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Abstract- Nonlinear fracture mechanics-based 

methodologies is common practice to model an elliptic 

axial surface crack located at the internal or external 

surface of a cylindrical pressure vessel as an infinitely long 

axial crack. This simplification considerably reduces the 

amount of computation needed for evaluating high 

temperature fracture parameters such as C*and Ct and for 

determining crack growth life. This simplification on the 

estimated component life have never been systematically 

assessed in detail except stating that the assumption leads 

to a conservative estimate of life. In this study, an analysis 

method is developed that does not require any assumption. 
Using this developed method, a procedure for life 

assessment was demonstrated for an elliptic axial surface 

crack located on the internal surface of a pressurized vessel 

at high temperature. Equations are proposed for estimating 

Ct at both the deepest point along the crack front and also 

at the crack tip on the surface. Using these equations, the 

aspect ratios of the surface crack were updated for every 

time step of crack growth calculation and were reflected in 

determining Ct value of the next step. Changes of crack 

depth, crack size and Ct values at the deepest point and 

surface point of the crack tip are estimated and used to 

predict the evolution of crack shape during creep crack 

growth. 

 

Index Terms- Life Assessments; Pressurized Vessel; 

Surface Cracks; C*; Ct     
        

I. INTRODUCTION 
 

Remaining life assessment based on  time  dependent  

fracture  mechanics  has  been developed and  applied  

successfully  to  many  structural components in  

power  generating  industry  and  process industry such 

as steam pipes, super-heater headers, turbine rotors, 

casings and pressure vessels when they have cracks 

and  are  operated  at  elevated  temperature  [1–6].  

The accuracy of predicted life has been improved by 

considering various aspects such as better material 

creep constitutive law, existence of weld, various 

operation conditions and crack geometry.  However, 

frequently the geometry of a crack uncovered during 

on-site inspection is a surface crack of finite size.  Due 

to lack of accurate expressions for determining high 

temperature fracture parameters such as C* and Ct for 

surface cracks under various loading conditions, the 

crack geometry is  usually  simplified considerably  

and  represented  as  infinitely  long  crack  for which 

reliable C* and Ct expressions are available [2,5]. The 

elliptic axial surface crack located at the internal 

surface of a pressure vessel is very often simplified as 

an infinitely long axial crack. This simplification 

results in considerable reduction in computational 

effort for determining crack growth life. Using the 

proposed equations for estimating Ct; life assessment 

is conducted for an elliptic axial surface crack located 

on the internal surface of a 2.25Cr steel pressure vessel 

at high temperature.  The aspect ratios of the surface 

crack were updated for every time step of crack growth 

calculation and were reflected in determining Ct value 

of the next step. Changes of crack depth, crack size 

and Ct values at the deepest point and surface point of 

the crack tip are shown. In this study, the life 

assessment of internal surface creep crack growth 

methodology is extended, and an analysis method is 

proposed that does not require simplifying 

assumptions regarding the crack geometry. 

  

II. DESIGN METHODOLOGY 
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Figure1. Geometry of an elliptic surface crack located 

in the radial-axial plane on the internal surface of a 

vessel (a) a vessel containing a surface crack and 

subjected to uniform internal pressure; (b) the sketch 

of a semi-elliptical axial surface crack 

An elliptic surface crack located in the radial–axial 

plane on the internal surface of a thick wall pressure 

vessel is shown in Figure 1.  Notations for cylinder and 

crack dimension are shown in Figure 1(a) and 

definition of crack front as a function of angle,  ; is 

shown in Figure 1(b). Ri and Ro is inner and outer 

radius respectively, T is thickness, a is crack depth, c 

is half crack length and Pi is internal pressure. The 

deepest point along the crack front is denoted as crack 

front location D and the crack tip location on the 

surface is denoted as location M. 

A. Equations for K 

Stress intensity factor equations for a wide range of 

surface cracks on the inside of a pressurized vessel 

were derived by Newman and Raju [7, 8] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Equations for C* and Ct 

 

 

 

 

 

 

 

 

In order to characterize the crack growth rate from 

small-scale to extensive steady-state creep conditions, 

a parameter of Ct for elastic-plastic-secondary 

creeping material is as follows [29]; 

 

 

 

 

At D,  

 

 

 

 

At M, 

 

 

 

 

 

 

 

where,  is a scaling factor, E is the Young’s 

modulus,  is the Poisson’s ratio, K is the stress 

intensity factor and θ is the angle measured from the 

crack plane ahead of the crack tip. And is the 

elapsed time after loading,  is the time for crack tip 

creep zone development retardation due to crack tip 

plastic zone and is a dimensionless function of n.
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is 1/3 determined by finite dimensionless function 

dependent on n. At θ = 90 ,̊ a non-dimensional constant 

 for plane strain condition varies 

approximately from element calculations and  

is a 0.2 to 0.5 when n varies from 3 to 13. and  

are K- calibration function and derivative of with 

respect to in this analysis. 

 

The creep crack growth rate under small scale to 

transient creep conditions can be characterized by the 

Equation. (17); 

 

 

 

where, da/dt is the creep crack growth rate, H  and q 

are material constants and Ct is a crack tip parameter 

that is valid from small-scale to extensive creep 

conditions [19]. 

C.  Life Assessment for Creep Crack Growth 

A pressurized cylinder with 330 mm outer radius,       

, and 292 mm inner radius,      , is chosen for life 

assessment. The thickness of the cylinder (T) is 38 mm 

and Ri/T is 10. It is assumed that the internal pressure 

to be 6.2 MPa.  The material properties are also 

assumed as follows: creep coefficient, A, is 7.04 x 10-

25 MPa-n, creep exponent ,n, is 9.9, creep crack growth 

coefficient, H, is 5.903x10-2, creep crack growth 

exponent, q, is 0.714 and the time for crack tip creep 

zone development retardation due to crack tip plastic 

zone,      , is 4x10-3 h.  

 

                                   (a) 

     

                            (b) 

Figure2. Initial crack geometries for two sets of crack 

growth: (a) when the initial crack depth is fixed; (b) 

when the initial surface half crack length is fixed 

The two sets of analysis were carried out for the 

initial crack geometry shown in Figure 2. The 

remaining life assessment for creep crack growth 

analyses was conducted by developing the 

conventional code in MATLAB software, a structured 

program, based on the procedure of the algorithm as 

shown in Figure 3. 
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Figure3. Simulation algorithm for life assessment of 

surface creep crack growth analysis 
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III. RESULTS AND DISCUSSIONS                                                                                  

  

                                        (a)                                                                       

 

                                          (b) 

Figure4. (a) Crack depth growth and (b) surface crack 

length behaviors  

 

                                        (a) 

 

                                       (b) 

Figure5. Variation of Ct during the crack growth at the 

crack front location D and crack tip location M 

 The analyses were terminated when the crack 

depth exceeds 60% of the thickness. Figure 10(a) 

shows crack depth growth behavior as a function of 

the loading time and figure 10(b) shows surface crack 

length growth behavior. The crack growth rates were 

determined from the Ct values at each location of D 

and M of the surface crack using the creep crack 

growth model expressed as equation (17). 

 Variations of the Ct values with time are shown in 

Figure 5 (a) for the crack front location D and Figure 

5 (b) for the location M. During the initial period after 

the internal pressure is applied, the contribution of the 

first term in equation (13) is significant since the small 

scale creep is dominant  

 

Figure6. Variations of Ct and C* for the case of creep 

crack growth analysis 
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Figure7. Change of aspect ratio of the surface cracks 

during creep crack growth when initial a is fixed 

and the Ct value during this period is much  higher  

than  the  value  of  C*. As extensive creep condition 

is achieved Ct value approaches to C* since the first 

term in equation (13) vanishes and the second C* term 

becomes dominant. This trend is shown in Figure 6 in 

which Ct and C*are shown together for the case of the 

analysis. Figure 7 shows change of aspect ratio for the 

surface crack over the creep crack growth life. It is 

shown that as the crack grows the aspect ratio is 

approaching to an asymptotic value whatever the 

initial aspect ratio would be. Figure 8(a) and 8(b) show 

crack depth growth and surface crack length growth as 

a function of time and variations of the Ct 

corresponding to the crack growth data.                                                                        

 

                                                                                 

                                         (a) 

 

                                        (b) 

Figure8. (a) Crack depth growth and (b) surface crack 

length growth behaviors as a function of time when 

initial c is fixed 

 

                                          (a) 

 

                                       (b) 
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Figure9. Variation of Ct during the crack growth at the 

crack front locations D and M when initial c is fixed 

 

Figure10.Change of aspect ratio of the surface cracks 

during creep crack growth when initial c is fixed 

 Figure 9 showing variations of Ct during the 

overall crack growth life period, the transition time 

appears to be approximately several hundred hours. 

Changes of the aspect ratio during the whole creep 

crack growth life is shown in Figure 10. The approach 

developed in this study can be used reliably for 

practical purpose. Most of the creep crack growth life 

is consumed when a = T is less than 0.4. A mushroom 

type of crack growth is not probable until the last  stage  

of  crack  growth  when  the  crack  depth  is 

approaching the pressure vessel thickness. 

                                                                             

IV. CONCLUSIONS 

A creep  crack  growth  life  prediction  procedure  is 

developed  for  the  case  of  surface  crack  located  in  

the radial axial  plane  and  on  the  internal  surface  of  

a pressurized cylinder. This method does not require 

simplifying assumptions regarding the crack geometry 

used in earlier studies. A procedure is proposed for 

estimating C* along the entire surface crack front using 

the C* equation derived for the case of surface crack in 

a flat plate under uniform tension. Equations are also 

proposed for calculating Ct at both the deepest point 

along the crack front and at the crack tip on the surface. 

Using the newly proposed equations for estimating Ct; 

creep crack  growth  analysis  is  conducted  for  an  

internal surface crack of a pressure vessel at high 

temperature. The aspect ratios of the surface crack 

were updated for every time step of crack growth 

calculation and were reflected in determining the Ct 

value of the next step. Changes of crack depth, crack 

size and Ct values at the deepest point and surface 

point of the crack tip are presented.  Finally, 

limitations of the current approach are discussed.  It is 

argued that the approach developed in this study can 

be used reliably for practical purpose despite of these 

limitations. 
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