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ABSTRACT 
The creep failure time is calculated for rectilinear thim-walled pipes subjected to torsion as well as 
tension and bending. The calculating of the failure time is given using the concept of equivalents 
stresses. The equivalent stresses are found from the mixed delayed-failure criterion relating the 
maximum normal stress and the intensity of tangent stresses. Results for failure time which are 
made of steel alloys are presented and compared with the results obtained by Golub et al. (2004) 
[3]. The present work can be used to calculate the time to creep failure for any thin-walled pipes 
under torsion, axial load and bending. 
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1. INTRODUCTION 
Elements of steam and gas turbines, jet engines, 
steam boilers, rockets, oil and gas processing plants 
are widely used of thin-walled pipes, which are fall 
into the category of shuctural elements that should be 
subjected to creep analysis. The basis of the creep 
analysis is the time to failure calculated for thin- 
walled pipe under different loading conditions. 
Altenbach [1] has introduced a review to topical 
problems and applications of creep theory. El 
Megharbel [Z], Golub [3] and Golub [4] have 
calculated the failure time for thin walled pipes under 
internal pressure as well as for pofymeric tubes. The 
time to failure for thin-walled pipes under pure 
torsion, under torsion and tension, and under torsion 
and internal pressure have derived based on the 
generalized mixed faiiure criterion [3]. 
A creep theory with anisotropic hardening is 
proposed by Zolochevsky [5] for initially isotropic 
materials with different properties in tension and 
compression. All the material parameters in the creep 
theory have been obtained fmm a series of uniaxial 
tension tests, uniaxial compression tests and pure 
torsion tests with constant stresses. 
The up-to-date engineering applications require that 
new adequate mathematical models for material 
deformation as well as structural analysis method 
should be developed. Sklepus [6] has discussed the 
creep of plates that undergo damage due to in-plane 
mechanical loads using a method for solving the 
initial boundary value problem. Whereas, 

Kovrizhnykh [7] has introduced an ideal-creep 
model, using the Coulomb-Mohr crirerion for 
considering the long-term strength of metals and the 
ultimate state. In addition Kovrizhnykh [S] have 
discussed the creep equations and the long-term 
strength criterion for plane stress using the same 
criterion. 
Golub 191 have evaluated the fatigue strength of 
materials and structural members under high-cycle 
loading with repeated stress cycle, using well-known 
empirical relations between static and cyclic limiting 
stresses. While Golub [lo] has studied the 
experimental analysis of high-temperature creep, 
fatigue, and damage. 
Tmga [I 11 are proposed a damage model for single 
crystal Ni-base superalloys that integrates time- 
dependent and cyclic damage into a generally 
applicable time-incremental damage rule. Yang [12] 
are proposed a simple stress controlled fatigue-creep 
damage evolution model, based on the ductility 
dissipation theory and effective stress concept of 
continuum damage mechanism, and damage 
constants can be obtained through fatigue-creep tests 
directly. 
Galishin [I31 has developed a procedure for 
determining the parameters of creep and creep- 
rupture strength that appear in constitutive equations 
of thermoviscoplasticity for describing nonisothennal 
processes of deformation and damage accumulation 
in isotropic materials due to creep. 
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A power-law creep constitutive model was developed 
by Kim [I41 to describe the densification behavior of 
powder compacts during pressure-assisted 
compaction at elevated. 
The equivalent-stress methods of long-term strength 
analysis of pipes are the most efficient and widely 
used in current design practice. The accuracy of 
calculations strongly depends on the adequacy of the 
equivalent stresses to the stress and failure modes of 
the pipe and on the degree of agreement between the 
material constants and long-term strength 
characteristics obtained under uniaxial tension. 

2. ANALYSIS 
This paper is interested in thin-walled pipe under 
torsion as well as axial load and bending. 

2.1 THE FAILURE OF THIN-WALLED PIPES 
UNDER TORSION 131 

2.1 1 FAILURE UNDER TORSION 
Golub [3] have derived a formula to evaluate the 
creep time (~RT) for pipes under torque MT only, 
where the stress state is: 

and 

Where Dm is the diameter of the median surface and 
h is the wall thichess, 
The material constant P is 

2.1.2 FAILURE UNDER TORSION AND AXIAL 
LOAD 

For a rectilinear thin-walled pipe under a torque MT 
and an axial tensile load N, the equilibrium 
conditions for the pipe yield 

And the creep time is given as 

Where, 

2.2. FORMULATION OF THE PROBLEM AND 
THE INITIAL RELATIONS (THE 
PRESENT WORK) 

Consider a long rectilinear thin-walled pipe of 
circular cross section under creep conditions. Denote 
the diameter of the median surface by Dm and wall 
thichess, which is constant, by h. It is assumed that 
2h<a,. 
The pipe is subjected to torque MT in combmation 
with axial tensile force N and bending moment Mg. 
Under creep, the external load remains constant. The 
ends of the pipe are not restrained, and its 
deformation is free. The material of the pipe is 
homogeneous, isotropic, and incompressible, and its 
initial state is elastic. The time to falure t R ~  of the 
pipe is found using the approach Golub [3] based on 
the concept of equivalent stress as some scalar 
characteristic of the initial stress of the pipe. The 
equivalent stress relates the failure of the pipe under 
arbitrary stress and the failure of a cylindrical 
specimen under uniaxial tension. Therefore, 

Where tx and ot are the time to failure and failure 
stress of smooth cylindrical specimens under uniaxial 
tension; o;,, is the equivalent stress; B and m are 
material constants determined from standard 
uniaxial-tension creep-rupture tests on smooth 
cylindrical specimens. In what follows, we consider 
that for the values of B and m found, the delayed- 
failure patterns of smooth specimens and thin-walled 
pipes are identical. If the standard long-term strength 
curve has breaks, then the values of B and m are 
calculated for each section of the curve. 
The combination of torsion, tension, and bending 
induces plane stress in thin-walled pipes. A mixed 
delayed-failure criterion in the form Golub [15] is 

nu,, +( l -a)s ,  foru, >u2>0, u9=0 
CW" = 

2 + ( 1 - )  for u, >0,u2 = O , ,  u,<O 

(9) 
can be used as equivalent stress oep, .This criterion 
accounts for the signs of the principal stresses and 
relates the maximum normal stress am,, 

u- = 0, (10) 
the intensity of tangential stresses, 

the double maximum tangential stress 27-, 

2r- =u, -u2 (12) 
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and the octahedral tangential stress bet, 

where B, and a2 are the principal normal stresses (a, 
> 0, ); and a and p are experimentally determined 
material constants reflecting the effect of the mode of 
plane stress (a2 is any nonzero second principal 
stress). When thin-walled pipes are subjected to 
torsion in combination with both tension and 
bending, the signs of the principal stresses coincide. 
Substituting the fust relation in (9) into Eq. (8) and 
taking (10) and (11) into account, we obtain an 
equation for the time to failure in terms of principal 
stresses 

which in fact determines the time of occurrence of 
local failure. 
Substituting the second relation in (9) into (8) and 
taking (12) and (13) into account, we obtain an 
equation for the time to failure when the signs of the 
principal stresses are opposite: 

These times in fact specify the moments of 
occurrence of local failure. 

2.2.1 BAJLURE UNDER TORSION AND 
BENDING 

Consider a rectilinear thin-walled pipe with end 
plates under torque M7 and bending moment MB .We 
assume that the pipe is long. The plane stress state in 
the median surface of the pipe is membrane and 
statically determinate. The equilibrium conditions 
yield 

Taking the following notation, 

isb and are the bending and torsional stresses, and p 
is the dimensionless parameter, a measure of 
variation in stress state of the thin-walled pipe under 
torque. 

Substituting Eq. (16) into Eq. (15) yields the time to 
failure. 

(19) 
And the material constant p can be determined kom 
the relation in [15] as 

where TT and at are the experimentally determined 
average (in view of the statistical properties of the 
materials) long-term strengths, at the same time to 
failure, for a thin-walled tubular specimen under 
torsion and tension. Eqs. (19) and (20) are identical 
to Eqs. (5) and (6), instead of (p) the parameter (v) is 
appeared. 

2.2.2 FAILURE UNDER TORSION, TENSION 
AND BENDING 

Consider a rectilinear thin-walled pipe with end 
plates under a torque MT and both axial load N and 
bending moment MB .We assume that the pipe is 
long. The plane stress state in the median surface of 
thepipe is membrane and statically determinate. The 
equilibrium conditions yield 

Substituting Eq. (21) into Eq. (15) (taking in 
consideration that a2 in Eq. (15) is any nonzero 
second principal stress). Yields the time to failure as; 
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Where v and p are the dimensionless parameter, a 
measure of variation in stress state of the thin-walled 
pipe under torque, according to ob ob and T, the 
tensile, bending and torsional stresses respectively 
(Eqs. 7 and 17). 
The material constant fi is determined from [15] as: 

(24) 

where z~ and at are the experimentally determined 
average (in view of the statistical properties of the 
materials) long-term strengths, at the same time to 
failure, for a thin-walled tubular specimen under 
torsion and tension. The other notation coincides 
with that adopted in (7), (17), (21) and (23). 
Substitute in Eqs. (23) and (24) with v=O and p= 0 
(i.e. pipe is under torsion only) yields to the same 
eqs. (2) and (3) respectively. Substitute in Eqs. (23) 
and (24) with v=O yields the same Eqs.(l9) and (20) 
respectively. Otherwise substitute in Eqs. (23) and 
(24) with p=O yields the same Eqs.(5) and (6) 
respectively (i. e. the same work of Golub [3]). 

3. RESULTS AND DISCUSSION 
The time to creep failure of thin-walled pipes under 
torsion combined with both axial load and bending is 
introduced in the previous section. These analytical 
are concerned with long rectilinear thin-walled pipe 
in order to predict the time failure of the pipe 
accordmg to the parameters of the stress state as well 
as the torsion of the pipe. The used materials 
properties are shown in Table 1. 
The creep failure time for the different materials 
(Table 1) versus torsion is shown in Fig. 1, after 
using Eqs. (2 and 3). The Alloy 81437B at 600 "C 
gives much higher failure time compared by the other 
materials, for the sarqe torsion value, which is almost 
38 times for Alloy E1437B at 700 "C, 24.5 x 10' 
times for Alloy 8 1 4 3 7 ~  and 2 3 . 5 ~  lo7 times for Steel 
1Kh13N16B. The reason for such behavior is that the 
material has the lowest value of material constant (B) 
compared by the other materials (see Table 1). 
The creep failure time for the different materials 
(Table 1) versus torsion is also studied for stress state 
torsion and tension (i.e. Eqs. (5 and 6)), Fig. 2. The 
failure time for Steel 1Kh13N16B is much lower 
than the failure time for the other materials, is almost 
5x10'~ times the value of the failure time for Alloy 
814378 at 600 OC. This behavior is due to the lowest 
value of constant B for Steel lKh13N16B. 
Fig. 3 shows the results obtained for the failure time 
versus the torsion for pipes under torsion and 
bending (Eqs. 19 and 20). The Alloy 8 1 4 3 7 ~  at 600 
"C has the highest failure time; as expected; 
compared by the other materials. 

The failure time as a function of torsion (T) for pipes 
under torsion as well as tension and bending is shown 
in Fig. 4. The results obtained from Eqs. (23 and 24) 
for materials in Table 1. The failure time is much 
bigher for Alloy 8 1 4 3 7 ~  at 600 "C compared with 
the other materials for the same amount of torsion. 
This was expected but which is not expected is the 
value of such higher amount, is almost 2.5 times for ' 

alloy 81437B at 700 "C. This reason for such 
behavior is that the amount of tension and bending 
parameters (v and p) for both materials is almost 
closed. 
The results demonstrate similar general trends 
between Figs 1-4, except that the values are different 
due to the difference in stress state. Figs. 5-8 show 
the failure time as a function of torsion (7) for 
different stress state, separately as specific material 
(Table 1). The failure time for alloy E1698VD is 
shown in Fig. 5 for pure torsion, torsion and tension, 
torsion and bending; and torsion as well as tension 
and bending. The failure time decreased as pipes 
stressed by tension, bending or bending with tension; 
besides to the torsion (7). Fig. 6 gives the failure time 
as a function of torsion (T) for steel 1Kh13N16B 
under pure torsion, tension and torsion, bending and 
torsion as well as tension, bending and torsion. It is 
worth mentioning that, in increase of torsion with 
constant of v or p, is required increasing in tension 
load or in bending moment respectively (see Eqs. 7 
and 17). This resulted a low failure time with 
increasing torsion, especially, when the pipes 
stressed with torsion as well as tension an! bending. 
The failure time versus torsion for alloy E1437B at 
600 "C and at 700 "C is shown in Figs. 7 and 8 
respectively. The failure time reached very low 
values as the applied torsion increased to about 9 
MPa and 10 MPa for alloy 8 1 4 3 7 ~  at 600 "c and at 
700 "C, respectively. The failure time for pipes under 
torsion as well as tension and bending is much lower 
than the failure time for pipes under only torsion; 
which is almost 0.6 times, 0.05 times, 0.04 times and 
0.55 times the failure time of pipes under torsion for 
alloy 8 1 6 9 8 ~ ~ ,  steel lKh13N16B and alloy k1437B 
(600 "C - 700 OC) respectively (see Figs. 5-8). 
Moreover, the results demonstrate similar general 
trends between Figs. 5-8, except that the values are 
different due to the difference in stress state. 

4. CONCLUSION 
The time to failure for thin-walled pipes under 
torsion as well as axial load and bending was 
calculated throughout the delayed-failure models. 
There are good agreements between the results of the 
present work in calculating the failure time and the 
results in Golub et al. [3]. This work presents 
mathematical models c a t  can be used to calculate the 
failure time for any rectilinear thin-walled pipes 
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under torsion as well as axial load and bending. 
Results for failure time of pipes which are made of 
different kind of steels are presented and compared 
with the results which are calculated using the 
analysis of Golub [3]. In this paper, the equivalent 
stresses are used in the form of mixed delayed-failure 
criterion relating the maximum normal stress and the 
intensity of tangential stresses and containing one 
material constant. The failure criterion chosen has 
been tested for a plane stress state with principal 
stresses of opposite sign. The present work could be 
applied to any material and any thin-walled tube with 
different dimensions which makes the analysis a 
basic step for computer aided creep failure. 
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Fig. 1 The relationship between the torsion and the. failure time for Alloys shown in Table 1. 
(under pure torsion). 

5 10 20 25 30 l5 r MPa 

I.E+19 - 

Fig. 2 The relationship between the torsion and the failure time for Alloys s h o w  in Table 1. 
(under torsion & axial tension). 

-Alloy e1698V~ - - lKh13N16B - - - ,614378, 6OODC -E1437B, 70O0C 

- Torsion&axial tension 

I 
5 10 15 T MPa 20 25 30 

Fig. 3 The relationship between the torsion and the failure time for Alloys shown in Table 1 
(under torsion & bending). 
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I l.E+00 
5 10 20 25 30 l5 7 MPa 

Fig. 4 The relationship between the torsion and the failure time for AUoys shown in Table 1 
(under torsion & tension &bending). 

i Alloy l?l698VD 

25 15 30 
20 7 MPa 

Fig. 5 The relationship between the torsion and the failure time for Alloy 8 1 6 9 8 ~ ~  
with v and p shown in Table 1. 

2.OE+07 
Steel lKh13N16B 

Fig. 6 The relationship between the torsion and the failure time for Steel 1Kh13N16B 
with v and p shown in Table 1. 
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4.E+17 

Alloy E14378.600 OC 

3 

-all together 
O.E+OO 

Fig. 7 The relationship between the torsion and the failure time for Alloy 8 1 4 3 7 ~  
with v and u shown in Table 1. 

- - v  =0.3 

-all together 

5 6 7 8 9 10 
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Fig. 8 The relationship between the torsion and the failure time for Alloy 8 1 4 3 7 ~  
with v and p shown in Table 1. 
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