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1. INTRODUCTION

In the oil and gas industry, the extraction process from beneath the earth’s surface requires a
piping system to transport crude oil from underground to storage facilities (Chittumuri et al., 2025;
Reza Rahman, 2015). The pipes are linked together using flanges, which serve as a mechanical
connector that joins two sections of pipe into a single pipeline system, secured with bolts (Coria et
al., 2018; Sharma, 2023). There are several types of flanges, including lap joint, slip-on, socket
weld, threaded, blind, and weld neck (Modi et al., 2018; Si et al., 2024). Weld neck flanges are
widely used because they can handle extreme temperature variations, endure both low and high
pressures, and are relatively easy to install (Dai et al., 2023). This type of flange includes a long,
tapered hub that helps distribute mechanical stress away from the flange toward the pipe, reducing
the risk of flow disturbance (Hanyang & Qubao, 2018). The connection between the pipes is made
through the hub, which is welded directly to the pipes (Sabry et al., 2022). The face of the flange
serves as the sealing interface between the pipes, then the flanges are bolted together to ensure a
leak proof connection (Alias, J., Alang, N.A., Ahmad, 2023; Elkhlaidy et al., 2023) to minimize the
risk of face distortion due to internal fluid pressure. This assembly method minimizes the risk of
face distortion due to internal fluid pressure (Baiyan et al., 2023; Bei et al., 2024). Pipe flanges are
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selected according to the pressure-temperature rating and pipe class, in compliance with EN 1092-
1 (Elkhlaidy et al., 2023), ASME B16.5, ASME B16.47 standards (Sharma, 2023).

Many oil and gas mines have flanges that have been in place for a long time and the
flange’s appearance significantly changes after prolonged exposure to moisture from environments
and field operating conditions, such as temperature fluctuations, pressure cycling, fluid flow
velocity, chemical composition of the medium (e.g., high chloride content, low pH, or acidic
compounds) (Hakimian, S, Bouzid, A, & Hof, 2024). These factors significantly influence corrosion
mechanisms, such as pitting corrosion, crevice corrosion, and erosion-corrosion, which can
accelerate dimensional degradation beyond the tolerances.

Corrosion may then lead to material peeling on the flange surface. This results in
deviations of the flange dimensions from their actual size and also causes changes in the flange
surface texture (Chu et al., 2024). It will cause other problems to the piping system, such as leaking
on the piping and the flange (Pronk, 2022; Stikvoort, 2021), therefore this area is enhanced with
corrosion-resistant elements such as nickel (Tayactac & Ang, 2022), that is known for its corrosion
resistance (Bassford & Hosier, 2002). Due to its corrosion resistance, PT Cladtek Bi-Metal
Manufacturing then coated the hub and face areas using CRA (Corrosion Resistant Alloy). This
CRA is applied through welding using the GTAW method and UNS N06625 wire, which contains a
high nickel content. This addition helps slow down the corrosion rate on the weld neck flange
(Sianturi & Sianturi, 2023). Inspection of the welding results revealed that several flanges were
defective, including undersized inner diameters (ID), excessive surface roughness after machining,
and some instances of pipe leakage. Therefore, dimensional reinspection and measurement will be
conducted following the ASME B16.5 standard.

However, the coverage does not comprehensively address variations in this study aims to
ensure that the dimensions of the weld neck flange in PT.Cladtek Bi-Metal Manufacturing comply
with the standards set by ASME B16.5. The research used ASTM A105N material, a forged carbon
steel weld neck flange with a raised face type and NPS 16". Visual inspection includes surface
roughness assessment using a roughness comparator, and dimensional measurements are taken
using a vernier calliper, including outside diameter, inner diameter, bolt centre diameter, flange
thickness, and hub thickness. The scope of this research is limited to the dimensional inspection
method for weld neck flanges, which is helpful in determining the effectiveness, accuracy, and
productivity during the dimension verification process to ensure compliance with specified
standards and to meet customer specification variations.

2. RESEARCH METHOD

Collecting Data Method

This type of research is part of qualitative research, with data collection methods employed through
several approaches. First, field observation was conducted by collecting data from PT. Cladtek Bi-
Metal Manufacturing on February 28, 2022. Inspection of the welding results revealed that several
flanges were defective, including undersized inner diameters (ID), excessive surface roughness
after machining, and some instances of pipe leakage.

Second, a literature review was undertaken to gain theoretical insights into the standards of
the flange and piping system. Third, the dimensional inspection of the piping system was
conducted to make sure the weld neck flange following the ASME B16.5 standard. The reaserch
flowchart shown in figure 1, illustrates the steps involved in outlining the stages of this research.
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Figure 1. Flow Chart

Materials and Equipment

Before conducting measurements, the calibration dates of the measuring instruments were
verified to ensure that the data obtained were valid and reliable. The class used for the material to
be tested is class 900. The measuring instruments used include a 1000 mm vernier caliper with an
accuracy of 0.05 mm, a 600 mm vernier caliper with the same accuracy, and a roughness
comparator for evaluating the surface roughness of the material. All instruments were confirmed to
be in proper working condition and had been calibrated according to applicable standards. The
assembly method for flange, illustrated in the figure 2.

Washers Sleeve Flange Gasket Flange  Washers

00
O = 10

Nut Bolt Nut
Figure 2. Effects of selecting different switching under dynamic condition (Flange, n.d.)

The material used in this study is ASTM A105N with a raised face type as shown in figure
3. The weld neck flange tested in this study is made from ASTM A105N material, with the following
specifications: it is made from ASTM A105N forged carbon steel, which is suitable for both room-
temperature and high-temperature applications. N (hormalizing) addition indicates that the material
has undergone a normalizing heat treatment process, in which the component is heated to a high
temperature and then cooled naturally to ambient temperature. This treatment enhances the
material's toughness, which is further verified through impact testing and Charpy V-Notch (CVN)
testing. As a result, ASTM A105N is classified as a material with high toughness.
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Figure 3. Working drawings and dimensions of the materials to be used

Visual Checking and Flange Dimension Measurement

The measurement involved comparing the flange face with a roughness comparator to
ensure there were no defects resulting from welding or grinding during the post-welding cleaning
process. Five flange samples were examined to evaluate whether the surface finish complied with
the requirements specified by ASME B16.5. The inspection was performed on all flange areas to
detect any irregularities. Additionally, dimensional measurements of the flange were carried out
using precision instruments. The outside diameter was measured using a 1000 mm vernier caliper
at the outermost edge of the flange. The inside diameter, specifically at the hub, was measured
with a 600 mm vernier caliper. The bolt circle diameter, which is the distance between bolt holes,
was also measured using a 1000 mm vernier caliper. For the flange thickness, measurements were
taken on the outer flange surface using a 600 mm vernier caliper. The hub thickness was
measured at the outermost part of the hub using the same tool. These measurements ensured the
flange met dimensional specifications and conformed to relevant standards.

3. RESULTS AND DISCUSSIONS

This section on data analysis and discussion presents the results obtained from inspecting and
measuring the flange. It includes visual inspection focusing on surface roughness, as well as
dimensional measurements such as outside diameter, inside diameter, bolt circle diameter, flange
thickness, and hub thickness.

Surface Roughness

Figure 4 shows the visual inspection of surface roughness on the raised face area using a
roughness comparator, five flange samples were examined to evaluate whether the surface finish
complied with the requirements specified by ASME B16.5. All five samples fell within the tolerance
range specified by ASME B16.5, which is 3.2 ym — 6.3 um, with a groove range per inch of 46 to
56 grooves, or approximately 1.8 to 2.2 grooves per millimeter. The inspection confirmed that all
five samples met these criteria, indicating that the machining process produced a consistent and
acceptable surface finish. This ensures proper gasket seating and sealing performance, which is
critical in preventing leakage in flange connections. The consistency across all samples also
suggests effective control of post-welding grinding and machining processes (Engineers, 2020;
Haruyama et al., 2013).
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Figure 4. Raise face flange surface roughness measurement

Diameter and Thickness Measurement

This section presents the measurement results of the main dimensions of the neck flange
component, including outside diameter, inside diameter, bolt circle diameter, flange thickness, and
hub thickness. Measurements were conducted on five samples, with three repetitions for each
parameter, to obtain representative average values. All measurements were compared with the
tolerance limits specified in the ASME B16.5 standard for NPS 16” sizes. 1. Class pada flange
menandakan tingkat pressure dan temperature yang bisa diterima oleh flange ASME B16.5
(Bouzid et al., 2024). The classes available for flanges range from 150, 300, 400, 600, 900, 1500,
to 2500.

Table 1. Diameter measurement data

Outside Diameter Inner Diameter Bolt Diameter Circle
Samole No (Size. 705mm) (Size. 333.3 mm) (Size : 616 mm)
p ) Toleransi : +4mm,-1mm Toleransi: +1.5 mm Toleransi: +1.5 mm

Data Sample (mm)Rata- rata Data Sample (mm) Rata-rata Data Sample (mm) Rata- rata
Sample 1 705.50704.40704.80 704.90 332.10332.00332.00 332.03 616.00616.00615.80 615.93
Sample 2 704.40704.10704.40 704.30 332.70332.00332.30 332.33 616.00616.00616.00 616.00
Sample 3 705.00705.00705.00 705.00 331.70331.90331.90 331.83 616.00615.00615.00 615.33
Sample 4 704.60704.80705.00 704.80 332.00333.00332.50 33250 615.60615.50616.00 615.70
Sample 5 704.00704.00704.50 704.16 332.30332.50333.20 332.33  615.00616.00616.00 615.67

For the outside diameter, inside diameter, and bolt circle diameter, repeated
measurements were conducted, three times for each of the five samples. According to ASME
B16.5, the specified size for the outside diameter of NPS 16” is 705 mm, with a tolerance of +4 mm
/-1 mm, resulting in an acceptable range of 704 mm to 709 mm. Based on the data in Table 1, the
lowest average recorded was 704.16 mm, and the highest was 705 mm. For the inside diameter,
ASME B16.5 specifies 333.3 mm for NPS 16” with a tolerance of £1.5 mm, resulting in a range of
331.8 mm to 334.8 mm. The data in Table 1 shows the lowest average at 331.83 mm and the
highest at 332.50 mm. The bolt circle diameter for NPS 16” is 616 mm with a tolerance of £1.5 mm,
giving a permissible range of 614.5 mm to 617.5 mm. The measurement results show the lowest
average at 615.33 mm and the highest at 616 mm. Therefore, the measurements for outside
diameter, inside diameter, and bolt circle diameter all fall within the tolerance ranges specified by
ASME B16.5.

Table 2. Thickness measurement data

Flange Thickness

(Size : 88.90 mm) Hub Thickness

Toleransi : +3 mm
Data Sample (mm)Rata- rataData Sample (mm) Rata- rata
Samplel 91.70 90.60 90.20 90.83 37.20 36.60 37.20 37.00
Sample2 91.30 91.00 91.00 91.10 36.40 37.20 37.00 36.87
Sample3 91.20 91.00 91.00 91.07 37.20 37.00 37.00 37.07
Sample4 91.70 91.20 91.90 91.60 37.20 37.70 37.00 37.30
Sample5 91.90 90.80 91.00 91.23 37.00 37.00 36.60 36.87

Sample No.
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Table 2 presents measurement data for bolt circle diameter and flange thickness. The data
was obtained by taking five samples with three repeated measurements. For NPS 167, the flange
thickness is specified as 88.90 mm with a tolerance of +3 mm, resulting in a maximum allowable
value of 91.90 mm. The measurement results show an average range from the lowest at 90.83 mm
to the highest at 91.60 mm. This indicates that the machining and finishing processes for the flange
thickness were well-maintained and did not exceed the permissible material allowance, which is
critical for ensuring flange strength under pressure (Sabry et al.,, 2024). The customer's
requirement for hub thickness specifies a minimum carbon steel wall thickness of 27.09 mm before
welding, and a post-welding size of 30.43 mm. There is also a tolerance condition that the
thickness must not be less than 87.5% of the nominal pipe thickness or 12.5% of the pipe wall
thickness. Based on the tests conducted, the hub thickness measurements show an average range
from 36.87 mm to 37.30 mm. Both sets of measurements fall within the tolerance limits specified by
ASME B16.5. The closeness of the OD and ID values to the lower tolerance limits has technical
implications for flange service life. If these tolerances continue to drift downward due to
uncontrolled machining processes, the risk of leakage or installation failure will increase. Therefore,
quality control in the manufacturing process is critical to maintaining dimensional consistency within
tight tolerances.

In practical terms, these results demonstrate that the manufacturing process applied can
consistently produce flanges with high precision, meeting ASME B16.5 requirements for both
dimensional parameters and surface finish. This supports the reliable operation of high-pressure
piping systems without disruptions, while minimising downtime due to leakage or component
replacement. These findings underscore the importance of strengthening quality control in flange
manufacturing. While the tested samples met ASME B16.5 tolerances, past occurrences of
undersized inner diameters, excessive surface roughness, and leakage reveal potential process
inconsistencies. Implementing in-line inspections, precision metrology tools such as CMM.

4. CONCLUSION

Based on the results of visual inspection and dimensional measurements, it can be concluded that
the weld neck flanges tested in this study meet the tolerance requirements specified by ASME
B16.5. The visual inspection of surface roughness on the raised face areas fell within the allowable
range of 3.2 um to 6.3 um. Dimensional measurements, including outside diameter, inside
diameter, and bolt circle diameter, were performed on five samples with three repetitions each. All
values obtained were within the permissible tolerances, with the outside diameter ranging from
704.16 mm to 705.00 mm (tolerance: 704 mm-709 mm), inside diameter from 331.83 mm to
332.50 mm (tolerance: 331.8 mm-334.8 mm), and bolt circle diameter from 615.33 mm to 616 mm
(tolerance: 614.5 mm-617.5 mm). The flange thickness, ranging from 90.83 mm to 91.60 mm,
complied with the maximum limit of 91.90 mm. The hub thickness, measured after welding, ranged
from 36.87 mm to 37.30 mm, exceeding the minimum requirement of 87.5% of the nominal pipe
wall thickness (30.43 mm). Overall, the measurment shows that both the visual and dimensional
characteristics of the tested flanges are following ASME B16.5 standards, confirming the quality
and compliance of the components evaluated.

The study is limited by its small sample size, single-source manufacturer, and focus on a
specific size and pressure class. The scope was restricted to visual and dimensional conformity,
without assessment of operational performance under pressure and temperature variations.
Furthermore, the tests were conducted in a controlled environment, which may not fully reflect field
conditions. Future research should expand the sample pool to include different manufacturers,
sizes, and pressure classes as well as the application of advanced metrology tools such as 3D
scanning, coordinate measuring machines (CMM), or laser profilometry, are recommended to
enhance measurement accuracy and broaden the understanding of dimensional stability and
surface integrity over the service life.
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