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ABSTRACT

Timber has been used for centuries as a construction material and is currently valued for its sustainability. In 
recent years, demand for high-strength timber species has grown, but they tend to be expensive and limited in 
supply. This situation encourages the use of lower-strength timber, especially in regions like Malaysia where such 
species are more accessible. However, before they can be reliably used, their performance—particularly under 
high-temperature conditions—needs to be better understood. This study focuses on the flexural strength of two 
Malaysian hardwoods, Keranji (SG3) and Keruing (SG5), by using Dynamic Mechanical Thermal Analysis (DMTA). 
Tests were conducted at 120°C and 160°C. At 120°C, both timbers maintained most of their original strength. 
However, at 160°C, Keranji showed a sharp decrease in strength, while Keruing became stronger. These findings 
suggest that Keruing may be more suitable for applications involving heat exposure, such as roof structures. The study 
offers new insights into how native Malaysian hardwoods behave in high-temperature environments, which is 
important for structural design and fire performance assessments.
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INTRODUCTION

There are many constructions material that can be used in 
construction. One of the materials is timber. Timber is one 
of the many forest products that has been widely used 
around the world as a construction material over centuries. 
It is used in both large and small buildings. Timber is used 
most effectively in structures that carry a significant amount 
of their own weight because of its high strength-to-weight 
ratio (Nepal & Ganguly 2021). In recent decades, timber 
has also gained renewed attention due to its potential as a 
sustainable and renewable building material considering 

global environmental concerns. It contributes to carbon 
sequestration and has lower embodied energy compared 
to concrete and steel. With the increasing demand for green 
buildings and low-carbon materials, understanding the 
performance of various timber types, particularly native 
hardwoods, has become crucial in Malaysia’s construction 
landscape. There are many kinds of timber species whether 
in Malaysia or abroad. In Malaysia, there are many 
hardwood timbers such as Keranji, Resak, Keruing, 
Meranti, Kedondong and more. 

Fire resistance and mechanical performance of 
Malaysian hardwood timber under elevated temperatures 
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remain underexplored, particularly regarding flexural 
strength (Leao & Jawaid 2023). Most previous studies 
focus on softwood species, leaving a research gap in the 
behavior of hardwoods like Keranji and Keruing. This 
study aims to analyze the bending strength of these 
hardwood species at elevated temperatures using DMTA, 
providing insights into their thermal performance and 
suitability for structural applications. The unpredictable 
Malaysian climate affects the moisture content and 
mechanical properties of timber. While high-strength 
timber species are preferable, they are expensive and 
scarce. The structural performance of lower-strength timber 
must be examined to ensure its viability as a cost-effective 
alternative. This study aims to address the gap in 
understanding how temperature variations influence the 
flexural strength of Malaysian hardwood species. 
Moreover, Malaysia’s diverse geographical and climatic 
zones contribute to varied growth conditions for hardwood 
trees, which in turn influence their mechanical properties. 
Timber species like Keranji and Keruing are readily 
available but underutilized in high-performance 
construction due to limited mechanical data. By focusing 
on their response to thermal conditions, this study seeks 
to evaluate their potential in applications where fire 
performance and thermal resilience are essential.

Hardwood timber is produced from deciduous trees 
which shed their leaves at the end of the growing season. 
They are stronger than the softwood (Wiemann 2021). 
Hardwood cell structure is more complex than softwood 
which has fibrous elements as supporting cells and vessel 
elements as a medium for food conduction. Other than that, 
it also consists of parenchyma cells and ray cells. Hardwood 
has a slower growth rate which takes over 100 years to 
mature compared to softwood (Wiedenhoeft & Eberhardt 
2021)

In this study, there are two species of timber selected 
which are Keranji and Keruing. These species are in 
different strength groups which are Strength Group 3 for 
Keranji and Strength Group 5 for Keruing with different 
densities. Based on MS 544-2:2017, the density of Keranji 
and Keruing is 1000 kg/m3 and 830 kg/m3 respectively at 
19% moisture content. Moisture content affects the density 
of the timber. Moisture content is the amount of water that 
exists in the wood. The moisture content influences the 
properties of the wood and also can lead to the risk of insect 
attack and fungal decay (Martín & López 2023). When the 
moisture level of wood exceeds 20%, it is subject to fungus 
and bacteria, which may release cellulase or hemicellulase 
to destroy the cell wall polysaccharides (Goodell & Nielsen 
2023). The level of moisture content may affect by the 
temperature. 

Timber properties play a significant role in determining 
the quality to be used in construction. There are many 

properties of timber such as strength, moisture content, 
density, and others (Shirmohammadi & Redman 2021). 
Mechanical properties of laminated bamboo at elevated 
temperatures which resulted in a significant reduction in 
its properties which is similar to timber. Timber naturally 
insulates. Timber has lower thermal conductivity than 
concrete, steel-frame, and masonry constructions, making 
it perfect for energy-efficient design. Timber will break 
down into char and gases when exposed to high temperature 
(Georgescu & Coșereanu 2022). The strength of timber 
also can change due to the change of the temperature. In 
building design, fire resistance is an important factor which 
must be considered as fires can have major risks to 
structural stability and safety of occupants (Zhang 2023). 
Fire safety, an important criterion for selecting construction 
materials, is considered a crucial factor in ensuring safety. 
It is therefore necessary to perform a thorough investigation 
through advanced testing techniques, on the fire resistance 
and fire characteristics of Malaysia’s hardwood timber.

Thermal analysis is one of the methods that can be 
used to determine the timber strength at elevated 
temperature as it is one of the timber fire properties. 
Generally, thermal analysis is referred to a technique used 
to analyse the change of material properties when heated. 
Several testing can be used to investigate the property of 
the timber at certain temperature. One of the tests is the 
Dynamic Mechanical Thermal Analysis (DMTA) test. It 
is one of the most important techniques in thermal analysis. 
DMTA test can be used to analyse the bending strength of 
the timber at a certain temperature. One of the ways to 
study this is through thermal analysis, especially DMTA, 
which allows researchers to measure changes in stiffness 
and strength over a range of temperatures. In DMTA 
testing, both the temperature and moisture levels inside the 
wood change, affecting its mechanical behavior. Since 
damage to timber often arises from rapid temperature shifts 
or improper moisture levels (Kherais et al. 2020), DMTA 
offers a useful way to evaluate wood performance under 
stress. 

METHODOLOGY

SAMPLE PREPARATION

Samples of Keranji (SG3) and Keruing (SG5) were 
prepared with dimensions of 2 mm × 4 mm × 35 mm. All 
specimens were conditioned for at least 14 days at 20°C 
and 65% relative humidity to ensure a uniform moisture 
content. This step was important to stabilize the samples 
before testing, avoiding moisture-related inconsistencies 
in the results.

Before testing, each sample was measured using 
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digital calipers and weighed using a precision scale to 
determine its density. Two samples per species were 
tested—one at 120°C and another at 160°C. The relatively 
small dimensions of the specimens were chosen to ensure 
even heat distribution during the DMTA process and to 
improve sensitivity to changes in flexural behavior.

Table 1 shows the sample preparation for this study. 
Sample of Keranji (SG3) and Keruing (SG5) were used as 
specimens. This timber will be cut to the dimension of 2 
mm x 4 mm x 35 mm in a total of 2 samples for each species 
at Fabrication Laboratory. 3-point bending test mode was 

used on the DMA 8000 machine. Figure 1 shows the 
prepared sample of Keranji (SG3), whereas Figure 2 
displays the prepared sample of Keruing (SG5) used in this 
study. The relatively small cross-section of the samples 
was chosen to ensure rapid and uniform heating during the 
DMTA process. Small specimens allow more accurate 
detection of changes in viscoelastic behavior, especially 
when exposed to temperature fluctuations. Each timber 
sample was carefully labeled, and grain orientation was 
kept consistent across all specimens to minimize the effect 
of anatomical variation.

TABLE 1. Sample preparation

Species Strength group Size Number of samples Temperature
(°C)

Keranji 3 2 mm x 4 mm x 35 mm
1 120

1 160

Keruing 5 2 mm x 4 mm x 35 mm
1 120
1 160

FIGURE 1. Sample of Keranji (SG3)

FIGURE 2. Sample of Keruing (SG5)

The Dynamic Mechanical Thermal Analysis (DMTA) 
test was conducted using the PerkinElmer DMA 8000 
machine in three-point bending mode. The specimens were 
subjected to controlled heating while recording changes in 
flexural strength. The weight of each sample was measured 
before testing to determine density variations as shown in 
Figure 3 and Figure 4. To ensure test reliability, the DMTA 
machine was calibrated prior to each run. The three-point 

bending setup was selected based on its sensitivity in 
detecting flexural changes under thermal stress. During 
each test, the temperature gradually increased to the target 
point (120°C or 160°C) and held constant to allow thermal 
stabilization. The load and displacement data were 
continuously recorded from which modulus and strength 
values were extracted.
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FIGURE 3. Perkin Elmer DMA 8000

FIGURE 4. 3-point bending mode setup for DMTA

RESULTS AND DISCUSSION

FLEXURAL STRENGTH

The result shows in Figure 5 that there is not much effect 
at the temperature of 120 °C. There is only a small decrease 
in the strength of both Keranji and Keruing at the 
temperature of 120 °C. It suggests that at this particular 
temperature, the effect of heat on bending strength is 
relatively minor. Similar result as in Yue et al. (2022) study 
for the Chinese larch which is a softwood, where there is 
no significant change for both bending strength and MOE 
at the increasing temperature from 75 to 175 °C. However, 
the behavior differs significantly between the two species 
at 160°C as shown in Figure 6. There is a significant change 
in the strength of both Keranji and Keruing. Keranji shows 
a significant decrease in bending strength when temperature 
is 160°C. It is therefore apparent that the higher temperature 
has an evident effect on reducing the bending strength of 
Keranji. This observation highlights the thermal degradation 
threshold of Keranji, which may begin to lose structural 
integrity above 140°C. The degradation is likely due to the 
breakdown of hemicellulose and partial softening of lignin. 
These chemical transformations reduce the stiffness and 
bonding among cell wall components, thereby weakening 
the timber. In contrast, the stability observed in Keruing 
at the same temperature implies a more thermally robust 
lignocellulosic matrix. In contrast, Keruing exhibits a 
significant increase in bending strength at the temperature 
of 160°C. It is therefore indicating that the increase in 
temperature may positively influence the bending strength 
of Keruing. These results suggest that at 160°C the 
temperature has a higher effect on Keranji and Keruing’s 
bending strength than 120 °C.

Most of previous studies found that the strength of the 
timber decreased when the temperature increased. In Zhong 
et al. (2022) study also shows the result for bending strength 
of Chinese larch decreased nonlinearly as the temperature 
increased from 20 to 225 °C. However, in this study found 
that at the temperature of 160 °C, Keruing increased 
significantly while Keranji decreased. In Yue et al. (2022) 
study stated that over the relatively narrow temperature 
range of 20 to 150 °C, a linear decrease in bending strength 
has been observed for Picea abies wood. Cellulose 
contributes significantly to wood strength, hemicellulose 
is the interface between cellulose and lignin, and lignin is 
the glue that holds the wood structure together.
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FIGURE 5. KR1 and KG1 at 120 °C

FIGURE 6. KR2 and KG2 at 160 °C

The result also shows that the strength of Keruing 
having a higher value compared to Keranji. These results 
show that Keruing has a higher load-bearing capacity than 
Keranji at this temperature. There is a significant difference 
in the strength of between the two species. At both 
temperature conditions, Keruing consistently exhibits 
higher values of bending strength compared to Keranji. 
This implies that Keruing generally possesses superior 
bending strength properties compared to Keranji, regardless 
of the temperature. Degradation of thermal energy and 
possible structural changes due to high temperature may 
cause a lower bending strength for Keranji at 160°C. As 

wood reaches elevated temperatures, different chemical 
components undergo thermal degradation that has an 
impact on the timber’s performance (Dietenberger & 
Hasburgh 2021). By contrast, thermal crosslinking or other 
strengthening mechanisms induced by the increased 
temperature could have contributed to a higher bending 
strength for Keruing at the same temperature. Thermal 
enhancement effects, such as the increased cross-linking 
of lignin, may play a role in improving the mechanical 
resistance of Keruing under elevated temperatures. As 
temperatures rise, limited thermochemical reactions can 
also reduce internal microcracks, particularly in timbers 
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with dense, well-bonded microstructures. Keruing’s 
superior performance may be associated with its relatively 
high lignin content and a more uniform distribution of cell 
walls, which could provide a buffering effect against 
thermal stress. As temperatures rise, the improvement in 
Keruing’s bending strength suggests that its internal 
structure responds more favorably than that of Keranji. 
The anatomical composition of wood plays a significant 
role in determining its mechanical characteristics, 
especially under changing environmental conditions such 
as heat. Compared to other hardwoods, Keruing is 
recognized for having a relatively high concentration of 
lignin. According to Laksono et al. (2022), this species not 
only contains substantial lignin but also a high level of 
holocellulose, indicating a correspondingly high cellulose 
content. These components are key in maintaining 
mechanical integrity at elevated temperatures.

Lignin, in particular, softens as heat increases, which 
may allow Keruing’s structure to absorb more energy 
without failing. This softening effect, coupled with the 
presence of holocellulose, may contribute to Keruing’s 
ability to resist deformation under flexural stress during 
DMTA testing. Additionally, thermal exposure may result 
in microstructural changes in the wood, such as the release 
of internal tensions, a decrease in void spaces between 
fibers, and more robust molecular interactions between cell 
wall components. These changes, though subtle, may 
collectively enhance the material’s strength rather than 
diminish it.

It is also important to consider the potential influence 
of natural extractives and resins, particularly in tropical 
hardwoods like Keruing. These substances may affect how 
the timber responds to heat. For instance, certain phenolic 
compounds found in Keruing could enhance thermal 
stiffness by reinforcing the bonding between cell walls. In 
contrast, Keranji may contain fewer or different chemical 
compounds, making it more susceptible to thermal 
softening and structural degradation at higher temperatures. 
This highlights that not all tropical hardwoods behave 
similarly under heat stress. Each species has its own unique 
anatomical and chemical traits that govern its response to 
elevated temperatures.

The findings of this study also reinforce the idea that 
mechanical performance in timber cannot be attributed to 
density alone. Although there is a general association 
between higher density and greater mechanical strength, 
this is not always reliable in the context of thermal 
performance. Typically, denser woods exhibit greater 
bending resistance and are less prone to deformation. 
However, the results from this study challenge that 
assumption. While Keranji has a higher density than 
Keruing based on MS 544-2:2017 values, it performed 
worse under thermal loading at 160°C. This suggests that 

other factors—such as the internal microstructure, 
distribution of lignin and cellulose, fiber length, grain 
direction, and the presence of extractives—play significant 
roles in determining heat-related mechanical performance.

As temperature rises, wood becomes more susceptible 
to thermal stress. This stress affects its internal composition, 
leading to reduced stiffness, degradation of structural 
polymers, and shifts in moisture content. In this study, 
Keranji showed a significant reduction in bending strength 
at 160°C, which indicates that it is more vulnerable to heat. 
The structural polymers, such as hemicellulose, may begin 
to break down, weakening the cell wall framework. In 
contrast, Keruing experienced an increase in strength at 
the same temperature. This result is particularly interesting, 
as most literature—including Sözbir et al. (2021)—reports 
that with rising temperature, the modulus of rupture (MOR) 
and modulus of elasticity (MOE) tend to decrease in 
softwoods and even some hardwoods. The observation that 
Keruing shows improved performance under these 
conditions may indicate the presence of stabilizing factors 
unique to its anatomy or chemistry.

These findings emphasize that bending strength is a 
complex property governed by multiple interrelated 
variables, not just density. The combined effect of heat and 
density differs between species. While density remains a 
vital characteristic, it must be considered alongside other 
factors such as fiber orientation, cell wall thickness, lignin 
distribution, and chemical composition. For example, 
Keranji’s failure under heat was characterized by brittle 
breaks and sharp fracture lines, suggesting rapid structural 
failure. Keruing, however, displayed ductile failure modes 
such as gradual deformation and fiber pull-out. This type 
of behavior is more desirable in structural applications, as 
it allows for greater energy absorption and reduces the risk 
of sudden collapse.

The observed improvements in Keruing’s flexural 
strength under thermal stress may also be attributed to 
internal bonding mechanisms that are activated at higher 
temperatures. These may include limited thermal cross-
linking of lignin molecules or improved alignment of 
cellulose fibers due to heat-induced tension release. As 
temperatures increase, these subtle thermochemical 
reactions may reduce internal microcracks and stabilize 
the material. This could be especially true for timbers with 
a dense, well-organized microstructure, such as Keruing. 
In contrast, Keranji’s structure may not undergo the same 
beneficial transformations, leading to a decline in 
mechanical strength.

In summary, while high density often correlates with 
high strength, it does not necessarily guarantee superior 
performance under thermal conditions. The results of this 
study demonstrate that Keruing outperforms Keranji at 
high temperatures, despite having lower density. This 
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reinforces the need for species-specific evaluation, 
especially when timber is intended for applications 
involving heat exposure. A better understanding of the 
interplay between thermal behavior, microstructure, and 
chemical composition is essential for selecting appropriate 
timber for construction in hot climates or fire-risk areas.

CONCLUSION

This study examined the flexural performance of two 
Malaysian hardwood species, Keranji (SG3) and Keruing 
(SG5), at elevated temperatures of 120°C and 160°C. The 
results offer several key takeaways regarding the behavior 
of these species under thermal stress.

1. The DMTA test results indicated that both species 
experienced only a slight decline in bending
strength at 120°C. The effect of temperature at
this level was minimal, and no significant
degradation in structural integrity was observed
between Keranji and Keruing.

2. At 160°C, however, the response of the two
species differed sharply. Keranji exhibited a
notable decrease in flexural strength, indicating
thermal sensitivity at higher temperatures. In
contrast, Keruing demonstrated a marked increase 
in strength under the same conditions. This
contrast suggests that temperature has a differential 
impact on the mechanical behavior of the two
hardwoods. Notably, Keruing consistently
recorded higher flexural strength values at both
temperature levels, implying superior thermal
resistance.

3. These findings highlight that bending strength is
not governed solely by density. While density is
often a primary indicator of strength, the observed 
thermal responses point to the influence of other
factors, such as internal structure, anatomical
configuration, and chemical composition.
Keranji’s reduction in strength and Keruing’s
improvement at 160°C underline the importance
of evaluating species on an individual basis rather 
than relying on general strength classifications.
For structural applications where materials are
exposed to elevated temperatures or fire risk,
Keruing may offer better reliability due to its
enhanced thermal stability.

This study supports the view that mechanical
properties like flexural strength result from a combination 
of physical and chemical attributes—including 

microstructure, fiber orientation, and the presence of 
thermal-reactive compounds. It also contributes to the 
broader conversation about thermomechanical performance 
testing of timber in Southeast Asia, where many native 
hardwoods remain underrepresented in scientific literature.

The use of Dynamic Mechanical Thermal Analysis 
(DMTA) in this context proved to be an effective approach, 
providing dynamic, temperature-sensitive data that 
traditional mechanical testing methods might not capture. 
By applying DMTA, this study was able to evaluate how 
the bending performance of these species changes in real-
time under varying thermal conditions. This approach is 
especially relevant for construction applications such as 
roof structures or building façades, where exposure to heat 
can affect long-term structural performance.

Beyond the findings on Keranji and Keruing, this 
research advocates for the wider use of advanced thermal 
testing in evaluating construction materials. By comparing 
two widely available Malaysian hardwoods, the study 
demonstrates the practical value of such analysis in guiding 
material selection for thermally demanding environments. 
The implications extend to structural design, especially in 
regions where buildings are exposed to high ambient 
temperatures or require materials with thermal insulation 
properties. As climate variability continues to affect 
building performance, integrating temperature-sensitive 
testing into material assessment is increasingly important 
for developing safe and sustainable structures.

Additionally, this study highlights the relevance of 
integrating mechanical performance with thermal behavior 
when evaluating new or underused timber species for 
engineered wood products. Further studies involving long-
term thermal exposure, repeated heating cycles, and fire 
resistance analysis would be valuable in confirming the 
applicability of Keruing in performance-critical 
environments. In addition, microstructural and chemical 
analyses could provide deeper insight into the mechanisms 
responsible for observed flexural behavior. Expanding the 
research to include more Malaysian hardwood species will 
also help establish a comprehensive thermal-mechanical 
performance database for sustainable construction 
applications.
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