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ANALYSISOF FACTORSAFFECTING FRACTURES OF RAILSWELDED
BY ALUMINO-THERMIC WELDING

Summary. On Latvian Railway the use of the alumino-thermiding is widespread
using the Elektro-Thermit Company technology. Today a basic method for rail joints
on railway switches. The analysis of the metalcitne in the thermic welding and in the
thermic welded zone of rails showed that the weddainhad inclusions small pores and
nonmetallics. Pores and nonmetallics are not rethacdness but it is concentrators of
stresses and sources of cracks development.

AHAJIN3 ®AKTOPOB, BIIMAIOIINX HA N3JIOMbI PEJIbCOB, CBAPEHHBIX
AJIIOMUHO-TEPMUTHOM CBAPKOU

Pe3rome. Ha JlaTBiickoif jkene3HOW Iopore, HCHOIb30BaHHE aTFOMUHO-TEPMHUTHOMN
CBapK{ IIUPOKO PACIPOCTPAHEHO, HCIOIB3ys TexHonoruio ¢upmer ElektroThermit.
CeromHs 3TO - OCHOBHOM METOX [UIi CBapKH pENbCOB  Ha JKEJIE3HOAOPOKHBIX
CTPEJIOYHBIX MMepeBojaxX. AHANN3 METAJUINYECKOH CTPYKTYphl B TEPMHUTHOM CBapHHOM
IIBE ¥ OKOJIOIIOBHOM 30HBI PEJIHCOB MOKa3all, YTO METaJJl CBAPKH UMEET MaJlble MOphl U
HeMeTaJInueckue BkIodeHus. [lopel M HeMeTaluMyecKue BKIIIOYEHUs HE BIMAIOT Ha
TBEPAOCTh CBApHOTO COEAWHEHMS HO, SIBISIIOTCA KOHLEHTPATOpaMH HANpPSHKCHUH |
HUCTOYHUKAMH Pa3BUTHUS TPEILUH.

To heat metal during the (alumino) thermic weldipigcess, a powdery mixture of metallic
aluminum (Al~22%) and iron scale (&&~78%) is used as a thermite.

The thermic welding of rails is carried out in tfilowing sequence: a mould is placed on the
rails to be joined; a crucible is mounted on a Eddwacket; a portion of thermite is charged; tag
ends are pre-heated and thermite is ignited byeaiapignition primer. After a thermic reaction has
been completed (20-25 s), a crucible plug is opahthermic steel in the liquid state is discharged
into the mould. During the process of fused therstéel casting into the joint gap, the rail ends ar
penetrated and welded. On completion of steel altidtion (3-5 min), the equipment is removed, the
fin is trimmed and the welding joint on the raildueis grounded.

During the process of oxidizing, aluminum is allerélease 378 kcal/mole of heat, while 198.5
kcal/mole are absorbed to reduce iron Fe from o¥d®,. During this reaction 179.5 kcal/mole
difference of the heat balance is obtained whiclused for welding. Thus during the process of
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thermic reaction aluminum reduces iron oxidegseFe O — Fe forming iron and the components in
the crucible are heated up to 2800

On Latvian Railway, the use of the thermic weldisgwidespread using the Elektro-Thermit
Company technology. Today it is a basic methoddiijoints.
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Fig. 1. Thermic weld fracture on Latvian Railway
Puc. 1. 3moMsl TepMUTHO# cBapKH Ha JIaTBHIICKOH jkene3HOi Jopore

Experience of the operation of rails welded byttiermic welding showed that every year occur
from 2 to 3 fractures of thermic joints on the maaacks between stations of Latvian Railway. In enor
cases these fractures of thermic joints are ashofig. 2.

Fig. 2. View of a thermic weld fracture
Puc. 2. BI/I)J[ H3JI0Ma CBApHOT'O TCPMUTHOTO 1IBA

For the purposes of revealing stresses in the theseld, some scores were made transverse to
the thermic weld along the horizontal axis of ésrdi2 m of length with thermic joint in the centre
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Fig. 3. View of a thermic weld score and crackssded
Puc. 3. Bun Haamuia TepPMUTHOTO 1IBA U MTOSIBUBIIEHCS TPEIHBI

Rails for test were removed from the main railwatwork in service for more than 1 year.
Continuous welded rails were welded using volurnetempered rails P65 and UIC60 type with
unhardened foot. All 6 rail joints welded by thermic welding had through cracks of 200-300 mm of
length on both sides of the weld joint alongsidecare (see Fig. 3). No load was applied to the rail
with scores made on the lugs of the weld joint.

Such emergence of cracks in the weld joint aloregdié scores indicates of great residual stresses
in the weld joints made by the thermic welding.

In order to reveal the causes of fractures of #iletmermic joints, an analysis of the weld metal
structure at the fractured thermic joints was earrout. For the purposes of the metal structure
analysis, the section metallographic specimens watreut from the thermic weld in the region of the
rail head, web and foot.

Fig. 4. Structure of the thermic weld metal in th# head
Puc. 4. CtpyTypa MeTaiia TS pMUTHOTO IITBa B TOJIOBKE pEIbca

The analysis of the metal structure in the thenvétded zone of rails showed that the weld metal
had inclusions of iron oxides infused (FeO,®gand FgO, and small pores (see Fig. 4). The
emergence of pores was caused by ingress of meistiar the thermite during the welding process on
rails. Pores and infused oxides are concentrafostr@sses and sources of cracks development. Pores
and infused oxides reduce hardness of the weld jwider the action of tensile forces.
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Fig. 5. Cracks in the structure of the rail, 5x
Puc. 5. Tpeuab B MeTajuie OCHOBHOTO pPebca, SxX

The analysis of the thermite structure showed sbhate elements of iron scale;Bgand FgO;
have dimensions of 5-6 mm (Fig. 6), while, accagdia the standard, their dimensions should not

exceed 1-2 mm.

Fe: Oy
FE-'3 Ud

Fig. 6. Structure of the thermite
Puc. 6.Crpykrypa TepMuTa

Only at such conditions iron oxides have time teefat the temperature of 260 Just iron
oxides remaining in the weld joint originate crafsnation in the weld metal and reduce its strengt

As a result of the examination of the factors whaffiect joints fractures of the rails welded to the
thermic welding, the following was established:

- high internal residual stresses are concentratiriijeazone of the thermic joint in volumetric

tempered rails,
- there are pores and infused iron oxides in themtreweld which originate cracks formation

and reduces weld strength,
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- some part of iron oxides (FeO, Bgand FgO, of the thermite produced by the ELECTRO-
THERMIT Company have dimensions of 5-6 mm and retgs may be fused during the
thermic welding of rails.
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