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Abstract 
 

The utilisation of Rubberwood was an effort to provide an alternative to 

low-cost housing in Indonesia. This study investigated the use of 

Rubberwood Finger-Jointed Laminated Board (FJLB) under compression 

loading parallel to the grain. The investigation included laboratory 

experiments and numerical analysis. The experiments were conducted 

using two specimens of FJLB members, each with a length of 2000 mm 

and a cross-sectional dimension of 100 mm × 100 mm². Finite element 

analysis (FEA) was employed to predict the axial capacity, considering 

non-linearity, contact boundary conditions, and buckling analysis of the 

material. The study found an average axial capacity of 150.9 kN for the 

two specimens, which was 3.2% higher than the FEA and 5.4% higher 

compared to the Euler formula. Laboratory measurements revealed 

that initially, the stress distribution in the cross-section was uniform, 

then suddenly changed to a combination of tension and compression 

during the final loading stage. 
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INTRODUCTION 
 

Housing construction in Indonesia is expected to increase suddenly in the coming years. According to Statistics 

Indonesia, only 60.9 % of Indonesian households have access to suitable housing, leaving a shortage of approximately 

26.9 million housing units as of 2022, which will continue to rise [1]. Moreover, the population of the country is 

projected to double by 2045 compared to 2015 levels [2]. Jakarta Property Institute [3] reported that the housing 

backlog in 2045 is expected to increase by 3.5 times unless the government implements a major intervention program. 

To tackle this problem, Indonesian government planned a one million-house program through Ministry of Public 

Works and Housing in 2015 [4,5]. Despite the success of the program in 2021, an annual backlog is still expected 

since the program can only reduce the gap by approximately 4% each year [4]. Therefore, a breakthrough in finance, 

construction technology, and government regulation should be conducted to overcome this problem. 

 

The government and industry have developed several types of prefabricated houses that are affordable and quicker 

to build than conventional masonry homes recently in Indonesia. The prefabricated houses are mainly categorized by 

the main structural material including cold-formed steel, hollow square-section hot-rolled steel, pre-cast concrete, 

and timber. In the last five years, these types of dwellings have been used in post-disaster reconstruction projects 

throughout the country [6–8]. Based on Lombok earthquake post-disaster program, a prefabricated house made from 

engineered wood products, namely Cross Laminated Timber (CLT) was the most efficient variant. This variant has 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Axial Compression Capacity of Finger-Jointed Laminated Board 

 

114 

a sufficient floor area, the lowest cost of construction, good seismic resistance, and the material is categorized as 

sustainable [8,9]. 

 

Future development of prefabricated houses in Indonesia will primarily focus on engineered wood products, such as 

Finger-Jointed Laminated Board (FJLB) made from Rubberwood species (Hevea brasiliensis). The main advantages 

of the wood species are the high strength-to-weight ratio, custom-sizing, and high resistance to termite attack or 

aggressive environments [10–12]. Additionally, FJLB is made from small Rubber wood lamina with a dimension of 

20 by 20 by 400 mm, which is glued and pressed to assemble the desired structural element size (Figure 1). The 

finger joints connect each lamina in the longitudinal direction to improve the glue bond by increasing the contact 

area (Figure 1b) [12]. As a raw material, the Rubber tree is famous as a natural latex source, which is spread over 3.4 

million hectares of Rubber plantations in Indonesia. After a 25-year productive period, the trees are cut down and 

used as the materials for FJLB products [12]. Moreover, the processing of wood from raw material to finished product 

leads to a lower CO2 emission than other materials such as concrete and steel [13,14]. 

  
(a) (b) 

Figure 1. (a) FJLB Beam Cross-section and (b) Finger Joint along the Longitudinal Axis 

 

The use of FJLB is limited to non-structural building components. This investigation assesses the performance of 

FJLB under compression loading, recognizing the potential of the rubber wood product for structural use.  As a 

compression member, FJLB is subjected to load in the longitudinal direction, which is vulnerable to buckling and 

fiber-crushing failure [15]. Previous studies by Li et al. [16] and Zhou et al. [17] discovered that crushing failure 

appeared in short columns while buckling occurred in longer columns. Buckling failure includes excessive lateral 

deflection, correlating with slenderness ratio [17]. The system reduces the axial capacity of a compression member 

because buckling failure (σcr) occurs below the final stress (σu) of the material [18]. The study of buckling resistance 

of bamboo columns has been provided by Nugroho et al. [15] and Bahtiar et al. [19]. This resistance (σcr) was 

determined experimentally by testing short, medium, and long bamboo column specimens. Buckling reduction factor 

(ψ) was determined using various regression methods based on the experimental data. Additionally, the regression 

of Ylinen provided a reliable reduction factor (ψ) for the bamboo column design parameter. 

 

Finite element method has been applied to predict the buckling behavior of glulam-bamboo by Li et al. [16]. 

Following the discussion, two methods were included in ANSYS software, namely non-linear and eigenvalue 

buckling analysis. Li et al. [16] found that non-linear buckling analysis was more accurate because it accommodated 

the non-linearity and large-deflection response of the material. Moreover, the complexity of numerical analysis of 

buckling behavior increases because the wood has asymmetric strength properties in tension and compression, 

potentially leading to brittle as well as ductile failure simultaneously [10,20–23]. Previous studies proved the fracture 

mechanics method was suitable for modeling the brittle problem, while plasticity theory in combination with the 

criterion of Hill successfully modeled the ductile problems [12,20–24]. 

 

This study aimed to examine the axial capacity of FJLB compression members subjected to a concentric load using 

experimental and numerical methods. The axial compression test on two FJLB column specimens was conducted in 

the laboratory to verify the numerical computation on MSC Marc/Mentat software that considered anisotropy and 

non-linearity material properties [25]. This numerical modelling strategy provided satisfactory results in predicting 

both linear and non-linear behaviour of wood-based engineered materials [25]. Furthermore, a parametric study was 

conducted to estimate the axial capacity of another cross-section and the length of the compression member, while 

maintaining a constant column slenderness ratio to provide insight for practical usage.  
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METHODS 
 
FJLB used in this study was a mass product available on the building markets produced by PT. Puncak Menara Hijau 

Mas. During the process, engineering properties of the material including density, modulus of elasticity (MoE), and 

modulus of rupture (MoR) were evaluated based on BS-373:1957 (British Standard Methods of Testing Small Clear 

Specimens of Timber). MoE and MoR were assessed by a three-point loading bending test with specimens having a 

cross-section of 20 mm by 20 mm with a length of 280 mm. In addition to shear strength test, tensile and compressive 

strengths were evaluated both parallel and perpendicular to the grain with the results shown in Table 1. 

Table 1. Mechanical Properties of FJLB [8,12] 

Properties Symbol Value 

Modulus of elasticity in tension (MPa) Et 10026.20 

Modulus of elasticity in compression (MPa) Ec 2640.30 

Modulus of elasticity in bending (MPa) Eb 7742.72 

Compressive strength parallel-to-the-grain (MPa) σc11 44.18 

Tension strength parallel-to-the-grain (MPa) σt11 80.50 

Compressive strength perpendicular-to-the-grain (MPa) σu22 11.24 

Tension strength perpendicular-to-the-grain (MPa) σu22 4.23 

Shear strength (MPa) τ12 9.43 

Shear modulus (MPa) Gt 1077.60 

Poisson’s ratio ν12 0.23 

Poisson’s ratio ν21 0.05 

Density (gr/mm3) ρ 0.63 

 

During the experimental study, two FJLB members with a length of 2000 mm and a cross-section of 100 mm by 100 

mm were tested. In the set-up, the test pieces were mounted vertically, sitting on a steel plate support and a coupled 

of steel spheres to emulate joints, as shown in Figure 2. The position of the specimen was carefully connected to 

ensure its verticality and concentricity. Following the process, the axial load, generated by a 30 kN hydraulic actuator, 

was applied gradually to the specimen at a loading rate of about 0.825 kN/sec. A linear variable data transducer 

(LVDT), positioned 100 mm from the lower support, was used to measure the axial displacement of the specimen. 

In addition, axial strain at the mid-span and quarter-span of the specimen was measured using strain gauges, as shown 

in Figure 2. 

  
Figure 2. Test Setup for Pin-ended Column 

 

FJLB specimen and its support were modeled three-dimensionally (3D) through MSC Marc/Mentat using hexahedron 

elements that featured eight nodes and three degrees of freedom per node for meshing. The mesh size of the material 

member was set to 17 x 17 x 17 mm3 to produce a converged finite element result. Since FJLB consisted of six 

lamella layers, each lamella was modeled as a separate layer with glue contact type, signifying that all the elements 
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were perfectly connected. Following the process, the finger joint along the lamella was not included in finite element 

analysis (FEA) model since there was a limitation on the mechanical properties and computational resources of the 

joint. However, Shakimon et al. [26] and Serrano et al. [27] stated that the modeling strategy excluding the glue line 

and finger joint could still adequately predict the final load. 

 

 
Figure 3. The 3D Model of FEA Study 

 

As shown in Figure 3, the boundary conditions at both ends of the specimen were modeled using multi-point 

constraints with a rigid bar element (RBE2) to simulate the joint rotation and translation (column shortening). RBE2 

created a web of rigid elements connected to an independent node. This process allowed the loads and nodal 

displacements to be transferred from many dependent nodes to an independent node. Moreover, the mechanical 

properties of FJLB (Table 1) were used to construct the constitutive model of FJLB. According to Awaludin et al. 

[24], the elastoplastic model with the identical modulus of elasticity (MoE) in both tension and compression was 

recommended. 

 

In this FEA study, the yield criterion of Hill, with isotropic hardening rules, was adopted to account for the non-

linearity of the wood material [28,29].  The Hills yield criterion was characterised by an ellipsoidal yield surface as 

illustrated in Figure 4 [30].  

 

Figure 4. The Hills Yield Surface [30] 

 

The results of FEA were evaluated and compared to the experimental results, allowing a better modeling strategy to 

be obtained. After FEA modeling was considered satisfactory and produced a good agreement with the experimental 

results, the model was further used in the parametric study of axial capacity under compression force for other cross-

sections of members with the same slenderness ratio as the tested members. The dimension of these members was 

125 mm x 125 mm x 2500 mm and 150 mm x 150 mm x 3000 mm. 

 

RESULTS AND DISCUSSION 
 
Figure 5 showed the final situation of specimen where FJLB member failed by buckling. This buckling was marked 

by excessive lateral deflection, which became more significant with the increased axial load. The failure of the 

specimens at the mid-span was identified as a tension fiber failure propagated from the finger joint location on the 

tension side (Figure 5). Moreover, finger joint failure of FJLB specimen was also found previously by Shulhan et al. 

[12], signifying that the joint was a weak point in the members. The buckling failure mode was often found in a 
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column specimen with a slenderness ratio greater than 12 (L/d > 12) or categorized as a long column specimen 

[15,16,29]. During the study, the response of FJLB compression member was subjected to concentric axial load as 

shown in Figure 6, signifying the relationship between axial load and axial displacement. Figure 6 showed that the 

axial displacement for FJLB1 specimen increased linearly until failure at 150.98 kN corresponding to 4.1 mm axial 

displacement. Consequently, the second test (FJLB2) showed a non-linear phase just before failure, reaching 153.45 

kN with an axial displacement of 4.9 mm. 

 

Figure 7 showed the relationship between axial stress and longitudinal strain of FJLB specimen. The axial stress data 

were obtained from axial load measurement divided by the area of cross-section, which was 100 cm2. Meanwhile, 

longitudinal strain was obtained directly from strain gauge measurement, which was placed according to Figure 2. 

The stress-strain response at the quarter-span of FJLB members was then plotted in Figure 7(a), while Figure 7(b) 

showed the response at the mid-span of members. 

 

 
Figure 5. The Buckling Failure of the Specimen  

 

 
Figure 6. Experimental Load-axial Displacement Response 

 

Figure 7(a) showed how strain at the quarter span of the specimen developed as the applied axial load increased. In 

the early stage of loading (axial stress less than 6 MPa), both strain gauge SG1 and SG6 had a negative strain, 

signifying that the member was in a compression state. After the axial stress reached 6 MPa, the stress-strain response 

gradually changed from linear to non-linear. Before reaching the final stress (15.09 MPa), the strain drastically 

reversed direction and increased until the specimen failed. Following this discussion, the strain measurement recorded 

that the SG1 failed at the strain of -0.0005 while the SG6 failed at the strain of 0.0007. The strain value showed that 
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both strain gauges (SG1 and SG6) experienced different stress states at failure, with SG1 failing under compression, 

and SG6 flopping under tension. 

  
(a) (b) 

Figure 7. Stress-strain Response in the (a) Quarter-span and (b) Mid-span 

 

Figure 7(b) showed the axial stress-strain relationship at the mid-span of the specimen. As referenced by Pina et al. 

[32], the axial stress was calculated using the multiplication of strain measurement by the MoE in bending (Eb= 

7742.72 N/mm2). Meanwhile, the compressive stress was acquired from the load cell measurement. Figure 7(b) 

showed that both SG2 as well as SG4 signified a linear compressive strength-axial stress relationship with a negative 

value of stress from the initial condition until failure, and SG3 measurements showed a different behavior. The 

compressive strength-axial stress relationship developed from the linear (early loading stage) became non-linear, but 

the stress kept increasing to a negative value. The negative strain value showed that the sides of SG2, SG3, and SG4 

were consistently in a state of compression. Consequent with the other SG in mid-span, SG5 possessed the same 

behavior as the SG1 and SG6. The stress direction reversed drastically just before the failure, and the stress value 

changed from negative to positive. Additionally, the strain value at failures reached 0.0007, which signified that the 

stress state in SG5 was tension. 

 

The sudden changes in stress direction before failure was a common factor in buckling members [16]. The 

phenomenon caused some portions of the cross-section to be in a compression state, as the rest were in tension state 

(Figure 7(b)). The stress distribution was influenced by shifting of the loading eccentricity as the load was applied. 

Before loading, the eccentricity between loading axis of the member and longitudinal axis of the specimen was 

minimized to nearly zero. However, the eccentricity increased rapidly as the specimen deformed laterally during the 

loading. The eccentricity shift at both ends and mid-span was not measured for equipment safety reasons during the 

study. Moreover, producing a concentric loading experiment was generally not direct as shown by Pina et al. [32] 

and Singer et al. [33]. Several factors affected the concentricity including material heterogeneity, test set-up 

imperfection, residual stresses, and boundary constraints. 

 

  
(a) (b) 

Figure 8. (a) Longitudinal Stress (σ11) of FEA Model and (b) Strain (ε11) Distribution on the Midspan Cross-section 

 

Figure 8(a) showed the visual deformation and longitudinal stress (σ11) contour of the finite element (FEA) model 

constructed on MSC Marc/Mentat software. The model deformation was identical to the experiments as the member 

buckled to one lateral side. Figure 8(b) showed a detailed strain distribution in the mid-span cross-section. FEA 

results (Figure 8(b)) showed that the model had a compressive strain of about -0.005 and a tensile strain of 

approximately 0.001. Compared to the experiments, the strain gauge recorded that the member failed when the 
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compressive strain reached -0.0042 (SG3) while the tensile strain was 0.0007 (SG5). The strain comparison signified 

a difference between FEA to the experiments of 19% and 43 % for SG3 and SG5, respectively. FEA method produced 

strain results that were not very close but were still reasonable considering the wood heterogeneity. 

 

FEA on MSC Marc/Mentat used the yield criterion of Hill to determine the failure state of an element. This criterion 

had an ellipse shape of yield surface, with a minimum value of -1.00 and a maximum value was 1.00. When an 

element had a failure index value exceeding the range, then the element was declared failed. Figure 9 showed that 

the failure index of Hill along the member was distributed proportionally with the stress distribution shown in Figure 

8(a). Following the discussion, Figure 9 showed that the outermost compressive fiber in the mid-span had a failure 

index ranging from 0.973 to 1.083, confirming the element had failed at the location. According to the strain and 

stress produced by FEA model, the model had a compressive fiber failure, which was distinguished using the failure 

index value of Hill (Figure 9). 

 

Figure 10 showed an axial displacement comparison between FEA results and the experiments. FEA results signified 

a linear behavior with a maximum axial load of approximately 155.4 kN, 3.2% higher than those of the experiment. 

After reaching the maximum load, FEA model did not fail directly but continued to develop a softening or flat part 

in its axial displacement. This flat part of the curve after reaching the maximum load was caused by perfect 

elastoplastic material assumption developed in FEA. The numerical and experimental stress-strain relationship in the 

mid-span of the specimen was shown in Figure 7. During the process, the numerical strain was extracted from an 

element at the same position as the strain gauge arrangement in the experiment. The stress was determined from 

incremental axial load divided by area cross-section. 

 

 

Figure 9. The Failure Index of the FEA Model 

 

 

Figure 10. FEA Load-axial Displacement 

 

Figures 11 and 12 showed that FEA model successfully simulated the stress-strain response in SG2 and SG4 sides 

of the cross-section at the mid-span. Additionally, SG2 and SG4 signified a linear trend in a compression strain 

direction, with FEA final stress slightly less than the experimental results. The relationship shown in these Figures 

confirmed that SG2 and SG4 sides failed in the elastic part under a compression stress state.  

 

The numerical and experimental results of SG3 and SG5 (Figure 12) showed a non-linear stress-strain relationship 

consequent to the linear behavior of SG2 and SG4 (Figures 11). At the early stage of the experiments (under 5.0 

MPa), the relationship showed a linear elastic trend and gradually developed a non-linear connection as the loading 
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continued. However, FEA model in these figures generally showed linear behavior until the final stress was reached. 

A significant difference in FEA results for SG5 (Figure 12), signified that FEA stress dropped to nearly zero after 

reaching the final stress, and the strain shifted direction from compression to tension. Moreover, the model developed 

a secondary strength before failing at the rupture stress of 2.40 MPa. 
 

  
(a) (b) 

Figure 11. FEA Stress-strain Relationship of (a) SG-2 and (b) SG-4 

 
Figures 12 showed a significant discrepancy between experimental and numerical analysis results. This discrepancy 
was caused by the FEA conducted under an ideal assumption that did not consider the presence of finger joints, glue 
lines, and the shifting of the eccentricity. 
 

  
(a) (b) 

Figure 12. FEA Stress-strain Relationship of (a) SG-3 and (b) SG-5 

 
During the study, Euler buckling formula (Equation 1) was used to predict the buckling load (Pcr) and compared it to 
the experimental as well as numerical methods. Several parameters applied in the Euler buckling formula were MoE 
in bending Eb= 7742.72 N/mm2, as shown in Table 1, where the moment of inertia was I= 8.3 x 106 mm4, length of 
the member represented L= 2000 mm), and effective length factor was K, which was determined as 1.0 for the pin-
pin-ended column. However, this formula did not consider the crookedness of the column, and the load was always 
axial (zero eccentricity). 

𝑃𝑐𝑟 =
𝜋2𝐸𝐼

(𝐾𝐿)2
 (1) 

 
Buckling load (Pcr) was calculated according to the formula in Equation 1 leading to a buckling load of 159.04 kN. 
The Experimental and FEA methods produced a buckling load of 150.90 kN and 155.73 kN, respectively. Following 
the process, the formula of Euler had made a slightly over-estimated buckling load. Compared to the experimental 
and FEA results, the formula produced a difference of 5.4% and 2.11%, respectively. The formula of Euler provided 
a fair prediction of buckling load having differences of 5.4%. Concerning the slight differences (< 6%) and the fact 
that the loading in the formula was always concentric, the experimental set-up successfully kept the eccentricity 
shifting minimal. 
 
A parametric finding presented in this study used the established FEA and changed both the cross-section and length 
of FJLB members to produce the same column slenderness ratio with the full-scale tested ratio of 69.28 for practical 
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use (Figure 13). Compressive members having a length of 2500mm or 3000mm were generally found in a real timber 
house instead of the member length of 2000 mm. Therefore, in this parametric study, column sections of 125mm x 
125mm and a length of 2500mm as well as 150mm x 150mm having a length of 3000mm were evaluated. Figure 13 
showed that the cross-section 125 mm x 125 mm column and the cross-section 150 mm x 150 mm contributed 
buckling load capacity of 235.4 kN and 342.2 kN, respectively.  
 

 
Figure 13. Axial Capacity of Three Compression Members Having the Same Slenderness Ratio 

 

CONCLUSIONS 
 
In conclusion, this study successfully investigated the use of FJLB under uniaxial concentric compression when 
loaded parallel to the grain. The investigation included laboratory experiments and numerical analysis, specifically 
focusing on elastoplastic material behaviour as well as buckling analysis. This study found that the experimental and 
numerical compressive strength for FJLB specimen was 150.90 kN and 155.73 kN, respectively. During the study, 
there was an average of 3.2 % difference between FEA and the experimental results, which was satisfactory. The 
compressive strength calculation using the formula of Euler also provided insight into the accuracy of the classical 
method, which reported a compressive strength of 159.04 kN. Moreover, the results confirmed that the method 
showed fair agreement with the experiments, with less than a 5.4 % difference. The experiments also signified that 
the stress state in the mid-span cross-section changed from uniform axial compression to a combination of tension 
and compression before the failure. This phenomenon occurred due to an eccentricity increase during the loading 
stage. Although FEA successfully predicted the compressive strength, there was a significant contrast in stress-strain 
modeling in the mid-span cross-section, which was caused by the limitation of the modeling strategy of the 
specimens. 
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