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PREAMBLE

Ultrasonic testing of rails was introduced overiémdRailways during early 60s. From a
humble beginning, this technique has graduatetf its@an extent that today it is one of the most
powerful tools of preventive maintenance of thengeament way. During the last 40 years of its
existence, a large number of testing proceduresifspations, guidelines and criteria have been
issued from time to time based on the experienagedaln the meantime, the scope of testing
has been extended to Alumino Thermic (AT), Flaslt BeB), Gas Pressure (GP) welded joint,
SEJs and Points and Crossings.

The advent of fracture mechanics concept couplegd state of the art steel making
technology has thrown open a new dimension in grégicity of ultrasonic examination. The
rate of crack propagation and fracture toughnessacieristics of rails can be experimentally
found which determine the critical crack size.

Based on the above knowledge and experience sittaasidered necessary to assimilate
the entire information on ultrasonic examinatiorrafs and present in the form of a manual so
as to guide the ultrasonic personnel in testingrpretation and decision-making. Accordingly,
the first edition of the USFD Manual was prepared #&ssued during 1998. Subsequently, a
revision was issued in 2006 in view of the exparegegained in the field of USFD testing and
maintenance practices. In the recent part, USFIDgewachines having state of the art digital
technology have been introduced on Indian Railwagd since use of digital USFD testing
machine has been made mandatory on Indian RailvagslJSFD Manual also required to be
updated so incorporate the sensitivity setting @doece for digital USFD tesing machines and
other modifications. This revised edition is therefprepared incorporating all the amendments
and revisions. The provisions made are mand#&borgll ultrasonic personnel and supersede all
previous instructions in case they happen to béradictory to the instructions contained in this
manual. This revised version of the manual incafes Correction Slip No. 1 to 9 to USFD
Manual (2006).

It is also mentioned here that this manual has beelusively prepared for manual
ultrasonic examination of rails and welds and doeiscover test procedures for self Propelled
Ultrasonic Rail Testing (SPURT) Car.
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CHAPTER 1
RAIL DEFECTS AND THEIR CODIFICATION

Rail is the most important and critical componeinthe permanent way. Most common
cause of rail failure is the fatigue fracture, whis due to imperfections present in the material
or due to crack formation during service. Thuscesgsful performance of rails is based on their
resistance to crack initiation and crack propagatib is therefore essential to identify and
classify the defects in rails and in turn initi@terrective action. A brief on nature of defects,
their causes and classification is presented below.

1.1 Causes of defectsThe origin and development of such cracks istdue

1.1.1 Material defects originating during the manufaatgrprocess such as clusters of non-
metallic inclusions, hydrogen flakes, rolling margside marks etc. which may be present in
spite of successful non-destructive tests carrigdno the rails during quality assurance
examination.

1.1.2 Residual stresses induced during manufacture (opolrolling, gas pressing and
straightening).

1.1.3 Defects due to incorrect handling e.g. plastic defdion, scoring, denting, etc.
1.1.4 Defects associated with faulty welding i.e. gasepptack of fusion, inclusions, cracks
etc.

1.1.5 Dynamic stresses caused by vertical and lateradslgaarticularly by vehicles with
wheel flats or when the vehicle runs over poorbimtained rail joints etc.

1.1.6 Excessive thermal stresses due to variation ineaiperature beyond specified limits.

1.2 Defect location In order to study the fractures in rail systeinaly, they may be
divided into the following categories based onirthecation of occurrence in the rail
length:

(€)) Defects emanating from the rail end or reachingetie of the rail.

(b) Defects observed within fish-plated zone.

(c) Defects not covered in (a) and (b).

1.2.1 Nature of defects in rails

€)) Horizontal crack in head These cracks run usually parallel to the rdldaat a depth of
10-20 mm and may finally split the material laye€@rushing of the railhead may also be
observed in the vicinity of the crack. Clustersnoh-metallic inclusions and abnormal

vertical service stresses are the factors resplenfi this defect. USFD can easily
detect such flaws.



(b)

(€)

(d)

(e)

(f)

(9)

(h)

(i)

(),

Vertical-longitudinal split in head These cracks run parallel to the longitudinak af
the rail and are caused by presence of non-metadliasions, poor maintenance of joints
and high dynamic stresses. It cannot be easilgcted in early stages by USFD due to
their unfavourable orientation.

Horizontal crack at head web junctiosuch flaws may lead to rail head separation.
Contributory causes are wheel flats, bad fish-plgtent, inclusions and high residual
stresses. USFD is sensitive to such defects andasily detect them.

Horizontal crack at web-foot junctionSuch cracks develop both towards head and foot.
They are caused by high vertical and lateral dynamads, scoring and high residual
stresses. USFD can easily detect these flaws.

Vertical longitudinal splitting of the weblt is primarily due to heavy accumulation of
non-metallic inclusions and wheel flats. USFD aacted from rail top can detect it only
if the defect is severe and in an advanced stagdicdl longitudinal defects of minor
nature are not amenable to USFD examination coeduitbm rail top. Probing from

railhead sides can detect such defects for whiol paobing may be essential.

Bolt hole crack: Such cracks often run diagonally and may run td&/diead or the foot.
They result from inadequately maintained joints amthamfered fish boltholes and
stress concentration. USFD can easily detect tloeseks. Normal probes provide
indication as diminished back wall echo.

Transverse fracture without apparent origiThese fractures occur suddenly, especially
during winter and may emanate from microscopic fld@mbedded or on surface) and

are generally very difficult to detect by USFD. €Be minute flaws manifest suddenly

under severe service conditions or when the fradtomghness values are comparatively
low.

Transverse fatigue crack in headfrhey resemble a kidney in shape in the railheatl a
USFD is ideally suited for detecting them. Theg generally inclined at the angle of
18°-23° and originate at a depth of 15-20 mm below theninm surface. Mainly
hydrogen accumulation and non-metallic inclusioagse this defect. These cracks are
easily detected by 7(@robe.

When such defects are nearly vertical, they caddbected using additional gain
of 10db. Defects lying below scabs/wheel burns lsardetected by 45ide probing of
rail head.

Horizontal crack at top and bottom fillet radius: These cracks are caused by
accumulation of non-metallic inclusions and highkideal stresses introduced at the time
of rail straightening. These are difficult to betetted by USFD.

Vertical — longitudinal crack in foot Such cracks develop from sharp chamfers on the
bottom surface of the rail foot. Cracks occurringhis way are the points of origin of
transverse cracks in the foot.



(k) Transverse cracks in rail foot Due to localised overheating during FB welding,
structural changes in the bottom surface of thematerial takes place which result in a
minor crack. These cracks under the tensile l@pdine rise to brittle fracture. Such
defects are not detectable by USFD. Transvers&smiginated from AT welds in the
rail foot grow as half moon and are detectable Bypdobe.

1.2.2 Nature of defects in weldsJoining rails by improper welding may introduzeariety of
defects on the joints as well as in the heat adfbebne (HAZ) e.g. lack of fusion, cracks,
porosity, slag inclusion, structural variation,.efthe quality of weld depends to a large
extent on the careful execution of the welding apfien. USFD testing done by manual
rail tester suffers from following deficiencies:

0] Full cross section of weld is not covered by nortd@FD examination using manual
tester thereby leaving areas in head and foot,winiay have flaws.

(i) Micro structural variations in the weldment cautterauation of ultrasonic energy.

Therefore, a separate testing procedure for weddken developed which is elaborated
in Chapters 8 and 9.

1.2.2.1 Defects in Flash Butt Welds

(@)  Transverse cracks: The origin of these cracksdasmperfection in the weldment such as
lack of fusion, inclusions, etc. Fracture usualbcurs from these imperfections, which
may be in railhead, web or foot. During the cour$éts propagation USFD testing is
extremely effective.

(b) Horizontal cracks: These cracks develop in the amdb propagate both in head and foot.
The principal cause is large tensile residual seescting in the vertical direction.

1.2.2.2 Defects in Alumino-Thermic (AT) Welds

(@)  Transverse crack in head and foot: It is causemhdysions entrapped during welding,
which leads to crack initiation on the foot and gi®wth in the web region causing
fracture. Such cracks can be detected by USFD.

(b) Horizontal cracks in web: These cracks occur inwellds in which the ends having bolt
holes have not been removed. The presence of hekdt in unfavorable stress
distribution caused due to non-uniform cooling. RD&can easily detect such flaws.

1.3 Codification of rail and weld defectsInformation regarding the type and nature of rail
failures and their service conditions is primaridptained through personnel responsible for
maintenance of permanent way and it is of utmogtonmance that they are familiar with the
various types and nature of rail defects and thessible causes to enable them to report the rail
failures accurately. With this objective in vieiivis necessary to devise a suitable coding system
for reporting rail failures.

1.3.1 UIC has adopted an Alphanumeric system of codificabf rail failures. In view of
its international status and the facility affordéor computerized statistical data
analysis, this system has been adopted by Indailw&ys for reporting rail failures.



The code for reporting rail failures consists @fot parts viz first — Alphabetic,
consisting of three code letters and second namasnsisting of three or four digits.

1.3.1.1 First part of the code — Alphabetic
(@ First code letter indicates the type of rail:

0] indicates Plain rail
X indicates Point & crossing rail

(b) Second code letter which follows the first cod¢eletindicates the reasons for withdraw

of rail. Thus,

F indicates Fractured rail

C indicates Cracked rail

D indicates Defective rail other than F&C

(c) Third code letter which follows the second codéeletindicates probable cause of failure

orrail. Thus:

R indicates Cause inherent in rail (attributabléatdts in the steel
making stage and / or its rolling into rails).

S indicates Fault of rolling stock

C indicates Excessive corrosion

J indicates Badly maintained joint

M indicates Other maintenance conditions (Defedigxlvdevelop due
To ineffective maintenance or delayed reneviaits).

D indicates Derailment

W indicates Associated with welding defects (thtoog adjacent
Within 100 mm of a welded joint)
@] indicates Other causes

1.3.1.2 Second part of the code — NumericThis part of the code consisting of three or four
digits indicates the location of the failure irtiail as well as its characteristics :

(@)  The first digit indicates the location of rail faie (head, web or foot)
(b) The second digit indicates:

(1) The position in the rail section from which failuras started except where failure
is associated with welding.

(i) In case of welding, the second digit indicatestyipe of welding.
(c) The third digit is interpreted in relation to thest two digits of the code viz :
(1) If failure is due to internal defect (first digitor second digit 1,3 or 5), it shows
the direction of the crack or fracture.

(i) If failure is due to surface defect (second diyir 5), it indicates the nature of
defect.



@ii)  If failure is by damage (first digit 3), it indiczg the cause of the damage (details
have been given in succeeding pages)
(d) The fourth digit gives further details.
1.3.1.3The summary of codification of rail and weld fa#sris given as under:

(@) First Part — Alphabetic codes

1%letter | 29 letter | 3 letter |
Type of rall Reason for withdrawal Probable cause of failure
O-Plain rail F-Fractured R-Inherent in rail
X-Points & C-Cracked S-Fault of rolling stock
Crossings ra D-Defect other than F& C-Excessive corrosic
J-Badly maintained joint
M-Other maintenance
conditions
D-Derailment (failure

developed later)
W-Associated with welding
O-Other cause¢

(b) Second Part — Numeric codes

1% digit 2" digit 3 digit 4" digit
Location & | Origin/Type i) For internal defects in Further details
characteristics | Of welding welding shows direction:

if 2" digit 1,3,5.

1.Within O- Unknowr | 1. Transvers 1. Atrail sea
fishplate limit | 1.within head | 2. Horizontal 2. Not at rail seat
3. Vertical longitudinal 1. Top fillet
2. Bottom fillet
3. Not at fillet radius
2.0Other 2. Surface of 5. Diagonal at hole
location rail head 8. Diagonal not at hole
3. Inweb
5. Infoot i) For surface defects

it shows nature of

defects if second

digit 2,3,5.
0. Corrugation 1. Short pitch
2. Long corner

1. Shallow surface defe 1.Running surfac
2. Breaking out 2.Guage corner
3. Crushing continuous 1. Isolated

4. Battering local 2 .Repeated

5. Wheel burr

9. Lap, seam, roll mark




1*' digit 2% digit 3% digit 4" digit
Location & | Origin/Type i) For internal defects Further details
characteristicg Of welding welding shows direction:
if 2" digit 1,3,5.

3.Damage 0 1 Brushing or arcing
done 2 Incorrect  machining
drilling or flame cutting

4.Associated | Type of Direction of fracture
with welding | welding
1. Flash butt 1. Transverse

2. Thermit 2. Horizontal

3. Electric arc| 5. Diagonal at hole
joint

4. Oxy-acyty- | 8. Diagonal not at hc
lene joint

7. Building up

8. Tractiol
bond

5.Corrosion |0 0

1.3.1.4 On the basis of the system of classification deedrinpara 1.3.1.2 a list of the failure
code group to be followed is given as under, alily the meaning of the codes.

Within fish-plate Elsewhere on rail Description

limits

1) (2) 3)

100 200 Transverse breakage without apparent origin

(i.e. sudden fracture)

111 211 Internal flaw in head, transverse breakage.
11z 21z Internal flaw in head, horizontal cra

113 213 Internal flaw in head, vertical longitudisplit.
1211 2211 Head, surface, shallow surface defeadti(ft))
1212 2212 Head, surface, shallow surface defect (li
1221 2221 Head, surface, breaking out running sarfa

(scabbing)

1222 2222 Head, surface, breaking out, gauge c¢shetling)
123 223 Head, surface crushing or battering

124 224 Head, surface local batter

- 2251 Head, surface, wheel burn isolated

- 2252 Head surface, wheel burn repe:
1321 2321 Web, horizontal cracks, at top filletiuad
1322 2322 Web, horizontal crack, at bottom filkdius
1323 2323 Web, horizontal crack, not at fillet reli
133 233 Web, vertical longitudinal splitting (pipe)
135 235 Web, cracks at hole

- 238 Web, diagonal cracks not at hole.



Within fish-plate Elsewhere on rail Description
limits
1) (2) 3)
139 239 Web, lap.
1511 2511 Foot, transverse break at rail seat.
1512 2512 Foot transverse break starting away feohseat.
153 253 Foot vertical longitudinal split (halfmoorack)
301 - Damage to rail by brushing or arcing.
302 - Damage to rail by bad machining, drilling or flam
cutting
411 - Welding,flashbutt joint, transverse crack
421 Welding, thermit joint, transverse crack
422 - Welding, thermit joint, horizontal crac
431 - Welding, electric arc joint, transverse crack
441 - Welding oxyacetylene joint transverse crack.
471 - Welding, building up transverse cracking eat
across the built up portion.
472 - Welding, building up, built up part breaksagw
481 - Welding, traction bond welding crack, at weld
50C - Corrosion

1.4  Typical rail/weld failure photographs with theirdms are given ifigs.31 to 56.



CHAPTER 2

ULTRASONIC TESTING OF RAILS AT MANUFACTURERS’ WORKS

The defects in rails may be due to manufacturiaficegéncies, defects arising during
service or defects generated due to a combinatiomanufacturing defects and service
conditions. The most important source of defestthé manufacturing deficiencies during steel
making, rolling and subsequent processing.

2.1 Testing methods in Steel Plants Testing in the Steel Plant is carried out witd help of
an on-line ultrasonic testing equipment having ipldtprobes covering entire cross-section of
the rail. A typical arrangement of probes is shamvhig.1.

All these probes are’@Normal probes) of frequency varying between 260-MHz.
They detect defects oriented perpendicular to tfeetion of the beam.

2.2 Criteria for acceptance: The criteria of acceptance is as per clausef1BS :T-12-2009
or latest (IRS Specification for flat bottom railsfhese are reproduced below:

“10 Freedom from defects

10.1 The rails shall be free from all detrimental deéfesuch as cracks of all kinds, flaws,
piping or lack of metal, etc. having an unfavourabffect on the behaviour of the rail in service.

10.2 The absence of harmful internal defects shall sied by the continuous on-line
ultrasonic examination. This examination shall barried out for all rails under the
responsibility of the manufacturer to the satisifart of the inspecting agency.

10..3 The manufacturer in his offer shall furnish theéadled method of on-line ultrasonic
testing of rails to be followed by him. The linofspermissible defects for ultrasonic testing of
rails shall be as follows and the standard testcpieshall be as shown iAnnexure-l1 &
Annexure-I|A.

Head ; 1.5 mm dia through hole
Web : 2.0 mm dia through hole
Web & Foot junction : 2.0 mm dia through hole
Foot : 0.5 mm deep, 12.5 mm long and 1.0 mm matieh

(Inclined at 20with vertical axis)”

2.3 In case initial testing of rails has not been donthe rail manufacturing plant, the rails
shall be tested either at Flash Butt Welding Ptardt site. In no case rail should be laid inkrac
without USFD testing.



CHAPTER 3
ULTRASONIC RAIL TESTING EQUIPMENT AND ACCESSORIES

3.0Ultrasonic testing of rails is a specialized atfivand the inspectors carrying out the
ultrasonic testing of rails shall be trained by R)$ the techniques of USFD testing. Each
Zonal Railway shall create adequate no. of Ex-cads of inspectors to ensure that entire
track length in their jurisdiction is ultrasonigatiested at the laid down periodicity.

When ultrasonic testing of rails anddseis outsourced to a service providing agency,
compliance to provisions of latest version of ImdiRailway Standard Specification for
Ultrasonic Testing of Rails (Provisional) with cection slips issued up to date shall be
ensured.

3.1 On Indian Railways, flaw detection by ultrasonisscarried out with the help of two
different types of equipments viz. Single rail egsand double rail tester. The single rail
tester has been utilised on Indian Railways for éeyears and the double rail tester is of a
relatively recent origin (developed Ten years batrkpddition hand testers of some designs
are also being used. Current list of RDSO appraadces for ultrasonic rail/weld testers
with their respective models, is contained in htesrsion of ‘Masters list of approved
venders’ circulated bi- annually by Quality AssuwzanMechanical) Directorate of RDSO.
Procurement of USFD equipments should be donefony the RDSO approved sources.

3.1.1 Total Life of USFD machine is approximately 8 years

3.1.2 Maintenance spares be procured along with the macdhnd should be as peara 4.4
pertaining to maintenance spares.

3.2 Single rail tester : Single rail tester is capable of testing only of¢he rails at a time
and is provided with seven probes i.8., @0 Center Forward (C F), 7@enter Backward
(C B), 70 Gauge Face Forward (GF),°Bauge Face Backward (GB),°’on-gauge face
Forward (NGF) and 7ONon-gauge Face Backward (NGB). The normal proBeigQutilised
for the purpose of detecting horizontal defectsagiéd in head, web or foot. The®Ffrobe
has been specifically provided for detecting def@cthe rail head, the most typical of which
is the transverse fissure or kidney fracture. Th@reximate coverage of the rail section with
the help of the above arrangement is indicateeldri?A & 2D. However, this coverage area
does not indicate that detect ability of same efzeansverse defect whose nuclei lies within
this area at different places will be displayeda@me manner. It will depend upon the size,
orientation and depth of the defect.

The signal received from the defects by any of dbeve probes is indicated on the
screen. In order to find out the origin of deteatia. which probe has picked up the defect,
provision for displaying the individual probe opiéwa along with audio alarm/LED display
has been made in the equipment.

3.3 Double Rail tester:

3.3.1The double rail tester is capable of testing bbthrails at a time. For each rail, seven
probes have been provided for the present f,e/@ Center Forward (C F), 7@enter
Backward (C B), 7©Gauge Face Forward (G F),°®®auge Face Backward (G B),°70
Non-gauge face Forward (NGF) and® Rbn-gauge Face Backward (NGB).



The signal received from the defects by any ofgiabes is indicated on the screen. In
order to find out the origin of detection i.e. wihiprobe has picked up the defect,
provision for displaying the individual probe opgpa along with audio alarm/LED
display has been made in the equipment.

3.3.2 The normal probe is provided for detection of homial defects and 7@robes have been
provided for transverse defects in the head. Fdeatien of bolt hole defects, the
equipment works on the principle of backwall dregich in the event of a bolt hole
crack shows reduction in echo-amplitude of the etk It is also supported by separate
audio alarm with distinctly different tone and LEIZplay.

3.3.3 The introduction of double rail tester has beencspally made for enhancing the
productivity of testing and as well as improvinge tigquality and accuracy of flaw
detection. Due to pre-calibrated arrangement, gatjsetting of the equipment is not
considered necessary.

3.3.4 Due to frequent misalignment of probes on theplisted joints and limitations of
detection of bolt hole cracks having unfavourablerdgation and size, it is desirable to
deploy double rail testers on LWR/CWR sections.

It is desirable to deploy only the ‘single rail t&x$ ultrasonic testing machine for testing
of sections other than LWR/CWR.

3.4 Specification of ralil testers

3.4.1 The single and double rail testers shall be pratue RDSO specification. The
responsibility of inspection for these equipmeistsavith Director General, RDSO.

3.5 Types of probes: Following types of probes other than mentionegana 3.2 and
3.3are also in use. Details of probes and their usegigen afFig. 27.

45° , 2MHz probe For testing Gas Pressure, FlasiWettled rail joints
and half Moon Defect in AT Welds below web foot
junction and SEJ.
Tandem Scanning ( 2 Nos. of%4srobes in a rig) for
detection of lack of fusion in AT welded rail jomt

70°, 2MHz probe20mm circular Flange & Head testing\@fwelds

(or 20mm x 20mm square crystal)

70, 2MHz Side looking probe Half Moon defect in AT welbelow web foot
(SLP) junction.

3.6 Testrig for wheel burnt/scabbed rails

For detection of transverse flaws in rail head nviail top surface is having wheel
burns/scabs, a test rig with two%4robes sending beam inward shall be used as shofig.
28. The distance between probe index marks in thehal be adjustable and kept as 134mm
and 145mm for 52Kg and 60Kg rails respectively ehiésting. For other rail sections this
distance can be computed by multiplying rail headthwvat 20mm from rail top by 2.

3.7 Tandem rig for AT weld testing :

For detection of vertically oriented defects in WElds like lack of fusion, a tandem test rig
with two 45 probes shall be used as showifig. 22 (b)and(c).

10



CHAPTER-4

CALIBRATION, SENSITIVITY SETTING, MAINTENANCE OF MA CHINES AND
FUNCTIONS OF PROBES

4.1 Rail testing by ultrasonic method shall be carrsed by RDSO approved single ralil
testing trolley or double rail testing trolley arid for 45’ probes. Details of frequency and
number of each type of probes are as under:

Type Frequency No.mwbbes
Single Rail Tester Double Rail Tester Rig

Normal/® 4MHz One One for each rail -

70° (Center) 2MHz Two(F+B)  Two(F+B) for each -
rail.

70°(Gauge Face) 2MHz Two(F+B)  Two(F+B) for each -
rail

70°(Non-gauge Face) 2MHz Two(F+B)  Two(F+B) for each -
rail

45’ (Rig testing) 2MHz - - Two

Water is used as couplant while testing with Sinigkdl Testers/Double Rail Testers.
This is supplied through a water container attachél the trolley. Soft grease to RDSO
Specification No.WD-17-MISC.-92 or WD-24 Misc.-200dny thick oil of high viscosity
grade (having viscosity grade of 150 cst or ma@dbibe used as couplant while undertaking
hand probing of AT welds and deploying®45obes with test rig for testing rail at scabbed/
wheel burnt locations. The list of approved vendfmns soft grease to above mentioned
specification is issued by Quality Assurance (Meita) Directorate of RDSO bi-annually.
The same is available on website of RD8@w.rdso.indianrailways.gov.in

4.1.1 The procedure laid down for ultrasonic testing rafls is broadly divided in the
following steps:
a) Visual inspection of Equipments and accessories
b) Calibration of equipment
c) Sensitivity setting of the equipment and probes
d) Checking of the equipment characteristics
e) Testing and interpretation

a) Visual inspection of Equipments and accessories -ally check
| Ultrasonic equipment is to be inspected daily ke&iart of work as per para 5.1.1.
b) Calibration of Digital USFD: The range calibration in digital SRT/DRT with
multiplexure/ multichannel unit is to be undertaleenfollows:
| Calibration for 300 / 200 mm longitudinal wave usng O Double Crystal probe

i. Connect thed / 4 MHz Double Crystaprobe to requisite channel given in multiplexure
or in the unit itself.
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Select Mode T-R i.e. Double Crystal/ Multichannehode in Rail Tester having
multiplexure. For multichannel unit, select theilwadtion set which is required to
calibrate.

Feed the required range i.e 300 mm for rail telkgarng multiplexure/ 200 mm for
multichannel rail tester.

iv.  Put 0 Double Crystal probe on IIW (V1) Block after apmigi couplant at 100 mm
width side.

v.  Set Delay and Probe Zero ( in unit having multipiex) as per operational manual.

vi.  Set first reflected peak at 3.3 div ( if range e¢ested 300 mm ) or at 5.0 ( if range is
selected 200 mm ) using delay key provided in mlekure or DELAY parameter
provided in multichannel unit. Place Gate over Rress measure O ( in unit having
multiplexure ) and read the beam path, depth &eall00 mm.

vii. Second reflected peak will appear at 6.7 & thirdkpat 10.0 ( if range is selected 300
mm ) or second peak at 10.0 ( if range is sele2@&dmm ) .

viii. If last peak is not at 10.0, velocity may be adjdsto set the last peak at 10.0 ( if
velocity control available) or by delay key on nipikxure.

ix. The equipment is calibrated for 300 /200 mm Lorgjital wave foro Double Crystal
probe.

X.  To verify the calibration put probe on top of dadad, the back peak position will be at
5.2 for 52 Kg. rail & at 5.7 for 60 Kg. rail ( iange is selected 300 mm ) or at 7.8 for
52 Kg. rail & at 8.6 for 60 Kg. rail ( if range &elected 200 mm ).

/ 2 MHz single Crystal Probe

i. Connect the @ / 2 MHz Single Crystalprobe to requisite channel given in
multiplexure or in the multichannel unit itself.

il. Select Mode T-R i.e. Double Crystal mode for ragter having multiplexure. For
multichannel equipment, select the calibration send channel required to
calibrate.

iii. Feed range 300 mm for rail tester having multiptexor 165 mm SW for
multichannel unit.

iv. Set Delay and Probe Zero ( in unit having multipiex) as per operational manual

V. Put 70 /2 MHzSingle Crystal probe on IIW (V1) Block after applgi couplant and
direct the beam towards 100 mm curvature.

Vi. Move the probe slightly to and fro to get maximsgnal.

Vii. Adjust the peak at 6.0 using delay key providedmaltiplexure or DELAY
parameter provided in multichannel unit.

viil. Place the gate over this peak, press measureryQnti having multiplexure ) and
read the beam path it shall be 200 mm.

iX. To verify the calibration, Direct the probe towa&smm curvature and maximize
the peak.

X. Put the gate on this peak, the beam path shalbberd.

Xi. The equipment is calibrated for 165 mm shear wave.

C) Sensitivity setting of the equipment and probesDaily check

The sensitivity of the USFD equipment shall be @etdaily with the help of
standard rail pieces as mentioned below:

Sensitivity (gain) setting: For the sensitivity tgej of ultrasonic equipment and
the probes, the following sequence is to be maiathi
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d)

4.1.2

(@)

(1) Place the testing trolley on the standard rail pieaving artificial flaws as shown
in Fig. 3for need based criteria. Check the alignmentrobgs to make sure that
70 Central probe & Dprobe travel centrally in line with the axis of thal head
& web. 70 GF & 70 NGF probes shall be aligned towards GF & NGF
respectively at appropriate positions.

(i) Set the acoustic barrier of the normal prabeight angle to the longitudinal
direction of rail.

(i)  Open the water nozzle and regulate water flow an fitobes at an optimum
speed.

(iv)  While testing on single line section and ‘Darked rails on double / multiple line
section, additional gain of 10db is to be employed.

Checking of equipment characteristics— Monthlycheck

The characteristics of the equipment shall be ob@elt least once in a month according
to 1S:12666 — 88.

The following characteristics shall be checked —

i) Linearity of time base of flaw detector

i) Linearity of Amplification of flaw detector

iii) Penetrative power

iv) Resolving power

v) Probe Index

vi) Beam angle

In a month all parameters shall be checked wit-2.5 MHz single crystal probe, as per
1S:12666-88 or its latest version.

Testing and Interpretation : After sensitivity setting, actual testing of raigs
to be carried out and interpreted for follow up@us.

Checking the function and sensitivity of proes
Normal Probe:

The back wall echo will be adjusted by gain conwblUSFD tester to 100% of full

screen height and the same shall be taken asmeéeeeho.

(b)

Angle probe 70 (Center forward & Center backward):

The equipment shall be able to detect 12 mm dike tow need based criteria in the head

portion of the standard rail as shownRig. 3 by both forward and backward probes. The
amplitude of the flaw shall be set to 3 div. 68% of screen height. This adjustment shall be
done by individual potentiometer provided in thedtion box.

While testing on single line and ‘D’ marked rails @ouble/multiple line section,

additional gain of 10dB is to be employed.

Rail defects be classified in accordance with AmmexlA, Item 3 (IMR/OBS).

However, when defect signal is exhibited at a weldle testing with increased gain of 10dB,
the classification of defect in accordance with éxuwe-IIB, item 2 (IMRW/OBSW) shall be
done based on signal pattern obtained after regubig gain by 10dB. Thus, increased gain of
10dB for single line and ‘D’ marked rails on doubheltiple line shall not be employed for
classification of defect in weld head.
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(c) Gauge Face and Non-gauge Face Corner probe®q&orward and backward):

The trolley is moved on the standard test piecgngaSmm Flat Bottom Hole (FBH)
made by use of suitable machine (e.g. Electric Ilisisge Machine) ensuring truly flat surface on
bottom of the hole as shown fig. 3. The beam of Adorward gauge face and non-gauge face
corner probe is directed to 5mm FBH in rail headn8ls from rail end surface and 5mm FBH
will appear on the screen. Move the trolley fomvand backward very slowly to get the
maximum signal amplitude from the 5mm FBH and adihe gain to get 60% of full height.
Same procedure shall be adopted fdt Backward gauge face and non-gauge face cornee prob
also.

d) 45° probe (for locations having scabs/wheel burns):

Machine shall be calibrated for 165 mm range fugas wave in the same manner as per
procedure given giara no. 4.1.1 b) llon the rail of same sectional weight under tese Th
test rig shall be placed at 20 mm below rail tadsighe side of rail head. The transmitter and
receiver probe in the test rig shall be in oppoditection and shall be apart twice the rail
head width. Peak obtained in receiver probe shalatjusted to full scale height by gain
setting. Testing of rails shall be done by keepmidex mark of probe 20mm below rail
table. Testing frequency and classification ofedes shall be as per provisions of Para
6.6.1.1and6.3respectively.  Note: For 52Kg and 60Kg rails the peak of received signal
shall appear at approximately 95mm (shear wave) agproximately 103mm (shear wave)
respectively.

Note : Procedure to be followed for adjustment insensitivity setting on account of
variation in rail temperature:

Following procedure shall be used for adjustmentsansitivity setting of Ultrasonic
Rail tester on account of variation in rail tempere before starting the testing of rails.

(a) Switch on the Ultrasonic rail tester and kelep équipment for two minutes for thermal
acclimatization of the component of the equipmeetole starting the adjustment in
sensitivity setting operation.

(b) In the Morning at 8.00hrs.

(i) Normal Probe: Set the sensitivity of the equipment as Para 4.1.2(a)and note
the gain required to setup the amplitude of thaaitp 60% of full screen height.

(i) Angle probe 70 degree (Forward and Backward): Set the sensitivity of the
equipment as pdrara 4.1.2(b) and note the gain required to set up the amgitfd
the signal to 60% of full screen height.

(i) Angle Probe 37 degree (Forward & Backward): Set the sensitivity of the
equipment as pdPara 4.1.2(c) and note the gain required to set up the amgitfd
the signal to 60% of full screen height.

(iv) Note the rail temperature.
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(c) After setting the sensitivity of the probdsg ultrasonic rail tester shall be retained on the
standard rail test piece in ON condition and tlgnai amplitude of individual probe
set as per above procedure shall be checked atyHmasis. If the drop in the
signal is observed then the drop shall be compeddat applying extra gain with use of
gain control (dB). The height of signal amplitudemaintained to 60% of full screen
height. Note the change in rail temperaturemfr@il temperature at 8.00 Hrs. and
corresponding extra gain used.

(d) Actual Testing: During actual testing on the track, the gainksethe above procedure
shall be maintained depending upon the time arldeaiperature during testing. Any
variation in the signal amplitude shall be compé&steby giving measured extra gain
(dB) as per step (c) above to carry out ultrastesting.

(e) Periodicity of setting the sensitivity: The above procedure for sensitivity calibration
against temperature variation shall be carried atuteast once in a month. The
adjustments in sensitivity setting of ultrasoniciponent in respect of gain (dB) shall be
employed accordingly.

4.2 Machine Maintenance- Repairs and Half yearly Swedule

Maintenance: The manufacturer shall guarantee the satisfagierformance of the entire ralil
tester system for a period of one year from the @ddtcommissioning of the equipment by the
supplier.

For proper maintenance after expiry of the guaeargeriod, railway should make proper
arrangements for half yearly repairs of electraand mechanical parts either under AMC with
the manufacturer of the equipment or may develdpisle departmental facilities.

Each Zonal railway should create centralised defmtscarrying out mechanical repairs and
checking the Characteristics of the equipment atdeast, once in a month.

4.3  Sectional AEN should spent at least few hours (o hours) each month during his

routine trolley inspection with USFD team and croekgck the working including accuracy/

sitting/calibration of USFD machines. In additiathe SE and SSE (in-charge) should also
associate themselves occasionally.

4.3.1 The officer having technical control over the SE/JESFD) shall exercise regular
checks as peAnnexure-VIlIl of USFD Manual once in between two successive half
yearly maintenance schedule carried out in thexteaance depots.

4.4 Spares: The recommended spares for normal maintenantteeafquipment are given
below:

Sl. No Item Numbe
1. |0°, 4MHz Double crystal prot 8 Nos
2 0° 2MHz Double crystal prot 4 Nos
3 70’ (F&B) Probe 2 MHz Single crystal 8Nos.
4 45’ 2 MHz Single crystal probe 2 Nos.
5 | 70’ 2MHz Single Crystal Probe 6 Nos.
6 70 2 MHz single crystal probe SLP 2 Nos.
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7 Connecting Cable (Flaw Detector. with junctiorx)o 6 Nos.

8 BNC connector 6 Nos.

9 | 2/ 2.5 MHz Single Crystal Probe 2 No.
10 Battery charger 1 no.

11 [IW Block (as per IS: 4904) 2 per depot

12 60x50x50 mm steel block ( as per steel grade346C

1S:1875-1992) 1 No.
13 Fuse 12 Nos
14 Step gaug 1 No.

Besides the above, the “spare” shall also includd#e holder, probe shoes, wheel drum and
wheel tyre. The procurement of spares for a mackirel be done from Original Equipment
Manufacturer (OEMSs) of that machine only, in arteensure compatibility of spares with the
machine and to achieve consistent and assuredygohtesting. However, mechanical spares
of trolley, standard items such as, battery, battbarger etc. can be procured from open market
also. Spare batteries shall be arranged as and aitpetting back up time of battery becomes
low.
4.5 Defects detectable by different probes
a) 0°/Normal probe

) Horizontal split in head due to preserafeseams (type 212)

i) Horizontal split in head-web and web foot jtioa due to presence of rolling seams

(type 2321, 2322)
iii)  Vertical longitudinal split in rail head and webe to presence of internal seams and
pipes (type 213, 233)

iv)  Bolt hole crack (type 135, 235)

V) Segregation in head and web junction

vi)  Flakes (type 1211, 2211)

vii)  Web-lap (type 239)

b) 70 angle probe
I)  Transverse fissure (type 211) due to presence atlynshatter cracks and some time
due heavy inclusions.
i)  Transverse cracks originating from surface defidatsscab (type 1221, 2221)
iii)  Wheel burns (type 2251, 2252)
iv)  Shelling cracks (type 1222, 2222)

c) 45 angle probe
I)Transverse cracks lying below scabs/ whaens”

Typical indications received for various types efetts are indicated fig. 5 to 18
(For 52 Kg. rail section, 300mm. depth range, lardjnal wave calibration).
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5.1

5.11

(ii)

(iif)
(iv)

(v)

(Vi)
(vii)
(viii)

5.1.2
(i)

(i)
(iif)
(iv)

(V)
(vi)

CHAPTER 5

PROCEDURE TO BE FOLLOWED BY USFD OPERATORS FOR
UNDERTAKING ULTRASONIC TESTING OF RAILS.

USFD operators must adhere to the followirgiructions:

Before testing

Check the battery condition before start of worklyCGully charged battery is to be used
during testing.

Check proper functioning of all controls of electio unit i.e. depth range, gain, reject
etc.

Check proper functioning of trolley and probes.

Check junction box, water outlet, probe cable congnd ensure smooth movement of
trolley wheels.

Maintain proper gap between probing face and piee (0.2 mm). Check with the
help of a feeler gauge.

Check probe alignment by keeping the rail testetherrail.
Calibrate the instrument weekly as per procedurergin parat.1.1(b)

Set the equipment for proper sensitivity as peagat.1(c)

During testing

Conduct test as per procedure mentioned in Chépter

Maintain proper alignment of all probes during itegt otherwise false echoes may
appear.

Ensure adequate supply of water for coupling.

Check proper functioning of 7Qrobes by touching the probe bottom with fingers.
Noise pattern should appears on the screen.

Lift the machine at crossings/change of rail tdig#eght at joints to protect the probes.
Mark the locations found defective as per classiion.

5.1.3 After testing

(i) Maintain proper record of testing, observation$ocepattern and echo amplitude
of defects in the register in the following form@ihe details should be supplemented
with A-scan recorded during testing.

17



Section S. Loca- | Roll- | Rail/lwe | Defect Defect Nature | Echo Classification Remar
Line... No. | tion ing Id No.& | position indicated of echo| amplitude/ ks
Km from (Km) | mark | LH/RH | (head/ by (/7@ | (shift/fi | Travel
Km to.... web/foot) /45°Probe) xed) Previ | Prese | Previo | Present|
Dateof ous nt us
testing...
(i)  Charge the battery after every day’s work.
IMPORTANT
YOUR ULTRASONIC TESTER IS A DELICATE ELECTRONIC EQU IPMENT. TAKE

ALL POSSIBLE CARE DURING HANDLING, TRANSPORTATION A ND STORAGE

TO AVIOD
PERIODICALLY AND CHARGE BATTERY REGULARLY.
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CHAPTER 6

NEED BASED CONCEPT IN PERIODIC USFD TESTING
OF RAILS AND WELDS

6.1 Introduction: Safety against failures of rails in track depeng®ruthe inspection
frequency and the permissible defect size, othetofa like rail metallurgy and loading
conditions remaining same. To extract maximum senlife out of the rails while ensuring
safety, the inspection frequency has to be increasethat the rails are allowed to remain in
track for longest possible period. At the same tifrequent watch over increasing incidence of
defects is necessary. However, very high frequericyspection as a general measure is not
always practicable as cost of inspection becomasilpitive.

The optimum cost of maintaining rails in track caherefore be achieved if the
inspection frequency is made dependent on the enciel of the defects. In such a concept of
need based inspection, on sections where the nuoiflmefects detected is low, the inspection
frequency is also kept low whereas on sections evtfex number of detected defects is high the
inspection frequency also gets increased. The aagas of such a concept are obvious because
the inspection resources are not unnecessaritgrigd away on sections where the condition of
rail is sound and its performance in track doesvatant frequent inspection.

Introduction of Need Based Concept of USFD has sstaded changes in the areas of
classification of defects, frequency of inspectidatection equipment, organization, etc. In the
following paragraphs these aspects are discussed.

6.2 Basis of change in criteria for defect classifation: The inspection frequency and
condemning defect sizes are related parametershelfinspection frequency is high, the
condemning defect size can be suitably increasectedse in condemning defect size also
enhances the reliability of inspection, as charafeson-detection for smaller size defects are
high. In the existing criteria which was evolvedmn than 25 years back, the condemning
defects size, especially for OBS defects was kepg gmall. Now with 25 years of experience
behind us in the area of USFD testing of rails atsb the findings of studies in crack
propagation mechanism conducted at RDSO, a mamnahtcondemning defects size has now
been specified. As a result, in the revised gates be used for need based USFD inspection,
only IMR and OBS categories exist. The effect @ tlevision is to rationalise and suitably raise
the condemning defect size in view of the higmeq@iency specified for inspection.

6.3 Classification of rail defects Defects detected during through USFD testingadf r
shall be classified as pémnexure-Il A. However visible defects on rails/ welds shall net b
clarified by USFD personal and the same shall berded & brought to notice of sectional PWI
for further remedial action.
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6.4  Action to be taken after Detection of defects: Following action shall be taken in
respect of defective rails & welds:

S. Classifi- Painting on| Action to be taken Interim action
No. | cation both faces of
web
1. IMR Three cros§ The flawed portion should beSE/JE(P.Way)/USFD shall impose
IMRW with red paint | replaced by a sound tested rpspeed restriction of 30 Kmph or stricter

piece of not less than 5.5mimmediately and to be continued tjll
length (in case of fish platedflawed rail/weld is replaced.
track) & 4m (in case of weldedHe should communicate to sectional
track) within 3 days of SE/JE(P.Way) about the flaw location
detection. who shall ensure that clamped joggled
fish plate is provided within 24 hrs.

2. OBS One cross with Rail/weld to be provided SE/JE(P. Way)/USFD to advige
OBsSW red paint with clamped joggled fish sectional SE/JE(P. Way) within 24 hrs

L about the flaw location.
plate  within 3 days Keyman to watch during daily

SE/JE(P. Way)/USFD 10patroliing till it is joggled fish plated.
specifically record the

observations of the locatign
in his register in
subsequent rounds  of
testing.

6.5 AT/FB/GP weld defect classification

6.5.1 Defects detected by’/04 MHz double crystal prob& 70°% 2 MHz single crystal probe
during through rail testinfpr defects detected WT/FB/GP welds shall be classified as per
Annexure-Il B.

6.6 Frequency of testing of rails and weldsin view of the revised criteria of defect
mentioned irPara 6.2the testing frequency of 8 GMT has been presdribe

6.6.1 After the initial testing of rails in rail manufaging plant, the first retesting need not
normally be done until the rails have undergone %he service life in GMT as given below

(para 302 (i) (d)of IRPWM):

For rails rolled in April 1999 and later, the téste period shall be 25% instead of 15%.

Gauge Rail Section Assessed GMAssessed GMT
service life for T.12 service life for T-12
72 UTS rails 90 UTS rails
B.G. 60Kg 55C 80C
52Kg 35C 52E
90 F 25C 37¢
M.G. 75 R 150 -
60 R 125 -
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Whenever, rails are not tested in rail manufantuplant, the test free period shall not be
applicable and the rail testing shall be done atpériodicity given below right from the day of
its laying in field.

However, the rails having sectional weighd grade equal to or higher than 52Kg/90UTS
shall be ultrasonically tested covering gauge fand non-gauge face corner of rail head on
passage of every 40GMT traffic during test freaquer

6.6.1.1 Frequency of testing for all BG (rail head ezrdgnd gauge face corner) and MG routes
is given as under: For other sections Chief Erggioé the Railway may adopt a frequency at his
discretion.”

Route Routes having GMT Testing frequency
Once in
All MG routes <2t 5 year:
25-5.0 3 years
>5 2 years
All BG routes (rail head <5 2 years

center and gauge face
corner testing)

>5 <8 12 months
>8 <12 9 months
>12 <16 6 months
>16 <24 4 months
>24 <40 3 months
> 40< 60 2 month:
>6C< 80 12 months
>8C 1 montt

Digital double Rail Tester is to be used for tegtof ‘D’ marked rails at reduced interval
to be decided by Chief Track Engineer of Zonal wayl.

6.7 Equipment: RDSO approved rail testing equipment shall beleyag for conducting
ultrasonic examination. Both single as well as deuail testing equipments are suitable for this
purpose.

6.8 Check list of Ultrasonic Testing of Rail/Welds:

A check list for the officials inspecting the djtiaof work being done by the Inspectors
carrying out Ultrasonic Testing of Rails/Welds iaged atAnnexure — V.
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CHAPTER -7
LIMITATIONS OF ULTRASONIC FLAW DETECTION OF RAILS

7.0 Every scientific method/technique/equipment fupresi on certain principles and its
applicability depends upon fulfillment of precondits necessary to be satisfied. It accordingly
implies that USFD examination is based on certaiitligg principles and its flaw detection
success depends upon thorough understanding gbtlegning factors.

Thus, the limitations being mentioned are not ert#se deficiency of the USFD
technique rather in the existing arrangement urfadd conditions the equipment utilised
incorporates facility only for specified defectshi¥ aspect may be kept in view and the
technique is to be pursued accordingly.

Limitations in respect of rail examination considgrthe various arrangements presently
available have been elaborated below. It may laégsmentioned here that limitations with regard
to AT welding i.e. defects in web foot junction haloon cracks, vertical defects in web portion
etc. are no longer limitations of the USFD equiptaesince in the newly developed equipment
special probes have been provided for detectiadhasfe defects.

7.1(i) To detect the defect efficiently, ultrasonicabe is to be directed towards the flaw
perpendicularly, otherwise, the reflected beam may be received by the receiver
crystal, resulting in absence/reduction in ampétwd flaw signal in the CRT. Cracks
normally have facets and hence even under misatient provide reflecting surfaces
leading to flaw indication.

(i) For detection of defects in rails, probes mavincidence angle®°p70° (F), 70° (B) have
been provided in the USFD trolley. The angles Hasgen choosen in a manner so as to
detect defects which are generally observed dw@ngice and have been the cause of rall
fractures.

The section of rail which is scanned by eacle typprobe has been indicated in Fig.
2A, 2B, 2C and 2D

For detection of defects originating from Gauge écacd Non-gauge Face Corner, a
dedicated test set-up has been developed. Thigseatludes three 70probes covering
approx. the full width of the rail head and a setwo 45° probes. The area scanned by
this arrangement is shown iig.2D. A defect located at 5mm from the corner is
detectable using this equipment

All commonly observed defects in rails are deteletdoy the above arrangement. In the
event of gross mis-orientation of defect at timemay not be amenable for detection,
however such situations are rare.

(iii) Severe pipe in the rail may give indication of flasho by ® probe, But in case of
hairline or fine central shrinkage (pipe), negligildrop occurring in bottom signal may
remain unnoticed by the USFD operatitef Fig. 8 & 11)

(iv) For detection of bolt hole cracks, 87probes are ideal. This is because the cracks
emanating from bolt holes are generally oblique prapagate in the zig-zag manner.
However, the present SRT/DRT machines have not pemided with 37 probes due to
limitation of number of channels and detection ofthole cracks is accomplished by
normal probe. These cracks are detectable bprobe since they obstruct the path of
sound waves and lead to drop/loss of back wall echo
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v)

(vi)

(Vi)

7.2

7.3

7.4

If the cracks are so located that they are unableet scanned by °@robes due to
smaller size or orientation, such cracks may retdbtected in initial stages of their
development.”

If sensitivity of the machine poor or battery gets discharged the operator miag the
flaw signal. Hence, it is essential to ensure ¢hlrging of the battery.

The ultrasonic probes used in the rasitées have a frequency of 4MHz (longitudinal
wave) and 2MHz (transverse waves). Therefore ksréesser than 0.8mm size cannot
be detected by the present arrangement.

The sizes and frequency of the probes employeldersingle rail tester/double rail tester
are as under.

S.No. Probe type Size of Crystal Shape pfFrequency
crystal
1 0’ (Double crystal) | 18mm Circular 4MHz
or
18mm x 18mm | Square
2 70 (Single crystal) | 20mm Circular 2MHz
or
20mm x 20mm | Square

Rails having rust, pitting, hogging, battering afl rend, misalignment of joints, scabs,
wheel burns and other surface imperfections resprioper acoustic coupling between
probe and rail table and may not permit detectioihaos.

When ever such defects are encountered, lossadf wall echo or an alarm signal is
obtained. This indicates that defects if any belbase patches may remain undetected.
Under such circumstances hand probing may be done.

Testing of SEJs, points and crossings

Due to specific shape on some portion of these copts, it is difficult to achieve
proper space for acoustic coupling for testing.er€fore testing of these components is
to be undertaken as per procedure laid down intehap & 11

Testing on sharp curves, gradients, slack gaugéc.

The USFD trolley has been designed to operate umatenal conditions of gauge. In the
event of dimensional variations in the gauge asd at sharp curves it is possible that the
probes are not properly contacting the rail surfa€his is indicated by loss of backwall
echo or also by alarm provided in DRTSs for backwlatlp. Wherever it is not possible to
ensure proper acoustic coupling due to these reasomsting by hand probing or by
single rail tester may be resorted to. Acousticptiog needs to be ensured under all
circumstances to detect the flaws

Testing with test rig comprising of’4%obes is effective when the sides of rail head

are nearly vertical. In case of badly worn facesad head the quality of result may not
be appropriate.”
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CHAPTER 8

PROCEDURE FOR ULTRASONIC TESTING OF ALUMINO- THERMI C WELDED
RAIL JOINTS

8.1 Scope:
Following types of testing for Alumino Thermic (AWelds have been prescribed.
These are:

a) Testing of weld head/web, which gets covered duthmgugh periodic rail
testing by SRT/DRT as pétara 6.6 The frequency of testing in this case is
as perPara 6.6.1.1 As per this testing defects detected in weld beme
classified as ‘IMRW’ and ‘OBSW’ videAnnexure 1l B. The action to be
taken for such defective welds is as pPara 6.4

b) Periodic testing of complete weld by hand probirigneld head/web and
bottom flange, using’@MHz, 70 2 MHz, 4% 2 MHz probe (AT weld foot
scanning for half moon shaped defect) and Z0MHz SL probes. The
frequency of testing in this case is as para 8.15.1 As per this testing
defects detected in welds are classifiedEWO/ DFWR’. The action to be
taken for such defective welds is as pPara 8.14

c) Besides this, welds are also tested after theicwgian using & 2MHz, 70
2MHz, 45 2 MHz probe (AT weld foot scanning for clusterezfett/ micro
porosities in web foot region) and 4% MHz (Tandem probe scanning for
lack of fusion). This test is termed as Initial &ptance Test. As per this
testing, defects detected in welds are classifedD&EWO/ DFWR’. The
action to be taken for such defective welds iseaa$’pra 8.10’

This Chapter covers the requirement of completasdinic testing of Alumino-
thermic welded rail joints by hand probing immedigtafter execution of the
weld described at c) above and for periodic exatiinaof complete weld
described at b) above only.

8.2  Apparatus required:

8.2.1 Equipment: Any RDSO approved model of ultrasonic equipment for
Alumino-thermic welded rail joints as per RDSO dfieation No.
M&C/NDT/129/2005 or its latest version along wiily for tandem testing.

8.2.2 Probes:The following probes having Lead zincronate- @gncrystal shall be
used for Ultrasonic testing of Alumino-thermic jtEn

a) Normal (0 ) 2 MHz, 18 mmf Double crystal.

b) 45°/ 2 MHz, 20mm.dia. or 20mm.x20 mm.( square ) ciysiae, Single
crystal -1 no.

c) 70°/2 MHz, 20mm.dia. or 20mm.x20 mm. ( square )crysiz¢, Single crystal
- 1 no.

d) A pair of two 70/2 MHz probes inclined at 2Gide looking with respect to
usual beam path. Side looking angle of both profiesll be in opposite
direction to each other

8.2.3 CablesCo-axial cable for each probe shall be used .Tihgtlheshall not be

more than 2.0 metre.

8.2.4 Couplant: soft grease/oil shall be used as couplant as panifgm@mtion given in
parad.l
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8.3

General Condition: After execution of AT weld, welded zone shall besied

properly to facilitate placement of probes andwoi@ incidence of spurious signal on the
screen. The top of rail head surface shall be dcegsobtain reasonably flat and smoo th
surface. The flange of the weld up to a distanc@@8f mm. on either side of the weld
collar shall be thoroughly cleaned with a wire bras ensure freedom from dust, dirt,
surface unevenness etc.

8.3.1 Visual Examination:All the welded joints shall be cleaned and examicefully

8.4
8.4.1

8.5

to detect any visible defects like cracks, blowelsolAny joint which shows any
visible defect shall be declared defective.

Sensitivity setting procedure:

Standard test rail: The sensitivity of the ultrasonic equipment shalldet with
the help of a standard AT welded rail piece of 60@ (300 mm rail each side of
joint ) length having a simulated flaw at stand@aahtions as shown iRig.20 (a).
The standared AT welded rail piece shall be prélgraf same AT welding
technique & welding agency which are to be testefield to avoid confusion of
signals from weld profile.

0°/2 MHz, Double crystal Normal Probe:
This scanning is used to detect Porosity, Blow h&kg inclusion in head
and up-to mid web of the AT welded joint.

8.5.1 Calibration: Following procedure shall be adopted for calibratiof @ 2 MHz
double crystal probe

i.
ii.
iii.
iv.
V.
Vi.
Vii.

viii.

Xi.

Xii.

8.5.2

8.5.3

Select range 300 mm with range control key.

Select Mode T-R i.e. Double Crystal mode.

Set Delay 0.

Set Probe Zero O.

Feed longitudinal wave velocity (5920 m/s) / Pressasure 0 key.

Feed angle®

Connect 0 Double Crystal probe and put it on I[\WW) Block after applying couplant
at 100 mm width side.

Set first reflected peak at 3.3 div. using probeoz®lace Gate over it and read the
beam path, depth shall be 100 mm.

Second reflected peak will appear at 6.7 & thirdipat 10.0.

If last peak is not at 10.0, velocity may be adjdsto set the last peak at 10.0 ( if
velocity control available).

The equipment is calibrated for 300 /200 mm Lordjital wave for O Double Crystal
probe.

To verify the calibration, put probe on top of rfagad, the back peak position will be at
5.2 for 52 Kg. rail & at 5.7 for 60 Kg. rail.

Sensitivity setting:Place Onormal probe on test rail. The reflection from 3
mm.dia. hole in head of standard AT welded rail ppsce shall be set to 60% of
full screen height by suitable manipulation of gaimtrol.

Test ProcedureThe probe shall be placed on the head of the Alfledejoint
ensuring proper acoustic coupling. The probe dfmlnoved on the weld centre
to scan the weld area.
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8.5.4 Defect classification:
a) For any flaw signal obtained by normal proberftbhe head region,
i) Flaw signal 40% and above and up to 60%<tadeclared aBFWO.
i) Flaw signal above 60% to be classifisD&WR.
b) For any flaw signal obtained by normal probexfreeb or foot location,
i) Flaw signal of height more than 20% from the veebdoot and up to 40% to be
classified aDFWO.
ii)Flaw signal of height more than 40% from the webfoot or more to be
classified abDFWR.
8.6 70/ 2 MHz (Head scanning):
This scanning is used to detect lack of fusion,opity, blow hole, slag
inclusion, cracks in head of AT welded joint.
8.6.1 Calibration: Following procedure shall be adopted for calilmatof 70 2 MHz single
crystal probe:

i. Select range 165 mm with range control key.

ii. Select Mode T+R i.e. Single Crystal mode.

iii. Set Delay 0.

iv. Set Probe Zero 0.

v. Feed Shear wave velocity (3230 m/s) / Press med&8ukey.
vi. Feed angle 70
vii. Connect 702MHz Single Crystal probe and put it on [IW (VBJock after applying

couplant and direct the beam towards 100 mm cur@atu

viii. Move the probe slightly to and fro to get niaze signal.

ix. Using probe zero set this peak at 6.0 or bpgigiate read beam path 100 mm.

X. To verify the calibration, Direct the probe tagws 25 mm curvature and maximize the

peak.
xi. Put the gate on this peak, the beam path bea®5 mm.
xii. The equipment is calibrated for 165 mm sheavev

8.6.2 Sensitivity setting:Connect the 79 2 MHz by means of co- axial cables and
select (T+R) mode. Place the probe on the railli@dting the beam towards 3-
mm. dia.-drilled hole in the head of the standaiidwelded test piece. Move the
probe in longitudinal direction on the rail so tthraflection from the hole is
obtained. Now set the height of the reflected digon&0% of full screen height
by suitable manipulation of the gain control . Th&n shall be used for testing.

8.6.3 Test procedurePlace the probe on the rail head on one side oAihevelded
reinforcement and move toward the weld in zig-zaapnner. This exercise shall
be repeated 2-3 times. The same shall be carrieiiorn both sides of the weld.

8.6.4 Defect classificationi) A welded joint showing moving signal of 40% omore
and up to 60% of FSH shall be classified&WNO.
i) A welded joint showing moving signal of moreain 60% of full screen height
to be classified aBFWR.
A bunch of moving signals less than 40% and moen th0% shall also be
considered as defective weld & to be declarebdf@R. (Fig. no.30).

8.7 48/ 2MHz probe:
8.7.1 48 / 2MHz probe (AT weld foot scanning):

This scan is used to inspect the clustered defeuitsto porosities and half moon
shapedlefect at the bottom of weld fodFig. 22 (a))
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8.7.1.1 Range calibration Following procedure shall be adopted for calioratof 45 2 MHz
single crystal probe

i
ii.
iii.
iv.
V.
Vi,
Vii.
Viii.
iX.
X.
Xi.
Xii.

Feed range 275 mm with range control key.

Select Mode T+R i.e. Single Crystal mode

Set Delay 0

Set Probe Zero 0

Feed Shear wave velocity ( 3230 m/s)

Feed angle 45

Connect 45 /2 MHz Single Crystal probe and putnitli®V (V1) Block after applying
couplant and direct the beam towards 100 mm cumatu

Move the probe slightly to and fro to get maximsignal.

Using probe zero set this peak at 3.6 or by usatg gead beam path 200mm.

To verify the calibration, Direct the probe towars mm curvature and maximize
the peak.

Put the gate on this peak, the beam path shalb mard.

The equipment is calibrated for 275 mm shear wave.

8.7.1.2 Sensitivity setting Place 4%/2MHz probe on the rail head surface at a distance
equal to height of rail from the centre of the AEld{Fig. 22 (a)}. Select T+R
single crystal mode. Move the probe 20mm eithee sitithis position (probe index
marking) to pick up half-moon crack in the centedion of weld reinforcement as
shown inFig 23. This exercise shall be carried out two- threges from each side

of

the weld and signal from simulated flaw shoulgpear at a distance of

approximately 400mm for 52 kg rail. This distare®# vary with respect to rail
section height. The signal so obtained shall haesteld to 60% of full screen height
by manipulating the gain control.

8.7.1.3 Test ProcedureThe probe (4%2MHz probe /single crystal) shall be placed on the
rail head at a distance equal to height of thefraih the centre of AT weld (Probe
index marking) under test with same sensitivitypas para 8.7.1.2 This testing
technique will scan the bottom of the weld in tlemtcal zone. The probe shall be
moved 20 mm on either side of the probe index nmarki he scanning shall also be
repeated from other side of weld with beam directmwards the foot region of the
weld.

8.7.1.4 Defect classificationAny flaw signal obtained by this probe of 20% Heigr more
shall be classified as defective AT welded joinEYRR).

8.7.2 48 2MHz single crystal probe (Tandem probe scanning)
The tandem probe rig scan on the rail table by @®be is used to detect any
vertically oriented defect like lack of fusion ihetrail head,web and foot region
below web.

8.7.2.1

8.7.2.2.

Range calibration:The equipment shall be set for a depth range ofr@ibas
per Para 8.7.1.1.The equipment shall be set in T/R (Double Crystade) by
selector switch.

Sensitivity settingPlace the tandem rig on the railheaodd attach 48 probes
such that the beam direction is as showrFig. 22 (b). Adjust the height of
reflected beam received by receiver probe ( Rx 2a06% of full screen height.
Increase the gain further by 10 dB. This gainIdh@lused for normal testing of
AT weld by this set up.
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8.7.2.3

8.7.2.4

8.8

8.8.1

8.8.2

8.8.3

8.8.4

8.9

8.9.1

8.9.2

8.9.3

Test procedure:Place the tandem rig on the rail head under testhawn inFig.
22 (c) The datum line of the rig shall be in line withntre line of weld. Test the
weld with sensitivity setting as mentionedpara 8.7.2.2 This exercise shall also
be repeated from other side of the weld.

Defect classification:
Any flaw signal of 40% of full screen height or meoshall be classified as
DFWR.

7892MHz Side Looking (SL) probe:
This procedure shall be used for the detectionalf moon shaped transverse
defect with a pair of Axide looking probes using transmitter-receiver meéth
Range calibration:The equipment shall be set for a depth range 5 shear
wave.

Sensitivity setting:Set Range - 165 mm, Velocity- 3230 m/sec, Modeulid®
crystal and Angle — 70 Connect cables of side looking probes to trartemé&
receiver socket in such a way that direction oé dabking crystal face is inward
i.e. towards simulated half moon shaped defectePtae 78 side looking ( Tx
and Rx) probes on the upper zone of the flangedidtance of 85 mm on either
side of flange Fig. 22 (a}. Move the probes slowly in slight zigzag manner
towards the weld upto a distance of 20 mm from wadtlar. Set the signal
obtained from simulated half moon defect to 60%ulif screen height with the
help of gain control switch. This gain setting Wik utilized during testing of the
weld.

Test procedure: Place the transmitter and receiver’ $ltle looking probes at

positions as mentioned Para 8.8.2.Move the probes slowly in zigzag manner
towards the weld. The position of transmitter aadiever probes from a defect
signal may vary depending upon the location of haton defect. This exercise
shall also be done from other side of the weld.

Defect Classification: The defect signal of 20% full screen height or mierto
be classified aBFWR.

Flange testing by 702 MHz, 20 mm x 20 mm single crystal probe:

This scanning is done for detecting lack of fusjporosity, blow hole, slag
inclusion in flange of AT weld.

Range calibration:The equipment shall be set for a depth range oini@bshear
wave.

Sensitivity setting:

70°/2MHz, single crystal probe shall be connectedh socket available in the
ultrasonic equipment. The selector switch shallské to single crystal mode.
Move the probe towards the 3mm. dia hole drilledhi@ middle of flange of the
AT weld Fig. 20(a) and manipulate gain control to obtain a maximugnai
height 60% full screen height on the screen.

Test Procedure:

70° probe shall be placed on the flange at a suital#ance (180mm.)
corresponding to position ‘L’ifrig. 21(a)such that ultrasonic waves are directed
towards the weld. The probe shall thereafter bead®lowly in a zig-zag manner
towards the weld. Similar testing shall be careed from ‘C’ and ‘U’ region as
shown inFig. 21(a).
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8.9.4

8.10

8.10.1

8.11

8.11.

8.12

8.12.

8.12.

8.12.

8.13

1

1

2

3

b)

Defect classification:

i) A welded joint showing flaw echo of 40% vertidadight or more and upto 60%
is to be declared &3FWO.

i) A welded joint showing flaw echo of more thaf% vertical height is to be
declared aDFWR.

Initial USFD testing of AT welds and subsequent tésg within the guarantee
period of contract

A thermit welding done in situ shall be joggledhfiplated with two clamps till
tested as good by USFD.

The defective joints (DFWO or DFWR) based on thi#geda mentioned in
preceding paras and para 8.12.3 shall not be allaweremain in service for
initial USFD testing of AT welds and subsequentitgswithin the guarantee
period of contract and these joints shall be crdppe-welded and tested again.
The re-welded joints shall be scanned ultrasonicadjain with the same set of
acceptance criteria to ensure freedom from any tdushefects.

Periodic testing of welds in service
The periodic testing of welds using® PMHz, 70 2MHz, 45 2MHz and 78
2MHz SL probes shall be done as para 8.15.1.

Procedure for initial and periodic Ultrasonic Examination of 75mm gap
AT welded Joints

Standard Test Sample- The sensitivity of ultrasonic equipment shallsiee with
respect to AT weld standard test sample of 1.5ngtlehaving a simulated flaw
at standard location as showrFag.20 (b).

Sensitivity settingThe signal from the simulated flaw of 3mm dia.ehat the
head shall be set to 60% of full screen height With2 MHz and 78 2 MHz
probes for detection of discontinuities in the rehd. For Flange testing a signal
from a saw cut of 30mm in the weld metal in thenfle 15mm away from the
edge of the weld collar as pEig. 20(b) shall be set to 60% of full screen height
using 78 2 MHz probe.

Defect Classification:

Head - With 8 & 70° probes, rejection criteria will be same as for &gap AT
weld joint. (Para 8.5.4 and Para 8.6 4

Flange- With 702MHz/ probe, Any moving signal of height morerit20% of

the full screen height shall be treated as defeatigld (DFWR)

Defects detected by’ ®MHz, 70 2 MHz, 48 2 MHz and 7&/2MHz SL
probes witrRDSOapprovedctustomized AT weld testexisting machineshall
be classified in accordance with provisions cordimPara 8.15.1.

8.14 Action to be taken after detection of def¢s in AT welds: Action to be taken for

defects in AT welds shall be same agata 6.4 and in addition following shall
also be applicable for welds classified as defedtDFWO/DFWR) in periodic
testing of AT welds with ©2MHz , 70 2 MHz , 48 2 MHz , 70 2 MHz SL

probes, 4% 2 MHz Tandem Rig:
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Classification

Painting on

faces of weld

bot Action to be taken

(In Head)

Defective welc| In case o| (i) Incase of DFWO weld,
‘DFWO/DFW R | DFWO, one| a) SSE/JE (P.Way)/USFD shall impose speed restmiati 30
" with circle with red| kmph or stricter immediately and communicate totieaal
Q°/ 2MHz, paint. SSE/JE about the flaw location, who shall ensueefdhiowing :
70° / 2MHz In case of b) Protection of defective weld by joggled fish tpk using
45 2 MI-'Iz or| DEWR Wo minimum two tight clamps_immediately with a speedtriction
20° 2MHz Ccross ’With red of 30 kmph. Speed restriction can be relaxedomnal after

. protection of DFWO weld by joggled fish plates witfar end
SL probe, paint. tight bolts (one on each side) with champherinaiés, within
45 2 ) MHz 3 days. The joint is to be kept under observation.
Tandem Rig i) In case of DFWR following action will be taken

a) SSE/JE (P.Way) USFD shall impose speed restricabn
30kmph or stricter immediately and communicateeictional
SSE/JE about the flaw location who shall ensure
following:-

Protection of DFWR weld by joggled fish plates s
minimum two tight clamps immediately. SR of 30 Kmgdm
be relaxed to normal after providing joggled fidatps with
two far end tight bolts one on each side with chaenimg of
holes. The DFWR weld shall be replaced within thremths
of detection.

Adequate traffic block should be granted for rentogh
DFWR welds.In case of non removal within three rhenta
speed restriction of 75 kmph for loaded goods teaid 100
kmph for passenger train should be imposed.

b)

8.15Frequency of testing of welded joints R&F0° probes shall be as peara 6.6.1.1

8.15.1Testing of AT welded joints shall comprise of tagtby probes with sensitivity — setting
and calibration as per references indicated agtiest in the table below:
S.No | Probes Calibratiq Sensitivity Setting Scanned area Acceptance
nas per |asper Criteria
1. 02 MHz |Para85. |Para 8.5.2, FilHead, we As per Para 8.5
20(a)
2. 70 2MHz | Para 8.6.1, Para 8.6.2, 8.9.2, | Head, weld foot As per Para 8.6.4
8.9.1 Fig 20(a) & 8.9.4
3. 70 2MHz | Para 8.8.1| Para 8.8.2, Fig RW/eld foot As per Para 8.8.4
SL (@) ( Half Moon
Defect)
4. 452 MHz | Para 8.7.1| Para 8.7.1.2 , Figyveld foot As per Para
22 (a) & 23 (Half Moon | 8.7.1.4
Defect/clustered
defect & micro
porosity)
5. 452 MHz | As per| As per Para 8.7.2.2Lack of fusion inthg As per Para
single Para web and foot region8.7.2.4
crystal 8.7.2.1 below web
probe
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The frequency of testing of AT welds with aboveédd probes shall be as under:

S No | Type of Welds Type of Testing Testing Scheaul
1 Conventional Periodic Tests Every 40 GMT
AT Weld
2 SKV Weld Acceptance Test Immediately after weldig
3 First Periodic Test 1 year
Routes having GMT Frequency
4 Further tests based on rolte 45 2 years
5 GMT >30 < 45 3 years
6 >15<30 4 year
7 0-15 5 year

Due to unusually high weld failure or other abnormdavelopment in some sections, Chief
Engineer may order testing of welds early, as pedn

The testing interval of USFD testing of defectivd Avelds should be reduced by 50% of
normal testing interval of AT welds as providaegara8.15.1 to avoid fractures of defective

welds.

8.16 Through Weld Renewal should be planned after tieédsvhave carried 50% of the
stipulated GMT of rails. Among the various sectiodse for Through Weld Renewal (TWR)
as per this criteria, Chief Track Engineer will dkcinter se priority based on incidences of
defect detection and weld failures.

Note : Guidelines for the Operators:

a)

b)

d)

The correctness of angles and index marking optbée shall be ascertained before
testing. Only probes meeting the specified vasired| be used during testing.

Mere appearance of moving signal during flangeirigsbf weld shall not be the
criterion for rejection of a joint. These signatgy come from the geometry of the
flange weld reinforcement. Therefore, while decdigra joint defective in flange
testing, operator shall ensure that signals are signals and not the signals coming
due to geometrical configuration of the weld. Bwling method shall be adopted for
taking decision in this regard:

(i) Horizontal distance of flaw shown on screen oféhaipment shall be observed.
(i) Measure the actual distance from probe index tdionf the flaw signal is
coming from the weld collar/reinforcement or frone tweldmentKig.21b)

Oil or grease shall be used for proper acoustiploy instead of water for AT weld
testing. Operator shall use the same couplant giteisting and setting the sensitivity.

More than one DFWO defect in one weld Idbalclassified as DFWR.
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CHAPTER 9

ULTRASONIC TESTING OF FLASH BUTT AND GAS PRESSURE WELDED JOINTS

9.1 Scope: This procedure covers the ultrasonic testing tegln of flash butt and gas
pressure welded rail joints by using pulse-echescAn examination method of detecting
weld discontinuities.

9.1.1 This practice utilises only shear wave probe g5 & 70° refracted angle in steel, 45

9.1.2

9.2

9.21

(i)

(i)
(i)

(iv)
(V)

(vi)
(vii)

(viii)

(ix)
(x)

probes to test head andomobe to test web and foot of the welded joints.

Significance: It is essential that evaluation be performed prigpey trained and
qualified personnel.

Code of procedure
Equipment and accessories

Any RDSO approved model of ultrasonic equipment foAlumino-thermic welded rail
joints as per RDSO specification No. M&C/NDT/129080or its latest version.

Two single crystal 452 MHz probes, one single crystal’7@ MHz probe.

0° 4 MHz double crystal probe {@ MHz single crystal probes, shall be used to khec
equipment characteristics.)

Battery with specific voltage suitable for the USElbe used.
Battery charger
Voltmeter

Standard rail piece of 2.5 m length having standsirdulated defects at standard
locations(Fig. 4).

Calibration block 60 X 50 X 50 mm of steel grad€C830 IS : 1875 — 1992.
Steel measuring tape.

[IW-VI or V2 block

9.3 Pre-requisite

(i)

Coupling condition/surface preparation: The protruding upset metal around welded
joint shall be removed by any suitable mechanicalans in such a way that the

remaining protruded metal does not produce shampec@nd the finished surface of the

protruded metal if any left should merge smoothipithe surfaces of the adjacent base
metal. The scanning surfaces must be free from smédditer, scale, dirt, rust and extreme
roughness on each side of the weld for a distagaaléo 200 mm.
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(ii)

9.4

(i)

(ii)

(i)

(iv)

9.5

9.5.1

Couplant: The couplant should wet the surfaces for the @@l the scanning surfaces
and eliminate any air space between the two. Depgngon availability and feasibility
of the testing, oil or grease can be used as coupla

Calibrate the depth range of ultrasonic flaw detewtith the help of 60 X 50 X 50 mm
steel block of steel to grade 45C81to IS : 182~

Calibration and sensitivity setting

Calibrate the digital ultrasonic weld tester fobI8m shear wave as per procedure given
at para no. 8.6.1 and after calibration switch dw€f/R double crystal mode.

Connect the 45probes, one to transmitter connector and ther athesceiver connector.

Place the 45probes on standard rail piece as shown in Fig(a). Move the probes

forward and backward alternately and set the gaiachieve 60% height of full screen
from a 5 mm dia drill hole drilled in head.

Remove the 45probes and connect 7Probe (Turn the probe selector T+R i.e. single
crystal mode). Place the probe at approximatelyrif@from the 5 mm dia hole on the
web as shown ifrig. 24(b). Move the probe to and fro from 5 mm dia hole aedtke
gain to achieve 60% height of full screen and fa@s level shall be reference gain for
testing of web and flange of the joints.

The equipment is now calibrated for depth rang&6% mm per main scale division (for
machine having 10 main divisions on horizontal scab shear wave and gain of the
UFD is set separately for conducting the test ugBigand 76 probes.

Examination of flash butt/gas pressure welded raijoints in depot (Initial testing):

Examination of flash butt welded joints is perfeainseparately for the rail head, web and
flange. In case of scanning of weld at rail heaa, $ingle crystal 45angle probes of 2.0
MHz shall be used, one of which shall act as trattsrmand the other as receiver. A°70
single crystal angle probe of 2 MHz frequency sl employed for examining the
welds at web and flange. All the above probes hHadex marks on their housing to
denote the point at which the central beam emerges.

Testing of weld at rail head: After calibration has been done, the tw@ dbgle probes
shall be connected to the unit by means of twdgsocables one acting as transmitter
and other as receiver. The probe selector swital ba operated in T/R mode in which
one works as Transmitter and the other as receiver.

Oil or grease as per specification given at pard.dcshall be applied as couplant along

the right and left hand side faces of the rail hegdto 100 mm from the joint on both
sides of the weld.
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9.5.1.1Two 45 angle probes shall be placed and moved alongihesitle faces of the rail head

in the longitudinal direction of the rail. Slightvisting movements, with the beam
directed towards the weld, shall be imparted miyual the probes as shown in they.

24 (a).In order to examine the entire width of rail hesdwell as the height, maximum
mutual displacement at start shall be equal tolwadttop of rail head. If, for example,
the left hand probe is at maximum width displacenaevay from the weld the right hand
probe shall be directly over the weld and vice-aefBhe probe shall then be advanced
from the weld as shown in tHég. 24 (a). The movement shall be continued until the
probes are in reversed positions with respectédoiginning of the test. This operation
shall be repeated 3-4 times and at the end of @aekrse slight horizontal twisting
movements shall be given to the probes. Probing lmeagontinued from the other side of
the joint also to take care of defects unfavorabignted to the search beam applied from
the other side.

9.5.1.2 Detection of defects:The common flash butt welding defects are lacKusion and

9.6

9.6.1

9.6.2

oxide inclusions. They are generally transversatignted. If the rail head is free from
defects, no flaw signal will appear on the scrdénhere are flaws, the beam will be
reflected at the discontinuities and picked up g teceiver probe. For a particular rail
section, the flaw signal shall always appear axedfgraduation on the horizontal scale.
The location of the flaw can be determined by tbsitpn of the probes. Invariably the
flaw will be on that side of the rail head, whichriearer to the weld. If both the probes
are at equal distance from the weld, the flaw Wwél in the center of the rail head as
shown inFig. 24 (a).An indication of the flaw size can be made frora #mplitude of
the flaw signal and the extent of the transversi®fprobes.

Any welded joint when tested with gain setting sfied showing flaw signal shall be
considered defective.

Testing of weld at rail web and flange

Setting of sensitivity: To examine the web and flange locations of flastt Wwelded rail
joints the gain level of flaw detector's settingahbe changed and set as pera
9.4(iii) and probe selector switch shall be turned to siegystal operation i.e. in T + R
mode.

Couplant: Oil or grease as per specification given at pard.a shall be applied as
couplant along the right and left hand side sudaxfehe rail web and foot up to 100
mm and 180mm. respectively away from the joint othisides of the weld.

9.6.3 Testing procedure: The probe shall be positioned 100 mm away froenvileld in web

9.6.4

region and transversed in a zigzag manner towaedsveld. The probing should be done
on the web so as to cover the entire width as shoviaig 24 (b). Testing of the flange
should be done as per the procedure describBdria 8.9.3(Fig. 21 (a)).

Detection of defects:To detect flaws in the web, the probe must betéaislightly

in the direction of the web. No flaw signal wilbgear on the screen if the rail flange
and web are sound. If there are discontinuitiesha weld, moving flaw signals will
appear on the screen. When the flaw signal i¢gsammaximum height, the distance of
the probe from the weld joint shall be measuredletermine the location of the flaw.
Any welded joint when tested with normal gain seftishowing any moving signal
shall be considered as defective.
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9.7  Periodic Testing

9.7.1 Frequency of testing with & 70° probe: Same as for rails and shall be carried out
along with rail testing.

9.7.2 Frequency of testing with 78 hand probing for web and flange Normally there is no
need for hand testing after first testing of weldslditional hand probing be carried out

as pempara 9.8
9.8  For Flash Butt Welds: 45° and 70, 2 MHz hand probing for web and flange:
In case of flash butt welds normally there is nechéor hand testing (with 4%nd 78

probes), however, Chief Engineer may order handipgowith these probes in case
failure rates are high in his opinion.
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CHAPTER 10

ULTRASONIC TESTING OF RAILS REQUIRED FOR
FABRICATION OF POINTS AND CROSSINGS

10.1 New rails without bolt holes and suitable for layin track are used for the fabrication of
points and crossings. These rails, therefore,advave any chance of  fish bolt hole cracking
or any progressive type of defects. The defekéspipe, seam, lap, inclusions, segregation
can only be expected in these rails. Therefore, the procedure for ultrasonic testing of these
rails only normal probe fDis required. Probing shall be carried out froop of the rail
head, side of the rail head and side of the wdie TUse of angle probe has not been
included as transverse progressive  crack of fdhHmle cracks are not expected. This testing
will be undertaken  besides visual examinatiorad&rfor freedom from any surface defects.

10.2 ScopeThis chapter stipulates the ultrasonic testirghmégque of new rails required for
fabrication of points and crossings by hand prohismg ultrasonic flaw defector and
lays down the acceptance standard.

10.3 Accessories

10.3.1 Probes One single crystal normal probe 20/25 mm dia,®2/RHz frequency for
checking the efficiency of the ultrasonic flaw elbr. One double crystal normal
probe of 4 MHz frequency, 18mm dia (overall), skess steel casing and with
perspex insert having a path length equal to 50ahsteel required for testing of rails.

Both the probes shall meet the requirement of testst stipulated in equipment
specification.

10.3.2 Battery: The battery shall be a rechargeable, plug-in {ppeferably Ni-Cd type)
6V/12V suitable for working about eight hours éonbus operation per charge.

10.3.3 Battery charger The battery charger shall be suitable for chaygthe battery
provided with the flaw detector.

10.3.4 Co-axial cable Two meter co-axial cable fitted with BNC conneacfor connection
with single crystal probe.

10.3.5 Calibration block 60x50x50mm block of steel to grade 45C8 of I33.8 1992.

10.3.6 Standard test rail The rail piece shall be 250/300 mm in length gralbly of the same
section used for the manufacture of crossings,ngati5 mm dia and 2.0 mm dia flat bottom
holes drilled along the central axis of the heagh &nd foot locations as indicatedrig. 25.

10.3.7 Checking the sensitivity of the proheThe double crystal normal probe shall be able to
detect 1.5 mm, 2.0 mm and 2.0 mm dia flat bottofedion the rail head, web and foot
respectively of the standard test rail. The amgétof the peaks shall be set at 60% height.
10.4 Testing procedure

10.4.1 Surface preparation The probing faces of the rail shall be cleanethwiard wire
brush to make it free from dirt, etc. for achieyecoustic coupling.
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10.4.2 Checking the equipmentCheck the correct functioning of the flaw deteaop probe
and adjust the sensitivity of the unit with starbiegst rail as ipara 10.3.7

10.4.3Calibration : Calibrate the unit for 300mm range for testing thil while probing from
top of the rail and for 100mm range while testirg the side head and web.

10.4.4 Testing: After calibration of the unit the rails shall bhested manually using double
crystal normal probe 4.0 MHz frequency with wadéras couplant. The rails shall
be tested by probing from the rail head top, fadlad side and web. Typical
oscillogram pattern for various probe positiong @iven for guidance as indicated
below:

0] Probing from the rail table: Oscillogram pattern for sound rail will be asejivatFig.5.

The pattern obtained on the defective rails wilblsanFig.14 for segregatiorkig.11
for vertical longitudinal split in web.

(i) Side probing from rail head: Oscillogram pattern for sound rail shall be agegi at
Fig.9.

The pattern obtained on defective rails will beyaen inFig.10 for vertical split in head.
(i)  Side probing from weh Oscillogram pattern for sound rail shall be agegiinFig.12

The pattern obtained on defective rails will begagen in Fig.13 for vertical split in
web.

10.5 Acceptance standards Any flaw peak appearing on the cathode ray tulie o

amplitude higher than 60% of the full screen heigjmall indicate a defective rail and
such rails shall not be used for fabrication ahfand crossings.
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CHAPTER 11

ULTRASONIC TESTING TECHNIQUE OF WORN OUT POINT AND SPLICE RAILS
PRIOR TO RECONDITIONING BY WELDING AND SWITCH EXPAN SION JOINT

11.1.The worn out points and crossings are taken té&rémonditioning Depot for reclamation of

11.2

the same by suitably depositing hard facing eleletrover the worn out areas to enhance
the service life and also for effecting savingsrehg. As per extant practice, the worn
out areas of the wing rails and point and splieegaound for removing loose metals and
oxides over the surface before undertaking weldtingedom from any fatigue crack over
the surface to be built-up is also ensured by MPI/Before reclamation. As the nose
portion of the crossing consisting of the point aptice is subjected to heavy impact and
dynamic stresses during service, it is felt neagssacheck them ultrasonically to ensure
their freedom from any internal flaw prior to reditioning, so that the defective points
and splices can be rejected for ensuring safettyarirain operation.

ScopeThis testing procedure stipulates the ultrasdesting techniques of worn out
point and splice rails which need reclamation. Zérad the crossing shall be tested
utilising probes fitted in USFD trolley and zoneatid Il shall be tested by hand probing
with 0° and 78 probes wherever necessary for detection of intdiamas {Fig. 26 (a)}.
The testing is required to be carried out in distheaincondition in the welding depot. It
also suggests to subject some vulnerable locatmMdPI/DPI to ensure freedom from
surface/sub-surface defects.

11.3 Personnel qualification It is essential that evaluation be performegipperly trained
and qualified testing personnel.
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Equipment and accessories

11.4.1 Equipment: Pulse-echo type ultrasonic flaw detector apprdwe&DSO.

11.4.2Accessories

(i)
(ii)

(iif)
(iv)
V)
(vi)

(vii)
(viii)
(ix)
(x)

Probes The rail test trolley shall have following probesde of PZT, barium titanate or
similar type of piezo electric crystals:

(@) Double crystal 4 MHz, 18mm(crystal did)@obe-1 No. fitted in trolley.
(b) Single crystal 2 MHz, 20mm(crystal diajfobe- 2 No. fitted in trolley.
(c) Single crystal 2 MHz, 20mm(crystal dia)’f@obe -1 No. for hand probing.

Battery with specific voltage suitable for the USElbe used.

Battery charger

Voltmeter.

Standard rail piece of 2.5m length having standardilated defects at standard locations
(Fig.4)

Calibration block 60 x 50 x 50 mm of steel grad€85o0 IS: 1875 — 1992.

Steel measuring tape.

[IW-VI or V2 Block

Co-axial cable-2.5m length fitted with BNC connedimr connection with single crystal
probe.
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11.4.3 Pre-requisites

0] Battery power: Before undertaking testing, cheekgbwer of the battery to ensure that it
is fully charged.

(ii) Check the correct functioning of the ultrasonioafldetector on IIW block as per IS:
12666- 1988.

(i)  The couplant should wet the surfaces of the pralmesthe scanning surfaces properly.
Depending upon the availability and feasibilitytbé testing — water, oil or grease can be
used as couplant.

(iv)  Calibrate the depth range of USFD with help oflraliion block for 300mm depth range
(longitudinal wave) with the help of’@ouble crystal 4 MHz probe. The equipment is
thus calibrated for depth range of 60/30mm per rsaale division for longitudinal wave
for equipment having 5/10 main scale div. on hartabscale.

11.5 Checking the sensitivity

11.5.1 0° and 76 probes fitted with the rail tester trolley shaél bble to detect 5mm dia flat
bottom hole at the foot/Smm dia through hole at sfigedi junction and 5mm dia through
hole at head respectively of the standard 2.5m tesgrail.(See Fig.4)and set gain of
the USFD so that the flaw signal amplitude is a#jdsto 60% of the vertical screen
height.

11.5.2 During hand probing by ?Gingle crystal 2 MHz probe it should be conneatétth the
equipment by a coaxial cable. Turn the probe seleswitch to single crystal operation
and set the gain of the USFD with 5mm dia drilletehin the head of the standard rail by
side probing. The flaw signal amplitude shall milarly adjusted to 60% of the vertical
screen height.

11.6 Testing procedure {Ref.Fig.26 (a)} The points and splices of different turnouts khal
divided into three zones, viz.

Zone —I : To be tested by the rail tester trolegcording to accessibility utilising®0
(Towards and 70probes.

the heel

of the

crossing)

Zone-ll: To be tested by’@nd 70 probes provided in the rail tester trolley by
(Middle hand probing from the rail heag surface.

of the

crossing)

Zone-lll: To be tested by the 7@ MHz single crystal probe by hand probing at
(Toward the head portion from both theesidf the head. The web and flange
the nose location of zone 1l shall betéel by the same probe.

of the

crossing)

Besides the above, the bolt hole locations at tled whall be thoroughly examined
visually and magnetic particle/dye penetrate in8pecshall be conducted to ensure
freedom from cracks since ultrasonic testing of blodt hole crack on the web is not
feasible.
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11.7 Acceptance standard

Zone |, 1l &lll: Any point or splice when te=sd with gain setting as specified in
parall.5.2 showing any moving signal shall be considered as
defective.

11.8 PROCEDURE FOR ULTRASONIC TESTING OF SWITCH EXPANSION JOINT

11.8.1 A number of SEJs have been found to fail in sendae to fatigue cracks generated
from the bottom of the rail and also from rail heawangering safety. It was therefore
considered essential to develop a procedure factdeh and classification of defects in
SEJs. Details of the procedure are described below.

11.8.2 ScopeThis procedure stipulates the ultrasonic testaapmnique of new SEJs as well as
those in service and lays down the acceptable atdndith regard to defects
noticed. In view of the design of the SEJs, tesignp be accomplished by hand
probing.

11.8.3. Accessories
11.8.3.1 Probes:The following probes shall be used for ultrasoniamination of SEJs

(1) 0°Normal probe, 18mm dia./2MHz, Double crystal foméi scale
calibration.

(ii) 45°/2MHz, 20x20mm PZT crystal, Single crystal for ltng flaws in
middle of web-flange area.

(i)  70°/2MHz, 20x20mm PZT crystal, Single crystal for ltng flaws in
nose of the SEJ.

(iv) A 60mmx50mm x 50mm rectangular block of steel tadgr 45C8 of IS-
1875-1992.

11.8.3.2 CouplantWater/soft grease/thick oil shall be used as tamip

11.8.3.3 CablesCo-axial cable for each probe shall be used. [&hgth shall not exceed 2
meters.

11.8.3.4  Standard test pieceA 1000mm long rail piece having nose of SEJ lstsltall be
used for preparation of standard test piece. GUmalated flaw of 3mm x
5mm shall be made in the bottom of flange as showkig. 26(b) at
location A. This simulated flaw shall be used $ensitivity setting of 45
angle probe. Another 5mm. Dia. through hole sbalmade in the rail head
at location B, 25mm. below the top of the rail agd and away from nose
portion (as shown ifrig. 26(b)for sensitivity setting of 70angle probe.

11.8.4 Range calibration The time scale shall be calibrated faddrith longitudinal
wave for setting depth range for®4&ngle probe and 300mm longitudinal wave
for 70Pangle probe with the help of hormal) probe. Rectangular block of
60 mm x50 mm x 50 mm steel to 45C8,1S-1875-1992 beaused.
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11.8.5 Sensitivity setting

11.8.5.1

11.85.1.1

11.8.5.2

11.8.5.2.1

11.8.6

Note:

11.9

11.9.1

The depth range shall be set for 500mm longitudiveve using normal probe.
There after 45/2MHz single crystal probe shall be placed onrhiehead at a
distance of 160mm (for 52 Kg.)/ 175mm (For 60 Kapproximately from the
junction of flange as shown kig. 26(c).The probe shall be placed so as to direct
the beam towards the simulated flaw as showfign 26(c). The probe shall be
moved towards the saw cut in zig-zag manner s® aget maximum reflection
from saw cut.

The height of this reflected signal shall be adjdsio 40% of full screen height
with the use of gain control knob. This gain seftishall be utilized during
examination of SEJ using %%@angle probe while maintaining the movement
towards the nose of SEJ.

Any flaw peak of amplitude higher than 20% of fglireen height shall be
classified as IMR. The SEJ should be adequateliepted till it is replaced.

70° angle single crystal probe: The depth range shall be set to 300mm
longitudinal wave with the help of normal probe hefeafter 782MHz single
crystal probe shall be placed on the rail head distance of approximately
70mm from 5mm dia hole so as to direct the beawatds the hole. The
reflection from 5mm dia. hole shall be adjuste®®% of full screen height with
use of gain control. This gain setting shall béiagtd during testing of SEJ while
testing with 70 angle probe with probe movement towards SEJ.

Any flaw peak of amplitude higher than 20% of fglireen height shall be
classified as IMR. The SEJ should be adequateliepted till it is replaced.

Testing frequency: Same as that for normal track as stipulatethénneed based
concept.

The probe positions indicated are for 52kg rih section. For other rail
sections, the distance may be suitably modified.

Procedure for ultrasonic Testing of tongue rdiof SEJ

Scope .

An ultrasonic test procedure has been preparedef@cting defects in tongue rail at
location where sharp change in one of the flangégrohas been designed. Study
reveals that even a small fatigue of 4 -5 mm widtthis location caused failure of
tongue rail. USFD procedure has been designedtéztidefects smaller than above
mentioned width. Physical verification at site @dk reveals that ultrasonic testing
of vulnerable location of tongue rail of SEJ is measible under in situ condition
because this portion remains inside the bracket wv&or conducting ultrasonic
testing bracket has to be removed for getting acttescanning area.
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11.9.2

11.9.3.

11.9.4

11.9.41

11.9.4.2

11.9.4.3

11.9.4.4

11.95

11.9.6

11.9.7

Apparatus required:

Equipment: Any RDSO approved model of ultrasonic equipment Abumino-
thermic welded rail joints as per RDSO specificatido. M&C/NDT/129/2005 or
its latest version.

Probes: 70/ 2 MHz, 20 mm dia. or 20 x 20 mm square crystaé Single Crystal
probe.

Couplant: Soft grease or thick oil shall be used as couplant.

General Condition: Prior to conducting testing, the bracket over thearg
curvature in the flange portion of tongue rail &JSshall be removed. Cleaning of
flange with kerosene shall be done to remove dibrogrease over it. Flange shall
be smooth and free from pittings otherwise paperdgrg shall be carried out for
smoothening the surface.

Sensitivity setting procedure:

Standard test pieceThe sensitivity of the ultrasonic equipment shaldet with
the help of Standard Tongue rail of SEJ test pmm#aining a 5 mm saw cut at
sharp curved location of flange as showikiig. 29.

Range Calibration: The equipment shall be set for a depth range ofri656S-
Wave. Connect the 70/ 2 MHz probe with ultrasoagquipment and select T + R
(Single Crystal) mode by selector switch.

Sensitivity SettingPlace the 70/ 2 MHz probe at a distance of apptdd. mm.
far from saw cut on the upper zone of flange ofgtanrail with beam directing
towards the saw cut. Move the probe in slight ziggenner towards cut direction.
The reflection from 5 mm cut shall be maximized afll be set to 60% full
screen height by suitable adjustment of gain cantro

Test Procedure: The 70 probe shall be placed on the upper zondaoigé at a
distance of approx.110 mm far from sharp curve iporwwith beam directing
towards curve portion. Move the probe in slightzaig manner up to curve portion.
This scanning shall be carried out 2-3 times.

Defect ClassificationAny flaw signal obtained by 70 probe of 20% vertibaight
of screen or more shall be treated as defectivgu®mail of SEJ.

For testing the head of tongue rail of SEJ, procedaid down at pard1.8.5.2&
11.8.5.2.1shall be followed by hand probing.

Testing frequencyFrequency of USFD testing of tongue rail of SEdlisbe once
in a year.
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CHAPTER 12
ULTRASONIC TESTING OF RAILS BY SPURT CAR

12.1 Introduction

12.1.1 Continuous testing of rails by manual flaw detestos strenuous and demands
continuous concentration on CRT screen, also tkedpchievable is only 2/6 track km
in a day. An equipment which can shortlist likeBfelctive spots quickly can improve the
effectiveness of the testing.

12.1.2 Self Propelled Ultrasonic Rail Testing (SPURT) Gas been procured for this purpose
and is in operation since May’88 over Indian Raiarhis car tests both the rails while
traveling up to 30 km/h. Most of the testing opienas have been automated in this car.

12.2 Description of SPURT Car
12.2.1 SPURT Car has water supply system with a capaéig000 litres guiding system for

probe beam positioning and air system for liftimgl dowering of probe. Probes used are
of the following types:

Probes Defect type
0° (Normal) Horizontal flaws
70° Central Vertical transverse flaw

(forward and backward)
70° side wise Vertical transverse flaw
35° (forward and backward) Star cracks

58 Vertical longitudinal flaws.

12.2.2 As SPURT car tests at higher speed, observatioftafes can not be done
manually. ldentification of defect is done eledically according to laid down
logics. Also it has computer for tabulating, pimgtand storage of data.

12.2.3 Comparative characteristics of manual USFD testdr&PURT car are tabulated below:

SPURT car USFD manual machine

Real time recording of defects. No automatic rdicay of defect.

Analysed by computer hence less strenuous. Testingrequires sustained and intense
Concentration.Testing is objective. Testing depeasnithe interpretation by operator.
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SPURT car USFD manual machine

Testing of 80-120 track km per day. Testing od B ttrack km per day.

Only ultrasonic information is available Ultrasomformation is supplemented by
and severity classification is dependent visuadrimiation also. So severity

on visual information. So classification classifioa is done.

is not possible.

Repetition of test at a spot is difficult due  Repen of test at a spot can be conveniently to
speed and path constraint done

To take advantage of both machines, the method bgeRailways having SPURT
car is to use both as complementary to each oBRURT car short lists the likely
defective spots and manual equipment is used ézkclonly these locations. During
this check the severity classification is done.

12.3  Locations not tested by SPURT Car

12.3.1 Fishplated joint causes damage to SPURT car prabesiso efficacy of testing reduces
depending upon condition of joints, therefore ohM/R/CWR lengths are normally
tested by SPURT car. Also probes are lifted on tgoamd crossings, SEJ’s and buffer
rails and these remain untested. At locationsdfittéth ground rail lubricators, probes are
also lifted and hence testing is not done at socéhtions.

12.3.2 Testing of rail with surface defects like wheel muand scab is also to be done
manually.

12.3.3 The real time out put as well as final defect répmntains the information about
stretches not tested by SPURT car.

12.4 Role of Railways

12.4.1 From the time of drawing a programme by RDSO #fstihg of rails by SPURT car
until the testing work gets completed, action ail®ays is required at three levels.

0] Headquarter
(i) Devision and
(i)  USFD and sectional SE/JE(P. Way)

12.4.2 Headquarter
12.4.2.1 Programme of testing will be drawn by RDSO in cdtaion with CTE of a Railway.
For this, information about LWR stretches, frequen€ testing, rail sections will be

made available by USFD cell of the Railway to RD®©drawing the programme of
testing.
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12.4.2.2 On receipt of the programme from RDSO, Enggadquarter is to get the
confirmation of path and deputation of crew by @peg branch. It is to be ensured
that proper messages are transmitted by operatamgcb to all concerned. Reference
is also to be made to Rly. Board's letter No. 98€kr lII/TK/72 dated 9.7.90 in this
regards. Relevant extracts are reproduced below:

The monitoring special shall be accompanied byfilhg officers from the
railway and division:

All routes Any officer from the track modernizatiorll preferably dealing with rail
testing and SE/JE(P.Way)/USFD of the section.

Division  Sectional DEN/AEN

One nominated Sr.DEN/DEN at the divisional headguashall ensure that there is
proper liaison in the control office to ensure ahié path for the monitoring special.
Any other special requirement as indicated by RB386uld also be taken care of. The
confirmation of the programme is also to be conddyack to RDSO.

12.4.2.3 Headquarter is also to ensure through divisionsafor other assistance requested by
RDSO for successful and effective testing by SPURIT Clear instructions are to be
issued to division that sectional AENs/DENs shoalttompany SPURT car and
movement should be watched by Sr.DENs with propr¢ommunication.

12.4.2.4 For follow up testing within reasonable time of 19-days after the SPURT car run,
additional USFD machines are to be sent to thaassecthe distribution of machines
and operators is to be programmed at this stagg3fyD cell of headquarter. Also
push trolley are to be provided to USFD operatorthat average progress of about 8
km follow up testing is achieved.

12.4.3 Division

12.4.3.1 Though the programme of running is confirmed aiyi by COM, yet the real day-to-
day control is at divisional level and divisionsleras most critical in effective
utilization of SPURT car.
12.4.3.20n receipt of testing programme from headquarteEN will study the same along
with COM confirmation and actual train paths aualga Slight modifications in
timing, keeping the constraints that (i) the tegian start earliest 8 o’clock (ii) spread
of working should not be much and (iii) testinglte done in day light, is possible.
Keeping all these in view, testing path is to benpled in consultation with operating
branch and the path schedule is to be drawn andayéirmed by operating branch.
RDSO official in charge of SPURT car is to be imi@d about the change, in advance.
12.4.3.3 At the time of testing, sectional AENs, SE/JE(P.Wand SE/JE(P. Wa§JSFD are to
accompany the test special. During the run, AEN hebke with control, Sr.DEN and
Sr.DOM regarding path. It should be ensured thateneent is through main line only
to avoid any length untested.
12.4.3.4 At the end of the run SPURT car is to stabled ioppr siding. It may also require
fuelling and watering arrangements as requiredSBURT car, for fuelling, watering,
shunting and placement, are all to be arrangedHiy.A
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12.4.3.5

12.4.4

12.4.4.1

(@)

(b)
(c)

12.4.4.2

(@)

(b)

(€)

(i)

(ii)

12.5

1251

AEN is also to ensure that SE/JE(P. Way) USFD knolegarly about the follow up
testing to be done. In case knowledge is lackiigSR official will coach the SE/JE(P.
Way) about the procedure to be followed by himfédiow up testing.

SE/JE(P. Way) /USFD
During testing

SE/JE(P.Way) will accompany testing run of SPURT car. He willpply the
information regarding the section of rails, GMT ale@t and right rail convention
followed in the section.

SE/JE(P.Way) will carry results of last USFD testing with hinorfprima facie
checking of results reported by SPURT car.

After the testing run SE/JE(P. Way) /USFRIll collect the testing output for real
time, final defect computer out put and statemdrthe untested stretches for follow
up work.

Follow up testing

SE/JE(P. Way) /USFDare required to carry out follow up testing on tbeations,
indicated in final defect report, which gives tloedtion of the defect in kilometer ,
defect type, and its size. Also the location is\paiarked and thus gets identified. The
paint marks will be more than the defects contaimefinal defect report, the excess
being caused by definite noise edited later by SPO& operator. For the sequencing,
real time report can be used as in this report rumob defects will equal number of
paint marks. Ground features like bridges, L-xiat:. are also reported in output for
use as reference in locating a defect.

After locating a spot, the SE/JE(P.Way) will caoyt testing for a lengthof 2 mie. 1
m on either side of the spot and classify the defeany, according to the criteria laid
down.There is a possibility that the spurt car magve been calibrated on
conventional threshold values of defect size ihwdiile the Need Based concept of
USFD testing of rails based on a different defeee an rail has already been
introduced in the section being tested. In sushuation the follow up testing should
be done with the Need Based concept of USFD testihg

Occasionally spots reported defective by SPURTIrcdts final defect report may be
found with no defect during follow up testing. Oveporting can occur for following
reason.

Electronic or mechanical disturbance caused dusutllien dynamics or intrusion of
foreign objects.

Physical features like fishplated joints or extodels being interpreted as flaw.

Routes tested by SPURT car

SPURT car conducts tests twice a year on the rgives below:
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(i) New Delhi - Howrah
(i) New Delhi - Mumbai Central
(ii) MathuraJdn - Chennai

12.5.2 LWR/CWR track only on the above routes arecitdty SPURT car. Fishplated/SWR
track is not tested by SPURT car and will requesting by Railways.

12.6 The stretches left untested by SPURT car shbaldested by manual USFD testing
using Need based criteria.
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13.1

13.1.1

13.1.2

13.1.3

13.2

CHAPTER 13
REPORTING AND ANALYSIS OF RAIL/WELD FAILURES

After each fracture FAILURE REPORT shall be preybas per proforma given in
Annexure —Ill and Annexure- IV by SE/JE(P. Way) and Divisions respectively.

All the fractured rail/weld pieces of 150mm d#¢im on each side of fractured face,
except those attributable to known extraneous sasiseh as fractures resulting from
accidents, series of fractures resulting from pgessd flat wheels, etc., shall be sent to
Chemist and Metallurgist for detailed investigatinrihe following cases:

a) Rail failure within 5 years of primary renewal/Spatf premature rail

failures.
b) Weld failure within one year of execution.
C) Repetitive rail fractures of same rolling mark.

The Chemist & Metallurgist should submit consolathtinvestigation report to
Headquarters and Director/M&C/RDSO for making oumanagement information
report based on investigation carried out on trevebail failures. The annual briefs
made out by RDSO on the analysis of rail fractutesintover these details. Director
(M&C) may call for specific samples from Chemist\Metallurgist for confirmation of
their findings.

In the following instances, the samples of railiveshall be forwarded to
Director/M&C/RDSO.

(@ Rail/ weld samples involved in accident/derailment
(b) Rail samples of imported origin failed in servicghin guarantee
period.

All the failure reports and defects detected acpiired to be compiled in the form of
Annexure VI & VII at divisional level. Each weld failure shall beabsed by
sectional Sr. DEN/DEN, to ascertain whether thkifa is sudden, due to impact or
inherent defects such as lack of fusion, micro pities, formation of fin etc. The data
including causes, nature and frequency of defduddl sbe analysed and managerial
decisions required for preventive/ corrective atgball be taken promptly.
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ANNEXURE- |
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ANNEXURE- 1A

Para 2.2
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Note:

For

Annexure Il A

CLASSIFICATION OF RAIL/WELD DEFECTS FOR

NEED BASED CONCEPT OF USFD

(Para 6.3)

“Any sweeping signal on horizontal baseline that does not extend beyond 2.5 divisions

from the left edge of the screen or vice versa shall be recorded as Gauge Corner

Cracking (GCC) and not as OBS".

Rail Defects

S.
No

Probe used

Nature of defect

Oscillogram pattern

s<ifiaation

1.

Normal

probe 4MHz
(sensitivity
set with
respect tg
100% back
wall signal
height from
rail bottom)

A) Within fishplated area -
0] Any horizontal defect ir

head web or foot ofwith
eFlaw echo with or without

length equal to distang
between rail end an
first bolt hole and
connected with the ra
head.

(i) defec

Any horizontal

connecting both bolthole echo. Flaw echo with ¢

holes
Any defect originating
from bolt holes anc
progressing at an ang
towards head-we
junction web-foot
junction.

(iii)

or

No back echo before or aft
appearance of bolt hole ec

dmultiples
OR

after appearance of bolt hg
echo with flaw echo with o
without multiple

I No back echo between bg

without multiples.

No back echo before or aft
| appearance of bolt hole ec
avith or without flaw echo

D

IDrop in back echo before or

er

N0

IMR

le

ItMR

DI

etMR

B) Outside fish plated area -
a) Any horizontal defeq
progressing at an angle
vertical plane in the rail at th
following locations in the track
i) Intunnel

i) On major bridges & bridge
approaches(100m)

iif) In the vicinity of holes nea

the weld (50 mm for old AT
weld and 75mm for new AT

weld from the centre of weld d
either side of weld)
b)Any horizontal defec]
progressing at an angle
vertical plane in the rail at trag
locations other than (a) above

tNo back echo with flaw ech
if{shifting/without shifting) for|
eany horizontal length

OR

No back echo and no fla
echo

1

n

I No back echo with flaw ech
ir{shifting/without shifting) for
khorizontal length > 20mm
No back echo with or withou
shifting flaw echo for

olMR

W

oIMR

—

OBS

horizontal length< 20 mm
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70  2MHz
Centre
Probe
(Sensitivity
set with
12mm dia.
Standard
hole in rail
head 25mmj
from rail
top)

For non ‘D’
marked rails
on
double/mult
iple line
sections

C) Vertical longitudinal split | In case of partial/completelMR
(piping) loss of back echo, side
probing shall be carried out
with 0° probe, if any fla
echo with/ without multiple
is observed (in any length)
A) Any transverse defect in the g
rail head at the following
locations in the track
i) In tunnel g 5
i)On major bridges & bridge < 70
= IMR
f':_l_pproache_s _(1_00m) £ o0 H 30V 20)
iii) In the vicinity of holes neaf 2 .
the weld (50 mm for old AT § 05
weld and 75mm for new AT z *° 89
weld from the centre of weld an* s gy
either side of weld) - < ¢
z<
10 Non Reportable* #
(30 H 100;V<20)
0 10 20 30 40 S0 60 70 80 30 100
EXTENT of movement of flaw echo on horiz. scale (H) in %
100
B) Any transverse defect in the
i i IMR
rail head at track locations other ) 80 H 50V 60)
than A) above ¥ 70 %
= o
€6O o
£ >
3 S0 S
Ev 89 e«
‘_% 30 %z o< (H 50;60>V 20)
[ & 8—
10 Non Reportable* #
(30 H 100;V<20)
0 10 20 30 40 S0 60 70 80 90 100
EXTENT of movement of flaw echo on horiz. scale (H) in %
* Details to be forwarded to RDSO quarterly in format at para 5.1.3
# To be marked as 'O’ on web of rail
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70  2MHz
(Centre)
Probe
(sensitivity
set with
12mm dia.
Standard
hole at rail
head 25mmj
from rail top
and with
additional
gain
10dB
thereon).
For all
single line
sections and
‘D’ _marked
rails on
double

/multiple
line sections

of

A) Any transverse defect in th

rail head at the following
locations in the track
i) In tunnel

i)On major bridges & bridge
approaches (100m)
iif) In the vicinity of holes neaf
the weld (50 mm for old AT
weld and 75mm for new A]
weld from the centre of weld @
either side of weld)

B) Any transverse defect in tk
rail head at track locations oth
than A) above

|

e

e

Flaw Peak Height (V) in %

100

90

80

70

60

30

40

Flaw Peak Height (V) in %

30

20

IMR
(0 H 100;
20 V 100)

Non
Reportable
(0 H 100; V<20)

0

10 20 30 40 S0 60 70 80 90
EXTENT  of movement of flaw echo on horiz. scale(H) in %

100

30

80

70

60

S0

40

30

OBS IMR
(0 H<50; (50 H 100;
20 V 100) 20 V 100)

20

Non
Reportable
(0 H 100; V<20)

0

10 20 30 40 50 60 70 80 90 100

EXTENT of movement of flaw echo on horiz. scale(H) in %
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70" probes

& Non-
gauge Facg
side

(Sensitivity
set on 5mm
FBH)

A) Any transverse defect in the
Gauge Facerail head on gauge face side
Non-gauge Face at the
2 following locations in the track

i) In tunnel
i)On major bridges & bridge
approaches (100m)
iif) In the vicinity of holes neaf
the weld (50 mm for old AT
weld and 75mm for new AT
weld from the centre of weld gn
either side of weld)

/

B) Any transverse defect in the
rail head on gauge face/ Non-
gauge Face side at track

locations other than A) above

Flaw Peak Height (V) in %

Flaw Peak Height (V) in %

10
S0
80 IMR
(H 15V 20)
70
<
60| @ =~
SR
o
S0 %2
g
40 =4
st
30
20
Non
10|Reportable Non Reportable* #
(H<15;| V<20) (H 15;V<20)
0 10 20 30 40 S0 60 70 80 90 100
EXTENT of movement of flaw echo on horiz. scale (H) in %
100
30
80 IMR
o~ (H 30;v 60)
70 o
3
o
60| Q@& >
ERr &
S
vV
50 §2 T
L9 oBS*
<[ 0w
W s¥oc (H 30;20 V<60)
zZ <
30
eo Non
10 ?:ffsnable Non Reportable* #
V<20) (H 15;V<20)

0 10 20 30 40 S0 60 70 80 30 100
EXTENT of movement of flaw echo on horiz. scale (H) in %

* Details to be forwarded to RDSO quarterly in format at para 5.1.3

# To be marked as 'O' on web of rail
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SNo | Probe Used | Nature of Defect Oscillogram Pattern Classification
5. 45° probes | A) Any transverse | Loss of signal height IMR
mounted in | defect in the rail head, | equal to or more than
test rig | with scabs/wheel burn | 20% of full scale height.
(sensitivity on top surface, at the
set to 100% | following locations in
with respect | the track
to reflection | i) In tunnel
signal ilOn major bridges &
received bridge approaches
from (100m)
opposite iii) In the vicinity of
face of rail | holes near the weld (50
head) mm for old AT weld
and 75mm for new AT
weld from the centre af
weld on either side df
weld)
B) A.”Y ransverse | | ooq  of signal height IMR
O o o | squl 1o or more than
80% of full scale height.
on top surface at track
locations other than A)
above.
Loss of signal height OBS

equal to or more than
20% but less than 80%

of full scale height
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Weld defects(AT+FBW)

Annexure Il B
(Para 6.5.1)

S.No. | Probe used Nature of defect Oscillogram patte Classification
1. Normal probg A) Any horizontal defect No back echo with IMRW
4MHz progressing at an angle fiflaw echo (shifting o

(sensitivity  sef
with respect tg
100% back wal
signal height
from rail
bottom)

vertical plane in the ra

at the following locations

in the track:

i). In tunnel

i). On major bridges &
bridge approaches(100n
iii) In the vicinity of
holes near the weld (5
mm for old AT weld ang
75mm for new AT weld
from the centre of wel
on either side of weld)
B) Any horizontal defec
progressing transverse
in the rail at track
locations other than A
above

| without shifting)

)l

without shifting)

I No back echo with OBSW
yflaw echo (shifting of
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100

70 2MHz | A) Any transverse defect
Centre  probein the rail head at the
(Sensitivity set following locations in the 80
with 12mm dia| track c ., et
Standard hole ati) In tunnel > (H 30V 20)
rail head 25mm ii)On major bridges & 3 °°
from rail top) bridge approaches x °° _
(200m) & 40 323
L. H] Sy
i) In the vicinity of | & 53
holes near the weld (50 gg
c
mm for old AT weld ang Sz
75mm for new AT weld 10 2“3%” ﬁe”fg‘g'\’/'izg)
from the centre of weld '
. . 20 30 40 S0 60 70 80 90 100
on e|ther S|de Of Weld) EXTENT of movement of flaw echo on horiz. scale (H) in %
100
B) Any transverse defect
in the rail 0
. IMRW
at track locations other . e (H 50V 60)
than A) above £ 70
2 5
£ o0
T >
T so 3
$ ) =T
o 4qp = 9
s g v % 87V oBswr
T 30 2y > /. (H 50605V 20)
3
T Bz
10 Non Reportable* #
(30 H 100;V<20)
0 10 20 30 40 S0 60 70 80 S0 100
EXTENT of movement of flaw echo on horiz. scale (H) in %
* Details to be forwarded to RDSO quarterly in format at para 5.1.3
# To be marked as 'O’ on web of rail
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70 probes
Gauge Face&
Non-gauge Fac
side Probe
(Sensitivity set
on 5mm FBH)

A) Any transverse defe¢
in the rail head on gaug

side at the following
locations in the track
i) In tunnel

i)On major bridges &
bridge approache
(200m)

iii) In the vicinity of
holes near the weld (5
mm for old AT weld and
75mm for new AT weld

on either side of weld)

B) Any transverse defeq
in the rail head on gaug
face/ Non-gauge Fag
side at track location
other than A) above

eface/ Non-gauge Facge

from the centre of weld

~

[72)

n
L

—~

[72)

Flaw Peak Height (V) in %

Flaw Peak Height (V) in %

10
30
80 IMRW
(H 15V 20)
70
Q
60 9@ =~
gR
o
50 % >
o
40| €V
2z
30
eo Non
10 ?:ffg,able Non Reportable* #
V<20)’ (H 15;V<20)

0 10 20 30 40 50 60 70 80 90 100
EXTENT  of movement of flaw echo on horiz. scale(H) in %

100
30
80 IMRW
7 (H 30V 60)
70 o
N
(]
60| 25 >
gR]F g
o
50 2> gz\[/:
x5ia OBSW+
40 §¥fo< (H 30:20 V<60)
30

20

Non
10 (RHeffgable Non Reportable* #
V<20) (H 15;v<20)

0 10 20 30 40 S50 60 70 80 90 100
EXTENT of movement of flaw echo on horiz. scale(H) in %
* Details to be forwarded to RDSO quarterly in format at para 5.1.3
# To be marked as 'O on web of rail
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ANNEXURE-III

(Para 13.1)
(To be prepared and submitted by PWISs)

PROFORMA FOR REPORTING RAIL/ WELD REPLACEMENT OR REMOVAL
ON DETECTION BY USFD

10.

11.

12.

13.

SE/JE(P.WAY)

BLOCK SECTION

LINE
UP/DN/Single
BG/MG /NG/Others
Rail No./ Weld No.
Right hand/ Left hand

GMT (TOTAL)

(for released railadd
previous traffic carried)

KM & TP
STRAIGHT/CURVE
INNER/ OUTER RAIL
IN CASE OF CURVE
(a) TYPE OF FAILURE

(b) Date of fracture/removal
(c) Gap at the time of fracture

RAIL/WELD

SECTION OF RAIL
TYPE OF RAIL
ROLLING MARK OF RAIL :

HOT STAMPING :
NUMBER/ CAST NUMBER

(STATION CODE)

(Station code - Station code)

Upline-1, Down Line-2, Single Lirge-
BG-1, MG-2, NG-3 & others-4

One digits (within TP)

RH-1, LH-2

0-50, 51-100,101-150,151- 200, 201-250, 251- 30Q;350 ,
1 2 3 4 5 6 7

351- 400, 401-450, 451-500 >500
8 9 10 11

( 8 digits - 4 for Km / 2 for TP-2f TP )

Straight-0, Curve-(indte degree of curvature
in one digit)

Inner — 1, Outer - 2

FRACTURE-1, REMOVAL AFTER
DETECTION-2

6 digits ( dd/ myw/)
2 digits (mm)
RAIL-1, AT WELD-2 (Fracture withiOOmm
of weld to e considered as weld failure) FB
Weld-3, Gas Pressure Weld-4
60kg-1, 52kg-2, 90R-3, 75R60R-5, 50R-6

72 UTS-1, 90 UTS-2, Head Hareld-3
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14.

15.

16.

17.

18

19.

20.

21

22.

23.

24.

LAST USFD CLASSIFICATION:

a)

b)

MONTH & YEAR OF :

Two digits for month & two digstfor year : suffix P

ORIGINAL/ SECONDARY Two digits for month & two ditg for year : suffix S

LAYING

TOTAL NUMBER OF
YEARS IN SERVICE

MONTH AND YEAR
OF WELDING

(@) TYPE OF SLEEPER
(b) TYPE OF FITTINGS
(c) SLEEPER DENSITY
(numbers per Km)
BALLAST CUSHION
(in mm)

IN CASE OF AT WELD

TYPE OF AT WELDING

FLAW DETECTED/
UNDETECTED

a) IN CASE OF RAIL
2
FRACTURE

b) IN CASE OF WELD
FRACTURE

CAUSE OF FRACTURE

In Case of Rail

fracture

In Case of Weld

FRACTURE
CODIFICATION

Two digits

Two digits for month & two digitéor year

PRC-1, ST-2, CST-3,Vii&N-4, OTHERS-5
Elastic Fastening-1, Conveamal-2
1660-1, 1540-2, less tha#(t3

Three digits

TPP-1, ITC-2, HTI-3, SAGA4, OBEROI-5
Raybon — 6, Morwel — 7, Deptt.- 8, Indiang,—
Others - 10

Conventional-1,SKV-2,75nm@&AP-3,
Combination Joint-4

Good-1, IMR-2, IMRW-3)BS-4, OBSW-5,

DFWO-6, DFWR-7

Rail with detected flaw-1, Flamdetected by USFD—

Weld with detected flaw—3,Flanvdetected
by USFD- 4

. Inherent manufacturing defelctCorrosion —2, Bad

maintenance-3, Fault of the rolling stock-4, &5, Due to
wheel burn/ scabbs-6, other causes-7

. Poor quality of dell, Corrosion-2, Bad
maintenance-3, fracture Fault of theimglistock-4,
Sudden-5, Any other causes—6

. Four digits
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

ORIGIN OF DEFECT AS
DETECTED BY USFD

AVOIDABLE/
UNAVOIDABLE

TYPE OF USFD FOR
RAIL AND WELD

MONTH & YEAR OF
LAST USFD
(@) FOR RAIL (including weld)
®+70 Probe)
(b) Flange testing of weld
(762 MHz Probe)

FOR WELDS IF NOT TESTED,
WHETHER FISH

PLATED BY JOGGLED FISH
PLATE WITH TWO TIGHT
CLAMPS

IN CASE OF WELD FRACTURE
WHETHER BOLT HOLES
AVAILABLE

IN CASE OF CWR/LWR

a) Date of last distressing
b) distressing temperature

IN CASE OF SWR/FP

a) Date of last gap survey
b) Date of rectification

IN CASE OF CRACK
ORIGINATING FROM
BOLT HOLE

a) Date of oiling/greasing

b) Were the bolts tight

c) Were the bolt holes chamfered

d) In case of elongation, size of
bolt hole

e) Sleeper spacing

IN CASE OF FAILURE OF AT
WELDS WITHIN 2 YEARS

: Head-1, Web-2, FoolN8, origin-4

Avoidable-1, Unavoidable -2

: Need based — 1, Conveati@

: Two digits each foronth and year

: Two digits eachrmonth and year

: YES-1, NO-2

: YES-1, NO-2

: Two digits eachdate, month & year
: Two digits

: Two digits eachdiate, month & year
: Two digits each fotelamonth & year

: Two digits each date, month & year
: Yes-Y, No-N
s Yes-Y, No-N
. (Two digitsmm)
: Normal-1, Joint sleeperisget

s Yes-Y, No-N
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35. IN CASE OF FAILURE OF FBW

a) Name of welding plant
b) Panel No.
c) Joint No.

36.LOCATION OF FRACTURE
(For rail fracture)

: Station code
. (Three digits)
: (Two digits)

: Fish f@d Zone(Bolt hole area)- 1, Mid rail-2
SEJ-l ,Glued Joint-4, R&&Crossing-5
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ANNEXURE-IV
(Para 13.1)

DETAILS REQUIRED FOR RAIL/WELD FAILURE ANALYSIS
(Only for guidance for generating data at Divis®lével )

1. RAILWAY ZONE

2. DIVISION

3. SE/JE(P. WAY)

4. SECTION (NAME OF LINE OR BRANCH)
5. BLOCK SECTION

6. DATE OF FRACTURE/REMOVAL

7. TIME OF DETECTION

8. ROUTE CLASSIFICATION

9. LENGTH OF BLOCK SECTION (in KM)
10. MAX. PERMISSIBLE SPEED

11. MAX. PERMISSIBLE AXLE LOAD

12 GMT(ANNUAL) :

13. CWR/LWR/SWR/FISH PLATED
14. LINE
(a) Up/down/single
(b) BG/IMG/NG/Others
15. RAIL NUMBER/ WELD NUMBER IN TP

16. RAIL — RIGHT HAND OR LEFT HAND

CR-01, ER-02, NR-03, NER-04, NFR-05,
SR-06, SCR- 07, SER-08, WR- 09,ECR-
10,ECoR-11,NCR-12, NWR-13,SECR-14,
SWR-15, WCR-16)

As per code

(Station code)

(Station code)
(Station code-Station code)

Two digits each for g month and year

4 Digits( 2 for hougsfor minutes)

(A, B, C, D, DS, ES, B, R1,R2,R3, S)

(Two digits)

(Three digits)

20.32T-1, 22.1%, 22.86T-3, above
22.86T-4, MG-5

0-5, 5-10, 10-15, 15-200-25, 25-30, 30-35, 35-40, > 40
1 2 3 4

5 6 7 8 9

CWR-1, LWR-2,SWR-33H PLATED-4
Upline-1, Down line-2, siadine-3
BG-1, MG-2, NG-3, Others-4

(two digits)

RH-1, LH-2

17 GMT(TOTAL) : 0-50, 51-100,101-150,151- 200, 201-250, 251- 30Q;350 , 351- 400, 401-450,

(for released rails 1 2 3 4
add previous 451-500, > 500
traffic carrieg 10 11
18. KM & TP
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19. STRAIGHT/CURVE . Straight-0 Curve-(indieadegree of
curvature in one digit)
20. INNER/OUTER RAIL IN CASE OF CURVE : Inner-I,u@er-2
21 a) TYPE OF FAILURE : Fracture-1, RemovatekfDetection-2
b) Date of Fracture/Removal : 6 digits(dadiiyy)
c) Gap at the time of fracture ; 2 digjitam)

22. RAIL/WELD : RAIL-1, AT Weld-2, FB Weld-3,

(Fracture within 200mm of weld to be Gas Pres$edd-4,

considered as weld failure)

23 . SECTION OF RAIL : 60kg-1, 52kg-2, 90R-3R*8, 60R-5, 50R-6

24. TYPE OF RAIL : 72 UTS-1, 90 UTS-2, Head #zmed-3

25. ROLLING MARK OF RAIL

26. HOT STAMPING NUMBER/CAST NUMBER :

27. MONTH & YEAR OF ORIGINAL . Two digits for moitand two digits for year:

Suffix P
SECONDARY LAYING/WELDING : Two digits for monthral two digits for year:
Suffix S

28. TOTAL NUMBER OF YEARS IN SERVICE : Two digits

29. SLEEPER TYPE : PRC-1, ST-2, CST-3, WOODEN-
OTHERS-5

30. FITTING TYPE : Elastic fastening-1, convenal-2

31. SLEEPER DENSITY(numbers per Km) : 1660-1, 124@kss than 1540-3

32. BALLAST CUSHION (in mm) : Three digits

33. TYPE OF AT WELD . Conventional-1, SKV-2, 75mm gap-3,

Combination Joint-4

34. IN CASE OF AT WELD : TPP-1, ITC-2, HTI-3, &AR-4, OBEROI - 5
Raybon -6, Morwel-7, Deptt. — 8,Indiana—9,
Others-10

35. LAST USFD CLASSIFICATION : GoodIMR-2, IMRW-3, OBS-4, OBSW-5,

DFWO-6, DFWR-7
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36. FLAW DETECTED/UNDETECTED

a) IN CASE OF RAIL FRACTURE :Rail with detectfldw — 1, Flaw undetected
by USFD - 2
b) IN CASE OF WELD FRACTURE : Weld with detedtBaw — 3, Flaw undetected
by USFD- 4
37. CAUSE OF FRACTURE
a) IN CASE OF RAIL FRACTURE : Inherent mancifiaring defect —1, Corrosion -2,

Bad maintenance-3, Fault of the rollitar&-4,
Sudden-5, Due to wheel burn/ scabstber
cause-7

b) IN CASE OF WELD FRACTURE : Poor quality of lde-1, Corrosion-2, Bad
maintenance-3, Fault of the rolling &td¢
Sudden-5, any other cause-6

38. FRACTURE CODIFICATION : Four digits
39.0rigin of defect as detected by USFD Head-&bVW¥, Foot-3, No origin-4
40. AVOIDABLE/UNAVOIDABLE : Avoidable-1, Unavoidale -2

41. TYPE OF USFD FOR RAIL AND WELD: Need based,-Cbnventional-2

42. MONTH & YEAR FOR LAST USFD
(a) FOR RAIL (including weld) f+73 Probe) :Two digits each for month and year
(b) Flange testing of weld (7@robe) :Two digits each for month and year

43. FOR WELDS IF NOT TESTED, WHETHER : YES-1, NO-2
FISH PLATED BY JOGGLED FISH PLATE WITH
TWO TIGHT CLAMPS

44. IN CASE OF WELD FRACTURE ; YES-1, NO-2
WHETHER BOLT HOLES AVAILABLE

45 IN CASE OF CWR/LWR
a) Date of last destressing : Two digits eacld&ie, month and year
b) Destressing temperature : Two digits

46. IN CASE OF SWR/FP

a) Date of last gap survey ; Two digitsketor date, month and year
b) Date of rectification ; Two digits eafdn date, month and year
47. WHETHER FAILURE OF AT WELDS : YES-Y, NO-N

WITHIN 2 YEARS
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48. IN CASE OF CRACK ORIGINATING FROM :

BOLT HOLE

a) Date of oiling/greasing : Two digits bdor date, month and year
b) Were the bolts tight ; Yes-Y, No-N

c) Were the bolt holes chamfered : Yes-Y;NNo

d) In case of elongation, size of bolt hole: (two digits in mm)

e) Sleeper spacing : Normal-1, joint se¥egpacing-2

49. IN CASE OF FAILURE OF FBW

(a) Name of welding plant : Station code
(b) Panel No. : (three digits)
(c) Joint No. : (Two digits)
50. LOCATION OF FRACTURE : Fistafed zone (Bolt hole area)-1,
(For Rail Fracture) dviail-2, SEJ-3, Glued Joint-4,

Points & Crossings-5
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ANNEXURE -V

(Para 6.8)
CHECK LIST OF ULTRASONIC TESTING OF RAIL/WELDS
DIVISION----------=-mnmmmmmeeeom SECTION---------mmm oo LINE: UP/DN/SINGLE
ROUTE---------------- Km. FROM - TO---- -DATE-------------m-m=---
1. Name of the operators then trained by @DS  Last refresher course done
i) mmmmmmmmmm e - I e e
i) =mmmmmmmm e smmm e
2. Method of Testing : Conventional/Need Based
3. Rail section &Brand Mark e e e e ————
4. Annual GMT P
5. Whether within service life e e e e e
6. Frequency e e e e e
7. Date of last Testing e e e e e e e
8. Reason for overdue if overdue e e e e e ————— e n
9. Type of USFD M/C e e e e e e e
10.Model,Manufacturing Year & M/C NO. & oot e e e e e,
11.Visual condition of electronic unit :Very Go@tlod/Satisfactory/Not satisfactory
12.Visual condition of trolley :Very Good/Goodtsgactory/Not satisfactory
13.Date of calibration of M/C : (to be fillegh from M/C register)
14.Date of sensitivity setting of M/C : (to béed up from M/C register)
15.Date of checking of characteristics : (to ediup from M/C register)
16.Fuction of Controls e e e e e e ————— e
17.Alignment of probes & lifting system PP
(with respect to the center line)
18.Watering arrangement of probes e e e
19. Date of change of last probes e e e s
with probe details
20.Condition of probes:
Types of probe Right hand side Left hand side  ° Z0| 45° 2 | 70° 2
MHz MHz MHz
(Flange (8mm x
testing) 8mm)
Description O | 70F | 70B | 0° | 7C°F | 70B | (Flange (Flange
testing) testing)
Working/Not
working
Condition of shoes

21. i) Watering condition of Battery e e e e e
i) Year of procurement of battery e e e e

22.Condition of Audio Alarm : Sounding/ Not Soumgl

23.Checking spares with the M/C : Available/ Idoailable
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24. Testing knowledge of SE/JE (P.WAY)

i) Criteria for marking defects and e e e ——— e e anas
calibration and sensitivity setting of M/C

ii) Criteria for periodicCity Of USFD teSHNG & ..ottt ettt e e e e e

25.Date of Test check by . () AEN
(ii) Sr. DEN/DEN
26.Test check of Last days work : Date of testing
a) Rail testing :Test checked from Km...... to Km....
Classification of defects confirmed : Yes/No
for all markings(IMR/REM/OBS)
If No, No. of markings not confirmed  : ..., Nos.
Whether any defect found extra (missed : Yes/No
during regular testing)
If Yes, No. of such defects and classification: ...........coooviiiiiiii i Nos.
b) WELD testing :No. of Welds test checked.............. Nos.
Type of welds :SKV/Conventional AT/FB
Whether testing results confirmed for all : Yes/N
If No, No. of the welds differing detected results.........................  Nos.
27. General Observation
()
(L)
QM) e e e,
(V) e,
Signature
Name of Inspecting official.............
Designation ................ Date ................
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ANNEXURE —VI
(Para -13.29

MASTER REGISTER FOR DEFECTS DETECTED AND RAIL FRACT URES

Date | Km | Ref.| Code | Defects in rail | Defects in | Rail fractures other than Rail Remarks
To other than rail originating from bolt hole fractur
FR originating originating es
no. from bolt hole | from Bolt origina
hole ting
from
bolt
hole
IMR OBS Rail Flaw Sudd| Any
with un- en other

detect | detec | fract | causes
-ed ted by | ures | (04)

flaw USFD | (03)
(01) |(02)
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ANNEXURE — VII

(Para - 13.2)

MASTER REGISTER FOR DEFECTS DETECTED AND WELD FRACT URES

No.

Date
Km.

A.T. weld defect

A.T. weld fracture

o

LLCD

o
~88|2|3 |2 £
5 |9 |s |@ | |
o = | O | o |0

Weld
with
detected
flaw
(05)

Flaw
undetect
ed by
USFD
(06)

Sudder
fractures
(07)

Any
other
Cause
s (08)

FBW
fractures

Remark

Note: Entries in column 05 and 06 above shall clearlycat® type of defect such as lack of
fusion, porosities, formation of fin etc
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ANNEXURE-VII

(Para 4.3.1)

INSPECTION OF RAIL TESTER AND WORK OF PWI (USFD)

Name of SE/JE (P.WAY)/USFD, Grade & HQ.

Trained by RDSO during.

Last course attended at RDSO...

MACHINE INSPECTED BY SHRI .......ooviviiiiens
DATE OF INSPECTION.....cciiiii i

1.

MACHINE
)] Make and Sr. No. of the machine
a) SRT(ECIL/VIBRONICS/EEC/Paras/Others)
b) DRT(EEC/PARAS/Others)
i) Month & Year of procurement of machine
iii) Function of controls.
(On/Off, Gain, H. Shift, Depth,
Energy & Reject etc.)
iv) Brightness of the machine.
(Base line and flaw peaks)
V) Working of the junction box.
(All terminals)
vi) Condition of the probe cables
(Connected cables and BNC'’s).
vii)  Condition of probes%)
70°F & B and 762 MHz,
45°2MHz, 702 MHz SLP
(with respect to wear & sensitivity)
viii)  Alignment of probes & lifting system.
(With respect of centre line.)
iX) Condition of shoes of probes (Un-even wear).
Provision of 0.2mm gap.
X) Watering arrangements.
(Proper and adequate supply
to different probes).
Xi) Checking spares with machine

(Wheels-2, Normal probe — 1
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70° F & B-1, 702 MHz-1, 482MHz - 2 &70 2 MHz SLP — 1, probe shoe,

probe holder, battery)
xii)  Working condition of Batteries. (Voltage

and Specific Gravity) & charging system

xiif)  Year of procurement of Battery.
xiv)  Condition of Trolley Wheels.
Xv)  Tools with machine.

xvi)  General up-keep of machine
and trolley

CALIBRATION & SENSITIVITY SETTING OF MACHINE:

)] Availability of IIW Block, multimeter, Standard figpiece

with artificial flaws and Steel block.

1)) Checking of operating characteristics by
[IW Block last done.

iii) Sensitivity setting of machine
last done and gain level employed.

iv) Checking of calibration and sensitivity
setting of machine.

3.QUALITY OF TESTING: Sec.------- To------ LINE(Single/UP/DN.)
Kms/From To------
)] Check of last days/week/month work

(Comparison with last round testing)
by SE/JE (P WAY.)/ (USFD)

i) Checking of IMR/DFWR of Rails/Welds
4. TESTING KNOWLEDGE OF SE/JE (P WAY):
i) Criteria for marking defects and calibration
and sensitivity setting of machine.
ii) Criteria for periodicity of USFD testing.

(As per criteria laid down by Railway Board.)

iii) Policy and latest instructions of USFD.

72

Signature of Inspecting Officer



FIG.1: ARRANGEMENT OF PROBES FOR TESTING
OF NEW RAILS IN STEEL PLANTS
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mm

——20 mm—=— <

NEUTRAL AXIS

FIG. 2A: AREA COVERED BY NORMAL ( 0°) PROBE
(FOR A.T. WELD,AREA BELOW NEUTRAL AXIS REMAINS UNESTED)
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n
O
3
j
e 4 mm

52 mm

\49 mm/

FIG. 2B: AREA COVERED BY 70° PROBE
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—

ngm

\7

! S8mm ! ! o8mm

FIG.2C: AREA COVERED BY 70°, 2 MHz,

(20mm CIRCULAR OR 20mm X 20mm
SQUARE CRYSTAL) PROBE.

(TESTING FOR A.T. WELD FLANGE)
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GAUGE SIDE 'y LIELD SIDE
i

S MM =
/ omm o2 mm

AREA COVERED BY 70° PROBES IN EQUIPMENT
WITH GAUGE FACE CORNER, CENTRE AND
FIELD CORNER PROBES

FIG. 2D: AREA COVERED BY 70° PROBES IN
VARIOUS GAUGE FACE CORNER
DEFECT DETECTION EQUIPMENT
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FIG.21(a): SKETCH SHOWING THE LOCATION
OF FLANGE OF RAIL FOR ULTRASONIC
TESTING WITH 70°, 2 MHz , (20mm
CIRCULAR OR 20mm X 20mm SQUARE
CRYSTAL) ANGLE PROBE
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A.T.WELD

:
.

el
S
fii
e
200" X

A.T.WELD

FIG. 21(b): TESTING OF BOTTOM FLANGE OF A.T.
WELDS USING 70°AND 45°PRO BES
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Fig.22(b): Sensitivity setting using 4%tandem probe
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Fig. 22(c) : AT weld testing using 45%tandem probe

100




490dd .S HLIM XOVdD NOOI 41VH

4O ONILSAL YO SNOILISOd 380¥d €2 ‘I
\@‘
\ V) /
] ]
\ Vo /
| 4 | 4

101



RIS

Smm @ THROUGH HOLE )

T ot

Smm 2

J THROUGH HOLE
<—>‘<—:

250
500

D) )

CALIBRATION AND SENSITIVITY SETTING (USING 45° PRBE)
ON STANDARD RAIL PIECE

DETERMINING FLAW
LOCATION HORIZONTAL

]

SIDE

35

\ |

e

R 7 N -
&ﬁﬂ

SIDE

7XF LAW Nj L LL

DETERMINING FLAW LOCATION VERTICAL

(FOR CRACKS IN RAIL HEAD TOP PORTION)

(FOR CRACKS IN MIDDLE ZONE OF
RAIL HEAD)

(FOR CRACKS TOWARDS BOTTOM OF RAIL
HEAD)

FIG.24 (a): POSITION OF 45° ANGLE PROBES AND BEAMATH
FOR VARIOUS FLAW LOCATIONS WHERXAMINING
THE HEAD OF G.P. & F.B. WELDS

NOTE:- ALL DIMENSIONS ARE IN MILLIMETERS. TESTRANGE 165mmSW
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Smm @ THROUGH HDLE7 g
TREN
Smm @
N.A. = THROUGH HOLE
250 ' 250
500

CALIBRATION AND SENSITIVITY SETTING (USING 70° PROB)
ON STANDARD RAIL PIECE

] ]

WEB OF
RAIL

16 mm

WELD : FREE FROM FLAWS, NO FLAW SIGNAL

[\

88
FLAW AT TOP (PROBE SIDE):FLAW ECHO AT GRADUATION MRK 5.6

) %
! 66.0 !
FLAW IN MIDDLE: FLAW ECHO AT GRADUATION MARK 4.2

|

JW
16 mm

1

- %

\ 44 \
I 1
FLAW AT BOTTOM (OPPOSITE SIDE TO PROBE);FLAW ECHO
AT GRADUATION MARK 2.8

16 mm

FIG.24(b): POSITION OF 70° ANGLE PROBE
& BEAM PATH FOR VARIOUS FLAW

LOCATION WHEN EXAMINING THE
WEB AND FLANGE OF G.P. & F.B. WES

NOTE:- ALL DIMENSIONS ARE IN MILLIMETERS. TEST RANGE:165 mm S
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SNlb PROBE ANGLE BEAM PATH APPLICATION
T R
0° H H 1. LONGITUDINAL
4MHz HORIZONTAL
! DOUBLE DEFECTS IN
A oroer
‘ 2.STAR CRACK IN WEB
( BOLT HOLE)
T+R T+R
70° H H
1. TRANSVERSE
oo P DEFECTS IN
2 AND
BACK WARD(B) RAIL HEAD
2MHz

SINGLE CRYSTAL

PR 1. TRANSVERSE DEFECTS IN
45° HEAD PORTIONS OF F.B. AND
2MHz G.P.WELDED JOINT

3 | SINGLE 2. HALF MOON DEFECTS IN
CRYSTAL A.T.WELDS BELOW
WEB-FOOT JUNCTION
4 >\
o8
70° 2 MHz, (20mm
4 |CIRCULAR OR 1. DEFECTS OF A.T.WELDED
20mm X 20mm JOINTS IN FLANGE LOCATION
SQUARE CRYSTAL) .
SINGLE CRYSTAL %
<&
1. HALF MOON DEFECTS IN
5 | 70° A.T.WELDED JOINTS IN
2 MHz FLANGE LOCATION
SIDE LOOKING BELOW WEB-FOOT

PROBE (SLP)

1,

JUNCTION

FIG. 27 : DETAIL OF PROBES USED FOR
TESTING OF RAIL AND WELDS
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FIG.30: Typical signal pattern of bunch of movingrals for AT
welds
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FIG. 31:100 OR 200 - TRANSVERSE BREAKAGE WITHOU T APPARENT
ORIGIN

FIG. 32 : 123 OR 223 - HEAD, SURFACE CRUSHING OR B ATTERING
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FIG. 33:111 OR 211 - INTERNAL FLAW IN HEAD , TRAN SVERSE BREAKAGE
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FIG.34:112 OR 212 - INTERNAL FLAW IN HEAD , HORIZONTAL CRACK
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113

213

FIG. 35: 113 OR 213 - INTERNAL FLAW IN HEAD , VER TICAL
LONGITUDINAL SPLIT
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FIG. 36 : 1211 OR 2211 - HEAD, SURFACE, SHALLOW SERCE DEFECT (FLAKING)

FIG. 37 : 1221 OR 2221 - HEAD, SURFACE, BREAKING OU T RUNNING SURFACE
(SCABBING)

FIG. 38 : 1222 OR 2222 - HEAD, SURFACE, BREAKING OUT GAUGE CORNER
(SHELLING)
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FIG. 39 : 2251 - HEAD, SURFACE, WHEEL BURN ISOLATED

FIG. 40 : 2252 - HEAD SURFACE, WHEEL BURN REPEATED

FIG. 41 : 153 OR 253 - FOOT VERTICAL LONGITUDINAL SPLIT
(HALF MOON CRACK)
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FIG. 42 : 1321 OR 2321 - WEB , HORIZONTAL CRAC K, AT TOP FILLET RADIUS
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1322 1322

1322

2322 2322

FIG. 43 : 1322 OR 2322 - WEB, HORIZONTAL CRACK AT BOTTOM

FILLET RADIUS
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FIG. 44 : 133 OR 233 - WEB, VERTIVAL LONGITUDINAL SPLITTING (PIPING)
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FIG. 45 :135 OR 235 - WEB , CRACKS AT HOLE

FIG. 46 : 124 OR 224 - HEAD, SURFACE LOCAL BATTER

FIG. 47 : 139 OR 239 - WEB, LAP
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FIG. 48 : 301 - DAMAGE TO RAIL BY BRUSHING OR AR CING

FIG. 49 : 302 -DAMAGE TO RAIL BY BAD MACHINING , D RILLING OR

FLAME CUTTING
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FIG. 50: 411 - WELDING, FLASH BUTT JOINT, TRANSVERSE CRACK

FIG.51: 421 - WELDING, THERMIT JOINT TRANSVERSE CRACK
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FIG. 52 : 422 - WELDING, THERMIT JOINT HORIZONTAL CRACK

FIG. 53 : 431 - WELDING, ELECTRIC ARC JOINT TRANSV ERSE CRACK

FIG.54: 471 - WELDING, BUILDING UP TRANSVERSE CRACKING OF
HEAD ACROSS THE BUILT UP PORTION
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FIG. 55: 472 - WELDING, BUILDING UP, BUILT UP PA RT BREAKS AWAY

FIG. 56 : 481 - WELDING, TRACTION BOND WELDING CRA CK AT WELD
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