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Abstract

Most researches about bushfire and wind, individually focuses on the origins, impacts and
reconstruction process which are systematically studied after a devastating event. Indeed, it can
reveal a lack of research ath bushfire and windre interrelatedand subsequently referred as
“bushfire enhanced wind’. This phenomenon has | o
understanding about the different interactions and effstiisremain relatively limited Therefore,

this research addresses the impacts of bushfire enhanced wind over residential structures by
numerical investigation using a finite element commercial software known as Abaqus. The model first
simulates the most common type of wall systemn(issonry: double brick) in Australia with the
results presented as presssiend stress distribution. Secondly, the finite element analysis emphasises
on the critical sections (i.e. wall and roof connections) when the model contains an opening (i.e.
window). The outcomes generated by the finite element analysis are expected to provide valuable
understanding into the firavind interaction and subsequently impact the Australian Standards aimed

at improving structural design within bushfire prone areas.
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1. INTRODUCTION

The combined effects of bushfire enhanced winduilding structurebavelong been acknowledged

but unfortunately theAustralian Standards: AS95392 0 0 @onsthuction of buildings in bushfire
prone, aAS8ANAS 1170:2: 2011 -P&@Sttr u2c:t uWiad d dacsti igoan sadc
2012 O6Wi hdr | badsi ngo ddesigmcoteria. Foe ihdtarce, t whetbuslHite
enhanced wind eft#s are considered, tHactors affecting the response of the structures are the
material properties (i.e. strength masonry & concrete), induced external/internal pressures and the
strength of critical connection3.herefore,this paper herein presentededsAbaqus to developn
accurate finite element model analysihg different impactgi.e. strength reduction & stresses)d
behaviour of building structures experiencing bushfire enhanced Wihdrein, he main objectives

of this paper are tonderstand and identifthe critical sections within building structuredevelop

finite element modslof DoubleBrick residential structure (including opening)aoalyse thg@ressure

and stress distribution for providing design recommendaiiohsashfie prone areas.

Most of the previousresearches investigatirtge complexity offire-wind interactionson structures
were limited to dangerous and costly experimental teséugalingreal gaj between the Australian
Standardsand the atual behaviour ofstructures.An importantfactor to be considered during a
bushfire enhanced wind event is fire resistancef the construction materiaissed.One advantage

of masonry (i.e. double brick wall) over concrete and steel structures is its abihaitdain a
structural adequacy, integrity and insulation for approximately 240 minutes when equally ésaded
represented in Figure As a result, masonry structures (i.e. clay bricks) are typically recommended
for bushfire prone area@AS37002011: Standard Australia Onlin2011). Similarly, wind is an

Proc. T International Conference on Structural Engineering Research (iCSER2017) 19Page



Numerical investigation on impact of bushfire enhanced wind on building structures Christophe Camille

essential part of the structural members design where engineers primarily focus on three of its major
effects identified as: owdf-plane bending, Hplane shear and upliffAS 40552012: Standard
Australia Online 201 These wind messures can be either external or internal (due to an opening)
and typically vary from 0.7 to 6.0 kPa characterising the net wind effects on the structure. Therefore, it
is important to numerically analyse these correlation behaviours specially atl ¢doitiggons (i.e.
roof-to-wall connections) to further provide structural recommendationshishfire prone areas.
Figure 2highlights four critical connections which will be further researched and modelled within
Abaqus.
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Figure 1: Fire resistance level®f construction Figure 2: Cladding-to-batten (A), batten-to-truss (B),
materials truss-to-top plate (C), top plateto-wall frame (D) and

wall-to-foundation (E)

2.FINITE ELEMENT MODEL

2.1 GENERAL

The numerical investigation herein presented usediriie elementsoftwareAbaqus to simulate the
interaction ofbushfire @hancedwind on building structuresandtheir connections to an exposure of
9MW/m (fire-front) and a@9.52m/swind. These effects amepresented in terms of forces and material
properties reductioaffecting the behaviour of traouble brick walls anthe concrete roafTherefore

to achieve accurate results from theité element analysis, these crucial components mest b
thoroughly researched atigeir mechanical propertiggeciselyimputed towards the generation of a
threedimensional model

2.2CONCRETE

The models mainly consist of load bearing double brick walls supporting a concrete roof, \herein
behaviour of concrete in compressisrassumed to be lineap to D% of itss t r e n)gHExdeedihd 06
that stress, a nelimear behaviour is observed for which the st®sain relationship of concrete in
compression can be expressed using Equation 1(Carreira & Chu 198p
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Figure 3: Stressstrain relationship of concrete at
elevated temperature(Carreira & Chu 1985; Kodur
2019
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In addition, itis essentialto simulate theperformanceof concretewhen exposed to elevated
temperatures (i.800 C), as it usually experience a compressive strength reduction of approximately
10% (Kodur 2014. Asresult, the stresstrainrelationship of the concrete romfiputed within Abaqus

is illustrated in Figure .3

2.3BRICK M ASONRY

In order to provide an efficient numericahalysis the researchherein presentetias adoptedhe
macrenumerical approaclsimplifying the masonry unitmortar and unimortar interfaceto one
homogenous elemenfs a resultthe masonry stresstrain curve can be expressiegl Equation 2
which has provided a good fit to numerouspast experimentgKaushik, Rai & Jain 2007

0
0
2 .8 B @ o
Qe ex ex =
»
where-se 18t Tt p(pieak strain at ambient temperature) 0 0.001 0002 0003 0.004  0.005
Strain, U
fm = strength (stress) of masonry unit Ambient 300

Figure 4: Stressstrain relationship of clay bricks at
elevated temperature(Russo & Sciarretta 2013

Similar to concreteds mec ksexperienadd stkemgth aeductioruaf | t he
11%when exposed ta bushfire temperature 800 C corresponding tahe peak measuremeat the

surfaceof the walls. Figure dummaries thaleformationof clay bricks within the finite element

model through its stressrain relationship.

2.4MESH, BOUNDARY & LOADING CONDITION S

Threedimensional solid elementommonly abbreviated to C3D8R weansedto model the double

brick walls and the roofas shown in Figure 5. Thapecific elementuses theContinuum solid

element, 3Degree of freedom as well as 8 nodes with Reduced integrédi efficiently reduce
computational tirm and enhancedhe convergence towards accurate ressr the boundary

condition, the bottom edge of the double krigalls (highlighted in red) wers e t to dencas
simulating a fixed connection to the ground

Roof Leeward

Windward

Figure 5: Finite Element Model of a Silsoe cube Figure 6: Finite Element Model with all the forces

Additionally, dl the loads applied twardsthe Abaqus model wergenerated from a Fire Dynamics
Simulator (FDS) analysis conducted Bgker (2017) wherein thesurfaceson both the external and
internal walls of the Silsoe cubeereexposed tahe effects of aypical IMW/m bushfire and 9.52m/s
wind. The loadng conditionsherein describethvolve two cases of whiclthe first onesimulatesthe

exposure of the surfaces to the maximum pasiand/or negative pressur&n the other hand, case
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two precisely followed the FDS simulation in terms of averagesgure on every single side.
However,two casedncludethe smulation of the model nder both the influence of opening and no
opening expose tothier fire or no fire. Figure Gepresentshe internal and external forces acting on
boththewalls and roofue to the presence of an openiminglm wideand0.5m hidh.

3.RESULTS & DISCUSSION

3.10VERVIEW

The results generated from the finite element analysis herein presemwdarised the firevind
interaction onto a building structure and its connecti@ight Abagus models were analyded the
following scenariosfocusing on the maximum/minimum stresses, forgeessuresand critical
connections

1. No opening subjected to only wind effects of 9.52m/s

2. No opening structure exposed to a 9MW/m fire front and a 9.52m/s wind

3. Windward wall opening (1m wide and 0.5m higlfflected only by a 9&n/s wind
4

Windward wall opening (Im wide and 0.5m high) exposed to a 9MW/m fire front and a
9.52m/s wind.

Similarly, case 2 investigate the same fire, wind and opening arrangement, yet based on the average
FDS results compared tosgal which consider the highest positive/negative effects.

3.2SCENARIO 1

Figures 7 and 8below representhe stress distribution underind actionswith no reduction in

materials propertiesThe numerical analysis revealed that the average presss@ng from the

wind actions on both cases were negative indicating a suction effect. In accordance with the Australian
Standar ds: AS 4055: 2012 O6Wind Loads for Housi ng
the windward wall experienced pagé external pressures with roof corner and wall edges being

critical.

Leeward

Windward

Qx Windward
h .
Figure 7: Stress distribution of the Abaqus model Figure 8: Stress distribution of the Abaqusmodel
with no opening wder wind actions(Case 1) with no opening under wind actions (Case 2)
3.3SCENARIO 2

The stresglistributionfor boththefire and wind effectarehighlighted in Figures 9 and 1Bor this

second scenario with the addition of fire, it was observed that the critical sections were situated on the
windward side with the wall edges and rdofwall connections initially failing. In terms of average
external pressures, both cases maexperienced positive pressure due to the fire surrounding the
structure.
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Figure 9: Stress distribution of the Abaqus model Figure 10: Stress distribution of the Abaqus model
with no opening under fire and wind effects (Gse 1) with no opening under fire and wind effects (Gse 2)

3.3SCENARIO 3

The stress wtribution under wind actions only is representedrigure 11 and 12n both cases, the

wall corners and roof edges experienced significant deformation on the windward side as justified in
the Australian Standards: AS 4055:2012 OWind Lo:
average wind pressures (Case 2), thigefielement model displayed a critical stress at thetwofall

connection on the leftide wall describing a higher wind actions on that side of the structure.

Max: +5.494e+000

Min: +2,835e-001

Roof-to-wall
connection

‘Windward

‘Windward x z
Figure 11: Stress distribution of the Abaqus model Figure 12 Stress distribution of the Abaqusmodel
with windw ard opering under wind actions(Case 1) with windward opening under wind actions(Case 2)

3.3SCENARIO 4

Figure 13and l4representthe stress distribution undéhe interaction offire and wind which
produced areduction in materials properties and an increase in pressures due to the elevated
temperaturesThese last finite element modelisorepresent the bushfire enhanced wind interaction
with opening (1m wide an@.5m high) and are considered to generate the most realistic effects

structure will endure.
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Opening

Windward
Figure 13 Stress distribution of the Abaqus model
with windward opening under fire and wind effects
(case 1)

Figure 14: Stressdistribut ion of the Abaqus model
with windward opening under fire and wind effects
(case 2)
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This increase in pressure validate the accuracy of the finite element models which conformed to the
pressure law as the temperaturereases

4. CONCLUSIONS

This paper discusses eight different bushfires enhanced wind scenarios and their effects towards
buildings structuresThe reasonable accurdieite element modelsdve been developed to interpret

the influence of fire and wind both individually and in combination, wheté@ materials
deterioration have been taken into accosbsequently,hie finite elemenanalyses conducted on

eight models includéwo cases andour possible scenarios from which the followingnclusions
wereachieved:

1 The effects of fire tend to reduce the peak stress experienced by the building, implying a
strength reduction capacity of the strucfure

1 The presence of opening induced a drastiangein the net pressures configuration as the
internal pressures may in certain circumstances resist or facilitate the failure of the structure;

1 In specific arrangement, Case 2 which uses the average FDS pressures has been identified as
the critical loaing casenducingthe highest stresses throagiithe connections;

1 The interaction of bushfire, wind and opening generated the worst situation as structures are
exposed to elevated temperatures as well as high internal and external préssupesssure
differencemay vary by* 50to 130%

5.FURTHER STUDY

Further research into the following areas will be conducted to improwactueacy and understanding
of bushfire enhanced wind effects:

1 Performfinite element modelling for roab-wall and wall edgesonnections;
1 Perform a timedependant finite element analysis to evaluate different combinations of
varying pressures.
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