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ABSTRACT 

The aim of this study is to test experimentally and know the tensile and bending strength 

of a particleboard made from hollow and solid bamboo chip composition with urea 

formaldehyde. The particle board is manufactured at Ethiopian Chip Wood And 

Furniture Share Company in Addis Ababa. The ratio of solid bamboo to hollow bamboo 

is 75/25, 25/75, and 50/50 respectively with urea formaldehyde. The bending strength 

of 75% hollow bamboo and 25% solid bamboo is 32.13 MPa and eucalyptus particle 

board bending strength is 30.63 MPa. The bending strength of 75/25 SB/HB is 159 MPa 

whereas for eucalyptus PB it is 30.63 MPa. The bending strength of 50/50 HB/SB is 

30.80 MPa and the bending strength of EPB is 30.63 MPa. The test results show that 

the bending strength of bamboo particle board is greater than the bending strength of 

eucalyptus particle board, and these boards can be used instead of eucalyptus 

particleboards. Bamboo particleboard is very smooth in surface finish, but eucalyptus 

particleboard needs polishing. Based on the result of the study, bamboo can be 

recommended as a raw material. If the factory focuses on bamboo, the farmers can also 

plant hollow and solid bamboo in highland and lowland areas. This thesis focuses on 

reducing the negative effect of eucalyptus trees on crop productivity and groundwater. 

The test results show that eucalyptus tree can be substituted by bamboo, to keep our 

environment from the negative effect of eucalyptus trees. 

 

Keywords: - Solid bamboo, hollow bamboo, bending strength, tensile strength, particle 

board, eucalyptus, urea formaldehyde. 
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preferred orientation. (Honey Banga, 2015). Therefore, this study focus on the strength 

of chip composition product which, about particleboard.  

There is a great range of particle shape and size used to make particleboards. The 

demand for particleboard in Ethiopia is related to its lightweight, cost, the expansion, 

and growth of the building and construction sector.  

  Hailu Shimels (2014), Revealed that the yearly requirement of residential building 

units chip wood product is estimated to be 20,000 for the capital city (Addis Ababa) 

and 121,000 for the other urban towns (in 2014). The raw material that used to 

manufacture different type of boards is eucalyptus tree in Ethiopia. The reason is due 

to its availability at cheap cost and the availability of the studied data on the strength of 

the eucalyptus tree chip product. But bamboo particleboard is not studied early.  

Mohanty (2015) presented that, bamboo is a tree-like woody grass which offers 

excellent ecological benefits such as neutralize acidic soil, produce the highest quantity 

of biomass generate extensive rhizome networks and bind the soil. Bamboo is found in 

a wide variety of soil and is one of the most gifted plants found in forests and also in 

the homestead. Bamboo is one of the most useful plants on the earth. There are about 

1500 known uses of bamboo from cradle to coffin. It is being used in food, medicines, 

furniture, music, construction, agricultural appliances, industry, housing, fisheries, 

transport and thousands of other products. 

According to (Kassahun Embaye, 2003), There are more than 800,000 ha and 100,000 

ha of lowland and highland natural bamboo forests in Ethiopia respectively. They are 

found mainly in the south-west, south and central part of the country where annual 

rainfall is over 600 mm and the rainy season is not less than three months. The eastern 

part of the country receives too little annual rainfall to support bamboo forest. The 

average stocking of the lowland bamboo forest is 8000 culms ha-1 and 6000 culms ha-1 

in the highland bamboo forest. Mean culm size in the lowland and highland bamboo 

forests are 5 cm and 7 m and 8 cm and 17 m in diameter and height, respectively. The 

total Ethiopian natural bamboo forest is estimated to cover around 1million hectare, 

which is about 7% of the total of the world and 67% of the African bamboo population.  

The lowland species (Oxytenanthera abyssinica) covers 85% of the total population 

bamboo in Ethiopia.  The species of the bamboo, which is the lowland bamboo, farmed 
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   Hudaverdi (2001),  Their work focused on making medium density fiberboard on 

wheat straw (Triticum aestvum L.) and straw wood mixture. In the study, they used 

urea formaldehyde resin for the adhesive purpose, at a ratio of 8%, 10%, and 12% 

contents. In the manufacturing processes, they use 1% ammonium chloride as a dryer. 

The density of the board was 0.7g/cm3 and 0.8 g/cm3. The pressing time were 5, 6, and 

7 minutes. The board dimension was 56.5x56.5x0.7cm at pressing temperature of 150 
oc and the pressures were also 200-220 kp/cm2 on the different ratio. Modulus of rupture 

(MOR) (bending strength), modulus of elasticity (MOE), and Internal bond strength 

(tensile strength perpendicular to the surface) of MDF boards wear measured according 

to TS3636, TS3636 and DIN52365 respectively. Based on their study result it has been 

concluding that 50:50 straw wood fibers mixture is economically and technically more 

suitable. After the evaluation of the results, the optimum MDF production conditions 

were founded as the adhesive ratio, 12%, pressing time 6 minutes, pressing temperature 

150 oc, pressure 200-220 kp/cm2 and hardening agent 1%.  

The importance of the study is considering the pressing time of the board has an effect 

on its strength. Water absorption can be also reduced by using 1 or 2% paraffin on the 

straw-based MDF board. That means paraffin can be reduced water absorption capacity 

of the board.   

  Daisy Biswas (2011), They did determine the mechanical and physical properties of 

urea formaldehyde bonded particleboard made from bamboo waste. They studied the 

suitability of planer waste and chips of Bambusa balcooa and Bambusa vulgaris, two 

locally grown bamboo species of Bangladesh, were investigated for the production of 

particleboard.  For the case of planer waste used to make bamboo split rectangular strips 

of uniform thickness. To prepare the board they used urea formaldehyde glue as a 

binder. The particleboard was manufactured by applying 3.5 N/mm2 pressure at 140 oC 

press temperature applied for 6 min. Then after the successive pressure of 1.04 N/mm2 

for 4 min and 0.35 N/mm2 for 2 min were given as a breathing time. The pressure was 

reduced step by step to avoid manufacturing defects like blowing or blistering of the 

mats. The flattened splits were clipped into 38-50 mm long pieces and converted into 

chips in a hammer mill. The liquid urea formaldehyde glue was 10% based on oven-

dried chips. The glue was catalyzed using ammonium chloride as a hardener and the 

sprayed over the chips and planer waste individually. Three identical particle boards of 

size 500x500 mm and 12 mm thickness with a target density of  750 kg/m3 were made 

for each category (planer waste and chips). They did particleboard in two methods. One 
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from the mold and was submitted to tensile tests. It was also prepared the polyester 

matrix without the addition of sugarcane bagasse reinforcement all the process was 

performed at room temperature. In the test, the mechanical strength of modified 

sugarcane bagasse fibers reinforced polyester resin composites was determined using 

an EMIC DL2000 universal testing machine. In the result, they obtained the tensile 

strength of a polyester resin with 19.7 MPa, unmodified sugarcane bagasse fibers (5%) 

polyester with 11 MPa tensile strength and modified sugarcane bagasse fibers (5%) 

polyester has 12.5 MPa. These results were carried out according to ASTM standards 

D3039 with 2 mm/min crosshead speed. Here the results show that the polyester tensile 

strength is higher than the remaining of the two materials tensile strength.  In this thesis 

work, the polyester is substituted by urea formaldehyde and the sugarcane is also 

substituted by bamboo chips. But the tensile testing standard is similar. 

   After reviewing the above literature it is found that the research work on bending and 

tensile properties of solid and hollow bamboo mixture particleboard was not carried 

out. This thesis focuses on studying the bending and tensile properties of bamboo 

particleboard and replacing the eucalyptus particleboard by bamboo particleboard. 
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3. METHODOLOGY AND MATERIALS 

3.1 Methodology  

    The processes that are used to manufacture the board are based on the factories 

manufacturing method to fulfill their manufacturing standard. Tasks in the factory were 

making boards in different ratios. The ratio of the board was 75/25 for oxytenanthera 

abyssinica (solid bamboo) with Yushania Alpina (hollow bamboo) respectively and the 

second proportion was reversing the ratio to 25/75 and made respectively to justify 

which species is more strong. The third proportion was also made the board in one to 

one (50/50) ratio. The reason to use these mixing ratio is to obtain the optimized result. 

Generally, there are three types of boards in different ratio. To prepare the board there 

is an additive which is used to give strength by making bonds between the smaller 

particles of chips. The additive was urea formaldehyde (UF). Then preparing a 

specimen for the test from the sample boards.  

Finding urea formaldehyde chemical and transporting the solid and hollow bamboo 

from their growing area to Bahir Dar and to Addis Ababa were the challenges. The 

general work methodologies are listed in the following figure 3.1. 

 

 

  

  

  

 

  

 

                                                        

 

Figure 3. 1 Work methodology 

 

Data and bamboo collecting 
collecting  

Drying solid and hollow bamboo  

Shaving solid & hollow bamboo  Mixing the bamboo chips 

Mixing the bamboo chips with UF Preparing the board in the mould 

Testing the board specimen Preparing test specimen  

Analyzing the test result 
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chloride are prepared together.   The materials used in pre-activities are listed in the 

following figure 3.2. 

 

 
Figure 3. 2 Board raw materials 

3.2.1.1 Pre-sample board preparation 

The board mold is prepared in different sizes according to the factory particleboard in 

different thickness size and preparing the specimen based on the JIS and ISO standard. 

The boards are prepared in different sizes and in different proportions. The three 

prepared mould size in length, width, and thickness respectively are 250x120x15 mm, 

and 250x120x8 mm. The first board is prepared by using the first mould size and its 

proportion was 25% SB, 25% HB, 18% MgO, and 10% pumis with liquid chemicals. 

The second board proportion was 17% SB, 33% HB, 21% MgO, 10% pumis with liquid 

chemicals. The third sample board proportion was 17% HB, 33% SB, 18% MgO, 10%  

pumis with liquid chemicals. 

 
A B 



20 

 

 

 
 

Figure 3. 3 Preliminary work sample boards 

(A) Sample board of 25% SB, 25% HB, 18% MgO, and 10% Pumis with liquid chemicals. (B) Sample 
board of 17% SB, 33% HB, 18%Mgo, and 10% Pumis with liquid chemicals. (C) Sample board of 
17% HB, 33% SB, 18% MgO, and 10% Pumis with liquid chemicals. (D) specimens for test  

3.2.1.2 Preliminary work results  

The result of tensile strength test: - The tensile strength test was carried out in 

accordance with the specifications of ASTM, D-1037 (1978). The specimens were cut 

into sizes 150 x 50 x25 mm for the test. The sample was placed on the machine and 

anchored at both ends. The test was carried out by using YF Zhejiang Tugong universal 

testing machine. 

 

C 

D 
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Figure 3. 4 Tensile test setup and failure of specimen due to tensile load 

 

Figure 3. 5 Tensile test result of 33% SB, 17% HB, 21% MgO, and 10% Pumis. 

 

Figure 3. 6 Tensile test result of 25% SB, 25% HB, 18% MgO, and 10% Pumis 

 

 

Figure 3. 7 Tensile test result of 17% SB, 33% HB, 18% MgO, and 10% Pumis. 
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  3.2.2 Adhesives 

 According to (Healthy Building Network, 2008), Adhesives are universally used to 

manufacture a wide variety of value-added wood products and proper gluing practices 

are essential to ensure optimum performance. There are two main types of adhesive 

used in wood product manufacturing: thermoset and thermoplastic. Thermoset adhesive 

needs an elevated temperature to start curing and once set will return to their original 

state. Thermoplastic adhesives could return to their original state if it is heated and 

mixed with the original solvent or moisturized. Each adhesive has its own suggested 

gluing parameters. For example, epoxy adhesives work well close to 0 oC while 

polyvinyl acetate (PVA) is adversely affected by low temperature. For most of the 

water-based adhesives, the ideal gluing temperature is close to room temperature (15 to 

20 oC). Urea formaldehyde used to make particleboard, plywood, and fiberboard due to 

its low cost and high moisture resistant. Protein and starch-based is the type of 

thermoplastic adhesive applicable especially for interior-grade products for laminated 

or decorative. Protein and starch-based adhesive type of the adhesive setting process 

and cure time are by water evaporation for two to four hours. Its properties are good 

gap filling and it is not moisture resistant. Phenol formaldehyde used to make panel 

products like oriented strand board (OSB), plywood etc. its adhesive setting process 

and curing time sets in 2 minutes with heat and 6 hours at room temperature. It is low 

in cost and has good waterproof property. 

Urea formaldehyde-based resins have been the standard binders used to glue the 

particles together in many composite wood products, including particleboard, wheat 

board, and medium density fiberboard (MDF). In recent years, however, concerns have 

been rising about the risks of cancer and bronchial health impacts from formaldehyde. 

Several market factors are driving major changes in the composition and technology of 

these resins pressure from the green building movement through market selection and 

certification programs, plus emissions regulation from the California Air Resources 

Board (CARB), are moving manufacturers to look for ways to reduce formaldehyde 

emissions or eliminate formaldehyde entirely from formulas. The fact sheet evaluates 

health hazards associated with each of the major binder technologies. Manufacturers 

are currently using or undertaking research and development into four major 

approaches to reduce the problem of exposure to formaldehyde from composite wood 

binders: (Healthy Building Network, 2008) 
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1) Modified urea formaldehyde resins with scavenger additives, such as melamine, 

to reduce the rate of emissions of formaldehyde; 

2)  Alternate formaldehyde resins, such as phenol formaldehyde, which cure at the 

factory during manufacture and hence have much lower formaldehyde 

emissions in use than urea formaldehyde; 

3) Alternate fossil fuel-based binders containing no added formaldehyde, such as 

methylene diphenyl diisocyanate (MDI); and 

4) Alternative binders based on renewable resource materials such as soy flour. 

3.2.3 Formaldehyde based Binders 

Healthy Building Network (2008) reported that there are three types of formaldehyde-

based binders currently on the market. The three type of formaldehyde melamine, 

phenol, and urea formaldehyde. In the reported composite of wood and using binders 

composed of urea formaldehyde (UF) were determined by CARB to be a significant 

source of formaldehyde emissions in buildings due to the fact that urea-formaldehyde 

continues to cure throughout its lifetime, outgassing formaldehyde in the environment 

for long periods after manufacture and installation. 

The reason to choose urea formaldehyde as a binder is to compare the result of the 

bamboo particle board with eucalyptus particle board. The factory uses urea 

formaldehyde for their product as adhesive material, and also the objective of the 

research also to compare eucalyptus particleboard (EPB) with bamboo particleboard 

(BPB) by using similar manufacturing method. The liquid UF is shown in figure 3.10. 

 

Figure 3. 10 The liquid form of urea formaldehyde 
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Figure 3. 12 Hollow bamboos (Yushania Alpina)  

3.2.4.1 Physical test of lowland bamboo 

During solid bamboo drying in atmospheric temperature, water evaporation content per 

day was recorded. (Appendix A). 

The physical test (mass measuring) was conducted on two different sizes solid bamboo, 

to take a sample of evaporated moisture content. This test is used to understand how 

much water will evaporate in a day at atmospheric temperature and pressure.  

Sample 1 has 150 mm length and 30.05 mm diameter and sample 2 has 250 mm length 

and 25 mm diameter. The mass was measured by using electron mass balance which 

can measure till 120 g. 

    After the physical test is carried out data collecting from (ECAFCO) was 

accomplished. In the factory, the way of particleboard manufacturing, type of adhesive 

which they used in the factory, a way of pressing and their raw materials, are the 

important experience in the visit. But getting the urea formaldehyde was very difficult. 

Since substituting urea formaldehyde (UF) by other resin was not the part of the 

proposal and also in most literature particleboard is prepared by using UF as an 

adhesive. Therefore finding it by repeatedly asking the factory executives, was the only 

solution to achieve the goal. Then the factory was a volunteer by understanding my 

deep feeling of doing the thesis work. The next work was preparing the long bamboo 
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different proportions. The prepared sample size in length, width and thickness 

respectively 300x50x8 mm, and 300x50x15 mm. The first board is prepared by using 

the first sample size and the proportion was 25% SB, 75% HB, with 12% liquid urea 

formaldehyde. The second board proportion was 75% SB, 25% HB with 12% liquid 

urea formaldehyde. The third board has equal proportion ratio of the solid bamboo chip 

and hollow bamboo chip (50% SB and 50% HB) ratio with 12% urea formaldehyde. 

The amount of the resin (urea formaldehyde) was 12%, which is similar with that of the 

blending ratio of the resin to the particle is from eucalyptus particles in the factory 

which engaged with the production of particleboards.  The applied pressing pressure 

and the temperature was 220 kp/cm2 and 181 C respectively and the pressing time was 

5 minutes for 8 mm thickness. 

 

a  

b  
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Figure 3. 13 The shaved chips of hollow and solid bamboo 

(a) The solid bamboo prepared for shaving (b) hollow bamboo prepared for shaving (c) bamboo chips 
after shaving at the exit of shaver machine 

3.5.1 Particle drying  

The particles have been cut their moisture content must be reduced between 2 and 8%, 

depending on the adhesive systems to be used to make the bamboo particle board. Such 

low moisture contents are required because residual moisture is converted to steam in 

the hot pressing stage if too much steam is generated then, when the press opens, it is 

likely to be delaminated by the sudden release of steam pressure. The different types of 

bamboo chips are shown in figure 3.14. 

 

 

Figure 3. 14 Bamboo chips, 

 (A) Solid bamboo chips (B) hollow bamboo chips (C) mixed of hollow and solid bamboo 

c  
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3.5.2 Particle sorting  

The chip was sorted on the prepared mould after mixing with the liquid form of urea 

formaldehyde without drying. To prevent the mixing of the bamboo particle with 

eucalyptus particle the mixing process is carried out manually and the drying and 

sorting process steps are not accomplished in the mechanical sieves and drying 

machine. 

3.5.3 Particle pressing   

The Particleboard was prepared by using batch pressing process. A multi-daylight press 

produces more than one board per cycle. In the factory, three boards were manufactured 

once a time. Typical platen temperature was 181oc for 8 mm thickness board. Such high 

temperature is required to achieve rapid cure of the adhesive. The specific pressing 

pressure was 220 kp/cm2, principally depending on the final density, but, raw material 

density and panel thickness also have an impact. That is if the thickness increases the 

pressing temperature and pressure was increasing.  

3.5.4 Randomly oriented discontinuous fiber lamina   

A thin lamina containing randomly oriented discontinuous fibers in figure 3.24 exhibits 

planar isotropic behavior. The properties are ideally the same in all directions in the 

plane of the lamina. P.K. Mallick, T. E. (2007). 

 

Figure 3. 15 Randomly oriented discontinuous fiber lamina © P.K. Mallick, T. E. (2007) 
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Figure 3. 16 Bamboo chips in the mould 

 

 

Figure 3. 17 Prepared sample board 75% HB and 25% SB  

 

Figure 3. 18 Prepared sample board 75% SB and 25% HB 
 

Chips in the 
mould 
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Figure 3. 19 Particleboard of bamboo 75% SB/25% HB specimen for tensile test 

 

 

Figure 3. 20 Particleboard of bamboo 75% HB/25% SB specimen for tensile test 
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 Figure 3. 21 Particleboard of 50/50 HB/SB specimen for tensile test 

 

 

Figure 3. 22 Eucalyptus particle board specimen for tensile test 
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Figure 3. 23 Specimen of bamboo particleboard for bending strength test 

 

 

Figure 3. 24 Specimen of eucalyptus particleboard for bending test 

 

Particleboard moisture content  

On this portions, moisture content test was carried out to know the condition of the test 

level of water in the sample. The moisture content tests were performed according to 

ASTM D4442-92 (2003) standard. Bamboo particle board specimen for moisture 

content test was 200 mmx50 mm x thickness and 300 mmx25 mm x thickness in case 

of bending and tensile strength test respectively. Initially, each specimen was weighed 

and then the specimen was dried in a ventilated oven at a temperature of 103 oc until 

the mass becomes +_0.2 % between two successive weighing made at an interval of 

1hr. The percent of moisture content was calculated as the ratio of decrease in mass of 

the specimen to the initial mass.  
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Figure 3. 26 WAW-1000B Microcomputer Controlled Universal Testing Machine  
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Figure 3. 27 Tensile test operation and failure of the particleboard specimen 
 

  
A  
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Figure 3. 28 Bamboo particleboard specimen failure during tensile test A and B. 

3.5.5.2 Bending strength test procedure   

The test was carried out at BIT by using YF Zhejiang Tugong PN 0206000031 WAW-

1000B Microcomputer controlled universal testing machine. The composition of the 

board was made from bamboo chips and urea formaldehyde. The bending load setup 

and failure are shown in figures 3.29 to 3.33.  

  

Figure 3. 29 Bending load setup 

 

B  
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Figure 3. 30 Three-point loading bending test setup 

 

 

Figure 3. 31 Failure of sample board for bending load 





45 

 

4 RESULTS & DISCUSSION 
 

4.1 Bending strength test results  
4.1.1 Bending strength test results of 75% SB and 25% HB particleboard   

    In this category of test, the prepared sample was different from the other sample in 

thickness, pressing time and temperature in its manufacturing process. The thickness of 

the board (75% SB&25% HB) was 15mm but in length and width, it has equal 

dimension. But the thickness dimension was obtained in the form of medium density 

fiberboard. That means the board is prepared by bonding the two boards together by 

using glue as an adhesive material. During the production process, the pressing time 

was 10 min and the temperature was 195 oc. In this manufacturing condition the result 

of the three-bending strength specimen sample test was obtained in the following 

figures. 4.1 to 4.3 and tables 4.1 to 4.3. When we see the test result of    (Ndububa E. 

E, 2015), they did the flexural strength of Particleboard Produced from Fonio Husk 

with Gum Arabic Resin Adhesive as Binder. In their test result, the flexural strength of 

the particle board with different gum Arabic content was 1.75 MPa. But their study 

result was obtained in different Arabic gum content as an adhesive material and the 

result shows that; if the Arabic gum increases the flexural strength of the particle board 

also increased, but the flexural strength of eucalyptus particle board is very high when 

we compare with the Fonio Husk and gum Arabic particle board. In case of 75%, solid 

bamboo chips with 25% hollow bamboo chips particle board which has the dimension 

of 200x50x15 mm length, width and thickness, the average flexural strength were 159 

MPa. But here the adhesive addition is the constant rate which was 12% in the liquid 

form of urea formaldehyde. Bamboo particleboard which made from75% solid bamboo 

chips with 25% hollow bamboo chips is stronger than any other particleboard. The 

reason to become strong in its bending load resistance is maybe its intimacy between 

the chips was high, since it was pressed in pressure of 220 kp/cm2 and it is manufactured 

in medium density fiberboard form. The bending strength test result of the 75% SB and 

25% HB particleboard are shown in the following figures 4.1 to 4.3.  

 The eucalyptus particleboard with a dimension of (200x50x13) mm length, width, and 

thickness respectively has a bending strength of 51.33 MPa in lengthwise at the dry 

condition. (Hailu Shimels 2014)  
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Figure 4. 1 Specimen 1 bamboo particle board bending strength test result 

 

 

Figure 4. 2 Bamboo particle board bending strength test specimen 2 result 
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Figure 4. 3 Specimen 3 bamboo particle board bending strength test result 

 

Table 4. 1 Bending strength test applied load on 75% SB and 25% HB 

Type of 
materials   

Applied load in kN 
Specimen 1 Specimen 2 Specimen 3 Average 

Bamboo 12.71 13.13 9.94 11.93 
Eucalyptus 0.7 0.65 0.61 0.65 

 

Table 4. 2 Bending strength test results of 75% SB and 25% HB 

Type of 
materials   

Specimens strength in MPa Standard 
deviation Specimen 

1 
Specimen 

2 
Specimen 

3 
Average 

Bamboo 169.45 175 132.56 159 18.84 
Eucalyptus 32.82 30.30 28.78 30.63 1.67 

 

Table 4. 3 Deformation of 75% SB and 25% HB due to bending load 

Type of 
materials   

Maximum deformation in (mm) Standard 
deviation Specimen 

1 
Specimen 

2 
Specimen 

3 
Average 

Bamboo 19.026 19.828 16.11 18.32 1.60 
Eucalyptus 16.502 13.186 7.474 12.38 3.73 

 

4.1.2 Bending strength test results of 50% SB and 50% HB  
 




























































































