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1.Blackground
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is also compared with the design and predict

1.T2hesis Outline

The following Mastkee ottThiegd seferi migs

Chaptiemmroduces the background of the topic
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Chaptrewvizws the current | iterature and rel at
f or med sfteererheg d csotl ee | truss, ti mber truss, S C
cof dr med sTtheeelr esreuasrsicthe gt@mmfdi d ch@®l s@search obj

summari zed.

Chaptental3ils the experimental met hodol ogy of

specifications of the specimen being tested.

Chaptier d4i scussion and documentation of the
tesfThebapter entails the strengths of the di

on each test series, the | oading capacities

Chaptperovi desigmecapacity truss and predictec
Structure software and shows the | obaodt hd itahger a
design and predictedhapmptparcidlysompadhniecsdasicsfche

results againmdstprtelide cdedi grmapacities

Chaptparovd des anhheveowcéewsobns of this study

and the recommendations for future study.
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Chaptleirt r at ure Revi ew

2.1l ntroductory Remar ks

Ths chapter presents an extencsioddrimetder a

steel, ( CFS) | i pped channel sections, CFS Tr uss
2. 2Resear chf cornmeCdo Isdt e e | |l i pped channel secti
This chapter presents an extensive |iter
channel section, CFS | ipped channel section
truss s ytsti ®ank dharknel sections.
Sever al resear cher s haweoraresde-sseteetle b G a 0 b

trudvsasesed on both concenfrhe esdcalplen edndaqlosenmat! |
exper jamadhceosmpgeee maded Fhe Fi nksetcrtusosn GFoS fC a s

t eisdenti fied that the top chord member defin

trfgi2$ However, the shape of the truss, the Wwe
type can be further investigated for stabil:i
A typical roof truss system consists of t

web mewbecb are commoansleyc td ocompsr itsheadt oafr eC r e s i
compr etsesnismimo,rc,o mbi natTihendedhfavti paiges. of t he mem

to connection failureg2dgnd various forms of

2. 3CotFdr me dChatndBealt t( i€oenc tApopnl)i cati ons

ColFdbr med Steel i's usecdoasugheeld sheks sfo
wal | systemstamndal me[nblar s nfad ycsd pa®@iiddsS-hosf a
sectFiionk dagueib lgy2-d)e hat consists of web membe
bet ween the top and bottom chords and wood s

top chords in whidl]tlhnevelsdadsatameu sd pnml itbaodi $ <
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experimental testing and FEA method concl ude
the strength perfornmaide tegpuichementespef i & ntc
connection points due to | ocal rotation rest
moment at top chord members should be invest
member s of a breooifn vtersutsisg asthed2il] hfdo ri navxei sanhi sgt &t ni Soi nC
t he stabifloirtnyedofsteelld trusses unamrd 1tdlei eédy p
assumptions regar d;i nlgowewerd,ariyt cbanedd tnotnsdi s
faimeackkasiusgms as di st ort i-toonrasli obnuaclk Ibiuncgk loirnd awvtt
in understandi nug dtehlveorrfdwed| | ¢ doredchiatvii mrus such as

To better anticipate the failure modes unde
required to expandcdrhcidaosusmubaprtyi acmodn dio ytpi éomestd  t

Sso it can copreaonenocareead . saster

5’ PARTICLE BOARD

- ATTATCHED 24° ocC
2

LOAD SUPPDRTS ATTATCHED
£ 1) THROUGH SHEATHING 12° oc

“r

\Z LN\ ==
i |

Fig@L€FBi nk almraulsyssed f[oZ2] behaviour

An investigation on the interaction of 1o
cofodrmed steel | i pped c¢ hanbtnaedk bceocamfsy padrtraatsni goer
investigation inelewdeadna!| digfefoenree nti esr avs ¢ h d

fl anges tpeositned (ieny daR)edp nf i gwirtalt i loant er al suppo.
l oading points and simpl e [stphrporstudys at s® Iz«

the results to the Eurocode design standards
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showed safe predictions and all the tests st
and distortional buckl irfqdl]iTnhet reel @aanotnamt pr
buckl i ng, gswaosi@anal abbeckll i ng i s not t hor ouc
emphasis on the relationship beitwoebd botahte
where numerous buck!| s ngulmoaee o usalyy ,ocncour e r e

where these modes interact.

Fi g@2Progressi ve dédtboarcnka tliiopndod e cdompnigienl t
bendi hg]test

2. 4Design Stané&ar die dTréu ses€ebd d

There are more thwaor |20 tdaunthraives diern etl log e
Standards an#focmeeds Steel Cwhdch include Austr
United Statfe8hef Almercaeaa I nstitute of Steel
its design s-FanmheddSt éel, Cah &I1@f)§ $202OR 0i s t
edi tNormimer iSpaenc i f i ctahtBesnog@o tFb r metdeStlr uct ur al
Me mb e 0slE6d i twiot8lu p p | elnmlelmd A mer i can Soci ety of

di stributes theO0O3BIHNASCEt Salaindafuoh ok sedn s
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St eel Stsutcther &AS/ NZISI4l6e60 0t RO 18S/ NZ2S5131 i s U
Steelwork. The standard for Steel SitNrewmc t ur e ¢
Zeal and Standard f orNeSm eZeela | Satnrdu catl usroe su,s ehso wt ehv
ColFbr med Struct[ud]es tde Awdstomaileidarst@elld desi g
AS4600: 280N &8l, y sihseF orf mead CDtl ee | I's carried out
Met hod, ui@ddwhri cChl aiunsveo |l ves a rHRitniotnveltShpoidpp y s i ¢

The AL8)|]so uses Direct Str-eogmédMseteeld. to an

The design of a truss involves 5 steps w
and the spacing that is suitable fofrondes st |
which include the unit | oads, | oad combinati
forces; determining the design factors for

axial tensess/ Camprebendnhg and combined stre
and all owabl e defl ections. There are 2 met ho
the |l oads andMébhocdsofthei hf sstwhiseh focuses

By drawing a f reeaec hbocdoyn ndeicatgiroanm poofi nt and st a

support s, the sum of the horizontal and ver
Met hod of Sections which is an easier method
full truss iIis not calculated. Separating the

be calcul ated and then this i[d.lmirrored onto
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[CII1lEs

la) (g} {h

OD0TT]

(1] {m tnl

[LJIO I

(o) ipl gl irl

Fi g@8€oiFbr med Stdgdl2]Sections

There are a few differences between the |
and Australian (AS4600:-2001 &g disns atehdeh rtdesn sfioorn d
cal cul ati o[n,8¢dnee iEGNNLOr9%e3s t he net section frat
AS4qC@®nd 31EaOpde both account for the net se
For shear <capacity, thenA&d680e asldedt SbuSRDI
when Dsriregt std enrgptwe vmat hhehqgeusi @PpdsO @B8Be st i ffen
desA$A600 wuses Direct strength method for f|
combi oedsnils,t o anido htadtresriao n a | buckling for bendi

does not have a direcdl sulreaetnigrndr tmed hheo dc & pa ais

2. 5ColFbrmed Steel Truss System

Trusses are made of a web of triangles wh
and Tension acting in the bot t(oing @dheorred .t T e
top chorcdhoahlagt tmeeb.dypi cal | vy, C sections or
these 3 main members of the truss. The tria

and tension makes it a rigid and suitable st
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ease, and gusset pl at etsogaeftéhbchrapysabkl pfuaetdr t
determining the external and internal force
i nward towards the centre of a membdrl.l1adnd t
Theofdr med sstyesetlent rwosrsk s by applying | oads d
the members which enablhseappbet sycae@manaod al k

transferring of | oads.

Top chotdis the top member of sthiee tghuspe f
of the truss for its purpose.eg. diagonal to
horizont al members form the shape of a fl at
applied along the top webhome mbat st lae ej ciomhec

chord.

Bottomtbkbobdttom horizont al me mber of t he
usually placed underneath the bottom chords
bottom chords are connected to the web membe

moving closer to the ridge of the truss and

heel of. the truss

Weh:t is the diagonal/ wvertical members of
than the top and bottom chord. The web memb
truss framework and its | engths athec esrhtagpien ol

the truss.
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Top chord

Bottom chord

Figa#aeypical Truss members

2. 6ColFbr med Steel Truss Amplluisecatyi on in the E

The usef orfmecdo! gt e el trusses in the <c¢comme
sectors is expanding, as trusses are being u
to vertical st r uc thuoruesse sduwehl | a snagnsdi nrg enasr/t enat tluitt @

bui |l ¢f B@hgasn nel sections aWdei bswall! screwsednby

truss systensormede sdfeedol Both the bottom an

from heel to heel and from ridge to heel|, r
bet ween the top and bottom chords, and the
sheaf BA nsggtudy on investigating the baesltaVvieour
cofdrmed steel roof trusses was conducted wun
top chord adjacent to the heel pl ate exper.i
di stortion of the heel pl ates a@uthd ost mdy eiq

investigation of methods of reinf ® citrugd yt hoen
the reliafbordmaead otvdaelohtdi myeess i gated 2 differ
showed that t hegrtergussst esny srteelm albad iday than th
reli ah@hietyinite el ement modelling analysis

wi t hteest [rleSjudds structures designed through
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el ement capaanty authiilgihzat inbanss whi ch have |

(7))

-

e

S

a

omparison to structures made of new materi:
ome unc[elrbt]&Ciodtdmed st eel trusses have al so
onstruction, which i s cadgdlttéset considlmaet &t he t

aboasgins di sastiemp carrtefeaakh.ICiFFiGaet i on maaheaeal nows

apid fabricat i oenn aobfl aGHdge rb wioindtithmeusc@ aroenmot e a

s better i ncocnosmpraurcitsioomn wihtrhoju®] tradi ti onal
. 7Ti mber Truss System

Wood is a natur al resilient madcmrdtarludthiaa
ndustry. Wi th a high ductility and | ow den
rying and dressing of roughly sawn ti mber
ef ore Dbelimlge uesxtdensi ve use of timber 1in the
tiffness [d@Afcguti remgt better optimization fc
arameters of short |l engthsdedgt h nrteatrime dwiatt fe
ross section fldrA]listtuudyh ovads ehampdtakeonn fofr w
fficiency of soft wood against carbon stee
ensil e/ compression efficiency r at[ilo8T]lhaend de
esults showed that while softwood has a | ow
teel, it has a higher efficiency for its me
1.8he design criteria of a timber truss is ¢
ot exceed 12m, the truss spacings shal/l n o
eavy [ L&RApPpfss udy on the @ptaitmi zaotnincerctefd mpeé taale
mphasi zing on joint flexibility shows that
houl d be designed with a -sleocweiro nssp aon/e ahehpett & hr
nd small er number of [diAal]gonal and vertical
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2.8Screw ConneecHoiroomesd oSt eGoll dTr us s

Connecti dmg merd csdlece | sections can be mad:

bl ind rivet connections, nailing connection

connectit@ampyp, ngelsficrew connectionspiespgomngwel d

conneatnido s, t [c2ohine ct y mens of connections ar

and t he tfyopremeadf sctceled t hat need to be-joinei

tapping screw connections and powder actuate

thin steel sections; spot welding is aused

used for | oifnarnmge d hdg tdd&edr] sceod tdi on s

Screw connections in steel sections i s
sections being very thin and this allows f

connection should be close to or theasambi

ensures that the members ca[r2.5l 4thien g atprae i d iy

connect ibernt we@inntconventi onal bolted moment

j oimntder a wuniversal machihengosclheded oti Imats

capacity while bolted moment enfdorprhead ec h aon me

sections. GCes $ethopwleares atewould need caref

underftakjesaembl i-sncgalae fturluss model with varyin

each jexipretmasiids et i me consuming. There has bee

compares the results of a few eMpadel Imemg a( FE

anal ysi s , moodneel | odnognveH iuadhe d t hat t hin pl ates

experiences more stiffness 1| metcHa&.@dhompressed

The study on thevuvicktheadagaodtiisdadroroi ohatalbuck

f or med hatneell wer e-t batckp ciomfaghaaki on where

provided over the supports and under | oadi
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[ 7] The i mpact of vari ousortcdintnieans oon tlypelsl! iar
not fully considered in this study. Additi ol

connections and support conditions in the bu

2. 9ColFdbr med Steel Roof Truss Behaviour

Astudy was thbhedbehadg-f oomedf st eskod irtoocfant rb
promoted as a bett el 2HHe tes assembbipr thie stulyoonsistedo n st r u
of 2 x 20ft span Fink Truss madécold-formed Gsteel sections with an assumption that the
radiusoftheC F 6-s e c ts equal tats thickness. The tophordand bottom chorchembers
are longer than the web membhergis assemblys a replication of a coldlormed steel roof
system with 4:12 roof pitch with 2 square foot tributary area/linear foot for each truss. Along
the top chordength a standard %2 inch flakeboard sheathmgttached using the liiches
No. 12 seltdrilling screws whichare connected to the top flange at every 24 inches. The web
memberis attached across the top flange of the bottom chord at 8 feet from either ends of the
test assembly which provided stability during construction and acted as a flooring or ceiling
board.Each of the different test assemblies for the stislgubjected to several test cycles to
create a consistent behaviour pattern. The straasurements were used in later tests to
identify specific member behaviour and the vertical deflection measutemasnrecorded
during the initial testing2]. The experiment concluded that the top chord is the most critical
part of a coldformed steel roofrussassembly The types of failures occurring on the trusses

were local bucklingrotational restraints and distortional buckling due to insufficient bracing

[2].
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L
Figab€ross sectional defor[m@dgti on on r o
Furt her ionnvseswe geaaltomtdubebdvi ours of t he

member s-fonmedl dt eel truss assenh2Jijees & ithgst
assembl i esdeéaxidgmnofovteap and bottom chord to
focal point of Sttehset assesreinebsl yu s €fthieg ZBleavh e kE h Te s t
consists of a series of hydraulic jacks used
chord of the truss. A plywood sheathing of 1
to the top chord of thactngs$owhidble popvicthe:s
is centred on the top chord and connected t
spacingnoh @18terval s. The hydraulic jacks v

stabilizer Dbracskeams eeixttheenrdisnigd §281fn cthhee hydr a
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FigaédMi tek Test [Rr3@me Set Up

Thd9%2ries test used t heTdnti vielrisak yf olfl oV e
t seame techniqgue used in theér  Miltiekkgtescintews awm

at each web member connection for al-Tedgthe as

Frame gadreonsists of pneumatic cylinders whic
apply a uniform gravity |l oad on the top chor
the cylinders used to brace the tofkefsl amrge
used to prevent l ater al movement of the top

restrained using wtitdrre Itliiensg wsictrhe wisu ndbreirl 12e0d stef
of the top chord which alhloormds wheirltei ctah e dbed tlte
held at a constant distance from support pos

|l ater al bracing and wooden swealc earsi 2p¥rjleivieghnt o

Figareniversity oTedMi s[s2oaulmne Rol | a

2. 1Paramet efForofedCaltedel Truss

Cofdr med steel has become a better opti
sustainability in design and advantages i n |
down of trees, faster fabrication aptl] donst
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f

f

uddal e testi nsgpaonf rao oX5m rwiscse system was con

or one |l ocation. UTh8mmeshbl tk tsrhiew® dd yt dtaemt d

me et the designed | whdclaphowsythetguitremsmset

S

e

p

a

c

b

hould be i nVeldPeisganed tfamdiahes do not offer

russes and onlyladeai gompalr i compenhefigs médt he

t eel trusses, the reliability of the trus
ompoh®A tnsumer i cal i n-vesmedast eal orfirgeieds €jso iwit
howtthleatr ot ati onal deformation is due to the
y bolt holes at the joints. The truss assem

he hehaMamdirt he triangul ated shape of the t
otationdln alcicppamegacientwi ¢lhadsi f i cEautrioocno der i3t

rit,eraildn t est edr ijgoii enittsy pag er toifadsjermasi st ance

. 1Durabil ity andFoGamerdo sSitoene lo fTrQoslsde s
Durability aaad icmotregrsalonpart of any buil d

nvestigation. The-fotrmey ot eedr mesmbemnsi havel

nvestigated as it is more focused on-sei smi

ormed steel has a higher yiel-losmmedngt hetha:
aves the s & §l2.9ket weoernr olsGvanm i ® udsfe pae It da e d

tewslecCion purlitnldel ashowntdhdatheb ctol miteirorp ap u rsl
xperience different fradherestmedngs hamedal & i
arts is higher than tahned fcloantc | puadretss tdhuaet ttoh et
ffecting the mechanical properties.Tihee rel a
orrosion effect is Thieglkenmr esal tshshoévesthat ar

e consi dneaehda fioaa l properftareme d 2Hhthadle t est
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2. 1Zruss Eccentricity

Positive deowcecd mtptshei t yywd 9 rmede stefel truss
to technological f adtoarcseswhioc b ec ayppH &.72Kd diot it
series of tests to identify the behawa®»ur of
conducted due to the assumption that the usu

resi stance when commpatednt orassopennsrobat

eccentricity and are | pe.Dlesdralconyecompnt &S i
on b5sdalld study models in order to identify
hastecti on walls ar pafthet hesesccevetrrei d i jmoit etd t

and the experimentdlher da@aandlt anermdlamd sadn toh a ff
truss wmethdeorssst @alhi | iitry tshearmiichdg e of the join

nor holes for f as2t8ners were destroyed

A-A

\\ strengthening
‘. cover plates

. _truss chord

Figa8&8&trengthening [c®»Vver plate on

2. 1Bistortional F8uUME gt russ system

L o chaulc k,I idnrgs tbaurc&kld ri nlgpobesabnal buckling are
that typicallyfoamsed BEHrBlIWkbem msteofl damge es & i

cofodrmed steel j oists, purl ins, or girts is
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pane,J ldingt ordtiingnanayb ek t he [mMaEpesniumert alf da
cofdrmed steahbbeamd wompressi on f | asmregd eiss |
of distortional Dbuckl i ng¢§ 2.0éhset sr eosnu | G dsg eschiginoends
standards for USA, CadddasantdodNalrt budikieirng
uncsoenr vati ve s twhemrgetdhs reeshtei ndat treesn gAtubs t Matl h @ad / iNre
Zeal and pstoamdlearsd met hods for <cal culadduwrgatdd s
predijc2Ljodedmed st eel beamsi heawhucéd cepenr séedt
cendo enot [c3ddifnacnisdveer se | oads being applied av
tor@gmeér si on causes war piompegen mrsttriuec tlueaaem odu d hte
beam3.0hki gh sweiegnhgtt hr d toir aneabf bdvdselddh e di st or t i c
of failure which causeéesr thier[e3ocitjpdietiiceRrauvyi cu
stremwgtiths varying thicknesses testedthhaeder

di stortional aboruec ka cicnugr aetqeu aatti darmsd | Awmdt t &@Impam ad

Zeal and,AsSt/ &Nrzds4 r8db P O

Di stortional commeBit ngf edgeé sections | ike

involve the rotation of twhbg ufnicdd.Dimeandwhspa

detailed stadggeonathkecdl smasti 6 oal-fcoombndeed o f
stéelpprannel sections in which rear [f3l3nges
The theoretical andh @wbreirni i meadbtuacpkol setw gid ’st a e n ¢

di storti on3adhe utckdti ngl so shows distortional
| ocal gbu chkolwierv er |, adding stiffening |ips to
buckling strengtht onayi oedluclewlt iknedhkhefse st threa hsgetcht

| esfsf i[c3.3e]nt
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Translation Translation
[ ——

Eotation - Rotation
T

Compression
|| flange

|

(a) Compression (b} Flexure

Figaebistortional 3dckl ing mode

2. 1Bl exTDaoradibac&l i n-Gorim& d€efl dt russ system

The usef oorfmecdolsdt eel for hasdi bienaeraencgednct o nypec
and the sections being made i noét dlhidHi Tnhaetse r i
i nvesti gathiehray i ofurtshseos &8 hiempo wtaasntan i nvestig
torshemawifourolrdhed st e&éelt hcarbmbhs ary asymmetr
undeecrcentri ¢ 3dfhisalddweldoped a formul ation us
matri x tmetelxkad act the differ ermtiaanld eagl usaot i uosnis
Wi t t-Wiilclki ams abhgoul ahm the crditfifcerl e btu-ctky p eng

formed st[led] sections

The current design standarhdkes fliaceck dswfifginc
formed steel compressi on memrbsircsn afllBadu eakrlei nsc
Europeanappaydaheés same fire desii ghhl ¢ @ ca&manea e
formed steel c g mpreessps iten trheemhbde rfsf[e3tb5ef Ac s s ud
wasonducot eedest the theory in prceoHi drume d estead
design can be desiugrneesd. aTth ea nibiinednitn gtse nspheorwa tt h

design standar[d®5]are conservative
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Me mbercl| aasrsent oe® basedoones heir wbhrshoaak
warping torsion (VI asoeWw ntamrts|[itodrhpsteleamy) ptue el t ®
section chfarbolt ane dws g8thesealand t orsi onr impisdil tyy d
than puale ttip@ifldhoenye x per i mewd atl h estt uidiryrd eseh avrad p
warping restthenwacpndgtress$yaint causes a
[ 3.dhe -totmmed steel sections falsor xpral eamce

buckling even under axial comp[r&6]si on becaus

2. 1bocal buckHornge donStCeoelid s system

CoHdrmed steel compression members have t
a seri ol 8.71¢hoen clairmmv ¢ tdi gati ons made oefnorbmuecdk | i r
steel compression unpdeosedegapt e d [tk3nipvd realtgler
experi ment al and numeri cat¢ofldumngdvwhthe ewlamn ¢ il O 1
thicknessasmdaend agreoeedad e bup BT hegreBead scsompar ec

with design vtawharedy ashdywagpredi ctions

There bveams 6assembled fromtibiagkead onli amgmue la

andested to inveshetgween tlhecalntamdc/tfiheehor t i
findings from the test showed that | oc,al and
however, theterwasnabd bdadc/gt ahg observed

=\

Local i i eb
Buckling Di wﬂm&em“. DI Flange/Wt web i

FigatiteLocal anedvasvhed retn ghtahl fdi st orft3i8d n al buc
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I n €dolrded sttteaedk balcknnel beams that are ¢
t hrough toltea |l weblusc,k lilsn ge xfpair li monmerdtt nregggi lsol t e c
conne¢Bigghnes compl ex strésomstaece tomangifreat iofg
bending moment through the web and the combi
[ 3.9 h nvestoifghtoeboonup configuhattbancaneésiseongt hh
t he -seotsisonianlv esshvaiipgeht dd ni t e i alcé ménwmamedels n
l'inearity, geomet rliicn eiamp ebrofletc tw aosnrsc oafndi® ¢énhoand |
The resultshehaweé dodiRtatgaotuhi cker beam and ir
at the connection wel &t iave mad | telm e elodwescdr teraasoes ¢

i hhe effect pBI9] ocal buckling

2. 1Research Gaps

From the I|iterature review that has been
bet ween researching the behavi our¥rsbaacrko utnrdu stsh
system. This can be further kcavesnhi gatddfitr
more real i sThicsbeoafmuirttihens. nvestigated if the
i s ditfof esrueintt mor e .Theaelfeltl owtcogdateonke resea

the |l iterature review:

T Previous research is | imited to trusses w
of CFS roof truss can be expanded to trus
various | ater al restraints along the top

T Previouonregsearvehlsti gates the behaviour wt

chords and both trussewhiaclk ¢ amcelde ifnunthleer

if the trusses are faced I n opposite dire
T The shape of the truss, the web members |
further investigated for stability purpos
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T Full S c a b mastckdasléaest s nldave been iIinvestigated

formed s$tedbewewyeflr, further research can b
with swaged notches on its members that r
T The design standards design members indiywv

analysis can be undertaken fsgrsteanscul atin

2. 1Rese@®bphbctives

The objectives of this paper include:

T I'nvestigating the strengthscalp@E8mwe and
truss roof assembly by applications of gra
connectgddiatt .each

T I'nvestigating the strengt hsc&lpe8a tHypo waend
truss roof assembly for-taalsigmseaerm.truss sy:¢

T I nvesnihtghgeatt ype of failure thatbascdwsrtsenmn t

T Comparing the experiment al results with t
the design standards

1T Det er mihneisntgo a | stability of theascHomdgsero

members (chords) often fail in torsional
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ChaptExpedri ment Setup

3.1 I ntroductory remarKks
This chapter di scusaqndas ptrhes etdeu soterb dentreheadd it el

( CFtSYusses that were fabricated for the purp

3.2 Materi al Properties
The «€ofFrded steel used in fabrigprmrovindged hley t

manufacturing cowhpactihydeldr a me Clikive o4 aa |vet rede. |

coiig cut i nthboomre qaad upeadn esdig@zeeesc tursiicnagla ¢ hiiend mar g
( EDM)ac hatntee University of Whekatewwvde a¢(p &Soaj
sampelxetsracoered the | ongihteudpP® ab mdeeqtshd eofcoup

tests wer e t bleOdOukchisetdr ouns i9nggd @y G)aec hi ne

FigBitenstron Machine forDdfeoasmée Teomnupiolne Tec

The resulbttenfsidm tclobaaponTalkkA sf iaguer es hoofwnd iimn
| abel s iFs g32eewd t het rsdirrescsur ve OFi g®&Bsthlet s i s
varying thickness oOf. e o hfim @ Gphen vraaryd enygg fwr a@m
of the coupbahs558mmgteo f¥r2.mM86mm and t6Be 1voanwmy i n.
to 67.89mm fomMheheeSulcospbnem the tensile ¢

maxi mum t endMRd)e fsdrm etslse coupons ra&Amgadef agm
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of

averteqne inlgd bgt rté e

supplier

Wlhtei mat e

Te(nMdP 4d )e

fsam etnigé h5

npar toedruica |

.dalthae s heet

syhi omntsd @ shsa t o fti mtehteh emast uepGoid & IMR &0.s

coupon

t

of

ests

t he

tests

Tabl®ensile Coupon Test Resul ts
Test 1 2 3 4 5 Average values
from 5 tests
Width(mm) 12.58| 12.86] 12.38] 12.82| 12.81 12.69
Specimen
Thickness(mm) 0.70 0.73 0.76 0.73 0.75 0.74
Gauge
¢ | Length(mm) 64.57| 64.69| 67.89] 63.56| 63.16 64.77
(&)
g Ultimate Tensile
< | Strength (MPa), fu | 667.76] 600.27| 556.46] 594.39| 581.92 600
S | Yield Stress, fy 657.181| 587.433| 541.764| 587.503| 576.577 590.09
% | Young's Modulus
2 | (E) 1989.7| 1917.4] 21825 2211.3] 2034.1 2067.00
: thickness
FigB2eensile Coupon Dimension Label
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Stress vs Strain Curve

—T2

Stress (MPa)
w b U
o
o

—T4

—T5

0 5 10 15 20
Strain (%)

Fig@88tress vs Strain Curve of Tens

The GC&&ctCion used for thimm tkeabhgesrwieshchbd
l' i p and a web ofFi8@GMAEemmwas shown in

89.0
o]

FigB4€Section di mensions used for Tru

3.3 CFS Fabrication
Thedesigns mbo el IFeg danerClAB®odnt alad er ew connect.i

desi gnEdancen@Cleld ai |l i ng eswdrntwiaaped yaseEr atnroe CAD
manufacturing machine. rEltie$ veanthec tdwrtlidn d e mh
begin tthoe crueespecti ve member sFifgruhs htohes u phleo ¢

manufacturing machi nGF Buessenrdg mboe smsadn U foa c tt thri es tsh
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manufacturing machine iIs very effiCFBntsas i

within 10 minutes.

FRAMECAD" & i" [

'””,“"” [ TTT

Figg@sManufacturing Machine used to cut s

The manufacturbi parmac lwihn €edghh sad § oomsecautheel yd e

i nto i ts specificat(i ons

=y

= - = Completaed CFS rolled baszed on
Lip of CFS members beins rollad mto desizn design specifications are pushed
specifications in manufacturing machine out of the manufacturing machine

) There is a screen onwhihceh nsahnouw sa ctt huer i cheys in
toflmadbricated. The proaneses tdhfe ffabri catioon pb e

on the screen of the manufacturing machine.

ThEF8oi | wphliacche di sapp moaiwmgt ehlx pwmi atldree ady
inserted at the side osfo tihte ceannt rbye ppouilnlte d netaos
The machine startesahg pulfit saelrye catvavnEgFuluanrd epr
with 13 nedesveddhntalne d dsepseiecgi sf.i cTaltiisonisncl udes r

|l engths of the members to be cut, tardotrider
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| ocation of the scrlehwe hcodiels tfloern emacwhe smeanmbtea
manufacturi ng prwhciecshs cidn stiddetl sraccfhti bnaedt dretnd  t
to tdhemopenmw@dnec fnicaombdelre hol es for the screw
in its designed | ocattconl QovéasbntpoiocEResmpl
the C section formed from the coil is furthe
swagea se belnso anddcoglcpf£fddomed C section is th
t he maalkiearthier ei oo Mg leasnseke dt, he mac leinngrreegs s s
again witdbsmngmbWheixhes ctr eenmdohi ndéweshows the o
member cuts for each design, it alsd sshowés
members would be. fBlhbe r eat e the mb e rsehbatdieadg i cnu tg rve
the previously completed member wil/l be shac
be shadedl oThlreblmaenud acturing machine abul omat
the members of an uploaded design have been

stopped by.the fabricator

- W L

CFS bemg pulled from its coil

[T W 4

Manufacturing machine rolling CFS and
forming flanze baszed on desizn specifications

N

CFS moving towards machine rollers

=

4 4



=y

Completed CFS rolled bazed on
design specifications are pushed
specifications in manufacturing machine " out of the manufacturing machine

Fi gB6€oiFbr med St eel (CFS) being rolled thr

3.4 StanBapdri mental Arrangement

EacCFB8russ designed to be st@ud0@a@nemygtthhias de

1. 16§3mMm63hmem)ght with eachseembem fcudmi @&t D5 mm

formed steel. The 7m |l ong truss is designed
det aisdfitnggar e to deci de the | ocations of the s
detailed design is imported ofndromsa emaacnhufraem
according to its specification

Some €&€FBrhses members are cut and swaged in

it to be connected to other FHiegnBieshsowssiang |
example of one of t hleisppeadigacect ican shasn twhe clhi
and one of t he 7 amigdktsh .r eTdhuec efdi gwr e al so s ho:

on sae€Ctidowremeldd st eel
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Removed Lip, Flange cut R IO Swaged cut on a cold
and reduced to 7mm g ’ formed steel (CFS)
i ! C-section

Fi g@rRemoved | ipoaandFSut fl ange

Each G6GF&Sthes fabricated for the experi ment
these are top chord members, there is 1 bott
The members oebnnhbkbetedussiagea mini Admt afl 3
view of the typical di mensi onsFiod B&dhke 7Tm e

di mensi ons of eaacrbeh membam eolfevatirkicgs®ew di a

1070

Fi gB8Petafi |[Experi mental Truss in Desig

46



el
NT
-

3
1
I
!
5
W
=
W [
]
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—- 89 89
FigB9&russ Member Dimensions in EI eva

3.5 Experi menRo &6 ewisibhl yYSupport Fr ame

The 8 test experiments carried out in this
the CFS members Thrpai GFSsO00f adomths aonpadionf saupport
framede offorcnoddd saeeél twhdbc&hip d smmi8®B Oh&hght oof
assemblg3mm iant htehdlegbdt ofanhend8 & ubdmi ght of t he
support frame is included, th@.04Bme phaighof
CFSrusses are separ at edt hbey cce mtsrsewiwtedic i tmygpaib @ al
roof edlkonwettshe top choThe toypiboalh ICHFrESf telusme
battens,racgadafdgehaatps Tamed rRoef cecdewgyg. battens
under neatnh cthbbpeddlbobheoends cookead wiappichgt he

injury during | oading.

The | oading of the assembly is made in suc
t he ass @mddsrydiuscyt epd aci ng CFS made paleccregs tahbeo \

areas that are parraoofelb atot e rhdew heiBbckartai roanrsk uonfg
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t hCeFS made pieces and these are dropped down
ma dpedelttso hol d tAédm lmapkaaee placed onto the
boxes pemntpbél faiFd g3d Gohcocwsr sat etsgsieand!ll v of t he

roofsttuseag on top of the main support fr ame

LT

Figg@gterTypical Test Assembly with Loa

3.6 Roof Truss Assembly

Twélo wter u,s semecahs u/rm hgnandonstusichgda tnreuns sl i ne

systbem the standard specifications .f AArs t he
showhi gt bel ow, the typical arrangement of t
trusses, roofing battens, ceiling battens, r

The met hodol ogy oCGF &rawcshs eése shkhteiimgy odlvaecse d® at
2No di agonal bracing installed in between th
bottom flange of the O06MMteomatctbogdi Dleertdagrta u
st pelecleat aae drnoxedblbvacitrhes clehd i mngo fb alt d tetnes
connected to the top flange o80mres pgapi ntd oald
t he hh emgéerceorarugad ef ientgsn sonfel 40 & ad0m0 nvm dpt ehr
sheet which are connected to the roof batten
spaa@ichtrgpss the | engifheoff ol heroCfFShdatttesss pai

araeppliinedbesl oads consi st of baonvaegf of hbeaage
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vary from 3 boxes BKaecafh dohte sido hboondmsy e 58 k@bt set
and in |l ater drad s9padttide 6 k gaxpbppl xXi@gesde conti nuous

CFS truss pair assembly experiences failure.

Fi gBit®Roof Truss Assembly Set wup

Thtetypsetlup for ond htee sto2cbbfulprngesdssotel tr
each truss measuring a2 doriteggtéadxi dod 6B omof
of 4m |l ength x ;0.28 mow ifwlitigdatcphe mbsasthB&mi |boen gn gb yO .
00 wijldeei |l i ng banrO8 ént sl ownhgd Bahm dwilOd.ei dge cap t h:
0.6m | engt h ;anadutd.48n samiandchard r oo HWHgFsamews
Fi x DPfo®crewse | oj2rstt e@dorsrse chtriaccnisngs i2f |met we e
steel ,breaaccihngesf 1515mm | onab ocadnedb h 20 rlmea twti ehrgs
that are at the centarenaoh BShepor#io®s masgsasimaid
and timber in which the truGBS abeembéygtionp
above roof sheets in which cables arerbueeped

assembly at a standaawndhleogtt¢ sbeoixege oiyir shcm & wis

an averuapg et oo o3ttaolnnes. The numbheircihe idshexagngencal
t he tr usvsarnieensb efrost 5 8.2 cThia d¢pddoeed oawf shows t he | i s
used for each test in this study.

Tabd &t andatreri aCF&i Stusd®rRoof Assembly
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Materi alNo. require Di mensions Spacing

CFS Truc<¢2 7m x 1.163m0. 6m

Roof batl2(on each s089mx00f (Lx 08m

Ceiling 14(7on one si080mM006m (L O.4m

Ridge c¢l 0.6m X L&X.W)m -

Roofing 7Z3®n each Standard roO0.2m

0. 0 XOWN3 5 m

Roofing 2 (1 on eac 4mx0. 8m(,LxW) -

O.55mm gaug

Cross b12 1mO0x93m Centre be

trusses

Screws (Minimum 3 (1048 mmMm9 mm -

Truss eatkest)

3.7 Roof Sheets on Truss Assembly

Ther 8r aglfeeet s which are pl acedaladbroy et héd el @om
of either sideawbot hsh#&#@P Ommot d s g annda dde0 0 mm
of CorrugateT@Ge5pakrnobétiluanted!| Ishk edlsoae et he r
are palbaoowed the top chords ofast heh ¢pvag B & f CF S
bel ow. Thestamdard roof sftorwtshe nr édasficasehweshtad
used to cohnebheetaoht oEibdp @t Tohoefr eb aatdée nBsoo &6 ws
screws that are placed at 200mmaspadcihemg splaa@r

of each row of rooBOsmmmrewaci agthb@&wi t hmenadftrb

50



S crdeiwne nbseii8nigmm | ong andhd 4mmeiviadrdadfd aceews

incréavemdo’/ 2120 f or t he dtuersitnsg ctohned uscttuedy .| aTthei
observations madwhifal mcleaehsierdcd rulsyi otne sotfs mor e |
the top chords of the truss Qtsasredndsladr.eves tohn t

onreoof asn@eest andard roof screws on the other

Fi g3t 2Roof sheets amnmdusoodxpermriemwsnton

3.8 Ridge Cap on Truss Assembly
Thereoiosd batten whi aoh digtudadpe tap exi myl athe a4

along the O0.6m spac,whgerkettween wohda 0 tchws Jde
connelchteedr.i dge capmaiteamedet sf dstmerbi ons are |
wi ddes. showmg ilrbel ow, ¢c¢ap Ir$ dglkaced just bet we
and connetcotpedc htoor ddsheof the truss a3bembigdges
cap is included in the test asskepsDhdnsiesad Uu@r o
The roof sheets placed above the roof batten

apex of the truss assembly.
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Fi gBi18Ri dge cap installation on roof

3.9 Ceiling Battens below Bottom Chord
Ther&@&4d4aceil i ng abOafm esnpsa cpd mgcreedat h t he bott on

pair o$eC€FiSoR hter cesés.ng battens are perpendi
chordgsaafr toe CFiSo.€rtorme & $iaefs &EFhSs €Ect rasses, t h
are 7 ceiling bateteamserwlsiidlieaarhe thledd ea@ymbdma st e
| oagdmm wi dEhaegcbatitens arevmaddedmfait ntgehel earrd
of 1 ts opemn dcegheanptleeedgnddn avli dt h i s t he tlehtmalpeaf t

return 3e6dgwe damd of the base of the batten.
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o A : | Ceiling
' ) g/ P4| battens
ke hF ! i o

flat steel used

# Roof battens and cross
bracing in between pair of
trusses

Fi gBt#2Coi |l ofudddhatf ot elkeracing, roof batte

There are 4 hexag@deraluskbdatdosceaws ceiling
are 2 screws colhnmeltée¢e ewdei®lm redn ebhaltstc eelnes.e riddrceat e d
the bottodmrtadlesrtads stehmelglepy f | at steel pieces of
wi de which are As ed i dsst cederld dbse dbcraamcgivneg t he cei |

i's shewg@3id4rhe edges of theseomstteettheieeielsi racg

at its edgébeainldi coprmaetrtsen i a3b el thwaldo mg tah es
bottomThbbeocdiling batten connechdalommwitgou rteh e
315
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X -
Truss bottom chord
i~

7

o — > \\.“\.

- | o
Ceiling batten under bottom chords , fuss bolom
chord

Figg@itBCeiling batten under btoeagtomashemhiilsy o

3. 10Roof Batte@lsormed ow Top
Three astedldf battens oped B&S t@€hiewhbpeasihr of

arel aced lhndaédeneatof sheets ahhle amhowfe U dtet etr
perpendicul ar to tdod fpeiregt b6 e CFBbOEatadpsis @ o r
battemm sng980O mmamwd dehere are 6 roof battens
thetcenof the padhe pdoofCFBattr epaid mglhmeeed s

an overhang of 36mm fbhrodfl battfemahdsnan ande
The roof battens are made of steel and have
sided shape. The 90mm width is the total of
wi dth of the Thheree odr & hde hexadgheraluskedad oscea
batten in which there ardhBi gBit&woswsonmect o

batten installation on the test assembly.
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Standa.rd roof screw

Fi g3iteRoof Batten abovVeCF&p T€hesdpair tes

3. 11Support Frame for Truss Experiments

The pair of trusses incl ustievset iofg adrle trheu
a supporting frame-fmadnedofsttiemberThandod¢ ¢ loan
trusses are sitting on top of 2 pieces of dr
45mm. There is 1 timbet opl &@d eduhppmometaiecrhg sfirdaeme
|l ater it ocprRecacseesd st ackatlt em telae hi i tdieiad u rtee st
3F1FigwiLE. Thevot pi eces ofofstaegkiewWa It damtle edsi cnrmeennsei d
together with 2 sciyreawaschoofprtelve 04 Omdwnelin@inigg a
0. 014 mTHtwerdemal i 2f iwhilcrha ak et cHOWiH eFcrsaenmee vy 2
the e€oe ¢oi the osnthekedi hi ssf@mpaolti ffaawreebr ack

conndatoemd t he outer part of t hFei gsiaBcrkee dt Hii snb
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preverCtFbrtalsess embby sl iding off the Whet exof ¢
scretwat drog uUushed end suppoate obnhbeteduss 8l
throumghl!l thef.Thhebtaambetr pieces are placed on
of <€ ol diedansdt etehle truss assembly r.elshtes tamstso

assembdeiyetwosdt he t umbeg mueécers falxl b4 ascikdeetss o f

The support frame simulates a fixed suppo
The mul ti fix brackets ensures a fixed conne
the timber under neTahheh ftihxee dt reunsds sauspspeorrbtl yc on

preventing the assembly to move sideways.

-~y

= Inllhal tzmber placement during Number of timbers placed for
I' 1" test. 1 timber placed on each each side of the support frame is
. ; e f xt frame increased to 2

L

Fi gB1L2Ti mber placement on support frames for
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Multi fix bracket
screwed onto top
piece of stacked
timber on main
support frame

= e g
Stacked timber on
main support frame

FiggBite8Mul ti fbr bopchétstacked tifmmewe pi ece

The supporting fr ameseccon soins tnse nobfe r%s g poe m eQ@F ¢
rectangul ar box frame. TFlreerta oaar enenbefr st was e
vertically and horizontally to fcsrimotnrsecdrae g
connected by 1 screwsadticeanch qoe npl adde i8n CfF
2 horizontall ys@dtaicens opreen tICHF&S Lame | ength a:
there are 3eopeononCmEmiCers wbhbiathyate pkpaedt
horizontal members to form the endssed¢tithmr r
members which are placed-siecthenwean tihe 2nwe
all 6 operctCPdsCwhechiankl pl acedav!l of equal

there is seacpeonCWwB8Ii €h i s placed diagonally

There8B8taiangul ar pieces used as bracing for
triangular bracesofahe phdcesdpippBk&Eabibawmedde
main support framewor k Eaemhowné¢ sheetoff anlgel ae
of €olrdmed steel ( CFS) angecctoinosniss tesf odi f3f eorpeer

di mensions of 1 triangular piece when joined
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and the brace is 860mm | ong. The base of th

against ssegtlieoCF®Ii €ces which are 8m in | eng

Triangular » =
piece bracing | ‘ : | Gusset plate
main support Wi screwed onto
frame ‘ top timber

“ ‘ piece

/

% # Main support frame 8m long
made of CFS C-section e single CFS

section

FiggBit®e8Main support framework on one sif

There are 2 internal support frames which
These two internal framechesle®ewa\sera,t siaereap aainrloy
of CFS trusses fwhioll ec otnipul sest eflayl |asn.ed DObuarieirn go ft hC
assetbl got rely on theoinaeynsuppoppoas fhan
are sitting oal arhge tthenbend psxpesrt frames. T
made of sisregltwho@dss Consi st of 2 triangul ar p
rectangulTh€&i d BA&eh.o wswhtohee support ifmalmedveos k

internal support frames
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Fi gG2eMai n

Supporftorf rTamesveo rTlke s t

Thesupport framework for thedtesta hesesgmbl

1. 085Mmerfew tests (FwegrG? pAon Gauwdt e¢d on al 200mm h

sect ipdmaiedtvlee or i giod @lr m&.d8 m taenedl tshescrtei ans onl

of 0.45m thick timber whpicdhhceé s placed above
The new additi on &loppiheacnen eil§ ereaackda ofhm@mt h

form a rectangiUuheamre baxe f2 dpoieerceedss sade edpeea@ne he o |

oB60nmmyghAn8™MMwi dt h. Ther e 0a0rmem 6 np il eecnegst ho fand

whiclplaced acr oss t hef dBromemnins @ todnagiddhesre @oled e
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arceonnaeactiexddWHhEr ame Fix DP screwsTwof ohédreago
200mm | ong pi ecietehnetisé apl amendonwa rtdlise 86 0mm |
and 2@&@@Mmm | ong pi eoetihe 860meict lmth4g Pdreews I
The other 4 pieces @de c2t0i0prhms bl acdnkdy a eapeng CFEs

webs and iesaoomeriteede t o the 860mm | ong pieces

Three are 4 flat pl at&pmi escheen hCFBi hokhédeatdr
original slTihpepdrtatf rpd md es sdareee | made toefd gnaa It vha mil
prot elhteisen .pl ates are placed on either sides
Fi x DP screws or hasadohalhceb gmmbdactsecsrtetwes oarrieg i f

additional CFS pieces.

AL 1. -
200mm height cold formed steel frame made of 8 open CFS

pieces boxed together and placed on top of the original
support frame for truss assembly

Flat plates used to connect the
additional open cold formed C-
sections to the original frame.

860mm long timber is placed
~ | on top of the additional 200mm
| high CFS box piece

FigB2tAddi ti ocwmdfdoromped-setce elonCbox piece on s
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3.12Lo&dpports on Test Assembly
Thkeoads used on atréeppltiesd arstse mrhdprik 8o t hat

sectpiloancsed BmboVeshhetus sofaddt€Edloixy .secpgaroalsl alr e
to the roof battendiuradced yt adboveoft hehe otcat a
(Fi gBR8The box sections ar e niaoddemedaf s e®il n dICe
sections which KWK EronamecfFiex DF d@r ews or he
There are 6 of these HWH Frame Fix DP screws
box C&eactthiogm@2 Fand the di mensi-oactoifom hies bbm IC

0. 90m wi de. Eaeshecstiingnl eh acsh abn rnheoll e acr oss it s

-

34mm in diameter at a spacing of about 118mn
The holes on the CFS box sections are | ocat
the rood tstheelbhox section will not hbi mut he f 0

brackets next to the CFS box sectdioemns laiode st s
of f the Trheofwesd hpehet of each CFS box section wi

pall ets and the box | oads applied on the pal
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CFS box sections above roof sheet

|

-

X,
-
-

~| clipped strap hanging over
t?i CFS box sections holding

Bracket acting as brace for
CFS box section

Fi gB22CFS Steel Box Sections on Roof

2 CFS Single Channel sections boxed and
connected by HWH Frame Fix DP screws

ocations on

Fi g328crew | CFS Box Sec
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There are 4 pall etlsoamdmsidbbsar palubedstthaer € aha
edgoelGFS box Tsheec tpaolnlsetgs n@gr eander neat h at a ce
the bottom chords oas stehaen dylatolre owrh «€fF St e upal |
110mm aboveThteree qarreeu®d CFS box cearcrtyhaeegdwlgi c
| oapaldliredt cap(FegB2% sed to hang tadem&dend®efd pa
wi dpohl vy wotvrnapg eanitdchle ¢ a bflreosm heaancgh sbde s8é&€ct hen

giving a todaldhamsgmmeghdafo mMCFS box .sections pe

P _ Coil of cables \ i

7 - | Cables used to
7 —‘Jj hang loaded pallets

Fi g@2 #Cabnheaet er i al used for hanging | oa

For each pallet, a long piece of strap cab
sections above the roof sheet before it is b
is placed underhie@8hpThreeg éreoi ogfh tb aotft etnr uss i ncl
box sectimfnssitoamet dfetiidrmoc e b die BEEEi manedoss t he
width of the r,obé khée&e&mndidead fdmpacadt gtche | ocat i
the CFS box selchrégeomriet(di em ctulegordw icdree pl aced o

CFS doxtainadn,t his i csabhbregmeskenCiF6Yg bokfTshedce i on
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i nner edge bBeft wiel@Gnb3Immbeay from t he foafc et hoef t

trbedore every test

g section to prevent
@ cable sliding

Cables fastened with
tape and buckle hanging
from CFS box sections

Figg2eBLoaded pallets hanging from CFS

The pall etasr & ohrandieng esnderneath tyheThpaie o
are 4 pallets used for -ftohrenetdElwsdt deivine thi @m eo |
pall edmm d olnxy0 mnwiaddd& O monsi st s o#ts elcOmesonbnegrise c |
that are 8 0ahmne hi na hieernpgztahm é d le tweeretni c2as1 g gheé ace
chanmelct@ ons Whmcihn g g G22B0T her e areonre cstce k ws
oral | sides of each joint OGESwplkmreespdbcdooi z
fl atmaCFesrfi @Ghtn@ 8 00 mm di mieglsa oendseiddheatof t he box
Te flat CFSapilkate suehaee for the |l oads to

of f
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10 single channel CFS
sections placed in between 2
single channel CFS sections

10 single channel CFS
sections placed in between 2
single channel CFS sections

Fig@2eLoad pallet for CFS Truss te:

The ccaabrlreysi ng t he ulnoaandealnleattthh amhme head pal
i'ts .edlgheesr e i s a pineeachf s8 de€e hyaBk? IEte leavteeda toe s

a dJgaphe ttabl eopagtdhenderneatBatheopal hese r e
CFS pareesonnected on the sindwaZ2elet hiiodeat deh
t hreect aGlgfl a@es connected on 4Thke dlecsaddd t el
i ni thiaanlghith gat hef gh10mm from ground | eweald t o t
it is approximateliywslixd®kmnmdgway ff rtchne tChFeS sec
main suppofFi gi32 &mhe.wdTolicdkae i ons and di stances

|l oad pallets.
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Cable looping under pallet through
CFS piece connected on side of pallet

Fi gB22BRect asgple&gces on si det oofbalotdaed pall e

CFS pallet placed 50mm away from
inside edge of long CFS section on
base of main support frame

CFS section on
base of main
support frame

of hanging | oad pal

Fi g328Di stances

6 6



3.135afety for Test Procedures

Due t o t hfeudsdidzlees tofand et he mat esanal mpbet ag
aspiectensuring that t heThiesstiss aewi demtd uan de de ¢
dur ihemg apppl i cation of the increment al | oads
The ceil iamg Imdbtotveenlsor near at hsea fpeatlyl entasz awhdi cdhu e
edges around the kel pagsdma¢s)engl anidng htahe |
hatvt® bentdo dplwancse. tThhei s obagd uopitav@east @fc uc ledt hvi t
clear wrappwedgewprohruding edgs chdeivihareei |

329

The hangimme@rpelaabcleeds over t he CFSi $boan ctetcdri
potential saf ety hdarzoapr ddvoewinhoeohfk abndgtiftesegness at bhl ee s
truss a$s émiel yboeoffo rbda als deieinset de ebbyu valthe ar ea of
|l oop of st senad dakerephsses the weiodhtaoftt enlse alnd
can causesttrhet dbofpadtoer as the Tchmibstaketay ehdba
i's mitigated bgeaqtiatca mego waene atpaernouCnd t he pr ot
The opeatCon i CFd&lnsdo inmasd ed BoBie BdimmB &i dB@erm t hi c
andoO0Ommwidrhg 12mm | i.p BhagBbhdefl loavngdows t he ir
of the opeont i CHEBpr@€vterudihreg r oof bAantottenresr duwarfier
measure placed on t hsecrteewsst pelxapceerdi nreenars tahree
sections placed on the roof sheets. These ar
of fe tCFS box sections as | oads are beiomfg pl ac
one ofi nsheadkewar the edge ofi & hael CHFSs ghoower sien
329There Iipl acsdrmaevar the edge of the CFS box

cable strap and prevents the straps from sl

The manual | ofadbapepd icmpaoins the hpaltretss

assembly pallets swhlhye asweaey dfoapasl lagtes agagn n
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the space constraintshibshniwstmemdtmh e eplalblye teqr shc

during | oad |laomakicbd@ti ong the bakbtadpltacaepd a:

ont o t hTehepasilwaeyt si,.s manual ly stopped asfptaenr | o0c¢
defl ection is then recorded. I f the stress
ceases for a few seconds before | oadcappbnca

causes the stressalyooberdit ber phutetd anewneas

down. Thi sby semsuriigrad etdhat | oads are not sl
and for each row, | oads are placed first at
of the centre | oad.

Screw installed next to plastic cable on

CFS piece on roof sheet. This 1s used to
stop cable from sliding off CFS box section

Cloth and plastic

wrapping over
protruding ceiling batten

Open CFS C-section piece
covering protruding roof batten

v ) ) T O

FiggB2eSafmegysures during truss test

3.18crew Connection at each Truss Joint

The assem@lFiBy usfs i mievtpil aalelsyng one primary sc
and the screws can either be -ariflllaitihpeage rsew.
screws are connected through the web member
The screw is connected closest to the base o
OnceCES8euss is connected, then the secondar )

experi ment . B6Be wasrs,e saluisseddrdper i ment are j oi

6 8



HWH Fr ame FiaxndDPa sntirneiwisum of 3 screws 1 S UuUSeoc
of the experiment and trying to ensure that
prematuyet hai sscaeccennpr bt asnode of atntde tjhei ntox at

vary for each test

ThEedWH Fr ame Fi x DP screws are also known a

screwsar ddeelkfl i ng screws that aHh8Hd nmRardeme fF igxe
DPscrheans a 10060batfGgden dBla Btmml @g amseitwitriyc, o f
Hex Washaend8He®dnimn |.8o¢ghht he primary screws

screws weigh 10A (4. 8mamydHdsWwhetve mmed R X DP s

showhi g &8 @

Fi g383@HWH Fr ames cFricexvad DPr is ma e w

For each tbotb Bsgembsyhave .dihfef @auenbbtern wimb ¢
for each tmwhs<hi s atrRywh edna menluphh & et 0 m arll iedgyhi t t o
Thtetrusses are pladed tdhepdgsivtsed dlae s Jatsdsmmib | y b
R when counted fTrrouns sl e2f twitld-Arbiwedilgto vasntdad sas cR
from |l ebh tbherbgme side.adhcesumeiamg tdat TrJws
is placed opposit eiari,|lJadlinghft RT roufs sT rlu swsi 12l abned

to Joint P of Truss 2 and Joint C of. olTH uss 1
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the rest of the jtousstsaasempl g&cleadiDntmf oFrdiegs o
i's opposite Joint N of Truss 2, Joi doi Et OF
Truss 1 ie dpposi deof Truss 2, Joint G of t|
Joint J of Trus& ofi FroppolitadototIKiof Trus
TrussJa@aint L of Truss 1 is opposite to Joint
to Joint Theoflotmas® »f Truss 1 is opposite t
1 is opposite to Joint E of Truss 2. The Joi
only Joints that maitsc hl aihnet ol paonsd tJeo iJnoti nlt olfe
H of Truss 1 is ToppesitandoJdommdsliHoebd ftTor ulasi
Truslsn Bihged8&el ow i s an example of some of t

this study with the various number of screws

- — - -

Primary/initial
crews connected

first for each joint

Primary/initial

| screws connected
first for each joint

Fig@8eExample of joints with screws o

3. 15L0ads used on Test s

The | oads appliefdoontlme tthreud ® atde ptal & €% samb
HWH Frame FiXh®Pl csgadeware calcul at:2@00dasred o
NASANRO010 standards which equated there would
truss. This is then distributed further to |
The boxes of screws wergotheessmost hoppdoprhat

onto to the truss assembly without c#&ssing |
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showhi g@8®del ow, each box of scrdw8eonntaiamet %
18 mmImiWH Fr ame FiaxnadbP bdoxews OTmmweagi slé&bomt
wide and 250mmehtbbre are 15060 wec gbSskTppbeut b
During the tpptl | ecdavinenlealal per son carries t he
the | oad pall ett @oadd stelrem| GtFiSe tlraitsesr psatihmeeg ense wo f
boxes of a different weight are included duce

new boxes wei(Ghg8dput 14.6Kkg

Box of screws used

as loads for tests %
AW SEI 08 N

Fi g8l Y kgoX»X of scr ewsplwheidchasarleoads durin

FigB88l4.6kg box of d$omewsngal so used
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There are 4 pall estforudecke tCd Sc ayrarnwtst lpeaa b b ad
peoplreeqauwrieed to carry the boxes frinomftrloeatco:
t he clTrheet ecsr,ates with boxes placed at a di st e

begins is sShaowB4ébel ow i n

| Box of screws on crates |
| placed at a distance

Fi g38#Box of dcraeansesopmposite sides of the

The applicatiisoanr rafedt eutlwilendc etvar gf fr oand S
| oadion® blacadi fipset oifs | pdat@ctelde cpeanltirieed 90 fi ttsh e
adjacenanl end t he ascanoes sc etnhter ew.ilrtioewn e 6 B sbeohxe t b a |
of fthet loifs | plagsced, atthdrhe2 cremmrta eboxeofatbepl ¢
1 shtoxcrtolses wi dpanl Tdefed stkle8 obfoxes are placed i n s
l ength opl abedpannalekseMi ditch Fofg GtBHRd hpa nleext G et
boxese &ahen pl acrediecrir msshe¢ hegpaamtéhdetwle vetkeyt hee ne:
t o ltshtet of.TBebsetes of | oads are applied cont
to fehtit eldenngtdit h @rfc etfhteh lep alhetinegntihdt h of t he
filled, thexeasxactsed oif'steoofp boofx etsheon the bas
pal Orett'fset axrkowo foft he x@ersder in which ithetbet

same astwaké& df boxes. The box is placed at 1
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filled swi thhoweoxeer t he width of the bdokeis p:
met hod of applying boxes ont @sdtsheembll oya de xpeelrli

failure on any of i1its members

N --
/4;%

2nd row of
stacked boxes i1s
placed width wise
across width of

pallet a8 | ool Width of 1 box
1% row of stacked boxes on ' / 5 rows and 3 columns of
base of pallet is placed Length of 1 box B {oxes fill up base of pallet
length wise across width of —

Fi g38BBBoxes odtackedvson | oad pallets of

. e )
| 3 stacks of boxes ; 2 ' p—
| on load pallets g e ;. = ot

... = < -

3.16DatCaol |l ecti on

The data in this test series comprises of r
use of <cameras. During the tests, camcorder

record the tests from start tfoor imhaothag Maeh el

of the tests, photographs of the truss joint
that experTkhecdsffactuoe. during the tests i s
use of a | ong r wl é@rhef rboom tgrnm wnfd tfhleo dbrottt om ¢
or using a measuring tape. The deflection i

which i ssspantbat mhd truss assembly under Joi
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assembly ar e measur ed usi ng measuring t ape

information is recorded manually and transfe

3.17Truss Configuration

All tGFSsses have a mini mammbdefnd3mer ewls @dr
each truss assembl Vhe ajyode stthieolrarbhedtdheRt rtfusscsne s/
enable a clearer understanding of how many
Error! ReferenceAmsoelreeatnioan fwiuemw . of the tr

Fi gG38 8

1070

Fig@8eLabell ing of each joint for th
CFS box -
- bi; se:ig »yy’ @N Jroof sheet
s
d d
sup::rt ﬁ{\ / N ::pport
load palletJ truss—; — strapJ ceiling battensJ

Fig38# EIl evation of truss assembl:

Every truss has the same number of joints
to right, range f raosns eAmhbtidyeR.t rlurs stelse atrreu atr r tae

another, so when counting f-Rpmahdftwheno cobght
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|l eft ,toalroingghtt he same side as couMmt eAnsgebalb t Tr
Joiof Aruss 1 is positioned madraogB so,ff Jmunsiso i In
positioned across fJroamtJ d mtf FArafs sTrlusiss 2acr ¢
These continue for é¢heepte mao mid,&wo i whfiscthH eJaopi dnit
Truss 1 is across from Joimtrodsoffrtomusloi 2itan
Thdab3sehows the number of screws of eaancdh | oi
the photos of the truss joint APPENDTHKer ea:

Fig@3®el ow shows an example of 3 joints in t

T

FigB83@&Example of 3
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Tab3 ®crews for each joint on Truss Assemblies
Number of Screws
Test Number Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8
Joint Truss 1 Truss 2 Truss 1 Truss 2 Truss 1 Truss 2 Truss 1 Truss 2 Truss 1 Truss 2 Truss 1 Truss 2 Truss 1 Truss 2 Truss 1 Truss 2
A 7 screws, 3 7 screws, 3 7 screws, 4 6 screws, 4 5 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4 5 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4| 6 screws, 4 6 ZCL?]WS’
on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket| on bracket| on bracket bracket
B 3 3 3 3 4 4 3 3 3 3 3 3 3 3 3 3
C 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
D 3 3 3 3 4 4 3 3 3 6 4 4 3 3 3 3
E 3 3 3 3 3 3 3 3 3(6 30n 3 3 3 3 3 3
bracket
F 3 3 3 3 4 4 3 3 5 6 4 4 4 4 4 4
G 3 3 3 3 4 3 3 3 5 6 5 3 4 4 4 4
H 6 6 7 6 7 7 7 7 7 7 7 7 8 8 8 8
[ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
J 3 3 3 3 4 4 3 3 6 5 6 4 4 4 4 4
K 3 3 3 3 3 3 3 3 6 5 6 3 4 4 4 4
L 4 4 3] 4 3] 6 5 5 4 4 5 2 6 6 6 6
M 4 4 3] 4 3] 6 5 5 4 4 5 2 6 6 6 6
N 3 3 3 3 4 4 3 3 6 3 6 4 3 3 3 3
o) 3 3 3 3 3 3 3 3|640n 3 6 3 3 3 3 3
bracket
P 3 3 3 3 4 4 3 3 3 3 3 3 3 3 3 3
Q 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
R 7 screws, 3 7 screws, 3 6 screws, 4 7 screws, 3 5 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4 5 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4 6 screws, 4| 6 screws, 4 6 icgenws,
on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket | on bracket| on bracket| on bracket bracket
Total Number
of Screws per 73 73 79 73 83 84 76 76 93 92 92 74 83 83 83 83
Truss
Total Number
of Screws for 146 152 167 152 185 166 166 166

Truss
Assembly
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3. 18Tr uTsessti Mear Tr8u0sOsmnd yrsotoefm batten spacings

Thet @#st acssrespibdtQussast wt & h-dofi Islcdrawdsserl ef
Tr ulamd 7Peaeh 7i®dacvreevaxc h truss is made of 2 top
and 8 web members and the truss iIis assembl ed
on bhaeback truss system. However, the web me
face of the web member is connected onto th
pl acement I ies in the same pl Bnter uvasnsdel sa caerdent a
6 00mm waiptahr t2 st eel battens placed alhhecrosas ebr

12 o00f battens connected to the top chords o

t he bradafen. The roof sheetsetiave aomwméal iof I
There are 14 ceiling battens are placed unde
are 2 steel coils placed as cross bracings a
supported at the end jointsee amhetmai nrsgpgppas

hei ght offhe8 4g4B®Mm.el ow shows thefbobesfTeassémbly

Fi gB8B8Test 1 assembly set wup

Th®abd4sechows the details of the members of
amount of dead | o&dcbatlcubatwdi s Z&stHkdh. an
the dead |l oadc(GYHdiing &518kgudst hsthenbthg & dhe mb

l oad formula and t hen( kNo@@edasi ng it to kil on

8

the Dead Load of the Truss A

0. 84k N.
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Tab4Bruss Experiment Setup for Test 1
DEAD LOAD
Densit | Surfac
Widt _ Volum y of _ e Linea_r _ No _Weight for
Length Thickness(m| Area | Area Volume | materi | Densit| Densit | weigh| of | item on truss
Truss Members h > e 3 : :
(mm) (mm) m) (mn?) | (M) (mn?) (m®) al y y t (kg) | item | experiment(k
(kg/m?® | (kg/m? | (kg/m) S s))
) )
Top AH 3833 89 0.75 341137| 0.34 | 255853 0.000 - - 1.15 | 44 1 4.4
Chord HR 3833 89 0.75 341137| 0.34 | 255853 0.000 - - 1.15 | 44 1 4.4
BC 190 89 0.75 16910 | 0.02 | 12683 0.000 - - 1.15 0.0 1 0.0
DE 609 89 0.75 54201 | 0.05| 40651 0.000 - - 1.15 0.7 1 0.7
FG 1672 89 0.75 148808| 0.15| 111606 0.000 - - 1.15 1.9 1 1.9
Web HI 1132 89 0.75 100748| 0.10 | 75561 0.000 - - 1.15 1.3 1 1.3
JK 1672 89 0.75 148808| 0.15| 111606 0.000 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 | 27167 0.000 - - 1.15 0.0 1 0.0
NO 597 89 0.75 53133 | 0.05| 39850 0.000 - - 1.15 0.7 1 0.7
PQ 190 89 0.75 16910 | 0.02 | 12683 0.000 - - 1.15 0.0 1 0.0
Botto
m AR 7074 89 0.75 629586| 0.63 | 472190 0.000 - - 1.15 8.1 1 8.1
chord
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten 809 65 0.4 52585 | 0.05| 21034 0.00g0210 7850 - - 0.2 14 2.3
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.000032| 7850 - - 0.3 12 3.0
Roof sheets 4000 | 800 0.55 32%000 3.20 17%000 0.001760 - 2 - 6.4 2 12.8
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Crossbrace | gq7 | g 0.4 80730 | 0.08 | 32292 | 0.000032| 7850 | - ; 03 | 2 0.5
between Truss
Steel Brace Coll
on Ceiling 1515 30 1 45450 | 0.05| 45450 0.000045| 7850 - - 0.4 2 0.7
Battens
Multi Fix
114 38 0.75 4332 | 0.00| 3249 0.000003| 7850 - - 0.0 12 0.3
Brackets
HWH Screws on 4 19 ; 342 | 0.00| - - ; - ; 0.01 | 48 0.5
Roof battens
HWH Screws on| ¢ 19 i 342 | 0.00| - ; i ; - | 001 56 0.6
Ceiling battens
HWH Screws on| 14 | g i 342 | 0.00| - ; i ; - | oo1| 8 01
Steel brace
HWH Screws on| ¢ 19 i 342 | 0.00| - ; i ; - | 001 | 146 15
Truss Joints
Roof Screws 65 - - - - - - - - - 001 | 72 1.0
Roof Box 0.07
Section with web 796 90 0.75 71640 2 53730 0.00005 - - 1.15 | 0.92 | 16 14.6
holes
Roof Box 18 | 19 i 342 | 000| - ; i ; - | 001! 96 1.0
Section Screws
Weight Sum (2 Truss Members + Ceiling battens + Roof battens + Roof sheets + Roof I 85.8
Sections) '
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.84
The | abelling of the truss members (AH, HR, BC, DEFi g¢@&B éLHdbel J K,ngl
each jJjoint forfMhtthe oCm% sTraues | abell ed as such for convenience.
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3. 19Truss-LTemetar 2 Tr8u0sOsmnd yrsotoefm batten spacings

The Test 2 assemblyasetmmplwesyesi miTlkeat 2o i
ridge cap placed above t het ctemd rrei dvdhee ref btoh en
This ridge cap made of steel addsTheomaen |
support frame iIs also Iimhar etalse dt dtghoem2e8 aabrgmmmil!
screws used f ofrr ulshegs9t secs savs wmelc dews swlRi blasi
same number used for TresTr uss hlowreaser?7 d¢$dhrews
screws used for ttJlvea ndamedpdi dobiussoRedthi Fr ITes
2 assembly has 6 screws on t fjoagsnjtanatotfi ushéee s d
Test 1 AceisembAyof Truss 1 i n sTaenset j20 ihnats fnoorr eT

the TesThRi g@d4®debow shows the assembly set u

FigB4@8Test 2 assembly set up

Th®ab3sehows t he details of the members of
amount of dead | @adEaccahl cturluastse dwefiogrh sTex3. 5k g
the dead | oad (G) is 85.5 kg including all t

|l oad formula and then( kNRuWW&rdQing it to kil on

, t he Dead Load of the Tr

Tegits 0. 84kN
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Tab3 €russ Experi ment Setup for Test 2
DEAD LOAD
Density Surface| Linear No weight for
Truss Length| Width | Thickness, Area | Area | Volume | Volume of Densitv| Densit weight of item on truss
Members | (mm) | (mm) | (mm) (mm?) | (m?) | (mn?) (m®) | material y Y (kg) |. experiment(kg
3 (kg/m?) | (kg/m) items
(kg/n) )
To AH | 3833 89 0.75 341137 | 0.34 | 255853 | 0.00026 - - 1.15 4.4 1 4.4
Y
Chord | HR | 3833 | 89 0.75 | 341137 | 0.34 | 255853 | 0.00026 - - 1.15 | 4.4 1 4.4
BC| 190 89 0.75 16910 | 0.02 | 12683 | 0.00001 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05| 40651 | 0.00004 - - 1.15 0.7 1 0.7
FG | 1672 89 0.75 148808 | 0.15 | 111606 | 0.00011 - - 1.15 1.9 1 1.9
Web HI | 1132 89 0.75 100748 | 0.10 | 75561 | 0.00008 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 | 0.00011 - - 1.15 1.9 1 1.9
LM | 407 89 0.75 36223 | 0.04 | 27167 | 0.00003 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 | 39850 | 0.00004 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 | 12683 | 0.00001 - - 1.15 0.0 1 0.0
B::%tg?;n AR | 7074 | 89 0.75 629586 | 0.63 | 472190 | 0.00047 - - 1.15 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten| 600 65 0.4 39000 | 0.04 | 15600 | 0.00002| 7850 - - 0.1 14 1.7
Roof batten | 897 90 0.4 80730 | 0.08 | 32292 | 0.00003| 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 | 0.00002| 7850 - - 0.2 1 0.2
Roof sheets| 4000 | 800 0.55 3200000| 3.20 | 1760000; 0.00176 - 2 - 6.4 2 12.8
Cross brace
between 897 90 0.4 80730 | 0.08 | 32292 | 0.000032| 7850 - - 0.3 2 0.5
Truss
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Steel Brace

on Ceiling 1515 30 1 45450 | 0.05| 45450 | 0.000045| 7850 - 0.4 2 0.7
Battens
Muld PiX | 194 | 38 | 075 | 4332 | 0.00| 3249 |0.000003 7850 . 00 | 12 0.3
Brackets
HWH Screws
on Roof 18 19 - 342 0.00 - - - - 0.01 48 0.5
battens
HWH Screws
on Ceiling 18 19 - 342 0.00 - - - - 0.01 56 0.6
battens
HWH Screws) 14 | g ] 342 | 000| - ; i - | 001 ]| s 0.1
on Steel bracg
HWH Screws
on Truss 18 19 - 342 0.00 0.01 | 152 1.5
Joints
Roof Screws| 65 - - - - - - - - 0.01 | 72 1.0
Roof Box
Section with | 796 90 0.75 71640 | 0.072| 53730 | 0.00005 - 1.15 0.9 16 14.6
web holes
Roof Box
Section - - - - - - - - - 0.01 96 1.0
Screws
Weight Sum (Truss Members + Ceiling battens + Roof batterm®obf sheets + Roof Box Sections) 85.5
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.84
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3. 20Truss-LTemetar 3 Tr8u0sOsmnb yrsotoefm batten spacings

The test 3 assembly has8363csewswandnTwhs

scrdwe number screws onl @ashse teman stulpeg oramg oji m

1 and 2 hnouwwnebveerr otfhescrews for the i nner joir
have i nfcdhreepdaeadc.ement of the truss members in
i s using the DOhreear i Br wass i dyetemdap i hclhaceasd f
t hate placed above the ceiling battens have

recsft the test seri.&S&s mtomadudctoedeshst hi andt @dyt
of 12 roof battentshenmailM swpdadrntg fbraa me nosf; t

height ofFiB8@@Mmmebhod shows the test assembly

Fi gB4eTe8dssembly set wup

Th®abGsechows the details of the members of
amount of dead | 8adEaccahl cturluastse dwefiogrh sTex3. 5k g
the dead | oad (G) is 84.9 kg including all t

|l oad formula and then( kNRuWW&rdQing it to kil on

, t he Dead Load of the Tr

TeB8its 0. 83 kN
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Tab@ Bruss Experi ment Setup for Test 3
DEAD LOAD
Density . . .
Length| Width | Thickness, Area | Area | Volume | Volume of Surfa_ce Linear weight No | weight for item
TrussMembers (mm) | (mm) (mm) mm?) | (m?) (mn?) (m?) material Density | Density (kg) of on truss
(kg/n?) (kg/m?) | (kg/m) items| experiment(kg)
Tob Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
P HR | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
BC | 190 89 0.75 16910 | 0.02 12683 0.00 - - 1.15 0.0 1 0.0
DE 609 89 0.75 54201 | 0.05 40651 0.00 - - 1.15 0.7 1 0.7
FG| 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI 1132 89 0.75 100748 | 0.10 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 27167 0.00 - - 1.15 0.0 1 0.0
NO| 597 | 89 0.75 53133 | 0.05 | 39850 | 0.00 - - 1.15 0.7 1 0.7
PQ| 190 | 89 0.75 16910 | 0.02 | 12683 | 0.00 - - 1.15 0.0 1 0.0
Bccr’]t(t)?gn AR | 7074 | 89 075 | 629586 0.63 | 472190 | 0.00 i i 115 | 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 14 1.7
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets 4000 800 0.55 3200000| 3.20 | 1760000 0.00 - 2 - 6.4 2 12.8
Crossbrace | go; | g 0.4 80730 | 0.08 | 32292 |0.000032 7850 - - 0.3 2 0.5
between Truss
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Multi Fix 114 | 38 0.75 4332 | 0.00 | 3249 |0.000003 7850 - - 0.0 | 12 0.3
Brackets
HWH Screws on| g 19 i 342 | 0.00 ; - - - - 0.01 48 0.5
Roof battens
HW_I—_| Screws on 18 19 ) 342 0.00 . - - - - 0.01 56 0.6
Ceiling battens
HWH Screws onj g | 19 : 342 | 0.00 0.01 | 167 1.7
Truss Joints
Roof Screws 65 - - - - - - - - - 0.01 72 1.0
Roof Box Section - 295 | g 0.75 | 71640 | 0.072| 53730 | 0.00005| - . 115 | 09 | 16 14.6
with web holes
Roof BoxSection| i ) - - - - - - - 0.01 96 1.0
Screws
Weight Sum (Truss Members + Ceiling battens + Rbaftens + Roof sheets + Roof Box Sections) 84.9
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.83
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3. 21Truss-Baatdia Ak SBYHtmenmr oof batten spacings

The test 4 assemblybocbhststusse$ whi2chlcre

number of screws in the Test 2 series. There
internal joint screws are |l ess than in Test
as its opposiTiheppblatemwemt members in Test 4

ot her testudyi hesgth ud eu 4 asa stikhset ebmanedehn st Mt eh abta ¢ k
of 't hme mbeslyo ninsect ed t o t he b .acTkh eo fwetbh enetnhtmerrds
L and M are the only onessiamirbaantgheed p rifehvai oLu sn e

height of the main support fr aFeg @dsh 8 @0 mm s

shows the assembly setup of test 4.

Fi gB42Test 4 assembly set up

ThEBabisehows the details of the members of
amount of dead | dadEaccahl cturluastse dwefiogrh sTex3. 5k g
the dead | oad (G) is 84.7 kg including all t
l oad formula and then cOQMW@ErdfQing it to kil on

, the Dead Load of the Tr

Tedits 0. 83 kN
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TabdTeruss Experiment Setup for Test 4
DEAD LOAD
Density . . .
Length| Width | Thickness, Area | Area | Volume | Volume of Surfa.ce Llnear weight| No of weight for item
Truss Members (mm) | (mm) (mm) (mm?) (m?) (mn?) (m) material Density | Density (kg) | items on truss
(kg/m) (kg/m?) | (kg/m) experiment(kg

Too Chord AH 3833 89 0.75 341137 | 0.34 | 255853 | 0.00 - - 1.15 4.4 1 4.4
P HR 3833 89 0.75 341137 | 0.34 | 255853 | 0.00 - - 1.15 4.4 1 4.4
BC 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG 1672 89 0.75 148808 | 0.15 | 111606 | 0.00 - - 1.15 1.9 1 1.9
Web HI 1132 89 0.75 100748 | 0.10 | 75561 0.00 - - 1.15 1.3 1 1.3
JK 1672 89 0.75 148808 | 0.15 | 111606 | 0.00 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 | 27167 0.00 - - 1.15 0.0 1 0.0
NO 597 89 0.75 53133 | 0.05 | 39850 0.00 - - 1.15 0.7 1 0.7
PQ 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
SOUOM | AR | 7074 | 89 | 075 | 629586 0.63 | 472190| 0.00 i i 115 | 81 | 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 14 1.7
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets 4000 | 800 0.55 3200000| 3.20 | 1760000; 0.00 - 2 - 6.4 2 12.8
Cross bTrr"’l‘J‘;i betweel g97 | 9o 0.4 80730 | 0.08 | 32292 |0.000032 7850 i . 03 | 2 0.5
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Multi Fix Brackets 114 38 0.75 4332 0.00 3249 | 0.000003| 7850 - 0.0 12 0.3
HWH Screwson | ;4 | g ; 342 | 000| - i i i 001 | 48 05
Roof battens
HWH Screwson | 14 | 49 ; 342 | 0.00| - i i i 001 | 56 0.6
Ceiling battens
HWH Screwson |4 | 49 ] 342 | 0.00 001 | 152 15
Truss Joints
Roof Screws 65 - - - - - - - - 0.01 72 1.0
Roof Box Section | g5 | g 0.75 | 71640 | 0.072| 53730 | 0.00005 ; 115 | 09 | 16 14.6
with web holes
Roof BoxSection i i i i i i i i i 001 | 96 10
Screws
Weight Sum (Trussviembers + Ceiling battens + Roof battens + Roof sheets + Roof Box Sections) 84.7
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.83
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3.22Truss-l feetr nmal SuPpPommn iocf ubBaobhen spaci n

Theéest 5 assembly has 185 screws for b o

compared to all.Trluesst dsthasi ®3tsics eswvsuawnwd Tr u

internal joints of the trusses have more s
assembly differs from all the other tests 1in
an ianlt esscunpport in addition thoo wehveere ndhes uppucsrs
pl acement is foll owiTrhge rtirretl eLs mppma rltton iinsg s | Gs goaftt

TrussJai mtfhd E2x;lucsisn't Olhoafs Trmmourses scr ews 2ahhan Jo
the internal Tesmppar suppoati é6name i s i ncrease
which remains fore allke fl2t uoeft bat $ enBTheand 1

testFigmdidel ow shows the test assembly setup

FigB48Test 5 assembly set up
ThBab8sehows the details of t he members of

amount of dead | &6adEaccahl cturluastse dwefiogrh sTeXx4. 1k g
the dead | oad (G) is 86.4 kg including all t

l oad formula and then cOQ@&dQing it to kil on

, the Dead Load of the Tr

TeSits ™. 85k
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Tab8&Bruss Experiment Setup for Test 5
DEAD LOAD
Densit . . .
1 Length| Width | Thickness Area | Area | Volume | Volume of / Surfa_ce L'”e"?‘r weight No | weight for item
russ Members (mm) | (mm) (mm) mmd) | (m?) (mn?) (m) material Density | Density kg) |- of on truss
(kg/?) (kg/m?) | (kg/m) items| experiment(kg
Topb Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
PO R 3833 | 89 | 075 | 341137| 0.34 | 255853 | 0.00 i i 115 | 44 | 1 4.4
BC| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI | 1132 89 0.75 100748 | 0.10 | 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM | 407 89 0.75 36223 | 0.04 | 27167 0.00 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 | 39850 0.00 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
POUOT | AR| 7074 | 89 | 075 | 629586| 0.63 | 472190 | 0.00 i i 115 | 81 | 1 8.1
Extra CFS piece
for internal 295 89 0.75 26255 | 0.03 | 19691 0.00 - - 2.15 0.6 1 0.6
support
Weight Sum for 1 Truss Member 24.1
Weight Suntor 2 Truss Members 48.2
Ceiling batten 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 14 1.7
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets 4000 | 800 0.55 32000001 3.20 | 1760000f 0.00 - 2 - 6.4 2 12.8
Cross brace | g9 | gg 0.4 80730 | 0.08 | 32292 |0.000032 7850 i i 03 | 2 0.5
between Truss
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Multi Fix 114 38 0.75 4332 | 0.00 3249 | 0.000003 7850 - - 0.0 14 0.4
Brackets
HWH Screws on| o 19 i 342 | 0.00 ; - - - - 0.01 | 48 0.5
Roof battens
HWH Screws on| o 19 i 342 | 0.00 ] - - - - 0.01 | 56 0.6
Ceiling battens
HWH Screws on| o 19 - 342 | 0.00 0.01 | 185 1.9
Truss Joints
Roof Screws 65 - - - - - - - - - 0.01 72 1.0
Roof Box Section  7q5 | g 0.75 | 71640 | 0.072| 53730 | 0.00005| - . 115 | 09 | 16 14.6
with web holes
Roof BoxSection| i 3 i i - - - - - 0.01 | 96 1.0
Screws
Weight Sum (Truss Members + Ceiling battens + Roof battens + Roof sheets + Roof Box Section 86.4
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.85
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3. 23Truss-LTeetar 6 T r4u0sOsmnd yrsoteoghm dian ¢ € n

The test 6 assembly consists of 166 screw
and Truss 2 has 74 screws. Test 6 assembly i
there are more screws neamomparnts®d®nlt oKt hhd §
The number of screws on the emhdstmeottr ujsci m
pl acements for this te3hefaoumbewrtbé LCLenkangt
reduced from 14 to 12 and the number of r ool
cap is included which is similar to Tests 2,
the ceiling thet tseamnse wWhoirc hTeiss s 3, 4 and 5. T

1045anmd Fi &84 delolwows the assembly setup for

FigB44Test 6 assembly set up

ThBab9sehows t he details of the members of
amount of dead | 6.adEaccahl cturl udstge wl efitogrlesTEeZX a% we
the dead | oad (G) is 87.3kg including all tr

|l oad formula and then cOQ@W&@QAing it to kil on

, t he Dead Load of the T

Te6its 0. 86 kN
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Tab9dQ®Bruss Experi ment Setup for Test 6
DEAD LOAD
Density . . .
Length| Width | Thickness) Area | Area | Volume | Volume of Surfa_ce L'”e"?“ weight No | weight for item
Truss Members (mm) | (mm) (mm) mm) | (m?) (mn?) (m?) material Density | Density (kg) of on truss
(kg/n?) (kg/m?) | (kg/m) items| experiment(kg
Tob Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
P HR | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
BC | 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI | 1132 89 0.75 100748 | 0.10 | 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 | 27167 0.00 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 | 39850 0.00 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 12683 0.00 - - 1.15 0.0 1 0.0
POUOT | AR | 7074 | 89 | 075 | 620586| 0.63 | 472190 | 0.00 - - 115 | 81 | 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten | 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 12 15
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 20 5.1
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets | 4000 | 800 0.55 | 3200000 3.20 | 1760000/ 0.00 - 2 - 6.4 2 12.8
Cross brace | gq7 | gg 04 | 80730 | 0.08 | 32292 |0.000032 7850 i i 03 | 2 0.5
between Truss
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Multi Fix 114 | 38 0.75 4332 | 0.00 | 3249 |0.000003 7850 - 00 | 12 0.3
Brackets
HWH Screws on 18 19 i 342 0.00 - - - - 0.01 | 48 0.5
Roof battens
HWH Screws on| 44 19 i 342 0.00 - - - - 0.01 | 56 0.6
Ceiling battens
HWH Screws on 19| 19 : 342 | 000 | - - - - | 001 | 166 1.7
Truss Joints
Roof Screws 65 - - - - - - - - 0.01 | 120 1.7
Roof Box Section - 794 | g 0.75 | 71640 | 0.072| 53730 | 0.00005| - 115 | 09 | 16 14.6
with web holes
Roof BoxSection| ) i . - - - - - 0.01 | 96 1.0
Screws
Weight Sum (Trussviembers + Ceiling battens + Roof battens + Roof sheets + Roof Box Sections 87.3
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.86
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3. 24Truss-LTeetar 7 Tr4u0sOsmnd yrsotoefm batten spacings

The test 7 assembly daasrssitishtes tiaru sdsltetsc s ¢ T re w
land 2 b&®3 hs chraewles The truss assembly is simp
and all supports havdotime Hamernbmobhdédr Tofusscor
screws compared toThédet hbead Zdnedsqldde scte isleirnige s
used Iin thifhersti sSeliesdge cap used, and n«
ceiling htkeatwteensnembéobs!| pivacementi near Truss ¢
1,2, 3, bheanldeiéght of the maankKisgu@4pbeltow r amews

the setup of the test 7 assembly.

SRR SRR CHPA ML~ 5

FigB4BTest 7 assembly set up

ThBabl®hows the details of the members of
the amount of dead7. | @adhcal ok jaantde dt ghfies rt 208teadlt
of the dead |l oad (G) is 87.3 kg including al

dead |l oad formula and thei@QdN®®@rting it to

, the Dead Load of the Tr

Tegits 0. 86 kN
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Tabl@russ Experiment Setup fo Test 7
DEAD LOAD
Density . . .
Length| Width | Thickness| Area | Area | Volume | Volume of Surfa_ce Linear weight| No of weight for item
Truss Members (mm) | (mm) (mm) mm?) | (m) (mn?) (m?) material Density | Density (kg) items on truss
(kg/?) (kg/m?) | (kg/m) experiment(kg)
Tob Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
P HR | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
BC| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI | 1132 89 0.75 100748 | 0.10 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 27167 0.00 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 39850 0.00 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
i‘;f;%“ AR | 7074 | 89 0.75 | 629586 | 0.63 | 472190 | 0.00 - - 115 | 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten 600 65 0.4 39000 | 0.04 15600 0.00 7850 - - 0.1 12 1.5
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 20 5.1
Ridge cap 600 100 0.4 60000 | 0.06 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets 4000 800 0.55 3200000{ 3.20 | 1760000| 0.00 - 2 - 6.4 2 12.8
Crossbrace | gq7 | g 04 | 80730 | 0.08 | 32292 |0.000032 7850 - . 0.3 2 0.5
between Truss
Multi Fix 114 | 38 0.75 | 4332 | 0.00 | 3249 |0.000003 7850 - . 00 | 12 0.3
Brackets
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HWH Screws on

RoOf battens 18 19 - 342 0.00 - - - 0.01 48 0.5
HWH Screwson g | g i 342 | 000 | - i - | o01]| 56 0.6
Ceiling battens
HWH Screwson 45 | 4q i 342 | 000 | - . - | 001 | 166 1.7
Truss Joints
Roof Screws 65 - - - - - - - 0.01 120 1.7
Roof Box Section - 795 | g9 | 075 | 71640 | 0.072| 53730 | 0.00005 115 | 09 | 16 14.6
with web holes
Roof BoxSection| i i i i i i i 0.01 96 10
Screws
Weight Sum (Truss Members + Ceiling battens + Rbattens + Roof sheets + Roof Box Sections) 87.3
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.86
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3. 25Truss-LTemetar 8 T r4u0sOsmnb yrsotoefm batten spacings

The test 8 assembly is setup i n the same
screws used for both trusses. Trwuss 1 and 2
number of screws for each jointornts ftrheme aime
height of 1045mm and there is 1 ridge cap us
pl aced above the ceilimgt theadgs d2s cand i higebat &
t hi sThheesweb pl acementi nf drhet Hd nteraussTruss syst

Tests 1, 2, Ri,g®4,6& lbowndt e dsdteup of the test

FigB346Test 8 assembly set up

ThBabl®hows the details of the members of
the amount of deadd8 | E@adhcal ok baantnde dt ghfies rt 208teadlt
of the dead | oad (G) is 87.3 kg including al

dead | oad formula and then converting it to

0'Q W »QL , the Dead Lo

of the Truss 8Ass @miBI6GWK Nf or Test
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TabllE@russ Experiment Setup fo Test 8
DEAD LOAD
Density . . .
Length| Width | Thickness| Area | Area | Volume | Volume of Surfa.ce Linear weight | No of weight for item
Truss Members (mm) | (mm) (mm) mn?) | (m?) | (mn?) m) material Density | Density (k) items on truss
(kg/m) (kg/m?) | (kg/m) 9 experiment(kg
Too Chord AH | 3833 | 89 0.75 341137 | 0.34 | 255853 | 0.00 - - 1.15 4.4 1 4.4
P HR | 3833 | 89 0.75 341137 | 0.34 | 255853 | 0.00 - - 1.15 4.4 1 4.4
BC | 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG| 1672 | 89 0.75 148808 | 0.15 | 111606 | 0.00 - - 1.15 1.9 1 1.9
Web HI | 1132 | 89 0.75 100748 | 0.10 | 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 | 89 0.75 148808 | 0.15 | 111606 | 0.00 - - 1.15 1.9 1 1.9
LM | 407 89 0.75 36223 | 0.04 | 27167 0.00 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 | 39850 0.00 - - 1.15 0.7 1 1
PQ| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
POUOT | AR | 7074 | 89 | 075 | 620586| 0.63 | 472190 0.00 . . 115 | 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten | 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 12 1.5
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 20 5.1
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets | 4000 | 800 0.55 3200000| 3.20 | 1760000/ 0.00 - 2 - 6.4 2 12.8
Cross brace | g97 | g9 04 | 80730 | 0.08| 32292 |0.000032 7850 - - 0.3 2 0.5
between Truss
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Multi Fix 114 | 38 0.75 4332 | 0.00 | 3249 |0.000003 7850 - - 0.0 12 0.3
Brackets
HWH Screwson 4 | g i 342 | 0.00| - i ; ; ; 001 | 48 05
Roof battens
HWH Screwson 4 | g ; 342 | 0.00| - i ; ; ; 0.01 56 0.6
Ceiling battens
HWH Screwson .4 | 49 ; 342 | 0.00| - i ; ; ; 001 | 166 1.7
Truss Joints
Roof Screws 65 - - - - - - - - - 0.01 120 1.7
Roof Box
Section with 796 90 0.75 71640 | 0.072| 53730 | 0.00005 - - 1.15 0.9 16 14.6
web holes
Roof Box
Section Screws| ) i i i ) i ) ) ) 0.01 96 1.0
Weight Sum (Truss Members + Ceiling battens + Rbattens + Roof sheets + Roof Box Sections) 87.3
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.86
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ChaptkExrpedri Resuél s

4. ISummary of Test Results

4. 1Ldads Summary

For the test seri esdeamdmdluotad dieisn rtamige ds tbed yw,e
Tests 1 and 2 Dbot 4k Nheaevaeec ha dieasd sl Bad naf 40 b®t h h

Tests 6,7 and 8 all have a dead | oad of 0. 86 kN

The dead | oads for Tes tdesaloBa dasn df od4r aTrees ttsh e6 ,| o7w e
The variables for each test which adjusted the
joint of the truss, the inclusion of the ridge
steel secfThendeadTéwtadbval ues beiilget teo hHihghaéam
number of roof battens and the decréasssimemar

23.5kg for afbrthesteStwhegbeps 24. 1kg due to -

Thleviead of the test seri ewi trlantglhae/ldbadwenypth 8 k BHdt
2 and t heleladghhe®esatnd in test 8. Test 1 has a | iv
l'ive |l oad of 20e4pDlkNtanel 22whé4kN Tests 5, 6 ar
29. 12Kk N2 M@krdg sp3e.ctively. The tot al |l oad applied
| owest t BIB&IN lamad Tefbotr h& ddesatsat r ISolalkdNFohfe t ot al | oa
1 23 kNgest 5 caters forTeas ttsat3xlamnlelo ad o@f30 DA .ad 3 d N

2F 7kiNespectively. Tests 6 an@9KNraedda lbriNees pteoc tciavt

The hiengrhatsebhe main suppor8t9 Ofnrma naen df retvOednB dubanhn
all owed for the pbai gkt sabovéegaodouadhdghieng | oa
del ay the pallets from falling to twear igladiuoaa cal

test is based on the observations from the pre;
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The deflections for each test show tham. Té&EDT
the other test, tnhne ilsowaecshti edveefd ebcyt iTaers toefR | leX ¢ $ D

Test 4 achievesSed d9eant dtnenhli et ta@2dmeved for bot h t

For the type of test conducted and the type o
the mechanism of failure for this series of te
and met hod of | oad daptpol ischaotw oinn ccoanns ibset efnacci teosr ewt

to appl yyidgttreesntpal ¢ @ afs sdeedmdH tyr us s

The number of screws on the joints of the tr
per faonr mnt egral role in thbafeaialpaces yhappehmiengr a
me mber do not affecThehei gicdiewy colhnéebei srcg.ew
def ormati ons .Atr oawadh tjhei nto,i nttlse scr d@0mma wi h s

primary screws c ofnlnaeencges de cdhgeear wh enree weypd i ma mb e p s

bet ween screws at each joint allows for reduce:t
which are not affected during the failure in t
truss 1 ande2rilpowlevwegrctoifossramwd ctome opti mal sp
failure around the joints despite the | ocal f a

4. 1. Railure Type
There were 2 tesperavtyacid utrieed tdhueet pal | et s hi tt

before any form offests|l 6randad$ pphdulkdeden oas dtil
reached t heftgahreeund d afdlsoowe.Fa@r beestgg a&ppthedintern
G of Truss 1b)e svifiliec h nwaes nmdt support had'!feadhad
at a | ive .| oFaod , ctiftels2egdrarBrakeébhtr 1J,0ikntosf Truss L1l pbpeac

updmel?bmditngg | ive | oad of 29. 1kN.

Ther af awet est s whb wdk leixneurrfiiaaindcutrde€h ¢ eséstser i e

which have the same arra8femmewttbf lRPoobobabaehn

102



test either -teoxrpseiraneanic eb ucakileirnagg f ai | destoldl emwpeaer
| atteormsi onadl obnugc ktl hien gt ojpo icnatosd dDFn @& n Tt 'blecsalddi ng a
l'i ve | odg dTesdt 23 .0l sloa tedexopactri ioenmad e sbuckl i ng fail ur
1 however, for Test 3, ‘'thhoea dti rnuys sata sas elmbwey t If @d
experienced i nwardal adngttohde bon@tl Dbhackil Rihayid Tm e 3 I

joints J anttBNibdéa@&@rBdgsa .akMNive | oad of 18

Theét st whi a@hbaicsk a& rluscsk s ysutpmaeep druictkkh e ega me
sideheft sp odhdrod h aThrdu scsa uls easnccb h2e a p sfeasi & eust ibte'gd 1 0 e
| oadithipgve | oadTlhded R2&st94k Nexperiences buckling c
top chord member of Truss 1. The top chord mem
Truss 1 fldiolagdi oy tah & 2Bta2s8 kkNh.e Tshaeme arr angement
20 roof hattenbhepgshamet enosmber of oDOrdwe dmdssc
experiences ftaipl cherar onemd etrlse ne al tithhee tJrouisnst sa s

The cthomp d member buckl epsl adndeln mvhdrmadds aatn da o uitv eo fl 0 ¢

The following tests are excfudddnfisomadempar.

T Test 2 is metcavvasti lereduss assembly was n
was conducted.

T Test 4 -titsbaak bsayxkt em which experienced comp
T Test 5 is a |lineaupppst e@minehatsthulreernd idired d nerc & |
fully show the capability of the internal
i ncreasiendincdtoeasd t hat the assembly may be
however this current test remains inconclu
T Test 7 is not considered aott hespgardt £ dofprto

already damaged beforeimnfleué¢hmes érdesaud tcsanduc
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4. 1.8pplied
he

Load
800 mMm

averages of

For t roof batten

i's taken fr dmeTawvtesy algeandd v3.

failure of

of 1 truss Fiog 1t1h.e2 4kKOND mm r oo f

| oad at failure is

average |ive

tot al

capaciCthiagpg eirn 5

4. 1 . EHEHxperi ment al resul ts

The foll owi ngfisnudmmag s zcefs

truss sygishgimebadlbrace&kl system i

800mm and

spacing

batten

| o adheofa vieirvaeguds ® hadst

|l oadit7@8NTHed e usxspersi héntbeal

tt hhee

400mm ro

truss ass

| oaandft Tesavdr aga

1 hter mvyseriagg el .08 ;ak N.I oTeach do ft hTee satv elr aagne

spacing tr

takenofalad @dé&s TexstkbkddEmdin g h&-

195 BkaNDIkAN8 t fiTe 2 v €

Cloompas ed with ¢ttt

summary

tesitnglegli elsa mwma

this study

T Later al torsi-ophbhndubktbtkhgngout nward torsi
failures occurring on the truss assembly te:

T The Iinear truss system has sufficient sti
restraint to chords.

T The Il inear truss system is stildl able to ca
been reached on the truss. The failure expe
the supporting web members bending at its el

T The bdakk system is not as strong as the | ir
aft efraitlhver e | oad is reached on the truss ass
of the top chord with deformation and screw

T The warping effects of bdbaksdha clki nseyasrt etmm ussese ns yt:
determine the effective |l ength. The cl osely

|l oad capacities to be

shows the test
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TablXHest

Resul ts

Summary

Test Dead | Live Total Deflection | Truss End Internal | Number of Observation from Tests Variables in each test
Number | Load | Load Load (mm) spacing per | Support | Support | HWH Screws
(kN) (kN) (kN) assembly per truss
(mm) Truss 1 | Truss
2
1 0.84 | 2294 |3542 |15 600 Yes - 73 73 - Truss 1-fails at the ridge Joint H, Joints L and Joint M. (referF i g 4-1 P - no ridge cap
- Lateral torsional buckling occurs when the web and flange member of the tofarh®rdss|- 12 roof battens
1 buckles and twists inwards towards Truss 2 near Joints D and F of Truss 1. - 14 ceiling battens
- Truss 2- fails at the ridge Joint H, Joints L and Joint M. (referError! Reference source|™ Ste€l brace coil above
not found.) ceiling battgns
- Truss assembly does not collapse/fall despite failure points around Joints H, L, M of| ?ri?nrgrﬂer?;:? support
- Trusses 1 and 2 and Near Joints D and F of Truss 1 at the web of the member.
- Failure occurs on the top chord members.
- Load manually applied by 4 people beginning at the centre of the pallets and moves o
towards the edge at every set of loading. Loads spread to cover base af patlet t h e
above each other
- The palletconstantlysway with every set of loads applied.
2 0.84 |18.00 |28.00 |12 600 Yes - 79 73 - Truss 17 bottom flange of top chord near joint F and Dbuckling out of plane. (refer |- ridge cap added
Fi gdt - 12 roof battens
- Truss 27 twist and buckle out of plane for bottom flange of top chord near joints &nd |- 14 ceiling battens
N.(referFi g 4t P - stgt_el brace coil above
- Inward distortional buckling of compression flange near Joints D and F of Truss 1 and C€lling battens
Jand N of Truss 2. - 890mm main support
- Ripples appearing on web of members as 24th box is applied for each pallet during 4 frame height
number.
- Ridge cap inclusion above the top chords at ridge of truss pair prevented failure at th
connection joints.
- Load applied manually by 8 people.
- The right side of Truss 1 and left side of Truss 2 do not experience failure or bulging
truss members. The failure occurs on the same side of the assembly for both trusses
3 0.83 |20.47 |31.70 |21 600 Yes - 83 84 - Truss 1- lateral torsional buckling occurs near joints D and F.(referF i g 4-1 B - ridge cap added
- Bottom flange of top chord member near Joints D and F twists and buckles. - 12 roof battens
- Truss 2- does not experience failure - 14 ceiling battens
- Load manually applied by 4 people from centre base of palledamerds before being |- 899mm main support
stacked on top of each other. frame height
- Failure area is still around the same area of Truss 1, the vpeilighon the loading stresse
around the top flange since the loads are not placed at the shear centre.
- More screwso be placedround D and F joints of Truss 1.
- The spacing between the lateral restraints of roof battens may need to be increased.
4 083 2294 13541 19 600 Yes i 76 76 - Truss 1- out-of-plane buckling of top chord near Joints J, N(referF i g 4-1 Tg%?)gfaga?tiiid
- Truss 2- out-of-plane buckling of top chord near Joints D, F(referF i g 4-1 - 14 ceiling battens
- Top chord twists inwards and downwards along the same side of the truss assembly- 890mm main support
happens simultaneously. frame height
- The truss collapsed on the right side of Truss 1 and left side of Truss 2. - web members connected
- Pallets fall to ground as a result of truss failure. back-to-back against top
- Load manually applied by 5 people from centre base of pallet and outwards before b €hords and bottom
stacked on top of each ot her. chords
- The deflection is more than test 1 at the same numbmxeafsloading during failure
however,the truss collapsed during this test and the pallet falling to the ground level
stopped the full collapse.
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0.85 |27.88 |42.84 |15 600 Yes Yes 93 92 - No truss failure experienced in this test. - main support frame height
- The internal pallet between the Joints E of Truss 1 and Joint O of Truss 2 touches | increased to 1045mm.
- the ground at 37 boxes so loads were no longer applied on this pallgeferF i g ur ¢ !QE?VEZLSUPPOW frame
4-2 D inclu
- The pallet next to the internal support at Joint O of Truss 1 and Joint E of Truss 2 toy’ Tg%igfat?a?tgizd
the ground at .39 box_es. . . . - 14 ceiling battens
- Loads were still applied until the pallet neat Joint A of Truss 1 and Joint R of Truss 2|_\,ab member connection
reached 47 boxes and the pallet near Joint R of Truss 1 and Joint A of Truss 2 reach] same as Tests 1,2,3
boxes of loading.
- Load manually applied by 4 people from centre base of pallet and outwards before b
stacked on top of each other.
0.86 |[29.12 |44.71 |27 600 Yes - 92 74 - No truss failure experienced in this test. - main support frame heighf
- 46 boxes load when pallet 3 fully hits the ground. Pallet 3 iear Jointsl, K, O of increased to 1045mm.
Truss 1 and Joints E & G of Truss 2(referF i g 4-2 ® - ridge cap added
- Otherpallets do not hit the ground at 46 boxes loading. - 20 roof battens
- Load manually applied by 5 people from centre base of pallet and outwards before b(’ 12 celling battens
- web member connection
stacked on top of each other. same as Tests 1,2.3.5
0.86 |23.20 |3582 |21 600 Yes - 83 83 - Truss 1- fails near Joint P of Truss 1(referF i g 4-2 B - main support frame heighf
- The bottom flange of the top chord member buckles downwards and out of plane. increased to 1045mm
- Truss 2- no failure. - ridge cap added
- The left side of Truss 1 and both side of Truss 2 do not experience failure or bulging |- 20 roof battens
the truss members. - 12 ceiling battens
- Load manually applied by 4 people from centre base of pallet and outwards before b( gfﬂ?g?-?ggt?{' r12e§t|502
stacked on top of each other. T
0.86 |29.98 |46.00 |27 600 Yes - 83 83 - Truss 1- fails near Joint P of Truss 1(referF i g 4-2 B - main support frame heighf

- The bottom flange of the top chord member buckles downwards and out of plane.

- Failure occurs at same place as Test 7 however Test 8 number of boxes at failure is
greater.

- Truss 2- no failure.

- The left side of Truss 1 and both side of Truss 2 do not experience failure or bulging
the truss members.

- Load manually applied by 5 people from centre base of pallet and outwards before b

stacked on top of each other.

increased to 1045mm

- ridge cap added

- 20 roof battens

- 12 ceiling battens

- web member connection
same as Testg2,3,5,6,7
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4. 2 Experi ment al Uncertainty

There are a few uncertainties wiwhi ¢hei helsaude

design, test results, measurement mé@hlkodokegy a
i n the test d elsd yumd acogyn sasndidfi onke the | oadin
assumplthieonbsooundary conditions in this study inc

truss and the roof battEme Ithtaer alctbrracilmadgseran

assembly from movingasddewapdtpdghohdThmewhledrr sdf

screws and multi fix brackets connected troootfhe
truss ahsemblcyan i nfl uence t he Tthoer stieosnta | b obuuncdkal ri
made to replicate r aaldi stiinc sthanen d anrsyt amaredi, t iwohre

fixed properly, the i mpl i ctahtei oonustlT easrifed &oibnseeprlviecda ti
dynamic changes are <®ulstelng i @ahdiai fufnideulstt , andu tn g
real i sti.d ncdrmdist isadarusdy, t he esoamdagryevemtdi @ i 0 h ¢
torsional buckl i ngBoumdampsttowodi ttihecea ntsaisttisgat t b
c o mp o mteinltiscredboundary conditions tmat htlse s¢cwmyo

checked and replfacre dt lwéh ew &r in®UE stsag tys .

Theymmetlrogadofapphdcabionh of flooad happltiecsat i porn
uncer tnairmmteye oof spread of stress andihehbBumgpeeb
i nfluences the manual | oad application process,
|l oads being appliedcdamdr d oaudi cskelty ctaluasre so tdh € rf .r e
the truss assembly region, which may haestan e

grounding of the Thel Imattd gmrtii @m tod fvairli werde .l oad

ensuring that | oads are applied at nearley tvhei
applicati onThe Ilboyads eacpopnldiscati on may not be exac
more realistic view of how a truss assembly wi
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The structur alseaxdanbmsteidoonesntdfe Gmember s wi | | r
applied at the shear centre. I n this study, th
behaviour of the member during f aRealriestiisc dd drf
the physical test demonstrate that |l ocali zed
contribute to torsiondhebuaklriemagei nnal apeamiic

t he top choourtd tnmeembbeernsds and warps around the me

The uncertainty in the test results consi st
serseme of the tests are able to fail around tt
|l ive |l oads. There is not enough information av
start poi nt of failumet lbhomd tdfe me assr eamesretmsb | ¢ f

recorded using mechanized forms al ong thhee etxoapc t
wei ght | oadi nignffoutuhe testts, the defl ection ca
l ength of the truss assembl yAlisro, a cad iFti Moidteelt IoE |re
(FEM)alacsains al so be used to accurately predict

experiencing failure.

The geometric i mperfections of the physical t
|l oad required for buckling during the -diesase a

di stortions can occurs dertiwregnt me mberesw ddhnmrse ctl i

pl ane cause misalignment and may increasehiflee
stresses may be membdanrise nntietdi giant i soonmeof t hese i s
certain joints that are near the failure regio
| ater tests also prevent increased buckling in
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4. Load®efl ecti onofEx me A i Tressotinsa |

ThEi gdtLlehowgrtatpthi wd | oad (kN) against &thestde"
series conduclthed dierf baevtetroyaditinndpyl.i s8 meas us esg aant t

of the tramd talses edmbfllyect i on mda stuhree seambetailbsh &aalt w e

shows the tabul ated values of the | ive | oad an
Al the tests achieve the same | ive | oad at t
at tdhea@®i ng because the number of boxes |l oadi ng

Despite achieviwmg dhdkdName fiwvetl|l badding for 7
these 7 tests at this first l,oadi gt i sf dtiHd eT «
defl ection of O0.003mbadktestssvhsyg®kalenn debfleli aboateidk
ot her tests achieved d@.f0 GzensifgendQtOidvne layn.d Tae Dt. 0D 6a
0.005m deflection when it r"doadBesgt.hrel 4amdk N2 | h e
defl ection and |ive | oads at every | oading exc:e
|l ive |l oad, Test 1 achieves 0.011m deflection ar
wi t h mO.dOelfS Telce i omst s achi ewh at lowe dfoadhefl|l Ba

defl ection of each I[toeasd d vialmii £ salf 90 d beurssaamen | ot

may achieve the same |ive | oad.
The | inear t essthsomdsestdeml|l ecti on i s increasing
for the first 4 | oads and a di fwhercdnecesafl t smmnf

to be producedhferdmsthe& rheasulat s4.mm defl ecti on
i ncreases by 6mm for the second | oading despit
The deflection then averages for 3mm mm feorerat |
3 loadings and then .bfFi @#ine ft dhre tctoanplaa s ts olno aad i
same setup of 800mm roof battengspphi hgansfhesv

is able to carry more |ive | oad at failure th
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assembly which prevented failure dretnd theé hiTe
have themkwmdmée i ve | oads per | oading until it di

carried more deflectiofiY whdchgwappbbsatived. fro

The Test 2 reaches a deflection of 12mm at f
then a difference of 2mm f or the next 3 | oads.
of abboon.h & | ast 2 |l oads have a deflection diff

of-2dm. The number of Dboxes apserTlelsatasd i #g of Test

Test 4, whi®lciks ttrluvessbaglstem, has the same nt
number and achieves the same | ive | oad at fail.

di fference only chnogaedsi nbgy alnmm téehfetne ri ntchree al¥e s s

| oading. The defl ection difference gradually r
the remaining |l oads until complete failure of
The test 5 |linear truss system with %drmaidntnar,

then 2mm deheé&oékxotandifnogrs. A defl ection of 1mm c
defl ection dodsthet dehbhpgeion remains at the s

| oadi ngs .Tahree aanmpopunitedof | oad of boxes applied at

Tests 6, 7 and 8 have the sameamparrcaocefétleatst eon
ceil i nglhhbeatltoeandsi ng ddiofxfeesr so ff rTemtot7rher tests bec
being used. The first 3 |l oads maintain the sam
t hesmmilse 3change i n weight of box |l oading when

of 1. 15kN i ncamsdboati2mmmdedée | ecadad on unt il the | a

The test @eshewsi omatfor the firstmaiomtdainmgs
average b&tmmeadrflmmti on difference upon d&aeh |

setup of test 8 is the same as test 7 where the
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an averag@eemofde2imemcti on di fference at each | oad

mR@ mm di fference in deflection at each | oading
i fference of 1.72KkN witbaltlisgud&Heitrhgg icro mpamp a&aro
nd 8 for the tests with 400mm roof batten spa

ncr ease htohwerv eTeshtoteh tests achieve the same d:e¢

oad when failure is experienced on the truss
The application of boxes for each |l oading on
sse.mihley human factor in these tests wherebyhe
er schmst causes sway on the pallets. Another hi

nsobéadglomcitrhgg pall ets without sliding. The tir
or each palletragse whidéepehes pensbohelacadi nd oa

alTree type of truss system and the number of s

n the toruBlse siyrsdreemase i n | ater al restraints o
oad application capability for tshpeant ecsatns .b el hwe
machi ne i nstreeaadd i mfgesfmlaaenadtail ons can al so be meas.!

experiments/tests or research.
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Tabl3 oad vs PRes$ Uekalsli bloerst s
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8
II(I?JarIr?ber Live 3%2?;282 Live gffg?gggg Il:i;/: d 3%2?;282 Live Load gffg?gggg Live CD"feffelfgggg Live D_eflection Live D_eflection Live D_eflection

Load (Q) (m) Load (Q) (m) Q) (m) Q) (m) Load (Q) (m) Load (Q) | difference (m) | Load (Q) | difference (m) | Load (Q) | difference (m)
0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0
1 4.40 0.003 4.40 0.003 4.40 0.004 4.40 0.001 2.55 0.003 4.40 0.006 4.40 0.003 4.40 0.002
2 8.11 0.005 8.11 0.005 8.11 0.01 8.11 0.007 4.40 0.005 8.11 0.009 8.11 0.006 8.11 0.005
3 11.82 0.007 11.82 0.007 11.82 0.013 11.82 0.009 6.87 0.007 11.82 0.013 11.82 0.009 11.82 0.008
4 15.52 0.009 15.52 0.009 15.52 0.016 15.52 0.011 9.34 0.009 15.52 0.013 13.67 0.011 13.67 0.01
5 16.76 0.01 16.76 0.011 16.76 0.017 16.76 0.012 11.82 0.01 16.76 0.014 18.61 0.015 17.38 0.012
6 18.00 0.011 18.00 0.012 18.00 0.018 18.00 0.013 13.67 0.011 18.00 0.015 19.76 0.017 18.52 0.014
7 19.23 0.012 19.23 0.019 19.23 0.016 16.14 0.012 19.23 0.016 20.91 0.018 19.67 0.015
8 20.47 0.013 20.47 0.021 20.47 0.017 18.61 0.013 20.47 0.017 22.05 0.0195 20.82 0.016
9 21.70 0.014 21.70 0.018 19.85 0.014 21.70 0.019 23.20 0.021 21.96 0.017
10 22.94 0.015 22.94 0.019 21.09 0.015 22.94 0.02 23.11 0.018
11 22.32 0.015 24.18 0.022 24.25 0.02
12 23.56 0.015 25.41 0.024 25.40 0.021
13 24.79 0.015 26.65 0.026 26.54 0.022
14 26.03 0.015 27.88 0.027 27.69 0.024
15 27.27 0.015 29.12 0.027 28.84 0.025
16 27.88 0.015 29.98 0.027
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Live Load (kN) vs Deflection (m) of all Tests
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Test 1 and Test 3Live Load(kN) vs Deflection(m)
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Test 6 and & Live Load(kN) vs Deflection(m)
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4 . Tde sTablud artessrud tgr aph

Th&abl&£hows t headeadfaltoloeh t russ assembly fo

Dead | oad (G) valwue is dceaddullomad di aromwlea Oa B#

it to kilonBlwe omsad kINOad formula is bel ow:

0'Q & QU

The weight of each material wused on the tr
density, surface density or usedckiitry aIfl tthhkee n
standard t hicknaeslsi noefar0O .d7ebunsm tayndof 1. 15kg/ m
| engft heacht obfis ¢ Emetdolh egret t he wei ght of each t
density is alsengpuhéeéepopbi edobybomadec toifo CF Swi

get thettweigbofoblboxhslk®seansf weach roof shee
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the surfafcet lenmategri aleatd hged tr otoHf § svheeild§Wdt r @ fo
scr awdt anrdmafd screws are mul tipltioedgelty tthhee we
of rtehsep sctriewess. The battens, braces and brack
to get the weight of the materials. The trus
are 2 trusses used for the ftlses e sbbohtyho fiEsaucshs etst
47 g0kThe trusses all thenotalededmémbers that

Test 1 which gives a value of 85.8kg as the

ThBabl®hows the Iive |l oad (Q) <cal cultahtei ons
pall ets and the number of boxes on each pal/l
make up the box are made of CFS so the |linea

t hepdlol etofpi8®®ensn i n | ength. There are 2 of t
are also multiplied with the | inear density.
mul tiplied by the density of st eeof ttohegeaeitght
of 10 CFS pallet pieces of 800mm |l ong, the 2
flat steel plate is calculated to be 17.6kg

pall et s, t he wkel.ghikheoé dr paBbebexeées on each

experiences failure. Eiasc hl B.0%5 kog. sTchree ww eui sgehdt
on 1 pallet is 567kg. The sum of the weight
pall ets and the weight oTfh eb osxuens opfe rwepiaglhlte t o
mul tiplied by the acceleration due to gravit
the |ivédhkeobhdveéQ)oad of the Testulladaidnigai her

|l i vef d romudl a:

0 Qb 'O OQU

The todsfalTdwmdcabscogat ed
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YE OlAOQO O O

Using the Dead | oad (G) and Live Load (Q)

test, the total |l 28 &kN&bbi tvadsf dbor Te hte Dpai §
increments of 6 boxes per |l oading for each
The number of boxes per | oading for each pa
whi ch ofcocuaérseeaelcuti ve | oadings until the trus

each | oading increased nbgys atlhreons ta vihekPNa N enfl ot ehbeo |
t he remainder ofT hteh a ethd ®teltvaeandyii h g fias | measur ed
span of the truss from the ground floor to t
| ocation is used for every meabseutrwee eaBmd ninor T
foorhe first 4 | oadings and then mai nttahiens a
assembly kaphbkeiehead vs Deflection Brgpheof

4-4.

The key variables in Test 1 include the 1
the steel coil braces above the ceiling batt
the absence of a ridge cap abowesstlse ament he
battens abovdhtBe otfoppbadhemds.are connected o
channel shotTiheem usepes br acedaibrgo afh es hreoeotfs bpartc
|l ateral restraint tohéeherassembbom mbvichgpsied
The fixing of the end supports with the mul't

provide a restraint for the assembly.

During the cher $®@adis he Ppéatcedt begi nni ng
and moves outwards towar dsSitnhcee e4dd gpee oaptl ee vaerre
moving the | oads, extra care IS necessary t

pall et area without causing stress on the a
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colliding wbhebpsteapheabkesa care by manual

be prevented due to the Wipialce tclhesltoadntasr ar
the base of the pallet, they are also stacke
every set afnd maadcks mamuplail d d/ -ssptaonp pdeedf |beecftoiroen tih

by the use of a ruler or measuring tape.

Therei apeéeswl bswthagritngt)o form on the back w
the Joint D arsd thheofl odadsssare applied. The
experiences fai lTthree rngeart tshidse lodc d&triusrs. 1 an:
experience failure orThel gcngwotonhectirass o
not expairlemnee boWe ursisddle amfd Truss 2 experi et
H, abM whsepar ates ,hlbevetvieg TtbprdbBords do not

are still connected properly around these jo
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Tabl4Dead Load1lof Tes
DEAD LOAD
Density . . .
Length | Width . Area | Area | Volume | Volume of Surfa_ce Linear weight No | weight for item
Truss Members Thickness(mm > 3 : Density | Density of on truss
(mm) | (mm) (mm?) | (m?) | (mmd) (m3) material| o © oV | kg) | . . K
(kg/n?) (kg/mr) | (kg/m) items| experiment(kg
Top AH | 3833 89 0.75 341137 | 0.34 | 255853 0.000 - - 1.15 4.4 1 4.4
Chord | HR | 3833 | 89 0.75 341137 | 0.34 | 255853 0.000 - - 1.15 4.4 1 4.4
BC 190 89 0.75 16910 | 0.02 | 12683 0.000 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.000 - - 1.15 0.7 1 0.7
FG | 1672 89 0.75 148808 | 0.15 | 111606 0.000 - - 1.15 1.9 1 1.9
Web HI 1132 89 0.75 100748 | 0.10 | 75561 0.000 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.000 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 | 27167 0.000 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 | 39850 0.000 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 | 12683 0.000 - - 1.15 0.0 1 0.0
Bcf;%“ AR | 7074 | 89 0.75 629586 | 0.63 | 472190 |  0.000 ; ; 115 | 81 | 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten 809 65 0.4 52585 | 0.05| 21034 | 0.00002103 7850 - - 0.2 14 2.3
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.000032 7850 - - 0.3 12 3.0
Roof sheets 4000 | 800 0.55 3200000, 3.20 | 1760000 0.001760 - 2 - 6.4 2 12.8
Cross brace | g4, | g 0.4 80730 | 0.08 | 32292 | 0.000032 | 7850 ; ; 03 | 2 0.5
between Truss
Steel Brace Coil
on Ceiling 1515 30 1 45450 | 0.05| 45450 0.000045 7850 - - 0.4 2 0.7
Battens
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Multi Fix 114 | 38 0.75 4332 | 0.00| 3249 | 0.000003 | 7850 - ; 00 | 12 0.3
Brackets
HWH Screwson ;4 | g ; 342 | 0.00| - ; ; ; i 001 | 48 05
Roof battens
HWH Screwson 4 | 49 ; 342 | 0.00 ; ; ; ; i 001 | 56 0.6
Ceiling battens
HWH Screws on ;4 | g ; 342 | 0.00| - ; ; ; i 001 | 8 01
Steel brace
HWH Screwson .4 | 49 ; 342 | 0.00 ; ; ; ; i 0.01 | 146 15
Truss Joints
Roof Screws 65 - - - - - - - - - 0.01 72 1.0
Roof Box
Section with 796 90 0.75 71640 | 0.072| 53730 0.00005 - - 1.15 0.92 16 14.6
web holes
Roof Box 18 | 19 ; 342 | 000| - ; ; ; i 001 | 96 1.0
Section Screws
Weight Sum (2 Truss Members + Ceiling battens + Roof battens + Roof sheets + Ro&d8trns) 85.8
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.84
Tabl® i ve Load of Test
LIVE LOAD
. Length| Width , Area | Area | Volume Volume No of Linear . .
Pallet calculations (mm) | (mm) Thickness(mm mmd) | (m?) (mn?) (m?) items | density(kg/m) Density(kg/n?) | weight(kg)
800 89 0.75 71200 | 0.07 53400 0.00 10 1.15 - 9.2
Pallet pieces 1200 89 0.75 106800| 0.11 80100 0.00 2 1.15 - 2.76
1200 800 0.75 960000| 0.96 720000 0.0007 1 - 7850 5.65
Total weight of 1 pallet(kg) 17.6
Total weight of 4 pallets(kg) 70.4
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Box weight calculations Number of boxes weight of 1 box (kg) weight [boxes pallet] (kg)
Pallet 1 36 15.75 567.0

Pallet 2 36 15.75 567.0

Pallet 3 36 15.75 567.0

Pallet 4 36 15.75 567.0

Total Sum of Boxes weight for 4 pallets 2268.0

GQWN 6 & "V O o DEFiOQItn Oa d Qi @BIRQ x BQ0
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Deflection per loading

b ah box weight
Loading number | 2OX€S Per Io%):j;lr\:elg etr loading for 4 | 4 pallet weights Live Load (Q) Total Load | Deflection Deflection
g loading gp pallets (kg) | + boxes (kg) (kN) (mm) difference (m)
pallet (kg)
0 0 0 0 0 0.00 0.00 845 0.000
1 6 94.50 378 448.45 4.40 5.24 842 0.003
2 6 94.50 378 826.45 8.11 8.95 840 0.005
3 6 94.50 378 1204.45 11.82 12.66 838 0.007
4 6 94.50 378 1582.45 15.52 16.37 836 0.009
5 2 31.50 126 1708.45 16.76 17.60 835 0.010
6 2 31.50 126 1834.45 18.00 18.84 834 0.011
7 2 31.50 126 1960.45 19.23 20.07 833 0.012
8 2 31.50 126 2086.45 20.47 21.31 832 0.013
9 2 31.50 126 2212.45 21.70 22.55 831 0.014
10 2 31.50 126 2338.45 22.94 23.78 830 0.015
Total of boxes per 36

pallet

Tot al Defl ection (mm) = 15.00mm

YE OU¥OQO O O

T ¢ T

4
1
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Live Load (Q)

Deflection difference (m)

0.00 0.000
4.40 0.003
8.11 0.005
11.82 0.007
15.52 0.009
16.76 0.01
18.00 0.011
19.23 0.012
20.47 0.013
21.70 0.014
22.94 0.015

Test 1 Live Load (kN) vs Deflection (m)
25.00

20.00

Load (kN)
-
o
8

[EEN
o
o
o

5.00

0.00
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016

Deflection (m)

—@—Test 1 Load vs Deflection

d-4.€eslti tedk N) vs Deflection (m) Graph
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4. STesTabhul at achdr s @wlpths

Thédabl&hows the dead | oad cal cu2iant iwhni cohf tthhee I
(G) valwue is calculated to be 0.84kN wusing the
(kN). The dead |l oad formula is bel ow:

VQ@WRO G OGOOQA QN GBEQE & U QY @ i

0'Q ¢ HQO -
p T

The weight of 1 truss ikg tthled ss ainee casl clTelsat ed w
weights of the 11 members of the truss. The |
1. 1&k g 4ideemsiCtFyS g sum of the 2 trusses used in
there are 79 HWH screws fort hlTee ulss2 1s carnedws7 3a rsec r
wei ght of 1 screw to get the weight of all the
that form the truss test assembly setup is add

value of 85.5kg on the dead | oad.

Foll owing the thhéecemar ef k@gsvadiables for Te:
There is a ridge cap which is added on the TesHt
ridge point of the top chords of both trusses.
H, L, M of Truoéde dandeesdl hdeu raidndge d pi edceeveoingl hyt i n
the dead | oad bt vaildenotf demagd ofallib d Ssmperce as (
around Joints H, L and M, the same opposing Jo
addi tional screw on the bracket at The Pkedgbup
main support frame of the truss assembly is al
more room above gr oundl hfeoor8 tpheee plloea d fopaadtitnegt sbwhxoe

i's twice as many as Test 1.
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The |live | oad calcul ations fTabl Elelsgal2 ettr, unsast
di mensions and number of tppeisdasesa als eglalilsett hies esca
sumf wefiogrhdeespal | et Shese7r k@8 boxes | oaded ol
assembly experiences failure. t39waicgheaach otmboel 2
palilsetd41. Okegi caintde dfhke2 s | o a dend tahte ifda ipléliglee T e s
of the weight of all the boxXegalldadesd i Fhdf8iBidk &
is calculated using the sum of the weight of a
which is mudddc @ll erealt ibyn tchee to gravity and t he

| oad at failure for Test 2 is 18.00kN which is

VQ@WRO G OGOOQA QN OBREQE & L "Qfp @ i

0 Qb O OQO -
pTTOTT

The total I|2padcafcuhéobéeeattisai ng the

YE OUNGOQO O 0

Using the Dead |l oad (G) and Live Load (Q) val
| oad achi v 4B RBfN@aheTéowtad application is the san
consist of 6 boxes per pallet starting from th

per pallet for the paper2tethéaedords petil ohhdi hg

is 2mm and 1mm when there are 2 boxes per | oai
failure. There are ripples appearing on web of
|l oad numberpall ets sway as | oads are applied a
pall et sway is more and the spread of | oads on

the top chords avtenrtieddg ef aoifl utrreu sast ptahiors eprceonnect
and | eft side of Truss 2 do not eXperifamdcerfai
the same side of t ha&hasvieeafbelfyl efcari olmo tghr atprhu sod e
Fi gdgbe
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Tablgbead Load of Test
DEAD LOAD
Density . : .
Length | Width | Thickness| Area | Area | Volume | Volume of Surfa_ce Linear weight No | weight for item
Truss Members mm) | (mm) (mm) mm) | (m?) (mn?) (m?) material Density | Density (kg) of on truss
(kg/n?) (kg/m?) | (kg/m) items| experiment(kg)
Tob Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 | 0.00026 - - 1.15 4.4 1 4.4
P HR | 3833 89 0.75 341137 | 0.34 | 255853 | 0.00026 - - 1.15 4.4 1 4.4
BC| 190 89 0.75 16910 | 0.02 | 12683 | 0.00001 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 | 0.00004 - - 1.15 0.7 1 0.7
FG| 1672 89 0.75 148808 | 0.15 | 111606 | 0.00011 - - 1.15 1.9 1 1.9
Web HI 1132 89 0.75 100748 | 0.10 75561 0.00008 - - 1.15 1.3 1 1.3
JK 1672 89 0.75 148808 | 0.15 | 111606 | 0.00011 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 27167 0.00003 - - 1.15 0.0 1 0.0
NO 597 89 0.75 53133 | 0.05 39850 0.00004 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 | 12683 | 0.00001 - - 1.15 0.0 1 0.0
i%té?g] AR | 7074 89 0.75 629586 | 0.63 | 472190 | 0.00047 - - 1.15 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten 600 65 0.4 39000 | 0.04 | 15600 | 0.00002 7850 - - 0.1 14 1.7
Roof batten 897 90 0.4 80730 | 0.08 | 32292 | 0.00003 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 24000 0.00002 7850 - - 0.2 1 0.2
Roof sheets 4000 800 0.55 3200000 3.20 | 1760000| 0.00176 - 2 - 6.4 2 12.8
Crossbrace | g4, | g 0.4 80730 | 0.08 | 32292 | 0.000032| 7850 - - 03 | 2 0.5
between Truss
SteelBrace on | o 0 | 54 1 45450 | 0.05 | 45450 | 0.000045| 7850 ; ; 04 | 2 0.7
Ceiling Battens
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Mult) Fix 114 | 38 0.75 4332 | 0.00 | 3249 | 0.000003| 7850 00 | 12 0.3
Brackets
HWH Screwson| ;4 | g ; 342 | 000| - ; 001 | 48 05
Roof battens
HWH Screwson| 4| q ; 342 | 000| - ; 001 | 56 0.6
Ceiling battens
HWH Screws on| ¢ 19 ; 342 | 0.00 ; - 001 | 8 0.1
Steel brace
HWH Screws on| 4 19 ; 342 | 0.00 0.01 | 152 15
Truss Joints
Roof Screws 65 - - - - - - 0.01 72 1.0
Roof Box Sectiont -4 | g4 075 | 71640 | 0.072| 53730 | 0.00005 115 | 09 | 16 14.6
with web holes
Roof Box Section i i i i i i i 0.01 96 10
Screws
Weight Sum (Truss Members + Ceiling battens + Rbattens + Roof sheets + Roof Box Sections) 85.5
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.84
Tabl®dive Load of Test 2
LIVE LOAD
Pallet calculations Length | Width Thickness(mm) Area | Area | Volume | Volume | No of (!I_elzr;esi;/ Density(kg/n?) weight
1 (mm) | (mm) (mmd) | (m?) | (mm?) (m’) items (ka/m) (kg)
800 89 0.75 71200 | 0.07 53400 0.00 10 1.15 - 9.2
Pallet pieces 1200 89 0.75 106800 | 0.11 80100 0.00 2 1.15 - 2.76
1200 800 0.75 960000 | 0.96 | 720000 0.00 1 - 7850 5.65
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Total weight of 1 pallet(kg)

17.6

Total weight of 4 pallets(kg)

70.4

Box weight calculations

Number of boxes

weight of 1 box (kg)

weight [boxes pallet] (kg)

Pallet 1 28 15.75 441.0
Pallet 2 28 15.75 441.0
Pallet 3 28 15.75 441.0
Pallet 4 28 15.75 441.0
Total Sum of Boxes weight for 4 pallets 1764.0

OQMWN 6 & RN OGO & DEILQITH Oa a PHIGIQ x B'QQ
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Deflection per loading

Loading number boxes per | box weight boxweight load for | 4 pallet Live Load | Total Load | Deflection | Deflection
loading loading per 4 pallets (kg) weights + | (Q) (KN) (mm) difference (m)
pallet (kg) boxes (kg)
0 0 0 0 0 0.00 0.0 890 0.000
1 6 94.50 378 448.448 4.40 5.24 887 0.003
2 6 94.50 378 826.448 8.11 8.95 885 0.005
3 6 94.50 378 1204.448 | 11.82 12.65 883 0.007
4 6 94.50 378 1582.448 | 15.52 16.36 881 0.009
5 2 31.50 126 1708.448 | 16.76 17.60 879 0.011
6 2 31.50 126 1834.448 | 18.00 18.84 878 0.012
Total of boxes per | 28
pallet
Tot al Defl ection (mm) = 12.00mm
YE OU¥OQO O O
T pgum

4
1

. atBd s

128




Live Load (Q)

Deflection difference (m)

0 0
4.29 0.003
7.99 0.005
11.70 0.007
15.41 0.009
16.65 0.011
17.88 0.012

Load (kN)

Test 2 Live Load (kN) vs Deflection (m)

20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00

0.00
0.000

0.002 0.004 0.006 0.008 0.010 0.012 0.014
Deflection (m)

—@— Test 2 Load vs Deflection

Figdbeeslti ead (kN) vsGrDaepfhl ecti on
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4. 6TesTtab3ul at eachdr s wlpths

Theabl&hows the dead | oad calcul ation of the
(G) value is calculated to be 0.83kN using the

(kN). The dead |l oad formula is bel ow:

VQ@WRO A OOOQA QN OBEQE & L QY g i

0'QE OQL .
p T

The truss arrangement is the same as previou
O.75mm thickness so 1 truss weliThles k23 . Svkag i arbd e
seri est maree tihatno steel coil brabe prascssg#cabdwawve
compared to the previous tests. [Trrwssss 12 wsseess ¢
screws and the screws are connect€dussomm hae Ibe
connectwo#dstso athe he end supports comparedheo2Tr
joints at the heels of each truss are connecte
onto the end supports of the main supegpowdi ghtant
screw to get the weight ofTHher enHWtHe rs ca fe wrso aifs elde
and the ceiling battens remain as ilMc lhahdrecsld gies
and the main support fr ame TheesihgphZte vies & hiemr ovahdii
conducted by 4 peopl e for Tthhei swetiegshtt wohfi cahl |i st hte
the truss test assembly setup isvesmsddetotal twei

84. 9kg on the dead | oad.

The |ive | oad 8tarl cud ad s vemmbTlaypl & TERBeh pah |l iem us
and the sum of weights for the 4 pallets is 70.
assembly experiences failure. Since each box u.

pall etOkg &0d the weight of the 128 bWgesTheat
of the weight of all the boxes |l oaded at failwu
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i's calculated using the sum of the weight of a
which is multiplied by the acceleration due to

| oad at failure f osr cTaelsctu |3a tiesd 2f0r.o4nY ktNh ew hfi ocrhmui | a

VQ@WROE OOOQY QN OBEQE & L QY g i

p T

0 Qb ' HQU

The total IS3badcafctuhet&dsusing formul a:

"YE€ O0¥ANQ0 O 0

Using the Dead | oad (G) and Live Load (Q) val
|l oad achiev2ldk®Nbr Thest oddi sg met howhii sh t ditea rstasne
centre of the pallets and moves upwdhred eanctheo et
boxes per pall eand otrheanrmet e rbsatx eds Ipeardspal | et ar
t he trussf aixlpewe eaacfe battens and rood sheebsse
which prevents the truss fTlen moximg of delwaysn
mul ti fix bracket screwed onto t has smamlmleysarsp pao r
sudden 6mm drop of the assembly after the 2nd
most | @amadi nge test assembly experi enlchee vie adef |
Defl ection graphFfgd6€Ebset aBensobhowhnaiodredars tahre

same joints whi chTeexhpoedreiveerrc etsh ef aliilvuer el oiand at t

Test 2. The | oad application is a factor that ¢
val ue, but the number of | ateral re8taaentsraasn
the | inear truss system however for all tests,

sections of CFS so thepfablestré hmayecbani sme arf
3 té€hesassesembly for Test 2 was not checked prop
have been a factor in the truss failure and

average |l oad capacity valQmem rodoft hbea tttreurs ss paascsien
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Tabl8ead Load of Test 3
DEAD LOAD
Density . . .
Length| Width | Thickness) Area | Area | Volume | Volume of Surfa.ce L'”e"?‘f weight No | weight for item
Truss Members (mm) | (mm) (mm) mn?) | (m?) (mn?) m) material Density | Density (k) of on truss
(kg/n?) (kg/m?) | (kg/m) items| experiment(kg
Topb Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
P HR | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
BC| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI | 1132 89 0.75 100748 | 0.10 | 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM | 407 89 0.75 36223 | 0.04 | 27167 0.00 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 | 39850 0.00 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
Bccr);[:)%n AR | 7074 89 0.75 629586 | 0.63 | 472190 0.00 - - 1.15 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten | 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 14 1.7
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets 4000 | 800 0.55 3200000| 3.20 | 1760000{ 0.00 - 2 - 6.4 2 12.8
Cross brace | g97 | gg 04 | 80730 | 0.08 | 32292 |0.000032 7850 . . 03 | 2 0.5
between Truss
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Multi Fix 114 | 38 0.75 4332 | 0.00 | 3249 |0.000003 7850 ; 0.0 12 0.3
Brackets
HWH Screwson| ;4 | g i 342 | 000 | - i ; i 001 | 48 05
Roof battens
HWH Screws on 14 | 19 i 342 | 000| - i ; i 001 | 56 0.6
Ceiling battens
HWH Screwson .4 | 49 i 342 | 0.00 001 | 167 17
Truss Joints
Roof Screws 65 - - - - - - - - 0.01 72 1.0
Roof Box
Section with wely 796 90 0.75 71640 | 0.072| 53730 | 0.00005 - 1.15 0.9 16 14.6
holes
Roof Box
Section Screws| ) i ) i ) i ) i 0.01 96 1.0
Weight Sum (TrussMembers + Ceiling battens + Roof battens + Roof sheets + Roof Box Sections 84.9
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.83
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Tabl®ive Load of Test 3
LIVE LOAD
Pallet Length | Width Thickness(mm) Area | Area | Volume | Volume | No of (Ij_(iar;le'}s?tr Density(kg/n) weight
calculations | (mm) | (mm) (mm?) | (m?) | (mmd) (m3) items (kg /m)y y{kg (kg)
800 89 0.75 71200 | 0.07 | 53400 0.00 10 1.15 - 9.2
Pallet pieces | 1200 89 0.75 106800 | 0.11 | 80100 0.00 2 1.15 - 2.76
1200 | 800 0.75 960000 | 0.96 | 720000 | 0.00 1 - 7850 5.65
Total weight of 1 pallet(kg) 17.6
Total weight of 4 pallets(kg) 70.4

Box weight calculations

Number of boxes

weight of 1 box (kg)

weight [boxe pallet] (kg)

Pallet 1 32 15.75 504.0
Pallet 2 32 15.75 504.0
Pallet 3 32 15.75 504.0
Pallet 4 32 15.75 504.0
Total Sum of Boxes weight for 4 pallets 2016.0

GOD 6 @ "0 O o DEOQIT N O d Qo BwQ x BQQ
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Deflection per loading

boxes . : box weight loading 4 pallet . Total , : ,
Loading number | per box weightloading for 4 pallets (kg) weights + Live Load Load Deflection Deflection difference
loading | Perpaliettkg) boxes (kg)| (@ KNy | (MM) (m)
0 0 0 0 0 0 0 890 0.000
1 6 94.50 378 448.448 4.40 5.23 886 0.004
2 6 94.50 378 826.448 8.11 8.94 880 0.010
3 6 94.50 378 1204.448 11.82 12.65 877 0.013
4 6 94.50 378 1582.448 15.52 16.36 874 0.016
5 2 31.50 126 1708.448 16.76 17.59 873 0.017
6 2 31.50 126 1834.448 18.00 18.83 872 0.018
7 2 31.50 126 1960.448 19.23 20.06 871 0.019
8 2 31.50 126 2086.448 20.47 21.30 869 0.021
Total of boxes per
pallet 32
Tot al Deflection (mm) = 21.00mm
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Test 3 Live Load (kN) vs Deflection (m)

N
(€]

Live Load (Q)

Deflection difference (m

N
o

=
o1

=
o

Load (kN)

0 0.000
4.40 0.004
8.11 0.010
11.82 0.013
15.52 0.016
16.76 0.017
18.00 0.018
19.23 0.019
20.47 0.021

FigdBeeslti Bead
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0.000 0.005

0.010 0.015 0.020
Deflection (m)

—@— Test 3 Load vs Deflection
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4. MesTabul at achdr s @wlpths

ThBab2@®hows the dead | oad cal cudian ivwmi ool tthhee I
(G) value is calculated to be 0.83kN using the

(kN). The dead |l oad formula is bel ow:

VQ@WRO6E OOOQY QN HBEQE & L QY @ i

0'QE OQL .
pTTIT

The arrangement of the truss membb®raski hrubBss
i n whibalk kt todb t heimpleaced against thebbachwmofdst lo
the tThies stersuss has the same number of members &
1 bottom chord and 8 web members and all CFS t

1 truss is 23.5kg and t he eweivgahrti aobfl ebso tihn tarhuisss

truss system, the removal of the steel coil brae
are 14 ceiling battens, 12 radacecfehlhatht erss tdred,satf
2 and 3. The main support frame has a height o

HWHscr ews used in both HWHss s addsvea nani efarbshsvse rlt b e h
numbeHWHsfcr ews asj bt sttropspsomiilteer wi t humbber ofest

aroundH Jamrobenest han the other joints on the trus

The | ive | oad ddlrawsisataisosnesmbflToarb B lemsds h dvwn-Lii v e
Defl ecti on gRKiagpp#irT.éa Shehpwhl ebh used is 17.6kg anc
i's 70.4kg. There are 36 boxes | oaded on each p
each box used in this test is 15.76kg,andet wei:
the 144 boxes | oaded at .Thelsuvm oh the wWwepaght et
at failure and t he33vk.gihhet boofx easl Ip e4d (dalaldatnsy iiss
tests 1, 2 and 3 in which there are 6 boxes pe
|l oading until failure. The change i n heinghtmnf o
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bef ore maintaining an aver age dTehfel ecchta nogne oifn Z1hr

same as tes™ o2addiunrg nogf tbhoex e2s i n this test.

The |ive |l oad is calculated using the sum of
|l oaded on each pallet which is multiplied by
kil oNewtons (kN). The | 2vel9kdNadvhat hf aisl wrae clud
bel ow:

VQ@WNO A HorQd QN OBEQE & L Qi) @ i
p T

0 Qb © OQU

The total Mbpadcafctuthat €dsusing the formul a:

"YE€ O0¥ANQ0 O 0

Using the Dead | oad (G) and Live Load (Q) wvalu
achieved RErkNTohet | pads are placed beginning at
outwards towards the edge at every set of | oac
pall et, they are al.Dorishgckleids abeve, onkeeanot e
to the ground Iceovdlapstop|Paue, t fiesf ulllei aveotagesn

capacities in the behaviour of the roof truss
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Taba2ead Load of Test 4
DEAD LOAD
Density : . .
Length| Width | Thickness| Area | Area | Volume | Volume of Surfa_ce Llnez_ar weight| No of weight foritem
Truss Members mm) | (mm) | (mm) mn?) | (m) | (mn) () material| DENSity | Density ka) | items on truss
(kg/rrP) (kg/m?) | (kg/m) experiment(kg
Tob Chord AH 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
P HR 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
BC 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI 1132 89 0.75 100748 | 0.10 | 75561 0.00 - - 1.15 1.3 1 1.3
JK 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 | 27167 0.00 - - 1.15 0.0 1 0.0
NO 597 89 0.75 53133 | 0.05 | 39850 0.00 - - 1.15 0.7 1 0.7
PQ 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
i%té‘?;“ AR | 7074 | 89 075 | 629586| 0.63 | 472190| 0.00 ; ; 115 | 81 | 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 14 1.7
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets 4000 800 0.55 3200000| 3.20 | 1760000f 0.00 - 2 - 6.4 2 12.8
Cross t}rﬁg betweerl go7 | gg 0.4 80730 | 0.08 | 32292 | 0.000032| 7850 - - 0.3 2 0.5
Multi Fix Brackets 114 38 0.75 4332 0.00 3249 | 0.000003| 7850 - - 0.0 12 0.3
HWH Skfre""s onRoof 414 | 49 i 342 | 0.00| - ] ] ] - | 001 | 48 05
attens
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HWH Screws on

Ceiling battens 18 19 - 342 0.00 - - - 0.01 56 0.6

HWH Screwson Trus; 4| 19 i 342 | 0.00 0.01 | 152 15
Joints

Roof Screws 65 - - - - - - - 0.01 72 1.0

Roof Box Section with - 795 | g 0.75 | 71640 | 0.072| 53730 | 0.00005 115 | 09 | 16 14.6

web holes

Roof Box Section i i i i i i i i 0.01 96 10
Screws

Weight Sum (Trussviembers + Ceiling battens + Roof battens + Roof sheets + Roof Box Sections) 84.7

Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.83
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Tab2® ive Load of Test 4
LIVE LOAD
Palletcalculations Length | Width Thickness(mm) Area Area | Volume | Volume | No of (Ij_grlliir Density(kg/n?) weight
(mm) | (mm) mmd) | (m?) | (mnP) (m°) tems | /m)y yikg (kg)
800 89 0.75 71200 | 0.07 | 53400 0.00 10 1.15 - 9.2
Pallet pieces 1200 89 0.75 106800 | 0.11 | 80100 0.00 2 1.15 - 2.8
1200 | 800 0.75 960000 | 0.96 | 720000 0.00 1 - 7850 5.65
Total weight of 1 pallet(kg) 17.6
Total weight of 4 pallets(kg) 70.4
Box weight calculations Number of boxes weight of 1 box (kg) weight [boxe pallet] (kg)
Pallet 1 36 15.75 567.0
Pallet 2 36 15.75 567.0
Pallet 3 36 15.75 567.0
Pallet 4 36 15.75 567.0
Total Sum of Boxes weight for 4 pallets 2268.0

GO 6 & "V O o DFiOQIt R Oaa Qi @BIRQ x BQ0

¢ MEMQ
L 0QWRoE GOHQaQREBIE &0 el
b Qb e GQO .
pTTT
CO@Y wiyp

PTTT

- dmrBY 8
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Deflection per loading

Loading number boxes box weight loading| box weight for 4 4 pallet Live Load | Total Deflection Deflection
per per pallet (kg) pallets (kg) weights + | (Q) Load (mm) difference (m)
loading boxes (kg) (KN)

0 0 0 0 0 0.00 0.00 890 0.000

1 6 94.5 378 448.448 | 4.40 5.23 889 0.001

2 6 94.5 378 826.448 |8.11 8.94 883 0.007

3 6 94.5 378 1204.448 | 11.82 12.65 881 0.009

4 6 94.5 378 1582.448 | 15.52 16.35 879 0.011

5 2 315 126 1708.448 | 16.76 17.59 878 0.012

6 2 315 126 1834.448 | 18.00 18.83 877 0.013

7 2 315 126 1960.448 | 19.23 20.06 874 0.016

8 2 315 126 2086.448 | 20.47 21.30 873 0.017

9 2 315 126 2212.448 | 21.70 22.54 872 0.018

10 2 315 126 2338.448 | 22.94 23.77 871 0.019

Total of boxes per pallet 36

Tot al Defl ection (mm) = 19. 00mm

“Y¢ 0NN QU

4
1

. <atB?

O 0

T o ¢ @t
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Live Load (Q)

Deflection difference (m

0.00 0.000
4.40 0.001
8.11 0.007
11.82 0.009
15.52 0.011
16.76 0.012
18.00 0.013
19.23 0.016
20.47 0.017
21.70 0.018
22.94 0.019

Figdreéeslti vead

Test 4 Live Load (kN) vs Deflection (m)

Load (kN)
[EEY
©
o
(@]

5.00

0.00

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020

Deflection (m)

—@— Test 4 Load vs Deflection

(kN) vsGrDaepfhl ecti on ( m)
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4. 8TesfTabbul at eachdr s @wlpths

ThBab2Z2hows the dead | oad calculation of the
(G) value is calculated to be 0.85kN using the

(kN). The dead |l oad formula is bel ow:

VQ@WRO6E OOOQY QN HBEQE & L QY @ i

0'QE OQL .
pTTIT

The truss assembly in this test includes an i
1 and Joint E of Truss 2. The weight of 1 tru
addi tional 29Henemt il omm gmealrite rG @irmtunabove the i nt e

sum of the 2 trussefhéenkeéni vhiosstsambigdtiubslee 4i8n t2erg

support which then increases the number eafs, HWH
roof battens, 1 ridge cap used in thiid itngstbaan
There are 185 HWH screws used in this test of

HWH scr ewss.uplphoa tdsrdhaame o0 pe.o s omigntj oA rdtWHsTcrrueswss !
on the truss and 4 sfcibbeawskebonwbctcbadi ent hbesmmke
TrusTshe2.Joint aRdoflJoTmussA bf Truss 2 both have
screws on theFoulthefintéraaketoint supports,

the truss and 4 HWH screws on the multi fix br

screws on the truss and 3 HWH screwmeopnfthaem

assembly is increased to a height of 1045mm fr
of the dead | oay bps 86edkguwbi aBsembludes t he
sheets, screws, ridge cap, mul t i fix brackets,

The di mensions of the pall antdpitacteasl amemboédr o
during the test is 176 whi chp areldedts biodt e s a vn€rra g e
pall ets which is not supported by amwhigcgcheervalint:
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l ed to the di sclomd iinmptadbieetaw eoccfn Tehset J5.i nts E of

Truss 2 touches th%nd'rMtodardd ntge tawe 817 thloex els2 so | o

on this pallet. The pallet next to the interna
the ground at 39 boxes, however, the pahdet sad
were still applied until the palle¢ednéatbdoesnt.
pall et near Joint R of Trwuss 1 and Joint A of T

this test eakcgh awed gthheed tlo5t.a7l5 sum of the weight

t he weights of t he2747 2p. a0l Ikegt sweiingchltu soifv eb ooxfe st h es

The lloaweel culfari dest 5 asdsiamdiytidhe EhDehlLeadi c
graph i sFisgghdBvenTihvee dmead cul ated using the sum of
and the number of boxes | oaded on each pall et
then converted to kil oNewtons (7lBE)N. whhe hl iiwe cl:
from the formula bel ow:

VQ@WNS6E OOOQE QDN GODEQE & U QR @ i
pPpTMT

0 Qb 'R QU

The total I5padcafcuthhheo®@ e & ng

"Y€ O0¥ANQ0 O 0

Using the Dead | oad (G) and Live Load (Q) val
| oad achi Biva8kWNbhre Tckesftl ecti on at the end of tes
of 2mm defl ection per |l oading for the first 4 |
thetr edf Itihvee Tihoeadisi ve | oaddélbl nadéage hbwemetr he he
remai nnsmTahir €susl thnot a good reflectiontefnalowsut)
should behave so this test cannotnebécd clwer sa ared ea

observaepadieti es in the behaviour of the roof 1t
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Taba22bead Load of Test 5
DEAD LOAD
Densit , . .
Length| Width | Thickness Area | Area | Volume | Volume of ’ Surfa.ce L'“e"?“ weight No | weight foritem
Truss Members (mm) | (mm) (mm) (mn?) (m?) (mn?) m) material Density | Density kg) | . of on truss
(kg/n?) (kg/m?) | (kg/m) items| experiment(kg
Top Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
HR | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
BC | 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI | 1132 89 0.75 100748 | 0.10 | 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM | 407 89 0.75 36223 | 0.04 | 27167 0.00 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 | 39850 0.00 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
POUOM | AR| 7074 | 89 | 0.75 | 629586| 0.63 | 472190 | 0.00 i i 115 | 81 | 1 8.1
Extra CFS piece
for internal 295 89 0.75 26255 | 0.03 | 19691 0.00 - - 2.15 0.6 1 0.6
support
Weight Sum for 1 Truss Member 24.1
Weight Sunfor 2 Truss Members 48.2
Ceiling batten 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 14 1.7
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 12 3.0
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets 4000 | 800 0.55 3200000] 3.20 | 1760000 0.00 - 2 - 6.4 2 12.8
bcross brace | gg7 | 9o 04 | 80730 | 0.08 | 32292 |0.000032 7850 - . 03 | 2 0.5
etween Truss
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Multi Fix 114 | 38 0.75 4332 | 0.00 | 3249 |0.000003 7850 - ; 00 | 14 0.4
Brackets
HWH Screws on| ;4 | 49 i 342 | 000 | - i i i - | 001 48 05
Roof battens
HWH Screwson| 14 | 49 i 342 | 0.00 ; i ; ; i 001 | 56 0.6
Ceiling battens
HWH Screws on| 19 | 19 : 342 | 0.00 0.01 | 185 1.9
Truss Joints
Roof Screws 65 - - - - - - - - - 0.01 72 1.0
Roof Box Section - 2q5 | g5 0.75 | 71640 | 0.072| 53730 | 0.00005 - - 115 | 09 | 16 14.6
with web holes
Roof Box Section i i i i i i i i i 001 | 96 10
Screws
Weight Sum (Truss Members + Ceiling battens + Roof battens + Roof sheets + Roof Box Section 86.4
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.85
Tab23 i teadTedt 5
LIVE LOAD
Pallet calculations | Length | Width | Thickness| Area Area Volume | Volume | Noof | Linear density | Density(kg/nf) weight
(mm) | (mm) | (mm) (mnv) (m?) (mnv) (m3) items | (kg/m) (kg)
Pallet pieces 800 89 0.75 71200 0.07 53400 0.00 10 1.15 - 9.2
1200 89 0.75 106800 0.11 80100 0.00 2 1.15 - 2.76
1200 800 0.75 960000 0.96 720000 | 0.00 1 - 7850 5.65
Total weight of 1 pallet(kg) 17.6
Total weight of 4 pallets(kg) 70.4
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Box weight calculations

Number of boxes

weight of 1 box (kg)

weight [boxes x pallet] (kg)

Pallet 1 47 15.75 740.3
Pallet 2 37 15.75 582.8
Pallet 3 39 15.75 614.3
Pallet 4 53 15.75 834.8
Total Sum of Boxes weight for 4 pallets 2772.0

OQMWN 6 & RN G & DEILQITH Oa a QKIHBQQ x BQQ

0 Qb © OQU

¢ YBRQ

VQ@WRO A DOOQN QN OHBEQE & 0 Qi @ i

CY®BC ufpp

PTTT

 EFES I

pTMT
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Deflection per loading

Loading number boxes box weight loading | box weight for 4 4 pallet Live Load | Total Deflection | Deflection
per per pallet (kg) pallets (kg) weights + | (Q) Load (mm) difference (m)
loading boxes (kg) (KN)

0 0 0 0 0 0.00 0.00 1045 0.000

1 3 47.25 189 259.448 2.55 3.39 1042 0.003

2 3 47.25 189 448.448 4.40 5.25 1040 0.005

3 4 63 252 700.448 6.87 7.72 1038 0.007

4 4 63 252 952.448 9.34 10.19 1036 0.009

5 4 63 252 1204.448 | 11.82 12.66 1035 0.01

6 3 47.25 189 1393.448 | 13.67 14.52 1034 0.011

7 4 63 252 1645.448 | 16.14 16.99 1033 0.012

8 4 63 252 1897.448 | 18.61 19.46 1032 0.013

9 2 31.5 126 2023.448 | 19.85 20.70 1031 0.014

10 2 31.5 126 2149.448 | 21.09 21.93 1030 0.015

11 2 31.5 126 2275.448 | 22.32 23.17 1030 0.015

12 2 31.5 126 2401.448 | 23.56 24.41 1030 0.015

13 2 31.5 126 2527.448 | 24.79 25.64 1030 0.015

14 2 315 126 2653.448 | 26.03 26.88 1030 0.015

15 2 31.5 126 2779.448 | 27.27 28.11 1030 0.015

16 1 15.75 63 2842.448 | 27.88 28.73 1030 0.015

Total of boxes per 44

pallet
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Tot al Deflection (mm) = 15.00mm

YE OU¥AOTQO O O

o ¢y
o 4-#:5.:*:&3 g & ]

d
1

Live Load (Q) | Deflection difference (m)
g'gg g'ggg Test 5 Live Load (kN) vs Deflection (m)
4.40 0.005 30.00
6.87 0.007 25.00
9.34 0.009 2000
11.82 0.01 <
13.67 0.011 3 15.00
16.14 0.012 — 10.00
18.61 0.013 £ 00
19.85 0.014 '
21.09 0.015 0.00
5232 0015 0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
. . Deflection (m)
23.56 0.015
24.79 0.015 —@— Test 5 Load vs Deflection
26.03 0.015
27.27 0.015
27.88 0.015

Fi gd8&eslti bead (kN) vsGrDaepfhl ecti on ( m)
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4. gesTabbul at ach dr s @wlpths

ThBab24hows the dead | oad calculation of the
(G) value is calculated to be 0.86kN using the

(kN). The dead |l oad formula is bel ow:

VQ@WRO6E OOOQY QN HBEQE & L QY @ i

0'QE OQL .
pTTIT

The wefighttruss in this test assembly is 23.5
wei ght of bot Ahtraosas hnhamberOlbd. HWH screws fo
1 has 92 HWH screws and Tirucesei@s hoatmio7edw siiNélu 8 d r
Joints H, L .@ahd Mewpwpfvaruabl &s in this test 1ncl
and a decrease in the number of <ceil i ng dbgaet tceam
2 steel pieces for cross bracing in between th
3,4 and 5, there is no steeli midialr lwi adi mdg habou
in this test are applied manually and incremenit
untidnd hef Tthlkee mtae 31t support frame height of the
wei ght mdmkmdrs tthleat make up thettresaddsedembl v h

of the trusses

The setup of Test 6 is the same as tests 1, Z
assembly. The pallet piece sizes are the same &
for the 4 pallets ug.edTher & hdarse ak6t elmbX ¢s ilso a7de
the test series and since each box is weighed
totabfswemfgbhbobxes for the 4 pallets is pad8d9&.tGkG6kg

sum of weights for the 4 pallets inclusive of
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The | ive | oaldabd@del sc uclaaltciuolnast eidn usi ng the sum o
the number of boxes | oaded on each pall et whicl
converted to kil oNewtons (kN). Thel sl icvael cluol aadt eadt

formul a bel ow:

VQ@WROE OOOQY QN HBEQE & L QY g i

0 Qb OQO -
p T T

The total I|6padcafcuthéobéeesutiatng the

"Yé b“"” (I)TQG nO 6

Using the Dead | oad (G) and Live Load (Q) val

| oad achieved XD EkN8TTlees t L i6v-Be sl ead i on graph

FiguyBadheefl ection suddenly increased by 6mm du
3mm dur i"flgo atdlitngg2defl ecti on remiandll 4alkéngamad
mai ntained a 1mm deflection for the next-28ml oa:«
defl ection for the remaini.mbel detl ¢éotaidsnuatith
27.00mm. There is no failure experiencs&kd &i © toli

Truss 1 and Joimittss Et h&e IGgrodbw@andd nagts 02 46 boxes.
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Taba24ead Load of Test 6
DEAD LOAD
Density . . :
Length| Width | Thickness| Area | Area | Volume | Volume of Surfa_ce L'”e‘?“ weight No | weight for item
TrussMembers (mm) | (mm) (mm) mmd) | (m?) (mn?) (m?) material Density | Density (kg) of on truss
(kg/n?) (kg/m?) | (kg/m) 9 |items experiment(kg

Tob Chord AH | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
P HR | 3833 89 0.75 341137 | 0.34 | 255853 0.00 - - 1.15 4.4 1 4.4
BC | 190 89 0.75 16910 | 0.02 | 12683 0.00 - - 1.15 0.0 1 0.0
DE | 609 89 0.75 54201 | 0.05 | 40651 0.00 - - 1.15 0.7 1 0.7
FG| 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
Web HI | 1132 89 0.75 100748 | 0.10 75561 0.00 - - 1.15 1.3 1 1.3
JK | 1672 89 0.75 148808 | 0.15 | 111606 0.00 - - 1.15 1.9 1 1.9
LM 407 89 0.75 36223 | 0.04 27167 0.00 - - 1.15 0.0 1 0.0
NO | 597 89 0.75 53133 | 0.05 39850 0.00 - - 1.15 0.7 1 0.7
PQ| 190 89 0.75 16910 | 0.02 12683 0.00 - - 1.15 0.0 1 0.0
Bccr’]t(t)‘?g” AR| 7074 | 89 | 0.75 | 629586 | 0.63 | 472190 | 0.00 . . 115 | 81 | 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten | 600 65 0.4 39000 | 0.04 | 15600 0.00 7850 - - 0.1 12 15
Roof batten 897 90 0.4 80730 | 0.08 | 32292 0.00 7850 - - 0.3 20 5.1
Ridge cap 600 100 0.4 60000 | 0.06 | 24000 0.00 7850 - - 0.2 1 0.2
Roof sheets | 4000 | 800 0.55 | 3200000 3.20 | 1760000/ 0.00 - 2 - 6.4 2 12.8
Crossbrace | gg7 | g 04 | 80730 | 0.08 | 32292 |0.000032 7850 . . 03 | 2 0.5

between Truss
Multi Fix 114 | 38 075 | 4332 | 0.00 | 3249 |0.000003 7850 . . 00 | 12 0.3

Brackets
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HWH Screwsonl g | 1 i 342 | 000| - i i i ~ | oo01| 48 0.5
Roof battens
HWH Screws ol g | 1 . 342 | 0.00| - i i i - | o001 | 56 0.6
Ceiling battens
HWH Screwson| 5 | 1q . 342 | 000 | - i i i - | 001 | 166 1.7
Truss Joints
Roof Screws 65 - - - - - - - - - 0.01 | 120 1.7
Roof Box Section 79 | gg | 75 | 71640 | 0.072| 53730 | 0.00005| - i 115 | 09 | 16 14.6
with web holes
Roof BoxSection i i i i i i i i i i 0.01 96 10
Screws
Weight Sum (TrussMembers + Ceiling battens + Roof battens + Roof sheets + Roof Box Sections 87.3
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.86
Tabada®ive Load of Test 6
LIVE LOAD
Palletcalculations Length | Width Thickness(mm) Area Area | Volume | Volume | No of é_ér;](asi; Density(kg/n) weight
(mm) | (mm) (mm?) (m?) (mmd) (m’) items (kg/m) (kg)
800 89 0.75 71200 0.07 53400 0.00 10 1.15 - 9.2
Pallet pieces 1200 89 0.75 106800 | 0.11 80100 0.00 2 1.15 - 2.76
1200 800 0.75 960000 | 0.96 720000 0.00 1 - 7850 5.65
Total weight of 1 pallet(kg) 17.6
Total weight of 4 pallets(kg) 70.4
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Box weight calculations

Number of boxes

weight of 1 box (kg)

weight [boxes x pallet] (kg)

Pallet 1 46 15.75 724.5
Pallet 2 46 15.75 724.5
Pallet 3 46 15.75 724.5
Pallet 4 46 15.75 724.5
Total Sum of Boxes weight for 4 pallets 2898.0

GQWN 6 & "V o d DEiOQI A Oad QAUUEIRQ x BQ0

0 Qb © OQU

CO@Y wipp

¢ W@PQ

VQ@WRO A HOOQA QN OBEQE & 0 Qe @ i

g 4B

p T
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Deflection per loading

box weight for 4 4 vall Total
Loacing number | PO/eS Pl boxveight oreach | PRICIS (O G | LveLoad - gqy | Deflecton | pefection
boxes (kg) (kN)
0 0 0 0 0 0.00 0.00 1045 0.000
1 6 94.5 378 448.448 4.40 5.26 1039 0.006
2 6 94.5 378 826.448 8.11 8.96 1036 0.009
3 6 94.5 378 1204.448 11.82 12.67 1032 0.013
4 6 94.5 378 1582.448 15.52 16.38 1032 0.013
5 2 315 126 1708.448 16.76 17.62 1031 0.014
6 2 31.5 126 1834.448 18.00 18.85 1030 0.015
7 2 31.5 126 1960.448 19.23 20.09 1029 0.016
8 2 31.5 126 2086.448 20.47 21.32 1028 0.017
9 2 315 126 2212.448 21.70 22.56 1026 0.019
10 2 315 126 2338.448 22.94 23.80 1025 0.020
11 2 31.5 126 2464.448 24.18 25.03 1023 0.022
12 2 315 126 2590.448 2541 26.27 1021 0.024
13 2 315 126 2716.448 26.65 27.50 1019 0.026
14 2 315 126 2842.448 27.88 28.74 1018 0.027
15 2 315 126 2968.448 29.12 29.98 1018 0.027
Total gfa Itl)(e)txes per 46
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Tot al Deflection (mm) = 27.00mm

YE OU¥AOTQO O O

O C@C
= 4-#:5.:*:&3 g & ]

d
1

Live Load (Q) Deflection difference (m)
0.00 0.000 Test 6 Live Load (kN) vs Deflection (m)
4.40 0.006 35.00
8.11 0.009 30.00
11.82 0.013
25.00
15.52 0.013 =
16.76 0.014 = 200
18.00 0.015 g 15.00
19.23 0.016 10.00
20.47 0.017 500
21.70 0.019 0.00
22.94 0.020 0.000 0.005 0.010 0.015 0.020 0.025 0.030
24.18 0.022 Deflection (m)
25.41 0.024
26.65 0.026 —@— Test 6 Load vs Deflection
27.88 0.027
29.12 0.027

Fi gd9eeslti Wead (kN) vsGrDaepfhl ecti on ( m)
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. ITesTabblragasewdl ts and graph

ThBabd@®&@hows the dead | oad cal cutfiart i wmi ool tthhee I

(G) value is calculated to be 0.86kN using the

(kN). The dead |l oad formula is bel ow:

VQ@WRO6E OOOQY QN HBEQE & L QY @ i

0'QE OQL .
pTTIT

The weight of 1 truss is 23.5kg which consi s

similar to the tests 1,2,3,4 and 6. The sum
this test include cr osnsg boraacteesn sh e t2we erno otf r ubsast €
coi l bracing ab.dwe tmae nc siulpiprog tbdtrtaenre of t he

whi ch mmrsT hdr4ee HWB6 s cr ews tusuesdybBoesic hintbeod hasd 2 h
83 sscreMw bt of the screws are around Joints H
Ssimply supporthbhd mdaars bteh ee nldese |&.f KHacsHWH Hcoéwdr
HWH screws on the multi fix bracket which 1is
arrangemépoptr RBoCfmewmhi b MHaAMH screws on the tru:
through the multi fix bracket and JoiTmte At dfe
joints of Trusmbdr haveHWHes csmaenws nas its oppos
sumf dead on t he kags svehmbd hyu diess 8t7h.e3 wei ght of

battens, different screws, ridge cap, cross b

The size of the palletantizsegaildettise ea@mecas
2dHoxetsheatend of the test wheul htehe agxze@blty pexs
for this test; one box i sEddh 7p&lgl eandhda$he2dt
15 kg5 @nbdaoveeghiagbeegre are 148 boxestesol eazihl
palhlaest. 588 baomnxdkest he weight of boxes on the 4
the 4 pallets and the weight of the boxes on
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The | iweael dwladitoiifoanisensatwilfabh&and t he -Me fvlee dtoiac
gr apkhi gt @ The daireeel tobhadted using the sum of
the number of boxes | oaded on each pallet whi
then converted to kil oNewtons (kN). Thad cluil vag

from the formula bel ow:

VQ@WROE OOOQY QN EOBEQE & L QY g i

0 Qb OQO -
p T

The tot al | oad of the Test 7 is calcul at

"Yé b“"” (I)TQG nO 6

Using the Dead |l oad (G) and Live Load (Q)
the total | oad 2a4ckiN5e vielde fdeaf ITestti on ist t he e
21.00mm. The defl ection halsoads aaredaatglleeffrmin Bm
the Znelxitveluroadsthe applicatTihen aosfs etnhbel y1 5. x7p
defl ecti-dmmofforl mmhe | oad .Tahpep |Iliocaadt iaopnpsl iocfa tlido.n
ot her tests which &he pabandadt entlosvaets tohuet wcaer ndtsr et o
every set of |l oading. While the | oads are sp
abowree amotdthethe pall ets constant| yTls wlag/f twi gih
Truss 1 and right side of Truss 2 do Tnhoet reoxopf
battens closely placed t ogeotfh ear7 @adtmaa r sopuancdi Mg
a significant difference itnhe hsde ttlmee 8 gme y @ b
befactor in the failure as some ®uethe tdst,
i's not considered for the averages ofwithl c

400mm roof batten spacings.
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Tab26bead Load of Test 7
DEAD LOAD
Density : : .
Length| Width | Thickness Area | Area | Volume | Volume of Surfa_ce Lmez_ar weight| No of weight for item
Truss Members (mm) | (mm) (mm) mmd) | (md (mn?) (m’) material Density | Density (kg) items on truss
(kg/ m3) (kg/rT12) (kg/m) experiment(kg

Top Chorg | AH | 3833 [ 89 0.75 | 341137| 0.34 | 255853 | 0.00 - - 1.15 | 4.4 1 4.4
P HR | 3833 | 89 0.75 | 341137| 0.34 | 255853 | 0.00 i - 1.15 | 4.4 1 4.4
BC| 190 | 89 0.75 16910 | 0.02 | 12683 | 0.00 - - 1.15 | 0.0 1 0.0
DE| 609 | 89 0.75 54201 | 0.05 | 40651 | 0.00 - - 1.15 | 07 1 0.7
FG | 1672 | 89 0.75 | 148808| 0.15 | 111606 | 0.00 - - 1.15 | 1.9 1 1.9
Web HI | 1132 | 89 0.75 | 100748| 0.10 | 75561 | 0.00 - i 1.15 | 1.3 1 1.3
JK | 1672 | 89 0.75 | 148808| 0.15 | 111606 | 0.00 - i 1.15 | 1.9 1 1.9
LM | 407 | 89 0.75 36223 | 0.04 | 27167 | 0.00 - i 1.15 | 0.0 1 0.0
NO| 597 | 89 0.75 53133 | 0.05 | 39850 | 0.00 - i 1.15 | 07 1 0.7
PQ| 190 | 89 0.75 16910 | 0.02 | 12683 | 0.00 i i 1.15 | 0.0 1 0.0
Bccr’]t(t)cr’g” AR| 7074 | 89 | 0.75 | 629586| 0.63 | 472190 | 0.00 . . 115 | 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten | 600 | 65 0.4 39000 | 0.04 | 15600 | 0.00 7850 - - 0.1 12 15
Roof batten | 897 | 90 0.4 80730 | 0.08 | 32292 | 0.00 7850 - - 0.3 20 5.1
Ridge cap 600 | 100 0.4 60000 | 0.06 | 24000 | 0.00 7850 - - 0.2 1 0.2
Roof sheets | 4000 | 800 0.55 | 3200000 3.20 | 1760000 0.00 - 2 - 6.4 2 12.8
Crossbrace | g4, | g 0.4 80730 | 0.08 | 32292 |0.000032 7850 ; ; 0.3 2 0.5

between Truss
Multi Fix 114 | 38 0.75 4332 | 0.00 | 3249 |0.000003 7850 ; ; 0.0 12 0.3

Brackets
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HWH Screws on g | 1g - 342 | 0.00 i i - . 0.01 | 48 0.5
Roof battens
HWH Screwsonl g | 1q . 342 | 0.00| - i i - | oo1| s6 0.6
Ceiling battens
HWH Screws on| - 15 | 19 i 342 | 0.00| - i i - | oo1| 166 1.7
Truss Joints
Roof Screws 65 - - - - - - - - 0.01 120 1.7
Roof Box
Section with web 796 90 0.75 71640 | 0.072| 53730 | 0.00005 - 1.15 0.9 16 14.6
holes
Roof Box
Section Screws| i i i i i i i i 0.01 96 1.0
Weight Sum(Truss Members + Ceiling battens + Roof battens + Roof sheets + Roof Box Sections) 87.3
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.86

Tab2#® i ve olfoalce st 7

LIVE LOAD

Pallet Length| Width Thickness(mm) Area | Area | Volume | Volume | No of (Ij_ér;li?[r Density(kg/n) weight
calculations | (mm) | (mm) (mmd) | (m?) | (mm?) (m°) items (kg/m)y yiKg (kg)
800 89 0.75 71200 | 0.07 | 53400 0.00 10 1.15 - 9.2

Pallet pieces | 1200 89 0.75 106800 | 0.11 | 80100 0.00 2 1.15 - 2.76
1200 | 800 0.75 960000 | 0.96 | 720000 0.00 1 - 7850 5.65

Total weight of 1 pallet(kg) 17.6

Total weight of 4 pallets(kg) 70.4
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Box weight

Number of boxes

Number of boxes

weight of 1 box

weight of 1 box

weight of 18mm

weightof 16m

weight [boxes«

calculations | (18mm19mm) (16mm16mm) (kg),18mm19mm | (kg),16mml6mm | 19mm boxes per | 16mm boxes per| pallet] (kg)
pallet (kg) pallet (kg)

Pallet 1 29 8 15.75 14.6 456.8 116.8 573.6

Pallet 2 29 8 15.75 14.6 456.8 116.8 573.6

Pallet 3 29 8 15.75 14.6 456.8 116.8 573.6

Pallet 4 29 8 15.75 14.6 456.8 116.8 573.6

Total Sum of Boxes Weight for 4 pallets 2294.2

GQWN 6 & "V Had DEiIOQI A Oad Qi@RQ x BQO

¢ 0 @QQ
6 QWRS & OhODOQN QD HREE & CEy ¢ |
0 QbR GQU -
pTTTT
CO@r uiyp
PTTT

Jidg +BY 8
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Deflection per loading

Loading number | boxes box weight for each | box weight for 4 4 pallet Live Load | Total Deflection | Deflection
per pallet (kg) pallets (kg) weights + | (Q) Load (mm) difference (m)
loading boxes (kg) (KN)

0 0 0 0 0 0.00 0.00 1045 0

1 6 94.5 378 448.448 | 4.40 5.26 1042 0.003

2 6 94.5 378 826.448 8.11 8.96 1039 0.006

3 6 94.5 378 1204.448 | 11.82 12.67 1036 0.009

4 3 47.25 189 1393.448 | 13.67 14.53 1034 0.011

5 8 126 504 1897.448 | 18.61 19.47 1030 0.015

6 2 29.2 116.8 2014.248 | 19.76 20.62 1028 0.017

7 2 29.2 116.8 2131.048 |20.91 21.76 1027 0.018

8 2 29.2 116.8 2247.848 | 22.05 22.91 1025.5 0.0195

9 2 29.2 116.8 2364.648 | 23.20 24.05 1024 0.021

Total of boxes per | 37

pallet

Tot al Deflection (mm) = 21.00mm
"YE OURAGOQO O 0

T Ca&Tm
YE OO QO ¢ BT QO

163




Live Load (Q) Deflection difference (m)
0.00 0
4.40 0.003
8.11 0.006
11.82 0.009
13.67 0.011
18.61 0.015
19.76 0.017
20.91 0.018
22.05 0.0195
23.20 0.021

Fi gdt

Test 7 Live Load (kN) vs Deflection (m)
25.00

20.00

Load (kN)
= =
© o
o o
o o

5.00

0.00
0 0.005 0.01 0.015 0.02 0.025

Deflection (m)

—@— Test 7 Load vs Deflection

@Teslti Wwead ( kN) vsGraepfhl ecti on ( m)
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4. ITesTab8lrmadedxedl ts and graph

ThBab2&hows the dead | oad cal cu8ian ivwmi ool tthhee I
(G) value is calculated to be 0.86kN using the

(kN). The dead |l oad formula is bel ow:

VQ@WRO6E OOOQY QN HBEQE & L QY @ i

0'QE OQL .
pTTIT

The arrangement of the test assembly for Test
which the weight of 1 truss is 23.5kg ambmatt e sv
20 o00of battens, 1 ridge cap, no steel coil braci
t ter ussefeetsofand roof box sTehcet inoanisn asbuopvpeo rtth ef rr
same as tests 6 and 7 which is 104%mm. sylsd etnr s
tests 1,2,3,5,6 and 7. The number of HWH screw
each truss has 83 scr ekwg .wilheh udkas tl e dt rmes ggens
make up the tidThesvkaergisab laes sietmbtlhyi.s test i s t hat
fix brackets on the end supports, t he hrosohfedltosx.

There areusew heomawsn support foambetbruoussaesct

The pallet di mensions are the same as al/l ot |
pallets is 70.6kg. There are 27 boxes weighing
each palleseéeritelsd bgrsd tefflheh etchiepBtOesf on 1 pall et
t he wetihgeghitbD9&s on all 4 pallets 4spaanédbtedblog@ sTh

is 3056.2kg.

The | ive | oaTdab@de sc uclaaltciuolnast eidn usi ng the sum o

the number of boxes | oaded on each pallet whicl
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converted to kil oNewtons (kN). The |l ive | oad at

formul a bel ow:

VQ@WROE OOOQY QN OBEQE & L QY g i

0 Qb OQO -
p T T

The tot al | oad of théofensit a8 i s cal cul ated us

YE OUENOQO O 0

Using the Dead | oad (G) and Live Load (Q) v
total | oad ac3nh0ile8VdedTHeorddflsect®Bi o8 at t he end c
and there is an average change in height of =~
| oadThgsLi wweeflead i on giFapglkLiETsh es htorwns siens br ace
battens and roof sheets provide a | ateral res
sideways dudrmiend itxhemgt @eft t he end supports wit

main support frame provide a restraint for th

The failure occurs around the same area as |
| oadings until experiencing failure. The hum:
di stribution of | oadefaneawveumuytioddixndramcdet |
support frame, ensuring the roof box sections
this series is also another factor which infl
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Tab28ead Load of Test 8
DEAD LOAD
Density . . .
Length| Width | Thickness Area | Area | Volume | Volume of Surfa_ce L'”e‘?“ weight | No of weight for item
Truss Members (mm) | (mm) (mm) (mm?) (m?) (mn?) (m’) material Density | Density (kg) items on truss
(kg/rrP) (kg/m?) | (kg/m) experiment(kg
Top Chorg | AH | 3833 [ 89 0.75 | 341137| 0.34 | 255853 | 0.00 - - 115 | 4.4 1 4.4
P HR | 3833 | 89 0.75 | 341137| 0.34 | 255853 | 0.00 i - 115 | 4.4 1 4.4
BC| 190 | 89 0.75 16910 | 0.02 | 12683 | 0.00 - - 115 | 0.0 1 0.0
DE| 609 | 89 0.75 54201 | 0.05 | 40651 | 0.00 - - 115 | 07 1 0.7
FG | 1672 | 89 0.75 | 148808| 0.15 | 111606 | 0.00 - - 115 | 1.9 1 1.9
Web HI | 1132 | 89 0.75 | 100748| 0.10 | 75561 | 0.00 - i 115 | 1.3 1 1.3
JK | 1672 | 89 0.75 | 148808| 0.15 | 111606 | 0.00 - i 115 | 1.9 1 1.9
LM | 407 | 89 0.75 36223 | 0.04 | 27167 | 0.00 - i 115 | 0.0 1 0.0
NO| 597 | 89 0.75 53133 | 0.05 | 39850 | 0.00 - i 115 | 0.7 1 1
PQ| 190 | 89 0.75 16910 | 0.02 | 12683 | 0.00 i i 115 | 0.0 1 0.0
Bccr’]t(t)‘?g” AR| 7074 | 89 | 0.75 | 629586| 0.63 | 472190 | 0.00 . . 115 | 8.1 1 8.1
Weight Sum for 1 Truss Member 23.5
Weight Sum for 2 Truss Members 47.0
Ceiling batten | 600 | 65 0.4 39000 | 0.04 | 15600 | 0.00 7850 - - 0.1 12 15
Roof batten | 897 | 90 0.4 80730 | 0.08 | 32292 | 0.00 7850 - - 0.3 20 5.1
Ridge cap 600 | 100 0.4 60000 | 0.06 | 24000 | 0.00 7850 - - 0.2 1 0.2
Roof sheets | 4000 | 800 0.55 | 3200000 3.20 | 1760000 0.00 - 2 - 6.4 2 12.8
Crossbrace | g4, | g 0.4 80730 | 0.08 | 32292 |0.000032 7850 ; ; 0.3 2 0.5
between Truss
Multi Fix 114 | 38 0.75 4332 | 0.00 | 3249 |0.000003 7850 ; ; 0.0 12 0.3
Brackets
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HWH Screwson g | 19 i 342 | 000| - : i : ~ | 001 | 48 0.5
Roof battens
HWH Screws on g | 1 . 342 | 000 | - i i i i 001 | 56 0.6
Ceiling battens
HWH Screws on g | 1 i 342 | 0.00| - i i i - | o001 | 166 1.7
Truss Joints
Roof Screws 65 - - - - - - - - - 0.01 120 1.7
Roof Box
Section with web| 796 90 0.75 71640 | 0.072| 53730 | 0.00005 - - 1.15 0.9 16 14.6
holes
Roof Box
Section Screws| ) i ) ) ) ) i ) ) 0.01 96 1.0
Weight Sum (Truss Members + Ceiling battens + Roof battens + Roof sheets + Roof Box Sections) 87.3
Dead Load(G) = Weight Sum x Acceleration due to gravity (kN) 0.86
Taba2% i ve Load of Test 8
LIVE LOAD
Pallet calculationg Length | Width Thickness(mm) Area Area | Volume | Volume | No of (!I_(Iar;li?t;/ Density(kg/n?) weight
T (mm) | (mm) (mnv) (m?) (mn) (m3) items (kg/m) (kg)
800 89 0.75 71200 0.07 53400 0.00 10 1.15 - 9.2
Pallet pieces 1200 89 0.75 106800 | 0.11 80100 0.00 2 1.15 - 2.76
1200 800 0.75 960000 | 0.96 | 720000 0.00 1 - 7850 5.65
Total weight of 1 pallet(kg) 17.6
Total weight of 4 pallets(kg) 70.4
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Box weight Number ofboxes | Number of boxes | weight of 1 box | weight of 1 box | weight of 18mm | weight of 16mm | weight [boxesx

calculations | (18mm19mm) (16mm16mm) (kg),18mm (kg),16mm 19mm boxes per| 16mm boxes per| pallet] (kg)
19mm 16mm pallet (kg) pallet (kg)

Pallet 1 27 22 15.75 14.6 425.3 321.2 746.5

Pallet 2 27 22 15.75 14.6 425.3 321.2 746.5

Pallet 3 27 22 15.75 14.6 425.3 321.2 746.5

Pallet 4 27 22 15.75 14.6 425.3 321.2 746.5

Total Sum of Boxes Weight for 4 pallets 2985.8

GQWN 6 & "V o o DFiOQIt A Oa a Qo @R x BQ0

omTRNQ
6 Q@RS & ©bOOQN QDGR &L By eF
0 QbR GQU -
p T
OTM&O Giyp

PTTT

Jidg +BY 8
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Deflection per loading

Loading number boxes box weight for each | box weight for 4 4 pallet Live Load | Total Deflection Deflection
per pallet (kg) pallets (kg) weights + | (Q) Load (mm) difference (m)
loading boxes (kg) (KN)

0 0 0 0 0 0.00 0.00 1045 0

1 6 94.5 378 448.448 4.40 5.26 1043 0.002

2 6 94.5 378 826.448 8.11 8.96 1040 0.005

3 6 94.5 378 1204.448 | 11.82 12.67 1037 0.008

4 3 47.25 189 1393.448 | 13.67 14.53 1035 0.010

5 6 94.5 378 1771.448 | 17.38 18.23 1033 0.012

6 2 29.2 116.8 1888.248 | 18.52 19.38 1031 0.014

7 2 29.2 116.8 2005.048 | 19.67 20.53 1030 0.015

8 2 29.2 116.8 2121.848 | 20.82 21.67 1029 0.016

9 2 29.2 116.8 2238.648 | 21.96 22.82 1028 0.017

10 2 29.2 116.8 2355.448 | 23.11 23.96 1027 0.018

11 2 29.2 116.8 2472.248 | 24.25 25.11 1025 0.020

12 2 29.2 116.8 2589.048 | 25.40 26.25 1024 0.021

13 2 29.2 116.8 2705.848 | 26.54 27.40 1023 0.022

14 2 29.2 116.8 2822.648 | 27.69 28.55 1021 0.024

15 2 29.2 116.8 2939.448 | 28.84 29.69 1020 0.025

16 2 29.2 116.8 3056.248 | 29.98 30.84 1018 0.027

Total of boxes per | 49

pallet
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Tot al Deflection (mm) = 27.00mm

YE OU¥AOTQO O O

T @ ¢ @Y
= 4-#:5.:*:&3 8 B 1]

d
1

Live Load (Q) Deflection difference (m)
0.00 0
4.40 0.002
8.11 0.005
11.82 0.008 Test 8 Load (kN) vs Deflection (m)
13.67 0.010 25 00
17.38 0.012 20,00
18.52 0.014
19.67 0.015 o 2%
20.82 0.016 < 20.00
21.96 0.017 8 15.00
23.11 0.018 = 0,00
24.25 0.020 £ 00
25.40 0.021
26.54 0.022 oo 0 0.005 0.01 0.015 0.02 0.025 0.03
21.69 0.024 Deflection (m)
28.84 0.025
29.98 0.027 —@— Test 8 Load vs Deflection

Figdit¥Test 8 Load (kN) vs Deflection (m) graph
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4. 12Failure Mechani s ms

4. 12800mm roof batten spacings Linear truss sys

| b htee ssterli lees t r usfsaialssseinmb|l3y areas i n whigir dr

4-1Pand Truatbk R2rdaiparticul arly ar OFungdd-1tghTeh et owpe bc

and flange member ofuntdheer gtooeps clhaotredr afl o rt oTrrsui sosn al

buckl es and twists inwards towar disheTrtwsuss s2 frad d

Joint H, Joints L and Joint

not have top flange, top |

M of both Truss 1

P, only web and bo

buckl es beaetowaamst md Xcrew connections however

around thbeesjsoasbtembllayp deo/efsalnlotdesodi t e fail ur e

of Trussegedr ahdi 2t and and F

of TIrhues ss tlr eantg tthh eo

driven screw connection preventedThdedeswagesd o

the bottom flange sitting underneath the top ¢

restraint at the ridge of the truss assembly c¢

The truss assembly experiences fail uarned wvahte n:
l'ive 12Rad4kfrobhhbbl ef chasesre for test 1 incl
application, the point of | oadTaepllioaat ngn dasd
|l oad timing of the test differs because it dep

manually, the humalnhef alcaads adrfeecnost talel tegwal |y

whi ch may causet . oolffech ndi dvEh@athteadh it Intold ¢ aar

centre ofbet apptli@ed on thienstaeade Ohet Wei goeimbp

torsional buckling on the top chord member nea

towards the centre of the truss. To UmbdakhWwagf i n

screws need to be increased
restflmae nbhumber of HWH scr ews

the assembly will react.
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around wmidege fofr Tr

around Joints D a



on member connected near Jomt F
and Joint D of Top Chord of Truss

Loczl Bucklinz of web of member
around joint= H. L. M of top chord at
ridese of Truss 1 however scraws stav

Cutward distortional bucklins Web
MNember on Top Chord of Truss 1
comnectad to Joints H and A\
causins top chord fails and f=11s

Fi gdt20ut ward distortional andofl olcealt bluck.l
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Loczal Bucklinz of web of mamber
around joinss H, L. M of top chord at

Buckling web hMember on
Top Chord of Trus= 2

comnmectad to Joints H and
M fzils causings top chord

Fi g4t8utward distortional and | ocal buckl

The failure areas around the test 2 smhreines
the number of boxEkefoeflachi pal aet28sb@B8es i s
the same number ©ohebbaeluwethnTebhtsltest serie
assembly foThdmoe hi $ ruswasdgedipetroretnicermalo nb u ckel is
trusses and around tThhee ssd neen daerrenae sosf obfo tthh ett #Amuast see
wei ght ratio influenced -stehcet i memlsa vwhoiucrh ocfo ntt he
experienced on the assendbrliyv eaands ctrlreew <stornenregtth oc
joints from s@pasafenpemnkcenaeduakong the top c
flange near Joi ki gdDPanddFJof nTsuBisgdidE . NTFoafs ST r L
lthébottom fl ange of t 0 pe xgphea ri ceodp & abnuexjkdhi nndt gy s ah

expertewnsesand buckle out of plane for bottom

The | oad apgplsi gatdehderi saannde T loer cald d b Ited safasauislewsr
this test are the human factor of | oad applica
screws used for truss joints near the failure

18. O0kN of whiah itmpeeachsmarmef dactsd as the numbe
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doubled from the first test. The distribution
1 and the | oads are not applied at the same ti
both trusses plagwedmprevgngfthbhanbehatveour of t
| oadsotara@appl i edofat tslsedrd@ ro ncse mtnrde t he r at e rafviltoa
to pudm roof bhaeptpelnise dd ueo atdos push fdawmmhesno mper ic
with Test 1, thedoerdgefareadot tbetheusaebusi on
HWH screws around the An dr,eadl gfoiinmpr oo e meéret ttrh

future testsnumbedaro afncsrceraessve ddcmiencttsi.ons near t h

e & . G g E e
A S| e
b —
) i N
— 3%(? = it 8 ~——T

Figdit@aFail ure on Truss 1 of Test 2
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FigdiBFailure on Truss 2 of Test 2

& | Imward distortional
bucklinz of MNMember of
Top Chord of Truss 2
comnectad to Joints J and I

buckiinz of NMember of

Bottom flanze local buckling e Top Chord of Truss 2
MNiembar of Top Chord of Truss comnected 1o Joints J and I
1 connected to Joints D and F : e twists and buckles

Figdtitel nward distortional faiulckrldsngon nTdr usosc aA's st
I n test 3fathe astsembl yop ici owlhid todernabl e rt onresairo

occ@lrigd4irtBThe truss assembly experiences failur e
32TThe bottom f Il antgwi otfs tehred tmyc kclheosr dd ownwar ds

assembhy the joint3hb &aadlskirneiflaalre atsos stihpes rfi aeinlcuwer
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t htee st hreaendes he same joints on Truss 1 and t

however, the number of HWH screws used for the
The failure area is similar to Tests 1 and
The possible cause of failure is from the decr

sl ower spread of strceons eqgmetnihtd yl, oa@adh at dwemintdphais sa
the |l oading stresses around the top fTonghkes eriwme
change in the next test series, the nuafbeTr wds
and the opposite joints of J @ahd B8lpaociigubset @e
restraints of r oode cbraeta seends tnoa yo bnseeerdv et oh obwd hiet ¢
|l oads of the assembly are apepleiced oamwanshi fcthomatnh
the member | eading Tthe trorofiedmdlt epthscedmani dthe ¢
these@xtion members of the tacpg @aBonMéast roB| Wheshr
rotation and twists along the members. So far,

current 800mm spacing but reducing these spaci

reduce t he s eawngd hdse foofr mawmiisotns experienced on th
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L ateral torsional buckling 3 - | Lateral torsional buckling on
Bottom flange of member on > Bottom flange of member on
Top Chord of Truss 1 - Top Chord of Truss 1
connected to Joints D and F | connected to Joints D and F

Figdi@Bateral toraibonaé Abmetbliggof Test 3
4. 128020mm roof bat-tééac&pacusgsspBatkm

Thélt st seri es;t-ofaoclki otwsu stsh es ybsatcekm and t he as
failure when there are 36 boxes on each pall et
which is different fromTheetBusestel papseduehy
Figudi@and | eft s(Fdgydf@ Thwpdschdrd twists inwar

simult anenwslthhe same si de haf ptehes tftraldstasge mhin,

Thesmi bl e c afucsre tohli sf atidsutr ei s the setup of t
top chords, |l oads aeewhethappltbd aamehasshbéar
badlack web member acsasuesnebsl ya ovne rtyh ed itfrfuesrsent f ai
truss assemrbblayc k Tshyes theant kc ohnenlepc t wiotnh dsoteisfsfneantn dn gi
not as rigid. From observation, the facedofddh
not add any support on the top chord when the
top chords. In the |linear truss system, the f a:
to distribute thhsaeimbdags dphel oé theontplmdianbdelr e o€ a i
screws on the joints ofpetrhgsotimegsesi nGheheaeumbeir m

3, however, these may need to be increased for
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Fi gdtr1e8uofpl ane
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o Out of plane buckling and twisting of top chord
under roof battens and hanging cable locations
near and around J and N joints on Truss 1

baui clkuriengon Tr uss

1

of

Te



Fi géd-18uofpl ane bauviclkuriengonf Truss 2 of Te

4. 18086mm roof batten spacing Linear truss s

The test 5 series is simply supported at th
i ncludes an internal support which is undernea
i nternal support, thend edidf fleoraedn ti sf raolns oo tihnecrr eta
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