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Bushfires

Bushfires Deaths No of destroyed Burnt area Overall losses (AUD)
Ca{r;‘é;ﬁa‘ g sia homes (km?2)
Sy i Black Friday  |1939 |71 700 20,000 :
| i Tasmanian 1967 62 1400 2,600 35 million
" Az‘ra“ﬁh Black Tuesday
S Ash 1983 75 2400 5,200 335 million
Wednesday
Black Saturday | 2009 173 2000 4,500 1.7 billion
2019-20 Black | 2919 - 34 (direct) | 5900 186,000 = 2 billion
Summer
Bushfire 2020

N - Climate change

- Dense population at bushfire-urban interface
N - Improper fuel and land management

- Strong winds - Less awareness of the risk

- Low humidity - Limited firefighting resources

- High temperature - Structures not capable of withstanding fires
- High fuel load

the university QUT Wind and Fi

CRICOS No0.00213J

for the real world Civil and Environme



Bushfire Attack Mechanisms e T

1. Ember Attack:
* Leading cause of house destruction (about 80%)

2. Radiant Heat:
 Arises directly from the fire front or nearby combustion

3. Flame front contact:
« This risk occurs when advancing flames engulf structures
 85% of house losses occur within 100m of bushland

AS 3959 defines bushfire attack level (BAL) for the
specific location depending on (BAL Low to BAL FZ):

» Type of vegetation

« Distance from vegetation

» Slope of the land (fire moves quicker upslope)

« Fire Danger Index (FDI)

It gives a heat flux versus time curve for BAL12.5-40, and (G, = ‘ 3
standard fire curve for BAL-FZ for testing building products. . . f’ “- s &£
Relies on non-combustible external envelope for ember attack W ;
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Bushfire-Enhanced Wind

» Bushfires generate strong winds

Bushfire-enhanced wind may lead to:
* Increased longitudinal wind velocity of >50%

* Increased wind pressure/suction by 25-150% on a building
envelope

* Most significant fire-enhanced winds are experienced as the
fire front approaches the buildings

« Fire-enhanced winds may lead to blowing off parts or entire
building envelopes before the bushfire reaches the building — Lambert(2010) —
vulnerable after loss of external claddings for ember attack 2009 Black Saturday Bushfire
and direct flames! it e '

« AS 3959 does not consider enhanced wind

———
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Design and Construction of Buildings to
withstand Bushfires

« Since bushfire and wind interact with buildings and landscape, we need site-
specific solutions (well-designed & constructed and maintained).

* As recommended in AS3959 and NASH, the use of non-combustible
cladding elements and systems (steel cladding, bricks, AAC panel
etc) as external building envelope without any gaps larger than 2 mm
will eliminate ember attack and reduce building damage.

» During bushfire events, gaps should not develop to larger than 2 mm A I\
under combined bushfire-enhanced wind action and high
temperatures

« Building products should also withstand radiant heat and flame
Immersion.
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Steel Cladding Building Envelope

Cold-formed steel roof and wall
claddings are frequently used in low-
and mid-rise buildings, and commonly
utilized in bushfire prone areas

Advantages:

* Non-combustible

« Light-weight

» Higher strength and stiffness

« Simple installation and handling
» Cost-effective
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Commonly used CFS roof and wall cladding profiles:

0.42mm or 0.48 mm thick G550 steel
Corrugated claddings

Trapezoidal claddings with closely spaced ribs
Trapezoidal claddings with wide pans
Crest-fixed and valley fixed

Corrugated claddings Trapezoidal claddings with close ribs Trapezoidal claddings with wide pans

VA I IONAN

-4— 762mm cover —)—

[ 762mm (=4mm) Cover I

700mm (+4mm) Cover Installed

W\W\_FLF\/*\/ P

Crest-fixed
rest-ixe Crest-fixed Crest- ﬂxedf"\f
Valley-fixed Valley-fixed Valley-fixed
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Screw Connection Failures in Steel Roof and Wall Claddings

« Two types of failures were observed: Cladding to
Batten & Batten to Rafter connections — “Pull-through
failures” and Cladding to Batten & Batten to Rafter
connections - “Pull-out failures”

Pull-out failyres

Pull-through failures

Roof cladding Rooﬁb‘éﬁi‘-,n

Pull-through failure

Pull-out Failure B o '\?'\
et R
3 ‘&

Batten
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Steel Cladding Envelope Subject to Combined Wind Loading
and Elevated Temperatures

Suction pressure

» Suction pressures + Internal pressures
>>High wind uplift/suction loads on roof and leeward wall. I B\ /i& [7%
\em
—

* Elevated Temperatures — —r—>
Strong Positive |_{>_> Suction
>>Mechanical properties of cold-formed steel (CFS) l winds [={ |  Ppressure | pressure
> e —

» During a bushfire, enhanced wind can further exacerbate localised failure of roof sheeting
» Transverse splitting type failure mode is particularly concerning as it can lead to ember penetration

« AS 3959 and NASH stress the importance of preventing ember ingress in bushfire-prone areas and
recommend avoiding a 2 mm gap in building envelopes

Transverse splitting
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Steel Cladding Tests at Elevated Temperatures — Small Scale
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« 3 Profiles: corrugated, trapezoidal with closer ribs and wide pans
‘ - - « Based on small-scale test set-up; Specimen size: 300mmx300mm
Test set-up inside an electric furnace + Centre screw fixed with two bolts to the bottom rod
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Steel Cladding Tests at Elevated Temperatures — Large Scale

d Movble frame
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Pull-through Failure at Elevated Temperatures

1. Corrugated CFS Cladding

—
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Results for 0.42 mm G550 Steel Corrugated Cladding (M6 screw)
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Numerical Modelling of Corrugated Cladding

1000

crest-fixed scol

\/‘\/}/}\/ .

P 600

s
= 500
g
400 |
End support Wmmm) .
300 ’
Span (900mm) 200 i —This study
' XU & Reardon (1993)
100 — — Lovisa et al. (2013)
= = Chapter 4
Middle support o % 5 10 15 20 25
—— Symmetry at cladding width Deflection [ITII'II]
Screw 2
”L‘s}mmmm wherpped Resource Type FP.. [N] FEA/Test
This chapter FEA (Abaqus/CAE) 732 -
Chapter 4 Test (Small-scale) 727 1.01
Lovisa (2015) Test (Small-scale) 619 1.18
Lovisa et al. (2013) Test (Large-scale) 681 Lo7
Mahendran (19955) Test (Small-scale 67 L.09
Mahendran (1994a) Test (Large-scale) 87 0.84
Xu and Reardon (1993) Test (Large-scale) 663 L.10
Mean 79 L.05
o Cov 0.106  0.101

1mm mesh
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Influence of Parameters on Pull-through Capacity
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2. Trapezoidal CFS Cladding with Closely Spaced Ribs
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Results for 0.42 mm G550 Steel Trapezoidal Cladding with Close Ribs (M6 screw)

1600
M
o

1400 N el

1200 400 °C
Z.1000 500°C .,
S /\f\'\ - - =20°C
© WV
S a0 AV 200°C
5 SYWYVYANWY - - =300°C
3 AWy 400°C
2 600 o
- 600°C , - ~500°C

74 ---8600C
400 - Y
/ r ¥
. ~. /4'\ / ‘L,
200 RS DA i
PRl Ul ol A~ L Vi Y
N/
0
25 30 35 40 45 50

Displacement [mm]

QUT

the university

0.00213J

for the real world

CRICOS N



1250 |

21000 -

=

g 750}

-

2

o 500t
——FEA

250 Mahendran (1994)
= Pieper (2022)
0 - Mahaarachchi (2003)

0 5 10 15 20 25 30
Deflection (mm)

Source Test type P,, (N) | FEA/Test
FE analysis (FEA) 1060
Pieper (2022) Test (Small-scale) | 1098 0.96
Mahaarachchi (2003) Test (Large-scale) | 1063 0.99
Mahendran (1995) Test (Small-scale) | 1280 0.82
Mahendran (1994) Test (Large-scale) | 1210 0.87
Xu and Reardon (1993) | Test (Large-scale) | 1257 0.84

Region 1 Region 2

0.25mm x 0.25mm 3 mm x 3 mm, Mean 1161 090
cxion | A COV 96 0.07

Corrected Mean 1073 0.98

S Bl Corrected COV | 21 0.02

Washer
0.3 mm x 0.3 mm
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2000 2000 2000
1 S ) Effect of crest height 1500 | T
Z ° L4 Z 'y L] ° Std. Dev - 0.
< 1500 F e < 1500 9
Poee st LG S S e 160} .
g 1250 . e © : A a g 1250 : " : : = Z 1400
A L L
S 1000 * TR % 5 1000 . . : : splitting 3
el [ ] 1 2 24 = . a A a !
g 750 A 2 750 Dimpling around 9 1200
S = fastener hole 3
= 500 = 500 S 1000
& W F-750;1=042 B F,=750;1=0.48 & m F750;1-042 8 F,-750;1-0.48 £ Py - ST
250 ® F=650;1=0.48 ® F,=650;1=0.55 250F @ F-650:1=042 © F650;1-0.48 ® F,=650; =055 800 Equation
’ A F=550;1=042 A F,=550;1=0.48 A F,=550;1=0.55 0 A F-550;1=042 A F=550,(-0.48 4 F=550; 055 y B 1.01901 0.0022
160 180 200 220 240 260 15 20 25 30 35 40 600 ‘-;', R-Square (COD) 0.9981
Young's modulus (GPa) Crest width (mm) 40 ol . - . |Adi. R-Square 0.99809
2000 2000 400 600 800 1000 1200 1400 1600 1800 2000
Actual P / (N)
1750+ 1750 ov
= . ° e e ; = ° L4 . ® ° .
= 15001 S e 5 E 5 ° = 1500 ﬁ : 4 . a : . Deformed shape
2 1250} ° o m mn 1 Susofs , . ° o 5 A Deformed shape
g ! 2 o o o ° g L H u s A e 3 Undeformed shape Undeformed shape
£ 1000F o $ 4 a4 a 4 b 1000} & A : s ] ' - . .
A — J—
R Y h=13 mm h=44 mm Pull-through capacity equation
= s00p ® = 500
& W F,750:1=042 B F,=750;1=0.48 & W F=750:1=042 @ F,=750;1=0.48
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10 15 20 25 30 35 40 45 50 45 50 55 60 65 70 75 80 Ov " gl gz u
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2000 2000
750} 1500 and g, = geometry parameters
Z 1500 o ® o o ° ° Z 1600+ . . g
=7 F . & —
z PP I S S ol A = span parameter
3 1250t ry ° e © 2 00l e = e
g IR I R B = :  f :
= 1000F . ° ® i = 1000f . ° — 0.9,.0.1 2 0.9,.0.1
- + 2 14 a % ool 2 5 2 g1 = —5.3((h%°r°1) /p)? + 4.53((h*?7r%1) /p)+0.015
z 500+ Z o0f !
£ W F=750,1=042 @ F=750;1=0.48 £ 400f = F,=750;1=042 ® F,=750;1=0.48 +3.750e+00 92
250F @ F=650:1=0.42 ® Fu-c:50:|—o.4s . Fu—?SOLi—05S 200} ® F.o650:1=042 © F=650;1=0.48 ® F,=650;1=055 = _2((Wt0.2WC0.2)/(hO.ng.Z))Z aF 52((W?2WCOZ) /(ho'zd?'z)) —2.27
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30 35 40 45 50 55 60 65 0 20 40 60 80 100 120 Wt=47 mm
Radious of crest (mm) Pitch (mm)
A =1.98(l/ds)~%2
=1. /d)

* Note [ = Span
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3. Trapezoidal CFS Cladding with Wide Pans
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Results for 0.42 mm G550 Steel Trapezoidal Cladding with Wide Pans (M6 screw)
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r W,
.
h /\_ 1200 -

1000

Wi <
E

= 800
H
5

2 600
8

S 400 -

200

o= This study
Unfixed pan 0 . ) ) ) === Peiper and Mahendran [7]

<

0 2 4 6 8 10 12 14 16 18 20
Deflection / (mm)

- Screw head
Region'] i ‘/‘;crew Shaft
‘/l{egion 3 7"
EPDM washer
Literature Test type P,, (N) Pourr) / Pyyreso)
FE model 1185% | -
Pieper and Mahendran [7] Large-scale (Line load) 1156*  1.03
Pieper and Mahendran [10] Small-scale 1180* | 1.00 S —
Mahaarachchi and Mahendran [13] = Large-scale (Pressure load) = 1180* | 1.00 200001
Region 2:3 mm x3 mim Mahendran [25] Small-scale 1250%* | 0.95 SR
Mahendran [9] Large-scale (Pressure load) | 1430%* 083 : %gg%gg
Xu and Reardon [6] Large-scale (Mid-span load) = 1350** 0.88 +5.000e+00
Mean 0.95 156866180
cov 0.07

Region 3: 3 mm x 9 mm Region 1: 0.25 mm x 0.25 mm
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Pull-through Capacity of Crest-fixed CFS Claddings at Elevated Temperatures

1222: —:g;(_ic % = pulkthrough :apan?lly ‘ —Z;IOCC L x = pull-through capacity
= A
00| —aavc| [/ / e [ . Temperature (°C) Pull-through failure load (N) — per fastener
: & Crest-fixed
N Corrugated Trapezoidal
wnf /7:17"1" )QM%W Closely spaced ribs  wide pans
ol [ T~ 20 737 1081 1180
of . " . L . . 200 847 1213 1266
(1] 5 1‘0 15 2‘0 2‘5 3‘0 Deflection [mm)] 300 681 1 076 1 1 27
pefectonfmmi 400 509 920 1105
Corrugated cladding Trapezoidal cladding with close ribs 1 500 228 457 714 |
/ 600 140 341 262
lIransverseispliting About 50% reduction in pull through capacity
o / — compared to ambient condition
I P\ L ~wc  Dimpling type failure

Deflection [mm]

Trapezoidal cladding with wide pans

the university
for the real world

CRICOS No0.00213J



Crest-fixed Claddings at Elevated Temperatures

Trapezoidal cladding with closely spaced ribs Corrugated cladding
1.2
---8 Povt _ i PovT
| e g . = Reduction factor at elevated temperature L —aT+b
. P
& o8 ‘L ov,20 PO‘U 20
@ 0.6 BN
s N :> . T (°C) a(1073) b
a ¥ ,T _ —_
02 y4eoe roonsoorst B —2= = —4 % 107°T* +0.001T + 0.9751 T<400 -0.709 1.02
R2=0.9869 ov,20
° 0 200 400 600 800 400<T<600 -2.468 1.72
Tempreature °C

Trapezoidal cladding with wide pans

12

"-%\
1 e .g\\

.20

0.8 g\
" B | BT _ 45 107572 +0.0012T + 0.9864

P
o d\\ ov,20

02 y=-4E-06x’ + 0.0012x + 0.9864 N
R2=10.9877
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e

0

0 200 400 600 800
Tempreature °C

For = 0-519192/1(Efu)0'5t2

QUT

the university
for the real world

CRICOS No0.00213J



Bushfire-resilient Cladding Design

85

According to AS 3959 and NASH: N
« BAL-40 and BAL-FZ zones require special roof design

measures to prevent ember penetration.
* However, even in lower BAL levels, openings created

55

by splitting failures can allow ember entry into roof
spaces, increasing ignition risk.

50

22 Lo
35 - 20 30 35

25 X
Crest height (mm)

@ - Current profile

~1120

Instead of only increasing strength, we used the interaction
plots to identify a geometry that controls the failure mode:
promoting dimpling while avoiding splitting.

t width (mm

2

Ie

528
26
24

Design Region Identified
 From the interaction plots, a geometric region that avoids

22
50 55 60 65 70 75 80 85
I'rough width (mm)

splitting failure can be identified while maintaining adequate 5

capacity (within 10%). _ ' h‘ * R
« Crest height: 22 to 27 mm Current profile o - N
« Crest width: 25 to 30 mm Crest height 28 mm, we = 32.5 mm Six profiles are being tested

« Trough Width: 62 to 75 mm wt = 9 mm within the above ranges
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Valley-fixed Steel Claddings

 Failures are always due to splitting caused
pull-through failures at ambient and elevated
temperatures — no localised dimpling type

« Two to three times higher pull-through
capacities than crest-fixed steel claddings

* Pull-through capacity sustained was more than
60% compared to the ambient condition

- Valley-fixed cladding maintains relatively better 12 I =
performance at higher temperatures i o= "F= T o Valley-fixed
Pull-through Failure Load (N) 08 Q!:\
Temperature (°C) Corrugated | Trapezoidal § e R .
20 2826 1854 $ 0.4 |V =-3E-08x2 +0.0011x +0.9659 ) ‘\\\

200 2848 20 1 4 y= -4E-06>§2+=00-09071‘:5+ 0.9751 i
300 2739 2772 0.2 RY=0.9869
400 2624 2919 0
500 1 762 2033 0 200 400 600 800
600 971 1 1 30 Tempreature °C
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Results for G550 Valley-fixed Trapezoidal Cladding with Close Ribs| pyji-through capacity equation

6000

5000 ¢

— 0.8 170.242
P,, = 0.87|69,9.1f, °E*?t?]
3000 F
2000+ :  belige p Fadicn 26 .gZ = 152(h/p)027
ool 3T § s & sre - gy = 0.45(w, /w,) 122

pormob® B
> ompe u
>bobP® m
bo>E)r® ®
bopbmpme ®
bo>Dpue B

Pull-through capacity (N)

® F,=750;1=0.54 ® F,=650;1=0.54 A F=550;1=0.54
0 —
160 180 200 220 240 A= 1475(l/d ) b7
Young‘s modulus (GPa) ‘ No failure at screw 5 S
6000 6000 —
giand g, = geometry parameters
| e 5 5000 A\ = span parameter
= [ ° °
g 4000r : e ? 1 12 Za000f w m . e @
s wol § 004 8 % % w g : : 5 e .
<, ] [ : n 4 3 £ 30001 g e 8 3 s
2 ] : : A A 4 %D ° ° ° 2 2
Z2000p 4 Z2000p 4 * . & i
z F,=750; =042 @ F=650;1=042 A F=550;1=042 :-3 F =750: t=t F =650 t=0.42 F —=550: 1=0.42, —
& 1 =750; =650; =550; & ® F,=750;1=042 @ F,=650;1=0.42 A F=550;1=0.42 _ 672
10001 F=750; =048 @ F,=650;1=048 A F=550;1=0.48 1000 o F,=750;1=0.48 ® F,=650;1=048 A F,=550;=0.48| —_— _3 X 10 T +O 001 1 T + 0966
F,=750; 1=0.54 ® F,=650;1=0.54 A F=550;1=0.54 B F=750;1=0.54 ® F,=650;1=0.54 A F,=550;1=0.54
0 . x i x . x
15 20 25 30 35 40 45 055 20 a5 50 55 60 10
Crest height (mm) - o )
6000 - —
6000 B 1 - 3~
~_9
N . ] ~
2 5000 P | 2000} g 208 hD
E‘ . ¢ 2 ! g AN
£ 4 n s A )
: 000 - : : §4000. ; ; . Eos l\\
] . A o ] .
L 00 F a rs A > N
5% L s B ¢ S 30001 2 8 i £ 04 y = -3E-06x2 + 0.0011x + 0.9659 Y
g ¢ ¢ 12 g H : R?=0.9745
= 2000F 8 A < 2000 2 02
E B F=750;1=042 ® F,=650;1=042 & F=550;1=0.42 ;’ B F=750;1=042 @ F=650;1=042 A F=550;1=0.42
1ooof F=T50;1=048 ® F,=650,1=048 & F,=550;1=0.48 1000 (| o F,=750;1=048 @ F,=650;1=048 A F=550;1=0.48 0
® [ =750;1=0.54 ® F,=650;1=0.54 A F=550;1=0.54 B F=750;1=0.54 @ F=650;1=0.54 A F=550;1=0.54 0 100 200 300 400 500 600 700
0 0 . X .- .- X X ‘e T X o
45 50 55 60 65 70 75 80 20 22 24 26 28 30 32 34 36 Tempreature °C
Trough width (mm) Crest width (mm)
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Pull-through Failures of Battens at Elevated Temperatures

Test setup
» 150 mm long battens were used inside the electric furnace to determine the pull-through capacities

* The batten was mounted to the steel plate using two screws, and the load was applied downward using
the loading shatt.

« This test method only simulates tension action, not bending.

« Large scale two-span tests were also conducted

w7 ‘ ; .-' (g .

a8 '
L.
50x 25 x 10 mm ;
Loadlng plate 4

!

=

é‘ Support reaction  Support reaction

=
=

LI

b=
-

=

Loadlng shaft

Load

g Tek screws

”

QuUT — | QuT Windand Fi

Civil and Environme
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CFS batten profiles

k3 s - -y . - > Y -.'l 40 r‘—
" T x |I‘| £.| 3 ?\\ +_|3a,5| - |32 Tf
it GRVIARTIN,
5 2ot Rl 7| = (] 1}
L(_.’_] 2|+ '? e \Corerous \\ 7 L LB
TOPSPAN 22 | : =i ‘Jz_?STJ L— 1025 _.Pl |+ " _J |.._ 169 _.J
TOPAPAN TOIEﬁ'IN' %0 TOPSPAN 61 TOPSQN% TOPSPAN 120
042mm  055075mm . - 060/075/1.00/1.20 mm 0.75tm 0.75/1.00/1.20mm 0.75/1.00/1.20m 0.90/1.00 mm
o] T/
- id S VR * Various batten configurations, thicknesses & steel grades (G550 & G500 in
| 1N | Australia).
T T0pspaN 56 Xosean 12 ' * G300 battens were fabricated at QUT workshop.

0.75/1.00/1.20mm 0.70/0.90/1.00 mm

2 12mm

40
40 mm & = -
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Pull-through Failures at Elevated Temperatures — Experimental Study

Short batten tests

* Only tension action is considered.

* Pull-through failure load = Peak load / 2.

Applied load (kN)

[ R I VS T N

G550 0.55_10g

l 2

Displacement (mm)
e (G550_0.55_10g_20
G550 _0.55 10g_200
(G550 _0.55_10g_300
(G550 0.55 10g 400
(550 0.55 10g 500
G550 0.55 10g 600

Applied load (kN)
S — W R U o

G550 0.75_10g

1 2
Displacement (mm)

= (3550_0.75_10g_20
(G550 _0.75 10g 200

(G550 _0.75_10g_300
(3550 0.75 10g 400
==(3550_0.75 _10g_500
(G550 0.75 10g 600

Loading plate

Fixed top rod

Loading rod

Electric furnace

S

Test rig holder

Load cell

P T aaEate e A o

Screw head with Unbrako bolt

e g
A ! /!!
Alﬁ

Loading
plate

Thermocouple ™

Loading

Steel pin
= 'Ai-’q
i

Tensile
loading




Pull-through Failures at Elevated Temperatures — Numerical Study

Mesh and step time control
« Batten -S4R (shell)

« Screw head — C3D8R (solid)
» Loading rate — 0.5 mm/s for static framework

3 X 1mm
mesh

1 X 1 mm
mesh

0.5 X 0.5 mm

Mesh refinement
closer to the screw.

1 X 1 mm mesh
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Pull-through Failures at Elevated Temperatures — Experimental & Numerical Study
Design 1.20 1.20 '

100 .. 100§
080 'l 0.80 'l
0.60 ' 0.60 I
l 0.40 : ";'-, o

0.40
020 50 % ats00°c 020
! 0.00 1

1
1 1
1 1
0.00 . - [
0 200 400, 600 : 800 0 200 400 : 600 : 800
1 1
1 1

= T tI °C T t oC
Reduction factor method emperature °C) __ emperatre (°C)

* For pull-through capacities at elevated temperatures.
« Reduction factor method.
* Direct equation method.

Reduction factors from
pull-through failure loads
Reduction factors from
pull-through failure loads

* RF = Pull-through failure loads at elevated temperature/ Pull-through failure loads at ambient temperature.

* a suitable equation was developed for reduction factors.

RFG550 = -6.424 x 10'9 XT3+ 4.663 x 10-6 xT 2 -1.865 x 10-3 xT+1.036 T — temperature and
RF G300 = -4.687 x 109 x T3+ 2515 x106xT2-1.163 x 103 x T +1.030 RF — reduction factors

« Above equations should be used with a reliable ambient temperature equation to predict the pull-through capacities on batten
screw connections at elevated temperatures.

Phov, 20 = 8.6 t2 f, — G550/G500 steel battens
Phov, 20 = 3.07 t14 d, %6 f, — G300 steel battens
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Pull-through Failures at Elevated Temperatures — Experimental & Numerical Study

Design
G550 battens:

Ppoy 7= 0.10 t 149 g 051, 051 F 049

G300 battens:

Ppoy, 7= 0.25 t 137 g 063 f, 063 £ 037

T- elevated temperature (°C), t— batten thickness (mm), d— screw head diameter (mm), f, rand Er- ultimate
strength and Young’s modulus of CFS at elevated temperatures (MPa).11 mm <d < 14.5 mm, 0.55 mm < ¢ <
0.95 mm for G550 battens and 0.55 mm <t < 1.00 mm for G300 battens.

Capacity reduction factor (¢)

* 0.60 is recommended using the approach given in AISI S100
« Based on error margin, ¢, COV, reduction factor equations are
recommended with ambient temperature equations.
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Pull-out Failures at Elevated Temperatures — Experimental Study

) Fixed top rod
One side :
enclosed M20 nut ‘
with 7 mm Electric Furnace
diameter hole
Test rig holder

Load cell

Batten with test
frame

LVDT

Tensile
loading
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Pull-out Failures at Elevated Temperatures — Numerical Study

Mesh and step time control
* Loading rate — 2.5 mm/s for static framework

0.3 x 0.3 mesh

- —

0.3 x 0.3 mesh

o v

0.3 —2 mesh

N

A

AR
R
o

g
o

AT
VA

=)

D
i

an
SAVAYa
AV VAN s v.scv;

A

[
N
N
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Pull-out Failures at Elevated Temperatures — Experimental & Numerical Studies

1 Lost about 60% and 80% of the
Des | g n 1.40 strength at 500 and 600 °C

1.20 ........ b4
100 & § l

0.80

0.60 '

» For pull-out capacities at elevated temperatures.
« Reduction factor method

Reduction factors from FEA

. . Ly
« Direct equation method 040 128
020 ,
Reduction factor method 0o 0 100 200 300 400 "506 B 6_0(; 700

Temperature (°C)

* RF= Pull-out failure loads at elevated temperature/ Pull-out failure loads at ambient temperature.

e A SUitable equation was deVeloped fOI’ I‘educ'[ion faCtOI”S. T — temperature and RF — reducﬁon factor

RF =Kk x (6.92 x 10° T3 - 1.0569 x 105 T 2+ 2.6113 T + 0.951)

k =0.99 for G500 and G550 battens (0.55 mm <¢<1.15 mm) and 1.01 for G300 battens (0.55 mm < ¢ < 1.00 mm)

* Above equation should be used with a reliable ambient temperature equation to predict the pull-out capacities on batten screw
connections at elevated temperatures.

Pu,20 =1.62kt13d097 fu [(d _ d*) /p] 0.3
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Pull-out Failures at Elevated temperatures — Experimental & Numerical Studies
Design

G550, G500 and G300 battens:

Pu, 7= 029 kt 1.26 d 0.74 fu, TO.74 ET 0.26 [(d — d*)/ p]0.26

P, r —the pull-out capacity at elevated temperatures (N), T-elevated temperature (°C), t —batten thickness (mm),
d—screw outer diameter (mm), f, r_Ultimate strength of CFS at elevated temperature (MPa). 0.55 mm <t < 1.15

mm for G550 and G500 battens ‘and 0.55 mm < t < 1.00 mm for G300 battens. d* = larger of d, or DD, ie. d, for
Zips and T17 screws and DD for Tek screws, k — 0.97 for G550 and G500 battens and 1.07 for G300 battens.

Capacity reduction factor

« 0.55 is recommended as a capacity reduction factor using the
approach given in AISI S100 (2016).

* In terms of error margin, ¢, COV, reduction factor equation is
recommended with ambient temperature equations.
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Conclusion

- Details and results of investigations on the performance of several critical members
used in the external steel building envelope were presented.

- Bushfire resistance depends on several localised screw connection failures.

- Bushfire enhanced wind actions combined with elevated temperature exposure have to
be used in assessing the bushfire resistance of these critical members and connections.

- Designing buildings for bushfire conditions is a complex task as we do not know the true
bushfire exposure in terms of fire and wind loads.

- However, using whatever we know, we must design the weakest elements of the
external building envelope under the most realistic bushfire exposure conditions

- Safer buildings can be designed and built, by protecting the external building envelope.
This research has provided critical input for designing safer, bushfire-resilient CFS
cladding systems.

QUT

the university
for the real world




Hawaii Fires: The Red Lahaina
House that survived Maui Fires
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Simulating Bushfire Actions on Building Components

: : AS 1530.8.1 AS 1530.8.2 (as in AS 1530.4)
* Maxtemp in a bushfire flame Used in testing the building element d to radiant heat Used in testing the building element d to large flami
Sed In testing the building elements exposed 1o radiant nea sed In testing the bullding elements exposed 1o large tfilaming
zone can be up to 927°C and and small flaming sources sources
radiant heat flux above 100 o | Leaeno: 1100 4—— =1
2 € 35 — = BAL4 TeeS T T 41T | NFPArecommends to test

kW/m. : : Z 30 — EEE e _ 333 11— ;: —T for 1 hour using the

* Duration of bushfire exposure is 3 oo 700 1f i standard fire curve

. .l IE | ) . ] - - "". 1 T
Slgnlflcantly |OW, but the maX E ?i" :|_ ________ 3 1 Rapld raﬁlantthgat.lnifment, _E:Eg i '| l | Up to 30 mln and observe
temp and heat flux/ temperature ' max flux at 2 min, then so0f———— the performance for
d. t . . f tl h h a 10 decay: total 11 min =Ll ll/| another 60 min
gradient is significan yo igher = o | T - —— J. | »
than standard fire (841°C in 30 . o | eo | 120 | 180 | 240 | so0 | seo
0 1 2 3 4 & '] 7 a8 ] 10 11 =0 a0 150 210 270 330

min vs 2 min)

Heat increment rate is
comparable to hydrocarbon fire
curve in the first 5 min

Bushfire exposure NASH
standard: increasing radiant
heat (pre- bushfire) followed by
rapid rate of radiant heat
increment in flame immersion &
finally low radiant heat (to
represent nearby burning fuel)
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TIME, mins

NASH Bushfire Standard

Radiant Heat {I:Wamﬁ

Time (minutes)

Total duration
— is 47 min
- Flame immersion
for 110 seconds
Pre-fire-front radiant 5kW/m?far200-s-and
heating up to 30 min 2.5 kW/m? for 700 s
=
__.-l-"'""“—
_I——[
10 20 30 40 50

I
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Geometry Parameters Controlling Splitting Failure in Trapezoidal Cladding with Wide Pans

2000

1. Crest height (h) 1500} [

Z 16001 R s = = =

* When the crest height h < 24 mm, the sheet tends to fron) :| S P ' &
experience local dimpling around the fastener rather .| S I . ,
than Splitting. g :22 é ; -‘[i;?ﬁ(u.\:l)«ts = =6 =0 R

* However, reducing h also leads to a decrease in pull- i 2 Larias © e x
through capacity, which can be partially compensated by T e 0T h=17 mm h=42 mm
optimising the crest width (w_.)and trough width (w,). Dimpling Splitting 2000

1800
Z 16000 & "
. -:3‘1400 ; ; :

2. Crest width (w,) P . :

1000 . “

* Reducing crest width Increases the tendency for dimpling failure. ;fgg S R
Smaller w, also improves pull-through capacity due to increased local stiffness around the a s oo L oo
fastener' 2[)"20 22 24 26(.1":25&15\”]_?'([)}'(:1!“) 34 36 38 40

3. Trough width (wy) , Dimpling

1800 . I
* Increasing trough width promotes dimpling behaviour but reduces pull-through capacity. Z:::f,]g D : Do
: . . : : o I L B
Design provisions currently focus only on pull-through capacity, but do not consider failure £ s} S
.. L . . . . E ooy o ftng-0m ® fmiomi-0a8
mode transition between splitting and dimpling. This study demonstrates that cladding o} P R R
. . 200 - ] = =
geometry can be tailored to control the failure mode. B »ﬁ?mg}fiidii‘i.m?; oo
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