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Uccnedyemces enuanue mopgonozuu cmpykmypvl geppuma u e2o 00beMHO20 CO0epAHCaAHUs Hd
Mexanuueckue c8oUCmad U 6s3K0CHb paspyuenus 08yxgasuvix cmaieil. J{is onpedeieHus 3HaueHull
BA3KOCMU PA3PYULeHUs UCNONb306ANU He CIAHOAPMHUbIU, a anbmepHamugnbvlil nooxoo. Cmanu noo-
eepeanu 2omoeenuzupyloweli mepmoobpadomre. Ilymem noanozo omoicueda unu 3aKaiku cmaneil u3
ayCmeHum1o20 cocmosanus 00 NpUMEeHeHuss OOKPUMUYECKO20 Omdicued 8 ayCmeHumuou obnacmu
nonyuenvl 08e pasnuuHble UCXOOHble MUKpocmpykmypul. Tlonyuenvt osyxgasnvie cmanu ¢ 08yms
munamu mopgonoauu (kpynuo- u meaxozepuucmas) ¢ 40-, 20- u 10%-nvim 00vemubiM cooeparcanem
Geppuma 6 3asucumocmu om UCX0OHOU Mukpocmpykmypsl. Omnywennvle obpaszyvl ¢ 10%-nvim
06vemHbIM cooepiicanuem ¢heppuma umenu 60jee BbICOKUE 3HAYEHUs GA3KOCMU PA3PYUWEHUS NO
CPABHEHUIO ¢ MAKOBbLIMU Opy2ux obpasyos u3z mux cmaiei.

Knioueswie cnoea: nsyxdasnele cramy, 00beMHOE cojepkaHue (eppura, MEeXaHHU-
YEeCKHEe CBOWCTBA, BA3KOCTb Pa3pyLLCHHMS.

Notation

0 max tensile strength, MPa

o, — yield stress, MPa

S,y — rupture stress, MPa

S fac — fracture stress without plastic deformation, MPa
Y — reduction in area, %

0 — elongation, %

T, — zero plasticity temperature, K

T el melting temperature, K

e — strain rate, s~

€.,  — critical strain rate, s !

0,0 — value of yield stress at 7, = 293 K, MPa
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oy — athermic value of the yield stress, MPa
A — effective value of yield stress at =0 (4=0,(0)—0(), MPa
0,(0) — the value of yield stress at 7= 0, MPa
a — parameter representing the temperature sensitivity of yield stress

at a certain strain rate (a = (k/H,)In(é,/¢)), K™

oy — the highest value of normal stress, MPa

o; — equivalent stress value in the stress concentration region, MPa

v — Poisson’s ratio

0,,0,,03 — normal stresses at any stress concentration tip, MPa

T — ductile-brittle transition temperature (for crack as the stress
concentration), K

K IOC — value of fracture toughness (K;.) at 7= 0, MPay/m

m — coefficient representing temperature sensitivity of K.

n — strain-hardening coefficient

d — average grain size, m

K 12693 — value of fracture toughness (K.) at T, = 293 K, MPav/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 Ac; and Ac; 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;.) 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,.) calculations
were performed that were based on the tensile test results. The process steps that
were used in this study are listed below:

Homogenization at 1150°C for 12 hours
(for all of the specimens}

1) Full annealing 1) Quenching (cooling at a critical speed)

2) Intercritical annealing 2) Intercritical annealing

3) Calculation of the ferrite volume fraction 3) Calculation of the ferrite volume fraction

4) Determination of the heat treatment 4) Determination of the heat treatment

temperatures of 40%, 20% and 10% ferrite temperatures of 40%, 20% and 10% ferrite
5.1) Mechanical test of 5.2) Mechanical test of the 5.1) Mechanical test of 5.2) Mechanical test of the
the specimens made specimens tempered at 650°C the specimens made specimens tempered at 650°C
using the heat treatment and made using the heat using the heat treatment and made using the heat
parameters identified in treatment parameters parameters identified in treatment parameters
process step 4 identified in process step 4 process step 4 identified in process step 4

1. Materials and Methods.
1.1. Materials. The chemical composition of the steel used in this study is
given in Table 1.

Table 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 A\ Fe
0.003 0.016 0.183 0.032 0.006 0.004 Balance

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]

Acy=723—20.7Mn— 6.9Ni+ 29.1Si+16.9Cr + 290 As + 6.38 W, (1)

Ac; =910-203CY2 —152Ni+ 44.7Si+104V +31.5Mo+13.1W.  (2)

The Ac; and Ac; temperatures of the steel, which were determined from
formulas (1) and (2), are given in Table 2.
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Table 2
Critical Temperatures (°C) of SAE1020 Steel
Steel Acy Acy
SAE1020 719 897

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].

et

83

Fig. 1. Tensile test specimen measurements with single axis [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;.) parameters of ferritic steels (with bee 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; (i) over the temperature range 0<7 <027, (K); (iii) for strain rates
E<E,,.

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 (0 y,, O x> S ps S fige - 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]:

1 1
O yr) =0 50 exp|:ﬂy(T_T'0)i|. 3)

The relation between f8 , and 0,4 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]:
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and on temperature (7). As the strain rate increases, « decreases, while o

0,=0, +de™T 4)

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

Y

increases.

Formula (3) can be used to determine the parameters o, 4,and « that are

used in formula (4). To obtain these parameters, the o ,, values were calculated for
various temperatures (e.g., 150, 200, and 250°C) using formula (3).

134

¥y
r, r

Fig. 2. Change with temperature of fundamental mechanical properties (schematically).
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Fig. 3. Relation of f, with yield strength.

The 0, 4,and a parameters can be expressed by the following formulas:

03—0103

20'2_(01+G3)’
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_ 9= %
a_ATnoz—oo ’ ©)

A=(01=0)e" = (0, =0¢)e"? = (a5~ 0¢)e. (7

The temperature at which a cylindrical specimen has zero plasticity, 7 =T o

(0, =0 max =S, ), Is given by

y
-1
« |11 (S
I =|—+—5—In . (8)
TO ﬁy o 0
The S 4,. value can be determined by substituting 7 " 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]:

0= Sfrac > (93)

i =0, (9b)

In accordance with the condition that 0, =0, =S,,, (=0), the brittle
fracture stress (S 4,.) corresponds to the resistance of the material to brittle
fracture (Fig. 1). The S, parameter is not dependent on temperature, the
deformation rate, or the stress concentration; S 4, only depends on the grain size
of the material.

Taking into account the fact that brittle fracture occurs at a specific temperature
(I'=T,,) (and that 0, =0, 0, =0,and 03 =0 for the uniaxial tensile test of
cylindrical specimens), using formula (9) we obtain

0= ﬂ_ Sfrac
Oi O'y T=sz. (10)

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

1
Gi=$\/(01_02)2+(02_03)2+(03_01)2' (11)

Since the fracture toughness (K.) takes into account the planar deformation
condition of the crack tip (brittle fracture), the ¢ /0; ratio in formula (10) needs
to be determined. The o; value in this ratio can be evaluated using formula (11).
The principal stresses under planar strain conditions are

0,=0,, U3=2V01=2V02. (12)
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If these values are substituted into formula (11), we obtain

[ 1
o, 1-2 (13)

i

If v=0.3 for the steels under study,

S 4 o
Sfac _T1_54 (14)

The relation between the S ;,. /0, ratio in formula (14) and temperature is
schematically shown in Fig. 4.

Seae O
Sfrac _ Oy
o, o
s R

e
>

T

#

T, T

Fig. 4. Variation of S ;. /0 ,, value with temperature (schematically).

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

Ky, =K. exp(amT). (15)

The K, fracture model for such steels is based on the formation of
microcracks in which the impact of the critical stress (o,) occurs at a certain
distance (p ) 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],

(1-n)/2n
KIc o,
= ( ] , (16)

K, o,

Kﬂ=oc,/npc. (17)
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The following equations were used for K. based on test results [12]

K,=Kj., (182)
g.=0 ,(0)-0y =4, (18b)
p.=d. (18¢)

Substituting formula (15) into formula (16) and incorporating the above
equations, we obtain

A
amT=Xln(), (19)
Ty

1—n
2n

x= (20)
If 7" 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:

X r
T . 4 4T
KIC=KIOCexp —x In— =Kﬁ, - . (21)
T o, o,

Given the grain size of the material,

«
%T

A

Oy

Ky = ANwd ( (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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Fig. 5. Cross-sectional microstructure of as received SAE 1020 steel (a); cross-sectional micro-
structure of homogenized SAE 1020 steel (b).

o

1" ".’r %

L R ﬁ‘s‘!& LA

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

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
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Table 3
Ferrite Volume Fractions (%) Obtained from Intercritical Annealing in Specimens
with Ferrite-Pearlite and Martensite of Starting Microstructure

Steel Starting Temperature (°C)
microstructure | 550 | 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 | 329 | 229 | 157 | 9.8 4.5 1.1
C-740-40
Phase morphology  Intercritical Ferrite volume

with coarse grain temperature fraction (%)

/ F-770-20-T
Phase morphology l \
ith fi i Intercritical Tempered
with fine grain F
temperature {650°C for 1 h})

Ferrite volume
fraction (%)

Fig. 7. Coding of experimental parameters.

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 ().

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.
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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).

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.
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Table 4
Tensile Test Results of Experimental Parameters
Specimen g,, MPa O max» MPa Smp, MPa J, % Y, % d, um
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 2752 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 62.1 222
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

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
(K1.) 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.) values are
presented in Table 5. According to formula (22), the parameters (yield stress,
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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;.) of the specimens. In the
specimens that were subjected to intercritical annealing, it was observed that the
fracture toughness (Ky.) decreased with decreasing FVF for both morphologies
(fine-dispersed and coarse-dispersed).

Table 5
Parameters Needed to Obtain the Fracture Toughness
and Results of the Fracture Toughness (K;.) Values
Specimen | o, g*y, S fracs | A, 7", d, n a, By KI2C93,
MPa | \py | MPa | MPa K um K! K MPav/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 | 442

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 | 1152 | 80.8
C-790-20-T | 466.5 | 466.4 | 885.0 | 895 | 293.0 | 184 | 0.1035 | 0.0079 | 75.1 114.9

C-800-10-T | 487.2 | 487.2 | 921.7 | 898 | 293.0 | 183 | 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 | 75.8 423
F-790-10-T | 507.6 | 507.6 | 952.3 | 952 | 293.0 | 11.3 | 0.1238 | 0.0078 | 74.1 524

As obtained | 262.1 | 264.2 | 655.0 | 1038 | 272.0 | 24.6 | 0.2403 | 0.0086 | 137.1 94.0

As in the case of the tensile test results, the significant impact of ferrite (40%
FVF) can be observed in the fracture toughness (K.) results. The fracture
toughness (K,.) 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. ) 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,.)
values. The yield stress and fracture toughness (K, ) values of the C and F series
of specimens that were subjected to intercritical annealing decreased with decreasing
FVEF, whereas the yield stress and fracture toughness (K, ) values of the tempered
specimens increased with decreasing FVF.

Conclusions

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.
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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.) decreased with decreasing FVF; however, in the tempered
specimens, the fracture toughness increased with decreasing FVF.

7. The highest fracture toughness value (K,.) 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.) over a wide range.

Pesome

Hocaimkyerbest BITUB Mopdoorii cTpykTypu Qeputy Ta Horo 00’€MHOTO BMiCTy
Ha MEeXaHIYHi BIaCTHBOCTI 1 B’SI3KICTh pylHyBaHHS ABO(dazHuX craneil. s Bu3Ha-
YeHHsI 3HAYCHb B SI3KOCTI pyHHYBaHHS BUKOPUCTOBYBAII HE CTAHIAPTHHMN, a abTep-
HaTUBHUY miaxia. Craii migaBaid roMOTeHi3y4iil TepMooopooi. [1lisxom mos-
HOTO BiJnany a0do 3arapTyBaHHsI CTalled 3 ayCTEHITHOTO CTaHy JI0 BUKOPUCTaHHSI
JOKPUTUYHOTO BiAally B ayCTeHITHIA 00JacTi OTpMMaHO JBi Pi3HI MOYATKOBI
MikpocTpykTypu. OTprMano 1BodasHi cTaii 3 ABoMa THIaMu Moposorii (Benruko-
i npibHO3epenHa) 3 40-, 20- i 10%-auM 06’ €MHIM BMicTOM (DEpPHUTY B 3aJIe)KHOCTI
BiJl IOYAaTKOBOI MIKpOCTPYKTypH. Binmymeni 3pasku 3 10%-HuM 00’€eMHUM BMic-
ToM (epuTy Mayuu OUIbI BUCOKI 3HAYEHHS B’S3KOCTI pyHHYBaHHS TODPIBHSHO 3
TAKMMU IHIIMX 3pa3KiB i3 MHUX CTallel.
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