. Diagram of maximum moment fuse rotation
of nine-story special braced frame

Based on the provisions of Section 10 of the National
Building Regulations, in an especially convergent braced
bending frame, the brace shall be in plastic behavior
under the effect of the lateral force of the earthquake. In
the pin fuse frame, this is achieved by sliding the friction
brace fuse (without damaging the brace) and in the special
braced frame, by buckling and yielding of the brace.
Therefore, in this study, the mentioned bracing behaviors
of the two frame groups were compared.

4. Conclusion

According to the comparison, the superiority of the pin

fuse frame against The special braced frame Is as follows.

- activation of beam and brace fuses and the loss of
seismic energy through these fuses.

- providing a life safety level of 80% after the earthquake
and low probability of collapse of the structure based on
the level of collapse threshold performance.

On the contrary, the increased cost of structure, (high cost

of making friction fuses) is one of the disadvantages of

the braced pin fuse frame.
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Evaluation of the Seismic Performance of Braced Pin Fuse Frame Using Friction
Mohsen Gerami Vahid Eskandarian

Abstract Pin Fuse is a new type of structural fuse that is installed at the place of plastic hinge of steel structure. The
fuse acts through rotational sliding of steel surfaces on each other during an earthquake. The presence of frictional
force between the fuse plates causes the loss of seismic energy. Pin fuse frame is a special braced moment frame that
its moment connection is of pin fuse and its diagonal brace has a friction fuse which prevents buckling of the brace. In
this study, first in comparison with full scale test of pin fuse frame was validated. Afterward, based on the verification,
three braced steel frame of the pin fuse at six, nine and twelve story were designed. Also, similar frames of special
moment with RBS connection and special diagonal brace was designed to compare the seismic performance of the two
groups frames. Finally, 42 nonlinear time history analysis of the two frame was performed with opensees software in
two dimensions using seven scaled Earthquake acceleration (Near fault) and the results of nonlinear analysis of the two
frames were compared. The results of the analysis showed that the pin fuse frame has a much better performance than
the special braced frame in terms of seismic energy loss due to the activation of friction fuses(activation of 60% of
beam fuses and 85% of brace fuses). Another advantage of the braced pin fuse frame is the supplying of 80% of life
safety performance level and significantly reducing the repair cost after an earthquake.

Key Words Friction Fuse , Pin Fuse System , Braced Pin Fuse Frame
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