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Abstract- Application of steel pallet racking industry has been widely introduced around the world since the age of 
industrial revolution. Throughout the years, steel pallet racking had been deeply evolved from hot-rolled profile into cold-
formed profile in order to increase the optimization in terms of engineering. In current studies, there are much studies 
regarding cold-formed steel profile, however, there is relatively minimal research regarding cold-formed pallet racking 
studies especially in connection due to its semi-rigid behaviour by lug hooked into the upright. The objective of this study is 
to propose an innovative connection for a better behaviour of pallet racking beam-to-column connection.  Typical connection 
with bolt and nut has been used in most of traditional steel pallet racking. In this study a special connection with no bolt and 
nut has been introduced.  This connection is called “connection with lug” where a welded angle with lug is hooked to a 
specially prepared hole on the column or “upright”. . By investigating the original rotational stiffness value, moment 
resistance, ductility and failure mode of the connection, a standardized connection can be established.  A total of 6 
monotonic specimens are conducted to determine the behaviour of the connection of upright comprising of 2.0mm and 
2.6mm thickness connected to 5 lug end connector.  The experimental results helped in understanding the behaviour of 
connection and creating innovation in improving the performance of storage rack beam to column connection. 
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I. INTRODUCTION 
 
The racking is the structure with its self-weight much 
lesser compared to the supported load. The structure 
stability of the racking very much depends on the 
strength of connection[1,2]such as beam-to-upright 
connection, baseplate connection, and frame shear 
stiffness connection. In recent advancement, storage 
rack down-aisle beam to column connection has been 
widely discussed by many researchers [3,4,5]. The 
“lug” design of storage racking beam to column has 
been widely applied by many racking manufacturer. 
The specialty of this “lug” design connection (Fig. 1) 
is that this connection helps in saving the installation 
time, where the beam with such connector is only 
required to “hook” in into the upright holes that has 
shaped slots to receive the connector in comparison to 
the bolted and welding connection. 
 
Storage rack beam to column connection is 
categorized as semi-rigid connection, which 
possesses some degree of rotational stiffness and 
moment capacity. Semi-rigid connection always 
presents the relationship of the moment ‘M’ at the 
joint—with theangle ‘θ’ between the column and the 
connecting beam. It is also considered to be the 
source for structure stability in down-aisle direction. 
This research presents the investigation on the 
behavior of control semi-rigid storage racking beam 
to column connection behaviour by experimental  

 
studies. The understanding of the behaviour of the 
connection allowed the innovation of improving the 
performance storage rack beam to column connection. 
 

 
Fig. 1  Storage Rack Beam to Upright Connection with "Lug" 

Design[2] 
 
II. EXPERIMENTAL INVESTIGATION 
 
The experiment investigation was carried out 
according to cantilever test setup and the material 
properties was determined using tensile coupon test 
according to EN15512[1].A total of 6 control 
specimens testing which is variant with two thickness 
of upright profile (2.0mm & 2.6mm) was conducted 
to understand the specimen original connection 
behaviour and failure mode. The connector detail, 
beam profile detail and upright section detail are 
shown in Fig. (2, 3, 4).  
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Fig. 2 Lug connector detail 

 

 
Fig.3 Beam B105 specimen detail 

 

 
Fig.4 Upright specimen detail 

 
From the experiment results and observation of the 
control specimen, deduction of the optimized beam-
to-upright connection was made in order to achieve a 
greater moment resistance and stiffness. Several types 
of new connection was proposed and undergone with 
experimental testing to determine the level of 
improvement in comparison to the original control 
data.  
 
III. RESULTS AND DISCUSSION 
 
The results of control specimen testing and the 
moment-rotation curves are shown in Table 1, 2 and 
Fig.5, 6. It was observed that failure exist for 2.0mm 
upright thickness was in the upright front flange hole 
tearing, whereas the connection for 2.6mm thickness 
upright, failure mode exist was in the connector lug 
shearing. The innovation design experiment test 
results and the moment-rotation curves for connector 
type Cis shown inTable 3, 4 and Fig. 7, 8. 
 

Table. 1  Experiment results for X20-B105-M (control specimen) 

 
 

 
Fig.5 Moment-rotation curve graph for X20-B105-M-S1
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Table. 2 Experiment results for X26-B105-M (control specimen) 

 
 

 
Fig.6 Moment-rotation curve graph for X26-B105-M-S1 

 
Table. 3 Experiment results for X20-B105-M-Type C Connector (5Lug - 1 Bolt Connector – Innovation 

specimen) 

 
 

 
Fig. 7 Type C Connector Design Results Graph C-X20-B105-M-S1 
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Table . 4 Experiment results for X26-B105-M-Type C Connector (5Lug - 1 Bolt Connector – Innovation 
specimen) 

 
 

 
Fig. 8 Type C connector design graph C-X26-B105-M-S1 

 
From the summary of results for type C connector 
innovation design (Table. 5)it can be seen that 
connection resistance increased by 13.8% (2.0mm 
upright) and 18.2%(2.6mm upright) when compared 
to the original design with 5 lug connectors. From the 
observation, the force that caused failure of upright 
column web tearing distributed to side bolt and lug 
(for 2.0mm upright). The failure changed to the 
failure of the beam web tearing. It shows that the 
connector captured the maximum force that it can 
absorb. It indicates that the side bolt effectively 
undertook the tension force and caused the “pop-out” 
effect on the upright side flange where the bolt and 
nut connected. For 2.6mm upright connecting with 
connector type C, the original failure mode changed 
from lug failure to beam web failure. The initial 
stiffness of the connection showed increment of 18.4% 
and 52.3% for both 2.0mm and 2.6mm upright 
connection. The rotation is much less,when compared 
to the original 5 lug design. The increase in stiffness 
is due to the fact that the side bolt tightens the 
connector that prevents the deformation on the 
connector thereby increasing connector resistance. 
 
 

 
 
 
 

Table. 5 Summary of innovative connector design 
(%) 

 
 
The stiffness of the connection was observed from the 
slope of the moment versus rotation curves. The 
additional thickness in the upright component could 
increase the rigidity of the connection. The stiffness 
and moment resistance increased along with the 
increment of upright thickness. The failure mode of 
connection with 2.0mm thickness is upright web 
tearing failure, where the failure mode of connection 
2.6mm thickness is failure in connector lug shear. 
The failure mode is cause by the lowest resistance 
during the connection experiencing loading. 
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CONCLUSIONS 
 
Under monotonic testing, innovation connection type 
C (5lug + 1 side bolt) showed improvement in 
connection properties from 31.6% to 61.2% in terms 
of stiffness and 13.8% to 18.2% in terms of moment 
resistance. Connection type C is to be considered as 
the innovative design with minor modification on the 
original connector to achieve greater improvement.  
 
RECOMMENDATIONSFOR FUTURE WORK 
 
The experiment was limited to the connector steel 
properties, in order to allow the ductility to be further 
improved without any add-on, it is proposed to use 
the material connector with high elongation or in 
other words, high ratio of tensile stress to yield stress 
material. By means of changing the material, with 
high ratio, the material connector may allow more 
rotation before the failure, which contributes to 
increase the plastic region in the graph and eventually 
further improving the ductility of the connection. 
 
It is to be beneficial if the study can proceed with the 
study of welding thickness effect on the beam flange 
to connector. This is because general failure when the 
connector design optimized, the beam flange is torn 
off at the welding location. This could provide a 

completed research to further improve the connector 
characteristic. Another possible study to improve the 
connector characteristic is the welding position of 
beam on the connector. Currently, the beam is located 
56mm downwards from the connector top, it is 
possible that the changing of the welding position 
will affect the outcome of the characteristic of the 
connection due to the change of the location of center 
force that is resulting in the moment’s capacity and 
stiffness rotation.  
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