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Abstract 

This study was carried out to investigate the influence of lamination on selected properties of glue-laminated 

Bamboo. Twenty Bamboo culms of 4yrs old were harvested from viable stands in Gbedun, Akanran, Ona-Ara 

Local Government Area of Oyo State, Nigeria. The production of board was carried out at the Department of 

Forest Resources Management’s Wood Workshop, University of Ibadan, Ibadan, Nigeria. Laminate thickness of 

4mm, 6mm, 8mm and 10mm were used to produce the boards. The physical properties tested for are Density 

and Volumetric shrinkage while the mechanical properties tested for are Modulus of Rupture and Modulus of 

Elasticity. The data obtained were analysed using descriptive statistic and ANOVA. The results obtained 

showed that Density ranged from 659.05kg/m
3 

to 760.26kg/m
3
, Volumetric shrinkage ranged from 8.97% to 

11.19%, Modulus of Rupture ranged from 57.66N/mm
2
 to 92.82N/mm

2
 while, Modulus of Elasticity ranged 

from 5674.91N/mm
2
 to 19516.17N/mm

2
. These results further showed that increase in thickness caused a 

decrease in physical properties and an increase in mechanical properties of the boards. 

 

Keyword: Bamboo, Laminate thickness, Density, Volumetric shrinkage, Modulus of rupture, Modulus of 

elasticity. 

 

Introduction 

As demand in wood is increasing, there is decline in 

the availability of wood. In today’s modern 

industrialized world, it is becoming increasingly 

necessary to explore opportunities for new, 

sustainable building materials (Meadows et al., 1992). 

The demand and request for wood and wood-product 

has continued to increase in proportion to human 

population. It is expected that the demand for wood 

due to its versatility and affordability over and above 

other construction materials will continue to increase. 

The high demand and request for timber-wood and 

wood–based panels would result in over-exploitation 

of both the natural and plantation forest with its 

attendant environmental consequences. Therefore, the 

development and sustainable utilization of non-timber 

species like bamboo is of great value and importance. 

The ability of bamboo to grow rapidly on various soils 

amongst other desirable properties like short rotation 

is responsible for its utilization by the wood industries 

as an alternative raw material. Bamboo has great 

potential as an alternative to wood for many 

applications (Lakkad and Patel, 1981; Jain et al., 

1993; Janssen, 1995; Shupe et al., 2002). In the 

tropical and subtropical areas of the world where 

Bamboo grows abundantly, it serves as a very 

important forest resource.  

Bamboo is the common name for member of 

a taxonomic group of a flowering perennial evergreen 

grass with large woody stem. It belongs to the family 

Poaceae, subfamily Bambusoideae. It encompasses 

about 1200 species within 50 genera (Chapman, 1996; 

Zhang et al., 2002). Historically, Bamboo is the oldest 

building material ever used by man (Abd.Latif et al., 

1990). It is a composite material that occurs naturally 

and grows abundantly in almost all the tropical 

countries. The commonly used building material by 

the rural people is bamboo. It is used for the 

production of furniture and household utensils. 

However, there are some limitations associated with 

the utilization of bamboo for furniture and housing 

materials. One of these limitations is its hollow shape. 

This makes it very difficult for its applications where 

flat surfaces are required. Laminated bamboo board 

(LBB) resolves these deficiencies in the natural shape 
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of bamboo because it is formed in rectangular sections 

that are more suitable for use in traditional structural 

applications. LBB has been created in research studies 

by using adhesive to join strands or flattened surfaces 

taken from the bamboo culm (Sulaiman et al., 2006; 

Sulastiningsih and Nurwati, 2009; Olajide et al., 2013; 

Ogutuga et al., 2016). The result is a composite 

rectangular structural member having highly 

renewable characteristics that make it competitive, in 

this regard, with commonly used building materials. 

This paper therefore investigates some properties of 

glue-laminated bamboo with a view to maximizing its 

utilization potential as a substitute to wood. 

 

Materials and Method 

Raw-material source 

Twenty Culms of four year-old Bambusa vulgaris 

were harvested from Gbedun, Akanran, Ona-Ara 

Local Government Area of Oyo State, Nigeria located 

on latitude 7
0
13ꞌ60ꞌꞌ N and longitude 4

0
1ꞌ60ꞌꞌE. The 

harvested bamboo culms were taken to the 

Department of Forest Resources Management Wood 

Workshop, University of Ibadan, Ibadan, Nigeria 

where the actual processing and production of the 

laminated bamboo boards was carried out. 

 

Laminated Bamboo Board Formation 

The harvested bamboo culms were cross-cut from the 

base into 3m length using a circular saw and a 

measuring tape. The 3m culms were again cut into 

three sections of 1m each in order to have straight 

pieces. The cross-cut bamboo culms were then splitted 

in the radial direction into proper number of strips 

with the aid of a circular saw. The inner and the outer 

surfaces of the bamboo strips were planed into the 

different laminate thickness (4mm, 6mm, 8mm and 

10mm). The planed bamboo strips were edged on one 

end and cut on the other un-edged end to 25mm. The 

strips were laminated to form boards using top bond 

as adhesive. The application of adhesive was carried 

out with the aid of a metal spatula to the bond surfaces 

of the splits at the bond line. The strips were cold-

pressed for proper penetration of adhesive at the bond 

lines to form boards using a clamp.  

Thereafter, the boards formed were allowed to cure 

for 14 days. This was done to allow the adhesive (top 

bond) to firmly hold the bamboo strips together in 

order to avoid splitting when working on it with 

machine. 

 

Testing of the laminated bamboo boards formed 

At the end of the curing process, the bamboo boards 

produced were planed, edged and cut to 20mm x 

20mm x 60mm for Density and Volumetric shrinkage 

and to 20mm x 20mm x 300mm for Modulus of 

Rupture (MOR) and Modulus of Elasticity (MOE) in 

accordance with British Standard specification BS 373 

(BSI, 1989). Each treatment combination was 

replicated four times and 16 samples were obtained 

for each of the parameters tested based on the 

laminate thickness. One-way Analysis was carried out 

to determine if laminate thickness had significant 

effects on the selected properties of the boards 

produced. 

 

Results and Discussion 

Density 

The Density of the boards produced ranged from 

659.05kg/m
3 

to 760.26kg/m
3
 with a value of 

695.81kg/m
3
 (Table 1). The mean values varied 

accordingly with laminate thickness. It was 

discovered that the density decreased with increase in 

laminate thickness. The highest density boards were 

produced at laminate thickness of 4mm, followed by 

the laminate thickness of 6mm, the laminate thickness 

of 8mm while, the laminate thickness of 10mm had 

the lowest density. These findings are similar to that 

of Suryokusumo and Nugroho (1994) that reported 

650kg/m
3
 for the mean density of G. apus. Chew et 

al., (1992) also reported a mean value of 630kg/m
3
 for 

density of B. vulgaris. The result of the analysis of 

variance for Density (Table 2) shows that the 

differences in laminate thickness had no significant 

effect on Density of the boards (P>0.05).  
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Table 1: Summary of Mean Values of Selected Properties of Laminated Bamboo Board Samples 

 Physical Properties Strength Properties 

Laminate 

Thickness 

Density (kg/m
3
) Volumetric 

Shrinkage (%) 

Modulus of Rupture 

(N/mm
2
) 

Modulus of Elasticity 

(N/mm
2
) 

4mm 760.26±76.49
a
 11.19±0.65

a
 57.66±9.61

c
 5674.91±1327.60

b
 

6mm 696.89±35.76
a
 10.02±0.91

b
 64.69±3.24

bc
 7121.33±3719.17

b
 

8mm 667.04±55.19
a
 9.30±0.91

b
 74.53±8.44

b
 17232.37±7501.18

a
 

10mm 659.05±59.34
a
 8.97±0.45

b
 92.82±10.77

a
 19516.17±6695.48

a
 

Pooled Mean 695.81±66.55 9.87±1.11 72.42±15.63 12386.19±7909.51 

* Means ± Standard Deviation of four replicate samples. Values with the same alphabet in each column are 

not significantly different at α= 0.05 using Duncan multiple range test. 

 

Table 2: Result of the Analysis of Variance for Selected Properties of Laminated Bamboo Board samples 

                                                                                F-cal 

Source of variation Df Density 

Sig. 

Density VS 

Sig. 

VS MOR 

Sig. 

MOR MOE 

Sig. 

MOE 

Laminate Thickness 3 0.112 2.47
ns

 0.006 6.77* 0.000 12.84* 0.007 6.72* 

Error 12         

Total 15         

* Significant at P= 0.05, ns not significant at P=0.05 

 

 

Volumetric Shrinkage (VS) 

The VS of the boards ranged from 8.97 % to 11.19 % 

with a mean value of 9.87 % (Table 1). Shrinkage in 

wood, especially those in service, is very undesirable. 

It was observed that VS decreased with increase in 

laminate thickness of the boards. The lowest VS value 

was obtained at the laminate thickness of 10mm. It 

means boards at this level (Laminate thickness of 

10mm) were more dimensionally stable, as they 

showed a relatively high resistance to shrinkage. The 

mean VS obtained in this research is lower than the 

11.32% reported by Okon, (2014) for mean VS of a 

25year old Gmelina arborea collected from Oluwa 

forest reserve in South West Nigeria. The results of 

Analysis of Variance for VS presented in Table 2 

show that the differences in laminate thickness had a 

significant effect (P<0.05) on VS.  The follow up test 

as presented in Table 1 further revealed that there are 

differences between the means of the laminate 

thickness.  

 

Modulus of rupture (MOR) 

The MOR ranged from 57.66 N/mm
2
 to 92.82 N/mm

2
 

and the mean value is 72.42 N/mm
2
 as presented in 

Table 1. The laminated bamboo boards produced from 

laminate thickness of 4mm had the lowest MOR value 

while, the laminate thickness of 10mm had the highest 

MOR value. It was observed that MOR increases with 

increase in laminate thickness. This means that boards 

produced from the laminate thickness of 10mm from 

each of the thermal treatment levels were the strongest 

when compared with the boards produced from the 

laminate thickness of 8mm, 6mm and 4mm.  

The mean value recorded in this study is 

lower than that the one reported by Sulastiningsih et 

al., (1996). Their mean value for MOR of five-layer 

LBBs made from bamboo zephyr mats of 

Dendrocalamus asper glued with urea formaldehyde 

was 94.34N/mm
2
. The lower MOR value recorded in 

this study might be as a result of the differences in the 

lamination procedure and the use of different process 

parameters in the production of laminated bamboo 

boards. The Analysis of Variance for MOR test 

presented in Table 2 shows that the differences in 

laminate thickness had a significant effect on the 

MOR of the boards (P<0.05). The follow up test 

further revealed that the laminate thickness were 

different from one another (Table 1). 

 

Modulus of elasticity (MOE) 

MOE ranged between 5674.91N/mm
2
 and 

19516.17N/mm
2 

with a mean of 12386.19N/mm
2 

as 

presented in Table 1also. It was observed that as 

laminate thickness was increasing, MOE was also 

increasing. The boards made from the laminate 

thickness of 10mm had the highest MOE 

(19516.17N/mm
2
). This is followed by the laminate 

thickness of 8mm (17232.37N/mm
2
) then, the 
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laminate thickness of 6mm (7121.33N/mm
2
) while, 

the laminate thickness of 4mm had the lowest MOE 

(5674.91N/mm
2
). From this study, the laminate 

thickness of 10mm produced the stiffest board than all 

the other laminate thicknesses. The mean value of 

MOE in this study is higher than the MOE 

(9636.50N/mm
2
) obtained for B. vulgaris of 5-6 years 

using polyvinyl acetate (PVA) glue as adhesive 

(Ogunsanwo and Terziev, 2010). Differences in the 

lamination procedure, age of bamboo and the use of 

different process parameters might be responsible for 

this. The Analysis of variance for MOE shows that the 

differences in laminate thickness had a significant 

effect on MOE of the laminated bamboo boards at 

P<0.05 (Table 2). The follow up test further revealed 

that laminate thickness were significantly different 

from one another (Table 1). 

 

Conclusion 

This study showed that strength and dimensional 

stability were influenced by laminate thickness. The 

study revealed that as laminate thickness increases 

density and volumetric shrinkage decreases while 

modulus of rupture and modulus of elasticity 

increases. 

The use of higher laminate thicknesses in 

producing laminated bamboo boards will make boards 

to have good strength and also produces materials that 

are less hygroscopic. Bamboo glu-lam as alternative 

to choice timber species showed encouraging 

technical properties. Utilization potential of Bamboo 

glu-lam could be improved by manipulation of 

laminate dimensions.  
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