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Laminated veneer board (LVB) panel from gmelina wood is one form of 
developing processed wood products to improve the quality of laminated 
veneer lumber (LVL). The addition of fire-retardant materials is an 
important element that needs to be developed to increase the fire 
resistance properties of LVL and LVB panels. The fire-retardant materials 
used in this research were diammonium phosphate (DAP) and sodium 
silicate (SS) with a concentration of 20% each, using two different 
application methods, namely impregnation and coating. This research 
aimed to determine the effect of adding 20% DAP and 20% SS solutions 
on physical and mechanical characteristics, formaldehyde emissions, 
delamination percentage, and the burning time for LVB panels. Panel 
testing is carried out referring to the requirements of the ASTM D-
143:2003 test standard for density, BS EN 317:1993 for swelling-shrinking, 
JIS A 1460 (2001) for formaldehyde emission, and JIS 701 (2008) for other 
parameters. Results from physical and mechanical tests showed that 
panels already met the standard. Formaldehyde emissions were less than 
0.4.mg/L classified F**** which means the panel is safe and 
environmentally friendly. Percentages delamination already met the 
standard except for both SS impregnation and SS coating application 
methods. The longest burning time was achieved by the panel with added 
DAP impregnation.  
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INTRODUCTION 
 

Wood is a construction material that is popular with Indonesian people. The 

potential for supplies in relatively large quantities that are easy to obtain is a special 

attraction for the public. Apart from that, wood has high strength against tensile and shear 

forces, which makes it widely used as a construction element (Setiawan et al. 2014).  The 

timber industry relies on the supply of wood from natural forests. However, the supply of 

wood raw materials from natural forests continues to decline, resulting in a significant 

shortage of wood raw materials (Iskandar and Supriadi 2017). According to Balfas (2010), 

the national wood deficit reaches more than 50 million m³/year. This situation can be seen 

from the reduction in processed wood from various types of commercial wood or wood 

that is widely traded. Therefore, efforts to plant fast-growing wood species through the 
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development of plantation forests, in the form of industrial plantation forests (HTI) and 

community forests, is one step to overcome this problem. It is hoped that the existence of 

wood from plantation forests will be able to replace the shortage of wood supply from 

natural forests. The types of fast-growing wood include mangium, sengon, jabon, rasamala, 

gmelina, and others (Iskandar and Supriadi 2017). 

Gmelina (Gmelina arborea Roxb.), which is also known as “white teak,” is a type 

of fast-growing wood. According to data from the Central Statistics Agency (2020), the 

amount of gmelina roundwood production in Indonesia in 2019 reached 65,616.75 m³ and 

increased compared to the previous year. In 2018, the amount of gmelina roundwood 

production reached 52,488.01 m³ (Central Statistics Agency 2019). This wood is widely 

used as building construction material, furniture, pulp, and so on. Gmelina wood stems 

have a yellowish white colour with fine grey fibrous bark. Gmelina wood is classified as 

durable class IV–V and strong class III, with an average density of between 0.42 to 0.61 

g/cm³. Most of the wood that comes from plantation forests has a small diameter. If this 

wood is processed directly, it will produce sawn boards or beams with small dimensions, 

so its use is limited. With these wood conditions, it is necessary to develop processed wood 

products to improve their quality and utilization, one of which is making laminated veneer 

lumber (LVL) (Iskandar and Supriadi 2017). 

Laminated veneer lumber (LVL) and laminated veneer board (LVB) are processed 

wood products resulting from the development of woodworking technology. LVL is made 

from veneer obtained from wood logs that are peeled into thin sheets, then glued together 

using adhesive with the veneer arranged parallel to the grain. Meanwhile, in LVB there are 

several veneers arranged across the direction of the other veneer fibers (Alamsyah et al. 

2023, 2024). These artificial boards are generally made as a replacement for sawn products, 

such as beams and boards. This is due to the advantages of artificial boards, which can be 

made with larger dimensions than solid wood, more uniform thickness, and have 

characteristics that are superior to solid wood (Iskandar and Supriadi 2017). 

According to data from the Central Statistics Agency (2022), total plywood 

production in Indonesia has increased in 2021 to 4,445,664.17 m³ compared to the previous 

year. The total plywood production in Indonesia in 2020 was 3,882,567.50 m³ (Central 

Statistics Agency 2021). Meanwhile, in 2017, interest in processed wood products 

continued to increase from 6,000 m³ to 7.55 million m³ for plywood, LVL, veneer and sawn 

wood products (MEF 2018). LVL and LVB wood panels have the advantage of being able 

to replace solid wood while maintaining or even improving the structural properties of the 

wood (Haygreen and Bowyer 1996). 

The use of LVL panels as a material for furniture and building construction 

elements means that combustion resistance will be an important element to consider. The 

development of fire-retardant-treated (FRT) for LVL and LVB panels is very important, 

considering the flammable nature of wood (Ross 2010). Diammonium phosphate (DAP) 

and sodium silicate (SS) are two fire retardant materials that are quite commonly used in 

society. The working mechanism of DAP is to form a char formation that can inhibit the 

spread of fire to the inside of the wood panel. The SS forms a charred layer that can inhibit 

the release of volatile gases, which otherwise would tend to speed up combustion 

(Hautamäki et al. 2020).  

In this research, diammonium phosphate and sodium silicate were added as fire 

retardants to LVL wood panels and LVB from gmelina wood, either by impregnation or as 

coatings. The goal was to determine their effect on the characteristics of the panels, with 

attention to their burning times and burning rates. 
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EXPERIMENTAL 
 
Tools and Materials 

The tools used in this research were caddy, flame torch, glue spreader, impregnation 

machine, rotary cut machine, press dryer, and Universal Testing Machine (UTM). The 

materials used in this research were gmelina wood logs with a diameter of 30 cm and a 

height of 150 cm obtained from 12-year-old gmelina trees from Cibugel Village, Sumedang 

Regency, West Java. Other materials used were fire retardant materials in the form of 

diammonium phosphate (DAP) and sodium silicate (SS), Propan ™ Aqua Deck Lasur ADL 

605 wood paint, phenol formaldehyde (PF) adhesive, and LPG gas. 

 
Veneer Preparation 

Wood veneer samples were obtained from wood logs that were peeled using a 

rotary cut machine and cut into veneer measuring 130 cm x 128 cm with a thickness of 2.2 

mm. The wood veneer was dried in a press dryer until it reached 0% moisture content to 

prevent too high fluctuations in moisture content during sample shipping and storage. 

Wood veneer measuring 130 cm x 128 cm was cut into veneer measuring 120 cm x 40 cm.  

 
Fire-Retardant Preparation 

The fire-retardant materials used in this research were diammonium phosphate 

(DAP) and sodium silicate (SS). In its application, two different methods were used, 

namely impregnation on the veneer and coating which is mixed with the base coat in the 

finishing process. The concentration of fire-retardant material used for each treatment is 

20% (Hautamäki et al. 2020). 

 
Impregnation Treatment 

The impregnation process was only carried out on veneer for panels that have been 

added with fire retardant material using the impregnation method. The impregnant solution 

is obtained from 20% fire retardant (DAP and SS) dissolved in water. The veneer is soaked 

in an impregnating solution and impregnated at a pressure of 0.5 MPa for 25 min. The 

veneer is then dried in a press-dryer until it reaches a water content of 0 to 8%.  

 
Assembling Process 

The target size of the wooden panels made was 120 cm x 40 cm x 1.8 cm. Veneer 

measuring 120 cm x 40 cm with a water content of 0 to 8% was arranged in 9 layers (9 

ply), which were glued using phenol formaldehyde adhesive. The veneer surface was 

coated with an adhesive mixture of 25 g/m². In LVL wood panels, all the veneers were 

arranged parallel to the grain of the other veneers. The 2nd and 8th layer veneers were 

arranged perpendicular to the direction of the other veneer fibers on the LVB (Alamsyah 

et al. 2024) in the arrangement, as indicated in Table 1. Next, they were cold-pressed on a 

cold-press machine with a pressure of 8 kgf/cm² for 18 min. Then, the panels were hot-

pressed in a hot-press machine with a pressure of 8 kgf/cm² for 15 min. The felted panels 

are then trimmed to cut off the edges that do not fit. Conditioning was carried out for 24 h 

at room temperature. Each panel was sanded to sand the rough surface of the panel and 

adjust the thickness of the panel. 
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Table 1. Composition of Veneer Layers Structure of Board 

 
Panel type 

Layer Number 

1 2 3 4 5 6 7 8 9 

LVL // // // // // // // // // 

LVB // ⊥ // // // // // ⊥ // 

Note: // = parallel; ⊥ = perpendicular 

 
Finishing Process 

The material used as a coating for finishing wooden panels was Propan™ Aqua 

Deck Lasur ADL 605 paint as a base coat. For samples that were given additional fire-

retardant material using the coating method, the base coat paint was mixed with the fire-

retardant material. The composition of the coating mixture was 20% DAP/SS solution and 

Propan ™ Aqua Deck Lasur ADL 605 paint in a ratio of 40:60 (w/w). The coating material 

was applied using the spray method with a coating weight of 75 g/m². 

 
Moisture Content 

Wood moisture content testing refers to the JIS 701 (2008) standard. The test 

sample was made with a size of 5 cm x 5 cm. The test samples were weighed (initial weight) 

and then dried in an oven at 103+2 °C for 24 h until the weight was constant, at which point 

the weight was recorded (final weight). The wood moisture content was calculated by Eq. 

1, 

𝑴𝑪 =
𝒎𝟎−𝒎𝟏

𝒎𝟏
× 𝟏𝟎𝟎%        (1) 

where MC is the moisture content (%), m0 is the initial weight (g), and m1 is the oven dried 

weight (g). 

 

Density 
Wood density testing refers to the ASTM D-143 standard (2003). The test sample 

was made with a size of 5 cm x 5 cm. The test sample was weighed, and the volume was 

calculated by measuring the length, width and thickness using a caliper. The sample was 

dried in an oven at 103+2 °C for 24 h until the weight was constant. Wood density was 

calculated by the following equation, 

𝝆 =
𝒎

𝒗
           (2) 

where ρ is the density (g/cm3), m is the sample mass (g), and v is the sample volume (cm3). 

 

Swelling-Shrinkage  
Swell-shrink testing refers to the BS EN 317 standard (1993). The test sample used 

in this test measured 5 cm x 5 cm. The dimensions of the test sample (length, width and 

thickness) were measured first, and the weight was calculated. The swelling-shrinkage test 

was carried out in several stages, namely oven for 24 h until it reached the dry weight of 

the furnace (bkt 1), soaking for 2, 24, 48, or 72 h, and drying again using the oven for 24 h 

until it reached the dry weight of the furnace (bkt 2). Dimension and weight measurements 

were carried out at each stage. The temperature used to dry the samples was 103.5 °C. 

Thickness expansion, length and width shrinkage were calculated by Eq. 3, 

𝑻𝒔 =
𝒕𝟐−𝒕𝟏

𝒕𝟏
× 𝟏𝟎𝟎%        (3) 
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where Ts is the thickness Swelling (%), t1 is the thickness of sample before soaking (mm), 

and t2 is the thickness of sample after 24 h soaking (mm). 

 

Veneer Weight Gain Percentage 
The percentage of weight gain was calculated on the veneer after the impregnation 

process. The test sample used was a veneer measuring 10 cm x 10 cm. Samples were 

weighed before and after the impregnation process. The percentage of weight gain can be 

calculated using the following equation (Rahayu et al. 2020), 

𝑾𝑷𝑮 = 𝒎𝟎 − 𝒎𝟏  × 𝟏𝟎𝟎%       (4) 

where WPG is the weight percent gain or percentage of weight gain (%), m0 is the sample 

weight before impregnation (g), and m1 is the sample weight after impregnation (g). 

 

Mechanical Properties  
Bending strength 

Bending strength testing refers to the JIS 701 (2008) standard. The test sample was 

made with dimensions of 42 cm x 5 cm x 1.8 cm. Testing was carried out using a Universal 

Testing Machine (UTM) up to the elastic point limit of the test sample which is marked by 

the sample being broken or damaged. In this test, MOE and MOR values were obtained 

from the sample. 

 
Bonding strength 

Bonding strength testing refers to the JIS 701 (2008) standard. The test sample was 

made with dimensions of 20 cm x 1.8 cm x 1.8 cm. Testing was carried out on the front 

(face) and side (edge) using a Universal Testing Machine (UTM). Testing continued until 

the sample became damaged. In this test, the horizontal shear strength value of the sample 

was obtained. 

 
Hardness 

Hardness testing refers to the JIS 701 (2008) standard, using a test sample 

measuring 5 cm x 5 cm. The test was carried out using a Universal Testing Machine (UTM) 

with a load applied using an iron ball with a diameter of 10 mm until it penetrated the 

sample surface to a depth of half the diameter of the iron ball (5 mm). 

 
Delamination Testing 

Wood delamination testing refers to the JIS 701 (2008) standard. The test sample 

was made with dimensions of 7.5 cm x 7.5 cm. The test sample was weighed, then soaked 

in boiling water for 4 h. After that, the sample was drained and placed in an oven at 60 °C 

for 20 h until its original weight (100 to 110%) was reached. Then, the test sample was 

observed for layers on each side. The delamination ratio can be calculated using the 

following equation,  

𝑫 =
𝒂

𝒃
× 𝟏𝟎𝟎%         (5) 

where D is the delamination (%), a is the total length of delamination on 4 sides (mm), and 

b is the total length of lines on 4 sides (mm). 
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Formaldehyde Emission Testing 
Formaldehyde emission testing refers to the JIS A 1460 (2001) standard, and testing 

was conducted only on LVL panel samples. The test sample was made with dimensions of 

15 cm x 5 cm. The tip of the test sample was dipped in liquid wax until the entire tip was 

covered, then left to sit until it hardened. In a desiccator, 20 mL of distilled water was 

placed in a plastic cup. The test sample was put into the desiccator and stored for 24 h at 

20 °C. After that, 10 mL of the distilled water was taken and put into an Erlenmeyer flask 

containing 10 mL of acetyl-acetone ammonium acetate (a4). Then, the Erlenmeyer flask 

was covered and put in hot water for 10 min. Next, the mixture was tested using a UV-Vis 

spectrophotometer to obtain absorbance values. The absorbance values were then 

calculated and classified according to the classification based on the JIS A 1460 (2001) 

standard as in Table 2. 

 

Table 2. Classification of Formaldehyde Emission (JIS A 1460 2001) 

Classification Avg. (mg/L) Max. (mg/L) 

F**** 0.3 0.4 

F*** 0.5 0.7 

F** 1.5 2.1 

F*  5.0 7.0 

 

Fire Resistance Testing 
Testing for fire resistance was carried out using a burn test, which refers to the 

testing technique adopted from the VPS PS 1-19 standard. Testing was only carried out on 

LVL panel samples. The test sample was made with dimensions of 40 cm x 40 cm. Then, 

the sample was placed on a support at a distance of 17 cm from the fire source with a flame 

burst temperature ranging from 1100 to 1250 °C. In the test sample, fire was fired with a 

focus on the center of the panel. During the test, the burn time was calculated until smoke 

appeared on the back surface of the test sample. 

 
 

Fig. 1. Fire resistance test procedure (Alamsyah et al. 2024) 

 
Research Analysis 

Test result data were analyzed using a 2-factor Completely Randomized Design 

(CRD) with 3 replications. The factors used were (1) variations in the orientation of the 

veneer fibers, in the form of LVL (the orientation of the veneer fibers arranged parallel) 

and LVB (the orientation of the 2nd and 8th veneer fibers arranged perpendicular to the 

direction of the other veneer fibers), as well as (2) treatment with the addition of fire 
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retardant materials (contact or without the addition of fire retardant materials, DAP 

impregnation, SS impregnation, DAP coating, and SS coating). 

 

 

RESULTS AND DISCUSSION 
 
Physical Properties 
Moisture content 

Moisture content testing shows the percentage of the amount of water contained in 

the panel board to the weight of the panel board in kiln dry or oven dry conditions (Supriadi 

et al. 2020). The moisture content value of each treatment was then compared with the 

moisture content requirements for panel boards according to the JAS:2008 standard, so that 

it can be seen whether the panel met the standards or not. 

Figure 2 shows a graph of the results of moisture content testing on LVL and LVB 

wood panels for each treatment. Based on the research results, the moisture content value 

of the gmelina panel board samples showed values ranging between 10.94% and 13.24%. 

The lowest moisture content was found in the LVL-control wood panel samples, while 

the highest one was found in the DAP-impregnated LVB wood panel samples. However, 

all samples of panel board in this study met the JAS:2008 standard for LVL which 

requires a water content value of <14%. 

 

 
 

Fig. 2. Average moisture content of LVL and LVB 

 

The results of the statistical analysis test showed that the orientation of the veneer 

fibers was not significantly different from the percentage of moisture content of the panel 

board. Meanwhile, for each treatment the results showed no significant difference in the 

percentage of moisture content of the panel boards. This is because the orientation of the 

veneer fibers has a more significant effect on the mechanical and structural properties of 

the wood panel. Research by Shukla and Kamdem (2008) shows that the physical 

properties of LVL panels made from two different hardwood species are influenced by 

the physical properties of the solid wood species, but they are not influenced by the fiber 

orientation of the panels made. 
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The varying moisture content values of panel board can be caused by varying initial 

moisture content of the veneer. The variation in moisture content values is thought to 

occur due to the influence of temperature and humidity around the veneer storage area. 

This is caused by the hygroscopic nature of wood, which can release and attract water 

content (moisture) in response to changes in temperature and humidity in the surrounding 

air (Bahanawan et al. 2020). In conditions of high air humidity during storage, wood 

veneers will absorb water content (moisture) from the surrounding environment. 

According to Haygreen and Bowyer (1996), the type of wood can also influence the water 

content of panel boards. The type of wood that has a high density value, the higher the 

moisture content (Arsad 2011; Setiawan et al. 2014). 

Another factor that influences the variation in the percentage of moisture content 

of wood panels is the imperfect drying process, especially for veneer resulting from the 

drying process after impregnation. The principle of the impregnation method is to replace 

the water molecules contained in the cell walls with impregnating material molecules 

(Haygreen and Bowyer 1996). In this research, the impregnating material used was a 

mixture of fire retardant materials in the form of DAP and SS, with water as the solvent. 

This impregnation treatment can make the veneer wet again, so that if the drying process 

is less than perfect, a fairly high moisture content will remain in the veneer. Therefore, 

when covered with adhesive and arranged into one wooden panel, the adhesive will fill 

the empty cavities and harden. The ability of panel board to absorb and release water will 

be reduced, so that when the glued veneer is not completely dry (moisture content > 8%), 

the water content will be locked and it is possible that the resulting panel board product 

will have a fairly high moisture content (moisture content close to 14%). 

The weight of the layer can also affect the moisture content of the panel board. The 

moisture content of panel boards will tend to increase as the weight of the whitewash used 

increases. This is caused by an increase in the specific gravity of wood (Arsad 2011; 

Setiawan et al. 2014; Supriadi et al. 2020). 

 
Density 

Wood density testing shows the amount of material contained in the wood cell 

walls, including other substances that play a role in the strength properties of wood, so 

that the density value of the panel board has an influence on the strength of the resulting 

panel board. Density testing was carried out to determine whether the artificial boards 

studied had low, medium, or high density (Supriadi et al. 2020). Density is one of the 

properties of wood which can indicate strength and other mechanical properties. The 

higher the density of the wood, the higher the mechanical properties of the wood. 
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Fig. 3. Average density of LVL and LVB       

 

Figure 3 shows a graph of the density test results on LVL and LVB wood panels 

for each treatment. The research results showed that the density value of gmelina imitation 

board ranged between 0.51 and 0.59 g/cm³. The lowest wood density value was found in 

the LVL-control wood panel sample, while the highest density was found in the SS-

impregnated LVB wood panel sample. The density after becoming an artificial board 

shows a higher value compared to the density of the wood. The density of gmelina wood 

at a water content of 12% with a thickness of 5 to 7 cm is 0.49 g/cm³ (Gérard et al. 2017). 

The results of the statistical analysis test showed that the orientation of the veneer 

fibers was not significantly different from the density value of the panel board. Meanwhile, 

each treatment showed a significantly different value to the density value of the panel 

board. Based on the research results, it was found that the density value in the treatment of 

applying fire retardant material with impregnation was greater than that of coating, and the 

lowest value was found in the control. This is in accordance with research by Li et al. 

(2020), who stated that the increased veneer density was caused by the wood cell cavities 

being filled with oligomers of fire-retardant materials in the form of DAP and SS. In this 

research, the impregnation process carried out on Chinese pine wood using 20% (w/w) 

sodium silicate can increase the density value of the wood with a density increase ratio of 

53.44 ± 1.59%. 

Tenorio et al. (2011) showed an increase in the density value after becoming an 

artificial board with a density value for LVL of 0.523 g/cm³ and for plywood (LVB) of 

0.516 g/cm³. The increase in the density value of the panel board is influenced by the 

presence of an adhesive layer that fills the empty cavities and compaction occurs when 

pressing the panel board (Supriadi et al. 2020). By using the same raw materials and the 

same manufacturing conditions, the difference in fiber orientation of LVL and LVB panels 

was not significantly different in terms of density values. The factors that influence the 

value of wood density include the type of wood (wood density), the amount of compression 

pressure during the compression process, the number of constituent layers, adhesive 

content, and other additional materials (Kelly 1977). 
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Swelling-Shrinkage  

Panel boards are composed of several layers of veneer that are glued together with 

adhesive and subjected to compression until they are formed into a panel. The long 

orientation direction of the wood panel is the tangential orientation direction of the solid 

wood. The width orientation direction of the wood panel is the radial orientation direction 

of the solid wood. 

 

 
 

Fig. 4. Average thickness expansion of LVL and LVB 
 

Figures 4 through 6 show the test results for thickness expansion, length shrinkage, 

and width shrinkage of gmelina panel board samples in all treatments.  Based on the test 

results, it was found that the thickness expansion value tended to be higher for LVB panels 

than LVL (Fig. 4). The results of this study were similar to those of Tenorio et al. (2011), 

which showed that the percentage of thickness expansion of LVB wood panel samples 

from gmelina wood (2.09%) is greater than that of LVL wood panel samples (1.76%). 

Based on the results of statistical analysis, the orientation of the veneer fibers was 

significantly different from the percentage of shrinkage in the length of the wood panel. 

Figure 5 shows the results of the test for shrinkage of the length of the wood panels in all 

treatments. The length loss value tended to be higher for LVB panels than LVL.  
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Fig. 5. Average length shrinkage of LVL and LVB 

 

Figure 6 shows the results of the test for shrinkage of the width of the wood panels 

in all treatments. Based on the test results, it was found that the width loss value tended to 

be higher for LVL panels than LVB. This is because in LVL panels all the veneers were 

arranged parallel to the direction of the grain, or like the tangential direction of solid wood.  

 

 
Fig. 6. Average width shrinkage of LVL and LVB     

 

Meanwhile, in the tangential direction wood had greater swelling-shrinkage 

properties compared to the longitudinal direction (Riki et al. 2019). In LVB panels the 

direction was arranged perpendicular to the direction of the other veneer fibers, thus 

providing the ability to resist shrinkage in the direction of the panel width. The direction 

of the grain in the width dimension of the panel was the direction of the longitudinal grain 

of the solid wood, where wood has low swelling-shrinkage properties in the longitudinal 

direction (Prihatini et al. 2020). Therefore, the percentage of shrinkage in the width 

dimension for LVL was higher than for LVB panels. 

Based on the method of applying the fire-retardant material, the percentage of 

thickness expansion, width shrinkage, and length shrinkage in wood panel samples tends 
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to be higher when treated using sodium silicate (SS). This can be caused by the 

characteristic of SS which is a strong base, causing degradation of the chemical 

components of the wood which results in the formation of amorphous areas. Therefore, 

wood will bind more easily with water and cause thick expansion (Kuznetsov et al. 2021). 

 

Weight Percent Gain (WPG) 
Weight percent gain or weight gain percentage shows the percentage of weight gain 

that occurs in a product after being treated. In this research, WPG described the percentage 

of weight gain in veneer after being impregnated using fire retardant materials in the form 

of diammonium phosphate (DAP) and sodium silicate (SS). Based on the research results, 

it was found that the percentage of increase in veneer weight in the impregnation treatment 

with DAP and SS respectively was 8.90% and 9.79%. The percentage increase in weight 

of gmelina veneer in the impregnation treatment using SS retardant material was greater 

than in the impregnation treatment using DAP. According to Ding et al. (2008), wood 

porosity and density can affect the impregnated rate of wood. Impregnated rate will 

increase along with high wood porosity and low wood density. This is because wood with 

low density has more empty cavities available, so it can increase the impregnated rate 

which makes it easier for DAP and SS molecules to enter the wood (Sukartana and Balfas 

2008). Gmelina wood has a density of 0.49 g/cm³ (Gérard et al. 2017), with a fairly small 

to fairly large pore diameter and a small frequency. Apart from that, gmelina wood has a 

high tylosis content. Tylosis is a bubble-like structure that originates from the protoplasm 

of parenchyma cells that fill the vessel cells near the paired nodes (Mompewa et al. 2019). 

The high content of tylosis and other deposits in the cell cavities can inhibit the rate of 

water movement in the wood (wood is difficult to dry) and can prevent the entry of 

impregnating materials into the wood (Wahyudi 2013). Therefore, with the small pore 

diameter and low frequency, as well as the high tylosis content, the percentage of weight 

gain after impregnation of gmelina wood veneer is not that large. 

 
Mechanical Properties 

The mechanical properties of artificial boards can be defined as their ability to 

withstand external loads (Supriadi et al. 2020). Mechanical properties testing consists of 

bending strength, bonding strength, and hardness. The mechanical properties data for LVL 

and LVB panels are shown in Tabel 3 and Figs. 7, 8 and 9. 

 

Table 3. Average Value of Mechanical Properties Test  

Retardant 
application 

Bending (N/mm2) Horizontal Shear 
Strength (N/mm2) 

Hardness 
(N) 

MOE MOR 

LVL LVB LVL LVB LVL LVB LVL LVB 

Control 13646.15 5567.66 78.23 28.98 3388.29 3542.22 6.65 4.30 

DAP 
impregnation 

12171.10 6740.16 46.35 26.53 4057.62 3516.60 6.69 4.04 

SS impregnation 10319.41 7679.20 57.75 44.16 2895.71 3708.01 6.04 5.71 

DAP coating 9762.60 7664.42 55.03 47.33 3291.99 3801.96 5.90 5.43 

SS coating 10666.75 7256.71 51.50 40.77 3918.56 3106.06 7.09 5.92 
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Bending Strength 
Bending strength testing was carried out to measure the MOE and MOR values of 

LVL and LVB wood panel samples from all treatments (Fig. 7). Based on the results of 

statistical analysis, it was found that the orientation of the veneer fibers was significantly 

different from the MOE and MOR values of wood panels. This can be seen from the 

average MOE value in the LVL panel sample which tended to be higher than the LVB 

panel sample as shown in Table 4. The same thing also happened in the MOR test, where 

the average MOR value in the LVL panel sample was higher than LVB panel samples. 

This is because LVL has a higher strength in the longitudinal direction than LVB.  

 

 
MOE (a) 

 

 
MOR (b) 

 

Fig. 7. MOE (a) and MOR (b) values 
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In LVL wood panels, the veneer arrangement is made parallel with all grain 

directions parallel. Meanwhile, in LVB wood panels, the 2nd and 8th layers of veneer are 

arranged with the fiber orientation perpendicular to the direction of the other veneer fibers. 

Veneer with a parallel grain direction (long) is the longitudinal direction of the solid wood, 

while veneer with a perpendicular direction (cross) is the tangential direction of its solid 

wood. This bending test was carried out at four points where the load will be supported in 

the longitudinal section. According to Sun et al. (2022), the strength of the longitudinal 

direction of wood is greater than the tangential direction. Therefore, the bending test 

showed that LVL wood panels were better than LVB wood panels. 

 
Bonding Strength 

Bonding strength testing was carried out to measure the horizontal shear of LVL 

and LVB wood panel samples from all treatments (Fig 8). Based on the results of statistical 

analysis, it was found that the grain orientation of wood veneer in the panels has a 

significant effect on the horizontal shear strength value of the wood panels. The research 

results shown in Table 4 show the horizontal shear strength values for LVL and LVB wood 

panel samples from all treatments. Based on the test results graph, it was found that the 

LVL wood panel samples had higher strength values compared to the LVB wood panel 

samples in all treatments. The strength of LVL panels is caused by the parallel arrangement 

of veneers, making LVL wood panels have higher structural strength than LVB wood 

panels (Tenorio et al. 2011). 

 

 
 

Fig. 8. Horizontal shear strength 
 

Based on the method of application of the fire-retardant material, impregnation 

treatment tends to have a lower value than coating treatment. This is in accordance with 

research by Kawalerczyk et al. (2019), who stated that impregnation treatment can reduce 

the bonding value, especially in veneers that receive impregnation treatment. Apart from 

that, adhesives are also related to the shear strength of LVL and LVB wood panels. 

According to Yan et al. (2023), the bonding value of a wood panel can be influenced by 

the type of adhesive used. However, in this study PF adhesive was used which has good 

quality as an adhesive and does not cause a large decrease in bonding value when compared 

to other types of formaldehyde adhesives. 
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Hardness 
The results of statistical analysis showed that the orientation of the fiber direction 

and the application treatment of the fire-retardant material were not significantly different 

to the panel hardness value. The lowest hardness value was found in the SS-impregnated 

LVL wood panel sample (Fig. 9). This is due to the characteristics of sodium silicate which 

is alkaline and capable of degrading the chemical components of wood, so that the strength 

of the wood is reduced (Borůvka et al. 2016). Meanwhile, the highest hardness value was 

found in the DAP-impregnated LVL wood panel samples. In contrast to the properties of 

sodium silicate, diammonium phosphate is not classified as a strong base with a pH of 8. 

Therefore, DAP does not have properties that can degrade the chemical components of 

wood, so increasing the density value of DAP-impregnated LVL wood panels can increase 

the hardness value of the wood panels (Budiman et al. 2020). 

 

 
 

Fig. 9.  Hardness values 

 

Delamination 
The results of the delamination percentage test on the gmelina imitation board 

panels are shown in Fig 10. Delamination in this panel board sample could be caused by 

the adhesive curing process in the middle of the veneer layer being difficult to achieve.  
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Fig. 10. Percentage of delamination 

 

Based on the test results, it was found that the percentage of passing the 

delamination test on LVL panels with SS-impregnation and SS-coating treatment was 

16.67% and 8.33% with a delamination percentage of 0% on other wood panel samples. 

Based on the JAS:200 standard for LVL panels, the standard percentage of passing the test 

is <10%, so that LVL panels with SS-impregnation treatment are declared not to have 

passed the delamination test with a large delamination percentage reaching 16.67%. By 

contrast, no delamination occured in LVB panels. According to Ekawati (1968), factors 

that influence the delamination value of artificial boards include the shear plane, type of 

adhesive, and their interactions. Delamination in this panel board panel sample could be 

caused by the adhesive curing process in the middle of the veneer layer being difficult to 

achieve due to the large number of layers, resulting in less than optimal interaction between 

the adhesive and the veneer surface (Iskandar and Supriadi 2017). 

 

Formaldehyde Emissions 
The formaldehyde emission test results from the LVL panel are in Table 5. The 

table lists the average value and maximum value of the amount of formaldehyde emissions 

in the gmelina LVL panel. Based on the test results, it was found that all LVL panels from 

gmelina wood in each treatment were included in the F**** classification. The results 

obtained were in accordance with the JIS A 1460 (2001) standard for LVL with the average 

and maximum values respectively, namely 0.3 and 0.4 mg/L, so that all LVL panels are 

judged to be safe to use. This good formaldehyde emission test result was obtained because 

the type of adhesive used in making wood panels uses phenol formaldehyde (PF) adhesive, 

which has a low formaldehyde emission level (Liang et al. 2021). 

 

Table 4. Formaldehyde Emission of LVL 

Treatment Average Value (mg/L) Maximum Value (mg/L) Classification 

Control 0.3 0.4 F**** 

DAP impregnation 0.1 0.1 F**** 

SS impregnation 0.3 0.3 F**** 

DAP coating 0.3 0.3 F**** 

SS coating 0.3 0.3 F**** 
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The DAP impregnation panel sample had a lower formaldehyde emission value 

than the control panel sample. This is attributed to the nature of DAP, which produces 

ammonia and N-H groups on the veneer surface that react and help reduce formaldehyde 

emissions (Demir et al. 2017). Based on statistical tests, the orientation of the fibers in the 

panel board was not significantly different from the amount of formaldehyde emissions. 

Therefore, formaldehyde emission testing was only carried out on LVL panel samples. 

 
Fire Resistance 

The combustion test results obtained in this study were the average burning time 

and burning rate of the samples. Based on the results of statistical analysis, it was found 

that the DAP impregnation treatment gave significantly different results to the burning 

time. Figures 11 (a and b) shows a graph of the burning time for each treatment. Based on 

the research results, it was found that the addition of fire-retardant material can increase 

the burning time and reduce the burning rate of wood panels, when compared with control 

samples. The order of burning time up to the longest time in sequence is control (22 min 

57 seconds), SS coating (23 min 52 seconds), DAP coating (24 min 22 seconds), SS 

impregnation (25 min 46 seconds), and DAP impregnation (32 min 3 seconds).  The 

burning rate were 0.81 min, 0.77 min, 0.78 min, 0.72 min, and 0.59 min for control, SS 

coating, DAP coating, SS impregnation and DAP impregnation respectively. 
 

 
 
 

12:00:00 AM 12:07:12 AM 12:14:24 AM 12:21:36 AM 12:28:48 AM 12:36:00 AM

Control

SS coating

DAP coating

SS impregnation

DAP impregnation

Burning duration (minute) (a)



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Alamsyah et al. (2025). “Gmelina fire-resistant LVB,” BioResources 20(1), 972-993.  989 

 
 

Fig. 11. Burning duration (a) and burning rate (b) 

 

Based on the method of applying the flame-retardant material, samples with the 

impregnation method were found to have a longer burning time than samples with the 

coating method, which is in accordance with of Lowden and Hull (2013). The longer 

burning time is attributed to the fact that the application of the impregnation method can 

insert fire retardant material into the wood cell cavities, so that the fire-retardant material 

is more evenly distributed over each layer of veneer in the wood panel. The durability of 

wooden panels using the coating method is no better than the impregnation method because 

the application of the fire-retardant material acts as a ‘coating’ and is only found on the 

surface of the panel. However, the application of fire-retardant materials using the coating 

method can also prevent the release of flammable vapours and oxygen access (Lowden and 

Hull 2013). 

Based on the flame-retardant material applied, samples using DAP have a longer 

burning time compared to samples using SS. This is due to the characteristics of DAP, 

which has a working mechanism as a fire-retardant material by decomposing into ammonia 

and phosphoric acid and forming char (Lowden and Hull 2013). The ammonia and 

phosphoric acid formed will react and can remove flammable volatile gases. Meanwhile, 

the char forms a layer that can prevent fire from spreading and entering the inside of the 

wood, thereby extending the burning time (Przystupa et al. 2020). The working principle 

of SS as a fire-retardant material is to undergo ceramicization, which means forming a 

layer of silica resulting from the combustion residue, which can inhibit the release of 

volatile compounds so that wood burning will be hampered (Lowden and Hull 2013). The 

results of this study are in accordance with Hautamäki et al. (2020) and Alamsyah et al. 

(2024), which showed that wood panels impregnated using DAP have longer burning 

resistance compared to impregnation treated using SS. 

 
 
CONCLUSIONS 
 
1. The addition of 20% diammonium phosphate (DAP) and 20% sodium silicate (SS) 

solutions can improve several physical properties of laminated veneer lumber (LVL) 
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and laminated veneer board (LVB) panels from gmelina wood, such as moisture content 

and density for each treatment. The addition of 20% SS solution was able to increase 

the percentage of thickness expansion. In terms of mechanical properties, the addition 

of 20% DAP and 20% SS solutions did not significantly differ in terms of mechanical 

properties. However, the addition of 20% SS solution resulted in a decrease in hardness 

in LVL panels from gmelina wood. 

2. In the formaldehyde emission test, the addition of 20% DAP solution to the 

impregnation treatment was able to reduce the amount of formaldehyde emissions due 

to the production of ammonia and N-H groups produced on the veneer surface, which 

could react and help reduce formaldehyde emissions. 

3. The effect of adding 20% DAP and 20% SS solutions was found to be significantly 

different on the burning time of LVL gmelina wood panels. The DAP impregnation 

treatment gave the best fire resistance test results with a burning time of 32 min 2 

seconds. Meanwhile, the best treatment using SS as fire retardant was the impregnation 

treatment with a burning time of up to 25 min 46 seconds. 

 
 
ACKNOWLEDGMENTS 
 

This research was funded by the National Research and Innovation Agency of 

Indonesia (BRIN) under the scheme of “Program Riset dan Inovasi Untuk Indonesia Maju 

(RIIM)” Gelombang 1 Tahun ke-2, Code File LPPM.PN-13-11-2022 Contract Number 

20/IV/KS/06/2022 and 417/IT.1B07/KS.00/2022. 

 

Conflict of Interest 
The authors state no conflict of interest. 

 

 

REFERENCES CITED 
 
Alamsyah, E. M., Darwis, A., Suhaya, Y., Sutrisno, Munawar, S. S., Malik, J., and 

Sumardi, I. (2023). “Modified grain orientation of laminated veneer lumber 

characteristics of three fast-growing tropical wood species,” BioResources 18(3), 

6132-6141. DOI: 10.15376/biores.18.3.6132-6141 

Alamsyah, E. M., Abdullah, A. F., Suhaya, Y., Sutrisno, Darwis, A., Sumardi, I., Suheri, 

A., Munawar, S. S., and Malik, J. (2024). “Effect of impregnation with diammonium 

phosphate and sodium silicate on some physical and mechanical properties of 

modified laminated veneer lumber made of jabon wood,” BioResources 19(1), 306-

321. DOI: 10.15376/biores.19.1.306-321 

Arsad, E. (2011). “Physical properties of plywood made from acacia (Acacia mangium 

Willd.) and kelpaya (Anthocephalus spp.),” Forest Products Industry Research 

Journal 3(2), 1-6. 

ASTM D 143 (2003). “Standard test methods for small clear specimens of timber,” 

ASTM International, West Conshohocken, PA, USA. 

Bahanawan, A., Darmawan, T., and Dwianto, W. (2020). “The relationship between 

specific gravity and hygroscopicity using the average water loss value approach,” 

Forest Products Industry Research Journal 12(1), 1-8. 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Alamsyah et al. (2025). “Gmelina fire-resistant LVB,” BioResources 20(1), 972-993.  991 

Balfas, J. (2010). “Alternative types of wood for carpentry,” in: Proceedings of the 

National Seminar on Technological Innovation in Processing Fast-Growing Teak and 

Other Woodworking, pp. 98-107. 

Borůvka, V., Ziedler, A., and Doubek, S. (2016). “Impact of silicon-based chemicals on 

selected physical and mechanical properties of wood,” Wood Research 61(4), 513-

524. 

Central Statistics Agency (2019). Forestry Production Statistics 2018, Central Statistics 

Agency, Jakarta. 

Central Statistics Agency (2020). Forestry Production Statistics 2019, Central Statistics 

Agency, Jakarta. 

Central Statistics Agency (2021). Forestry Production Statistics 2020, Central Statistics 

Agency, Jakarta. 

Central Statistics Agency. (2022). Forestry Production Statistics 2021, Central Statistics 

Agency, Jakarta. 

BS EN 317 (1993). “The standard for particleboards and fiberboards. Determination of 

swelling in thickness after immersion in water,” British Standards Institution, 

London. 

Budiman, I., Purnawati, R., Siruru, H., and Hadi, Y. S. (2020). “Physical and mechanical 

properties of five Indonesian woods treated with polystyrene,” IOP Conference Series 

572, article 012039. DOI: 10.1088/1755- 1315/572/1/012039 

Demir, A., Aydin, I., and Çolak, S. (2017). “Effect of various fire retardant chemicals in 

different concentrations on formaldehyde emission of plywood,” Gazi Üniversitesi 

Orman Fakültesi Dergisi 2017, 509-516. DOI: 10.17475/kastorman.283249  

Ding, W., Koubaa, A., Chaala, A., Belem, T., and Krause, C. (2008). “Relationship 

between wood porosity, wood density and methyl methacrylate impregnation rate,” 

Wood Materials Science and Engineering 3(1-2), 62-70. DOI: 

10.1080/17480270802607947 

Ekawati D. (1998). Influence of Adhesive Type and Arrangement of the Location of Red 

Meranti and Coconut Wood on the Physical and Mechanical Properties of Laminated 

Beams, Master’s Thesis, Bogor Agricultural Institute, Bogor, Indonesia. 

Gérard, J., Guibal, D., Paradis, S., and Cerre, J. (2017). Tropical Timber Atlas: 

Technological Characteristics and Uses, International Tropical Timber Organization. 

Edision Quae. 

Hautamäki, S., Altgen, M., Altgen, D., Larnøy, E., Hänninen, T., and Rautkari, L. (2020). 

“The effect of diammonium phosphate and sodium silicate on the adhesion and fire 

properties of birch veneer,” Holzforschung 74(4), 372-381. DOI: 10.1515/hf-2019-

0059 

Haygreen, J., and Bowyer, J. (1996). Forest Products and Wood Science: An Introduction 

(3rd Ed.), Iowa State University Press, Ames, IA, USA. 

Iskandar, M. I., and Supriadi, A. (2017). “The effect of wood species and the number of 

layers for laminated veener properties,” Indonesian Journal of Agricultural Sciences 

22(1), 34-40. DOI: 10.18343/jipi.22.1.34. 

JIS 701 (2008). “Standard for laminated veneer lumber,” The Ministry of Agriculture, 

Forestry and Fisheries of Japan, Tokyo. 

JIS A 1460 (2001). “Building boards. Determination of formaldehyde emission 

desiccator method,” The Ministry of Agriculture, Forestry and Fisheries of Japan, 

Tokyo. 

Kawalerczyk, J., Dziurka, D., Mirski, R., and Grześkowiak, W. (2019). “The effect of 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Alamsyah et al. (2025). “Gmelina fire-resistant LVB,” BioResources 20(1), 972-993.  992 

veneer impregnation with a mixture of potassium carbonate and urea on the properties 

of manufactured plywood,” Drewno 62(203), 107-116. DOI: 10.12841/wood.1644-

3985.281.12 

Kelly, M. W. (1977). Critical Literature Review of Relationship between Processing 

Parameters and Physical Properties of Particleboards (General Technical Report 

FLL-10), U.S. Department of Agriculture Forest Products Laboratory, Madison, WI, 

USA. 

Kuznetsov, B. N., Baryshnikov, S. G., Miroshnikova, A. V., Kazachenko, A. S., Malyar, 

Y. N., Skripnikov, A. M., and Taran, O. P. (2021). “Fractionation of birch wood by 

integrating alkaline-acid treatments and hydrogenation in ethanol over a bifunctional 

ruthenium catalyst,” Catalysts 11(11), 1362. DOI: 10.3390/catal11111362 

Li, P., Zhang, Y., Zuo, Y., Lu, J., Yuan, G., and Wu, Y. (2020). “Preparation and 

characterization of sodium silicate impregnated Chinese fir wood with high strength, 

water resistance, flame retardant and smoke suppression,” Journal of Materials 

Research and Technology 9(1), 1043-1053. DOI: 10.1016/j.jmrt.2019.10.035 

Liang, J., Wu, J., and Xu, J. (2021). “Low-formaldehyde emission composite 

particleboard manufactured from waste chestnut bur, Journal of Wood Science 67(1). 

DOI: 10.1186/s10086-021-01955-x 

Lowden, L. A., and Hull, T. H. (2013). “Flammability behavior of wood and a review of 

the methods for its reduction,” Fire Science Reviews 2(1), article 4. DOI: 

10.1186/2193-0414-2-4 

Ministry of Environment and Forestry (MEF) (2018). “Ministry of Environment and 

Statistics,” Planning Bureau of the Ministry of Environment and Forestry, Jakarta. 

Mompewa, N. M., Yunianti, A. D., and Larekeng, S. H. (2019). “Characteristics of the 

anatomical structure of the cell walls of red jabon (Anthocephalus macrophyllus) 

Wajo Provenance,” Perennial Journal 15(1). DOI: 10.24259/perennial.v15i1.6496 

Prihatini, E., Maddu, A., Rahayu, I., Kurniati, M., and Darmawan, W. (2020). 

“Improvement of physical properties of jabon (Anthocephalus cadamba) through the 

impregnation of nano-SiO2 and melamine formaldehyde furfuryl alcohol copolymer,” 

IOP Conference Series: Materials Science and Engineering 935(1), article 012061. 

DOI: 10.1088/1757- 899x/935/1/012061 

Przystupa, K., Pieniak, D., Samociuk, W., Walczak, A., Bartnik, G., Kamocka-Bronisz, 

R., and Sutuła, M. (2020). “Mechanical properties and strength reliability of 

impregnated wood after high temperature conditions,” Materials 13(23), article 5521. 

DOI: 10.3390/ma13235521 

Riki, J., Sotannde, O. A., and Oluwadare, A. O. (2019). “Selected physical properties and 

microscopic description of Ziziphus mauritiana Lam. wood in the Sudano-Sahelian 

Region of Nigeria,” Asian Journal of Applied Sciences 7(6). DOI: 

10.24203/ajas.v7i6.6003. 

Ross, R. (2010). Wood Handbook: Wood as an Engineering Material (General Technical 

Report FPL- GTR-190), U.S. Department of Agriculture Forest Products Laboratory, 

Madison, WI, USA. DOI: 10.2737/fpl-gtr-190 

Setiawan, F., Sulaeman, R., and Yoza, D. (2014). “Characteristics of plywood from 

rubber wood (Hevea braziliensis Muell. Arg) based on tree age,” Online Journal of 

Students of the Faculty of Agriculture, Riau University 1(1), 1-11. 

Shukla, S., and Kamdem, D. P. (2008). “Properties of laminated veneer lumber (LVL) 

made with low density hardwood species: Effect of the pressure duration,” European 

Journal of Wood and Wood Products 66(2), 119-127. DOI: 10.1007/s00107-007-



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Alamsyah et al. (2025). “Gmelina fire-resistant LVB,” BioResources 20(1), 972-993.  993 

0209-1 

Sukartana, P., and Balfas, J. (2008). “Durability of coconut wood impregnated with resin 

against two species of resistant termites Coptotermes curvignathus and Macrotermes 

Gilvus,” Journal of Forest Products Research 25(4), 303-311. DOI: 

10.20886/jphh.2007.25.4.303- 311 

Sun, J., Zhao, R., Zhong, Y., and Liu, X. (2022). “Compressive mechanical properties of 

larch wood in different grain orientations,” Polymers 14(18), article 3771. DOI: 

10.3390/polym14183771 

 Supriadi, A., Trisatya, D., and Sulastiningsih, I. (2020). “Properties of plywood made 

from five types of wood from Riau,” Indonesian Journal of Agricultural Sciences 

25(4), 657-663. 

Tenorio, C., Moya, R., and Muñoz, F. (2011). “Comparative study on physical and 

mechanical properties of laminated veneer lumber and plywood panels made of wood 

from fast-growing Gmelina arborea trees,” Journal of Wood Science 57(2), 134-139. 

DOI: 10.1007/s10086-010-1149-7 

Voluntary Products Standard PS 1-19. (2019). “Structural plywood,” US Department of 

Commerce, National Institute of Standards and Technology. 

Wahyudi, I. (2013). “Relationship between the anatomical structure of wood and the 

properties of wood, its uses and processing,” Indonesian Wood Anatomy R&D 

Discussion. Bogor. 

Yan, Y., Wang, J., Shen, Z., Bi, H., and Shentu, B. (2023). “Flame resistance and 

bonding performance of plywood fabricated by guanidine phosphate- impregnated 

veneers,” Forests 14(4), article 741. DOI: 10.3390/f14040741 

 

Article submitted: July 23, 2024; Peer review completed: August 18, 2024; Revised 

version received: September 2, 2024; Accepted: October 2, 2024; Published: December 

2, 2024. 

DOI: 10.15376/biores.20.1.972-993 


