[@)ovne
Eugeniusz Turyk

Qualifying the Technology of the Aluminothermic Welding
of Tramway Rails on the Basis of Quality Assurance System
Requirements in Welding Engineering

Abstract: The article discusses the issue of demonstrating the correctness of
a technology dedicated to the aluminothermic welding of tramway rails, recom-
mends that the technology be qualified in accordance with standard PN-EN 150
15613:2006 concerning the pre-production testing of technologies used when
welding atypical joints, proposes the scope of qualification tests and presents
test results concerning defective welded joints.
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Introduction

According to Iso gooo series standards, weld-
ing is regarded as a special process, the control
of which significantly affects product quali-
ty and the results of which cannot be entirely
verified by subsequent tests, inspections or ex-
aminations [1]. Welding-related quality assur-
ance is addressed by the PN-EN 150 3834 series
of standards, supplementing the Iso gooo se-
ries of standards or used as the basis for doc-
umenting quality systems including elements
directly related to welding processes. Welding
is used when making jointless railway or tram-
way tracks, i.e. tracks where rails are joined per-
manently using MM welding, pressure welding
or aluminothermic welding.

Quality assurance system requirements re-
lated to welding engineering, including the
aluminothermic welding of railway rails re-
garded as a special process are addressed by
a number of publications, e.g. [2, 3]. In railway

engineering, the aluminothermic welding of
rails is governed by standards related to the
approval of aluminothermic welding process-
es (PN-EN 14730-1+A1:2010 [4]), qualifications
of welders performing aluminothermic weld-
ing as well as the approval of contractors and
the acceptance of welds (PN-EN 14730-2:2006
[5]). Requirements concerning rail welding
technologies and tests of welded joints contain
a number of documents, including specifica-
tions related to the aluminothermic welding
of railway rails [6] and defectoscopic tests [7]
developed by the Polish Railways, Technical
Conditions of the Making and Acceptance of
Rail Joints Welded Using the SoWoS-P Method
developed by the Rolf P16tz company [8] and
DB Rail 824 series guidelines concerning the
making of railway tracks [9, 10].

The documents named above concern the
joining of railway rails, different from tramway
rails in terms of shapes. There are no regulations
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concerning the qualification of the alumino-
thermic welding of tramway rails as in the case
described in publications [4, 6]. In addition,
requirements concerning the qualification of
the aluminothermic welding of tramway rails
are not always defined by the customer. How-
ever, due to the responsibility of rail joints it
is necessary that the above-named technolo-
gy be qualified (or in other words approved,
accepted or verified) by the manufacturer. For
this reason, the article discusses the possibili-
ty of qualifying the aluminothermic welding
of tramway rails on the basis of existing weld-
ing-related standards.

Qualifying the Technology of
the Aluminothermic Welding of
Tramway Rails

In welding procedure specifications, contrac-
tors performing the aluminothermic welding of
tramway rails refer to the SoWoS welding meth-
od or the Srz Lp method used when welding
tram dock rails [11]. An exemplary cross-sec-
tion of a 60R2 tramway rail and an alumino-
thermic welded joint are presented in Figure 1
and 2.

Defects troubling the operation of tracks re-
lated to improperly performed aluminothermic
welding include horizontal cracks located in the
rail web (Fig. 3) and transverse cracks located
in a place close to the normal cross-section of
a rail (e.g. a fatigue crack in the vertical plane
of a rail initiated at a gas pore [13+16]). Cracks
pose hazards to safe transport, require the clo-
sure of a track, the removal of a rail fragment
containing a defective joint and the placement
of a new rail fragment.

Aluminothermic welding-related potential
reasons for crack generation include unfavour-
able stresses (cracks occur in the zone of the
highest tensile welding stresses in the rail web;
Fig. 4) [17-19] as well as the failure to satisty the
technological conditions of welding processes:
— overly short heating time favouring weld po-

rosity formation [19] (porosity mentioned
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Fig. 1. Shape and primary dimensions of a cross-section
of the 60R2 dock rail [12]

Fig. 3. Schematically presented rail web crack
in the welded joint area [13, 14]

in the publication was referred to as micro-
-shrinkages formed in welds),

- overly low temperature of heating applied

to rail ends [20],

— asymmetric (non-uniform) heating of rail

ends,

— overly short gap between rails being joined

[20].
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Fig. 4. Distribution of stresses in a aluminothermic-
-welded joint of railway rails [17, 19]

In order for the manufacturer to demon-
strate the correctness of an aluminothermic
welding technology applied when joining
tramway rails, it is necessary to qualify the
above-named technology. In accordance with
requirements concerning quality assurance in
welding engineering (entire or standard quali-
ty-related requirements according to item 10.3
of PN-EN 150 3834-2 and PN-EN 150 3834-3 re-
spectively [21, 22]), welding technologies should
be qualified before the commencement of pro-
duction. Presently, as regards aluminothermic

technologies it is possible to propose the qual-
ification of a technology used for the alumi-
nothermic welding of tramway rails according
to PN-EN IS0 15613:2006 [24] concerning the
so-called pre-production testing of technolo-
gies used for welding atypical joints including
additional requirements (if any) specified by
the investor or inspection personnel (accord-
ing to PN-EN 150 3834-2, item 10.3 stating that
Qualification methods should be consistent with
related product requirements or specification ar-
rangements). The process of welding procedure
qualification includes four major stages, i.e. the
establishment of the scope and conditions of
qualification, the making of a test joint, the ex-
amination of a test joint and the development
of qualification documents [25, 26].

Test joints should be welded by a welder
holding a valid licence to perform alumino-
thermic welding using a method subject to
qualification. Both the welding and testing of
test joints should be performed in the presence
of a so-called examiner, i.e. the representative
of a certification body (so-called examination
body) performing the process of welding pro-
cedure qualification (analogous requirement is
formulated in standard PN-EN 1S0 15614-1 con-
cerning the qualification of a technology used
for the arc welding of steel). Test joint exami-
nations should include at least:

welding, there are no 150 documents neces- — non-destructive tests: visual tests and ultra-

sary to confirm conformity with the above-pre-
sented quality requirements (PN-EN 150 3834-5,
Table 10 Other fusion welding processes [23]).
Hence the question, whether due to the lack of
special standards similar to PN-EN 14730-1 as
well as because of the lack of regulations con-
cerning the welding of tramway rails, the con-
tractor has the possibility of demonstrating
the correctness of the aluminothermic welding
technology applied for the joining of tramway
rails by an independent certification body, and
if so, on what basis.

On the basis of the overview of possible var-
iants concerning the qualification of welding
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sonic tests,

— destructive tests: macroscopic tests, hardness

tests, microscopic tests, the chemical analy-
sis of weld metal in the zone of the rail head,
web and foot as well as the chemical analysis
of rail material. The scope of destructive tests
can also include transverse tensile tests of
welded joints performed on specimens sam-
pled from the foot, web and head as well as
impact strength tests of the weld and heat af-
fected zone.

The acceptance criteria concerning test results

should be established before the commence-
ment of the process of welding procedure
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qualification. In relation to non-destructive
tests it is possible to rely on requirements of
Polish Railways PKP [7] and on the technical
conditions related to the making and accept-
ance of rail joints [8]. In terms of macroscopic
tests it should be assumed that cracks and in-
complete fusions are unacceptable and it is nec-
essary to specify the acceptable size and density
of porosity and solid inclusions. The accept-
ance criteria concerning test results related to
mechanical properties can be based on the re-
quirements of PN-EN 1SO 15614-1.

An acceptable test result enables the exami-
nation body to provide the manufacturer with
a Welding Procedure Qualification Record
(wpPQRr) based on a pre-production test ac-
cording to PN-EN 150 15613:2006. The record
specifies the scope of qualification, conditions
concerning the making of a test joint and test
results. If a test result is unacceptable, the exam-
ination body provides the manufacturer with
a report concerning the examination of a test
joint. The report presents the conditions relat-
ed to the making of the test joint and the results
of performed tests and well as test reports (if
any). The above named information enables the
manufacturer to take corrective and preventive
actions aimed to assure the correctness of the
aluminothermic welding process and the mak-
ing of a test joint satisfying qualification-relat-
ed requirements.

Presented below are examples of joints fail-
ing to meet qualification requirements. The fail-
ure to satisfy the above named requirements
was confirmed by tests performed on rail frag-
ments containing fatigue cracks.

Examples of Welding Imperfections
in Aluminothermic Welded Joints of
Tramway Rails

In order to determine possible reasons for fa-
tigue cracks of aluminothermic welded joints of
tramway rails it was necessary to perform tests
of two joints containing cracks passing hori-
zontally through the weld and the rail web, at
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the half of the rail web height. The character-
istic forms of the cracks in joints S1 and S2 are
presented in Figures 5 and 6.

o [ s LT

Fig. 6. Fatigue crack in joint S2 of rail 3 and 4

The tests of rails nos. 1+4 revealed that the
chemical composition, tensile strength R, and
elongation strength As of the material of the
rails subjected to the tests satisfied the require-
ments concerning steel grade R260 according
to standard PN-EN 14811+A1:2010. In turn, the
chemical composition of the welds of joints S1
and S2 satisfied the requirements of standard
PN-EN 14730-1+A1:2010, Table 7.

The macroscopic metallographic tests did
not reveal the presence of welding imperfec-
tions such as local lacks of penetration and sol-
id inclusions in the joints.

The heat affected zone of the weld made us-
ing aluminothermic welding did not contain
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the unfavourable martensitic structure; the HAZ
hardness did not exceed 325 HV.

The metal of the welds in joints S1 and S2, in
the crack zone, contained welding imperfec-
tions in the form of localised porosity (Fig. 7, 8)
caused by the excessively fast cooling of the
weld metal precluding its entire degassing.

The weld of joint S1, in the rail web area, con-
tained a welding imperfection in the form of
a microcrack along grind boundaries (Fig. 9).

Cracking in welds results from a strain
which the metal of the weld is unable to trans-
fer because of its limited ductility. Microcracks
formed during welding are caused by films of
fluids (low-melting eutectics having a solidi-
fication point significantly lower than that of
iron) formed during solidification and incapa-
ble of transmitting stresses connected with the
shrinkage of the weld during its cooling and so-
lidification [27]. Similar to gas pores, microc-
racks of this type (welding imperfection 1001
according to PN-EN ISO 6520-1:2009 [28]) may
initiate fatigue cracking.

If the above named welding imperfections
are present in a test joint performed during
the process of welding procedure qualification,
the contractor has the possibility of analysing
and eliminating the reasons for the formation
of such imperfections. Porosity (Fig. 7, 8) and
microcracks in the weld (Fig. 9) may be caused

Fig. 7. Macrostructure of the weld of
joint S1 in the crack zone. The arrows
indicate the location of gas pores in
the weld
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Fig. 8. Microstructure of the weld of
joint S1 in the crack zone — main view
(mag. 50x); visible porosity in the

weld material
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by an overly short time during which rail ends
are subjected to heating and an excessively fast
cooling rate following the formation of a joint.
This conclusion was confirmed by the results of
works described in publication [19]. The elim-
ination of the above named reasons should
enable making another test joint free from un-
acceptable welding imperfections as well as re-
sult in the confirmation of the correctness of
the aluminothermic welding of tramway rails
performed by the contractor in a related Weld-
ing Procedure Qualification Record (WPQR).

Summary

In addition to providing qualified welding and
coordinating personnel, supervising base ma-
terials and filler metal as well as coordinating
and controlling the welding process itself, the
coordination of the aluminothermic welding
of tramway rails should also include the qual-
ification of the process aimed to demonstrate
the correctness of the welding procedure ap-
plied by the contractor.

The qualification of a technology used for the
aluminothermic welding of tramway rails could
be based on standard PN-EN 1S0 15613:2006 con-
cerning the pre-production testing of technolo-
gies used for welding atypical joints, including
additional requirements (if any) formulated by
the investor or inspection personnel.

Fig. 9. Microstructure of the weld of
joint S1 in the crack zone — microc-

S

rack along grain boundaries at a sig-
nificant distant from the main crack
(mag. 500x); etchant: FeCls

No. 4/2016



http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/

References

[1] Szczok E.: Zapewnienie jakosci w spawal-
nictwie. [in]: . Pilarczyk (ed.): Poradnik In-
Zyniera. Spawalnictwo. vol. 1. Wyd. WNT,
Warszawa, 2014, pp. 699-756

[2] Wisniewski G.: Systemy zarzgdzania ja-
koscig w procesach spawania. Kwalifiko-
wanie personelu wykonujgcego i nadzoru
zgodnie z EN 14730-2. Harmonizacja kwa-
lifikowania spawaczy zlgczy termitowych
szyn. Proceedings of III National Sci-
entific-Technical Conference ,,Spawal-
nictwo drdg szynowych oraz materialy,
wykonawstwo, odbiory”. Warszawa - Boch-
nia, 2007 r. [online], access date: 15.05.2016,
http://spawalnictwoszyn.pl/wp-content/
uploads/2014/08/wisniewski oz.pdf

[3] Jasinski I.: Wybrane aspekty dziedziny spa-
walnictwa. IV National Scientific-Technical
Conference ,,Spawalnictwo Drég Szynowych,
Bochnia, 2011, S1TK RP. [online], access
date: 15.05.2016 r., http://spawalnictwoszyn.
pl/download/pobieranie/o-konferencji/boch-

[@)ev-ne |

[10]Wolanski Z.: Certyfikacja zaktadow wy-
konujgcych prace spawalnicze w zakresie
nawierzchni kolejowych w Niemczech. Pro-
ceedings of III National Scientific-Tech-
nical Conference ,,.Spawalnictwo drog
szynowych - jako$¢, niezawodnos$¢, bezpie-
czenstwo’, Bochnia, 2010 r., [online], access
date: 15.05.2016, http://spawalnictwoszyn.pl/
wp-content/uploads/2014/08/z wolaski.pdf

[11] Junghdhnel W.D.: Technologie spawania
TaERMIT®. Elektro-Thermit GmbH. Krakéw,
2013 I., [online], access date: 15.05.2016,
http://spawalnictwoszyn.pl/wp-content/up-
loads/2014/08/elektro thermit 3 2013.pdf

[12] PN-EN 14811+A1:2010: Railway applications
— Track - Special purpose rail - Grooved and
associated construction.

[13] Katalog wad w szynach. PKP Polskie Linie
Kolejowe S.A., Warszawa, 2005.

[14] Makuch ].: Wady w szynach. Lecture 5.
Wroctaw University of Technology, 2014, [on-
line], access date: 15.05.2016, http://www.zits.
pwr.wroc.pl/makuch/tinds ws.pdf

nia-2010/j jasiski.pdf

[4] PN-EN 14730-1+A1:2010: Railway applica-
tions. Track. Aluminothermic welding of
rails. Part 1: Approval of welding processes

[5] PN-EN14730-2:2006: Railway applications.
Track. Aluminothermic welding of rails. Part
2: Qualifications of aluminothermic weld-
ers, approval of contractors and acceptance
of welds

[6] Instruction of aluminothermic welding of
railway tracks. Id-5. Attachment to the Di-
rective of PKP Polskie Linie Kolejowe S.A.
Management no. 4/2005, 10 March 2005

[7] Instrukcja badan defektoskopowych szyn,
spoin i zgrzein w torach kolejowych Id-10
(D-16). PKP S.A., Warszawa, 2005.

[8] Patka M.: Warunki techniczne wykona-
nia i odbioru zlgczy szynowych 49E1, 60E1
spawanych termitowo, metodg SoWoS-P.
RAILTECH PrOTZ. Wyd. Rolf Pl6tz Poland
Ltd., Goczatkowice-Zdro;.

[9] DB Rail 824 Wykonawstwo drdg szynowych.

No. 4/2016

[15] Defekty relsow. Klassifikacija, katalog i para-
metry defektnych i ostrodefektnych relsow.
OAO Rossijskie Zeleznye Dorogi. Moscow,
2014, [online], access date: 15.05.2016, http://
epk-rzd.ru/defektyi-relsov-klassifikatsiya-kat-
alog-i-parametryi-defektnyih-i-ostrodefektny-
ih-relsov.html

[16] Katalog defektow relsow NTD/CP-2-93.
[online], access date: 15.05.2016, ipk.stu.ru/
userfiles/files/HTJ[+I[I1+2+93.doc

[17] Lawrence EV., Chen Y-R., Cyre ]J.P.: Im-
proving the Fatigue Resistance of Thermite
Railroad Rail Weldments. [online], access
date: 15.05.2016, http://fcp.mechse.illinois.
edu/files/2014/07/Lawrence-presentation.pdf

[18] Mutton P.J., Alvarez E.E.: Failure modes in
aluminothermic rail welds under high axle
load conditions. Engineering Failure Analy-
sis, 2004, vol. 11, no. 2, pp. 151-166.
http://dx.doi.org/10.1016/j.engfailanal.2003.05.003

[19] Wielgosz R., Parzych S., Rec T.: Peknigcia
w zlgczach szynowych spawanych termitem.

BIULETYN INSTYTUTU SPAWALNICTWA 35



http://creativecommons.org/licenses/by-nc/3.0/
http://bulletin.is.gliwice.pl/
http://spawalnictwoszyn.pl/wp-content/%0Auploads/2014/08/wisniewski_07.pdf
http://spawalnictwoszyn.pl/wp-content/%0Auploads/2014/08/wisniewski_07.pdf
http://spawalnictwoszyn.pl/download/pobieranie/o-konferencji/bochnia-2010/j_jasiski.pdf
http://spawalnictwoszyn.pl/download/pobieranie/o-konferencji/bochnia-2010/j_jasiski.pdf
http://spawalnictwoszyn.pl/download/pobieranie/o-konferencji/bochnia-2010/j_jasiski.pdf
http://spawalnictwoszyn.pl/%0Awp-content/uploads/2014/08/z_wolaski.pdf
http://spawalnictwoszyn.pl/%0Awp-content/uploads/2014/08/z_wolaski.pdf
http://spawalnictwoszyn.pl/wp-content/uploads/2014/08/elektro_thermit_3_2013.pdf
http://spawalnictwoszyn.pl/wp-content/uploads/2014/08/elektro_thermit_3_2013.pdf
http://www.zits.pwr.wroc.pl/makuch/tinds_w5.pdf
http://www.zits.pwr.wroc.pl/makuch/tinds_w5.pdf
http://epk-rzd.ru/defektyi-relsov-klassifikatsiya-katalog-i-parametryi-defektnyih-i-ostrodefektnyih-relsov.html
http://epk-rzd.ru/defektyi-relsov-klassifikatsiya-katalog-i-parametryi-defektnyih-i-ostrodefektnyih-relsov.html
http://epk-rzd.ru/defektyi-relsov-klassifikatsiya-katalog-i-parametryi-defektnyih-i-ostrodefektnyih-relsov.html
http://epk-rzd.ru/defektyi-relsov-klassifikatsiya-katalog-i-parametryi-defektnyih-i-ostrodefektnyih-relsov.html
ipk.stu.ru/userfiles/files/%D0%9D%D0%A2%D0%94%2B%D0%A6%D0%9F%2B2%2B93.doc
ipk.stu.ru/userfiles/files/%D0%9D%D0%A2%D0%94%2B%D0%A6%D0%9F%2B2%2B93.doc
http://fcp.mechse.illinois.edu/files/2014/07/Lawrence-presentation.pdf
http://fcp.mechse.illinois.edu/files/2014/07/Lawrence-presentation.pdf
http://dx.doi.org/10.1016/j.engfailanal.2003.05.003

[@)ov-ne |

V National Technical Conference ,,Spawalnic-
two drog szynowych”. Cracow, 2013 r. [online],
access date: 15.05.2016, http://spawalnictwo-

szyn.pl/wp-content/uploads/2014/08/wiel-

gosz_2013.pdf
[20] Naumenko W.S., Worobjew A.A.: Ter-
mitnaja swarka rel’sow. Wyd. Strojizdat,
Moscow, 1969.
[21] PN-EN 180 3834-2:2007: Quality requirements
for fusion welding of metallic materials - Part 2:
Comprehensive quality requiremens
[22] PN-EN 150 3834-3:2007 Quality require-
ments for fusion welding of metallic materials
— Part 3: Standard quality requiremens

[24] PN-EN 150 15613:2006: Specification and
qualification of welding procedures for metal-
lic materials. Qualification based on pre-pro-
duction welding test

[25] PN-EN 180 15607:2007: Specification And
Qualification Of Welding Procedures For Me-
tallic Materials — General Rules

[26] Kuzio T.: Kwalifikowanie technologii spa-
walniczych przez Instytut Spawalnictwa. Biu-
letyn Instytutu Spawalnictwa, 2007, no. 2.

[27] Pilarczyk J.: Metalurgia spawania. [in]:
J. Pilarczyk (ed.): Poradnik Inzyniera. Spa-
walnictwo. vol. 1, 2003, chapter 4. Wyd. WNT,

Warsaw, 2014, pp. 88-112

[23] PN-EN 150 3834-5:2015-08: Quality require- [28] PN-EN IS0 6520-1:2009: Welding and al-

ments for fusion welding of metallic materials
— Part 5: Documents with which it is necessary
to conform to claim conformity to the qual-
ity requirements of IS0 3834-2, Iso 3834-3 or
Is0 3834-4

lied processes — Classification of geometric
imperfections in metallic materials — Part 1:
Fusion welding

36 BIULETYN INSTYTUTU SPAWALNICTWA No. 4/2016



http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/
http://spawalnictwoszyn.pl/wp-content/uploads/2014/08/wielgosz_2013.pdf
http://spawalnictwoszyn.pl/wp-content/uploads/2014/08/wielgosz_2013.pdf
http://spawalnictwoszyn.pl/wp-content/uploads/2014/08/wielgosz_2013.pdf

