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Charring rate determination of wood pine
profiles submitted to high temperatures

E. M, M. Fonseca & L. M. 5. Barreira
Pofyrechnic Institute of Braganga, Portugel

Abstract

Woand materinl 15 being used mcreasngly far structaral engiveering applications
in bulldings ead other special engmetring productions, To assess safery mies,
thiz type of glement shoukd have gufficient mechancal mesistmce [ fuassnice
the design loads. Wood is o natugal material and ahject 1o many constintiy
changing nfluences, High wood valnerahility, due to accidental conditions,
requires fgoroas thermal and inechanica| assesement. The combaction md the
chemical phenomens oecurring in the wood during sn secidents] siuntion al
elevated tempernture is @ complex stady issne. When wand struclures. are
expated o high wmperateres, the busmed wood hecomes i char kayer, which
loses ail streapih, but the insulating lemperiure rises in the core of the matesial,
Thse charring mte 18 mofe oF ks constanl ard mainty depends on the density aod
mnisture consent of the wood. Safety rules and guilelines should he useful for
different wood applecations. The fire safety of this type of material fmmives
preventin, inhibition, delection und evacuntion. This invalves: approprisic
design rules, imsallation, consiractiar aivd maintenopes of the wood matenal
appiications. This peper proposs &N experimental and a numerical method far
charring rote determination in pine wead. Different pine sectbons will be tested
and submitted 10 high lemperaiures using o heating pawer anit based on
electricsl resistances. The temperatuce fesalis will be messared through o wood
profile during time heating exposure Using appropristed material proparties aitd
houndary conditions, reasomatle predicions of the charmng layer with a finite
elesnent npalvsis method can be provided, The thermal response ablained with
ihe finile element formulstion will be eompared widli experimental results in
ceveral serbes of woad ping prafiles. The chas layer thickness wall be determined
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1  Introduction

The use af timber maters| inclisdes veversl misriar anel
pales, barriers, raslings, boardwalks decks, fender
Inndseaping, rilraad Lies, residentind CamEirciion,
bridues o retaming wakls. The main adv;
otk use of ather miderinls nre: sxge gf
dppearance, renewable resource Sighrweight and construction i5 tid weathes-
dependeni [1} When wood materinls are gsed  fire mroteciive finshes ane
t¥peally required znd the progecsion mecded can he determined using building
codes. The fire resistance mting cateulition i3 haged on standard fire gpss
procedure and allws e 1o identily the amoan of time far which the BErCtire
must sulliciently carry Josad Because woad is cambustible, designers laye imagar
wancems aboul fire safety i by construction. However, wapd combasting is
slow and regular, and jee behwviaur iy prediciahle It wood &= submited o
sufficient heat, 5 depradsinn themual process { pyrolysis) oceurs, producmg pases
Bcoampaitied by Joss in Welpht and = serviceable cposs Seetion. The buring
behnviowr can be tescribed thrawgh the following processes: prolysis, inrion,

reradiation, chay lomation. Figure ] Tepresenls the 8fferem degradation zones s
o 'wod seciipn,

erlerr applications:
Syalems, privacy fences,
wall and ceiling linings,
inlages of timber construcsions relmive
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Figure 1: Degradation zones in a wagd section,

The factors thae nffect he burning behavioar of
chorring rale. Thege following types of factors g C
heat exposure; lormation af chiar, iBesiure “halent, species of tGmber and
dimenzions of the \imber f2)- Design madels of timber stuctures submited. 1a
high tempertures take jin ccount the loxs in the omss seciian e 1o dhe
chareng fsyer and (e lemperature dependent rediction of strenigth and siiffaess
of the uncharred residual s seclion [3] The stiffness angd stremgth af wool
stymificantly. decreases with increasing tempe

erature [4], The interface hedwesn
charred and noncharved wood is the demarcation plane berween hiack and brown

malezial, characierized by = bemiperadre of 300 [3]. The charming rate for
Cilleront types of species expased to the standard bme-lemperature curve has
been studied in diferen: countres by many researchers [6—Bf. The ohizctive al
this work {510 present o numeical and an experimenisl methiod, whicls could be

wodd will determing the
dasidered; level of rading
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used 1o pssese the performonce fime of pine wood profiles during high
lempesatures exposure, With fhis stady the charmng rmate 5 caleuloted for pime
profiles. Thiz factor is- imporiant in fre safery desipn becise i delermiines low
quickly The size of the losd-benring section decrenses o & critieal bevel,

2 The stady of pine wood

The wood species in this shady is pine, representing 40% of e laresd aren in
Partugal, 11 constinetes vae of the most typacal parts of the Portupucse natural
sotiscry. 15 economical importsnce s radsed, since the pine wood hoe besn
widely used for construction, for the paper indwstry and for nesin prodisction, For
this wark, the physical characiteristics adapled are referred by [41, where different
waad fechions lesl: 2re presented due 1o fire: conditions, according 10 the
narmnidezed fre corve ASTMET 19, with dnitia] worer moisture betwesn 8% and
4% finble 1)

Takde 1: Phyzical characteristics of pine woad.
s Man-linear charring
Sacce gkg'm’' IJFT].,[. Et:m,rms i Tale -
MmN £ i
Pipe 39 1.24 506

L1 Analytical models for charring layer determination

When o wood section bums a1 o consiant rale of heat release per wiil ares, the
boundary between the pyrolysed materinl and the core wood (designated by the
pyrolysis frual} proceeds wo the wood in the depth direction. Since 2l pyrolysing
wood can be considered to char, the charring mig # corespinds o the
propagation rade of the pyrofysis front. This parameter is an essential guantity for
fire safety, because the wowd under the char laver preserves its oripine
properties: lmpartant faciors for the claring e of wood are the densaty, the
external heat flax and the moisture conient. The charring mie decteases with
mereasing density and increages lnearly with the exsernol heat fux [7]. The
typical values for the chasring rete of wood are herween 0.3+ ] Ommimdn, ECS [3]
for wood design sugeesis 2 chaming rte of G64mmmin for sofreoods end
s4mmrman lor hardwoods. Following BC3 [5], the design equation propased for
in ditection lerring lover determinatian, the function of the chorring rale for nan
pratected surfoces o sormalized fire conditions, i3 presented in equetion (1),

d:-'l:r.: = ﬂ,. f il

When the propagation of fire conditions is more thon in ene dimection
equation {2 should be used,

riﬂl".ll o lﬂll II I:z-l

T:"_JI:II'-"-_' 2 vepresents the design values of the clartng wmie for softwood
uecarding ta the O35 [5]
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White snd Dietenberger [4] proposed different nnadytical equations for

charring raie determinagion. White pesfarmed extensive mensurements in wied
apecies and prapesed the fellowing equations;
t=fd (73
o I.!'.i'r-!'"rll.:: )

whare +is the time in min; 7 'El' &re the charring rate coefficient sceording to
tabdc 1 and ::"I is the ¢har depih fno mm

Fable 2: Charring mie of sofrwood for simple models

Mzterial fly i J, it min
ke Inminated timber with 0 >390K g/m* 0,45 ]
Salid timber witls »=290K g/m’ 0,65 {8

[y~ design charing rate for ane-cimensianal chormeng under fire mgosiine
[y — desipn sedtienal charring e titcder standard fle exprsee.

L2 Thermal proprictics

The thermal propertizs of woad viry considerably with temperature. For pine
wand the physical charcteristics used are referenced by [4] throvah tabde 1,
Anrex B of Evrocode 3, ECS [5], provides the design values for density, thermal
canductivity and specific heat af wood. The values below about 250°C represent
the propertics of wood and shove 350°C repressnt he prapesties of the char
sliiferT,

The followirg tbles summariz fhe values of the thermal conductivity, the
specific heat and the density of wood, assuming initial maokstare of 12%,

In tadle 3 the valoes of the wood thermnl conductivily are presenied as
iemgresaditre depemmient,

The specific heat far wood and for earbonized layer 18 tenperature dependent,
according loble d. The peak verified for o value equal to 100 °C is related o
metestune waod evapesaiion

Moisture in wood affects mass and volunse, Density is presented m kg/m’ for
each specified condition. The strengih of wood hes direct comelation with
tensity, The design velues for the mshe of density to dry density of softwood for
standard Tire expasure e given in table 3.

Tahle 3; Thermal conductivity, &,
Temperaiire “C kE WimkK
21 iz
2000 L5
35 LA
S0KE .09
Ml .35
Fpel ] 1] 1.50
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Tatle = Speciiic heal, O,

-TEanIEn._'I::‘I.I.-T_'_“L' L £, ki kgk
20 .53
au 137
a9 13.60
120 | 3,54
120 xr12
00 3.
250 162
20w} 4,71
254 .33
E{H 1.0
GO0 |20
gan .65
1200 165

Table 5; Density ratin®, o
Tempeniers "C o
20 Iew
9o |+
120 | 410
250 193
300 .74
350 052
) 0.38
s} 0.8
B .26
sk i

“we i the inilie EoIRIEE G,

3  Numerical and experimental methods

Faor char laves determinasion in wood profiles suhmeited 1o hagh temperatures,
o 2liemative methods will be preserted moilis work,

Driffesential equstions are commanly approximated by the finife element
methed. Tive method can be wwed for s wide of dilferent mnalyses ond stwctharal
applicatians. The finite element program Ans was wsed 0 moded and analyse
the thermal behaviowr ofF pine weod profiles exposed to high temperatures, A
finite plane element (Plane 77), with 2 degrees of freedom per node, & used for
thesmal mnd nonlinesr fransieat analysis, The na-lneartty dwe 1o the material
propertics thermal dependance will be aken infe secound in the numencal mesdet,
Temperatures will be detenmined during trensient thermal snalysis. Thermal
snabysis will be pesforved over specimens with $00x 1R0xE0mm dimensions, as
repregented in figurs 2.
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Figmre 2; Experimenial and tumenicol mode!.

Figure 3: Experimental setun,

= §

il

Frgure 4; Charring Inyer in tested profibes wood,

An experimeistal method was o defined, for measlinng tempramres and
cherring laver m wosd pine profiles. An slecim-ceramd; hesting sveioem will be
ased with o thermal power unis af 70KV A A typicnl beating curve was used and
a4 progrommabie condroller verifies the lemperature during each experimentat
bt

Figure 3 shaws the experimentsl fest sefig wsed in ishoralory. In the presant
work different profiles were submitted te high lempemtures for one expesure
side, Nine samples of pitse wond wese fesipgd (71, T2, .. T, The charring layer
wad mensured n five different points using K thenmocouples throwph an
MGCPR dot acquisition sysiem. The lempenidioe wis measured of different
pesiions 1, 2, 3, 5 and 249em, from the benting exposure surface,

The finol stape of ench tes) i fepresenied n figure 4, ofier one hour ligh
iemaerere CX[EI5Une.

AS con seem there are three differen #oacs 1o all fested. profiles: 4 which

correspands o chaseoal eate, ¥ correspamds 1o pyralyss zone and O the e
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Figures: 5-7 represent the femperaone evolution obtured Tor dilferen
chorring laver measured positions. The experimental results 16 compared with
the numesical results. In all figures the hme hesting curve is alse represented.

After 2000s high remperature expasure and for lem position fren top surface
i wood charcoal is obmined. For this position oisd afler one hoir the 1emperature
1= berween TOB-RO0PC for different experimental tests.
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Flpuro. 7 Temperanes at 3om fom the top surface,
For dhe pesitian of Zeom from g surfoce, wood 13 chaseos| afier 2500:. A0 |
this siveasuared point ond ofter one hour, the lemperatare is between dbl-GII"C
Al 3cm fiom top surface, and befere ane hour, tempernture 15 stll ballow
AO0PC, see figure 7. Fos thes poind and for ihis faee, the wood is aonchormed. The
meagused points 3 5 and 25cm had low temperotures duning one hoar of hagh
hesting exposuse and the heat mside wood prohle decrease. Ad 256 [fam g !
surface, sections remais of nosmel lemperaune, 16°C |
4 Conclusions '
Waad axposed o logh teemperature: will decomaose to provide on msulatiog
layer chor thot retards fusiber degradation. The load camving cagacity of a
simoctural  wood  member  depenids wpon A serviceable crods-sectional
dirnensions. The anowen: of fhe cross section charring is the major in the fire
endurance of stractum] wood members [4) The numenant mesded reveal of greatl
impartance: far charring Inyer determanatian, The charring thicksess layer was I
calculated with the numerical results obesined from danyr propem and
caompared with exparimental tesis, The pine wood bas a greater resistance 1o high
temperatures expasire when compared with ather types of woads (8],
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