)Z‘ = I EI' A International Information and
Engineering Technology Association

Check for
updates

Flexural and Compressive Strength of Lightweight Engineered Timber Product Slab
Composed of Crack Filler, Wood Adhesive and Sawdust

Ezekiel Onyinyechi Themegbulem™®, Collins Uchechukwu Anya‘”, Chinenye Elizabeth Okere'™,
Akaikenna Dominic Emejulu

Department of Civil Engineering, Federal University of Technology, Owerri 460114, Nigeria

Corresponding Author Email: ezekiel.ihemegbulem@futo.edu.ng

Copyright: ©2026 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license
(http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.18280/rcma.360502 ABSTRACT

Received: 1 June 2026

Revised: 21 July 2026

Accepted: 10 August 2026
Available online: 31 October 2026

This study presents the compressive and flexural strength of lightweight Engineered
Timber Product Slab (ETPS) composed of wood adhesive (WA), sawdust (SD), and crack
filler (CF). The material properties of SD were characterized by a mean bulk density of
562.3 kg/m?, mean specific gravity of 0.67, mean water absorption of 39.66%, fineness
modulus of 2.85, coefficient of curvature (Cc) of 1.2, and uniformity coefficient (Cu) of
2.98. Batching was performed by volume by virtue of the low density of the component
materials (SD and CF), and mixing was carried out manually. For the compressive
strength test, a total of six cubes of size 150 x 150 x 150 mm were produced, with three
cubes prepared for each of the two mix ratios: 0.5:0.5:2 and 0.5:0.75:2 (WA:CF:SD).
These mix ratios were selected based on the lightweight nature and high-water absorption
capacity of the component materials. Twenty specimens were fabricated in five
thicknesses—300 x 300 x 125 mm, 300 x 300 x 150 mm, 300 x 300 x 175 mm, 300 x
300 x 200 mm, and 300 x 300 x 225 mm—to evaluate flexural strength using two mix
ratios: 0.5:0.5:2 and 0.5:0.75:2 (WA:CF:SD). For each mix ratio, ten slabs were
produced, with two specimens assigned to each thickness. All specimens were air-dried
for 90 days at approximately 22 °C and 68% relative humidity to achieve long-term
mechanical properties, stable moisture content, and adequate durability under
environmental conditions. Flexural performance was evaluated using a three-point
bending test, with deflections measured by a linear variable differential transformer
(LVDT). The mean compressive strength of the ETPS cubes was 14.91 MPa and 15.78
MPa for mix ratios of 0.5:0.5:2 and 0.5:0.75:2, respectively. Also, the mean flexural
strength ranged from 5.06 + 0.007 MPa to 5.52 + 0.014 MPa for mix ratio 0.5:0.5:2, and
from 5.08 + 0.014 MPa to 5.55 + 0.014 MPa for mix ratio 0.5:0.75:2. Deflection varied
from 28.9 mm to 86.5 mm for both mix ratios. Similarly, the highest flexural strength
was recorded at a slab thickness of 150 mm, while the lowest was at 225 mm for both
mix ratios. In conclusion, both the compressive and flexural strengths of the ETPS lie
within the threshold of lightweight structural elements.
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1. INTRODUCTION agricultural products, such as wood dust-palm kernel shell slab

and wood dust-sand composite slab, are categorized under

A slab, also referred to as a plate, is a planar structural
element commonly used in building structures. Its geometry is
characterized by a relatively large surface area compared with
its thickness and other structural dimensions [1]. A slab serves
as a base element that can be constructed from different civil
works construction materials [2]. Most of these materials are
very expensive, possess high self-weight, have extremely low
flexural strength, cause imminent environmental hazards, and
have other associated technical limitations [3]. The various
categories of slabs relative to their component civil works
materials are composite slabs such as regular steel-reinforced
concrete (SRC), steel-deck concrete slab, timber slab, particle
board, plywood-plated slab, and bamboo-reinforced slab [4].
Composite elements produced from both wood waste and
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Engineered Timber Product Slab (ETPS) [5].

Composite steel—concrete deck slabs have demonstrated
high flexural strength; however, their composite action may be
associated with relatively low resistance to shear. As observed
by Tiberti et al. [6], it was seen that the pitfall in shear
resistance of this slab results in both vertical shear separation
and horizontal shear slip action that exist within the concrete
deck and the interface of the steel plate. As reported by
Adekomaya and Adama [7] on non-dynamic characteristics of
glass fiber-concrete composite slabs, none of the specimens
tested passed the bending tests, but there was a high record for
ductility and rigidity and large shear failure. On the other hand,
Kropidtowska [8] observed that for fiber-cement composite,
the longitudinal placement of the fibers increases the strength
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of the plywood across (tangential) the direction of the fiber
strands but recorded a low flexural strength along (parallel to)
the strand of the fiber and coupled with the high cost of pre-
stress processes. According to Batool et al. [9], a laminated
timber (wood) system has the potential to bear loads more in
the short term than in the long term. They found that the timber
system allows only uniaxial load-bearing action. Bamboo slab
has a low modulus of elasticity value and possesses strength
only at its nodes [10, 11].

Currently, the cutting-edge technology in the construction
industry has made composite construction systems well
known due to their economy and lightweight characteristics
[12]. Composite systems are a broadly adopted construction
technology where two or more different engineering materials
exhibit a joint engineering function [13, 14].

Steel deck concrete slabs pose a high failure risk due to
slippage and shear, but also have high compression and
bending strength [15]. Economic research has shown that the
cost of obtaining a unit meter of the aforementioned slab is
five (5) times that of an ETPS [16]. A standalone timber slab
exhibits heterogeneous strength distribution along and across
its cross-section. Its compressive and bending strengths also
vary, decreasing with the duration of loading [17]. On the
other hand, the regular SRC slab exhibits high compressive
strength and high flexural strength [18]. Despite this, Dayang
et al. observed that SRC slabs impose high imposed weight
and dead weight on the building columns, which can result in
collapse [19].

Also, the cost of its component materials is increasing, as
it’s unaffordable for low-wage earners [20]. Thus, based on
the aforementioned limitation, the utilization of industrial and
agricultural by-products is becoming a trend in research as
they seem less expensive, have lower dead weight, and pose
little or no environmental hazards [21]. To address these

limitations, this study investigates the compressive and
flexural strength of a lightweight engineered timber panel slab
(ETPS) composed of wood adhesive (WA), sawdust (SD), and
crack filler (CF). The proposed composite is intended to
address concerns related to cost, shear failure, inadequate
flexural strength, and excessive self-weight.

2. MATERIALS AND METHODS
2.1 Materials

The various engineering materials utilized to realize the
principal objective of the research include:

(i) WA fell within the standard of BS 3797 [22]. It was a
Top Bond brand obtained from the Imo Timber milling market,
Nigeria. It contains polyvinyl acetate (PVA) and is modified
with urea. The WA is also in conformity with the
specifications of BS 812 [23]. The selection of WA used was
made based on its urea and PV A percentage, high WA strength
and slip tenacity, high fluidity, resistance to dampness, and its
workability with light fine materials such as wood dust and
CFs [24]. The WA was classified in conformity with its
physical and chemical properties as stated in Table 1.

(i1) The filler was from the timber milling market, Aboh,
Imo State, Nigeria. It is Sikaflex CF, a polyurethane sealant
type. The CF acts as a fine aggregate void filler to reduce
porosity, acts as a moisture sealant to eliminate micro-pores,
likely improves bonding between SD particles, which are
coarse materials when compared with the fillers, improves
mechanical performance, improves durability, and reduces
water absorption. The CF was classified in conformity with its
physical characteristics and chemical properties as stated in
Table 1.

Table 1. Basic properties of Top Bond wood adhesive (WA) and Sikaflex crack filler (CF)

Chemical Base

Type Brand Density Solubility Chemical Resistance Strength Property
Polyvinyl acetate Insoluble in water Resistance to water and Service Temp: -20°C and +70 °C.
(PVA) WA Top 1.05-1.10 after curin acid after curing Solid Content: 45%—50%.
Modified with urea Bond g/em? & Interior grade D2-D3 Setting Time: 30 min—1 h before

Soluble before curing . e .
content water resistant ETPS conditioning.
Basic Properties of Sikaflex Crack Filler (CF)
Polvurethane Temp: -40 °C to +70 °C.
Y . 1.2-14 Insoluble in water Resistance to water and Elasticity: 400-600%.
(Polyurethane Sikaflex Jom? based d S h: Hioh . d
Polymer) g/cm (Not water-based) aci trength: High compressive an

tensile strength after curing.

(iii) SD was gotten from the Timber milling market, Owerri
West LGA, Imo State, Nigeria. The SD was classified in
conformity with the results of its physical characteristics as
derived in the laboratory. SD acts as a coarse particulate
material in the element.

2.2 Methods

2.2.1 Particle size analysis

Particle size analysis was conducted on the Engineering
materials utilized in this study, such as the SD and CF, in line
with the standard procedures of BS 882 [24-26] to derive the
gradation sizes of all the materials. The fineness modulus of
these engineering materials was determined as shown in Eq.

(D).
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Fineness modulus (FM)
Total sum of sample mass
_ retained on standard sieves
100

(1

2.2.2 Dry bulk density of materials

The bulk density of the aggregate materials was determined
using the weight of the density apparatus and the weight of dry
samples [25, 26]. The bulk densities were derived using the
formula in Eq. (2) and Eq. (3).

Bulk density,p = (Wps—W,)/V 2)

W,s = weight of apparatus + Dry sample 3)

W, = Weight of apparatus



V = Volume of apparatus

2.2.3 Water absorption rate of materials

The water absorption of the aggregate materials was
determined from the difference between the masses of the air-
dried and oven-dried materials (SD and CF). This difference

was divided by the oven-dried mass and multiplied by 100 [27].

Eq. (4) gives the expression for the rate of water absorption.

% water absorption = (W — W4)/(Wy) X 100 4)
where,

Ws = weight of surface dry sample.

W4 = weight of oven-dried sample.

2.2.4 Production of Engineered Timber Product Slab

The slabs to be produced were of the sizes: 300 mm x 300
mm %125 mm, 300 mm X 300 mm x 150 mm, 300 mm X 300
mm X 175 mm, 300 mm x 300 mm x 200 mm and 300 mm x
300 mm x 225mm; having core thicknesses, “h” and overall
thickness, “H”, using the mix ratios 0.5:0.5:2 and 0.5:0.75:2
(WA:CF:SD) respectively. The WA-to-CF ratio and mix
proportions were selected based on the moisture absorption
characteristics, unit weights, workability, and required
mechanical performance of the materials for lightweight
structural applications. The workability test of the ETPS mix
showed a true workability of 120 mm, as shown in Figure 1(a).

The prototype of the ETPS is shown in Figure 1(b), where
“h” is the core depth and “H” is the overall depth of the core
and laminates. Prior to casting, wooden square molds of size
300 mm by 300 mm were fabricated.

The inner surfaces of the molds were lined with cut-out
polyvinyl tarpaulin, and the materials were mixed manually in
batches. The specimens were air-cured for 90 days to allow the
development of long-term mechanical properties, stable
moisture content, and durability under environmental
conditions. Curing was carried out at approximately 22 °C and
68% relative humidity.

(®)
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Figure 1. Preparation of Engineered Timber Product Slab
(ETPS) specimen: (a) workability test of typical ETPS mix,
(b) ETPS prototype, and (c) samples of the ETPS

Twenty specimens were fabricated. The dimensions were
300 mm x 300 mm %125 mm, 300 mm X 300 mm X 150 mm,
300 mm % 300 mm % 175 mm, 300 mm x 300 mm % 200 mm,
and 300 mm X 300 mm x 225 mm, and were produced for the
slab flexural strength as shown in Figure 1(c). 10 slabs were
fabricated for each mix ratio.

2.2.5 Compressive strength test and dry density determination
for the Engineered Timber Product Slab composite cubes

The compressive strength test of the ETPS was
implemented to obtain the compressive strength values of the
ETPS made with SD, CF, and WA. The cubes were produced
using the manual mixing method in a mold measuring 150 x
150 x150 mm in size. The inner surfaces of the molds were
lined with cut-out polyvinyl tarpaulin. The SD was first sieved
through a 3.35 mm sieve and pre-wetted with water. The CF,
WA, and pre-wetted SD were then mixed according to the
specified mix proportions. The SD and CF were subsequently
sieved through a 3.35 mm sieve to obtain the required particle
sizes. After mixing to the desired workability for lightweight
structural elements, the mixture was placed into the molds in
three consecutive layers and compacted adequately using a
rammer. A total of six (6) cubes were cast, with three cubes
cast for each mix ratio 0f 0.5:0.5:2 and 0.5:0.75:2, respectively,
as shown in Figure 2(a). The cubes were air-dried and set for
90 days to achieve long-term mechanical properties,
attainment of stable moisture content, and durability under
environmental conditions. The conditioning conditions were a
temperature of 20 + 2 °C and a relative humidity of 65 + 5%.
After 90 days of dry setting, the cubes were all weighed on a
weighing balance to determine their dry densities against their
volume. Figure 2(b) clearly shows the compressive strength
test being implemented using the Universal testing machine.
The compression load at failure was recorded, and
compressive strength was derived through Eq. (5) in
accordance with the requirements of a previous study [28].

Fe (N)

Compressive strength = A (mm?)

)

where,
F. = Compressive load at failure (N).
A = Cross-sectional area (mm?).



(b)

Figure 2. Compressive strength testing of Engineered
Timber Product Slab (ETPS) cubes: (a) samples of
engineered timber cubes, and (b) compressive testing of
ETPS

2.2.6 Flexural strength test of Engineered Timber Product Slab

The flexural strength test of the ETPS was implemented to
obtain the flexural strength values of the five categories of
slabs and the timber slab as shown in Figure 3(a). The loading
configuration was a 3-point bending test, and the deflections
were obtained using a linear variable differential transformer
(LVDT) positioned beneath the specimen during the 3-point
bending test. In the course of the bending test, flexural cracks
initiated from the bottom surface (tension side), extending to
the top until failure occurred for both mixes, as shown in
Figure 3(b) and 3(c). The test values were derived through Eq.
(6) according to BS 12390: Part 5 (2009) [29].

(©)

Figure 3. Flexural strength testing of Engineered Timber
Product Slab (ETPS): (a) flexural strength testing of ETPS
using the Magnus frame and hydraulic jack, (b) flexural
tensile crack failure mode of ETPS under bending stress for
0.5:0.5:2 mix, and (c) flexural tensile crack failure mode of

ETPS under bending stress for 0.5: 0.75:2 mix

Flexural Strength, F,f% (6)

where,

F = failure load (unit: N).

L = Span-gap of pivotal rollers (in mm).

b = sectional breadth.

d = depth of slab sectional size (in mm).

F is obtained based on the specification of the hydraulic
pressure jack installed on the Magnus frame.

3. RESULTS AND DISCUSSION
3.1 Results

The experimental results are summarized in Tables 2-5 and
Figures 4 and 5. Table 2 presents the mix proportions of the
ETPS materials. Tables 3 and 4 report the dry density and
compressive strength, respectively, with all values expressed
as mean * standard deviation (n = 3). Table 5 presents the
flexural strength results (mean + standard deviation, n = 2),
while Figures 4 and 5 illustrate the relationship between slab
thickness and flexural strength for the two mix ratios
investigated.

The empirical relationship between slab thickness and
flexural strength for the 0.5:0.5:2 and 0.5:0.75:2 mix ratios is
presented in Figures 4 and 5, respectively.

Table 2. Proportion for blending of Engineered Timber Product Slab (ETPS) materials

Thickness of  Geometric Volume Factored Volume of Materials (mm?)

Slab Tag Qty. Blend Ratio Slab(l]IEllI:ll)nent of Slzzzlil;;ment Womz ‘zgl)leswe Crack Filler (CF) Sawdust (SD)
AA1 0.5:0.5:2 125 11250000 1875000 1875000 7500000
AA2 0.5:0.5:2 150 13500000 2250000 2250000 9000000
AA3 Duplicated 0.5:0.5:2 175 15750000 2625000 2625000 10500000
AA4 0.5:0.5:2 200 18000000 3000000 3000000 12000000
AAS 0.5:0.5:2 225 20250000 3375000 3375000 13500000



ABI1 0.5:0.75:2 125 11250000 1730769 2596153 6923076
AB2 0.5:0.75:2 150 13500000 2076923 3115384 8307692
AB3 0.5:0.75:2 175 15750000 2423077 3634615 9692307
AB4 0.5:0.75:2 200 18000000 2769231 4153846 11076923
ABS5 0.5:0.75:2 225 20250000 3115385 4673076 12461538

Note: The factored volume of materials was calculated volumetrically using a container of a known volume. They were purely volumetric.

Table 3. Dry density of Engineered Timber Product Slab (ETPS) cubes

Volume of

Mass of Cube

Mean + Standard Deviation of

Blend Ratio (WA:CF:SD) Cube Tag Cube (m°) (kg) Dry Density (kg/m?) Dry Density (kg/m®)
0.5:0.5:2 A 0.003375 4.82 1428.15
0.5:0.5:2 B 0.003375 4.88 1445.93 1446.91 £ 19.278
0.5:0.5:2 C 0.003375 4.95 1466.67
0.5:0.75:2 A 0.003375 5.18 1534.81
0.5:0.75:2 B 0.003375 5.15 1525.93 1534.81 +8.885
0.5:0.75:2 C 0.003375 5.21 1543.70

Note: Cube Tag A represents the first cube specimen for each blend ratio, B for the second specimen, and C for the third specimen. Wood adhesive (WA),
sawdust (SD), crack filler (CF).

Table 4. Compressive test results of Engineered Timber Product Slab (ETPS)

. jp— Cube Surface Area of Mass of Crush Compressive Mean + Standard Deviation
Blend Ratio (WA:CF:SD) Tag Cube (mm?) Cube (kg) Force (KN)  Strength (MPa) Compressive Strength (MPa)
0.5:0.5:2 A 22500 4.82 3343 14.86
0.5:0.5:2 B 22500 4.88 341.5 15.18 1491 +£0.244
0.5:0.5:2 C 22500 4.95 330.7 14.70
0.5:0.75:2 A 22500 5.18 349.56 15.54
0.5:0.75:2 B 22500 5.15 352.76 15.68 15.78 £0.302
0.5:0.75:2 C 22500 5.21 362.66 16.12

Note: Cube Tag A represents the first cube specimen for each blend ratio, B for the second specimen, and C for the third specimen. Wood adhesive (WA),
sawdust (SD), crack filler (CF).

Table 5. Flexural strength test results of Engineered Timber Product Slab (ETPS)

s ot St T ORIl Pl Sort Wt S Tty Rt
AAL 05052 125 e e 5.35 40,007 o 86.5
AA2 05052 150 oot o 5.5240.014 s 74.9
AA3 05052 175 S o 5.44 +0.007 By 50.95
AA4 05052 200 O e 5240014 o 340
AAS 05052 225 S o 5.06 = 0.007 o 28.95
ABl  05:0752 125 };2:‘9“1‘ g:;‘g 5.49+0.014 ;?:g 30.95
AB2 050752 150 Lo o 5.55+0.014 oy 44.15
AB3 050752 175 " e 54240014 Bt 50.7
AB4 050752 200 g} i:gg géﬁ 5.25+0.014 ig:g 40.05
ABS 050752 225 ggg:gﬁ 2:83 5.08+0.014 gg:? 29.85

Note: Error bars represent +1 standard deviation (n = 2) for each slab thickness.

3.2 Discussion

From Table 3, the mean density of ETPS was 1446.9 kg/m?
and 1534.8 kg/m? for mix ratios 0.5:0.5:2 and 0.5:0.75:2, for
each. The density of lightweight structural elements should not
exceed 1850 kg/m>. Therefore, ETPS is a lightweight element
with respect to its unit weight. From Table 4, The mean
compression strength of ETPS was 14.9 MPa and 15.8 MPa
for mix ratios 0.5:0.5:2 and 0.5:0.75:2 for each according to
Table 4. The values derived conform to the moderate strength
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of 15MPa for lightweight structural elements [30].

From Table 5, the average flexural strength of ETPS ranged
from 5.06 £ 0.007 MPa to 5.52 + 0.014 MPa for mix ratio
0.5:0.5:2 and 5.08 £ 0.014 MPa to 5.55 + 0.014 MPa for mix
ratio 0.5:0.75:2, respectively.

From Figure 4, the peak flexural strength was detected at a
150 mm sectional depth, while the min. flexural strength was
detected at a 225 mm sectional depth with a mix ratio of
0.5:0.5:2. From Figure 5, the highest flexural strength was
recorded on a 150 mm thick slab, while the lowest flexural



strength was recorded on a 225 mm thick slab for mix ratio
0.5: 0.75:2.
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Figure 4. Empirical relationship of bending strength of
Engineered Timber Product Slab (ETPS) against sectional
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Note: Error bars represent +1 standard deviation (n = 2) for each slab
thickness.
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Figure 5. Empirical relationship of bending strength of
Engineered Timber Product Slab (ETPS) against sectional

thickness with 0.5: 0.75:2 mix ratio
Note: Error bars represent +1 standard deviation (n = 2) for each slab
thickness.

The reduction in flexural strength with increasing specimen
thickness can be explained by the combined influence of
geometric and material factors. Although thicker sections
possess greater bending stiffness due to their larger cross-
sectional properties, they are also more likely to contain
internal discontinuities such as voids, uneven adhesive
distribution, or weakly bonded regions. These imperfections
can act as crack initiation sites under bending loads, resulting
in lower measured flexural strength. In addition, the fracture
behaviour of thicker specimens may differ from that of thinner
specimens because cracks propagate through a larger material
volume, which may influence the measured strength. These
findings indicate that the mechanical behavior of ETPS is
governed by the combined effects of material composition,
density, and its bonding. Also, the observed failure patterns
further support this relationship, as specimens with likely
stronger bonding exhibited delayed crack propagation and
improved structural integrity under loading.

The allowable bending strength for lightweight structural
elements ranges from 2.6 MPa to 15 MPa [9]. Therefore, the
flexural strength of ETPS lies within the threshold limit of
lightweight elements. It should be noted that the current
findings are provisional and should be validated by an
extensive experimental study involving a larger number of
specimens. Scanning electron microscopy (SEM) was not

952

available for this research work; consequently, we
acknowledge this as a limitation, as the proposed bonding
mechanism between CF and SD is inferred from density and
strength test results rather than microstructural observation.
Table 6 shows the strength properties of conventional
lightweight slab elements [31].

Table 6. Strength properties of conventional lightweight slab

elements
. Density Flexural Compressive
Slab Material (kg/m?®)  Strength (MPa) Strength (MPa)
Bamboo slab 720 12 20
Particle board 630 5 13
slab
Timber slab 600 10 15
Plywood-
plated slab 620 8 14

Source: [31].

4. CONCLUSIONS

Based on the experimental results, ETPS exhibited a density
less than 1850 kg/m3, confirming its classification as a
lightweight element. In addition, the mean compressive
strength of ETPS cubes averaged 14.91 MPa and 15.78 MPa
for mix ratios of 0.5:0.5:2 and 0.5:0.75:2, respectively, which
are comparable to the moderate strength level of 15 MPa
commonly considered for lightweight structural elements.

The relatively small error bars indicate good agreement
between the two replicate specimens tested for each slab
thickness. The flexural test results showed that the 150 mm
thick specimens achieved the highest flexural strength,
whereas the 225 mm thick specimens recorded the lowest
values for both mix ratios. The specimens primarily failed
through flexural cracking initiated at the tension surface and
propagated toward the opposite surface. Overall, the average
flexural strength of ETPS for both mix ratios 0.5:0.5:2 and
0.5:0.75:2 lies within the threshold limit of lightweight
structural elements. Similarly, the average density and
compressive strength of ETPS lie within the threshold limits
of lightweight structural elements. With respect to the mix
proportions, increasing the CF content may reduce internal
voids, thereby resulting in higher density and enhanced
mechanical strength. Conversely, lower CF content probably
leads to greater porosity, increased voids, and reduced
structural strength.

It should be noted that the current findings are provisional
and should be validated by extensive experimental studies
involving a larger number of specimens. In addition, SEM
analysis was not performed in this study; consequently, this is
acknowledged as a limitation, as the proposed bonding
mechanism between CF and SD was inferred from density and
strength test results rather than microstructural observation.
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