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Mechanical processing of Chromium-nickel steel machining (cutting, pressure treatment) is impossible without 

taking into account their short-term creep and ductility properties. The purpose of this work is to study the forma-

tion and deformation development under short-term creep and constant effective stresses. The results of experimen-

tal tests of chromium-nickel steel 12Kh18N10Т for short-term creep at room temperature are presented. A distinc-

tive feature of the tests is the short-term creep in a wide range of stresses study: from the initial creep limit to the 

material destruction. The experiments were carried out under conditions of a stepwise increasing load (liquid pres-

sure in a closed pipe) at a constant intensity of true stresses at each stage. It is shown that the conditions for changing 

the load, which ensure the constancy of the stress intensity, are violated at a sufficiently high voltage. Methods for 

separating the deformation into a plastic component and a component from short-term creep are proposed, which 

can be used both under conditions of stepped loading and under continuous loading. Examples of the occurrence 

and deformation development during short-term creep under conditions of decreasing stress are given.
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Introduction

The viscoplastic properties of chromium-nickel steels 

have a significant impact both on the process of manufac-

turing parts from these materials and on the properties of 

products made from them due to their high toughness and 

ductility [1–3]. Quite a large number of works have been de-

voted to the study of the viscoplastic properties of such steels. 

However, the range of issues studied in these works is quite 

wide. These are plastic properties, high-temperature plastic 

properties, and short-term creep. An important direction 

among these issues is the study of the interaction between 

the creep and plasticity [4–6], but the number of scientific 

papers devoted to these topics is currently limited. At the 

same time, taking into account these properties in the manu-

facture and operation of parts is extremely important [7–9].

Understanding the creep process is important in the 

under pressure operation of thin-walled parts, when high 

pressure acting on a thin-walled product made of plastic 

material contributes to the creep phenomenon formation 

[10–12]. Understanding the laws and creep behavior knowl-

edge allows you to calculate thin-walled parts under pres-

sure operation time or other technological load. It should 

be noted that the formalization of this problem will make 

it possible to understand under what operational loads the 

creep phenomenon will take place [13, 14]. In addition, ex-

perimental studies of viscoplastic properties are of interest for 

the development of viscoplastic materials theories and their 

empirical confirmation [15–17].

The authors show that the viscoplastic deformation at 

a high level of total inelastic deformation is comparable in 

magnitude to the instantaneous plastic deformation, so it 

should be taken into account in some metal forming tech-

nologies [18–20]. At the same time, the dependence of the 

viscoplastic component on the total inelastic deformation 

at small deformations in the range of 0.002–0.25 does not 

depend on the type of stress state of the material [21, 22]. 

When studying creep, it is necessary to take into account the 

complex stress state, because it is most often encountered 

in practice. Authors of [23, 24] show that when assessing 

creep damage and taking into account the complex stress 

state in the model to the material gives greater accuracy  
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in comparison with the uniaxial model. Similarly, it is noted 

in [25, 26] that, in the case of biaxial and triaxial stress states, 

a different creep pattern is observed in the sample material. 

During intermittent tests, the voids formation at the grain 

boundaries is observed. It is shown that creep makes a sig-

nificant contribution to the sample destruction process and 

affects its mechanical properties.

The works [27–30] among of the constant stress creep 

works. Its authors note that temporary effects (creep) take 

place at room temperature.

A study of the mechanical characteristics of steels with a 

high chromium content shows [31, 32], that the creep resist-

ance is positively influenced by the high tungsten content. 

This is due to the separation of the Laves phase for chromium 

steels with the addition of tungsten. However, the addition 

of tungsten at high temperatures (~ 600 °C) reduces the steel 

ductility. In addition, for the investigated chromium steels, 

the plasticity characteristics are unstable at a temperature 

of 650 °C for a time exceeding 10,000–30,000 hours. The 

reasons for this behavior are not given in the article. In works 

[33–35] the authors conducted a study of a large number 

of pipe samples. As a result of the studies carried out, it was 

recorded that during tests lasting less than 30,000 hours, a 

fairly ac-curate prediction of failure is possible. The authors 

also conducted a comparative analysis of the creep character-

istics behavior for different materials. Exploring the process 

of deformed materials unloading in stress-strain coordinates 

the authors [36–38] showed that different materials have dif-

ferent behavior patterns. So for low-carbon steels, unloading 

follows a curvilinear law. For aluminum alloys (duralumins) 

the unloading follows a linear law. In works [39, 40] the au-

thors carry out modeling of metal behavior at small deforma-

tions. The modeling results are verified experimentally by 

the authors. The small plastic deformation theory developed 

by the authors allows an asymptotic solutions under load-

ing at a constant strain rate. A new measure of sensitivity to 

the strain rate is proposed, which is independent of the stress 

level. The authors determined empirically for nickel steels the 

value of the time to failure during testing under conditions of 

a complexly deformed state [41–44]. The authors noted that 

the issues discussed in the articles require additional research. 

A detailed analysis of the work is given in the reviews [45, 46].

The works related to the study of plastic behavior and 

plasticity characteristics of nickel alloys and nickel-con-

taining steels showed that there are a number of issues that 

require clarification. An important issue in this case is under-

standing in which case creep is characterized by a viscoplastic 

component of deformation, and in which case it is viscous.

The purpose of this work is to investigate the process 

of plastic deformation and short-term creep of chromium-

nickel steel at different levels of true stresses in the range 

from creep limit to material destruction and to determine 

the patterns of creep deformation using the data obtained.

Materials and Methods

Cylindrical tubular samples for short-term creep tests 

were cut from seamless seamless pipes made of 12Kh18N10Т 

steel and belonging to the same production batch. When set-

ting up the experiment, we used the statistical method of 

multifactorial planning [47, 48].

Sample dimensions are: outer diameter dex0 = 26.4 mm; 

wall thickness t0 = 0.3 mm; the difference in wall thick-

ness does not exceed 0.01 mm; the working section sample 

length equal to its 7–8 diameters. The mechanical properties  

of the sample material according to the certification were  

�0.2 = 325 MPa, "�= 45%,�� = 60%. The nominal compo-

sition of the 12Kh18N10T chromium-nickel steel used in  

this study is shown in Table 1.

An MP-2500M deadweight gauge was used for testing, 

(Fig. 1). The deadweight gauge was used to create internal 

pressure in a tubular sample until the sample was destroyed. 

The screw press of the gauge 5 makes it possible to change the 

pressure value in the sample smoothly and with high accu-

racy when it is loaded. As can be seen from Fig. 1, to control 

the pressure in the sample, an exemplary (increased accu-

racy) gauge 2 is installed in the left socket of the deadweight 

pressure gauge, and the test sample 6, assembled with grip-

pers, is installed in the right socket. Free access to the sample 

makes it easy to measure its diameter at any time of testing 

with a micrometer without removing the sample from the 

grips. During testing, the outer diameter of the sample was 

measured under pressure (when the sample was unloaded) 

after each subsequent stage of loading. Therefore, the influ-

ence of the elastic component on the indication of the value 

of plastic deformation and deformation from short-term 

creep was excluded. The axial component of deformation in 

the realized stress state (loading of a pipe with closed ends 

by internal pressure) is equal to zero. The wall thickness of 

the sample, corresponding to the measured outer diameter 

of the sample, was calculated from the condition of volume 

constancy.

The desired pressure value in sample 6 is obtained in 

two steps. At the first stage, with a hand pump 8 and opened 

valve 7, the system is filled, and the pre-pressure is reached 

in the sample. After that, valve 7 closes, and the exact pres-

sure is set by screw press 5. Measuring column 3 is discon-

nected from the hydraulic system by valve 4 throughout the 

experiment.

The pressure in the sample is released by opening  

valve 1.

The experiments were carried out at room temperature 

20 °C.

Test samples were cut off in pairs from the central part of 

the pipe and were adjacent parts of the pipe. During testing, 

both samples were loaded with internal pressure until the 

stress exceeded the creep limit strength of the material, then 

Table 1. The chemical composition of the 12H18N10Т chromium-nickel steel used in this work (mass, %)

С Si Cu Mn Ni Ti P Cr S

0.11 0.8 0.3 2.0 10.0 0.7 0.035 18.1 0.015
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they were loaded step-wise. The loading program made the 

same stress for each sample from the pair at each step as well 

as the same number of steps. The first sample from each pair 

was held under loading at each stage with a time delay of 1 s; 

the second sample from each pair was kept under load at 

each stage for 5 min. Step loading continued until the sample 

destroyed. The total number of steps during loading of one 

sample ranged from 18 to 25.

Results and Discussion

In the literature, sometimes ambiguous definitions of the 

deformation associated with the creep phenomenon are took 

place. Therefore, the definitions and hypotheses used in the 

article are given below. When describing the studies carried 

out, the definitions of “instantaneous plastic” and “viscous” 

deformations are understood as follows: viscous deformation 

is a deformation that develops over time at room (or elevated) 

temperature and constant stress [34]. Plastic deformation 

is a deformation that the sample obtains when the stress 

increases from raising the load between loading stages and 

holding it at the last stage for one s. Viscous deformation is 

the deformation that accumulates in the sample at the next 

stage of loading when holding it for five min. of constant 

stress. In this case, a step is a certain level of stress at which 

the sample is held for some time (in our experiment, this is 1 s 

and five min.). This time-exposure is done to study the vis-

cous deformation buildup that accumulates from short-term 

creep. Comparison of the value sample material deformation 

value at each loading stage at an time-exposure of 1 s and an 

exposure of five min. will allow us to estimate the ratio of 

these deformations and determine the dependence of viscous 

deformation on the stress level in the material. Since “purely 

viscous” (hereinafter simply “viscous”) deformation, as an 

independent component of inelastic deformation, does not 

actually occur, the main hypothesis about an elastoviscoplas-

tic body [34] will be presented as follows:

(1)

where        and        are components of elastic and plastic de-

formations;          are additive components containing viscous 

and plastic deformations.

The process of formation or accumulation of viscous (or 

viscoplastic) deformation will be defined as a creep behavior. 

For our purposes, it is rational to consider viscoplastic de-

formation as consisting of viscous and plastic components, 

which will allow us to estimate the ratio of these deforma-

tions and determine the dependence of viscous deformation 

on the stress level in the sample material.

A distinctive feature of the tests is the study of short-term 

creep in a wide range of stresses: from the creep limit to the 

destruction stress.

Formulas for finding stresses in the wall of a thin-walled 

tube were derived from the condition of a tube with closed 

ends and under internal pressure stressed state. In this case, 

the radial stress was taken equal to the average over the wall 

thickness, in which the radial stress on the outer side is equal 

to zero, and on the inner side it is equal to the pressure. The 

wall thickness small value allows us to consider the diagram 

of radial stress along the wall thickness as linear, while the 

Fig. 1. Schematic diagram of the MP-2500M deadweigh gauge: 1 – drain valve; 2 – standard pressure gauge;  

3 – measuring column with loads; 4 – measuring column check valve; 5 – screw press; 6 – test sample;  

7 – hand pump check valve; 8 – hand pump.
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average stress is equal to half the pressure. For other stresses, 

the coefficient ½ appears when deriving formulas from the 

condition above. 

Stresses in the sample are following – axial �z, ring �>�

and radial �r correspond to the state of the pipe with closed 

ends, under the internal pressure p and were calculated by 

the formulas:

                                                                    ,                                 (2)

               

where dad and t are current average diameter and sample 

 wall thickness.

In the two-dimensional space of stress �1�2 by Prager-

Ilushin

                                                                                                      (3)

The load path corresponding to stresses (2) will be de-

termined:

                     
   

 ,                                                   (4)

In the corresponding strain space Е1Е2:

                     ,                                                                                              (5)

The strain path is represented by the equations:

              ,                        (6)

where�$� is ring logarithmic deformation;

dcd, did0 are current and initial external diameters of the 

sample.

Thus, applying the parameters by Prager-Ilushin 

the universal values of strain and strain conditions are: 

streintensity                             and deformation intensity

                           here are following:

(7)                                                         (8)

The functional dependencies for processing experimental 

data were obtained above while the experiment itself 

was carried out according to the procedure described in 

Section 2. Paired samples were selected from a series of 

products and tested on an experimental setup. One sample 

was subjected to loading with time-exposure at a step of 1 s, 

and the second sample – 5 min.

Paired samples deformed when the internal pressure in-

creased in it. In this case, the entire range of stresses arising 

from pressure was divided into steps (stages) according to 

intermediate values.

The first sample, upon reaching the specified pressure at 

the stage, was held for one second, unloaded to measure the 

outer diameter and then loaded again up to the stress at the 

next stage, and so on. Based on the results of these tests, a 

deformation curve was built, or the so-called instantaneous 

load diagram                    . 

The second sample was loaded as follows:

1. Loading up to p0 – pressure corresponding to a given 

stage, exposure for one second and unloading; d0, t0 are as-

sumed to be initial sizes. The stress intensity calculated ac-

cording to (7) is taken as the nominal

                                                                                                       (9)

2. Loading up to p0 and reducing the pressure during  

the first minute to p1 so that            kept unchanged, that is:

                                                                                                      (10)

From (9) and (10) with the account of 

           and condition of volume stability (at ?z = 0) 

                      .

Similar actions are carried out during every minute of the 

entire time period.

Thus, summarizing, we get

                              (i = 1, 2, … , 5).                                           (11)

So to keep         constant, the pressure decrease according 

to (11).

It was previously mentioned that at each stage the stress 

intensity was kept constant for five minutes. Unloading after 

one minute is needed to control the deviation of the actual 

stress intensity from the nominal value.

Fig. 2a shows a diagram                  of а creep tests  

at a single load stage with     , where  and       

the intensity of stresses and deformations in the creep area 

“BC”. The curve shows that at the flat area BC the stress is 

constant, while the deformation continues. As the diameter 

of the pipe changes because of the deformation, the pressure 

in pipe changes. The graph in Fig. 2b shows how the pressure 

in the sample must change during five minutes of holding on 

the stage in order for the stress intensity to remain constant 

(“BC” section in Fig. 2a to remain horizontal).

The number of such loading stages that the sample meet 

during testing before its destruction was 18–25. The total 

number of tested samples was more than fifty. Fig. 3 shows 

samples before and after testing.

Fig. 4 shows the deformation diagrams of paired sam-

ples     . It is based on the test results of sample under 

instantaneous loading (T = 1 s at each stage); graph 2 – for 

a paired sample tested with a time delay T = 5 min (with 

                      ). The lines of unloading and subsequent loading to 

the initial pressure, are not shown here, as it was in Fig. 2a. 

Table 2 shows part of the testing results thin-walled chro-

mium-nickel steel tubes using a deadweight gauge. Loading 

was performed in steps, as described in section 2. Materials 

and Methods. The data are given for three stages of initial, 

intermediate and final, before the destruction of the sample.

The diagram  instantaneous loading for the 

gap  was approximated by a power law 

,                                                      (12)       
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Which was used further to determine viscous defor-

mation at significant deviations of the parts of the diagram 

from the horizontal line.

The results of testing a paired sample with a change in 

pressure according to formula (12) for five minutes reveal 

that in the first ten to eleven steps the maximum deviations  

to   do not exceed 0,66 %. The graph parts   

 are horizontal, and they can be considered as 

representing creep states at                      . At subsequent steps, 

the creep areas (on the curve) acquire an increasing slope and 

a difference in the end and start points ordinates. Depending 

on the stress level at these steps, the deviations         is equal 

to 1,23–3,42 % of             .  

Since viscous deformation does not cause hardening, the 

increment     is due to the appearance of a plastic compo-

nent of deformation, the value of which can be determined 

Fig. 2. Creep test at                  : А – end of the previous stage, АВ – instantaneous loading to the next step, ВС – creep state, 

where 1, 2, 3, 4, 5 – points characterizing the stress-strain state at the end of the 1st, ..., 5th minute, С – the end of the 

stage, СD – instantaneous loading to the next step (a); pressure change graph on BC (b)

(a) (b)

' � const

p p T� � �

Fig. 3. The samples with the clamping grapples before the 
test (a); coupled samples, where the left one is tested 
by the instantaneous load, and the right with 5 min time-
exposure (b, c)

(c)(a) (b)

Fig. 4. Doubled samples deformation diagrams of:  
1 – is instantaneous load (time-exposure 

T = 1 s at every stage); 2 – load at 

with load change according to (12) during 

T = 5 min.; 3 – the specified graph , 

• are points of the specified graph).
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using the diagram of instantaneous loading of a paired sam-

ple. According to the diagram in Fig. 5 viscoplastic defor-

mation on kth stage will be:

                                     , (13)

where        and       are anelastic deformation after the end  

of stages k-1and k, correspondingly;                   is momentum 

plastic deformation at transition onto kth stage.

With the help of (13) values of plastic deformation are 

determined  at                                     and                    . Their differ-

ence is a plastic component at the given stage is:

                                       (14)

The value of viscous deformation will be equal to:

                                                   
(15)
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Conclusion

The work carried out to study the plastic behavior and 

ductility characteristics of nickel steel 12Kh18N10T made 

it possible to clarify a number of issues. One of the impor-

tant results of this work was the understanding in which case 

creep is characterized by a viscoplastic component of defor-

mation, and in which by viscous one.

As a research result, the following conclusions have been 

established that the condition for maintaining a constant 

stress intensity (����BCD�E) at each loading step is observed 

up to the level of inelastic deformation                         .    . 

In this case, the creep deformation is represented only by 

the viscous component. At higher values     , possibly due to 

an increase in microdamages and a decrease in the effective 

cross-sectional area, an increase    , and the creep process is 

characterized by the viscoplastic deformation component.
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