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1. First statement. 

The present paper includes some preliminary steps before Experimental Research 

Program of the metal strength at tension, should be performed. 

2. Introduction. 

The physical mechanism of the plastic strain of metal single crystals was 

considered in the first article of this project [1]. Despite proved similarity the 

mechanism of polycrystals differ of it. It caused by difference in structure. 

Besides, analysis of [1] was made with arbitrary assumptions, have been specified 

here as possible. In accordance to [1] the first stage of hardening is characterized 

of follow attributes: 1) the flow occurs in transverse direction relative to the 

tension axis and begins from the surface ; 2) the plastic flow beginning – elastic 

limit is consider as strong increasing of the probability of the single penetration 

acts of the surface unstable atoms into internal specimen space; 3) the single act 

zone arbitrary restricted; 4) the plastic flow speed dependence of time assumed;  

5) the displacement of the internal atoms not taken in account in mass transfer 
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balance. Moreover, it’s rational to consider the properties of the object, which 

traditionally are applied without strong physical ground. 

3. Definition and properties of the object should be analyzed. 

The tensile test process of metal specimens is considered. The specimen shapes 

and dimensions specified inherent in the macro scale material properties. As 

sample, flat and round specimens (dog bone shaped). Cross section dimensions: 

thickness – h, width – b limited as ~1...25mm; diameter d=1…25mm; length of 

strain gauge part 𝑙 ≥ 5𝑏 , ( 𝑙 ≥ 5𝑑 ). Pronounced differs from single crystals – 

poly crystal structure and surface roughness. The strength dependence of 

structure, particularly on the grain size and other metallurgical factors, studied 

well, [2,3]. It not consider here. The known confirmed strength dependence on 

surface roughness [4,5,6,7,8], required certain analysis. In sight of [1] the plastic 

strain begins from the surface. To get a comparable analysis result, the quasistatic 

loading process is considered. The last defined as the relative strain speed 

restriction, 𝜀̇. In accordance with several sources, [9], not over of conventional, 

about:  𝜀𝑠̇ ≤ 10−4  
1

𝑠
 .   

4. Strength dependence on the specimen surface roughness.  

4.1 The model definition. 

Typical kinds of surface roughness schematically presented in Fig 1. 

Consequently: a – periodical alternation of the ledges and notches; b -serrated 

curve, superimposed on wave line of tracing of processing; c – serrating curve 

a small amplitude, as sequence of high-quality treatment.  
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Fig.1: Types of surface roughness. 

The peak heights of roughness, Rp, their exist in all types of profilers. 

Frequently they exceed the RMS value, Ra, (as ~ 2…3 times) and amplitude 

values, Rz.  Naturally, the peak values have been considered for strength 

appraisal. Mostly they are observed in a diagrams of type b. Two variants of 

roughness distribution are consider in Fig.2: a - periodical alternation of the 

ledges and notches with peak (the longitudinal scale of profile diagram [7, 

p.5,fig5] is reproduced); b – extended along tension axis displacement of peak 

notches, (the longitudinal scale of profile diagram [4, p.4,fig.3a] is 

reproduced).  

 

    

Fig.2 Two types of peak roughness distribution. 
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 Possible shape and orientation of ledge and notch are considered, Fig.3, a, b. 

They are symmetrical relative to tension axis and extended in transverse 

direction. 

Fig. 3 Accepted ledge shape and orientation. 

4.2  Ledges effect. 

The ledge peak height, Rp = 4.5µm, has chosen. It meets a medium quality of 

treatment relations, Ra = 1.5µm. Accordingly, to conventional point of view, 

their exist a uniform stress field in each specimen cross section at loading:  

                            𝜎𝑧 = 𝜎𝑢𝑛 = 𝐶𝑜𝑛𝑠𝑡   
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Actually, uniform field distorted in a ledge zone. Partial load decreasing of 

nearest volume occurs due to the stresses into the ledge volume, Fig.4, a. 

Ledge dimensions chosen intentionally to avoid doubt of material macro 

properties may be applied. First, continuity and isotropy. In addition, the ledge 

shape and place relative to the longitude section axis of symmetry allows to 

define the stress- strain state as flat. Special analysis is required for the 

quantitative appraisal of the stress field in the ledge area. However, in 

consequence of it, local distortion of flat sections occurs. The scheme of 

distortion shown in Fig.4, b.  

Fig.4 a – ledge geometry and load diagram; b – cross section deplanation scheme. 

The boundary of the uniform stress field, Fig.4 a, by continuous line I-I-I is 

shown. Dash slotted line II-II defined the boundary with relation of ledge 

absence. The equilibrium of both sides II-II in any transverse section III-III in 

the ledge zone:  

                          ∫ 𝜎𝑧
𝑦𝐿2

𝑦𝐿
∙ 𝑑𝑦 = ∫ 𝜎𝑢𝑛(1 − 𝜎𝑧) ∙ 𝑑𝑦

𝑦𝐿1

𝑦𝐿
  .                 (1)  

In [1] the model of linear stress state was used, because of in other directions 

(x and y) active forces are absent. The design scheme of two pieces in 

longitude section of ledge may to consider. First – triangled ledge profile from 
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bottom of notch, point A, till top, p. B; from B to C by horizontal line, continue 

of line I-I. Second – rectangular, restricted by lines: AC; CD; DE; EA, where 

AC – the border with first piece.  CD and DE are fully defined of the ledge 

influence zone. Pieces areas are F1 and F2. Directly from (1):  

     ∬ 𝜎𝑧𝐹1
× 𝑑𝑦 × 𝑑𝑧 = 𝑙𝐶𝐷 × 𝑙𝐷𝐸 × 𝜎𝑢𝑛 − ∬ 𝜎𝑧𝐹2

× 𝑑𝑦 × 𝑑𝑧 .   (2)  

The physical sense of (2) may be defined with dividing it both parts to the 

modulus of elasticity – E. Both parts of the (2) are turning to the integral sums 

of displacement of each part. The displacement diagram shown in Fig. 5, a.  

Fig. 5; a – Two parts of ledge region, displacement diagram; b – notch 

geometry. 

Approximate stress diagram of any section shown there also. The stresses in 

the ledge zone are decreased from the 𝜎𝑢𝑛 to an undefined value on the 

surface. The stress distribution function is statically indeterminate problem. 

Moreover, the same as in [1], it may not to apply the general elastic low ratios, 

even for flat stress state form. As signed in [1], the general low includes 

physically incorrect assumption: 1) superposition principal and 2) continuity 
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violation, in stress components definition. Nonetheless, the theory 

shortcomings do not make impossible to apprise a solution with an engineer 

method. The physically grounded law of stress gradient required for such 

appraisal. Hence, non-conventional method should be applied. The virtual 

model of two pats, I and II, which are disconnected along border AC (dashed 

lines), Fig.5, is consider. First part is under the uniform stresses 𝜎𝑢𝑛  , which 

act along BC. It’s accepted that they are decreased along border AC to zero at 

p. A.  This relation inserted to compensate real stresses, acts along BC.  As 

consequence of first part geometry, it’s largest part of the area is loaded of a 

big values stress. It comparts the stress low difference of ledge height -  𝐵𝐶 =

𝑅𝑝 = 4.5𝜇𝑚 . So:     𝜎𝑧(𝑧) =
𝜎𝑢𝑛

𝑙0
⁄ × 𝑧  .                     (3) 

Hence, the “stresses sum” depends on the ledge area F1. This meets physical 

relations. Stress distribution in any transverse section, Fig.5 with 

approximation:  𝜎𝑧(𝑦) = 𝐶𝑜𝑛𝑠𝑡  . With all assumptions:  

      ∫ 𝜎𝑧𝐹1
= ∫ (

𝜎𝑢𝑛

𝑙𝑝
)

𝑙𝑝

0
× 𝑧 × (

𝑅𝑝

𝑙𝑝
) × 𝑧 × 𝑑𝑧 =  

𝜎𝑢𝑛×𝑅𝑝

𝑙𝑝
2 ∫ 𝑧2𝑙𝑝

0
× 𝑑𝑧 = 

                       
𝜎𝑢𝑛×𝑅𝑝

𝑙𝑝
2 ×

𝑙𝑝
3

3
=

𝜎𝑢𝑛×𝑅𝑝×𝑙𝑝

3
=

2×𝜎𝑢𝑛

3
× (

𝑅𝑝×𝑙𝑝

2
)    .    (4)  

It’s appropriate here to formulate the statement, may be presented as theorem: -

In elastic state the integral sum of displacements in a region (linear or flat) is 

invariant of stresses distribution with relation of constant stresses integral sum. 

The stresses sum may be defined as stress average value multiplied the region 

area (4).  From last, the resulted “displacement” along the border AC: 

                   𝑈𝐴𝐶1 =
2×𝜎𝑢𝑛

3
× 𝑙𝑝 .                                             (5)  

The virtually disconnected part 2, F2, with uniform field - 𝜎𝑢𝑛 is loaded. In the 

same way, the resulted “displacement” along the border AC: 
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               𝑈𝐴𝐶2 = 𝜎𝑢𝑛 × 𝑙𝑝 .                                            (6)  

Real, non-virtual “displacement” appraisal assumed as average value: 

                                 𝑈𝐴𝐶 =
𝑈𝐴𝐶1+𝑈𝐴𝐶2

2
=

5

6
𝜎𝑢𝑛 × 𝑙𝑝 ,      (7)  

From (7) full deplanation for the considered sample:    𝛿𝑢𝐴𝐸 =
1

𝐸
(𝑈𝐴𝐶2 − 𝑈𝐴𝐶) =

1

6
× 13.5𝜇𝑚 × 𝜀𝑢𝑛 = 2.25 × 𝜀𝑢𝑛 𝜇𝑚 .    (8)  

In sight of all assumptions, (8) may be accounted as approximation only.  

4.3  Notches effect. 

The notch shape is presented in Fig.5 b, detail G. As regards to stress-strain state, 

the notch bottom radius is critical. However, it may not be defined from 

roughness diagram. It assumed as in [4] - 1 𝜇𝑚 . It’s also proposed, that neither 

author nor reader never held the reference books with stress concentrator tables 

and not saw once moire stripes around concentrator in the photo elasticity stage. 

The strain of straightened line segment AH1 is considered. It’s length - 0.5 𝜇𝑚 , 

Fig.5, b. The strain with a low error (caused by resistance) is equal to  bottom line 

(AE) deplanation. The value:  

              𝜀𝐴𝐻1 =
2.25×𝜀𝑢𝑛 

0.5
= 4.5 × 𝜀𝑢𝑛 ;                      (9)   

Hence, plastic strain wills start at:  𝜀𝑢𝑛 =
𝜀𝑒

4.5
    . (9) may be accounted for physical 

ground of the microplasticity effect.  

4.3.1. Strain at the quasistatic loading.  

For the considered sample the specimen loading till the elastic limit, 𝜀𝑢𝑛 = 𝜀𝑒  , 

cause the 4.5 time relaxation, (unloading) of AH segment of notch bottom. The 

material plastic properties influence on it famously. For example, for ductile steel 



9 
 

with elastic limit 𝜀𝑒 = 0.1 … 0.15 %, full relative strain will reach 𝜀𝑛 ≤ 0.675 % 

, which is more less than yielding plateau: 𝜀𝑝𝑙 ≈ 1.2 … 2.3%  . This mean that 

loading manner will not change till load maximum - 𝜎𝑢 . At a repeated cycle, 

even in the elastic state the microplasticity accumulation must occur – plastic 

strain spread from the surface into the specimen volume. The spread mechanism 

by Bauschinger effect is defined. It shortly considered in [1]. 

4.3.2 The strain in pulsating cycle. 

Pulsating cycle, tension – unloading mostly is dynamic one. That’s why the 

plastic part of strain decreasing is possible. It occurs because of the restriction of 

yielding strain rate. In another side, the elastic strain waves have been included 

into account. In a modern publication, so called, Kolsky Waves [10] The variants 

of resonance maximums and minimums may occur. The lasts may falsify the 

fatigue tests.  

4.3.3 The strain at the symmetric cycle. 

Symmetric cycle of loading is specific for fatigue material tests. The notch effect 

influence is typical in this case. Typically, the search by topic "strength – surface 

roughness" gives almost fatigue publications only. Stress diagrams of bottom 

section by cycle elements in Fig. 6 are considered. The appraisal fulfilled with 

dynamic component but without waves influence.  
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Fig. 6 Notch stress diagrams of the symmetric loading cycle: a – tension element; 

b – unloading; c – compression; d – unloading. 

The diagram of the tension element shown in Fig.6 a. Whole section loaded with 

𝜎𝑧 = 𝜎𝑢𝑛 . The surface stresses (bottoms of roughness) exceeds this value. In the 

considered sample with strain average rate -  𝜀𝑠̇ = 10−2 𝑠−1 ;  the loading level - 

𝜎𝑢𝑛 = 0.5𝜎𝑒  ; 𝜀𝑢𝑛 = 0.5𝜀𝑒 ; loading time - 𝑡0.5𝑠 =
0.5𝜀𝑒

𝜀𝑠̇
⁄ =

0.5 × 0.0015 10−2⁄ = 0.075 𝑠 ; from (9) strain rate of the segment AH1: 𝜀𝐴𝐻1̇ =

4.5 × 𝜀𝑠̇ = 4.5 ×  10−2 𝑠−1 = 0.045  𝑠−1 . This value is approximately equal to 

average one of two analogues: : [11,p.4, Fig.2], where   𝜀1̇ = 0.09  𝑠−1 ,     

yielding hump 𝜎1𝐻 ≈ 1.5𝜎𝑒 ; [12,p.3,Fig.1], where   𝜀2̇ = 9.09 × 10−4  𝑠−1 ,   

yielding hump 𝜎2𝐻 ≈ 1.0.3𝜎𝑒 . The maximal stress: 𝜎𝐴𝐻1 ≈ 2.25𝜎𝑒 . The strain 

plastic component here is minimal, because of unloading follow almost instantly. 

The process occurs in a micro scale. That’s why the analogue with single crystal 

may be rational [ref.1], where proportionality lasts till rather large load. In 

accordance with it, the Bauschinger effect does not appear. So, dynamic fatigue 

tests may be incorrect for material long-term strength appraisal of the quasi-static 

loading.  

5 The plastic strain model. 

5.2  Plastic strain at the first stage hardening.  

The attributes of plastic flow model of single crystal [1] signed in introduction. 

The first of it, the transverse plastic strain direction is confirmed by the follow 

articles of this project. The elastic limit definition does not contradict to the 

known experimental data. It is defined as beginning of plural penetration acts of 

surface atoms into a specimen space. As regard to the samples of single crystal 

loading, [1], it’s rational to sign their features. The loading diagram of metal 

crystal as linear growth till maximum and fast unloading to the yield stress. The 
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such diagram type is defined by surface defect absence and mostly by micron 

sized cross section. In accordance to [11], it may be explained that the “Delay 

Yield Phenomenon” is existed and contemporary plural penetration acts of 

surface atoms occur. Wherein, formation of the surface deformed layer is 

impossible due to the ratio of its volume to common one is about 1. The zone of 

influence in [1] were arbitrary chosen. As regards to the poly crystal specimens 

of macro scale, their exist data for the clearer model of the process. The 

beginning, the exit of surface atoms from equilibrium is the same as for single 

crystals. Respectively, the proportionality limit definition is the same also. Here 

is worth to refer the mechanistic model, proposed in [13]. The yielding delay was 

experimentally detected in [11]. It seems necessary and sufficient cause of 

yielding hump appearance in the loading diagram of ductile metals. A number of 

results of similar experiments make possible to correct the temporal characteristic 

of yield beginning. The whole diagram first part has the lowest tape to strain axis. 

With it, the strain grows uniformly. It allows to consider the process as two 

independence ones. First – increased elastic. Second – irreversible plastic. In case 

horizontal diagram line – the load does not grow. Plateau. Last mean that elastic 

fully compensates by plastic:  

                               ∆𝜀𝑒 = ∆𝜀𝑝                                           (10)  

Here ∆𝜀𝑝 – plastic strain increment, as accumulation of surface atoms penetration 

acts. It’s rational redefine the zone of influence, dispersion in specimen space of 

the plastic strain. As in most physical processes of equilibration – exponential 

decreasing from local point on surface occur. As sequence of penetration acts 

accumulation, the near surface layer with a steady state form. It corresponds of 

the classic plasticity statement of maximal energy change with plastic flow. The 

nested strain field of the plural acts may forms decreased from a surface to inside 

the specimen. The process is characterized of the satiety effect, which leads to 

flow character change, to second stage hardening. The indirect confirmation of 
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the superficial flow in the first hardening stage is the Piobert-Luders’s effect 

appearance in a flat specimen. From a lot of experiments,  it’s known that the 

effect stops contemporary with the end of first stage. In accordance with a 

physical relation the delay [11] may be caused by the penetration act itself. In 

other side, the subsequent one, the strain equilibration in the volume occurs with 

a sound speed. The factors the process depends on are follows: the load rate; size 

effect; alloy composition, structure. Besides, the heterogeneity of the metal 

properties has been taken in account. As example; in [11] for low carbon steel – 

high dependance on load speed, high plastic yield delay; in [14] for high strength 

alloy steel - low sensitivity to load speed; in [12] for aluminum alloy - the plastic 

strain till satiety depends on the surface area. They exit an experimental data, 

where first stage hardening is absence in diagram. Representation of the surface 

layer formation may be accounted for the plastic flow dependence (relation) on a 

ratio of surface value (the near surface layer volume) to the total specimen 

volume. This relation, revealed experimentally, was used by J. Weissmuller and 

his team [15,16] as a basic in metal microstructure research. A good example of 

such relation may be the Piobert – Luders effect. It observed on flat specimens 

(large ratio) and not observed on round macro specimens (lower ratio); - observed 

on round micro specimens (large ratio).  

5.1 Numerical estimation. 
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The typical stress – strain diagram of tension test presented in Fig.7. Generally it 

consists of the follow stages: 1 – elastic loading till proportionality limit, linear 

part, 𝜎𝑒ℎ ; 2 – non linear part from 𝜎𝑒ℎ to the yielding hump top 𝜎ℎ; 3 – stresses 

drop to the yielding limit (low limit), 𝜎𝑒 ; 4 – the part of yielding, first stage 

hardening, Luders strain, Plateau from 𝜎𝑒 to 𝜎𝑒𝐿 ; 5 – the resistance to plastic flow 

increasing till the maximal value  𝜎𝑢 , temporary resistance to failure, ultimate 

strength, second and third stages of hardening. The continue of loading does not 

make much sense because it relates to the specimen failure. The analyzed below 

samples may be used as illustration for methods to define the process parameters. 

Fig.7 Typical tension stress – strain diagram. 

First sample. The approximate data of [17Fig.1c] is used. The loading of the dual 

phase steel specimen, DP 600; cross section -1x4 mm: load rate -           𝜀̇ =

500 𝑠−1 . The diagram linear part till point: 𝜎𝑒ℎ = 780𝑀𝑃𝑎 , 𝜀𝑒ℎ = 4.6 × 10−3 

curved part till the hump top: 𝜎𝐻 = 820𝑀𝑃𝑎 , 𝜀𝐻 = 5.3 × 10−3  . Stress drop till 

the proportional limit: 𝜎𝑒 = 730𝑀𝑃𝑎 , 𝜀𝑒 = 0.0131 ; Plateau: 𝜎𝑒 = 730𝑀𝑃𝑎  ,  

𝜀𝑝𝑙 = 0.015 . 
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The process dynamic characterization: the duration of yielding till hump top –  

  𝑡𝐻 =
𝜀𝐻−𝜀𝑒ℎ

500
=

(5.3−4.6)×10−3

500
= 1.4 × 10−6 𝑠 ; elastic component of the pressure 

drop - ∆𝜎0 = 𝐸 × ∆𝜀 = 2 × 105 × (5.3 − 4.6) × 10−3 = 140 𝑀𝑃𝑎 ; plastic 

component -  𝜀𝑝ℎ =
140−40

𝐸
= 5 × 10−4 .  The yielding delay: 

                          ∆𝜀𝑒 =
𝜎𝑒ℎ−𝜎𝑒

𝐸
=

780−430

2×105
= 0.00175    , время задержки (Yield 

point delay):  ∆𝑡 =
1.75×10−3

500
= 0.35 × 10−5 𝑠 .   

Some notes for the last result clear understanding: 

1) The theorem of invariant of the integral displacement is used here 

implicitly (as in part 4.2, p.4); 

2)  It’s worth to fulfill the “Delay” quantitative determination with high load 

rate, but… 

3) High speed requires the low differences values to be measured and 

processed, so… 

4) It needs a high accuracy of measurements and a high stiffness of the 

system. 

5) The delay independence on loading rate is not confirmed still. 

Second sample. The approximate data of [14Fig.1] is used. The high strength 

alloyed steel (Fe,16.4Mn, 9.9Al, 0.86C-4.8Ni). Cross section dimensions: 

1.3 × 5 𝑚𝑚 ; length- 10 mm. Скорость - 𝜀̇ = 56 𝑠−1 . Elasticity modulus: 𝐸 =

2 × 105 𝑀𝑃𝑎 .  Nonlinear part when load grows may not be defined in diagram. 

Hump stress - 𝜎𝐻 = 1.31 𝐺𝑃𝑎 ; 𝜀𝐻 = 0.01 . Horizontal part till, 𝜀𝑒 = 0.0138 . 

Stress drop till proportionality limit:   
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      𝜎𝑒 = 1.285 𝐺𝑃𝑎 ; 𝜀𝑒 = 0.0180 .  

Total delay:         ∆𝜀 =
𝜎ℎ−𝜎𝑒

𝐸
=

1.31−1.285

200
= 1.25 × 10−4 ;  

Delay duration:            ∆𝑡 =
∆𝜀

𝜀̇
=

1.25×10−4

56
= 2.2 × 10−6 𝑠 .   

The last result is quite comparable with the first sample. 

Third sample. The approximate data of [12, Fig.1] is used. Flat specimens – 

aluminum alloy 5456; cross section dimensions: width – 20mm; thickness – h = 

1,-2,-3mm. Loading rate - - 𝜀̇ = 9.01 × 10−4̇  𝑠−1 , close to quasi static. Elastic 

modulus - E = 0.705 MPa. Yielding hump does not appear in diagrams. 

Proportionality limit from loading diagram - 𝜎𝑒 = 150 𝑀𝑃𝑎 ; 𝜀𝑒 = 0.002 . 

Plateau (length) duration:  

Specimen thick. h1 = 1mm -  𝜀1 = 1.6 × 10−2 , on time 𝑡1 = 17.6 𝑠 ; 

                           h2 = 2mm -  𝜀2 = 0.901 × 10−2 , on time 𝑡2 = 9.9 𝑠 ; 

                h3 = 3mm -  𝜀3 = 0.513 × 10−2 , on time 𝑡3 = 5.65 𝑠 .  

Plastic strain delay may not be defined because low strain speed. It’s possible the 

only comparison of macro plastic strain component. The physical sense of the 𝜀𝑖 

values in each plateau point is the by section summary relative strain. The flat 

sections are rightful in macro scale. 𝜀𝑖 in each point of section are equal and 

contains two components: plastic - 𝜀𝑝𝑖 and elastic - 𝜀𝑒𝑖, Fig.8, a, b. Strain 

diagrams of the half specimen thickness: a – at the moment of load reached the 

elastic limit, whole diagram contains elastic component only; b – the plastic  
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Fig. 8 Relative strain diagram by specimen section, a – elastic part of loading; b 

– plastic part of loading. 

flow beginning from the surface with exponential decreasing to the middle of 

section, two components of strain in each point of section. With relation of 

constant load in whole plateau duration, the integral sum of elastic strain by 

section:   

         ∫ 𝜀𝑏𝑒

ℎ
2⁄

0
𝑑ℎ = ∫ 𝜀𝑒

ℎ
2⁄

0
𝑑ℎ = 𝜀𝑒 × ℎ

2⁄    .                     (11) 

From (10) and (11) the sum of plastic strain defined also:  

                ∫ 𝜀𝑏𝑝

ℎ
2⁄

0
𝑑ℎ = 𝜀𝑏 × ℎ

2⁄ − 𝜀𝑒 × ℎ
2⁄   .                   (12)  

The comparison of specimens by (12) is possible. The surface value of each may 

considered as equal. Respectively near surface volume of each with a large share 

of the plastic flow:  

ℎ3 = 3𝑚𝑚; 𝑃3 = (0.513 × 10−20) × 1.5 = 0.77 × 10−2 (𝑚𝑚) :               ℎ2 =

2𝑚𝑚; 𝑃2 = (0.901 × 10−2) × 1 = 0.901 × 10−2  (𝑚𝑚) :                  ℎ1 =

1𝑚𝑚; 𝑃1 = (1.6 × 10−2) × 0.5 = 1.6 × 10−2 (𝑚𝑚) .   

Despite a rather big error the values taken from diagram, the trend of P vs h 

shows, that P seeks to decrease to such minimal constant value when h increase. 

Otherwise, the ratio of the near surface volume to genera volume increase when 
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the thickness h decreased. The analysis may be continued with an object-based 

experiment data. 

5.2 Second stage hardening.  

First stage hardening ends with the near surface layer formation. It characterized 

of more stable structure. The plastic strain model as penetration of surface atoms 

do not contradict to experiments data and all known consequence effects. The 

moment of the near surface layer saturation characterized of the stress field 

increasing to the middle of specimen section.  The second stage hardening 

characterized of increasing resistance to strain. The specimen conditions remain 

the same as at loading start. So, there are no causes for mass transfer direction to 

change. The most part of volume remain without structural changes. It may be 

supposed, the only way of plastic flow changes is the group of atoms 

contemporary displacement from the surface. Such mechanism unrelated to the 

surface growth and consequently, may lead to the Piobert – Luders effect 

interruption. Moreover, the PLC (Porteven – Le Chatelier) effect appearance on 

the second stage hardening may account as natural. The effect appears as serrated 

load line with – stress drops and peaks. It completely meets the classic form of 

movement with growing and non-constant resistance. Such plastic flow form has 

indirect evidence, the localized plastic flow [18].  

6 The Problem Formulation. 

6.2  Strengthening. The object and methods. 

Firstly, it’s rational to replace the imprecise term “strength” with functional one 

– Load Bearing Capacity. The bearing capacity requirements may be classified 

as variants depend on functionality and desired durability. First – long term 

resistance to load with low stable strain. Second – the same relation with allowed 

creep. Third – restricted by time resistance with allowed aftereffect strain. Their 
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exist some factors else, the common problem may not be formulate. All known 

methods to increase the strength have a principal restriction. Particularly, 

metallurgical – alloage and new alloys development in an economy rational cause 

are restricted by results. Heat treatment – may be applied to alloys and high 

carbon steels. As sample, bulk hardening is restricted by size of a treated piece. 

Surface hardening may to consider with special attention. It applied usually for 

hardness increase. Chemothermal – carburization, nitration, boration, 

cyanidation. They may be applied for surface hardening. Lasts may to consider 

also, due to the surface relation changes.  

6.3  Formulation. 

The ductile metals and alloys take the greatest part in industry and have no 

restrictions by size in applications. The great treatment experience shows their 

compatibility to strengthening. It’s shown in the project materials the middle part 

of specimen with sufficient section dimensions may resist to the stresses several 

times over the proportional limit without irreversible strain. Hence, they are 

chosen as the object. 

The project materials, firstly, the plastic flow model allows to define the problem: 

development of methods and technique for fixation (the resistance to 

displacement increasing) of surface atoms. This mean – prevention of the primary 

plastic changes on the surface.   

7 The possible ways to solve. 

Some original methods to impact the mechanical properties of metal 

microstructures was developed by J. Weissmuller and his team, [15,16].  It seems 

rational to adapt and apply they to the problem to solve. 
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