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1.Introduction

Connell Mott MacDonald was engaged by ACT Work Cover to investigate the cause of collapse of a
partially constructed aircraft hangar building structure for the Special Purpose Aircraft Facility (SPAF)
located at RAAF Fairburn, Canberra. The SPAF was being constructed by Construction Control with
the design, erection methodology and construction of the hangar superstructure subcontracted to
Strarch International (Strarch Interational 2003a p9).

The hangar structure consists of eight planar frames positioned along the 77.4m length of the building
at centre-to-centre distances of either 8m or 11.75m. Each frame is made of a primary truss
approximately 4m deep spanning 95m between two tapered trussed legs. The frames are connected
by secondary distribution trusses and purlin trusses spanning between them. The hangar structure is
built using a proprietary stress-erection technology. This technology utilises a high strength steel
tendon (consisting of 12 x 7 wire strands, similar to that used in a prestressed concrete beam — strand
nominal diameter =15.2mm, strand Minimum Breaking Capacity = 250 kN) installed inside the tubular
bottom chord of each primary truss. Each planar frame is fabricated in segments and assembled in an
unstressed state on support scaffolds.

The normal construction methodology is such that the roof sheeting is installed on the frames whilst
they are still resting on their scaffold supports in the unstressed state. Following the completion of roof
sheeting process the structure is erected by tensioning the tendon ("cable") that runs through the
discontinuous tubular lower chord of the roof truss. The tensioning process progressively closes up the
gaps in the lower chord, lifting the entire frame upwards. This process is followed initially until the “lift-
off” of the frames from the support scaffolds (at which point the scaffolds are removed) and then until
the fully erected state is achieved (Strarch International 2003a p9).

In the instance of the SPAF hangar it has been reported (Strarch International 2003a p11) that
difficulties were being experienced with the application of roof sheeting to the unstressed structure,
due to the lack of camber on the frames. To facilitate the completion of the roof sheeting process and
allow unimpeded access for ground level work under the structure it was decided to stress-erect the
structure to the point at which it had just lifted off from the support scaffolds. The frames were fully
lifted off from the support scaffolds on 23/4/03 (Strarch International 2003a p14). Roof sheeting
progressed after this date and 3.5 bays of roof cladding had been completed on 7/5/03 (Strarch
International 2003a p11) and Figure A1. The structure collapsed at 11.52 am on the same day, injuring
several workers (Strarch International 2003a p14).

Temporary members are fitted to the structure during the erection process. Referred to as "gap locks"
these are located between the discontinuous sections of the bottom chord and act to prevent the gaps
between the bottom chord sections from opening up during the stress erection process. The gap locks
limit "reverse curvature" of the central sections of the partially erected roof truss (Strarch International
2003b p68).

This final report describes the analytical work undertaken by Connell Mott MacDonald and the
component testing conducted by the University of Western Sydney in an effort to ascertain the cause
of the structure collapse. The report is arranged in several parts as follows:

e A description of the analytical model used to simulate the performance of the structure; the
material properties used, member properties, boundary conditions and analysis method are
described.

o A description of the analysis results obtained and summary of the results from testing of
gap lock components (the full test report is in Appendix C).

e Conclusions drawn from examination of the model results and University of Western
Sydney gap lock test results.
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2, The Model

21  Software Used

ANSYS general-purpose finite element analysis (FEA) program has been used for the analytical
studies presented in this report. This software simulates the performance of structural elements under
defined loading and boundary conditions. ANSYS is one of the World's most advanced and reputable
FEA programs and is used widely throughout many industries.

2.2  Model Description

A model was constructed to simulate the performance of Frame 6 of the Canberra SPAF Hangar
structure. This frame was chosen, as the loads on the frame were relatively high due to the weight of
the roof sheeting it supported. Also this frame appears to be one of the first two frames to have
collapsed based on eyewitness accounts (Strarch International 2003b p51). This is also supported by
the position of the collapsed structure that shows Frames 6 & 7 sitting lower than the other frames. The
model geometry, member nomenclature and the orientation of the global axes are shown in Figure 1 of
this report.

The finite element method relies on the use of elements, single mathematical representations of small
parts of the structure, and nodes, the locations at which these structural elements are joined together.
Mathematically the elements that make up the model are combined to represent the performance of
the entire structure. :

The model is based upon the use of line elements, either beam elements or link elements. Although
these elements dppear as lines graphically, the properties embodied in the element represent the
performance of the actual three-dimensional members of the structure. Initially the model is
constructed in the as-assembled state. This includes the support scaffolds on which the structure is
assembled prior to pre-tension of the lower chord. These support scaffolds are shown in red in Figure
1. =Y
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2.3  Material Properties
The material properties used in the model are listed in Table 1.

Table 1 Material properties used in the model.

Property Material Number 1 (all elements Material Number 2 (scaffold
except scaffold supports) supports)
Elastic Modulus (Pa) 2.00e+11 2.00e+11
Poisson's Ratio 0.25 0.25
Density (kg/m?3) 7850 0
Thermal ~ Expansion 1.9e-5 ‘ 1.9e-5
Coefficient (m/m/°C) '

* Zero density was used for support elements to ensure that when the frame lifted off the supports no
influence from the weight of the supports would influence the results. The effect of these elements was
removed from the analysis for the third step (refer to section 2.7) so as to allow the model to deflect
downwards below the level of the supports.

2.4  Member Properties

The elements used in the analysis embody the structural performance of the actual members used. To
simulate this performance several parameters need to be entered into the model. These parameters
are listed in Table B1 in Appendix B of this report.

The performance of the lower chord of the Strarch structure is somewhat complex and warrants further
explanation. The gaps between the different segments of the discontinuous lower chord in the flexible
section of the frame were modelled using “compression-only” elements in ANSYS with an initial strain.
This means that these elements are not active structurally until the gaps between adjacent segments
have closed up.

In parallel with the lower chord elements, “tension-only” elements were modelled between the lower
ends of the web members in the flexible section of the frame. These tension-only elements become
inactive when under compression. When under tension these elements simulate the performance of
the gap-locks used in the lower chord of the structure. These elements were given a cross-sectional
area equivalent to that of the longitudinal plate elements of the gap-lock fittings.

The stressing tendon (“cable”) was modelled parallel to and offset below the lower chord and gap lock
elements previously described. Link elements were used to represent the cable between the nodes at
the intersection of each pair of web elements. These elements were given a cross-sectional area
equivalent to the twelve strands that form the cable. Figure 2 indicates the configuration of the lower
chord, gap lock and cable elements.

25 Boundary Conditions

The failed state/position of the structure indicated an "in-plane” failure mode for the critical frames
(Figure A1). For this reason and for computational simplicity it was decided to model the frame as a
two-dimensional structure. Section 4 of this report includes a more thorough discussion of possible
three-dimensional effects between adjacent frames. Out-of-plane movements (along the Z-axis) and
rotations (about the X and Y-axes) at all nodes were restrained to simulate this two-dimensional
behaviour.

The right-hand side leg of the structure has been connected at its base as a pin joint, where
translations are restricted but rotations (about the Z-axis) are allowed. The left-hand side leg was
connected at its base as a sliding joint so that it could not translate in the vertical direction (Y-direction)
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but was allowed to translate in the horizontal direction (X-direction) as the structure is stress-erected.
This latter condition simulates the performance of the sliding support of the structure. No allowance
was made for friction on the sliding support as this was considered to have a relatively minor effect on
the overall behaviour of the structure.

26 Loading
Three types of external loads were considered in the analysis.

Firstly, gravity loads were applied to allow simulation of the self-weight of the primary structure.

Secondly, dead loads were calculated for secondary steelwork on Frame 6. This includes roof trusses
and the distribution trusses connecting adjacent frames. The weights of these elements were
apportioned appropriately between the nodes on the top chord of the model and applied as point loads.
An upper and lower bound approach was used to calculate these loads.

To obtain the lower bound loads no allowance was made for connections between the members. Also
from photographs it appears that some of the secondary steelwork (such as rod bracing between roof
trusses and cross bracing at the lower chord) had not been installed at the time of the collapse. The
weight of such secondary steelwork was excluded for the lower bound case.

The upper bound loads were obtained by applying a factor of 1.15 to the calculated loads to allow for
the additional weight of connections and fittings. This is considered to be a conservative allowance, ie,
an overestimate of such additional weights. Also in this case it was assumed that all secondary
steelwork indicated on the drawings was present on the structure at the time of collapse.

Thirdly, the weight of the roof sheeting (tertiary structure) was allowed for by a distributed pressure of
0.14 kPa (Strarch International 2003b p60) and again apportioned appropriately between the nodes on
the top chord of the model.

No allowance was made for live loading on the structure, in the base model. However, an estimate of
the effects of a live loading of 0.25 kPa was made and is discussed in Section 4 (Discussion). It should
be noted that the relevant Australian Standard AS1170, requires the roof to be designed to support a
live load of 0.25 kPa to cater for maintenance staff, tools and equipment.

Cable pre-tension was applied to the lower cable, inside the truss bottom chord, as an equivalent
negative temperature. This acts to contract the elements that make up the lower cable, resulting in an
appropriate tension. The boundary condition between the cable and the web elements (Figure 1) at
the lower chord warrants further explanation. As the cable tension is applied, relative movement occurs
between the cable and the discontinuous lower chord in the flexible section. In reality some friction and
binding will occur between the chord members and the cable. The prediction and hence simulation of
this friction/binding would be difficult, if not impossible. Instead the cable elements and the web
member end nodes have been "coupled" in the vertical (Y-direction). This allows for free sliding in the
global horizontal direction whilst ensuring the compatibility of vertical movements between the cable
and the lower chord members. This provides a reasonable approximation of the structural behaviour
through and just beyond the lift-off stage. For this early stage of the stress-erection of the structure, the
near-linear alignment of the bottom chord will mean that the interaction, between the cable and lower
chord members, is relatively small.

The "cable" elements are attached by the same Y-direction coupling to the nodes on the lower chord of
the fixed section of the structure. At the ends of the "cable" the end nodes of the cable have been
merged with the coincident nodes of the structural elements. The locations where these nodes have
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Secondly the cable pre-tension was applied to the point at which the frame had lifted off the support
scaffolds by approximately 100 mm (at the centre). This was applied progressively as a negative
temperature to the cable elements. During this load step the loads applied in the first load step (self-
weight and dead loads of secondary steelwork) remained constant.

Thirdly the weight of the roof sheeting (tertiary structure) was progressively applied to the structure.
without the presence of the support scaffolds. During this third load step the self-weight and cable pre-
tension effects are still active. The support elements were rendered inactive for this step.
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3.Results

3.1 Model Validation

The performance of the model was checked to ensure that it was behaving as expected. Figures 3 and
4 indicate the displaced shape of the model and the end of the second and third analysis steps.

The model displayed the characteristic M-shape described in Strarch documentation (Strarch
International 2003b p67) at the lift off stage (Figure 3). Following the application of roofing loads, with
the cable anchorages locked-off, the model displaces below its original position to that shown in Figure
4,

Figure 5 indicates the status (active=1 or inactive=2) of the support elements. The support elements
are labelled as Prop1 to Prop10 from the left-hand side of the model. From the figure it can be seen
that the outside supports become inactive first, with the centre supports the last to become inactive at
t=190s. Prop5 is the last to lift off (t=190s).

It should be noted that the notion of “fime” referred to herein simply provides a measure of the gradual
application of loads on the structure over each load step, and is not representative of "real" time. For
example, the loads for the first load step are applied between t=0 and 100s, the loads of the second
load step are applied between t=100s and 200s, and those of the third load step are applied between
t=200s and 300s.

Figure 6 indicates the maximum siress levels in the top chord elements at the end of the final load step
(t=300s) with all loading applied. The maximum compressive stress calculated was 210 MPa and yield
stress for this member is 350 MPa. This indicates that the assumption to exclude non-linear material
behaviour from the analysis was valid.

The vertical displacement of the top chord node in the centre of the model is shown in Figure 7. It may
be noted that the model centre starts to lift at t=190s in the second load step (tensioning of cable). At
the end of the second load step the centre node has lifted roughly 100 mm above its initial position.
During the third load step, roofing loads are progressively applied until the node is 290 mm below its
initial position at the end of the analysis.

The results reported in the following section are, unless stated otherwise, for the upper bound loads as
defined earlier.
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Figure 7: Y direction displacement at the mid-span (y scale +0.15m to -0.35m).

3.2 Cable Tension

Figure 8 indicates the variation of cable tension at the mid-span of the model with time, throughout the
analysis. Tension increases to lift-off at t=190 s then remains steady until the roofing loads begin to be
applied at t=200 s. At lift-off cable tension is 711 kN and the final cable tension (at the end of step 3
with all roof sheeting loads applied) is 1040 kN. This compares to an expected cable "yield" load of
2550 kN.
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Figure 8: Cable Tension at the mid-span vs Time.

34 Gap Lock Loads

As described earlier the gap locks are temporary members installed for erection purposes. They are
intended to prevent the gaps in the lower chord of the structure from opening beyond their as-
assembled gap.

The gap lock at the centre of the structure was the most highly loaded. The time history of load on this
gap lock throughout the analysis is shown in Figure 9. As explained earlier, “time” is merely a proxy
value for the ramped application of loads throughout the analysis. At the lift off stage (t=190s) the
calculated load in the gap lock was 251 kN. At the end of the analysis, with all roof-sheeting loads
applied, the load in the gap lock was 392 kN. For comparison the results with lower bound applied
secondary steelwork loads gave a load of approximately 350 kN on the same gap lock.
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Figure 9: Load in centre gap lock throughout the analysis.

35  Stresses in Other Members

Figures 10 and 11 indicate the calculated axial stress levels in the other members of the model at the
lift-off and final states, respectively. The most highly stressed members are of grade 350 material in
each case, with a yield stress of 350 MPa. The highest calculated stresses in any member were 216
MPa (compression) and 116 MPa (tension) at the end of the analysis.
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The geometric relationship relates to the degree of eccentricity with which the gap lock component is
loaded. Two configurations were considered. The first (type A) had the bolts firmly tightened such that
the top strap plates of the gap lock rest on the top of the packer plate between the lower chord
members. The second configuration (type B) required the bolts to be sufficiently loose (4 mm) so that
the top strap plates could drop down outside the packer plate resulting in greater preferential loading of
the top plates during testing. These two configurations are indicated in Figure 15.

Longitudinal ! Longitudinal plates Gap
plates flush : overlap packer
with packer :
16 mm Packer
(a) Flush-with-Packer Plaies (b) Overlapping-Packer Plates
Figure 15: Two gap lock configurations tested (Wheeler 2004).
A summary of the results from the nine gap lock tests is provided in Table 2.
Table 2: Summary of test results from the gap lock testing (Wheeler 2004).
Speci | Testing Configuration Results
men | Order End Plate | Bolt Type | Eccentricity | MHL* | Ultimate Preferential | Failure Mode
No. Width Load (kN) | Side (kN)*
(mm)
1 3 110 short type A 58 396 230.5 bolt shear in
threaded section
2 1 100 short type A 57 362 203.9 bolt shear in
threaded section
3 2 100 short type A 60 322 195.5 bolt shear in
threaded section
4 5 100 long type B 75 390 291.4 plate edge tear
out
5 4 110 short type A 57 343 218.4 bolt shear in
threaded section
6 7 100 short type A 62 334 200.7 bolt shear in
threaded section
7 8 110 short type B 72 326 234.4 bolt shear in
threaded section
8 9 100 long type A 61 514 295.5 large deformation
9 6 110 long type A 58 534 310.0 large deformation
* MHL refers to the load percentage carried by the two strap plates on the side of the gap lock which is preferentially loaded
due to eccentricity.

* Preferential side lists the total load carried by the two strap plates that are preferentially loaded due to eccentricity.
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4.Discussion

41  Analysis Results

The analysis results indicate that the model is adequately simulating the theoretical performance of the
hangar structure. The progressive closing of the lower chord elements and the activation of the gap-
lock elements seem reasonable. The calculated cable tensions at lift-off are reasonably close to the
figures calculated by Strarch, considering that the analytical model makes no allowance for friction
between the cable and lower chord elements.

The analysis results indicate that none of the permanent structural members were overloaded at the
time of the roof collapse.

In the case of the temporary gap lock elements, the analysis indicated a load range of 350-392 kN,
with full roof sheeting loads applied (based on the lower and upper bound loads, respectively).
Reported analyses by others yielded gap lock loads ranging from 311 kN (as calculated by the hangar
designer, Strarch International 2003b p29) to 360kN (as calculated in Arup 2003 p12).

Note that the analysis results presented here do not allow for possible differential loading between
adjacent frames, wind loads on the structure, and secondary actions induced by geometrical
imperfections. Such effects could cause higher forces in the gap locks than those calculated.

The analysis also excluded any allowance for “live “loads —ie personnel, tools, equipment and the like
—on the basis that such loads would have been small at the time of the collapse, since very few
personnel were on the roof. The relevant Australian Standard (AS 1170) specifies a live loading
allowance of 0.25 kPa for roofs of this nature —ie “non-trafficable” roofs.

The application of the roof sheeting loads (0.14 kPa) increased the maximum (upper bound) gap lock
load by 132 kN (ie, from 260kN to 392kN). If the normal Australian Standard live loading allowance of
0.25 kPa was also included in the analysis, the gap lock load would increase by a further 235kN, to
627 kN, well beyond the tested failure load of the gap lock component.

It should be noted that the design live load of 0.25 kPa specified by the Australian Standards (AS1170)
for “non-trafficable” roofs would represent a substantial loading on Frame 6 of 2.46 kN/m - ie.
approximately 250 kg/m. Over the full 95m length of the top chord of the roof truss this represents
approximately 24 tonnes, and is clearly an overestimate of the actual live loading at the time of the
collapse.

Given that a limited number of workers were on the roof during erection, the actual "live load" was
clearly much less than the Australian code value. However additional loading could also have been
applied due to wind effects, differential or concentrated local loads, and/or secondary actions due to
the geometrical imperfections. Thus it is conceivable that gap lock loads at the time of the collapse
could have been higher than those calculated in this report.

4.2  Testing Results

Testing carried out on gap lock assemblies (Wheeler 2004) have been described earlier in Section 3.5
of this report .

Investigation of the materials and fabrication of the hangar were also made by others (Yeomans 2004).
Tensile testing of the gap lock bolts by Yeomans found that the tested bolts met their mechanical
property specification (Yeomans 2004 p17). Examination of the failed gap locks indicated that the end
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plates of the frame 6 and 7 gap locks had been distorted severely (Yeomans 2004 p26) in a pattern
similar to that observed in the gap lock component tests described earlier in this report.

Testing of gap lock components indicated a capacity range, with short bolts, of 322-396 kN. For
properly assembled gap locks (ie with bolts tightened), with long bolts, ultimate loads in excess of 500
kN were achieved.

The theoretical shear capacity of M20 grade 8.8 bolts can be determined in accordance with AS4100
(Clause9.3.2.1). In the case of one shear plane being in the threaded section of the bolt and one in the
shank a theoretical capacity of 288 kN is arrived at (excluding any capacity reduction factor). For both
shear planes through the shank section of the bolt a capacity of 323 kN results.

Inspection of Table 2 (preferential load column) indicates that for the “short" bolt configuration none of
the bolts achieved this capagity prior to failure. The “long” bolt tests came close to the nominal capacity
but either failed through a different mode (tear out of end plate) or were stopped prior to failure.

The tests also indicated that the failure of all bolts was preceded by lateral deflection and plastic
deformation of the end plates (refer Appendix C). This suggests that the end plates have reached their
structural capacity before the bolts.

This observation is explainable by theory. It can in fact be shown by simple manual calculations that
the end plates reach their theoretical bending capacity at a stage that the bolts are loaded at around
half their theoretical capacity.

The mechanism of failure after lateral distortion of the end
plates is depicted in Figure 17. The lateral distortion of
end plates leads to a prying effect on the bolted joint and
induces a complex loading state in the bolt, beyond the
design shear loads. The interaction of combined shear
and tension leads to a reduction in the theoretical shear
capacity of the bolts. This is supported by the test results,
which show gap lock failure loads less than the theoretical
failure capacities of the bolts.

In summary, the gap lock tests indicate that the likely
sequence of failure of the critical gap lock is as follows:

e The gap lock end plate starts to yield and distort
under increasing loads.

e The end plate distortion results in a complex stress
state (involving combined shear, bending and tension) in
the bolts on the preferentially loaded side of the gap lock.
e One of these bolts fails in a single shear plane
through the threaded section of the bolt.

e The failed bolt is pulled out of the distorted plates,
before a failure at the second shear plane can occur.

e The gap lock comes apart.

Figure 17: Diagram of forces
applied to distorted gap lock (plan
view).
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4.3 Comparison of Analysis and Testing

The results from analysis indicate that the likely load applied to the critical gap lock component in
Frame 6 of the structure at the time of failure was in the range 350-392 kN. However, results from
testing show that a gap lock component, assembled with short bolts, has a failure capacity in the range
of 322-396 kN with a mean value of 347kN which is less than the likely range of loads in the gap lock.

Given the evidence (Yeomans 2004) that a significant proportion of the gap locks had been found to
have the short bolts, it is considered reasonable to use the “short bolts” test results as a measure of
the available gap lock capacity at the time of collapse.

On this basis, the collapse of the structure is consistent with the findings of this report which indicate
that a critical gap lock in the structure could be at or close to failure under the level of loading applied
at the time of collapse.

4.4 Commentary on Gap Lock Safety Factor

The comparison presented in Section 4.3 indicates a safety factor (ie, strength divided by load) of near
one. It should be noted that this is significantly less than what is commonly achieved in design
practice. For a structure subjected to self-weight and dead loads only the design safety factor is
commonly in excess of two.

One of the key characteristics of this hangar roof structure is that the integrity of the whole structure
depends on the strength of individual gap locks. This characteristic is often referred to as “lack of
redundancy” of the structure. For structures of this type, a higher safety factor is often adopted in
practice.

Given the observed failure mode of the gap lock, an increased safety factor could have been achieved
by using one or a combination of the following measures:

e Increased number of bolts in the critical gap locks (to decrease loads imposed on each bolt)
e Larger diameter bolts for the critical gap locks (to decrease stresses imposed on the bolts)

o Larger and/or thicker end plates in the critical gap locks (to stop the undesirable lateral distortion
and the ensuing detrimental “prying” action on the bolts)
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5.Conclusions

Based on the analytical and experimental work described in this report, it is concluded that the likely
cause of the hangar collapse is as follows:

® The loading present at the time of collapse exceeded the capacity of the bolted connections of
a single gap lock.

@ This led to the failure of that gap lock and the frame of which it formed a part.
Once the first frame started to collapse, differential loading of adjacent frames resulted in their
gap lock elements being loaded beyond their capacity and caused a domino effect with all
frames progressively failing.

The topology of the failed hangar structure documented in Appendix A is consistent with the scenario
outlined above.
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Appendix B: Model Input Data

Table B1: Real constant properties used in the ANSYS model. Length units are metres.

RC Set 1| AREA 1zz lyy Tkz Tky |Theta| Istrn Ixx
m») | m) | (m') | (m) | (m) (m°)
1 6.60E-03[3.92E-05|3.92E-05| 0.2 0.2 0 0 6.45E-05
2 4.24E-03]9.68E-06{3.05E-05{ 0.1397{0.1397| O 0 1.94E-05
3 5.72E-03}1.35E-05|3.58E-05| 0.125 | 0.125 | O 0 2.02E-05
4 0.1124 |6.85E-05|5.72E-05| 0.3 0.3 0 0 5.33E-07
5 6.66E-03]|1.77E-05(5.28E-05| 0.2 0.2 0 0 3.25E-07
6 1 1000 1000 1 1 0 0 1000
7 1.25E-03|1.92E-06/1.92E-06|0.1143 |0.1143| 0 0 3.84E-06
8 1.85E-03[2.75E-06(2.75E-06| 0.114 | 0.114 | O 0 5.49E-06
9 1.88E-03|4.52E-06{4.52E-06| 0.125 [ 0.125 | O 0 7.25E-06
10  |1.48E-03]2.23E-06|2.23E-06| 0.1 0.1 0 0 3.63E-06
11 1.67E-03 0 0 0 0 0 0
12  |4.53E-03|2.80E-05|2.80E-05| 0.2 0.2 0 0 4.48E-05
22 |2.28E-03|5.14E-06|5.14E-06/0.1397(0.1397| O 0 1.03E-05
23 0 0 1 0 0 0 0 0
24  |3.20E-03 0 0 0 0 0 0 0
25 0.2 0 0 0 0 0 0 0
26 |4.24E-03 0 0 0 0 0 |4.90E-02 0
27  |4.24E-03 0 0 0 0 0 |5.20E-02 0
28  |4.24E-03 0 0 0 0 0 |5.40E-02 0
29 |4.24E-03 0 0 0 0 0 |5.90E-02 0
30 [4.24E-03 0 0 0 0 0 |4.40E-02 0
31 4.24E-03 0 0 0 0 0 |6.50E-02 0
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Table B2: Range of applicability of various real constant sets.

RC1 =200 x 200 x 9 SHS 350, Generally top chord

RC2 =2 x 139.7 x 5 CHS 250, not used, bottom chord flexible section
RC3 =2 x 125 x 6 SHS 350, bottom chord fixed section

RC4 = plate section, extension of bottom chord to jacking plate

RC5 = 200UC52 300, outside members on side leg.

RC6 = plate section, bottom of side legs at supports

RC7 = 114.3 x 3.6 CHS 350, web members at centre of flexible section
RC8 = 114.3 x 5.4-CHS 250, web members at sides of flexible section
RC9 = 125 x 125 x 6 SHS 350, web members, rigid section

RC10 =100 x 100 x 4 SHS 350

RC11 = Cable

RC12 = Not Used

RC22 = Not Used

RC23 = Not Used

RC24 = Gap lock Elements, tension only

RC25 = Scaffold supports, Compression only

RC26 = Bottom chord flexible section, Compression only

RC27 = Bottom chord flexible section, compression only

RC28 = Bottom chord flexible section, compression only

RC29 = Bottom chord flexible section, compression only

RC30 = Bottom chord flexible section, compression only

RC31 = Bottom chord flexible section, compression only
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