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Executive Summary 

Transport for London (“TfL”) conducts Formal Investigations into the most serious incidents that 

occur across its transport network. These investigations are undertaken by trained investigators in 

accordance with approved procedures. The outcomes of these investigations allow TfL to 

understand the cause of any such incident and implement suitable action to prevent reoccurrence. 

 

On 17th October 2019, fractures were identified on the longitudinal beams of the coupling system 

on a Jubilee Line train during a routine B Exam at Stratford Market Depot. The fractures were 

significant enough to warrant immediate escalation and checking of other trains in the depot. When 

it became clear the problem was not limited to one train, the findings were escalated to the LU 

Senior Leadership Team which stood up the LU Major Incident Command Group on the evening of 

17th October in response.  

The Jubilee Line service was withdrawn in a controlled way on the evening of 17th October 2019 and 

criteria were established to categorise the fractures and determine severity.  After trains were 

withdrawn from service, only those trains which had been inspected and deemed fit for service (in 

context of the safety of our customers and workforce) were allowed enter service from 18th October 

2019. 

On 18th October 2019 letters of assurance from the TfL Director of Engineering, Head of Health, 

Safety & Environment LU, and the Director of Asset Operations were circulated, along with the 

submission of a Case for Continued Safe Operation (CCSO) from the TfL Director of Engineering.   

Over the following days and weeks, a more detailed examination was undertaken and ultimately 

identified 58 inner longitudinal beams with fractures on 44 out of 441 cars. Ten of these fractures 

were deemed Category 1 (most severe) and withdrawn from service until repair could be undertaken.  

The interim Formal Investigation Report (FIR) report concluded that the response to the incident was 

measured and proportionate to the safety risks posed. This is evidenced in the interim report 

through comparison of the incident management to proven and established protocols, Engineering 

standards and guidance, application of subject matter expert knowledge, and external review. 

The Jubilee Line 1996 Tube Stock (96TS) was introduced in 1997 and initially made up of two 3-car 

units but designed to accept an additional trailer car to increase capacity. 
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B. Inadequate reassessment of key design changes both in the original design approval and the 

later capacity expansion projects to determine their impact on other critical components 

leading to substantial reductions in the carbody fatigue life. 

A Finite Element Analysis (FEA) enables engineers to predict how components may behave under 

certain conditions.  

In the case of the 96TS, there were design changes between initial concept and manufacture, and 

these changes were not reflected in the FEA leading to it being an inaccurate assessment i.e. the 

FEA produced lower values than reality. Having an inaccurate FEA meant that the areas of highest 

stress were not identified as being of concern, consequently these high stress areas at the coupler 

support bracket interface were omitted from the subsequent carbody strain gauge testing. 

The subsequent projects (addition of the 7th car in particular) did not fully question the impact of the 

changes they were making and worked on the principal that the design has already been proven. 

 

C. Inadequate consideration of manufacturing limitations in the design of critical bolted 

interfaces and failure to control manufacture to the set requirements leading to locked in 

static stress and poor transfer of dynamic loads. 

The initial design did not adequately consider manufacturing limitations or put in adequate controls 

during build; the required flatness at the longitude to coupler support bracket bolt interface was not 

achieved which lead to load transfer from the longitude web as per the design concept to its flange. 

This change resulted in bending of the longitude and redistribution of stress to the rear fixing holes 

and web/flange radii both of which are the main crack initiation points.  
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The Northern Line is maintained by Alstom and they are carrying out their own investigations. The 

outputs of the FIR, engineering investigations and Alstom investigations will be shared to ensure 

lessons learned are incorporated into future rolling stock designs (Recommendation 5). 
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1.0 Preface 

The purpose of the Formal Investigation is to determine the causes of the incident and to identify 

any measures necessary to prevent a reoccurrence. The investigation is not to establish blame or 

liability. 

The FIR has investigated the incident response to the Jubilee Line longitudinal beam fractures and 

the reasons for the fractures.  

 

Recommendations within this report include engineering recommendations following detailed root 

cause analysis, along with recommendations from the interim report.  

 

2.0 Interim Report 

An interim report into this incident was published on 16th December 2019. The interim report 

included 

 Terms of Reference 

 A summary of the incident 

 A history of the design and purchase of the Jubilee line trains 

 Details on the FIR Panel and others who were consulted/involved in the investigation 

 An Interim Engineering report into the understanding of the root cause as of 16th December 

 
 

3.0 Final FIR 

One of the recommendations in the interim report was to carry out a detailed engineering 

investigation into the root cause. The Engineering investigation has been published (Appendix 2) 

 
To understand the full detail of the investigation, three documents need to be considered 

 This summary report 

 Appendix 1: Interim report 

 Engineering report published in July 2020: Appendix 2 
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4.0 Root Cause 

The FIR concludes that there are two root causes: 

 

1. There were failings within the initial design  

 

2. Misconceptions and assumptions were made about the quality and 

robustness of the initial design which meant that risks associated with 

subsequent modification were not identified or fully understood 

 

TfL engineering identifies the detail within these root causes: 

 

A. Inadequate consideration of loadcase requirements to demonstrate “fitness for purpose” 

above those specified as a minimum by the customer in both the original build and the later 

capacity expansion projects resulting in a product with a short fatigue life. 

B. Inadequate reassessment of key design changes both in the original design approval and the 

later capacity expansion projects to determine their impact on other critical components 

leading to substantial reductions in the carbody fatigue life. 

C. Inadequate consideration of manufacturing limitations in the design of critical bolted 

interfaces and failure to control manufacture to the set requirements leading to locked in 

static stress and poor transfer of dynamic loads. 

 

Note: all TfL engineering findings have been independently reviewed by SNC Lavalin specialists. 

 

5.0 Causal Factors 

TfL Engineering have further identified the following causal factors: 

 

Causal Factor 1- No Structural Assessment of intercar coupler forces on the carbody completed 

by the train manufacturer 

 

The loadcases used to validate the original L14 vehicles design were taken directly from the 

mandatory minimum requirements within the specification and the wider implications of the 
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vehicle’s formation with respect in service coupler loadings was not considered within the 

assessment. 

While there was no specific requirement within the specification to complete an assessment of an 

intercar coupler fatigue loadcase for the carbody, there was a requirement for the contractor to 

identify and assess loadcases that would be necessary to demonstrate the vehicles design is fit for 

purpose. 

This omission critically resulted in no structural assessment of the carbody with regard to in service 

loading resulting from accelerating and breaking the mass of the trailer cars and their passengers 

transferred through the couplers. 

 

Causal Factor 2 – The structural assessment by FEA and static carbody testing had variations to 

the final design as well as testing omissions which resulted in the underlying structural design 

weakness not being identified. 

The Carbody proof loadcases due to intercar coupler forces were derived from the specification 

requirements for a light collision  

 

 

 

 

The construction of the carbody FEA with relation to coupler geometry and positioning does not 

represent the final design and is considered to be unconservative. Under the applied proof coupler 

loadcase stress concentrations were identified in the FEA around the bracket to longitude interface 

and at the connection of the longitude to the tertiary headstock both positions were some cracks 

have formed. 

During the carbody static testing the opportunity to further investigate the longitude stresses at the 

coupler interface was missed as no strain gauges were fitted at this location, additionally high test 

results at the weld between the longitude and tertiary headstock which demonstrated a weld HAZ 

fail under proof loadings was not identified (corroborated by recent in service testing) and potential 

concerns around the design missed. 
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Causal Factor 3 – Failure to reassess the impact of changes to the design  

 

 

 

 

  

 

 

 

 

 

Causal Factor 4 - Inadequate consideration of manufacturing limitations  

 failure to control manufacture to the set requirements  

 

The positioning of the coupler support bracket across the headstock / longitude weld is considered a 

significant risk in maintaining a flat interface due to likely deformation of the both the headstock and 

longitude when welding,  

 

 

 

 

 

The forces at either end of a coupler will be the same and therefore the same fatigue damage should 

accumulate on each intermediate end. From this it would be expected that the L14 manufactured 

cars would have slightly higher level of cracks than the new L17 cars, however this is not the case at 

either end of the special trailer car or for the 4 additional trains. While the reason has not been fully 

established there are concerns that the later L17 cars have not been built to the same manufacturing 

standards as the earlier L14 car which has further reduced their fatigue life. 

 

 

 



Causal Factor 5 – No further consideration of the increase in intercar coupler forces was made on 

the coupler or carbody structure as part of either the L17 (introduction of the Special trailer) or 

L19 (Introduction of ATO) capacity expansion projects.  

The requirement for both a 6 and 7 car train options was present within the original L14 specification 

and initial designs were progressed to cover both arrangements. With respect to the coupler 

loadcases this resulted in the crashworthiness calculations being completed for the more onerous 7 

car arrangement. 

Within the Alstom submissions to support the approval of the additional L17 cars and introduction 

of ATO (L19) it is clear that there was a general assumption that the coupler system had been 

designed for a 7-car formation. This is correct with respect to crashworthiness, however as 

previously discussed at no point was a fatigue assessment of the coupler in-service loads 

considered in either the six or seven car formations. 

Both the L17 and L19 projects’ acceptance was based upon demonstrating any variances to the 

original L14 approval were acceptable. As a fatigue assessment due to the in-service intercar coupler 

forces was not an original requirement there was no variance and no fatigue assessments were made 

even though both projects’ changes had a negative impact on the coupler forces, particularly the 

introduction of the special trailer car. 

Coupler forces and carbody longitude fatigue life 

The impact of the introduction of the special trailer car and  ATO can be shown with theoretical 

calculation of the forces at intercar positions for the L14, L17 and L19 arrangements below, (all 

driving cars motored, tare condition), 95TS is added for reference. 

6 car 7car 

Dates 
~1998 to ~2006 to ~2012 - 

Stock / Project (95TS) (96TS) L14 (96TS) L17 (96TS) L19 

Acceleration (m/s2) 
1.3 1.12 0.98 1.2 

Maximum Force kN 15.47 13.328 27.02 33.09 
Coupler location UNDM / T UNDM / T UNDM / SpT UNDM / SpT 
% increase - - 103% 22% 

As can be seen the introduction of the special trailer car (reducing one unit to only 50% 

motored) had the most significant effect, more than doubling forces even with a reduction in 

the rate of acceleration. The forces are further increased by up to 22% on the L19 project with 

the increase in 
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the rate of acceleration i.e. approximately 2.5 times higher than those associated with the original 

6 car formation. The relationship between load range and stress range is linear but the 

relationship between fatigue life and load or stress range is not. A doubling of load range will 

reduce fatigue life by a factor of at least 8. 

Additionally, when motor cars accelerate through section gaps power is lost and they no 

longer provide traction to the train, this results in a further increase in coupler forces as the 

remaining motor cars compensate. While this occurs with both six and seven car formations, 

the additional mass of the special trailer car increases the peak coupler force to around 90kN 

at the UNDM / Special trailer coupler under the 2019 service conditions. 

To determine the impact of these changes on the life of the carbody longitude, fatigue 

life assessments were completed at a number of intercar positions as well as deriving likely 

values for other formation and cracked locations. 

As the relationship between stress and fatigue damage is not linear these increases in coupler 

forces due to the introduction of the special trailer (and to a lesser extent with the introduction 

of ATO) have a disproportionate impact on fatigue life and the introduction of these capacity 

increase project on the 96TS fleet is the main reason why widespread cracks are being found on the 

Jubilee Line and not the Northern Line at this time. 

A total of 6 in service strain gauge tests were completed as part of this investigation in a number 

of different scenarios, such as through peak service, out of service, manually driven and on a 

Northern Line vehicle. 

While there are a significant number of variables that can affect fatigue life in this arrangement 

such as inter-car position and build quality it is considered that the Special trailer (D end) under 

2019 service duty has a fatigue life in the region of 2.25 years (meaning 2.3% of the population 

would initiate cracks in this time although they may not be detectable under the current 

inspection process) according to the fatigue analysis methodology provided in BS 8118 

“Structural use of Aluminium”. 

An out of service strain gauge test was completed at the UNDM / Trailer position on the 

Northern Line which had a calculated fatigue life of 11 years. While there are a number of 

differences between the fleets which would impact fatigue life it is considered likely that the 

original 96TS in its original six car formation would have a similar magnitude fatigue life (under the 

current 2019 service duty) and would not have achieved the L14 specification 36 year minimum 

requirement. 
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17.5 Engineering investigation action tracker 

FIR Question Category Difficulty Report Report Delivery 

Date 

Evidence 

32a Has there been any modifications near to the 

cracks that could have induced them/ 

Historical 

Information 

1. Short Changes impacting buff 

and draw loading 
24/01/2020 

Past CRS's; modifications to drawgear/coupling 

32b What changes have occurred to cause the 

cracks to form? 

Line Testing 2. Medium Test Report - Analysis 

24/01/2020 

Determine Loadings across units and at what 

vehicle activity causes peak loads 

33 Where is the documentation from 2012 (in 

Xanta report)? Why was it not investigated 

when it was picked up? 

Bolt Failure data 2. Medium Bolt Failure Report 

Complete 

Over Torqueing of Bolts, calculations and CCSO 

Actions with poor requirements 

34 Were there any unusual circumstances such as 

vibration, juddering trains? 

Line Testing 2. Medium Test Report - Analysis 

24/01/2020 

Determine Loadings across units and at what 

vehicle activity causes peak loads 

35 Is it because of the rough ride (track)? Line Testing 2. Medium Test Report - Analysis 

24/01/2020 

Determine Loadings across units and at what 

vehicle activity causes peak loads 

36 Were the welds NDT post construction? Manufacture 2. Medium Train Manufacture Report 

Complete 

Alstom design specification / Documentation 

and measured train data 

37 Why were the failures not distributed across the 

fleet?  

Line testing 2. Medium Fatigue Life Report 

Complete 

Demonstrate the loading variance and associated 

fatigue life across units 

38 Why did 3 of the first 4 trains have fractures, 

but only 8/9 of the entire stock? The first 

inspections had a much higher failure rate. 

(added from question 37) 

General Questions 1. Short General Report 1 

Complete 

Probability of inspection 

39 Why has it taken so long to crack? Line testing 2. Medium Fatigue Life Report 
Complete 

Demonstrate fatigue life across units 

40 How fast will the cracks propagate? Crack Data 2. Medium Crack Data Analysis 

Report 
Complete 

Determine Crack Growth rates from crack data 

across different categories 

41 How long did the fracture exist before it was 

picked up? 

Line Testing 2. Medium Fatigue Life Report 

Complete 

Demonstrate fatigue life across units 

42 Have tests proved the reason for the crack 

theory? 

Line Testing 2. Medium Fatigue Life Report 

Complete 

Demonstrate fatigue life across units 
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43 Is ATO a factor? Line testing 2. Medium Test Report - Analysis 

24/01/2020 

Determine Loadings across units and at what 

vehicle activity causes peak loads 

44 Does the cyclic nature of ATO (especially in the 

early days) impact on this? 

Historical 

Information 

2. Medium Changes impacting buff 

and draw loading 

24/01/2020 

Identify historical evidence of previous issues 

that occurred in early introduction of the ATO 

system 

45 Was there any testing for stresses/strain in ATO 

– at speed, full loading, poor track? 

Line testing 2. Medium Test Report - Analysis 

24/01/2020 

Determine Loadings across units and at what 

vehicle activity causes peak loads 

46 Why was the issue not identified at design? Train design 1. Short Original design report 

Complete 

Standard requirements - Joe email assessment 

of work done plus any additional findings 

47 Is the design proved (when compared to other 

fleets/trains)/How does the design compare to 

other similar train/coupling types? 

Train design 2. Medium Original design report 

24/01/2020 

Design comparison with other stocks 

48 Are the designs in this area the same on all car 

types? If not, why the difference? 

Train design 1. Short Original design report 

Complete 

Design the same across cars 

49 Who designed the beam? Who 

approved/accepted it in LU? What standard 

applied? 

Train design 1. Short Original design report 

Complete 

Standard requirements - Joe email assessment 

of work done plus any additional findings 

50 What properties of the metal contribute? Line testing 1. Short Fatigue Life Report 

Complete 

Demonstrate fatigue life across units and show 

the fatigue life / class of different features. 

51 What does the original FEA for longitude show? Train design 2. Medium Original design report 

Complete 

proof load case in FEA, static - was a fatigue 

assessment completed as part of line testing 

52 Is the extra car a strain on drawgear/coupling 

plate compared to original six car train when 

accelerating/braking? 

Line testing 2. Medium Test Report - Analysis 

24/01/2020 

Determine Loadings across units and at what 

vehicle activity causes peak loads 

53 What is the effect of galvanic corrosion and 

could this be a factor? 

General Questions 1. Short General Report 1 

Complete 

Evidence of corrosion or adverse chemicals 

environment 

54 Could temperature extremes in weather be a 

factor? 

General Questions 1. Short General Report 1 

Complete 

Evidence of adverse thermal environment 

55 Why was it not reacted by fastenings at the 

other end? (Xanta report) 

Train design 1. Short Original design report 

Complete 

Alstom design specification; assurance 

documents 
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56 Why does the original design not represent 

good practice? (Xanta report) 

Train design 1. Short Original design report 

Complete 

rapid changes in stiffness over short distances in 

the locality of the fractures exacerbated by the 

use of steel and aluminium 

57 Is there a risk of drawgear detaching from the 

train partially/fully? 

Assurance 1. Short   

24/01/2020 

CCSO failure - mitigations in place to reduce the 

risk 

58 What was the design assurance? Assurance 2. Medium   
Complete 

  

59 Impact of failed bearings on loadings and 

stresses? 

Ampep Data 1. Short Ampep Bearing Report 

Complete 

AMPEP bearing data; analysis 

60 Does the way this train brakes have an impact? Line Testing 2. Medium Test Report - Analysis 

24/01/2020 

Determine Loadings across units and at what 

vehicle activity causes peak loads 

61 Why more cracks on some units? Line Testing 1. Short Fatigue Life Report 

Complete 

Demonstrate the loading variance and associated 

fatigue life across units 

62 Why did the beam fracture? Line Testing 1. Short Fatigue Life Report 

Complete 

Demonstrate the loading variance and associated 

fatigue life across units 

63 Is it because of the concrete block? I.e. does 

the load affect this design? 

Line Testing 2. Medium Original design report 

Complete 

Ballast on special trailers % of additional mass 

compared to total car mass plus crush 

64 Particular cars with fractures - Is it because they 

were built with different metals? 

Train design 2. Medium Original design report 

Complete 

This is root cause but it ties in Q. 61 

65 Has passenger/mileage increase been a 

factor/did the increase in train km have any 

impact on fracture? (How many km does the 

Jubilee run now compared to 1997?)/Was the 

96RS designed for current levels of use? 

Historical 

Information 

1. Short Impact of timetable 

increases 

Complete 

Kilometerage data - timetable comparison; 

Alstom design specification 

66 Did the materials used all come from the same 

supplier? 

Train design 2. Medium Original design report 

Complete 

Material specs from build and N17 

67 Have the drawgear modifications been reviewed 

as recommended in initial report? 

Historical 

Information 

2. Medium Changes impacting buff 

and draw loading 

24/01/2020 

Identify historical evidence of previous issues 

that occurred before mod - AOS-E-RS-Int-I040-

TR_16-No-913-A1 section 3.3 

68 Were the 7th car and existing stock built to the 

same spec? 

Train design 2. Medium Original design report 

Complete 

Alstom design specification; assurance 

documents 
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69 Do we have any evidence on the history of 

drawgear failures? 

Historical 

Information 

2. Medium Changes impacting buff 

and draw loading 
24/01/2020 

Identify historical evidence of previous issues  

70 Why wasn’t the service stopped when structural 

faults were found? 

Assurance 1. Short   

Complete 

  

71 At what point do the cracks mean it is unsafe to 

run?/ what is safe to run in service? 

Line testing 2. Medium Fatigue Life Report 

Complete 

Demonstrate fatigue life across units 

72 Was it safe to run the Jubilee line on 17th 

October at 1800, 2100, 2300? I.e. What was the 

review and reassessment process? 

Assurance 1. Short   

Complete 

  

73 How was the decision made on which trains 

should be pulled from service? 

Line Testing 2. Medium Fatigue Life Report 

Complete 

CAT 1 - CAT 4 category criteria 

74 What could have been the potential 

consequences e.g. derailment risk? 

Assurance 1. Short   

Complete 

  

75 Who provides the assurance it is safe to run 

trains? 

Assurance 1. Short   

Complete 

  

76 Were the categories correct? Line testing 2. Medium Fatigue Life Report 

Complete 

Demonstrate fatigue life to for propagation rate 

to justify categories given 

77 Is the Northern Line safe to run? What is the 

status of northern line fractures? Has NDT been 

carried out in this area? 

Assurance 1. Short   

Complete 

  

78 Do we need to check other fleets?/Does this 

affect other LU rolling stock? 

Historical 

Information 

2. Medium Review of assemblies on 

other Fleets 24/01/2020 

Provide details of other designs and issues that 

have occurred and what solutions have been put 

in place 

79 Which process are we following? Assurance 1. Short   
Complete 

  

80 Has this happened before on LU rolling stock or 

other rolling stock? 

Historical 

Information 

1. Short Review of assemblies on 

other Fleets 24/01/2020 

Provide details of other designs and issues that 

have occurred and what solutions have been put 

in place 

81 Possible similar failure on circle line – what did 

we learn? Who did we pass on information to? 

Historical 

Information 

1. Short Review of assemblies on 

other Fleets 24/01/2020 

Provide details of other designs and issues that 

have occurred and what solutions have been put 

in place 
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82 How do we know the competence of the 

people dealing with the incident? W0165 

delegation of technical authority 

Assurance 1. Short   

Complete 

  

83 Is wheel turning the carriage wheels a factor? General Questions 1. Short General Report 1 
Complete 

Effect of small and big wheels 

84 What is the monitoring and assurance for 

Ampep bearing failures? 

Ampep Data 1. Short Ampep Bearing Report 

Complete 

AMPEP bearing data; analysis 

85 What was the assurance process? Assurance     
Complete 

  

86 What is the assurance process across LU fleet – 

how can we be sure it is safe to run trains? 

Assurance     

Complete 

  

87 What is the summary of decision making over 

the first week? 

Assurance     

Complete 

  

88 What is the current understanding of root cause 

from a mechanical perspective? 

Assurance     

Complete 

  

E1 How the decision was reached to change 

category 2 trains from run for 3 days to stop. 

Bolt Failure data 1. Short Bolt Failure Report 

Complete 

CAT 1 - CAT 4 category criteria; changed about 

20th October 

E2 What are the details of the bolt failures Bolt Failure data 2. Medium Bolt Failure Report 
Complete 

Details of the bolt failure 

E3 What assessments were made for this location 

for the introduction of the 7th Car 

Historical 

Information 

2. Medium Changes impacting buff 

and draw loading 
24/01/2020 

Determine what analysis was undertaken  

E4 What assessments were made for this location 

for the introduction of ATO 

Historical 

Information 

2. Medium Changes impacting buff 

and draw loading 
24/01/2020 

  

E5 What was the impact of bolt over torque of 

fixings 

Bolt over torque 1. Short Bolt Failure Report 

Complete 

Review of the CCSO actions and impact of 

decisions made 

E6 Why does the vehicle latch? Latching 2. Medium Latching Report 
24/01/2020 

  

E7 What effect does latching have on the fatigue 

life of the longitude? 

Latching 2. Medium Latching Report 

24/01/2020 

  

E8 What is the effect of the as-built flatness 

tolerance exceeding 0.5mm specified? 

Manufacture 1. Short Train Manufacture Report 

Complete 
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17.6 Example of the daily flash report summary 

 

TS - Longitudinal fatigue crack - Cumulative flash report 03/12/19

Today Target RAG Percentage of 

14/11/2019

Repair Progress

Category B Repair

(Cat 1)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Category A Repair

(Cat 2)
2 2 2 2 2 2 2 2 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 2

Service Provision

Number of units available without 

category 1 or 2 defects
115 115 115 115 N/A N/A 117 117 114 114 115 115 115 115 115 104 104 115 115 115 115 117 117 126 N/A 91.3%

Trains offered for service 49 -3 52 48 49 40 37 49 50 51 47 47 43 36 50 48 49 50 49 39 40 50 48 48 58 84.5%

Defect Status

Category 1 units 7 7 7 7 - - 6 6 8 8 9 9 9 9 9 9 9 8 9 9 9 8 8 0 N/A 5.6%

Category 2 units 4 4 4 4 - - 3 3 4 4 2 2 2 2 2 2 2 3 2 2 2 1 1 0 N/A 3.2%

Category 3 units 7 7 7 7 - - 6 6 6 6 6 5 5 5 5 4 3 3 1 1 1 0 0 0 N/A 5.6%

Category 4 units 20 20 20 22 - - 20 20 19 18 18 16 16 16 16 15 14 14 14 14 13 10 10 0 N/A 15.9%

NDT status

NDT actual (cumulative) 109 109 107 105 104 104 102 98 97 94 89 85 85 81 75 75 68 62 56 50 40 - - 153 86.5%

Clean Units Post NDT (Fracture Free) 79 79 77 75 - - 73 69 67 63 60 57 57 57 54 48 45 - - - - - - 126 62.7%

Units remaining to NDT 17 17 19 21 22 22 24 28 29 32 37 41 41 45 51 51 58 64 70 76 86 - - -27 13.5%

D 24hPerformance Indicator 11/11/2019 10/11/2019 09/11/2019 08/11/2019 07/11/201912/11/201913/11/2019 06/11/2019 05/11/2019 04/11/2019 03/11/2019 02/11/2019 01/11/2019 26/10/2019 25/10/2019 24/10/2019 23/10/201931/10/2019 30/10/2019 29/10/2019 28/10/2019 27/10/2019

 
 

 

 

 

 




































































