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[bookmark: _Toc198487207]Abstract
This report presents the identification, analysis, and resolution of a critical vibration issue encountered in the launch and receive chambers of a bi-directional prover, forming part of a Lease Automatic Custody Transfer (LACT) metering system installed for an oil and gas project in Kazakhstan. During operational testing, excessive lateral pipe vibrations were observed, attributed to the dynamic interaction of the displacer sphere with turbulent oil flow within the vertical chambers. The challenge was exacerbated by significant design constraints, including implementing a retrofit solution using only site-available materials, prohibiting on-site welding, and adhering to tight project timelines. To address the issue, a pragmatic mechanical restraint system was designed, fabricated and successfully implemented at the site, mitigating the observed vibrations, restoring system integrity and operational reliability. The findings highlight the critical importance of reviewing piping systems for potential dynamic analysis during the design phase, and in the absence of this kind of analysis, the supporting philosophy has to be robust enough to eliminate excitation levels in the system.
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[bookmark: _Toc198487211]Introduction.
Engineering projects in the oil and gas sector are often characterised by tight delivery schedules, remote site logistics, and complex mechanical systems operating under demanding conditions. These factors can frequently result in unexpected technical issues during the commissioning and operational periods, necessitating reactionary engineering solutions to safeguard system integrity and project timelines.
This report investigates the scenario encountered during installing and commissioning a Lease Automatic Custody Transfer (LACT) metering system supplied to Tengizchevroil in Kazakhstan by Oil and Gas Systems Ltd (OGS). The system, designed in collaboration with Totec Design Ltd, incorporated a bi-directional prover to ensure the accuracy of custody transfer metering in accordance with international standards.
Despite adherence to rigorous design standards and practices, including static pipe stress analysis compliant with ASME B31.1, a dynamic pipe vibration issue manifested during operational testing of the prover system. The vibration, observed in the vertical launch and receive chambers when the displacer sphere was present, posed significant risks to the structural integrity of the system and its long-term reliability.
Strict constraints increased the urgency of resolving this issue: the solution needed to be designed using only on-site available materials, with no allowance for on-site welding or disassembly, and within an accelerated timeline to prevent project delays.
This report documents the engineering process followed to resolve the vibration issue, including a critical analysis of the initial design, pragmatic estimation of forces, structural validation through hand calculations and finite element analysis (FEA), and subsequent shape optimisation studies. The successful resolution of the issue underscores the necessity of incorporating dynamic load considerations in the design of such systems. It demonstrates the effectiveness of flexible, constraint-driven engineering problem-solving in the field.

[bookmark: _Toc198487212]Timing Plan
The timing plan Gantt charts produced for this report were created using online Gantt software. (onlinegantt, 2025)
[bookmark: _Toc198487213]Initial Timing Plan
Upon reflection, the initial timing plan (Appendix A) lacked detail and foresight into the reports' more intricate aspects. It also failed to consider the time needed for an alternative course module running concurrently with the independent project.
[bookmark: _Toc198487214]Final Timing Plan
The final timing plan was modified to include the more substantial detail of the project, and more accurate timings were included (Appendix B)

[bookmark: _Toc198487215]Aim and Objectives
[bookmark: _Toc198487216]Aim
This report aims to analyse a pipe vibration issue observed in a launch chamber of a bi-directional prover within a LACT metering system and the pragmatic mechanical solution devised to mitigate the vibrations. 
[bookmark: _Toc198487217]Objectives
· Critical analysis of the design procedure and how the pipe vibration issue occurred.
· Compare initial designs for critical analysis.
· Identify and quantify the forces acting on the mechanical restraint solution due to pipe vibrations.
· Perform hand calculations using engineering first principles to validate the structural integrity of the proposed mechanical restraint under the pragmatic loads defined by Totec.
· Implement Finite Element Analysis using forces obtained from hand calculations to simulate force conditions experienced on site.
· Assess the mechanical restraint's structural integrity, deformation, and stress distribution under operational conditions.
· Utilise topology optimisation to identify material reduction opportunities while maintaining structural performance.
· 

[bookmark: _Toc198487218]Project Background
In 2020, Oil and Gas Systems Ltd (referred to as OGS in the remainder of the report), a recognised leader in the oil and gas metering sector since its establishment in 1989, secured a significant contract to supply a LACT metering system for Tengizchevroil, a leading oil and gas company operating in Kazakhstan. OGS, headquartered in Ely, Cambridge, specialise in high-quality engineered metering systems for the oil, gas, and power industries (OGS 2025).
Due to the limitations of in-house capacity for a project of this scale, OGS subcontracted the design work to Totec Design Ltd (referred to as Totec in the remainder of the report), a well-established engineering design consultancy based in Swansea, South Wales. Founded in 1973, Totec supply a comprehensive range of engineering and mechanical design services, including process plant design, piping systems, pressure vessels, and skid module design. The longstanding relationship between OGS and Totec facilitated efficient collaboration on this project, the largest project the companies had cooperated on in terms of volume and cost.
Under the design contract, Totec was responsible for designing two key components of the LACT system: the Metering skid package and the Bi-directional prover system (Figure 1). Metering Package
Bi-directional Prover
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[bookmark: _Toc192261051][bookmark: _Toc198480421]Figure 1 – Isometric view of 3d model (Totec, 2022)
The project design phase lasted from 2020 to 2022. All designs adhered to industry standards and client safety requirements, and static pipe stress analysis was conducted per ASME B31.1 to ensure structural integrity under operational conditions, including temperature fluctuations, wind, blast, and seismic loads. However, an essential point for this report was that dynamic load analysis was not performed, as neither OGS nor the end client requested this service.
Following numerous design reviews to achieve the optimal design, Tengizchevroil approved the proposed designs, enabling OGS to fabricate and carry out a trial assembly of the packages at their facility in Kaliningrad (Figures 2 and 3).
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[bookmark: _Toc192261052][bookmark: _Toc198480422]Figure 2 – Assembly (OGS, 2022)
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[bookmark: _Toc192261053][bookmark: _Toc198480423]Figure 3 – Assembly (OGS, 2022)

After fabrication, the packages were shipped to the client’s site in Kazakhstan for installation (Figures 4 and 5). Once the installation was complete and the packages were tested, an unexpected vibration issue in the piping system emerged during the testing phase, necessitating immediate mechanical intervention to prevent future failures and ensure system integrity and reliability.
[image: ]
[bookmark: _Toc192261054][bookmark: _Toc198480424]Figure 4 – Installation (OGS, 2022)
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[bookmark: _Toc192261055][bookmark: _Toc198480425]Figure 5 – Installation (OGS, 2022)
[bookmark: _Toc198487219]
Lease Automatic Custody Transfer Systems.
[image: A diagram of a process of a gas processing plant

Description automatically generated with medium confidence]
[bookmark: _Toc192261056][bookmark: _Toc198480426]Figure 6 – Product transfer path (Andrews, 2024)
A Lease Automatic Custody Transfer (LACT) metering system is crucial in the oil and gas industry. This system separates, samples, measures, and transfers crude or petroleum products from the drilling and production site to a transportation or storage facility (Figure 6). The system automates the custody transfer process, ensuring accurate measurement and accountability as the product changes ownership between producers, transporters, and buyers (Emerson, 2014).
[bookmark: _Toc198487220]Importance in the Oil & Gas Industry
LACT systems play a vital role in protecting revenue by ensuring accurate measurement for financial transactions between oil producers and end clients. Automating the custody transfer process enhances operational efficiency, reduces the need for manual intervention, and minimises errors. Compliance with regulatory and industry standards is a key benefit, helping to prevent legal and financial disputes (Gcoptimization, 2024).
LACT systems also contribute to product quality assurance by continuously sampling and monitoring crude oil. This helps detect contaminants and ensure that only high-quality crude oil enters pipelines or refineries. This reliability and transparency make LACT systems indispensable in the oil and gas supply chain, providing smooth and accurate custody transfers (DXP, 2024).


[bookmark: _Toc198487221]The Metering System.
The metering system is regarded as the primary component of the LACT module. This system includes significant components for ensuring sampling, flow control, filtering, and precise flow measurement during custody transfers (Emerson, 2014). 
Figure 7 shows the complete 3d model of the metering package designed by Totec for the project outlined in this report. The metering package is not central to this report, as the pipe vibration issue did not occur on this element. However, it remains vital to comprehend the system to understand the Bi-directional prover function and its significance in the overall LACT system.
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[bookmark: _Toc192261057][bookmark: _Toc198480427]Figure 7 – Isometric view of metering package 3d model (Totec, 2022)
Metering system general arrangement drawings can be found in Appendix C, D, E, F & G.

[bookmark: _Toc198487222]Key Components
To complete its function successfully, the metering package contains key components which are outlined below:
Multiple Streams
The metering process can require varied numbers of streams. As shown in Figure 7, this project contained six metering streams, which enable higher flow rates, increased accuracy, duty and standby operations, maintenance, calibration, and troubleshooting of flowmeters (angusmeasurement, 2013).
Strainers
Strainers remove solid impurities such as rust, dirt, and debris from the fluid before they enter the metering section. This prevents damage to sensitive equipment, such as flowmeters and control valves, ensuring measurement accuracy and system longevity (angusmeasurement, 2013). The strainer shown in Figures 8 and 9 that was utilised in the project was a 20” flanged connection Barton Firtop large bore cast basket strainer.
	[image: ]
[bookmark: _Toc192261058][bookmark: _Toc198480428]Figure 8 – 3d model strainer (Totec, 2022)
	[image: ]
[bookmark: _Toc192261059][bookmark: _Toc198480429]Figure 9 – Strainer assembly photo (OGS, 2022)





Flowmeter
The flowmeter is the core component of the metering system, responsible for measuring the flow rate and total volume of the fluid passing through the system. Different types of flowmeters are used depending on the application (Emerson, 2014). Figures 10 and 11 depict the 12” Emerson series 1500 turbine flowmeters utilised for the project.
	[image: ]
[bookmark: _Toc192261060][bookmark: _Toc198480430]Figure 10 – 3d model flowmeter
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[bookmark: _Toc192261061][bookmark: _Toc198480431]Figure 11 – Assembly photo of flowmeter



Control Valves
Control valves regulate flow rate and pressure within the metering system (Figure 12). They ensure stable flow conditions and prevent fluctuations that could lead to inaccurate measurements. Control Valves are also used to divert flows; one example is to direct the flow to a proving system, which calibrates the flowmeters and checks them for accuracy.
[image: A blue and yellow pipes on a grey surface
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[bookmark: _Toc192261062][bookmark: _Toc198480432]Figure 12 – 3d model control valves

Sampling System
A sampling system automatically extracts representative fluid samples for quality analysis. This ensures that the oil or gas meets contract specifications and helps detect contaminants or undesirable properties in the fluid. The sampling system for this project was supplied modular and piped to the connections shown in Figure 13 located on the inlet piping.
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[bookmark: _Toc192261063][bookmark: _Toc198480433]Figure 13 – Sampling connections


[bookmark: _Toc198487223]The Bi-directional Prover
A Bi-directional prover (Figure 14 & 15) is a proving and calibration device used in oil and gas metering systems to verify the accuracy of flowmeters. Flowmeters are prone to small inaccuracies over time due to wear, changes in fluid properties, or environmental factors. A prover ensures that flowmeters remain within acceptable accuracy limits by providing a known reference volume against which the meter’s readings are compared and adjusted if necessary (Williams, 2024).
[image: ]
[bookmark: _Toc192261064][bookmark: _Toc198480434]Figure 14 – Bi-directional prover 3d model (Totec, 2022)
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[bookmark: _Toc192261065][bookmark: _Toc198480435]Figure 15 – 3d model (access platforms removed for clarity) (Totec, 2022)
Bi-directional prover general arrangement drawings can be found in Appendix H, I, J and K.

[bookmark: _Toc198487224]Key Components
Displacer Sphere
The displacer sphere (Figure 16) is a crucial component that travels within the prover loop via fluid flow to determine the volume of fluid passing through. It is designed to form a tight seal against the pipe wall, ensuring that all fluid passing through the flowmeter also moves through the calibrated section of the prover (DXP, 2024).
[image: ]
[bookmark: _Toc192261066][bookmark: _Toc198480436]Figure 16 – Displacer sphere being loaded into launch chambers (OGS, 2022)
The sphere is typically constructed from elastomer-coated materials, capable of enduring high pressures and diverse fluid conditions while preserving its shape and sealing function (maloneytech, 2025).
For this project, the utilised sphere was an inflatable unit, 739 mm in diameter, with a mass of 250 kg. It featured a Neoprene/Nitrile shell and contained a glycol-water mixture as the internal medium. The movement of the displacer sphere activates detector switches, indicating the precise volume of the fluid displaced, which is subsequently compared to the readings recorded by the flowmeter.
Launch Chambers
The Bi-directional Prover design features launch chambers that receive and dispatch the sphere (Figure 17). These chambers are typically sized to be at least 4 inches larger than the diameter of the measuring section (Redilla, 2025). This project design was based on a 6 inch increase, with 36 " chambers and a 30 " measuring section. 
Launch chambers can be orientated horizontally or at an angle up to 90° from horizontal. Notably, chambers angled between 45° and 90° offer specific benefits related to gravitational forces acting on the sphere: successfully launching the sphere at low flow rates and minimising the risk of damaging the sphere caused by sudden stops at high velocities at the end of the run (Redilla, 2025).
[image: ]Launch/receive chambers

[bookmark: _Toc192261067][bookmark: _Toc198480437]Figure 17 – 3d model launch chambers (Totec, 2022)


Four-Way Diverter Valve
The four-way diverter valve controls the direction of fluid flow through the prover loop, enabling Bi-directional operation. This valve allows the prover to function without requiring fluid to be drained or the prover ball to be manually repositioned between cycles. Switching the valve’s position reverses the flow direction, sending the displacer sphere back through the prover in the opposite direction. This feature enhances efficiency and reduces downtime, making Bi-directional provers superior to unidirectional designs in high-accuracy metering applications. For this project, a 16” Cameron Four-Way valve was specified (Figures 18 and 19)
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[bookmark: _Toc192261068][bookmark: _Toc198480438]Figure 18 – 3d model four-way diverter valve (Totec, 2022)
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[bookmark: _Toc192261069][bookmark: _Toc198480439]Figure 19 – Four-way valve during installation (Totec, 2022)
Prover Loop
The prover loop (Figure 20) contains a precisely measured section of pipe between detector switches that register when the displacer sphere enters and exits the calibrated volume (Figure 21). This known volume is the reference used to validate the flowmeter's accuracy.
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[bookmark: _Toc192261070][bookmark: _Toc198480440]Figure 20 – Plan on Bi-directional prover piping (Totec, 2022)
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[bookmark: _Toc192261071][bookmark: _Toc198480441]Figure 21 – Calculated volume (Totec, 2022)
The prover loop must be engineered to strict tolerances, ensuring minimal volume variations. Its calibration is certified against national and international metrology standards to ensure high accuracy (Advancedspectral, 2025).


Detector Switches
The prover loop is equipped with detector switches (Figure 22) that record the exact time the displacer sphere passes through the calibrated section of the loop. These sensors ensure precise volume measurement and allow real-time comparison with the flowmeter’s readings.
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[bookmark: _Toc192261072][bookmark: _Toc198480442]Figure 22 – Detector switches (Totec, 2022)
[bookmark: _Toc198487225]
Bi-directional Prover Function
Understanding the function of the bi-directional prover is essential for understanding the cause of the pipe vibration issue in this report. The prover is designed to verify a flowmeter's accuracy by comparing its readings against a precisely measured volume of displaced fluid. This process is critical in custody transfer applications, where minor inaccuracies can lead to significant financial discrepancies  (Andrews, 2024).
The process begins with manually loading the prover sphere into the launch chamber through a quick-opening closure at the top of the chamber. To initiate proving, the control valves in the metering section temporarily divert fluid from the metering stream piping to the four-way diverter valve, which then directs the flow to the launch chamber, forcing the sphere downward into the prover loop and through the calibrated section, where it displaces a precisely known volume of liquid where it triggers detector switches, recording the proving cycle's exact start and end points (Figure 23). The displaced volume is then compared to the readings from the flowmeter under test or calibration, allowing for the calculation of a meter factor—a correction value used to adjust the meter’s measurements if discrepancies are detected (DXP, 2024; ISO, 2022).
Flow diverted from metering stream
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[bookmark: _Toc192261073][bookmark: _Toc198480443]Figure 23 – Initial proving cycle diagram (Harris, 2025)
Once the prover sphere reaches the receiving chamber, the four-way diverter valve shifts position, reversing the flow direction and transporting the sphere back through the calibrated section in the opposite direction (Figure 24). This Bi-directional movement ensures that the prover operates under identical conditions in both directions, enhancing the accuracy and repeatability of the meter verification process. This cycle is repeated multiple times to confirm meter accuracy or, if necessary, adjust the meter’s calibration to account for any deviations (Williams, 2024).
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[bookmark: _Toc192261074][bookmark: _Toc198480444]Figure 24 – Return cycle diagram (Harris, 2025)
Once proving cycles are complete, the control valves restore regular operation by redirecting the flow back through the metering stream. The prover sphere is returned to the launch chamber, ready for the next proving cycle. By periodically diverting flow for meter proving, this system ensures that metering devices provide highly accurate and repeatable measurements, aligning with industry standards such as API MPMS Chapter 4 (API, 2016) and ISO 7278 (ISO, 2022). This continuous verification process is essential for maintaining measurement integrity in custody transfer operations, where precise volume accounting is crucial for financial and regulatory compliance (Spitzer, 2004).

[bookmark: _Toc198487226]Pipe Vibration Issue
The metering and Bi-directional prover packages were fabricated and trial-assembled at OGS’s facility in Kaliningrad, Russia. Following assembly, a Factory Acceptance Test (FAT) was conducted as part of the quality control process to verify compliance with design, functional, and operational requirements as outlined in the project specifications before shipment. A FAT is a quality control process performed before a system or piece of equipment is supplied from the manufacturer to the customer (Inspectionmanaging, 2025).
An important point to note for this report is that the displacer sphere was not utilised during testing, and a fluid-only test was conducted on the prover system. As a result, no issues were identified at the facility, and OGS were satisfied with the skids being approved for shipment to Tengizchevroil’s site in Kazakhstan.
The skids were transported from Kaliningrad to Kazakhstan, where they were installed without reported issues, progressing them to the operational commissioning phase (Figure 25). During this phase, the metering skid performed as expected, with all systems meeting project specifications. 
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[bookmark: _Toc192261075][bookmark: _Toc198480445]Figure 25 – Fully Installed (OGS, 2022)
During an operational test of the Bi-directional prover skid, excessive lateral movement and vibration were observed in the vertical receive chambers, particularly when the sphere was positioned within them. This critical pipe vibration issue was identified during tests conducted at volumetric flow rates of 500, 1000, and 1700 m³/hour. This behaviour was initially observed in the receive chamber at the end of the first cycle (see Figure 26).
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[bookmark: _Toc192261076][bookmark: _Toc198480446]Figure 26 – Lateral Movement Direction (Harris, 2025)
Upon completion of the second cycle, when the sphere was transferred to the opposite chamber, the vibration transferred to this chamber, confirming the sphere’s direct association with the issue.
Site witnesses visually confirmed that the vibration frequency and amplitude increased proportionally with the volumetric flow rate, with higher rates exacerbating the observed movement. This consistent pattern underscored the potential mechanical instability during final operating conditions, in which the volumetric flow rate would be increased to .
Upon visual inspection of the vibration, it was estimated that the chambers were displacing by approximately 8-10 mm in both directions; no exact figures were provided to OGS and Totec.
Due to this unexpected issue, a Technical Query (Appendix L) was raised to address concerns regarding the system’s stability and long-term reliability, prompting further investigation and resolution efforts. Given that the bi-directional proving skid had already been installed, finding a solution that could be implemented without requiring significant disassembly or delays and that could be incorporated into the existing design was critical.


[bookmark: _Toc198487227]Vibration Source Hypothesis.
Without a greater understanding of the process and of the dynamics involved in the sphere's impact on the chamber movement, Totec’s initial hypothesis of why the movement was occurring was that the sphere was likely subjected to continuous displacement caused by the continuous flow above the reducer in the larger section of piping, leading to the lateral movement (Figure 27).
[image: ]
[bookmark: _Toc192261077][bookmark: _Toc198480447]Figure 27 – Turbulent flow diagram (Harris, 2025)
However, theoretical calculations of the sphere's movement as it entered the larger section of the chamber, conducted at a fluid flow rate of  for this report, disproved the initial hypothesis.



[bookmark: _Toc198487228]Theoretical Calculation of Sphere Movements in Launch/Receive Chamber
The following calculations were carried out to understand the sphere movement within the chamber under the continuous oil flow at the test flow rate. A diagram was produced to help understand the dynamics of the pipe arrangement at the chamber and the flow velocities of oil passing through the system (Figure 28).
[image: ]
[bookmark: _Toc198480448]Figure 28 – Chamber velocity diagram
The calculation aimed to quantify the maximum height achieved by the sphere before it came to a rest and subsequently descended back to the reducing section. Understanding this behavior will facilitate the development of a more theoretical hypothesis regarding the underlying cause of the observed vibration.
[bookmark: _Toc198487229]Test Flow Rate 
Where:









Using Equation 5-1, the velocity of the small and larger pipes was discovered.
[bookmark: _Toc198480496]Equation 5‑1 – Velocity, flow rate & area relationship

Velocity in smaller diameter pipe: 

 
Velocity in larger diameter pipe:

 

Using the velocity values, the average flow rate was then calculated for the reducer section of the pipe arrangement, which then allowed for the average velocity to be determined:



Therefore:


Using the velocity values discovered, it was possible to calculate the distance the sphere travelled before coming to rest and falling back down.
Where:




Using Equation 5-2, the buoyancy force was calculated:
[bookmark: _Toc198480497]Equation 5‑2 – Buoyancy force




Using equation 5-3, the drag force of the oil acting on the sphere was calculated.
[bookmark: _Toc198480498]Equation 5‑3 – Drag force

Where:
 0.5 (Engineeringtoolbox, 2025)

Therefore:

Net downward force due to buoyancy, drag and gravity:



Acceleration from the point of sphere decompressing in the reducer:





Using equation 9-4, the distance travelled by the sphere before coming to a halt can now be determined: 
[bookmark: _Toc198480499]Equation 5‑4 – Motion

Where:




Therefore:




Calculation Summary
The theoretical calculations demonstrate that the sphere, once decompressed to its original diameter in the reducer section, continues to rise until the upward forces, buoyancy, and flow-induced drag acting on it are no longer sufficient to counteract its weight. The resulting upward travel is followed by a descent back into the reducer section, where the sphere reseals the flow in the reducer section and halts flow temporarily before pressure builds and is sufficient enough to shift the sphere upward and the cycle continues.
This repeated cycle of the sphere rising and falling under continuous flow conditions suggests a mechanism for initiating and sustaining oscillatory motion within the launch/receive chamber. This motion could reasonably be linked to the observed vibrations in the system. As such, the sphere’s dynamic response to varying flow conditions appears to be a plausible contributor to the vibration behaviour recorded during proving operations.


[bookmark: _Toc198487230]Literature Review.
For this report, a literature review was conducted on vibration in piping systems.
[bookmark: _Toc198487231]Vibration in Piping Systems
Pipe vibration issues are prevalent in various industrial settings, including onshore and offshore production facilities, pipeline stations, refineries, and petrochemical plants. Pipe vibrations present significant integrity risks, as failures in piping systems can result in hazardous product releases, leading to severe consequences such as environmental damage, facility shutdowns, and loss of life (Udoetok, 2018). Addressing such issues is complex because of the diverse sources and mechanisms responsible for inducing pipe vibration, necessitating a systematic approach to analysis and mitigation.
A severe vibration issue was identified during commissioning in the Bi-directional prover system used within the LACT metering package in Kazakhstan. This unexpected behaviour raised concerns about structural integrity and long-term reliability, necessitating immediate mechanical intervention to prevent system failures. Understanding the underlying causes of this issue required an in-depth exploration of piping vibration mechanisms and mitigation strategies.
[bookmark: _Toc198487232]Definition and Mechanisms of Piping Vibration
Piping vibration is defined as the deviation of a pipe from its static, at-rest position due to external forces. Some vibrations are observable to the naked eye, while others are only detected under specific operating conditions or upon failure (Woodplc, 2024). Such vibrations pose significant integrity risks in both onshore and offshore plants, potentially leading to process disruptions, equipment damage, and system failures. Adverse effects include fatigue-related fractures in small bore connections, valve and nozzle failures, and general degradation of pipeline components (Ocean-Me, 2024)
[bookmark: _Toc198487233]Causes of Piping Vibration
Several factors contribute to vibration in piping systems according to (Ocean-Me, 2024).
· Flow-induced turbulence, which generates fluctuating forces in the fluid stream.
· Mechanical forces from rotating equipment, such as compressors and pumps.
· High-frequency acoustic excitations that propagate through the pipe structure.
· Sudden pressure surges caused by valve closures, also known as water hammer effects.
· Localised pressure reductions, which result in cavitation and subsequent pipe vibrations 
In the specific case of the bi-directional prover, fluctuating forces generated by flow-induced turbulence within the chamber were presumed to be the source of the vibrations. Furthermore, inadequate support structures or resonance effects in the chamber may have amplified these oscillations, making them more pronounced during high-flow conditions. The lack of a prior dynamic load analysis during the design phase may have contributed to underestimating these effects, highlighting the need for comprehensive vibration assessments in similar installations.
[bookmark: _Toc198487234]Effects of Piping Vibration
Vibration in piping systems can lead to serious complications beyond mechanical integrity concerns. It poses significant risks to overall facility operations; according to the UK Health and Safety Executive, 21% of hydrocarbon releases in industry result from vibration-induced fatigue. Failures caused by vibration have historically led to devastating outcomes, including explosions, environmental contamination, and considerable legal liabilities. For example, (Venart, 2004) hypothesises that the 1974 Flixborough disaster (Figure 29) was triggered by flow-induced vibration, which caused a fatigue crack in a bellow within the by-pass piping system, resulting in catastrophic failure.
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[bookmark: _Toc192261078][bookmark: _Toc198480449]Figure 29 – The Flixborough disaster
The strain induced by persistent vibrations accelerates fatigue failure, particularly in small-bore connections, instrumentation ports, and relief lines (Woodplc, 2024). 
In the Kazakhstan project, vibrations observed in the bi-directional prover's launch chambers raised concerns about the potential for long-term fatigue failures. The chambers affected by these vibrations included small-bore relief line connections (see Figure 30), which were especially vulnerable to unexpected movement. Repeated oscillations could weaken weld joints, increase stress concentrations at critical points, and ultimately compromise the chambers' functionality. If these issues are not addressed, they could lead to operational disruptions or even complete system failure, highlighting the urgency of implementing an effective mechanical restraint solution.
[image: ]
[bookmark: _Toc192261079][bookmark: _Toc198480450]Figure 30 – Small bore branch connections (Totec, 2022)
[bookmark: _Toc198487235]Solutions and Mitigation Strategies
Mitigating piping vibration requires targeted strategies to either reduce excitation levels or enhance the structural integrity of the piping system. Two primary approaches are commonly employed, as stated by (Woodplc, 2024):
· Reducing the excitation level involves minimising flow-induced forces by optimising valve configurations and reducing pressure differentials within the system.
· Improving pipe support and rigidity—Strategic placement of supports, such as U-bolts and clamps, increases system stiffness and shifts natural frequencies away from excitation frequencies.
Almasi (2020) suggests an alternative solution that involves modifying the piping configuration to reduce resonance effects. Increasing pipe diameter, for instance, enhances mass and lowers natural frequency, mitigating the risk of flow-induced resonance. However, this approach increases system costs and material usage. Alternatively, optimising support placement can significantly reduce vibration without altering operational parameters. For example, converting a two-support system into a three-support configuration effectively reduces vibration amplitude.
For the Kazakhstan project, the proposed solution involved implementing mechanical restraints at both sides of the launch chamber to counteract the lateral movements. By introducing additional structural support and optimising the connection points, the design aimed to redistribute dynamic forces and minimise displacement. Increasing the rigidity of the chamber structure also ensured that its natural frequency was sufficiently high to avoid resonance with the flow-induced excitations.
Where pipe vibrations can be minimised but not eliminated, a widely recommended strategy for small bore piping systems is to increase pipe wall thickness. This improves stiffness and reduces susceptibility to stress-related failures. However, cost implications often limit the feasibility of this approach (Almasi, 2020)
Ultimately, an optimised balance between support flexibility and system rigidity is crucial. While additional supports can elevate system stability, excessive restriction may result in high thermal stresses and reaction loads. Therefore, implementing an effective vibration mitigation strategy requires a comprehensive analysis of the piping system’s operational dynamics to achieve mechanical integrity and functional efficiency.
[bookmark: _Toc198487236]Summary
The study of piping vibration is critical in industrial applications where structural integrity and operational efficiency are paramount. Vibration-induced failures pose severe risks, necessitating a combination of static and dynamic assessments to diagnose and mitigate these issues accurately. Various factors, including flow-induced pulsations, mechanical resonance, and inadequate support, contribute to vibration-related problems. Effective solutions involve optimising support configurations, modifying structural parameters, and employing vibration-resistant designs to ensure long-term system reliability. By integrating advanced engineering methodologies, facilities can significantly reduce the likelihood of failure, ensuring operational safety and efficiency in piping systems.
For the Kazakhstan project, the observed vibration issues in the bi-directional prover system underscored the importance of dynamic analysis in design phases. The proposed mechanical restraint solution represents a practical approach to mitigating excessive chamber movement and ensuring the long-term integrity of the metering system. Lessons learned from this case highlight the need for proactive vibration management strategies in similar industrial applications.


[bookmark: _Toc198487237]Bi-directional Prover Design Analysis
[bookmark: _Toc198487238]Previous Designs
The collaboration between Totec and OGS on Bi-directional prover designs had historically been successful, with no prior instances of the type of pipe vibration issue encountered in this project. However, this design deviated from previous approaches due to the following client requirements. 
· Increased spacing between the chambers to ensure maintenance access and safety around the chambers while inserting the sphere (Figure 31).
· Increased access to the underside of the four-way valve for valve maintenance, including a maintenance access platform (Figure 32). 
· Chamber heights were increased to prevent sphere collisions with the Quick Opening Closure (QOC) to accommodate higher flow rates specified by the client late in the design stage. 
[image: ]
[bookmark: _Toc192261080][bookmark: _Toc198480451]Figure 31 – 2D plan on chambers and access platforms (Totec, 2022)
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[bookmark: _Toc192261081][bookmark: _Toc198480452]Figure 32 – Four-way valve maintenance platform (Totec, 2022)
In the historic designs, chambers were positioned closer to the four-way valve, enhancing structural stiffness around the chambers and likely preventing the pipe vibration issue experienced in this project (Figures 33, 34 & 35). 
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[bookmark: _Toc192261082][bookmark: _Toc198480453]Figure 33 – Previous bi-directional prover design (Totec, 2022)
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[bookmark: _Toc198480454]Figure 34 – Close-up of previous design chambers
[image: ]
[bookmark: _Toc192261083][bookmark: _Toc198480455]Figure 35 – 2D plan on previous design chamber dimensions (Totec, 2022)
[bookmark: _Toc198487239]The Bi-directional Prover Design Process
Totec's design team for the project comprised a piping designer, a pipe-stress engineer, and a lead engineer. The piping designer developed the initial concept designs for piping and access steelwork, which were subsequently refined into the final design through collaborative efforts with OGS and Tengizchevroil project engineers. 
During the initial design phase, the piping designer and lead engineer identified critical locations for pipework support. According to the specifications, the project's support philosophy specified the use of pipe trunnions as the preferred ancillary supports for the main metering and bi-directional prover piping. These trunnions were then supported by independent steelwork extending from the ground (Figure 36). 
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[bookmark: _Toc192261084][bookmark: _Toc198480456]Figure 36 – Pipe support configuration (Totec, 2025)
While developing the supporting strategy, discussions regarding the support of the chambers took place. It was determined that the increased height required to support the chambers would necessitate substantial steelwork or tie-in to the existing steelwork around the chambers used for access. 
Consequently, a decision was made to evaluate the supports during the pipe-stress analysis phase. This evaluation aimed to ascertain the forces acting on these potential supports, informing the potential support steelwork's design, while assessing their impact on the thermal stresses induced in the pipework and the broader system implications if the supports were excluded from the scope.
Using the CAESAR II pipe-stress software, the lead engineer and pipe-stress engineer tested a configuration involving four supports positioned at quadrant locations around the chambers (Figure 37). This arrangement ultimately proved unsuccessful in the pipe-stress analysis, as the supports induced excessive stresses around the connecting branches linking the chambers via the four-way valve, thereby restricting thermal expansion between the chambers. As a result, a subsequent trial of the pipe-stress analysis was conducted without the supports, which resulted in a successful analysis; this resulted in the decision to progress the design without the chamber supports being utilised. 
[image: ]
[bookmark: _Toc198480457]Figure 37 – CAESER II pipe stress chamber supporting
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[bookmark: _Toc198480458]Figure 38 – Pipe stress failure image
This decision marked a pivotal moment in the design phase, as the CAESAR II software, a static analysis tool, could not account for the dynamics of the weighted sphere situated in turbulent flow within the chambers at height, a dynamic condition requiring specialised analysis. Given that previous designs had not encountered this issue, none of the involved parties deemed such an analysis necessary at the time.
Another overlooked opportunity during the initial design phase to address the pipe vibration issue stemmed from the reluctance or oversight to test a configuration supporting the chambers in only two directions. Such an approach would have constrained the chambers' lateral movement while permitting thermal expansion between them, ultimately, the strategy used for the final post-pipe vibration mechanical restraint.


[bookmark: _Toc198487240]Mechanical Restraint
[bookmark: _Toc198487241]Project Constraints
To address the pipe vibration issue, OGS requested Totec to develop a solution in the form of a mechanical restraint to control the observed vibrations in the system. 
Several constraints were identified for the initial design:  
Unknown Design Data
· The forces acting on the chamber proved challenging to calculate without clearly understanding the internal dynamics between the flow and the sphere. 
· No precise data regarding the chamber's displacement was provided following the initial test, and site engineers hesitated to conduct further tests due to concerns that vibrations might compromise the system's long-term integrity.
Materials
· The project team opted against procuring external materials to avoid delays associated with material lead times. Totec was instructed to devise a solution utilising only the materials available in the on-site stock (Appendix M). This requirement was conveyed after preliminary designs had already been developed, resulting in modifications to the design. 
Installation
· The proposed solution was mandated to be implemented as a retrofit, integrating with the existing piping, steelwork, and equipment previously assembled and installed at the Kazakhstan site. However, one permissible alteration to the existing setup was the removal of insulation to accommodate potential solutions. 
· No site welding was allowed, and a bolted solution was deemed the only option for fixing to existing steel.
· No ability to measure the installation dimensions for any restraints or place confidence in the accuracy of any supplied dimensions from the site team.
Time
· Time emerged as a critical consideration in the design process, as OGS faced stringent deadlines to approve the installation.


[bookmark: _Toc198487242]Chamber Restraint Location
To maximise the mechanical restraints' function, they needed to be located as high up the chambers as possible. Each chamber's maximum height reached 6.1 m approx. from grade, both enclosed by access platform steelwork at 5.3 metres high (Figures 39 to 41). This steelwork offered the only realistic option for retrospectively fixing restraints from any existing structure and seemed a clear choice for investigation. 
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[bookmark: _Toc198480459]Figure 39 – Elevation of access platform, steel structure, and chamber.
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[bookmark: _Toc198480460]Figure 40 – Proposed Restraint Location

[image: ]Restraint Locations

[bookmark: _Toc198480461]Figure 41 – Isometric view of access platform, steel structure, and chamber
To verify the adequacy of the steelwork, Totec investigated the maximum permissible deflection for the structure at its given height and determined the force necessary to produce this deflection. Totec’s structural engineer concluded that the maximum allowable displacement at the location of the restraints was ±5 mm in the x and y directions (z being vertical up) and calculated that a force of 98.1 kN (10,000 kg) was required to achieve this deflection (Figure 42). This was now considered a foundation for further investigation into the suitability of locating restraints on this steelwork.
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[bookmark: _Toc198480462]Figure 42 – Structural steel deflection report


[bookmark: _Toc198487243]Pragmatic Chamber Force Estimation
To estimate the forces induced by the sphere and turbulent flow within the chamber without the availability of extensive time or specialised expertise in flow dynamics, Totec adopted a pragmatic methodology to establish an initial figure. 
The engineering team determined that incorporating the additional supports into the CAESER II pipe stress analysis at the proposed restraint locations on the chamber was a suitable approach. 
For this specific analysis, the restraints were evaluated solely in the east and west directions because the previous analysis failed when supported in all directions (See Appendix H for north location); this new analysis yielded a thermal displacement force of 18 kN and resulted in a successful stress analysis, allowing the engineering team to proceed. 
To account for the sphere’s contribution, the team increased the mass of the sphere to 600 kg, resulting in a derived load of 5.9 kN. 

Combining these values determined a total force of approximately 24 kN. 
This force was then approximated to a 1.3mm deflection of the steelwork, which was considered an acceptable amount of deflection for this purpose, enabling the team to progress in designing the retrofit restraints.


[bookmark: _Toc198487244]Restraint Design Iterations
The design process started with an initial concept design, which evolved to suit the project's constraints and circumstances.
[bookmark: _Toc198487245]Conceptual Design
The initial concept design consisted of a simple pipe-shoe-style restraint (Figure 43), utilising a 20 mm thick plate with a horizontal plate fixed to the existing steelwork and a vertical plate for the restraint.
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[bookmark: _Toc198480463]Figure 43 – Plan and elevation on restraint (concept design)
Design Review
An initial design review highlighted the required improvements, as annotated in Figure 44.Restraint Locations
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[bookmark: _Hlk195590906][bookmark: _Hlk195590907]Potential wear between surfaces

[bookmark: _Toc198480464]Figure 44 – Conceptual review notes
Potential wear between surfaces: 
due to the expected thermal expansion of the chamber vertically and horizontally, the potential for wear on the metal-to-metal design highlighted the requirement for non-friction wear pads to be applied between the surfaces
Fixed design: 
The concept design was based on the theoretical measurements of the model; actual installation dimensions can vary from the theoretical dimensions. No site measurements regarding the actual horizontal dimensions between the chamber's edge and the steel's centre were supplied at this stage. Given the uncertainty about the accuracy of any measurements received and the potential delay in design time, it was decided that the design should allow for mechanical horizontal site adjustment to fit the restraint.


[bookmark: _Toc198487246]Modified Design
To address the observations from the concept design review, the following modifications were incorporated into the design, as illustrated in figure 45.
The uniform design was split into two components: the fixing plate and the restraint, utilising slotted holes in the restraint, allowing for adjustment during installation.
Wear pads consisting of 4 mm PTFE were incorporated into the design and applied to the face of the restraint and the chamber surface.
[image: ]
[bookmark: _Toc198480465]Figure 45 – Plan and elevation on restraint (design evolution one)

Design Review
Further improvements were highlighted as illustrated in Figure 46:
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[bookmark: _Toc198480466]Figure 46 – Design evolution one, review notes
Slipping of the adjustable restraint: Due to the cyclical nature of the forces applied by the chamber, the plate could slip, and the bolts could unlock. A locking mechanism to secure the plate was necessary.
Steel beam torsion: The placement of the restraint on the underside of the steel beam indicated a potential for torsion, leading to a suggestion to stiffen the beam.
Vibration Damping: To alleviate any vibration travelling into the access walkway frame, the use of Fabreeka vibration-damping pads was considered for the redesign.
Additional Project Constraint
Site material issue: During this phase, Tengizchevroil requested that the restraint be fabricated from materials acquired from the existing site stock (Appendix M) to avoid lengthy lead times for new material purchases. A stock list was then issued to Totec so that they could choose the appropriate materials for the re-design.
[bookmark: _Toc198487247]Final Design 
As illustrated in Figures 47, the final design incorporated the observations from the previous review and the material constraints applied by Tengizchevroil.
[image: ]
[bookmark: _Toc198480467]Figure 47 – Final design, highlighted modifications


Restraint (Figure 48)
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[bookmark: _Toc198480468]Figure 48 – Restraint final design
The restraint's final design utilised a 10 mm thick plate from the stock list, transitioning from the original 20 mm thick design. A stop plate and a stiffening rib were also added to allow the locking bolt design between the fixing plate and restraint.
Fixing Plate (Figure 49)
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[bookmark: _Toc198480469]Figure 49 – Fixing plate final design
The final design of the fixing plate included reducing the plate thickness to 10 mm, fixing two M20 locking nuts to the new locking bolt plate so that the two M20 bolts could lock the restraint in place, and adding additional fixing to the existing two fixing bolts between the restraint and fixing plate.
Stiffening Braces (Figure 50)
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[bookmark: _Toc198480470]Figure 50 – Stiffening braces
To alleviate any torsional forces on the existing steel beams, stiffening braces were added between the beams, and as per the site team's request, 10 mm thick Fabreeka pads were located between the beams and the new restraints.
After a review with Tengizchevroil and OGS, it was decided that the restraints would be added to the steel in four locations around the chamber as a precautionary measure. Only two restraints would be activated mechanically in the vibration direction for the initial test (Figure 51).
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[bookmark: _Toc198480471]Figure 51 – Activated restraint arrangement
A fabrication drawing was created for OGS to issue to Tengizchevroil to manufacture the plates on-site in Kazakhstan (Figure 52 & Appendix N).
[image: A blueprint of a machine

AI-generated content may be incorrect.]
[bookmark: _Toc198480472]Figure 52 – Final fabrication drawing
[bookmark: _Toc198487248]Engineering First Principal Analysis of the Final Design
Due to pragmatic engineering decisions and the restraint's intended over-design, no initial project calculations were produced to prove its capability when implemented on site. The following calculations were produced for this report to estimate the stresses acting on the restraint and fixing plate individually.
[bookmark: _Toc198487249]Restraint Element Calculation
To estimate the combined stress incurred on the restraint, it was decided to evaluate the axial stress and bending stress acting on a cross-section of the tee shape located in the direction of the forces (Figure 53). To simplify the calculation, it was assumed that the force acted centrally on the tee section.
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[bookmark: _Toc198480473]Figure 53 – Restraint Calculation Diagram
The carbon steel specified for the restraint and fixing plate was BS EN10025 S355NL medium tensile low carbon manganese steel. This material exhibits a yield strength of 355 MPa as stated in the specification: Eurocode 3—Design of steel structures - Part 1-1, BS EN 1993-1-1:2005, this specification also states the following equation for deriving the shear strength of the material:
[bookmark: _Toc198480500]Equation 9‑1 – Shear strength




[bookmark: _Toc198487250]Axial Stress Calculation
Where:




Using the area values calculated and the force supplied, the stress was then calculated.
[bookmark: _Toc198480501]Equation 9‑2 – Stress

Therefore:


[bookmark: _Toc198487251]Bending Moment Calculation
The bending moment could be determined by applying the simple theory of elastic bending (equation 9-3).
[bookmark: _Toc198480502]Equation 9‑3 – Theory of elastic bending

The neutral axis and the moment of inertia need to be calculated to utilise this equation.
Neutral Axis
To determine the tee section's neutral axis the centroids of the flange and web were calculated from their bases.
Where:




Using the areas determined previously, the neutral axis was determined using the following equation: 
[bookmark: _Toc198480503]Equation 9‑4 – Neutral axis

Therefore:


Moment of inertia
[bookmark: _Toc198480504]Equation 9‑5 – Parallel axis theorem

[bookmark: _Toc198480505]Equation 9‑6 – Rectangular second moment of area

For the flange:




For the web:




Therefore:



Bending moment
[bookmark: _Toc198480506]Equation 9‑7 – Bending moment

Where:

Therefore:


Bending Stress
By transposing equation 9-3 to utilise the values derived above, it was possible to calculate the bending stress in tension and compression (Equation 9-8):
[bookmark: _Toc198480507]Equation 9‑8 – Bending stress

Tensile stress (Top of tee section):
Where:

Therefore:


Compressive stress (Base of tee section):
Where:

Therefore:




[bookmark: _Toc198487252]Combined Stress Assessment
Maximum tensile stress (top of tee section)
 
 
 
Maximum tensile stress (top of tee section)
 
 
 

[bookmark: _Toc198487253]Safety Factor
Maximum absolute stress: 52.29 MPa (compressive side)
Material yield strength: 355 MPa


[bookmark: _Toc198487254]Stress Analysis Summary
The first-principles analysis of the tee-section restraint confirmed that the component remained within the material's elastic limit (355 MPa) under the applied load conditions. The calculated axial stress was 8 MPa, while the bending stresses at the top and bottom of the tee section were -3.85 MPa (tensile) and 52.29 MPa (compressive), respectively. 
When compared against the yield strength of the selected structural steel (355 MPa), the most critical stress resulted in a safety factor of approximately 6.79, well within the standard safety factor of 1.5 stated in the European structural design standard: Eurocode—Basis of structural design, BS EN 1990:2002+A1:2005. 


[bookmark: _Toc198487255]Fixing plate calculation
An analysis of the axial and bending stresses on the vertical locking bolt plate was conducted to assess the cumulative stress experienced by the fixing plate. This evaluation focuses on the forces exerted by the restraint, which directly apply pressure against the locking bolts placing the locking plate in shear and bending stress. (Figure 54).
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[bookmark: _Toc198480474]Figure 54 – Fixing plate calculation diagram
[bookmark: _Toc198487256]Shear Stress
Where:






As stated in the European structural design standard: Eurocode 3—Design of steel structures - Part 1-1, BS EN 1993-1-1:2005. any shear force less than 50% of the material's shear strength (205 MPa) is considered negligible and can be ignored. 


[bookmark: _Toc198487257]Bending Moment
Where:




[bookmark: _Toc198487258]Bending Stress
Where:





[bookmark: _Toc198487259]Safety Factor
Maximum absolute stress: 28 MPa (bending)
Material yield strength: 355 MPa





[bookmark: _Toc198487260]Fixing Plate Stress Analysis Summary
The first-principles analysis of the fixing plate confirmed that the component remained within the material's elastic limit (355 MPa) under the applied load conditions. The calculated shear stress was 4 MPa, while the bending stress was 28 MPa.
When compared against the yield strength of the selected structural steel (355 MPa), the most critical stress (bending) resulted in a safety factor of approximately 12.68.
[bookmark: _Toc198487261]Calculation Conclusion
The calculations suggest that the restraint and fixing plate were adequately overdesigned and structurally sound for their intended application, with sufficient capacity to accommodate static and potential dynamic loading without yielding. 
With the intended overdesign in this scenario, the overuse of material was not considered to be a negative aspect of the design due to the focus on time and the use of existing materials. The bespoke nature was also an aspect in utilising overdesign over theoretical design.









[bookmark: _Toc198487262]Solution Implementation and Testing
In November 2024, the mechanical restraints were fabricated according to the final design details and installed successfully on the existing steel walkway (Figures 55 & 56). 
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[bookmark: _Toc198480475]Figure 55 – Restraint installation 
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[bookmark: _Toc198480476]Figure 56 - Restraint installation 
The system was subsequently tested at a flow rate of , which resulted in negligible vibrational movement in both the launch/receive chamber and the steelwork of the access walkway. A video captured on-site served as evidence of this testing for OGS, and the client, Tengizchevroil, was satisfied that the mechanical restraint effectively reduced the chamber vibration.

[bookmark: _Toc198487263]Theoretical Chamber Force Estimation
Due to the timescale allowed for designing the mechanical restraint, pragmatic engineering decisions were made regarding the acting forces on the chamber (Section 8.3). 
This report used the following analytical methods to achieve a more theoretical force acting on the chamber using engineering first principles. 
[bookmark: _Toc198487264]Torque Calculation on Horizontal Piping
By analysing the observed displacement of 10mm at the upper section of the chamber, the necessary torque to affect the chamber's rotation could be determined. This calculation will treat the chamber as the lever arm, generating the torque through the horizontal section of the connected 30” NB prover piping (Figure 57). 
[image: A drawing of a pipe
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[bookmark: _Toc198480477]Figure 57 – Torque calculation diagram
Assumptions:
· Simple L-shaped piping configuration.
· No other influence on calculations, e.g. pipe supports along the horizontal length or interconnecting piping on the chamber.
· Chamber piping is rotating around the horizontal pipe axially.
Where:




 
Governing equations:
[bookmark: _Toc198480508]Equation 11‑1 – Polar moment of inertia 

[bookmark: _Toc198480509]Equation 11‑2 – Torque 

Therefore:






[bookmark: _Toc198487265]Force Required to Twist Horizontal Piping Through Lever Arm
Utilising the calculated torque enabled the calculation of the force required to displace the chamber using the observed estimated figure of 10 mm.
Where:



Governing Equation:
[bookmark: _Toc198480510]Equation 11‑3 – Torque-to-force relationship

Therefore:




[bookmark: _Toc198487266]Calculation Analysis
The torque-to-force calculations indicate that a force of 25.3 kN would be adequate to twist the 30” NB horizontal piping, enabling the chamber to displace by 10mm at the tip of the theoretical lever arm. However, this calculation can be deemed overly simplistic, considering it does not account for the additional piping configuration connected to the chamber and the pipe supports distributed along the horizontal length where the twist was calculated. If these were considered, it would be expected that the force required to allow the chamber to rotate axially along the horizontal length would need to increase considerably.


· 

[bookmark: _Toc198487267]Finite Element Analysis
[bookmark: _Toc198487268]Finite Element Analysis
To prove the restraint was structurally adequate to contain the forces expected to act upon it during operation, a finite element analysis (FEA) was conducted using Autodesk Fusion 360 software. The static stress feature highlighted the restraint's stresses, strains, and displacements.
A 3d model was created using Autodesk AutoCAD 2025 and then imported into Fusion (Figure 58), where the relevant material properties and simulation parameters were applied. For this simulation, standard carbon steel was used for the metal parts, and PTFE was used for the pads between the restraint and the chamber.
[image: ]
[bookmark: _Toc198480478]Figure 58 – Fusion 3d model


[bookmark: _Toc198487269]Considered FEA Values
Stress (Von Mises Criterion)
Finite element analysis in Autodesk Fusion 360 uses von Mises stress values to evaluate yielding in ductile materials. This stress measurement provides an accurate prediction under complex loading conditions and matches experimental ductile material tests (Nash, 1998).
Von Mises stress functions as a single numerical value to determine when ductile materials will begin to yield under complex loading scenarios. The maximum distortion energy theory provides the basis for this concept by stating that materials yield when the distortion energy per unit volume matches the energy at the simple tension yield strength (Case, et al., 1999) Engineers can evaluate component safety under multiaxial stress states by measuring von Mises stress against the material's tensile yield strength.
This theory states that yielding occurs when:
[bookmark: _Toc198480511]Equation 12‑1 – Maximum distortion energy theory

Strain
The strain values used in this analysis aid engineers in understanding if material deformations are within acceptable limits, identifying potential failure regions, and understanding how the materials behave under specific loads.
Strain is the deformation of a material expressed as the change in length divided by the original length.
[bookmark: _Toc198480512]Equation 12‑2 – Strain

Where:
 = strain
 = original length
 = change in length

Hooke's law explains the direct relationship between stress and strain and their proportionality (Young & Budynas, 2002)
[bookmark: _Toc198480513]Equation 12‑3 – Hooke’s Law

where:
 = strain
 = stress
 = Young’s modulus
Displacement
FEA uses a geometric mesh comprising elements and nodes (spatial coordinates) that represent the geometry's form and can be simulated for various physical interactions (Ansys, 2021). 
Figure 59 highlights that each element contains two nodes per element where solutions can be calculated.
[image: A multicolored wireframe of a curved object
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[bookmark: _Toc198480479]Figure 59 – FEA elements and nodes
The displacement values in the analysis are simply the extent to which a node has changed location from its original spatial location. This highlights key information on the structure's behaviour under load conditions and applied constraints.
[bookmark: _Toc198487270]Material Properties
The following material properties were used from the Autodesk Fusion library for the carbon steel (Table 1) and PTFE (Table 2) elements of the restraint and fixing plate:
[bookmark: _Toc198307009]Table 1 – Carbon steel material properties
	Carbon Steel

	Density
	7.850E-06 kg / mm³

	Young's Modulus
	200000.00 MPa

	Poisson's Ratio
	0.29

	Yield Strength
	350.00 MPa

	Ultimate Tensile Strength
	420.00 MPa

	Thermal Conductivity
	0.048 W / (mm C)

	Thermal Expansion Coefficient
	1.200E-05 / C

	Specific Heat
	480.00 J / (kg C)



The carbon steel specified for the restraint and fixing plate was BS EN10025 S355NL medium tensile low carbon manganese steel with a Young’s modulus of 355 MPa. However, because this specific material was unavailable in the Fusion 360 library, the standard out-of-the-box carbon steel material properties were used, offering similar properties (Table 1).
[bookmark: _Toc198307010]Table 2 – PTFE material properties
	PTFE

	Density
	2.200E-06 kg / mm³

	Young's Modulus
	500.00 MPa

	Poisson's Ratio
	0.03

	Yield Strength
	1.000E-05 MPa

	Ultimate Tensile Strength
	1.000E-05 MPa

	Thermal Conductivity
	2.500E-04 W / (mm C)

	Thermal Expansion Coefficient
	1.000E-07 / C

	Specific Heat
	1000.00 J / (kg C)





[bookmark: _Toc198487271]Simulation Parameters
Load Case
To simulate the loads estimated to be acting on the restraint, a magnitude of 30 KN was applied in the software; this load was constrained to act only in one direction against the restraint (Figure 60). A gravity load was also applied to increase the real-world factor in the simulation.
[image: ]
[bookmark: _Toc198480480]Figure 60 – Fusion load case
Constraints
Constraints were applied to keep the chamber piping acting in one direction, as per the direction of the force, to simulate the chamber's linear movement.
It was decided to constrain the fixing plate by the bolt holes where it would be attached to the walkway steel (Figure 61). To lower the complexity of the study, the connecting walkway steel and its displacement were eliminated from the simulation. 
[image: ]
[bookmark: _Toc198480481]Figure 61 – Fusion constraints
Contacts
To simulate the contacts between components, each face of a 3d solid in contact with another was assigned a contact type in the contacts manager feature (Figure 62).
[image: ]
[bookmark: _Toc198480482]Figure 62 – Fusion contacts manager


[bookmark: _Toc198487272]FEA Results (Restraint)
The following results were obtained from Autodesk Fusion 360 for the restraint component.
[bookmark: _Toc198487273]Stress (Von Mises Criterion)
 Maximum Stress: 36.161 MPa
 Minimum Stress: 0.025 MPa
The static stress study identified that the fixing plate experienced a maximum Von Mises stress value of 36.161 MPa, while the minimum recorded value was 0.025 MPa. These results highlight the stress distribution pattern that appears under the given load conditions and constraints applied in the software.
[image: ]Notably, the highest stress distribution is concentrated primarily at the corners of the restraints' horizontal plate section (Figure 63) and near the direct loading location where the vertical plate meets the horizontal plate.



[image: ]
[bookmark: _Toc198480483]Figure 63 – Fusion 360, restraint stress result (isometric views)

[bookmark: _Toc198487274]Displacement
 Maximum Displacement: 0.032 mm
 Minimum Displacement: 0.005 mm
This maximum displacement of 0.032 mm occurs at the upper region of the vertical plate. Considering the force applied acts directly at the centre of the plate, this would suggest a slight twisting of the restraint (Figure 62). The values displayed offer no concern and are considered minimal, suggesting the restraint offers high stiffness characteristics.
[image: ]
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[bookmark: _Toc198480484]Figure 64 – Fusion 360, restraint displacement result (isometric views)

[bookmark: _Toc198487275]Strain
 Maximum Strain: 
 Minimum Strain: 
The finite element analysis produced a maximum strain value of 3.076 × 10⁻⁴, with a minimum strain of 1.835 × 10⁻⁶. These values correspond to the local deformations experienced within the material under the imposed static loading and boundary conditions.
[image: ]The maximum strain regions were concentrated at sharp corners and along the edges of the vertical plate and the transition from the vertical to horizontal plate, where the load is concentrated. These correspond with the locations of maximum stress, as illustrated in Section 12.2.1. This association is expected due to the linear elastic material model assumed in the simulation, where the strain is directly proportional to the stress via Hooke’s Law (Young & Budynas, 2002)

[image: A blue and white drawing of a blue square

AI-generated content may be incorrect.]
[bookmark: _Toc198480485]Figure 65 – Fusion 360, restraint strain result (isometric views)

[bookmark: _Toc198487276]FEA Results (Fixing Plate)
[bookmark: _Toc198487277]Stress (Von Mises)
 Maximum Stress: 38.403 MPa
 Minimum Stress: 0.086 MPa
As Figure 66 illustrates, the maximum stress value, 38.403 MPa, occurs at the locations of the fixing plate holes where the constraints were applied to replicate the physical fixings. This phenomenon is anticipated due to the rigid constraints imposed at these holes.
[image: ]
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[bookmark: _Toc198480486]Figure 66 – Fusion 360, fixing plate stress results (isometric views)

[bookmark: _Toc198487278]Displacement
 Maximum Displacement: 0.015 mm
 Minimum Displacement: 0.000 mm
[image: ]Figure 67 shows that the locking bolt plate experiences a maximum displacement of 0.015 mm and the minimum displacement of 0.000 mm occurs at the fixed constraint areas where physical fixings would be located. These results align with a fully restrained system under static loading since translational movements are blocked at the bolt holes.
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[bookmark: _Toc198480487]Figure 67 – Fusion, fixing plate displacement results (isometric views)

[bookmark: _Toc198487279]Strain
 Maximum Strain: 
 Minimum Strain: 
The maximum strain regions were concentrated mainly at the fixing holes (Figure X). These correspond with the locations of maximum stress, as illustrated in Section 12.3.1.
[image: ]
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[bookmark: _Toc198480488]Figure 68 – Fusion 360, fixing plate strain results (isometric views)

[bookmark: _Toc198487280]FEA Summary
The finite element simulations conducted for both the restraint and fixing plate confirm that both components perform effectively under the specific loading conditions applied in Fusion 360. The results highlight that the components display adequate strength and stiffness and exhibit minimal deformation, which is critical for an application where the exact forces are unknown.
The stress concentrations were located predominantly at discontinuous regions of the geometry, such as the edges of bolt holes, sharp external corners, and transitions from horizontal to vertical plate. While the maximum stresses remained safely below the yield strength of the carbon steel, the cyclical load may pose potential fatigue at these locations. Simple modifications to the design, like filleting or chamfering sharp edges, would alleviate this phenomenon.
The very low displacement and strain values indicate a highly robust mechanical design, although this does highlight that the component is overdesigned and uses excessive material to achieve this.
Due to the simulation's static nature, the study's results may be misleading. The real-world scenario involves repetitive or dynamic loading, where a dynamic analysis would be beneficial. 


[bookmark: _Toc198487281]Shape Optimisation 
In addition to the finite element analysis, Fusion 360’s shape optimisation feature was used to attempt a more material-efficient design for the restraint and fixing plate. This analysis aimed to achieve a material reduction without compromising the restraint's stiffness and load capacity.
Shape optimisation evaluates the components' stress-strain distribution under defined boundary conditions. It removes non-critical material regions that do not contribute to the structural integrity and retains material where the load paths are distributed through the geometry (Autodesk, 2025). 
Figure 69 depicts a schematic reduction in material while maintaining structural integrity in the direction of the forces applied.
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[bookmark: _Toc198480489]Figure 69 – Shape optimisation diagram (Ghabraie, 2012)


[bookmark: _Toc198487282]Region Preservation
The shape optimisation feature incorporates a preserve region function (Figures 68 & 69), ensuring that critical areas requiring material for fastening elements:
 Areas around bolt holes
 Load application points
 Contact surfaces for adjoining components
This capability is essential for the operational integrity of the components, allowing for practical mechanical functionality while optimising the overall design. By preserving these regions, the optimisation process can focus on where material is redundant, achieving an enhanced balance between material efficiency and structural performance.
[image: ]Slotted hole locations
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[bookmark: _Toc198480490]Figure 70 – Fusion, restraint preservation regions
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AI-generated content may be incorrect.]Locking bolt location
Area for fixing restraint plate
4 no. fixing hole locations

[bookmark: _Toc198480491]Figure 71 – Fusion, fixing plate preservation regions



[bookmark: _Toc198487283]Shape Optimisation Results (Restraint)
The following results and 3d model (Figures 72 & 73) were obtained from Autodesk Fusion for the restraint component.
 Initial Mass (pre-optimisation): 9.208 kg
 Optimised Mass (post optimisation): 3.984 kg
 Mass reduction: 5.224 kg
 Mass retention: 43.26 %
	[image: ]
[bookmark: _Toc198480492]Figure 72 – Fusion, restraint optimisation isometric view (back)
	[image: ]
[bookmark: _Toc198480493]Figure 73 – Fusion, restraint optimisation isometric view (front)


The shape optimisation function has successfully reduced the weight of the restraint component by over 56.74%, a significant reduction achieved by strategically eliminating excess material. 
A flaw in this optimisation was the decision not to preserve the bottom section of the vertical plate. This width was necessary if the restraint wasn't installed directly at the quadrant of the chamber, giving the restraint more area to affect the chamber movement. In contrast, the optimised design would require being perfectly aligned with the quadrant of the chamber.


[bookmark: _Toc198487284]Shape Optimisation Results (Fixing Plate).
The following results and 3d model (Figures 74 & 75) were obtained from Autodesk Fusion for the fixing plate component:
 Initial Mass (pre-optimisation): 8.214 kg
 Optimised Mass (post optimisation): 5.2 kg
 Mass reduction: 3.014 kg
 Mass retention: 63.31 %
	[image: ]
[bookmark: _Toc198480494]Figure 74 – Fusion, fixing plate optimisation isometric view (back)
	[image: ]
[bookmark: _Toc198480495]Figure 75 – Fusion, fixing plate optimisation isometric view (front underside)



Through optimisation, the mass of the fixing plate has been reduced by 36.69 %; the preserved mass has been retained in critical areas where the plate is utilised for mounting or fixing.


[bookmark: _Toc198487285]Shape Optimisation Summary
The shape optimisation feature applied to the components successfully removed excess mass from both components while maintaining structural performance. However, the resultant geometries display several characteristics and limitations that require further discussion from a manufacturing and engineering feasibility standpoint.
Manufacturing methods
The geometry produced in the optimisation has a distinctly organic shape, which poses significant challenges for traditional manufacturing methods. This type of geometry would require advanced manufacturing techniques, such as additive manufacturing processes like selective laser melting, which can produce the complex structures. Given the time-dependent nature of the mechanical solution, it wasn’t apparent that these methods were available at the Kazakhstan site, and potential lead times on an additive manufacturing process could have been problematic. 
There is the possibility of translating the optimised designs into manufacturable components via traditional methods, although with some modification, which can bring the new design methods together with traditional manufacturing. By approximating the organic forms with more straightforward geometrical features, such as planar surfaces, fillets, and chamfers, it may be possible to interpret the optimised designs manually and create manufacturable equivalents that still retain a large proportion of the structural efficiency benefits.
Cost
Producing this organic geometry using advanced manufacturing methods would invariably increase production costs (Hubs, 2023). While the significant weight and performance benefits are an advantage in mass-produced components, the cost-benefit trade-off must be considered in applications like the mechanical restraint, where a bespoke design, which can be considered one-off, does not benefit much from the reduction of approximately 8 kg per restraint or the material cost saving.


[bookmark: _Toc198487286]Conclusion
The investigation and resolution of the chamber vibration issue within the bi-directional prover of the LACT metering system demonstrated the importance of pragmatic engineering approaches when confronted with unexpected mechanical challenges. The issue, rooted in the dynamic interaction between the displacer sphere and high-velocity flow conditions, was not considered during the initial design stages, where a deviation from previous designs reduced the system's stiffness. This underscores the need to evaluate piping systems for additional stiffness when designs diverge from previously successful systems or include a dynamic aspect to the process. Implementing a dynamic load analysis or identifying extra pipe supports required to strengthen the piping system might have resolved this problem, indicating a design oversight by both OGS and Totec.
Through the pragmatic estimation of the acting forces on the chamber, an over-engineered mechanical restraint system was devised and successfully retrofitted using only site-available materials. The implemented design achieved its primary objective, effectively mitigating the observed lateral chamber vibrations and ensuring the system's structural integrity under operational conditions. The success of the implemented solution was confirmed through site testing, with the client expressing satisfaction with the outcome. The practical strategy employed to create the restraint is useful in this situation, where time and other limitations were applied, demonstrating that a pragmatic engineering approach can be more beneficial than a purely theoretical one, where time is required to produce the best solution.
Post-design calculations, FEA, and shape optimisation conducted for this report revealed that the restraint components were overdesigned; this was anticipated due to the intended reactive approach, which would have consumed valuable time during the calculations and FEA, while the client was eager to implement a solution within a prompt timeframe. 
Using FEA in design scenarios where components must be lightweight and stiff while minimising costs is beneficial in the pre-design phase, mainly when numerous identical products are mass-produced. Reducing weight can reduce material costs and improve carbon footprints, an important consideration in modern engineering.
Utilising materials already based in site stock also aided the over-design approach to the restraint by removing cost constraints from the design process.
This project illustrates the significance of flexible design approaches and appropriately adapting to the client's constraints, where the time frame is an important consideration. 

[bookmark: _Toc198487287]Recommended Further Work
Flow Simulation of Sphere-Chamber Interaction
While this project successfully identified and mitigated the chamber vibration issue through a mechanical restraint solution, the exact behaviour of the sphere within the chamber is still unknown. 
The current analysis relied on theoretical calculations and simplified force estimations to determine the sphere’s influence on chamber movement. A valuable extension of this work would be the implementation of Computational Fluid Dynamics (CFD) to simulate the transient flow conditions surrounding the displacer sphere, particularly its behaviour during its entry into the launch and receive chambers. Simulations could model pressure distribution, turbulence intensity, and flow separation, all of which contribute to the lateral forces acting on the chamber walls through the sphere's movement.
While initial CFD studies could be conducted using SolidWorks Flow Simulation for static sphere positions, its limitations in handling dynamic, transient, and multiphase flow should be acknowledged. For a more representative study, advanced software such as Autodesk CFD, ANSYS Fluent or SimScale CFD should be considered to enable dynamic mesh handling and time-dependent solver configurations.
Dynamic Structural Analysis of Chamber and Restraint System
The Finite Element Analysis (FEA) performed in this report was restricted to static loading conditions. However, real-world operation involves transient and cyclic loading as the chamber undergoes oscillatory motion. A dynamic structural analysis, incorporating modal or harmonic response simulations, would enable evaluation of resonant frequencies, fatigue accumulation, and potential amplification effects under operating flow rates. This would further validate the mechanical integrity of the restraint system under long-term service conditions.
Robust Expansion of Theoretical Vibration Source Hypothesis
The vibration hypothesis established in this report—oscillatory motion initiated by repeated sphere displacement and return could be strengthened through a more rigorous theoretical model. Further calculations establishing oscillatory behaviour and natural frequencies of the piping system could help establish a more technical hypothesis relating to chamber vibration theory.


References
Advancedspectral, 2025. https://advancedspectral.com. [Online] 
Available at: https://advancedspectral.com/metrological-traceability/
[Accessed 05 02 2025].
Almasi, A., 2019. www.turbomachinerymag.com. [Online] 
Available at: https://www.turbomachinerymag.com/view/22541-2
[Accessed 26 11 2024].
Almasi, A., 2020. www.piprocessinstrumentation.com. [Online] 
Available at: https://www.piprocessinstrumentation.com/piping-tubing-hosing/article/21141872/flow-induced-vibration-in-piping-systems
[Accessed 26 11 2024].
Andrews, K., 2024. www.kimray.com. [Online] 
Available at: https://kimray.com/training/what-does-lact-unit-do
[Accessed 30 09 2024].
angusmeasurement, 2013. https://angusmeasurement.com. [Online] 
Available at: https://angusmeasurement.com/wp-content/uploads/2013/12/DESIGN-OPERATION-AND-MAINTENANCE-OF-LACT-UNITS.pdf
[Accessed 14 02 2025].
Ansys, 2021. https://www.ansys.com. [Online] 
Available at: https://www.ansys.com/en-gb/blog/fundamentals-of-fea-meshing-for-structural-analysis
[Accessed 24 04 2025].
Ansys, 2025. https://www.ansys.com. [Online] 
Available at: https://www.ansys.com/en-gb/products/fluids
[Accessed 15 05 2025].
Ashlin, 2021. https://automationforum.co. [Online] 
Available at: https://automationforum.co/what-is-a-meter-prover/
[Accessed 01 10 2024].
Autodesk, 2025. https://help.autodesk.com. [Online] 
Available at: https://help.autodesk.com/view/fusion360/ENU/?guid=SIM-SO-CRITERIA-CONCEPT
[Accessed 24 04 2025].
Bae, S. G., Choi, J., Kang, D. S. & Hong, T., 2023. SHM-Based Practical Safety Evaluation and Vibration. Journal of Civil Engineering and Management, 29(8), pp. 729-740.
Case, J., Chiver, H. & Ross, C. T., 1999. Strength in Materials and Structures. Fourth ed. Oxford: Butterworth-Heinemann.
Costen, E., 2019. https://asrengineering.com. [Online] 
Available at: https://asrengineering.com/2019/09/23/fea-mesh-elements-nodes-guide-intro-to-fea/
[Accessed 24 04 2025].
Ding, H. & Ji, J. C., 2023. Vibration control of °uid-conveying pipes: a state-of-the-art review. Applied Mathematics and Mechanics, 44(9), pp. 1423-1456.
Dupuis, E., 2014. Oil and Gas Custody Transfer, Mahe: Petroleum Africa.
DXP, 2024. www.dxpe.com. [Online] 
Available at: https://www.dxpe.com/product-divisions/rotating-equipment/measurement-lact-units/
[Accessed 02 10 2024].
Emerson, 2014. www.emerson.com. [Online] 
Available at: https://www.emerson.com/documents/automation/fsg-bro-0011-lact-eng-14-web-data-en-us-191130.pdf
[Accessed 30 09 2024].
engineeringskillshare, 2025. https://engineeringskillshare.com. [Online] 
Available at: https://engineeringskillshare.com/understanding-metering-skids-in-the-oil-and-gas-industry-a-comprehensive-guide
[Accessed 14 02 2025].
Engineeringtoolbox, 2025. www.engineeringtoolbox.com. [Online] 
Available at: https://www.engineeringtoolbox.com/drag-coefficient-d_627.html
[Accessed 15 03 2025].
Eurocode, 2005. Design of steel structures - Part 1-1: General rules and rules for buildings. s.l.:s.n.
Gcoptimization, 2024. gcoptimization.com. [Online] 
Available at: https://gcoptimization.com/blog/the-role-of-lact-units-in-ensuring-compliance-with-industry-standards
[Accessed 09 03 2024].
Ghabraie, K., 2012. Structural Seismic Design Optimization and Earthquake Engineering: Formulations and Applications. First ed. Lagaros: IGI Global.
Gray, J., Marsh, S., Cornick, J. & Gwaspari, S., 2014. https://nfogm.no. [Online] 
Available at: https://nfogm.no/wp-content/uploads/2019/02/2014-14-Practical-Experience-of-Bi-Directional-Prover-Calibration-Gray-Alderley.pdf
[Accessed 01 10 2024].
Hubs, 2023. www.hubs.com. [Online] 
Available at: https://www.hubs.com/guides/metal-3d-printing/#the-cost-and-speed-of-metal-3d-printing
[Accessed 07 06 2023].
Inspectionmanaging, 2025. www.inspectionmanaging.com. [Online] 
Available at: https://www.inspectionmanaging.com/blogs/quality-control/factory-acceptance-test-checklist
[Accessed 03 02 2025].
maloneytech, 2025. www.maloneytech.com. [Online] 
Available at: https://www.maloneytech.com/pipeline-spheres/
[Accessed 14 02 2025].
Miles, T., 2024. www.dnv.com. [Online] 
Available at: https://www.dnv.com/services/piping-vibrations-110735/
[Accessed 25 11 2024].
Nash, W. A., 1998. Theory and Problems of Strength of Materials. Fourth ed. New York: Mc Graw-Hill.
Negi, S. S., 2024. Bccresearch. [Online] 
Available at: https://blog.bccresearch.com/the-future-of-water-and-wastewater-pipes-global-insights
[Accessed 07 12 2024].
Noroozi, S. et al., 2019. A novel investigation into the application of non-destructive evaluation for vibration assessment and analysis of in-service pipes. Nondestructive Testing and Evaluation,, 34(4), p. 413–428.
Ocean-Me, 2024. https://ocean-me.com. [Online] 
Available at: https://ocean-me.com/piping-vibration/
[Accessed 25 11 2024].
onlinegantt, 2025. www.onlinegantt.com. [Online] 
Available at: www.onlinegantt.com
[Accessed 10 05 2025].
Orynyak, I. V. & Batura, A. S., 2011. Application of the method of initial parameters to analysis of coupled hydromechanical vibrations in piping systems. Part 1. Vibrodiagnostics of piping under mechanical vibrations. Strength of Materials,, 43(6), pp. 628-636.
Payne, K. & Pabois, D., 2002. Proving by master meter method. Measurement & Control, Volume 35, pp. 146-147.
Pfrehm, R. H., 1962. The Calibrated Pipe Prover-An Improved Method for Calibrating Meters in LACT Units. Journal of Petroleum Technology, Volume One, pp. 1087-1040.
PVENG, 2024. www.pveng.com. [Online] 
Available at: https://www.pveng.com/home/pipe-stress-analysis/piping-vibrations/
[Accessed 25 11 2024].
Redilla, R. L., 2025. https://info.smithmeter.com. [Online] 
Available at: https://info.smithmeter.com/literature/docs/tp0v002.pdf
[Accessed 14 02 2025].
rishabheng, 2024. www.rishabheng.com. [Online] 
Available at: https://www.rishabheng.com/blog/causes-and-effects-piping-system-vibration/
[Accessed 25 11 2024].
Simscale, 2025. www.simscale.com. [Online] 
Available at: https://www.simscale.com/product/cfd/
[Accessed 15 05 2025].
Spitzer, D. W., 2004. Industrial Flow Measurement. Third ed. Raliegh: The Instrumentation, Systems, and Automation Society.
Sun, Q. Z. &. Z., 2018. Flow-induced vibration of curved pipe conveying fluid by a new transfer matrix method. Engineering Applications of Computational Fluid Mechanics, 12(1), pp. 780-790,.
TechnipFMC, 2025. https://info.smithmeter.com. [Online] 
Available at: https://info.smithmeter.com/literature/docs/ss0v002.pdf?utm_source=chatgpt.com
[Accessed 14 02 2025].
Turney, R., 2024. www.thechemicalengineer.com. [Online] 
Available at: https://www.thechemicalengineer.com/features/flixborough-50-years-on-lessons-for-managers-and-engineers-today/
[Accessed 06 03 2025].
Udoetok, E. S., 2018. Internal Fluid Flow Induced Vibration of Pipes. Journal of Mechanical Design and Vibration, 6(First), pp. 1-8.
Venart, J., 2004. Flixborough: the Explosion and its Aftermath. Process Safety and Environmental Protection,, Volume 82, pp. 105-127.
Whitaker, W. W., 1963. New LACT Project Features Remote. Journal of Petroleum Technology, Volume One, pp. 1-7.
Williams, G., 2024. https://asgmt.com/. [Online] 
Available at: https://asgmt.com/wp-content/uploads/2023/07/2022_Fundamentals_Of_Meter_Provers_And_Proving_Methods.pdf
[Accessed 02 10 2024].
Woodplc, 2024. vdn.woodplc.com. [Online] 
Available at: https://vdn.woodplc.com/services/piping-vibration-and-integrity-assessment/
[Accessed 25 11 2024].
Yongdong, L. et al., 2012. Vibration analysis and control for reciprocating compressor piping system. Applied Mechanics and Materials, Volume 157-158, pp. 930-934.
Young, W. C. & Budynas, R. G., 2002. Roark's Formulas for Stress and Strain. Seventh ed. Boston: McGraw-Hill.
Zaba, J. & Zaba, O., 1962. Trends in LACT Equipment Design and Application. Journal of Petroleum Technology, Volume One, pp. 1383-1387.
Zou, G., Cheraghi, N. & Taheri, F., 2005. Fluid-induced vibration of composite natural gas pipelines. International Journal of Solids and Structures, Volume 42, p. 1253–1268.




[bookmark: _Toc198487289]Appendices









Appendix A – Initial timing plan







Appendix B – Updated timing plan
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Technical Query


Future Growth Project (FGP)


Last updated on 02-Oct-2024 09:41 (UTC) by Norman, Neil


3. Draft Response


Ikhsanova, Gaukhar on 27-Aug-2024SubmittedFGP SUET TQ Coordinator
(Korobeinikova / Ikhsanova /
Charbonnet / McCraine)


Responding TQ Coordinator


Signed ByActionNameRole


Current Forecast Date


2. Responding Team Validation


Norman, Neil on 27-Aug-2024ProposedNorman, NeilOriginating Person


Signed ByActionNameRole


possible stress damage to the chamber pipe work
 


Consequence of Rejection


engineering to review attached information and advice solution to reduce or eliminate the excessive vibration.
 


Proposed Solution


During proving procedure testing it was observed that when the sphere is in either of the receiving / launching chambers with flow 
rates above 500 m3\hr., excessive vibrations in the pipe work that forms the chambers.
 


Query Description


LLL


Discipline


WBS Unit


054


WBS Area


Offsites


Project(WBS)


Workpack NumberContract / PO No


03-Sep-2024


Target Response Date


Module


Location


Engineering Query


Query Type


1.Initiate


654321


Progress


FGP Start Up Engineering


Responding Scope


Systems Completion Gathering


Requesting Scope


Norman, Neil


Originating Person


LLL


Discipline


Module


Location


Medium


Priority


Engineering Query


Query Type


03-Sep-2024


Target Response Date


26-Aug-2024


Date Submitted


27-Aug-2024


Date Originated


054-SC03-LLL-RFI-SO5-FGP-10002


Query No


Contract / PO No


1


Revision


Closed


Status


LACT Prover Chamber piping vibration during proving procedure and sphere in
each of the chambers


Title
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054-4400-BBB-PID-000-OIG-10009-01_Y01.pdf


Matman BOM_054-SC03-LLL-RFI-SO5-FGP-10002.pdf


054-SC03-LLL-RFI-SO5-FGP-10002.pdf


054-4400-AAA-MAN-000-OIG-10002-00_Y01_CODE 1.pdf


C228-P02-004-019-B_Final Fabrication Drawing.pdf


Email Confirmation_ C228 - Prover Movement.pdf


054-SC03-LLL-RFI-SO5-FGP-10002.pdf


Include in ReportNo.


Include In Final Report


Post-RFO Work (executed by BB - excl Exceptions)


Execute by 1AT?


This TQ will require a F&O MOC to implement


This TQ will require a TMOC to implement


MOC Screening Completed (indicate by whom)


Quality Non-Conformance?


OGS Supplied fabrication drawing is attachedPhysical Change Required?


PAS Software Change Request required


Design Deviation?


Additional rigid support to stop vibrationDesign Clairification?


Material Clarification?


Construction Clarification?


Refer to attached Email Confirmation from OGS
Vendor Clarification? Add Vendor Name


in comments


Redline Needed?


Is this Pre MC TQ from Ops/SC?


CommentsNoYesImpact area


Impacts


KPJV Response.


Please find Attachment Proposed Modification (C228-P02-004-019-B_Final Fabrication Drawing.pdf) suggested by OGS vendor for 
further fabrication and installation. 
Refer to attached email confirmation (Email Confirmation_ C228 - Prover Movement.pdf) from the Vendor Contact. 
Required materials are also allocated and EBOM is attached (Matman BOM_054-SC03-LLL-RFI-SO5-FGP-10002.pdf). 
Required 10thk Fabrika pads are not available in company warehouse and shall be supplied by the system completion Contractor. 
M6 Counter Sunk screws are included in the EBOM as M5 is not available. 


Angle 100x100x10 provided in the EBOM is available at Company warehouse and located at traceable scrap location due to lack 
of certification. As confirmed by the warehouse team these angles do not have any visual damage. However, these angles are 
slightly corroded, and this shall be repaired as per the Company specification COM-SU-4743-TCO External Coatings and 
Contractor shall make good areas of paintwork in accordance with spec COM-SU-5191-TCO. If this is not acceptable then the 
required angle shall be supplied by the System completion Contractor. 


TCO Engineering accepts this response. It is fit for service for this application.
 


Proposed Response
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NoYes


Email Systems Completions


NoYes


Systems Completions Required


KPJV Response.


Please find Attachment Proposed Modification (C228-P02-004-019-B_Final Fabrication Drawing.pdf) suggested by OGS vendor for 
further fabrication and installation. 
Refer to attached email confirmation (Email Confirmation_ C228 - Prover Movement.pdf) from the Vendor Contact. 
Required materials are also allocated and EBOM is attached (Matman BOM_054-SC03-LLL-RFI-SO5-FGP-10002.pdf). 
Required 10thk Fabrika pads are not available in company warehouse and shall be supplied by the system completion Contractor. 
M6 Counter Sunk screws are included in the EBOM as M5 is not available. 


Angle 100x100x10 provided in the EBOM is available at Company warehouse and located at traceable scrap location due to lack 
of certification. As confirmed by the warehouse team these angles do not have any visual damage. However, these angles are 
slightly corroded, and this shall be repaired as per the Company specification COM-SU-4743-TCO External Coatings and 
Contractor shall make good areas of paintwork in accordance with spec COM-SU-5191-TCO. If this is not acceptable then the 
required angle shall be supplied by the System completion Contractor. 


TCO Engineering accepts this response. With the understanding that the restraints must be carefully set so that they do 
not interfere with thermal expansion, it is fit for service for this application.
 


Response


4. Final Query Response


Benissi, Elham on 23-Sep-2024EndorseKPJ Endorser (Benissi / Lane)Endorser


Signed ByActionNameRole


Charbonnet, Derrick on 23-Sep-2024EndorseFGP SUET Lead (Charbonnet /
McCraine)


Endorser


Signed ByActionNameRole


Brown, Robert on 23-Sep-2024AgreeBrown, RobertReviewer


Signed ByActionNameRole


Mardithaya, Krishnaraja on 19-Sep-2024AgreeKPJ CSA TA (Mardithaya / Bulebayev /
Agble / Choudhary)


Reviewer


Signed ByActionNameRole


Manaois, Henry on 20-Sep-2024AgreeKPJ Piping TA (Monk / Manaois)Reviewer


Signed ByActionNameRole


Gray, Neil on 18-Sep-2024SubmittedTCO Site Piping Engineer (Okpechi /
Gray)


Responder


Signed ByActionNameRole
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Norman, Neil
26-Aug-
2024
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Updated ByUpdatedTag DescriptionTag NoSubSystem Description
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m


System DescriptionSystem


Related Systems, SubSystems and Tags


Files/Documents/Changes


Norman, Neil on 02-Oct-2024AcceptNorman, NeilOriginating Person


Signed ByActionNameRole


The response to this query does not modify contractual or commercial terms. If the implementation of the response results in commercial concerns, that must be
discussed with your TCO Contract Manager.


Note


5. Requesting Team Response Acceptance/Close-Out


Charbonnet, Derrick on 02-Oct-2024ConfirmTCO AuthorityTCO Authority


Signed ByActionNameRole
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54-PM-4401


Affected Tags


Norman, Neil on 02-Oct-2024


Signed By


The response to this query does not modify contractual or commercial terms. If the implementation of the response results in commercial concerns, that must be
discussed with your TCO Contract Manager.


Charbonnet, Derrick on 02-Oct-2024


Signed By
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Next To SignHoursCompleted DateStarted Date
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Step History


At StepOnUploaded ByTitleChange No.


Related PMOCs


11Norman, Neil27-Aug-2024793.6 kB054-4400-BBB-PID-000-OIG-10009-01_Y01.pdf


13Mardithaya,
Krishnaraja


19-Sep-2024254.7 kBMatman BOM_054-SC03-LLL-RFI-SO5-FGP-10002.pdf


14Charbonnet, Derrick02-Oct-20241,617.2 kB054-SC03-LLL-RFI-SO5-FGP-10002.pdf


11Norman, Neil27-Aug-202428,358.9 kB054-4400-AAA-MAN-000-OIG-10002-00_Y01_CODE 1.pdf


11Norman, Neil27-Aug-20248,858.2 kBOneDrive_1_8-27-2024.zip


13Mardithaya,
Krishnaraja


19-Sep-2024259.5 kBC228-P02-004-019-B_Final Fabrication Drawing.pdf


13Brown, Robert09-Sep-2024195.5 kBRe Bi-Directional Prover Package - Vibration issue of Prover
lines..msg


13Mardithaya,
Krishnaraja


19-Sep-2024641.2 kBEmail Confirmation_ C228 - Prover Movement.pdf


14Gray, Neil24-Sep-20241,616.5 kB054-SC03-LLL-RFI-SO5-FGP-10002.pdf


On
Revision


At StepUploaded ByCreated OnSizeFilename


Attachments


Rev. on
Upload


At StepOnUploaded ByTitleDocument No.


Documents (eB)


Reassigned role Originating Person from Norman, Neil to Kassenova, Aizhan and provided the following comment:reassigned to b2b
 


05-Sep-2024 10:34 (UTC), rev 1Kossanova, Aigul


Reassigned role Originating Person from Norman, Neil to Kassenova, Aizhan and provided the following comment: reassigned to 
b2b
 


05-Sep-2024 10:34 (UTC), rev 1Kossanova, Aigul


Form was Recycled to Section 3, by Lane, David (LaneDavi). Reason : Please revise response now that OGS sub-supplier TOTEC 
has provided a design to address this.
 


17-Sep-2024 14:06 (UTC), rev 1Lane, David


Reassigned role Originating Person from Kassenova, Aizhan to Norman, Neil and provided the following comment:reassigned
 


18-Sep-2024 10:30 (UTC), rev 1Sissenov, Timur


Reassigned role Originating Person from Kassenova, Aizhan to Norman, Neil and provided the following comment: reassigned
 


18-Sep-2024 10:30 (UTC), rev 1Sissenov, Timur


Comments


Page 6 of 6Printed by: Smailova, Moldir. 03-Oct-2024 05:19 (UTC)






image95.emf



ITEM_CODE BULK_SIZE ABBREV_DES PURCH_DESC UOM MATL_TYPE CONTINGENCY


41UB4001-H00337-0001 <No Size> LOOSE PLATE 400X380 ITEM - LOOSE PLATE 400X380 EA B 2
5822AS603C-PT01-LGP0021 <No Size> PLATE-PL18*170*170_BC-6C-PT1-LGP21 PLATE-PL18*170*170_BC-6C-PT1-LGP21 EA B 1
5122BS404B-PLTF01-DP0009 <No Size> DECKPLATE-PL6*830*830_BC-12T-PLTF1-DP9 DECKPLATE-PL6*830*830_BC-12T-PLTF1-DP9 EA B 1


2002002 4 x 250 x 500
PTFE PLATES MINIMUM BEARING PRESSURE= 14.0 MPa  


MAXIMUM FRICTION COEFFICIENT = 0.10
PTFE PADS TO REDUCE HORIZONTAL FORCES ON RC PLINTHS AND TO HAVE A MINIMUM BEARING 


CAPACITY= 140KG/CM2=14.0 MPa & A MINIMUM FRICTION COEFFICIENT = 0.10
EA B 4


41UB4001-H01412 <No Size> PLATE - 780 x 10 THK PLATE x 460 PLATE - 780 x 10 THK PLATE x 460 EA B 1
50NP4005-A-5184 <No Size> TEMLATE FOR ANCHOR BOLTS INSTALLATION - 2800 x 10 THK PLATE x 2800 TEMLATE FOR ANCHOR BOLTS INSTALLATION - 2800 x 10 THK PLATE x 2800 EA B 1


4592CS204C-RS-9303-DP0037 <No Size> DECK PLATE-PL6X1635*3570_BC-8O-RS-9303-DP37 DECK PLATE-PL6X1635*3570_BC-8O-RS-9303-DP37 EA B 1
LSP1 <No Size> SHEAR PLATE- PL40x150x230 MMxMMxMM SHEAR PLATE- PL40x150x230 MMxMMxMM EA B 16
TSP2 <No Size> SHEAR PLATE- PL30x250x430 MMxMMxMM SHEAR PLATE- PL30x250x430 MMxMMxMM EA B 4
TSP3 <No Size> SHEAR PLATE- PL30x300x430 MMxMMxMM SHEAR PLATE- PL30x300x430 MMxMMxMM EA B 72
SP8 <No Size> SHEAR PLATE- PL35x150x150 MMxMMxMM SHEAR PLATE- PL35x150x150 MMxMMxMM EA B 2
WP1 <No Size> WASHER PLATE- PL12*50*50 MMxMMxMM WASHER PLATE- PL12*50*50 MMxMMxMM EA B 8


2200026 12 SQUARE PLATE WASHER- S275JR- HDG SQUARE PLATE WASHER- S275JR- HDG EA B 210


2002001 20 x 1250 x 800 PTFE PLATES MINIMUM BEARING PRESSURE= 14.0 MPa
PTFE PADS TO REDUCE HORIZONTAL FORCES ON RC PLINTHS AND TO HAVE A MINIMUM BEARING 


CAPACITY= 140KG/CM2=14.0 MPa & A MINIMUM FRICTION COEFFICIENT = 0.12
EA B 4


4202HS077B-PLTF01-DP0042 <No Size> DECKPLATE-PL6X862*862_BC-7C-PLTF1-DP42 DECKPLATE-PL6X862*862_BC-7C-PLTF1-DP42 EA B 1
LP9 <No Size> LOOSE PLATE-PL50*100*125 LOOSE PLATE-PL50*100*125 EA B 10


4101BS004D-PLTF02-DP0070 <No Size> DECK PLATE-PL6*1492*3123_BC-5F-PLTF2-DP70 DECK PLATE-PL6*1492*3123_BC-5F-PLTF2-DP70 EA B 1
4202AS053D-PLTF01-DP0013 <No Size> DECK PLATE-PL6*1141*1141_BC-8G-PLTF1-DP13 DECK PLATE-PL6*1141*1141_BC-8G-PLTF1-DP13 EA B 1
4202AS053D-PLTF01-DP0020 <No Size> DECK PLATE-PL6*794*794_BC-8G-PLTF1-DP20 DECK PLATE-PL6*794*794_BC-8G-PLTF1-DP20 EA B 1


2101300 6000 x 1000 x 12 PLATE, MILD CARBON STEEL


ITEM:     - PLATE  
MATERIAL  - MILD CARBON STEEL 
GRADE     - A36 OR EQUIVALENT 


 
TO COMPLY WITH SPECIFICATION CIV-SU-398-TCO 


 
ALL SIZES IN MILLIMETERS 


 
SIZE - DENOTES LENGTH x WIDTH x THICKNESS (MM)


EA B 1


50OB4001-00687A <No Size> SIDERAILS - 793 x 10 THK PLATE x 170 SIDERAILS - 793 x 10 THK PLATE x 170 EA B 1
5822AS603B-PT03-C0001/0001 <No Size> 58-HP-22032 LUG IDENTIFCATION PLATE EA K 1
5822AS603B-MDS-C0040/0001 <No Size> 58-HP-22030 LUG IDENTIFCATION PLATE EA K 1
5822AS603B-MDS-C0041/0001 <No Size> 58-HP-22031 LUG IDENTIFCATION PLATE EA K 1
5822AS603C-MDS-C0010/0001 <No Size> 58-HP-22033 LUG IDENTIFCATION PLATE EA K 1
5822AS603C-PT02-P0002/0001 <No Size> 58-HP-22034 LUG IDENTIFCATION PLATE EA K 1


52OB4001-E00926 <No Size> BEAM - 660 x 12 THK PLATE x 295 BEAM - 660 x 12 THK PLATE x 295 EA B 1
52OB4001-E00927 <No Size> BEAM - 660 x 12 THK PLATE x 295 BEAM - 660 x 12 THK PLATE x 295 EA B 1
52OB4001-E00764 <No Size> BEAM - 660 x 12 THK PLATE x 295 BEAM - 660 x 12 THK PLATE x 295 EA B 1
52OB4001-E00765 <No Size> BEAM - 660 x 12 THK PLATE x 295 BEAM - 660 x 12 THK PLATE x 295 EA B 1


4392BS104A-M108-L1-1 <PL5x400> PLATE-PL5*400_BC-104A-M108-L1-1 PLATE-PL5*400_BC-104A-M108-L1-1 EA B 3
4392BS104A-M108-L1-2 <PL3x400> PLATE-PL3*400_BC-104A-M108-L1-2 PLATE-PL3*400_BC-104A-M108-L1-2 EA B 2
4392BS104A-M108-L1-3 <PL2x400> PLATE-PL2*400_BC-104A-M108-L1-3 PLATE-PL2*400_BC-104A-M108-L1-3 EA B 2


4233AS064A-PLTF02-LA-20A <No Size> FIRE WALL (LAP PLATE)-360*75 FIRE WALL (LAP PLATE)-360*75 EA B 2
4233AS064A-PLTF02-LA-40A <No Size> FIRE WALL (LAP PLATE)-360*75 FIRE WALL (LAP PLATE)-360*75 EA B 2
4233AS064A-PLTF02-LA-60A <No Size> FIRE WALL (LAP PLATE)-360*75 FIRE WALL (LAP PLATE)-360*75 EA B 2
4233AS064A-PLTF02-LA-80A <No Size> FIRE WALL (LAP PLATE)-511*75 FIRE WALL (LAP PLATE)-511*75 EA B 2


19961-SM3018 <No Size> PLATE - 2642x280x427 EA M 1
19961-SM4003 <No Size> PLATE - 600x400x1000 EA M 1
19969-SF1001 <No Size> PLATE EA B 17


2101000A 2250 x 6550 x 30 PLATE, S355 ML/NL LOW TEMPERATURE CARBON STEEL


ITEM:     - PLATE  
MATERIAL  - LOW TEMPERATURE CARBON STEEL 


GRADE     - S355 ML/NL BS EN 10025:2004 OR EQUIVALENT 
TEST TEMP - 27J (34J/CM2) CHARPY V-NOTCH IMPACT                VALUE AT (-40) DEG CELSIUS 


 
TO COMPLY WITH SPECIFICATION CIV-SU-398-TCO 


EA B 1


2101000A 2250 x 8000 x 30 PLATE, S355 ML/NL LOW TEMPERATURE CARBON STEEL


ITEM:     - PLATE  
MATERIAL  - LOW TEMPERATURE CARBON STEEL 


GRADE     - S355 ML/NL BS EN 10025:2004 OR EQUIVALENT 
TEST TEMP - 27J (34J/CM2) CHARPY V-NOTCH IMPACT                VALUE AT (-40) DEG CELSIUS 


 
TO COMPLY WITH SPECIFICATION CIV-SU-398-TCO 


EA B 1


2101000A 6000 x 2000 x 10 PLATE, S355 ML/NL LOW TEMPERATURE CARBON STEEL


ITEM:     - PLATE  
MATERIAL  - LOW TEMPERATURE CARBON STEEL 


GRADE     - S355 ML/NL BS EN 10025:2004 OR EQUIVALENT 
TEST TEMP - 27J (34J/CM2) CHARPY V-NOTCH IMPACT                VALUE AT (-40) DEG CELSIUS 


 
TO COMPLY WITH SPECIFICATION CIV-SU-398-TCO 


EA B 8
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· DISPLACEMENTS DX, DY & DZ ARE RELATIVE ORIENTATIONS TO PLAN & ELEVATION.
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· DISPLACEMENT RESULTS FOR VTP-05 & VTP-06 ARE ACHIEVED THROUGH THE CONSIDERATION OF 8"NB


MODULE TERMINATION PIPING LOADS IN ACCORDANCE WITH SPECIFICATION V-ST-2001 REV 1 (PARA 12)
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