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Èññëåäóåòñÿ âëèÿíèå ìîðôîëîãèè ñòðóêòóðû ôåððèòà è åãî îáúåìíîãî ñîäåðæàíèÿ íà

ìåõàíè÷åñêèå ñâîéñòâà è âÿçêîñòü ðàçðóøåíèÿ äâóõôàçíûõ ñòàëåé. Äëÿ îïðåäåëåíèÿ çíà÷åíèé

âÿçêîñòè ðàçðóøåíèÿ èñïîëüçîâàëè íå ñòàíäàðòíûé, à àëüòåðíàòèâíûé ïîäõîä. Ñòàëè ïîä-

âåðãàëè ãîìîãåíèçèðóþùåé òåðìîîáðàáîòêå. Ïóòåì ïîëíîãî îòæèãà èëè çàêàëêè ñòàëåé èç

àóñòåíèòíîãî ñîñòîÿíèÿ äî ïðèìåíåíèÿ äîêðèòè÷åñêîãî îòæèãà â àóñòåíèòíîé îáëàñòè

ïîëó÷åíû äâå ðàçëè÷íûå èñõîäíûå ìèêðîñòðóêòóðû. Ïîëó÷åíû äâóõôàçíûå ñòàëè ñ äâóìÿ

òèïàìè ìîðôîëîãèè (êðóïíî- è ìåëêîçåðíèñòàÿ) ñ 40-, 20- è 10%-íûì îáúåìíûì ñîäåðæàíèåì

ôåððèòà â çàâèñèìîñòè îò èñõîäíîé ìèêðîñòðóêòóðû. Îòïóùåííûå îáðàçöû ñ 10%-íûì

îáúåìíûì ñîäåðæàíèåì ôåððèòà èìåëè áîëåå âûñîêèå çíà÷åíèÿ âÿçêîñòè ðàçðóøåíèÿ ïî

ñðàâíåíèþ ñ òàêîâûìè äðóãèõ îáðàçöîâ èç ýòèõ ñòàëåé.

Êëþ÷åâûå ñëîâà: äâóõôàçíûå ñòàëè, îáúåìíîå ñîäåðæàíèå ôåððèòà, ìåõàíè-

÷åñêèå ñâîéñòâà, âÿçêîñòü ðàçðóøåíèÿ.

N o t a t i o n

� max – tensile strength, MPa

� y – yield stress, MPa

S rup – rupture stress, MPa

S frac – fracture stress without plastic deformation, MPa

� – reduction in area, %

� – elongation, %

Tzp – zero plasticity temperature, K

Tmelt – melting temperature, K

�� – strain rate, s�1

��cr – critical strain rate, s�1

� y0 – value of yield stress at T0 293� K, MPa

© S. ULU, H. AYTEKIN, G. SAID, 2013

130 ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2013, ¹ 5



� 0 – athermic value of the yield stress, MPa

A – effective value of yield stress at T � 0 (A y� �� �( )0 0), MPa

� y ( )0 – the value of yield stress at T � 0, MPa

� – parameter representing the temperature sensitivity of yield stress

at a certain strain rate (� � � �� ( ) ln(� � )H0 0 ), K�1

�1 – the highest value of normal stress, MPa

� i – equivalent stress value in the stress concentration region, MPa

� – Poisson’s ratio

� � �1 2 3, , – normal stresses at any stress concentration tip, MPa

T * – ductile–brittle transition temperature (for crack as the stress

concentration), K

K cI
0

– value of fracture toughness (K cI ) at T � 0, MPa m

m – coefficient representing temperature sensitivity of K cI

n – strain-hardening coefficient

d – average grain size, m

K cI
293

– value of fracture toughness (K cI ) at T0 293� K, MPa m

Introduction. Dual phase steels contain small amounts of retained austenite

and bainite phases and between 10 and 30% hard martensite particles in the ferrite

matrix that has ductile and small grains [1]. The term “dual phase” indicates the

coexistence of phases that exhibit opposite properties. A dual phase steel structure

can be obtained by heating low-alloy hypoeutectoid steels at temperatures between

the Ac1 and Ac3 temperatures.

The microstructures of conventional carbon steels are usually not suitable for

plastic deformation when the amount of carbon is increased because plastic

deformation compromises the strengths of the steels. However, the plasticity and

strength properties of dual phase steels can be optimized, and these properties can

be tailored over a wide range by using heat treatments [2].

A literature search on the fracture toughness of dual phase steels reveals that

there is a limited number of studies on this subject [3, 4].

The ASTM-E399 standard has been developed for the determination of the

fracture toughness of metallic materials [5]. However, to determine the fracture

toughness of steels that have a bcc lattice structure, the experiment should be

conducted on large-scale specimens (to obey the condition of planar deformation),

according to this standard. This requirement makes it difficult to conduct the

experiment; the necessity of preparing large-scale specimens and the difficulty of

achieving a dual phase structure in the specimens have limited the number of

studies that have been conducted on the fracture toughness (K cI ) of dual phase

steels.

SAE1020 steel was used in this study. First, a homogenization treatment was

applied to the steel at 1150	C for 12 hours. Then, Group 1 specimens were

subjected to full annealing, while Group 2 specimens were subjected to quenching

from the austenite zone. Thus, the steels had two different starting microstructures.

The specimens from both groups were then annealed at intercritical temperatures

(720, 730, 740, 750, 760, 770, 780, 790, 800, and 810	C). The microstructures
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were analyzed using the MicroCAM 1.4 software, and the phase volume fractions

and the average grain sizes were calculated. The heat treatment parameters that

were common to both groups were identified. Additionally, tempering was applied

to the specimens that had these common heat treatment parameters. After the heat

treatment, mechanical tests were conducted. Fracture toughness (K cI ) calculations

were performed that were based on the tensile test results. The process steps that

were used in this study are listed below:

1. Materials and Methods.

1.1. Materials. The chemical composition of the steel used in this study is

given in Table 1.

1.2. Heat Treatment. In this study, a 1200�C heat treatment furnace was used

for the heat treatment. A chromel-alumel thermocouple was spot-welded to the

centre of one of the faces of the specimen to maintain the correct temperature

during the heat treatment. For the heat treatment, water with a 10% salt concentration

was used as the quenching media. Andrews’ empirical formulas, given below, were

used to determine the full annealing and quenching temperatures [6]

Ac1 723 20 7 6 9 291 16 9 290 6 38� � � � � � �. . . . . ,Mn Ni Si Cr As W (1)

Ac3
1 2910 203 15 2 44 7 104 315 131� � � � � � �C Ni Si V Mo W/ . . . . . (2)

The Ac1 and Ac3 temperatures of the steel, which were determined from

formulas (1) and (2), are given in Table 2.

T a b l e 1

Chemical Composition of SAE1020 Steel (wt.%)

Steel C Si Mn P S Cr Mo Ni

SAE1020 0.212 0.198 0.486 0.036 0.032 0.053 0.052 0.089

Al B Cu Nb Ti W Fe

0.003 0.016 0.183 0.032 0.006 0.004 Balance
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1.3. Tensile Test. A SHIMADZU uniaxial tensile test machine with a capacity

of 10 tons was used for tensile tests. The dimensions of the specimens that were

used in the experiment are shown in Fig. 1 [7].

1.4. Fracture Toughness. An approach was used to determine the fracture

toughness of the specimens that eliminated the use of cracked specimens and that

related the fracture toughness parameters to other mechanical properties. The

purpose of the developed approach was to reveal the connection between the

fracture toughness (K cI ) parameters of ferritic steels (with bcc structures) and the

other mechanical properties of the steels by taking into account the microfracture

mechanisms of the materials. The principles of this method are given below, and

the fields in which it can be applied are as follows [8]: (i) for bcc metals and

alloys; (ii) over the temperature range 0 0 2� �T Tmelt. (K); (iii) for strain rates
� � .� �� cr

1.4.1. Temperature Relation of the Fundamental Mechanical Properties of

Ferritic Steels. The ideas covered in this section attempt to explain the changes in

the yield strength of bcc metals and alloys with varying temperature. The changes

in the basic mechanical properties (� y , � max , S rup , S frac , and �) of these metals

and alloys with varying temperature are shown in Fig. 2 [8].

1.4.1.1. Makhutov Approach. A graph of the yield stress variation with

varying temperature can be obtained by using the results of a single experiment

conducted at room temperature. To obtain this graph, a formula that was proposed

by Makhutov was used [9]:

� � �y T y y T T( ) exp .� �
	



��

�



��

�

�
�

�

�
�0

0

1 1
(3)

The relation between � y and � y0 is shown in Fig. 3 [9].

1.4.1.2. Yaroshevich Approach. Based on “a movement model based on dual

bending of dislocations,” a formula was derived by Yaroshevich in the 1970s that

takes into account the dependence of the yield stress on temperature and on the

strain rate [10]:

T a b l e 2

Critical Temperatures (�C) of SAE1020 Steel

Steel Ac1 Ac3

SAE1020 719 897

Fig. 1. Tensile test specimen measurements with single axis [7].
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� � �
y

TAe� � �
0 . (4)

Formula (4) specifies the dependence of the yield stress on the strain rate (��)

and on temperature (T). As the strain rate increases, � decreases, while � y

increases.

Formula (3) can be used to determine the parameters � 0 , A, and � that are

used in formula (4). To obtain these parameters, the � y values were calculated for

various temperatures (e.g., 150, 200, and 250�C) using formula (3).

The � 0 , A, and � parameters can be expressed by the following formulas:

�
� � �

� � �
	

0
2
2

3

2 1 32
�

�

� �( )
, (5)

Fig. 2. Change with temperature of fundamental mechanical properties (schematically).

Fig. 3. Relation of 
 y with yield strength.
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1 1 0

2 0�T
ln , (6)

A e e e
T T T� � � � � �( ) ( ) ( ) .� � � � � �� � �

1 0 2 0 3 0
1 2 3 (7)

The temperature at which a cylindrical specimen has zero plasticity, T Tzp
* �

( ),max� �y rupS� � is given by

T
T
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y

rup

y

* ln .� 
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�
�
�
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�
�
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0 0

1

� �
(8)

The S frac value can be determined by substituting T * into formula (4).

1.4.2. Brittle Fracture Condition of Metals and Alloys. The following two

conditions need to be met for the brittle fracture of metals and alloys to occur [11]:

�1 � S frac , (9a)

� �i y� . (9b)

In accordance with the condition that � �y rupS� �max (��0), the brittle

fracture stress (S frac) corresponds to the resistance of the material to brittle

fracture (Fig. 1). The S frac parameter is not dependent on temperature, the

deformation rate, or the stress concentration; S frac only depends on the grain size

of the material.

Taking into account the fact that brittle fracture occurs at a specific temperature

(T Tzp� ) (and that � �i � 1 , � 2 0� , and � 3 0� for the uniaxial tensile test of

cylindrical specimens), using formula (9) we obtain

�
�

� �
� �

�

1

i

frac

y
T T

S

zp

. (10)

The von Mises criteria can be used to find the equivalent stress (� i )

� � � � � � �i � � 
 � 
 �
1

2
1 2

2
2 3

2
3 1

2( ) ( ) ( ) . (11)

Since the fracture toughness (K cI ) takes into account the planar deformation

condition of the crack tip (brittle fracture), the � �1 i ratio in formula (10) needs

to be determined. The � i value in this ratio can be evaluated using formula (11).

The principal stresses under planar strain conditions are

� �1 2� , � �� ��3 1 22 2� � . (12)

ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2013, ¹ 5 135

A Different Approach to the Fracture Toughness ...



If these values are substituted into formula (11), we obtain

�

� �
1 1

1 2i

�
�

. (13)

If � �0 3. for the steels under study,

S frac

y i�

�

�
� �1

2 5. . (14)

The relation between the S frac y� ratio in formula (14) and temperature is

schematically shown in Fig. 4.

1.4.3. Fracture Hypothesis and Micromechanism. A fracture hypothesis has

been adopted for ferritic steels (bcc metals and alloys) that is based on the thermal

activation energy and on the exponential dependence of the plastic deformation of

the fracture toughness at the crack tip [12]. The mathematical formulation of this

hypothesis is

K K mTc cI I� 0 exp( ).� (15)

The K � fracture model for such steels is based on the formation of

microcracks in which the impact of the critical stress (� c) occurs at a certain

distance ( �c) from the crack tip. The progress of the main crack is the result of the

microcracks that move along the main crack and connect with it (this same process

is repeated multiple times). According to this fracture mechanism [13],

K

K

c c

y

n n

I

�

�

�
�

	



�
�

�



�
�

�( )/

,

1 2

(16)

K c c� � ��� . (17)

Fig. 4. Variation of S frac y� value with temperature (schematically).
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The following equations were used for K cI based on test results [12]

K K c�� I
0 , (18a)

� � �c y A� � �( ) ,0 0 (18b)

 c d� . (18c)

Substituting formula (15) into formula (16) and incorporating the above

equations, we obtain

� "
�

mT
A

y

�
�

�
�
�

�

�
�
�ln , (19)

"�
�1

2

n

n
. (20)

If T * is substituted into formula (19), after some calculations have been

performed, the relation between the fracture toughness and temperature can be

expressed by the following formula:

K K
T

T

A
K

A
c c

y
c

y

T

I I I�
�

�
�
�

�

�
�
�
�

�

�

�
�

�

�

�
�

0 0exp ln
*

*
* *

*

"
� �

"
*

.

T

(21)

Given the grain size of the material,

K A d
A

c
y

T
T

I �
�

�

�
�

�

�

�
�!

�

"

*

*

*

. (22)

According to formula (22), the fracture toughness can be determined by using

the mechanical properties that can be obtained from tensile tests and the average

grain size (d), which can be determined from the metallographic analysis.

2. Experimental Results and Comments.

2.1. Heat Treatment Results and the Microstructure. A metallographic

examination revealed that the supplied material had a banded microstructure that

consisted of ferrite and pearlite, as shown in Fig. 5a. To remove this banding and to

ensure a uniform austenite composition prior to intercritical annealing, the rods

were homogenized at 1150�C for 12 hours. Figure 5 shows the microstructure

obtained after homogenization.

After homogenization, the grain sizes increased and the banded microstructure

disappeared. Two different starting microstructures were then obtained by subjecting

the specimens to full annealing and to quenching from the austenite zone (Fig. 6a
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and b). The initial microstructure is defined as the microstructure that the steels

have before intercritical annealing. The phase morphology, the grain sizes of the

phases and the mechanical properties of the dual phase steels depend on the initial

microstructure [14–18].

The microstructure after full annealing is composed of ferrite-pearlite, whereas

the microstructure after quenching is composed of martensite. After the initial

microstructures were obtained, intercritical annealing of the specimens was

conducted (at 720, 730, 740, 750, 760, 770, 780, 790, 800, and 810�C).

After the heat treatments, the ferrite-pearlite starting microstructure exhibited

coarse-dispersed ferrite-martensite grains, whereas the martensite starting micro-

structure exhibited fine-dispersed ferrite-martensite grains [14].

The obtained ferrite volume fraction (FVF) results are given in Table 3.

According to the results of the phase volume fractions, as determined from the

experiments, the quenching process, which resulted in 40, 20, and 10% FVFs for

both starting microstructures, was chosen (intercritical annealing temperatures of

740, 790, and 800�C were used for the ferrite-pearlite and 730, 770, and 790�C
were used for the martensite structures). These parameters were used for the

a b

Fig. 5. Cross-sectional microstructure of as received SAE 1020 steel (a); cross-sectional micro-

structure of homogenized SAE 1020 steel (b).

a b

Fig. 6. Microstructure of full annealed SAE 1020 steel (a); microstructure of quenched SAE 1020

steels (b).
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mechanical test specimens. Additionally, encoding of the specimens was conducted,

as shown in Fig. 7.

Figure 8 shows the microstructures of the specimens that exhibited 40, 20, and

10% ferrite volume fractions after intercritical annealing.

Figure 9 shows the microstructures that were formed as a result of tempering

the specimens shown in Fig. 8 at 650�C for 1 h.

T a b l e 3

Ferrite Volume Fractions (%) Obtained from Intercritical Annealing in Specimens

with Ferrite-Pearlite and Martensite of Starting Microstructure

Steel Starting

microstructure

Temperature (�C)

720 730 740 750 760 770 780 790 800 810

SAE1020 Ferrite-perlite 65.4 50.5 43.1 37.8 36.3 34.1 23.8 20.7 8.1 –

Martensite – 41.0 35.1 37.9 32.9 22.9 15.7 9.8 4.5 1.1

Fig. 7. Coding of experimental parameters.

a b c

d e f

Fig. 8. C-740-40 (a); C-790-20 (b); C-800-10 (c); F-730-40 (d); F-770-20 (e); F-790-10 (f).
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The microstructures shown in Fig. 8 consist of ferrite and martensite. During

the intercritical annealing of the microstructures with ferrite and martensite that

exhibited fine grain morphologies after intercritical annealing, the austenite phase

nucleated at the interfaces of the martensite plates and at the grain boundaries of

the retained austenite (if any retained austenite existed). Therefore, a thin

morphology may be related to the nucleation and growth of austenite in many

regions due to intensive martensite plates. The microstructures obtained in the

present study (Fig. 8d, e, and f) confirm the data in the literature [19–21].

Figure 9 shows that the martensite plates in the microstructures are broken

up as a result of tempering. The tempered ferrite grains do not differ from the

ferrite grains shown in Fig. 8. Therefore, the dispersion pattern of ferrite after

intercritical annealing is almost the same as the dispersion pattern of ferrite after

tempering.

2.2. Tensile Test Results. A uniaxial tensile test was conducted on three

specimens for each of the experimental parameters. The arithmetic averages of the

obtained results were calculated, and the results of the test are presented in Table 4.

As shown in Table 4, the yield strength of the F series (fine grain) dual phase steels

is generally higher than that of the C series (coarse grain) dual phase steels. This

trend was also observed for the tempered specimens (F-T: fine tempered; C-T:

coarse tempered) [1, 14, 22, 23].

The yield stress decreased with decreasing FVF. This result is due to the

matrix structure of the specimens being composed of martensite rather than of

ferrite. An increasing tensile strength (with decreasing FVF) was observed for both

the coarse grain (C), and fine grain (F) specimens. Deformation occurred within

the ferrite phase of the dual phase steels. A good deformation ability is required for

ferrite to have good strength and ductility. Moreover, the existence of a compatible

interface between ferrite and martensite protects the interface up to high stress

levels.

a b c

d e f

Fig. 9. C-740-40-T (a); C-790-20-T (b); C-800-10-T (c); F-730-40-T (d); F-770-20 (e); F-790-10-T (f).
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When the stress is transferred from ferrite to martensite, the strength of the

martensite and the compatibility of the interface cause the deformation to continue

up to high stress levels without separation and therefore increase the tensile

strength [24]. Another reason for the increase in tensile strength is that the

martensite particle grains grow with increasing martensite volume fraction, leading

to an increase in the bond length between the martensite particles and to the early

transfer of the stress from ferrite to martensite before ferrite is deformed during the

tensile test [1, 14, 25]. The tensile strength values of the tempered specimens were

twice lower as compared with those of the specimens that were subjected to

intercritical annealing. In terms of the strength values, the data obtained for the

40% FVF sample showed significant differences from those obtained for 20 and

10% FVF specimens.

The yield and tensile strength values of the tempered fine- and coarse-

dispersed specimens decreased with increasing FVF. However, the ductility

properties did not change significantly with changing FVF. Therefore, in the

present study, the tempering process optimized the mechanical properties of the

dual phase steels. It was observed that the martensite plates were broken as a result

of tempering and that these broken parts were homogenously distributed throughout

the martensite region. As the FVF decreased, the carbides most likely dispersed

into the microstructure and increased the mechanical properties of the specimens as

a result of tempering.

2.3. Fracture Toughness Results. The fracture toughness of the specimens

( )K cI was calculated using the method described in section 2.4 and the results

obtained from the uniaxial tensile test. The parameters required to obtain the

fracture toughness and the results of the fracture toughness ( )K cI values are

presented in Table 5. According to formula (22), the parameters (yield stress,

T a b l e 4

Tensile Test Results of Experimental Parameters

Specimen � y , MPa � max , MPa Srup , MPa �, % � , % d , �m

C-740-40 301.9 897.7 929.4 8.3 5.7 23.7

C-790-20 284.6 1313.1 1373.5 6.7 5.8 19.2

C-800-10 275.2 1452.7 1641.7 9.1 13.8 18.1

F-730-40 321.1 772.3 1198.4 16.4 30.8 6.8

F-770-20 338.1 1246.1 1390.5 11.3 14.6 11.3

F-790-10 298.4 1296.3 1550.7 10.1 14.5 10.8

C-740-40-T 313.1 473.7 890.1 32.1 62.1 22.2

C-790-20-T 466.5 604.4 1091.9 25.3 63.5 18.4

C-800-10-T 487.2 617.7 1150.3 23.7 65.8 18.3

F-730-40-T 410.8 541.9 1106.6 30.8 73.1 6.8

F-770-20-T 465.1 600.4 1126.5 24.6 66.8 11.3

F-790-10-T 507.6 627.9 1164.3 24.9 68.0 10.8

As obtained 262.1 462.9 791.2 33.7 56.5 24.6
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rupture strength and strain hardening coefficient) of the stress–strain diagrams,

which were obtained from the tensile test, and the average grain size needs to be

calculated to determine the fracture toughness ( )K cI of the specimens. In the

specimens that were subjected to intercritical annealing, it was observed that the

fracture toughness ( )K cI decreased with decreasing FVF for both morphologies

(fine-dispersed and coarse-dispersed).

As in the case of the tensile test results, the significant impact of ferrite (40%

FVF) can be observed in the fracture toughness ( )K cI results. The fracture

toughness ( )K cI values of the C and F series of specimens with 40% FVFs that

were subjected to intercritical annealing were approximately 2 times higher than

the fracture toughness ( )K cI values of the specimens with 20 and 10% FVFs. The

effect of the tempering process on the yield and tensile stress results, which were

obtained from the tensile test, can also be observed in the fracture toughness ( )K cI

values. The yield stress and fracture toughness ( )K cI values of the C and F series

of specimens that were subjected to intercritical annealing decreased with decreasing

FVF, whereas the yield stress and fracture toughness ( )K cI values of the tempered

specimens increased with decreasing FVF.

C o n c l u s i o n s

1. The two different starting microstructures that were obtained prior to

intercritical annealing led to coarse and fine dispersions of ferrite and martensite in

the microstructures.

T a b l e 5

Parameters Needed to Obtain the Fracture Toughness

and Results of the Fracture Toughness (K cI ) Values

Specimen � y ,

MPa

� y
* ,

MPa

S frac ,

MPa

A,

MPa

T * ,

K

d ,

�m

n �,

K�1

� y ,

K

K cI
293 ,

MPa m

C-740-40 301.9 298.3 732.3 1038 287.4 23.7 0.3405 0.0086 119.4 30.7

C-790-20 284.6 361.1 896.8 1310 210.4 19.2 0.5448 0.0096 127.4 21.5

C-800-10 275.2 392.0 976.0 1442 189.3 18.1 0.6635 0.0101 130.3 18.1

F-730-40 321.1 340.0 852.2 1148 250.0 6.8 0.2519 0.0090 112.5 44.2

F-770-20 338.1 360.0 933.8 1215 234.0 11.3 0.4171 0.0092 107.0 21.0

F-790-10 298.4 380.0 959.8 1350 202.8 10.8 0.5041 0.0098 120.3 19.4

C-740-40-T 313.1 313.0 720.6 998 293.0 22.2 0.2034 0.0084 115.2 80.8

C-790-20-T 466.5 466.4 885.0 895 293.0 18.4 0.1035 0.0079 75.1 114.9

C-800-10-T 487.2 487.2 921.7 898 293.0 18.3 0.0898 0.0079 71.2 151.9

F-730-40-T 410.8 410.7 864.7 973 293.0 10.1 0.1798 0.0082 87.0 39.2

F-770-20-T 465.1 465.0 899.7 919 293.0 9.3 0.1372 0.0080 75.8 42.3

F-790-10-T 507.6 507.6 952.3 952 293.0 11.3 0.1238 0.0078 74.1 52.4

As obtained 262.1 264.2 655.0 1038 272.0 24.6 0.2403 0.0086 137.1 94.0
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2. The FVF decreased with increasing intercritical annealing temperature.

3. In the specimens that were subjected to intercritical annealing, the yield

strength and elongation values decreased with decreasing FVF, while the tensile

strength values increased with decreasing FVF.

4. The strength and ductility properties of the fine-dispersed specimens that

were subjected to intercritical annealing exhibited better results than the coarse-

dispersed specimens.

5. In the tempered specimens, the yield stress and tensile strength values

increased with decreasing FVF; however, the elongation values did not significantly

change with decreasing FVF.

6. In the specimens that were subjected to intercritical annealing, the fracture

toughness ( )K cI decreased with decreasing FVF; however, in the tempered

specimens, the fracture toughness increased with decreasing FVF.

7. The highest fracture toughness value ( )K cI was obtained for the C-800-10-T

specimen.

In fracture mechanics, microcracks play a large role in the damage of

materials. Therefore, prevention of crack propagation is very important. In dual

phase steels, the ferrite phase prevents crack propagation better than other phases.

As can be observed in this study, changes in the volume fraction, the grain size and

the morphology of ferrite in dual phase steels lead to changes in the fracture

toughness values ( )K cI over a wide range.

Ð å ç þ ì å

Äîñë³äæóºòüñÿ âïëèâ ìîðôîëîã³¿ ñòðóêòóðè ôåðèòó òà éîãî îá’ºìíîãî âì³ñòó

íà ìåõàí³÷í³ âëàñòèâîñò³ ³ â’ÿçê³ñòü ðóéíóâàííÿ äâîôàçíèõ ñòàëåé. Äëÿ âèçíà-

÷åííÿ çíà÷åíü â’ÿçêîñò³ ðóéíóâàííÿ âèêîðèñòîâóâàëè íå ñòàíäàðòíèé, à àëüòåð-

íàòèâíèé ï³äõ³ä. Ñòàë³ ï³ääàâàëè ãîìîãåí³çóþ÷³é òåðìîîáðîáö³. Øëÿõîì ïîâ-

íîãî â³äïàëó àáî çàãàðòóâàííÿ ñòàëåé ç àóñòåí³òíîãî ñòàíó äî âèêîðèñòàííÿ

äîêðèòè÷íîãî â³äïàëó â àóñòåí³òí³é îáëàñò³ îòðèìàíî äâ³ ð³çí³ ïî÷àòêîâ³

ì³êðîñòðóêòóðè. Îòðèìàíî äâîôàçí³ ñòàë³ ç äâîìà òèïàìè ìîðôîëîã³¿ (âåëèêî-

³ äð³áíîçåðåííà) ç 40-, 20- ³ 10%-íèì îá’ºìíèì âì³ñòîì ôåðèòó â çàëåæíîñò³

â³ä ïî÷àòêîâî¿ ì³êðîñòðóêòóðè. Â³äïóùåí³ çðàçêè ç 10%-íèì îá’ºìíèì âì³ñ-

òîì ôåðèòó ìàëè á³ëüø âèñîê³ çíà÷åííÿ â’ÿçêîñò³ ðóéíóâàííÿ ïîð³âíÿíî ç

òàêèìè ³íøèõ çðàçê³â ³ç öèõ ñòàëåé.
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