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	ABSTRACT

	Piping system failure can be caused by several factors, one of which is the pipe load. Pipe loads cause stress to the pipe. The thickness of the pipe in the piping system affects the value of the  stress. The research uses the computational method of pipe  stress analysis by comparing the value of stress in the variation of schedule pipe thickness 10S 4mm; schedule 80 13mm; and the XXS 22mm schedule between manual calculations and the results of a simulation of pipe stress analysis. The purpose of this research is to find out the value of stress to temperature of 500o F and pressure of 689 KPa from the results of manual calculations with the calculation results of pipe stress analysis to compare with the value of the allowable stress limit on N08825 nickel alloy material of 241.31 MPa. Pipe stress analysis is needed to calculate the amount of stress caused by the load on the pipe. Loading is carried out at a temperature of 500o F and a pressure of 689 KPa. Research on variations in pipe thickness produces a value of 18.86 MPa for each manual calculation, 30.6 MPa for CAESAR II and 41.75 MPa for ANSYS calculations. 
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I.  Introduction 
Piping system is a pipeline consisting of many components that interact with each other and used to drain fluid. The piping system designer must understand the loading behavior and regulations that govern the piping system behavior. The behavior is described by physical parameters such as stress, displacement force and moment. Activities to obtain the behavior of the piping system are known as pipe stress analysis or flexibility analysis.
Pipe tension is caused by pipe loading which results in pipe failure. The parameter of success in terms of piping system security is when the pipe is able to withstand its own weight under loading conditions due to internal pipe pressure and the weight contained in the pipe as well as the loading effect of temperature 




The calculation of the pipe thickness in the piping system is needed to determine the sress  generated from manual calculations and simulations. This research aims to compare the value of stress in manual calculations and simulation of pipe stress analysis on the variation of pipe thickness with the value of the allowable stress limit of N08825 nickel alloy material. The results of this research can determine the safety level of the piping system whether the pipe thickness affects, the value of the sistem and whether the piping system is able to withstand the pipe weight by seeing the value of the allowable stress.
The design of a safe piping system is needed for the continuity of the process and ensure the useful life of the piping system. The safe parameter of a piping system is when the pipe is able to withstand its own weight under loading conditions due to internal pipe pressure and the weight contained in the pipe as well as the loading effect of temperature [1]. Previous research was conducted by [2] on manual comparison in accordance with the ASME formula with the CAESAR II output using ASTM A 106 Gr. B from the vessel suction scrubber to the compressor booster. The study was conducted based on data from field surveys and piping layouts with the 3D PDMS program at PT. Synergy Engineering. The object of research is the offshore Maleo platform located in the waters of southern Indonesia, east of Madura Island. The pipeline from the vessel suction scrubber to the booster compressor does not occur overstress, ie does not exceed the allowable stress material limit so as to get a flexible pipeline according to the agreed safe limit.
II. Material and Methods→ (11 pts)
This research is focused on analysis the stress value effect on the 500o F temperature and 689 KPa pressure and loading due to the weight of the material and the fluid. The test was carried out with ANSYS and CAESAR II software. Piping system material uses nickel alloy with N08825 type. The piping system uses 8 inch diameter pipe by varying the pipe thickness, which is schedule 10S by 4mm, schedule 80 by 13mm, and XXS schedule by 22 mm. The piping system design is according to isometric as described in Figure 1. 
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Figure 1. Piping system design
Calculation of pipe load value is obtained using the following equation:
𝑊 = m x g   									(1)
Note:
W = pipe load (N)
m = mass (kg / m)
g = gravity (m / s2)




The minimum wall thickness for straight pipe under internal pressure and temperature not exceeding those for various materials listed in the allowable stress tables, including allowances for mechanical strength, should not be less than that determined by this equation.

Calculation of pipe thickness is obtained using the following equation:
𝑡𝑚 = 𝑡 + 𝑐 										(2)
Note :
𝑡𝑚 = minimum thickness required (inches)
𝑡 = thickness design pressure (inches)
𝑐 = total mechanical tolerance for grooved surfaces


Where:
 = outside diameter of pipes (inchi)
 = internal pressure (psig)
 = maximum allowable stress for material B423 nickel alloy N08825 (psi), can be seen Table 1B (Cont’D) [3]
 = quality factor  can be seen Table A-1B (Cont’D) basic quality factor for longitudinal weld joints in pipe, tubes and fittings [4]
 = coefficient that takes material properties and design temperature into account [4]

The direct longitudinal stress due to temperature and weight is calculated as follows:

										(3)
where:
 = axial force or direct force (N)
 = metal pipe cross sectional area (m2)

The longitudinal stress due to internal pressure is calculated as follows:

									(4)
Note:
 = longitudinal stress  (N/m2)
 = internal pressure  (psi)
 = outside diameter (m)
 = wall thickness  (m)

The bending stress due to temperature, weight of pipe, content, insulations, snow and ice calculated by the following equation:

										(5)
Note:
 = longitudinal stress  (N/m2)
 = bending moment (Nm)
 = section modulus (m3)




(5)

After the t value has been added,

							(6)

Longitudinal stresses due to temperature are excluded from the combination when doing code calculations.
Circumferential stress is primarily due to internal pressure:

								(7)
Note:(6)

 = longitudinal stress  (N/m2)
 = internal pressure  (psi)
 = outside diameter (m)
 = wall thickness   (m)
 
Span limitations, based on limitation of stress 

									(8)
Note:
 = allowable pipe span (m)
 = section modulus (m3)
 = allowable tensile tensile (N/m2)
 = total weight of pipe (N)

 Calculation of pipe safety factor is obtained using the following equation:(8)

								(9)
y	= Yield strength (MPa)      
 max 	= tegangan maksimum yang terjadi (MPa)

III. Results and Discussions 
The entire load value has been calculated in accordance with variations in pipe thickness, adjusted for temperature and pressure so that the piping system has a different mass according to the pipe thickness value. With different pipe masses in each pipe thickness variation, it is expected that the piping system will have a large difference in stress when testing manual calculations and simulations are performed. 
1. Manual calculation
The following calculation of  10S schedule pipe:
a. Calculate the minimum permisibble wall thickness for 10S.
The following calculation of  8 inches pipe diameter thickness:
known :
P = 1350 psig
𝐷𝑜 = 8.62 inches
S = Maximum allowable stress for N08825 85,000 psi [3]
Eq = 1.00 (for seamless pipes in ASME B31.3 standard) [4]
Y = 0.4 (for non ferrous materials with temperatures <900) [4]
c = 0.00 inches
MT = 0.125



After the t value has been added,


Nominal thickness = 
Based on calculations, pipes with 8 inches diameter schedule 10S nominal pipe thickness of 0.005 inches. Based on the selection of pipes and pipe manufacturers, the pipe thickness is chosen for 0.157 inches for schedule 10S. 

b. Calculate the allowable span for 10s schedule
Calculate the allowable span for a 10S schedule pipe with design at 500o F. The material of the piping is nickel alloy N08825 B423. 










Total weight of the pipe


Using Eq. 7 based on limitation of stress:


Required span, L = 

c. Calculate the longitudinal stress
The longitudinal stress due to internal pressure is calculated as follows Eq. 4.



d. Calculate the circumferential stress
Circumferential stress is primarily due to internal pressure , Eq. 5.


e. Sustained load 


f. Occasional load
Where:
i = 1 
G = 0.252



load seismic is , when 



Required occasional load, 9741.25

g. Expansion stresses
The ANSI pressure piping code recognizes that stress due thermal expansion tends to diminish with time as a result of local yielding or creep. This reduction of stress will appear as a stress of opposite sign in the cold conditions. The thermal expansion stress is calculated using the following code Eq. 9.

So, expansion load 





The following is a manual calculation of the stress value according to ASME B31.3 formula with variations in pipe thickness of 10S for 4mm thick, 80 for thick 13mm and XXS for 22mm thick.
Table 1. Manual calculation
	Stresses 
	Schedule 

	
	10S = 4mm
	80 = 13mm
	XXS = 22mm

	σL
	9436.98
	1715.81
	2903.68

	σh
	18861.38
	3431.63
	5807.37

	Sustained Load
	9436.98
	1715.81
	2903.68

	Occasional Load
	9741.25
	1937.25
	29144.4

	Expansion Load
	63132.25
	6756.6
	7777.6







2. Modelling and simulation by software
 The drawn pipe model is imported to  ANSYS design modeler in order to add load pipe and pressure conditions. The present model include specific temperature and pressure. The variation of pipe thickness is based on the data in the PipeData Pro application which will be used as parameter as shown in Figure 2. 
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Figure 2. Pipedata Pro Window Display
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Figure 3. Three dimensional drawing by Solidwork for the modeled piping system in the present study



[image: ]Table 2. Design parameters for ANSYS input 










The meshing process takes a longer time than other processes in the simulation. The size of the mesh also affects the completion process of this stage. The size used in the meshing stage 5mm with high smoothing. In this process the color results show the success of meshing. Black indicates that the process was successful. Maroon red indicates meshing failed. Factors affecting meshing failure are the size and geometry of the pipe.
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Figure 4. Meshing process in ANSYS
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Figure 5. Simulation in ANSYS





This Figure 6 is showing displacement pipe in CAESAR II. The unsupports segments are bent or displaced. The supports stop the displacement to further develop 
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Figure 6. Displacement in CAESAR II


3. CAESAR and ANSYS calculation 
The research was conducted on 8 inch diameter nickel alloy material using the pipe stress analysis method. The calculations are using ANSYS and CAESAR II software and reviewed by manual calculation according to the AMSE B31.3 formula. Calculations in ANSYS software require force and pressure values to produce a voltage value. Force values are obtained by dividing segments in one pipe line. The division is done into eight segments. The purpose of segment division is to make it easier to calculate force values because in one pipe line it consists of calculating buckling stress and bending stress so that different treatments are needed from both. While the calculations on the CAESAR II software are more specific because the CAESAR II software devoted to pipe design and the basis of the calculation is two dimensions. The following is a CAESAR II calculation with variations in pipe thickness of 10S for 4mm thick, 80 for thick 13mm and XXS for 22mm thick. Calculation of the stress value with the pipe stress analysis method is using CAESAR II and ANSYS software. Table 2.3, 4 shows the results of calculations using CAESAR II software and Table 5 shows the stress values in the ANSYS software.
[image: ]Table 2. CAESAR schedule 10S



Table 3. CAESAR schedule 80
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Table 4. CAESAR schedule XXS
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Table 5 . Calculation of ANSYS software
	Schedule
	thickness
	values

	10S
	4 mm
	41.75 MPa

	80
	13 mm
	11.99 MPa

	XXS
	22 mm
	6.71 MPa	Comment by fahma tangguh: Show the  view of comparison between both software







The results of Caesar II program calculations are based on the loading conditions that occur namely:
a. Loading due to material and fluid weight (W)
b. Loading due to temperature influence (T1)
c. Loading due to pressure influenc (P1)
Allowable stress in piping systems is a function of material properties at cold temperatures to a certain temperature and safety factor. This is as a measure or variation of stress that is permitted when given a repetitive load and to guard against possible failure due to fatigue. The load here is not as an outside load but a load from the inside in the form of thermal loading. Thermal loading is carried out when the piping system begins to flow with fluid at a certain temperature which results in an expansion from the installation position to the maximum design temperature position. Vice versa when the piping system has decreased the temperature from the maximum position to the installation temperature that is at the time of maintenance and shutdown.
Based on manual calculations and simulations, the value of the stress does not exceed the material permit limit or allowable stress material. The calculation results are shown in Table 6.
Table 6. Comparison of the results of calculations with allowable stress material
	Calculations
	Values stress
	Allowable stress

	Manual 
	18.86 MPa
	241. 31 MPa

	CAESAR II
	30.6 MPa
	241.31 MPa

	ANSYS
	41.75 MPa
	241.31 MPa



Each result shows an insignificant difference in the manual calculation with CAESAR II because the CAESAR II software uses 2 dimensional basis, while the results from ANSYS show a large difference because the ANSYS software uses a 3 dimensional basis. So for ANSYS and CAESAR II the results cannot be compared. The only concern is to look at the value of the voltage to compare the value of the pipe material limit.




IV. Conclusions
From the results of the research, the following conclusions can be drawn:
a. The piping system was designed using CAESAR II software and ANSYS software according to the metometric company and MTO (Material Take-Off) provided. The design is based on ASME B31.3 standard Piping Process with 8 inch diameter pipe and B423 N08825 Nickel Alloy material. Based on manual calculations, voltage values ​​that do not exceed the allowable material stress limit of 241.31 MPa with each value of 18.86 MPa in manual calculations, 30.6 MPa in CAESAR II calculations, and 41, 75 MPa on ANSYS calculations.
b. Pipe thickness affects the maximum stress of the pipe, namely the circumferential voltage. Because the pressure is directly proportional to the circumferential voltage where when the pressure increases the circumferential voltage also experiences value added. While the circumferential voltage is inversely proportional to the thickness, because the greater the pipe thickness the smaller the circumferential voltage. So it can be said that the circumferential voltage is caused by pressure in the pipe.
c. The pipe thickness affects the generated voltage value. The thicker the pipe, the safer because the value of the voltage obtained is lower. Judging from the results of the approved research selected for application which was added. Pipeline stress analysis made for other considerations is the level of safety. In the calculation of the safety factor, it is seen that variations in the approved pipe are safe and flexible. With consideration of 10S with 8 inches diameter.
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Loadcase Case Node Calculation stress KPa Allowable Ratio
no no  Axial _ Bending Torsion _ Hoop Stress
HYD (WW+HP+H) 3 210 15410 9766 6272 30661 2413277  10%
SUS (W+PI+H) 6 210 104073 17723.6  1649.5 20448 1606442  16.8%
OCC (L24=LI6+L17+L18) 24 180  286.5  10944.8  2387.0 0 2136568 5.1%
EXP(L31=L4-L6) 31 68 16941 80430  14819.7 0 3332211 24.7%
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Calculatic 1 K] V:
Case  Node alculation stress Kpa Allowable Ratio

Loadcase no no _ Axial _ Bending _ Torsion _ Hoop Stress

HYD WW+HP-H 3 210 15410 68163 4334 306610 2413277  9.0%
SUS WHPI+H 6 210 104073 121784 20462 204484 1606442  103%
OCCL24=LI6+LI7+LIS 24 180 2865 109446  2387.0 0 2136568 5.1%

EXP(L31=L4-L6) 31 68 1859.1 80413.6 268591 0 3332203 24.7%
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HYD (WW+HP+H) 3 210 15410 68163 4128 30661 2413277  9.0%
SUS (W+PHH) 6 210 104073  10267.1  2169.6 204484 1606442  103%
OCC(L24=LI6+LI7+L1S) 24 180  286.5 109446 2387 0 2136568 5.1%
EXP (T1) 31 68 21482 803949 324747 0 3332195 24.7%





