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ABSTRACT 

 

There are about 200 platforms currently being operated by various operators in 

Malaysia. These platforms are currently operating under the Peninsular Malaysia 

Operation (PMO), Sabah Operation (SBO) and Sarawak Operation (SKO). Most 

of these platforms were built and installed more than 20 years ago and already 

exceed their life design. During that particular time, the data used for the design 

was based on the one that has been used for the Gulf of Mexico. The data has still 

being used to design the new platform in term of defining the size of the member. 

Hence, it is very significant to make a study on the unity check ratio (UC) for 

these platforms and do the comparison using between these platforms. This is to 

determine for any platform that has already been over designed.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Project Background 

Oil is one of the greatest discoveries in the 20
th

 century. The importance of oil in 

the human life is the fact that cannot be denied. The early discovery was mainly 

on land as early as 1900. During the middle of 20
th

 century the exploration has 

begun near the shore and shallow water.  

In Malaysia, the oil exploration has started since the beginning of 20
th

 century in 

Sarawak. The first discovery was in 1909 and the first production was in 1910. 

Sarawak Shell is the company that has been given the right for the exploration of 

the oil on that time. Only in 1974 PETRONAS was incorporated as the oil and 

gas company. 

There are about 200 platforms currently being operated by various operators in 

Malaysia. These platforms are currently operating under the Peninsular Malaysia 

Operation (PMO), Sabah Operation (SBO) and Sarawak Operation (SKO). Most 

of these platforms were built and installed more than 20 years ago and already 

exceed their life design. During that particular time, the data used for the design 

was based on the one that has been used for the Gulf of Mexico. Hence, it is very 

significant to make a study on the unity check ratio (UC) for these platforms and 

do the comparison using a current Metocean data. This is to determine for any 

platforms that has already been over designed.  

1.2 Problem Statement 

There are a lot of platforms in the Malaysian field under PMO, SBO and SKO. 

These platforms were operated by various operators and have been installed 

about 20-30 years before. During that particular time, there was no exact data of 

the environmental load for Malaysian field. Hence, the size of the members was 

defined conservatively pertaining to the available data on that particular time. 

However, the size of the members for the past years have been used regularly by 
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the consultant who responsible to design the new platforms. The data used for the 

design was referred to the metocean data used in the Gulf of Mexico.  As the 

actual metocean data in Malaysian field is lower than the one used in Gulf of 

Mexico, it has result to the possibility of overdesign platform that has been 

installed. Hence, the member size of the platform should be smaller to obtain the 

optimum design criteria. 

 

The practice that has been applied by most of the consultants in design is to apply 

the standard size for each member. As what we can see, the member size of the 

platforms is relatively very similar to each other. 

 

1.3 Objectives and Scope of Study 

 

This project is a study and research based which emphasized on the optimum 

design for the offshore structure within Malaysia field based on the UC value.  

 

The objective of this study is to identify the optimum leg diameter for the 

offshore structure based on the optimum UC value using the latest metocean data 

available.  

 

Apart from that, the study is also to assess the result in terms of the differences of 

the UC value for the platforms under PMO, SBO and SKO. This is to indicate 

whether the platforms were being overdesign or already meet the optimum 

requirement.   
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CHAPTER 2 

LITERATURE REVIEW 

In the structural design, the structure is required to have an adequate margin of safety 

to against the demands. Demand can be described as load and the capacity is the 

required strength to resist the loads. It is very significant to withstand the 

combination of loads on the structure. “Structural design should be performed to 

satisfy the criteria for strength, serviceability, and economy”. (Chen and Richard 

Liew ; 2003). According to Blake (1994) “It was based on the premise that the 

stresses in the steel and concrete should not exceed certain permissible values, 

related to the strengths of the materials by safety factors, when the structure was 

subjected to the maximum loads that it would need to carry in service”. There are 

several formats of design being practiced in the industry which is allowable stress 

design, plastic design and load and resistance factor design.  

Engineers are required to ensure the design for each of the elements of the structure 

is comply with the standards. Apart from that, it is also compulsory for the engineers 

to ensure that the structures also comply with the capacity check in the standards. 

According to PTS (2010) “All members and joints shall be designed in accordance 

with the latest edition of API RP 2A and AISC”.  

In the current world, the technology evolution has given a very good advantage to 

engineers to come out with more accurate design. Hand calculation might give a 

lengthy and complicated report. “It is a challenge for engineers to design efficient 

and cost-effective systems without compromising the integrity of the system. The 

conventional design process depends on the designer’s intuition, experience, and 

skill. This presence of a human element can sometimes lead to erroneous results in 

the synthesis of complex systems” (Arora, 2002). 

 

The design of offshore structure also needs to comply with certain standards and 

more concern with environmental loads. This makes the difference between offshore 

and onshore structures. The accuracy of the environmental load will give better result 

on the design analysis to determine the capacity of the structures. “With the 
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increase in natural disasters like tsunami, typhoon, and rise in water level from global 

warming, it is very important for engineers to model the environmental load 

accurately”  (Azman, Dr Kurian, & Dr M. Shahir , 2011) 

 

The unity check ratio (UC) is simply the ratio of actual demand over the allowable 

capacity. UC may also be understood as the ratio of the component stress to it 

allowable stress which is calculated by the critical stress divided by the factor of 

safety. For certain cases, UC represents the stress ratio and might also represent the 

deflection ratio or a ratio for other design criteria. The common ways to discuss the 

UC is about to discuss about the yield unity check of the structure. “The unity check 

represents an "envelope" check.  All of the design load cases are checked for the 

member and the worst-case value is stored.  These checks encompass all types of 

checks pertinent to the material and according to the assumptions and limitations of 

each design material module (https://www.iesweb.com)”. This is to evaluate the 

structure under combination of loads usually axial compression and bending stress.  

UC is known as capacity check for the structure including offshore and onshore 

structures. The standard requirement to assess the UC is to ensure that the value of 

the UC is less than or equal to 1.0. If the UC is greater than 1.0, some modification 

should be done on the design of the structure. In case where the value is fall around 

0.2-0.3, it indicates that the structure is overdesigned. For the UC fall around 0.8-1.0, 

it shows the design of the structure is optimum.  

During the design stages, the size and dimension of the structures could be modified 

to achieve the optimum UC value (https://www.iesweb.com). Hence, the optimum leg 

dimension for the platform is possible to be identified based on the UC value. 
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CHAPTER 3 

METHODOLOGY/PROJECT WORK 

3.1 Project work  

 

 

Figure 3.1: Project Activities Flow 

 

The project is a study base project. Specifically, it is a study of the optimum leg 

diameter based on the UC value. 
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First and for most, the project will begin with the research on several issues which 

had been mention in the research methodology below. 

  

The project begins with the selection of the title. Title is automatically reflecting the 

scope of work that is necessary to be done. Once the title is confirmed, the project 

was proceed with the literature review on the unity check ratio (UC). From here, it 

will provide significant information regarding the implementation of the UC value in 

offshore structures.  

 

After completing the literature review, the author will proceed to obtain the 

necessary data of the platform. For this project, it is required to obtain minimum 

three data of platform each from Peninsular Malaysia Operation (PMO), Sabah 

Operation (SBO) and Sarawak Operation (SKO). The type of platform from each 

region should be similar. 

 

For this study, author has selected Structural Analysis Computer Software (SACS) to 

run the necessary analysis for the platforms. This software is widely used by the 

structural designers to analyze the capacity of the structures under the loads imposed 

on the structures especially for offshore structures.  

 

In this study, the significant data required is the sacs input file of the three platforms 

to check the result of the static in-place analysis. The original output during the time 

where the platforms were designed is checked. This check is focusing on the unity 

check (UC) value for all the members of the structures. This check also to observe 

and verify the earlier hypothesis which stated that the platforms in Malaysia water 

was overdesign. The pattern of the UC value for each platform also needs to be 

observed properly to spot any significant differences.  This is also to confirm if the 

different environmental condition for each region would affect the capacity of the 

structures to resist the loads. 

 

From here, author need to classify a list of the entire members diameter together with 

its wall thickness of the leg and pile of the structure. The size of the member is quite 



7 

 

similar to the existing platform. So here comes the cause of the possibilities of 

overdesign of the structures.  

 

Then, author will use different set of member diameter for the leg and pile. However, 

it is necessary to have controlling factor while changing the size of the member. So, 

author need to sustain the D/T ratio for the members. 

 

The member size of the leg and pile in input file will be changed to certain percent of 

the original size until it approaching the optimum criteria of the UC value. The UC 

value obtained will be tabulated in order to observe the pattern of the UC value for 

each platform from different region.  

 

Apart from that, the author will carry out the in-place analysis by using the current 

metocean data to compare the UC value with the previous data. 

 

By using the latest metocean data available, it is really meaningful to determine the 

optimum diameter for each region. All this finding will be included in the final report 

after this.  
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CHAPTER 4 

RESULT & DISCUSSION 

This section will discuss about the analysis that have been conducted on platforms 

that have been selected. This section will be separated on data collection and the data 

analysis pertaining to the hypothesis of this study. 

4.1 Input Preparation 

Some modification towards the data has been done on the sacs input file before the 

analysis. The size of each member has been reduced to certain percentage. 

Table 4.1.1: Input for ABU platform 

 

Table 4.1.2: Input for F9JT-a18 platform 
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Table 4.1.3: Input for SUPG-B platform 

 

4.2 Data Collection 

Three platforms each from PMO, SKO and SBO was obtained to run this study. 

These three platforms are ABU for PMO, F9JT-a18 for SKO and SUPG-B for SBO. 

The sacs input file for all these platforms are used to evaluate and assessment the 

result of the static in-place analysis. 

ABU is a 4-legged drilling platform located in Kertih with water depth of 60.7m. 

This platform is belongs to PMO. 

F9JT-a18 is one of the platforms in the Kumang Kluster Development Project. It is a 

drilling platform and it has four legs. The water depth for this platform is 94.8m and 

operated under SKO.  

Selatan South Processing Platform (SUPG-B) is a 6 legged drilling and processing 

platform. The platform topside consists of five (5) modules and was supported by a 

Module Support Frame (MSF). The SUPG-B substructure is a 6-legged launch steel 

template structure with piles driven through the legs in a water depth of 42.8m 

The static in-place analysis has been conducted for these three platforms using the 

original sacs input file with the original size for the leg and pile of the structures. 

From the report generated by sacs on unity check partition, it shown that the UC 

value for most of the leg members are fall within range 0.0 to 0.5 which indicates the 

structural is overdesign.  

 

 



10 

 

Table 4.2.1-UC Table Sample for ABU 

 

 

Table 4.2.2-UC Value Sample for F9JT-a18 
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Table 4.2.3- UC Table Sample for SUPG-B 

 

 

From the report on the UC value above, it shows the patterns of the UC are mostly 

very low. Only few of them have exceeded 0.5 which indicates it covers more loads 

compared to other members. The original design of these platforms has result the 

lower UC as compared to the final UC after the reduction in size of the leg members.  

The lower UC also indicates that the platforms might have high reserve strength ratio 

(RSR) value. For the assessment and structural integrity campaign later, high RSR 

will be meaningful in case the operator decided to continue the operation of the 

platforms after it achieved the design life of the platform. 

However, the reduction in size member will definitely reduce the RSR as well. The 

RSR can be determined by conducting pushover analysis using the appropriate 

software like SACS, USFOS or SESAM. The output should be assessed whether it is 

still within the acceptance by the operator or vice versa. 
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4.3 Data Analysis 

PMO 

For ABU platform in peninsular water, author has changed the leg and pile diameter 

of the platform by reducing the size to certain percentage. Author has reduced the 

member size up to several set of 15%, 17% and 20% of the original size. However, 

the D/t ratio is to keep constant.  

 

 

Figure 4.3.1: ABU - 17% Member Size Reduction 

According to the table above, author notice there are increments in the UC value as 

compared to the UC of original member size. The increment is quite significant FOR 

certain member almost 80-90%.  

Author has selected eight critical sections of members for each leg for comparison. 

These critical sections have been identified as the members that carry load the most 

from the topside and all the appurtenances like riser and boat landing. Author has 

selected the section at the top, middle and at the bottom of the leg to be assessed and 

compared.  
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For this purpose, author has tabulated the data for the respective members and 

present onto the graph. The percentage difference also plotted on the graph. 

 

Figure 4.3.1: UC Leg 1 ABU 

 

 

 

Figure 4.3.1: UC Leg 2 ABU 
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Figure 4.3.3: UC Leg 3 ABU 

 

 

 

Figure 4.3.4: UC Leg 4 ABU 

From left on the x-axis is the member at the upper side of the jacket and it shows this 

part carry more loads. The difference in UC value of original and the final value is 

very significant to verify that the platform is overdesign. 

From the graphs above, it shown for all sections, as the size of the members was 

reduced then the UC will increased. It also shown that the UC is higher at the upper 
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members compared to the lower member. This is because the leg at the top need to 

carry the most of the load from the topside before it was distributed to the brace and 

the leg below.  

Only for the leg at the leg 4 it shown UC is higher at the middle member. This 

happen as at this side, the members also required to support the load from the topside 

as well as the load from the boat landing structures and the risers. As the higher load 

imposed on the structure will cause the higher UC. 

 

 

Figure 4.3.5: UC Diff (%) ABU 

 

Based on the figure above, it shown the percentage UC difference prior to four row 

of the ABU platform. From the graph, it shown the highest increment was at the front 

right row with almost 90% and the lowest was indicate by one member on the front 

left row. Most of the UC had increased to 30-40 % as the result of the reduction of 

the size of leg diameter. 
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F9JT-a18 

For F9JT-a18 platform in Sarawak water, author has changed the leg and pile 

diameter of the platform by reducing the size to certain percentage. Author has 

reduced the member size up to several set of 15%, 17%, 18% and 20% of the original 

size. However, the D/t ratio is to keep constant.  

 

Figure 4.3.6: UC after 15% size reduction 

Figure above shown the UC obtained after the in-place analysis conducted on the modified sacs input 

model. 

 

Figure 4.3.2: UC Leg 1 F9JT-A18 
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Figure 4.3.2: UC Leg 2 F9JT-A18 

 

 

Figure 4.3.3: UC Leg 3 F9JT-A18 
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Figure 4.3.4: UC Leg 4 F9JT-A18 

For this platform, based on the UC on the several selected members it shows the 

gradual increment for each members. As plotted on the graph, the UC is increasing 

from left side to right. The member at right is located on the lower segment of the 

leg. This indicates that the lower member carry more loads that is transferred from 

the topside down to the bottom.  

 

 

Figure 4.3.5: UC Difference F9JT-A18 Platform 
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Based on the figure above, it shown the percentage UC difference prior to four legs 

of the F9JT-A18 platform. From the graph, it shows the increment is higher at the 

middle member which indicates a very significant changes for the optimum member 

size. Most of the UC had increased to 30-40 % as the result of the reduction of the 

size of leg diameter. 

 

SUPG-B 

For SUPG-B platform in Sabah water, author has changed the leg and pile diameter 

of the platform by reducing the size to certain percentage. Author has reduced the 

member size up to several set of 15% and 10% of the original size whilst the D/t ratio 

is to keep constant. 

 

 

Figure 4.3.6: UC Leg 1 SUPG-B 
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Figure 4.3.7: UC Leg 2 SUPG-B 

 

 

 

Figure 4.3.8: UC Leg 3 SUPG-B 



21 

 

 

Figure 4.3.9: UC Leg 4 SUPG-B 

For this platform, the original UC obtained is very low to only within 0 to 0.17. 

However author only manage to reduce the original size of the leg to only 10%. The 

final UC is increased to only 0.22. The UC is higher at pile which indicates the load 

from the topside is transferred to the pile. As compare this platform with two 

previous platform, this platform consist five modules on top of the jacket and carries 

more load. The member size of this platform is seen to be almost similar to the 

common size for the 4-legged platform. As this is 6-legged platform, it might be the 

reason that the size reduction is smaller than the standard 4-legged platform. 

 

Figure 4.3.10: UC Difference SUPG-B 
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The graph above shows the percentage UC difference on the four selected leg. From 

the graph, it shows the increment is higher at the middle member which indicates a 

very significant changes for the optimum member size. However there are two 

segments that shows the final UC is lower than the initial UC. This might be due to 

changes in load distribution from the topside.  
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

From this study, author has select three platforms for the sample of the study. Based 

on the analysis conducted on these three platforms, author found out that the size of 

the leg platform can be reduced to certain percentage. 

The final UC of the platforms are higher than the original UC in the static in-place 

analysis. For ABU and SUPG-B platforms, the UC is higher at the top segment of the 

jacket while the UC for the F9JT-A18 platform the UC is higher at the bottom of the 

jacket. 

In this study, metocean criteria are following as what is provided in PETRONAS 

Technical Standars (PTS). However, the value is not much difference as these three 

platforms can be a new platform with less than 10 years operation and the metocean 

criteria already updated. 

The increment in the UC for all these three platforms may indicate that the platforms 

are overdesign. Furthermore, these platforms was installed less than 10 years which 

indicate that most of the consultants still designing based on the existing platforms 

without thorough study on optimization of the structures. 

5.2 Recommendation 

The reduction in size of the members will give a concern on the reserve strength ratio 

(RSR) of the structures. This will caused the RSR is also reduce. The reduction in 

RSR will be a concern in structural integrity campaign. Lower RSR will give more 

risks to the structure when it is exposed to the severe load than one which analyzed 

in static in-place analysis.  

Further study need to be carried to determine the RSR value for these platforms. The 

pushover collapse analysis is necessary to assess the RSR of these platforms. The 

RSR obtained also need to be checked with the operator like PETRONAS either it 

meets the minimum requirement or not. 
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Necessary action also need to be done by PETRONAS to do a revision on the new 

platform that will be design after this. For the existing platform, it may be the 

advantage for the operator to increase its activity on the platform.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 

 

REFERENCES 

1. https://www.iesweb.com/educational/va8/design/essentials/index.htm. (n.d.). Retrieved June 

20,2012,from 

https://www.iesweb.com/:https://www.iesweb.com/educational/va8/design/essentials/index.h

tm#Unity_Checks_ 

2. Jeom Kee Paik, A. K. (2003). Ultimate Limit State Design of Steel-Plated Structures. In A. K. 

Jeom Kee Paik, Ultimate Limit State Design of Steel-Plated Structures (p. 1). J.Wiley 

3. H.Hsu, T. (1984). Applied Offshore Structural Engineering. Houston: Gulf Publishing 

Company. 

4. Roger L. Brockenbrough, F. S. (1994). Structural Steel Designer's Book (3rd Edition ed.). 

USA: McGrawHill Inc.  

5. Recommended Practice for Planning, Designing and Constructing Fixed Offshore 

Platforms—Working Stress Design. (2000, December). API RECOMMENDED PRACTICE 

2A-WSD (RP 2A-WSD), 21st Edition. 

6. Petroleum and natural gas industries — Fixed steel offshore structures. (2007, November 3). 

Petroleum and natural gas industries - Fixed steel offshore structures (ISO 19902:2007). 

British Standard,European Committe for Standardization. 

7. K.Chakrabarti, S. (2005). Handbook Of Offshore Engineering. Illinois, USA: Elsevier.  

8. Fah, E. C. (1999). Structural Engineering Handbook. CRC Press LLC. 

9. Blake, L. (1989). Civil Engineeer's Reference Book. UK: Reed Educational and Professional 

Publishing Ltd. 

10. W.F , C., & J.Y, R. (2003). The Civil Engineering Handbook. USA: CRC Press LLC. 

11. Code of Standard Practice for Structural Steel Buildings and Bridges.(2007, March 7). 

Chicago, Illinois, USA: AISC. 

12. Specification for Structural Steel Buildings. (2005, March 9). Chicago, Illinois, USA: AISC. 

13. Arora, J. S. (2002). Introduction to Optimum Design. Iowa: Elsevier Academic Press.  

14. Azman, M. F., Dr Kurian, V., & Dr M. Shahir , L. (2011). Environmental Load Modeling for 

Offshore Malaysia. 2011 IEEE Symposium on Business, Engineering and Industrial 

Applications (ISBEIA),. Langkawi, Malaysia. 

 

 

 

 

 

https://www.iesweb.com/educational/va8/design/essentials/index.htm#Unity_Checks_
https://www.iesweb.com/educational/va8/design/essentials/index.htm#Unity_Checks_


v 

 

APPENDICES 

 

Activities/Gantt Chart and Milestone 

 

Table 1: Gantt chart and Key Milestone 

No Detail/Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 Project Work Continue                             

2 Submission of Progress Report                             

3 Pre EDX                             

4 Submission of Draft Report                              

5 Submission of Dissertation (Soft Bound)                             

6 Submission of Technical Paper                              

7 Oral Presentation                

8 Submission of Project Dissertation (Hard Bound)                             
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ABU Platform Model 
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F9JT-A18 Platform Model 



viii 

 

 

SUPG-B Platform Model 

 

SACS Interface 
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Metocean Data used for ABU Platform 

 

Metocean Data used for SUPG-B 

 

 

 

 

 


