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ABSTRACT

Thetraditional 40mm deep timber roof baiten isincreasingly being replaced by the thin
gauge sted “top-hat” batten in domestic house roof systems. Extensive research has
been conducted on roof cladding since the cyclones of the 1970's, which found that
low-cycle fatigue was amgjor cause of damage. The batten-truss connection
experiences large wind loads smilar to the cladding and there is concern that the
battens may be susceptible to low-cycle fatigue. The objective of thisthesisisto study
the fatigue performance of the battens usng anays's methods gpplied in studying
cladding fatigue. A series of tensle tedts, Static tests, constant amplitude cyclic tests
and block cyclic load tests were conducted and the results obtained provided
information for the fundamenta understanding of the battens fatigue behaviour.

The tests conducted in determining the fatigue behaviour of the batten were carried out
on the INSTRON (mode 1342) universa testing machine with a capacity of 100kN, in
the structures |ab at the School of Engineering, James Cook Univergty. A testing
gpparatus was designed so that static and cyclic loads could be applied to the batten

truss connection. Two battens were chosen for the investigation the Stramit Cyclonic

Roof batten and the BHP Topspan 40 batten. Both battens had different geometries and

were specified for cyclonic areas. Static test results obtained an average datic falure
load for each batten which was used to determine the upper cyclic load bound for the
congtant amplitude cyclic tests. A series of congtant amplitude cyclic tests were
conducted at different load levelsto obtain an S-N curve. Congtant amplitude cyclic
tests were discontinued on the BHP batten as there were difficulties smulating the
batten hold down used in industry. Block cyclic load tests conducted on the Stramit
batten reveded that Miner’ s rule could be used as a preiminary estimate of the damage
caused to the batten.

Tendletest results determined that the 0.75 bmt G550 materia used in the battens had
atensle strength of gpproximately 650MPa. Static test results obtained an average
datic failure load of 8.95kN for the Stramit batten with a standard deviation of 0.57kN.
The BHP batten had an average Static falure load of 7.56kN with a standard deviation
of 0.83kN. These average static failure loads were determined to be at least twice that
of the specified design loads. Results from the batten tests were compared with




findings from pervious sudies on dadding to determine if there were any smilaritiesin
the fatigue behaviour. Studies on cladding has found that the S-N curve is segmented
unlike thet of the Stramit batten which was determined to have an S-N curve that can be
closdly approximated by a straight line. Both cladding and the Stramit batten showed
crack patterns that are associated with different load levels. The cladding having four
different crack patterns associated with four different load levels and the Stramit batten
having four crack patterns associated with two different load levels.

Theoreticd andyss of testing regimes and Ssmulated wind events were gpplied to the
Stramit batten and results have determined thet it islikely to withstand an 8 hour strong
wind event. It was aso determined that the batten' s hold down conditions (i.e. initia
tightness of the fastener) affected the fatigue behaviour. Information from these
investigations will benefit the thin-gauge sted top hat batten manufacturing industry

and the building industry by providing the foundations for understanding the fatigue
behaviour of battens.
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Chapter 1 Introduction

Chapter 1 Introduction

Domestic houses can sustain damage during extreme windstorms such as cyclones and
thunderstorms. The roofing system experiences large wind loads and components such as
the cladding and battens are susceptible to severe damage. Extensive research has been
conducted on roof cladding since the cyclones of the 1970's, which found that low-cycle
fatigue wasamgor cause of damage. The fluctuating wind loads during a cyclone
produce high stress concentrations around the fastener head causing fatigue cracking.
Under continued loading the cracks propagate until the cladding pulls over the fastener.
This increases the load on the adjacent fastener resulting in progressive failure of the roof
system. Comprehendve research and testing on roof systems have provided workable
solutionsto minimise these failures by the indlusion of cyclone washersin conjunction
with cladding fasteners. Testing regimes have aso been devel oped to Smulate extreme
wind events that the roofing systems are eva uated againgt.

Wind loads have afluctuating nature, and continued cycling accumul ates damage that
leads to fatigue fallure. Low-cyde fatigue falure is where astructure fails at loads lower
then the gatic failure load over several hundred to severd thousand cycles. Smplified
testing regimes have been developed to evauate cladding as the fluctuating nature of the
wind loads are very complex to smulate. The DABM (Darwin Area Building Manud)
testing regime was introduced by the Darwin Reconstruction committee after cyclone

Tracy in 1974 and incorporated into the Northern Territory Appendix of the Building Code
of Audrdia[7]. Thistesting regime was considered to be too conservative and TR440
[22] was developed. TR440 has been widdly accepted in cyclone prone areas of Austraia,
except in the Northern Territory where the DABM test regime continues to be applied
TRA440 has been incorporated into AS4040.3 [5] and AS1170.2 (1989) [2], however
removed from ASINZS1170.2 (2002) [3]. A number of studies have been conducted on
the validity of these testing regimes and the Low —High - Low (LHL) method hasbeen
proposed. Though testing methods and studies have been primarily concentrated on
dadding, the code specifications indicate thet they should be used to evauate the cladding
and itsimmediate fixings, which includes the batten-truss connection. In testing the
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fatigue performance of the batten, andys's methods used in studying cladding fatigue will
be gpplied. Details of these testing methods and roofing system evauation sudies are
outlined Chapter 2.

The traditionad 40mm deep timber battens are being increasingly replaced by thin-gauge
sed “top-ha” battens. The typical low-rise domestic house roof systems in Audrdia
conggt of battens placed at about 1.0m intervals and attached to roof trussesinstalled up to
1.2m gpart. However, the batten and truss spacing vary depending on the batten type,
manufacture s specifications and the wind classfication. In these systems, the batten-truss
connection has to resist wind loads acting on a tributary area of up tol.2n asshownin
Figure1.1.

Batten-
conneston

23

Batten

Figure 1.1 Typica domestic house roof system

The batten-truss connections can experience large wind loads near the ridge, eaves and
gable end of abuilding and may be susceptible to low-cycle fatigue falures, smilar to the
fatigue behaviour & the cladding fasteners. However the effect of fluctuating loads on the
batten is not dways evauated by the manufacturer. Furthermore, the change in batten
materid and type has aso caused concern regarding the cladding to batten connection, as
most research and studies were conducted using the timber battens. It has been considered
that there could be problems with the dladding disengaging from the metd batten and
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fastening techniques need to be explored. However the focus of this study is on the batten

truss connection.

The scope of this research isto study typical batten truss connections and determine their
performancein terms of low-cycle fatigue effects. The batten-truss connection will be
subjected to a series of cyclic loads and the results analysed to determine the performance
of the batten subjected to wind loads. Wind loads on the connection are estimated using
AS/NZS1170.2 (2002) [3] or ASA055 [6], with design loads being estimated for roof
systemsin cyclonic regions C and D. Typica battens used in Audtralia are supplied by
manufacture's such as BHP and Stramit. These suppliers provide design capacity tables
for each of their products, which specify batten and truss spacing aswell asthe design
loads.

The effects of low-cycle fatigue are determined by subjecting the batten to static and cyclic
loads. The Satic test determines the static load capacity of the batten truss connection,
which is used to define the upper loading bound for the cyclic tests. A number of cyclic
tests are conducted at bounds from zero to a percentage of the static fallure load. The
number of cycles until faillureis counted and related to the SN curve (stress amplitude vs.
number of cycdes). Subjecting the batten to an accumulated load history will determine if
Miner’s Rule can be used to predict the batten faillure. The data taken from Miners Rule
and the SN curve will be applied to current testing regimes to determine the damage

accumulation from these tests.

To investigate the low-cycle fatigue effect on the batten truss connection the following
ams areto be achieved:
|dentify typica battens manufactured and used in Audraia, and obtain the batten
gpans, batten materid and materia thickness specifications.
Determine the specifications of atypica battentruss connection.
Determine the tensle strength of batten materias.
Determine the batten-truss connection strength under static load.
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Determine the fatigue performance of the batten- truss connection by obtaining an
S-N curve.

Subject the batten to blocks of cyclic loads at different load levels and relate the
accumulated fatigue damage to Miner’srule

Determine the damage proportion on the batten under wind loads using pressure
measurements obtained from a full scde building.

A review of the proceduresused to determine the fatigue behaviour of the battens and the
current loading regimes are given in Chapter 2. The methodology for obtaining the
experimenta results and the testing gpparatus set up are outlined in Chapter 3. The results
from the experimental procedures and observations are documented and andysed in

Chapter 4. Chapter 5 presents conclusion and recommendation from this research.
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21  Fatigue

Components of structures are generdly subjected to fluctuating loads, also caled cyclic
loads, and the resulting cyclic stresses can lead to damage of the materids involved.
Under continued cycling, damage accumulates which can cause cracks to develop at
stresses well below the materid’ s Satic strength. The process of damage and failure due to
cydicloading is cdled fatigue. The fatigue characterigtics of a component can be
determined by subjecting it to a series of cydlic loads until falure of the materid. A test
specimen subjected to a sufficiently severe cyclic stress, will develop fatigue cracks
leading to complete failure of the specimen. If thetest is carried out a a higher stress
leve, the number of cyclesto falure will be smdler. The results from such tests of a
number of different stress levels may be plotted to obtain the stress amplitude vs. number
of cyclesto falure curve known asthe S-N curve. [8]

211 S—-NCurve
In the usud failure modd for the fatigue of metasit is assumed that each cycle of a
snusoidd gress response inflicts an increment of damage, which depends on the
amplitude of the stress. Each successive cycle then generates additiona damage which
accumulates in proportion to the number of cycles until failure occurs. The results of
congant amplitude fatigue tests are usudly expressed in theform of an SN curve, where S
Isthe stress amplitude, and N is the number of cydes until fallure. For many materids, the
SN curveisof the form shown in Figure 2.1. Thisis represented by a sraight line when
log Sisplotted againgt log N as shown in Figure 2.2. Thisimplies an equation of the form
NS™ = K (2.1
where K isa constant which depends on the materia and the exponent m varies between
about 5and 20. [12], [13]
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Static Capacity

n
DamageLimit |
N
Figure 2.1 Form of typicd SN curve
\d
n
(@]
o

log N

Figure 2.2 Form of atypical S-N curve whenlog Sis plotted against log N

An SN curve for a component can be developed by subjecting it to cyclic loads as
follows

Cydling amplitude S, with mean of zero as shown in Figure 2.3
Cyding amplitude S, with a specified nonzero mean as shown in Figure 2.4

Cycling amplitude S, with a constant dress ratio, R as shown in Figure 2.5, with
Smin = 0 and the dressrétio is

R= min

max

(2.2)

wn|wm
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Figure 2.3 Cycling about zero mean
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Figure 2.4 Cycling about a specified nonzero mean

Smax

Smin=0

Figure 2.5 Cycling between zero and Spax
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The number of cycdesto falure changes with stress level and may range over severd

orders of magnitude. For this reason, the cycle numbers are usudly plotted on a
logarithmic scae [8]. Another characteristics of the SN curve isthat there are typicaly
threshold bounds, this is where failure occurs a only one cycle a aload grester than or
equd to the dtatic capacity. Furthermore, once the stress cycleis below a certain load limit
the number of cycleswill not have a Sgnificant damage effect on the component as shown
in Figure 2.1.

2.1.2 MinersRule
A criterion for failure under repeated loading, with arange of different amplitudesis

Miner's Rule

a&n 0

Sgwi!;a: 1 (2.3
where n; is the number of stress cycles a an amplitude for which N; cycles are required to
causefalure. Therefore fatigue failure may occur from avery large number of low leve
sress cycles or from few cycles a aleve near the ultimate Static |oad capacity. There are
no redtrictions on the order in which the various stress amplitudes are applied in Miner’s

rule. Thusit may be applied to arandom loading process which can be consdered as a
series of cydeswith randomly varying amplitudes[12].

Severd studies[11], [15] have shown that the application of larger load cydes early in the
loading history have asgnificant effect on the fatigue response of the cladding than lower
loads due to the changing profile properties. A decreased block load following crack
initigtion from a higher load, reulted in dower crack growth and longer life than if the
higher block load was continued. Whereasthe opposite occurred if a higher block load
followed crack initiation from lower block load. A Modified Miner’s rule was developed
to account for the different mechanisms of fatigue damage accumulation a different load
levels. However this method does not adequatdly predict fatigue damage, for the cladding,
from cyde histories epecidly when higher load level cyclesprecede lower cycle blocks
[11].
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2.2  Fatigue Testing Regimes

Numerous studies have been carried out in devising loading regimes for testing and
evauating fatigue performance of roof sysems [11], [16]. These testing regimes have
been primarily used on cladding; however are dso pecified for dadding and itsimmediate
fixing, hence applying to the batten-truss connection. Wind loads are random and
fluctuating in nature and therefore difficult to incorporate in atypicd lab testing regime.
Many variables influence the wind loading acting on a structure, such asterrain category,
roof dope, shielding, wind direction, wind speed and wind durations. These wind loads
are complex and therefore must be asmplified such that they can be incorporated into
laboratory testing regimes. Loading regimes that have been devel oped to evauae roofing
products to be used in cycdlonic regions of Audrdia indude DABM and TR440, while
studies have beenconducted and include Mebourne, Beck and Stevers, Random Block
Loading (RBL) and Low-High-Low (LHL).

221 DABM (1976)

The Darwin Recongtruction Committee implemented the cydic load test into the Darwin
AreaBuilding Manuad (DABM) in 1975. The loading criterion developed was 10,000
cycles of repeated load, varying from O to “permissble’ desgn load. The permissible
design load corresponded to aload derived from a 50-year return period wind speed and
multiplied by a*‘cycone multiplier’ of 1.15. Following the 10,000 cycles, the roof system
is subjected to asingle cycle of 0to 1.8 times the permissible design load [16].

2.2.2 Meéebourne (1977)

Melbourne (1977) developed, from wind tunnd studies, probability distributions of
upcrossings of pressure fluctuations for structures oscillating under one dominant
frequency. An upcrossing isthe signd (pressure) exceeding a given vaue above a mean.
The cydlic load digtribution, derived from the upcrassing probability distribution is
repeated three times to represent a three hour loading. The loading range of the cyclesis
determined by increasing standard deviations about a mean negetive pressure and not just
from zero load [11].
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2.2.3 TRA440 (1978)

The test regime specified in DABM was considered to be too conservative and the TR440
regime (asmplification of the Mebourne loading regime) was proposed. The TR440
regime condgts of a threeleve low-high sequence congsting of 10,200 cyclesto
permissible load (D), which is made up of 8000 cycles of 0-0.625D, 2000 cycles of O-
0.75D and 200 cycles of 0-1.0D, followed by an ultimate Satic test of 0-2D [11], [16].
This method is aso included in AS1170.2 (1989) [2] and AS4040.3 [5].

2.2.4 Beck and Stevens (1979)

Thisloading regime was developed by andysing the pressure fluctuations from a 1/300
scale wind tunnd mode study of a 10° pitch roof low-rise tructure, Situated in terrain
category 2. A varidion of the upcrossng method, called the range counting method, was
used to anayse the fluctuating pressures, and convert them to cycle counts according to the
meagnitude and mean vaue of various loading fluctuations. However unlike the Mdbourne
sequence, only the wind suction loading was included since it was conddered that only
wind suction loadng caused fatigue in dladding [11].

2.2.5 Random Block Loading (RBL) (1990)

The RBL regime was developed by determining pressure histories from wind tunne

sudies, parametric studies of arange of wind velocities associated with Category 4
cydones and extensve materia testing of cladding. An anaytical model was devel oped

by combining dl thisinformation to formulate matrices of cycle counts of loads of varying
mean and range. The rainflow counting method was used to determine the number and
digtribution of cycles according to the mean and range of pressure fluctuations. From the
extensve matrix of loading cycles, loading blocks were randomly selected over the
duration of the cyclone. Load blocks are chosen randomly during the sequence until al the
load cyclesin the matrix are exhausted [14], [16].

22.6 LHL (1993)
The Low-High-Low (LHL) method is a smplification of the complex RBL method, which
was deemed too difficult and contained too many different loading levels for routine and

10
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repeatable product evauation. Thisfour leved, low-high-low regime, represents the
loading by the passage of a cyclone, representing the wind speed increasing as the eye
approaches and then decreasing as the cyclone movesway. Miner’s rule was used to
amplify the RBL matrix of load cydes, by comparing fatigue damage of |oading blocks of
gmilar load levelsfrom the RBL matrix, and finding an equivaent number of cyclesin the
loading block of the LHL. Figure 2.6 shows the loading sequence of the LHL method
where Pu isthe ultimate design load [11], [14].

pPOpb-i--————— —— ——

Cycles

Figure 2.6 Low—High-Low loading regime

2.3 Design Loads

Many factors influence the calculation of wind loads on aroof system such asthe location,
terrain categories, shieding, topographic effect, building height, roof pitch and wind
direction The standards ASNZS1170.2 - Structural design actions, Part 2: Wind actions
[3] or AS4055 - Wind loads for housing [6] can be used to calculate the wind loads on the
sructure and envelope  Net suction pressures on cladding and its fixings are the highest
near the gable end of aroof and the edge of alow pitched roof as shown in Figure 2.7. For
example a building 5m highin cydonic region C with a terrain category of 2.5

givesVy,, =60.6m/s. Interna and externd pressure coefficients are dependent on the

desq
building geometry and the roof pitch. The maximum externa pressure coefficient for a

roof is (Cp,e) = -0.9. Local pressure factors for the roof edge and gableis (ki) = 2 giving a
factored externd pressure coefficient (Cp e) = -1.8. Theinterna pressure coefficient (Cp,)
= 0.7, and combined with the externa pressure coefficient gives a net pressure coefficient
(Cp,n) =-2.5. From thisthe net design pressure of the roof is calculated

by pnet = Cp,n 0.5r airV2

tesg » WhereV

tesq = 00.6m/s, resulting in a net pressure of 5.5 kPa.

This pressure acts over atributary area of approximately 1.2m? giving aload of 6.6kN.
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Local pressure
factor region

Local pressure
factor region

e

Wind direction Wind direction

Figure 2.7 Areas on the roof and wall subjected to high pressures with aloca pressure
factor of ki = 2

24  Rainflow Count Method

Wind pressures are highly fluctuating and random and are difficult to Smulate.  In order
to carry out afaigue andys's on the batten truss connection it is required that the number
of cycles can be counted and the period of time in which they occur can be determined.
There are anumber of atistica methods which enable the number of cyclesto be counted,
the most gppropriate being the rainflow count method [1]. The rainflow method isacycle-
counting technique that enables the smplification of complex loading sequencesin aform
suitable for fatigue analyss of ructures, such asfatiguelife prediction and Smulation
testing. Rainflow counting results dlows a recongtruction of a possibly different sequence
which contains exactly the same cycles as the origind sequence. This method dso gives
the mean value and the peak to peak range of each cycle, and provides a count of the
cydeswithin nominated means and ranges [1].

Cycdes of pressure determined using the rainflow count method, have been extracted from
pressure measurements on the 13.7 (w) x 9.1 (d) x 4.0 (h) mfull-scale Texas Tech
building. Findings showed that the battentruss connection is subjected to the Smilar
number of cycles as the cladding however, loads are of alower megnitude [10].
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25  FatigueL ifeunder Wind Loading

The variable nature of wind loading produces fluctuating stresses in structures with
contributions from resonant and background (sub-resonant) components. For most
sructures wide band background contribution is usudly the dominant source of fatigue
damage. Some wind loading Stuations produce resonant narrow- band vibrations as shown
in Fgure 28. Wide band random vibrations consists of contributions over abroad range
of frequencies, with large background response peaks thistype of responseistypical for
wind loading, as shown in Figure 2.9.

stk .
| N

Figure 2.9 Wide band random vibrations [13]

A number of cycle counting methods for wide band stress variaions have been proposed,
with the rainflow count method considered the most appropriate. The fractiond fatigue
damage D under wide band random stress variation can be written as:

D=I1D,, (2.9
where, Dy is the damage caculated for narrow band vibration with the same standard
deviation asthe wide band vibrations. ?is a parameter determined empiricaly. The

13
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gpproach used to determine ?isto use smulations of wide band processes with spectral
dengties of various shapes and band-widths, and rainflow counting for fatigue cycles. The

formulato etimate ?is

| =a+(1- a)i-e) (25)
where a and b arefunctions of the exponent m fromthe Equation 2.1
a € 0.926- 0.033m (2.6)
b €1.587m- 2.323 27
eisthe spectral bandwidth parameter equal to:
2
e=1- o (28)
m,m,
where my is the kth moment of the spectra dengty defined by:
¥
= of “S(f )df (2.9)
0

For narrow band vibration e tends to zero and ? approaches 1. As e tends to its maximum

possble vaue of 1, ? approachesa. These vaues enable upper and lower limits on the
damage to be determined [13].

26  Fatigueof Cladding and itsFixings

26.1 Material

The most common light gauge metd dadding used in domestic roofing is of the corrugated
or rib/pan profiles, and is rolled from 0.42mm bmt G550 coil. The measured mean yield
stresstypicaly exceeds 700MPa, satisfying the minimum yield stress for G550 of
550MPa. The mechanical properties vary in the longitudina and transverse directions of

the coil. Three common pierce fixed profiles are shown in Figure 2.10.

/’/j" ’ \\\

(@) Corrugated Type
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(b) Trapezoida Type

ZIN

(0) Rib-Pan Type
Figure 2.10 Common cladding profiles [24]

2.6.2 FatiguePerformance

The fatigue behaviour of the cladding is dependent on the load causing locd plagtic
deformation (LPD), seen as dimpling under the screws around the fastener holes. The
LPD srength strongly influences the fatigue life. The resstance to fatigue of the cladding
increases noticeably if the cyclic load per fastener is kept below the LPD load. It was
noted that there is a progressive reduction in the strength of the cladding- fastener assembly
under repeated loading and the number of cyclesto failure increases as the load per
fastener decreases [11].

The fatigue resistance of the corrugated cladding at low amplitude block loading is higher
than thet of the rib -pan and trapezoidal cladding, but under high amplitude loading the
Stuation isreversed. Studies have found that the cladding profile does affect the
mechanism of fatigue damage accumulation. Laboratory studies have dso showed that a
decreased block load, following crack initiation from a higher block load, resulted in

dower crack growth and longer life then if the higher block load was continued. Whereas
rapid crack growth was observed, decreasing the cladding life when an increased load was
gpplied after crack initiation from alower block load.

15
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From extensve congtant amplitude cydic load tests for the corrugated profile, different
crack propagation modes were observed for cycling a different load levels. Sample data
collected in laboratory experiments showed the variable nature of fatigue of claddings,
which isnot just limited to the variation in materid properties across the cail, but dso
includes tightness, dignment and position of the screw on the crest or rib. Figure2.11
shows the different modes of crack initiation and propagation indicative of different fatigue
responses depending on the load levels. Figure 2.12 shows the SN curve for corrugated
cladding fastened without cyclone washers. For the constant amplitude load tests, when
the load per cycleiswdl beow the LPD load of 600N, cracks propagated from the screw
hole dong the crest (Type B in Figure 2.11 and Segment 1 in Figure 2.12). When the load
per cycleis around 500N per fastener (approaching LPD) cracks propagate in both
longitudinal and transverse directions (Type A-B in Figure 2.11 and approaching Segment
2 from Segment 1 in Figure 2.12). For loads cycling through the LPD cracksinitiated a
the edges of the flattened crests where the cladding creases, with the cracks then
progressing towards the screw hole and failure within 1000 cycles (Type A in Figure 2.11
and Segment 2 in Figure 2.12). The Type C falureisfrom afew cycles at high loads, not
unlike adraight gtatic pull through failure [11], [15], [23] and [24].

Type B

f

Type A

Type C

Figure 2.11 Crack patterns from congtant amplitude cyclic loading [11]

16



Chapter 2 Literature Review

Ave, Max. Cyclic Load per Fastener (N)
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Figure 2.12 S-N curve for corrugated cladding fastened without cyclone washers [15]
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Chapter 3 Experimental M ethod

A number of laboratory experiments were designed to investigate the fatigue behaviour of
light gauge metal roof battens. The selected battens were subjected to arange of dtatic and
cyclic loads to obtain the satic failure load and the fatigue performance. The Stramit
Cyclonic Roof batten and the BHP Topspan 40 batten shown if Figures 3.1 and 3.2 were
chosen for testing, asthese are considered to be most commonly used inindustry. The
specification for the BHP and Stramit batters are givenin Appendix A. Thetestswere
formulated to establish the static capacity of the batten truss connection, and results from
the static tests where used to define the cyclic load bounds.  Cyclic loads were applied at
percentages of the average dtatic capacity until failure. A range of cyclic testswere
conducted at different percentages allowing an S-N curve to be developed. After obtaining
the SN curve, aseries of block load tests were conducted to determine if Miner’srule
could used to predict the fatigue life of each batten.

Figure 3.1 Cross-section of Stramit Cyclonic Roof batten

Figure 3.2 Cross-section of BHP Topspan 40 batten
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3.1 Test Configuration

Tests were conducted on the INSTRON (model 1342) universd testing machine with a
capacity of 100kN, in the structures lab at the School of Engineering, James Cook
University. The INSTRON was cdibrated using a proving ring before testing was
undertaken. The cdlibration results are shown in Appendix B. A testing apparatus which
smulated the battentruss connection had to be designed in order to carry out the tests
The lengths of the test specimens were specified as 150 mm, dlowing the testing gpparatus
to be desigred to eadily fit into the INSTRON. The gpparatus was designed to adlow the
batten to be subjected to static and cyclic loads. This was done by ensuring the apparatus
could apply a congtant loading rate aswell as asnusoida load to the batten Figure 3.3
shows the batten truss connection apparatus attached to the INSTRON and Figure 34
shows a schemeatic diagram of the testing apparatus. A SHS bar supports the top of the
batten and is attached to the fixed ram on the INSTRON. The batten was bolted to the
trusswhich was connected to the loading ram. Loads were applied by displacing the
loading ram downwards at a constant rate for the static tests and by applying snusoida
loading wave for the cyclic tests. However, the apparatus design was limited to bounds
cyding from zero or greater to anominated upper bound, smulating a suction loading.
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Batten-truss
connection
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Figure 3.3 Test Setup
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Figure 3.4 Schematic of testing gpparatus (not to scale)
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A number of trials were conducted to devise a satisfactory test setup. Initidly the batten
was attached to atimber truss however, the timber trusses encountered problemswith
Folitting or screw falure. To overcome this problem ametal block was constructed from
6mm plate; two holes were predrilled in the top of the block so that the batten could be
bolted to the truss. Washers were made up to the dimensions of the 12 gauge screw
washer. The thickness of the washers were altered after the first two static tests asthethin
washer was buckling and not Smulating the screw washer. It was determined thet a
thicker washer with rounded edges (as sharp edges acted as a cutting tool), Smulated the
screw washer as shown in Figure 3.5. Figure 3.5 shows the comparison of the screw head
used to fasten the battens to the timber trusses and the washer used in the |aboratory
experiments.

Figure 3.5 Batten screw (12 gauge) and washer used in laboratory experiments

32 TensileTests
A number of tendle tests were conducted on the batten materia in thelongitudind
direction Test gpecimen dimensons were determined in accordance with AS1391 —
methods for tensile testing of metas [4] and the selected test section dimensions are shown
inFigure 36. Thetestswere carried out to determine the tensile strength of the batten
materia and to compare the experimentd tendle strength with the specified minimum
tendle strength of 550M Pa. The width, thickness and initid length were measured usng
vernier cdlipers and used in cdculating the tensile strength. The test specimens were
loaded a Imm/min and the INSTRON recorded the load, displacement and the maximum
load reached. The tendle strength was calculated as follows:
I:m
R, = S (3.1)

(]
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where R, isthetensle strength, F, isthe maximum forceand S, isthe origind cross

sectiond area of the test piece within the gauge length.

12 mm
i 0 FEB//

Zorm

12.5mm

43mrm 4 3mm

1E&0mm

Fgure 3.6 Tensle test dimensons (not to scae)

33  Static Tests

A series of gatic load tests were carried out on the BHP and Stramit battens, the failure
load recorded, and the average failure loads were calculated for each batten type. Static
tests where conducted by loading the INSTRON at a constant displacement rate until the
batten disengaged from the truss connection. A 5Smm/min loading rate was chosen for the
datic test with the INSTRON recording the load and displacement which was plotted and
the failure load obtained.

34  Congant Amplitude Cyclic Tests

Determination of the average static failure load for the Stramit and BHP battens dlowsthe
upper loading bounds for the constant amplitude cyclic teststo be specified. The
INSTRON was programmed to the required wave function, cyding frequency and cyding
range. The snusoida wave function was used for the cydlic tests, which dlows the
INSTRON to cycle between an upper and lower load bound. Constant amplitude cyclic
tests were conducted between bounds of zero to a percentage of the average satic falure
load. Cyclic loads were gpplied to the battens until disengagement from the connection
and the number of cyclesto fallure were recorded and used to plot the S-N curve.
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35 Block CyclicLoad Tests

The battens were subjected to blocks of |oading cycles determined using the data obtained
from the congtant amplitude cyclic tests and the SN curve. Assuming that Miner’'sRuleis
applicable, pre-determined loading blocks were gpplied to the battens. The number of
cycles and the percentage of the average static failure load the block cycled at were
recorded. Thiswas done for each loading block until the batten disengaged from the
connection. Miner’s rule was applied to the recorded results to determineiif it is
gppropriate to predict the fatigue life of the batten. The loading sequence was dso varied
to determine if the order of loading had an effect on the fatigue performance, asit was
noted in Chapter 2 that the order of loading isa criticad factor for predicting roof cladding
fatigue
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Chapter 4 Experimental Results, Discussion and Analysis

41 TensileTests

Tenslle test were conducted on five test specimens taken from the BHP battens and five
tests specimens taken from the Stramit battens. Tendle tests were conducted by applying a
load at a constant rate, the failure load was recorded and givenin Appendix C. The
maximum load was used to ca culate the tensile strength as shown in Table 4.1.

Table4.1 Tendle test results

Tensile
Sample No. strength (M Pa)

BHP 1 651.16

BHP 2 649.54

BHP 3 631.91

BHP 4 645.96

BHP5 652.42
Average 646.20

Standard deviation 8.34
Cosfficient of variation 1.29%
Tensile
Sample No. strength (M Pa)
Stramit 1 651.60
Stramit 2 651.85
Stramit 3 654.08
Stramit 4 647.60
Stramit 5 643.14
Average 649.65
Standard deviation 4.32

Coefficient of variation 0.66%

The minimum specified tendle srength of the G550 batten materia is 550MPa. Test
results have determined that the tensile strength is gpproximately 650M Pa verifying thet
thematerid specifications are satisfied The BHP batten material was observed to have a
gregter variability in results than the Stramit batten  This variability in the results can be
seen by comparing the coefficient of variation for each batten.  The BHP batten coefficient
of variationwas calculated to be 1.29% as opposed to the Stramit coefficient of variation

of 0.66%, these results deviate from each other by afactor of 2. However thesetengle
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tests were conducted on samples taken from one batten batch and to correctly determine if

there is variability in the BHP batten materia, additiond tensle tests need to be carried out
over alarger test range.

42 Static Tests

4.2.1 BHP Topspan 40 Batten

Static tests where performed on six BHP battens, with a number of Static test trids
conducted before the test setup was finalised. Detalled results for the trids and tests are
givenin Appendix D. A typica load vs. digolacement curve from test resultsis shown in
Figure4.1. Theload vs. displacement curve has two well defined peaks. Anexplanation
for thisisthat both batten fasteners do not fall a the sametime. The first peek isreached
when the batten starts to fail on one sde (crack initiation), and then the mgority of the
load istransferred to the other fastener until the batten tears around that fastener.
Generdly, the first pesk load was higher; however for some tests the second peak was
higher. In both cases the failure load was taken as the load at the first peak. Plots of load

vs. displacement for the BHP battens are givenin Appendix E. Summarised results for the
9x BHP gatic batten tests are shown in Table 4.2.

10

4 M
2 /
; / |

Load (kN)

0 5 10 15 20 25

Displacement (mm)

Figure 4.1 BHP Static Test |oad vs. displacement curve
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Table 4.2 BHP Batten fallure loads

Test No. Failure Load (kN)
6 8.17
7 7.58
8 8.46
9 6.60
10 6.50
11 8.03
Average 7.56
Standard deviation 0.83
Coefficient of variation 11%

A typicd gatic faillure mode for the BHP batten conssts of the crack pattern cutting out a
semi-circular shape around the washer and angling out towards the edges of the batten, as
seenin Fgure4.2. Another typicd failure mode was the crack arting at the washer edge
closest to the batten web and following aong the web crease and then angling towards the
edge, as seen in Figure 4.3. When comparing Figures 4.2 and 4.3 notice that the turned
over edge in Figure 4.2 is narrower than the turned over edge in Figure 4.3. It was
observed that disengagement of the batten from the connection occurred at this

unsymmetric narrow turned over edge for al the BHP Static load tests.

Figure 4.2 BHP batten gatic faillure mode at narrow turned over edge
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Figure 4.3 BHP batten gatic failure mode at the unsymmetric wider turned over edge

4.2.2 Stramit Cyclonic Roof Batten

Static load tests were performed on five Stramit roof batten samples. The INSTRON
recorded the load and displacement, and the plot of the load vs. displacement enabled the
falure load to be determined. Stramit battens behaved differently to the BHP battens, and
two types of load vs. diplacement curves were observed as shown in Figures 4.4 and 4.5.
Type 1 load vs. displacement curve, Figure 4.4 has the two well defined pesks smilar to
the BHP battens and the explanation for thisis the same for the BHP batten. Type 2 load
vs. displacement curve (Figure 45) has only one well defined peek. The postulation for
the behaviour of this curveisthat the cracking occurred smultaneoudly at both the batten
truss connections. Summarised results from the five Stramit static tests were recorded and
areshown in Teble 4.3.

Observation of the tests results have shown that the BHP batten has a greater varigtion in
results as opposed Stramit batten. The coefficient of variation is 11% and 6.37% for the
BHP static testsand the Stramit Static tests respectively. These coefficients of variation
deviate gpproximately by afactor 2 Smilar to that observed with the tensile tests.
However the datic test variation coefficientsdiffer by afactor of 10 compared to the
tensle test variation coefficient.  The higher variability in the BHP batten resultsis
ascribed to the varidhility in the materid and the geometry of the batten
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Figure 4.4 Type 1 Stramit Static test load vs. digplacement curve
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Figure 4.5 Type 2 Stramit dtatic test load vs. diplacement curve
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Table 4.3 Stramit batten falure loads

Test No. Failure Load (kN)
1 9.78
2 9.22
3 8.32
4 8.60
5 8.81
Average 8.95
Standard deviation 0.57
Cosfficient of variation 6%

Typica observed failure modes for the Stramit batten are shown in Figures 4.6 and 4.7.
Figure 4.6 shows the crack pattern following around the washer and noving longitudinaly
aong the edge of the groove in the batten leg on one side and cracking to the edge on the
other sde. Figure 4.7 shows the batten cracking in a semi-circular pattern around the
washer and then failing at the batten edge. Notice that the battens turned up edge is
buckled next to the washer, where there are large stress concentrations.

Figure 4.6 Stramit Batten failure mode

Figure 4.7 Stramit Batten failure mode
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4.3  Constant Amplitude Cyclic Tests

4.3.1 BHP Topspan 40 Batten

A series of congtant amplitude cyclic tests were conducted at 80% of the average static
failureload. However, anumber of difficulties where encountered with the battens such as
the washer tearing into the batten web on loading due to insufficient room caused by the
wide turned over edge. The inability to tighten the bolt sufficiently due to the turned over
leg edge was another difficulty encountered. Asshown in Table 4.4 this caused varied
results, with failure above 2000 cydles resulting from the bolt fallingin fatigue Thiswas
because the bolt was unable to be tightened sufficiently and the turned over edgecausing
unequa prying forces on the bolt. The very low cycles to falurewere due to the washer
cutting in to the batten web on initia loading of the batten, causing the batten to fall earlier
than expected. These observations have shown the importance of smulating the batten
hold down use in industry. Due to the restricted time limit of the project, further testing on
the BHP batten was discontinued.  Although these difficulties were encountered, it should
be noted that the average static faillure load is at least twice that of the battens specified
designload Therefore 80% of the average Stetic failure load is well above the specified
design load and the batten may behave differently at lower loads.

Table 4.4 Congtant amplitude test results for BHP batten

Upper cycle Cydlic No. of
bound (% O.f bound cyples Comments
a;/ei agels;:él)c (kN) f Fllll
ailure ailure
80% 6.5 2830 | Bt faled dueto fatigue
80% 6.5 195 Wz_ashe_r tore into web on |loading, test continued
' until failure
80% 65 412 Washer tore into web on loading, test continued
until failure
80% 6.5 2385 | Bolt faled dueto fatigue
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4.3.2 Stramit Cyclonic Roof Batten

A number of constant amplitude cyclic testswere conducted, cycling between a lower

bound of zero and an upper bound from between 40% to 80% of the average Satic falure
load, with tests at 5% increments. A number of trid tests were conducted to determine the
amplitude and frequency the INSTRON should be st at to achieve the best reslts for the
required test bound. This was done to account for the force feedback controller of the
INSTRON and the weight of the testing apparatus. Details of the INSTRON set up suchas
ramp, amplitude, frequency and detailed results are outlined in Appendix F. A load test

was conducted at 30% of the average dtatic failure load and took grester than 10,000 cycles
tofal. Dueto thetime congraints of the research project, cyclic tests at loads lower than

40 % of the average Static failure load were not considered. A summary of results for the

congtant amplitude cydlic tests are shown in Table 4.5.

Table 4.5 Constant amplitude test results for Stramit batten

Cyclebound Upper No. of
(% of the bound les till

static failure EuNn c¥c_|est|
load) (kN) ailure
85% 7.60 322
80% 7.20 3%
75% 6.70 433
70% 6.30 677
65% 5.80 733
60% 5.40 1164
55% 4.90 1225
50% 4.50 1562
45% 4.00 2000
40% 3.60 3567

The results from the congtant amplitude cydlic tests can be plotted to determine the S-N
curve for the Stramit batten as described in Chapter 2. The load vs. number of cyclesto
falure (S-N curve) iswdl agpproximated by a sraight line, shown in Figure 4.8. The
equation for the line of best fit for the data pointsis found to be S = 48.508N 322 where Sis
the stress amplitude in kN and N is the number of cyclesto fallure. The coefficient of

determination (R?) is 0.9755 gjving a corrdlation coefficientr = - J0.9755 . The negative
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correlation coefficient indicates a negative dope and as one varigble increases in this case
the stress amplitude the other variable (the number of cyclesto failure) decreases This
negative corrdaion coefficient of r = - 0.9877 indicates that the SN curve closdly

follows alinear rdationship whenlog Sis plotted againgt logN. The closer the correlation
coefficient isto 1 or -1 the stronger the linear relationship. To rearrange the formulainto

the form NS" = K, which is used in determining fatigue damage under wide band random
sressvariaions[13], log S must be plotted on the x axisand log N on the y axis as shown
in Figure 49. This graph gives the equation N = 1506905 >-°2°8 which can be rearranged to
give NS*92% = 150690, wherem = 3.0298 and K =150690. This equation will be used
later in finding the fatigue damage under wide band random sress varidions.
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N (number of cyclesto failure)

Figure 4.8 SN curvefor Stramit Cyclonic Roof batten
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Figure 4.9 N-S curve for the Stramit batten

During the congtant amplitude cyclic tests the batten s failure process was observed. The
failure process conssted of the batten initidly deforming plagticaly around the washer a

the web crease and the turned up edge buckling in towards the washer where the stress
concentrations were the highest. A 5 mm crack then formed on the underside of the batten,
however at this Sage it is not observed on the top Sde of the batten. The 5 mm crack then
became vigble on the top side of the batten and began to propagate longitudinally dong

the web crease. The crack progressed from a crack that opened and closed to a crack that
stayed opendue to the plastic deformation. Once the crack was open, disengagement of
the batten from the truss connection was rapid, with the crack tearing out towardsthe edges
in afailure mode shown in Figures 4.10, 4.11, 4.12, 4.13.

There are four noticeably different crack patterns for the congtant amplitude cyclic tests as
shown in Figures 4.10, 4.11, 4.12, and 4.13. Type A cracked longitudindly adong the web
crease and failed through the bolt hole, whereas Type B cracked longitudindly dong the
web crease and around the bolt hole, cutting apiece out. Type C and D cracked
longitudindly aong the web crease however, didn' t fail dong this crack indteed falling a
the bolt hole. Observations shown in Table 4.6 have found that crack Type A and B are
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conggtent with the higher loading greater than about 60% of the average static failure load,
where as Type C and D crack pattern are associated with the load ranges lower than 60%
of the average Stic falure load. Studies on cladding have found that this crack behaviour
indicates a different fatigue response with the load levels giving a segmented SN curve as
shown in Figure 2.12. However, this does not look to be the case for the Stramit battens as

the SN curve can be well gpproximated by a straight line.

Figure 4.10 Type A Figure 4.11 TypeB

Figure4.12 Type C Figure 4.13 Type D
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Table 4.6 Crack types a different load levels

Upper bound Upper bound % of Crack type at | Crack type at
load (kN) aver age static bolt hole 1 bolt hole 2
failureload
7.6 85% B B
7.2 80% B A
6.7 75% B A
6.3 70% A A
5.8 65% B A
54 60% A B
4.9 55% C C
4.5 50% D C
4.0 45% D D
3.6 40% C C

Full scale tests have been conducted on 0.75 bt top hat roof battensfor a building located
incyclonic area by the Cyclone Tegting Station in the large pressure airbox at James Cook
University [19]. Inspections of the crack patterns on the battens tested in the airbox have
found that the crack behaviour closdly resembled the crack patterns observed in these
laboratory tests. Figures 4.14 and 4.15 show thetypicd crack patterrs observed on the
battens tested by the Cyclone Testing Station. Figure 4.14 shows alongitudina crack
aong the web crease and the batten failing by tearing around the screw.  This petternis
gamiler to the crack behaviour seenin Figure 4.13 (Type D). Figure 4.15 shows the crack
forming longitudindly dong the web crease and failing through the screw hole. This
pattern is amilar to the crack behaviour seenin Figures 4.10 (Type A). Figures 4.10 and
4.11 show that for loads greater than 60% of the average static failure load, failure occurs
aong theweb crease. However, Figures 4.12 and 4.13 shows the cracks form aong the
web crease but fail at the bolt hole, which is characterigtic of the lower loads.
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Figure 4.14 Baten fallurein Cyclone Testing Station air-box test

Figure 4.15 Baten falurein Cyclone Tegting Station ar-box test

4.4 Block Loads

44.1 Stramit Cyclonic Roof Batten
For the purpose of these tests two different load amplitudes 50% and 70% of the Stetic
failure load where chosen and four different load combinations were tested. These werein
the following load sequences:

50% - 70%

70% - 50%

50% - 70% - 50%

70% - 50% -70%
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Reaults from the block load testsshown in Table 4.7 are used in determining if Miner’'s
Rule can predict the fatigue behaviour of the Stramit batten. Tests carried out on cladding
have shown that the low-high-low block loads have a different faillure mechanism to the
high-low-high block loads. Table 4.7 shows the damage coefficient at failure of the
Stramit batten under the range of block loads indicated.

Table 4.7 Block load test results

No. No. | Cycles | Cycles | & i

1% l\llo._ nd cycles | 39 | cycles| to to a N;
block %{CB?S'E block | in29 | block | in39 | falure | failure | At

oc block block | at50% | at 70% | failure

50% 780 70% 100 na na | 1637 576 0.65

70% 340 50% | 1495 na na | 1637 576 1.50

50% 390 70% 340 50% | 801 | 1637 576 1.32

70% 170 50% 780 70% | 170 | 1637 576 1.07

Note: Percentages are of the average Static failure load

According to Miner’ s rule the sum of the proportion of cycles at agiven sressleve to the
tota number of cyclesisequd to 1.0, a falure. That is,

o N
—1 =1
ay

The proportion of damage resulting from arange of block cycle loads é % is defined as

the damage coefficient. For a damage coefficient < 1.0 Miner’srule implies thet failure
does not take place, however for adamage coefficient > 1.0 the number of cyclesto falure
IS exceeded.

Determining if Miner’s rule can be gpplied to predict the fatigue life of the battensis
difficult as the Stramit batten has shown smilarities and differences to the fatigue
performance of cladding. It was found that Miner’s rule could not be used to predict the
fatigue performance of dadding as different modes of crack initiationand propagation
were observed indicating a different fatigue response depending on the load leve [11].
Miner’srule relies on constant materia properties and does not cope well with changing
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profile shape, strength and diffness. Different modes of cracking at different load levels
were observed for the Stramit batten as shown in Figures 4.10 to 4.13 and may indicate
that Miner’ srule may not be satisfied.

The S-N curve for cladding was found to be segmented as shown in Figure 2.12 and could
not be approximated by asingle graight line. The Stramit batten S-N curve closdy
followed agraight line whenlog Sis plotted againgt log N, in thisform it is often accepted
that Miner’s rule can be applied to determine the fatigue performance.

Resultsin Table 4.7 show that the sequence of applied loads of varying magnitudes
produce different damage coefficients. Observations of the batten resultsin Table 4.7
show that if alower load block is applied after crack initiation from alarge load block the
batten has a longer fatigue life and the damage coefficient is greater than if the higher

block load is applied after crack initiation from alow load block. When andysng the
damage coefficients a failure for each of the block load tests the results range between
0.65 and 1.5, whichiswithin -35% to 50% of 1. However thereis some vaidhility in the
test results and only four tests were conducted in which these observations are based on.
To better understand if Miner’s rule could be used to determine the fatigue performance of
the batten, additiond block cyclic load tests need to be conducted. A limited number of
block cyclic load test results have shown some variahility as the damage coefficients
deviate from 1 by -35% to +50%. Miner'srulemay be applied asapreiminary esimation
for determining the damage caused to the batten until more block cyclic tess are
conducted.

The crack initiation and propagation was closaly observed and recorded for two constant
amplitude cyclic tests. These observations were recorded at 80% and 70% of the average
datic falure load and are given in Appendix G. Failure occurred rapidly once an open
crack was formed and for the purpose of discussion the open crack stage is defined as
critical damage. Table 4.8 showsthe number of cycleswhereit is estimated that critical
damage is doserved and the corresponding damage coefficient. The average damage
coefficient for critical damageis0.94. Miner’s Rule has been accepted as a preliminary
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estimation to determine the damage caused to the batten, therefore at failure the proportion
of the cycles a agiven stressto the total number of cyclesis equa to 1.0. The mean
damage coefficient of 0.94 for the critical damage supportsthe initial assumption that the
batten failure can be adopted as disengagement from the connection. However, asthereis
evidence of different crack propagation at different load levels, this assumption needs to be
confirmed through further testing and observetion for load levels less than 60%.

Table 4.8 Criticd damage coefficient

% of average Estimated number of cycles | Number of cycles| o n,
satic failure load at critical damage (ny) tofailure(N;) a N_.
80% 350 380 0.92

70% 550 570 0.96

45  Application of loading regimes

Accepting that Miner’ s rule can be used to predict the fatigue life of the batten, cydlic
pressure distributions from standard testing regimes such asTR440, DABM and L-H-L
were applied and the damage coefficient é % assigned for eech test. TR440isshownin

Table4.9, L-H-L shownin Table 4.10 and the DABM shownin Table 4.11. Parametersin
the table columnsare: ny isthe number of cycles, S istheload cycled a in kN and N; is
the number of cyclesto falure at theload S. Theload cycled at (Si) was a percentage of
the ultimate design load of the batten and the load percentage depended on the testing
regime specifications. With the assumption that Miner’ s rule can be used it can be seen

that the TR440 testing regime isthe least severe regime giving adameage coefficient of 0.3,
followed dosdly by the L-H-L with adamage coefficient of 0.43. Under the more
conservative DABM the batten seemsto only just fail with a damage coefficient of 1.03.
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Table 4.9 Batten behaviour under TR440

TR440
cycle block n; S (kN) N;
1 8000 1.52 42377
2 2000 1.90 21553
3 200 2.47 9734
4 1 4.94 1192
Damage coefficient  0.30

No batten fallure

Table 4.10 Batten behaviour under L-H-L

L-H-L

cycle block n; S (kN) N;
1 4500 1.71 29659
2 600 2.28 12405
3 75 2.85 6310
4 9 3.42 3632
5 1 3.80 2639
6 9 3.42 3632
7 75 2.85 6310
8 600 2.28 12405
9 4500 1.71 29659

Damage Coefficient  0.43

No batten falure

Table 4.11 Batten behaviour under DABM

DABM
cycle block n; Si (kN) N
1 10000 247 9734
2 1 4.56 1519
Damage Coefficient  1.03
Batten faled

4.6  Fatigue Behaviour under Wind Loading

The rainflow count method is a cycle- counting technique that enables the smplification of
complex loading sequencesin aform suitable for fatigue analyss of structures, such as
fetigue life prediction and smulation testing. Pressure measurements obtained on the 13.7
(b) x 9.1 (d) x 4.0 (h) m full-scale Texas Tech building were smplified usng the ranflow
count method to determine the number of pressure cycles and their means and ranges [10].
Usnga design of Area B on the Texas Tech building shown in Figure 4.16 the fluctuating

40



Chapter 4 Experimental Results, Discusson and Andyss

pressure cycles were counted over a 15 min period and the Cp’s presented in Table 4.12,

P

where Cp = ————
P~ osr U2

gving p = 0.5Cpr ,,U,2. The15min pressuresignd is assumed

to be represented 16 times to Smulate a4 hr design wind event.

Figure4.1613.7" 9.1~ 4.0 mfull-scae Texas Tech building showing dadding-
fastener tributary area A (1.0 0.2 m?) and batten-trusstributary areaB (1.0~ 1.8 nt) [10]

Table4.12 AreaB Net Cps [10]

5.72(5.09 |4.45|3.82|3.18(2.54(1.91|1.27 |0.64/0.00
Renge 6.36(5.72|5.09|4.45|3.82(3.18 (2.54|1.91 |1.27|0.64
Mean
0.0 [-0.64| . . . . . . . . . .
-0.64-1.27( . . . . . . . . . 1120
-1.271-1.91 . . . . . . . . 9 1598
-1.911-2.54| . . . . . . 2 | 8 | 57 (2680
-2.54(-3.18 . . . 1 2 5 10 | 26 | 67 |1779
-3.18-3.82( . . 1 1 1 2 5|11 |39 (759
-3.821-4.45| 1 1 . 2 1 3 5 |10 | 24 | 277
-4.45/-5.09( . . . . . . 2 6 | 16 | 146
-5.091-5.72( . . . . . . . 1 5 | 54
-5.721-6.36| . . . . . . . . . 3
TOTAL | 1 1 1 4 4 |10 | 24 | 62 |217|7416

Although laboratory testsinvolving different mean and range vaues have not been
conducted on the batten truss, an analysis on the batten behaviour using the datafrom the
Texas Tech building has been carried out. The means and ranges of the pressure
fluctuation were considered to be acriticd factor in the andy sis of the fatigue behaviour of
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dadding. However, due to time restrictions laboratory testing using different means and
cycling bounds have not been conducted. To investigate the battens fatigue behaviour
only the upper range will be analysed, and damage calculated using findings from the
congtant amplitude cyclic tests cycling between zero and an upper bound giving more
conservative results. The pressure cycles are given in pressure coefficients (Cp) and
therefore have to be converted into a pressure where p (kPa) is given by:
p=05rU2Cp

where ? isthe dengity of air (1.2 kg/n?) and U, isat 4m, U, iscaculated by:

Y~ 052 7

10mTC2
whereU romrcs = 70M/ s the pressure is converted into aload (S) over an areaof 1.2m? for

atypicad domestic house roof system batten truss connection. Table 4.13 showsthe
pressure cycles and the fatigue behaviour. Results from this andys's show that the batten
can undergo just over 8 hours of asustained design wind events of Smilar nature to the

pressure subjected to the Texas Tech building.
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Table4.13 Batten behaviour under pressure measurement from the Texas Tech building

Uiomtc2 (M/s) = 70

Usm (mM/s) = 36.4

Tributary Area (nf) = 1.2

Area B Net Cps

Upper Cp pkP | n [SKN)[ N,

0.64 0.51 7416 0.61 671931
1.27 1.01 217 1.21 84253
191 1.52 62 1.82 24469
2.4 2.02 24 2.42 10316
3.18 2.53 10 3.03 5222
3.82 3.04 4 3.64 2996
4.45 3.54 4 4.25 1887
5.09 4.05 1 4.86 1256
572 4.55 1 5.46 882
6.36 5.06 1 6.07 639

Damage Cosfficient 0.03 15 min duration
0.44  4hr duration

Batten not failed

4.7  Narrow Band and Wide Band Damage

The fluctuating nature of wind loading produces fluctuating stressesin structures with
contributions from resonant and background (sub-resonant) components. For most
structures wide band background contribution is usualy the dominant source of fatigue
damage, however some wind loading Situations produce resonant narrow-band vibrations.
The fractiond fatigue damage under wide band random stress variation can be written as:
D=I1D,, [13]

where, Dy, isthe damage calculated for narrow band vibration with the same standard
deviation as the wide band vibrations. Thevaueof ? can be calculated by using the
equation | =a+(1- a)(1- e)° givenin Chapter 2 where eisfound from the spectral
density graph for the test data from the Texas tech building. From the spectral density
graph ? = 0.84 and the wide band damage D = 0.44, therefore the damage due to narrow
band vibrations can be caculated. Dy = 0.52 showing that more damageis caused by a
narrow band vibrationwith the same standard deviation as the wide band vibration.

Essentidly theequation D =1 D, isused if the number of pressure cydesis counted
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using the upcrossing method giving the narrow band damage.  Wide band damage can be
determined by calculating ? from the spectral dengity graph

4.8 Cladding Fatigue vs. Batten Fatigue

A series of fatigue tests were carried out on Stramit battens using andys's methods for
determining the fatigue behaviour of cladding. Both the batten and the cladding are
manufactured from G550 cail, having aminimum yield stress of 550M Pa. The mechanicd
properties vary in the longitudind and the transverse direction of the coil. Studies have
found that the cladding coil sheeting has a mean yield stress that exceeded 700M Pa, with
the mean yidd dressin the longitudind direction typicaly 720MPaand 780MPain the
transverse direction [11]. Dueto the geometry of the battens only the longitudind
properties could be tested obtaining atensile strength of gpproximately 650M Pa and the
yidd strength of approximately 600MPa. The Stramit and BHP battens are 0.75mm bmt,
and are specified for cyclonic areas, whereas the cladding is 0.42mm bmt. The process of
cold working is used to obtain the desired bmt, this cold working processincreasesthe
yield srength of the materid, hence the thinner the materid the higher the yidd sress.

The fatigue behaviour of cladding is dependent on the load causing locd plastic
deformation (LPD), seen as dimpling under the screws around the fastener holes. The
resstance to fatigue of the cladding increases noticesgbly if the cyclic load per fagtener is
kept well below the LPD load. Laboratory studies on the cladding have shownthat a
decreased block load following crack initiation from a higher block load, resulted in dower
crack growth and longer life than if the higher load was continued Whereas the opposite
occurred if an increased block load followed crack initiation from alower block load.
Observations of the block cyclic load tests have also shown that this behaviour isa
characterigtic of the Stramit batten. However the damage coefficient &t falure for the
block cyclic load tests conducted only deviates from 1 by -35% and +50% and additional
tests need to be conducted to account for the variability in the results.

Another amilarity observed with the Stramit batten and the cladding is that different crack
patterns occur & different load levels. Both the cladding and the batten have four different
crack patterns shown in Figures 2.11 and 4.10 to 4.13. The four crack patterns for dadding
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are associated with four different load levels. The load levels associated with the four
different crack patterns are: loads well below the LPD load, |oads approaching the LPD
load, loads cycling through the LPD load and loads well abovethe LPD load. The Stramit
battens crack behaviour however has two crack patterns associated with loads greater than
60% of the average Stetic failure load, while the other two crack patterns are characterigtic
of loads less than 60% of the average static failure load. It was observed that for crack
patterns of |oads grester than 60% of the average tetic failure load, cracks initisted and
propagated aong the web crease and disengaged from the batten by aacking through the
bolt hole or tearing around the washer (Figures4.10 and 4.11). At loads lower than 60%
of the average static faillureload cracks formed longitudinaly aong the web crease
however faled a the bolt hole. These different modes of crack initiation and propagetion
indicate a different fatigue response depending on the load level. The claddings different
crack modes have been associated with a ssgmented SN curve shown in Figure 2.12,
however the SN curve for the Stramit batten is closdy approximated by a straight line.

Although the batten has shown characterigtics of different fatigue response there are not
enough results from the block cyclic load tests to clearly determine if Miner’srule can be
used to determine the fatigue damage of the batten. Miner’s rule has been accepted at this
stage however, as there will be variability intheresults Additiona block cyclic tests need
to be conducted before conduding if Miner’s rule can be used to predict the fatigue life of
the batten.

Studies conducted on four different fastening assemblies for corrugated cladding have
found thet the fatigue behaviour isinfluenced by the way the cladding is fastened [20].
The four fagtening assemblies investigated were cladding fastened without cyclone
washers a dternate crests, cladding fastened with cyclone washers at dternate crests,
cladding fastened without cyclone washer at every crest and the cladding fastened at
dternate valeys. Each of the fastening assemblies performed differently and had differing
SN curves. Corrugated cladding fastened at alternate crests without cyclone washers
showed a characteristic segmented S-N curve shown in Figure 2.12 previoudy discussed.
Incorporating cyclone washersinto the cladding assembly showed better fatigue
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performance, smoothing out the SN curve dthough it was dtill ssgmented. Cladding
fastened without cyclone washersat every crest showed a characteristic S-N curve that was
smooth and continuous, approximated closdy by astraight line. Fastening the cladding at
dternate valeysimproved the fatigue performance markedly and smoothed the SN curve
out compared with the S-N curve for cladding fastened at dternate crests without cyclone
washers[20]. From these observations it seems that the fatigue performance and the SN
curve may depend on the movement alowed by the fastener, the clearance between the
mediums (i.e. the cladding and the batten and the batten leg and the truss) and the stress

concentration area.

Cladding fastened without cyclone washers at dternate crests had theleast restricted
fastener assemble giving the worst fatigue properties out of the four assemblies. Sudies
conducted have shown that the fatigue behaviour can be improved with having tighter
fastenersinitidly. These tighter screws decrease the clearance between the crest and the
batten improving the fatigue properties  The tightened fasteners at the crest would creste a
reaction between the screw, the adjacent valleys and the batten spreading the fasteners load
out over agreater area  Also the tightened fastener will increase the surface areathe screw
head St on dlowing stressesto be distributed over alarger area.  However if the fastener
istoo tight, buckling is caused (LPD) which inturn results in premature fatigue failure.
Thetighter the fastener dlows the cladding and the screw to act as one component whereas
the looser screw and the cladding will act as separate entities, hence the cladding and the
screw will act againgt each other in ajerking motion promoting quicker fatigue failure.

The cladding fastened at every crest givesthe most restricted movement in the fasteners,
and has shown good fatigue properties and a smooth continuous S-N curve. Cladding
fastened at dternate valeys givesminima clearance between the cladding and the batten
aso showed good fatigue properties. Cladding fastened with cyclone washers distributes
the stress concentration over alarger area and stiffens the screw redtricting its movement
improving the fatigue performance. However it did not behave aswell as the cladding
fastened at every crest and cladding fastened at dternate valeys. These two assembles
(cladding fastened at every crest and cladding fastened at dternate valeys) are not
congdered practical in the building industry. Cladding fastened at every crest causes
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problems with timber splitting and cladding fasten at dternate valeys cause problems with
water lesking and is primarily used on wall dadding. However from these fatigue
performance observations it seems that the fatigue performance and the S-N curve may be
governed by the fagteners tightness, the clearance between the mediums and the restriction
of movement in the fagtener. 1t isaso considered that geometry affects the fetigue

performance.

Observations from the dadding may be related to predict the performance of the batten.
Results from the Stramit batten have shown that the SN curve iswell approximated by a
draight line. From the observation previoudy outlined this is whet would have been
expected. The batten and the truss sit flush againgt each other and the fastener isableto Sit
flat on the batten leg, dlowing limited movement in thefastener. Therefore the fastener

can eadily be tightened and will perform as one component with the batten. From these
observations it would be expected that the BHP would have different fatigue behaviour due
to its different geometry.

The presence of different crack patterns at different load levels would be expected. At
loads close to the Static failure load crack patterrs would be smilar to a gatic fallure,
Wheress a lower loads there is alonger time period for cracks to initiate, propagate and
grain hardening to develop. This crack behaviour and the associated load levels have been

discussed early in this chapter.
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Chapter 5 Conclusions and Recommendations

The fatigue behaviour of top hat metdl battens used in domestic house construction was
investigated in thisthess. The BHP Topspan 40 and the Stramit Cyclonic Roof batters
were chosen for testing as they were considered to be commonly usedin indudry. Tendle
tests were conducted on the batten materid in the longitudina direction to verify the
materia specifications. A number of Static test were carried out on each of the battens to
determine the average dtatic fallureload. This average satic failure load was used to
obtain the upper bounds for constant amplitude cyclic tests. A series of constant amplitude
tests were conducted cycling between zero and an upper bound. A number of difficulties
where encountered with the BHP batten such as the washer tearing into the web on loading
and difficulty with the bolt, being ungble to tighten it sufficiently due to the turned over
edges. These difficulties have demonstrated the need for correct replication of in practice
hold down and the sensitivity of the battens performance to the hold down conditions. It
was aso observed with the BHP batten that the geometry was unsymmetricd, with one
turned over edge being thicker and more flattened down than the other. Dueto these
difficulties with the BHP batten and the restricted time of the project, testing on the batten

was discontinued

An S-N curve was developed for the Stramit batten using the experimenta results from the
congtant amplitude cyclic tests. The SN curve was dosdy approximated by a sraight line
when log S was plotted against log N. Block loading tests conducted on the Stramit batten
veified that Miner’s rule could be applied as a prdiminary esimate to predict the fatigue
life of the batten. Testing regimes were anadysed theoreticaly to determine the batten
fatigue behaviour under these tests.  The batten' s fatigue behaviour was analysed usng
methods applied to determine the fatigue characteristics of dadding. Results from this
research can be used as abasisfor an extended study in the fatigue behaviour of battens.
The following conclusions and recommendations have been made based on the fatigue
iInvestigation.
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51 Conclusions
Tenslletests conducted on specimens taken from the longitudinal sectionof the batten
materid found that the tengle strength was approximately 650M Pa.
Static test results have shown that the BHP batten has an average atic failure load of
7.56kN and the Stramit batten has an average static failure load of 8.95kN. The
vaiahility in the BHP static test results can be atributed partly to the batten's
geometry and difficultieswith the turned over edges and the washer tearing into the
web on initid loading.
Correct replication of the BHP battens hold down used in industry is necessary asthis
affects the batten fatigue behaviour. This caused difficulties with the BHP batten such
asthe washer tearing into the web and the bolt failing in fatigue instead of the batten.
The turned over edge on the BHP batten causes the washer to St on an angle and dig
into the web where asif the bolt isn't tightened sufficiently the bolt failsingtead of the
batten.
The SN curve for the Stramit batten is closaly approximated by asingle straight line as
opposed to the segmented SN curve obtained for cladding.
The Stramit batten has shown crack patterns that are characterigtic of different load
levdlssmilar to the dadding. Four crack patterns were observed, with two crack
patterns associated with loads greater than 60% of the average tatic failure load and
the other two correlated with loads less than 60% of the average Stetic failure load.
It is shown that Miner’ s rule can be used as a preliminary means of predicting the
fatigue life of the Stramit batten. There is some variahility in the results and additiond
block cyclic load tests need to be conducted to make an adeguate conclusion on the
goplicability of Miner’srule to predict the battens fatigue damage.
The BHP and Stramit battens average dtatic failure load is gpproximeately twice the
ultimate design load for the specified batten layouts.
The Stramit batten has a damage coefficient of 0.3 and 0.43 for the TR440 and L-H-L
testing regime respectively. A 4 hour design wind event was dso theoreticdly
andysd for the batten giving a damage coefficient of 0.44. These results show that
the Stramit batten islikely to withstand an 8 hour design wind event. It can dso be
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5.2

seen that the L-H-L testing regime is a better representation of a4 hour design wind
event.

Batten failure can be defined as disengagement of the batten from the connection.
Miner’s rule has been accepted as a preliminary estimation for damage caused to the
batten and the mean critica damage coefficient is 0.94, hence being closeto 1.0 which
isthefalure criterion for Miner’srule.

The fatigue behaviour of the battens is found to be dependent on the fastener tightness,
the clearance between the mediums (i.e. batten leg and the truss), the area of stress

concentration and the batten geometry.

Recommendations

In order to determine if Miner’s rule can be accepted to correctly determine the
fatigue life of the Stramit batten additiona block load combinations should be
applied & different load levds.

Studies of other 0.75 bt battens should be conducted to determine if different
geometries will have an impact on the failure mechanism similar to the cladding
fatigue behaviour.

Testing on the battens should be conducted by replicating the correct batten hold
down used in industry asit has been observed from the BHP batten that the fatigue
performance is sengtive to the hold down conditions.

A number of cyclic testsshould be conducted at arange of mean load levels
representative of wind load characteristics. Thiswill enable a better understanding
of the fatigue behaviour at different means and load ranges.

Fatigue tests were only conducted on the batten connection and the affect of torsion
and bending was not taken into consderation. Once aufficient information has
been gathered on the fatigue performance on the batten-truss connection testing
procedures should be devised to investigate affects of torsion and bending.

The Stramit batten has exhibited good fatigue performance and investigations into
the batten fastener should be conducted to determine if the fagtener will fail in
fatigue before the batten.
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Studies of thethinner gauge stedl battens should be conducted to determine if the
different metal thicknesses will have an impact on the faigue response.
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Appendix A

Stramit Cyclonic Roof Batten Specifications
(Taken from Stramit Top Hats & Battens Capacity Tables product technical manual)

SELECTION & SPECIFICATION

Features

* High tensile steel — for high strength and low weight

= Quality products — with Stramit’s proven record for
manufacture and supply

+  Limic-state design data — for fully conforming designs
+ Fully tested ~ for technical confidence

+ Rolled safety edges on roof and ceiling battens — to
enhance user confidence

+ Knurled antd-slip surfaces on reof and ceiling battens -
for easier fastening

Applications

The range of Stramit® Top Hats is ideal for small to
medium sired sheds and similar structures. Stramit® Roof
Battens have been developed specifically for domestic
applications but may be used in small commercial seructures
as well, with Stramit® Cyclonic Roof Battens having
enhanced performance to endure the repeated loadings
that can be experienced in tropical cyclones. Stramit®
Ceiling Battens are intended for use with plasterboard
sheeting In both domestic and commencial situations.

Materials

Stramit” Top Hats & Bottens are manufactured from
high-tensile {G550/G500) steel with either ALZI 50
zinc-aluminium alloy or Z350 galvanised coating in full
conformance with AS1397,

Specification

Maintaining the structural integrity of a bullding structure
is important. Even an apparently small change in product
mazerial or dimensions can lead te a considerable reduction
in performance. Cine of the best ways to snsure structural
adequacy is to prepare and enforce an appropriate
specification for structural components.

A sugpested specification is:

“All top hatsiroof battens/ceiling batcens shall be Stramic
sections or approved equivalent supported by submission
of section properties and capacity calculationsidata in
accordance with AS4600, A53623 and AS1562. All sections
shall be produced frem high-tensile G30Q0IGS50 stee| with
a galvanised/zinc-aluminium alloy coating conforming o
AS1397. Al sections must be installed in accordance with the
manufscturers recommendations with particular reference
to the number, size, grade and positioning of fasteners.”

Adverse Conditions

Stromit® Top Hots and Battens will give excellent durabilicy
in most applications, In exposed conditions, unwashed areas
subject to salt-laden air or other corrosive matter may
need additional protection. Stromit™ Top Hots end Bottens
are not recommended for use in enclosed areas within
450mm of molst soil.

Compatiblity

Contact between gahvanised stesl and copper (e.g. pipewark)
must be avoided as premature corrosion will occur.

STRAMIT® TOP HATS & BATTENS - PRODUCT THICKNESS, GRADE AND MASS

preduct thickness bt stesl grade mass

Stramit® Top Haot THEAOTS 075 men G550 |26 kgim
Stramit® Tap Hat TH&4 100 1 20 mm G550 16T kgim
Stramit” Top Hoe TH&4120 1.0 mm G50 100 kgim
Stramit® Top Hat THRE0TE 0.75 mm GE50 1 45 kgim
Stramit’ Top Hat THREI00 1.00 mm G550 L8 kgim
Stramit” Top Hat THHE120 1.20 mim G500 A0 bgi'm
Stramnit’ Roof Batten 0.55 mm G550 077 kg/m
Stramit’ Cyclonic Roaf Batten 0.75 mm G550 0,98 kg/m
Setramit® Celling Batten 0.42 mm G0 CAT kg'm
Stramit® Perth Ceiling Batten 042 mm GIH0 034 kglm
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DESIGN DATA

General

Stramit recommends that all designs conform 1o relevant
Austraban Smndards such as AS| 170 series (Loading

Stramit” Bottens

#0emm

Pkt

-— Knurisd

Codes). AS4600 (Cold-formed steel structures) and N — St P I el T
AS3623 (Domestic metal framing). ey Loas-bisn bl e
: L] 1 v femm 1
Sizes
Stramit* Stromit” Cyclonic
Stramit® Top Hat Roaof Bottan PRoaf Batten
THE4 series TH9% series
G T L Blmm L Bimm
—_ | g e e A
(e, [ =i ad
- | ¥mm Llmm
Bémm | II'
| |I 5 " Stramit” Perth
P | tramit mit” Pe
| ! Ceiling Batten Celling Batten
|
. = ad lLH.-
4 = zimm * QR 10

L

Stramdt" Top Hae

10%mm fapproa

Stramit® Top Hat

THEAO7S, THE4 100, THE4120 THR&0TS, THHS1 00, THRe| 20

Section Properties

STRAMIT*TOP HATS & BATTEMS - FULL SECTION PROPERTIES

Section Aad 5 & i & 4 T r} f f L
e |0Fmm® [0mm® (Pme Pmm' 10wt 10nmt T i L o TN 1P
Stromit” Top Mot THESITS 15T P04 B3.T LAZ 3.06 197 .37 240 FER] 174 1m 150
Stromit® Top Hot THES G0 fie 16 i 148 4,03 Lsl 241 240 211 94 19 315
Stromit® Top Het THE4|T0 ] 147 164 472 47 151 351 41 156 (3 1na 410
Stramit” Top Hat TH3E0TS i 45 152 480 544 L r M5 il &7 157 LR ]
Srramic” Top Hat THSE 00 AL 1% 20z 639 TI? 19 1w A arl A 158 B3
Stromit* Top Mot THGE (20 18 189 42 145 A.53 477 477 44 FrA 158 I8 573
Stromit® Roof Botten 9211 a7 &7 8 .13 1,25 L7 L3 184 P %28 are 756
Stramit” Cyelonde Roaf Botten I ] 195 28 .36 162 I&2 (K] 157 FLE] 45 Ao a
Stramit® Cailing Batten 417 1% &0 03 0.3l 47 047 L) 183 154 a1 0.4%
Stramit® Perth Ceiling Batten  43.4 443 1313 037 1.3 043 ok ] ol 175 135 &0 050

STRAMIT"TOP HATS & BATTENS - EFFECTIVE SECTIOMN PROPERTIES

Setion Arpa J.F:tu ! fo . I . y b - i
e | e | Fmm? e | ¥ | Frem? [ Fmer | B | e
Stramit® Top Hat THEHTS 0.0 -140] B18 TAD T4 159 L0 ) .61
Stramit™ Top Haot THEHID0 (E] 13 | I 102 102 344 119 113 11%
Stramit™ Tep Hat THE41 20 184 143 145 I5& 154 418 4186 1 110
Stramit® Top Hat THIE0TS L0 13E 206G I8 118 471 149 e L%
Erramit® Top Hat THIE100 (£ E 315 165 165 10 &1 1% 1%
Stramit™ Top Hat THIG 20 1¥1 a1 386 put ] 204 158 157 188 148
Stramit” Roof Batten 508 108 1B &20 810 1.00 0.7y 120 riy
Stromit” Cyclonic Roof Botten E5d 180 5 i oé.fi 1.34 I.16 1.53 1.53
Stramit” Ceiling Botten i %) 184 Lmn 156 156 a2 022 et 1] 45
Stramir® Perth Ceifing Barten 152 155 154 126 128 024 025 C.39 039
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Stramit® Roof Battens

Stromit® Roof Battens may be used with either metal DARWIN DEEMED-TO-COMPLY

sheeting or with concrere/terracotta tiles. The relevant The Morthern Territory Building Advisory Committee

performance can be chrained from the following sections. has approved the Stramit” Cyclonic Roof Batten for
use in the Darwin area. Each application must conform

TILES to the specific details outlined in Design Data Sheets

Based on the foot traffic requirements of A53623 the M/630/1 and MIE30/2. These sheets are contined within

maximum span for Stramit® 055 Roof Batten it | 200mm. the Darwin Cyclone Area Building Manual ar can ba

This assumes a maximum batten spacing of 300mm and 2 obained from the local Stramit office.

maximum tile weight of 0.67 kPa.

METAL ROOFING

STRAMIT 0.55 ROOF BATTENS

MAXIMUM BATTEMN SPACINGS (mm)#

e | Trussspacing (mm), nsening and truss materal Stramit® sheeting, thicknass bmt. (mm) & fastening per sheat pee baten

: n«;b T a3 nerews irn 1.5 GAS, Manoclad” Covrugated Langypan’ Speed Dreck
T 0 | anem0 e o L9 G, | 2k Mald s i 1000 Lira®

# % or o0 cpe |7 o timber 041 048 [T [ 04 048 042 048
g “_-fh 450 600 0 (00| 450 800 SO0 1100| Ascrewa |Jsr Sser Yuer Seer | Beer Seer Jgor Seer |Icpddso
Wi 135 | 2200 ZI00 Z00 750 | 1200 Y00 17A0 1330] 1350 700 | %00 W00 1200 1200 | 1750 /7RO EESOC IS0 | 100 130
M2 14 |30 1300 2040 25 | Z200 1900 1370 950 | 1350 (700 | SO0 200 1200 1300 | 17500 FTSO. SISO FRS0-| 1700 RN
MI 296 [0 2080 1370 E00 | 630 12200 810 410 [ 1350 1700 | P00 W00 1200 1200 | I55K |7HED . 4550 2100 | |S50 1550
N4 443 [IBI0 (380 10 530 | 0RD 810 5S40 400 | 1250 1350 | W0 R0 WSO 1200 . 1430 1050 1400 | 050 1050
W5 A&53JIXM 950 &0 I | 750 560 3N - B850 85D %00 550 1100 . 950 950 | P00 70D
ME RB4 LSO TOO 480 - | 550 410 . B0 450  BOO - - L

STRAMIT® 0L75 CYCLONIC ROOF BATTENS

MAXIMUM BATTEN SPACINGS (mm) ¥

E # | Truss spacing {mm}, fastening and truss material Stramie® sheeting, thiduness bt (mm) & fassening per sheet per barren

A :E 1 Pl sermant a8 G50 | Moncined Corrugmed Langspan” Fneidek Speod Deck
'g ﬁ ‘_aN.-I':;a'ﬂ-ul'm..'!HmiIJ.hh 0 norpwa brvics |0 G850 00 1w Loitra*

= & o lxHolbngs [T o ember| 042 D48 | €41 049 | 042 048 | 055 055 | 042 04
; £

450 &00 900 1300 | 430 s00 900 1200 4 aszy Saswy Sasvy | dmsey Aussy | clhp Rserews |1 dip & 3 sereen

1 37 |E308 170 1140 A0 | P00 990 £50 480 | 300 1200 00 Fioo 1300|300 od  1ood 1004 1000
C1 554 IS0 Gl 70 570 | BRGS0 430 20| BCDC BOD B0 1600 | 8OO A50 TH0 O 650 650
C3 a7 6050 TAE S0 300 | AOO 450 300 . 550 550 550 &0 B B0 5 a0 450 450
C4 |1 D55 586 380 . &0 30 - - 00 400 = S0 400 00 350

dote that ac the truss spacings (batten pnd} shown foor traffic loads to AS1562 have been Spans map ba limited by sheeting
accounted far selection - 5@ righa-hand columns.
# Strength fimit-state wind pressaires in accordance with AS4055, allowing for local pressure areas. Spans will be limited by sheeong

3 ; selection — ses right-hand colamne
# Tha apparent anomaly that at higher pressures some profile spans are longer thar finer higher

performing products is due o the imiackon being solely related to the rumber af Gstenngs ine Spans may be [imiced by truss
the batven Praducts with more dlosely spaced Fisteners will have &0 incrensed capacity in thess salection — see beft-hand ¢olumng

CAFCETELANER,
Spans will be limited by truss
selection — see kefishand columns
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BHP Topspan 40 Batten Specification
(Taken from BHP Topspan Sted Roof Battens BHP building products brochure)

Economical Steel Roof Battens
for Non-Cyclonic Areas

1

T

|
ALEE Y

|

|

|

:
-

-

:

Torsean® 40 roof bawens from BHP
Building Products are the economical Installation

alternative to timber roof battens.

Made from hi-tensile Australian steel,
ToPseAN 40 roof batiens are lighter
than timber battens and because they E

will mest 1opether, storage, carrying

and handling are made easier.
TOPSEAN 40 battens can be lapped,

saving the time consuming process of ﬁ'—.:\..}_ﬁ

cutting to length and 5o malking them

quicker and easier 1o install Their FasTEMING BaTTEN TO TiMBER Type 17 Hex. washer head ltl.fr-dl'lllil'lg
i align- {sce Note 3 on follo for Eastener seTew, Soe data sheets for scoew
consistent straighmess simplifies align - ¥ i ek -fhfgplge % Lot

ment, and fastening is quick and easy

using self-drilling screws.

Batten ends are mitre-cut for simple I e e
installation at hip and valleys and the
rolled edges on TorsPar 40 battens
provide added safety when handling. RIDGE DETAIL — SHEET ROOFHG

Fix through flashing o batiens using
Material Specifications specified screws.

TOPSPAM 40 battens are manufac-
tured from BHP zvcaume® steel com- _'I| ?——Hmmbﬂ SR
plying with AS1397-G550-AZ150 e e B
(550 MPa minimum yield strength, L m;ﬂd ULWHEEEWWH’" L o il s

150 g/m® minimum coating mass). Yk BT
imi i ing [ ae end af E
Thickness (mm) (BMT) s | e e N e a  cmg on e

Yield Strength (MPa) 550
Coating 1
Mass fkg:? e ﬂ_;’g Allowable Batten Spacing
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Allowable Batten Spacing
In Non-Cyclonic Areas

Kotes | The tahies siv haund on 3 peteal Sesgn apmacach. The whies will gree s praiced pouint albmrmating bop and Bonom Lise ! per jotnd o [es enis.

ared ecoromic solurien for mos domesic bulllegs b mnvconc ares. Por 5 Famener sebention for dadding 12 gecge Type 17 or 13 - 11 padoced ol poim

specific design sivestons, infomadon on lstener ed ballen capacity way b
albsuirien] oo 8P Bulding Producis Technical Advmery Sercice (2 refevam
demils should e [nremcded i poer nesnes BHF Buiding Preducts offioe)

1. The design pressases huve boen deemmined from AST170 Pan 2, 1080, Section 3,

for bruildings up w0 & metres Bagh wash pescone coefficienic of + 0.2 imerdly
angl - 09 exernally with i lkocs] poessure fsoorof 13

1 Pameuer scleion (oo shen soul

) Foupine 2 off 12 - 1L 240 Type LT per joins

i} WS - misnin Truss chond moersl 10 BT - 2 off 10 s 15"

i) WA weirmmm s chond meaerial 1.0 86T - 3 off 141 - 16% 15*

T Wad - s Thuse chond maerisd |0 BT - 2 o 30 - box 15°

&= per staniland BHP Buiiding Froducts mcoessinudatioes.

T i batien spue: is 1200 sses for sheet or tile mal

Pl anus e iy te bumest on 3 s baten spacizg. The desigre
fabricaser should be conpacted lor this inlarmation. BHE Duildang Froduicts sy
designs ave 100 mim mecéimium hanen spacng

Bt covethuang uing, rowss 4 Senild ol paceed 5000 mom withou

Erygireasing, appral.

The isbsks hase been deirmined hesed on dhe kodliwing snmpeons

(1% baen 1 connnous sver al leacl 3 cpanc

i} adl enises are anilmnmly speced

(i) emener puBloue loms dicwenmined for bagen o Z chond connectn

st eoscrtmns 1o the chord of dar frs s in

g} W30 mimimum Tness dhond moverial 1.2 3MT 2 off 12 - 19220 1. Fx et pood

) WD - s Truss chord mesiersl |7 BMIT - 2 off 12 - 1% w20 mm#mwwmmn&.lﬁmwu;uum

@W“MMMJBIMT Tl 12 - 14 n 1" L9060 e e dhe 1Pmis spacing 13 #30 mom. Steapping shall be 10 x 23 mm
Hex Searmed i the weh of the (s choed wish 2 off 19+ 162 16 Hes sl

[ —
4 Fasterer sehectiesn lor ol ool | of B0 160 16 Hex. sell crilling derws pes dnlling wceres.

-mmmmmm “mm
mmm mmmm mmm

042
SPANIIEK HI-TEM

KLIP-LOK HI-TEN

Mmmm-&ﬂl mmmmm
mmmmmmmmm

CLSTOM CER

CUETOM ELUE ORRE

TRIMDER HI-TEN

SPANDEK HI-TEN

HLIP-LOK HI-TEN

KLIP-LOE T2

ENT = Emd Span THT = [sirmal 5pan
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Appendix B

INSTRON Calibration
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Table B1 INSTRON cdibration

Calibration of INSTRON 100kN machine #1342-

H1399

Materia Laboratory

Cdlibration date 26/6/2003

Cdibrated usng Proving Ring

#116953
Range- 0- 10 kN
Calculated Force Indicated Force

Deflection (kN) (kN)
14.70 1.00 1.00
29.37 1.99 2.00
44.43 3.01 3.00
59.00 4.00 4.00
73.70 5.00 5.00
88.07 5.97 6.00
102.77 6.96 7.00
117.53 7.96 8.00
131.97 8.94 9.00
146.87 9.95 10.00
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Appendix C

Tengle Test Results
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Table C1 Tendle test results

SN | Lomm) | Widthey (m) | Fax () | oo THOOSS | S| Ry
BHP 1 49.87 12.48 6.26 5413 0.77 9.61 651.16
BHP 2 50.03 12.46 6.20 54.93 0.77 9.55 649.54
BHP 3 50.18 12.60 6.29 53.55 0.79 9.96 631.91
BHP 4 49.89 12.57 6.25 545 0.77 9.68 645.96
BHP5 50.08 12.58 6.29 5471 0.77 9.64 652.42
SAPIE g (mm) | Widthay (M) | Fax (KN) (Lr;m)' T“'mfsav (msrgz) Rim
Stramit 1 4951 12.43 6.35 53.84 0.78 9.74 651.60
Stramit 2 50.14 12.61 6.44 53.87 0.78 0.88 651.85
Stramit 3 50.25 12.59 6.45 54.87 0.78 9.86 654.08
Stramit 4 50.08 12.48 6.36 53.98 0.79 9.81 647.60
Stramit 5 499 12.61 6.43 53.23 0.79 10.00 643.14
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Appendix D

Summary of Static Test

Results
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Table D1 BHP Static Trids
Test Truss Load Failure :
No. Fastener type (metal/timber) rate L oad (kN) Type of Failure Comments
Tril 5 Timber spilt when
12 gauge x 40mm screw timber . 6.22 Screw pulled out screw drilled into
1 KN/min .
timber
High tensile bolt with 1.45 5 :
Test 1 mm thick washer Meta N 12.8 Batten cracked through bolt hole Thin washer used
. . . Crack through bolt hole on one
Test 2 High tenslg bolt with 1.45 Meta > . 7.92 side and around washer on other Thin washer used
mm thick washer mm/min dde
Test 3 High tensle bolt with Metal 5 6.00 Cracked around washer on both | Thick washer used with
4.61mm thin washer mm/min ' Sides non-rounded edges
Test 4 Imperid high tensile bolt with Metal 5 582 Cracked around washer on both | Thick washer used with
4.61mm thick washer mm/min ) Sides non-rounded edges
Test 5 Normd bolt with 4.61mm Metal 5 704 Cracked around washer onboth | Thick washer used with
thick washer mm/min ' sides non-rounded edges

65




Appendix D

Table D2 BHP Stetic Tests

Test Truss Load Failure :

No. Fastener type (metal/timber) rate L oad (kN) Typeof Failure Comments

Test Imperid high tendle bolt Metal 5 817 Cracked around washer on both Thick washer used with
6 with 4.61mm thick washer mm/min ' Sides rounded edges

Test Imperid high tensile bolt Metal 5 758 Cracked around washer on both Thick washer used with
7 with 4.61mm thick washer mm/min ] Sides rounded edges

Test Imperid high tendle bolt Metal 5 8.48 Cracked around washer on both Thick washer used with
8 with 4.61mm thick washer mnymin ' Sides rounded edges

Test Imperid high tendle bolt Metal 5 6.60 Cracked around washer on both Thick washer used with
9 with 4.61mm thick washer mm/min ' Sides rounded edges

Test Imperid high tensile bolt Metal 5 6.50 Cracked around washer on both Thick washer used with
10 with 4.61mm thick washer mm/min ) Sides rounded edges

Test Imperid high tendle bolt Metal 5 8.03 Cracked around washer on both Thick washer used with
11 with 4.61mm thick washer mm/min ' Sides rounded edges
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Table D3 Stramit Static Tralls

Test

Truss

Load

Failure

Type of

No. | FoStenertype | o alfimber) | rate | Load (kN) |  Failure Comments
. 12 gauge x Timber split ' . ,
Trid . , 5 Timber solit dl the way through the middle of the bolt
1 40mm timber timber MPG12 mm/min 8.05 thr_ough holes before the batten of screws failed.
Screws middle
Tril 12 gauge x 5 Timber solit Modified by screwing plates on the ends of the timber
2 40mm timber timber MPG12 N 7.63 through to seeif gives better strength and to stop the timber
screws middle from splitting before the batten falls.
Tria 12 gauge X 5 Timber solit
40mm timber timber MPG12 . 8.36 through Used the same modified setup astest 2.
3 mm/min .
screws middle
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Table D4 Stramit Stetic Tests
Test Fastener type Truss Load rate FailureL oad Typeof Failure Comments
No. (metal/timber) (kN)
Test 1 Imperid high tensile bolt with thick Meta 5 mm/min 9.78 Cracked batten Falureidentical on
washer with round off edges around the washer both sides
Test 2 Imperid high tensile bolt with thick Meta 5mm/min 9.22 Cracked batten Falureidenticd on
washer with round off edges around the washer both sides
Test 3 Imperid high tensile bolt with thick Meta 5mm/min 8.32 Cracked batten Different failure mode
washer with round off edges around the washer totest1& 2
Test 4 Imperid high tensile bolt with thick Meta 5mm/min 8.60 Cracked batten Onegdefalled liketest
washer with round off edges around the washer 1 & 2 and the other
Sdefaled liketest 3
Test5 Imperid high tensile bolt with thick Metd 5 mn/min 8.81 Cracked batten Smilar falureto test 3
washer with round off edges around the washer
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Appendix E

L oad vs. Displacement
Curvesfor Static Tests
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Table E1 Load vs. displacement curve for BHP Setic test 6

BHP Static Test 6

10

/Vﬁ
/ S~
2 /
S I/ —

0 5 10 15 20 25

Load (kN)

Displacement (mm)

Table E2 Load vs. displacement curve for BHP datic test 7

BHP Static Test 7

10

Load (kN)

Displacement (mm)
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Table E3 Load vs. displacement curve for BHP Satic test 8

10

Load (kN)

BHP Static Test 8

// s

5 10 15 20

Displacement (mm)

25

Note: Graph for BHP Static test 9 is unavailable

Table E4 Load vs. displacement curve for BHP dtatic test 10

10

BHP Static Test 10

Load (kN)

5 10 15 20
Displacement (mm)

25
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Table E5 Load vs. displacement curve for BHP datic test 11

=
o

(e¢]

BHP Static Test 11

3 M~
X 6 '
T / \,/—V"”
S 4
5L/
2 F’/
0 T T T T
5 10 15 20 25
Displacement (mm)
Table E6 Load vs. displacement for Stramit static test 1
Stramit Static Test 1
10
~ 8 /L
2 . /
ie]
g / / \x
2 / ‘
O T T T T

0 5 10 15 20

Displacement (mm)

25
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Table E7 Load vs. digplacement curve for Stramit Stetic test 2

Stramit Static Test 2

10
8 A
3 AN
X 6
3 / \
S 4
. / T
2 /
0 T T T T
0 5 10 15 20 25
Displacement (mm)
Table E8 Load vs. displacement curve for Stramit Stetic test 3
Stramit Static Test 3
10
A -
: ! /N
pd
X 6
3 /N
8 4
2
/ o
O T T T T
0 5 10 15 20 25
Displacement (mm)
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Table E9 Load vs. displacement for Stramit static test 4

Stramit Static Test 4

10
~ 8 v
S . /
3 4 VAN
-l 5 / \1’
O T / T T T
5 10 15 20 25
Displacement (mm)
Table E10 Load vs. displacement for Stramit Stetic test 5
Stramit Static Test 5
10
/1
8 "2l
g . /
3 . /TN
- 5 // Rﬁl
0 . . . .

5 10 15

Displacement (mm)

20

25
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Appendix F

Stramit Constant
Amplitude Test Results
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Table E1 Stramit congtant amplitude cyclic test data

N;Jrristger Ramp | Amplitude | Frequency Cycl(% /E);)und Cycl(il((:l?lt))und No. ?‘;i (I:ylj(r:leestill >(}/OOO >020 >020 >OZOO
2 3.6 3.6 0.8 80% 7.20 428 0 420 | 425 | 425
4 3.15 3.2 0.8 70% 6.30 677 97 670 672 | 674
5 3.6 3.6 0.8 80% 7.20 360 0 353 356 | 357
6 2.7 2.7 0.8 60% 5.40 1164 0 1155 | 1157 | 1160
7 2.25 2.25 0.8 50% 4.50 1562 0 1538 | 1556 | 1558
8 1.8 1.8 0.8 40% 3.60 3567 317 | 3231 | 3515 | 3521
16 38 3.83 0.8 85% 7.60 349 116 | 344 | 346 | 347
17 29 2.95 0.8 65% 5.80 718 326 707 716 | 717
18 245 25 0.8 55% 4.90 1353 834 | 1341 | 1348 | 1349
19 2 21 0.8 45% 4.00 2000 1063 | 1984 | 1992 | 1997
20 3.35 34 0.8 75% 6.70 436 346 | 429 | 433 | 433
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Appendix G

Observed Crack Initiation
and Propagation for 80%
and 70% Constant
Amplitude Cyclic Tests
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Stramit Test 80% of the average static failureload (7.2kN)

1% |ot of 100 cycles
- plagtic deformation around the washer
- 5mm crack starting on underside of the batten at the web crease

2" ot of 100 cycles

- BH1 - Approximately 7mm crack on underside of the battens and crack on topside
approx 5mm aong web crease

- BH2 - no observed crack on topside on batten still 5mm crack on underside

390t of 100 cycles
- BH1 - gpproximately 14mm closed crack on topside of batten

- BH2—no observed crack on topside of batten still 5mm crack on underside

4" ot of 100 cycles
- BH1 - open crack approximately 22mm long and open approximately 4-5mm in the
centre of the crack

- BH2— open crack approximately 15mm and open approximately 2mm

5" ot of 100 cycles
- Faled after 28 cycles

Stramit Test 70% of the average static failureload (6.3kN)

1% |ot of 100 cycles
- Pladtic deformation around the washer

- 5mm crack forming on the underside of the batten

2" ot of 100 cycles

- no observed changesto cracks
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Appendix G

- turned up edges buckling in around washer

390t of 100 cycles
- BH1 - crack on underside of batten gpproximately 7mm

- BH2—no observed changes
4" ot of 100 cycles

- BH1 - approximately 10mm crack on topside of batten
- BH2 —no observed changes

5" |ot of 100 cycles

- BH1 - 15mm crack on topside of batten open gpproximately 0.5mm

- BH2 —no observes changes

6" lot of 100 cycles

- BH1 — approximately 20mm crack on topside along web crease, open approximately

3mm

- BH2 — gpproximately 15mm crack along web crease, open gpproximately 2mm

7" lot of 100 cycles
- Faled a 77 cyclesinto the block
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