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ABSTRACT 

Interest is growing on bamboo utilization as a supplement to mitigate wood scarcity. 

The study investigates suitability of producing parquet laminate from Bambusa 

vulgaris Schrad harvested from Akamkpa Local Government Area of Calabar in Cross 

River State, Nigeria. The processed bamboo strips were subjected to heating in boric 

acid solution for 4 hours before air drying to moisture content range of 10.8% to 

11.0%. Strips of 200 15 5mm dimensions are matted in three layers before four 

replicates were abutted using Urea Formaldehyde to produce 200 75 13mm pieces. 

Laminate samples were grooved and tongued before subjecting to test: moisture 

content, density, water absorption, thickness swelling, compressive strength 

perpendicular to grain and resistance to bacterial attack. Results showed that soaking 

of strips in water for 30 minutes before heating in boric acid solution enhances the 

strips resistance to powder post borer attack. Water absorption rate is 45.5% of initial 

weight while maximum thickness swelling is 13% of original thickness. Maximum 

compressive load perpendicular to grain for the parquet laminate is 8.76 N/mm
2
. This 

study produced bamboo parquet from Bambusa vulgaris stock grown in Calabar using 

traditional carpentry equipment. The base line data of the parquet laminate properties 

were documented to aid full scale investigation of the large stock of bamboo in the 

study area.  
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INTRODUCTION 

Bamboo has been identified as one of the biologically-based materials that can serve as 

supplement to the conventional timber even in long-term basis when reasonably managed [15],[11]. 

Plethora of literature revealed that there are about 700 species of bamboo with different properties 

and usability but with strength property comparable to wood [9],[15],[10],[3]. The properties of 

bamboo vary with culm diameter, length, type, age, position along culm, and moisture content [16]. 

Site index also plays critical role in properties determination of bamboo like any other natural 

fibrous material. Numerous bamboo-based products have been developed in the form of composites 

and reconstituted panels. Nigeria's industrialization policy has overtime neglected the development 

and utilization of locally available raw materials like bamboo. The shortage in the quantity of wood 

available for constructional use had created concern in the mind of many stakeholders of what will 

be left of the wood supply in the next few years. During logging process for export and local use 

bamboo and other non-wood products are often being destroyed and discarded [2]. The over 

exploitation of wood has brought significant reduction in the quantity of wood available for large 

scale production of wood products. This fact has undisputedly necessitated the need for to patronize 

supplement like bamboo to wood [19]. In Nigeria, efforts have been made to ascertain the 

commonest and abundant distribution of bamboo within her locality [12]. Although, the quantitative 

assessment of bamboo is yet to be carried out, the wide availability of Bambusa vulgaris Schrad 

across Nigeria have been reported [18],[1],[19]. Yet, Nigerian grown bamboo stock still remains 

largely untapped despite its abundance. The knowledge gap on the means of processing it into 

modern products [3] must have been responsible. The laminating of bamboo into boards may not be 

a new concept in developed countries, but it is still new in Nigeria. In Nigeria and Cross River State 

since use of bamboo is still limited to various local uses like scaffolding, fencing, yam stake, 

handicraft material and fuel wood [1]. The modern utilization of bamboo in Nigeria is still hindered 

by absence of research facility, knowhow, finance, infrastructure, and clear policy to encourage its 

usage in the engineering field. 

Bamboo parquet laminates are accepted as one of the world’s finest flooring materials and has 

a large global consumer market [6],[8]. Production of floor tiles or parquet involves specialize 

technology and skill owing to bamboo culm being thin-walled, roundness, hollowness, and peculiar 

small diameter. The natural durability of bamboo is generally low as it is also prone to wood-

destroying organisms attack [4],[5]. However, necessary treatment measures may be employed to 

produce high quality bamboo products. This study aims at producing parquet laminates from 

Bambusa vulgaris from Akamkpa Local Government Area, Calabar, River State and to also conduct 

preliminary investigate of some selected properties of the parquet. 
 

MATERIALS AND METHODS 

Matured Bamboo (Bambusa vulgaris) culms of 5-6 years old were harvested from the 

rainforest of Afam Asin, Akamkpa Local Government Area, and Cross River State. The choice of 

this site was made after a preliminary investigation of the stock maturity, species type and culm 

thickness. The Bambusa vulgaris culms were harvested freshly above the first node to avoid 

exposure to infestation. Harvested culms were cut into pieces of about 800mm length for easy 

transportation and conversion. The harvested culms were stored vertically and allowed to air-dry 

for two weeks and then moved to a cool and shady area to give room for slow evaporation of 

moisture. This procedure was aimed at controlling the rate of seasoning to avoid cracks and splits. 

The moisture content was measured daily using a digital moisture meter until a constant moisture 

content of about 18% was attained before further processing. Bamboo identification was carried 

out at the Department of Botany, University of Calabar. The specimens were prepared in such a 

way that the hair, appendages, auricles and oral setae, still remain intact to preserve the critical 

features that are important for Bambusa vulgaris species identification.  
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The culms were processed to strips using conventional equipment and tools in a typical 

local carpenter shop in the study area. The planned Bambusa strips were soaked in water inside an 

improvised treatment vat for 30minutes before boiled for 4hrs in 1.0% of boric acid solution to 

remove the starch and sugar contents [4]). The efficacy of the treated strips was investigated in 

accordance with [7]. The treated strips were stacked as shown in Plate 2 in a well-ventilated air 

drying shed and the drying rate was monitored with digital moisture meter until it attained 

moisture level of between 10.8% and 11.0%. The dried strips were laminated using water-based 

urea-formaldehyde using locally fabricated jig [4]. The laminates were reduced to equal lengths of 

270 mm.  Four laminates were abutted and glued together to produce a 270 x 75 x 13mm board 

suitable for parquet flooring 

 

 

 

 

 

 
 

Plate 2: Treated Bambusa Strips Air Drying process 

 

The density of the laminate was determined using the equation 1: 

             
    

      
 …….Eqn. (1)    [14] 

 

For the water absorption property, five test sample of                  used. Samples 

were conditioned to constant weight and moisture content at relative humidity of 65 ± 1% and 

temperature of 20   3o
C. Samples weight was taken before submerging under 50cm

3
 of water at 

25mm depth under room temperature for 24 hours; the weight was recorded at interval of 2 hours 

until constant value was obtained. The water absorption was determined using the expressed in 

equation (2) 

                    
   –  

  
      … Eqn (2) (ASTM D1037       [7] 

Where,  W1 = Initial weight and W2 = Final Weight of Specimen at the end of each period 

Plate 1: Harvested Culm for Preliminary Study arranged vertically for Air-drying. 
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Thickness swelling test was carried also using 5 samples with all the four edges of each 

sample smoothly and squarely trimmed. The thicknesses at the four corners of the board were 

measure 15mm-in from the edge of the specimen using a digital caliper to an accuracy of ± 0.3% 

with the average recorded as (T1) and final average thickness recorded as (T2) after immersion in 

water for 2 and 24 hours period. The thickness swelling was computed using equation (3)   

                     
   –  

  
      …….Eqn(3) (ASTM D1037          [7] 

Where  T1 = Original thickness, and T2 = Final Thickness 

The compressive strength perpendicular to the grain was determined in accordance to 

ASTM D 695-96 [7] at the Department of Civil Engineering, Faculty of Technology, University of 

Ibadan. The compression testing machine in Plate 4 was used. The processes and method 

employed in the production of bamboo parquet flooring is illustrated in Figure 1. 

 

 

 

Plate 4: Compression Strength Test Machine. 
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Figure 1: Bamboo Laminate Parquet Flowchart and Produced Product Dimensions 

RESULTS AND DISCUSSION 

Characteristics of Akamkpa Local Government Area Bamboo 

The bamboo species in Akamkpa Local Government Area, Calabar, Cross River State is 

predominantly Bambusa vulgaris Schrad. This observation is affirmed from the result obtained 

from the preliminary test conducted to identify all the samples of bamboo harvested from all the 

available stocks in the Afam Asin in the Akamkpa Local Government Area of Calabar, Cross 

River State.  This bamboo species is in abundance and still remain unexploited except for use as 

mud reinforcement in village building, energy source, pole and other non-modern uses. The age of 

bamboo stock from which the samples were harvested was estimated as not less than 10 years. The 

average moisture content of freshly cut bamboo was 53%. After processing into strips it drops to 

26%. In two weeks the study was able to air-dry the strips to an average of 11% moisture content. 

An average of 6 strips of 25mm width was obtained from each bamboo culm after 

processing. The waste generated from individual culm using the conventional carpentry equipment 

and tool with available human labour in the study area rises up to 33% on average. This result 

shows reduction in recovery rate when compared with 16% waste reported by [4]. The reduction in 
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recovery rate may be due to three reasons: equipment state, labour skill and bamboo maturity. The 

bamboo is low in shear strength and this made it splits easily. The average culm thickness of the 

samples taken from the stock is 13.5mm. It is recommended that bamboo strips to be used for the 

production of parquet laminates from the stock of Bambusa vulgaris from the study area be 

conditioned to constant weight and moisture content of not less than 10 – 12% to enhance its 

stability.  

 

Characteristics of Laminates 

The density of the glued Bambusa vulgaris ranges from 0.58g/cm
3
 – 0.63g/cm

3
 with a 

mean density of 0.608g/cm
3
. It was expedient to determine the laminate density because density is 

a measure of the amount of cellwall substance in bamboo and is closely related to the relative 

proportions of vascular bundle and ground tissue that will influence most of the laminate 

mechanical properties as earlier observed by [10]. This result further re-affirmed the fact that 

Bambusa vulgaris has a relatively low density when compared to other flooring material. This may 

have in a way contributed to its higher strength when used for flooring purpose. Figure 2 and Plate 

5 shows the results of water absorption test carried out on the laminate samples. The graph 

indicated that the percentage amount of water absorbed was averaged 44% of the initial weight. 

The variation in the absorption rate must have been contributed by the slight variation in the glue 

line size. That is the absorption capacity of the urea- formaldehyde may have been responsible. 
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Figure 2: Percentage Water Adsorption by Bamboo Parquet Laminates 
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Plate 5: Final Samples of Test Specimen Used for Water absorbed Test  

after 24 hours of Soaking 
 

The thickness swelling in the test samples was also measured. It was observed that all 

specimens showed increase in thickness after 2hours (See Figure 3) and there was only slight 

increase in thickness afterward and no increase in thickness swelling when soaked beyond 24 

hours. The implication of this is that if the bamboo laminate is used with in the same form, it will 

continue to swell up in thickness until it reaches maximum swelling in 24hrs when it will no longer 

swell anymore. The maximum percentage thickness swelling after 24hrs of soaking in water is 

12.5%.  While the experiment was going on, the dumped specimen that had been used for water 

absorption and thickness swelling test was attacked by powder post beetle after 8weeks in the 

midst of the parquet produced. It appears some amount of preservative was lost during the soaking 

process which signifies that constant exposure to moisture will have a negative effect on the 

durability of the bamboo laminates treated in the mode carried out by this study. This suggested 

that the treatment measure will only encourage the use of the parquet indoor rather than externally 

where it may be exposed to incessant wetting in service. 

 
 

Fig 3: Thickness Swelling of Samples after 2 and 24 hours Soaking 
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The compressive strength test result is summarized in Figure 4. The average compressive strength 

of the parquet laminate produced is 7.30N/mm
2
. The result shows that the compressive strength 

result is directly proportional to the surface area of the parquet (Plate 6). However, this study was 

not able to determine the critical surface area that can give the maximum compressive strength. 

This is a gap that further research may have to fill.  On the other hand, the mean compressive 

strength of 7.30N/mm
2
 indicates that the material is suitable for flooring [17], [20]. Preliminary 

investigation of the failure mode of the parquet in longitudinal compression shows micro buckling 

of fibers leading to kink band formation and shear failure mode.  

 

 

Fig 4: Relationship between Stress and Strain for the Bamboo Parquet Flooring 
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The Bamboo Parquet Laminates 

Bamboo parquet was made from the bamboo laminates board produced from Bambusa vulgaris 

strips. The final dimension of the parquet laminates made is            . The parquet was 

1.37 

2.45 

4.67 

6.68 

7.43 

1.23 

2.22 

3.43 

5.24 

6.77 

0.88 

1.84 

3.78 

5.37 

6.22 

1.36 

2.67 

3.56 

5.87 

7.3 

0.1 0.2 0.4 0.6 0.8 

SPECIMEN A SPECIMEN B SPECIMEN C SPECIMEN D 

Strain (mm/mm) 

stress (N/mm2) 

Plate 5: Deformed Samples of Parquet Laminates after Compressive Test 
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grooved at one end and tongued at the end to allow for a strengthened joint that will enable the 

tiles to flush on each other for easy lay that will avoid gap between parquet side as shown in Plates 

6 and 7 

 

 

 

 

 

 

 

One of the critical factors in acceptability of this product by the local consumer is cost. The 

cost of producing 24 bamboo parquet laminate of           mm dimensions is N5,300.00k. 

A dozen of the parquet is thus produced at about 13 US dollar at the rate of N200 to a dollar. This 

cost is comparable with the cost of square meter of the ceramic floor tiles sold in the study area. 

The bulk of the cost (57%) was incurred from labour in which increase in production volume will 

make the cost to drop especially with use of more suitable facility combined with skill dexterity, 

the cost may be the least for flooring material. 

 

CONCLUSION  

From the outcome of the study, the bamboo lots in Afam Asin in the Akamkpa Local 

Government Area of Calabar, Cross River State is suitable for the production of parquet laminate. 

The parquet can be produced using conventional equipment with little input of knowhow. Bamboo 

parquet of              dimension has average compressive strength of 7.3N/mm
2. 

The 

maximum water absorbed by the bamboo laminate at the pick of its soaking (24hrs) is 44% of the 

initial weight. The mean density of the produced bamboo is 0.608g/cm
3
, suggesting its suitability 

for the purpose intended. The treatment measure that the product was subjected to compel that it is 

only suitable for indoor use. A sample of parquet laminate produced costs about N200 and its 

smooth, bright, stabile, exhibits a soft natural luster and maintains the natural gloss and elegance of 

bamboo fibre. This study recommends an in-depth study of the properties of bamboo laminate 

made from bamboo species from the area. The critical size that gives the critical surface are that 

can yield the maximum compressive strength has to be study among other mechanical properties.  
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