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INFLUENCE OF TEMPERATURE AND EXPLOITATION TIME
ON FATIGUE STRENGTH AND MICROSTRUCTURE
OF WELDED JOINTSOF A-387Gr.B STEEL
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The main goal of the paper was to analyze the inflaeof temperature and exploitation
time on fracture resistance of welded joint constitts of a new and exploited low-alloyed
A-387Gr.B steel (Cr—Mo type) under action of dynardad and change of mechanical
properties. The exploited parent metal, as a gaatreactor mantle, is in the damage repair
stage, i.e. a part of its mantle is being replagitd a new material. Wohler's curves were
constructed, i.e. fatigue strength as materiaktaste to crack initiation was determined
at the room and working temperature, testing of wjdint and microstructural analysis
of parent metal, weld metal and heat affected zeveescarried out. Based on the testing
results, analysis of the fracture resistance abasehe microstructural changes represent the
comparison of values obtained for characteris#@aaiof the welded joint and the justifica-
tion of the selected welding technology.

Keywords:. crack low-alloyed steels, welded joints, fatigue strengtechanical properties.

ITpoananizoBaHO BILIMB TEMIIEPATYPU 1 UaCy €KCILTyaTalii Ha OIip pyHHYBaHHIO KOMIIOHEHTIB
3BapHHX 3’ €IHAHb HEEKCIUTyaTOBAHOI Ta €KCILTyaTOBAaHOI HHU3bKOJICTOBAHOI CTalli MapKu
A-387Gr.B (uny Cr—Mo0) 3a zii [HHAMIYHOTO HABAHTAXEHHS i 3MIHM MEXaHIYHHX BIAC-
THBOCTEH. YacTHHY eKCIITyaTOBaHOTO METalTy OOO0IIOHKH PEeaKTOpa 3aMiHEHO HOBHM Mate-
pianom. ITo6ynoBaHo kpuBi Benepa: Bu3HaueHo omip Marepially 3ap0LKEHHIO TPIIUHY 3a
KIMHATHOT 1 po0040T TeMIlepaTyp; BUKOHAHO BUIIPOOYBaHHs 3BapPHOTO 3’ €ZIHAHHS 1 MIKpO-
CTPYKTYPHUH aHalli3 BUXiJHOTO MeTally 3BapHOTO ILIBa i 30H TepMiuHoro BmBy. ITopis-
HSTHO Omip pyHHYBaHHIO, @ TAKOXK BU3HAYEHO MIKPOCTPYKTYPHI 3MiHHM XapaKTEPHUX JiJsi-
HOK 3BapHOro 3’ €JHaHHS, 1 00IPYHTOBAHO 0OpaHy TEXHOJIOI1I0 3BapIOBaHHS.

KirouoBi cinoBa: mpiwuna, Husvkone2o06ani cmai, 36apHi 3' €OHAHHSA, BMOMHA MiYHICMb,
MexauiuHi 61acmueocmi.

Introduction. A long-time exploitation period of a pressure wssreactor (over
40 years) caused a certain damage to the reactdtem@ihe occurrence of this damage
demanded a thorough inspection of the reactor tsireidtself, along with repairing of
damaged parts. Reactor repairs included repladirsgpart of the reactor mantle with
new material. The pressure vessel considered haremade of low-alloy Cr—Mo
A-387Gr.Bsteel in accordance with ASTM standard with 0.85% Cr and 0.45...0.6%
Mo. For the designed work parametgrs<35 bar and = 537C) the material is in the
area where it is prone to decarbonization of théasa in contact with hydrogen. As a
consequence of surface decarbonization, matereigth may be reduced. The reactor
represents a vertical pressure vessel with a aytialdmantle. Deep lids are welded on
the top and bottom sides of the mantle of the sanadity as the mantle itself. Inside
the reactor the most important process in the ngaeoline production stage takes place
and it involves platforming in order to change thglrocarbon compounds structure
and thus achieving a higher-octane rating. Testfrige new and exploited parent metal
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(PM) as well as the welded joint components (wettah(WM) andheat affected zo-
nes (HAZ)), low-alloyed steel from which reactomgade, was performed.

The exploited PM was made of A-387Gr.B steel withiekness of 102 mm. Che-
mical composition and mechanical properties (Tdblef the exploited and new PM ac-
cording to the test documentation are given bel@®wemical composition of the
exploited and new PM specimens (mass%) is as fellepecimen E (C — 0.15, Si —
0.31, Mn - 0.56, P — 0.007, S — 0.006, Cr — 0.88,M.47, Cu — 0.027); specimen N
(C-0.13,Si—0.23, Mn — 0.46, P - 0.009, S —®.@ — 0.85, Mo — 0.51, Cu — 0.035).

Table 1. Mechanical properties of the exploited and new PM specimens

_ Yield stress, Tensile strength, .
Specimen R, R, Elongation, | Impact energy,
designation 02 A % J
MPa
E 320 450 34.0 155
N 325 495 35.0 165

Welding of steel sheets made of the exploited aawd BM was performed in two
stages, according to the requirements given inwéekling procedure provided by a
welding specialist, and these stages include: wadtl of specimen E, using a coated
LINCOLN S1 19G electrode (AWS: E8018-B2), andrifjiby arc welding under powder
protection, where wire denoted as LINCOLN LNS 156d gpowder denoted as
LINCOLN P230 were used as additional materials.

Chemical composition of the coated electrode LINGIO&1 19G and the wire
LINCOLN LNS 150 according to the test documentatae given below. Remical
composition of additional welding materiatsas follows LINCOLN S1 19G: C - 0.07,
Si—0.31, Mn - 0.62, P - 0.009, S — 0.010, Cr1#¥, 1Mo — 0.54; LINCOLN LNS 150:
C-0.10, Si—-0.14, Mn - 0.71, P - 0.010, S —@.Ck — 1.12, Mo — 0.48. Their me-
chanical properties, also according to the testh@ntation are given in Table 2.

Table 2. Mechanical properties of additional materials

Additional YielgpstreSS, Tensile strength, Elong?tion, Impact ener-
material 02 R A % gy, J at26C
MPa
LINCOLN SI 19G 515 610 20 > 60
LINCOLN LNS 150 495 605 21 >80

A butt welded joint was made with a U-weld. Thepghaf the groove for welding
preparation was chosen based on the sheet thickneascordance with appropriate
standards SRPS EN ISO 9692-1:2012 [2] and SRPSSENDB92-2:2008 [3].

Determining of fatigue strength. Metal fatigue is defined as the process of cu-
mulative damage under the effect of variable loduictv is manifested in the occur-
rence of cracks and fracture. Fatigue strength elded joints is determined from
testing of the specimen with variable load thatieto initiation of cracks or fracture.
In case of reactors, i.e. pressure vessels whiehatgp under increased pressure and
temperature conditions, high-cycle fatigue tests arparticular importance. Strength
of a welded joint under variable loads, that odounon-stationary reactor work modes
during starting and stopping, is an important ctigmstic for assessing the integrity
and remaining life. At the same time, it shouldtéleen into account that a crack-like
damage occurs after a large number of change®ilo#d at stresses much lower than
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the yield stress (high-cycle fatigue). At load lsvidwer than yield stress, typical of
high-cycle fatigue, it is a common practice to parf a test in rigid mode.

High-cycle fatigue depends on the properties ofvtbkled joint constituents. The
characteristics of high-cycle fatigue start chaggsignificantly only at temperatures
above 400C for steel used for pressure vessels and theifedgbints.

Testing of the effects of temperature and exploitatiuration on the behavior of
the new PM as well as on the butt welded jointesttied to variable load was performed
to determine the points in the S—N-diagram (drawafgthe Wohler's curve) and
fatigue strengthS) welding procedure, as well as specimens testiegewarried out
according to standards ASTM E466, ASTM E467 and M468 [4-6]. The shape
of the specimen tested under variable load is shiovdg. 1.

13,5
220

13 15 67 15 13

Fig. 1. Specimen for dynamic tests according to AHA86.

Testing was performed on a high frequency pulsatbe values of the achieved
frequency ranged between 115 and 165 Hz, depemdinge load and testing tempe-
rature. In order to fully evaluate the behaviomwdterials subjected to variable load,
while taking into account the dimension of the &pen, the most critical case of
variable load was considered with the use of végidbad that alternated between
tension and pressurB € —1).

During this testing, it is a general rule to detieeronly the number of load changes
until fracture under the load with a constant raregel the standard requires only data
about the stress magnitude at which crack initieéind fracture after a specific number
of cycles does not occur (typically betweerf 26d 168 cycles). For steel materials,
standard ASTM E466 defin&yess S after 10 cycles.

The effect of exploitation duration and temperatareSgyress S, 1.€. maximum
dynamic stress at which there is no initiation @o&-like defects in smooth structure
shapes, is graphically shown in the form of Woldletirves (S—N-diagrams) in Figa 2
for a butt welded joint specimens and in Fib.f@8r specimens cut out from the new
PM [1].

Testing of specimens of the PM was not performeanagesall welded joint
specimens cracked in the zone of the exploited Réhce these tests provided the
characteristics of the welded joint and PM.
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& oo
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Fig. 2. S—N-diagram for specimens cut out frombthie welded jointg) and from the new PMbj
and tested at room and working temperatlfe: 20°C; O — 540C.
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In order to draw a Wohler's curve and to

Sﬁ MPa
/J/

— determine the fatigue strength, it is neces-
\\:\ sary to test the specimens at 6 to 7 different
100 — levels of load. According to standard

ASTM E 466 for every load level, three
0 100 200 300 400 T.°C specimens were tested, Whlch made a total
) ] of 21 specimens. Due to this, such tests are
C':'tgoﬁ’t ffgr?l”t%‘; ‘r’]sev\‘l’%'”Mezrzgr ;gﬁ;‘ry\,‘é? dSe 4Very expensive and are only justified when
joint depending on the temperature: data for designing are necessary, first of all
[ — new PM:O — welded joint. from _the aspect of fatigue and fracture me-
chanics, in other words when parts subjec-

ted to long-term variable loads are designed amtagp the total designed structure life.
The effect of testing temperature 8iyess S Obtained by testing of specimens cut

out from a butt welded joint and the new PM is shawFig. 3 [1].

Macro and microstructural testing. For a successful application of A-387Gr.B
steel and to obtain its maximal creep resistanaaramteed mechanical properties are
requested at higher temperatures, as well as cesgggance at exploitation temperatu-
res in a period that can be longer than 15000thbs@& properties are obtained with the
proper thermal treatment, providing the structumesisting of ferrite and bainite. Very
fine carbides, which start to sediment during this
thermal treatment, segregate at the grain border,
as well as within the grain which can be seen
under high magnification [7, 8].

Carbide precipitation, which begins during
thermal treatment for residual stress elimination,
continues during exploitation at exploitation
temperatures and pressures [9, 14]. Appearance
of these brittle phases can be ascertained by me-
tallographic analysis under high magnification.
This testing was conducted in order to evaluate
the exploitation period of the parent metal and
the welded joint components in respect of micro-
structural properties change. Macrorecording of
a butt welded joint of the new PM and exploited
PM is given in Fig. 4 [1].

After the butt welded joint etching we can
clearly differentiate the new and exploited panewtal; heat affected zone from the
both sides; weld metal with well-marked grooverfidi zone.

.
Fig. 4. Welded joint macrorecording.

Fig. 5. Microstructure of the exploited Pi) @nd new PMH), ferrite-perlite structure.

Both parent metals show even structure, which stssif bright polygonal ferrite
crystals and transformed areas that can be analyzder high magnification. These

86



transformed areas represent dark surfaces of eoehidt looks like a compact dark
microconstituent. Microstructure of the PM that vimexploitation for over 40 years is
shown in Fig. 4 and the PM microstructure is shomwifrig. 5 [1]. Difference is in a
grain size. A newly installed parent metal hasracstire with a grain size 5 according
to ASTM scale, while the exploited material hastaicture with a grain size 3
according ASTM scale.

It is clear that ak100 magnification it is impossible to notice es&drtifference

i i -
Fig. 6. HAZ microstructure on the use)

Microstructure in the HAZ on the geams

Fig 6 [1]. It consists of ferrite, bainite and |
perlite. A bainite in the HAZ is formed as 71«
a consequence of higher cooling rate of g«
part of the parent metal that was heate(:
to the austenitizing temperature durin
welding. A bainite level reduces increase .
of the distance from the joint line.

A weld metal structure with large
dendrite created as a consequence of thé« : : - :
foundry bath size and dimensions of the  Fig. 7. WM microstructure, dendrite
welded plates is shown in Fig. 7 [1]. structure ofthe weld meta

Higher magnification X500 and
more), enabled revealing differences in structpraperties of the exploited and new
PM. Exploitation period of more than 40 years atedcthe presence of carbide on the
grain borders and within a grain. The carbides athiuthe new PM is significantly
less and the carbides are smaller (Fig. 8) [1].

CONCLUSIONS

The material resistance to crack initiation is deiged by fatigue strength testing
of materials. It is the maximum value of streswhich crack initiation on smooth spe-
cimens does not occur. The higher the ratio ofjf&tistrength to yield stress, the better
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its resistance to crack initiation is. By analyzihg results obtained by high-cycle fati-
gue testing of smooth specimens for the purposdrasking the Wohler's curves and
determining fatigue strength, it can be seen thplod@ation and duration have a domi-
nant effect on the obtained values of fatigue gfifenin case of testing of the welded
joint specimens made of the exploited PM at roompierature, the ratio of fatigue
strength to yield stress is 0.68, i.e. the obtaimeldie of fatigue strength represents
68% of the yield stress. All welded joint specimdmeken, while being tested with
loads higher than the fatigue load, were cracktdtbein the exploited PM or HAZ on
the side of the exploited PM. The effect of testiegperature is such that an increase
in temperature leads to the reduced fatigue stnemigithis case, the welded joint spe-
cimens were cracked either in the exploited PMnoits HAZ. Crack initiation resis-
tance for tests at 540 decreases, i.e. the tendency towards brittléufirdncreases.
Test results and their analysis have justifiedcti@ce of the welding technology for the
purpose of replacing the part of the reactor mantle
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