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SUMMARY: 

Light gauge steel framing currently accounts for a significant and increasing proportion 

of the nation's domestic framing market and has great potential for overseas export. In 

this study a typical domestic light gauge steel frame is experimentally tested when 

subjected to earthquake loadings. These loadings were simulated using the biaxial 

shaking table facility at The University of Melbourne. Experimental results are 

compared with corresponding analytical results. The frames are shown to perform well 

under significant seismic loading although minor enhancements could be made. 

INTRODUCTION 

The use of domestic steel framing 

Steel house framing has been available in Australia for over 40 years. The first 

widespread use of ihis form of construction began approximately 20 years ago with the 

introduction of the LYSAGHT (Reg Trade Mark) system. This system was based on 

roll formed sections welded together to form panels, which in turn were bolted or 

screwed together to fotm the complete house frame. Steel framing of this type has been 

used in a significant percentage of the kit home and owner built houses in Australia. 

In the last 10 years, there have been significant developments in materials and 

fabrication techniques which have led to improvements in the efficiency of steel as a 

framing material. One such development is the use of tab-in-slot assembly techniques, 

as illustrated in Figure 1. 
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In this form of assembly, all primary members have slots punched at predetermined 

locations during the roll forming process. Likewise, all secondary members have tabs 

punched at either end. The tabs on the secondary members then locate into slots on the 

primary members during assembly. 

This approach has a major advantage over previous forms of assembly, in that it 

eliminates the need for jigging. This is particularly advantageous for site assembly in 

remote locations and for export markets. Furthermore, in some framing elements, such 

as wall panels, the tab-in-slot joint is sufficient to eliminate the need for any other type 

of connection, such as welding. This leads to a cost saving in both time and joining 

materials and reduces the level of skill required for correct assembly. 

While domestic steel framing systems have been developed and tried in several 

countries over the years, local conditions have often restricted the use of this form of 

construction. In USA and Canada, timber construction has dominated due to plentiful 

supply and hence relatively low prices of materials. In Europe, framed construction of 

any form is uncommon. 

In Australia, steel framing is a competitive building material and framed construction is 

the most common approach. For these reasons, the research which has been 

undertaken in this country into the use of steel framing is probably equal to that 

anywhere in the world. It therefore follows that any research which is needed to 

further develop steel framing usually commences with a fundamental study in Australia, 

with little infonnation being available elsewhere. 

Need for dynamic testing 

There is a need to understand the earthquake performance of steel framing systems for 

the Australian market, particularly with the imminent introduction of Australian 

Standard for earthquake loading (Ref 1). The work reported here is part of a study to 

address this issue. 

Steel framing offers significant advantages over other materials for export, being 

lightweight, stackable into a small volume and easy to assemble on site using 

techniques such as the tab-in-slot assembly. Many of the ~xport markets for 

construction materials from Australia have more severe earthquake requirements than 

those in Australia. Therefore, knowledge of earthquake performance is an important 

part of realising the export potential of steel framing. 
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To increase the understanding of the dynamic performance of light gauge steel framing 

The University of Melbourne in collaboration with BHP Steel Sheet and Coil Products 

Division and CSIRO's Division of Building, Construction & Engineering have been 

conducting a series of experimental tests on braced domestic frames when subjected to 

earthquake loadings. The frames were similar to that shown in Figure 1. Tests were 

conducted using the biaxial shaking table facility at The University of Melbourne. 

Scope of current testing program 

This paper presents the results and findings of the response of a typical Arrow framing 

panel when subjected to a series of simulated earthquakes. Dead load was applied to 

this full size typical wall panel to simulate a roof load. The testing program included a 

series of slow cyclic tests, checks of the dynamic response characteristics of the panel 

and a series of simulated earthquake tests. 

TESTING METHOD AND TECHNIQUE 

Full size Arrow steel wall frames (Fig 1) were tested to determine their earthquake 

resistance. The frames measured 2.325 metres wide x 2.4 metres high and used the 

tab-in-slot assembly method. Studs were placed at 600 mm spacing. The frame was 

braced with noggins, and diagonal strap bracing tensioned with brackets. Self tapping 

screws were used to fasten bracing and top and bottom plate members. 

The frames were tested on The University of Melbourne biaxial shaking table. The 

shaking table, driven by hydraulic actuators and controlled by computer is used to 

simulate earthquakes. To date, single panels have been mounted on the shaking table, 

and vertically loaded with a 350 kg concrete mass to simulate the effects of a roof 

loading. A supp01t rig has been designed to allow the loaded frame to respond freely to 

in-plane ground motions. A photograph of the test set up is shown in Figure 2. 

EXPERIMENT AL STUDY 

This study focuses on the response of the strap bracing in the wall panel. The strap 

bracing is assumed to control the strength and stiffness of the frame under earthquake 

conditions. These tests fonn part of a much larger program aimed at understanding the 

effects of different connections and claddings on the frame's overall seismic behaviour. 
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Provisions in the new Australian Earthquake Standard (Ref 1), due for release in early 

1993 have been considered in the testing program. The standard is one of few in the 

world that makes reference to domestic structures. One important coefficient in the 

base shear equation of the Standard is the structural response factor known as the R 

factor. This factor is intended to take into account the ability of a structure to absorb 

energy by ductile defomiation without risk of collapse. One of the objectives of this 

research is to determine a suitable R factor for the wall frames tested. 

Tests conducted 

Earthquake design philosophy suggests that structures can be allowed to yield but not 

collapse in the event of a severe earthquake. Therefore the ability of a structure to 

sustain its load carrying capacity into the inelastic range is very important in seismic 

design. The inelastic behaviour of the wall frame was determined by performing a slow 

cy~lic loading tests which produced cyclic stress-strain diagrams describing the frame's 

hysteretic behaviour. The test also determined the frame's load capacity and its energy 

absorption capability as measured by a displacement ductility factor defined as the 

ultimate displacement divided by the yield displacement. 

The dynamic characteristics of the frame were evaluated by exciting the frame with a 

hammer blow and measuring the response with a transducer at the top corner of the 

frame . Natural frequencies and corresponding vibration mode shapes were thus 

measured and estimates of the inherent hysteretic damping were made. Finite element 

models of the frame were analysed with pinned and fixed connections to envelope the 

actual behaviour under seismic loading. The response spectrum approach for particular 

earthquakes was used to predict the frame's response and the calculated results were 

compared with corresponding measured responses. 

A scaled version of the widely used North-South component of the El Centro 

earthquake (May 1940) was chosen as the input to the shaking table. The accelerogram 

is shown in Figure 3 and is representative of the acceleration levels found in many of 

the world seismic codes. During the test, the scaled peak acceleration of the El Centro 

earthquake was gradually increased and the behaviour and amount of damage to the 

frame was recorded after each test. 
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RESULTS 

Cyclic Loading 

The frame was subjected to cycles of increasing displacement up until failure. The 

hysteretic behaviour of the frame for a number of cycles is shown in Figure 4. The 

region of zero load in the hysteretic loops is due to slackness in the brace, caused by 

slip at the fasteners and local yielding of the material. The brace induced the frame to 

yield at 5 kN, and fail at 5.5 kN. The failure was due to the eccentricity of the brace 

shearing a fastener, (refer Figure 5). 

The ductility of the frame defined by the ratio of the ultimate horizontal deflection to the 

yield deflection is not high. The energy absorption characteristics of the frame 

described by the area enclosed by the hysteretic loops is also not high, though the slip 

in the fasteners would help absorb energy in the event of an earthquake. 

The experimental load capacities of the frame compared favourably with that of a 

pinned model with a 300 MPa brace yield strength, however the deflections did not. An 

analytical model of the frame is now being developed to take into account the non linear 

yield and slip effects that caused this discrepancy. 

Dynamic Characteristics of Frame 

Tests measured the first natural frequency of the frame to be 7.3 Hz. No other natural 

frequencies in the range relevant to earthquake activity were detected. The damping of 

the frame was measured to be 1.3% of critical damping. 

A finite element model was analysed with pinned and fixed connections. Only one 

brace was included in the model, as only one at a time effectively contributes to the 

stiffness of the frame. The pin ended model natural frequency of 7 .6 Hz and 

corresponding mode shape compared favourably with the experimental result. 

Earthquake Loading 

The shaking table was programmed to scale 80%, 100%, 200% and 300% of the El 

Centro accelerograms. The recorded table acceleration time history for the 100% test is 

shown in Figure 6. 
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'hen the frame was excited by the 80 and 100% accelerograms, its response was 

elastic and the brace showed no signs of elongation. The frame due to its high natural 

frequency behaved like a rigid block, more or less following the ground motion. The 

accelerations at the top of the frame magnified the ground acceleration by up to 3 times. 

When the excitation increased to 200% of the accelerogram, some slight yielding and 

small elongation in the brace was evident and when the excitation increased to 300% of 

the accelerogram, the brace tensioner units shook loose, much yielding of the brace 

occurred and considerable flexing of the studs above the noggins was apparent. Apart 

from the slackness in the brace, the rest of the frame was undamaged. Due to the brace 

slackness, the frame's natural frequency had decreased to 1 Hz and damping had 

increased to 7%. At this stage the bracing was replaced and the test repeated, but this 

time to destruction. 

Results from response spectrum analysis compare favourably with the experimental 

results, refer Werbicky (1992), (Ref 2). 

DISCUSSION 

• This project has clearly demonstrated the need for full scale dynamic testing for 

this type of structure. Finite element modelling is difficult mainly because of 

the complex nature of the element boundary conditions. 

• Although the steel panel performed well under dynamic test, the tests revealed 

that minor enhancements could be made to the tensioner device associated with 

the strap bracing. 

• The tests will allow the estimated R factor, which is a measure of the energy 

dissipation capacity of the frame, to be compared with the requirements of the 

forthcoming Standard (Ref 1). It should be noted however that these frames are 

unclad and fwther testing is required to make a valid comparison of these 

values. 
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Figure 1 The Tab m Slot Assembly System 

Figure 2 Light Gauge Steel Framing Earthquake Tests 
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Figure 3 El Centro Accelerogram (North-South Component) 
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Hystcretic Behaviour of the Frame 
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Figure 5 Brace Failure during Cyclic Loading Test 
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Figure 6 Recorded Table Acceleration for 100% El Centro Test 
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