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ABSTRACT  
Using nails as adhesive materials on meranti wood laminate beams and zinc wood is an attempt to anticipate the 

problems arising in laminate beams if using glue adhesives, which the laminate process can occur ideally. 

Improved mechanical possessions such as strong bending and elastic modulus can be achieved. They can be 

considered to recommend using meranti wood laminate beams and zinc on wood as other raw materials reviewed 

from technological and economic features. The purpose of this education was to find out the effect of the distance 

of the nail on the solid bending of laminated wood beams-mechanical meranti wood and sengon wood. The 

bending testing method used is one point landing with variations in nail adhesive distances of 10 cm, 15 cm, 20 

cm, 25 cm, and 30 cm. The dimensions of the test object are 4 cm x 6 cm in thickness. Each lamina is 2 cm with 

a beam length of 150 cm. The lamina preparation is used in the press and pull area using meranti wood while in 

the middle using zinc on wood. In addition to load data that test objects can receive, the amount of exposure that 

occurs is also measured using a dial gauge placed under the test object at 1/3 the length of the right and left span 

and in the middle of the span. The results showed that the distance of the nail affects the strong bending of the 

laminate beam. The laminated beam nail space effect shows that the longer the nail is used, the less pliable. The 

damage that occurs also indicates that the longer the length of the nail used, the more damage that occurs leads to 

shear. The best nail spacing result used is a nail distance of 10cm with a bending power of 618.75 kg / cm², at that 

distance, the size of the bending is quite large close to the strength of the base material of the outermost layer of 

laminate-mechanical beams while wood is 98%. So it can be concluded that distance nails as an adhesive on 

laminate-mechanical wood beams influence the strong bending. The greater the distance of the nail used, the more 

minor the bending. 
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1. INTRODUCTION 

Wood is the most widely used physical for 

construction purposes. Wood is still much in demand 

in construction work because it has several 

advantages; among others, it has a specific strength 

that is high, light, easy to obtain. The price is relatively 

low in certain areas, and its implementation is 

straightforward. The age of cutting down old wood 

trees and forest land decreases, so the supply of wood 

for good quality large dimensional structures is 

reduced. Its high electrical conductivity, large surface 

area, excellent electrochemical properties, and calm 

strength [1]. Fiber-based biomass has become one of 

the most used filler materials for composite 

groundwork. It is a relatively cheap material, is often 

discarded as waste, and has residues from forestry and 

agricultural industries. The cellulose fiber structure 

offers low density and high specific strength and 

stiffness and is non-toxic to humans and nature [2]. 

The attachment strength is quantified, and the 

compatibility of the concept for the fabrication of a 

new generation of inertial microfluidic devices is 

evaluated using cells and atoms [3]. These defects may 

be detrimental to corrosion resistance, strength, and 

machinability [4].  

The laminate process's success is influenced by 

several aspects, including glued materials, adhesive 

materials, and gluing technology. Different carbon 

fiber fabrics were used to analyze the plies and 
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laminates' mechanical parameters [5]. The 

compatibility between adhesives, material properties, 

and gluing techniques is a foundation for the success 

and quality of laminated crops. The strength of 

attachment can be used as a benchmark for the success 

of laminate production. Laminates generally use glue 

adhesives as a link between each lamina. Still, the 

problem that often arises is that glue adhesives 

sometimes cannot be perfectly attached to each lamina 

so that the laminate process does not occur. 

Demonstrations of the flexural strength of these 

armor-plated concrete beams are cast with different 

combinations [6]. Payable to these attractive 

possessions, Airy beams have many potential 

photonics applications, such as particle manipulation 

[7]. 

In addition to using adhesive, laminate beams can 

also use nails or bolts or a combination of adhesive 

with bolts or nails as a link between the lamination. 

This type of beam is known as an automatic laminate 

beam.  These advances suggest that using platelet 

particles as adhesives provides a promising way to 

construct complex tissue engineering models using 

calcium-alginate hydrogels to regenerate different 

tissues [8]. Electroactivity and biocompatibility are 

appropriate. They have broad applications in tissue 

regeneration, electrostimulation, and bioelectronics 

implants [9]. Rapid advances allow new fabrication 

methods of adhesive electronic patches to be stretched 

[10]. Through the results of experimental 

characterizations and theoretical simulations, this 

bionic interface layer accurately controls the 

crystallization and acts as an adhesive [11]. After it 

adheres to wet tissues, the bioadhesive becomes a 

tough hydrogel with mechanical compliance and 

stretchability comparable with those of soft tissues 

[12] 

The study of nails as adhesive materials on meranti 

wood laminate beams and zinc wood is an attempt to 

anticipate the problems arising in laminate beams if 

using glue adhesives so that the laminate process can 

occur ideally. Better mechanical properties such as 

string bending and elastic modulus can be achieved. 

They can be considered to recommend using meranti 

wood laminate beams and zinc on wood as alternative 

raw materials reviewed from technological and 

economic aspects. The cleaning process removes 

microorganisms mechanically and chemically, 

thereby reducing the microbial load in this 

environment [13]. It prevented mechanical 

memorization of the correct variant and led to the 

analysis of mistakes [14].  However, due to the limited 

period of the class, the mechanical breakdown of the 

connection joint is not described [15]. 

Laminated beams are structural products used for 

CWC frames, beams, columns, and horses. This 

technique is suitable for nonlaminated and uncoated 

wood-based panels [16]. However, this matter is 

inverse in its higher value. Ply point of view, 

nonlocality, and distance scale on micro-wobble of 

laminated compounds visible [17]. We extend the 

ultrastrong graphene papers to the realistic laminated 

composites and achieve high strength combined with 

attractive conductive and electromagnetic shielding 

performance [18].  

According to PKKI NI-5 1961 in the list of 

Indonesian wood, meranti wood has many types and 

variations and belongs to the strong class ii-IV type 

with an average type weight of 0.55 gr / cm3. As zinc 

on wood has a lot of kinds and varieties and belongs 

to the kind of solid class IV-V with an average type 

weight of 0.33 gr / cm3. Therefore, research must be 

done researching the characteristics of meranti wood 

and sengon wood used to know the characteristics of 

wood both from physical and mechanical properties. 

Their unique properties determine the use of 

nanocomposites due to the vast specific surface and 

high surface energy of nanoparticles. Nanometer 

particles, unlike micro-and more extensive inclusions, 

do not stress concentrators, which contributes to a 

significant increase in the mechanical properties of 

nanocomposites [19]. Individuals were classified as 

having or not having mechanical complications, and 

reduction quality and radiologic outcomes were 

compared between the two groups [20]. This 

membrane's excellent mechanical strength and well-

distributed nickel atoms combine gas-diffusion and 

catalyst layers into one architecture [21] due to its 

excellent mechanical and electrical properties [22]. 

The primary test of laminate-mechanical beams is 

by bending testing so that the bending strength on the 

shaft can be calculated using the following equations :   

 

σlt⊥ =
M

W
=

M×y

I
  ………….1) 

 

For the appearance of a square, the size of the (side h > 

b, vertical), then: 

 

I = Ix =
1

12
bh3 ………2) 

ya = yb =
1

2
h = y …………. 3) 

Wa = Wb =
1

6
bh2 = W ………….. 4) 

 

If the beam with the focus of the roller-joint receives   

a centralized load in the middle of the span, then the 

equation of bending and deflection voltage is (SNI 03-

3959-1995): 

 

Σlt =
3PL

2bh2
 ………….. 5) 
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Where: 

σlt⊥ = Flexure (kg/cm²) 

M= Maximum moment 

W = Retaining moment (cm3) 

y = Distance of the neutral line of the x  axis to the 

end of the  beam  (cm) 

I = Moment of inertia (cm4) 

P = Maximum load (kg) 

L = Length of beam span (cm) 

b = Beam width (cm) 

h = Beam height (cm) 

 

 A connection with a nail has several advantages 

over a relationship with a bolt. Is related, among 

others, to the greater efficiency of nails, the weakening 

given is relatively small, which is about 10%, so it is 

often ignored, stiffer. The artistry is somewhat easier 

if the wood to be done is not too hard and the 

corresponding parts are not too thick, so it does not 

need to be drilled first. Nails are installed on at least 

two rows of pins. The density of tacks, overlap length, 

and butt joint affect the bending strength and rigidity 

of the element. 

Figure 1 Pattern of strengthening without or with 

connections. 

 

Table 1. Minimum space spikes (SNI 7973;2013) 

 

Wood Side Structure 

Components 

Not 

drilled 

first 

Drilled 

first 

Edge Spacing 2.5D 2.5D 

End Distance   

Fiber parallel pull load 15D 10D 

Fiber parallel press load 10D 5D 

Distance between fasteners 

in one row 

  

Fiber parallel 15D 10D 

Perpendicular fiber 10D 5D 

Distance between fastener 

rows 

  

Fiber parallel 5D 3D 

Zig-zag 2.5D 2.5D 

2. METHODS 

The size of the wooden beam uses a model scale of 

1:2 to overcome a wooden span that is too long so that 

the test object has a width (b) = 4 cm, beam height (h) 

= 6 cm with a span of 150 cm. For the arrangement of 

the lamina on the press and pull using meranti wood 

while the middle uses zircon wood.  The height of each 

lamina is 2 cm. For adhesives between lamina, use 

nails with a diameter of 0.3 cm and used as a control 

variable.  

 Figure 2 Lamina arrangement design of laminated 

wood beams. 

The method of testing the characteristics of wood and 

the shape of the test object refers to the following 

standards:  

1. Testing of Weight Characteristics, Moisture 

Content and Wood Levels (SNI 03-6844-2002 

and  PKK NI-5 1961) 

2. Robust Characteristics Testing of Wood Press 

(SNI 03-3958-1995)   

3. Vigorous Characteristics   Testing of Wood 

Shear (SNI 03-3400-1994)   

4. Complete Characteristics   Testing of Bending 

Wood Beams (SNI 03-3959-1995)   

 Laminate beam test objects are made by varying 

the distance of the nail adhesive and ran to the 

supposition that the same risk profile can be applied to 

SFF. Therefore, factors like the Tip-Apex-Distance, 
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the Cleveland Directory, and reduction quality are 

considered risk factors for delayed fracture union in 

SFF [23].  Baumgaertner et al. described the 

measurement of TAD (tip-to-apex distance) to 

evaluate the placement of an SHS within the femoral 

head [24]. A major limiting factor is the cooling of 

adjacent plates as the distance from the spreading 

center or the plume increases, inhibiting their flexural 

capacities [25]. Information on the following variables 

was collected: number of blocking screws, the 

distance of each locking screw to osteotomy, distance 

of osteotomy from the joint line, and amount of 

lengthening [26]. and led to the assumption that the 

same risk profile can be applied to SFF. At the same 

time, we used a particular radiographic method 

optional by Lunsjo et al. and Serrano et al. to compute 

the distances of lag bolt sliding [27]. 

 One test object treatment consists of three test 

objects with a dimension of width (b) = 4 cm, height 

(h) = 6 cm with varying nail distances, for the distance 

between joint-roller pedestals (L) = 150 cm. Each 

variation of the distance of the test object nails can be 

seen in Figure 3. 

 

 

 

 

 

 

 

 

 

Figure 3 Design of distance variation of test object 

nails. 

The one-point landing method performs the main 

test object testing of laminate beams. The placement 

of the dial gauge is designed with a clamp and magnet 

attached to the frame to stay in position and not shift 

when given loading. The dialing device placed the test 

object, two dial gauges are located in two long trees of 

right and left range, and one dial gauge is placed in a 

position right in the center of the content to read the 

magnitude of the deflection occurring at the time of 

charging. 

Laminate beam test objects are drawn grids along 

the span before robust bending testing is carried out to 

make it easier to analyze the collapse pattern. The 

strong bending of the reflected rays in the gravitational 

field returns a significant fraction of the direct 

reflection to the disc to reflect the returning radiation. 

When illuminated by the primarily reflected emission, 

the plasma in the accretion disc produces a different 

spectrum when inspired by the power-law continuum 

spectrum. At the same time, time delays between 

higher-order reflections delay the average arrival time 

of the reverberating emission [28].  

 Below is an image of the setup testing bending 

wooden joint beams and the caption. 

 

 

Figure 4 Set up bending beam testing objects. 

 

Information: 

A: Loading Frame F: Block clamp 

B: Load Cell G: Load distributor 

C: Hydraulic Jack H: Joint focus 

D: Dial Gauge I: Roller focus 

E: Wooden beams  

 

3. RESULTS AND DISCUSSIONS 

3.1 Characteristics of Wood Materials 

Testing of wood characteristics aims to find out 

the wood material based on the physical properties of 

the wood and the mechanical properties of the wood. 

Wood that is done characteristic tester is the wood 

used to make the primary test material of mechanical-

lamination beams and obtained from the same source.  

For the results of the test of the characteristics of 

meranti wood obtained the following   results: 

 

Table 2. Recapitulation of wood physical property 

testing results 

No. 
Test 

Object 

Type 

Weight 

(gr/cm3) 

Lehengas 

rate 

(%) 

Water 

Content 

(%) 

Sengon Wood 0.26 13.28 15.27 

Meranti Wood 0.51 0.51 15.64 

 
Table 3. Recapitulation of wood mechanical 

properties testing results 

No. 
Test 

Object 

Strong 

Press 

(kg/cm2) 

Strong 

Slide 

(kg/cm2) 

Strong 

Bending 

(kg/cm2) 

Sengon Wood 155,06 39,68 333.94 

Meranti Wood 380,22 74,24 628.38 
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Based on the table above, according to PKKI 

NI-5-1961, strong press zircon wood falls into the 

category of solid grade IV wood, while meranti wood 

is included in the type of concrete class II wood. 

3.2 The Capacity of Bending Beams 

 Testing is carried out on five laminate-

mechanical wood beam test objects with different nail 

spacing.  The data taken is a load with the condition of 

first crack  (Pcrack) and maximum load beam (Pmax) 

to find out the effect of each variable on the loading 

that occurs. Here is a diagram of the loading of beams 

against variations in the distance of the nail. 

 

 

 

Figure 5 Comparison diagram of variables of 

test objects against loading. 

 

 

 

 
 

Figure 6 Strong comparison diagram of bending first 

crack conditions and maximum load (Pmax). 
 
The diagram of the loading of the main test object 

beam against the bending loading obtained an 

extensive load at the time of first crack (Pcrack) and 

maximum loading (Pmax). The loading graph 

indicates that Test Object A (Nail Distance 10cm), 

Test Object B (Nail Distance 15cm), and Test Object 

C (Nail Distance 20cm) loading experienced a 

considerable increase. In comparison, the loading was 

relatively slightly increased for Test Object D (Nail 

Distance 25cm) and Test Object E (Nail Distance 

30cm). 

 From the loading results, the loading will affect 

the strong bending of the beam. Based on the bending 

voltage equation described above, the decisive 

influence of bending the beam can be seen in Figure 6. 

 Bending voltage is obtained at maximum load 

conditions (Pmax) and first crack conditions. The 

diagram above shows that Test Object A (Nail 

Distance 10cm) has the highest bending voltage value 

among other test objects and is close to the strength of 

the base material of the outermost plywood, meranti 

wood.  The lower but close test objects are Test Object 

B (15cm Nail Distance) and Test Object C (20cm). For 

Test Object D (Nail Distance 25cm) and Test Object 

E (Nail Distance 30cm), the value of bending voltage 

decreased considerably compared to other test objects.  

 A review was taken from the exposure to the 

load graph based on the same deflection, namely the 

permit deflection of 1/300 L (PKKI NI-5 1961 ps. 

12.5), to show the beam strength of each variation. 

 

 

 

 

Figure 7 Graphic Details of Load and 

deflection Relationship Based on f = 0.5 cm. 

 

  
 

 
 

Figure 8 Graph of load relationships and deflection 

between variations. 

 

The review was conducted based on a permit of 0.5cm, 

then Test Object A (Nail Distance 10cm) showed the 

highest loading. Test Object B (Nail Distance 15cm) 

and Test Object C (Nail Distance    20cm) has a lower 

loading value, but the difference is not too significant 

compared to   Test Object A (Nail Distance 10cm). As 

for Test Object D (Nail Distance 25cm) and Test 

Object E (Nail Distance 30 cm), the load difference is 

quite far from other test objects.   
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 Anticipate that the wood material of each beam has 

a different strength even though the same source is 

obtained; The power of the wood material used also 

affects bending. 

 

3.3 Deflection Beam 

 The difference between the first crack and after the 

first crack is a deflection, but before the first crack and 

after the first crack still has a constant deflection 

because the beam is still elastic. Here are the results of 

the graph of the distribution of each variation. 

 From the results of the test objects on each variable 

obtained from the test results, the beam is still in an 

elastic condition where the graph shows the state that 

rises diagonally upwards. In addition, when the block 

is no longer flexible, the load can no longer increase, 

but the deflection continues to grow until the beam 

suffers a complete collapse.   

 Load exposure chart, review taken based on the 

same bag of 250 kg from the review, showing the best 

to the lowest level of rigidity of the test object.  
 

 

 

 

Figure 9 Graphic details of load and 

deflection relationships based on load (P = 

250 kg). 

 

  

  
 

Figure 10 The grams stiffness values between 

variations. 

 
Based on Figure 7 by comparing the same load (P= 

250 kg), the lowest deflection is a test object with a 

distance between nails of 10cm. The long track length 

is used from the graph then the deflection gets bigger. 

 From the large deflection, the rigidity of a beam 

can be determined. The beam's rigidity is better if the 

shaft is experiencing a low deflection. Diagram of the 

rigidity value of variation, the longer the distance of 

the nail used, the smaller vale infallibility.  

 

3.4 Laminate-Mechanical Beam Damage Analysis 

 Damage to each test object has different 

characteristics. Type of damage occurs with two kinds, 

namely bending and shear. Turning damage can be 

seen from the pattern of wood cracks that occur 

perpendicular to the fiber's direction or cut off the 

wood fiber. The sheer damage can be seen with the 

design of wood cracks that occur, leading horizontally 

or parallel to the direction of the thread where the 

wood fiber is in a detached condition. 

  

 

 

 

Figure 11 Type-A test object damage pattern 

(nail distance 10 cm). 

 

 

 

 

Figure 12 Type B test object damage pattern (nail 

distance 15 cm). 

 

 Test Object A (Nail Distance 10cm) damage 

occurs is bending damage where it can be seen that 

there is a crack that breaks the fiber in the area of 

attraction to the press area. Test Object B (Nail 

Distance 15cm) damage that occurs is also bending 

damage where it can be seen that there is a crack that 

cuts the fiber in the pull area to the press area. In this 

type of beam occurs loose between the lamination so 

that the strength of the beam cannot occur ultimately 

but detached between the lamination. 

 From the crack pattern of each test object, it can 

be seen that the more distance the nail used, the more 

damage is shear. It happens because the load of one 

claw to hold the horizontal derailment is getting 

bigger, which causes the beam not to work intact. 

Regardless of each lamination, the shaft can receive 

the bag is also getting smaller. 
 

4. CONCLUSION 

 The distance of the nail as an adhesive on the 

laminate-mechanical wood beam affects the bending 
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strength. The greater the length of the pin used, the 

smaller the bending. It happens because glues, namely 

nails, cannot hold the horizontal Ferris between 

lamina, so it has not exceeded the maximum bending 

capacity obtained by the strength of the outer layer 

material of laminate-mechanical wood beams. The 

most optimal distance used on laminate-mechanical 

shafts is the 10cm nail distance. At that distance, the 

beam reaches 98% of the bending power against the 

bending strength of the primary material, namely 

meranti wood. It happens because the laminate-

mechanical rays are still fused so that the beam is fully 

functional. Damage done to the test object shows that 

the greater the distance of the nail, the more damage 

that occurs leads to shear damage on mechanical 

laminate beams with nail spacing of 10cm and 15cm. 

It happens because the shaft is still fused at that 

distance so that the beam is still working fully. 
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