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Study on the Mechanical Properties of Tropical Hybrid 

Cross Laminated Timber Using Bamboo Laminated 

Board as Core Layer1

Nurdiansyah Muhammad GALIH2⋅Seung Min YANG2⋅
Seung Min YU2⋅Seog Goo KANG 2,†

ABSTRACT1)

This study was performed to analyze the mechanical properties of tropical hybrid cross-laminated timber (CLT) 

with bamboo laminated board as the core layer in order to evaluate the possibility of its use as a CLT material. Bamboo 

board was used as the core layer and the tropical species Acacia mangium willd., from Indonesia, was used as the 

lamination in the outer layer. The modulus of elasticity (MOE), modulus of rupture (MOR), and shear strength of 

the hybrid CLT were measured according to APA PRG 320-2018 Standard for Performance-Rated Cross-Laminated 

Timber. The results show that the bending MOE of the hybrid CLT was found to be 2.76 times higher than SPF 

(Spruce Pine Fir) CLT. The reason why the high MOE value was shown in bamboo board and hybrid CLT applied 

bamboo board is because of high elasticity of bamboo fiber. However, the shear strength of the hybrid CLT was 0.8 

times lower than shear strength of SPF CLT. 

Keywords: acacia wood, bamboo board, hybrid cross-laminated timber, modulus of elasticity, modulus of rupture, 
tropical species

1. INTRODUCTION

Recently, tall wooden building projects using CLT 

(Cross Laminated Timber) are increasing in domestic 

and international. CLT is attracting attention as a materi-

al for global warming due to its low specific gravity 

materials, sustainable natural resources, improved in-

sulation performance, carbon sequestration, lower em-

bodied energy, and low greenhouse gas emission during 

construction compared to typical concrete building 

(Robertson, 2007). In Europe, Canada and Australia, 

CLT panels have been successfully used in Europe, 

Canada Australia to construct commercial buildings of 

8 floor to 10 floor (MGB et al., 2012). CLT, a large 

wood panel, was first developed in Europe and is novel 

building material, used as structural floor, roof, and 

wall assemblies (ANSI/APA, 2018; Oh et al., 2017; 

Pang et al., 2017). In the beginning, CLT was developed 

by stacking lamina orthogonally. In South Korea, studies 

has been conducted on EVA and nano-clay composites 
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to provide the flame retardant properties, interlayer noise 

reduction, glulam & CLT joint, adhesive and bending 

strength performance of larch CLT (Lee et al., 2017; 

Lee et al., 2017; Jeong et al., 2016; Choi et al., 2018; 

Kang et al., 2019; Hong et al., 2017).

In recent year, development of composite CLT using 

plywood, OSB (Oriented Strand Board), LVL 

(Laminated veneer lumber) as middle layer has been 

developed in Korea, USA, and other countries (Chul 

et al., 2015; Chul et al., 2018; Brandner et al., 2016; 

Zhiqiang Wang et al., 2017). 

The major advantage of CLT is that it is used as 

a large surface material, so that surface later must meet 

the structural grade (Gong, 2019). Since the middle 

layer cores use low grade laminates, it can be used 

as mixed species as well as increase wood use.

In 2017, 36 korean companies from 14 foreign coun-

tries are planting overseas. In particular, 15 out of 36 

korean companies are carrying our overseas refor-

estation project in Indonesia (Korea Forest Service, 

2018). The main planting species in Indonesia are 

Eucalyptus pellita and Acacia mangium, and acacia has 

a growth rate of 6 m3/ha higher than eucalyptus (Hegde 

et al., 2013; Andi et al., 2018). It is reported that avail-

able wood production is estimated to be 33% from the 

total stand volume of Eucalyptus pellita and 42% from 

Acacia mangium plantations assuming that the length 

of the harvested tress is cut to 2.7m and cut to the 

remaining 1.5 m (Son et al., 2010).

Acacia produces 23 million m3 in Indonesia in 2016 

(Badan Pusat Statistik, 2017). It is mainly used for pulp 

chips, low specific gravity furniture, fuels, wood-based 

materials such as plywood and particle board 

(HKrisnawati et al., 2011). Due to the development of 

overseas forest resources, there is an urgent need to 

develop high-value-added products (construction ma-

terials, interior materials etc.) rather than low-value- 

added products(wood chip, pellet, etc.).

In addition, bamboo materials which are non-wood 

materials produced in Indonesia, are mostly carbonized 

and used as fuel (Park et al., 2018; Sythud et al., 2015). 

Research on WPC and composite materials reinforced 

with bamboo fiber as a material having excellent com-

pressive strength and bending strength is underway (Lee 

et al., 2002; Lee et al., 2018). 

The purpose of this study is to confirm the possibility 

of using acacia with low strength among the tropical 

wood as a structural timber. This study is to investigate 

the feasibility of CLT as a large-size wood panel by 

evaluating the strength characteristics of CLT by using 

acacia and bamboo solid board.

2. MATERIALS and METHOD

2.1. Testing materials

2.1.1. Acacia lamina

Acacia (Acacia mangium Willd.) lumber(green 

condition) imported from Indonesia was obtained from 

A manufacture. The original dimension of the lumber 

was 1000 mm (Length) × 90 mm (Width) × 30 mm 

(Thickness). All lumber pieces produced SLP(Single 

Layer Panel) through kiln drying and 4 sided planning 

process with a Moisture content of less than 12% in 

B manufacture. The basic properties of acacia lamina 

are shown in Table 1. According to ANSI/APA PRG 

320 (2018), it is possible to use lamina with a density 

of 0.35 g/cm3 or more in the production of CLT. And 

it is confirmed that acacia lamina used in this study 

can be used as CLT material with 0.37 g/cm3. 

2.1.2. Bamboo solid board

The bamboo (Phyllostachys edulis) solid board to 

be used as the core material of CLT was 2,440 mm 

(Length) × 1,220 mm (Width) × 18 mm (Thickness). 

The bamboo solid board was obtained from C manu-

facture. The basic physical properties of the bamboo 

solid board are shown in Table 1.
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2.1.3. Phenol-Resorcinol-Formaldehyde 
(PRF)

Phenol-resorcinol-formaldehyde (PRF) adhesive 

(Oshika Co., Ltd., Tokyo, Japan) was used for the pre-

paration of tropical hybrid CLT with the prepared acacia 

SLP (Single Layer Panel) and bamboo solid board. The 

adhesive properties and the applied amount are shown 

in Table 2. 

2.1.4. Manufacture of tropical hybrid CLT

The tropical hybrid CLT was manufactured and 

comprises 3 layers with bamboo board as the core layer 

and the lumber of Acacia mangium Willd. as the outer 

layer (Fig. 1).

Acacia mangium Willd Bamboo solid board

Specimen Size 325 mm (L) × 50 mm (W) × 11 mm (T) 500 mm (L) ×50 mm (W) × 18 mm (T)

Physical 
Properties

Moisture Content (%) 9.97 9.88

Air-Density (kg/m3) 0.37 0.55

ASE
(Anti-Shrink 
Efficiency)

Radial Direction 2.45 Length 0.49

Width 0.32
Tangential Direction 3.72 Thickness 2.42

Mechanical 
Properties

Modulus of Elasticity 9.98 GPa 18.49 GPa

Modulus of Rupture 15.3 MPa 22.5 MPa  

Table 1. Physical and mechanical properties of materials

Fig. 1. Tropical hybrid CLT manufacturing process in “H. Co., Ltd”, Korea

Solid 
content (%)

pH
Resin 
Level

Hardener additive

59.7% 7.65
300 
g/m2

Paraformaldehyde
5% of adhesive solid content

Table 2. Properties and Resin Level of phenol- 
resorcinol-formaldehyde adhesive
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2.2. Testing method

2.2.1. Analysis of tropical hybrid CLT strength 
properties 

For the analysis of strength characteristics of 

tropical hybrid CLT, bending strength and shear 

strength were measured according to ASTM D 198 

Standard Test Methods of Static Tests of Lumber in 

Structural Sizes, as noted in APA PRG 320 2018. The 

specimen size and the number off repetitions of the 

test specimens are shown in Table 3.

The load of bending strength was applied to the 

third-point loading and the load speed was 10 

mm/minute. The load of shear strength was applied 

to the center-point loading and the load speed was 10 

mm/minute. 10 Ton UTM (Universal Testing Machine 

Housefield H50K-ST Tinius Olsem Ltd, Redhill, 

England) was used for both testing procedures.

The MOE and MOR by the CLT bending strength 

test were calculated according to Eq. (1) and Eq. (2). 

The shear strength was calculated according to Eq. (3).

Calculating equation of Third point loading test 

according to bending strength

Modulus of Elasticity (MOE) = 
∆


   (1)

Modulus of Rupture (MOR) = 

max

       (2)

Crosshead 
speed

Specimen size Repetition

Bending strength 

(third point loading)
10 mm/

minute

1260 mm(L) 

× 305 mm(W) 

× 54 mm(T)
12

Shear strength 

(center point 

loading)

270 mm(L) × 

305 mm(W) × 

54 mm(T)

Table 3. Specimen size and repetition of tropical 
hybrid CLT

Calculating equation of center point loading test 

according to shear strength

    Shear Modulus of Elasticity 

= 
∆∆





         (3)

l: span of specimen (mm)    
b: width of specimen (mm)
d: depth of specimen (mm)  
Δ: difference in center deflection (mm)
P: difference between upper limit load and lower limit 

load within proportional limit (N)

In order to calculate the rolling shear value, the 

modulus of elasticity of the material is required. 

However, in this study, the rolling shear value was 

calculated to be 1/10 of the shear strength based on 

the CLT Handbook. The strength characteristics were 

evaluated for use as a CLT made from acacia and 

bamboo board which are tropical wood. SPF CLT, which 

is widely used in Europe, is selected and the data of 

strength characteristics are cited (Wang et al., 2017). 

For comparison with the tropical hybrid CLT result 

test, the MOE and MOR of SPF CLT was also shown 

in the result test. Canadian J-Grade SPF dimension 

lumber with a grade of 2.0 E made of Douglas fir 

(Pseudotsuga menziesii) were purchased from a local 

market, as noted in the reference. The SPF lumber were 

2.44 m (L) × 89 mm (W) × 38 mm (T) in size. The 

SPF lumber and LVL panels had an average MC of 

16% and 12%, respectively, during the test. One- 

component polyurethane adhesive (Purbond HB S709) 

was used to fabricate the CLT and HCLT specimens.

3. RESULTS and DISCUSSION 

3.1. Properties of tropical hybrid cross 
laminated timber 

3.1.1. Bending strength of tropical hybrid 
cross laminated timber

The moisture content and air dry density were 
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measured as basic properties of the tropical hybrid CLT 

produced by using acacia lamina and bamboo board. 

The moisture content of CLT was about 12% and the 

air dry density was 0.56 g/cm3. 

The MOE and MOR of the tropical hybrid CLT are 

shown in Figs. 2 and 3, respectively. The MOE of the 

tropical hybrid CLT was 21.83 GPa, as seen in Fig. 

2, compared to the MOE of SPF CLT, which was 7.91 

GPa. The MOE of the tropical hybrid CLT was 2.76 

times higher compared to that of SPF CLT. As in Fig. 

3, the MOR of the tropical hybrid CLT was 39.41 MPa 

and that of SPF CLT was 28.60 MPa. The MOR of 

the tropical hybrid CLT was 1.37 times higher than 

that of SPF CLT. 

The bending properties test showed that the tropical 

hybrid CLT had a better performance compared to SPF 

CLT due to its higher MOE and MOR. As shown in 

both graphs, the difference between the MOEs and 

MORs demonstrates the better performance of the 

hybrid CLT, made by Acacia lamina, compared to SPF 

CLT. The bamboo board, which has a high elasticity 

strength, on the core layer of the tropical hybrid CLT 

prevents the CLT from damage caused by the load 

pressure. The strength of the bamboo fiber on the 

bamboo board layer also prevents the cracks that can 

appear on the CLT surface (Liu et al., 2012; Inoue 

et al., 2006). The low density of acacia wood provides 

an advantage of the hybrid CLT. The light weight will 

make easily the manufacturing and transportation 

processes. The failure type of the bamboo board showed 

the failure of the hybrid CLT after load bearing during 

the bending strength test. The cracks occurred on the 

edge side and propagated parallel to the fibers along 

the gluing line between the layers of acacia and bamboo 

board. On the board surface, failure occurred at the 

finger joint connection between the acacia wood. This 

cracks indicates the weakness of the CLT board when 

placed on a finger joint connection.

3.1.2. Shear strength of tropical hybrid cross 
laminated timber  

The shear modulus, parallel to the grain of the tropical 

hybrid CLT, is shown in Fig. 4 and the rolling shear 

of the tropical hybrid CLT is shown in Fig. 5. The 

shear modulus was 69.29 MPa and the rolling shear 

was 6.93 MPa. The shear modulus of the tropical hybrid 

CLT was 0.8 times lower than that of SPF CLT. As 

in Fig. 5, the rolling shear of SPF CLT was 8.49 MPa 

and the rolling shear of tropical hybrid CLT was 6.93 

MPa. According to the CLT Handbook, the transverse 

shear modulus(G) is an assumption where the rolling 

shear modulus in the product standard was 1/10 of the 

Fig. 2. MOEs of SPF CLT and tropical CLT Fig. 3. MORs of SPF CLT and tropical CLT
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Fig. 4. Shear modulus of SPF CLT and 
tropical hybrid CLT

            

Fig. 5. Rolling shear strength of SPF CLT and
tropical hybrid CLT

shear modulus parallel to the grain. The shear strength 

of the hybrid CLT shows that both the shear modulus 

and the rolling shear of tropical hybrid CLT were 0.8 

times lower than those of SPF CLT.

The tropical hybrid CLT had a lower shear strength 

on both the shear modulus parallel to the grain and 

the rolling shear performance compared to those of SPF 

CLT. The rolling shear strength and stiffness in CLT 

has been identified as a key issue that controls the design 

and performance of CLT floor and wall systems. The 

rolling shear depends on species, cross-layer density, 

lamination thickness, MC, sawing pattern configurations, 

and size of the lamination’s cross-section, among others. 

The failure type of the hybrid CLT after load-bearing 

in the shear strength test is shown in Fig. 6. The cracks 

occurred on the edges of the CLT, initiating from cracks 

in the planar shears. Afterward, the cracks spread along 

the longitudinal direction of the acacia layer. Then, they 

turn along the CLT surface, causing it great damage. 

The damage on the CLT surface indicates that the 

weakness of CLT is on the surface of the acacia layer 

and the hybrid CLT has a low on the rolling shear. 

The high elasticity of the bamboo board as a core 

layer causes high tension on the CLT surface. It was 

confirmed that the tropical hybrid CLT has a low 

Fig. 6. Failure type of the tropical hybrid CLT after

shear strength test

resistance against shear deformation compared to SPF 

CLT due to the low performance of shear strength. 

The bamboo board sustained a long crack along its 

edge side. As a structural material, the shear deformation 

has an important effect from shear properties. The 

amount of deformation will depend upon the loading 

and span-to-depth ratio, and will end fixity of the panels 

load performance capacity and the appearance of cracks 

on the CLT surface (CLT Handbook, 2013).

4. CONCLUSION

In this study, the bending strength and shear strength 

of the tropical hybrid CLT, with bamboo board as the 

core layer, were used to evaluate the mechanical 

properties of the tropical hybrid CLT performance using 
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Acacia mangium Willd. as a CLT lamination material. 

The findings are as follows: 

1. The bending strength test showed that the MOE 

of the tropical hybrid CLT was 2.76 times higher 

than that of SPF CLT. In addition, the MOR of 

the tropical hybrid CLT was 1.37 times higher 

than that of SPF CLT.

2. The shear strength test showed that the shear 

modulus parallel to the grain and the rolling shear 

of the tropical hybrid CLT were 0.8 times lower 

than that of SPF CLT. This is dependent upon 

the factor from the bamboo board.

3. Lumber of Acacia mangium Willd. from Indonesia 

can be used for CLT manufacturing as the 

lamination of CLT during manufacturing processing.
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