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Chromium-nickel steel machining (cutting, pressure shaping) is impossible without taking into account their vis-

cosity and plasticity. The purpose of this paper is studying formation and evolution of viscous deformation in short 

creep at constant effective stress. Experimental test results of chromium-nickel steel Kh18N10Т short creep at room 

temperature have been given. The distinctive feature of the tests is studying the short creep in a wide range of stress: 

from the initial yield limit till fracture stress. The experiments were conducted in incrementally increasing load (flu-

id pressure in a closed pipe) at constant rate of constant effective stress at every stage. It has been demonstrated that 

the lay-down conditions of the load change, providing constancy of true stress intensity, are violated at rather high 

stress. The data obtained can be used in engineering calculations and design, as well as in the development of new 

metal processing technologies. Effective methods for analyzing deformations have been proposed, which make it 

possible to separate them into the plastic component and deformation due to short-term creep. These methods can 

be successfully applied both under conditions of stepwise loading and under continuous loading. Interesting results 

include confirmation of the hypothesis about the similarity of creep curves with sufficient accuracy for practical use. 

This opens the door to more efficient management of materials under variable load conditions, and provides engi-

neers and designers with valuable tools to optimize processes and improve structural reliability. Additional studies 

also consider examples of the occurrence and development of deformations during short-term creep under condi-

tions of reduced stress. This allows for a better understanding of the mechanisms underlying these phenomena and 

the development of more effective deformation prevention strategies in various engineering applications.

Key words: short creep, viscous deformation, incrementally increasing load, creep at constant effective stress, vis-

coplastic deformation.
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Introduction

High plastic properties are especially important in the 

case of manufacturing thin-walled parts [1]. An example of 

such products are heat exchanger tubes. In the design of heat 

exchanger tubes, the wall thickness is the most important 

factor. Reducing this parameter improves heat transfer. 

High plastic properties also contribute to the techno-

logical possibility of manufacturing such parts from these 

materials. In turn, to obtain the minimum wall thickness of 

such products, it is necessary to take into account not only 

the behavior of the plastic deformation of the material, but 

also the properties of its creep [2–4]. 

Chromium-nickel steel plastic deformation related works 

are still being carried out. They show that the plastic defor-

mation of this material is quite complex. For example, in 

papers [5–8] show that plastic deformation can be accompa-

nied by creep at low temperatures as well. Traditionally, creep 

in the material of various construction elements is studied 

at elevated temperatures [9–12]. But here it is necessary to 

take into account the fact that structural elements operate 

at stresses below the creep point of the material [13–15].  

At stresses higher than the creep limit, as experiments show, 

in addition to plastic deformation, which is the result of 

a stress increase, there is a component arising from creep 

(develops at constant stresses). This, among other things, 

determines the complex nature of the plastic deformation of 

nickel alloys. The authors of the work [5] conducted experi-

ments on tubular specimens of chromium-nickel steel under  
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conditions where the stress magnitude in the material was 

above the creep limit. The results of the research showed that 

for all the material stress states occurred in the experiments  

and for the stresses above the material creep limit, when hol-  

ding the samples under load for a short time, a viscous compo-

nent of deformation appeared due to short-term creep [16]. 

The work [17] among of the first to the constant stress 

creep works. Its author notes that temporary effects (creep) 

take place at room temperature.

Subsequently, time effects at room temperature were 

studied experimentally by other researchers [18–22]. In these 

works, the authors studied the influence of various factors on 

the creep characteristics and developed models that make it 

possible to predict the viscoplastic deformation magnitude 

depending on the material stress state, as well as the effect 

of creep on the mechanical characteristics of the material. 

In papers [23–25] creep is taken into account at large 

plastic deformations. In some works, when studying the creep 

limit, inelastic deformations were determined, the appearance 

and accumulation of which contradicted the plasticity theory. 

In this regard, in [26–28], after analysis of some experimental 

works on the construction of creep surfaces, it was carried out 

that it is necessary to a take into account time effects. In other 

words, it was suggested that short-term creep may affect the 

results of the experiment. In addition, the issues of correlation 

and mutual influence of viscous and plastic deformation have 

not received a thorough explanation. Experimental work on 

the study of short-term creep will benefit the development of 

the viscoplastic deformation of materials theory [5, 29, 30]. 

The use of calculation models developed based of experimental 

data. It allows taking into account the creep effect, which is 

important since they are used in calculating the operating 

parameters of real machines [31, 32]. The papers show that 

taking into account the creep phenomenon in calculations 

when working in high-temperature conditions makes it possible 

to increase the fault tolerance of equipment and accurately 

determine its service life. The interrelation of the changes in the 

microstructure occurring at high temperatures (change in grain 

size, recrystallization) and the creep process is noted. [33–36].

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 samples of steel Kh18N10T-VD (Russian 

designation) were cut from seamless and weldless pipes 

belonging to the same manufacturing batch. When setting 

up the experiment, the statistical method of multifactorial 

planning were used [36]. Sample dimensions are the fol-

lowing: external diameter dex0 = 26.4 mm; wall thickness  

t0 = 0.3 mm; the difference in wall thickness does not ex-

ceed 0.01 mm; the working section sample length equal  

to its 7–8 diameters.

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

The schematic diagram of this pressure gauge is described 

in detail in [37]. 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 pres-

sure until the stress exceeded the creep limit strength of the 

material, then they were loaded stepwise. The loading pro-

gram made the same stress for each sample from the pair at 

each step as well as the same number of steps.

Results and Discussion

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. We detailed 

the sequence of derivation of these formulas in [37]. The 

intensity of stress and intensity of deformation will be cal-

culated by us as:

      (1)

                                          

     (2)

The functional dependencies for processing experimen-

tal data were obtained above while the experiment itself was 

carried out according to the procedure described in Sec-  

tion 2 and [37]. 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 were deformed when the internal pressure 

increased in them. In this case, the entire range of stresses 

arising from pressure was divided into steps (stages) accord-

ing to intermediate values.

Fig. 1 shows the deformation diagrams of paired sampl

es                             . This figure is built 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. 

A part of the testing results for thin-walled chromium-

nickel steel tubes using a deadweight gauge are shown in 

the Table 1. Loading was performed in steps, as described 

in the section “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

                                                               
 ,                                      (3)

We provided detailed calculations of viscoplastic defor-

mation          for steps where the maximum deviations          from 

           do not exceed 0.66 % (the first 10–11 steps) in [37]. In 

this part of the work we will calculate those steps where the  

deviation              from           exceeded 0.7 %. Using found  

values         , the points characterizing the stress-strain state at the 

end of the stage were specified (see below diagram 3 in Fig. 4).
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Fig. 1. Paired samples deformation diagrams:  
1 –                      is instantaneous load (time-exposure 

T = 1 s at every stage); 2 –                        load at       with 

load change according to (11) during Т = 5 min;   

3 – the specified graph                      ; 

• are points of the specified graph.

� � const

�

Table 1. The tested sample (did0=26.28 mm, t0=0.30 mm) experiment data 

(The time-exposure at every stage in creep conditions T = 5 min,                    )

Load stage 
number

T,
s, min

p,
MPa

did,
mm �� �r

t,
mm

�2,
MPa

E2 � ,
MPa

1

1 s
1 min
2 min
3 min
4 min
5 min

10.80
10.77
10.75
10.74
10.73
10.72

26.503
26.593
26.603
26.610
26.616
26.621

0.0084
0.0118
0.0122
0.0125
0.0127
0.0129

-0.0084
-0.0118
-0.0122
-0.0125
-0.0127
-0.0129

0.2975
0.2965
0.2964
0.2963
0.2962
0.2962

412.0
413.5
413.1
413.0
413.0
413.1

0.0098
0.0137
0.0141
0.0144
0.0147
0.0149

0.0098
0.0137
0.0141
0.0144
0.0147
0.0149

412.0
413.5
413.1
413.0
413.0
413.1

13

1 s
1 min
2 min
3 min
4 min
5 min

13.00
12.95
12.93
12.91
12.91
12.90

28.520
28.681
28.750
28.788
28.818
28.835

0.0818
0.0874
0.0898
0.0911
0.0922
0.0928

-0.0818
-0.0874
-0.0898
-0.0911
-0.0922
-0.0928

0.2764
0.2749
0.2742
0.2739
0.2736
0.2734

575.1
579.6
581.3
582.3
583.2
583.7

0.0945
0.1010
0.1037
0.1053
0.1065
0.1071

0.0945
0.1010
0.1037
0.1053
0.1065
0.1071

575.1
579.6
581.3
582.3
583.2
583.7

18

1 s
1 min
2 min
3 min
4 min
5 min

13.80
13.65
13.57
13.53
13.50
13.49

31.312
31.863
31.988
32.057
32.093
32.121

0.1752
0.1926
0.1965
0.1987
1.1998
0.2007

-0.1752
-0.1926
-0.1965
-0.1987
-0.1998
-0.2007

0.2518
0.2474
0.2465
0.2459
0.2457
0.2454

737.1
755.0
756.7
757.6
758.1
758.8

0.2023
0.2224
0.2270
0.2294
0.2307
0.2318

0.2023
0.2224
0.2270
0.2294
0.2307
0.2318

737.1
755.0
756.7
757.6
758.1
758.8

��max .� 21 7

��max .�1 5

��max .� 8 6

� � �� � �
� � �T T T� � � �

� � �T T T� � �

Fig. 2 shows the creep curves                      , built for several 

stages of samples tested under the condition                   .

The state after instantaneous loading on the next step was 

considered to be zero, and the inelastic deformation on the 

considered step was counted from it. The viscous deforma-

tion was calculated after every minute of the total time inter-

val. At the same time, in areas with breaching named con-

dition, it was refined according to formulas (3). All graphs 

reflect the first and partially second stages of creep.

The form of the short-term creep curves makes it possible 

to use the dependence of viscous deformation on time and 

stresses in the form [36]:

                                       (4)

where � is function of time.

� �v v T� � �
� � const

� �v n� �,

Fig. 2. Short-term creep graphs (at                  ) for different 
load intensities: 1 –          = 447.4 MPa;  

2 –           = 460.6 MPa;  

3 –           = 504.6 MPa;  

4 –           = 598.8 MPa;  

5 –           = 553.1 MPa;  

6 –           = 604.6 MPa;  

7 –           = 702.9 MPa;  

8 –           = 687.6  MPa;  

9 –           =   737.1 MPa.

� � const

� nom

� nom

� nom

� nom

� nom

� nom

� nom

� nom

� nom
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The value of the exponent n in (4) was determined from 

the values of the minimum creep strain rates at the end of the 

fifth minute of loading at various stress intensity values [36]. 

For the steel used in the experiments, it was n = 2.7.

Based on (4), for some steps (mainly with a high stress 

level), graphs                   are plotted (Fig. 3). The largest dis-

crepancy � was  ± 7 % of the average value at Т = 5 min.

Thus, for practical purposes, the hypothesis of creep 

curves similarity can be accepted. Therefore, it can be rec-

ognized as fair the relation (4).

Previously, it was reported that despite compliance with 

the requirements which ensures the stress intensity remains 

constant, during the creep, at the steps with a high level of 

stresses, condition                    was violated. In order to elimi-

nate this pressure deviations p were lowed at Т = 1, 2, …,  

5 min in comparison with the prescribed value. According  

to the data of this kind of tests, Fig. 4 shows                       graph 

from which pointing on the increase in inelastic deformation 

took place under conditions of decreasing stresses.

In conclusion, let’s compare the deformation curves 

shown in Fig. 5, which are plotted from the test data of simi-

lar specimens under different conditions:

! curve 1 – step loading of the sample, at each step the 

time delay is T = 1 s, inelastic deformation is equal to instan-

taneous plastic deformation:

                                       (5)

! curve 2 is the step loading of the sample, at each stage 

the time delay is T = 5 min at a constant load (pressure), 

here in each section the deformation is equal to the sum of 

the instantaneous plastic and viscoplastic:

                             

        
 (6)

! curve 3 – step loading of the sample, at each stage the 

time delay is T = 5 min at a true stresses constant intensity, 

here in each section the deformation is equal to the sum of 

the instantaneous plastic and viscous: deformations

                                        
(7)

For each of the tests carried out, an identical part can 

be distinguished: instantaneous loading during the transi-

tion to the next stage. The instantaneous load on the steps 

is maintained for T = 1 s. Additional time (approximately  

2–3 s) is spent on the transition (pressure rise) from the pre-

vious stage to the next. In this regard, a certain proportion of 

viscous deformation is acquired by the sample during the pe-

riod of instantaneous loading. But since in the indicated time 

interval the inelastic deformation at the steps from the 1st to 

the 12th for samples 2 and 3 did not exceed 0.0003–0.0018, 

viscous deformation under instant loading can be neglected 

and equalities (5, 6, 7) can be considered reliable.

The value of uniform deformation at the last step before 

the destruction of sample 3 (                       ) more than two times 

less than that of sample 2, especially since the deformation of 

sample 3 occurs at a stress level lower than that of the   sam-

ple (curve 3 passes below curve 2). Moreover, from the above 

graphs it follows that the limiting uniform deformation is the  

� �� � �T

� � const

Fig. 3. Graphs                     function at different stress intensity 
levels

� �� � �T

The theory of creep, taking into account microstresses 

[36], explains the appearance of deformation at decreasing 

stresses on the deformation curve by the effect of softening 

due to the material microstructure. 

Fig. 4. Graphs                      in the following conditions of 
decreasing loads: 1 –          = 649.1 MPa;  

2 –        = 688.8MPa; 3 –         = 750.5MPa.� nom

� � �� � �v

� � �� � �v
� nom

� nom

� �k k
pin mom�

� � �k k
p

k pin vpmom const� � �, ,

� � � �k k
p

k
vin mom const.� � �,

Fig. 5. Deformation curves                       in the following 
conditions: 1 – instantaneous load, at every stage the 

time lag is Т = 1 s; 2 – deformation with time lag  

Т = 5 min at constant load (pressure); 3 – deformation 

with time lag Т = 5 min at constant intensity of the 

effective strains.

� � �� � �in

� � const
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largest for specimens subjected to instantaneous loading,  

and the smallest – in tests at                       It has been experi-

mentally confirmed that in the case of the presence of only 

viscous deformation, adverse conditions are created for the 

formation of a large number of microdamages in the test 

sample, in comparison with the conditions when the com-

bined effect of viscous and plastic deformations is recorded.

Conclusion

The work carried out to study the plastic behavior 

and ductility characteristics of chromium-nickel steel 

Kh18N10T-VD made it possible to clarify a number of is-

sues. One of the important results of this work was the under-

standing in which case creep is characterized by a viscoplastic 

component of deformation, and in which by viscous one.

1. It is theoretically shown and experimentally confirmed 

that, under the accepted hypothesis of creep curves similar-

ity, for practical purposes it is permissible to use the func-

tional dependence of viscous deformation on time and stress 

                     where                      – is a function of time, and for 

the grade of steel used in the experiments n = 2.7.

2. The developed method for separating viscoplastic defor-

mation into viscous and plastic components can be used under 

various conditions. It can be used in stepped and continuous 

load conditions. Its inclusion in the algorithm of computa-

tional models of plastic material behavior under load makes  

it possible to more accurately determine the parameters of 

various technological processes of metal forming.
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