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 MANUAL FOR FLASH BUTT WELDING OF RAILS
 FOREWORD
 On Indian Railways, Alumino Thermic (A.T.) Welding, FlashButt (Electric Resistance) Welding and Gas Pressure Weldingprocesses are presently in use for welding of rail joints.
 Flash Butt Welding is being done on Zonal Railwaysdepartmentally, using Stationary Flash Butt Welding Plants ofdifferent makes. Mobile Flash Butt Welding Plants, capable of insitu Flash Butt Welding of rails joints, are also in operation onsome of the Zonal Railways.
 The Code of Practice for Flash Butt Welding of Rails(tentative) was issued in January,1972. Revision of this Code isbeing made to cover procedures for Flash Butt Welding of heavierand higher strength rails now used on Indian Railways and toincorporate the latest practices. This Code of Practice is beingrenamed as “Manual for Flash Butt Welding of Rails”.
 The Flash Butt Welding Plants have to be maintained ingood health so that we may have lease numbers of thermit weldsand maximum number of flash butt welds on Indian Railways.
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2
 MANUAL FOR FLASH BUTT WELDING OF RAILS
 1. SCOPE
 1.1 The manual gives details of the types and suitability of railsto be welded by stationary Flash Butt Welding Plant preweldinginspection, preparation of rail ends before welding, the generalprocedure of execution of welding and finishing of welded joints.It also defines geometrical tolerances for the finished joints andacceptance tests to ensure quality control.
 1.2 Weld parameters for different rail sections/chemistry havebeen prescribed by manufacturers and are unique to theparticular welding plants. Should any change in these parametersbe considered necessary, the same may be carried out inconsultation with RDSO.
 2. SELECTION OF RAILS TO BE WELDED
 2.1 SECTION OF RAILS: Capacity of the individual plant willdetermine the heaviest section and type of rail that can bewelded. New as well as released but serviceable rails of sametype (section and metallurgy) shall only be welded together.Welding of rails of different sections metallurgy shall not beattempted. It is preferable that rails rolled by the samemanufacturers are welded together. Minimum length of old butserviceable rails for welding shall be 6 metres.
 2.2 WELDING OF OLD RAILS : While welding old rails, it shallbe ensured that only serviceable rails are welded. Old rails to bewelded shall preferably be match marked before releasing fromtrack to achieve maximum uniformity of profiles in weld zone.
 2.3 FISHBOLT HOLES: Welded panels (10/20 rails) for layinglong welded rails shall, as far as possible, be without fishboltholes. If drilling of fishbolt hole is necessitated for the purposeof handling during end unloading, only the second fishbolt hole(one away from the rail end) need be drilled. In case, welding ofnew rails with fishbolt holes cannot be avoided, it shall beensured that the outer edge of the hole nearest to the rail end isat least 40mm away from the end to be welded to avoid the heataffected zone of the weld extending up to the edge of the hole.All fishbolt holes shall be chamfered before welding.
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 2.3.1 Ends of old rails with fishbolt holes/bond wire holesshall be cropped by a minimum length of 450mm before welding.
 2.4 ULTRASONIC TESTING OF RAILS TO BE WELDED: New andold but serviceable rails shall be free from internal defects. Inthe case of new rails, the ultrasonic testing is required to be doneat the rail manufacturer’s premises. Old but serviceable railsshall invariably be tested ultrasonically before they are taken toFlash Butt Welding Plants.
 3. SUITABILITY OF RAILS FOR WELDING
 3.1 OLD RAILS
 3.1.1 Defective rails: Rails having cracks or other defectssuch as heavy corrosion pits or which are worn by more than2mm depth at rail seat shall not be welded.
 3.1.2 Permissible vertical wear of rails to be welded : Thevertical wear in old rails to be welded (measured as per para 302(b) (iii) of Indian Railways Permanent Way Manual) shall be withinthe limits specified below:-
 Rail Section Standard height ofthe new rail
 Minimum height ofworn rail
 60kg 172.00 mm 164 mm52 kg 156.00 mm 150 mm90 R 142.88 mm 139 mm75 R 128.59 mm 126 mm60 R 114.30 mm 112 mm
 3.1.3 Permissible lateral wear of rails to be welded : Oldrails to be welded shall preferably show similar pattern of sidewear and the minimum width of rail head shall be as specifiedbelow:-
 Rail Section Standard width ofthe head of new rail
 Minimum widthhead of old rail
 60kg 72.00 mm 66 mm52 kg 67.00 mm 61 mm90 R 66.68 mm 61 mm75 R 61.91 mm 56 mm60 R 57.15 mm 51 mm
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 3.1.4 Rails with cyclic wear shall not be welded
 3.2 DIFFERENCE IN HEIGHT OF RAIL ENDS TO BE WELDED:The individual rail ends for new rails may have a maximumdifference in height of 1.2mm at the welded joints. Railsmanufactured by SAIL with dispensations (having letter ‘D’in the rolling mark), may have a maximum difference inheight of 1.5mm. This is illustrated in Fig.3.2. Thedifference in height shall be transposed to the foot of therail.
 3.3 DIFERENCE IN WIDTH OF RAIL HEADS TO BE WELDED
 3.3.1 The difference in the width of rail heads of two rails to bewelded shall not exceed 1.0mm for new and 2.0mm for oldrails. New rails manufactured by SAIL with dispensations(having letter ‘D’ in the roll ing mark) may have a maximumdifference of 1.5mm in the width of rail heads. For newrails, it is preferable to restrict the difference in width ofrail heads to 0.5mm by adopting procedure laid-down inpara 4.2.
 3.3.2 Any difference in the widths of rail heads at the weldedends, in case of both new and old rails, shall be transposedto one side of the head keeping the other side as perfectlyaligned as practicable. The aligned side of such weldedpanels, shall be distinctly marked. To facilitate pairing ofpanels, aligning on operator side as well as non-operatorside may be resorted to.
 3.4 RAIL END GEOMETRY: Rail ends to be welded shall meetfollowing geometrical standards : -
 (a) End-bends in the vertical plane not greater than 0.7mm on a1.5metre straight edge [Fig. 3.4 (a) ]. Sagging ends notpermitted.
 (b) End-bends in the horizontal plane not greater than + 0.7mm on a 1.5 metre straight edge [Figs. 3.4 (b) and (c) ].
 (c) Deviation of the end from the square not greater than +0.6mm [Fig. 3.4 (d)].
 3.5 A thorough inspection shall be carried out at the plants witha view to avoid welding of rails with visible surface defectssuch as rolling/guide marks, wheel burns etc.
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 3.5.1 Rail should also be inspected to ensure that there is nochisel mark or dent of any type on bottom flange of the railas this constitutes the tension zone.
 3.6 The rails rejected due to non-compliance of the requirementsof paras 3.1 to 3.5 shall not be welded. Such rails shall bemarked and stacked separately for other uses.
 4. PREPARATION OF RAILS TO BE WELDED
 4.1 PRE-STRAIGHTENNG OF RAILS: Rails not meeting thegeometrical standards stipulated in clause 3.4 are to be rectif iedbefore welding using a pre-straightening machine so as toconform to the standards.
 4.2 In order to minimise the difference in head width of railends to be welded, actual head width of rails shall be checkedusing template shown in Fig. 4.2 (a), (b) & (c). The deviationsshall be marked on the rail head so that rails with same orminimum relative deviations are selected for welding.
 4.3 END-CLEANING: Before welding, end faces of the railsto be welded and electrode contact locations shall be thoroughlycleaned of loose scales, rust, paint etc. by brushing and shotblasting/grinding. Cleaning of rail bottom shall be ensured byplacing a mirror and watching the cleaned surface. Theelectrode contact locations should be marked with chalk on eachrail end to be welded to serve as guidance for cleaning. Oil andgrease, if present, shall be removed by Carbon Tetrachloride orBenzene. If any internal defect such as piping is noticed duringend cleaning, the rail shall not be welded.
 5. PROCEDURE OF WELDING OF RAILS
 5.1 ELECTRICAL CONTACT: The electrical contacts, i.e.Copper/Melloroy electrode in the welding machine must becleaned by compressed air pistol to ensure freedom from looseoxides and other foreign matter so that no arcing takes place atthe contact points on the rail and to eliminate the possibil ity ofrail failure near joint due to Copper penetration and formation ofbrittle martensite structure. The electrodes must be replaced andmachined whenever surface depressions exceeding 1mm in depthare formed due to wear. For this purpose, adequate spareelectrodes should be kept in the plant.
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 5.2 RAIL ALIGNMENT: The running surfaces of rails atinterface shall be aligned carefully to avoid any ‘step’ defectexcept as provided in para 3.3.2, the gauge face corner generallybeing the reference l ine.
 5.3 WELDING SEQUENCE: The Stationary Flash-buttWelding Plants adopt following welding sequence :-
 - Aligning (along with detwisting, i f possible).- Initial burn off.- Preheating.- Flashing.- Forging (upsetting).- Stripping.
 The mobile flash butt welders, however, give continuousflashing instead of initial burn off, preheating and flashingcycles separately.
 Air pressure and voltage/current recommended by themanufacturer must be ensured throughout the welding cycle.
 5.3.1 Initial burn-off: Relevant to the specifications of railand welding machine, controls shall be adjusted so that at theend of this phase weld interface has good overall contact.
 5.3.2 Preheating: The rail ends are brought into contactto allow a low voltage high amperage current flow which preheatsthe rail ends. Lower voltages are preferred to minimise craterdamage on the rail ends. The movable rail is alternatively movedbackward and forward producing a series of electrical contactswith the fixed rail end. The objective is to heat the rail facesuniformly by flashes upto the red hot stage. The rail ends arebrought in and out of contact for certain duration a number oftimes depending on the specifications of the welding plant, thesection and the metallurgy of the rail. This pre-heating cycle isexecuted in a fully controlled automatic mode once theparameters are selected.
 5.3.3 Flashing : Flashing consists of moving the rail incontinuous manner initially at a fired speed but during the lastfew seconds, at an accelerated rate. The flashing speed is soarranged that the rail ends burn-off without short circuiting orgiving rise to an open circuit condition.
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 5.3.4 Forging (upsetting) : Immediately following flashing,the pattern movement is accelerated so that the rail ends arebutted together to a stage of fusion under a heavy butting forcewhose magnitude depends on the make of the welding plant. Thewelding current automatically gets cut off during the later part ofthe forging operation. The joint should be left undisturbed inclamped position for ten seconds after the welding cycle.
 5.3.4.1 The recommended butting pressure for different typesof rails is indicated below:-
 - 72 UTS rails – 5kg/mm2 on cross sectional area.- 90 UTS rails & Head Hardened rails – 6 kg/mm2 on
 cross sectional areas.- 110 UTS rails – 7 kg/mm2 on cross sectional area.
 The heaviest rail section which can be welded on plantshould be decided on this basis.
 Welding of higher UTS and higher section rails on lowbutting load plant by increasing the number of pre-heats causesvery pronounced heat affected zone (HAZ) and is detrimental tothe service life of the joints.
 5.3.5 Stripping
 (i) Automatic stripper : A stripper, which may be integralwith the welding plant or installed either just adjacent to weldingmachine or at 13/26 m distance from it, shall strip the hot upsetmetal all round the rail section in such a way that minimumgrinding is required to achieve final finished profile at weld.
 (ii) Manual removal of upset metal: Wherever automaticstripper is not installed, manual chipping using pneumatic chiselmay be adopted. Recommended width of flat chisel is 50mm forremoval of upset metal from junction of head & web and web &foot of the rail, half round chisel should be used. Care shouldbe taken to ensure that chipping does not create any notches orunder cutting. However, hot upset metal all round the rail shallbe stripped.
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 5.4 POST WELD HEAT TREATMENT: 72 UTS and 90 UTS railsdo not require any special post weld heat treatment. However,alloy steel rails of 110 UTS and head hardened rails need postweld heat treatment to ensure variation in hardness withinacceptable limits in heat affected zone. Typical post weld heattreatments for 110 UTS alloy steel rails and head hardened railare given in Annexures I & II respectively.
 5.5 WELD PARAMETERS: Welding parameters will depend onsection and metallurgy of rail to be welded and they shall be asper manufacturer’s recommendations or as fixed by RDSO.
 5.5.1 Changing weld parameters arbitrarily like changing plattentravel, increasing duration and/or number of preheat cycles so asto increase interface temperature to achieve fusion with lowerbutting pressure (wherever butting capacity of the plant is low)or to retain heat in weld for easy upset metal removal whenstripping is done away from welding machine, shall strictly beprohibited.
 6. RECORD OF WELDS: Record of all the joints shall bemaintained in a register as per proforma as Annexure III. Theregister shall be signed daily by the welder at the end of the shiftand shall be verif ied and countersigned by the supervisor in-charge. For those welding plants which are equipped withAutomatic weld recorder, the chart of the weld recorder shall beanalysed every day with respect to voltage, current, upsettingforce and platten travel for each weld. Any parameter notconforming with the standard parameter should be set right.The chart shall also be preserved in addition to the register tofacilitate investigations in case of defective joint and joints failingin service.
 7. POST WELD STRAIGHTENING: A post straighteningmachine shall be installed at suitable distance from the weldingmachine for straightening the joint if required to achieve requiredgeometrical tolerances in vertical/lateral alignment.
 7.1 WATER COOLING: It is desirable to do post weldstraightening after the weld has cooled down to ambienttemperature. Water spray cooling shall be done at such suitabledistance from the welding plant where the temperature of theweld is not more than 350 degree Celsius which normally isachieved in 7-8 rail length.
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 8. FINISHING : The top, side and bottom surfaces of the railhead shall be ground smooth so that the weld surface isabsolutely flush with the parent rail surfaces. Particular care isnecessary to ensure that fish grinding does not burn or notch therail surfaces. After grinding, the top table and the sides of therail head shall comply with the geometrical standards given inAnnexure IV. Grinding shall be done preferably using a profilegrinding trolley, in the absence of which manual grinding can bedone using a cup grinder. Depending upon whether it is donemechanically or manually, grinding may be done in stages.
 9. MARKING OF JOINTS: Every joint shall have distinctivemark indicating the weld number, month and year of welding andthe code of the plant as shown below. This should preferably bedone by punching on an Aluminium strip which should be fixed tothe web of the rail with suitable epoxy adhesive beyond 300 mmfrom joint.
 XXXX MM YY AAA
 The first four digits indicate the weld number starting from 0001for first weld of every month, the next two digits month of weldingfollowed by last two digits of the year of welding. The letters endthe end shall be code of the Welding Plant. For example,32810891 MGS indicates that the particular weld is 3281 st weldof August1991 of Mughalsarai Flash Butt Welding Plant.
 10. TESTING OF WELD : It shall be the responsibility of thePlant in-charge and the quality control supervisor to deviceadequate stage inspections before final acceptance tests areconducted. Causes for failure either of weld or in heat affectedzone at any stage in production shall be investigated andcorrective action taken before regular welding is continued.Some common causes for failure and the precautions to be takenare listed in Annexure-V for guidance. Acceptance testcomprises of all the weld being checked by visual inspection,dimensional tolerances and ultrasonic test. Sample weldsshould be subjected to transverse bending test and detailedmetallurgical tests in a laboratory as a quality assurancemeasure. Results of all the tests shall be maintained in registerby the plant in-charge assisted by quality control supervisor.Details and method of conducting the tests are as follows:-
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 10.1 TESTS FOR EVERY JOINT
 10.1.1Visual inspection: After finish grinding, all welds shall bevisually inspected for possible cracks, lack of fusion and othersurface defects like notching, damage in heat affected zone etc.Welds with visible defects shall be rejected.
 10.1.2Dimensional check: All welds shall be inspected usingstandard 1m and 10cm straight edges and feeler gauges, asshown in figure 8 (a) to 8 ( j) for compliance of geometricalstandards as given in Annexure-IV. Welds not meeting thesestandards, if rectifiable by grinding, can be re-ground, failingwhich they shall be rejected. Results shall be maintained as perproforma given in Annexure-VI ‘A’.
 10.1.3Ultrasonic Test (USFD) : All welds shall be subjected toultrasonic testing for detecting presence of internal defects in theweld. This test can be done by installing an on-line USFDequipment or as an interim measure manually with portableUSFD machine. Entire cross section of the rail i.e. head, weband foot shall be tested by trained personnel as per the procedurelaid down for Ultrasonic testing of Flash butt welds in ‘Manual forUltrasonic testing of rails & welds’ and its correction slips, issuedby RDSO, Lucknow to detect internal flaws. Welds having defectsshall be rejected. Results shall be maintained as per proformagiven in Annexure-VI ‘B’ . Defective joint shall be distinctlymarked and panels with defective joints shall be separatelystacked. The defective joint shall be cut and removed before thepanel is despatched from the Flash Butt Welding Plant. Anotherpanel of matching length should be welded and the short panels(minimum 3 rail lengths) despatched in pairs.
 10.2 TEST ON SAMPLE JOINT: Sample test joints shall be madeon pieces of rails of similar section and conforming to the samespecifications as the rails being welded. The length of each pieceshall not be less than 750mm. Following tests shall be carriedout on sample test joint. Frequency of test is indicated in table I.These test shall also be carried out whenever there is a change intype of rail being welded. In case a sample joint does not complywith the requirements of the test, two more sample joints will bemade and tested. If both the sample joints meet therequirements of the tests, welding may continue. In case offailure of any of the retest joints, RDSO should be consulted forinvestigation and fixing revised welding parameters.
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 10.2.1Hardness Test: Brinnel hardness test shall be conducted onthe test weld sample before conducting transverse load test. Thehardness value in HAZ shall not very from the hardness of theparent rail by more than 20 HB. Results shall be maintained asper proforma given in Annexure – VI ‘C’.
 10.2.2 Transverse Test: The finished test weld samples, not lessthan 1.5 metre long with the weld at the centre shall be subjectedto transverse load test in a transverse testing machine in thefollowing manner:-
 10.2.2.1 The test joint shall be supported on cylindrical or semi-cylindrical supports having a diameter of 30 to 50mm anddistance of one metre between them. In case of 60kg 110UTS/head hardened rail joints the test span shall be 1.25 metre.The mandrel diameter shall be between 30 to 50mm. The mandrelaxis should be perpendicular to the horizontal axis of the railsection and it should be positioned at the centre of the weld.The weld shall be in the centre of the span and loaded in such amanner that the foot of the rail is in tension. The load shall beuniformly and gradually increased. The rate of application of theload should not exceed 2.5 tons/sec. The test joints shallwithstand the minimum load and shall show minimum deflectionas given in Table 1 without showing any signs of cracking orfailure. The minimum deflection values are corresponding tostipulated minimum loads. Results shall be maintained as perproforma given in Annexure-VI ‘D’.
 VALUES OF MINIMUM BREAKING LOAD AND DEFLECTION INTRANSVERSE LOAD TEST
 Rail Section Span Min.breaking
 load(tonnes)
 Min.deflectionat centre
 (mm)
 Frequencyof testing
 1 60 kg (UIC) NHH 1.25 m 115 30 1 in 5002 60 kg (UIC) Cr.
 Mn. alloy steel1.25 m 110 12 -do-
 3 60 kg (UIC) 90 UTS 1m 150 20 1 in 10004 52 kg 90 UTS 1m 100 15 -do-5 60 kg UIC MM (72
 UTS)1m 135 30 -do-
 6 52 kg MM(72 UTS) 1m 100 30 -do-7 90R MM(72 UTS) 1m 80 30 -do-8 75R MM(72 UTS) 1m 70 30 -do-9 60 R MM (72UTS) 1m 60 25 -do-
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 10.2.3 Macro examination: One test joint for every 5000 jointswelded shall be subjected to macro examination. 150mm lengthof rail with weld at centre shall be cut and the sample shall besectioned in vertical longitudinal direction through the weld. Oneof the sections shall be etched with 5-10% Nitric acid and alsosubjected to magna flux test to ensure freedom from cracks, lackof fusion or oxide inclusion. Extent of heat affected zone shallbe measured for head, foot and web of the rail. Results shall bemaintained as per proforma at Annexure – VI ‘E’.
 11. HANDLING OF HIGH STRENGTH RAILS (90 UTS, HH AND110 UTS)
 11.1 The 90 UTS head hardened and 110 UTS rails arecomparatively brittle having less fracture toughness as comparedto 72 UTS (MM) RAILS. Therefore, such rails require specialcare in handling. Provisional guidelines for handling andmaintenance of such rails are given in Annexure-VII. Flash ButtWelding Plants shall create adequate handling facilities to followthese guidelines.
 12. CHECK LIST FOR FLASH BUTT WELDING PLANTS
 A check list containing items to be checked daily and weekly isplaced at Annexure-VIII. This checklist should be followedmeticulously as a quality assurance measure.
 In order to ensure proper quality of Flash Butt Welds, a list ofminimum equipment and machines to be provided in each FlashButt Welding Plant is placed at Annexure-IX.
 13. Normally all the rails from steel plant should go to the FlashButt Welding Plant directly and should be welded into 20/10 railpanels to the extent possible, as per requirement of the site.Only rarely should the rails be welded into three rail panels.Only 20/10 rail panels should be dispatched to all track renewal,gauge conversion and doubling sites. Three rail panels should besent to track renewal, gauge conversion and doubling site only inexceptional cases where it is not possible to unload 20/10 railpanels. For such cases, CTE’s prior approval would be necessary.For dispatch of rails to new lines and for gauge conversion works,rails may be dispatched in minimum three rail lengths.
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 Annexure-I(Para 5.4)
 POST WELD CONTROLLED COOLING TREATMENT FOR110 UTS ALLOY STEEL RAILS
 The rails being 60 Kg. Cr-Mn alloy steel rails are required to besubjected to controlled post weld cooling treatment, as detailed below, so asto avoid formation of undesirable micro-structure and cracks in weld andHAZ.
 (i) Asbestos cement pipe of internal dia. 250mm – 300mm , wallthickness 15 to 25mm and length not less than 1 metre shall be installedafter the flash butt welding machine along the welding line. Necessaryarrangement to roll the rail through this pipe shall be made so that the pipewalls are not damaged due to movement of rails. Two holes of 30mm dia. (tosuit the burner head of kerosene blow lamp) on the horizontal diameter areto be made as shown in Fig.5.4(a), in such a way that the holes are staggeredby 25-30 mm with respect to the mid length of the pipe. Two nos. keroseneblow lamps of about 1.5 litres capacity are fixed through these holes in sucha way that flames from the burners strike at the centre of the web on eachside. The air pressure in the burners is to be adjusted in such a way thatblue flame is always available from these. Asbestos cloth/asbestos linedmild steel gadget are to be always kept ready to cover both the ends of thepipe, to the extent possible so that cool air draught is not allowed to enterinside the pipe. The blow lamp burners are kept in ‘ON’ position at least 10minutes before the flash butt welded joint enters the pipe to ensure warmingup of the pipe and the enclosed air pocket to retard the rate of cooling.
 (ii) After stripping, the welded joint should be quickly moved forward andbrought exactly at the mid length of the A.C. pipe. This operation is to becompleted within 120 seconds of butting. At this time, the temperature ofthe weld is generally above 850 degree C. Depending upon the travel speedof the rail panel, the mid length of the pipe may be located at about 13m(rail length) from the welding head to facilitate setting up of the next railjoint to be welded during the period the rail joint already welded is beingslowly cooled. The flash butt welded joint shall be kept inside the A.C. pipefor not less than 10 minutes till the weld temperature drops to about 400-450 degree C. Two standby kerosene blow lamp burners in perfect workingcondition shall be kept ready to be utilised in case of necessity.
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 Annexure-II(Para 5.4)
 POST WELD AIR QUENCHING TREATMENT FOR FLASH BUTTWELDING OF 60 KG HEAD HARDENED RAILS
 During welding of head hardened rails using the normal weldingprocedure, the average hardness of the HAZ of the rail becomesconsiderably less than the parent rail hardness. This lowerhardness is due to transformation of rail steel occurring at acooling rate much lower than that achieved during the originalhead hardening operation. Such a hardness difference can leadto differential plastic deformation during the wheel-rail contactwhich may cause localised cupping on the running surface at thewelds.
 Head hardened rails, therefore, must be subjected to controlledcooling treatment (slack quench) to improve the sagging heataffected zone hardness.
 A fabricated air quenching gadget as shown in Figure 5.4(b) shallbe used for enhanced cooling of the rail joints made with headhardened rails. The length of this gadget is approx. 250mm andwidth 190mm. There are series of drilled holes of 3mm diameterin the gadget and their position is shown in figure. The gapmaintained between the inner faces of the gadget is approx.120mm which will enable gap of approx. 25mm between therailhead side surfaces and the gadget. This will result inefficient application of air quenching jet. Within one minute ofwelding, air quenching should be carried out while the railsurface temperature is in the region 900-9500 C. The airpressure should be approximately 2kg/cm2 and duration ofapplication should be about 1 minute.
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 Annexure-III(Para 6)
 RECORD OF WELDS
 MACHINE
 1. Date of welding2. Shift (day/night)3. Joint No.4. Length of rail5. Section of rail6. Welding current (primary, amps)7. Primary voltage (volts)8. Clamping pressure Kg/cm2
 9. Butting pressure Kg/cm2
 10. No. of pre-heats11. Pre-heating time On……………..Off………….12. Burn off time (secs.)13. Flashing time (secs.)14. Post welding heat treatment if any15. Whether automatic weld record chart available16. Remarks (Any change of voltage during welding etc.)17. Signature of welder18. Signature of Foreman
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 ANNEXURE – IV(Para 8)
 FINISHING TOLERANCES FOR WELDS
 A. Welds with new rails
 (i) Vertical misalignment : +0.3mm at the centre of a 1 m - 0 mm straight edge.
 (ii) Lateral misalignment : +0.3mm at the centre of a 1 m straight edge.
 (iii) Head finishing (in width): Side of rail head should be finished to :-
 + 0.25 mm on gauge side at the centreof 10 cm straight edge.
 (iv) Finishing of top table surface + 0.2mm at the centre of 10cm straight edge- 0.0mm
 (v) Web zone (under side of head, + 3.0 mm of the parent contour web, top of base, both fillet - 0 mm each side)
 (vi) Underside of rail foot shall be suitably finished without any minustolerances to ensure proper seating on sleepers and unhinderedmovement of welded panels on end unloading rakes.
 NOTE: Tolerances for BSP rail rolled as per Explanatory Note to IRST-12/1988 shall be as under:-
 (a) Vertical misalignment- + 0.4 mm at the centre of 1m straight edge.– 0.00
 (b) Lateral misalignment - +0.4mm -do-
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 B. Welds with old rails
 (i) Vertical misalignment + 0.5mm at the centre of a 1m straight edge.
 (ii) Lateral misalignment + 0.5 mm at the centre of a 1m straight edge.
 (iii) Head finishing (on sides) + 0.3 mm on the gauge side at the centre of a 10 cm straight edge.
 (iv) Head finishing (on top + 0.2 mm on the gauge side table surface) at the centre of a 10cm straight edge
 (v) Web zone (under side of + 3.0 mm of parent head, web, top of base – 0.0 mm contour and both fillets on each side)
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 Annexure-V(Para 10)
 PRECAUTIONS TO AVOID DEFECTS IN FLASH BUTT WELDEDRAIL JOINTS
 Following precautions shall be taken to avoid various defects inthe welded joints:-
 1. Oxide inclusion : The rail end faces and the adjoiningsurface of the rail profile to a width of about 25mm all roundshall be cleaned properly by portable grinders or brushingmachine or shot blasting to remove loose scale, rust, scabs, dust,paint etc. Oil and grease, if present shall be removed by CarbonTetrachloride or Benzene.
 2. Lack of fusion – Preheating cycle and time, f lashing andbutting stroke as standardised shall be strictly maintained duringwelding to avoid this defect.
 3. Poor joints due to defect in rails – Rail ends having cracksand other visible rolling defects should be cropped before welding.
 4. Notches and chisel marks adjacent to the weld joints.During stripping by chiseling and finishing by grinding, careshould be taken that notches, dents or chisel marks are notformed on the rail surface as such flaws may act as stress raisersin service leading to premature failure.
 5. Copper penetration/arching on rail foot bottom surface.During flash butt welding, the two copper blocks (electrodes)below the rails get worn out and grooved/dented due to railmovement. Besides this, after the flashing/burning offoperations, lot of loose oxides of metal are deposited on thecopper blocks. Due to the above reasons, current flow betweenthe rail foot surfaces and reasons, current flow between the railfoot surfaces and the copper block is not continuous resulting inarcing and formation of local melting/denting and even copperpenetration at the rail foot surface. Such affected area results inpremature fracture. Therefore, after each operation looseoxide/metal shall be cleaned by brushing the copper blocksurfaces and the copper blocks shall be periodically reconditionedor replaced with new ones.
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 6. Use of treated water for cooling system – The pipes/tubes forcirculation of water for cooling purpose are, generally, of smalldiameter. Due to presence of impurities in water, scaling on theinner side of the pipe takes place resulting in less circulation ofcooling water and consequent problems. Therefore, suitablytreated water should be used for cooling system. The weldingplant should not be operated if the cooling system is non-functional.
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 Annexure-VIA(Para 10.1.2)
 DIMENSIONAL CHECK OF WELDED JOINTS(AFTER FINISHING)
 1. Date, month and year2. Joint No.3. Rail section4. 1m straight edge Top LH RH5. 10 cm straight edge Top LH RH6. Remarks7. Signature8. Summary – (at the end of the month)
 No. of joints welded during the month (Rail section-wise)
 No. of joints checked (Rail section-wise)
 No. of joints rejected (Rail section-wise)
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 Annexure-VIB(Para 10.1.3)
 ULTRASONIC TESTING OF WELDED JOINTS
 Date/Month/year/Name of Operator Welding Machine USFD
 1. Joint No.2. Rail section & chemistry3. Day Night shift4. Result of testing5. If defective, details of flaw Defective zone Flaw peak pattern
 Head/Web/Foot Probe Trace6. Remarks7. Signature
 Summary (at the end of the month)
 No. of joints welded during the month (Rail section-wise)
 No. of joints tested (Rail section-wise)
 No. of joints found defective (Rail section-wise)
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 ANNEXURE-VIC(Para 10.2.1)
 HARDNESS TEST OF WELDED JOINTS
 1. Date, month and year2. Joint No.3. Rail section & UTS4. Hardness (BHN)
 Parent railWeld metalHeat affected zone
 5. Remarks6. Operator’s Signature
 Summary (at the end of the month)
 No. of joints welded during the month (Rail section-wise)
 No. of joints tested (Rail section-wise)
 No. of joints found defective (Rail section-wise)
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 ANNEXURE-VID(Para 10.2.2)
 TRANSVERSE TESTING OF WELDED JOINTS
 1. Date, month and year2. Joint no.3. Rail section & UTS4. Machine on which welded5. Load applied (tonne)6. Deflection (mm)7. Span (m)8. Broken or not9. Remarks10. Signature11. Summary – (at the end of the month)
 No. of joints welded during the month (Rail section-wise)
 No. of joints tested (Rail section & UTS-wise)
 No. of joints failed (Rail section & UTS-wise)
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 ANNEXURE-VIE(Para 10.2.3)
 MACRO EXAMINATION OF WELDED JOINTS
 1. Date, month and year2. Joint No.3. Rail section4. Machine on which welded5. Extent of head affected zone (mm)
 HeadWebFoot
 6. Result of visual examination7. Remarks8. Signature
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 ANNEXURE-VII(Para 11)
 HANDLING INSTRUCTIONS FOR 90 UTS AND HEADHARDENED RAILS
 1. Protection of straightness: Barely visible straightnessvariations for example, a deflection of 0.75 mm over 1.5 metresspan, renders a rail unacceptable and required careful handlingand stacking. Therefore,
 AVOID
 - Heavy static loading
 - Sudden impact
 - Localised point or line contact loading in stacking.
 - Excessive end drop and flange overlaps whilelifting/moving.
 - Criss-cross stacking of rails of alternative layers as atright angles as far as possible.
 DO
 - Keep rails horizontal and straight while lifting/moving
 - Stack rails of same length on firm level base of well-drained platform, preferably of concrete, as per drg.No.RDSO/T-6219.
 - Stack subsequent layers on uniformly placed spacersin vertical alignment with base supports.
 - Keep rail ends in vertical alignment.
 - Place rail of shorter length in upper layers.
 DocumentsPDFComplete
 Click Here & UpgradeExpanded Features
 Unlimited Pages
 http://www.pdfcomplete.com/1002/2001/upgrade.htm

Page 31
                        

26
 2. Protection of rail surface: Surface notches of even lessthan 0.75 mm in depth are liable to cause rail fracture in service.Therefore,
 AVOID
 - Impact abrasion of rails against separators in wagons.
 - Round link chain slings for securing the rails.
 DO
 - Use conventional slings for lifting rails made of flatlink chains.
 - Lifting of rails preferably with Magnet lifting device
 3. Prevention of metallurgical damage: These rails arethermaly very sensitive and are l ikely to develop metallurgicaldefects, if exposed to localised heating, which produces veryhard, brittle and cracked metallurgical structures which may leadto sudden failures. Therefore,
 AVOID
 - Heating, flame cuting, on or adjacent to rails.- Contact with electric arcs and molten metal splashes,
 i.e. from loose cables or adjacent welding operations.
 DO
 - Flame cutting when found essential, after preheatingminimum of 10cm of rail length on either side of thecut to about 250-350 degree C by uniform movement ofheating torch.
 4. Protection from contact with injurious substances: Theserails can be withstand normal degree of rustings but localisedcorrosion pitting may cause subsequent rail fractures. Therefore,
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 AVOID
 - Contact with injurious substances which produce highcorrosion of steel, i .e. acids, alkalis, salts, etc.
 DO
 - Stack rails on well drained platform preferably ofconcrete as per drg. No.RDSO/T-6219.
 5. Slinging principles: The single point slinging increases riskof excessive bending and surface damage to the rails. Theoverhang beyond the outer lift ing point should not be greaterthan one-half the distance between lifting points. Therefore,
 AVOID
 - Single point slinging.
 DO
 - Use two point slinging for rail length up to 13m.
 - Recommended locations of lifting points for various raillengths are tabulated below:
 Rail lengthmetres
 No. of li ftingpoints
 Distancebetween
 lifting points(m)
 Max. rail endoverhang (m)
 12-13 2 6-6.5 3-3.2526 4 6.5 3.2535 6 6.5 3.25
 130 20 6.5 3.25260 40 6.5 3.25
 - Use of lifting beams fitted with slings is desirable.
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 6. Safety of Personnel
 AVOID
 - Standing under suspended loads.
 DO
 - Use protective gloves and clothing to minimise the riskof skin abrasion.
 - Wear distinctive coloured helmet and clothing for easyidentification by crane and machinery drivers to avoidaccidents.
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 ANNEXURE-VIII
 CHECK LIST FOR FLASH BUTT WELDING PLANTS
 Yes No1. ITEMS TO BE CHECKED DAILY1.1 UNLOADING OF LOOSE RAILS1.1.1 Rails of same section and UTS are
 stacked together1.1.2 Spacers are provided between successive
 layers of rails.1.1.3 Rail are stacked in head up position1.1.4 Numbers of layers in each stack is not
 exceeding 15.1.2 FEEDING OF RAILS1.2.1 Rails ends have been checked for –
 (a) Straightness(b) Squareness(c) Width of head and height
 1.2.2 Fish bolt holes/any other drilled arechamfered.
 1.2.3 Rail ends are cleaned of rust, scales,paint etc.
 1.2.4 Top of rail head and bottom of rail footare clear at electrode position.
 1.2.5 Grease/oil at rail ends, if present hasbeen removed with carbon tetrachloride/Benzene.
 1.3 WELDING1.3.1 Alignment of rail ends is proper and
 checked with 1m straight edge.1.3.2 Electrodes surfaces are clean (cleaning
 after every welding operation)1.3.3 Stipulated oil and air pressure is
 available in the welding machine.1.3.4 Record of each weld is kept in
 prescribed proforma.1.4 FINISHING OF JOINT1.4.1 Stripping/trimming of entire weld cross
 section has been done.1.4.2 Notches/undercuts are avoided while
 stripping with pneumatic chisel1.4.3 Post weld controlled cooling is done for
 Cr-Mn/head hardened rails.
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 1.4.4 Joint has been checked for –(a) Straightness on
 (i) 10 cm st. edge(ii) 1 cm st. edge
 (b) Dimensional tolerances
 1.4.5 Joint is numbered1.5 TESTING OF JOINT1.5.1 Joint is ultrasonically tested using
 normal, D.E. 700, 45o and 800 probes.1.5.2 Ultrasonically defective joint is
 prominently marked1.5.3 Joint is dimensionally correct (checking
 with 10 cm & 1 m straight edge) .1.5.4 Records of each test are maintained in
 prescribed proforma.1.6 DESPATCH OF PANELS1.6.1 Panels of same rail section and UTS are
 stacked together1.6.2 Spacers are provided between successive
 layers of panels1.6.3 Panels are stacked in head up posit ion1.6.4 Number of layers of panels is not
 exceeding 15.1.6.5 Rails are placed on rollers without
 impact.1.6.6 Loading of welded panels in EUR is
 being done in pairs of equal length
 Signature of Shop Supdt./Supervisor
 2 ITEMS TO BE CHECKED WEEKLY Yes No2.1 Electrodes have been machined before
 formation of 1mm deep groove.2.2 Standard welding parameters are
 correctly set for the type and section ofrails being welded
 2.3 Panels with defective joints areseparately stacked
 2.4 Movement of hoists in lateral andvertical direction is well synchronized.
 2.5 Work spot is clean and tidy.
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 2.6 While unloading, the rails are held attwo points 6-6.5m apart and overhang ofends does not exceed 3-3.5m.
 2.7 Rails/panels are stacked on levelled andwell drained platform and they have nocontact with soil.
 2.8 Transverse testing & macroexaminations of test welds is done atprescribed frequency and records aremaintained.
 2.9 Transverse testing machine is calibrated2.10 Workmen are provided with required
 protective clothing
 Signature of XEN/Dy.CE
 DocumentsPDFComplete
 Click Here & UpgradeExpanded Features
 Unlimited Pages
 http://www.pdfcomplete.com/1002/2001/upgrade.htm

Page 37
                        

32
 ANNEXURE-IX
 LIST OF MINIMUM EQUIPMENTS & MACHINES REQUIREDFOR FLASH BUTT WELDING PLANTS
 I. TESTING FACILITIES1. Transverse Load Testing Machine of 200t capacity.2. Hardness testing machine.3. USFD testing machine (preferably on line tester).4. Equipment for Macro and Magna flux examination.
 II. PREWELDING EQUIPMENTS1. Pre-straightening machine.2. Portable grinders.3. Shot blasting machines.4. Mechanical rolling system for feeding of single rails for welding.5. Abrasive rail cutting machines.
 III. POST WELDING MACHINE
 1. Weld stripping machine.2. Profile grinders.3. Post straightening machine.4. Equipments and fixture for post weld controlled cooling.5. Equipments and fixture for post weld air quenching.6. Automatic weld recorders.7. Arrangements for availability of treated water for cooling system.
 IV. HANDLING/TRANSPORTATION AND OTHER EQUIPMENTS
 1. Electric Hoists/Gantries in adequate numbers for unloading ofsingle rail from wagons.
 2. Electric Hoists/Gantries in adequate numbers with centralisedcontrol panel capable of loading/handling of rails up to 20 railpanels.
 3. Motorised conveyor line for feeding and welding of rails.4. Arrangement of stacking of single rails and 20 rail welded panels
 with capability of mechanical handling (capacity to handle tomatch with plant production).
 5. Generating Diesel sets of adequate capacity for standingarrangements.
 6. Independent water supply and water cooling system.7. Provision of chilling plant for cooling of oil to maintain hydraulic
 pressure specially for summers.8. Adequate number of End Unloading Rakes.9. Adequate line capacity for receiving rails and for despatch of
 welded rail panels.10. Other minor tools and plants required for day to day repair and
 maintenance.
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 THE INDIVIDUAL WELDED ENDS MAY HAVE A MAXIMUM DIFFERENCE IN HEIGHT OF 1.2* mm ATTHE WELDED JOINTS
 * FOR RAILS MANUFACTURED BY SAIL WITH DISPENSATIONS, THIS VALUE MAY BE 1.5 mm
 FIG : 3.2 SORTING OF RAILS TO BE WELDED
 HEIGHT OF RAIL INmm
 PLACES OF WELDING
 156.0 156.8 156.6 156.2
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 FIG :3.4(a) TOLERANCE ON THE END BENDS IN THE VERTICAL PLANE
 STRAIGHT EDGE1.5 METRE
 0.7 mm RAIL END
 RAIL END
 0.7mm
 PLANFIG : 3.4(c) TOLERANCE ON THE END BENDS IN THE HORIZONTAL PLANE
 PLANFIG :3.4(b)14mm
 STRAIGHT EDGE
 STRAIGHT EDGE
 1.5 METRE+0.7mm-0.0 mm
 ELEVATION
 STRAIGHT EDGE1.5 METRE
 RAIL END
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 FIG : 3.4 (d) DEVIATION OF THE RAIL END FROM THE SQUARE
 PLAN
 PLAN
 ELEVATION
 ELEVATION
 RAIL FOOT
 RAIL HEAD
 RAIL FOOT
 RAIL FOOT
 RAIL FOOT
 RAIL HEAD
 RAIL HEAD
 RAIL HEAD
 200
 200 0.6
 200
 200
 200
 200
 200
 200
 0.6
 0.6
 0.6
 SQUARE
 SQUARE
 SQUARE
 SQUARE
 ALL DIMENSIONS ARE IN MILLIMETRES
 (a)
 (b)
 (c)
 (d)
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 100+0.5
 (53)*52.5 2R
 2R
 50+0
 .5
 3R
 3R
 5 DIA HOLE
 46.5(47)*
 103R
 11.5
 72.5(73)*
 60 Kg (UIC) TO BE STAMPED HERE
 * DIMENSIONS SHOWN IN BRACKETS ARE FOR RAILS MANUFACTURED BY SAIL WITH DISPENSIONS.ALL DIMENSIONS ARE IN MILLIMETRES
 FIG : 4.2(a) HEAD WIDTH CHECKING GAUGE FOR 60 Kg (UIC) RAILS
 13R 13R
 300R
 300R
 80R
 80R50
 +0.5
 2R2R
 6
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 50+0
 .5
 622 (68)*
 67.5
 20
 22
 110+0.5
 30
 5 DIA HOLE
 52 Kg TO BE STAMPED HERE
 3R 3R
 3R3R
 3R
 * DIMENSIONS SHOWN IN BRACKETS ARE FOR RAILS MANUFACTURED BY SAIL WITHDISPENSATIONS.ALL DIMENSIONS ARE IN MILLIMETRES.
 FIG : 4.2 (b) HEAD WIDTH CHECKING GAUGE FOR 52 Kg RAILS
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 FIG : 4.2 (c) HEAD WIDTH CHECKING GAUGE FOR 90 R RAILS
 * DIMENSIONS SHOWN IN BRACKETS ARE FOR RAILS MANUFACTURED BY SAIL WITHDISPENSATIONS.ALL DIMENSIONS ARE IN MILLIMETRES.
 3R3R
 3R 3R
 3R3R
 90 R TO BE STAMPED HERE
 5 DIA HOLE
 30
 22
 20
 (67.7)*67.2
 226
 50+0
 .5
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 60 Kg. NHH
 30
 3050
 30
 30
 50
 50
 120
 35
 20
 20
 190 250
 110
 FIG :5.4 (b) AIR QUENCHING GADGET FOR ENHANCHED COOLING OF HH RAIL JOINTS
 ALL DIMENSIONS ARE IN MILLIMETRES
 TOTAL HOLES =48 Nos.(3mm DIA EACH)
 3 TO 4 mm SHEET
 25
 20
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 STRAIGHT EDGE
 1 METRE
 +0.6mm-0.0 mm
 WELDED JOINT
 FIG :8(a) TOLERANCE FOR VERTICAL MISALIGNMENT OF WELDED JOINT WITH NEW RAILS
 0.3 mmSTRAIGHT EDGE
 1METRE
 WELDED JOINT
 FIG :8(b) TOLERANCE FOR LATERAL MISALIGNMENT OF WELDED JOINT WITH NEW RAILS
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 FIG :8(c) TOLERANCE FOR FINISHING ON SIDES OF HEAD OF WELDED JOINT WITH NEW RAILS
 100 mmSTR. EDGE
 0.25 mm
 WELDED JOINT
 FIG :8(d) TOLERANCE FOR FINISHING TOP TABLE SURFACE OF WELDED JOINT WITH NEW RAILS
 WELDED JOINT
 100 mm
 STR. EDGE +0.4mm-0.0 mm
 DocumentsPDFComplete
 Click Here & UpgradeExpanded Features
 Unlimited Pages
 http://www.pdfcomplete.com/1002/2001/upgrade.htm

Page 48
                        

43
 FIG :8(e) TOLERANCE FOR VERTICAL MISALIGNMENTOF HIGH WELDED JOINT WITH OLD RAILS
 WELDED JOINT
 STRAIGHT EDGE
 1 METRE 1mm
 FIG :8(f) TOLERANCE FOR VERTICAL MISALIGNMENT OFLOW WELDED JOINT WITH OLD RAILS
 STRAIGHT EDGE
 1 METRE
 0.5mm
 WELDED JOINT
 0.5 mmSTRAIGHT EDGE
 1METRE
 WELDED JOINT
 FIG :8(g) TOLERANCE FOR LATERAL MISALIGNMENT OFWELDED JOINT WITH OLD RAILS
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 WELDED JOINT
 0.30 mm 100 mmSTR. EDGE
 FIG :8(h) TOLERANCE FOR FINISHING ON SIDES OF HEAD OF WELDED JOINT WITH OLD RAILS
 0.4mm100 mm
 STR. EDGE
 WELDED JOINT
 FIG :8(i) TOLERANCE FOR FINISHING TOP TABLE SURFACE OF WELDED JOINT WITH OLD RAILS (HIGH JOINT)
 100 mm
 STR. EDGE
 FIG :8(j) TOLERANCE FOR FINISHING TOP TABLE SURFACE OF WELDED JOINT WITH OLD RAILS (LOW JOINT)
 0.2mm
 WELDED JOINT
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