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Abstract:

Screws are one of the most used methods for joining structural steel to Cold Formed Steel (CFS). An
improved substitute for conventional nail and bolt connections is self-drilling screws. The wings in the
screws make it easier to drive the screw into the steel without the use of a pre-drilled hole. Given that joints
are the primary means of transferring energy to a structure, it is especially crucial to comprehend the
seismic behaviour of their connection. New Zealand, for example, is a country that primarily experiences
seismic activity and builds its buildings using a combination of structural steel and CFS. Numerous research
that looks into how structural joints behave under cyclic and monotonic loading conditions are available in
the literature. However, the majority of these studies did not address the use of self-drilling screws in cyclic
stress to link CFS to structural steel. Thus, by experimental testing, this research examines the load
deformation and failure mechanisms of CFS and steel connections utilising screws under cyclic and
monotonic loads.

Tensile testing was done to evaluate the material's properties of steel. A total of 54 experimental
investigations were conducted to determine the cyclic nature of the junction. The structural steel thickness
(8mm, 12mm, 16mm, and 20mm), the CFS thickness (1.8mm), and the screw diameter (6.3mm hexagonal
screw), and varying the number of screws (1 and 2) were considered in test program. The same samples
were subjected to monotonic tests in order to determine the maximum and minimum displacement for the
cyclic loading. A total of 24 tests were performed in order to acquire the values. The experiment's findings,
including load deformation and the failure process, are identified. Based on the contrasting data, the cyclic
nature of all the connections can be analysed to ascertain which is the most correct.

The New Zealand standard AS/NZS 4600:2018, which particularly addresses the screw spacing with each
other and the distance from the screw to the edge of the specimen, will serve as the basis for both the
assembly and the spacing of the structural joints. The loading procedures and the number of cycles
employed for cyclic loading are detailed in the Federal Emergency Management Agency 461 (FEMA).

Appropriate displacement amplitudes for cyclic tests were determined using the initial results from the



monotonic tests.

During the cyclic testing it could be found that most of the specimens failed due to bearing and tear out
failure. There is an average increase of 56.77 % in capacity as the number of screws were increased from
single screw to double screw connection. As the steel thickness was increased as 8mm, 12mm, 16mm, and
20mm, the average capacity was reduced to 10.13%, 18.11%, 7.98% accordingly for a single screw
connection. For double screw connection as the steel thickness was increased as 8mm,12mm, 16mm, and
20mm, the average capacity was increased to 0.79%, 4.91%, 2.15% accordingly.

Key words: Self-drilling screw, Cold Formed Steel (CFS), Structural steel, Cyclic loading, Monotonic
loading, Load deformation, Failure mechanisms, Tensile testing, Screw spacing, Federal Emergency
Management Agency (FEMA) 461, Bearing and tear-out failure, Steel thickness, Displacement

amplitudes.
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QOutline of the thesis

This thesis consists of eleven chapters:

Introduction — chapter 1 methods used and the objectives of the study.

Literature review — chapter 2 presents the background of steel-CFS structural
evaluation of connection

Material Tests - chapter 3 describes the physical properties of the materials used in this
study delivered from the performed material properties tests.

Specimen description and testing arrangement - chapter 4 provides the specimen
construction, testing arrangements and instrumentation for testing

Specimen loading — chapter 5 provides the details about loading protocols for
monotonic and cyclic testing

Fastener load-deformation monotonic and cyclic response — chapter 6 discusses the
backbone nomenclature, construction and procedure for monotonic and cyclic

response

Monotonic test results — chapter 7 provides the monotonic test results about screw

parameters, steel thickness and load displacement relationship

Cyclic test results — chapter 8 provides the cyclic test results about screw parameters,

and steel thickness

Conclusions and future study - chapter 9 provides conclusion of the current study and

limitations in the research.

Acknowledgment — chapter 10.

References — chapter 11.

Appendix A. Monotonic test for single screw connection, Appendix B. Monotonic test
for double screw connection, Appendix C. Cyclic test for single screw connection,

Appendix D. Cyclic test for double SCrew connection,
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1. Introduction

Modern construction has found favour with cold-formed steel (CFS) because of its advantageous
qualities, which include a high strength-to-weight ratio, ease of manufacture, and adaptability. In contrast
to conventional hot-rolled steel, CFS is produced by pressing or rolling steel into thin sheets at room
temperature, which makes the material more pliable and lighter. Because of this feature, CFS is perfect for
use in both load-bearing applications like roof trusses and floor joists as well as non-load-bearing
elements like partition walls. Ensuring dependable and effective connections between CFS members and
between CFS and other structural elements, including structural steel, is a critical component of using
CFS in construction. The performance of these connections, particularly when dynamic stresses like those
brought on by wind or seismic activity are present. Self-drilling screws (SDS) as shown in Figure (1) have
become a popular choice among connection methods because they are inexpensive, easy to install, and
make strong, long-lasting connections. The application of SDS can be seen throughout the construction
industry, for instance in built-up steel structures to enhance stability (Fang et al. 2022a, b, c), in joint
connections (Roy et al. 2021; Roy et al. 2022a, b; Roy et al. 2023; Feng et al. 2020), and in hybrid
construction (Ng et al. 2023). SDSs are especially useful in these connections since they allow for speedy
assembly and do not require pre-drilled holes, which saves money on labour and materials. One of the
primary problems in this type of construction is how the joints will behave when subjected to seismic
waves. Joints are the main parts of a building that are in charge of distributing energy. Among many other
types of connections, the screw connection is one of the most commonly used. It is essential to
comprehend how CFS behaves in relation to structural steel connections under cyclic loading. Cyclic
testing replicates the effects of recurrent or varying loads, simulating natural events like as strong winds
and earthquakes. This kind of testing aids in assessing the connections' long-term performance and

robustness.
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Figure 1 Hexagonal head Self-drilling Screw

Using SDS, monotonic loading experiments on CFS to structural steel connections are used to determine
key performance characteristics such as ultimate load capacity, stiffness, and ductility. These tests provide
crucial information on how the connections respond to steady and gradually increasing loads by
simulating circumstances that are comparable to the gradual buildup of load in structural applications.
These tests' load-distortion characteristics demonstrate how robust and strong the connection is to loads
without suffering noticeably from deformation or failure. Understanding these characteristics is essential
for creating safe and reliable systems because it ensures that the connections can support expected service
loads and provides a basis for forecasting how they will behave in complex loading situations, such as
cyclic or variable loads. All things considered, self-drilling screws offer a dependable and practical
alternative for CFS to structural steel connections, and their structural performance must be confirmed

with monotonic loading testing.

During low-cycle testing Figure (2), steel-steel connections are loaded through a predetermined number of
loading cycles at relatively high loads, often until failure occurs. Understanding the fatigue resistance,
failure mechanisms, and cyclic behaviour of steel-steel connections under realistic loading scenarios such
as those that arise from seismic occurrences or repetitive stress in structural systems is the aim of these
investigations. Through experimental testing, researchers like Tao et al. (2016) and Danquah et al. (2021)
examine characteristics such as displacement, load, and deformation response. These tests allow them to
assess factors including energy dissipation, the beginning of plastic deformation, and stiffness

degradation. Low-cycle testing yields important information that can be utilised to enhance steel

12



connection performance and design by verifying that steel connections in structures can withstand cyclic

stress for the length of their intended lifespan without experiencing early failure or deterioration.

Lugs

Figure 2 Specimen Arrangement

2. Literature Review

2.1 CF'S- Structural steel under Cyclic Loading

Tao et al. (2016) explore both the monotonic and cyclic responses of single shear cold-formed steel (CFS)
connections—specifically CFS-to-steel and sheathing-to-steel connections. Each combination was
subjected to both monotonic and cyclic loading with three trials each, totalling 222 tests. These
connections are frequently found in light-framed buildings, and the study provides detailed insights into
their load-deformation behaviour. Key variables such as steel ply thickness, fastener types, and sheathing
materials are highlighted for their significant impact on the connections' strength and stiffness. Abaszadeh
et al. (2021) further investigate the performance of CFS frames under cyclic loading using finite element
model, particularly in the context of seismic resilience. This research is vital for assessing how CFS
connections hold up under dynamic conditions, such as earthquakes. The study's findings emphasise the
importance of connection design in improving seismic performance and ensuring structural integrity. By
understanding the behaviour of these connections under cyclic loads, engineers can refine design practices
and create more resilient CFS structures. The results offer critical data for guiding the design and

construction of CFS frames, particularly in seismic regions.
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2.2 CFS-structural steel under static loading

Chung et al. (2000) investigates the behaviour of bolted connections between cold formed steel strips and
hot rolled steel plates when subjected to static shear loading. It aims to develop and validate a finite
element (FE) model to accurately simulate these connections. The FE model provides a detailed
understanding of the connection behaviour, including stress distribution and load carrying capacity. The
validated FE model is effective for predicting the performance of bolted connections under static shear
loads ad can be used for design and analysis purposes. Calderoni et al. (2009) investigates the behaviour
of cold formed steel beams in monotonic loading. Experimental tests were conducted to evaluate the
response of CFS beam subjected to static, monotonic loading. The study aims to understand their strength,
stiffness and failure modes. The result provides insight into the load carrying capacity and deformation
characteristics of CFS beam. Tao et al. (2016) conducted 222 tests aiming to evaluate the behaviour of
single shear connections involving cold formed steel and shear thing to steel connections in monotonic
loading conditions. The focus here is on understanding their performance under monotonic loads. The
findings provide insight into the performance of CFS connections under monotonic loading conditions,

including their load carrying capacity and deformation behaviour.

2.3 Structural Steel-Structural steel under cyclic loading

Danquah et al. (2021) present an experimental study on light-gauge steel screw and powder-actuated
fastener joints under monotonic and cyclic loads, determining backbone parameters for the pinching
hysteretic model, unloading-reloading characteristics, and highlighting the significant influence of loading
rates on joint responses. Similarly, Beutel et al. (2002) explore the cyclic behaviour of concrete-filled
steel tubular (CFST) column-to-steel beam connections, emphasizing the stability and high ductility of
these connections for non-seismic applications but cautioning against designing for yield at the column
face in seismic conditions due to potential local damage, underlining the importance of conservative
design and adequate bar anchorage. Calderoni et al. (2009) and Kishiki et al. (2019) both examined cyclic
loading in steel structures, with Calderoni identifying significant strength and stiffness degradation

alongside energy dissipation potential in cold-formed steel beams, and Kishiki focusing on low-cycle
14



fatigue in Japanese steel beam-to-column connections, offering an empirical method for evaluating fatigue
based on beam rotation amplitude and cycles to failure, highlighting the influence of slip behaviour and
out-of-plane deformation on connection fatigue performance. Mrozinski et al. (2019) also studied low-
cycle fatigue, specifically in P91 steel, revealing cyclic softening and the role of testing conditions on
fatigue life predictions, which complements Macillo et al.’s (2014) comparison of seismic design criteria
in American and European codes for strap-braced cold-formed steel systems, emphasizing the
conservatism of European provisions and their potential impact on improving seismic performance. This
theme of cyclic performance under dynamic loading is echoed by Li et al. (2022), who demonstrated that
demountable reinforced concrete (RC) column-to-steel beam connections exhibit higher lateral capacity
and better energy absorption compared to non-detachable joints, providing insights for more resilient
connection designs. Mashaly et al. (2011) added to this with a 3D finite element model predicting the
behavior of steel beam-to-column joints under lateral loads, proposing improvements in bolt modeling
and contact elements based on validated experimental data. Studies by Ballio et al. (1997) and Popov et al.
(1972) further contribute to the understanding of steel members and connections under low-cycle fatigue,
particularly in seismic regions, offering valuable insights into how repeated dynamic loading affects
durability and design requirements. He et al. (2010) and Calado et al. (2000) extended this focus by
investigating steel beam-to-column joints and semi-rigid connections, respectively, under dynamic
loading, providing experimental and numerical data that support better design practices for seismic
applications. Finally, Mander et al. (1994) explored low-cycle fatigue in reinforcing steel, offering critical
insights into material degradation under repeated loading and its implications for the seismic resilience of
reinforced concrete structures, thus contributing to a broader understanding of how both steel and concrete

connections perform under the stress of dynamic events like earthquakes.

2.4 Structural Steel-Structural steel under static loading
Danquah et al. (2021) investigates the behaviour of single shear connections using steel to steel screw and
powder actuated fasteners under monotonic loading conditions. The focus here is on understanding the

performance of these connections. The results reveals the load carrying capacity and deformation
15



characteristics of the connections when subjected to monotonic shear loading. The findings contribute to
the design and evaluation of connections using screws and powder actuated fasteners, particularly in static
loading scenarios. Beutel et al. (2001) investigate the monotonic behaviour of composite column to beam
connections, specifically analysing how these connections perform under static, monotonic loading
conditions. The research aims to provide insight into the street strength, stiffness, and failure mechanisms.
The results reveal key aspects of the load carrying capacity and deformation characteristics of composite
column to beam connections under monotonic loading. Deng et al. (2018) investigate the monotonic
behaviour of bolted connections that include a welded cover plate, specifically designed for modular steel
construction. The focus here is on understanding the performance of these connections under monotonic
loading conditions. The findings contribute to the design and optimization of bolted connections with
welded cover plates in modular steel construction, ensuring they meet static load requirements effectively.
Cao et al. (2021) investigate the behaviour if bolted connections under monotonic loading, with the aim of
developing an analytical model to predict their performance accurately. They combine experimental
testing with analytical modeling to enhance the understanding of these connections. The findings
contribute to the development of reliable design tools and guidelines for bolted connections under static

loading conditions.

2.5 Steel-timber under cyclic loading

Bellini et al. (2020) conducted an experimental study on enhancing the load-bearing capacity and stiffness
of steel-to-CLT panel nailed joints using composite reinforcement, finding that reinforcement
significantly improved capacity and stiffness, leading to reduced displacements, and validating a
simplified design procedure for reinforced connections that aligns with experimental results. Similarly,
Fiorino et al. (2007) explored screw connections between wood- or gypsum-based panels and cold-formed
steel stud profiles, proposing a method to predict the lateral load-displacement response of steel
frame/panel systems based on cyclic tests of different panel types, orientations, and loading rates. Ataei et
al. (2018) further investigated the cyclic behavior of steel-timber composite (STC) connections, showed

that these connections exhibited high ductility and energy dissipation under large slips without significant
16



strength loss, making them suitable for earthquake-resistant designs. An analytical hysteretic model was
calibrated in OPENSEES software to predict the cyclic behavior of these connections accurately. 1zzi et al.
(2018) and Gavric et al. (2014) also contributed to understanding seismic performance, with [zzi praising
CLT structures for their strength-to-weight ratio and ductile connections, providing recommendations for
experimental testing and design, while Gavric emphasized capacity-based design principles to improve
the seismic resistance of metal connectors in CLT structures. 1zzi et al. (2019) further explored low-cycle
ductile performance, noting that self-tapping screws of 8mm and 10mm diameters showed better potential
for higher ductility classes than 6mm screws, with production processes influencing performance. Latour
et al. (2015) focused on specialized dissipative connectors for CLT panel buildings, demonstrating
through experimental and numerical studies that these connectors effectively absorbed and dissipated
energy during cyclic loads, enhancing seismic performance, and offering a reliable modeling approach for
their integration into CLT panel systems. These studies collectively contribute to the growing body of
knowledge on improving the seismic resilience and performance of timber and hybrid steel-timber
connections, emphasizing the importance of ductility, energy dissipation, and capacity-based design in

enhancing structural safety under dynamic loading conditions.

2.6 Steel-timber under static loading

Hossain et al. (2018) investigated the performance of CLT panels connected with self-tapping screws
(STS) under shear, withdrawal, and combined loading conditions. The findings revealed that shear-loaded
connections offer high ductility but low stiffness, whereas withdrawal-loaded connections are very stiff
but brittle. The study emphasized the importance of combining STS in both shear and withdrawal to
achieve connections with high stiffness and ductility in CLT structures. Similarly, Vella et al. (2020)
examined the performance of connections between cold-formed steel (CFS) and timber using inclined
screws, which is crucial for understanding how such connections behave under various loading conditions
in mixed-material construction. Their study focused on evaluating the strength, stiffness, and effectiveness
of these connections, particularly for structural design applications. Ying Ng et al. (2023) also explored

the performance of timber-to-CFS connections using self-drilling screws, providing valuable insights into
17



their behavior under different loading conditions, which is critical for designing effective and reliable
mixed-material structures. Chen et al. (2021) added to this understanding by investigating the
performance of thin-walled steel-to-timber connections using self-tapping screws under shear loading
conditions. Their study aimed to evaluate the strength, stiffness, and overall effectiveness of these
connections in transferring loads between steel and timber components, further supporting the
development of improved design practices for mixed-material constructions. Together, these studies offer
a comprehensive view of how different screw connection configurations impact the performance of timber
and CFS structures, highlighting the importance of combining high stiffness and ductility in connection

designs to enhance the structural reliability of mixed-material systems.

2.7 Timber-timber under cyclic loading

Taylor et al. (2020) investigated the effectiveness of surface spline connectors in Cross-Laminated Timber
(CLT) panels when subjected to cyclic shear forces, simulating the effects of seismic events. The study
focused on evaluating the performance of these connectors by applying cyclic loads to CLT panels and
assessing their strength, stiffness, and failure modes under repeated shear loading. Their findings provided
valuable insights into the behaviour of surface spline connections, contributing to the optimization of
connection designs to improve the performance and safety of CLT structures in dynamic loading
scenarios. Similarly, Chui et al. (2005) explored the performance of timber moment connections under
reversed cyclic loading, which is crucial for evaluating the seismic resilience of timber structures. The
research aimed to develop and validate a predictive model for the behaviour of timber moment
connections subjected to reversed cyclic forces, which mimic the loads experienced during seismic events.
The findings from both studies are significant for enhancing the design and assessment of timber
structures in seismic regions, offering strategies for improving resilience by accurately modeling and

optimizing connection behaviour under dynamic and cyclic loads.
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2.8 Connection using different fasteners in Cyclic Loading

Schneider et al. (2015) conducted a comprehensive assessment of the seismic resistance of CLT
connections through both experimental and analytical modeling, encompassing 98 tests with various
brackets and fasteners. Their study demonstrated a strong correlation between test and model results,
particularly in evaluating ductility, elastic shear stiffness, and maximum forces under cyclic loading,
while also calibrating an energy-based damage assessment model to link physical damage with energy
dissipation. Similarly, Zhou et al. (2014) evaluated the seismic low-cycle fatigue of welded beam-to-
column connections in steel moment-resisting frames, accurately predicting the progression of fatigue
damage during earthquake conditions and identifying critical connections prone to failure. Closen (2012)
examined the behavior of self-tapping screws under different loading conditions, including monotonic
loading for static conditions and reverse cyclic loading for dynamic conditions, revealing the need for
enhanced design and testing methods for screw assemblies in dynamic environments. Gavric et al. (2014)
also investigated the performance of metal connectors such as bolts and screws in CLT structures under
cyclic loading, offering valuable insights into their stiffness, strength degradation, and failure modes,
thereby contributing to guidelines for improving the durability and safety of timber structures exposed to
dynamic forces. Similarly, Mashaly et al. (2011) utilized finite element (FE) analysis to study the
behavior of beam-to-column joints in steel frames subjected to cyclic loads, providing critical data for
improving the design of steel connections in seismic zones. Oktavianus et al. (2015) introduced a novel
connection design incorporating blind bolts, concrete-filled circular hollow steel (CFCHS) columns, and a
replaceable energy-dissipating device aimed at enhancing seismic performance and minimizing damage
during earthquakes. Their research highlights the potential for developing low-damage, moment-resisting
connections that not only improve seismic resilience but also facilitate post-earthquake repair processes,

marking a significant contribution to the field of earthquake-resistant design.

2.9 Current Design standards
NZS 3404:2021 for steel structures, incorporates guidelines for cyclic loading specifically relevant to CFS

connections to hot rolled steel using self-drilling screws. The code (NZS 3404:2021) outlines the need for
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these connections to be designed with sufficient strength and ductility to withstand repeated loading
cycles, such as those from seismic activities. It includes provision for fatigue analysis and detailed
connection design to maintain structural integrity under cyclic loading conditions, ensuring safety and
durability in seismic prone areas. AS/NZS 4600:2018 outlines the requirements for ensuring these
connections can withstand cyclic loading, such as seismic forces, by specifying criteria’s for strength,
stiffness and durability. It emphasises the need for detailed design to account for the effects of repeated
loading on screws and connections including factors like fatigue resistance and deformations limits, to
ensure the durability and safety of the structure under dynamic conditions. FEMA 461 (FEMA 2007) is
used to identify the loading protocol for cyclic loading. According to the FEMA 461 standards (FEMA
2007), it is important to conduct monotonic loading initially to know about the maximum and minimum
displacement that could be used for the cyclic loading to determine the displacement of 20 cycles as

shown in the Figure (3 and 4)

Load

4o 4,  Displacement

Fig. 3. Schematic representation of estimates from monotonic test results (Danquah et al. 2021)

Displacement, A (mm)

012345678 91011121314151617181920
Cycles

Fig. 4. Schematic cyclic displacement protocol in accordance with FEMA 461 (Danquah et al. 2021)
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2.10 Research Gap
e The connection between CFS channel section towards the hot rolled steel is not accurately studied

until recent times.

e There are only limited reference papers to identify and certify about the failure modes of these

connections.

e Screw connectors in CFS to Steel is relevant for the industry as they help in reducing the time

consumption for construction.

e So the performance of screw as connectors it is relevant to conduct cyclic testing for steel to CFS

channels using screws and conduct cyclic loading.

e Design guidelines are also limited in this area of research.

2.11 Research objectives
e Behaviour of single and double shear lap connections of screw in 8mm, 12mm, 16mm and 20mm

steel material under monotonic and cyclic loading

¢ Finding the peak load and displacement during monotonic testing and finding the failure modes

¢ Find the influence of screw parameters in failure

¢ Finding the influence of steel thickness in failure

¢ Find the maximum positive and negative loads during cyclic loading

¢ Find the maximum positive and negative displacement in cyclic loading

21



3. Material Testing

3.1 Introduction

The material properties of steel, and CFS were determined by conducting a series of material tests. These
components were used to fabricate and test steel-steel connections in which the steel-to-steel geometry,
screw type, and number of screws were varied. All tests were carried out in the laboratory at the

University of Waikato. Detailed information is provided in the sections below.

3.2 Material property of CFS

For steel, three repetitive tensile tests were conducted per ASTM E8-21. The test steel coupons were
extracted from the web thickness of the C Channel section of 1.80 mm thickness as shown in Figure 5 the
coupons of size 2.0 mm width, 2.0 mm thick, and 19.6 mm gauge length were prepared using Wire EDM.
Tensile tests were carried out on a 5 kN Instron machine under displacement/force control at a
displacement/loading rate of lmm/min. Figure 6. and Table 1. present the stress-strain response and the
main mechanical parameters for each tested coupon, such as the yield strength (cy), the ultimate tensile

strength (ou), and the elongation at fracture (&f).

Figure 5 CFS coupon sample preparation
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Table 1 Material property of CFS

Tensile Elongation Average yield Average Average
Steel Yield Strength & 8¢y tensile elongation at
strength ou at fracture ef  strength oy
Coupon oy (MPa) (MPa) (%) (MPa) strength ou fracture f
’ (MPa) (%)
SC-01 367.52 435.03 92.92
SC-02 368.89 428.99 86.53 371.27 432.69 91.54
SC-03 377.39 434.04 95.17
Stress (MPa) vs Strain
500
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350
— 300
3 sC-01
250
% $C-02
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w
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100
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)
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< 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

Strain

Figure 6 Stress-strain graphs for CFS used in the experiments.

3.3 Material property of structural steel
For steel, three repetitive tensile tests were conducted per ASTM ES8-21. The test steel coupons were
extracted from a steel plate of 12.0 mm thickness as shown in Figure 7 the coupons of size 2.0 mm width,
2.0 mm thick, and 19.6 mm gauge length were prepared
using Wire EDM. Tensile tests were carried out on 5 kN Instron machine under displacement/force control
at a displacement/loading rate of Imm/min. Figure 8 and Table 2 present the stress-strain response and the
main mechanical parameters for each tested coupon, such as the yield strength(oy), the ultimate tensile

strength (ou), and the elongation at fracture (ef).
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Figure 7 Steel coupon sample preparation.
Table 2 Material property of steel
Average Average Average
Yield Tensile Elongation
Steel yield tensile elongation
strength strength at fracture
coupon strength strength at fracture
oy (MPa)  ou(MPa) ef (%)
oy (MPa) ou (MPa) ef (%)
SC-01 422.88 565.53 12.11
SC-02 445.60 569.02 16.7 433.66 568.23 14.77
SC-03 432.5 570.13 15.5
700 -
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500 4
5400
ﬁ; (c) SC-03
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0 T T T ]
0 0.05 0.15 02 03

Stram

Figure 8 Stress-strain graphs for steel plates used in the experiments.
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4. Specimen Description and Testing Arrangements

4.1. Introduction

This chapter's goal is to go over the specifics of the specimens utilised in the testing, such as self-drilling
screws, structural steel, and CFS. There is also discussion of the testing setups, equipment, and rigs.

4.2. Specimen Construction

The steel plates have four different thicknesses of 8 mm, 12 mm, 16 mm, and 20 mm, and a length of
300 mm and a width of 100 mm as shown in Figure (9). CFES thickness of 1.8mm, with a depth of 41
mm, width of 23 mm, mouth width of 22 mm, rebate height of 7.5 mm, centre to centre distance from
hole is 100 mm, diameter of hole is 12 mm as shown in Figure (10) and length were 300mm for single
screw connection and 360mm for double screw connection. The screws are made of steel having a zinc
plated surface having a nominal diameter of 6.3 mm. The physical features of the screw are mentioned

in Table 3

Figure 9 Hot rolled steel
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Figure 10 CFS Specimen

Table 3 Physical features of screws

Screw-

Nominal Head Drill tip thread

Surface Head Type "t"e:d Diameter L(?:E]t;‘ Diameter Length length with

yp (mm) (mm) (mm)  drilltip

(mm)
Self-

Zincplated  X@80nal  tapping 6.3 38 13.3 8.5 335
Head screw
thread

The cyclic test was conducted on specimens incorporating structural steel, CFS materials and screws. In
all configurations, screws were employed to establish a connection between the steel and CFS. The 6.3
mm diameter screw head Figure (11) were aligned with the top of CFS element and the threaded part
passed through the steel element as shown in Figure (12). The screw was drilled into the composite
structure keeping the screw head in contact with the CFS. The parameters evaluated in the test were: (i)

steel plate thickness, and (ii) number of screws.
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Figure 11 Hexagonal Screw head. Figure 12 Steel-CFS Connection.

CFS thickness of 1.8 mm, with the width of 42 mm and length were 300 mm and 360 mm respectively. For
the single screw connection, the screws are positioned 70 mm from the end of the CFS plate. For the two-
screw connection, the two screws were positioned 30 mm from the end of the CFS and 100 mm from the
centre to the centre as shown in Figure (13). For M16 bolts, which were used to connect to the rig, two

parallel holes were made in the steel plate at a distance of 30 mm from one end as shown in Figure (14).

Figure 13 Double Screw connection

Figure 14 Parallel holes in steel plate for M16 bolts.
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The specimens are labelled according to steel thickness (8, 12, 16, 20 mm), CFS thickness (1.8 mm),
and number of screws. For example, S08-CFS1.8-N1 indicates: S08 is for the steel with a thickness of 8
mm, CFS1.8 means CFS with 1.8 mm thickness, N1 is one screw of diameter 6.3 mm.

4.3. Testing Arrangement and Instrumentation

Two custom test rigs were constructed to replace the grips of the machine and to enable the test
specimens to be bolted to the 100 kN Instron as shown in Figure (15). The steel-CFS specimen were
fastened to the rigs using M16 and M12 bolts respectively, in which the steel plate is connected to the
bottom rig, while the CFS is connected to the test rig. A test specimen of the test rigs for the cyclic test

is shown in Figure (16).

Figure 16 Test rigs
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5. Specimen Loading

5.1. Introduction
The purpose of this chapter is to present the experimental investigation program for the cyclic strength
of self-drilling wing screws in structural steel-to-CFS. Cyclic tests were performed to investigate the
design values of load deformation. The tests included a comprehensive set of combinations of different
steel thicknesses and CFS in the most suitable configuration. All joint specimens were first tested using
a monotonic displacement protocol, with load-displacement results used to determine the appropriate
cyclic loading protocol in accordance with Federal Emergency Management Agency (FEMA) 461
(FEMA 2007).
5.2. Loading Protocol
Monotonic tests were loaded at a constant displacement rate of 0.025 mm/sec. The cyclic loading
protocol is adopted from the FEMA 461 quasi-static cyclic deformation-controlled testing protocol
(FEMA 2007) (Tao et al. 2016) as Figure (17), which was developed to obtain fragility data and
hysteretic response characteristics of building components for which damage is best predicted by
imposed deformations. The protocol defines two cycles at equal displacement amplitude per step.
Displacement (mm) vs time (s)
15

10

0 b0 100 154 240 250

Displacement (mm)
o

-10

-15
Time (s)

Figure 17 Displacement vs. Time Graph.
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The starting displacement amplitude is determined based on an estimate of the deformation
corresponding to damage initiation Ao, FEMA 461 requires a minimum of six displacement cycles prior
to reaching Ao. The targeted deformation corresponding to maximum load A, is also required to be
defined for which a minimum of ten displacement cycles are required prior to reaching. The two
deformation values Ao and A, are determined from a performed monotonic test: Ao is determined from
assuming that the test specimen remains elastic based on the secant stiffness up to the peak load, and A,

is determined as displacement corresponding to the peak load, as shown in Figure (18)

Load

) 4,  Displacement

Fig. 18. Schematic representation of estimates from monotonic test results

Joint specimens using screws were then tested under the quasi-static cyclic displacement protocol.
Additionally, screw-fastened joints were also tested following the same cyclic displacement protocol of

the quasi-static tests, with a load rates 2 mm/s (Danquah et al. 2021).

Fastener load-deformation monotonic and cyclic response

6.1. Fastener load-deformation backbone nomenclature

Backbone curves are used to characterize monotonic and cyclic fastener load deformation response for
developing hysteretic models with strength and stiffness degradation. The backbone configuration
(Figure 18) is inspired by the Ibarra-Medina-Krawinkler Model (2005), and each curve consists of five

regions: elastic, hardening, peak, post peak, and residual. Each region is defined by its associated load
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and displacement points ((ePdi,ePfi), (ePd:,ePfz), (ePds,ePfs), and (ePds,0)) for positive region and

((eNdi,eNf1), (eNdz2,eNf2), (eNds,eNfs) and (eNd4,0)) for the negative region and related stiffness (slope)

Ke, Ks, Kc, and Kr as shown in Figure (19)

3

Load
(ePd,, ePf,)
f(d (a)
(Omax) SN (ePds, ePf)
(ePd,,| ePf,) S
o) /§
e i >
® > ‘5 (ePd,, ePf,)
III I’§
T | I S (") dmax  Displacement

(eNd,, eNf,)
(@) = (rDiSPP *Upay, FOrCEP*f(0ya)
i (6) = (O (Cma))
4 (c) = (%, uForceN *eNf;)
(eNd,, |eNf;) (d) = (rDispN*dy,,, rForceN*f(dp,;,))
f(dm,‘n) (e) = (dm/n: fi (dmin))
(f) = (* uForceP* eP;)

(eNds, eNf;)

(eNd,, eNf,)

Fig. 19. Backbone curve nomenclature (Danquah et al. 2021)

6.2. Fastener load-deformation backbone construction procedure

Monotonic backbone construction was performed by visually selecting (ePd:,ePf2) as the first peak load
after hardening, them visually selecting (ePdi,ePf1) to match the elastic and hardening slopes, Ke and Ks,
respectively. The point (ePds,ePf3) is obtained so that the post peak backbone segment from (ePd,ePf)
to (ePds,ePf3) is a linear fit (ie; the average) of the tested response and then ePds, is calculated by
equating the energy dissipation of the tested load-displacement curve and backbone response. The
backbone of the positive and negative cyclic response (Figure 20) was obtained by first identifying the
response outline with the Matlab backbone command (Matlab 2015) with the shrink factor equal to 1
and then following the same monotonic backbone construction procedure.

Backbones are constructed for each steel-CFS combinations and for both monotonic and cyclic loading.
Tables of all backbone parameters and the statistics based on the average of the three trials are included

in Table 4, where M represents the monotonic loading
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Fig. 20. Cyclic backbone response
Table 4 Backbone parameters for monotonic testing
TEST LOADING ePd, ePd, ePf, ePf, Ke Ks
STO08-CFS1.8-N1 M Mean 2.96 9.80 3.47 11.37 1.17 1.17
Cov 12.06 11.04 27.34 4.56 25.83 11.36
ST12-CFS1.8-N1 M Mean 3.93 10.43 3.52 11.33 0.90 1.23
Cov 2.45 13.14 3.10 7.54 3.23 20.07
ST16-CFS1.8-N1 M Mean 3.17 10.18 2.76 11.08 0.87 1.19
Cov 8.30 13.56 13.56 2.18 13.56 7.83
ST20-CFS1.8-N1 M Mean 3.62 10.14 4.54 11.51 1.26 1.07
Cov 5.97 6.00 11.05 1.49 16.14 8.11
STO08-CFS1.8-N2 M Mean 6.63 13.33 7.90 17.35 1.19 1.42
Cov 3.36 7.39 14.23 1.02 12.64 16.31
ST12-CFS1.8-N2 M Mean 4.66 12.74 8.92 16.93 1.92 0.99
Cov 9.12 5.41 6.92 1.63 3.03 5.75
ST16-CFS1.8-N2 M Mean 4.03 13.18 6.84 17.02 1.75 1.11
Cov 19.15 10.14 6.39 1.89 25.17 1.69
ST20-CFS1.8-N2 M Mean 4.65 12.10 9.04 16.58 1.96 1.01
Cov 10.13 3.33 1.35 0.74 8.84 1.90

6.3. Fastener load-deformation response for steel-CFS specimen
An example set of steel-to-CFS backbone is shown in Figure (21). This combination failed through
fastener screw shear, which is evident in the large drop in load with a small displacement change. In the

specimen STO8-CFS1.8-N1 as the displacement was 8.77mm the maximum load was obtained as 11.92
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kN and as the displacement changes to 9.00mm there was a drop in load to a value of 11.62kN.
Depending on the combination, the specimen failed in fastener screw shear, bearing or fastener screw

pullout after tilting.
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Fig. 21. Monotonic Backbone response

7. Monotonic Test Results

This section presents the experimental investigation program for the shear strength of self-drilling screw
in steel to CFS. Monotonic tests were performed to investigate the design values of shear connection to
find the minimum and maximum displacement for cyclic testing. The test includes a comprehensive set
of combination of different steel samples and variation of number of screws.

To get the results regarding the deformation corresponding to damage initiation and the deformation
corresponding to maximum load, monotonic testing was carried out for both single and double screw
connections. The Table 5 discusses all of the findings about the two specimen setups. The values for
each cyclic count could be examined once the table was evaluated. The screw had a shear failure, as
depicted in the Figure (22), during the single screw connection testing procedure. As seen in the Figure
(23), CFS specimens tend to distort. At the point of final failure, some of the specimens have bearing

and tear out failure.
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Table 5 Monotonic test results

TEST Ultimate Load (kN)  Displacement (mm)  Failure Mode
STO8-CFS1.8-N1 Mean 11.37 9.79 S.S
ST12-CFS1.8-N1 Mean 11.79 10.43 S.S
ST16-CFS1.8-N1 Mean 11.09 10.18 S.S
ST20-CFS1.8-N1 Mean 11.52 10.14 S.S
ST08-CFS1.8-N2 Mean 17.36 13.33 B/T
ST12-CFS1.8-N2 Mean 17.00 12.74 B/T
ST16-CFS1.8-N2 Mean 17.04 13.18 B/T
ST20-CFS1.8-N2 Mean 16.59 12.10 B/T

Fig. 23. CFS specimen deformation

For single screw connection the average peak load ranges from a lowest load of 11.09 kN for ST16-
CFS1.8-N1 to a highest load of 11.79 kN for ST12-CFS1.8-N1 The average peak displacement ranges

from a lowest value of 9.79 mm for STO8-CFS1.8-N1 to a highest value of 10.43 mm for ST12-CFS1.8-
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N1. For double screw connection the average load ranges from a lowest load of 16.59 kN for ST20-
CFS1.8-N2 to a highest load of 17.36 kN for ST08-CFS1.8-N2. The average peak displacement ranges
from a lowest value of 12.10 mm for ST20-CFS1.8-N2 to a highest value of 13.33 mm for STOS8-
CFS1.8-N2.

7.1. Influence of screw parameters

All the test results of the experiment of shear connection were recorded and are presented in Table (5)
including the type of failure mode that occurred for each specimen together and the corresponding
ultimate capacity as shown in Figure (24). The failure is responded as S.S which is screw shear failure
and B/T for bearing and tear out failure. For all the tests, CFS surface failure was noticeable. Even
though the test specimens exhibited different failure modes, all the specimen’s ultimate failure in shear.
As the number of screws increased from single to double screw there was an average increase of 48.55%
in capacity.
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Fig. 24. Monotonic load vs displacement
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7.2. Effect of steel thickness

An effect in either peak load or stiffness has been found in steel-to-CFS connections when thicker steel
is used. According to the graph in Figure (25-28), as the steel thickness was increased from 8mm to 12
mm the capacity was increased to 3.69% and as the steel thickness increased to 16 mm the capacity was
decreased to 2.46% and as the thickness was increased to 20mm the capacity increased to 1.32%, there
is an average increase of 1.31% in capacity as the steel thickness increase from 8 mm to 20 mm for a
single screw connection. For double screw connection as the steel thickness was increased as 8§ mm,12

mm, 16 mm, and 20 mm, the average capacity was increased to 2.07%, 1.84%, 4.43% accordingly.
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Fig. 25. The load-displacement curve for 8 mm steel plate
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Fig. 27. The load-displacement curve for 16 mm steel plate
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Fig. 28. The load-displacement curve for 20 mm steel plate

7.3. Load displacement relationship

For the loading stages of all the test specimens, the initial slip was observed because of the rigs bolt,
resulting in a small flat line before elastic deformation. The specimen showed elastic deformation up to
the maximum strength after which non-linear behaviour was observed. At an average displacement of
10.135 mm, most of the specimens failed in a single screw connection, and at an average displacement
of 12.84 mm most of the specimen s failed in a double screw connection. Due to the formation of the

plastic hinge of the screw, several peaks were observed in the load-displacement curve.

Cyclic Test Results

The experimental study program for the cyclic testing of self-drilling screws in steel-to-CFS is presented
in this part. To discover relevant values about cyclic testing, cyclic tests were performed on a total of 24
specimens. For each set of specimen arrangements, three sets of tests were conducted again. For cyclic
testing, a total of 20 cycles were performed. The results were used to calculate values such as post peak,

elastic and hardening slope, and peak load.
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The results of the monotonic testing were used to determine the displacement values. For ST16-CFS1.8-
N1, the maximum monotonic testing was 14 mm. Table 12 displays the results for quantities such as
ePd1, which represents displacement at the positive elastic hardening point, and ePf1, which represents
force at the same location. ePd2 for the displacement at peak load and ePf2 for the positive force. The
post-peak positive displacement and force are represented by ePd3 and ePf3, while the residual
displacement and force are represented by ePd4 and ePf4. Together with the findings in Tables 6 and 7,
the negative displacement and forces are also covered. The negative displacement and force at the
elastic hardening point under compression are denoted by eNdl and eNfl. Negative displacement and
force at peak negative load are represented by eNd2 and eNf2, respectively, whereas negative
displacement and force at post-peak loading are represented by eNd3 and eNf3, as shown in Tables 8
and 9. The residual values at compression are eNd4 and eNf4. For every test specimen, ePf4 and eNf4

are shown to be zero in these data.

Table 6 Positive displacement backbone parameters

Test ePdl ePd2 ePd3 ePd4
(mm) (mm) (mm) (mm)
ST08-CFS1.8-N1 Mean 4.009 9.257 9.792 9.125
CoV 0.059 0.060 0.004 0.069
ST12-CFS1.8-N1 Mean 5.415 10.344 10.453 9.546
CoV 0.305 0.012 0.006 0.042
ST16-CFS1.8-N1 Mean 3.744 9.863 10.129 9.359
CoV 0.223 0.070 0.019 0.087
ST20-CFS1.8-N1 Mean 2.987 9.798 10.232 9.371
CoV 0.154 0.059 0.004 0.063
STO8-CFS1.8-N2 Mean 3.754 12.625 13.377 12.037
CoV 0.077 0.049 0.000 0.003
ST12-CFS1.8-N2 Mean 4.492 12.757 12.826 11.397
CoV 0.067 0.005 0.000 0.010
ST16-CFS1.8-N2 Mean 4.369 13.244 13.278 11.808
CoV 0.119 0.000 0.000 0.005
ST20-CFS1.8-N2 Mean 4.479 12.145 12.173 10.574

39



CoV 0.068 0.000 0.000 0.007
Table 7 Positive force backbone parameters
Test ePfl ePf2 ePf3 ePf4
(mm) (mm) (mm) (mm)
STO8-CFS1.8-N1 Mean 5.503 11.648 9.360 0.000
CoV 0.229 0.025 0.021
ST12-CFS1.8-N1 Mean 3.736 10.469 8.997 0.000
CoV 0.114 0.052 0.052
ST16-CFS1.8-N1 Mean 4.737 9.536 8.635 0.000
CoV 0.108 0.133 0.150
ST20-CFS1.8-N1 Mean 4.456 10.724 8.654 0.000
CoV 0.129 0.026 0.103
STO08-CFS1.8-N2 Mean 6.815 16.286 14.165 0.000
CoV 0.201 0.005 0.005
ST12-CFS1.8-N2 Mean 7.270 16.415 14.629 0.000
CoV 0.078 0.008 0.013
ST16-CFS1.8-N2 Mean 9.897 17.086 15.137 0.000
CoV 0.032 0.013 0.035
ST20-CFS1.8-N2 Mean 8.990 16.643 14.970 0.000
CoV 0.167 0.036 0.036
Table 8 Negative displacement backbone parameters
Test eNd1 eNd2 eNd3 eNd4
(mm) (mm) (mm) (mm)
STO8-CFS1.8-N1 Mean -2.793 -5.815 -6.822 -8.271
CoV -0.580 -0.117 -0.092 -0.133
ST12-CFS1.8-N1 Mean -4.683 -9.626 -9.697 -9.967
CoV -0.144 -0.045 -0.070 -0.043
ST16-CFS1.8-N1 Mean -2.683 -6.571 -4.985 -8.581
CoV -0.344 -0.456 -1.020 -0.110
ST20-CFS1.8-N1 Mean -3.599 -7.688 -9.869 -8.944
CoV -0.210 -0.296 -0.064 -0.072
STO8-CFS1.8-N2 Mean -4.496 -13.345 -13.308 -11.912
CoV -0.211 0.000 -0.005 -0.002
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ST12-CFS1.8-N2 Mean -4.316 -12.795 -12.807 -11.320

CoV -0.223 0.000 -0.002 -0.004
ST16-CFS1.8-N2 Mean -5.486 -13.245 -13.277 -11.721
CoV -0.026 0.000 0.000 -0.009
ST20-CFS1.8-N2 Mean -5.327 -12.156 -12.083 -10.730
CoV -0.146 -0.001 -0.001 -0.020

Table 9 Negative force backbone parameters

Test eNfl eNf2 eNf3 eNf4

(kN) (kN) (kN) (kN)

ST08-CFS1.8-N1 Mean -2.479 -4.378 -3.450 0.000
CoV -0.317 -0.384 -0.452

ST12-CFS1.8-N1 Mean -3.239 -7.127 -5.129 0.000
CoV -0.151 -0.166 -0.155

ST16-CFS1.8-N1 Mean -2.319 -3.389 -2.738 0.000
CoV -0.168 -0.420 -0.252

ST20-CFS1.8-N1 Mean -3.586 -5.038 -3.637 0.000
CoV -0.238 -0.289 -0.300

ST08-CFS1.8-N2 Mean -8.304 -18.615 -15.405 0.000
CoV -0.203 -0.009 -0.100

ST12-CFS1.8-N2 Mean -8.470 -18.697 -16.674 0.000
CoV -0.027 -0.035 -0.090

ST16-CFS1.8-N2 Mean -9.440 -18.620 -16.810 0.000
CoV -0.051 -0.057 -0.045

ST20-CFS1.8-N2 Mean -7.735 -16.985 -13.637 0.000
CoV -0.143 -0.110 -0.112

Additionally, Table (10) discusses slope values. Ke represents the slope up to the elastic hardening
point, Ks represents the slope from the elastic hardening point to the peak load, Kc represents the

slope from the peak load to the post-peak load, and Kr represents the slope up to the residual point.
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Table 10 Slope

Test Ke (kN/mm) Ks (kN/mm) Kc (kN/mm) Kr (kN/mm)
STO8-CFS1.8-N1 Mean 1.367 1.160 16.531 -25.242
CoV 0.192 0.164 2.047 -2.339
ST12-CFS1.8-N1 Mean 0.727 1.439 -15.271 13.012
CoV 0.295 0.240 -0.340 0.686
ST16-CFS1.8-N1 Mean 1.319 0.785 -123.392 -2.910
CoV 0.282 0.311 -2.014 -5.848
ST20-CFS1.8-N1 Mean 1.496 0.921 -17.983 20.916
CoV 0.029 0.114 -1.089 1.120
STO8-CFS1.8-N2 Mean 1.836 1.068 -22.947 10.583
CoV 0.266 0.141 -1.587 0.026
ST12-CFS1.8-N2 Mean 1.622 1.108 -43.593 10.282
CoV 0.093 0.066 -0.660 0.085
ST16-CFS1.8-N2 Mean 2.290 0.813 -57.901 10.300
CoV 0.138 0.091 -0.148 0.022
ST20-CFS1.8-N2 Mean 2.027 1.002 -59.937 9.364
CoV 0.230 0.152 -0.242 0.032

As seen in the Figure (29), it was found that the majority of the specimens suffered from bearing and
tear out failure during cyclic testing. Table (11) lists the modes of failure. According to Danquah et al.
(2021), the primary failures noted are S.S., which stands for screw shear failure, and B/T, which

indicates bearing and tear out failure.

Fig. 29. Cyclic failure
42



Table 11 Failure Mode

Failure
Mode

STO08-CFS1.8-N1 B/T
ST12-CFS1.8-N1 B/T
ST16-CFS1.8-N1 B/T
ST20-CFS1.8-N1 B/T
STO08-CFS1.8-N2 B/T
ST12-CFS1.8-N2 B/T
ST16-CFS1.8-N2 B/T
ST20-CFS1.8-N2 B/T

TEST

For single screw connection the average positive peak load ranges from a lowest load of 9.54 kN for
ST16-CFS1.8-N1 to a highest load of 11.65 kN for STO8-CFS1.8-N1 and the average negative peak
load ranges from a lowest load of -3.39 kN for ST16-CFS1.8-N1 to a highest load of -7.13 kN for ST12-
CFS1.8-N1. For double screw connection the average positive peak load ranges from a lowest load of
16.29 kN for STO8-CFS1.8-N2 to a highest load of 17.09 kN for ST16-CFS1.8-N2 and the average
negative peak load ranges from a lowest load of -16.99 kN for ST20-CFS1.8-N2 to a highest load of -
18.70 kN for ST12-CFS1.8-N2

8.1. Influence of screw parameters

All of the test findings from the cyclic testing experiment were documented and are shown in Table 6-9.
Table 11 includes the kinds of failure modes that were noted for every specimen. CFS surface failure
was evident in every test. All of the test specimens eventually failed in tear out, despite the fact that they
showed various failures.

It was found that the specimens tended to fail more slowly as the withstanding capacity increased with
the number of screws in the connection. There is an average increase of 56.77% in capacity as the
number if screws were increased from single screw to double screw connection. The peak positive and

negative loads for each of the test results are shown in Table 12.
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Table 12 Cyclic Response

Positive Peak Negative Peak
TEST Displacement Positive displacement ~ Negative
(mm) Load (kN) (mm) Load (kN)
ST08-CFS1.8-N1 Mean 9.26 11.65 -5.82 -4.38
Cov 5.99 2.47 -0.12 -0.38
ST12-CFS1.8-N1 Mean 10.34 10.47 -9.63 -7.13
Cov 1.22 5.20 -0.05 -0.17
ST16-CFS1.8-N1 Mean 9.86 9.54 -6.57 -3.39
Cov 7.02 13.32 -0.46 -0.42
ST20-CFS1.8-N1 Mean 9.80 10.72 -7.69 -5.04
Cov 5.90 2.56 -0.30 -0.29
STO8-CFS1.8-N2 Mean 12.62 16.29 -13.35 -18.62
Cov 4.94 0.50 0.00 -0.01
ST12-CFS1.8-N2 Mean 12.76 16.42 -12.80 -18.70
Cov 0.51 0.76 0.00 -0.04
ST16-CFS1.8-N2 Mean 13.24 17.09 -13.25 -18.62
Cov 0.00 1.31 0.00 -0.06
ST20-CFS1.8-N2 Mean 12.14 16.64 -12.16 -16.99
Cov 0.00 3.57 0.00 -0.11

8.2. Effect of steel thickness

The use of thicker steel was found to have an impact on both positive and negative peak loads in steel-

CFS connections. The graph in Figure (30-33) shows that, as the steel thickness was increased as 8 mm,

12 mm, 16 mm, and 20 mm, the average capacity was reduced to 10.13%, 18.11%, 7.98% accordingly

for a single screw connection. For double screw connection as the steel thickness was increased as 8 mm,

12 mm, 16 mm, and 20 mm, the average capacity was increased to 0.79%, 4.91%, 2.15% accordingly.
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9. Conclusion

9.1. Conclusion

The experimental study presented in this paper aims to investigate the structural behaviour of self-
drilling screw connections made for cold-formed and hot-rolled steel. Multiple types of material, shear,
and cyclic tests were used to evaluate the composite connection's structural performance.

The seismic analysis of a light steel-framed building with a single and double shear steel fastener
connection backbone and a fastener shear failure model is significantly advanced by this report. The
models were developed using data from a comprehensive testing program that took into account both
monotonic and cyclic loading. The main factor affecting the pre-peak connection stiffness and strength
was the connected plies' bearing strengths.

The standard screw fastener connection is also updated and improved in this effort, and the test setup
outlines a way to generalise cyclic loading. A non-contact computer vision measurement device that
simply and precisely monitors relative displacement throughout the load deformation response is
validated by a fastener protocol.

The screw connection's experimental studies produced a number of findings. An 8§ mm steel to 1.8 mm
CFS connection was the subject of a preliminary experimental research employing monotonic testing
with a single screw connection. The findings indicate that the capacity stays constant, averaging 11.37
kN.

All of the screw specimens failed in both bearing and tear out failure, according to the experimental
results of several screw connection tests, and the failure mode was significantly influenced by the
thickness of the steel. For monotonic testing there was an average increase of 48.55% in capacity as the
number of screws were increased from single screw to double screw connection. For cyclic testing there
is an average increase of 56.77% in capacity as the number if screws were increased from single screw

to double screw connection.

47



9.2. Limitation
These are the limitations of the current study.
e The research is confined to specific grades of steel and CFS.
e Due to the drilling capacity of the screw, the study was restricted to a single screw diameter.
e The codes do not provide sufficient information related to failure modes. Therefore, further
research should be conducted to analyse using parameters like different grades of steel and CFS,

and different screw arrangements for further evaluation of connection strength.
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Appendix A Monotonic test for single screw connection

—

Piiiead beajing

Force (kN)

11.50
11.00
10.50
10.00
9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

fewal g not
ttach any o [ . g &
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(c) Load v/s displacement curve for single screw of 8mm steel and 1.8mm CFS

Figure 34 Test result of ST08-CFS1.8-N1

53



Force (kN)

13.00
12.50
12.00
11.50
11.00
10.50
10.00
9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00

2.00
1.50
1.00
0.50
0.00
-0.50
-1.00

(a) Test setup (b)Post-tested samples

O LVWANWXXTOOWNIITANMODU ANMON ANNTO ONNITFT O OWUMO N o
O OO A A ad AN AN AN OO MO I WD WM OOWONNMNOGDOGDODOO OOO o
R I o B B B B o |

Displacement (mm)

——ST12-CFS1.8-N1

(c) Load v/s displacement curve for single screw of 12mm steel and 1.8mm CFS

Figure 35 Test result of ST12-CFS1.8-N1
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(c) Load v/s displacement curve for single screw of 16mm steel and 1.8mm CFS

Figure 36 Test result of ST16-CFS1.8-N1
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(c) Load v/s displacement curve for single screw of 20mm steel and 1.8mm CFS

Figure 37 Test result of ST20-CFS1.8-N1
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Appendix B Monotonic test for double screw connection

(a) Test setup (b)Post-tested samples
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(c) Load v/s displacement curve for double screw of 8mm steel and 1.8mm CFS

Figure 38 Test result of STO8-CFS1.8-N2
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(c) Load v/s displacement curve for double screw of 12mm steeland 1.8mm CFS

Figure 39 Test result of ST12-CFS1.8-N2
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(c) Load v/s displacement curve for double screw of 16mm steeland 1.8mm CFS

Figure 40 Test result of ST16-CFS1.8-N2
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(c) Load v/s displacement curve for double screw of 20mm steel and 1.8mm CFS

Figure 41 Test result of ST20-CFS1.8-N2
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Appendix C Cyclic test for single screw connection

(a)Post-tested samples
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(b)Load v/s displacement curve for single screw of 8mm steel and 1.8mm CFS

Figure 42 Test result of ST08-CFS1.8-N1
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(b)Load v/s displacement curve for single screw of 12mm steel and 1.8mm CFS

Figure 43 Test result of ST12-CFS1.8-N1
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(b)Load v/s displacement curve for single screw of 16mm steel and 1.8mm CFS

Figure 44 Test result of ST16-CFS1.8-N1
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(b)Load v/s displacement curve for single screw of 20mm steel and 1.8mm CFS

Figure 45 Test result of ST20-CFS1.8-N1
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Appendix D Cyclic test for double screw connection
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(a)Post-tested samples
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(b) Load v/s displacement curve for single screw of 8mm steel and 1.8mm CFS
Figure 46 Test result of STO8-CFS1.8-N2
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(b)Load v/s displacement curve for single screw of 12mm steel and 1.8mm CFS

Figure 47 Test result of ST12-CFS1.8-N2
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(b)Load v/s displacement curve for single screw of 16mm steel and 1.8mm CFS

Figure 48 Test result of ST16-CFS1.8-N2
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(b)Load v/s displacement curve for single screw of 20mm steel and 1.8mm CFS

Figure 49 Test result of ST20-CFS1.8-N2
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