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Pipe support is a crucial infrastructure in the oil and gas industry, requiring
robust designs to withstand various loads and maintain operational stability.
While numerical analysis is commonly used to assess the interaction
between pipelines and supports, experimental testing remains essential for
validation. However, field testing is often costly and difficult due to safety
constraints. To overcome this, a reliable test rig with minimal deflection is
needed to ensure accurate experimental results. This study uses finite
element analysis (FEA) to evaluate both a goalpost pipeline support and a
newly developed portal frame test rig. The test rig was analyzed under two
conditions: the failure load of the goalpost support and an amplified load
with a factor of 2.5 to simulate unexpected scenarios. Results show the test
rig can safely withstand loads up to 40 kN, meeting the EN 1990 safety
factor requirement of 1.5. Furthermore, critical components remained within
the deflection limit specified by the British Constructional Steelwork

Test rig Association (BCSA), which is under L/1,000 of the beam length. These
results confirm the structural integrity and suitability of the portal frame test
rig for accurate testing of the goalpost pipeline support structure.
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1. INTRODUCTION

Pipe supports are steel structures widely implemented in the oil and gas industry, serving to support
networks of pipelines as well as electrical and mechanical equipment [1]-[4]. As outlined by Kawade and
Navale [3], these structures are designed to accommodate and stabilize critical infrastructure for the pipeline
system, while Meshram and Prasad [4] highlighted the function of pipe racks in withstanding various loads
from the piping system. Structurally, pipe supports consist of multiple frame grids interconnected by
longitudinal beams [1], and their configuration can be varied from single to multi-leveled designs, depending
on the operational requirements of the plant [2]. Ensuring the stability of the pipe racks is essential to
mitigate potential accidents and failures that occur within the pipeline system. Some researchers have noted
the importance of analyzing support structures within the piping system [5]—[9]. Then, numerous researchers
performed experimental testing to analyze the strength, load capacity, and buckling strength of the pipe
support structures subjected to the vertical or horizontal load [10]-[12]. These tests provided a detailed
understanding of the load-carrying capacity and the influence of local slenderness on structural stability.
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Development of a test rig is necessary because performing field tests is usually expensive and
difficult to organize because of the need to safety criteria [13], [14]. Therefore, a robust test rig is necessary
for performing experimental testing. A test rig must be designed to withstand loads sufficient to fail the
specimen and minimize its own deflection to prevent inaccuracies in the measurements. Previati ef al. [15]
observed that neglecting the deflection of the test rig can lead to measurement errors of about 10-20%.
Several studies about test rig development have explored various configurations based on the size and
geometry of the specimen being tested [16]-[18].

Finite element analysis (FEA) is widely used to optimize the test rig and model stress distribution
and deflection precisely [19]. Asyraf et al. [20] evaluated the design of a creep test rig by comparing safety
factors and deflection. On the other hand, Kondayya [21] explored the design of test rigs, prioritizing an
optimal stiffness-to-weight ratio.

Several studies have further examined test rig design in relation to safety factor and allowable
deflection. The research by Ramly et al. [22] developed a wing box static test rig with a safety factor of 2.5
and a deflection of 1 mm, while Raj et al. [23] analyzed a ladder frame test rig, achieving a safety factor of
1.25 and deflection targets of 1.66% between the test rig and specimen. Also, Dell’Orto et al. [24] and
Shinde et al. [25] advanced new test rig designs, ensuring that the stress of each component remained under
yield strength with deflection less than 0.5 mm.

Several standards also specified minimum safety factors and allowable deflection: EN 1990 [26] and
Poutanen et al. [27]. Meanwhile, for allowable deflection, the British Constructional Steelwork Association
(BCSA) [28] specified a deflection limit of test rig is L/1,000, where L is the length of the beam. Other than
that, according to ASTM D790 [29], the total elastic deflection of the system does not exceed 1% of the total
deflection of the test specimen during testing.

In this research, both the specimen and the test rig are modeled using computer-aided three-
dimensional interactive application (CATIA), with safety factors and deflection analysis performed through
FEA. These results aim to verify the capacity of the portal frame test rig to withstand the required load to fail
the specimen and to ensure that the deflection of the test rig does not affect experimental accuracy.

2. METHOD

The flowchart in Figure 1 outlines the design and analysis process of the portal frame test rig.
First, a preliminary FEA was performed to obtain the maximum load that would fail the goalpost pipe
support. Following this, the portal frame test rig was evaluated using maximum load to fail the goalpost
pipe support to assess both safety factors and allowable deflection. Once all criteria were satisfied, both
the goalpost pipeline support and the portal frame test rig were deemed ready for fabrication and

experimental testing.
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Figure 1. Research flowchart of portal frame test rig development
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2.1. Material selection

In this research, mild steel material, which is ASTM A36, was used for the goalpost pipeline support
and the test rig. The material was used because its availability in the market and its wide applicated in several
industries, particularly that using steel structures. The material properties of mild steel can be seen in Table 1.

Table 1. Material properties of ASTM A36
Modulus elasticity, E (GPa)  Yield strength, oy (MPa)
200 250

2.2. Goalpost pipeline support model

The model of the goalpost pipeline support, as illustrated in Figure 2, consisted of a column and a
transverse beam. The column was made from a 152x152 mm I-beam with a length of 500 mm, and the
transverse beam was made from a built-up I-beam of 100x100 mm with a thickness of 2 mm and a length of
1,200 mm. In addition, endplates were welded to the transverse beam for to column connection using bolting.

1200

500

Figure 2. Model of goalpost pipeline support

2.3. Preliminary FEA of goalpost pipeline support model

Preliminary FEA was performed to estimate the maximum load to fail the goalpost pipeline support.
Then, the maximum load data would be used to develop the test rig, evaluating the safety and allowable
deflection of the test rig structure. The number of elements in this research is about 1129851 and
2013826 nodes. Other than that, the boundary condition of the goalpost pipeline support model can be seen in
Figure 3. The boundary condition was fixed support at the baseplate, while the load at the stiffener surfaces
was applied as a loading condition. After that, various load values were applied to determine the maximum
load to fail the goalpost pipeline support. The applied load was initiated with 5 kN, then the load was
increased by 5 kN increments until the stress on the pipe support was above the yield strength of its material.
Based on Table 2, the stress of 252.8 MPa occurred in the goalpost pipeline support when the load was about
15 kN. The value of stress exceeds the selected material yield strength of 250 MPa, indicating the goalpost
pipeline support will fail under a load of 15 kN.

Fuced Support
Force: 15000N

Figure 3. Boundary condition of the goalpost pipeline support model
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Table 2. The stress resulting from the goalpost pipeline support
Force, F (kN)  Stress, 0 (MPa)

5 84.2
10 168.5
15 252.8

2.4. Portal frame test rig design

The portal frame test rig design, which is shown in Figure 4, consists of four main components.
First, the column to support the beam of the test rig. The column was made of a 152x152 mm I-beam, which
has multiple bolting holes for beam-to-column connection. These multiple holes allow for adjusting
the elevation of the beam. Also, there was a baseplate that was welded to the column as a support for the
strong floor.

Second, a 2,000 mm length beam that would be attached to the column using a bolting connection.
The beam of the portal frame also supported the hydraulic cylinder while testing was performed. The beam
was made of a 152x152 mm I-beam and had stiffeners to strengthen the beam and prevent local failure.
At the end of the beam, there were endplates that would be used to connect the beam to the column using a
bolting connection.

Third, the load distributor that will transfer the applied load evenly from the hydraulic cylinder to
the specimen. The load distributor was made of a 152152 mm I-beam, and there were two attachments that
allowed the load distributor to attach the load cells during testing. Also, stiffener plates were applied to
prevent the load distributor from locally failing when the testing was conducted. Lastly, a flat bar was used to
prevent unnecessary movement of the portal frame and goalpost pipeline support during the concentrated
load test. The flat bar had holes for a lead screw to lock the portal frame and goalpost pipeline support when
testing was conducted.

Load Distributor
Hydraulic Cylinder.

Load Cell >

=5 I ‘A\ Flatbar for Column
“’/\ Flatbar for Specimen
Strong Floce — Lead Screw

Figure 4. Portal frame test rig design

2.5. FEA of portal frame test rig

Once the test rig for load test was designed, then FEA was performed to evaluate the safety factor
and allowable deflection of the test rig for load test. The load would be applied to evaluate the designed test
rig according to the required load to fail the goalpost pipeline support. Each component of the test rig would
be evaluated with different loads in accordance with the load distribution that occurred in the test rig
structure. The load distribution of the test rig for the concentrated load test can be seen in Figure 5.
In addition, the mesh size of 5 mm was used for each component of the test rig.
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Figure 5. Load distribution of the portal frame test rig
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3.  RESULTS AND DISCUSSION
3.1. Safety factor of test rig

The stress of the test rig component was used to evaluate its safety factor to avoid test rig failure
during testing in accordance with EN 1990 [26]. The minimum safety factor of the structure must be 1.5, or
the maximum stress is about 166.6 MPa. According to Table 3, all the components of the test rig produced
the stress under 166.6 MPa, or the safety factor was more than 1.5 under the required load to fail the goalpost
pipeline support. The load distributor produced the highest stress among the other components, which was
81.8 MPa. The beam of the test rig showed lower stress around 29.3 MPa. Moreover, the column and flat bar
had the lowest stress around 9.5 MPa. The stress and safety factors of each component are shown in Figure 6,
where Figure 6(a) shows the load distributor, Figure 6(b) shows the beam, Figure 6(c) shows the column, and
Figure 6(d) shows the flat bar.

Table 3. Safety factor of portal frame test rig component under the load to fail the goalpost pipeline support
Component Yield stress of material, o, (MPa)  Stress, 6 (MPa) Safety factor
Load distributor 250 81.8 3.0
Beam 29.3 8.5
Column 9.5 26.2
Flat bar 9.4 26.3

BLBT) Max
nne
6.6
458
a4
nmw
mm
e

0.0012 185 Min

(a)

95345 Max
84751
74157 94977 Max
63563 84425
:g;’ 7.3872
3178 6,319
e 5,2767
1,05%4 404
1.7741e-10 Min 3,1661
21109
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000035094 Min
(c) (d)

Figure 6. Stress of each test rig component of (a) load distributor, (b) beam, (c¢) column, and (d) flat bar
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An FEA of the test rig component was also conducted using a load factor of 2.5 to prevent
uncertainties in the experiment. Hence, a load of approximately 40 kN would be applied to evaluate the
safety factor of the test rig structure. As shown in Table 4, the stress result of each test rig component with a
2.5 load factor complied with the requirements of EN 1990. Compared with similar test rigs reported in the
literature, such as the large-scale bending and torsional test rig by Hamid et al. [16] and the ladder frame test
rig by Raj et al. [23], the developed portal frame test rig demonstrates sufficient strength and suitability for
experimental testing. These results indicate a robust and safe design, ensuring that the structure maintains its
integrity and does not fail during testing.

Table 4. Safety factor of the portal frame test rig component with a 2.5 load factor
Component Yield stress of material, o, (MPa)  Stress, 0 (MPa) Safety factor

Load distributor 250 163.7 1.5
Beam 77.7 32
Column 15.8 15
Flat bar 23.6 10.5

3.2. Deflection of test rig

The deflection of the portal frame was analyzed to ensure that the critical components deflect within
the specified limits when testing was conducted. The deflection of the columns and flat bars was considered
negligible, as these components have minimal influence on the test results. In contrast, the beam and load
distributor were identified as critical components that could affect the testing result. According to the BCSA
[28], the allowable deflection for a beam was limited to L/1,000, where L is the beam length. Table 5
summarizes the deflection of these critical components to fail the goalpost pipeline support and with a load
factor of 2.5. Both deflection values were within the allowable limits, indicating that the test rig deflection
complied with the BCSA criteria.

Table 5. Allowable deflection of the portal frame test rig component

Component Length of beam, Allowable deformation, Deformation, Deformation with load factor,
1 (mm) ds (mm) d (mm) OLF (mm)
Load distributor 2100 2.1 0.4 2.0
Beam 2000 2 0.1 0.5

After the evaluation of the test rig’s safety and deflection, the portal frame test rig and the specimen
of the goalpost pipeline support were finally fabricated and set for the experiment, as shown in Figure 7.
Goalpost pipeline support would be placed on the test rig and detained using flat bars. The load cells were
placed between hydraulic cylinders and a load distributor using bolting. The data logger was placed in a
location that was easily visible to the tester to enable viewing of load readings during the load test.

Hydraulic cylinder Load distnibutor Portal frame

Specimen

',’_/ Data logger

Hydraulic Pack

Flatbar for portal frame Flatbar for specimen

Figure 7. Testing setup for vertical load testing of the goalpost pipeline support

4. CONCLUSION

The portal frame test rig was evaluated using FEA to determine the safety factors and deflection in
performing testing. This portal frame test rig can be used to withstand a load of up to 40 kN to perform the
testing according to EN 1990. In addition, the deflection of the critical components of the portal frame test rig
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is within the allowable deflection according to BCSA. It is recommended to use a larger size I-beam or add
reinforcement to increase the load capacity and reduce the error due to the deformation that occurred on the
portal frame. For future work, it is suggested to explore the test rig under dynamic loading, a test rig with
multi-point load, and the fatigue of the test rig to further enhance the performance of the test rig.
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