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A B S T R A C T   

Construction within Australia’s northern coastal region has undergone many changes over the 
years to adapt to its tropical climate, which is prone to devastating cyclonic events. Steel stud wall 
framing (SSWF) is used as a standard construction method for many residential and commercial 
structures within the Northern Territory. The stability of SSWF structures is primarily achieved by 
utilising several braced bays for external and internal shear walls to resist wind loading, which is 
often a critical design factor. However, the lateral load capacity of these SSWF braced bays is 
estimated as a value based on conservative and fundamental static analysis, which does not ac-
count for the complexity of analysing cold-formed channel and welded thin wall steel sections. 
This paper investigates lateral load capacity, modes of failure, and lateral deflection of a common 
SSWF braced bay configuration used in NT through full-scale experimental testing. Finite element 
simulations then have been conducted to compare the experimental results with theoretical ca-
pacities and failure modes. After calibration, the simulation model is used to determine the lateral 
load capacity of other SSWF braced bay configurations. The common failure modes were found to 
be the tensile failure of the stud flange and failure of the weld between the tensile stud and 
bottom plate. Results also provide a reliable evaluation of the lateral resistance of the common 
SSWF configurations in NT housing.   

1. Introduction 

Steel stud wall framing (SSWF), also known as cold-formed steel (CFS) wall framing, has been widely used worldwide. CFS wall 
frames are used extensively in single-story, elevated residential, and commercial structures as a relatively cheap and quick con-
struction method. The strength of these frames in lateral shear, axial, and cyclical loading can be achieved through a variety of 
construction and framing methods. Thus, experimental testing of CFS wall framing configurations has been extensively conducted and 
modelled for structural design applications [1–14]. 

This article provides a comprehensive analysis of the lateral loading capacity, modes of failure, and finite element modelling of a 
common SSWF braced bay type. The experimental results aim to achieve two main functions. Firstly, to provide structural engineers 
and researchers with an experimentally tested value for lateral load resistance of the specific shear wall type for use within the 
structural design. Secondly, to provide a basis and verification method for successive and future finite element modelling applications. 
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Finite element analysis of numerous CFS wall frames has been conducted, determining frame loads and failure methods under 
monotonic and cyclic loading. For example, Abu-Hamd et al. [15] and Gerami et al. [16] accurately modelled strap braced CFS wall 
frames in both elastic and inelastic loading ranges using finite element analysis. Both models were compared to previously conducted 
lateral load and cyclic testing on full-scale frames by others, determining the accuracy of simulated results and failure methods. Similar 
finite element analysis of steel wall frames compared to experimental testing results has been extensively conducted in the past, 
successfully replicating experimental results [16–21]. 

Similar to numerical simulation on steel wall frames, experimental tests on these systems have extensively been performed in the 
past. With the difficulties determining the performance of cold-formed open sections under loading through calculations, empirical 
testing is often relied upon to determine accurate loading capacities for the countless types and configurations of steel wall frames. 
Many experimental tests have been conducted to determine the lateral load capacity of non-sheathed cold-formed frames. Al-Kharat 
and Rogers [1] experimentally tested the lateral load capacity of screw-connected strap CFS wall frames. The results revealed that the 
strap brace configuration could maintain yield strength in the inelastic range, which is desirable compared to the sudden brittle failure 
of other sheathed designs. Similarly, Baran and Alica [3] conducted lateral load testing of a non-sheathed CFS wall frame, typical in 
Turkish construction. Results indicated that the non-sheathed frame failure mechanism was due to local buckling at the base of the 
intermediate stud. Most experimental testing of CFS wall frames concerns the loading of those sheathed with gypsum board. Cyclical 
loading of gypsum sheathed CFS wall frames was primarily conducted to determine load capacities for seismic structural design [8,11, 
13]. Similarly, static loading of gypsum sheathed CFS wall frames was used to define and tabulate load capacity tables for specific 
frame configurations [7,9,10,12]. Furthermore, comparative experimental tests on various types of CFS wall frames sheathed with 
steel have been previously conducted [2,14]. Strap-braced and knee-braced shear walls have also been experimentally tested to 
determine lateral load capacities [4–6]. 

The SSWF system analysed within this article is unique and widely used within Australia’s northern coastal region, with no 
available experimental testing information. Therefore, considering the major developments in NT in recent years, there is a demand 
within the industry to use reliable values of lateral resistance for the common bays used in NT. Further, from reviewing past literature 
on experimental tests and simulations conducted on CFS wall framing, empirical testing of the SSWF proposed within this paper to 
determine load capacities was deemed required. Due to the nature of cold-formed steel sections, structural analysis of these frames is 
challenging and time-consuming. Therefore, for practical applications, experimental tests and finite element modelling are essential to 
developing load capacity tables and determining common failure modes for engineering applications. 

This article provides a comprehensive analysis of the lateral loading capacity, modes of failure, and finite element modelling of a 
common SSWF braced bay type. The experimental results aim to achieve two main functions. Firstly, to provide structural engineers 
and researchers with an experimentally tested value for lateral load resistance of the specific shear wall type for use within the 
structural design. Secondly, to provide a basis and verification method for successive and future finite element modelling applications. 

2. Methodology 

The selected approach for this research can be separated into two sections, experimental testing and finite element modelling of the 
SSWF braced bays. Experimental testing was carried out on six braced bays in two configurations. The results were compared with 
those of numerical simulations carried out in ANSYS 2019R2 Workbench under Static Structural analysis for verification purposes. 
Numerical methods such as Galerkin [22,23] and Bezier [24,25] have successfully developed force-deflection curves. Here, ANSYS 
Workbench – Statics Structural has been used to create the force-deflection curves. While the scope of the current work is engineering 
application of the studied frames, no further scrutinisation was done in the detailed numerical method used in the package. The 
simulation model was deemed verified when simulation and experimental results matched. Verified simulation model then used for 
conducting numerical analysis on untested configurations. Ultimate capacity, failure mode and possible methods of improving the 
load-bearing capacity of the tested braced bays were discussed by reference to the experimental and simulation results. 

3. Experimental testing 

SSWF is a welded framing system comprising thin steel channels of slightly varying dimensions to allow for assembly. The com-
ponents of a typical SSWF are the vertical studs, horizontal noggings, top/bottom plate and bracing members. Examples of common 

Fig. 1. Excerpt from Standard Steel Stud Wall Framing Details (Wallbridge Gilbert Aztec, 2011) showing typical bracing types.  
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SSWF braced bay types and components are shown in Fig. 1. 

3.1. Specimen and material properties 

The frame selected was a standard ’2’ braced bay shown in Fig. 1. The steel channels used within the frame have an elastic modulus 
of 200 GPa. The top and bottom plate consist of 1.6 BMT channels with a yield strength of 450 MPa. The studs and noggings consist of 
1.2 BMT channels with a tensile strength of 500 MPa. Types of braced bays are shown in Fig. 1 from which type ’2’ was tested in this 
study. A schematic diagram indicating the dimensions and constituent members of the type ’2’ braced bay is shown in Fig. 2. 

3.2. Test set-up and loading 

The testing frame consists of a modified vertical 200 UC that allows horizontal mounting of the SSWF to the testing rig. The 
modified 200 UC provides a stiff base to simulate the typical chemical anchor or bolted hold-down connections. An increasing lateral 
load is then applied to the intersecting corner of the end stud and top plate using an ENERPAC 108 Hydraulic Cylinder until failure of 
the frame occurs. Data was then collected, such as the frame lateral deflection under increasing lateral load, maximum lateral load at 
frame failure, and mode of failure. The finalised experimental testing setup is shown in   Figs. 3 and 4. 

The frame’s hold-down connections consist of M12 4.8/s bolts, with an ultimate tensile strength of 35.4 kN, located at a maximum 
distance of 70 mm from the end studs (Fig. 5). This maximum distance is implemented to mitigate weak axis bending of the bottom 
plate leading to premature buckling. Typically, a 75×70×6 plate washer is noted on the standard steel stud wall framing details, which 
sits between the bolt head and bottom plate channel. Both slotted and non-slotted washers were used within experimental testing to 
note any differences in load capacity. Details of the hold-down connection are shown in Fig. 5. 

Due to the nature of manufacturing and assembly and the difficulties in welding thin-walled steel members, inconsistencies be-
tween the SSWF are unavoidable. To account for the possible differences between frames, factors such as weld lengths, weld quality, 
and pre-existing damage were documented at each joint before testing. 

A total of six SSWF braced were experimentally tested. Since there are four possible frame configurations under loading, a 
Microstran model was created to analyse the tension and compressive forces within the frame when loaded in each orientation. The 
two orientations which exhibited both the highest compression and tension within the studs were selected for experimental testing, 
with three frames tested in one orientation and then the remaining three in the other selected orientation. The two selected orien-
tations (configurations) are shown within Figs. 6 and 7. 

The configurations that exhibited the highest compressive force in the end stud were due to the typical failure mode of laterally 
loaded SSWF to fail under local buckling of the end compressive stud [19,26–35]. The configuration which exhibited the highest 
tension of the end stud/knee brace was also selected based on past experimental testing of internally braced CFS frames, similar to the 
SSWF frames investigated within this study. The failure mode of these internally braced frames was often at the tensile hold-down 
connection due to weak-axis bending of the bottom plate [36–38]. In this study it is assumed that due to the short spans of the top 
plate of the braced bay frame, applying the load from the hydraulic cylinder to the corner of the structure will provide similar results to 
lateral load being applied from roof trusses fixed to the top plate. 

4. Experimental results 

As detailed in section III, experimental testing was conducted on all six frames. The total lateral deflection at failure is taken as the 
measure of end deflection of the frame minus the additional deflection caused by the deflection of the 200 UC support column due to 
the bearing load of the compressive stud. Table 1 summarises the experimental results. 

The two failure modes, consistent across all six frames, occurred at the hold-down connection adjacent to the tensile stud. The most 
common failure mode was tensile failure of the stud flange located just above the weld between the bottom plate and tensile stud. This 
tearing is shown in Fig. 8 below. 

The other common mode of failure was a failure of the weld between the tensile stud and bottom plate, shown in Fig. 9. Modes of 
failure are further discussed in the discussion section. 

Fig. 2. Tested braced bay, shown horizontally.  
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5. Numerical modelling 

A detailed model of the steel stud wall frame was constructed by importing a solid frame made within AutoCAD 3D software. This 
allowed for refined finite element analysis of the structure, including detailed deformation and stresses under simulated lateral 
loading. The software selected to complete the analysis was ANSYS Workbench 2019R2. A static structural analytical system was used, 
with bilinear isotropic hardening incorporated to account for the frame’s plastic behaviour after the elastic loading range. The stress- 
strain curve used for the bilinear isotropic hardening used within numerical modelling is shown in Fig. 10. 

The bolt used within the geometry was also located 70 mm away from the end stud to replicate the worst-case scenario in terms of 
bolt location, commonly noted as a maximum dimension from the hold-down bolt to the bracing stud. The further the bolted hold- 

Fig. 3. Finalised experimental testing setup.  

Fig. 4. Hydraulic jack and lateral restraint frame.  

Fig. 5. Hold-down connection.  
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down connection is located from the end stud under tension, the greater the weak axis bending moment in the bottom plate.Fig. 11. 
Further, to replicate the experimental testing method, the hold-down adjacent to the tensile end stud was fixed in displacement by 

the hold-down bolt replica below the bottom plate to allow bending in the plate washer. The bottom plate adjacent to the compressive 
stud was also fixed in displacement, as in reality, the bottom plate was bearing against the testing frame. The selected configurations 1 
and 2 are shown in Fig. 12. 

Sensitivity analysis relating to the mesh size was conducted by reducing the mesh size until the point in which stable analysis within 
a reasonable timeframe was achieved, allowing for detailed deformation of the frame and hold-down connection to occur. 

Fig. 6. Configuration 1 within experimental testing frame.  

Fig. 7. Configuration 2 within the experimental testing frame.  

Table 1 
Lateral load testing of steel stud wall framing experimental results.  

Frame No. Config. Lateral Load at Failure (kN) Total Lateral Deflection at Failure (mm) 

1  1 9.40 87 
2  1 7.99 68 
3  1 8.87 62 
4  2 9.03 36 
5  2 9.80 65 
6  2 8.22 70 
Average 8.89 kN 65 mm 
Configuration 1 Finite Element Model Deflection at 8.89 kN 59 mm 
Configuration 2 Finite Element Model Deflection at 8.89 kN 55 mm  

Fig. 8. Frame 3 - Tensile failure of the tensile stud just above the location of the weld between the stud and bottom plate.  
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6. Simulation results 

Two frames were initially constructed for finite element analysis to simulate loading for the two configurations discussed in 
experimental testing. Configurations 1 and 2 are discussed in Section III, Experimental Testing and illustrated in Fig. 12. The behaviour 
of both configurations under simulated loading were noted under an incrementally increasing lateral load. 

An assumption made within the finite element model is that as the model is one solid piece of geometry, the possibility of failure of 
the welds is not considered. So although the finite element model indicates the weak axis bending of the bottom plate to be the mode of 
failure under lateral loading, the welded connections between the frame members may fail before weak axis bending can occur. Latter 
presents an entirely different failure mode during experimental testing. 

The numerical simulation results are compared with experimental results in Figs. 13 and 14. 
As Figs. 13 and 14 suggest, simulation results fit well with the experimental results implying that simulation results could be used 

for further discussion on failure modes and possible strengthening approaches of the tested braced bays. 
Graphs in Figs. 13 and 14 show that the experimental data closely resembles and follows the theoretical deflection curve under 

lateral load. However, the experimental lateral deflection values under lateral load are consistently subtly less than those found in the 
finite element model (apart from Frame 4). This is likely due to the additional lateral deflection that would have been present within 
the face of the parallel flange channel member, which was not measured during the experimental testing. Further, there could be other 
sources of error, such as inaccuracies with the measurement of lateral deflection and the reducing pressure within the hydraulic jack 

Fig. 9. Frame 2 – Failure of welded connection between tensile stud and bottom plate.  

Fig. 10. Stress-strain curve for bilinear isotropic hardening.  
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during measurement. With all possible errors, experimental and numerical results were found close enough to confirm the accuracy of 
the modelling and finite element analysis method for this type of SSWF. Since the finite element modelling method can replicate 
empirical testing, a similar modelling method can be used to construct and analyse both remaining types’ 1′, and ’3’ SSWF braced bays 
in future works. 

The process of failure in two studied configurations is presented, followed by a discussion on experimental and simulation results in 
section VII. 

6.1. Failure in configuration 1 

After incrementally increasing the lateral load on the frame, the first signs of plastic strain were located at the hold-down adjacent 

Fig. 11. Detailed hold-down bolted connection top view, showing replicated hold-down bolt and washer plate in the channel (Left). Detailed holt- 
down bolt connection bottom view, showing replicated hold-down bolt (Right). 

Fig. 12. Finite element models of configuration 1 (left) and configuration 2 (right).  

Fig. 13. Lateral load testing of steel stud wall framing numerical simulation and experimental results. Frame 1, 2 and 3 (Configuration 1), 
Experimental and finite element model lateral load against deflectio. 

N. Mpilias et al.                                                                                                                                                                                                        



Case Studies in Construction Materials 17 (2022) e01275

8

to the tensile stud with a lateral load of 4 kN. The strain developed around the replicated bolt and washer interface (Fig. 15). 
This initial plastic strain corresponds with the stresses the frame would be experiencing under the lateral loading, as the tensile 

stud, in turn, applies tension and bending in the bottom plate. The tension in the bottom plate will cause the bolt hole to bear against 
the hold-down bolt and elongates it towards the tension stud. 

Increasing the load to 8 kN, the plastic deformation around the hold-down adjacent to the end tension stud worsens (Fig. 16). 
Results shown in Fig. 16 suggest that there is apparent distortion and local buckling of the bottom plate flanges. However, the same 

distortional is not evident in the tension stud. For this to occur, the stiffness and bending capacity of the plate washer would have been 
exceeded to prevent the end stud’s flanges from buckling. Since the washer had distorted, this allowed the bottom plate to bend in its 
weak axis in line with the hold-down bolt, causing local buckling of the bottom plate flanges. 

Another observation from the finite element model is concentrated plastic strain developing slightly above the welded connection 
between the tension stud and bottom plate, which could be associated with the tensile stud adjacent to the connection. 

Increasing the lateral load to 10.5 kN results in continuous deformation at the hold-down adjacent to the tensile end stud. The 
plastic strain in the flange connections between the lower nogging, central stud, and compressive stud increases further. 

Fig. 17 shows increased weak-axis bending of the frame bottom plate and washer under the 10.5 kN lateral load. There was also 
nominal strain in the stud flanges in other locations where the stud and noggings meet. 

6.2. Failure in configuration 2 

Finite element analysis of configuration 2 yielded similar results to that obtained from configuration 1, with the indicated failure 
mode being at the intersection between the tensile stud and bottom plate. 

Therefore, it can be hypothesised that the mode of failure would occur at the connection between the tensile stud and bottom plate, 
possibly through the weak-axis bending of the bottom plate and hold-down washer adjacent to the end tensile stud leading to local 
buckling of the bottom plate channel flanges. This position is labelled A in Fig. 18. Another indicated failure mode would be the 
concentrated plastic strain above the tensile stud, and bottom plate connection labelled B in Fig. 18. This concentrated stress would 
lead to tensile failure stud flange leading to sudden failure. 

7. Analysis and discussion of results 

Various observations can be discussed which were made during experimental testing. The first is the match between the finite 
element model to replicate the deformation of the experimental wall framing under lateral loading (see Fig. 19). It was clear during 
testing that the theoretical model closely followed the deformation of the frame under increasing load, with the increasing distortion of 
the bottom plate (Figs. 20 and 21). 

The typical failure mode was tensile failure of the stud flange located just above the weld between the bottom plate and tensile stud. 
The location of this tearing of the flange was reflected within the finite element model as a point of high plastic strain (see Fig. 16). 
However, the experimental tensile failure location was directly adjacent to the weld area rather than slightly up the tensile stud, as 
shown in the finite element model. This may be due to the local weakening of the steel stud in the heat-affected area during welding. 
This possibly caused the location of the failure to occur closer to the weld rather than further up the stud. The localised strength 
reduction of the steel at a critical connection within the frame could decrease the overall strength of the frame. 

Another failure of the frame under loading was the failure in the weld between the tensile stud and bottom plate. Frames 2 and 6 
experienced this mode of failure, and after further investigation, it was noted that the connections which failed in this manner did not 
contain a weld that ran between the inside of the bottom chord and tensile stud. 

Both Frames 2 and 6 had the lowest load capacities before failure for both configurations (refer to Table 1). Therefore, if this mode 
of failure occurs, the frame will not be able to achieve its full strength under loading due to inadequate welding of the connection. This 
premature mode of failure can easily be rectified by applying the same weld between the inner flange of the bottom chord and stud to 
both sides of the connection. 

Reflecting on the two prevalent modes of failure which occurred during experimental testing, shear failure of the tensile stud flange 

Fig. 14. Lateral load testing of steel stud wall framing numerical simulation and experimental results. Frame 4, 5 and 6 (Configuration 2), 
Experimental and finite element model lateral load against deflection. 
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only occurred where a weld between the inside of the bottom plate flange and tensile stud was provided. In contrast, the failure of the 
weld between the tensile stud and bottom plate occurred where there was no weld provided between the inside of the bottom plate 
flange and the tensile stud flange. This is clearly shown in Fig. 22. Therefore, a reasonable observation can be made that the eventual 
tensile failure of the stud flange under the loading conditions is inevitable without modification to the frame. However, the risk of 
failure between the welded connection of the tensile stud bottom chord can be mitigated by providing an additional weld between the 
inside of the bottom chord flange and tensile stud. 

Both slotted and non-slotted washers were tested to note any difference between the loading capacities of the frames. However, 
there was no notable difference between the loading capacities or frame deformation between the two washers. 

8. Finite element modelling of alternative braced bay configurations 

As the experimental results closely resemble the theoretical finite element model, similar models can be constructed of the ’1’ and 
’3’ braced bay configurations. This allows for a theoretical determination of the lateral load capacity of these alternative structures 

Fig. 15. 4 kN Lateral load – plastic strain developing at bolt to washer interface.  

Fig. 16. 8 kN Lateral load – plastic strain increasing in hold-down interface, also developing within the tensile stud and bottom plate flanges.  

Fig. 17. 10.5 kN Lateral load – plastic strain increasing in the hold-down interface, also developing within the tensile stud and bottom plate flanges.  
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(Figs. 23–25). 
Like the ’2’ braced bay, deformation of these alternative configurations under increasing lateral load occurred primarily in the 

bottom plate adjacent to the tensile stud. Both frames also showed concentrated stress points above the welded connection between the 
bottom plate and tensile stud, indicating that similar failure modes may be present for these alternative configurations. 

Simulation results highlight an area of the existing steel stud wall framing design that could be improved. A possible area for future 
work would be to develop improvements to the current SSWF braced bays. The hold-down connection between the tensile stud and 
bottom plate could be improved to mitigate the common failure modes, increasing the overall strength of the frame. This may, in turn, 

Fig. 18. Plastic strain and deformation of bottom plate and tensile stud - Configuration 1 (Left), Configuration 2 (Right).  

Fig. 19. Frame 5 – Buckling of bottom chord adjacent to tensile stud (Left). Similar buckling occurs within the finite element model (Right).  

Fig. 20. Frame 3 - Shear failure of the tensile stud just above the location of the weld between the stud and bottom plate (Left), Plastic strain 
concentration shown in similar location within finite element model (Right). 
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highlight another weakness of the wall framing system, creating future areas of research which can then be conducted. 
A similar graph to which was used to compare the experimental results to the finite element model was constructed to display the 

lateral load against deflection for the alternative steel stud wall framing configurations. 
As mentioned before, the simulation model was verified by comparing the simulation results with the experimental test results on 

six bays in two configurations. Then the verified simulation model was used to conduct simulations on new bays. Results shown in 
Fig. 25 have been obtained using the verified simulation model. Examining the results shown in Fig. 25, the SSWF braced bay type ’3’ 
indicated a much higher lateral load capacity when compared to the type ’2’ braced bay. Whereas the type ’1’ braced, bay showed a 
much lower lateral loading capacity when compared to the type ’2’ braced bay. 

This can be explained by the increasing distance between the hold-downs of the braced bays. Braced bay type ’1’ has the closest 
space between the hold-downs (450 mm apart). Therefore, a lower lateral load is required to produce a higher tensile force in the stud, 
leading to earlier failure of the connection between the tensile stud and bottom plate. However, for braced bay type ’3’, the spacing 
between the hold-down bolts is much greater (1350 mm apart). Therefore, a higher lateral load is required to produce a similar tensile 
force. 

From the results shown in Fig. 25, one can determine each braced bay type’s approximate lateral load capacity. By approximating 
the point where the curve for lateral load against deflection begins to flatten, one can estimate the lateral load capacity for each type, 
then divide this value by a factor kt as per AS1170.0, Table B1 for prototype testing of structural elements. 

The approximations for braced bays type ’1’ and ’3’ were conservatively taken as a point lower than the curve began to flatten due 
to limitations with running the finite element model into extreme plastic deformation (Refer to Fig. 25). These values were found to be 
3.9 kN for the type ’1’ braced bay and 17.9 kN for the type ’3’ braced bay. The average lateral load capacity for the type ’2’ braced bay 
was found through experimental testing as 8.9 kN. However, for the type ’3’ braced bay, a value no greater than 1.5 times the average 
experimental capacity of the type’ 2′ capacity will be taken for use in structural design without further experimental testing. There is a 
50 % increase in the spacing between the hold-down connections for the type ’3’ braced bay compared to the type’ 2′. Both types’ 2′

and ’3’ braced bays exhibited a similar failure mode, the force required to produce a tension force in the end stud equivalent to the type 
’2’ braced bay at failure would be approximately 1.5 times greater for the type ’3’ braced bay due to the increased lever arm. 
Therefore, the lateral load capacity for the type ’3’ braced bay will be taken as 13.3 kN. 

Following Table B1 from AS1170.0 for prototype testing, a range of approximately 20 % was found between the highest lateral load 

Fig. 21. Frame 2 (Left) and Frame 6 (Right) – Failure of the weld between tensile stud and bottom chord.  

Fig. 22. Frame 3 – Primary failure due to shear of tensile stud flange, followed by failure of the weld between tensile stud and bottom plate.  
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Fig. 23. Finite element model – Braced Bay Type’ 1′ (Left). Finite element model – Braced Bay Type’ 3′ (Right).  

Fig. 24. Braced Bay Type’ 1′ (Left) under 5 kN lateral load, Braced Bay Type’ 3′ (Right) – Bottom plate adjacent to tensile end stud, weak axis 
bending of the bottom plate and washer plate, local buckling of base plate flanges in both frames. 

Fig. 25. Finite element models lateral load against deflection for braced bay configurations’ 1′, ’2’ and ’3’.  
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capacity (Frame 5 – 9.8 kN) and lowest capacity (Frame 2 – 7.99 kN). From Table B1, the ultimate lateral load capacity values found in 
Fig. 25 must be divided by a kt factor of 1.67. Therefore, the lateral load capacities for structural design were 2.3 kN for the type ’1’ 
braced bay, 5.3 kN for the type ’2’ braced bay, and 8 kN for the type 3′ braced bay. 

It must be considered that the loading chart would only apply to internal shear walls. External walls would experience pressure on 
the frame’s face, inducing additional stress and possibly reducing the load capacity of the braced bay. An area of future work could be 
to develop an experimental testing method that applies pressure to the face of the SSWF under later loading can be developed. This 
would simulate the wind loads experienced by external SSWF shear walls and allow for similar finite element models to the ones within 
this article to be developed and help predict the behaviour of these frames. 

9. Conclusions 

This article aimed to comprehensively analyse the lateral loading capacity and failure modes for a common SSWF braced bay used 
in Australia and the Northern Territory. Also, to give a verified method of predicting the behaviour of this type of wall framing using 
finite element analysis. 

Results show that:  

• The SSWF system analysed within this article is unique and widely used within Australia’s northern coastal region, with no 
available experimental testing information. Therefore, the results here could significantly help structural engineers use realistic 
values for the capacity of these frames. Further, the results discussed in this study could help manufacturers improve current frame 
designs.  

• For the experimentally tested SSWF braced bay, the average lateral loading capacity was 8.9 kN at an average lateral deflection of 
65 mm. The common failure modes were found to be the tensile failure of the stud flange located just above the weld between the 
bottom plate and tensile stud and failure of the weld between the tensile stud and bottom plate.  

• Compared to experimental results, the finite element models of the tested frames showed very similar lateral deflection under 
lateral load, deformation of the frame and hold-down connection under increasing lateral load. Also, finite element analysis 
predicted the experimental failure mode, shown in the model as a point of high plastic strain.  

• Using the validated finite element modelling method, the lateral load capacities for use in structural design were determined to be 
2.3 kN for the type ’1’ braced bay, 5.3 kN for the type ’2’ braced bay, and 8 kN for the type ’3’ braced bay. 

A limitation that must be considered is that the results above would only apply to internal shear walls. External walls would 
experience pressure on the frame’s face, inducing additional stress and possibly reducing the braced bay’s load capacity. 

It is recommended that the welding between the inner flanges of the bottom chord and stud to both sides of the connection become 
standard practice. This will prevent premature failure of the connection, as highlighted within Section VII of this report. 

Another recommendation is to conduct future research on strengthening the connection between the end studs and bottom chord of 
the braced bays. This connection is the consistent location of failure for the frame. This connection could substantially increase the 
lateral load capacities of the steel stud wall framing braced bays if this connection can be strengthened. 
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