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1. Introduction

Welding is the principal joining technology used
in the fabrication of metallic structures. An important issue
associated with welding is the generation of residual stres-
ses. During welding there is a differential cooling rate in
the structure which results in nonuniform deformation and
the subsequent generation of a residual stress field which is
triaxial in nature. The existence of a triaxial state of stress
can cause cracking and this may present a serious risk to
the integrity of components.

Heat treatment, once performed after welding,
provides welded joints with numerous positive properties
such as softened hardened areas of metal, increased ductil-
ity, positively modified microstructures of heat treated
areas of metal, reduced internal stresses. Heat treatment
improves corrosion resistance as well as stress-corrosion
cracking resistance under the influence of internal stresses.
Heat treatment of welded joints may also have some nega-
tive impacts such as reduced tensile and impact strength,
precipitation hardening of certain steels which may cause
fractures on heat-exposed areas of the metal. The cumula-
tive effects of time and temperature during post weld heat
treatment have a deleterious effect on normalized base
metal properties [1]. Some scientific works report that me-
chanical properties of various steels are strongly connected
to their complex microstructure obtained after heat treat-
ment that are generally performed in order to achieve a
good hardness and/or tensile strength with sufficient ductil-
ity [2]. The deterioration of mechanical properties caused
by post weld heat treatment in carbon steels has been well
documented in 1972, as has the association of those
changes with time-temperature parameters [3]. During the
later eighties studies by Konkol detailed the effects on
carbon steels of tempering and showed the deterioration
effects of 650°C for just 5 hours to be a 7°C shift in the
transition temperature [4]. As a matter of convenience, and
because data seemed to fit, the conventional Larson-Miller
parameter LMP (without dimension value) has been used
to compare post weld heat treatment cycles [4, 5]. This
formula is shown as

LMP = (T +460)C +logt)x10™ (1)

where C equals 20 and ¢ is the time held in hours at tem-
perature 7, °F.

For quantitative evaluation of the heat treatment
parameters, European Union normative documents [5]

provide temperature-time parameter P analogous to LMP
parameter, which is calculated according to the formula:

P=T(20+Igt)x107 )

where T is the heat treatment temperature (in Kelvin), 7 is
time (hours) of exposure at heat treatment temperature.

The scientists every so often made hardness test,
when they want check quality of the welded joints, they
proposed the method of evaluating the reliability of the
welded joints of using maximum hardness of weld material
and heat afected zone and the plasticity of structure [6].
But hardness tests isn’t enough when we research of chro-
mium-molybdenum steels.

As witnessed by the previous tests, mechanical
characteristics of chromium-molybdenum, P5 steel welds
tend to get worse upon the temperature and time parameter
P increased by more than 20.4. It has also been determined
that simultaneous reduction of post weld heat treatment
temperature and increase of holding time has no impact on
strength-related characteristics [7]. Exact changes in
strength-related characteristics of welds of the particular
types of steel, with the parameter P less than 20, have not
been determined yet.

For over several decades, the chromium-
molybdenum steel has been widely used for high tempera-
ture furnace components operating at temperatures above
800°C. It has been the standard alloy for different tubes in
furnaces and heaters. Numerous studies describing their
microstructure, mechanical and weldability properties have
been carried out on these alloys.

The aim of the analysis is to determine the me-
chanical properties dependence of chromium-molybdenum
steel welded joints upon thermal treatment parameters: i. e.
the variation of tensile strength and impact strength of
joints by ranging of temperature—time parameter P from
15.5 to 22.5.

2. Materials

Chromium-molybdenum steel (ASTM A335 Grd.
P5) was selected for the analysis. Heat-resistant chromium-
molybdenum steels are used for manufacture of structures
operated at higher temperatures.

The experimental research was performed on
specimens made from a 15 mm thick hot-rolled pipe (0219
x 15) steel ASTM A335 Grd. P5 (Tables 1 - 2).
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Table 1
Chemical composition of the main component of the
specimens (manufacturer's data)

Steel grade Composition (mass), %
C Si |[Cr |[Mn |Mo [S P
P5
ASTM A335 0.09 [0.34 |4.73 |0.33 |0.46 |0.004 |0.007
Table 2

Mechanical properties of the main component of the
specimens (manufacturer's data)

Steel grade Tensile Yield Elongation,
strength, R,,, | strength, R,, | As, %
MPa MPa
P5
ASTM A335 | 595 420 42
Table 3
Chemical composition of the weld metal
Wire grade | Composition (mass) %
C Si Mn Cr Mo
BOHLER
CM 5-IG 0.08 0.4 0.5 5.8 0.6
Table 4
Mechanical properties of the weld metal
Wire grade | Tensile Yield Elongation {Impact
strength R, |strength R,,|A4s, % work ISO-
MPa MPa VKV,]
BOHLER 620 510 20 200
CM 5-1G (at +20°C)

Specimens from ASTM A335 P5 steel were
welded using gas shielded tungsten arc welding process
(141 EN 24063 process). Auxiliary wire type EN12070:
WCrMo5Si (BOHLER EMK 5-IG electrode wire) was
used.

Chemical composition as well as mechanical
properties of the weld metal is presented in Tables 3, 4.

3. Research technique

All 14 specimens from ASTM A335 PS5 steel were
welded. All the samples were welded at the same position
(PF 1S06947, vertical upward weld). When welded, all
thespecimens were heat treated under different regimes
(Table 5). Heat treatment modes for chromium-molyb-
denum steel samples were selected those that commonly
are applied by “ Mazeikiu nafta” company in piping of
such steel repair. The temperature-time parameters of each
regime were calculated according to formula (2). After
evaluating the possible deviation of post weld heat treat-
ment temperature and tolerances of time measures, the
tolerance of parameter P should be equal 0.026.

After heat treatment process, the analyses of
welded metal as were carried out listed below:

e to check the weld quality the radiographic X-rays
analysis was used (level B). The analysis was per-
formed wusing X-ray generator RAPAN
M200/100;

3 specimens were cut out of each welded joint.
The tensile test was carried out in a MIRI-500K
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tensile machine. The tolerances of cross-tensile
test are 1%;

strenght properties were evaluated by impact
strength test. Three specimens were cut out of
each welded joint. Specimen type - KVWS 0/1
(Charpy pendulum V-notch, weld-metal notch,
notched surface parallel to the specimens surface,
notch over central area of weld). The tolerances of
impact strength test were 1%.

Table 5
Heat treatment parameters of welded specimens from
ASTM A335 PS5 steel

Spec.| Preheat and | Temperature of | Holding | Temperature-
No. | cooling rate, | heat treatment time |time parame-
°C/h T,°C (K t,h ter P

1 200 500 (773.15) 1 15.46

2 200 550 (823.15) 1 16.46

3 200 600 (873.15) 1 17.46

4 200 650 (923.15) 1 18.46

5 200 700 (973.15) 1 19.46

6 200 750 (1023.15) 1 20.46

7 200 500 (773.15) 8 16.16

8 200 550 (823.15) 8 17.21

9 200 600 (873.15) 8 18.25

10 |200 650 (923.15) 8 19.3

11 |200 700 (973.15) 8 20.34

12 1200 750 (1023.15) 8 214

13 |200 780 (1053.15) 7 21.95

14 |200 800 (1073.15) 7 22.37

4. Results and discussion

After the X-rays analysis it was established that
all welded joints conform to technical requirements. No
defects, influencing the results were detected.
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Yield test results for the steel PS5 when PWHT
holding time is 8 hours, except the 14th and 15th speci-



mens holding time of which is 7 hours show in the Fig. 1.
Yield strength increases by ~ 50 MPa when increasing the
parameter P from 16 to 17. With the parameter P variation
from 17 to 20.3, yield strength remains stable. In case the
parameter P value continues on rising, yield strength is
suddenly drops. The yield strength reduces by ~ 65 MPa
for each unit of the parameter P increase. Yield test results
for the steel P5 when PWHT holding time is 1 hour are
shown in Fig. 2. The diagram makes it evident that post
weld heat treatment modes when the parameter P does not
exceed 17.5 are not recommended at all since before the P
value is reached the welds characterize practically no yield
strength.
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Fig. 3 Dependence of tensile strength of welded joints
from P5 steel on temperature-time parameter P,
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I3
=)

9
3

—_—

holding time =1h

o
&
3

Tensile strength R,,, MPa
& 8
8 38

N
S
3

15 16 17 18 19 0 21
Temperature- time parameter P

22 235

Fig. 4 Dependence of tensile strength of welded joints
from P5 steel on temperature-time parameter P

Fig. 4 and Fig. 5 show that tensile strength under-
goes practically no changes by the time the parameter P
reaches 20.3. Starting from this value, more significant —
35 MPa per each unit of P increase — reduction of tensile
strength is observed.
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Fig. 5 Dependence of impact strength of welded joints
from P5 steel on temperature-time parameter P

Impact strength test results are presented in Fig. 5
and Fig. 6. With the parameter P rising up to 19.4, the
value of impact strength is also growing. Thereafter, an
insignificant drop of the value of impact strength is ob-
served when the holding time is 1 hour (Fig. 6). When the
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holding time is 8 hours, the value of impact strength rises
up to P-20.3; afterwards, sudden decreasing (~30 J/cm?
per each parameter P unit) can be observed. Impact
strength is the highest when the parameter P value is
within the range from 18.5 to 20.3.
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Fig. 6 Dependence of impact strength of welded joints
from PS5 steel on temperature-time parameter P

Findings of all the mechanical tests showed that
when the temperature and time parameter is higher than
20.3 the values of all the three mechanical characteristics
(considered by us) tend to reduce. This means, that such
parameters of post weld heat treatment are not recom-
mended. The best results are obtained when P is within the
range from 18.5 to 20.3. Sudden drop of the value of im-
pact strength and tensile strength may result from the in-
creased amount of carbides’ M;C and M,;Cg particles with

higher heat treatment temperatures or longer exposure time
used [8].

American scientists K. Orie and Ch. R. Roper [1]
investigated the behavior of low-alloy manganese steel
plate (ASTM A516 Grade 70) subjected to post weld heat
treatment. They found, that the cumulative effects of time
and temperature during post weld heat treatment have a
deleterious effect on base metal properties. Each increase
1.0 magnitude in parameter P above 17.5 in general lowers
tensile strength by approximately 2%. Our results are a bit
different because the studied materials are different, but
quantitatively they are on agreement with.

5. Conclusions

1. Heat treatment leading to the increase of tem-
perature-time parameter P has a negative impact on
strength-related characteristics of welded joints from
ASTM A335 PS5 steels. Such heat treatment regime de-
creases the tensile and impact strength of welded joints.

2. The values of strength characteristics of welded
joints are alike, when the temperature-time parameter P is
similar, though the temperature and time of exposure dif-
fers.

3. As for ASTM A335, the mode for post weld
heat treatment of P5 steel welds has to ensure the value of
the temperature and time parameter P is from 18.5 to 20.3.
With such values, the values of mechanical characteristics
of the welds are optimal.
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TERMINIO APDOROJIMO PO SUVIRINIMO [TAKA
CHROMINIO- MOLIBDENINIO PLIENO
STIPRUMINEMS CHARAKTERISTIKOMS

Reziumé

Straipsnyje pateikta chrominio-molibdeninio plie-
no (ASTM A335 Grd. P5) suvirintyjy jungciy tyrimo po
terminio apdorojimo medziaga. Sio plieno suvirintosioms
jungtims budingi dideli liekamieji itempiai. Suvirintyjy
jungéiy suirimo pavojaus galima iSvengti, sumazinant lie-
kamuosius jtempius terminiu apdorojimu. Sio tyrimo pro-
gramos tikslas yra nustatyti tokius suvirintyjy jungciy ter-
minio apdorojimo parametrus, kad ju stipruminiy charakte-
ristiky vertés biity didziausios. Straipsnio medZiagoje pa-
teikiamos jungéiy stiprumo charakteristiky priklausomybés
nuo terminio apdorojimo temperatiiros ir laiko parametro P
analizé. Suvirintyjy jungCiy pavyzdziai buvo termiskai
apdoroti, atliktas aukstasis atleidimas. Kiekvienas bandinys
buvo apdorotas skirtingu rezimu. Bandymy temperatiiros
buvo nuo 500 iki 800°C, o islaikymo trukmé, nuo 1 iki 8 h.
Esant tokiems terminio apdorojimo rezimams, temperati-
ros ir laiko parametro P verté yra nuo 15.5 iki 22.5. Po
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terminio apdorojimo buvo atlikti kiekvieno pavyzdzio
tempimo ir smiiginio tasumo bandymai.
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THE STRENGTH-RELATED CHARACTERISTICS OF
CHROMIUM-MOLYBDENUM PS5 STEEL
DEPENDENCE ON POSTWELD HEAT TREATMENT
PARAMETERS

Summary

The article deals with the analysis of chromium-
molybdenum steel (ASTM A335 Grd. P5) joints after post
weld heat treatment. The finished welds typically exhibit
high levels of tensile residual stresses. The risk of weld
failure may be alleviated by reducing the magnitude of the
tensile residual stresses. The objective of the research pro-
gram outlined in this paper is to develop a short-term post-
weld heat treatment procedure than can be used to produce
the highest values of strength-related characteristics of
welded joint. The article materials present the investigation
of the strength-related characteristics dependence on tem-
perature-time parameter P.

The welded joints samples were heat treated by
tempering mode. When performing post weld heat treat-
ment, the temperature was changed from 500 to 800 °C and
the exposure (hold) time was changed from 1 to 8 hours.
The chosen tempering parameters were to ensure the value
of the temperature and time parameter was from 15.5 to
22.5. After post-weld heat treatment each sample was te-
sted subject to tensile, yield and impact strength.

B. Kymuutntuc, A. B. Bamonc, O. Yepnareroc

BJIMAHUE TEPMOOBPABOTKHU HA
TPOYHOCTHBIE XAPAKTEPUCTHUKHN CBAPHbBIX
COEJJMHEHNU XPOMMOJIMBAEHOBOU CTAJIN

Pes3womMme

B cratee mpencraBieHsl pe3yabTaTsl 00 HCCiIeno-
BaHMS CBAPHBIX COCIMHEHHWH XPOMMOJMOICHOBOH CTaiH
(ASTM A335 Grd. P5) mocne Tepmmdeckorr 00pabOTKH.
CBapHBIM COEIMHEHHAM U3 J3TOH CTald CBOWCTBEHHBI
OUYCHb OOJIBIINE OCTATOYHBIC HANPSHIKEHHSA, YMCHBIINUTH
KOTOPBIE MOXXKHO, IPAMEHUB TepMooOpadboTky. Llens 3Toit
NpOrpaMMbl — YCTaHOBHTH HapaMeTpbl TepMOOOpabOTKH,
COOTBETCTBYIOIIME HAMBBICHIMM ITPOYHOCTHBIM XapakTe-
PUCTHKaM CBAapHBIX COENMHEHUH. B crartbe npezacrasiieH
aHaJ M3 3aBHCUMOCTH TIPOYHOCTHBIX XapaKTEPUCTHUK OT
rapameTpa TeMIepaTypbl 1 BpemeHu P. O0pasibl cBapHBIX
coeiMHEeHut ObUTH TepMOOOpabOTaHbI, IPUMEHSIICS BBICO-
knii ormyck. Kaxnpri obpasen Obur 0OpaboTaH pa3HBIM
pexxumoM. Temmeparypa o6pabotrkn Obuta or 500 mo
800°C u Bpems BbiAepKKH 0T 1 1o 8 wacos. Ilpu Takux
peXnMax TepMooOpabOTKH, 3HAYCHHE MapaMeTpa TeMIle-
patypsl 1 BpeMeH: P m3Mmensiock ot 15.5 mo 22.5. Iocne
TepMOOOPaOOTKH OBUIH MPOBEACHBI HCIIBITAHMS Ha Pa3phiB
U yapHYIO BS3KOCTb.
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