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Abstract 

Thin plated glued timbers (TPT) have emerged as a promising alternative to conventional construction materials due to their 

cost-effectiveness, sustainability, and structural versatility. Despite promising performance, there's a lack of understanding 

regarding TPT's suitability for structural applications. This study investigates the moisture content and density of various 

softwood and hardwood specimens obtained from Edo State, Nigeria, focusing on both solid and glued timber. The primary aim 

is to provide insights into the structural performance of these materials, guiding their applications in construction projects. 

Moisture content analysis revealed that solid timber generally absorbs less moisture compared to glued timber beams, with 

average moisture contents ranging from 11.3% to 12.0% for softwood and 8.2% to 10.2% for hardwood. These values are within 

the EN 338 standard for structural timber, pegged at 12%. Density measurements indicated that solid Ceiba Pentandra timber 

(softwood) had a higher average density (508.8 kg/m3) compared to its glued counterpart (378.5 kg/m3), while Terminalia 

ivorensis timber (hardwood) showed similar densities between solid (701.8 kg/m3) and glued specimens (697.5 kg/m3). 
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1. Introduction 

Timber is a natural, low-density, cellular, polymeric compo-

site material whose unique anatomical structure distinguishes it 

from most conventional engineering materials. Due to its aniso-

tropic and heterogeneous nature, timber exhibits mechanical 

properties that vary with grain orientation, moisture content, 

density, and species [7, 8, 13]. Structural timber is generally 

produced by sawing logs into prismatic members, typically with 

rectangular cross-sections, for use as load-bearing elements in 

buildings and other civil engineering structures [4, 1, 7]. The 

maximum dimensions of structural timber members are largely 

governed by the size and quality of the harvested trees, which 

has motivated the development of engineered wood products 

capable of overcoming these natural limitations. 

Thin plated glued timber (TPT) has emerged as one of the 

promising engineered wood products due to its structural effi-

ciency, cost-effectiveness, sustainability, and versatility in 

modern construction. Manufactured by bonding thin timber 

laminations or veneers using high-performance structural ad-

hesives, TPT combines the desirable characteristics of timber 
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with improved mechanical performance and dimensional sta-

bility [6, 10]. As the global construction industry increasingly 

embraces sustainable building materials, engineered timber 

products such as TPT have gained considerable attention as 

environmentally friendly alternatives to conventional materi-

als including reinforced concrete and structural steel. 

This study seeks to evaluate the performance of thin plated 

glued timber for construction projects in Edo State, Nigeria. The 

evaluation focuses on key performance indicators including 

structural integrity, durability, and environmental sustainability, 

with the aim of determining the suitability of TPT for structural 

applications within the region. Such an assessment is essential 

because local climatic conditions, biological agents, material 

availability, and construction practices significantly influence 

the long-term performance of timber structures. 

The structural integrity of TPT is one of the primary factors 

determining its suitability for engineering applications. Previ-

ous investigations on thin plated glued timber produced from 

locally available timber species, including Obeche and Ma-

hogany, have demonstrated satisfactory mechanical properties 

that satisfy structural design requirements [11]. Furthermore, 

studies have shown that appropriate adhesive bonding tech-

niques, particularly the use of phenol-formaldehyde adhesives, 

significantly improve the structural stability, stiffness, and 

load-carrying capacity of glued timber members [10]. Conse-

quently, assessing the structural performance of TPT under lo-

cal conditions provides valuable information regarding its re-

liability and safety for construction purposes. 

Durability is another critical consideration in evaluating engi-

neered timber products. Timber structures are susceptible to de-

terioration caused by fungal decay, termite attack, moisture fluc-

tuations, and weathering. However, research has demonstrated 

that appropriate preservative treatments substantially improve the 

resistance of glued timber products to biological degradation, 

thereby extending their service life [2, 5]. Effective moisture con-

trol and proper preservative impregnation remain essential re-

quirements for ensuring the satisfactory long-term performance 

of timber structures, particularly in tropical climates where envi-

ronmental conditions accelerate biological deterioration [3]. 

Apart from their structural advantages, thin plated glued 

timbers contribute significantly to environmental sustainabil-

ity. Timber is a renewable construction material that stores at-

mospheric carbon throughout its service life and generally re-

quires considerably less energy for production than steel and 

concrete. Consequently, replacing conventional structural ma-

terials with engineered timber products can substantially re-

duce greenhouse gas emissions associated with the construc-

tion industry [9]. These environmental benefits align with 

global initiatives promoting sustainable infrastructure devel-

opment and low-carbon construction practices. 

Despite these advantages, the widespread adoption of TPT 

within Edo State and Nigeria generally faces several chal-

lenges. These include the absence of standardized manufac-

turing procedures, inadequate quality control during produc-

tion, limited availability of locally manufactured structural ad-

hesives, and insufficient technical guidelines governing the 

design and construction of glued timber structures. Address-

ing these challenges requires coordinated efforts among gov-

ernment agencies, research institutions, manufacturers, and 

professional bodies to establish appropriate standards, im-

prove manufacturing practices, and encourage local produc-

tion of quality structural adhesives. 

A closely related engineered timber product is glued lami-

nated timber (glulam), which consists of multiple layers of di-

mension lumber bonded together with high-strength structural 

adhesives to form a single structural member [12]. Glulam 

technology has significantly expanded the application of tim-

ber in modern construction by enabling the production of large 

structural members with superior strength, stiffness, dimen-

sional stability, and architectural flexibility. Unlike conven-

tional sawn timber, glulam permits the utilization of smaller-

diameter trees and lower-grade timber, thereby improving re-

source efficiency while producing structural elements capable 

of carrying substantial loads [12]. 

The increasing use of glulam has influenced revisions of build-

ing regulations in several countries, particularly Canada, where 

amendments to provincial building codes have permitted the con-

struction of timber buildings up to six storeys in height [12]. 

These regulatory developments demonstrate growing confidence 

in engineered timber systems and highlight the importance of de-

veloping reliable design guidelines for structural connections ca-

pable of resisting significant vertical and lateral loads. 

Overall, the evaluation of thin plated glued timber repre-

sents an important step toward promoting sustainable con-

struction in Edo State, Nigeria. By examining its structural 

performance, durability, and environmental benefits, this re-

search aims to provide scientific evidence supporting the 

wider adoption of engineered timber products in the Nigerian 

construction industry while identifying areas requiring further 

improvement in manufacturing standards, quality assurance, 

and structural design practices. 

2. Wood’s Structure 

Wood is a naturally occurring cellular material composed 

of elongated cells arranged predominantly parallel to the lon-

gitudinal axis of the tree trunk, from which structural timber 

is obtained [7, 22]. These cells are generally spindle-shaped 

and contain internal cavities known as lumens. An under-

standing of the anatomical structure of wood is fundamental 

to appreciating its engineering behaviour, mechanical perfor-

mance, and inherent limitations as a structural material [7, 22]. 

The tree trunk consists of several distinct regions, including 

the bark, cambium, sapwood, heartwood, and pith (Figure 1). 

Among these, the sapwood is the outer, lighter-coloured por-

tion immediately adjacent to the cambium. Sapwood performs 

three primary functions: providing structural support, con-

ducting water and dissolved minerals from the roots to the 
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leaves, and storing food reserves [22]. As trees mature, por-

tions of the sapwood gradually transform into heartwood, 

which contributes mainly to the structural strength of the tree. 

 
Figure 1. Parts of a Trunk. 

Wood fibres develop with their longitudinal axes approxi-

mately parallel to the axis of the tree trunk. Consequently, 

wood exhibits anisotropic behaviour, meaning its mechanical 

and physical properties differ depending on the direction of 

loading. The three principal material directions are the longi-

tudinal direction (parallel to the grain), the radial direction 

(perpendicular to the annual growth rings), and the tangential 

direction (tangent to the annual growth rings) [7, 22]. This di-

rectional dependence significantly influences the strength, 

stiffness, dimensional stability, and failure characteristics of 

timber used in engineering structures. The three principal axes 

of wood are presented in Table 1. 

Table 1. Principal Axes of Timber. 

Principal Axis Description 

Longitudinal Parallel to grain 

Radial Normal to annual rings 

Tangential Tangent to annual rings and perpendicular to the grain 

Source: [22] 

2.1. Density of Timber 

Density is one of the most important physical properties in-

fluencing the engineering performance of timber. It is defined 

as the mass of wood contained within a unit volume and is 

commonly expressed in kilograms per cubic metre (kg/m³). 

Timber density depends primarily on the proportion of solid 

cell-wall material relative to the volume of void spaces within 

the wood structure [7, 22]. Generally, timber species with 

higher densities possess greater strength, stiffness, hardness, 

and wear resistance than lower-density species [21]. These are 

shown in Table 2. The mathematical expression of Density as 

givenin Equation (1): 

𝐷 =  
𝑊

𝑉
 (

𝑘𝑔

𝑚3)                    (1) 

where: D = density (kg/m3), W = weight of the wood (kg), V 

= volume of the wood (m3). 

Studies conducted in Nigeria have also shown that timber 

selection by users (Table 2) is influenced by strength, durabil-

ity, workability, and availability. Species such as Afzelia afri-

cana, Milicia excelsa (Iroko), and Khaya ivorensis (Mahogany) 

remain popular for structural applications because of their ex-

cellent mechanical properties and resistance to biological de-

terioration [14, 18]. 

Table 2. Density of Timber Species Used in Nigeria [15, 23]. 

Local Names Botanical Names Density at 18% M.C. (kg/m3) 

Abura Mitragyna stipulosa 576 

Afara Taminalia superba 464 

Agba Gossweilerodendron balsamiferum 544 

Apa Afzelia Africana 864 

Danta Nesogordonia papaverifera 784 
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Local Names Botanical Names Density at 18% M.C. (kg/m3) 

Iroko Melicea excels 688 

Obeche Triplochiton scleroxylon 384 

Opepe Nauclea diderricchii 800 

Sapele wood Entandrophragma cylindricum 704 

Lagos Mahogany Khaya ivorensis 528 

(Source: [22]) 

Table 3. Uses and Qualities Considered by Users of Some Economic Trees. 

Tree species Uses Quality considered 

Adansonia digitata L. As building materials, container making (husk). Soft wood, strong and durable 

Afzelia Africana Sm. 
For furniture making, mortar making, carving, build-

ing materials and fuel wood 
Hardwood, tough and very durable 

 

Specific gravity is closely related to timber density and is 

defined as the ratio of the density of wood to the density of 

water at a specified temperature. Because it reflects the 

amount of wood substance contained within a given volume, 

specific gravity is widely regarded as an excellent indicator of 

timber quality and mechanical performance [8]. Timber with 

higher specific gravity generally possesses greater strength, 

stiffness, hardness, and abrasion resistance. Although specific 

gravity correlates strongly with mechanical properties, it may 

also be influenced by the presence of natural extractives such 

as gums, oils, and resins, which contribute to density but do 

not necessarily increase structural strength [8]. 

2.2. Size of the Test Piece 

The dimensions of timber test specimens depend largely on 

the purpose of the investigation. Where the objective is to de-

termine the intrinsic mechanical properties of a timber species 

or to compare different species under controlled laboratory 

conditions, small, defect-free specimens commonly referred 

to as small clear specimens are recommended [16, 19]. How-

ever, when evaluating timber intended for structural applica-

tions, full-size structural members are preferred because they 

contain natural growth characteristics such as knots, grain de-

viations, checks, and slope of grain that significantly influence 

structural behaviour [17, 20]. Testing structural-size members 

therefore provides a more realistic representation of the per-

formance of timber in service. International standards govern-

ing timber testing include ASTM D143 for small clear speci-

mens [16], ASTM D198 for structural-size timber [17], BS 

373 for laboratory testing of small clear specimens [19], and 

EN 408 for determining the physical and mechanical proper-

ties of structural timber and glued laminated timber [20]. 

2.3. Modulus of Rupture (MOR) 

The modulus of rupture (MOR), also known as flexural 

strength, represents the maximum stress developed in the 

outermost fibres of a timber member at the point of failure 

during bending [6]. It provides an indication of the bending 

strength of timber and is an important parameter in the design 

of beams and other flexural members. 

The modulus of rupture is calculated using Equation (2): 

𝑀𝑂𝑅 =  
3∗𝑃∗𝐿

2∗𝑏∗𝑑2  (
𝑁

𝑚2)               (2) 

Where, P is the load applied to a sample of test, length L 

(mm), width b (mm), and thickness d (mm) 

Flexural strength, also known as modulus of rupture or 

bending strength is the material's ability to resist deformation 

under load. The flexural strength represents the highest stress 

experienced within the material at its moment of rupture. 

2.4. Modulus of Elasticity (MOE) 

The modulus of elasticity (MOE) is a measure of the stiff-

ness of timber and represents its resistance to elastic defor-

mation under applied loads. When timber is loaded within its 

elastic limit, it deforms proportionally to the applied stress and 

returns to its original shape upon removal of the load. Beyond 

the proportional limit, permanent deformation or failure oc-

curs [7]. 
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The modulus of elasticity is one of the most important pa-

rameters used in structural timber design because it governs 

beam deflection, vibration characteristics, and overall service-

ability. Laboratory determination of MOE is commonly car-

ried out in accordance with BS 373 and ASTM D143, while 

structural-size members are evaluated using ASTM D198 and 

EN 408 [16, 17, 19, 20]. Higher MOE values indicate stiffer 

timber capable of resisting larger bending deformations under 

service loads. 

𝑀𝑂𝐸 =  
𝑃∗𝐿3

4∗𝑏∗𝑑3  (
𝑁

𝑚2)                (3) 

Where, P is the load applied to a sample of test, length L 

(mm), width b (mm), and thickness d (mm) 

3. Methods 

3.1. Materials Used 

The materials utilized in this study comprise; Ceiba Pentan-

dra timber (Araba), along with Top Bond glue, and water. 

3.1.1 Ceiba Pentandra (Araba) 

Ceiba pentandra, commonly known as Araba,(as shown in 

Figure 2) is a tropical tree belonging to the order Malvales and 

the family Malvaceae (formerly classified under Bombaca-

ceae). It is indigenous to regions including Mexico, Central 

America, the Caribbean, Northern and South America, and, as 

the variety C. pentandra var. guineesis, to tropical West Africa. 

 
Figure 2. Ceiba Pentandra (Araba) softwood. 

3.1.2. Top Bond Glue 

In Nigeria, a frequently employed wood adhesive is known 

as "Top Bond." This adhesive (Figure 3) is of high quality, 

appearing as a white, water-based substance. 

 
Figure 3. Top Bond glue. 

3.1.3. Water 

The water that was used in this experiment was obtained 

from the tap in the Department of civil engineering laboratory, 

in Edo State University, Uzairue. The water was assumed to 

be clean, free form contaminants and conforming to the BS 

1377 code. 

3.2. Experimental Design 

Table 4 presents the dimensions of the test specimens fol-

lowing the standards ASTM D193 and EN 408. A set of 8 

specimens were dimensioned according to ASTM D193 

guidelines and prepared for bending tests. These, eight (8) 

specimens were designated for the glue-laminated beams. 

Table 4. Experimental Design. 

Dimension of Test Piece Glue Laminated timber 

1000mm × 25mm × 25mm 2 

1000mm × 50mm × 50mm 2 

1000mm × 75mm × 75mm 2 

1000mm × 100mm × 100mm 2 

Total number of samples 8 

3.2.1. Sample Collection and Preparation 

The test pieces (as shown in Figures 4 and 5) were sourced 

from Etasako West, Esan South-East, Owan West, Igueben of 

Edo State, Southern central, Nigeria. The samples were con-

ditioned in a standard environment (20°C and 65% relative 

humidity) and weighed to determine the density. 
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Figure 4. Test sample being weighed. 

 
Figure 5. Test pieces in a Desiccator. 

3.2.2. Laboratory Test 

The various tests carried out on the timbers include: 

3.2.3. Moisture Content Determination 

The Moisture Content was determined (BS EN 13183-1: 

2002) using Equation (4). 

Moisture content =  
weight of water 

dry weight of sample
 × 

100

1
 = 

W2−W1

W1
 × 

100

1
                 (4) 

Dry weight = W1 

Weight in Water = W2 

 
Figure 6. Soaked Timber Samples. 

3.2.4. Density Determination 

The density of the sample was determined (BS EN 13183-

1: 2002) using Equation (5). 

𝜌𝑥 = 𝑚𝑥 /𝑣𝑥 

=
𝑚𝑜 (1+0.01𝜇)

𝑣0(1+0.01𝑆𝑣)
= 𝜌0 (

1+0.01𝜇

1+0.01𝑆𝑣
)            (5) 

where mx is the mass of timber at moisture content x, 

m0 is the mass of timber at zero moisturecontent, 

µ is the percentage moisture content, 

vx is the volume of timber at moisture content x, 

v0 is the volume of timber at zeromoisture content, 

sv is the percentage volumetric shrinkage/expansion, 

 
Figure 7. Weighing Timber Samples. 
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3.3. Static Bending Test (Flexure) 

The specimen shape and the test method for this experiment 

were carried out in accordance with BS 373:1957 (Methods of 

Testing Small clear Specimens of Timber). 

Test piece dimension: The test specimens for the static 

bending test were cut into (1000mm × 25mm × 25mm, 

1000mm × 50mm × 50mm, 1000mm × 75mm × 75mm, 

1000mm × 100mm × 100mm) in accordance to the secondary 

method of BS 373: 1957. 

Sample size: 20 test samples were used for each timber spe-

cies. 

Apparatus: Universal Testing Machine (UTM), Hand oper-

ated G-Saw, Vernier caliper. 

Test procedure: The specimens were loaded radially (tan-

gential surface) at the centre to failure, on the span length of 

280 mm (Central loading method). The test pieces were sup-

ported at the ends in such a way that they were quite free to 

follow the bending action, and were not restrained by friction 

which would resist the bending and tend to introduce longitu-

dinal stresses. The modulus of elasticity (MOE) and modulus 

of rupture (MOR) were obtained from the Universal testing 

machine interfaced with a personal computer in which a 

BASIC program immediately after the test was performed. 

The straining rate for the static bending tests was at 0.26 

in/min (6.6 mm/min). For the timber species, a total number 

of 80 samples were tested for static bending. 

The static bending strength (flexural strength) or Modulus 

of Rupture (MOR) was calculated using Equation (4). The 

Bending Modulus/Modulus of elasticity (MOE) was obtained 

from Equation (5). According to BS 384 (2004), the charac-

teristic values of strength properties based on the measured 

MC were calculated using Equation (6). 

𝐹𝑘 = 𝑘𝑠𝑘𝑣𝑓0.5                    (6) 

Where fk and f0.5 are the characteristic and 5th-percentile 

values of bending strength, respectively. fk is a factor to allow 

for the lower variability of f0.5 values between samples for 

machine grades in comparison with visual grades; for machine 

grades with fmk greater than 30 N/mm2, and all visual grades, 

kv =1.0 for machine grades with fm equal to or less than 30 

N/mm2, kv =1.12. The 12% MC adjustment for bending 

strength as required by EN 338 (2009) was made using Equa-

tion (7). 

𝑓𝑚,12% =
𝑓𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

1+0.0295(12−𝑢)
               (7) 

Where fm,12% is the bending strength at 12%, u is the 

measured MC (%) and fmeasure is the measured bending 

strength. 

4. Results and Discussion 

Tables 5 and 6 show the comparison in moisture content for 

the softwood and hardwood specimen. The comparison was 

made for glue thin plated and solid timber specimen. The solid 

timber tends to absorb less moisture compared to glued timber 

beams. 

The average moisture content for 25-100 mm solid, and 

glued timber is in the range: 11.3-12.0% for softwood and 8.2-

10.2% for hardwood. The solid timber has the lowest moisture 

content (8.2%) compared to other beam specimen. The EN 

338 pegged the requirements for moisture content at 12% for 

structural timber classification. The estimated moisture con-

tent for all the tested specimen in this research are within this 

specification. The results of the density test are presented in 

Tables 6, 7 and 8 respectively. The densities are compared for 

glued and solid timber specimen. For the hardwood specimen, 

the average density of the glue-laminated beams was approx-

imate the same with that of the solid beam specimen. However, 

the glue-llaminate beam specimen (softwood) revealed the 

least density as shown in Table 5. Ceiba pentandrea is a conif-

erous specie (softwood) because its characteristic density fell 

within the softwood density ranging from 540-590 kg/m3 as 

specified by BS5268 code. Terminalia ivorensis and Tectona 

grandis are deciduous species (hardwood) because their char-

acteristic densities fell within the hardwood density ranging 

from 590-1200 kg/m3. 

Table 5. Moisture Contents of Soft Wood Specimen. 

SOFTWOOD 

Properties Ceiba Pentandra timber (glued) Ceiba Pentandra timber (solid) 

Thickness (mm) 25 50 75 100 25 50 75 100 

Initial Mass (kg) 0.2 0.9 2.5 3.9 0.2 0.85 2.4 3.5 

Oven Dry Mass (kg) 0.18 0.80 2.2 3.5 0.18 0.78 2.1 3.15 

Moisture Content (%) 11 12.5 13.6 10.8 11 9 14.3 11 

Average M.C. (%) 12.0 11.3 
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Table 6. Moisture Contents of Hard Wood Specimens. 

HARDWOOD 

Properties Terminalia ivorensis (glued) Terminalia ivorensis (solid) 

Thickness (mm) 25 50 75 100 25 50 75 100 

Initial Mass (kg) 0.5 1.5 3.5 5.8 0.44 1.6 3.5 5.8 

Oven Dry Mass (kg) 0.46 1.3 3.2 5.4 0.37 1.5 3.35 5.5 

Moisture Content (%) 8.7 15.4 9.4 7.4 16.2 6.7 4.5 5.5 

Average M.C. (%) 10.2 8.2 

Table 7. Densities and Classification of Ceiba Pentandra timber (Softwood). 

SOFTWOOD 

Properties Ceiba Pentandra timber (glued) Ceiba Pentandra timber (solid) 

Thickness (mm) 25 50 75 100 25 50 75 100 

Mass (kg) 0.2 0.9 2.5 3.9 0.35 1.2 2.9 4.8 

Volume (m3) × 10-3 0.63 2.5 5.6 10 0.63 2.5 5.6 10 

Density (Kg/m3) 320 360 444 390 560 480 515 480 

Average Density (Kg/m3) 378.5 508.8 

BS 5268 Classification SC1-SC3 SC1-SC3 

Table 8. Densities and Classification of Terminalia ivorensis timber (Hardwood). 

Hardwood 

Properties Terminalia ivorensis timber (glued) Terminalia ivorensis timber (solid) 

Thickness (mm) 25 50 75 100 25 50 75 100 

Mass (kg) 0.5 1.9 3.6 5.9 0.5 1.5 3.3 8.2 

Volume (m3) × 10-3 0.63 2.5 5.6 10 0.63 2.5 5.6 10 

Densit y (Kg/m3) 800 760 640 590 800 600 587 820 

Average Density (Kg/m3) 697.5 701.8 

BS 5268 Classification SC5 SC5 

 

5. Conclusion 

The conducted study investigated the moisture content and 

density of various softwood and hardwood specimens for both 

solid and glued. The findings highlight key differences in the 

properties of these materials, providing valuable insights for 

their application in construction. The average moisture con-

tent for softwood specimens ranged from 11.3% to 12.0%, 

while hardwood specimens ranged from 8.2% to 10.2%. No-

tably, solid timber exhibited lower moisture content compared 
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to glued timber beams. This indicates that solid timber is less 

prone to moisture absorption, making it potentially more sta-

ble in varying environmental conditions. All tested specimens 

met the EN 338 moisture content requirement of 12% for 

structural timber classification. The average density of soft-

wood specimens (Ceiba Pentandra) was higher in solid timber 

(508.8 kg/m3) compared to glued timber (378.5 kg/m3). For 

hardwood (Terminalia ivorensis), densities were fairly similar 

between solid (701.8 kg/m3) and glued timber (697.5 kg/m3). 

The classifications based on BS 5268 standards confirmed the 

categorization of Ceiba Pentandra as softwood and Terminalia 

ivorensis as hardwood, aligning with their characteristic den-

sities. 
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