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The equivalent statistical methods, spectral analysis, and time history analysis are usually offered in the steel structure design
regulations. Among these methods, the third one is more accurate; however, it requires more time to align the accelerometers due
to a large number of analyses. In the endurance time (ET) method, incremental acceleration functions gradually and uniformly
increases over time while their linear and nonlinear response spectra are proportional to the mean of the real seismic spectrum.
These functions are used as input functions to analyze the nonlinear time history of structures, and the performance of structures
is evaluated based on the maximum length of time they can meet specified performance goals. A three-story steel bending frame
with (slotted web) SW and (web unslotted flange) WUF connection is examined through the performance time method in
performance-based design. This article aimed at evaluating the seismic performance of these connections in the bending frame
through endurance time analysis to predict the structural response in the probabilistic evaluation of the seismic performance of
the structures. It is found that the endurance time analysis is justified with the seismic performance of the connections with low
computational cost and proper accuracy. The results of comparing both SW and WUF connections indicated that the SW
connection prevents the connection welding area from being failed due to transferring the plastic joint into the beam and in an
area away from the column face and causes less damage compared to the WUF connection.

1. Introduction

After the 1994 Northridge earthquake [1] and the connec-
tion failure in the weld zone of the beam-to-column con-
nection [2], the researchers sought to transfer the location of
the plastic joint at a suitable distance from the column face
[3]. Two solutions were proposed as strengthening the
beam-to-column connection area [4, 5] or weakening the
beam area to move the plastic joint into the beam [6]. The
weakening of the beam was used by creating two grooves in
the beam to transfer the plastic joint into the beam and
reducing the tension and strain of beam-to-column welding
area and the column panel area is used. Regarding the post-
earthquake damage, assessing the safety of structures against

collapse is considered an important task in earthquake
engineering. Seismic collapse refers to the inability of
structural systems to resist under gravitational loads or
shortly after an earthquake [7]. This is classified into two
main modes: the first is the progressive collapse mode due to
spreading the local damage from one component to another
until the destruction of the structures’ strength. This type of
collapse was surveyed in the study of Kim and Kim [8] and
Liu [9].

The second mode is one-way collapse, which is the result
of excessive lateral displacement of one or more floors of a
structure, so much so that the effects of P-A on the shear
strength of the structure prevail. Some studies were con-
ducted by Villaverde, Ligenus, and Kravinkler to evaluate the
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one-sided collapse of structures. In addition, the equivalent
degree of freedom (SODF) was used by several researchers to
predict initial collapse [10-12]. Although this method is very
good for understanding the problem, it is not reliable
enough to be used as a tool to assess the collapse capacity of
structures. Using the single degree of freedom (SDOF)
exhibits nonlinear behaviour when the structure is
approaching the stage of collapse which does not have an
appropriate answer [10]. Incremental dynamic analysis
(IDA) [13] is considered a reliable tool with the ability to
consider all nonlinear resources, including breakdown
components due to dynamic loading [14]. Multidegree-of-
freedoms (MDOF) systems have recently been used to
evaluate the collapse of structures [15, 16]. Attempts have
also been made to estimate IDA results through pushover
analysis [17, 18]; however, the accuracy of these methods at
this level of approximation requires a simple analytical
method, which results in a comprehensive analysis of the
behaviour of the structure from the beginning to the
complete collapse of the structure [19].

The ET method has been used to evaluate the collapse
capacity of structures to investigate both SW and WUF
connections, and the seismic performance of the flexural
connection is evaluated with the grooved damper in the
frame through ET time analysis based on the methodology
presented in FEMA-P58 [20]. As shown, a wide range of
seismic engineering topics such as linear seismic analysis of
steel bending frames [21], nonlinear seismic evaluation of
steel bending frames [22], three-dimensional seismic anal-
ysis of structures [23], seismic evaluation of steel storage
tanks [24], and performance-based design of structures [25]
are performed satisfactorily in the ET method. ET is an
alternative method among time-based approaches to seismic
analysis of structures in which the structure is subjected to
an increasingly dynamic stimulus whose intensity gradually
increases over time [26].

The response of the structure is examined over time, and
strengths, weaknesses, and performance of the structure are
evaluated according to the corresponding response with
different levels of stimulus intensity. Then, after presenting
generalities of endurance time method, the way to produce
accelerated functions, as well as the dimensions and spec-
ifications of the models created in the software, limited
components, and modelling validation, the values of stress
and strain created in the panel area and the beam-to-column
connection area are examined in both WUF and SW
connections.

2. Basic Concepts of ET Analysis

The concept of ET analysis can be better described by hy-
pothetical shaking table testing. Three different structures
with unknown structural characteristics have been con-
structed according to their seismic resistance function. All
three structures are fixed on the seismic table, and the test
initiates with a very low vibration amplitude on the struc-
ture, as shown in Figure 1(a). The test is performed with a
gradual increase in the vibration range of the vibrating table.
As the vibration amplitude increases, one of the structures is
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broken and the first point is obtained, as shown in
Figure 1(b). As the vibration amplitude increases continu-
ously, a point is reached when the second and third
structures are fractured. This is shown in Figures 1(b) and
1(c). It is shown that the structures “C” and B are broken at
t=15sand t=20s, respectively. As the results indicated and
that the lateral loads applied by the seismic table are in some
way consistent with the earthquake loads, the “A” structure,
which was the earliest to be destroyed, is the worst sample in
the rating and structure “B” with the longest loading time
performs best in rankings. This hypothetical test describes
the concept of endurance time. In the ET method, the
structures are exposed to a predesigned accelerator and their
performance is judged by the time interval, during which the
structures can meet the predefined performance criteria,
such as resistance against fracture in the above test [27]. The
concept of ET is somewhat similar to the exercise test used by
a cardiologist to assess the condition of the cardiovascular
system of athletes or cardiovascular patients [28] (Figure 1).

In exercise tests, the subject is placed on a treadmill, and
the speed and slope of the treadmill at each step gradually
increase until the subject is fractured, or there are signs of
distress or abnormal biological criteria. The condition of the
person’s cardiovascular system is then judged based on the
number of steps performed. Then, an interpretation of the
results obtained from the ET test should be prepared for
practical programs. Since the structural models of finite
element components of the prototypes used in the test are
available and assuming that a suitable ET acceleration
function is designed, the above test method can be repeated
numerically. It seems that the reliable prediction of the
structure’s collapse is beyond the capability of most existing
analytical software. However, other simple criteria can be
used, such as maximum floor displacement or other factors
that lead to damage instead of complex nonlinear analysis. In
addition, choosing the appropriate performance criteria
depends on the scope and purpose of the analysis [29]. For
example, some linear criteria, such as maximum stress on
members or maximum displacements, can be considered as
limiting criteria for calculating the structural endurance time
to survey the service load level [30].

Providing the right acceleration functions is considered
the most important steps in achieving the goals of endurance
time analysis. Endurance time acceleration functions are
considered as the one whose demand increases steadily over
time. One of the parameters that should be considered in
preparing acceleration functions is the increasing trend of
these functions [31]. As shown in Figure 2, this increase can
take many forms, such as linear increase, ascending rate, or
decreasing rate. It is possible to choose the right form
according to the results obtained from the analysis. The
linear form is considered as the basic form [32], as shown in
Figure 3.

The accelerogram recorded in a natural earthquake has
three main characteristics such as amplitude, the endurance
of strong motion, and frequency content, which depend on
the severity of the earthquake, its distance to the site of the
desired structure, and the soil conditions of the site [33]. It is
necessary that the above three factors be properly considered
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in the construction of the functions to bring the desired
acceleration functions as close as possible to the accelera-
tions obtained from natural earthquakes [34]. As mentioned,
acceleration functions have an increasing range of acceler-
ations. Therefore, the range of functions should increase in
such a way that represents weak earthquakes at low times
and strong earthquakes at high times. The persistence of
strong acceleration functions has an increasing trend due to
increasing their amplitude over time. However, the persis-
tence of strong motion in real earthquakes is a constant
number and also varies in different earthquakes [35]. The
third parameter is the frequency content of the acceleration
functions. If this content is within a certain range, the results
will not be accurate for different structures. Since the fre-
quency content of different earthquakes is different,
choosing the appropriate frequency content depends on the
site. The frequency content of acceleration functions is di-
rectly related to how they are produced [36].

3. Materials and Methods

3.1. Numerical Study. The endurance time (ET) method is a
dynamic structural analysis procedure for seismic assessment
of structures. In this procedure, an intensifying dynamic
excitation is used as the loading function. Endurance time
method is a time history-based dynamic analysis procedure.
An estimate of the structural response at different equivalent
seismic intensity levels is obtained in a single response history
analysis. This method has applications in seismic assessment
of various structural types and in different areas of earthquake
engineering. Endurance time (ET) method is a dynamic
structural analysis procedure in which intensifying dynamic
excitation is used as the loading function. An estimate of
structural response and/or performance at the entire seismic
intensity range of interest is obtained in each response history
analysis. The concept of endurance time analysis is similar to
the exercise test applied in medicine. A similar concept has
also been extended to applications in the analysis of offshore
platforms under water waves.

The dynamic analysis is a higher level of structural
statistical analysis due to the variability of relations. In
structural dynamics analysis, an input dynamic load, such as
an earthquake load, is applied as the baseload to the
structure, and the output of quantities such as stress and
strain is shown in the diagrams that result from this loading
called the time history chart. The nonstratified random
sampling method is used in the amplitude and frequency
content to provide first-order acceleration functions [22]. In
this method, the stimulus function is obtained as a sum of
several different harmonic functions from equation (1). Also,
in the endurance time method, the dynamic performance of
structures was evaluated mainly based on horizontally ar-
tificial records.

N
a(t) = ZAi -sin(w;t + &;). (1)
i1

This equation represents the Fourier scope of the i
sentence, ®; is the phase delay angle of i the sinusoidal

component, w; indicates the angular frequency of i sen-
tences, and n is the number of sentences [3]. If the set of
phases and angles of phase delay related to the sinusoidal
components are considered as the amplitude vector and
phase delay angle vector, various movements which are
similarly based on frequency content are produced by
keeping the amplitude vector constant and then producing
different phases of phase delay vector. The function pro-
duced in this way is a static function [37]. The acceleration
functions are generated by random numbers with a Gaussian
distribution with a mean of zero and a variance. The time
step is 0.01 seconds and the number of points of the ac-
celeration function is 211 = 2048, equivalent to 20.48 seconds
(Figure 3). The maximum ground acceleration at this stage is
assumed to be 1g.

The function obtained in the previous step is static,
while the acceleration caused by natural earthquakes is of
an abnormal nature. To convert the above steady function
to an unsteady function, it should be multiplied by the
appropriate envelope function. This envelope function
should be appropriate to the severity of the earthquake
and its distance to the desired location. For example, an
appropriate envelope function (equation (2)) is shown in
Figure 4.

Z(t) = (). a(t). (2)

In the acceleration function obtained, it is necessary to
filter the unnatural frequencies in such a way as to eliminate
their effect on the analysis of the time history. For this
purpose, the Fourier conversion of the Z (f) function should
be obtained and multiplied by two filter functions such as the
following equations:

Z(iw) = F(Z (1)), (3)
A(iw) = Z (i). H, (iw). H, (iw), (4)
= (1 —(%;rwzfi;}(j /221)(5/%)’ ®)
= (1 - (E/a()gc;ljzzlf (E/wz)’ (©)
A" (iw) = A% (iw) . % (7)

In the above equations, F indicates the intermediate
conversion and A (iw) acceleration in the frequency range.
Considering w, = 271/0.5 and w, = 27/0.1 and &, = &, = 0.2,
the values of the frequencies higher than the Nyquist
(100 HZ) are filtered (Figure 5).

Then, the frequency content has been changed to match
the spectrum of the regulations so that there is a criterion for
subsequent analyses following the regulations. To comply
with the range of regulations (related to soil type II), A (iw)
function is taken to the time domain by converting the
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FIGURE 2: Acceleration function with Gaussian distribution (PGA =1).

Ficure 3: Different forms of demand increase in acceleration functions.

inverse Fourier to the time domain and the acceleration
function a (f) is obtained. The response spectrum of this
function is obtained and compared with the spectrum of the
regulation. A°M (o) is the acceleration Fourier conversion,
SZ(a)) represents the target range, and S, (w) indicates the
response range of the acceleration function in the previous
section. Finally, the inverse conversion A" (iw) is calcu-
lated to take the acceleration function over a period of time.
Therefore, the new acceleration function is obtained, which
is more compatible with the spectrum of the regulations. To
get closer to the response spectrum of the acceleration

function and the spectrum of the regulations, the final steps
are repeated several times to achieve the desired accuracy. In
this equation, the relationship between the Fourier con-
version and linear response spectrum is assumed. In addi-
tion, nonlinear relationships are used to accelerate
convergence. The modified frequency content is shown in
Figure 6.

The acceleration functions are then modified to create
acceleration and zero speed at the endpoints. Finally, by
selecting the linear increment form, f(¢)= (t/10) linear
function in the acceleration function, multiply by 10 seconds
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FIGURE 6: Frequency content in accordance with the design spectrum.

to check the results. At this stage, the three functions of
incremental acceleration accl, acc2, and acc3 are produced,
as shown in Figure 7.

3.2. Configuration of Models. Modelling in a frame similar to
Figure 8 has been performed in Abacus’s finite element
software according to the geometric details of Table 1 for two
samples, SW and WUEF. ST37 steel with 8-shape specifica-
tions has been used for the models created in this article. The
displacement for the two ends of the column along with U_1
is considered to be zero. The loading according to the ET
method, similar to what obtained in Figure 9, is applied to
the model at the buckling points. For the meshing, the Hex/
Structured mesh (with Solid element, 8 knots with reduced

integral; C3D8R) is used. To achieve a suitable mesh, the
partitioned model has been transformed into simple shapes
so that it can use both structured mesh and better control
over the mesh. Using solid elements compared to Shell
elements indicates better results in large deformations and
has better accuracy. The mesh size varies from 3 to 15 cm in
the sample.

A finer mesh is used in the areas around the hole created
at the end of the beam groove to more accurately obtain the
SW connection behaviour [39]. Figure 10 shows the method
of applying boundary conditions at the end of the column
and loading in both SW and WUF models. In this con-
nection, models with geometric details shown in Table 1 are
used. In the WUF model, a shear was used to strengthen the
beam, with dimensions of 222x80x158x10mm. In
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FIGURE 8: Stress-strain diagram of the experimental specimen [3].

TaBLE 1: Modelled subassembly (units in mm).

Connection Cross section  Steel grade  Column height =~ Beam length Sheet dimension
Beam IPE270 ST37 e 1300 .
SWand WUE o limn Plate girder ST37 630 W 630 x 190 x 10/F 630 x 220 x 15

addition, a cutter has been used to strengthen the 80 mm
long, 190 mm diameter beam in the SW model and vertical
stiffeners with dimensions of 1 x 4 x 5 x 7 cm have been used
to strengthen the beam wing. Since it is necessary to create a
groove in the beam to weaken the beam in the modelling of
the grooved connection, the following equation has been
used to calculate the dimensions of the beam:

E d L,-L
L, =min{ 1.5b;,0.60 tys[— ,—,Lp+u i
F,. 2 10

(8)

where Ly, L,,d, fye ty bf, and L, respectively, represent
half the clear span length of the beam, the width of the shear
plate, nominal depth of the beam, expected yield strength of
steel beam, beam flange thickness, beam flange width, and
slot length [40]. Considering the above equations, the length

of the groove is 160 mm and the diameter of the end hole is
21 mm.

3.3. Verification of Finite Element Modelling. To verify the
accuracy of the modelling performed in this paper, the
slotted connection created by Adlparvar et al. was examined
in the laboratory [6], similar to Figure 11, which has been
performed in finite element software according to the
geometric details of Table 2. A simple anchor is assumed for
the two ends of the column. In this model, the load is applied
ata distance of 1 m from the column and a shear connector is
used to strengthen the beam with a length of 80 mm and a
width of 190 mm. In addition, vertical stiffeners with di-
mensions of 1x4x5x7cm have been used to strengthen
the beam wing. The column and beam web stiffeners were
used, and the place of beam web stiffener is exactly where the
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FIGURE 10: Three-story modelled frame.

load is applied and its dimensions are 24.96 x 6.42 x 1 cm. In
addition, the length of the beam’s web groove is 160 mm and
the diameter of its end hole is 21 mm. Also, the model
configuration in this paper is the same as in [6] with some
modifications in implementing slotted connection in it.

Since many models have been used for the response
surface method, the Shell element has been used to make the
calculations faster. A mesh with a quad-dominated structure
(SA4) has also been used to mesh. For a proper meshing with
partitioning, the model has been transformed into simple
shapes so that better control over the mesh can be achieved.
The size of the meshes for modelling in the response surface
method is considered as small as possible to increase the
accuracy of the calculations. In modelling, the mesh size
varies from 0.5 to 1cm.

After analysis, the local buckling and the plastic joints
formed in the simulated model are similar to what occurred
during the experiment and the hysteresis diagram of the
laboratory sample was compared to the simulated model as
shown in Figure 12.

The maximum force applied to Adlparvar et al.’s
numerical model is 200.85 KN, which occurs at a rotation
of 3.43%, while in the modelling created in the same
rotation of the beam, the maximum displacement is
209.61 since the maximum difference is less than 5%.
Therefore, the numerical model response is valid and the
numerical model can be used to investigate the parameters
of this study.

4. Results and Discussion

To better understand the performance of WUF and SW
connections, these connections are subjected to dynamic
loads. The earthquake data processing software (Siesmo-
Signal) has been used to apply the loading of the ET method
to the structure in a time-displacement manner as shown in
Figure 13, and the results of these models are shown in
Figure 14.

As shown in Figure 14, the stress distribution in the
last second of loading of the welding zone has a more
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FIGURE 11: SW geometry (units in mm).

TaBLE 2: Modelled subassembly (units in mm).

Connection Cross section Steel grade

Column height

Beam length Sheet dimension

Slotted web ~ eam IPE270 ST37 S 1300 N
Column Plate girder ST37 630 .. W 630 x 190 x 10/F 630 x 220 x 15
250
200
150 . 7
100 e, 2
Z 50 77 ////
g 50 //[//,
3 p7:
-100 (,//,’.«
150 g/
-200
-250

Total beam rotation (rad) %

(c)

F1GUre 12: Comparison of the FE model and test results of specimen SW tested by [6]. (a) Test [3]. (b) Modelled specimen. (c) Hysteresis

responses.

uniform value in the SW connection than that of the WUF
connection. In addition, creating a groove in the beam
web of the SW connection reduced the stress values in the
column’s panel area. The results comparing the maximum
strain in the beam-to-column connection area, fountain
spring area, and the modelled frames are shown in Fig-
ure 15, where PEEQ strain and MISES stress are used.
As shown in Figure 15, the lowest amount of strain in
the panel area and the weld strength of the beam-column
connection occurred in SW and WUF joints, respectively,
where the amount of strain in the panel area is 0.25 and
0.4%, respectively, and the lowest strain value and the

lowest amount of strain at the welding point of the beam-
to-column connection are 0.37 and 0.59%, respectively.
Figures 16 and 17 use the Misses stress, which is used to
better understand and compare the behaviour of the
specimens in the Grade 2 equation diagram.

Figures 16 and 17 show that the maximum amount of
stress created in the panel area and the weld area of the
beam-to-column connection in the modelled SW con-
nection is less than the WUF. In addition, the maximum
stress in the SW and WUF connection panel area is 299
and 378 kg/m?, respectively, and the stress at the SW and
WUF connection welds is 297 and 318kg/m2,
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Ficure 14: WUF (a) and SW (b) connections in the frame.
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FiGure 15: The strain in the connection panel zone (a) and the weld area of the beam to the column connection (b)
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FIGURE 16: The stress in the connection panel zone (a) and the weld area of the beam to the column connection (b)
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FIGURE 17: The stress at the weld area of the beam to the column connection in the connection panel zone (a) and the weld area of the beam
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FiGgure 18: Continued.
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FiGgure 19: Continued.
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T1-2

FIGURE 19: The values of rotation on SW and WUF in a three-story frame (= 15s). (a) The rotation of the two ends of the beam in the WUF
connection on the first and second stories. (b) The rotation of the two ends of the beam in the SW connection on the first and second stories.
(c) The rotation of the two ends of the beam in the WUF connection on the third story. (d) The rotation of the two ends of the beam in the

SW connection on the third story.

TaBLE 3: The values of rotation on SW and WUF (units in rad).

. Panel zone rotation
Type of connection

Beam rotation (rotate
the beam farther
from the column

Beam rotation (rotate
the beam near the side
of the column)

face)
T T To Ty Ts, Ts,
First sto WUF 0.15 0.16 0.05 0.06 0.18 0.18
Y SW 0.17 0.16 0.06 0.003 0.18 0.19
Second stor WUF 0.17 0.16 0.14 1.63 0.19 0.18
Y SW 0.16 0.03 1.63 0.14 0.18 0.18
Third stor WUF 0.18 0.17 0.06 0.005 0.2 0.19
Y SW 0.17 0.06 0.005 0.03 0.19 0.15

respectively. To better compare both SW and WUF
connections, the stress and strain values along the beam
on each floor of the modelled frame are examined and the
results are shown in the following figures.

According to Figure 18, the values of stress and strain
along the beam at the end of the loading time for the
modelled SW connection are less than those of the WUF
connection in most cases, leading to reducing earthquake
damage to the structure, as well as lower stress and strain
values near the beam-to-column connection at the SW
connection than those of the WUF connection prevent the
beam-to-column connection failure in the weld zone.

It is worth noting that the areas of the SW connection
in which the values of stress and strain are higher than
WUF are due to the weakening of the beam’s web since
creating grooves in the beam causes the uniform

distribution of tension and strain in the weld area of the
beam. Since the grooves in the beam’s web cause a uni-
form distribution of stress and strain in the weld area of
the beam wing in the column and panel area as well as the
better performance of the SW connection, this amount is
ignored. In addition, the rotation values of the two ends of
the beam and the rotation of the column panel area on
each floor have been investigated in two SW and WUF
connections, which are shown in Figure 19 and Table 3.
Additionally, it is predicted that there would be a dif-
ference between the rotation values obtained for the
beam-to-column connection and the beam’s rotation in
an area away from the beam-to-column connection due to
the stiffness in the areas close to the joint. Therefore, the
rotation values are considered in both areas. The values
T_1,T_2,and T_3 are shown to be equal to the rotation of
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the panel area, the rotation of the beam at the connection
area of the beam to the column, and the rotation of the
beam in the area away from the connection area of the
beam to the column, respectively.

Comparison of the rotation of the two ends of the beam
and the rotation of the column panel area for the two SW
and WUF connections found that the SW connection
performs better due to the shorter period of time than the
WUF connection. In modelling to increase the speed of
model analysis, dynamic loading was applied to the frame,
once considering the mass scale and once without consid-
ering the mass scale to obtain the appropriate size for mass
scale. Based on the modelling, the appropriate mass scale for
the modelled frames is considered 5 x 107°.

Since the mass scale is used in modelling to increase the
speed of model analysis, the speed of loading on the loading
side has increased. Therefore, the values of the displacements
obtained on the backside of the loading were used to get the
values of the structural drift. The results of the drift obtained
from modelling a three-story frame are shown in Figure 20.
Since the mass scale is used in modelling to increase the speed
of model analysis, the loading speed on the loading side has
increased. Therefore, to obtain the values of structural drift,
the values of displacements obtained on the backside have
been used for loading. The results of the drift obtained from
modelling a three-story frame are shown in Figure 20.

Figure 20 shows the drift SW connection is less than
WUF connection, in which the values for SW to WUF ratio
on the first, second, and third floors are 69.27%, 82.1%, and
70.07%, respectively.

5. Conclusions

The WUF seismic steel bending connection and an SW
connection consisting of a reduced section in the beam
and two vertical beams wing hardeners were subjected
under the dynamic load obtained by the ET method and
the results are compared. The performance results indi-
cated that the SW connection performs better than the

WUF connection. The two vertical stiffeners of the beam
wing strengthen the beam wing and the connection area,
and the reduced section in the beam acts as a fuse, forming
the plastic joint in the beam and away from the column
face, allowing uniform stress distribution in the weld zone
to connect the beam to the column. This uniform dis-
tribution of stress in the weld zone of the beam-to-column
connection reduces or eliminates the damage in the weld
zone of the beam-to-column connection. The results in-
dicated that

(i) Using the SW connection compared to the WUF
connection reduces the maximum amount of
equivalent plastic strain in the panel area after the
completion of dynamic loading by 37.5% in 15
seconds, while the equivalent plastic strain in the
weld zone of the beam-to-column connection
decreased by 37.3%.

(i) Using the SW connection compared to the WUF
connection reduces the maximum amount of table
tension in the panel area after dynamic loading in
15 seconds by 20.9%, while in the same period, table
tension in the weld zone of the beam-to-column
connection is reduced by 6.6%.

(iii) Using the SW connection instead of the WUF
connection reduces the tension in the panel area
and the weld area of the beam-to-column con-
nection due to the distance of the plastic joint
formation from the column side; however, since the
SW connection web is reduced by creating a weak
groove, it leads to reducing the connection strength.

(iv) Using the SW connection reduces the amount of
equivalent plastic strain created during the beam
relative to the WUF connection, so that the max-
imum size of the equivalent plastic strain created
along the beam for the SW connection to the WUF
connection on the first and second floors decreases
by 1% and 2%, respectively while the amount of
strain equivalent to the third floor has increased by
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21.01%, which is due to the weakening of beam’s
web. Since it keeps the plastic joint away from the
column, it prevents premature damage to the beam-
to-column connection and ultimately improves
connection performance.

(v) Using an SW connection reduces the amount of
table tension created along the beam relative to the
WUF connection, so that the maximum size of the
Misses tension created during the beam to connect
the SW to the WUF connection on the first and
third floors decreases by 15.10% and 8.86%, re-
spectively. Meanwhile, the amount of Misses stress
for the second floor has increased by 10.49% due to
creating grooves along the beam and the weakening
of the beam. Since this reduction in the beam’s web
reduces the stress in the weld area of the beam-to-
column connection, it ultimately improves the
connection performance.

(vi) Using an SW connection instead of a WUF con-
nection reduces the rotation at the end of the
loading time at both ends of the beam and in the
panel area.

(vii) Using an SW connection instead of a WUF con-
nection reduces the structural drift so that the drift
decreased by 69.27%, 82.1%, and 70.07% on the
first, second, and third floors, respectively.
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