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ABSTRAK 

Dalam penelitian ini, diamati pengaruh komposisi jenis kayu dan waktu tunggu terhadap keteguhan rekat 

kayu lapis. Dalam penelitian ini,Shorea leprosula dan Terminalia catappa digunakan sebagi finir muka, finir 

belakang dan finir tengah dalam pembuatan sampel. Jenis kayu sebagai faktor A dengan 4 taraf, waktu tunggu 

sebagai faktor B dengan 3 taraf dengan 3 kali ulangan. Penelitian ini menggunakan rancangan acak lengkap. 

Analisis statistik dari data yang diperoleh menunjukan bahwa komposisi jenis kayu memberikan pengaruh 

yang sangat nyata, namun waktu tunggu dan interaksinya tidak memberikan pengaruh yang nyata terhadap 

keteguhan rekat. Koefisien variabilitasnya sebesar 16,45 %. 

Kata Kunci : Komposisi jenis kayu, waktu tunggu dan keteguhan rekat. 

I. INTRODUCTION 

There are 4000 wood species in Indonesia (Memed, et al. 1981; and Kliwon, et 

al.1984), but only 400 wood species have an important role in the future. From those sp, 

about 259 sp have been known in trade and they are classified into 120 wood trade name 

(Martawijaya, at al, 1981).  This is based on the fact that those wood   species are utilized, 

especially for veneer and plywood making. Plywood is by far the most important, in term of 

volume of all wood-based panel (FAO, 1963). 

Prentice Hall (1990) states that plywood is a glued wood panel made up of 

relatively thin layers with the grain of adjucent layers at an angle, usually 90
0
. Each layer 

consist of a single thin sheet, or ply, or of two or more plies laminated together with grain 

direction parallel. The usual constructions have an odd number of layers. The outside plies 

are call faces or face and back plies, the inner plies are called cores or centers, and the plies 

with grain perpendicular to that of the face and the back are called cross-band. The core 

may be veneer, lumber, or particleboard, with the total panel thickness typically not less 

than 1/6 inch or more than 3 inches. The plies may vary as to number, thickness, species 

and grade of wood. 

Hardwood Plywood Manufacturing Assosiation (1983) states that species for the 

face shall be hardwood species and if used for decorative face, any soft wood species may 

be used. Hermiati et al. (2006) stated that in plywood making, species of wood is an others 
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factor that might affect bond strength.   Wood species is one of so many factors that affect 

gluing.  This might be because each species of wood has different properties, such as 

density, pH, moisture content and extractive. 

Panis, (1963) stated that the properties of plywood are dependent upon three 

factors: (i) quality of the veneer; (ii) construction (number, thickness and orientation of 

plies); and (iii) the quality of the bond. Basic strength properties of the final product depend 

on the strength properties of the veneer making up the plywood and the quality of the bond 

between the plies. 

Maloney (1977) stated that a number of parameters or factors affect the final board 

properties, among the major factors are wood species, the binder type, and moisture content 

levels. Parameters in wood species include: density, acidity, moisture content and 

extractives, all most all of those parameters interact with each other in one way or another. 

1. Species: Of all the variables present in plywood, species is one of the most significant. It 

interacts with virtually every other variable that can be  imaginated in the process. It is 

reflect  the type of raw material available. The formulating of the urea resin is 

determined by the species. Some species must has the moisture content more precisely 

controlled; other wise the final board will blow or delaminate.  Species is the most 

ignificant variable that the master blender has to content with particularly if there are the 

number of species entering the process line. If a single species or two simillar ones to 

use, then the importance of species as far as that plant is concerned diminisher as long as 

the final board are of the quality desired. Much of the problem of species variation can 

be handled by constantly sub-deviding the various type of raw materials reseived from 

various sources back together.  Prentice Hall (1990) stated that the classifications for 

imported woods are based on descriptions found in the literature related to bond-ability, 

species properties, extarctives content and on industrial experience. (1).Density: The 

most important species variable governing board properties is the density of wood raw 

material itself. The density or specific gravity has been the important factor in 

determining witch species are used for manufacture of plywood product.  FAO (1966) 

and Kewilaa (2009) stated that wood species with density range from 0.40 – 0.70 g cm
-3

 

are good for veneer and plywood making but the range from 0.50 to 0.55 is the best.  

Haygreen and Bowyer (1982) stated that the lower density species are often used for 

core and back of plywood faced with more expensive hardwood. Martawijaya et al 

(1981) stated that specific gravity of Shorea leprosula is about 0.52 (0.30 – 0.86), and its 
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pore size between 200 – 300 µ and the number of pores are 2 to 8 pores/mm
2
. Then, 

Mandang and Pandit (1997) stated that specific gravity of terminalia catappa is about 

0.41 – 0.78, and the number of pores per mm
2
 are 2 to 4 pores.  (2). Acidity: Another 

important species variable that requre attention is the acidity, as meassure by pH and 

buffering capacity. To utilize adhesive that are both economy and suitable to the type of 

operation used in the many plants, appropriate chemical condition must be established in 

the board plant using urea-formaldehyde resin binders. This is particularly important in 

plant using urea-formaldehyde resins. These conditions are dependent in part on 

maintaining a certain range of acidity in the cure.  For a given species, the resin 

companies have developed binders that react properly within the normal range of acidity 

for that species. In some cases this can be achieved within the resin itself, whereas in 

orders, it is necessary to add a seperate catalyst to the resin before or after its application 

to the furnish. This seperate addition of catalyst is required in urea resin for use with 

nonacid wood to avoid the very short storage life of highly catalyst resin.  A number of 

species with wide ranging chemical characteristics can make it extremily difficult to 

provide the proper resin within a board plant. Speces such as Douglas fir that have pH 

levels of approximately 4.00 to 5.00 provide a chemical situation where urea resin cure 

properly; hawever, small amounts of catalyst can be used to speed the cure. Species with 

higher pH levels need a catalyst added to the resin in order that the resin will cure during 

hot pressing. Most phenolic resin, however, do not require acid conditions for curing to 

take place. (3). Moisture content: Moisture content of the raw material is important in 

planning any plant since it will determine the required dryer capacity.  If high moisture 

content material is anticipated at some in the future, this will have to be considered in 

the original design.  Wide ranges in the moisture content of material entering a plant also 

causes productivity problem.  Kollmann, et al.  (1975) stated that in generally hardwood 

offer more difficulties than softwood.  The higher the moisture content of wood is the 

lower becomes the strength of the glue joint and delaminating is possible. The specimen 

may be tested dry, in which case they shall have a moisture content of 8 to 12% at the 

time test, or they may be tested after soaking or boil test, depending on the type of 

information desired. (4). Extractive: Extractives are not part of the wood structure.  

They include tannins and other polyphenolics, coloring mater, essentil oil, fats, resins, 

waxes, gums, starch, etc. Exractive in wood may range between 5% snd 30% in 

quantity. Some extactives in species cause problems such as the aforementioned blows.  
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Western red cedar, for example, contains volatile material that turns to vapor during the 

hot-pressing operation, and this vapor can cause blowing and delamination problem at 

the end of the pressing period.  Prentice Hall (1990) stated that extractive have three 

main effect on adhesive joint performance. First, in some species and under certain 

drying condition, extractives migrate to the surface.  There they may concentrate and 

block adhesive from contact with the wood.  Surfacing before bonding usually alleviates 

this problem. Second, certain resinous or oily extractives are naturally resistant to 

adhesion. Third, pH or chemical reactivity of and extractive may inhibit the normal 

hardening process of the adhesive so that its full cohesive strength does not develop. 

2. Binders: Maloney (1977) stated that the predominant resins used in panel industry are 

urea-formaldehyde and phenol- formaldehyde.  Urea resins make up by far the major 

portion of the binders used in the industry, not only in the United States but worldwide.  

Ureas are favored because of low price, ease of handling and fast curing in the press. 

They are also colorless and do not lend any unfavorable color to the final board product. 

Prentice Hall (1990) stated that adhesive bonding is a key factor for efficient 

utilization of wood and is essential to the modern forest product industry. The ability of an 

adhesive to transfer stress from one member to another trough a thin layer. Kollmann et al 

(1975) stated that the glue line dependent not only on the amount of spread per unit area of 

surface but also on the structure of the wood is important. 

Prentice Hall (1990) stated that adhesives transfer load from one member 

(adherent) to another by surface attachment (adhesive bonding).  The strength of adhesive 

bonded joint depends on the strength of each link in the joint.  The performance of adhesive 

bonded joint then depends upon how well we understand and control the factors 

determining the strength of each link. The factors are: the type of wood product, the surface 

quality of wood product, the adhesive, the bonding process, and the service environment al.  

1). The type of wood product: Adhesives are used to bond wood solid form (lumber) and 

as veneer.  Wood density is a crude but useful indicator of the ease of bonding. In 

general the strength of wood increses with its density.  The strength of rigid-adhesive 

joint also increases with wood density up to about 0.70 to 0.80 g cm
-3

.  Above 0.70 to 

0.80, joint strength decreases again with our present adhesive system but diffirent 

reasons.  The wood failure on the surface of test joint decrease gradually up to density 

0.70 to 0.80 then decreses more repidly with further density increase.  High-quality joint 

are more difficult to achieve consistently as wood density increses because: (1). 
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Extractives that interfere with the development of adhesion and cohesion are more likely 

to be present, (2). Mechanical interlocking of the wood and adhesive is redused, (3).  

Adequate surface mating is harder to attain, even with extra pressure, and (4). 

Shringkage and spring back stresses in the joint are higher. 

2). Surface quality: Because adhesive work by surface attachment, the adherent’s surface 

qualities are extremely important to statics factory joint performance.  Wood surface to 

be bonded should be smooth, true, and free of machine mark or other surface 

irregularities such as torn or chipped grain or planer skip.  The surface should be free of 

extractives, dirt and other debris. 

3). Adhesives: The adhesive pH is another important factor in wood bonding.  The 

adhesive may be acidic, neutral, or alkaline.  Alkaline adhesive (such as hot-pressed 

phenolic formaldehyde resin) or an alkaline pretreatment of the wood surface are 

sometimes favored for difficult-to-bond woods containing adhesive resistant extractives 

and also certain preservative treatments.  Some wood (like oak) are quite acid and may 

interfere with the cure of alkaline or neutral-curing adhesives. 

4).  Bonding process: The moisture content of wood at the time of bonding has much to do 

with the final strength and durability of joint, the development of checks in the wood, 

and dimensional of the bonded assembly.  Large changes in the moisture content of 

wood after bonding cause shringking or swelling stresses that may seriously weaken 

both the wood and the joint.  Because different wood species vary in their absorptivity, 

a given adhesive mixture may penetrate more into one wood than into another under 

the same bonding condition.  A moderate amount of such penetration is desirable, 

especially if the wood surface tend to be somewhat torn and demaged. Excessive 

penetration, however, wastes adhesive and may result in starved (totally absorbed) 

bond lines.   

Bodig and Jayne (1982) stated that for some uses of plywood such data are 

inadequate and special test have been devised for direct application to this composite. Both 

quality control test and property evaluation test are in use.  The plywood shear test used for 

evaluation of glue-bond quality is the most widely used of the quality control test.  

Specimen dimensions and configuration the depth of the notches in the central plies for the 

3-plies are as shown in Fig. 1.  The specimen is gripped at both ends and the entire unit 

loaded in tension (Fig. 2).  The load at failure recorded upon completion of the test is 



Volume IX Nomor 1 

6  B. Kewilaa and D. Kilikily 

 

converted to a shear stress using the area bounded with so-called exterior adhesives may be 

tested after boiling in water for a specified period of time. 

 

   

 

 

 

 

 

 Kollmann et al (1975) stated that the test specimen shall be normally 1 in 

(2.5 cm) in width, 3
 

 
 in (8.25 cm) in length, and of a thickness equal to that of three-ply 

plywood selected. 

Prentice Hall, (1990) states that In structural design of plywood, the strength of 

plywood can be computed by formulas relating the plywood properties to the construction 

of the plywood and to the properties of particular wood species of component plies.  

Testing all of the many possible combinations of layer thickness, species, number of layers, 

and variety of structural components is imperitical.  The various formula developed 

mathematically and presented here were checked by test to veryfy their applicability. For 

example; shear strength abaut 250 – 300  psi (20 – 24 kg cm
-2

.  The mechanical and 

physical properties of LVL are affected by many factors such as wood species, veneer 

thickness, quality and processing variables (Hing et al., 2001 in Naserian et al;, 2011). The 

treatment is one of the processes used to modify the properties of wood include shearing 

trength (Mazela et al., 2004 in Naserian et al, 2011). 

Previous studies showed that strength of wood decreased with any treatment 

(Yildiz, 2002 in Naserian et al, 2011). It is well known that the wood species composition 

can have an impact on mechanical properties. Low wood density, numerous knots appear to 

be major factors contributing to low veneer stress grading, resulting in a production of low-

quality veneer (Zhang et al., 2004 in Naserian et al, 2011). Efficient usage of LVL in the 

Fig. 1.  Plywood Shear test Specimen 

used for  shear Evaluating glue-bond 

quality for 3-ply specimen          

Fig. 2.  Deformation of a plywood: (a) 

original geometry, plywood  (b) specimen 

under load (Bodig and Jaine, 1982) 

(Bodig and Jaine, 1982).   



Jurnal Makila 

ISSN: 1978-4996 

B.Kewilaa and D. Kilikily 7 

 

construction industry requires an understanding of the structural behavior of numerous 

species and knowledge about the effects of the wood species composition and waiting time 

on mechanical properties of LVL.  

The properties of wood adherent always have a distinct affect on the properties of 

glue joints (Kollmann, et al.  (1975). The pretreatment of the wood to be glued should be 

taken into consideration as well as species and moisture content. Impurities can reduce the 

strength of glue joints if they appear in the glue line or on the surface of wood. The 

thickness of glue line dependent not only on the amount of spread per unit area of surface 

but also on the structure of the wood is important. 

Kollmann, et al.  (1975) stated that in generally hardwood offer more difficulties 

than softwood.  The higher the moisture content of wood is the lower becomes the strength 

of the glue joint and delaminating is possible.   

Kollmann, et al.  (1975) stated that close waiting time of glue assembled material 

prior to pressing is important.  Some general principles for good join design: 

1. The bond area should be as large as possible 

2. The maximum proportion of the bonding area should contribute to the joint strength. 

3. The adhesive should be stressed in the direction of its maximum strength. 

4. Stresses in the weakest direction of the adhesive line should be minimized 

Sutigno, (1988) stated that the range of plywood shear strength for Indonesia 

Standard  are below 17.6 kg cm
-2

, between  17.6 – 24.6 kg cm
-2

 and more than 24.6 kg cm
-2

. 

Prana, et al. (2002) suggested that the future task was to complete the   information 

provided by the various among species by research. The variation among species was 

among: specific gravity (density), moisture content, acidity and extractive.  

From the above literature review that shearing strength is affected by various 

factors, ie: wood species composition and waiting time.   Therefore, the aims of this study 

were put forward to the effects of wood species veneer composition and waiting time 

treatment, on the bond strength. 

II. MATERIAL AND METHOD 

2.1. Materials and equipment 

The materials used in this research are urea formaldehyde glue and 2 wood 

species, Terminalia catappa and Shore leprosula.  at PT. Artika Optima Inti. 
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The equipments required in this study are rotary lathe, circular saw, pressing 

machine, curtain, oven, desicator and universal testing machine.  

2.2.  Research procedure 

We used Shorea leprosula and Terminalia catappa, two hardwood species 

growing in Molucas Seram. Veneers are found from rotary lathe, drying until its moisture 

content among 13 %. The veneers needed are 18 pcs (122 cm x 244 cm) including 3 pcs of 

Terminalia catappa, and 3 pcs of Shorea leprosula for faces veneer; 3 pcs of Terminalia 

catappa and 3 pcs of Shorea leprosula for back veneer; and then 3 pcs of Terminalia 

catappa and 3 pcs of Shorea leprosula for core veneer. The veneers are cutting to find 30 

cm x 30 cm measurement.  To spread the glue to core veneer about 30 g/900 cm
2
 of single 

glue line (0.03 g cm
-2

), after that the face and back veneer are assembling. After assembling 

the sample is pressed (cold press) with 8 kg cm
-2

 during 20 minutes. Waiting time 15, 25, 

35 minutes are given before hot press. Time press is about 2 minutes and 40 second, by 

pressure pressing 12.8 kg cm
-2 

at the temperature 110
0
 C.  After hot pressing, panels were 

allowed to cool for 24 hour then trimmed.  About 36 specimens, 8.26 cm long by 2.54 cm 

wide by 4.4 mm thick, were used to determine the bond strength for type II (interior). Three 

replicates were taken for each type of wood species composition plywood and waiting time 

treatment. The samples are prepared and stated shear area 12.7 mm x 25.4 mm. and then 

make the notch 2/3 depth of inner ply.  

The specimens were submerged in the water at temperature 60
0
C plus min 3

0
C.  

After 3 h, the specimens were cooled in cold water 15 minutes and removed them; extra 

water at the surface was wiped off with tissue paper and test were taken of shearing 

strength. The Shearing strength can be measured by shearing testing machine at the 

plywood industry.  Bond strength was calculated as a kg cm
-2

.  

Test procedure by Andrew De Wolfe (2012): 

1.  Measure the amount of shear area in square centimeters. 

2.  Load each end of the specimen in the tensile grips. 

3. Apply a force at a controlled rate to the specimen until it breaks and record the 

maximum force.  

Method for collecting data by Andrew De Wolfe (2010):  Test Report: 1). 

Maximum force, 2). Maximum shear stress. Divide the maximum force by the shear area 

and report in units of kilogram/square centimeter, or bond strength can be stated by 

formula: 

http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37124_an
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                       Shearing Strength = B/L (kg cm
-2

) 

Where: B = shearing load;  L = wide of shearing area      

The experimental results were statistically analyzed using completely randomized 

design analysis, and significant or high significant effect of wood species composition, 

waiting time and their interaction on bond strength were determined by using F test (Steel 

and Torrie, 1981). 

2.3.Data analysis 

The statistical analysis used in this research was completely random design, with 2 

factor and 3 replication:   

A factor (wood species composition) with 4 levels, ie: 

a1 = Shorea, therminalia, shorea (STS) 

a2 = Therminalia, Shorea, Therminalia (TST) 

a3 = Shorea, shorea, shorea (SSS) 

a4 = Therminalia, therminalia, therminalia (TTT) 

B factor (waiting time) with 3 levels, ie: 

b1 = 15 minute after cold press 

b2 = 25 minutes after cod press 

b3 = 35 minutes after cold press 

The mathematical model by Steel and Torrie, (1981), ei: 

Y =   µ  + αi  + βi + αiβj + €ij,  

 where: 

               Y     = experiment value/shear strength 

               µ     = expected value 

             αi    =  effect of wood species composition 

              βi   = effect of waiting time 

           αiβj   = effect of interaction between wood sp and waiting time 

             €ij   = experiment error 
    

III. RESULT AND DISCUSSION 

3.1. Result 

Observation data (Appendix 1) show that the average bond strength of sample is 

21.11 kg cm
-2

, a2 (TST) treatment has highest value bond strength (24.31 kg cm
-2

) and a4 

(TTT) treatment has lowest value (18.60 kg cm
-2

 ). Data on Appendix 2 show that b1 

http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37125_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37125_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37125_an
http://scialert.net/fulltext/?doi=jas.2011.980.987&org=11#37125_an
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(waiting time 15 minute) treatment gives highest value (21.57 kg cm
-2

) but b2 (waiting time 

25 minute) treatment gives the lowest value (20.55 kg cm
-2

). 

The analysis result of variance in Table 1 show that wood species gives high 

significant effect on bond strength, but waiting time and their interaction not give 

significant effect on bond strength with the coefficient of variability is 16.45%. 

Table 1. Analysis of variance the effect of wood species and 

waiting  time  on  shearing  strength 

SV DF SS MS Fcal 
Ftable 

5% 1% 

A 3 163.78 54.59 4.49
**

 2.17 2.92 

B 2 6.38 3.19 0.26 
ns

 2.01 2.77 

AB 6 61.73 10.28 0.85 
ns

 2.43 3.17 

Error 24 291.27 12.14   

Sum 35 523.16    
                  ns = non significant 

                  ** = high significant 

 

The coefficient of variability = 
    

       
         

      

     
              . 

The test criterion for looking at differences between means directly is given by: 

                                   Lsd (0.05) = 2.064√
        

 
      

                                   Lsd (0.01) = 2.797√
        

 
      

Table 2 shows the least significant difference between shear strength means in 

wood species composition (A) treatments. The test criterion for looking at differences 

between means directly is called the least significant difference or lsd. 

Table 2.  Differences between shear strength means in wood species 

composition treatment experiment. 

Treatment Differences 

a2 (TST) 

a1 (STS) 

a3 (SSS) 

a4 (TTT) 

24.31 

21.60          2.71ns 

20.38          3.93 ns         1.22ns 

18.60          5.71 **         3.00 ns       2.78ns 

Lsd 0.05  = 5.96 

Lsd 0.01  = 7.84 

3.2. Discussion 

a. Effect of wood species composition on shearing strength 

Martawijaya et al. (1981) stated that specific gravity of shorea leprosula is about          

0.30 – 0.86 (average is 0.52), and Mandang and Pandit, (1997) stated that specific gravity 

of Terminalia catappa is about 0.41 – 0.78 (average is 0.58).  
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Wood species composition TST treatment (Appendix 1) has highest bond strength 

because the specific density of Shorea leprosula is lower than the specific density of 

Terminalia catappa, so that Shorea leprosula correct as inner ply because its structure is 

coarse and Terminalia catappa correct as outer ply because its structure is fine ( 

Martawijaya et al. 1981 and Mandang and Pandit, 1997).  

In the other hand, the arrange of pores of Shorea leprosula is ring porous and 

therminalia catapa is diffuse porous (Martawijaya et al. 1981 and Mandang and Pandit, 

1997). It mean that both have different size of pore, so that it cause the differentiation in 

glue bond area and it can affect the differentiation on bond strength. The statement was 

agreed with Kollmann et al. (1975), that one principle for good joint design is the bond area 

should be as large as possible. 

Statistical analysis (Table 1) showed that wood species composition treatment 

give high significant effect on bond strength. It means that all species composition 

treatments give the different response on bond strength. The statement agreed with 

Maloney (1977), that wood sp affected the final board properties. 

The data (Appendix 1) showed that the bond strength of wood species 

composition treatments was among 18.60 kg cm
-2

 until 24.31 kg cm
-2

, and the data is in 

intervals 17.6 – 24.6 kg cm
-2

 for Indonesia Standard of shear strength. 

Table 2 shows the least significant difference between shear strength means in 

wood species composition (A) treatments. The test showed that only a2 (TST) treatment 

gives high significant different on shear strength with a4 (TTT) treatment.  

b. The effect of waiting time on shearing strength 

Data in appendix 1 showed that the longer of waiting time the bigger shear 

strength at STS treatment, it means that the longer waiting time cause adhesive cure 

completely.  For SSS treatment, the longer of waiting time the smaller shear strength, it 

means that waiting time 15 minute is enough to adhesive cure.  Kollmann, et al. (1975) 

stated that close waiting time of glue assembled material prior to pressing is important, 

because glue can be transfer and penetrate to other veneer clearly. 

Statistical analysis (Table 1) showed that waiting time treatment not give 

significant effect on bond strength, it mean that the different waiting time treatments give 

the same response on bond strength. 
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The data (Appendix 2) showed that the bond strength of waiting time treatments 

was among 20.55 kg cm
-2

 until 21.57 kg cm
-2

, the data in intervals 17.6 – 24.6 kg cm
-2

 for 

Indonesia Standard of shear strength. 

c. The interaction effect among wood species composition and waiting time on bond 

strength. 

Data in Appendix 1 showed that the interaction of TST treatment and 25 minute 

waiting time treatment (a2b2) gives an highest bond strength, but the interaction among TTT 

composition and 25 minute treatment (a4b2) gives a lowest bond strength.  Maloney (1977) 

stated that wood sp affect the final board properties, and Kollmann, et al. (1975) stated that 

close waiting time of glue assembled material prior to pressing is important.  But statistical 

analysis (Table 1) showed that the interaction among wood species composition and 

waiting time not give significant effect on bond strength, it mean that all interaction 

treatment between wood species composition and waiting time give the same response on 

bond strength.   

For wood species composition, the bond strength decreased from TST, STS, SSS 

to TTT treatment, there are about 24.31; 21.60; 20.38 and 18.80 kg cm
-2

.  For STS 

composition, bond strength increases from 15 minutes to 35 minutes waiting time (20.60; 

21.57 and 22.63 kg cm
-2

), but for SSS composition, bond strength decreases from 22.37; 

19.80; 17.60 kg cm
-2

 respectively. According to the results obtained in this study, bond 

strength increase from TTT composition treatment to TST treatment but nothing by 

increasing waiting time. 

The data showed that the bond strength treatments (interaction between wood 

species composition and waiting time) were among 17.6 kg cm
-2

 until 24.63 kg cm
-2

 for 

Indonesia Standard of Shear Strength, except TTT and 25 minute treatment below 17.6 kg 

cm
-2

 (16.20 kg cm
-2

).  The sample of TTT composition has the potential to be significantly 

lower in bond strength than the sample from the TST composition; the magnitude of 

reductions varies by wood species.  

Kretschmann et al. (1993) in Naserian et al. (2011) studied effect of various 

proportion of juvenile wood on properties of laminated veneer lumber and showed that a 

significant difference exists between materials manufactured with different material mature 

having the same nondestructive grade. In this study, both Shorea leprosula and Terminalia 

catappa showed a predictable decrease in strength from TST to TTT. 



Jurnal Makila 

ISSN: 1978-4996 

B.Kewilaa and D. Kilikily 13 

 

 In general, the results of this study on the effect of wood species composition and 

waiting time treatment on shearing strength are compatible with the findings in the 

literature on the effect of wood species composition treatment and waiting time on different 

sample. 

The results of research showed that shearing strength can be influenced by wood 

species but not by waiting time and their interaction. A reduction in wood species 

composition treatment was observed for TTT sample from 9.57% in SSS treated to 30.69% 

in the TST treated (Appendix 1).  

IV. CONCLUSIONS AND SUGGESTION 

4.1.  Conclusion  

Based on this research and its analysis, it can be concluded that wood species 

composition, waiting time and their interaction give contributes to determine the shearing 

strength but statistical analysis showed that only wood species composition gives 

significant effect on shearing strength. 

The shearing strength of wood species composition treatments was among 18.60 

kg cm
-2

 until 24.31 kg cm
-2

, the data in interval 17.6 – 24.6 kg cm
-2

 for Indonesia Standard. 

 TST and 25 minutes treatment has the highest bond strength, but TTT and 25 

minutes treatment has the lowest bond strength. 

4.2.Suggestion  

This research that has been conducted concern to effect of wood species 

composition and waiting time on shearing strength.   It suggests that: 

1. Following research need to be conduct to determine others wood species composition 

and waiting time effect on shearing strength. 

2. The waiting time 15 minute is enough to give the highest shearing strength. 
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Appendix 1.  Bond strength data (priority for wood species composition) 

Wood sp 

composition 

(A) 

Waiting time (B) 

Replication 

Total Average 
1 2 3 

 

a1 (STS) 

b1 ( 15 minute ) 

b2 ( 25 minute ) 

b3 ( 35 minute ) 

13.30 

22.50 

24.90 

32.10 

25.00 

24.70 

16.40 

17.20 

18.30 

61.80 

64.70 

67.90 

20.60 

21.57 

22.63 

Sub Total 60.70 81.80 51.90 194.40 21.60 

 

a2 (TST) 

b1 ( 15 minute ) 

b2 ( 25 minute ) 

b3 ( 35 minute ) 

24.00 

23.50 

24.10 

26.10 

25.80 

23.70 

21.10 

24.60 

25.90 

71.20 

73.90 

73.70 

23.73 

24.63 

24.57 

Sub Total 71.60 75.60 71.60 218.80 24.31 

 

a3 (SSS) 

 

b1 ( 15 minute ) 

b2 ( 25 minute ) 

b3 ( 35 minute ) 

19.10 

18.10 

9.00 

26.50 

23.80 

24.50 

21.50 

17.50 

19.30 

67.10 

59.40 

52.80 

22.37 

19.80 

17.60 

Sub Total 48.20 74.80 58.30 179.30 20.38 

 

a4 (TTT) 

b1 ( 15 minute ) 

b2 ( 25 minute ) 

b3 ( 35 minute ) 

25.90 

22.10 

20.90 

17.90 

9.40 

20.90 

14.90 

17.10 

18.30 

58.70 

48.60 

60.10 

19.57 

16.20 

20.03 

Sub Total 68.90 48.20 50.30 167.40 18.60 

T o t a l 247.40 280.40 232.10 759.90 21.11 
 

Appendix 2.   Bond strength data (Priority for waiting time) 

Wood sp 

composition 

(A) 

Waiting time (B) 

Replication 

Total Average 
1 2 3 

a1 (STS) 

a2(TST) 

a3(SSS) 

a4(TTT) 

 

b1 (15 mnt) 

13.30 

24.00 

19.10 

25.90 

32.10 

26.10 

26.50 

17.90 

16.40 

21.10 

21.50 

14.90 

61.80 

71.20 

67.10 

58.70 

20.60 

23.73 

22.37 

19.57 

Sub Total (b1)    258.80 21.57 

a1(STS) 

a2(TST) 

a3 (SSS) 

a4 (TTT) 

 

b2 (25 mnt) 

 

22.50 

23.50 

18.10 

22.10 

25.00 

25.80 

23.80 

9.40 

17.20 

24.60 

17.50 

17.10 

64.70 

73.90 

59.40 

48.60 

21.57 

24.63 

19.80 

16.20 

Sub Total (b2)    246.60 20.55 

a1 (STS) 

a2 (TST) 

a3 (SSS) 

a4 (TTT) 

 

b3 (35 mnt) 

24.90 

24.10 

9.00 

20.90 

24.70 

23.70 

24.50 

20.90 

18.30 

25.90 

19.30 

18.30 

67.90 

73.70 

52.80 

60.10 

22.63 

24.57 

17.60 

20.03 

Sub Total (b3)    254.50 21.21 

Average     21.11 
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