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A B S T R A C T 

The increase in the population day by day and urbanization has led to a rapid increase 
in the construction sector. With the increase in demand in construction, the product 

types of building materials are increasing. It is seen that wastes are formed during 

and after the production of the materials used in the building. This highlights studies 

on waste management and recycling of waste.  After construction activities, wastes 

are recycled or converted to secondary products. One of these is wood waste, a tra-

ditional building material. In addition to the production of wood furniture, it is used 
in various areas from the beginning of construction to the end of the building. In this 

study, sawdust, which is the waste of a woodworking company, was used. Utilizing 

the advantages of wood, recyclable and sustainable cement bonded wood composite 

production practices have been explored. It is aimed to produce nature and environ-

ment friendly, ecological and economic and durable composite materials. In this re-

search, it is aimed to determine the optimum ratio by using different ratios of saw-

dust-cement while keeping the water-cement ratio constant in production. The spec-

imens taken from the production were exposed to high temperature after gaining 

strength. The strength results, unit weights and ultrasonic pulse velocity results of 

cement bonded wood composite samples exposed to high temperature were exam-

ined. Although cement bonded wood composites are exposed to high temperatures 

such as 400°C, it has been observed that strength is achieved. With this study, an al-
ternative area was proposed for the evaluation of these wastes. 
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1. Introduction 

Composite material is defined as the combination of 
two or more materials that give superior properties 
compared to the use of its components individually. Each 
material composing the composite materials composi-
tion retains its physical, chemical and mechanical prop-
erties (Campbell, 2010; Aras and Kalaycıoğlu, 2016). In 
wood-based composite materials, they typically coexist 
with cement and wood or its derivatives (sawdust, chip, 
fiber, etc.) in the binding of matrix cement. These mate-
rials are suitable for building and construction works as 
they provide easy production, as well as improved bio-
degradation and are produced from sustainable sources 
(Şahin et al., 2019). 

 
With the decreasing forest presence and rising wood 

prices worldwide, it has increased the tendency towards 
wood composite materials (Kaya, 2018). Wood waste is 
produced worldwide. Recycling and reuse of wood waste 
as aggregate in concrete or mortar becomes a sustaina-
ble and developed solution for building materials (Li et 
al., 2019a). As an alternative to traditional construction 
materials, wastes such as bio-sourced wood fibers com-
bined with cement matrix have been used. These mate-
rials, which are cheap and environmentally friendly to 
manufacture, provide economic and ecological solutions. 
Wood cement composites have low weight, thermal and 
acoustic properties, ease of recycling and less energy re-
quirements (Li et al., 2019b).  
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Cement bonded wood composites is the name given 
to the material with high specific gravity and smooth 
surface, which is formed by combining wood chips or ag-
ricultural plants with cement, water and various chemi-
cal substances in appropriate proportions (Kalaycıoğlu, 
2016). The compatibility of water, sawdust and cement 
in wood composites significantly affects the hardening 
and strength properties of cement (Yel, 2020). Water / 
cement ratio is important for cementitious composites. 
It is also possible for wood to absorb the water required 
for hydration of the cement. In this case, some of the ce-
ment cannot be hydrated and the composite causes low 
strength (Caprai et al., 2018; Kochova et al., 2020). Since 
wood is a natural material, its properties can change 
even within the same type. This case is an important fac-
tor for lignocellulosic composite (Gauvin et al., 2019). 
For the production of high quality cement bonded wood 
composite, woods such as spruce, fir and pine with the 
lowest water solubility are recommended. Depending on 
the type of wood, the water-soluble substances change 
and affect the setting time of the wood-cement mixture 
(Sanaev et al., 2016). Hemicelluloses in Wood decompose, 

form monosaccharides and polysaccharides and can de-
lay cement hydration (Berger, 2020).  

Cement bonded woodcretes can be versatile light-
weight building materials such as interior panels, noise 
barriers, and partition walls (Hossain et al., 2018). The 
combination of cement and wood offers advantages such 
as strength performance, structural durability, lightness, 
heat / sound insulation and fire resistance in wood ce-
ment composites (Wang, 2017). Cement bonded wood 
composites have high resistance and dimensional stabil-
ity against external weather conditions or rapid aging. 
These materials have high fire, sound and heat insulation 
as well as high resistance to biological factors. Although 
they are heavier than resin-based boards, they are 
lighter than concrete. For this reason, it is preferred es-
pecially in the sections that are not exposed to load in the 
prefabricated building sector (Kaya, 2018). Cemented 
chipboards, one of the cemented wood composites, are 
defined according to the type, shape, color and surface 
condition of the cement used in the TS EN 633 standard 
(TS EN 633). Examples of wood-cement composites used 
in practice are shown in Fig. 1.

 

Fig. 1. Wood-cement composite types used in the application (Brahmia et al., 2020).

Although up to 2% waste is generated during the pro-
cessing of wood, very few of them are used as recycling 
in chipboard production (Ateş, 2018). With the applied 

standards, it is seen that various composite building ma-
terials researches are increased in order to take ad-
vantage of the wood such as insulation. Researches on 
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the use of these products as insulation materials, espe-
cially since they are not flammable, are still up-to-date. 
Unlike these studies, the negative effect of high temper-
ature on the mechanical properties of cement-bonded 
wood composites was investigated in this study. For this 
purpose, specimens produced with different sawdust-
cement ratios were exposed to temperatures reaching 
400°C, and losses in physical and mechanical properties 
were determined. 

 

2. Experimental Study 

2.1. Materials 

Sawdust, which are the waste of a firm that carries out 
woodworks, were used in the study. The type of wood 
used is the baked Russian pine, called north Saphire 117, 
taken from the Siberian region. The sawdust shown in 
Fig. 2 appeared during timber production. The unit 
weight of the chips is found as 230 kg/m3 and its granu-
lometry is given in Table 1. As mixing water, mains water 
which property is given in Table 2, is used. CEM I.42.5 R 

Portland cement, the properties of which are given in Ta-
ble 3, was used as binder. 

 

Fig. 2. The sawdust used in the production of  
cement-bonded composite.

Table 1. Granulometry of sawdust. 

Sieve size, mm 4 2 1 0.5 0.25 

Granulometry, % 100 99.5 88.7 44.9 15.2 

Table 2. Properties of mixing water 

Chemical Property, mg/l  Physical property 

Al 0.04 Cu 0.016 Ni 5,07 Conductivity, µS/cm 628 

NO3 11.1 Fe 0.007 K 6,8 Hardness, Fd0 30.11 

NH4 0.06 Mn 0.015 As 1,19 pH 7.35 

Table 3. Properties of cement 

Chemical properties Physical properties 

SiO2 19.2 K2O 0.63 Density, g/cm3 3.09 

Al2O3 4.56 Na2O 0.31 Specific surface cm2/g 3190 

Fe2O3 3.09 SO3 3.21 Setting Time(initial), min  163 

CaO 62.9 CI- 0.01 Setting Time(final), min 228 

MgO 1.88 LOI 3.8 Soundness, mm 1 

  

2.2. Method and tests 

The sawdust was used as filler in cement-bonded 
wood composite production. Water-cement ratio was 
kept constant at 0.50 in production. Three different mix-
tures were made with a sawdust-cement ratio of 0.4, 0.8 
and 1.25. 4x4x16 cm prismatic specimens were taken 
from the produced composite mixtures and removed 
from the mold after 1 day and placed in a standard curing 
environment. Some of the specimens that gained their 
strength for 28 days were kept at 200°C and some were 

kept at 400°C for 3 hours after the oven reached the de-
sired temperature. Left to cool at room temperature. 
Unit weight, ultrasonic pulse, bending and compressive 
tests were carried out on the specimens. Also, at least 3 
specimens were used for each test. The three-point 
bending test is carried out in accordance with TS EN 196-
1. Specimens that are divided into two parts in the bend-
ing test are tested for compressive strength. Compres-
sive strength test was carried out on these parts by using 
4x4 cm2 metal plates. According to the TS EN 12504-4 
Standard, it is based on the determination of the transition 
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times of the ultrasonic sound waves generated between 
the receiver and the transmitter in the specimen. The 
unit weight was calculated according to TS EN 12390-1 
by dividing the specimen weight by volume. Cement-
sawdust mixtures and compressive test were shown in 

Fig. 3. Since the wood becomes charred at temperatures 
above 280 degrees (Vural, 2013) and loses its properties, 
the temperature before carbonization was chosen as 
200°C, and the temperature after carbonization was 
400°C.

 

Fig. 3. Cement-bonded wood mixtures and compressive test.

3. Results and Discussion 

Unit weight test results were given in Fig. 4. As the 
sawdust-cement ratio decreased, the unit weights in-
creased by 6%. Similar to other studies (Oliveira et al., 
2020), it can be stated that a very light composite is ob-
tained since the unit weights of the specimens are 
around 1.3 kg/dm3. Depending on the evaporation of the 

water contained in the specimens kept at a temperature 
of 200°C, losses were observed in the rates up to 2% in 
unit weights. When the temperature reached 400°C, unit 
weights decreased at the rate of low sawdust-cement by 
7.4% while this decrease rate was 4.3% at the rate of high 
sawdust-cement. It can be said that the reason for the rel-
atively higher losses in unit weight at 400 °C is carboni-
zation (Vural, 2013) of the sawdust by partial burning.

 
Fig. 4. The effect of high temperature on unit weights of composite specimens.

Ultrasonic pulse velocity losses occurring under the in-
fluence of high temperature were shown in Fig. 5. As 
shown in Fig. 3, when the sawdust-cement ratio in-
creased, ultrasonic pulse velocity decreased by 14%. In-
creasing the amount of sawdust causes gaps to increase. 
In addition, since the hardened cement paste and sawdust 

create different media, the transmission of the vibration 
movement is slower in the sawdust, resulting in the re-
duction of the ultrasonic pulse velocity. When the temper-
ature increased from 20°C to 200°C, micro cracks caused 
by the evaporation of water trapped in the interior and 
the application of pressure caused a decrease in the rate 
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of ultrasonic pulse velocity reaching 13%. When the tem-
perature was 400°C, sawdust was partially burned and 
the gases formed as a result of this burning applied pres-
sure to the inner walls, as a result of the propagation and 

branching of micro-cracks that occurred earlier, caused a 
decrease in the ultrasonic pulse velocity reaching 67%.

 
Fig. 5. Ultrasonic pulse velocity rate change of composite specimens with high temperature.

Variation of bending strength with temperature and 
sawdust-cement ratio were shown in Fig. 6. The increase 
in the sawdust content of the composite caused the 
bending strength to decrease by 13%. Since Sawdust is 
in powder form and not long enough to form a fibrous 
structure, it did not affect bending strength positively. In 

addition, sawdust being less rigid than cement caused 
decreases in bending strength. With increasing ambient 
temperature, bending strength decreased linearly. The 
rate of decrease has reached 25%. Micro cracks caused 
by dehydration and burning can be cited as the reason 
for these significant decreases in bending strength.

 
Fig. 6. Effect of high temperature on bending strength of composite specimens.

Compressive strength test results on cement-bonded 
wood composite specimens were shown in Fig. 7. 
Strengths were determined to be below 10 MPa, similar to 
other studies in the literature (Oliveira et al., 2020). İllus-
trated in Fig. 7. When the sawdust-cement ratio increased 
from 0.4 to 0.8, the compressive strength decreased by 
7%. When the sawdust-cement ratio reached 1.25, com-
pressive strengths remained nearly the same. When the 
effect of high temperature on compressive strength is ex-
amined, compressive strength has decreased due to the 
increase in temperature. When the temperature reached 
400°C, specimens with sawdust-cement ratio of 0.4 ex-
perienced 23% strength loss. When the sawdust-cement 

ratio is 0.8, the strength loss is 25%, while when the saw-
dust-cement ratio reaches 1.25, the strength loss has 
reached 26%. Sawdust is being more viscous than cement 
and lack of binding properties caused a decrease in 
strength in specimens where sawdust was high. Ca(OH)2, 
which is a hydration product with high temperature in ce-
mentitious structures, loses water and turns into CaO, 
causing shrinkage and cracks. This situation shows that 
sawdust is effective in the decrease in strength together 
with the inward burning. The high residual strengths can 
be interpreted as the deterioration of calcium silicate hy-
drate gels, which are among the hydration products and 
provide a solid structure, has not yet started.  
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Fig. 7. Compressive strength variation of composite specimens with high temperature.

During the reactions of the main components of ce-
ment with water, they interact with components such 
as cellulose and lignin in the sawdust structure and dis-
solve in alkaline environments caused by Ca (OH)2. Alt-
hough more than one reaction occurs at the same time, 
the formation of hydrogen bridges between cement and 

sawdust is primarily effective on the bond. Due to the 
large number of hydroxyl groups in Sawdust's struc-
ture, the strength of the composite matrix largely de-
pends on its hydrogen binding potential. Fig. 8 shows 
the bond structure of sawdust and cement (Şahin et al., 
2019).

 
Fig. 8. Chemical structures of cement-bonded wood composite.

4. Conclusions 

The following results have been achieved with the ex-
perimental study conducted: 
 The unit weights of the produced cement-bonded 

wood composites were found to vary between 1.26-
1.36 kg/dm3, ultrasonic pulse velocity of 0.6-0.8 
km/sec, flexural strengths of 0.8-1 MPa, and compres-
sive strengths of 7-8 MPa. The values found indicate 
that a fairly light block can be produced for masonry 
structures or partition walls with this material or this 

material can be used for insulation purposes by turn-
ing it into a plate. Especially when considering 
strength, sawdust-cement ratio is recommended as 
0.4. 

 When the properties that remained under the influ-
ence of high temperature were examined, it was ob-
served that the unit weights decreased by 7% and 
dropped to 1.21 kg/dm3. It is noteworthy that ultra-
sonic pulse velocity decreased to 0.2 km/sec and de-
creased by 0.7 MPa with a loss of 25% in flexural 
strength. In addition, it was observed that the com-
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pressive strength losses reached 26%, and the re-
maining strength decreased by 5.5 MPa. Despite the 
decreases in physical and mechanical properties, it 
shows that the specimens do not disintegrate at high 
temperatures such as 400°C and residual strengths 
still do not lose their carrier properties. It is recom-
mended to use cement-bonded wood composite prod-
ucts, especially because of the insufficient high tem-
perature and fire performance of composite products 
produced using sawdust-resin. When residual 
strengths were examined, it was found that the opti-
mum sawdust-cement ratio was 0.4. 

 Wood is one of the most widely used building materi-
als with its wide usage area. Recycling of waste gener-
ated during wood processing is not sufficient. With 
this study, an alternative field is proposed for the 
evaluation of these wastes. Thus, products with suffi-
cient mechanical properties can be produced for the 
structure. However, it is recommended to investigate 
other durability properties that can disrupt the ce-
ment structure, especially for cement-bonded wood 
composite. In addition, it is recommended to investi-
gate the changes in the mechanical and physical prop-
erties of this product when used at temperatures 
above 400°C.  
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