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Abstract
This study investigates the abrasive wear behavior of three tropical hardwood species Tieghemella heckelii
(makore), Khaya anthotheca (mahogany), and Pericopsis elata (assamela) under varying loads and sliding
speeds. Two-body abrasion tests were performed perpendicular to the fiber orientation using a Taber
abrasimeter equipped with P120 aluminum oxide wheels. Tests were conducted under dry conditions at
rotational speeds ranging from 20 to 70 rpm and loads of 250 g, 500 g, and 750 g. The wear coefficient (k) was
calculated from the linear region of the wear volume versus sliding distance curve, representing the steady-
state regime where the wear mechanism is stabilized. All species displayed a linear wear-volume relationship,
confirming the relevance of Archard’s law. Among the tested species, assamela exhibited the lowest wear
rates, while makore showed the highest. Interestingly, the wear coefficient decreased with increasing load,
particularly between 250 g and 500 g, suggesting improved fiber compaction and reduced interfacial
fragmentation under higher pressures. Sliding speed effects were nonlinear and species-dependent. Makore
performed best at higher speeds and heavier loads, whereas mahogany displayed dual behavior optimized
either under high-speed/low-load or low-speed/high-load conditions. Assamela showed more stable
performance, with minimal wear occurring at intermediate speeds (50–60 rpm). Overall, the results highlight
the critical interplay between wood anatomy, normal load, and sliding velocity in governing wear behavior.
Identifying species specific operating regimes offers valuable insights for improving the durability of wood in
applications involving mechanical contact and frictional stress.

1. INTRODUCTION
Wood is a sustainable and widely used material in both structural and decorative engineering applications due
to its favorable mechanical properties, renewability, and broad availability. However, in contexts involving
frictional contact or surface abrasion such as flooring, furniture, or tool handles its surface integrity may
deteriorate over time. Therefore, understanding the wear resistance of wood under various mechanical and
kinematic conditions is critical for ensuring material reliability and proper selection in engineering design.

Recent tribological studies have shown that wear in wood is not only species-dependent but also strongly
influenced by operational parameters such as normal load and sliding speed. For instance, Wu et al. (2025)
demonstrated that densified wood subjected to different loads and speeds exhibits increasing wear volume
and friction coefficients, with sliding speed occasionally mitigating wear effects by altering the dominant
abrasion mechanisms. Similarly, Snow et al. (2022) confirmed that thermo-mechanical densification
significantly enhances abrasion resistance in several U.S. hardwood species, underscoring the role of internal
structure in surface durability. Nasir and Cool (2018) also highlighted the influence of fiber orientation and
mechanical anisotropy, showing that the direction of loading relative to grain structure modulates wear rates,
thereby emphasizing the need to account for both mechanical and structural variables.

In engineered wood systems, surface wear and machining performance are further affected by the interaction
between tool geometry and processing conditions. Torkghashghaei et al. (2022) demonstrated that optimizing
the micro-geometry of carbide-tipped cutting tools using PVD coatings results in measurable reductions in
wear rates during sawmill operations, underscoring the importance of tool–material contact dynamics.
Likewise, Gendvilas et al. (2024) investigated resistance drilling in hardwoods and revealed that variations in
feed rate and spindle rotation significantly influence drilling precision and indirectly reflect the wood’s response



Page 3/14

under frictional stress. In a similar vein, Ghadiri et al. (2021) showed that increased cutting speeds during
milling of laminated wood composites can induce thermal softening, altering the wear mechanism from
abrasive to adhesive and thereby modifying wear behavior.

Recent studies on the thermo-hydro-mechanical (THM) densification of tropical hardwoods have further
highlighted the potential for improving wear resistance through structural modification. In Costa Rica, Tenorio
and Moya (2020) reported that THM densification of species such as Alnus acuminata, Vochysia ferruginea,
and V. guatemalensis enhances both compressive strength and abrasion durability, confirming their suitability
for flooring applications. Similarly, Zhou et al. (2019) demonstrated that surface densification of poplar
(Populus tomentosa) improves the density profile and hardness, both of which are directly linked to abrasion
resistance. At the microstructural level, Leiter et al. (2022) investigated triboelectric surface activation and
found that brushing, thermal, and mechanical treatments alter surface energy and sliding behavior, affecting
friction and wear interactions.

Despite these advances, relatively few studies have examined the wear behavior of West African tropical
hardwoods under combined variations of normal load and sliding speed. In particular, species such as
Thieghemella heckelii (makore), Khaya anthotheca (African mahogany), and Pericopsis elata (assamela) are
highly valued in both local and international markets, yet their tribological response to mechanical abrasion
remains poorly documented.

This study aims to fill that knowledge gap by characterizing the influence of load and sliding speed on the wear
resistance of these three tropical hardwood species under two-body abrasion conditions. By identifying
species-specific wear behaviors and optimal performance regimes, the results will support more informed
material selection for high friction applications and contribute to the broader valorization of forest resources in
Central Africa.

2. MATERIALS AND METHODS

2.1. Wood Species Selection and Specimen Preparation
In this study, three tropical hardwood species Makore (Tieghemella heckelii), Mahogany (Khaya anthotheca),
and Assamela (Pericopsis elata) were selected due to their frequent use in mechanical wear applications such
as flooring and industrial components. Test specimens were circular, with a diameter of 112 mm and a
thickness of 7 mm, and were machined in the longitudinal direction of the wood. This orientation allowed the
abrasion process to occur perpendicularly to the wood grain (Fig. 1c), simulating conditions where surface
wear is most critical. The basic characteristics of the studied species are recorded in Table 1.
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Table 1
Physical and mechanical properties of species

Species MOR in static
bending

(MPA)

MOE in static
bending

(MPA)

Density

  Value Humidity Value Humidity Value Humidity

MAKORE 46 ± 
4

14 9711 
± 
3461

14 654 ± 30 14

ASSAMELA 67 ± 
7

14 9647 
± 
1849

14 669 ± 67 14

MAHOGANY 46 ± 
4

14 7911 
± 493

14 711 ± 26 14

2.2. Experimental Setup and Test Conditions
Wear tests were conducted using a Taber abrasimeter (Model DH-TA-01) (Fig. 1a), equipped with two
aluminium oxide abrasive wheels (P120 grit). These wheels apply a constant vertical load on the rotating wood
specimens to simulate surface friction under abrasive conditions. The tests were performed in dry, non-
lubricated conditions, using three normal loads: 250 g, 500 g, and 750 g.

The rotational speed of the specimen holder was varied from 20 to 70 rpm in 10 rpm increments, producing a
sliding distance of approximately 4 meters per test. Each condition was replicated for the three wood species.

2.3. Debris Management and Measurement of Mass Loss
To ensure consistent abrasive contact, a suction nozzle was installed directly above the wear track to eliminate
wood particles generated during testing. After each test, specimens were carefully brushed to remove residual
particles and weighed using a MY WEIGH electronic balance with an accuracy of ± 0.01 g (Fig. 1b). The mass
loss (Δm) due to wear was then calculated by subtracting the final mass from the initial mass.

2.4 Calculation of worn volume
The volume of material removed (V) was calculated using the mass loss and the density of each species, as
follows:

1

where:  is the mass loss (g) and is the density of the wood species (g/cm³),

2.5 CALCULATION OF THE WEAR COEFFICIENT
To evaluate the wear behavior under varying operational conditions, the wear coefficient (k) was determined
based on Archard’s wear law:

(\raisebox1ex$Kg$/\raisebox−1ex$m3$)

V = \raisebox1ex$Δ m$/\raisebox−1ex$ρ $

Δ m ρ
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2

where: V is the wear volume (mm³), F is the applied normal load (N), and d is the sliding distance (m).

However, to improve accuracy and account for the transitional and steady-state wear behavior, the wear
coefficient was computed from the slope of the linear portion of the wear volume versus sliding distance
curve, corresponding to the steady-state regime. In this regime, the wear mechanism is stabilized, and the
volume loss progresses linearly with distance.

The identification of the steady-state region was done by plotting the cumulative wear volume over increasing
sliding distance, and selecting the portion where a linear trend with minimal fluctuation was observed.

All tests were performed at the Laboratory of Physical Systems Modelling (U2MSP), University of Dschang,
under ambient environmental conditions: temperature of 24 ± 2°C and relative humidity of 65 ± 5%.

3. RESULTS AND DISCUSSION

3.1 BEHAVIOR DEPENDING ON THE WEAR DISTANCE
TRAVELED
The results obtained for the evolution of wear volume as a function of rolling distance (Fig. 2) show two clearly
distinct wear regimes: an initial runningin period, lasting approximately 0.138 m, followed by a steadystate
wear region. This behavior aligns closely with classical tribological observations across a range of materials,
including metals, polymers, and hard coatings (Okokpujie et al., 2024).

During the runningin phase, surface asperities are progressively removed or deformed, leading to a rapid
increase in wear volume followed by stabilization (Sakhamuri, 2023). Similar phenomena have been reported
for steels, where the wear rate and friction coefficient increase sharply during the runningin, and then plateau
once the surface has adapted (Zambrano et al, 2024).

In our wood abrasion tests, the transition at 0.138 m suggests that a critical surface conditioning occurs
smoothing peaks and densifying the contact interface after which wear volume grows linearly with rolling
distance. This is consistent with the Archard wear model, where the steady-state wear coefficient becomes
constant under stable contact conditions.

Importantly, this two-stage behavior was consistent across all tested speeds (20 rpm to 70 rpm), indicating
that while sliding speed and load likely affect the magnitude of wear, they do not alter the fundamental wear
mechanism. This mirrors findings in polymer-metal systems, where regardless of speed, materials exhibit this
bifurcation of wear regimes (Abdelbary, 2021).

3.2 WEAR IN STATIONARY STATE AND WEAR COEFFICIENT
To evaluate the wear behavior of the three wood species under different loading and speed conditions, the
wear coefficient was calculated using the slope of the linear portion of the wear volume versus sliding distance
curve (Fig. 2), corresponding to the steady-state wear region. In that regime, the wear rate becomes constant,

k = \raisebox1ex$V$/\raisebox−1ex$F. D$
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and the wear mechanism stabilizes, making the calculation of the wear coefficient (k) physically meaningful
because the variation of the wear volume as a function of the sliding distance at different load reveals that all
three wood species generally follow the linear trend predicted by Archard’s wear law across all test sliding
speed. This suggests that the increase in wear is, to a first approximation, directly proportional to the sliding
distance (Zhai et al., 2021).

3.3 INFLUENCE OF LOAD ON WEAR COEFFICIENT
As shown in Fig. 3, the experimental results reveal a progressive decrease in the wear coefficient as the
applied load increases from 250 g to 750 g, across all tested sliding speeds. This trend diverges from
conventional tribological models, where increasing load typically leads to greater material loss due to
intensified contact stress. In our study, a steep negative slope is observed between 250 g and 500 g, indicating
a significant reduction in wear in this initial range. Beyond 500 g, although the slope remains negative, the
decline is more moderate, suggesting a stabilization of the tribological behavior under high loading conditions.

This phenomenon can be explained by the progressive compaction of the wood’s cellular structure under
increasing loads. Such compaction enhances internal fiber cohesion, reducing breakage or fiber pull-out during
abrasive interaction. Additionally, higher loads promote an increase in the real contact area, which in turn
lowers the specific pressure exerted by the abrasive grains and limits their penetration depth into the material.
These combined effects reduce the aggressiveness of the abrasive contact, especially for dense species such
as makoré and assamela, which exhibit better resistance to localized plastic deformation.

Moreover, under high loading, an auto-adjusting or self-polishing mechanism may emerge, wherein micro-
asperities are rapidly sheared off, producing a more uniform and smoother surface that is less susceptible to
mechanical degradation. Therefore, our findings suggest the existence of a tribological stabilization zone
beyond 500 g, where wear mechanisms become less sensitive to additional load. Although atypical, this
behavior aligns with the unique microstructural properties of the tested tropical hardwoods, including high
density, low porosity, and the perpendicular orientation of fibers relative to the sliding direction

3.4 INFLUENCE OF WEAR RATE ON WEAR COEFFICIENT
The variation of the wear coefficient as a function of rotational speed, for each applied load, revealed a non-
monotonic trend across the three investigated wood species (Fig. 4). In contrast to the linear response
typically expected from Archard’s law under stable contact conditions, the wear coefficient exhibited both
minima and maxima at specific speed intervals. This pattern was consistent across all load levels.

Such irregular variations indicate that wear behavior in wood is governed by complex tribological phenomena,
involving mechanism transitions as sliding speed changes. At low speeds, prolonged contact can favor
adhesive and microcutting wear, which increase surface degradation. At intermediate speeds, the formation of
a tribofilm or selfpolishing effect can reduce wear. Similar behaviors were observed in aluminum alloys where
tribo-films formed adaptively under variable surface interactions, reducing wear during sliding (Silva et al.,
2023). However, at higher speeds, the increased frictional heating and surface fatigue lead to accelerated fiber
damage in wood, mirroring transitions from mild to severe wear seen in ductile alloys with increasing speed.

A broader perspective on non-monotonic behavior is provided by Brink et al. (2020), who developed a
parameter-free model for adhesive wear, showing that particle detachment rates vary nonlinearly with sliding
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conditions due to evolving contact mechanics and detachment thresholds. These findings support the idea
that speed not only changes the energy input and temperature at the interface but also triggers shifts in the
dominant wear mechanisms, debris removal efficiency, and tribofilm formation all crucial factors in wood
tribology. Finally, analogous behavior has been observed by Zhang et al. (2022) in degradation of polymer
composites under sliding: an optimal speed window minimizes wear, while both lower and higher speeds lead
to increased wear due to shifts between abrasive and fatigue mechanisms

This implies that there exists an optimal speed range for each wood species, at which the wear coefficient
reaches a minimum. Identifying these thresholds can inform the design of wood components exposed to
frictional loading in order to maximize wear resistance under practical use conditions.

3.5 COMPARATIVE ANALYSIS OF THE EFFECT OF SPEED ON
WEAR BEHAVIOR ACROSS SPECIES
The influence of sliding speed on the wear behavior of Thieghemella heckelii (makore), Khaya anthotheca
(mahogany), and Pericopsis elata (assamela) was examined under three load levels: 250 g, 500 g, and 750 g.
The results, presented in Table 2, show that the wear coefficient does not evolve linearly with speed but instead
reveals species specific critical ranges where wear is either minimized or exacerbated.

Table 2
Speeds valus for minimal, mean and maximal wear for Makore,

Mahogany and Assamela tested at different values of loads

  Wear coefficient

Species Loads Minimal mean Maximal

Makore 250g 40rpm 60rpm 20rpm

500g 30rpm 40rpm 50rpm

750g 70rpm 30 et 50rpm 20rpm

Mahogany 250g 50rpm 20 et 40rpm 30rpm

500g 40rpm 20 et 60rpm 30rpm

750g 30rpm 40rpm 20rpm

Assamela 250g 30 et 60rpm 20 et 60rpm 70rpm

500g 60rpm 30rpm 70rpm

750g 50rpm 60rpm 30rpm

3.5.1 Makore (Thieghemella heckelii)
Makore shows a relatively predictable pattern, especially under increasing loads:

At 250 g, the lowest wear coefficient is observed at 40 rpm, while the maximum is found at 20 rpm,
highlighting that low speeds are unfavorable.
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At 500 g, wear is minimized at 30 rpm, with a progressive increase up to a peak at 50 rpm.

At 750 g, makoré presents an interesting case where 70 rpm gives the lowest wear, while 20 rpm again
causes the highest. Mean wear values at 30 and 50 rpm suggest a broader plateau of acceptable
performance.

These trends imply that makoré, owing to its fine grain and high density, is more resilient at high speeds,
especially under heavier loads possibly due to improved fiber compaction and load distribution across its
cellular matrix.

3.5.2 Mahogany (Khaya anthotheca)
In contrast, mahogany displays more irregular and load-sensitive behavior:

At 250 g, 50 rpm results in the lowest wear coefficient, while the maximum occurs at 30 rpm. The mean
falls between 20 and 40 rpm.

At 500 g, 40 rpm yields the lowest wear, with 30 rpm again causing peak values indicating that this speed
level may mark a transition to a more damaging wear mechanism.

At 750 g, wear is lowest at 30 rpm and highest at 20 rpm, suggesting a strong vulnerability to slow-speed
adhesive wear.

These results may stem from mahogany’s relatively porous structure and large vessel elements, which likely
promote localized failure, cell wall buckling, and insufficient energy dissipation during prolonged contact at low
speeds.

3.5.3 Assamela (Pericopsis elata)
Assamela shows variable behavior but appears less sensitive to moderate speeds:

At 250 g, 30 and 60 rpm give the lowest wear, while 70 rpm leads to peak wear possibly due to thermal
degradation at high friction speeds.

At 500 g, 60 rpm remains optimal, with wear increasing significantly at 70 rpm.

At 750 g, the optimal speed is 50 rpm, while the maximum wear again shifts to 30 rpm, indicating possible
early fatigue failure.

These findings suggest that assamela, though dense and fibrous, may suffer from a threshold effect where
high speeds induce heat-related wear, while low speeds promote mechanical fatigue. The intermediate range
(50–60 rpm) appears most stable for this species.

A key observation across all species is that 20 rpm frequently correlates with the highest wear coefficient,
especially for makoré and mahogany. This confirms that very low sliding speeds are unfavorable, possibly due
to:

Increased surface adhesion time,

Accumulation of debris at the interface,

Lack of sufficient kinetic energy to initiate fiber fracture cleanly.
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Conversely, the 30–50 rpm range emerges as the most wear-efficient zone for all species, particularly under
moderate and high loads. These results underline the necessity of species-specific wear optimization, as the
microstructural characteristics deeply affect how a given wood responds to tribological stress. From a design
perspective, selecting operating speed ranges that avoid extremes can significantly extend the service life of
wood components in wear-prone applications.

4. CONCLUSION
This study highlights the complex tribological behavior of three tropical wood species Thieghemella heckelii
(makoré), Khaya anthotheca (mahogany), and Pericopsis elata (assamela) under dry two-body abrasive
conditions, with sliding applied perpendicular to the grain. The analysis based on wear volume versus sliding
distance confirms that, for all test conditions, the materials exhibit a linear relationship in the steady-state
wear region. This trend aligns with Archard’s wear law and validates the use of the wear coefficient (k) as a
representative indicator of long-term material degradation.

Unexpectedly, the wear coefficient was found to decrease as load increased across all sliding speeds. A
pronounced negative slope was observed between 250 g and 500 g, followed by a more moderate decline from
500 g to 750 g. This behavior, which contrasts with classical wear theory, suggests that higher loads may
promote improved fiber compaction and stress homogenization, limiting surface fragmentation and reducing
interfacial damage in these hardwoods.

The effect of sliding speed revealed non-linear and species-dependent trends. Makore showed superior
performance at higher speeds and heavier loads, while wear increased significantly at low speeds. Mahogany
responded best under dual conditions: high-speed/low-load and low-speed/high-load, indicating sensitivity to
load-speed synergy. Assamela demonstrated the most stable behavior overall, with minimal wear around
intermediate speeds (50–60 rpm) and increased degradation at very low or very high speeds due to fatigue
and thermal effects, respectively.

Altogether, these findings emphasize the need for species-specific wear optimization strategies, particularly in
engineering applications where tropical hardwoods are exposed to repeated contact or motion. The observed
behaviors reinforce that wear is governed not only by external parameters such as load and speed, but also by
internal anatomical features including fiber orientation, porosity, vessel size, and structural density which
control how each species dissipates mechanical stress during frictional interactions.

Future work could incorporate 3D profilometry or microscopic surface analysis to further understand the
dominant wear mechanisms involved, particularly at extreme operating conditions.
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Figures

Figure 1

(a) Wear test device, (b) balance, and (c) worn and unworn specimens
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Figure 2

Variation of wear volume as a function of rolling distance for Makore (Tieghemella heckelii), Mahogany (Khaya
anthotheca), and Assamela (Pericopsis elata) at a constant rotational speed of 30 rpm, under three normal
loads (250 g, 500 g, and 750 g).

Figure 3

Evolution of the wear coefficient as a function of applied load for Makore (Tieghemella heckelii), Mahogany
(Khaya anthotheca), and Assamela (Pericopsis elata), evaluated across multiple rotational speeds (20–70
rpm)
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Figure 4

Variation of the wear coefficient as a function of sliding speed for Makore (Tieghemella heckelii), Mahogany
(Khaya anthotheca), and Assamela (Pericopsis elata) at different applied load levels (250 g, 500 g, and 750 g).
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