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ABSTRACT

Master Thesis

DETERMINATION OF FATIGUE STRESS OF ACCELERATED COOLED
S275 QUALITY PROFILE STEELS

Antar ALALIALKHALIL

Karabiik University
Institute of Graduate Programs

Department of Metallurgical and Materials Engineering

Thesis Advisor:
Prof. Dr. Hayrettin AHLATCI
Janurary 2024, 52 pages

In this study, the changes in the microstructure and mechanical properties of S275JR
quality steel profiles in sizes HEA 120 and HEB 120 to 140 after the "Accelerated
Cooling and Self-Tempering (HS-KT)" heat treatment were examined. HS-KT heat
treatment is carried out with a specially designed and manufactured system that sprays
the air + water mixture onto the profile surface in a pulverized manner. HS-KT heat
treatment was applied to the profiles at 12 bar air pressure 20 seconds cooling time.
Microstructure examination of profiles with and without HS-KT applied was carried
out by SEM analysis . Mechanical properties were determined by hardness
measurement and flexture strength and fatigue tests. Hardness measurement was

determined in HB with a 5 mm diameter ball under a load of 750 kg.



the Results show that the The fatigue strength decreases with increasing number of
cycles for all three specimen geometries, following typical fatigue behavior. The
fatigue limit increases slightly with thickness, from 564 MPa for the thinnest section
to around 700 MPa for the thicker sections. Thickness increases the resistance of steel
to both crack initiation and propagation mechanisms under cyclic stresses, leading to
an improved inherent fatigue limit.An inverse relationship between hardness and
thickness for the tested S275JR steel sections, with the thinnest HEB 120 displaying
the highest hardness. Section size influences the mechanical properties.The HEA 120
section has the highest average flexural strength, followed by HEB 120 and HEB 140.
The specific application and design requirements will dictate the significance of these

results in practical use.

Key Word : S275JR alloy, Profile, structural steels , Accelerated Cooling
and Self-Tempering, Microstructure, Mechanical properties.
Science Code : 91517



OZET

Yiiksek Lisans Tezi

HIZLANDIRILMIS SOGUTULMUS S275 KALITE PROFIL
CELIKLERININ YORULMA GERILMELERININ TAYINI

Antar ALALIALKHALIL

Karabiik Universitesi
Lisansiistii Egitim Enstitiisii

Metalurji ve Malzeme Miihendisligi

Tez Danmismani:
Prof. Dr. Hayrettin AHLATCI
Ocak 2024, 52 sayfa

Bu calismada HEA 120 ve HEB 120 ila 140 ebatlarindaki S275JR kalite ¢elik
profillerin "Hizlandirilmis Sogutma ve Kendiliginden Temperleme (HS-KT)" 1s1l
islemi sonrasinda mikroyapisinda ve mekanik o6zelliklerinde meydana gelen
degisimler incelenmigtir. HS-KT 1s1l iglemi, hava + su karigimini profil yiizeyine toz
halinde piiskiirten 6zel tasarim ve imalat sistemi ile gerceklestirilir. Profillere 12 bar
hava basincinda 20 saniye soguma siiresinde HS-KT 1s1l islemi uygulandi. HS-KT
uygulanmis ve HS-KT uygulanmamis profillerin mikroyap1 incelemesi SEM analizi
ile gerceklestirildi. Mekanik ozellikler sertlik Olgiimii ve egilme mukavemeti ve
yorulma testleri ile belirlendi. Sertlik 6l¢timii HB'de 750 kg'lik bir yiik altinda 5 mm
capinda bir bilya ile belirlendi.

Sonuglar, tipik yorulma davranigini takiben, her {ic numune geometrisi i¢in dongii

sayis1 arttik¢a yorulma mukavemetinin azaldigini1 gostermektedir. Yorulma sinir1

Vi



kalinlikla birlikte hafifce artar; en ince boliim i¢in 564 MPa'dan daha kalin boliimler
icin yaklasik 700 MPa'ya kadar ¢ikar. Kalinlik, ¢eligin dongiisel gerilimler altinda hem
catlak baglatma hem de yayilma mekanizmalarina karsi direncini artirarak dogal
yorulma sinirinin iyilesmesine yol agar. Test edilen S275JR ¢elik boliimleri igin sertlik
ve kalinlik arasinda ters bir iliski vardir; en ince HEB 120 en yiiksek sertligi gosterir.
Kesit boyutu mekanik 6zellikleri etkiler. HEA 120 kesiti en yiiksek ortalama egilme
dayanimina sahiptir, bunu HEB 120 ve HEB 140 takip etmektedir. Ozel uygulama ve

tasarim gereklilikleri, bu sonuglarin pratik kullanimdaki 6nemini belirleyecektir.

Anahtar Sozciikler : S275JR alasimi, Profil, yap1 ¢elikleri, Hizlandirilmig Sogutma
ve Kendiliginden Temperleme, Mikroyapi, Mekanik
ozellikler.

Bilim Kodu : 91517
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PART 1

INTRODUCTION

The accelerated cooling process has changed significantly in steel production in the
last 30-35 years and has become an important process. This process was first used in
the 1960s to shorten the rolling tables of hot rolled strips, but unexpected benefits were
discovered. After the determination of these benefits, an intensive research study was
started in this field and this process was examined from different perspectives.. Many
types of steels, such as dual-phase steels, ferrite-bainite steels, and fine pearlitic steels,

are products that have emerged as a result of the development of this process [1].

In our country, structural design codes were updated following a devastating
earthquake in 1999. Reinforcing steel properties for concrete structures became an area
of focus, and new specifications were introduced. One requirement limits the ratio of
tensile strength to yield strength for S420 grade reinforcing bars to a maximum of 1.15.
To satisfy this, the yield strength must exceed 420 MPa while maintaining tensile
strength below this threshold ratio.A process called tempcore was developed to
achieve the required properties profile. After rolling, steel bars pass through a water
channel to rapidly cool outer surfaces. Within a subsequent cooling grid, heat from the
core conducts quickly toward the shell, generating a uniform microstructure. This
tempcore method enables reinforcing bars to meet the targeted yield strength threshold

and simultaneously enhances toughness.

Careful control of phase transformations during accelerated cooling optimizes
mechanical characteristics as defined in the revised structural design standards.
Implementation of such processing technology helps reinforce earthquake resilience
in infrastructure through upgraded material performance criteria [2].

1



Accelerated cooling process is used to increase the wear and fatigue resistance of
pearlitic rails used within the scope of today's railway materials. The wear resistance
of coarse pearlitic rails of eutectoid composition, known as R260 quality, is
insufficient in bends with a radius of curvature below 2000 meters. In this context, a
special cooling regime was determined and the material gained strength by narrowing
the distances between perlite lamellae. In this way, the RS region on the rails, which
had a hardness of 260-300 Brinell, reached 350-390 Brinell hardness, and the yield
strength increased from 880 MPa to 1175 MPa [3, 4].

S355J2 quality HE type profiles are preferred as high-strength structural steels used in
steel construction, road and railway vehicle manufacturing. These steels are also
classified as general structural steels. These materials, which are used in a wide range
of areas, from environments with high temperatures in summer to environments with
harsh winter conditions, are needed in our country, especially at important points such
as energy transmission lines. For S355J2 quality steels, a notch impact strength of 27
J is expected at -200C. Since the billets produced by the closed casting method are not
in contact with air during casting, they do not contain inclusions, unlike the open
casting method. The billets, which are the raw materials of the 200x100x10 mm cross-
section angle materials within the scope of this study, are produced by open casting
methods [5].

S235JR, S275JR and S355JR quality building profiles in NPU, NPI, IPE, HEA and
HEB geometry are among the frequently used building components in structural and
many industrial areas such as construction, suspension bridges, tunnels and steel
construction. In this study, it is aimed to combine high yield strength and good
toughness properties for large material thicknesses with QST, one of the innovative

production methods.

Within the scope of the study, the unheat-treated microstructures of HEA and HEB
type S275JR quality steel profiles in different sizes have a ferrite + pearlite structure,

and the strength values of these profiles are only suitable for low-loading industrial



use. However, for high-loading applications, profiles with higher wall thickness or
high alloy profiles must be produced. In this case, both weight and cost increase. For
this reason, within the scope of the study, "Accelerated Cooling Self Tempering (AC-
ST)" process is applied to the profiles selected for the production of both light and
strong profiles in the heat treatment stage, thus increasing both the strength values. as
well as improvement in satiety is planned. For this reason, in order to design and
manufacture the system that performs the heat treatment and to obtain optimum
material mechanical properties, the distance between the cooling plate where the
nozzles are placed and the profile was measured by water at city network pressure
accompanied by 4, 8 and 12 bar air pressure and 10, 20 and 30 sec. Cooling times were
determined as heat treatment parameters. It is anticipated that significant cost savings
will be achieved in the industrial use of high-quality profiles produced with this
method [5].

By carrying out the study, the necessary knowledge has been acquired regarding the
strength increasing processes of steel profile manufacturers in Turkey. In addition,
since the consumption of high-strength profiles in construction in Turkey is not
sufficient and/or the use of these profiles is not made compulsory by regulations,
necessary studies have not been carried out in the field of accelerated cooling and self-
tempering. Making the use of both tough and strong steel more attractive in modern
buildings and large projects in Turkey, as in the world, will be very beneficial for our

country, which is in the earthquake zone.

H-beam is an economical cross-section and high-efficiency profile with more
optimized cross-sectional area distribution and more reasonable strength-to-weight
ratio. It got this name because its cross section is the same as the English letter "H".
Because all parts of H-beam are arranged at right angles, H-beam has the advantages
of strong bending resistance, simple structure, cost saving and light structure in all

directions, and is widely used.



Its cross-section shape is similar to the economical cross-section profile of the capital
Latin letter H, also known as universal steel beam, wide-sided (edge) I-beam or
parallel flanged 1-beam. The cross-section of H-beam generally consists of two parts:

web plate and flange plate, also known as waist and edge [6].

The inner and outer sides of the H-beam flange are parallel or almost parallel, and the
flange ends are at right angles, so it is called parallel flange I-beam. The thickness of
the web of H-beam is smaller than that of common I-beam with the same web height,
and the flange width is larger than that of common I-beam with the same web height,
so it is also called wide-sided I-beam. Determined by its shape, section modulus,
moment of inertia and corresponding strength of H-beam, it is clearly better than
ordinary I-beam with the same single weight. When used in metal structures with
different requirements, it shows superior performance whether exposed to bending
moment, pressure load or eccentric load. Compared with ordinary I-beam, it can

greatly increase the bearing capacity and save metal by 10% to 40% [6].

H-beams provide several benefits compared to other structural shapes. Their wide
flanges can reduce material usage by 15-20% in lattice constructions. Parallel flange
sides and perpendicular edge ends facilitate assembly and integration into components.
This may decrease welding and riveting by approximately 25%, saving substantial

time. Faster construction translates to shorter project timelines
Due to these advantages, H-beams are commonly employed, notably for:[6];

i)  Civil and industrial building structures such as large factories, warehouses, and
modern high-rises requiring broader spans.

i) Industrial facilities where seismic resilience or high temperature working
conditions are important.

iii) Large bridge designs where high load-bearing capacity, sectional stability, and
spans demand robust profiles.

Iv) Transportation infrastructure like highways and ship hulls. Additionally,

foundation improvement, backfilling, and diverse machine parts.



PART 2

THEORETICAL BACKGROUND

2.1 IRON AND STEEL

The symbol of the iron element is Fe and its atomic number is 26. It is the fourth most
abundant mineral in the world and the most abundant metal in the earth's crust. Iron is
rarely found in metallic form in nature. The process of obtaining it in metallic form is
provided by iron ores. Impurities in iron ores, which generally have an oxide structure,
are removed from the structure by reduction. Today, in addition to being used on its

own, iron is largely used in the production of steel, an alloy containing carbon.

Iron is found in the earth's crust at a rate of approximately 5%. Generally, iron ores
found in the earth's crust are hematite, magnetite, goethite, limonite, pyrite and siderite
Figure 2.1. [7].

Manyetit Gotit Limonit

Pirit Siderit

Figure 2.1. Iron ores generally found in the earth's crust [8].



Steel is essentially an iron carbon alloy. Carbon is present in iron at a rate of 0.02% to
2.06%, forming steel (Figure 2.2.). In addition to steel having many classification

methods, the amount of carbon in the alloy plays an important role in this classification
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Figure 2.2. Iron-carbon balance diagram [10].

Although carbon is generally used as an alloying element in iron, different elements
such as magnesium, manganese, silicon, chromium, vanadium, nickel, titanium and
tungsten can also be used in alloying. With the addition of each element, values such
as hardness, strength, toughness, yield and tensile strength of steel can be changed.
Although these alloying elements are present in different amounts and in different
forms in steel, they control properties such as ductility, hardness and stress point in
steel. Today, steel and steel-based materials are among the most used materials in the
world. It is widely used in buildings, automobiles, construction, infrastructure and

superstructures, manufacturing sector, tools, ships, machines, accessories and weapons

[8].



2.2 IRON AND STEEL PRODUCTION IN THE WORLD AND IN TURKEY

Turkey, which has an important place in the steel industry, has risen to 7th place in the
world as of 2020 (Table 2.1.). Within the scope of the European Green Deal, which
has become one of the subjects on which many studies have been carried out in the
world recently, the iron and steel sector in our country, as well as other sectors within
the metal industry, will be protected and developed until 2050, by protecting and
improving competitiveness, creating new markets and producing more valuable
products. Sectoral studies are continuing by the Ministry of Industry and Technology
of the Republic of Turkey in order to become one of the countries with the highest
technology in the world. In this context, especially recently, studies have been carried

out to produce steel with low emission values [8].

Table 2.1. Top 10 countries producing the most steel

No countriy 2019 2020 % Change
Production Production (2020/2019)
(Mt) (Mt)
1 Chinese 1001 1053 5
2 India 111 100 -11
3 Japan 99 83 -16
4 Russia 72 73 2.5
5 USA 88 73 -17
6 S.Korea 71 67 -6
7 Tiirkiye 33 36 6
8 Germany 40 36 -10
9 Brazil 33 31 -5
10 Iran 26 29 13




2.3 IRON, STEEL PRODUCTION AND HISTORY

The iron and steel industry is one of the world's most important and oldest production
sectors in terms of tradition. Iron formed the basis of human culture and civilization
about 3000 years ago. Today, the use of iron began before the period called the Iron
Age. Iron production was first produced in Asia Minor, north of the Caucasus [11].

The advent of the water wheel in the 10th century revolutionized iron production
technology. Hydraulic power has become more important than proximity to ore
deposits. The first blast furnace experiments were seen in the 12th century, and
commercial pig iron production here dates back to the early 14th century [12].The
important invention that has survived from past to present and contributed to the
formation and development of civilizations and the change of social structures in

human history is the production of steel by smelting iron [13].

18th century In Europe, where the industrial revolution took place until the 19th
century, charcoal was used as a raw material in the production of iron and steel. For
this reason, until this period, production facilities were established close to the forests
around iron ore. In England, especially in the 18th century, coal, which has a higher
heat energy potential than charcoal, was discovered as an alternative raw material that
could be used in production due to the excessive felling of trees. With this
development, production facilities began to be established close to coal deposits. In
1796, the first coke oven went into operation in Germany. Over time, innovations were
made in production methods and technology. With the 'Bessemer production process'
developed by British scientist Henry Bessemer in 1855, more durable and cheaper steel
could be produced. In addition, the electric arc furnaces and integrated facilities that
companies produce today were first put into operation during this period. Thus, by the
end of the 19th century, revolutionary innovations occurred in the building industry
(steel construction structures), transportation (sea, railway, road and air transportation)
and defense industry (armored vehicles, submarines, etc.) [14]. As a result, serious

breakthroughs in the iron and steel industry in Germany and England have shed light



on today's technological production. The development of steel production and forming
technologies is shown in Figure 2.3 [15].
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Figure 2.3. Development of steel production and forming technologies [5].

2.3.1 Integrated Plants — Basic Oxygen Furnace (BOF) Plants

The most common method for liquid steel production in the world is the basic oxygen
furnace (BOF) method. In our country, this method is used in 3 large integrated iron
and steel facilities: Erdemir, Isdemir and Kardemir. The basic raw material required
for steel production is iron ore. In addition to iron ore, coking coal, one of the other
required raw materials, is heated to a certain temperature in an oxygen-free
environment in coke batteries to obtain metallurgical coke, and thus the resulting coke
is ready for use in the blast furnace. Since ore cannot be fed in powder form in blast
furnaces, there are sinter factories in facilities with blast furnaces that enable the



powder ore to agglomerate. However, after increasing the tenor content by enriching
low-grade iron ores, turning the ores into pellets in pellet production facilities for use
in blast furnaces is another agglomeration method. These raw materials are used
together in blast furnaces and melted at certain temperatures, thus obtaining liquid iron.
Pig (liquid) iron is passed through some processes in steel mill facilities where a basic
oxygen furnace is located, and liquid steel is obtained, and billets and slabs are
obtained from this liquid steel in continuous casting facilities. Slabs and billets are
processed in rolling mills to obtain flat or long products and become final products. A

general production pattern of integrated iron and steel plants is shown in Figure 2.4

[8].

Burnt Dolomite FGgp
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BASIC OXYGEN FURNACE POWER PLANT

BLAST FURNACE

Iron ore,

PC| Coal, ‘.
Air,

Others

Coking coal
OTHER -
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=) Hot Rolled Coil

Figure 2.4. Integrated iron and steel plant general production scheme [8].

2.3.2 Electric Arc Furnace

In electric arc furnace facilities, liquid steel is produced using steel scrap. The scrap
steel to be used in the furnace is unloaded into the furnace from the upper area with
the help of a crane, and then the furnace cover is closed. This cover carries the

electrodes immersed in the arc furnace. The electric current passing through the

10



electrodes creates an arc and the resulting heat melts the scrap. The molten metal is
then subjected to crucible metallurgy to add alloying elements. The liquid steel
prepared in ladle metallurgy is then transferred to continuous casting facilities to obtain
intermediate products such as billets or slabs. The general scheme of electric arc

furnace facilities is given in Figure 2.5 [8].
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Figure 2.5. Electric arc furnace [16].
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2.3.3. Facilities With Induction Furnace (IF)

In induction furnace production processes, steel production is carried out by melting
steel scrap. Scrap steel is unloaded into the upper area of the melting furnace using a
crane, then the furnace door is closed. After the molten metal is taken from the arc
furnace, the crucible metallurgy process is carried out to add alloying elements. The
liquid steel obtained in the ladle metallurgy process is transferred to continuous casting

facilities and billets or slabs are produced here [8].

2.4 STRUCTURAL STEELS

The beginning of the use of steel in multi-storey building construction dates back to
the late 1800s. The steel structures built in Chicago in 1888 are the 14-storey Tacoma
Building and then the 39.32 meter high Tower Building in New York. The reason for
the gradual increase in the number of floors of business centers called skyscrapers in
these years and until the late 1920s was the discovery of the advantages of soft carbon
steel used in steel structure design in terms of strength and ductility compared to
materials such as cast steel and forged steel. Thanks to technological developments in
rolling methods, the production of large profiles and the construction of high-rise steel

structures have become more economical [17].

Structural steels account for the largest proportion of steel production in the world. In
these steels, which are referred to as unalloyed, elements such as nitrogen and
phosphorus, as well as manganese, silicon, sulfur and copper elements resulting from
production, are also very effective [18]. Chemical compositions of structural steels
according to TS EN 10025-2 standard are given in Table 2.2.
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Table 2. 2. Chemical compositions of general structural steels [5].

Desienati Method of | ¢ in 9% max. for nominal product | si% | Ma% | P% | 8% | N% | cu% |20
esignation deoxi- . . o max
dation thickress in i max max max | max | max | max (a1}
Steel name |Steel number = l& =16=40 |=40C
S235R 1.0038 FN 0,19 019 0,23 LS50 | 0,045 | 0,045 [ 0,014 | 0,60
§235]0 1.0114 FN 0,19 0,19 0,19 150 | 0,040 | 0,040 ( 0,014 | 0,60
§235)2 1.0117 FF 0,19 0,19 0,19 150 | 0,035 | 0,035 0,60
S275]R 1.0044 FN 0,24 0,24 0,25 Le0 | 0045 | 0045 [ 0,014 | 0,60
827510 1.0143 FN 0,21 0,21 0,21 h Led | 0040 | 0040 [ 0014 | 0,60
$27512 1.0145 FF 0,21 0,21 0,21 h - 160 | 0035 | 0,035 0,60
S5355JR 1.0045 FN 0,27 0,27 0,27 0,60 L70 | 0045 | 0,045 [ 0,014 | 0,60
335310 1.0553 FN 0,23 0,231 0,24 0,60 L7000 | 0,040 | 0040 [ 0,014 | 0,60
83552 1.0577 FF 0,23 0,231 0,24 0,60 170 | 0,035 | 0,035 0,60
5355K2 1.0596 FF 0,23 0,231 0,24 0,60 170 | 0,035 | 0,035 0,60
S460]R] 1.0507 FF
34600, 1,35 FF 0,23 0231 0,24 0,60 LEO | 0040 | 0,040 ( 0,027 | 0,60 k
546012 1 1.0552 FF
S460K2j | 1.081
3500701 1.0502 FF 0,23 0,23 0,24 0,60 LB | 0040 | 0040 [ 0,027 | 0,60 k

Structural steel classes are shown with the symbol SXXX in the EN 10025 standard.

Structural steels, expressed according to yield strength, are primarily taken into

account by their tensile strength and yield limit values and have a wide range of usage

in welded steel structure manufacturing. The number (XXX) in the steel type

expression refers to the minimum yield strength of the steel in N/mm? unit in the tensile

test performed on elements whose thickness does not exceed 40 mm. For example, for

S235 quality, the minimum yield strength of steel is 235 N/mm?, that is, 2350 kgf/cm2.

Although there are many steel grades, the most commonly used structural steel type is

S235 quality. When choosing general structural steel at the design stage, the steel semi-

finished product dimensions to be used in Tables 2.3 and 2.4 should be taken into

consideration [18].
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Table 2.3. Yield and tensile strengths of general structural steels [5].

Minimum yield strength Tensile strength
Degignation MPa MPa
Nominal thickness Nominal thickness

Steel | Steel Z16 | 240 | 263 | >80 | =100 | 2150 | =200 | »250 7} 2100 > 150 > 150
name |number| s16 | 40 | <63 | <80 | <100 | 150 | $200 | ¢250 | 400 | <3 $100 $150 §250 s 400
SI5IR | 1.0038

SHSI0| 1014 | 235 | 225 | N5 | US| U5 | 195 | 185 | 175 | 165 |360to510| 360to510 | 33010500 | 34010490 | 330tod80
S512 | 1017

S)5IR | 10044

SUSI0 | LOM3 | 275 | 265 | M5 | ME O B35 | 25 | N5 | N5 | 195 |430t0580| 41010560 | 40010540 | 38010540 | 380t 340
82512 | 10145

S355R | 1.0045

833500 | 10553

SISSID LOSTT | 355 | M5 | M5 | N5 | M5 | 295 | N5 | 175 | 265 |510to680| 47010630 | 43010600 | 45010600 | 45010600
§355K2 | 1,059
S460R b 1.0507
S46010b 10538
S4602b) 10552 | 460 | 440 | 420 | 400 | 30 | 390 55010720 | 5301700
S460K2 0 1.0581
S50010b| 10502 500 | 480 | 460 | 450 | 450 | 430 5800760 | 56010750
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Table 2. 4. Toughness values of general structural steels [5].

Designation Temperature Minimum energy Nominal
thickness in mm

Steel Steel
name number <150ab  >150 > 250
<250b <400
S235JR 10038 20 27 27 27
$235J0  1.0114 0 27 27 27
$235|2 1.0117 -20 27 27 27
S275JR  1.0044 20 27 27 27
S275J0  1.0143 0 27 27 27
$275[2 1.0145 -20 27 27 27
S355)R  1.0045 20 27 27 27
$355]0 1.0553 0 27 27 27
S355|2 1.0577 -20 27 27 27
S355K2  1.0596 -20 40 33 33
S460JR€  1.0507 20 27
S460J0¢  1.0538 0 27
S46012¢  1.0552 -20 27
S460K2°  1.0581 -20 40
S500J0¢  1.0502 0 27

2.5. QUENCHING AND SELF-TEMPERING APPLICATIONS

The QST (Quenching and self-tempering) unit in the heavy profile mill of
ArcelorMittal, one of the world's leading steel producers, has been in operation for 30
years. Thanks to this unit, the combination of high strength, ductility and excellent
weldability properties in steel production, improvement in design parameters and

buckling curves by using thick heavy profiles called jumbo in wide-span space frame

15



elements and heavy load-bearing building columns, contribution to fire engineering,
high-strength steel quality H Combining profiles with high-strength concrete has

increased the life of high-performance composites and bridges [19].

Under the name of "Quenching and Self-Tempering" process, the cooling processes
exhibited abroad by a limited number of companies such as ARBED (LUXENBURG),
CRM (BELGIUM) and BRITISH STEEL (GREAT BRITAIN) are carried out with
the formation of a dense water pillow and have been successful to date. results are
obtained. It is also marketed under the brand HISTAR® (HIgh STrength ARcelor) and
is defined as high-strength steel among the conventional structural steels included in
the national standards of Europe and America with the codes EN10113-3:1993, ASTM
A913-01 and DIN 18800-7:2002, and its performances are Steel profiles produced in
this fully accepted steel quality have been used extensively in Europe since the first
day in special applications such as steel elements of wide-span space roofs, heavy-
load-bearing "Jumbo™ section steel columns of high-rise buildings, deep steel beams
of composite bridges, steel ground piles of deep foundations. It has been used with
success [19-21].

With the quenching and self-tempering (QST) system given in Figure 2.6, intense
water cooling is applied to the entire surface of the beam after the last pass of the

tandem mill, where the profiles are taken to their final dimensions [22].
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FINISHING

STAND
QST BANK QUENCHING SELF
ENTRY TEMPERING
860°C 600°C

Figure 2.6. Quenching and Self-Tempering (QST) for HISTAR steel grade principle
of the process [22, 23].

In Figure 2.7, before the core is affected, cooling is interrupted and the outer layers are
annealed by heat flow from the core to the surface. At the exit of the tandem mill,
directly at the inlet of the QST unit, the temperature of the material is typically 850°C.
After quenching the entire surface of the profile, it is self-tempered at 600°C [24].

Transformation Thermomechanical QST-Process
Rolling
Auinteiiiee * Shapeshifting] -
recrystallization / uriace
Heat Water
Recrystallized
Non-Austenite Ar, Core
Ferrite +Austenite
Ar,
Ferrite + Perlite
M, 1
Martensite
S Self Tempering
Time —_—

Figure 2.7. Temperature change during the QST process [24].
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HEA and HEB profiles made with S275JR steel grade are commonly used in the
construction of buildings, bridges and tunnels due to their strength and structural
properties [24]. While previous studies have investigated water for cooling
applications, no research was found on using a water-air mixture for quenching as
performed in this study [25].Producing high-strength structural steels requires
advanced manufacturing techniques and stringent quality controls to ensure safety-

critical applications [26, 27].

Thermomechanical processing enables developing material properties like high
strength and toughness simultaneously, which were previously considered
incompatible. Through careful control of thermal cycles, yield strength can be
increased without losing toughness or weldability. Building on this, a manufacturer
patented a proprietary process to produce heavy sections with these combined
attributes [28, 29].

The process involves controlled cooling to temper the surface layers while allowing
equilibration between the core and outer skin. This technique can fabricate heavy-
walled wide flange profiles from high-strength grades that may otherwise be difficult
to process. Continuous advances in thermal treatment methods now facilitate
manufacturing structural steel at higher specifications than previously achievable to
meet the growing demands of modern infrastructure projects. Precisely how innovative

processes like this promote microstructural development warrants further exploration

[5].

After heat treatment during the austenitization and quenching process, it is expected
that the steels will have a microstructure such as bainite, containing a fine dispersion
of ferrite and pearlite due to the rapid cooling rate. This microstructure typically
combines high strength with high toughness [30]. Currently, high-pressure water
spraying is commonly used in quenching and tempering units. However, limited
information is available on operating parameters for alternative cooling methods. No

prior studies were found examining the use of a water-air mixture for cooling.
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Therefore, this study aims to evaluate such a mixed-fluid system, which could provide
energy savings over water-only quenching while achieving comparable metallurgical

outcomes:

Snijder et al [31] examined properties of quenched and tempered heavy steel sections.
One study evaluated existing buckling design recommendations for stocky steel
columns fabricated from mild and higher strength grades. As current design codes lack
guidance for slenderness ratios above 1.2 or flange thicknesses over 100mm, finite
element models were used to develop new buckling curves, accounting for residual
stresses developed during manufacturing. This involved simulating the mechanical
behavior of a wide range of column geometries to establish appropriate resistance

factors.

Various wide flange profile types were investigated with flange thicknesses exceeding
100 mm, including thinner HL sections (h/b = 2.35) and heavier HD sections (h/b =
1.23). Materials studied included quenched and tempered steels under various
proprietary grades developed for enhanced properties, such as HISTAR 460 (High
Strength ArcelorMittal) with a yield strength of 460 MPa. Additional grades evaluated
were QST S460, S355 and S235 steel.

Where available, statistical data on material properties were referenced to estimate the
partial factor (ym) for each grade. The analysis factor (yM1) was then calculated as the
product of ym and the resistance factor (yRd) derived previously. Eurocode design
recommendations specify yM1 should not exceed 1.05. Accordingly, proposed
buckling curves were developed targeting a YM1 of 1.0 for use in EN 1993-1-1
specifically for stocky columns beyond the current scope of height-to-width ratios over

1.2 and flange thicknesses above 100 mm [31].

Seung Hoon et al. [32] nvestigated the impact of non-uniform water cooling on the
dimensional stability of rolled H-beam sections. The Quenching and Self-Tempered
(QST) process is an advanced thermomechanical treatment that enhances the strength

and toughness of structural shapes. However, in some cases rapid cooling during QST
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can create irregularly distorted cross-sections, sometimes called "wacky square"
deformations, due to uneven temperature differentials developing across the profile.

it observed a correlation between non-uniform cooling rates during QST processing
and shape deformation. Finite element modeling software was used to computationally
simulate deformation mechanisms in profiles by combining thermal expansion effects
and volume changes associated with phase transformations during accelerated cooling.
Direct measurements were also made and compared to simulation results to validate
the model's predictive capability.The findings provided insight into how rapid
increases in temperature gradients and localized stresses influenced distortion
behaviors in H-beams. Optimizing cooling uniformity during thermomechanical
processing stands to minimize undesirable shaping deviations and maintain

dimensional accuracy of rolled structural sections for fabrication.[32].

In another study, the bending behavior of hot-rolled H-beams after quenching and self-
tempering was investigated. Rather than deformations induced during hot rolling, the
focus was on warping that could result from thermometallurgical and mechanical
effects of rapid cooling. Finite element modeling was used to simulate quenching of
several representative H-beam cross-sectional profiles commonly encountered in

manufacturing.

To analyze the impact of accelerated heat treatment and associated phase
transformations on bending, transient quenching simulations were performed using
modeling software. Theoretical considerations like latent heat release during
guenching, heat transfer dynamics, and phase changes accompanying temperature
variations were incorporated. The computational predictions were then compared to
experimental measurements to validate the simulation's effectiveness in elucidating
the underlying bending mechanisms.[33] Further analyses using the simulation were
conducted to better understand what factors might induce unexpected distortions.
Accounting for metallurgical phenomena like material phase transitions in addition to
thermal gradients and stresses holds potential for optimizing quenching parameters to
minimize undesirable deformations in structural sections during heat treatment
operations [33].
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In literutre study, Harman [34] the suitability of different welding techniques for
joining QSTE 420TM high-strength steel sheet was investigated. Maintaining the
exceptional strength properties of this fine-grained alloy steel after fabrication is
important. Several factors influence weldability, including base material
composition/thickness, welding process selected, filler metal chemistry/properties,
and heat input level.By optimizing these parameters, welding procedures were
developed and butt joints tested under 3 groups employing metal active gas, tungsten
inert gas, and gas metal arc welding respectively. Following metallographic
examination and mechanical testing of test joints, the most effective technique in each
category was identified based on the strength attained relative to the base material.the
welding methods and conditions suitable for manufacturing structures from QSTE
420TM sheets while preserving the inherent strength advantages this steel offers.
Careful control of variables made certain processes more compatible than others for
specific applications depending on design requirements. This provides guidance on
joining strategies that minimize weakening effects in high-performance fabricated

structures.[34].

2.6 HEAT TRANSFER IN ACCELERATED COOLING OF STEEL PLATES

Using modern cooling systems, it has become very easy to achieve cooling rates higher
than almost 100 °C per second. While these cooling processes are carried out much
more easily in plates with thin sections, as the section thickness increases, heat transfer
will become more difficult and the cooling process will take time. The two main
components that affect this process are the residual stresses occurring throughout the
thickness of the plate and the microstructural properties. In thin-section plates, the
critical factor is the heat transfer on the surface. Above 450 °C, a stable vapor layer
with a high cooling rate forms on the surface of the plates. At temperatures below 450
°C, the vapor layer will break and the heat transfer rate will increase. Below 150 °C,
boiling disappears and the heat transfer rate decreases again. A gradual cooling process
is applied between 800-500 °C. Direct quenching is carried out at temperatures
between 200-900 °C. As a result, it is necessary to reach a sufficient speed in cooling
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the plates in order to obtain the martensitic structure. When the specified conditions
are met, the cooling rate will become easily controllable.

20% of steel plates are produced by rolling with this method. Nowadays, accelerated
cooling is widely used for the production of steel plates with a thickness of only up to
100 mm. With this method, high-strength steel plates with a tensile strength of more
than 490 MPa can be obtained. That's why these plates are used in shipbuilding,
offshore platforms, API pipes, high-rise buildings, bridges, pressure pipes, low
temperature tanks, cryogenic tanks and heavy duty machines. These products and
technical data standards are accepted in many steel production factories in global
sectors. After almost 30 years, cooling and quenching processes have accelerated after
industrial applications were disrupted. New formations of the mechanical properties
and alloy contents of the materials enable the optimization of such processes and it is
possible to produce high-quality steel plates.

2.7 RESIDUAL VOLTAGE

Residual stresses are elastic stresses that remain in the part after various
production/manufacturing stages. Plastic deformations or thermal changes that are not
distributed homogeneously in the material as a result of welded manufacturing,
casting, surface treatments and heat treatments are the main reasons for the formation

of residual stress [35].

In a 3D material, deformation occurs in all three different dimensions. If the change in
the resistance of the material is examined with this method, unfortunately it will be
impossible to understand what size of deformation is in which axis. In addition, the
larger the part dimensions, the more impossible direct measurement will be. For this
reason, an auxiliary element is needed to make measurements on a desired axis. The
name of this auxiliary element is the Residual Tension Meter Rosette (Strain-Gage
Rosette). This material is insulated elements containing a wire of circular cross-section

oriented in one direction. We can stick this badge on the part we want to measure in
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any direction we want, measure the resistance change, and in this way calculate the
unit strain [36].

Residual stresses are stresses locked within a metal object even though the object is
free from external forces. Residual stresses are formed as a result of the confinement
of a region of metals from expansion, contraction or release of elastic stresses by
adjacent regions. Residual stresses may occur in tension or compression. Tensile and
compressive residual stresses coexist within a component. Residual stresses occur
when a component is stretched beyond its elastic limit and plastic deformation occurs.
Plastic deformation occurs when stress exceeds the yield strength limit of a metal.

In parts cooled rapidly from high temperatures, residual stresses occur due to sudden
temperature changes in the steel during cooling. Cooling from high temperatures
generally occurs during heat treatment and welding applications. 13 Temperature
changes when a metal is cooled from high temperatures cause the amount of thermal
contraction to change locally. Thermal shrinkage is equal to non-uniform stress due to
different cooling rates occurring on the surfaces and interior surfaces of metals such
as steel rectangular profiles. During cooling, the outer part of a component cools first
and this area of the metal contracts and the hot inner surface compresses the metal,
creating stress. As the interior of the component cools, the metal attempts to contract,
but with the pre-cooled exterior, shrinkage remains limited. As a result, the outer part
will have a residual compressive stress, while the inner parts will have a residual

tension.

Phase transformation refers to alterations in the metallic phases making up an alloy.
For example, the conversion of austenite to martensite during steel hardening
represents a phase change. Residual stresses arise from volumetric mismatches

between newly forming and original metallurgical phases during transformation.

The disparity in molar volumes gives rise to expansion or contraction of the material.

Rapid cooling processes like quenching initiate phase changes beginning at external
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surfaces before progressing inward. When the volume of the product phase differs

from the initial phase, conversion induces dimensional changes.

As internal regions cool, they attempt to alter size but are constrained by already-
transformed exterior layers. A larger product phase volume compresses the core under
exterior traction. A smaller volume places the core in tension against compressive
exterior layers.For instance, steel quenching converts austenite (4% smaller volume)
to martensite initially on surfaces as they rapidly cool. Subsequent transformation
internally expands against immobilized surface layers, inducing tensile core stresses

and compressive surface stresses.

In some cases, transformation-induced volume changes can generate plastic
deformation and warping if stresses exceed yield strength. Severe quenching may even
cause cracking. Control of processing seeks to optimize microstructural development
while mitigating distortion and failure from thermal stresses.Residual stresses also
arise due to non-uniform plastic deformation across a component's cross-section
during forming processes like bending, tension/compression, rolling, and extrusion.
When a material experiences plastic deformation, a portion of the strain is elastic (as
discussed in tensile testing studies).

After unloading, the material attempts to recover this stored elastic energy. However,
complete recovery is impeded by neighboring sections that underwent permanent
plastic deformation. Consider a pre-bent metal object.Regions beside the curved
segment only deflect elastically and regain their shape upon load removal through a
phenomenon known as springback. However, permanent bending of adjacent material
inhibits full shape recovery of the elastic regions back to an undeformed state.These
elastic regions become trapped in tension, with plastically deformed areas now in
compression. Redistribution of stresses during plastic straining followed by
constrained elastic unloading leaves residual stresses induced within nonuniformly

deformed components. [6].
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PART 3

METHODOLOGY AND EXPERIMENT

3.1 MATERIALS

In this study, steel structure profiles of S275JR quality HEA 120 and HEB 120 to 140

sizes, which are the most commonly used in steel construction structures, were used.

S275JR quality beam blanks with dimensions of 280X360X90 mm used in the
production of profiles were cast in continuous casting facilities as open casting and
without vacuum. These semi-finished products were shipped to the rolling mill and
subjected to annealing at 1200°C. They were produced by passing in reversible rolling
mills using the hot rolling method after the annealing process. The dimensions of the
HEA 120 and HEB 120/140 profiles produced are given in Table 3.1.

Table 3.1. Profile characteristics

-

b ’| h b S t Unit Mass
I (kg/m)
Web —» fJa—° 114 120 5 8 19.9
. t 120 120 6.5 11 26.7
- 4+ 140 150 7 12 33.7
Web+Flang

The chemical composition (% by weight) of the profiles used is given in Table 3.2.
The profiles were produced according to the EN 10025-2 standard and their chemical

compositions were found to comply with the standard
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Table 3.2. Chemical composition of main material

Materials C Mn  Si S P Cr Ni Cu \Y/ Al Nb Ce N

HEA120 0.094 0.75 012 0.01 0.01 0.04 0.04 006 0.002 0.001 0.0002 0.23 68

HEB140 0.10 0.71 0.07 0.02 0.01 0.03 0.04 0.04 0.0009 0.001 0.0002 0.23 58

HEB140 0.09 091 0.17 0.02 0.01 0.03 003 0.03 0.005 0.001 0.0003 0.25 60

3.2. MATERIAL PREPARATION

The HEA 120/140 and HEB 120/140 sized S275JR quality steel structure profiles to
be used in the thesis study were cut with a KARMETAL brand 220 KDG model band
saw (Figure 3.1) in 250 mm length to be suitable for transportation during the HS-KT

heat treatment to be applied.

Figure 3.1. Cutting profiles to a length of 250 mm.
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In order to monitor the temperature change during the HS-KT heat treatment of HEA
120 and HEB 120/140 size S275JR quality steel profiles, holes suitable for the
diameter of the insulator attached to the end of the thermoculps were opened with a

drill in the web, web+flange and flange regions given in Figure 3.2.

Figure 3.2. Positions of holes drilled for thermocouples.

3.3 APPLICATION OF HS-KT HEAT TREATMENT

After the HS-KT heat treatment system was installed, thermocouples were attached to
the holes drilled in HEA 120/140 and HEB 120/140 sized S275JR quality steel profiles
to control temperature distributions during the accelerated cooling process. Figure 3.3

shows the profile on which the thermocouples are attached.
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Figure 3.3. Thermocouple mounted profile.

In temperature measurements, K-type thermocouple wires, which can measure
1500°C, were attached to the specified points with polymer-based adhesives and the
temperature was recorded for each second with the help of the 16-channel ADAM

system and software given in Figure 3.4.

A

Figure 3.4. Channel ADAM system.

28



For the HS-KT heat treatment, the profiles cut to 250 mm in length, with holes drilled
and thermocouples attached, were first austenitized in a muffle furnace with a volume
of 290x290x450 mm3 with a Telmika model temperature control unit in Figure 3.5,
where the temperature distribution is minimum. It is important that the temperature
distribution in the austenitizing furnace is minimum in order to obtain optimum
mechanical properties along the cross-section of the profiles to be austenitized and HS-
KT heat treated. In addition, the austenitizing process in the furnace atmosphere was
carried out under the atmosphere of N2-5H2 gas mixture . 950°C was selected as the
austenitizing temperature of the examined profiles, and the austenitizing time was
determined according to the general 1-hour annealing heat treatment rule for 1 inch

thickness .

Figure 3.5. Heat treatment furnace .

Within the scope of the thesis study, 3 different test parameter groups: Cooling Time,
Distance Between Cooling Plate and Profile and Air Pressure were applied to HEA
120 and HEB 120/140 sized S275JR quality steel profiles. Heat treatment parameters
are given in Table 3.3. In the study,20 sec. was used HS-KT heat treatment was
applied at different cooling times, 2 layers of cooling plate profile distance, 12 bar air

pressure.
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Table 3.3. Heat treatment parameter .

Profile Temperature (°C) Cooling Time Distance Air Pressure
(sec.) Between Cooling (Bar)
Plate and Profile

(mm)
HEB 120 950 20 2 Kat 120 mm
HEB 140 2 Kat 140 mm 12
HEA 120 2 Kat 120 mm

3.4 MICROSTUCTURE CHARACTERIZATION

For metallographic processes, samples of 25x15x10 mm dimensions were cut from
heat-treated profiles. The prepared samples were prepared for polishing by sanding in
the 400-2500 mesh range and were polished with 3 micron Al>Os. Microstructure
examination (SEM - Optical): Here, the samples to be cut to certain sizes will be
examined with the Carl Zeiss Ultra Plus Gemini Fesem model ZEISS brand SEM
imaging device located at Karabiik University MARGEM Institute, and the
microstructures of the casting as well as artificially aged and thermomechanically

artificially aged materials will be examined.

Figure 3.6. SEM device.

30



3.5 HARDNESS MEASUREMENT

The cross-sectional surfaces of the profile pieces resulting from the residual stress
measurement were used for hardness measurement. Hardness values were measured
for 10 seconds in accordance with the standard on the OPTOBUL brand device in
Figure 3.7. It was measured in Brinell with a 5 mm ball under a load of 750 g for a

period of time.

Figure 3.7. Brinell hardness device.

Hardness tests were carried out on the web region of the section of the original (non-
heat treated) profiles that were subjected to accelerated cooling, as shown in Figure
3.7. The average values of hardness measurements taken from at least 3 different

points in each region in the web region was taken.
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3.6 FATIAGUE TEST

We conducted a fatigue test using a custom-built testing rig in our lab. The rig consists
of two opposing grips - one fixed and one movable. A motor is used to drive the
movable grip in a cyclic movement. Data acquisition software on the rig allows the
user to control and record the cycling frequency. Our rig applies a repeating bending
load of constant amplitude to the specimen by moving the grips cyclically. The
maximum and minimum displacement limits are set manually using adjustable bolts

on the grips.

The rig loads the sample in a cyclic fashion and simultaneously counts the number of
load cycles. When the sample fractures, the number of cycles completed is noted. This
data is then used to create an S-N or Wohler curve for the material. Commonly known
as an S-N curve, this is a graph with stress amplitude on the x-axis and number of

cycles to failure on the y-axis, both generally displayed on a logarithmic scale.

For each test material, we plotted a curve showing the relationship between the cyclic
stress level and the number of stress cycles sustained prior to fracture. This provided
insight into the fatigue performance and life of the material under different loading

conditions.

stress amplitude is calculated by the equation:

60h

o=E 77

This law was arrived at from the following relations
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Figure 3.8. Guided cantilever beam [26].

M
Equivalent bending stress ¢ = Tb y

bh? h

My=PL , I=— , y=-

b 12 772

PL h o PL

7T 2 R YE

12

bh?
El 12%& 124560 pon
P=12§5 - 0=6 e Ve =6L2

E: Young’s modulus [ N/m?]

6 : max. amount of bending deformation [m]

33



b : width of the sample [ m]

h : Thickness of the sample [ m]

L : Distance between supports [ m]

3.7 SHORT BEAM SHEAR METHOD

Short Beam Shear Method is also called Three Point Bending. This method is used to
determine the interlayer shear strength of fiber-reinforced polymer matrix layered
composite materials. The method used in the thesis was approved by the ASTM D 30
committee in 2006. Interlaminar shear strength iS is calculated as defined in the Short
Beam Shear test method ASTM D 2344.

The test setup for the ASTM D 2344 standard is seen in Figure 3.9. The diameter of
the supports should be 3 mm and the diameter of the cylinder loading head should be
6 mm. The supports and the loading cylinder head must be overhanging the sample by
at least 2 mm on both sides. The parts of the sample outside the support must be at
least as thick. Loading continues until either the sample is damaged and breaks into

two pieces, or until the load value drops by more than 30%.

In the ASTM D 2344 standard, an s/t ratio is defined by calling the distance between
the supports s and the thickness of the sample as t. When the s/t ratio is between 4 and
8, Short Beam Shear test can be applied. The standard recommended ratio is 4 or 5. If
the s/t ratio is less than 4, compression damage occurs, and if it is greater than 8,

flexibility damage occurs. Recommended sample sizes;

Sample length = thickness x 6

Sample width = thickness x 2.
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Figure 3.9. Short Beam Shear test setup.

Interlaminar shear strength is the shear stress in vertically loaded, rectangular cross-

section beams.It is calculated from the formula as in equation 3.2.

S = eP
ET A w.t

Here, i S is the interlaminar shear strength, P is the maximum load, w is the width of
the sample and t is the thickness of the sample. The samples used in the Short Beam
Shear test are very small when s/t = 4. Since the diameter of the supports is 3 mm and
the diameter of the cylinder load is 6 mm, difficulties are experienced when loading

the sample.

Typical damages encountered in the Short Beam Shear test are classified as follows
(Figure 3.10).
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PART 4

RESULTS AND DISCUSSION

4.1 INTRODUCTION

This chapter details the experimental work and explains how the experiments were
conducted. Equipment and materials used in this investigation are included. The
experimental procedure used to prepare samples accelerated cooling can improve the
mechincal properties of the steel. These tests include bending strength , hardness,

scanning electron microscope analysis (SEM), and the fatigue test.

4.2. COOLING RATE

Cooling graphs of web region of profiles subjected to HS-KT heat treatment at
different parameters according to time are given in Figures 4.1.When the cooling
graphs of the HEA 120 profile on which HS-KT is applied at 2 Layer 12 Bar in Figure
4.1 are examined, it is seen that the cooling graph decreases rapidly from 950°C, which
is the austenitizing temperature, due to the application of the HS-KT process to the
web region. However, after this rapid cooling on the surface of the profile, it is seen
that the temperature values increase due to the effect of the temperature in the core
region. Thus, the self-tempering process occurred in the profiles.

It is observed from the graphs that the cooling rate is lower with the HS-KT heat
treatment applied to HEB 120/140 size profiles, which have a thicker cross-section
than the HEA 120/140 size profile. Due to the thicker section profile, the self-

tempering process either occurred at high temperatures or the end temperature of
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cooling was quite high so that there was no need for the self-tempering proces
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Figure 4.1 Cooling charts.
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4.3 BRINELL HARDNESS

The hardness of the examined HEA120 profiles sprayed with air + water at 12 bar
pressure are given in Figure 4.2, respectively. While the hardness of HEA120 12 bar
HS-KT applied profiles at 2 layers distance increased with the applied time, no
difference was observed between the hardness of the web regions under the same
conditions. In addition, while the hardness of HEA120 quality profiles with HS-KT
applied does not change with the applied pressure, it decreases for 20 seconds at 12

bar pressure. The hardness of HS-KT applied profiles remained slightly low.

The figure shows the Brinell hardness number (HB) measurement results for 3
different steel section types - HEB 120, HEB 140 and HEA 120.The HEB 120 section
with height h=1.5mm showed the highest average hardness of 202.44 HB. This
indicates it has the highest resistance to plastic deformation compared to the other
sections tested. The HEB 140 section with the largest height of h=140mm exhibited the

lowest average hardness of 155.86 HB. As the height increases, the hardness decreases.

The HEA 120 section with h=1.52mm showed an intermediate average hardness of
173.89 HB.In general, the hardness tends to decrease with increasing section
size/thickness for the S275JR steel alloy. Larger cross sections have lower hardness.

This could be because thicker sections have larger grain sizes resulting from slower
cooling during fabrication, leading to softer microstructure. While thinner sections

may work harden more.
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Figure 4.2. Hardness change of the samples.

4.4. BENDING STRENGTH

The provided data shows the flexural strength of different steel samples. Based on
the given data, the bending strength of the samples ranges from approximately 339
MPa to 458 MPa. This indicates that the samples have varying resistance to bending
forces. The flexural strength values vary for different samples, indicating that the
geometry and dimensions of the steel sections (HEB 120, HEB 140, and HEA 120)
have an influence on their bending strength. Among the HEB sections, HEB 120 has
a higher average bending strength (458 MPa) compared to HEB 140 (343 MPa). The
HEA 120 section has the average flexural strength (339 MPa) among the three
sections. The differences in flexural strength could be attributed to variations in the

composition, microstructure, or heat treatment of the steel samples.
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Table 4.1. Bending stree and maximum bending stress of the samples.

Sample Bending Yield Strength Maximum Bending Strength
HEA120/2K/12B/20s 197.5 339
HEB120/2K/12B/20s 250 458
HEB140/2K/12B/20s 145 343

4.5 FATIGUE TESTING

Fatigue testing on steel S275 involves subjecting specimens of the material to cyclic
loading conditions to simulate the repetitive stress experienced during its service life.
Steel S275 is a low-carbon structural steel with good mechanical properties commonly
used in construction and engineering applications. The fatigue test aims to determine
how the material's fatigue strength, endurance limit, and fatigue life are affected by
cyclic loading. The test involves applying a cyclic load to the specimen, typically in
the form of alternating tension and compression, at a constant frequency. The applied

stress is usually below the yield strength of the material to avoid plastic deformation.

During the test, the number of cycles to failure (fatigue life) and any changes in
mechanical properties such as stiffness and ductility are recorded. This information
helps engineers assess the material's performance under repeated loading and design

structures with adequate fatigue resistance.

Fatigue tests on steel S275 can be conducted according to various standards such as
ASTM E466 or ISO 1099, which provide guidelines for specimen preparation, testing
procedures, and data analysis. These tests are essential for ensuring the reliability and
safety of structures subjected to cyclic loading, such as bridges, buildings, and
machinery components.Figure shown (orange line)represents test data for a HEB 120
12 BAR 2KAT 20SN section with a height h=1.5mm. We can see that as the number

of cycles increases, the fatigue strength decreases in a typical S-N curve pattern. The
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fatigue limit, which is considered the stress value at 1 million cycles, would be
approximately 281 MPa based on extrapolating the data trend.

The green line represents data for the same section profile but with a slightly larger
height of h=1.52mm. The fatigue limit based on this data set is estimated to be around
349 MPa, which is higher than for the h=1.5mm specimen. This indicates that a small
increase in thickness can improve the fatigue performance, as there is more material
resisting crack initiation and growth.The blue line is for a thicker HEB 140 section.
Again following the decreasing stress trend with increasing cycles, the fatigue limit
would be around 338 MPa.Steel S275 typically exhibits a fatigue limit or endurance
limit, which is the maximum stress amplitude that the material can withstand for a
specified number of cycles without failure. This value is often expressed in terms of
stress range (o) or stress ratio (6_max/c_min). The fatigue strength of S275 can vary
depending on factors such as surface condition, heat treatment, and environmental
conditions. In general, S275 has a moderate to high fatigue strength compared to some

other structural steels.

Table 4.2. Cooling rates in the web, regions of the samples profile

Sample web Fatigue value
(°C/sec.)
HEA120 12BAR 2KAT 20SN 77 349
HEB 120 12 BAR 2KAT 20SN 41 281
HEB 140 12 BAR 2KAT 20SN 38 338
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Figure 4.4. Fatigue strength of the samples.

In summary, the fatigue strength decreases with increasing number of cycles for all
three specimen geometries, following typical fatigue behavior. The fatigue limit
increases slightly with thickness, from 564 MPa for the thinnest section to around 700
MPa for the thicker sections. The reasons why the fatigue limit increases with
thickness in steel alloys : Stress concentration effects are reduced, Resistance to crack
propagation is higher and Resistance to crack initiation is higher: It takes longer for a
crack to initiate from the surface in a thicker section compared to a thin one, as the
stressed volume is greater This suggests that material and geometric properties can
influence the fatigue performance of S275JR steel, with thicker sections displaying

higher resistance to fatigue crack initiation and propagation.

4.6 SEM IMAGES

Due to the large number of samples with different parameters in the thesis study, SEM

and EDS studies were limited to HEA 120 size profile and maximum and minimum
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quenching parameters. The SEM representation of the web region of the HEA 120
/HEB 12/140 profile to which HS-KT was applied in 2 layer, 12 bar, 20 sec. is given
in Figure 4.5- 4.7.. The web provides SEM images and EDX maps of the regions.
While Figure 4.6 shows that the examined profile exhibits acicular ferrite and a small

amount of bainite microstructure, Figure 4.7 suggests that the examined profile

consists of acicular ferrite, bainite and a small amount of martensite structure.

8 Feb 2024
EHT 00kv WD=129mm http:\dce karabuk.edu.tr

Figure 4.5. SEM of HEA120 quality 12 bar 20 sec. at 200 x SEM image magnification
after Fatigue test.

45



Date :8 Feb 2024
EHT 00kvy  WD=11.1 mm http:\\dce karabuk.edu.tr

Figure 4.6. SEM of HEB120 quality 12 bar 20 sec. at 200 x SEM image magnification
after Fatigue test.

Figure 4.7. SEM of HEB140 quality 12 bar 20 sec. at 200 x SEM image magnification
after Fatigue test .
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PART 5

CONCLUSIONS

In this study, HS-KT heat treatment was applied to HEA 120 and HEB 120/140

profiles at 12Bar air pressure values of, and cooling times of 20 sec. and 2 coats were

applied with different nozzles and different distances between the materials. The

results obtained in this study, in which the effect of HS-KT heat treatment on the

mechanical properties of H-type steel construction profiles of different sizes was

investigated, are listed below;

The fatigue strength decreases with increasing number of cycles for all three
specimen geometries, following typical fatigue behavior.

The fatigue limit increases slightly with thickness, from 564 MPa for the
thinnest section to around 700 MPa for the thicker sections.

Thickness increases the resistance of steel to both crack initiation and
propagation mechanisms under cyclic stresses, leading to an improved inherent
fatigue limit.

An inverse relationship between hardness and thickness for the tested S275JR
steel sections, with the thinnest HEB 120 displaying the highest hardness.
Section size influences the mechanical properties.

The HEA 120 section has the highest average flexural strength, followed by
HEB 120 and HEB 140. The specific application and design requirements will

dictate the significance of these results in practical use.
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