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Properties

AbstrAct
Purpose: Purpose of this paper is to identify the influence of loading history and the processes of material 
degradation on the initiation of cracking and on durability under creep and fatigue conditions.
Design/methodology/approach: The aim of the research was to identify the properties of the material of the 
fittings cut out of a start-up pipeline connecting two OP-140 boilers with turbines, as well as to identify the 
reasons of failure of these parts after 100000 hours of operation. Results of the investigations were the basis 
of predicting the lifetime of machine parts and components of devices subjected to complex mechanical and 
thermal influence. Numerical simulation of work conditions was also performed. Problem of life assessment of 
the pipelines is currently the object of interest of many research centers.
Findings: Due to extreme conditions of the start-up pipeline operation, its T-connections are subject to quick 
wear, and their properties determine the operational reliability and safety of the whole pipeline. For the reason 
it is necessary to verify the criteria of pipelines’ durability evaluation applied so far, based on the parameters 
characteristic of the creep process exclusively.
Research limitations/implications: In the case discussed, i.e. a T-connection being a start-up pipeline part, the 
present criteria should be expanded with critical values describing fatigue/corrosion processes.
Practical implications: The paper introduces the results of investigations of the 0.2C-1.2Cr-0.6Mo-0.3V cast 
steel used for parts of live steam pipelines working in power plants. Such parts include, e.g. T-connections.
Originality/value: The paper show the possibilities of numerical models application.
Keywords: Fatigue; Creep-resistance; Working properties of materials and products; Erosion

1. 1. Introduction
The objective of the scientific programmes being carried out 

is to elaborate some evaluation procedures for installations 
operating in the conditions of the power industry units, chemical 
and metallurgical industries. Characteristics of materials used for 
the operation at elevated temperatures, under variable and steady 
loads, are being developed. These characteristics along with an 
analysis of the material condition, stress and deformation 
constitute the basis for the estimation of the period of safe and 
failure-free operation of the installations discussed. The material 
properties can be only determined based on laboratory 
investigations, using special equipment which enables meeting 

appropriate criteria to ensure the maintaining of physical and 
mechanical similarity conditions [1 4]. Development of methods 
of life assessment of the objects working in these industries is 
conditioned by progress in the investigations of the processes of 
fracture, creep, thermo-mechanical fatigue and low cycle fatigue. 

2. Characteristics of the object of 
research

The object of the research was a T-connection operating in a 
start-up pipeline in cooperation of two OP-140 boilers.  
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The pipeline operated at a temperature T=550ºC with the steam 
working pressure p=13,8 MPa. The analyzed start-up pipeline was 
made of 0,13C-0,45Cr-0,55Mo-0,3V steel, while the T-
connection of 0.2C-1.2Cr-0.6Mo-0.3V cast steel. 

The analyzed fragment of the steam pipeline was suspended 
and supported by pipe hangers: elastic, slidable, non-slidable and 
ones of constant force. 

A general view of the pipeline, including the location of the 
hangers, fixtures and service lines to the superheater headers and 
to turbine valve cells is presented in Figure 1. 
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- T-connection
- valve

LEGEND - pipeline  terminal

T-connection selected
to investigation (Fig. 3)

Fig. 1. Scheme of the pipeline route and hangers 

A computational model of the start-up pipeline was built 
based on the technical documentation, taking into account the 
conditions of its operation. 

2.1 Numerical model 

The main objective of the investigations performed in this 
scope was an analysis of effort of the start-up pipeline conducted 
in two stages: 

In the first stage, by applying the finite-element method, 
the distributions of reduced stresses were determined in 

chosen points of the pipeline, treating the pipeline as a 
global object; 
The data from the global analysis, i.e. the values of forces 
and moments determined in the chosen cross-sections of 
the pipeline were used to carry out a local analysis of 
effort of the profile showing the greatest operational wear 
for a given T-connection. 

2.2 Methodology of model research 

The analysis was conducted taking into consideration the 
design features of the pipeline geometry and have not taken 
account of possible discrepancies between the actual geometric 
features of the pipeline elbows and the designed ones. 

The numerical calculations were conducted for two cases: 
a cold state of the pipeline, where pipeline temperature 
T=21ºC and internal pressure equal to the atmospheric 
pressure were assumed, 
a hot state of the pipeline, where nominal parameters of 
pipeline operation were assumed: T=5500C, p=13.8MPa. 

A professional version of the ALGOR’s PipePlus programme, 
licence number AE 27626, was used for the calculations, which 
allows the computation of reduced stresses according to ASME 
standard [4]. Since the method of planning and evaluation of 
pipelines’ durability according to this standard differs from Polish 
Standards, this programme was supplemented with authors’ own 
sub-programmes which make it possible to determine reduced 
stresses in compliance with standards applicable in Poland, based 
on the Huber-Mises-Henky hypothesis. Local values of internal 
forces and pressure in particular points of the pipeline were 
assumed to be the input data for the calculations of the pipeline 
effort. That procedure enabled the determination of reduced 
stresses’ distributions along the pipeline axis according to Polish 
Standards [5,6].

2.3 Results of pipeline effort calculations

The conducted analyses of cold pipeline effort have shown that the 
maximum values of reduced stress fall within the range of 50 60 MPa.  

An analysis of the material effort in a hot state, assuming the 
designed parameters of the pipeline, has shown that in a majority 
of the pipeline points, reduced stresses fall within the range from 
50 to 70 MPa. The pipeline effort in those regions is lower than 
the allowable stress value determined in accordance with [5,6], 
which value for the 0,13C-0,45Cr-0,55Mo-0,3V steel amounts to 
82 MPa at a temperature of 550oC. In the pipeline elbows, the 
stresses exceed the allowable value and fall within the range of 
85-100 MPa. In the elbows discussed, the value of allowable 
stress was exceeded by ca. 18 MPa. The determined stress value 
does not pose a threat to safe pipeline operation, however, one 
may anticipate accelerated material wear in those regions, due to 
the creep process. 

2.4 T-connection effort analysis 

The location of the T-connection is shown in Figure 1. The 
T-connection was subjected to a local analysis of effort in order to 
determine the regions of highest effort. 
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The finite-element method was applied in the calculations of 
effort, with taking into account the mechanical properties 
determined for the current condition of the T-connection material 
at a room temperature (properties of the T-connection in a cold 
state) and at an elevated temperature (properties of the 
T-connection in a hot state, T=5500C). In the calculations, the 
effect of internal pressure was taken into account as well as some 
additional interactions connected with the weight and thermal 
expansion of the pipeline. A computational model was built, 
assuming the real geometric features of a T-connection cut out of 
a start-up pipeline. 
Calculations of the T-connection effort were made for three 
variants of load. 

In the first variant, an evaluation was carried out of the 
pipeline effort in a cold state. The determined in a global 
analysis values of forces and moments affecting the tee 
branches, induced by the pipeline deadweight only were 
assumed. 
In the second variant, the evaluation of effort was 
conducted with assuming steady operational conditions of 
the start-up pipeline. The load consisted here of steady 
internal pressure of 13.8 MPa as well as forces and 
moments affecting theT-connection, coming from thermal 
expansion and pipeline weight. 
The third variant of numerical calculations was prepared 
for a T-connection in a hot state, with taking into account 
only the influence of deadweight and thermal expansion 
of the pipeline. 

The results of calculations in the form of a map of stresses on 
the T-connection’s inner surfaces made for the second variant of 
load are presented in Figure 2. 

2.5 Microstructure evaluation

The microstructural investigations were conducted on a light 
microscope under 100x, 200x and 500x magnification. They 
enabled the detection of the mechanisms of the material surface 
layer degradation. The examinations were conducted on samples 
taken from a T-connection after service (Fig. 3). 

A macroscopic inspection of the T-connection’s inner surface 
has shown intensive degradation which manifested itself in a net 
of random located cracks, ca. 15÷17 mm deep. In the  
T-connection’s lower part, on its inner surface, opposite to the 
steam inlet, a considerable loss of the material was fund 
(grooves). This region underwent intensive erosive destruction as 
a result of a dynamic action of superheated steam. 

As further microscopic observations showed, the 
microstructure degradation was accompanied by intensive 
oxidation. The oxide layers detected were deposited throughout 
the cracks' depth, filling in their whole volume. In the surface 
layer, on the T-connection’s inner surface, disintegration of 
bainitic/pearlitic regions was found as well as matrix 
decarburization in the subsurface zone. At a macroscopic scale, 
the failure process was of a fatigue-corrosion nature. 

The investigations have shown that in the initial phase of the 
destruction process, the mechanism of cracking predominated 
along grain boundaries. Next, after the main crack was shaped, 
the mechanism of transcrystalline failure occurred as well. 

max=96 MPa
100

red [ ]MPa

Fig. 2. Distribution of reduced stresses acc. to the Huber-Mises-
Henky hypothesis in a T-connection in a hot state, for the second 
variant of loading 

Fig. 3. Fragments of T-connection prepared for sampling 

3. Conclusion
An analysis of the T-connection’s effort made for a pipeline 

in a cold state (variant 1), with assuming the designed parameters 
of pipe hangers, has shown an insignificant influence of the 
pipeline on the value of stresses in the investigated part. The 
maximum value of reduced stresses on the T-connection’s outer 
surface amounted to ca. 4-6 MPa, whereas the stresses on its inner 
surface achieved 3-4 MPa. 

The calculations of stress distributions in the T-connection, 
made for steady operational conditions of the pipeline (variant 2), 
have shown that the reduced stress on the T-connection’s outer 
surface achieved the value of ca. 30 MPa, whilst the maximum 
stress on the inner surface amounted to 96 MPa (Fig. 2). The 
stresses discussed exceeded the permissible value (creep 
resistance) Rz(100000)=88÷92 MPa (for T=5500C). In these regions 
of the T-connection, one may anticipate accelerated material wear 
as a result of creep. This, however, refers only to a very small 
region. An analysis of effort conducted for this variant of load has 

3.		conclusions

2.5.		Microstructure	evaluation



Short paper222 READING DIRECT: www.journalamme.org

Journal of Achievements in Materials and Manufacturing Engineering Volume 18 Issue 1-2 September–October 2006

shown that, similar to the cold state, the pipeline deadweight and 
thermal expansion had an insignificant influence on material 
effort, which may testify to a correct design of the pipeline route 
and of the system of pipe hangers. 

The results of numerical calculations have shown that the 
maximum reduced stress achieved the value of red=96 MPa, 
which is considerably lower than the yield point of this material, 
i.e. Re(550)=242 MPa. Thus, the stress values determined are not 
dangerous for the investigated material working under static 
loads. However, due to dynamic changes of temperature, there is 
a threat of T-connections destruction resulting from thermo-
mechanical material fatigue [7 9]. This is corroborated by the 
microstructural investigations which have clearly shown that 
cracking occurred under variable temperature conditions, thus 
inducing a cyclic change of stresses, where the stresses were close 
to the yield point or exceeded its value. This process was 
supported by a strong action of the corrosive environment [10,11]. 
In order to take into account the influence of non-steady states on 
the T-connection’s effort in its entire operation cycle, it would be 
necessary to determine the maximum stresses which occurred 
during the pipeline start-ups and shut-downs. When evaluating the 
pipeline durability, stresses induced by the temperature gradient 
throughout the T-connection wall thickness will be of decisive 
significance. This conclusion corroborates the necessity to verify 
the criteria of pipelines’ durability evaluation applied so far, based 
on the parameters characteristic of the creep process exclusively. 
In the case discussed, i.e. a start-up pipeline, the current 
standardized criteria should be expanded with criteria of 
fatigue/corrosion processes [12 15].
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