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Article Info ABSTRACT
Article history: This study aims to analyze the structural behavior of Modified T-Stub steel con-
Submission February 19, 2025 nections under cyclic loading, with the expectation that the results can be applied

to steel construction in Indonesia, particularly for structures requiring high seis-
mic performance. In this research, conventional 4ES and Double T-Connections
were modified into Modified T-Stub configurations to improve their deforma-
tion capacity, strength, and energy dissipation performance. Experimental cyclic
loading tests were conducted to evaluate the structural response of the modified
Keywords: connections, focusing on parameters such as strength, stiffness degradation, and

. drift capacity. Two test specimens were used, namely WF 450x200x9x14 and
T—Stul? Modified WF 500x200x10x16, which represent commonly used steel profiles in Indone-
Experimental Test sian construction practice. Numerical simulations were also performed to sup-
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Special Moment Connection port and validate the experimental results. The test results indicate that both
Prequalification specimens exhibited stable hysteretic behavior and satisfactory performance un-
der repeated cyclic loading. The numerical analysis showed that the connec-

E tions were able to achieve drift ratios of up to 5% radian, while the experimental
5 tests demonstrated drift capacities of approximately 4% radian without signif-
icant strength degradation or premature failure. These findings demonstrate
that the Modified T-Stub connections meet the performance requirements for
certified Special Moment Connections (SMC). This study provides valuable in-
sights into the development of high-performance steel connection systems and
contributes to enhancing the safety, efficiency, and structural quality of steel
buildings in seismic regions of Indonesia.
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1. INTRODUCTION

Earthquake-resistant steel structure design is one of the crucial aspects of modern civil engineering,
especially in regions with high seismic activity. Structural connections play a central role in ensuring the over-
all integrity of the system, as failure of the connections can significantly reduce the structure’s deformation
capacity and energy dissipation [1]. The T-Stub connection, which is a beam flange connection to a base plate
or column, has been widely used due to its ability to withstand bending moments and axial forces [2]. How-
ever, the effectiveness of these connections under cyclic loading, which simulates real earthquake conditions,
remains a topic requiring in-depth research to ensure they can meet the Special Moment Connection (SMC)
criteria as stipulated in the latest earthquake design standards [3].

The impact of earthquakes on structures can have fatal consequences for structures made of steel.
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Intensive research on the failure of steel structures due to the effects of earthquakes was conducted after the
1994 Northridge Earthquake. According to the FEMA-350 failure report, building failures with steel structures
occurred beyond expected expectations, as the failures were caused by brittle connections [4, 5]. Generally,
typical failures occur at the weld joints between the lower flange beam and the flange column, with the weld
failure then developing into cracks in the flange column at the back of the weld joint. Additionally, in the world
of construction practice, we are required to always innovate and create easily applicable methods to achieve
good time and cost efficiency [6, 7]. The connection type approved in SNI 7972:2020 T-Double has become the
connection used as a reference for modifying steel connections [8, 9]. The modification is done by changing
the Double T-Weld connection on the lower beam flange and installing it with bolts on the beam flange [10, 11].

Various previous studies have examined the behavior of conventional T-Stub connections under static
and cyclic loads [10, 12]. Experimental and numerical studies have shown that T-Stub connections can with-
stand bending moments up to a certain point before experiencing local yielding in the flange plates or con-
necting plates [13]. Research such as that conducted by [4] emphasizes the importance of plate thickness
distribution and thread length in influencing the moment capacity and deformation of the connection [14].
Nevertheless, many of these studies are limited to standard T-Stub geometry and a limited range of parameter
variations, so their application in SMC design in earthquake-prone regions still has limitations [15, 16].

Although previous research provided an initial understanding of the behavior of T-Stub connections,
there is a significant gap regarding the performance of connections that have been modified to improve de-
formation capacity and energy dissipation under cyclic loading. The novelty of this research lies in its focus
on the behavior of modified T-Stub connections under cyclic loading, with the explicit aim of evaluating their
suitability against SMC prequalification criteria [17]. This approach considers not only the maximum moment
capacity but also aspects of plastic rotation, energy dissipation, and connection failure behavior that may occur
during real earthquake cycles. By combining experimental analysis and numerical simulations, this research is
expected to provide more accurate and relevant data for the design of special moment connections in seismic
environments [18].

The purpose of this research is to explore the behavior of modified T-Stub connections thru experi-
mental testing under cyclic loading, in order to understand the connection’s response to conditions that simulate
real earthquakes. Additionally, this research aims to determine the prequalification criteria for modified T-Stub
connections to meet the requirements of special moment connections, so that the results can be used as a refer-
ence in the design of safer and more effective earthquake-resistant steel structures [19]. The limitations of the
study are as follows:

* Test object 1: WF column 588x300x12x20 and WF beam 450x200x9x 14.
* Test object 2: WF column 588x300x12x20 and WF beam 500x200x10x16.
* Properties of ST41 steel material: fy = 300 MPa and fu = 400 MPa.

* Properties of A325M bolt material: fy = 660 MPa and fu = 830 MPa.

* Properties of E70xx weld material: fy = 57,000 psi and fu = 70,000 psi.

e Cyclic testing at the Housing and Settlement Engineering Directorate Laboratory of the Ministry of
Public Works and Housing.

This research offers dual benefits the modified T-Stub connection can be applied as a special moment
connection that meets prequalification criteria, while also providing an easier and more time-efficient method
for installing steel beams. The implications of this research include improved safety and resilience of steel
structures against earthquakes, efficiency in the construction process, and the potential for developing more
practical and widely applicable special moment connection design standards for seismic engineering projects
[20, 21]. The results of this research are expected to make a significant contribution from both academic
and practical perspectives. From an academic perspective, this research fills an existing gap regarding the
performance of modified T-Stub connections under cyclic loading and their evaluation against SMC criteria.
From a practical standpoint, the results of this research can be used as a reference in the design of more reliable
special moment connections, thereby improving the safety and resilience of steel structures against earthquakes.
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2. LITERATURE REVIEW

There are 10 connections regulated prequalification in SNI 7972-2020 (AISC 358-16). Connection
beam to inner steel column system frame bearer moment special and also intermediate must capable accom-
modate a minimum drift of 0.04 rad and resistance minimum flex 0.8 M.p from capacity moment plastic beam
(SNI 7972, 2020).

Reference modify T-Stub connection taken from one of connection that is T-Double Connection. Con-
nection with system wing molding columns and wings beam use T-Section profile crazy as well as addition plate
single welded to the wing columns and bolted to the beam body as retainer style sliding. Detail of the Double
T-Joint arranged in SNI is shown in Figure 1 and Figure 2. Melting zone and joints plastic planned occurs on
the beam near TOStab body tip.

insert plate (if required)
Torofile wing

4 tension bolt Tprofile bolts

successor plate (if required) ~  bolt

insert plate (if required)

_‘_‘. finiliaBial /4

, —
Figure 1. Connection Double T-Type
Source: (SNI 7972, 2020)

SNI does not limit use connection other types that do not listed, only just before connection used
need existence a series of prequalification tests based on SNI 7860-2020 and approved by the authorized party.
According to a number of journal research that discusses modification connection explain as following.
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Figure 2. Shaded Image of Joint Zone plastic
Source: (SNI 7972, 2020)

Bolted Flange Plate (BFP) connections are modification connection moment special aiming For stream-
line cost construction and retaining style seismic [19, 22]. Based on results study all specimen fulfil AISC
Seismic Provision criteria and a minimum drift of 0.06 rad [23, 24]. During bolt slip test happen more before
and the slip-bearing deformation gives impact big to the total deformation [2, 3, 25]. Experimental connection
to burden cyclic with specimen “24 bolted extended end-plate connection with haunches” conducted at Poly-
technical University of Timisoara shows that connection plate end extension given bolt with elbow capable
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fulfil prequalification For application seismic and shows stable performance under loading cyclic [6, 26-28].
Another experiment regarding Double T-Connection is done modification with add Voute between connection
use plate [29]. Test results show change behavior connection become more rigid and failure at first happen
T-Wing tipping column become fail outside connection precisely on the beam [28, 30].

3. METHOD

This research was conducted using an experimental testing method that simulated cyclic loads on
modified T-Stub connections. The specimens used were selected from high-strength steel profiles, making
them suitable for earthquake-resistant construction.
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Figure 3. Details of Test Object Connection 1

The first test object consisted of a WF 588x300x12x20 column paired with a WF 450x200x9x 14 beam,
while the second test object used a column with the same specifications paired with a WF 500x200x10x16
beam, as shown in the following Figure 3.
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Figure 4. Details of Test Object Connection 2
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Experimental testing was conducted by constructing complete physical models of specimens and test
equipment, as shown in the following Figure 4. Each specimen, including beams, columns, and modified T-
Stub joints, was thoroughly prepared and documented to ensure measurement accuracy and ease of replication
[31-34]. The testing process took place at the Laboratory of the Directorate of Housing and Settlement En-
gineering Development, Ministry of Public Works and Public Housing, so that all procedures complied with
technical standards and the results could be used as a valid reference for earthquake-resistant steel construction
applications as shown in Figure 5.

Figure 5. Documentation Test Object Manufacturing

As shown in Figure 6 test tools used in experimental Modified T-Stub connection is made with series
steel profile as a retaining frame test object with hydraulic autotator as implementation from burden earthquake
at work [35, 36]. Instruments used in study experimental including, 25 Transducers Displacement Linear
Variable (LVDT), 11 strain gauge and 2 cells burden [37, 38].

e B Q:L!'samn, .

Figure 6. Test Object Specimen 1
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As shown in Figure 7 LVDT 1 is used for measure maximum deformation for determine rotation on
the T-Stub Modified Steel Connection. LVDT 2 to 25 is controller movement in the sample what is the test
object? happen deformation to out of plane direction [38, 39]. Strain gauge for control strain on the plate and
bolts. In the study This assumed that moment on T-Stub Modified Steel Connection [40, 41].
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Figure 7. LVDT Installation

The main assumption in this study is that the moment at the modified T-Stub connection can be esti-
mated based on the measured deformation and strain distribution [42-45]. With this approach, the study not
only tests the practical performance of the connection, but also strengthens the theoretical understanding of the
development of T-Stub connections in earthquake-resistant design, so that the results of the study can be an
important reference for steel construction applications in Indonesia [46].

4. RESULT AND DISCUSSION

Research result in a way experimental Test object 1 obtained a drift ratio of 5% at the ultimate moment
of 1,101 kN.m and test object 2 obtained a drift ratio of 4% at the ultimate moment of 712 kN.m. Documenta-
tion results testing displayed under this Figure 8.

Figure 8. Cyclic Test Results Test Object 1

As shown in Figure 9, the test results show that the first test object was able to achieve a drift ratio
of 5% at an ultimate moment of 1,101 kN.m, while the second test object achieved a drift ratio of 4% at an
ultimate moment of 712 kN.m [3, 7, 47]. This difference indicates that the dimensions of the beam affect
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the moment capacity of the connection, with specimens with smaller beam profiles exhibiting higher moment
capacities under ultimate conditions [48]. Nevertheless, both specimens were able to withstand considerable
cyclic deformation before reaching failure, proving that the modified T-Stub connection has good toughness
in resisting seismic loads [49]. These findings provide evidence that T-Stub modification can be an effective
design alternative to improve the performance of steel connections in earthquake-resistant construction [50].
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Figure 9. Cyclic Test Results Test Object 2

Based on Figure 10 testing connection with loading cyclic can see happen failure as planned. Joint
zone plastic formed outside Modified T-Stub connection and connection Still in the same shape No show failure.
Following is output curve result hysterical connection test specimens 1 and 2 due to loading cyclic.
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Figure 10. Documentation LVDT Transducer Installation

Hysteresis analysis shows in Figure 11 a plastic zone forms outside the Modified T-Stub joint, while
the joint itself retains its shape without failure. This finding indicates that joints designed for specific moments
tend to deform in controlled weak zones, thereby keeping the main joint intact and safe. This confirms that
the modified T-Stub successfully directs deformation energy to the desired area, increasing the joint’s energy
dissipation capacity under seismic loads.
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Figure 11. Documentation LVDT Transducer Installation

Backbone graph output indicates the peak load experienced by the actuator and the corresponding
failure load of the test specimen. Based on shown in Figure 12, the experimental results for Test Object 1, the
maximum load recorded reached 179 kN, which represents the highest load-bearing capacity before structural
degradation or melting occurred.
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Figure 12. Graphic of Object Backbone Test Object 1

Backbone graph output is obtained peaks load on the actuator and load melting on test object 1 result
experimental of 179 kN. Based on Figure 13, the numerical data processing ductility connection known from
the maximum drift ratio melting limit final shared with a minimum drift ratio limit melt first on steel material.
Ductility value 0.06/0.006 = 10.

The results of the backbone curve from the testing show a peak load on the actuator of 179 kN for
test object 1 and 224 kN for test object 2. This difference indicates the influence of beam size on the ultimate
load capacity of the joint. Further analysis of the numerical data shows a joint flexibility value of 10, calculated
from the ratio of the maximum displacement at the final yield limit (0.06) to the first yield limit at the minimum
displacement ratio (0.006). These results indicate that the connection has a high deformation capacity before
failure, consistent with the characteristics of flexible yet strong special moment connections [51]. Furthermore,
the connection’s behavior of maintaining its shape without significant damage also shows that the modification
to the T-Stub successfully improved structural performance. Previous studies, such as those by [52, 53], have
emphasized the importance of plastic distribution outside the joint to enhance energy dissipation capacity and
overall structural stability. The findings of this study reinforce this concept, while also demonstrating that
modified T-Stub connections can be safely applied to earthquake-resistant steel structures in Indonesia.
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Figure 13. Graphic of Object Backbone Test Object 2

In conclusion, the research results indicate that the modified T-Stub connection not only meets the
SMC prequalification criteria but also exhibits good energy dissipation capacity, high flexibility, and predictable
performance. This finding provides a strong foundation for the application of modified T-Stub connection de-
signs in modern steel construction projects, while also offering relevant experimental evidence for the develop-
ment of local standards and a reference for future studies on earthquake-resistant connection design.

5.  MANAGERIAL IMPLICATION

The findings of this experimental study provide several important managerial implications, particu-
larly for decision-makers involved in structural design, construction management, and seismic risk mitigation
in building projects. The proven performance of the Modified T-Stub connection in achieving the requirements
of Special Moment Connection (SMC) prequalification offers practical guidance for engineers, project man-
agers, and construction firms in selecting reliable and code-compliant connection systems for seismic-resistant
structures.

From a design management perspective, the demonstrated ability of the connection to sustain drift
ratios exceeding the minimum requirement of 4% rad allows structural designers greater flexibility in optimiz-
ing beam column configurations without compromising seismic performance. This flexibility can contribute
to more efficient structural layouts, reduced overdesign, and better allocation of material resources, ultimately
leading to cost-effective construction solutions while maintaining safety standards.

In terms of construction and project execution, the Modified T-Stub connection presents advantages
related to constructability and quality control. The predictable plastic hinge formation in the beam region
reduces the likelihood of brittle failure at the column or connection interface, minimizing the risk of unexpected
damage during seismic events. For project managers, this behavior translates into reduced post-earthquake
repair costs, shorter recovery time, and improved building resilience, which are critical factors in lifecycle cost
management.

Finally, the successful prequalification of the Modified T-Stub connection encourages its adoption in
standard design practice and supports its inclusion in organizational design guidelines or construction specifi-
cations. For policymakers and engineering managers, these results can serve as empirical evidence to support
updates to internal standards, promote innovation in seismic connection design, and enhance overall structural
safety performance in future building developments.

6. CONCLUSION
The experimental test results demonstrate that plastic deformation in the connection joints predom-
inantly occurred in the beam region, specifically after the end-plate connection, indicating that the intended
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strong-column weak-beam mechanism was successfully achieved. This behavior confirms that the plastic
hinge formed away from the column face, thereby reducing the risk of brittle failure at the connection zone
and enhancing the overall ductility of the structural system. The drift ratio observed during the experimental
testing varied between the two test specimens. Test Object 1 reached a maximum drift ratio of 5% rad, while
Test Object 2 achieved a slightly lower drift ratio of 4% rad. These drift ratios indicate the ability of the con-
nection system to undergo significant inelastic deformation while maintaining structural integrity under cyclic
loading conditions. The difference in drift capacity between the two specimens may be attributed to variations
in connection configuration, material properties, or energy dissipation characteristics.

In terms of flexural capacity, Test Object 1 exhibited a plastic moment capacity (Mp) of 503 kN-m
and an ultimate moment capacity (Mu) of 1,101 kN.m, demonstrating a substantial reserve strength beyond
the plastic limit. Meanwhile, Test Object 2 showed a plastic moment capacity of 601 kN.m and an ultimate
moment capacity of 712 kN.m. These results suggest differing post-yield behavior and stiffness degradation
patterns between the two specimens, as reflected in their respective hysteresis responses.

Furthermore, the hysteresis curves obtained from both experimental tests exhibited stable and sym-
metric behavior with adequate energy dissipation capacity and limited strength degradation up to the target
drift levels. The backbone and hysteresis plots confirm that the Modified T-Stub connection system satisfies the
requirements for Special Moment Connection (SMC) Prequalification, particularly in meeting the minimum
drift ratio requirement of 4% rad as stipulated by relevant seismic design provisions. Consequently, the Mod-
ified T-Stub connection can be considered suitable for application in seismic-resistant moment-resisting frame
structures.
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