
1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

3rd International Conference on Advances in Energy, Environment and Chemical Engineering  IOP Publishing

IOP Conf. Series: Earth and Environmental Science 69 (2017) 012113    doi   :10.1088/1755-1315/69/1/012113

Experimental investigation of connection performance for 

prefabricated timber beam   

C Lesmana and S Suhendi 

Department of Civil Engineering, Universitas Kristen Maranatha, Bandung, Indonesia 

Abstract. This paper presents an investigation of connection performance for a simple sup-

ported prefabricated timber beams using Meranti hardwood (Shorea sp.). The good connection 

is crucial for the proper functioning of the timber structures. The adequate connection condi-

tion should be assured to achieve the requirement capacity design and performance of the sys-

tem. The property of material was tested according to [1]. The proposed design of bolted con-

nections has been evaluated through experimental investigation and compared to the simple 

supported beam without connection.  The results demonstrate the effectiveness of the pro-

posed connection design although the ultimate load of the beam with connection is only half of 

the beam without connection. The test results obtained the purposed connection should be im-

proved. 

1 Introduction 

One of the important factor to investigate the performance of the wood building structures is by evalu-

ating the performance of its element. The limited length in the market creates the demand of the needs 

to improve connection technology so the wood structure element can be longer. Many researchers 

have studied the wood connections [2] but the innovative design remains questionable. 

A prefabricated (prefab) building is a building that is manufactured and constructed using prefabri-

cation or factory-made components that are transported and assembled on-site to form the complete 

building. The prefab can be solution for delivery urban infill housing and residential buildings [3,4] 

and the wood as material can be innovative systems for carbon reduction and waste avoidance [3,5]. 

This type of housing is factory made but the dimension and connection are not custom made. The limi-

tation of the dimension and connection in beam usually becomes a limitation of the structure. The 

beam structure needs to resist moment so the connection needs to distribute a tension force. The sim-

ple, easier, faster, strong and precise connection are still the challenges for the wood technology. 

The wood is a unique sustainable material with a variation of many external factors as soil charac-

teristic, climate condition, and the age of the timber. The mechanics property of the same type of the 

wood can be different so the test should be conducted in each experimental investigation to getting 

know the real characteristics of the element. 

In this study, the performance of the bolted connection was investigated in simply and aesthetic 

way of connection that designed and applied in connection of two beam elements. The main objectives 

of this study were to investigate the material property of the wood that used for the beam and to evalu-

ate the connection performance of the simple supported beam. 
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2 Material and methods 

The material properties were obtained according to [1]. 15 specimens of 50 mm x 50 mm x 50 mm 

were prepared. Table 1 showed the average results from the specific gravity and water content for Me-

ranti wood (Shorea sp.).  

 

Table 1. Material property of the specimen 

 

Two models of the simply supported beams were investigated. The BEAM-1 was the solid beam 

without connection and the BEAM-2 was the solid beam with bolted connection fabrication. The 

length of the beam was 1500 mm support to support and the vertical loading in the middle was setting 

up until attain its ultimate load as shown in Figure 1. 

 

 

 

 

 

 

 

Figure 1. Beam loading pattern 

2.1 Bolted connection configuration 

The connection was designed to distribute the forces uniformly at the connection with a significant 

number of bolts. To optimize the testing results, joint test configurations were fabricated in the middle 

of each specimen. The steel plate was put in the center inside of the wood to cover the tension. The 

bolted connection was connected horizontal in the side and vertically in the bottom of the wood. The 

top of the wood also connect with steel plate that strengthened with steel plate. The hole patterns were 

fabricated and the combination of two rows of bolts. The bolted connection configuration can be seen 

in Figure 2. The top and bottom connection were using 6 mm diameter bolts and the side connection 

was using 10 mm bolts with ring.  

Figure 2. Bolted configuration setup 

Type No. of Water 

Sample min max mean min max mean cov content

Meranti 15 0.508 0.984 0.806 0.462 0.899 0.721 0.207 11.7%

Specific Gravity
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2.2 Test Setup 

The tests were conducted with the setup shown in Figure 3. A monotonic vertical loading was load un-

til failure at a speed to cause failure between 3-5 minutes. A load-deformation curve was obtained us-

ing the movement of the head of the testing machine as a measure of deflection. 

Figure 3. Test Setup 

3 Results 

3.1 Performance of the BEAM-1 model 

Test results for the solid beam without connection (BEAM-1) were shown in Figure 4. The ultimate 

load can be attained in 30 kN on 17 mm deformation. This test result was the baseline for the design-

ing bolted connection configuration. The result was meet the allowable strength that calculated using 

the mechanics-based model using Indonesian Standard. 

Figure 4. Load-deformation curve of BEAM-1 

3.2 Connection Test Results 
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The results for the beams with connection (BEAM-2) were shown in Figure 5. The maximum ultimate 

load can be attained was 12 kN in 22.5 mm deformation. Lower value of the ultimate load can be ob-

served if it was compared with the ordinary beam. The performance of the bolted configuration was 

not as expected. The first failure can be observed on 8 kN loading. This result indicated the configura-

tion should be improved. 

Figure 5. Load-deformation curve of BEAM-2 

3.3 Failure Mode 

The flexural failure can be observed for the BEAM-1. The crack pattern in Figure 6 showed a relative-

ly small crack less than 1 mm can be observed in the top and the bottom on the middle of the beam. 

Figure 6. Crack patterns of BEAM-1 

Figure 7. BEAM-1 failure 

 

For the beam with connection, BEAM-2, a large separation in the middle can be observed in Figure 

7. The bolted connection was failed with the separated in the bottom of the beam. The bolts and the 

plate cannot distribute the loading significantly. The separation of the both connected in the beam was 

larger in the bottom of the beam. The bottom plate was bent and the top of the beam lose its capacity 

and gain more loading because of the top distance between both elements became small. No crack can 

be observed on the wood and the plates. The failure was only because of the separation of the both el-

ements due to bending. 

4 Conclusions 

From the experimental investigation, the conclusion can be summarized as below: 

1. The connection design for the prefabricated beam only can attained less than half of the capacity 

from the solid beam without connection;  
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2. The design of bolted connections was need to be improved. It should accommodate the loading 

transfer, more bolts and bigger diameter were recommended to use; 

3. More research should be conducted on the right bolted configuration so the ultimate load of the 

connection beam can more than less the same with ultimate load of the beam without connection; 

4. To improve the models, it is necessary to perform more tests so the strength can be predicted.  
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