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7 Conclusions and Recommendations 
 
 

This chapter provides a summary of the inclusions into Tmin and the methods that were 

used.  In addition, it provides recommendations that could be implemented for further 

updates of the Tmin computer program. 

 
 
7.2 Conclusions 

 
In this thesis several additions to the latest version of the Tmin were discussed.  

These additions included four alternating stress-to-number of cycles (S-N) fatigue curves 

into the internal Microsoft Access® database.  In addition, a 2-D vertical piping span analysis 

capability was added to the program.  Finally, an output of the data, including the piping 

span used in the calculations was output to a Microsoft Word® document.  Other user-

friendly additions were also included in this version of Tmin. 

 

The first additions to be implemented were the S-N fatigue data curves.  Since this 

computer program is American Society of Mechanical Engineers (ASME) compliant, a study 

of how fatigue curves are to be processed was completed.  According to the Unfired Boiler 

and Pressure Vessel standards and code as well as the B31.3 Process Piping standard and 

codes it was found that the ASME has a very specific procedure for the implementation of 

fatigue data [3, 28].  Chapter 2, Section 2.2 documents the procedures of the ASME 

formation of fatigue curves.  It was found that the ASME requires a tension-compression 

fatigue curve [12].  However, in the absence of strain-controlled data, they also allow the use 

of tension-compression stress-controlled data as detailed in Chapter 2 [12].   

 

As a result of the allowance by ASME of different types of fatigue data, rotating-

bending and tension-compression fatigue data in both strain-controlled and stress- 

controlled formats were found during the research of this thesis.  In addition, the stress-

controlled fatigue data were of the rotating-bending variety.  Thus the rotating-bending data 

had to be converted to a tension-compression data format.  A theoretical numerical factor 

was then used to convert rotating-bending fatigue data to a tension-compression format.   
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The conversion factor is detailed in Chapter 3, Section 3-4.  After some of the 

fatigue curves obtained were converted to a tension-compression format, they were ready 

for ASME conversion (detailed in Chapter 2, Section 2.2).  This conversion procedure was 

designed to create a conservative S-N fatigue curve [16].  Once the procedure was followed, 

the resultant fatigue curve was regressively curve fit and implemented into the Tmin database.  

 

The item that ASME required was a pipe-wall thickness calculation.  In the ASME 

B31.3 standards and code they document several equations and safety factors that are to be 

implemented in this calculation [28].  Section 3-5 in Chapter 3 documents the calculation 

order that is used within Tmin [2].  This calculation order was verified to follow and to 

conform to the ASME procedures.  The calculation process for the 2-D vertical piping span 

was designed to be ASME compliant.   

 

Within the 2-D vertical piping span there are five choices of elbows, as well as 

several types of valve connections.  The valve connections and elbows each had their 

respective ASME stress-intensity factor (SIF) [11].  These SIF values each could increase the 

minimum pipe-wall thickness calculated.  To process the pipe-wall thickness values in the 2-

D vertical piping span, certain known mechanical methods were used.  ASME required the 

use of the Maximum-Shear-Stress-Theory for stress analysis [8].  In order to process the 

stress-states that the piping span experiences, differential stress elements were used in 

conjunction with 3-D Mohr’s circle evaluation.  Using 3-D Mohr’s circle at all stress-states 

required that several combinations of stresses equated to strengths be evaluated.  Within the 

new 2-D piping module in Tmin, these combinations of stresses were passed to a root-

solving procedure (detailed in Chapter 4).  The root-solver defined the minimum pipe-wall 

thickness for the load conditions.  This made direct solution for t difficult or impossible.  

Thus the root-solver was implemented.  Once the largest minimum pipe-wall thickness was 

found through use of a comparison of the minimum pipe-wall thickness data array, the pipe-

wall thickness was then passed through several additional equations that produced other 

thickness values.  After passing through several IF-THEN statements to determine the 

largest pipe-wall thickness value calculated, the values obtained were shown on the output 

screen tab.   
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In the previous version of Tmin the data was sent directly to the printer.  This created 

a problem.  Some printers used in DuPont were not compatible with the internal fonts of 

Tmin.  In addition, the output-piping configuration was mislabeled and unreadable.  

Therefore, the data used in the piping evaluation could not be saved as a document [2]. At 

the request of DuPont, the data that was used within the Tmin program were sent to a 

Microsoft Word® document.  Using a Microsoft Word® document allowed for the output-

piping configuration and data used within the program to be copied directly.  The data used 

within the program was then sent to the Microsoft Word® document, as well as the graphical 

piping-configuration.  This provides a professional looking document.  Because a Microsoft 

Word® document was used for the output data, the final produced document could then be 

printed, sent by email or even saved to the computer for later examination.    

 
Help files were the last to be implemented into Tmin.  In the previous version of 

Tmin, the end user that was not familiar with the program would need to guess as to what 

need to be input for data.  Using Help file additions at all input boxes would allow for the 

user to know exactly what was needed before entering in the data.  Since this program is 

ASME compliant, this computer program can be used without risk.  Next, a discussion of 

recommendations of a more efficient ways to process the stresses is provided.  

 
 
 
7.1 Recommendations 
 
 

It is suggested that in future versions of Tmin the following additions should be 

incorporated: 

! Torque calculations in the horizontal piping configurations 

! Calculations for thermal and cyclic pressurization 

! Saved file information for later use 

! Open Saved file information 

! Additional piping-spans (3-D, 3-D off-axis, etc.) 

 
Some internal errors found within the actual Tmin program were the lack of torque 

calculations in the elbow and “Tee” piping span choices.  By ignoring these torque 
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calculations the resultant stresses calculated may not be conservative and could result in 

incorrect pipe-wall thickness values.  The second problem found within Tmin was the 

calculation format for the longitudinal stresses.  For the longitudinal stresses seen in a 2-D 

horizontal piping span, DuPont had created a conservative pipe-wall thickness value, which 

was calculated using the nominal pipe-wall thickness [1].  This equation is discussed in more 

detail in Chapter 2.   

 

For the 2-D vertical piping span analysis, the longitudinal stresses were solved for a 

pipe-wall thickness through the use of a root-solver.  Upon comparison of the resultant 

pipe-wall thickness values calculated, it was found that the DuPont equation was over 8% 

conservative than the value found through the root-solving function.   

 

Upon analyzing the thermal expansion stress range, as identified in Chapter 3, it was 

observed that only a thermal type of cyclic expansion was being calculated in Tmin.  Through 

analysis of the B31.3 document, it was found that ASME also does calculations for a 

combined thermal and cyclic pressurization of piping [28].  However, this standard and code 

was not found to cover the cyclic pressurization of a piping system without cyclic thermal 

stress.  In order for Tmin to be a valid program that follows ASME guidelines it is suggested 

that the combination of thermal and cyclic pressurization calculation be further investigated.  

Finally, it is suggested to allow the evaluation of fatigue calculations greater than 7,000 cycles 

where on—off cyclic operations are involved. 

 

For the next update of Tmin, the data used by the program can be saved in a text file 

using the Save command by writing all the variables used into this file.  Complications that 

were found for re-inserting this data back into the program were discussed in Chapter 5.  

However, to alleviate the problems encountered, it is suggested that at the top of the saved 

file a text name of “Saved File” flag be inserted when the program data is saved.  This flag 

would be checked when the user clicks the Calculate button on the input form and would 

then be used to avoid the error checking of input boxes.  The next recommendation will talk 

about methods for calculation of additional piping spans to the Tmin program in further 

updates. 
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The method that is used within Tmin to find and calculate the summation of stresses 

is a tedious process.  This project originally was designed to incorporate several other piping 

span configurations.  However, due to time constraints and the complexity of the 

calculations they were never implemented.  Solutions for the additional piping span 

configurations would each have its own solution set completed.  Doing this would result in a 

separate calculation modules for each additional piping span choice.  This would seem to be 

a never-ending task; therefore what is needed is a generalized, systematic framework for 

solving for the internal stress-states in any arbitrary piping configuration. 

 

Two methods will be discussed that would result in the ability to analyze additional 

piping span configurations without the need for a case-by-case-by-case approach.  One 

method is the use of a transfer matrix and the other is a finite element approximation 

approach.   

 

Transfer Matrix: 
The transfer matrix gives an exact solution to a set type of piping configuration.  Solutions 

obtained through this method give an exact solution of the piping system.  The transfer 

matrix approach uses a set number of equations that can be formed for an exact solution.  

As a result, any piping configuration can be used with this type of solver.  It has a 

bookkeeping problem when branched (Tee) piping is encountered.  However, an expanded 

line solution methodology can be used to alleviate the problem [41]. 

 

Finite Element Approximation: 
The second possible method for a generalized scheme is the finite element approximation.  

The finite element method for a static case is exact when the loads are point loads.  

However, the solutions are approximate when a distributed load is encountered.  Figure 4-1 

shows that piping, in general, has significant distributed loads.  This means that the piping 

model must be re-meshed until the solution converges to approximately the exact solution.  

If this option is selected, it is recommended that this re-meshing and convergence check be 

hidden from the user.  It should be noted that the branching difficulties experienced in the 

use of the transfer matrices are not experienced using the finite element method.  Branching 

is automatically dealt with by expansion of the size of the stiffness matrix. 


