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Abstract- Design of Advanced Boiler tube concepts in the thermal power plant area is nowadays challenging and more important for the 

world, because of increasing the demand of electricity. Many types of failure are Occur in tube, these failures affect the power plant 

efficiency and life of the components. Failures likes creep, fatigue, steam side oxidation, fire side corrosion, erosion etc. Service 

temperature of boiler tube never remains constant during a regular plant operation, so that insulation effect of steam side oxidation and 

fire side corrosion occur. Failure analysis indicate the leakage due to stress corrosion cracking. Performance of high temperature steel 9-

12 % chromium martensitic steel have problem with cracking. Grade T91 material has good properties up to 600 C temperature above 

that temperature it’s not more stable so that Grade T92 has introduced. The material selection for a new boiler tube, as the key player of 

supercritical and ultra-supercritical boiler tube design. It is described and showing good results on long period basis. Through the 

analysis choosing best material. This Paper presents in general terms the properties and requirements of different tube of supercritical 

boiler. 
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I. INTRODUCTION 

       This Paper Provides information about fundamental of boiler or steam generator tubes. Knowledge of these basis provide a stepping 

stone for accepting newer steam generator tube design and material. Metal material are generally used for industrial boiler components. 

Many of these are the carbon and alloy steels. In supercritical plant many tubes with different diameter and wall thickness are used. Mostly 

these tubes are seamless tubes and pipes. For the bigger range welded tubes and pipes are used. High temperature of tube metal than that of 

identified is the general reason to failure of boiler tube. Identified the defects, the lack of penetration by the ultrasound testing and then tested 

their influence on the structure’s reliability by the FEM modelling. Grade T91 material tubes are generally used in supercritical boiler. It has 

some drawback so that Grade T92 material is introduced in this Paper. 

 

II. MATERIAL AND STRESS ANALYSIS 

        To increasing the operating temperature and pressure of boiler it required to development of new creep-resistant material for it. For 9-

12% chromium steels, In USA Grade T91 was developed at the end of 1970s. the tube design temperature is limited to around 610 C inside 

the combustion chamber. Grade T92 has more recently developed. It has improved mechanical properties at high temperature, in particular 

an increase in creep strength of 10-20% in 100000 hr. at 600 C. This makes it possible to reduce the wall thickness of the tubes or pipes and 

consequently improve their behavior to thermal fatigue. 

The process/ procedure of analysing the stresses induced in the pipe is known as stress analysis. 

1. To prevent Failure of Tube or Supports from overstress or fatigue. 

2.  To prevent leakage at joints due to excessive bending moment.  

3. To ensure that tube stress is with in code allowable values.  

4. To determine requirement for tube loops, expansion joints or re-routing of  tubing.  

5. To prevent detrimental stress or distortion in tubing or in connection equipment resulting from excessive thrusts and movements in 

tube. 

     The development of grades T92 increased the creep behaviour by 10-20% compared with T91. Consequently, it is possible to decrease the 

wall thickness of the tubes and pipes and to obtain economic advantages on the cost of tubes and pipes. Also technical advantages reduce the 

thermal fatigue susceptibility. 

 

Main Information on the Properties of Old and New Steel Grades 

 

Table 1 Chemical composition in accordance with ASTM standards 

 

 

 

 

 

 

 

 

Required mechanical properties for the stress analysis. Using ANYSIS software Analysis is carried out.  

Material Chemical Composition (in wt%) 

C Mn Si Cr W Mo V Ni 

Grade T91 0.08 0.30 0.20 8.00 - 0.85 0.18 0.40 

Grade T92 0.07 0.30 0.50 8.50 1.5 0.30 0.15 - 
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Table 2 Mechanical Properties of the grades according to ASTM standards 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of Alloying Element in SteelChromium (Cr) – Corrosion resistance / Increase hardness 

1. Molybdenum (Mo) – Forms abrasion resisting particles / Improves creep properties 

2. Tungsten (W) – Heat resistance 

3. Vanadium (V) – Hardenability / Increases strength 

4. Niobium (Nb) – Increases strength  

      Chromium does not visibly react with oxygen or water at room temperature but bulk oxidation occurs at temperature above 600 C. Due 

to this reason chromium was replaced by Tungsten and new material Grade T92 was developed. 

 

For Analytical Stress Calculation 

      Using basic formulas Analytical stress calculation can be done for the tube which has outer diameter 38.1 mm and wall thickness 12 mm. 

In our case on tube longitudinal stress and Circumferential / Hoop stress is generated. Increasing the temperature thermal stress also induced 

in tube for that thermal stress calculation required. 

 

Longitudinal Stress –  
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 (
 
 
   )

(     )
 

    
  

  
 

Circumferential / Hoop stress –                                     Stress =  
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Thermal expansion –                                                   
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      According to Design data sheet, standard outer diameter and wall thickness was used for the analytical stress calculation. Calculation was 

done for the different temperature and pressure. 

 

Table 3 Longitudinal and hoop stress calculation 

Temperature in C / 

Pressure in bar 

Longitudinal Stress in MPa Hoop Stress in MPa 

400 / 223 177 354.01 

450 / 230 182.56 365.12 

500 / 240 190.5 381 

550 / 250 198.43 396.87 

600 / 280 222.25 444.5 

650 / 320 254 508 

 

     With the help of both stresses value equivalent stress is calculating. At that equivalent stress value any type of tube can be design. This is 

more suitable for design new system.  

 

Material Quantity Value Units 

 

 

Grade T91 

Tensile Strength 590 MPa 

Yield Strength 410 MPa 

Young’s Modulus 200000 MPa 

Elongation Strength 20 % 

Density 7800       

 

 

Grade T92 

Tensile Strength 620 MPa 

Yield Strength 440 MPa 

Young’s Modulus 200000 MPa 

Elongation Strength 8-25 % 

Density 7700       
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Table 4 Equivalent stress calculation 

Pressure in bar / Temperature in C Equivalent stress value 

223 / 400 390.66 

230 / 450 402.92 

240 / 500 420.45 

250 / 550 437.96 

280 / 600 490.52 

320 / 650 560.6 

 

        These stress value are compare with the ANSYS Analysis. Analysis is done for the new material. Analysis result is nearly the 

Analytical result. For that temperature and pressure values  are 400C, 500C, 600C and 223 bar, 240 bar, 280 bar respectively. 

 

 
 

Cost Calculation of tube 
       After the analysis we know that Grade T92 material has a good strength than that of grade T91. So that we can replace the Grade T91 

with Grade T92. T92 has a less stress value than that of T91, so that we can reduce the wall thickness. It is possible to decrease the wall 

thickness of the tube and obtain economical advantage of the cost of tube. 

      According to some basic formulas cost of tube was calculated for that Outer Diameter 38.1 mm and wall thickness 12 mm Grade T91 

tube has approximate weight was 16.5 Kg and cost of that 5773.50 INR. For the same OD and WT Grade T92 tube has approximate weight 

was 16.1 Kg and cost of that 6440.00 INR. It is approximate 667.00 INR higher cost. But if we used new material Grade T92 with OD 

remain same but wall thickness was reduced just 1 mm than tube cost was different. Tube approximate weight was 14.2 Kg and cost of that 

5680.00 INR. It is approximate 93.50 INR less cost. 

 

III. CONCLUSION 

        According to this research work, one of the most important and topical present problem in supercritical boiler tube is stress rupture at 

high temperature. Using the new Grade T92 material tube this problem will be reducing, due to Grade T92 has a more strength and 

temperature resistance properties in present of Tungsten. 

With the analysis we knowing that critical components such as reheaters, super heaters, water wall panels and main steam piping have more 

life while it is manufactured with the new Grade T92. 

Also we can be changing the material of tube and changing the factor of safety co-efficient possible to reduce the cost and make system cost 

efficient. 
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