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Abstract: The fire performance of several types of wood-
aluminum composites (WAC) was analyzed by the small
vertical furnace test. The time needed to reach the tem-
perature of 139°C/181°C (T .. /moc) and the linear char rate
of 300°C (L3OODC) were obtained by evaluating the fire per-
formance of WAC. The T 35cps1ec Values ranged from 23.6
to 44.8 min. The presence and position of the aluminum
alloy sheet remarkably affected the fire performance of
WAC. In addition to an initial delay of 19 min, the Lyjoc also
increased when the aluminum alloy sheet was located on
the surface. However, the times for 300°C only increased
slightly when the aluminum alloy sheet was in the middle.
The initial delay observed for the aluminum alloy sheet
on the surface was reduced by more than 50% when the
wood veneer was located on the surface of the aluminum
alloy sheet. The mechanical properties of WAC were also
investigated. It was concluded that the uniformity and
strength of different composites was improved after the
lamination of the aluminum alloy sheet. In addition, the
modulus of elasticity of WAC quadrupled, and the bond-
ing strength between the aluminum alloy sheet and the
oriented strand board (OSB) was greater than that of the
OSB.
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Introduction

Wood-based composites possess an inherent flammabil-
ity and often contribute to the propagation of fires. Thus,
the fire performance of such composites plays an increas-
ingly significant role in their engineered structural appli-
cations. Fire retardants and other nonflammable materials
(i.e., concrete and metals) (Winandy et al. 2008; Urso et al.
2009; Zhang et al. 2012) may also improve their fire perfor-
mance in coating, laminating, or filling. To this purpose, a
mixture of calcite and various fire retardants were applied
in the coating of medium-density fiberboard (MDF) panels,
and the lowest observed mass loss was 35.5% when coated
with boric acid (Istek et al. 2013). Concrete was mixed with
timber joists to manufacture timber-concrete composite
floors, which could resist fire longer than 60 min (James
etal. 2009). Li et al. (2004) showed that the flame-retarding
efficiency of wood plastic polymer composites (WPC) with
high-density polyethylene (WPC, ) increased to 0.203 and
that the limiting oxygen index was 27.1% after the addition
of aluminum hydroxide with a weight ratio of 40%. Flame-
retardant materials remarkably improved the fire perfor-
mance of WPC. However, such composites are seldom in
engineering structural applications because of their poor
dimensional stability, decay resistance, and strength.
Wood-metal composites (WMC) are promising materi-
als because of their high strength and dimensional stabil-
ity. Most of the research on WMC focuses on characterizing
the mechanical properties, electromagnetic shielding,
flame retardancy, and decorative values (Schnal et al.
2009; Song and Lam 2012; Lu et al. 2013). The fire perfor-
mance of WMC with surface coating (White 1983), rein-
forced joints (Moss et al. 2009), and metal plate connected
material (White 1983) was also investigated. Laminated
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veneer lumber joints were connected with metal plates,
which were covered with graphite phenolic spheres (GPS)
(Subyakto et al. 2001), and the results showed that GPS
(large or medium-sized sheet) delayed the temperature rise
time to 260°C for at least 60 min. The focus of the study of
Erchinger et al. (2010) was the fire design of multiple shear
steel-to-timber connections with slotted-in steel plates and
steel dowels; the material resisted fire for 60 min due to
the protection effect of timber boards or gypsum plaster
boards. Schaffer (1967a) investigated the flame spread
behavior of thin plywood panels with noncombustible
inserts placed immediately below the face veneers. The
noncombustible inserts included 0.8 mm (1/32 in)-thick
2024-T3 clad aluminum alloy and 0.025 mm (1/1000 in)-
thick aluminum foil. Increasing the thickness of the face
veneer from 0.4 mm (1/60 in) to 0.9 mm (1/28 in) increased
the flame spread index of the panel. The 0.8-mm-thick alu-
minum sheet insert significantly reduced the flame spread
rate, but the aluminum foil did not. The aluminum foil was
too thin to resist the pressure of the volatile gases from the
wood, and the foil did not always remain intact. As noted
in several U.S. patent applications, early fire doors con-
sisted of a wood core faced with metal sheeting.

WMC, as engineered wood products, are widely used
in load-bearing structures such as I-joists, studs, large
roof spans, and compartment floors. Among metals, alu-
minum alloy gained high levels of public interest due to
its excellent properties of recyclability, formability, light
weight, and high strength (Hashim et al. 2005; Fogle et al.
2012). The literature concerning the fire performance of
wood-aluminum composites (WAC) is scare. Aluminum
alloy foils were overlaid on MDF to prepare WAC, and the
results of cone calorimeter testing indicated a decrease
of effective heat of combustion of 90.6% and a total heat
release of 96.6% (Yang 2012). The fire performance of
wood-aluminum laminated composites was not yet tested.

In this study, aluminum alloy sheets were laminated
to the oriented strand board (OSB) and the wood veneer
to manufacture WAC. Their fire performance was investi-
gated in a small vertical furnace in accordance with ASTM
E 119. The mechanical properties of WAC were tested in
accordance with ASTM D 1037-06a. The purpose of this
study was to provide insights and establish a mathemati-
cal model to understand better the fire performance of
several types of WAC.

Materials and methods

Aluminum alloy sheets (3003) were obtained from McMaster-Carr
Supply Co. (Atlanta, USA). The material has a good weldability,
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formability, and corrosion resistance, and it is similar to alloy 1100
but has a higher strength due to its manganese content. The size of
the aluminum alloy sheet was 900x2400x1.6 mm?®. Isocynate resin
(MDI, RUBINATE 1840) was provided by Huntsman Corporation (Salt
Lake City, USA); color: dark brown; viscosity at 25°C: 180 cps. This
kind of resin is suited for hot pressing. Isoset WD3-C130 resin was
provided by Ashland Specialty Chemical Co. (Massachusetts, USA):
color: white; viscosity at 25°C; between 2800 and 4500 cps. Isoset
CX-47 cross-linking agent was also provided by Ashland; color:
black; viscosity at 25°C: between 140 and 260 cps. This kind of resin
mixture is suited for cold pressing. The OSB with dimensions of
1200x2400x6.5 mm? (Home Depot, Madison, WI, USA) was the basis
for the preparation of the composite panels. The resin in the OSB was
phenol formaldehyde resin. The wood face veneer was 1.4 mm thick.

Four types of composites were prepared as illustrated in
Figure 1A: (a) control panel without any aluminum alloy sheet, (b)
composite with 1.6-mm-thick aluminum alloy sheet placed on the
surface, (c) composite with 1.6-mm-thick aluminum alloy sheet
placed in the middle, and (d) composite with thinner veneer placed
on the (b) type of composites. Furthermore, the thickness of the OSB,
aluminum alloy sheet, and wood veneer was 6.5, 1.6, and 1.4 mm,
respectively. For the hot-pressed composites, the press time was
20 min at 150°C and the pressure was 1 MPa. The cold-pressed com-
posites were prepared at a pressure of 1 MPa for 2 h. The resin usage
for the composites was 50 g m? for each bonding line.

The aluminum alloy sheet has very high surface free energy and
has little or no chance of remaining clean for long as it oxidizes eas-
ily upon exposure to air, the surface is converted to a lower energy
level, and the strength is deteriorated (Arrowsmith and Clifford 1985).
Therefore, the sheets were abrasively cleaned by sanding to remove
the weak boundary layers of oxide and scale, and this treatment also
enhanced their mechanical interlocking with the adhesive.

The specimens were removed from the hot press and stored in
plastic bags before fire testing to maintain similar moisture contents
(MC) within the test specimens. The normal practice of conditioning
at 23°C and 50% relative humidity was not followed for time shortage.
Moreover, it was confirmed that the metal facings limit the moisture
adsorption of the specimens. Probably, the metal facings resulted
in uneven moisture gradients within the specimens and caused
inconsistencies in the MC of specimens with and without metal fac-
ings. To keep the thermocouples intact, the specimens were not
sawed or cut. The specimen size was 510x510 mm? (20x20 in.). The
specimens tested in the small vertical furnace are listed in Table 1.

The tests were conducted in the Forest Products Laboratory (FPL)
small vertical concrete furnace (customer-designed by Forest Products
Laboratory, Wisconsin, USA). The specimen sizes were considerably
smaller than those required by the ASTM E119 standard. The vertical
gas-fired furnace had a square opening (510x510 mm?; i.e., 20x20 in)
for the test specimen (Figure 1B). The furnace had pipe outlets for dis-
charging the natural gas from the furnace. A single-furnace thermo-
couple was used to control the furnace, which was in a capped metal
pipe situated opposite the center of the test specimen in a distance of
50 mm (2 in) from the exposed surface. The flow of natural gas was
controlled so that the furnace temperature was also well controllable.
Due to the placement of the pipe outlets, the furnace thermocouple
was closer to the specimen surface than the 152 mm (6 in) specified
in ASTM E119. All air for combustion was admitted by natural draft
through side vents near the bottom of the furnace. Most tests were
replicated three times. The thermocouples on the unexposed surface
were placed underneath the small ceramic fiber pads.
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Figure1 (A) Construction of WAC and position of thermocouples in the composites (“back” was the surface of the composite unexposed
to fire during the small vertical furnace test): (a) control panels without any aluminum alloy sheet, (b) 1.6-mm-thick aluminum alloy sheet
placed in the middle, (c) 1.6-mm-thick aluminum alloy sheet placed on the surface, and (d) 1.4-mm-thick wood veneer placed on the (c) type

of composites. (B) FPL small vertical furnace.

The thermocouples were placed in the overall center of the
510x510 mm? panel and in the center of each quadrant. Five ther-
mocouples were placed between each layer (Figure 1A). The ther-
mocouples within or on the specimens were made from 0.25 mm
(0.01 in) diameter (30-gauge) chromel/alumel (type K) wires. These
thermocouples enabled the recording of the times for temperature

increase to an average of 139°C or to T__, of 181°C (shortly T,,.,..c)-

This temperature increase time is one of the failure criteria in ASTM
E119 (White 1982).

A series of models were established to analyze the char rate of
wooden composites (White 2002; Babrauskas 2005; Tsai et al. 2012).
In this study, the baseline of the char layers was determined to be
approximately 300°C in accordance with ASTM E119 fire exposure.

Therefore, the times for temperature increase to 300°C (T,,..) were
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Table1 Description of the specimens tested in a small vertical
furnace.

DE GRUYTER

Table 2 Test results of the composites indicated.

Time to reach the T(min)  Equation for

No.of  Type of Thickness X2 Layer calculation of

Composite Code? tests pressing  (mm) Composite (mm) no. 139°C/181°C® 300°C¢ T, 0pec (Min)?
C 0+0+0 3 Cold 18 C 6.2 1 5.0£0.9 8.7%1.2 1.5X.
H 0+0+0 3 Hot 18 C 12.4 2 12.3+1.4 19.1+1.1 1.5X.
CA A+0+0+0+A 3 Cold 21 C 18.6 3 20.6+2.6 23.8+0.4 1.5X.
HA A+0+0+0+A 3 Hot 21 H 6.2 1 3.7£0.5 7.3%0.5 1.3X.
HO 0+A+0+A+0 3 Hot 21 H 12.4 2 10.8£0.6 16.5+0.6 1.3X.
HV V+A+0+0+0+A 3 Hot 23 H 18.6 3 17.8+1.0 22.7+0.8 1.3X.
- _ - CA 1.6 1 12.343.2 23.244.8  1.6X+21.0

A, aluminum alloy sheet; C, cold pressing; H, hot pressing; O, OSB; CA 7.6 ) 22.741.5 32.745.2 1.6X.+21.0
andV, wood veneer. CA 13.6 3 33.546.3 44.0+4.5  1.6X.+21.0
*Code indicates the panel type. CA 19.6 4 42.9+4.9 51244  1.6X+21.0
CA 21.2 5 44.8+4.6 55.416.1 1.6X.+21.0

HA 1.6 1 9.9+1.4 23.9+1.7 1.3X.+21.6

recorded. The char rates were calculated assuming a simple linear HA 7.6 2 19.2+1.4 32.0+1.7 1.3X+21.6
model of T, .. divided by the distance from the fire-exposed surface ~ HA 13.6 3 31.842.4 40.3t1.6 1.3X+21.6
(Table 2) (Schaffer 1967b). The model for the OSB as an outer layer ~HA 19.6 4 39.14£2.6 45.9+2.3 1.3X+21.6
(composites: C, H, and HO) was HA 21.2 5 41.6+3.0 48.9%3.1 1.3X.+21.6
HO 6.0 1 4.9+0.1 9.7+0.4 1.6X.

Lo =Lagorc ¥ Xc M o 76 2 7.340.4 14.2+0.4 1.6X,

HO 13.6 3 15.2+0.5 20.6+0.4 1.6X.

where T, . is the time to reach 300°C (min), L, .. is the linear char  yq 15.2 4 17.840.1 24.0+0.2 1.6X,
rate parameter (min mm?), and X_ is the distance (mm) from the fire- o 21.2 5 23.6+1.0 25.7+0.1 1.6X_
exposed surface. HV 30 1 2.440.9 9.840.4  1.7X+5.9
For Specimens protected with the aluminum alloy sheet (com- HV 9.0 2 10.4+0.2 23.2+2.5 17XC+59
posites: CA, HA, and HV), a y-intercept parameter must be added to  py 15.0 3 20.4+0.5 33.1+3.0 1.7X.+5.9
Equation (1) to account for the delayed charring of the OSB. The cor-  py 21.0 4 34.3+3.4 41.3+3.6 1.7X+5.9
responding model is HV 226 5 35.642.8 43.9+2.8  1.7X+5.9

TBOO“C :L300°C ><XC +YD (2)
where Y, was the y-intercept parameter (min).

The mechanical properties of WAC were investigated in accord-
ance with ASTM D 1037-06a. The modulus of elasticity (MOE) of WAC
was measured by static bending, and the internal bond strength was
measured by tension perpendicular to surface (internal bond).

The micrographs of bonding interface between the OSB and the
aluminum alloy sheet were investigated by the 3D Analysis System of
Super Depth (KEYENCE VHX-1000, Osaka, Japan).

Results and discussion

Numerical results

Table 2 shows the test results for T ,,...c.cr Tso0co @and the
linear char rate models (L) of the different composites.
The total T . q.c Of all composites ranged from 17.8 to
44.8 min. Individually, the lamination of the aluminum
alloy sheet (except in the middle) significantly improved
the fire performance. For hot-pressed composites, the fol-
lowing T ... ,.c Order was found: HA>HV>HO>H. Com-

posite CA had the longest T .. ... among all composites.

For abbreviations, see Table 1.

X, distance from the fire-exposed surface.

Time (T, mean+SD of three replicates) for the unexposed surface of
each layer of WAC to reach an average T,,..or T ... above room
temperature.

Time (T, mean+SD of three replicates) for the unexposed surface of
each layer of WAC to reach an average T,50c- In SOMe cases, some
individual thermocouples of the last layer (i.e., layer 3 or 5) did not
record a T, . or were influenced by ignition and flame spread over
the unexposed surface at the end of the test. This is the reason why
sometimes the values for the last layer are less than expected.
dLinear char rate equations to reach 300°C. Data obtained from the
thermocouples of the unexposed surface were not considered to
obtain Equation (1) or (2). See footnote b for rationale.

The results were similar for the total T, ... These results
are illustrated in Figure 2a.

The char rates for the two models [Equations (1) and
(2)] were calculated from the corresponding times and dis-
tances from the exposed surface (Table 2). The L, .. for the
0SB specimens without any aluminum alloy sheet (C and
H) was 1.5 and 1.3 min mm", respectively. The L, .. for the
corresponding OSB with the aluminum alloy sheet (CA
and HA) was slightly higher (1.6 and 1.3 min mm™). These

values indicated a slightly faster charring than the linear
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Figure 2 Plots of the times for 139°C/181°C (a) and 300°C (b)
increase in temperature at various distances from the fire-exposed
surface.

charring rate of 1.6 min mm* (0.6 mm min?, 38 mm h?, and
1.5 in h?') generally assumed for the charring of a semi-
infinite slab of solid wood or glued laminated lumber. The
results were consistent with the results of 1.42-1.47 min
mm* reported for 28- to 30-mm-thick OSB rim boards
(White 2003). For the specimens without any aluminum
alloy sheet, the regressions with a nonzero y-intercept
[Equation (2)] confirmed that the y-intercept is small and
that the zero-intercept model [Equation (1)] was appropri-
ate. The specimens with the aluminum alloy sheet on the
surface confirmed the need for a nonzero intercept in the
model [Equation (2)] (Table 2) due to an initial delay in
the charring. These conclusions were consistent with the
results illustrated in Figure 2a and b.

Visual observation

The main observations of fire test specimens are shown
in Figure 3. For composite H, the surface layer of the
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0SB ignited and burned down in 10 min (Figure 3a). The
second layer of the OSB also combusted and turned gray in
15 min. After a continuous exposure to fire, charred holes
appeared on the backside of the panel and the entire panel
burned away in 25 min (Figure 3b). In the case of composite
HA, some resin came out with the smoke after 15-20 min
when the aluminum alloy sheet was located on the surface
(Figure 3c). The first layer of the aluminum alloy sheet
melted in 25 min. The OSB burned out in 55 min and the
second aluminum alloy sheet was delaminated from the
0SB and completely melted in 60 min (Figure 3d). Com-
posite HO started to burn and turned black after 10 min of
exposure. Large amounts of smoke were released during
the combustion of the OSB (Figure 3e). The first layer of
the aluminum alloy sheet was separated from the OSB
and melted in 20 min followed by the combustion of the
0SB, and the second layer of the aluminum alloy sheet
fell off the specimen in 30 min. For composite HV, the
wood veneer combusted quickly in 5 min (Figure 3f). The
first layer of the aluminum alloy sheet started to melt in
25 min. The OSB burned up and the second layer of the
aluminum alloy sheet melted in 50 min.

Regression model of the timestoreach T,
The linear regression data were calculated based on the
complete data set for the times to reach 300°C (T,,..) as
a function of the composite construction. The unexposed
surface of WAC was excluded from the data set. The
resulting equation for T, .. at a distance X, from the fire-
exposed surface was

00°C

T, ppoc =131X, +0.24M*X_+19.27 M+1.94P
+2.17HO-11.02HV 5

where M=1 for the specimens with the aluminum alloy
sheet on the exposed surface with or without the wood
veneer covering (CA, HA, and HV) and M=0 for the ones
with exposed OSB (C, H, and HO). P=1 for the OSB made
by cold pressing (C and CA) and P=0 for the OSB made
with hot pressing (H, HA, HO, and HV).

HO=1 for the specimen type HO with the aluminum
alloy sheet in the interior and HO=0 for the rest. HV=1
for the specimen type HV with the wood veneer covering
the aluminum sheet and HV=0 for the rest. The more sig-
nificant parameters in the equation were HV, M, and X_
with P >t of <0.0001. The less significant parameters of P,
HO, and M*X_had P >t data (i.e., 0.047, 0.112, and 0.049)
being >0.0001. The equation accounted for most of the
variations with an R? of 0.99. With regard to the statistics,
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Figure 3 Photos and approximate observation time (the approximate observation time was in the curve behind the specimen name) of
WAC during the small vertical furnace test: (a) composite H (5 min), (b) composite H (24 min), (c) composite HA (20 min), (d) composite HA

(50 min), (e) composite HO (15 min), and (f) composite HV (5 min).

it should be noted that the 60 observations in the analysis
were not completely independent, as multiple readings
came from each of the 18 tests included in the analysis.

Comparison of the press method

The comparison of the composites under different press
methods is listed in Tables 2 and 3(a) and Figures 2a and
4a and b. As observed from the results in Table 2, the
L, was 1.5 min mm" for composite C with a density of
738 kg m?, 1.30 min mm* for composite H with a density
of 730 kg m?, 1.6 min mm™ for composite CA with a density
of 1072 kg m?, and 1.3 min mm* for composite HA with a

density of 969 kg m?. It is visible that the cold-pressed OSB

with higher density has a lower L_ .. (Figure 4a and b).
The overall linear regression model [Equation (3)] indi-
cates those times for T, .. 1.9 min longer with the cold-
pressed OSB.

Table 3(a) and Figure 2a show the T ygocp1ec iIMPTOVeE-
ment in each layer of the composite. The T .. ... differ-
ence concerning the composite without the lamination
of the aluminum alloy sheet ranged from 1.3 to 2.8 min
(average of 1.9 min). That of WAC ranged from 1.7 to
3.8 min (average of 2.9 min). The thermal resistance along
the thickness plane increased due to increased density
and contributed to the observed subtle L differences. The
larger is the thermal resistance, the greater is L, ... The
presented data here support those of White (2002) and
Schaffer (1967b) concerning the L. . increment as a func-
tion of density.

300°C
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Table3 T, ... difference (min) of each layer (L) of the composites:
(@) composites under different press methods (H and HA for hot press-
ing and C and CA for cold pressing), (b) lamination with or without any
aluminum alloy sheet (C and H without any aluminum alloy sheet, CA
and HA with the aluminum alloy sheet on the surface, and HO with the
aluminum alloy sheet in the middle), and (c) lamination with or without
the wood veneer (HA without the wood veneer and HV with the wood

veneer on the surface of the aluminum alloy sheet).

T 39101+ difference (min) for the layers
Composites L1 L2 L3 L4 L5
(€)]
Hvs. C 1.3 1.6 2.8
HAvs. CA 2.4 3.6 1.7 3.8 3.2
(b)
Cvs. CA 17.8 21.2 22.3
Hvs. HA 15.5 21.0 21.3
HO vs. HA 11.9 16.6 18.1
HOvs. H 1.2 4.4 5.8
(©
HVvs. HA 7.5 8.7 11.4 4.8 6.0

Effect of the aluminum alloy sheet

The influence of the aluminum alloy sheet on the fire per-
formance of WAC is shown in Table 3(a) and Figures 2a and
4c—f. The results in Table 3(a) indicate that the T ;...
improvement of each layer for coldOpressed specimens was
17.8, 21.2, and 22.3 min with an average of 20.4 min. The cor-
responding data of hot-pressed specimens are 15.5, 21.0, and
21.3 min with an average of 19.3 min (see also Figure 2a). The
composites with the aluminum alloy sheet on the laminate
surface needed a remarkably longer total time for destruc-
tion than the composites without any aluminum alloy
sheet. The overall regression model [Equation (3)] shows an
average delay in the charring of the OSB (T, ) of 19.3 min
with the aluminum alloy sheet on the laminate surface.

The aluminum alloy sheet with a thickness of 0.1 mm
adhered to the surface of carbon fiber-reinforced compos-
ites by Chang and Zheng (2005) to improve their thermal
resistance because of its excellent thermal conductivity.
The temperature differences of the various areas dimin-
ished with time, and the thermal resistance along with
the thickness significantly increased with the aluminum
alloy sheet on the surface (Figure 4c and d). This prevents
a rapid temperature increase along with the thickness.
The heat dissipation potential of the aluminum alloy
sheet should be emphasized; that is, the aluminum alloy
sheet on the surface is a kind of heat radiator and reflec-
tor and prevents the rapid heating of the OSB (Subyakto
et al. 2001). Moysey and Muir (1968) worked with shiny
galvanized steel or aluminum on wood and estimated that
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the time for ignition of wood was four times longer with
these materials on the surface. With the metal cladding
painted or smeared with mud, the effect was essentially
deteriorated because of hindering the ionizing radiation.

The T . 4. difference for the composites with the alu-
minum alloy sheet in different positions (HO vs. HA) was
11.9, 16.6, and 18.1 min [Table 3(b)]. The temperature for com-
posite HO rose faster than that of composite HA (Figure 4e).
Expectably, HO initially behaved more like composite H than
composite HA [Table 3(b); Figures 2a and 4f]. For composite
HO, the combustion performance of the first layer of the OSB
was a critical point. The heat reflection ability of the alu-
minum alloy sheet diminished with the OSB on the surface.
Therefore, the influence of the aluminum alloy sheet on
the first layer of the OSB was very small. After burning the
OSB layer, the interior aluminum alloy sheet became a
surface aluminum alloy sheet. As a result, there was a small
increase in T, ... over that for composite H [Table 3(b);
Figure 2a]. In summary, laminates with the aluminum alloy
sheet in the middle provided minimal improvement in the
fire performance of WAC. In the overall regression charring
model [Equation (3)], the addition of the aluminum alloy

sheet in the interior increased the T, .. by 3.1 min.

Effect of the wood veneer

The effect of the wood veneer on the fire performance of
WAC is presented in Table 3(c) and Figures 2a and 4g). The
Tmcc/lmoC of each layer was reduced by 7.5, 8.7, 11.4, 4.8, and
6.0 min, respectively, after the lamination of the wood veneer
on the surface of the aluminum alloy sheet (HV shown in
Figure 1A and Table 1) as shown in Table 3(c). The average
reduction time was 7.7 min. The results indicated that the
fire performance of WAC decreased if the wood veneer was
on the surface (Figure 4g). In the overall regression char-
ring model for T, .. [Equation (3)], the addition of the wood
veneer to the aluminum alloy sheet reduced the T, . by
11 min. This is in contrast to the improvement of 19.3 min
provided with the aluminum alloy sheet on the surface of
the OSB. As illustrated in Figure 4g for T, ..., the com-
posite with the wood veneer (HV) on the aluminum alloy
sheet initially behaved like the exposed OSB (H), but later
on the T ... ... Was more consistent in the case of compos-
ite HA. This can be explained by the heat reflection of the
aluminum alloy sheet after the wood veneer was burned off.

Modulus of elasticity

The static MOE of different composites is shown in Table 4.
The MOE value of composite HA, which was parallel or
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Figure 4 Time-temperature curve of different composites: (a) composite C vs. composite H, (b) composite CA vs. composite HA, (c) compos-
ite Cvs. composite CA, (d) composite H vs. composite HA, (e) composite HA vs. composite HO, (f) composite H vs. composite HO, and

(g) composite HA vs. composite HV.

perpendicular to the OSB, increased by 309% (14.091 GPa)
and 485% (14.57 GPa), respectively. Meantime, the MOE of
composite HO exceeded that of composite H by about 62%

(3.431 GPa), which was parallel to the OSB, and that of
the perpendicular to the OSB was about 166% (4.36 GPa).
Obviously, the lamination of the aluminum alloy sheet
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Table 4 MOE of different specimens parallel (||) and perpendicular
(L) to OSB orientation

MOE (]]) to the OSB MOE (1) to the 0SB

Mean*+SD MeantSD
Composite (GPa) CV2 (%) (GPa) CV (%)
o2 3.6£0.9 25.0 1.7+0.4 24.6
H 4.6+0.3 7.6 3.0+0.1 2.2
HA 18.6+0.9 4.7 17.6+0.9 5.1
HO 8.0+0.1 1.0 7.410.3 4.0

aMean is for repeated specimens. CV is coefficient of variation.
®Composite O has a single layer of the OSB.

22
20F
1.8 F

1.932

1.546

[
&~
L T

1.064

MOE difference (GPa)

0.614

Composite O Composite H Composite HA Composite HO
Specimen name

Figure 5 MOE (for the 0SB and WAC) difference between parallel
and perpendicular to the 0SB (composite O was the composite with
a single layer of the OSB).

in the middle (HO) or on the surface (HA) significantly
enhanced the composite strength (HO and HA shown in
Figure 1A and Table 1). It was also noted that the incre-
mental strength of composite HA was significantly greater

b
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than that of composite HO. The reason was that the MOE
increased with the increasing distance between the alu-
minum alloy sheet and the core layer (Arani et al. 2011). As
a consequence, composite HA exhibited the largest MOE
among the entire composites.

Figure 5 shows the MOE difference between paral-
lel and perpendicular to the OSB. The difference of MOE
between parallel and perpendicular to the OSB decreased
due to the isotropic and excellent mechanical performance
of the aluminum alloy sheet laminated with the OSB. The
uniformity and strength of the composites was enhanced
due to the lamination of the aluminum alloy sheet.

Internal bond strength

Figures 6 and 7 show the bonding interface between the
aluminum alloy sheet and the OSB. It was found that the
MDI dispersed sufficiently and formed excellent mechani-
cal interlocking between the OSB and the aluminum
alloy sheet. A compact and continuous glue layer was
efficiently generated. Rupture was observed to occur in
the core of the OSB for the entire composites (Figure 7).
It was concluded that the bonding strength between the
0SB and the aluminum alloy sheet was greater than the
internal bond strength of the OSB.

Conclusion

The fire performance of WAC was investigated in accord-
ance with ASTM E119. The T ,,. ... of different composites
ranged from 17.8 to 44.8 min. It was also indicated that the
position of the aluminum alloy sheet significantly affected
the fire performance of WAC. The T,,,.. .. was improved

and more than doubled after the lamination of the OSB with

e Bonding i
Aluminum alloy sheet ™ -

Figure 6 Bonding interface between the aluminum alloy sheet and the OSB.

Magnification, x500, x1000, and x2000 (a—c, respectively).
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Figure 7 Reference photo for tension testing perpendicular to the
surface (internal bond) of the specimen.

The specimen size was 51x51 mm? (2x2 in).

the aluminum alloy sheet. The cold-pressed composites
showed better fire performance than the hot-pressed com-
posites. The fire performance of composite with 1.6-mm-
thick aluminum alloy sheet located on the surface was best
followed by the composite with 1.4-mm-thick wood veneer
on the surface of the aluminum alloy sheet and then by the
composite without any aluminum alloy sheet for the hot-
pressed composites. The lamination of the wood veneer on
WAC surface detracted the fire performance. The position-
ing of the aluminum alloy sheet in the middle of the com-
posite provided little improvement in the fire performance
compared with the OSB without any aluminum alloy sheet.
The MOE values quadrupled when the aluminum alloy
sheet was located on the surface. The bonding strength
between the OSB and the aluminum alloy sheet was greater
than the internal bond strength of the OSB alone.
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