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past failures 
 

HSE has identified inconsistencies in the application and supervision of welding of safety-

critical metallic components. Such shortcomings have led to failures with high 

consequences such as fatalities. A study was carried out to identify common causes of 

these and to highlight priority areas for improvement of weld quality in industry. 

Cases were assessed from within HSE’s historical investigations and from those provided 

by external organisations. Forty-seven individual incidents in which the weld quality was a 

contributory factor were identified. These were reviewed against a range of causal types. 

Root cause and frequency (Pareto) analyses were then carried out to identify the primary 

contributory factors. Case studies were developed to illustrate key findings and a visual set 

of examples of welding defects compiled. 

The most common failure modes identified were fatigue and ductile or brittle failure due to 

overload of the welds. In 49% of cases the result was complete collapse of the structure, 

21% of the incidents led to injuries and 11% led to one or more fatalities. Crack-like or 

volumetric flaws in weldments and poor or undersized weld geometry were the commonest 

weld quality deficiencies. The most prevalent causes were inadequate welder supervision, 

insufficient percentage coverage of inspection and joints not designed for ease of 

fabrication. Priority areas to improve welding outcomes have been identified. HSE will use 

the findings to support their regulatory activity. 
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Abbreviations 

CE  Carbon equivalent; see also CEV 

CEV  Carbon equivalent value 

CGHAZ Coarse-grained heat-affected zone; see also HAZ 

CHP  Combined heat and power 

CP  Competent person 

CRA  Corrosion-resistant alloy 

DP  Drilling platform 

DPI  Dye penetrant inspection 

DPSO  Drilling, production, storage, and offloading unit 

ED  Energy Division in HSE 

FPF  Floating production facility 

FPSO  Floating production, storage, and offloading unit 

GMAW Gas metal arc welding 

GSFCAW Gas shielded flux-cored arc welding 

GTAW Gas tungsten arc welding 

HAZ  Heat-affected zone 

HSE  The Health and Safety Executive 

ITP  Inspection and test plan 

LMAC  Liquid metal assisted cracking 

LME  Liquid metal embrittlement 

LNG  Liquefied natural gas 

MEWP Mobile elevating work platform 

MPI  Magnetic particle inspection 

NDT  Non-destructive testing 
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NFI  Not for investigation 

POD  Probability of detection 

PQR  Procedure qualification record; see also WPQR 

PWHT  Post-weld heat treatment 

QA  Quality assurance 

QC  Quality control 

SCC  Stress corrosion cracking 

SD  Science Division in HSE 

SPVD  Simple Pressure Vessels Directive 

TCP  Thermal corner protection 

TIG  Tungsten inert gas 

UT  Ultrasonic testing 

WPAR Welding procedure approval record 

WPQR Welding procedure qualification record 

WPS  Welding procedure specification 
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Key Messages 

HSE has identified inconsistencies within the offshore industry in the application and 

supervision of welding of safety-critical components which has led to safety concerns. 

Such shortcomings have led to high consequence failures, including fatalities. A study to 

assess the reasons for this, and to understand the underlying data, was initiated in 

response. The study focussed on key features of welding-related incidents investigated by 

HSE over the past fifteen years. It was expanded to include other high-hazard industries 

and external examples in order to enlarge the dataset and to share lessons across 

sectors. 

Forty-seven individual incident investigations in which the weld quality was a contributory 

cause were identified. These were reviewed against a range of seven primary causes and 

30 sub-causes within these, which together covered the full welding cycle from initial 

design to final inspection. Root cause analysis was then carried out to identify the primary 

contributory factors. 

The most common failure modes identified were fatigue of the welded joint and either 

ductile or brittle failure due to overload of the welds. In 49% of cases, the result was 

complete collapse of the structure, while 21% of the incidents led to injuries and 11% led 

to one or more fatalities. 

The two most prevalent quality-related root causes were crack-like or volumetric flaws 

(49%) and poor weld geometry/sub-sized welds (45% of cases). Excluding the 

aforementioned ‘weld quality’ related causes, the highest-ranking root causes were:  

• Supervision and acceptance: No or inadequate welder supervision – 26% of cases 

• Inspection: Insufficient percentage coverage of inspection – 26% of cases 

• Design: Joint not designed for ease of fabrication – 23% of cases 

• Design: Joint fit-up sub-optimal – 21% of cases 

• Process: Incorrect application/awareness of welding parameters – 21% of cases 

As several causes can contribute to each failure, the sum of the above percentages is 

greater than 100%. Frequency analysis indicated that overall, 50% of all identified issues 

across the 47 incidents were attributable to the above five causes. 

The above evidence demonstrates where shortcomings across the many stages of 

welding have contributed to in-service failures of varying severity of consequence. Priority 

areas of focus to assist industry to improve the overall outcome of welding are indicated by 

these analyses.  HSE will use the findings to support their regulatory activity. 
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Executive Summary 

Background 

HSE’s Energy Division identified inconsistencies within the offshore industry in the 

application and supervision of welding of safety-critical components. Many individual 

aspects of the welding process can have a significant impact on the final integrity of a weld 

and its long-term performance in a structure. When combined, such shortcomings can 

result in high-consequence failures, such as fatalities or collapse of the structure. 

In many incidents, poor weld quality was identified as a contributor to the failure. A study to 

assess the reasons for this and to understand the underlying data was initiated in 

response to this concern. Although the initial request for this work came from the HSE’s 

Energy Division, the scope was expanded to include onshore sectors in which welding 

plays a safety-critical role. This larger data set covers the period between 2005 and 2021 

and provides a more robust basis for technical analysis and valuable lessons can be 

drawn from incidents in safety-critical applications in the other high-hazard industries. Rail, 

shipping and nuclear sectors were excluded as these are outside the remit of HSE. 

Objectives 

The objectives of the work were to: 

• Review incidents where poor welding had been identified as a contributory cause, 

focussing on the last 17 years (2005-2021) 

• Develop an understanding of how the incidents arose, identify common causes of 

failures and highlight weaknesses in procedures 

• Carry out a technical root cause analysis and quantify the data according to the 

most frequent contributing factors 

Approach 

Data mining of HSE incident cases was first carried out across predominantly high hazard 

industries to obtain a library of relevant incident investigation reports in which welding was 

identified as a potential cause. 39 individual HSE incident investigations were identified. A 

further 8 examples were contributed by external organisations. Seven primary cause 

categories were then defined across the full welding process cycle, with 3 to 5 sub-causes 

within each. Root cause analysis was then carried out to identify primary contributory 

factors. Several case studies were developed to present some of the key findings in more 

detail and a visual set of examples of welding defects was created. 
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Findings 

The 47 incidents evaluated covered a range of industrial sectors, with the four largest 

specific groups being ‘oil and gas’ (on- and off-shore), ‘lifting and cranes,’ ‘mobile 

structures,’ and ‘chemical processing.’ Smaller data sets covered the sectors of buildings, 

ports and harbour, and power generation. The incident data set covered five categories of 

materials, with carbon steels present in 60% of the cases. 13% of cases related to alloy 

steels, 13% of cases related to stainless steels, and the remainder of cases were split 

between nickel alloys, aluminium alloys, and cases where the material was not reported. 

The most common failure modes identified were fatigue and ductile or brittle failure due to 

overload of the welds. Overloads occurred both due to welds being undersized or due to 

errors in defining loading paths and load magnitude. In 49% of cases, the result was 

complete collapse of the structure, with associated potential high consequence. 21% of the 

incidents led to injuries and 11% led to one or more fatalities. 

The three highest ranking primary causes were ‘quality’, ‘design’, and ‘training and 

knowledge’. The vast majority (74%) of investigations revealed that weld quality was a 

primary cause. This fact is perhaps not surprising, but the underlying data provide more 

understanding when each primary cause was subsequently divided into specific sub-

causes. The least likely primary cause was material choice (15%), including incorrect 

welding consumable and unsuitable base material. 

In most cases, there were several contributory sub-causes to each failure. As a result, 

each sub-cause is not mutually exclusive, and their percentages sum up to greater than 

the 100%. The most frequent individual sub-causes were: 

• A: Quality: Crack-like or volumetric flaws in weldment – 49% of the 47 cases 

• B: Quality: Poor weld geometry or size below that required – 45% 

• C: Supervision and acceptance: No or inadequate welder supervision- 26% 

• D: Inspection: Insufficient percentage coverage of inspection – 26% 

• E: Design: Joint not designed for ease of fabrication – 23% 

• F: Design: Joint fit-up sub-optimal – 21% of cases 

• G: Process: Incorrect application/awareness of welding parameters – 21% of cases 

A Pareto analysis was also carried out in which the overall ‘quality’ sub-causes (A and B 

above) were excluded, being features of the weld itself. In this case, the five sub-causes of 

C to G listed above accounted for 50% of all occurrences. In contrast, a further 17 sub-

causes accounted for the remaining 50% of occurrences. 

Conclusions 

Key lessons learnt from the case studies within this analysis in four key areas are: 

• On planning and quality assurance 
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• Checks and systems should be in place to ensure communication of key design and 

fabrication information. Even minor/temporary welds must follow the WPS (Welding 

Procedure Specification) 

• Safety critical repair welds should be supervised and inspected by a qualified 

welding inspector and given the same level of scrutiny as the original fabrication 

• Weld modifications made at the installation stage, such as those for final set-up, 

should be subject to the same design and quality scrutiny as the original design 

• On the criticality of welds 

• The purpose, criticality, and potential failure modes of a weld should be identified 

based on a structure’s purpose and environment 

• Communication of weld criticality to all parties involved in fabrication and inspection 

is key, as is all personnel being aware of which welds are safety critical 

• Quality levels for joint geometry should be defined to ensure that the weld geometry 

is suitable for the required application, such as fatigue loading 

• On the execution of welding 

• Supervision of all stages of the welding process is critical to the integrity of the final 

fabrication 

• Specified weld geometries and key dimensional criteria should be followed and 

reporting of deviations encouraged. Non-compliances at all stages should be raised 

and acted on where necessary 

• Sufficient training and knowledge are necessary for the material being welded, 

along with procedure documentation (PQR (Procedure Qualification Record) and 

WPS). Precautions should be taken when welding highly alloyed steels to avoid 

hydrogen cracking 

• On inspection 

• Inspection of workmanship should follow the appropriate code and should be 

carried out by a person independent from the fabrication process 

• Application of appropriate percentage weld coverage for NDT (Non-Destructive 

Testing) is critical. Inspection of an insufficient proportion of welds, or of welds that 

were the least difficult in the structure to manufacture and therefore least likely to 

contain flaws, can lead to erroneous conclusions on the fitness-for-service. 

• When focusing on specific locations using more complex techniques, such as 

radiography of welded tees, care should be taken not to neglect other areas of the 

structure using simpler methods such as visual inspection 

The above evidence demonstrates where shortcomings across the many stages of 

welding have contributed to in-service failures of varying severity of consequence. The 

data analysis in this report identifies the primary contributory causes to poor welding and 

their consequences. Priority areas of focus to assist industry to improve the overall 

outcome of welding are indicated by these analyses. 
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1 Introduction 

1.1 Background 

The offshore industry has been found to be inconsistent in the application and supervision 

of welding of safety-critical components. A number of recent incident investigations have 

identified that poor quality welding has been the root cause of the failures, some leading to 

consequences such as fatality or structural collapse. Some dutyholders have been unable 

to demonstrate that correct procedures have been followed or that the welding process 

had been supervised in accordance with recognised standards, such as BS EN ISO 3834. 

A range of issues may be interlinked and may apply at different stages of the welding 

process. The qualifications of personnel and the development of welding procedures and 

subsequent adherence to them are critical factors related to quality management.  The 

design of joints, selection of consumables, weld sequencing and inspection are also key 

stages of the welding process. All aspects individually can have a significant impact on the 

final integrity of a weld and its long-term performance in a structure. In combination, such 

shortcomings can cause high consequence failures. 

HSE Energy Division (ED) had observed a significant gap within dutyholders in terms of 

control of welding processes, meaning that appropriate fabrication quality for the end use 

is not always ensured. There is also a lack of available guidance to aid dutyholder 

compliance or regulatory decision making. With this in mind, this project was aimed at 

reviewing past incidents where poor welding has been identified as a significant 

contributory factor. The aim of the work was to develop an understanding of the range of 

issues, to identify common causes and to illustrate some of the key lessons learnt from 

past incidents. 

The initial driver for this work was identified by ED within the context of the offshore oil and 

gas sector. The scope subsequently developed to include a range of sectors such as 

onshore oil and gas, ports and harbour, lifting equipment, buildings and manufacturing 

industries. This was deemed appropriate since the datasets within ED which had the 

required level of detail for the necessary analysis were relatively limited and it was found 

that valuable lessons-learnt could be drawn from incidents within other sectors. Most of the 

cases assessed were taken from within HSE’s datasets, with a smaller number of cases 

being provided by plant/facility operators and from within industrial membership 

organisations. 

1.2 Scope 

The first phase of the work was limited to those incidents evaluated within HSE only, 

where a lack of due diligence in welding and fabrication was identified as a significant 

contributory factor. Incident investigations carried out by HSE ED, either independently or 

in conjunction with other parties, were included in the dataset. Some external reports have 
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also been included where these were commissioned by a division of HSE for the purpose 

of an incident investigation. This comprised 39 individual investigations, the majority of 

which occurred over the last 15 years. 

In a second phase, dutyholders (plant and facility operators) and external organisations 

were contacted regarding the contribution of further suitable case studies. This source 

provided several anonymised case studies of which 8 were of sufficient detail to be 

included in the overall data set. The combined phase 1 and 2 datasets therefore included 

47 separate cases in which deficiencies in welding played a key role. 

All stages of the welding process were considered when reviewing the reports that detailed 

the incident investigations. These included planning, preparation, welding, inspection, 

corrections/repair, quality assurance, resultant weld quality and consequence of the 

observed deficiencies in quality. 

The final selected incident collection covered investigations from the following sectors: 

• offshore oil and gas 

• onshore gas 

• building construction 

• ports and harbour 

• lifting and cranes 

• mobile installations 

• power generation 

• chemical processing 

• other manufacturing industry 

• other category 

As the focus was on major hazard industries, particularly offshore and process industries, 

those industries where the use of qualified welding personnel is not the norm, were 

excluded from the dataset; examples being farm machinery, automotive repair, fairground 

and leisure. 

1.3 Objectives 

The objectives of the work were to: 

• Review incidents within HSE’s datasets where poor welding has been identified as 

a contributory cause 

• Include experience and examples from external organisations who operate facilities 

in safety-critical applications 

• Develop an understanding of how the incidents arose, identify common causes of 

failures and highlight weaknesses in procedures 

• Carry out a root cause analysis and quantify the data according to the most 

frequent contributing factors 
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• Produce a summary report of findings, including case studies and root cause 

statistics, relating to welding incidents 

The purpose of this report is to: 

• Provide examples to illustrate the types of deficiencies that can occur during 

welding 

• Provide past evidence of where shortcomings within the various stages of welding 

have contributed to in-service failures of varying severity of consequence 

• Provide some key observations of how problems have arisen and how they can be 

prevented 

• Initiate improvements in the overall welding cycle by identifying the most prevalent 

causes of failures and their consequences 

1.4 Coverage 

The current study covers all stages of the welding process and specific issues within each 

of these. While not exhaustive, these include aspects such as: 

• Planning 

• basic information requirements (e.g., type of component, materials and welding 

process) 

• qualification and training of personnel (e.g., welders, welding engineers and 

inspectors) 

• documentation and quality assurance (QA) (e.g., applicable standards, welding 

procedure specifications (WPS), procedure qualification record (PQR) 

• Pre-welding 

• equipment and consumables (e.g., welding equipment, consumables) 

• conditions and setup (e.g., joint preparation, welding positions) 

• jigging and restraint (e.g., joint fit-up, temporary welded attachments) 

• Welding 

• process variables (e.g., pre-heat, weld sequencing, number of passes) 

• mechanical activities (e.g., inter-pass cleaning, removal of temporary attachments) 

• remediation and repair (e.g., repair procedures) 

• Post-welding 

• inspection and acceptance (e.g., types of inspection, percentage weld coverage, 

acceptance criteria) 
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• Quality issues 

• geometrical flaws (e.g., undersized welds, undercut) 

• crack like and planar flaws (e.g., hydrogen cracking, lack of fusion, lack of 

penetration) 

• volumetric flaws (e.g., slag, porosity) 

• Net effect of poor weld quality 

• fatigue 

• corrosion 

• fracture 

• yielding 

• Observed consequences of weld failure 

• people (High consequence events, injuries, fatalities) 

• process (Loss of containment, loss of production) 

• plant/structure (Temporary or permanent loss of functionality) 

1.5 The role of standards 

There is a whole suite of inter-linked standards that specify how to ensure the quality of a 

fabricated product. However, suitable training is required to ensure the success of working 

to these documents. Historically, complex fabricated products have been successfully 

produced when following these types of standards and codes. Failure to successfully 

utilise these standards and their recommendations can have unintended and sometimes 

disastrous consequences in terms of cost, time, and reputation, and in some instances, 

pollution, injuries and death. 

The global welding and fabrication industry has, over the years, produced comprehensive 

quality control (QC) and quality assurance (QA) documents, with the most common being 

the BS EN ISO series, such as BS EN ISO 3834 and 15614, and ASME IX. These cover a 

range of welding requirements, including that of a written weld procedure, welding 

procedure qualification, welder approval, welding inspection and welding/fabrication and 

inspection qualifications. 

Welding is an often highly technical and complex process which is normally performed by 

a highly skilled workforce. The number of variables within the process is huge with much 

scope for things to go wrong, hence the need for QC and QA. 

The more common welding related quality documents are: 

• qualification of welding personnel 

• welder qualification testing 

• weld procedure specifications (e.g. WPQR) 

• product standards and end-user specifications 
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• technical documents relating to the welding of specific materials 

• welding consumable selection 

• welding inspection 

The term ‘welding inspection’ as used throughout this report applies to activities 

associated with the process of welding itself and inspection of the finished welds. It is used 

here in its generic sense to include associated activities across the full welding cycle. 

While the detail of specific inspection and NDT certification systems may differ, generically 

they tend to have three levels: Level 1 being a basic operator (requiring supervision by a 

Level 2 or 3); Level 2 being an operator who can perform NDT without supervision; and 

Level 3 being a person who is certified as competent to specify and write NDT procedures 

and technique sheets. 
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2 Methodology 

2.1 Overview 

The following approach was used for the study, summarised in Figure 1: 

• identification of the sources of welding incident data within the various divisions of 

HSE 

• building up a library of potential incident cases, followed by down-selecting to a 

short list of reports that had welding related issues as a key contributor and 

included sufficient information to be able to determine root causes 

• development of a standard format with subject headings for a pro-forma which 

captured the data from the various sources 

• interrogation of each incident report using the developed standard format to ensure 

comparisons could be made between each 

• analysis of the root cause data by HSE scientists and engineers to identify primary 

contributory factors 

• extension of the data set to include examples contributed by plant operators and 

industrial membership organisations across high-hazard industries 

• selection of case studies from the incident set to illustrate some of the key root 

cause findings 

• compilation of a visual set of examples of welding deficiencies from the full data set 

to assist in understanding of lessons learnt. 
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Figure 1: Process chart showing overview of approach taken in the study 

2.2 Data sources 

Historical investigations held within the HSE recording system were interrogated using a 

key-word search involving the use of the word ‘weld,’ ‘welding’ and ‘welded’ together with 

an additional term such as flaw, fatigue, procedure, design, repair, quality and inspection. 

Incident report databases held within HSE Science Division (SD) were also interrogated 

for relevant reports based on title, and then filtered after a review of their content. The final 

set of incident reports from within HSE covered the period from 2005 to 2021, with one 

external report from 1997. In total, 39 investigations were included. 

A number of plant operators and external organisations operating high potential hazard 

facilities were also contacted regarding their contribution of suitable examples for inclusion 

in the data set. The final set contributed comprised 8 case studies from external 

organisations. These were assessed in the same manner as the cases from within HSE. 

Combining the investigations sourced from HSE systems and external organisations, the 

total number of welding case studies was 47. 
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2.3 Pro-forma for incident reviews 

In order to ensure comparability between each incident report reviewed, a standard pro-

forma for evaluating each report was developed. This included: 

• an overview of the incident 

• the relevant sector, such as offshore oil and gas, power generation, construction 

• the structure and materials from which it was manufactured 

• observed welding defects 

• welding QA 

• weld quality 

• the nature of the failure 

• the consequence of the failure 

• images to assist in lessons learnt 

The root causes were evaluated based on 7 primary causes, with between 3 and 5 sub-

causes within each class. The 7 primary causes were defined as: 

• design 

• material 

• process 

• quality 

• training and knowledge 

• supervision and acceptance 

• inspection 

2.4 Root cause analysis 

Each investigation was assessed in the review process. As part of this process, the type of 

structure and the material involved in the failure were identified, along with any available 

information on welding details and QA. The nature, cause, and consequence of the failure 

were also identified. These factors were later analysed, as will be discussed in later 

sections. 

When each investigation was reviewed, the root cause of the failure in each case was 

categorised according to the 7 definitions given in the pro-forma, Table 1. To create the 

categories given in this table, an initial list of likely sub-sets was first defined from a higher-

level list of primary causes before the review stage began. The high-level primary causes 

were listed as those relating to: 

• design 

• material 

• process 

• quality 

• training and knowledge 
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• supervision and acceptance 

• inspection 

Root cause sub-sets were then developed from the primary cause list as a semi-iterative 

process to ensure that the root causes of each investigation could be adequately captured 

by the sub-set list. These sub-sets have been defined as ‘sub-causes’ in this report. 

In the majority of cases, there were several contributory causes of the failure at both the 

high level (primary cause) and the low level (sub-cause) as categorised in Table 1. For 

example, failure could be caused by both poor welding, such as poor weld geometry (4.3) 

and porosity (4.4), and inadequate welder training, such as being unqualified for the 

welding position (5.3). As a result, the number of investigations and the statistical review 

data do not often map one-to-one, meaning that some columns in graphs and tables in 

subsequent sections may sum to a number which is greater than the total number of 

incidents. This also occurs in other areas due to the complexity and qualitative nature of 

the source material. Data for which this is the case is identified as required in the following 

sections. 

Table 1: Standard definitions used for the root cause assessment of incidents. 

Primary 

cause 

no. 

Primary 

cause 

Sub-

cause 

no. Sub-cause 

1 Design 1.1 Joint not designed for ease of fabrication 
  

1.2 Incorrect weld preparation for welding process 
  

1.3 Joint fit-up sub-optimal 
  

1.4 Incorrectly specified weld sequencing 
  

1.5 Incorrectly specified weld sizing 

2 Material 2.1 Incorrect selection of welding consumables 
  

2.2 Incorrect storage and handling of consumables 
  

2.3 Unsuitable base material for application 

3 Process 3.1 Incorrect application of, or no 
awareness/consideration of, welding 
parameters (Pre-heat, heat input etc.) 

  

3.2 Incorrect weld sequencing/ heat input to 
maximise productivity 

  

3.3 Insufficient joint preparation between passes 
  

3.4 Excessive application of repair welding 

4 Quality 4.1 Specified workmanship standard met but spec 
insufficient 

  

4.2 Specified workmanship standard sufficient but 
not met 

  

4.3 Poor weld geometry or size below that 
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Primary 

cause 

no. 

Primary 

cause 

Sub-

cause 

no. Sub-cause 

required 
  

4.4 Crack-like or volumetric flaws in weldment 
  

4.5 Excessive distortion requiring correction 

5 Training and 
knowledge 

5.1 Welder skill/qualifications insufficient for 
process 

  

5.2 Welder skill/qualifications insufficient for 
material 

  

5.3 Welder skill/qualifications insufficient for 
position 

  

5.4 No or insufficient understanding of criticality of 
role of the welds in structure 

  5.5 Incorrect or insufficient understanding of 
loading conditions at design stage 

6 Supervision 
and 
acceptance 

6.1 No or insufficient presence of welding engineer 
input 

  

6.2 No or inadequate welder supervision 
  

6.3 Insufficient inspection skill or qualification 
  

6.4 No pre-defined weld quality acceptance criteria 

7 Inspection 7.1 Correct method of inspection but inadequately 
or incorrectly applied 

  

7.2 Incorrect type of inspection to detect flaw type 
  

7.3 Insufficient percentage coverage of inspection, 
including no inspection (zero coverage) 

  

7.4 Incorrect interpretation of inspection 
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3 Root cause analysis 

3.1 Overview of incident dataset 

The 47 selected investigations covered a range of sectors: 

• offshore oil and gas 

• onshore gas 

• buildings – investigations related to building construction and quality 

• ports and harbour 

• lifting and cranes 

• mobile structures – such as construction and earth moving equipment, forklift 

trucks, road vehicles, etc. 

• power generation – such as wind turbines and combined heat and power stations 

• chemical processing – including reactor vessels and chemical storage 

• other manufacturing industry – including shot blasting facilities, paper balers, 

refinery supply manufacturing, and composites manufacturing 

• other category – for investigations that are not described by any other sector 

A ranked breakdown of the 47 failures by sector is shown in Figure 2. There were 

numerous selected investigations for offshore oil and gas, lifting and cranes, mobile 

structures, and “other” manufacturing industries. There were at least two investigations for 

all other categories. The chart shows that, for the total number of 47 investigations, there 

is reasonable spread between each sector. 

 

Figure 2: The 47 analysed investigations, categorised by principal sector 
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The principal material for each investigation is shown in Figure 3. When categorising the 

material for each investigation, the most represented or most consequential was chosen.  

As can be seen in Figure 3, the majority (60%) of investigations had carbon steel as the 

principal material. Rather than being the result of a selection bias, this is due to the high 

usage and availability of carbon steel in industry. There is representation in the dataset for 

alloy steel (13%), aluminium alloy (9%), stainless steel (13%), and nickel alloy (5%), but at 

a much lower prevalence. 

 

Figure 3: The 47 analysed investigations, categorised by principal material of 

construction 

Each investigation was categorised by its main mechanism of failure. The categories 

chosen were: 

• fatigue 

• overload (brittle and/or ductile) 

• corrosion 

• stress corrosion cracking (SCC) 

• hydrogen cracking 

• pre-incident 

• other 

A failure was categorised as pre-incident when the weld was found to be deficient, such as 

by surveillance or inspection, but the study took place before any incident could occur. 

Failures listed as “other” did not fit into any of the above categories. 

Figure 4 shows a breakdown of the failure mechanism data. A minority of investigations 

(13%) occurred before a failure took place. Most failures were by fatigue or overload, 

attributable to 60% of all the failures. 
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Figure 4: The 47 analysed investigations, categorised by failure mechanism 

3.2 Analysis by consequence 

The consequence of each investigation was listed by the following categories: 

• collapse of structure 

• loss of containment – including outgassing and fluid leaks 

• lost production – plant shutdown and production equipment failure 

• high hazard event – cases which had the potential to cause a major hazard 

incident, such as a large-scale oil spill or explosion 

• injury/injuries 

• fatality/fatalities 

• pre-incident – for studies that took place prior to failure as surveillance/safety 

monitoring work 

The results from the categorisation by consequence are shown in Figure 5. The total 

number in the columns does not sum to 100% because each investigation can have 

multiple consequences. 
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Figure 5: The consequences of failure as a percentage of the 47 analysed 

investigations 

Of the 47 selected cases, 21% resulted in injuries and 11% led to one or more fatalities. 

Most cases (49%) resulted in structural collapse of some kind. In ranked order, the 

remaining consequences were loss of containment and lost production (both at 23%), with 

15% of cases being pre-incident studies because of an identified safety concern. 

3.3 Analysis by primary causes 

Figure 6 shows the frequency of the seven primary causes that have been identified 

across all the cases analysed. Many cases had several contributory causes, meaning that 

the totals do not sum to 100%. 
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Figure 6: The primary causes (%) of the 47 selected investigations 

The causes are shown ranked in Table 2. The three categories of highest concern are 

quality, design, and training and knowledge. The vast majority (74%) of investigations 

revealed that welding quality was a contributory cause. This fact is perhaps not surprising 

in its own right, but the underlying data provide more understanding when assessed at the 

sub-causal level. The least likely (15%) primary cause was material choice, including 

incorrect welding consumable and unsuitable base material. As mentioned earlier, the 

issue of resultant poor weld quality can be envisaged as a consequence of five of the other 

high-level shortcomings, with inspection providing a final barrier to potentially preventing 

acceptance of poor welding quality and its associated consequences. It should be noted 

that in the context of final inspection, use of this step solely to demonstrate conformity to 

the relevant standard or as evidence of fitness-for-service represents poor practice. 

The data are also shown in Table 2 which includes analysis as a percentage of the 47 

reports included in the study. 
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Table 2: Data showing the primary causes of the 47 selected investigations, ranked 

in order of occurrence 

Rank (by 
frequency) 

Cause 
number Primary cause 

Number of 
investigations 

Percentage of 
investigations 

1 4 Quality 35 74 

2 1 Design 21 45 

3 5 Training and knowledge 18 38 

4 7 Inspection 15 32 

6 6 Supervision and 
acceptance 

13 28 

5 3 Process 12 26 

7 2 Material 7 15 

3.4 Analysis by sub-cause 

3.4.1 Design sub-causes 

For clarification, it should be noted that, in common with all sub-cause categories, design 

sub-causes are not all mutually exclusive and hence several design sub-causes may be 

identified in the same incident. Therefore, the total number of design sub-cause 

occurrences (28) is greater than the number of investigations in which design was 

identified as a primary cause (21). 

Within these 21 investigations the two most common sub-causes were that the joint was 

not designed for ease of fabrication (52% of cases) and poor joint fit-up (48% of cases), as 

in Figure 7. 
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Figure 7: A percentage breakdown of the 21 incidents that were caused by design 

One example of not designing the joint to maximise the likelihood of obtaining a sound 

weld was insufficient root gaps which contributed to the failure of a building truss. In the 

case of a collapsed ship-to-shore container crane, an overly steep inclusive bevel angle 

prevented access of the welding electrode to the weld root. In other cases, the welding of 

straight-edged attachments onto curved surfaces was not considered in the weld design, 

leading to poor access for welding wires. Inadequate clearance between an axle and 

sleeve was also a contributory failure in the case of another collapsed ship-to-shore 

walkway. 

Examples of poor joint fit-up as a design sub-cause include the presence of geometrical 

features on the external surface the original parts that were not considered, poor fit-up in 

joggle welds and poorly aligned backing plates leading to failure in a lifting boom. 

3.4.2 Material sub-causes 

There were eight incidents related to incorrect material usage. Of these, five were caused 

by using an unsuitable base material for the application, as shown in Figure 8. Examples 

included inappropriate usage of carbon steel (medium or high carbon steel is susceptible 

to hydrogen cracking and can be difficult to weld, and low-strength carbon steel is 

unsuitable for high-strength applications). In one case, necessary measures were not 

taken when welding dissimilar materials (carbon steel and alloy steel), and the 

combination of dissimilar materials was a poor choice. 

Alongside poor base material selection, two incidents also involved poor selection of the 

welding consumable. A low-hydrogen electrode was not used when needed, resulting in 

hydrogen cracking, and in one case the tack welds for a stainless steel pipe girth were 

made using a copper welding wire left over from a previous job. One case was due to the 
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sub-cause of incorrect storage and handling of welding consumables; disc cutters and 

abrasive wheels previously used on carbon steels were used for manufacture of weld 

preps in stainless steel, leading to contamination of the weld and subsequent corrosion. 

 

Figure 8: A percentage breakdown of the 8 incidents that were caused by material 

usage 

3.4.3 Process sub-causes 

By far the highest-ranking process sub-cause by was incorrectly specified, or lack of 

awareness of, welding parameters, Figure 9. Examples of this included lack-of-fusion 

defects in a tower crane jib and, in several cases, lack of pre-heat applied to high carbon 

equivalent value welds resulting in hydrogen cracking. 

In one case, weld metal had been deposited over chromium plating, and the underlying 

steel had a carbon equivalent value (CEV) of 0.6. This, coupled with lack of pre-heat, 

resulted in hydrogen cracking. A connection of a bracket plate to a tube as part of a roll-

over protection system in a dumper truck was made without any bevel being prepared 

when joining to the curved surface, leading to lack of penetration and porosity in the weld. 

The weld subsequently failed from these features in a rollover incident. 
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Figure 9: A percentage breakdown of the 18 incidents that were caused by welding 

process issues 

3.4.4 Quality sub-causes 

The criteria for quality causes were defined in five sub-causes: 

• 4.1 specified workmanship standard met but specification insufficient 

• 4.2 specified workmanship standard sufficient but not met 

• 4.3 poor weld geometry or size below that required 

• 4.4 crack-like or volumetric flaws in weldment 

• 4.5 excessive distortion requiring correction 

Quality issues can also be a direct consequence of some of the other causes. Hence, 

there are also direct links to sub-causes described elsewhere in this section. It is perhaps 

best to consider weld quality issues themselves to be a result of poor control of design, 

material selection, incorrect processes, insufficient training and knowledge and inadequate 

supervision. 

Of the above five sub-causes those of poor weld geometry/sub-size welds (occurring in 

45% of investigations) and crack-like/volumetric flaws (occurring in 49% of investigations) 

accounted for all except three cases, Figure 10. Specific examples are not given here, but 

the range of resultant poor-quality welds and their consequence are described in more 

detail in the case studies section. 
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Figure 10: A percentage breakdown of the 35 incidents that were caused by welding 

quality issues 

3.4.5 Training and knowledge sub-causes 

The primary cause of training and knowledge was subdivided into five sub-causes. The 

first three related to the necessary skill for the welding process, the material being welded 

and the welding position. Insufficient understanding of the role of criticality of the welds 

and insufficient understanding of the loading conditions were also defined as sub-causes. 

Direct evidence of insufficient welder skill was noted in only two cases, while lack of 

sufficient skill for the material being welded or the welding position was not noted in any of 

the investigations, Figure 11. 
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Figure 11: A percentage breakdown of the 18 incidents that were caused by training 

and knowledge deficiencies 

The largest individual knowledge deficit cause was incorrect understanding of the loading 

conditions at the design stage. This sub-cause is distinct from the case of sub-class 1.5 

‘incorrectly specified weld size’ in which the size of weld specified was followed by the 

welder, but it was incorrectly sized in the welding documentation. In two such cases on 

pipework, although the weld quality was sufficient for static loading, sources of fatigue from 

vibration were not recognised as a loading scenario. In an unloading crane case, the use 

of partial-penetration and fillet welds was contrary to the design code. Lack of 

understanding of loading conditions was evident in several ports and harbour applications. 

In the case of an offshore jack-up platform, weld quality was not implicated directly, 

cracking was thought to have occurred due to unanticipated reversed bending, high 

structural constraint and stress concentration at weld toes leading to stress intensification. 

Examples of lack of understanding of the criticality of the welds in the structure included 

the use of a fillet welded end plate in pressurised air receivers, while in one case the 

addition of welds without understanding the interaction of these with other parts of the 

structure compromised the safe use of the equipment. 

3.4.6 Supervision and acceptance sub-causes 

Often in the investigations reviewed, there was insufficient detail to be able to discern the 

source of lack of supervision by individual roles. Consequently, the largest sub-class was 
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the more generic one of ‘no or inadequate welder supervision,’ which was observed in 12 

cases, Figure 12. 

 

Figure 12: A percentage breakdown of the 13 incidents that were caused by 

supervision and acceptance 

Lack of supervision played a major role in the two significant failures within the building 

sector, where large run lengths of critical welds were made significantly undersized. In one 

of these, welders checked their own work for weld defects and made a visual assessment 

of the weld sizes; there were no independent checks. 

In the case of a failed repair weld, a root cause investigation of the original failure was not 

carried out, leading to a similar failure, indicative of lack of supervision and oversight. In 

the case of temporary attachment welds in one case, there was no evidence of a WPS and 

no involvement of a welding engineer. In both cases the importance of the welds to overall 

structural safety was not understood. 

3.4.7 Inspection sub-causes 

Four sub-causes of inspection were selected as potential occurrences, with most of these 

being due to insufficient percentage coverage of inspection, which also includes the case 

of applying no inspection at all. Fifteen of the investigations were identified as having 

insufficient inspection coverage as a primary cause of the failure, Figure 13. 
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Figure 13: A percentage breakdown of the 15 incidents that were caused by 

inspection deficiencies 

Examples of this category include the omission of radiographic inspection in the case of 

road tankers. In one offshore failure the internal Alloy 625 clad girth weld was missed. 

Internal inspection was incorrectly recorded as completed, while also likely being 

inappropriate for the nature of the flaw. One case of complete lack of inspection of a weld-

repaired structure was also identified, the presence of gross defects contributing directly to 

the failure. 

In the failure of a ship-to-shore crane, visual inspection and 5% coverage by MPI was 

defined, but these would only detect a small percentage of surface-breaking flaws. 5% 

ultrasonic testing (UT) should also have been applied for this type of structure and weld 

but was omitted and as such internal flaws were missed. 
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4 Weld failures atlas 

4.1 Description 

In order to capture the key weld related features of each incident, a tabulated summary 

was made in which weld macro cross-sections were compiled. 

The weld failures atlas was structured as follows: 

• sector – As per the defined descriptions 

• structure type – A brief description of the structure or component 

• problem – A short summary of the key source of the failure 

• material – Type and grade 

• approximate thickness range – To assist in understanding the applicability of the 

case and for context of each image 

• resultant weld issue – Image of a weld macro cross-section, the failed weld or a 

diagram of the joint design to provide a visual summary of how and why the weld 

failed. 

The resultant compilation is given in Appendix A – Weld failure atlas. 

4.2 Key observations 

Appendix A – Weld failure atlas shows a range of welding-related issues, some occurring 

many times across different structural types and sectors. Some key shortcomings and 

types of failures evident from the compilations are summarised below, grouped into three 

principal classes. 

• Flaws created by the welding process: 

• lack of penetration and lack of fusion leading to fatigue crack initiation 

• ductile failure of welds containing slag inclusions and lack of fusion 

• centre line solidification cracking leading to ductile overload of remaining ligament 

• excessive weld porosity 

• lack of fusion at root passes of two-sided butt welds leading to hot tears in 

aluminium welds 

• lack of hydrogen control measures in high CEV steels leading to heat-affect zone 

(HAZ) cracks and fracture 

• contamination of welds by e.g., the use of copper wire for tack welds in C-steels 

and use of Fe-contaminated grinding wheels for machining weld preps in stainless 

steels 
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• Poor geometry leading to premature failures 

• steep weld toe angles leading to fatigue and SCC 

• lack of weld preparation in joints between flat and curved surfaces 

• excessive root gaps and poor alignment leading to ductile overload of welds 

• poor fit-up of backing bars in single-sided butt welds leading to fatigue 

• poor toe blend between two capping welds causing a stress concentration and 

leading to SCC and fatigue 

• overload failures of undersized welds during commissioning and in service 

• poor removal of previous welds leading to poor fit-up, coupled with hydrogen 

cracking due to inadequate pre-heat 

• missing internal corrosion resistant alloy weld leading to galvanic corrosion and 

collapse 

• Poor understanding of loading conditions 

• unforeseen sources of cyclic loading leading to fatigue 

• under-estimated loading level on fabricated axle assembly leading to fatigue 

• lack of understanding of load paths and effects of joint constraint on local stress 

• poor selection of weld type (joggle welds, partial penetration corner welds) for 

pressure containment applications 
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5 Case studies 

5.1 Selection basis 

The following sections contain case studies which were selected on the basis of being 

examples representing key lessons covering a range of welding-related issues. Examples 

were chosen to ensure a spread of sectors while covering a range of materials, causes, 

and failure modes. The case studies were selected to discuss failures that had emerged 

as being common when reviewing the 47 incidents, such as failures caused by fatigue 

which had initiated due to high-angle weld geometries. Unless otherwise stated, the 

metallurgical investigation in each case study discussed here was carried out at HSE SD. 

The standards referenced in these case studies are those cited in the original 

investigations and were applicable at the time of the incidents. 

5.2 Process Industry: Failure of LPG vessel joggle welds 

during hydro-testing 

During routine in-service hydro-testing three vessels failed below the specified test 

pressure of 23.35 bar. One failed at approximately 10 bar, whilst the other two failed at 

approximately 21.5 and 22 bar. The design pressure was 18.68 bar. The design code was 

PD 5500: 2000. The failure occurred at a circumferential weld between one of the dished 

ends and one of the shell sections, Figure 14. The tanks were approximately 3 m long and 

1 m in diameter and had been manufactured from 8 mm thick carbon manganese steel. 

 

Figure 14: Failed dished end in LPG vessel 

The failed weld configuration was that of a joggle weld, in which the end of the shell had 

been rolled to a smaller diameter to create a backing ring. The dished end was then slid 

over the backing ring to create a V or U preparation. According to the WPS supplied, there 

was no root gap specified. 
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Examination of the fractured weld revealed no root gap and that the edge of the shell 

plates had a radius that matched the radius of the joggle. As a result, the submerged arc 

weld failed to penetrate to the backing ring, which resulted in an unfused region below the 

weld, Figure 15. 

 

Figure 15: Joggle weld appearance. Plate thickness is 5.5 mm 

Scrutiny of the weld procedure showed that the welding process was a tandem submerged 

arc with the second wire directly behind the first, which would produce a large weld with no 

grain refinement. Therefore, the weld had minimum crack resistance. An example of the 

cross-section of the fractured welds is shown in Figure 16. 

 

Figure 16: Macro-section of the fractured joggle weld 

The procedure qualification record (PQR) documentation supplied had been produced 

some years after the weld had been manufactured and it is doubtful whether the WPS had 

been adequately reviewed at the time of manufacture. 

The fracture surface was examined using low powered optical microscopy and scanning 

electron microscopy, which revealed almost 100% brittle fracture. Examination also 
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revealed crack propagation had occurred for over 90% of the circumference but had not 

propagated at the intersection of the longitudinal and circumferential seam. 

The production welds had been examined by 100% visual inspection, 10% radiography 

and hydro-testing at 1.25x the maximum design pressure. Radiography had been 

conducted at the intersection of the longitudinal and circumferential seam as specified by 

PD 5500, which was the only area that had not failed by brittle fracture. According to PD 

5500, joggle welds are not permitted for vessels manufactured from the steel grade 

specified by the manufacturer. 

Key lessons learnt from this failure are: 

• Incorrect and insufficient information on weld procedure. WPS and PQR not in 

place at time of welding. Inspection should have identified this 

• Over-reliance on 10% radiography on the intersecting seams. Had the 10% 

included other areas then the issue should have been detected 

• Inadequate detail on the WPS with pre-weld inspection not picking up inadequate 

preparation 

• Lack of penetration resulting in inadequate weld size 

• Tandem weld with no grain refinement leading to a brittle microstructure 

5.3 Process industry: Alkyd reactor vessel pipe failure 

A water-cooling pipe within an alkyd reactor vessel failed resulting in a leak of the vessel 

contents and damage to a polymer flow gauge with costly repairs and loss of production. 

The pipe was part of a water-cooling helix within the vessel. The vessel and pipework had 

been manufactured from Inconel 600. The pipe failed inside the vessel at a flange to pipe 

joint, Figure 17. The weld was a full penetration J-preparation. The fracture initiated at the 

weld toe and propagated through the pipe wall. 
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Outside diameter 66 mm; wall thickness 

5.5 mm; length 500 mm  

a. Pipe arrangement. b. Failed pipe with collar and nut. 

Figure 17: Features of pipe and fracture location 

The weld exhibited arc strikes with associated cracking, however the failure was caused 

by fatigue initiating from the weld toe at the outside of the pipe. Initially intergranular 

fatigue in the coarse-grained region became transgranular within the fine-grained pipe. 

The weld to pipe radius was measured at 0.3 mm. Relevant features are shown in 

Figure 18. Weld and flange were machined after welding. The radius was not specified on 

the drawing and not inspected for. 
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Figure 18: Features of fracture face and cross-section associated with failure 

Key lessons learnt from this failure are: 

• Fatigue initiated at a highly stressed weld toe without a radius: This is a known 

fatigue-sensitive geometry. A design review should have picked up the risk of a 

sharp radius. A radius should always be specified in components likely to be subject 

to fatigue 

• The source of vibrating stresses remained undetermined, however possible causes 

were: a water pump; thermal contraction/expansion; paddle stirrer. The potential for 

cyclic stresses to arise in service should be considered 

5.4 Onshore gas: LNG storage tank 

 A liquefied natural gas (LNG) storage tank had been outgassing from secondary 

containment. It was suspected that the thermal corner protection (TCP) was breached. It 

was not possible to examine the welds without decommissioning the tank. 

The most likely location of failure of the TCP was evaluated to be at a weld with poor 

access. In the assessment the weld procedure used for the TCP on a failed tank was 

reviewed to determine whether any welding defects could have been caused by 
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procedural issues. The welding procedure for a similar tank from a different manufacturer 

was also received for comparison. 

The failed tank’s TCP was specified to be fabricated from 9% nickel steel. The walls of the 

TCP were to be joined to a base plate using a 20° single bevel T-butt weld arrangement 

with a backing strip and a 5 mm root gap. The weld was specified as a full penetration 

weld with a 3 mm reinforcing fillet. 

The TCP joint configuration was assessed to be prone to welding defects, such as lack of 

root fusion and lack of sidewall fusion, due to access issues. 

Sidewall fusion would be achieved in the weld by directing the welding arc onto the bevel. 

However, the proximity to the floor and the narrow configuration (20° single bevel with a 

5 mm root gap) both mean that this would be difficult to achieve in practice due to access 

issues. There was also an annular ring present adjacent to the joint, which could act to 

further restrict access to the joint. 

The WPS for the joint was supplied alongside two welding procedure qualification records 

(WPQRs). The welding procedure test was carried out using the manual metal arc process 

with ENiCrMo-6, an Inconel filler metal which is acceptable for use with 9 % nickel steel. 

High-nickel filler metals have less-fluid weld pools: the lowered pool fluidity can lead to 

difficulty in wetting the base metal with filler metal, further contributing to lack of fusion 

issues in the weld. 

The standardised test plates used a larger preparation angle than those specified for the 

tank that failed, and they were not carried out on the floor with a T-butt configuration. 

Therefore, the test plates were not representative of the joint configuration or access 

arrangement to the joint. 

The TCP joint design limited the access by the welder to the joint. This was due to a 

narrow root gap, a small bevel angle, the presence of an annular ring adjacent to the joint, 

and restricted access from the floor. This contributed to the occurrence of welding defects 

such as lack of sidewall fusion and lack of root fusion. 

Key lessons learnt from this failure are: 

• Weld preparation and access arrangements are key considerations during welding. 

Access issues can result in welds with defects such as lack of fusion 

• Test pieces undertaken for the WPQRs should be representative of the actual 

conditions that will occur in practice, including restricted access, suitable materials, 

and edge condition 

5.5 Offshore oil and gas: Caisson failure 

A structural integrity failure of a caisson was found during an offshore jacket survey at a 

drilling and production platform (a caisson is an underwater structure containing air. The 

structure may be open bottomed, with air kept at a sufficient pressure to exclude water). 
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The caisson failed at a circumferential welded joint prematurely after 6 years of an 

intended 40-year field life, resulting in a large section of the caisson falling to the seabed, 

as shown in Figure 19. The failure could have resulted in a major incident, but the caisson 

did not impact any exposed pressurised pipelines of the subsea infrastructure. 

 

Figure 19: The caisson in the location in which it was found, resting against the 

drilling platform (DP) jacket structure after failure 

The failed caisson contained a ferritic circumferential butt weld joining X65 carbon steel 

parent material. An Alloy 625 butt weld was to be overlaid onto the ferritic butt weld to form 

a corrosion-resistant alloy (CRA) liner, as shown in Figure 20a. The root cause of the 

materials failure was investigated by TWI. The images below are taken from the TWI 

report. 

The Alloy 625 overlay weld had been missed during fabrication, as shown in Figure 20b. 

This resulted in a galvanic cell being established which caused the loss of ferritic weld 

metal and of X65 parent material. The weld metal was corroded until the remaining 

ligament was unable to take the load applied to the component, resulting in failure of the 

caisson. The possibility of galvanic corrosion at the location of the weld had not been 

recognised by the fabricators. This led to a lack of appreciation by the fabricator of the 

criticality of the overlay weld. In addition, the internal inspection of the clad girth weld was 

incorrectly recorded by contractors as completed, resulting in the QC process failing to 

identify the overlay weld as missing. 
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a. Specified caisson weld. 

 

 

b. Actual caisson weld and associated issues. 

Figure 20: Schematic of caisson welds (Provided by TWI) 

The internally clad caisson welds were assessed to be of low criticality by the dutyholder. 

This assessment resulted in there being no requirement for initial or subsequent close 

inspection/NDT of the internal weld; only external close visual inspections were carried out 

during service. Therefore, on no occasion was inspection carried out to determine whether 

the fabrication had been fully carried out to the specified design. Additionally, the 

dutyholder had agreed that many of the fabrication records, including radiographs, could 

be destroyed, leading to issues in identifying inspection process shortcomings. This also 

had the potential to cause future issues when developing inspection procedures for the 

caisson. 



 

45 
 

After the investigation, HSE highlighted the need for detailed welding inspection reports 

with traceability for the use of qualified and approved welding procedures, rather than 

relying on fabricators and NDT alone to confirm that welds were completed to the specified 

standard. 

Key lessons from this failure are: 

• Those involved in decision-making processes, such as decisions regarding 

inspection schedules, should have suitable training and knowledge 

• The purpose, criticality, and potential failure modes of a weld should be identified 

based on a structure’s function and environment 

• Communication of weld criticality and procedures to all parties involved in 

fabrication and inspection is important in order to highlight where issues may occur 

• Weld inspection processes and reports should allow for clear traceability and should 

be subjected to an auditing process, so that issues can be identified 

5.6 Offshore oil and gas: Bridle spool failure 

A methanol storage system leaked due to the failure of a carbon steel pipe spool, which 

was part of a tank bridle on a floating production storage and offloading (FPSO) unit. The 

spool had been in service for approximately 18 months. On inspection, eleven additional 

leaks were found and a total of around 22 kg of methanol was calculated to have been 

lost. The failed carbon steel pipe spool was submitted for investigation to Element 

Materials Technology, alongside a sound pipe spool with the same geometry for 

comparison. The images below are taken from the Element Materials Technology report. 

The weld examined was located at the join between a pipe and an elbow. The external 

pipe diameter was 61.1 mm and the wall thickness was 5.9 mm. The pipe, elbow, and 

weld materials used were found to have conformed to their respective specifications, by 

microstructural assessment, chemical analysis, and hardness testing. However, a number 

of crack indications were found on the external and internal surfaces of the pipe using 

magnetic particle inspection (MPI), as shown in Figure 21. The sound pipe spool had no 

external indications of cracking, but sectioning and subsequent MPI revealed the presence 

of fine crack indications internally, which were similar to those observed in the failed pipe 

spool. 

After sectioning, the penetration depth of the weld was found to be excessive (2.9 mm), as 

shown in Figure 22. The large depth of penetration had resulted in a sharp, high-angle 

profile at the root. It was at this location that the main crack was found to originate. Higher 

magnification imaging, as shown in Figure 23, showed that the crack was branched. 

Branched cracking also occurred in the HAZ, which appeared to be wide (around 5 mm). 

The HAZ was large, as would be expected for this type of circumferential joint with this 

pipe geometry, due to the heat input into the small diameter during welding. 
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a. External crack indication. b. Internal crack indication. 

Figure 21: Crack indications found on the failed pipe spool by MPI  
(Source: Element Materials Technology) 

 

Figure 22: Weld cross-section of the carbon steel pipe spool  

(Source: Element Materials Technology) 
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a. Branched cracking. b. Main crack origin. 

Figure 23: A close view of the cracks, showing branching and corrosion  

(Source: Element Materials Technology) 

The branched cracking and intergranular corrosion observed on the failed pipe was 

consistent with SCC. This occurs when a susceptible material is stressed in a corrosive 

environment. Residual stresses caused by the welding process can contribute to the 

overall stress contributing to SCC, increasing the likelihood of this cracking mode. A 

smaller penetration depth would reduce the angle at the weld root, and therefore reduce 

the stress concentration effect at this location. 

Key lessons learnt from this failure are: 

• SCC occurs when a component fabricated from a susceptible material is placed in a 

corrosive environment under a source of stress, either residual, applied or 

combination 

• Residual stresses (which can be as high as the yield strength of the parent material 

in question) caused by the welding process contribute to the overall stress of a 

welded joint and can therefore increase susceptibility to SCC. A PWHT (post-weld 

heat treatment) can reduce residual stresses 

• Sharp weld profiles can result in locally raised stresses, which can initiate failures 

such as SCC and fatigue. Quality levels for joint geometry can be defined to ensure 

that the weld geometry is suitable for the required application 

5.7 Building construction: Truss collapse in a school 

During the construction of a new school facility, a 57 m single span structural steel truss 

failed. This also caused the failure of the steel framed canopy that the truss was 

supporting. Five men working on the canopy at the time of the failure received significant 

injuries as a direct result of the failure. 

The failure occurred before the structure had entered service, there was no in-service 

degradation or excessive unexpected loading that contributed to the failure. The failure 

was caused by the fracture/yielding of a number of sub-sized fillet welds joining load 
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bearing tie bars at nodal points. All joints failed through the weld metal. The load bearing 

capacity of these types of welds depends on the throat sizes, which were well below the 

intended dimension. 

Images of the truss after the failure are shown in Figure 24. 

  

a. Failed truss with canopy attached. b. Tubular truss configuration. 

Figure 24: Failed tubular truss 

The truss, shown in Figure 25, was fabricated from tubular steel members joined by 

various methods (welded connection plates, with some bolted joints) to form a cantilevered 

canopy. The truss had an inverted triangular geometry with two 457 mm tubes forming the 

top of the triangle and 90 mm solid tie bars forming the (inverted) apex. The steel grades 

were BS EN 10025 [1] grade S355 steel tubes with S275 fin plates, triangular plates and 

tube plates. Materials selection and properties were not implicated in the failure. 

The welds performed a safety-critical role of joining adjacent tube sections. This was not 

recognised through the many stages of the design and construction, a factor that was 

fundamental to the failure. 

  

a. Main features of truss from design 

impression. 

b. Truss nodal joint on ground after 

failure. 

Figure 25: Key features of the truss and critical welded connection 
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Documentation such as welder qualifications, weld procedure qualifications, records and 

weld tests existed at the fabricators but there were shortcomings in many areas. Welding 

procedures referred to BS EN ISO 3834-3: 2005 [2], while the structure itself was designed 

to BS 5950-1: 2000 [3]. The fin-plate to triangular plate welds could not be made with 

sufficiently small root gaps due to the angle at which they met. The maximum gaps 

specified in BS EN ISO 9692 [4] and BS EN 1011 [5] [6] are 2 mm and 3 mm respectively. 

A 3 mm specified maximum gap rule was waived. 

Welding instructions were not provided to the welders in correct format; weld sizes that 

were required to be >6 mm were chalked onto the plates. There was a breakdown in 

communications with respect to weld size. 15 mm leg length fillet welds were specified on 

the drawings, but the welds made were much smaller (down to 6.6 mm). The throat 

dimensions were 3.7-6.9 mm but should have been 10.6 mm for the leg length specified. 

The joints were made with poor alignment giving large root gaps up to 5 mm in some 

cases, and lack of fusion in other cases. Examples of these features are shown in 

Figure 26. 

  

a. Example of poor fit-up and sub-sized 

welds. 

b. Cross-section of failure through weld 

metal. 

Figure 26: Examples of weld geometry and nature of weld failure 

100% weld inspection is required in a fabrication of this type. The weld size must be 

checked by a welding inspector qualified in visual inspection to BS EN 473 [7]. This was 

not the case during the fabrication of this structure where welders checked their own work 

for weld defects and made a visual assessment of the weld sizes. Independent checks 

were absent. 

Key lessons from this failure are: 

• Ensuring all personnel across the design, fabrication and inspection stages of 

welding are aware of which welds are safety critical 

• Checks and systems should be in place to ensure communication of key design and 

fabrication information 
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• Specified weld geometries and key dimensional criteria should be followed, and 

deviations should be reported. Non-compliances at all stages should be raised and 

acted on where necessary 

• Inspection of workmanship should follow the appropriate code and should be 

carried out by a person independent from the fabrication process. A qualified weld 

inspector should carry out this role 

• Welded repairs and modifications made at the installation stage should be subject 

to the same design and quality scrutiny as the original design 

• The architectural impact of the design took precedence over functionality, resulting 

in a design that was difficult to construct. Risks were not sufficiently controlled 

throughout the whole design-build process 

5.8 Lifting and cranes: Failed container stacker 

A boom ear became detached from the boom of a container stacker at a port, resulting in 

the collapse of the stacker and in the load being dropped. During previous maintenance 

operations, steel components had been replaced and secured by welding leading to 

cracking and failure of the weld in service. The type of stacker and the nature of the failure 

are shown in Figure 27. 

The original parts (boom ear attachments) had been fabricated from BS 970-1: 150M19 

steel [8] and welded in place. These original parts had been replaced with BS 970-1: EN8 

and BS 970-1: EN43 [9]. 

  

a. Sister vehicle to incident vehicle. b. Fractured boom ear attachment point. 

Figure 27: Container stacker and nature of failure 

A change of materials and the presence of intergranular HAZ hydrogen cracks revealed 

that appropriate hydrogen control measures had not been put into place. Calculation of the 

Carbon Equivalents (CE) gave values for EN8 of 0.60 and for EN43 of 0.64, which would 

have required stringent welding requirements including consumable hydrogen control, 
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preheat, control of heat inputs, post weld hydrogen soaks, slow cooling rates and delayed 

inspection of up to 24 hours or even 48 hours after completion of welding. 

Basic low hydrogen electrodes had been used, however procedures for welding and 

consumable handling were absent and hence the welder had no guidance on appropriate 

parameters and pre-heat. HAZ hardness values of 532 and 648 indicated that preheat was 

either woefully inadequate or non-existent. 

HAZ hydrogen cracks had been generated from the welding process, which had initiated 

fatigue cracks in service, which in turn had resulted in complete structural collapse. The 

appearance of the cracks, nature of the HAZ and resultant fracture surface are shown in 

Figure 28. 

  

a. Intergranular crack in HAZ extending 

into weld toe. 

b. HAZ hydrogen crack. 

  

c. Untempered martensite in CGHAZ. d. Intergranular cracking in CGHAZ. 

Figure 28: Features associated with the failed weld 

Cracks of this severity would probably have been visible to the eye after welding. MPI or 

dye penetrant inspection (DPI) carried out 24 hours after welding would have revealed the 
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cracks. It is highly likely that inspection had not been carried out 24 hours after welding 

and that neither MPI nor DPI was carried out. 

Key lessons from this failure are: 

• The welding consequences arising from poor material selection 

• There was no reference to welding procedures, consumable control, qualified 

welders or inspection requirements 

• Material selection and welding engineering knowledge is critical for applications 

such as lifting equipment. Repairs should only be conducted by knowledgeable and 

competent persons 

• Appropriate inspection would have identified the cracking; repairs could have been 

carried out and the incident prevented 

• Lifting equipment repairs should be supervised and inspected by a Competent 

Person 

5.9 Chemical processing: Failure of stainless steel spool 

welds by copper contamination 

During fabrication of pipe spools in grade 316 stainless steel for use in a chemical 

processing plant, external cracks were noted in the girth welds produced at a contractor’s 

welding shop. The features were associated with a golden colour, as in Figure 29a, and 

were visually observed around the external surface of the pipe at the girth weld toe. Non-

Destructive Testing (NDT) was carried out (radiography) which highlighted that the defects 

were at 90 degree evenly spaced quadrant locations on the pipe joint. This resulted in the 

rejection of all affected welds and metallurgical investigation was initiated. 

The metallurgical investigation, carried out by an external organisation, concluded that the 

cracks were as a result of copper contamination of the welds. They were located at the 

weld toe and had a branched nature, following copper-rich areas. Inadequate supervision 

of the welders led to quality control breakdown to the extent that the tacking of the 

stainless steel weld joint was done using a copper wire in contravention to the requirement 

of the welding procedure specification. This resulted in weld toe cracking during 

completion of welding. 

The principal cause of this incident was the poor implementation of the Inspection and 

Test Plan (ITP) and the associated welding procedure specification (WPS). 

The use of copper wire caused selective attack of the stainless steel at highly stressed 

areas, causing Liquid Metal Embrittlement (LME), also known as Liquid Metal Assisted 

Cracking (LMAC) that resulted in cracking after welding. Residual stresses and copper 

contamination of the welds caused extensive, branched and irregular cracking around the 

weld toes. 
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a. Surface view of the discolouring at the weld toe in one of four circumferential 

regions 

 

b. Etched region of crack path showing cracking path through Cu-rich areas 

Figure 29: Copper contamination and cracking in girth weld in stainless steel pipe 

spool 

Key lessons from this failure are: 

• Even minor and temporary welds must follow the WPS: disregard of this can cause 

welding defects in the fabrication at a later stage 

• The importance of ensuring all welding wires and other consumables are 

appropriate for the metal being joined 

• Supervision of all stages of the welding process is critical to the integrity of the final 

fabrication 
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5.10 Chemical processing: Weld perforations due to use of 

contaminated abrasive wheels 

A fire water line failed at the location of a weld, resulting in a loss of containment 

(Figure 30). Because of the failure, there was no functioning fire water main and so plant 

production was halted. 

 

Figure 30: Complete perforation of the welded region, resulting in loss of 

containment in a fire water main 

The incident investigation, carried out by an external organisation, revealed that pitting 

corrosion had occurred (Figure 31a), resulting in eventual complete through-thickness 

failure of the weld. This occurred when the line was pressure tested in brackish water and 

then was left stagnant for several days in hot climatic temperatures. The line was reported 

to have been fabricated from a 300 series stainless steel, which was not expected to 

corrode in the line’s service environment. The weld itself was reported to be of an 

acceptable quality, but it was found that multiple perforations through the thickness of the 

pipeline wall had started to form at a region close to the weld (Figure 31b). 
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a. Localised pitting corrosion. b. Cross-section showing partial 

perforation of the water line wall at the 

weld region. 

Figure 31: Pitting corrosion and total perforation resulting in loss of containment 

When preparing the joint for welding, disc cutters and abrasive wheels were used. These 

disc cutters and abrasive wheels had been previously used for a carbon steel product, 

meaning that they were contaminated. When they were later used to prepare the water 

line joint, iron particle contamination occurred. This rendered the final joint susceptible to 

corrosion in an environment in which corrosion would not be expected. The cause of the 

corrosion failure was therefore determined to be a lack of segregation between carbon 

steel and stainless steel cutting and grinding consumables, resulting in cross-

contamination. 

Key lessons from this failure are: 

• The importance of segregating carbon steel and stainless steel cutting and grinding 

consumables to prevent cross-contamination – “iron contamination” 

• Welders should be trained and supervised in the appropriate storage and handling 

of welding consumables for the materials with which they are working 
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6 Discussion and assessment 

6.1 General features of the dataset 

The data evaluated covered a wide range of sectors, with the three largest specific groups 

being ‘oil and gas’ (on and off-shore), ‘lifting and cranes’, and ‘mobile structures.’ The 

generic groups of ‘other manufacturing industry’ and ‘other category’ made up ~25% of the 

cases. Rail, shipping and nuclear sectors were not part of the data set as these sectors 

are not regulated by HSE. While the original remit of the work was on ED cases, the on- 

and off-shore incidents accounted for only 20% of the analysed cases. Hence, it was 

considered of value to extend the sectors considered more widely as many lessons learnt 

are generic and not unique to a particular sector. 

The data set covered five materials, with carbon steels accounting for 60% of the cases, 

as would be expected based on the relative volumes of materials used in the identified 

sectors. 13% of cases were on alloy steels, with the remainder split between stainless 

steel, nickel alloys and aluminium alloys. The commonest failure modes identified were 

fatigue and either ductile or brittle failure due to overload of the welds. Overloads occurred 

both due to welds being undersized, having been erroneously designed as such or 

incorrectly fabricated in comparison to designed size, or due to errors in defining loading 

paths and magnitude. Given the nature of fatigue and weld fractures, it is not surprising 

that in nearly 50% of cases the end result was complete collapse of the structure. 21% of 

the incidents led to injuries and 11% led to one or more fatalities. 

6.2 Root cause analysis 

The root cause analysis was carried out at two levels, defined as primary causes and sub-

causes. Within each of the seven primary causes there were between three and five sub-

causes. In total, thirty sub-causes of the welding-related incidents were identified as was 

shown in Table 1 (Section 2.4). 

Primary causes were defined as: 

1. design 

2. material 

3. process 

4. Quality 

5. training and knowledge 

6. supervision and acceptance 

7. inspection 
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Quality issues can also be a direct consequence of some of the other causes, hence it is 

perhaps best to consider weld quality issues themselves to be a result of poor control of 

design, material selection, incorrect processes, insufficient training and knowledge and 

inadequate supervision. Similarly, inspection could provide a final line of defence in 

detecting poor quality, and inadequate inspection can be considered to be a major cause 

when it is not carried out correctly and this occurs in combination with deficient welds. 

One of the principal aims of the current work was to identify the primary causes of the 

incidents reviewed. In Table 3, data are listed by increasing contribution of the sub-cause 

in terms of numbers of reports in which the sub-cause was identified. The five most 

frequent causes were: 

• quality: Crack-like or volumetric flaws in weldment – 49% of cases 

• quality: Poor weld geometry or size below that required – 45% of cases 

• supervision and acceptance: No or inadequate welder supervision – 26% of cases 

• inspection: Insufficient percentage coverage of inspection – 26% of cases 

• design: Joint not designed for ease of fabrication – 23% of cases 

Two other causes each occurred in 21% of cases: 

• design: Joint fit-up sub-optimal 

• process: Incorrect application/awareness of welding parameters 

Four sub-causes occurred with zero frequency, including incorrect weld sequencing, 

insufficient welder skill for the welding position and insufficient inspection skill or 

qualification. 

Table 3: Root causes, listed from highest to lowest frequency 

Primary 
cause 
no. 

Primary 
cause 

Sub-
cause 
no. Sub-cause 

Number 
of 
reports 
with 
this 
sub-
cause 
[1] 

Total 
incidents 
with this 
sub-
cause (%) 
[2] 

Total in 
primary 
cause 
(%) [3] 

4 Quality 4.4 Crack-like or volumetric 
flaws in weldment 

23 49 66 

4 Quality 4.3 Poor weld geometry or 
size below that required 

21 45 60 

6 Supervision 
and 
Acceptance 

6.2 No or inadequate welder 
supervision 

12 26 92 

7 Inspection 7.3 Insufficient percentage 
coverage of inspection, 
including no inspection 
(= zero coverage) 

12 26 80 
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Primary 
cause 
no. 

Primary 
cause 

Sub-
cause 
no. Sub-cause 

Number 
of 
reports 
with 
this 
sub-
cause 
[1] 

Total 
incidents 
with this 
sub-
cause (%) 
[2] 

Total in 
primary 
cause 
(%) [3] 

1 Design 1.1 Joint not designed for 
ease of fabrication 

11 23 52 

1 Design 1.3 Joint fit-up sub-optimal 10 21 48 

3 Process 3.1 Incorrect application of, 
or no 
awareness/consideration 
of, welding parameters 
(Pre-heat, heat input etc) 

10 21 83 

5 Training and 
knowledge 

5.5 Incorrect or insufficient 
understanding of loading 
conditions at design 
stage 

8 17 44 

5 Training and 
knowledge 

5.4 No or insufficient 
understanding of 
criticality of role of the 
welds in structure 

7 15 39 

1 Design 1.2 Incorrect weld prep for 
welding process 

5 11 24 

2 Material 2.3 Unsuitable base material 
for application 

5 11 71 

3 Process 3.3 Insufficient joint 
preparation between 
passes 

5 11 42 

6 Supervision 
and 
Acceptance 

6.1 No or insufficient 
presence of welding 
engineer input 

5 11 38 

4 Quality 4.2 Specified workmanship 
standard sufficient but 
not met 

4 9 11 

7 Inspection 7.2 Incorrect type of 
inspection to detect flaw 
type 

4 9 27 

5 Training and 
knowledge 

5.1 Welder 
skill/qualifications 
insufficient for process 

3 6 17 

6 Supervision 
and 
Acceptance 

6.4 No pre-defined weld 
quality acceptance 
criteria 

3 6 23 

1 Design 1.5 Incorrectly specified 
weld sizing 

2 4 10 

2 Material 2.1 Incorrect selection of 
welding consumables 

2 4 29 

3 Process 3.4 Excessive application of 
repair welding 

2 4 17 
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Primary 
cause 
no. 

Primary 
cause 

Sub-
cause 
no. Sub-cause 

Number 
of 
reports 
with 
this 
sub-
cause 
[1] 

Total 
incidents 
with this 
sub-
cause (%) 
[2] 

Total in 
primary 
cause 
(%) [3] 

7 Inspection 7.1 Correct method of 
inspection but 
inadequately or 
incorrectly applied 

2 4 13 

2 Material 2.2 Incorrect storage and 
handling of consumables 

1 2 14 

3 Process 3.2 Incorrect weld 
sequencing/ heat input 
to maximise productivity 

1 2 8 

4 Quality 4.1 Specified workmanship 
standard met but spec 
insufficient 

1 2 3 

5 Training and 
knowledge 

5.2 Welder 
skill/qualifications 
insufficient for material 

1 2 6 

7 Inspection 7.4 Incorrect interpretation 
of inspection 

1 2 7 

1 Design 1.4 Incorrect weld 
sequencing specified 

0 0 0 

4 Quality 4.5 Excessive distortion 
requiring correction 

0 0 0 

5 Training and 
knowledge 

5.3 Welder 
skill/qualifications 
insufficient for position 

0 0 0 

6 Supervision 
and 
Acceptance 

6.3 Insufficient inspection 
skill or qualification 

0 0 0 

Notes: 

[1] Number of individual reports in which this sub-cause was identified (maximum possible value is 47). 

[2] Number of reports identified in column [1] expressed as a percentage of the total number of incident cases reviewed 

(47 in total) 

[3] Number of reports with this sub-cause expressed as a percentage of the individual reports in which this primary 

cause was identified, excluding the reports where the primary cause occurred more than once, e.g. for sub-class 4.4, 

‘Crack-like or volumetric flaws in weldment’ there were 23 reports in which this cause was identified. The primary cause 

of ‘4.-Quality’ occurred in 35 separate reports; hence the % total of the sub-cause in this primary cause is (23/35) = 66%. 

In Figure 32, the frequency of occurrence of each of the individual sub-causes is shown for 

each sub-cause number and primary cause grouping. These data were then re-plotted in 

Figure 33 in order of most frequently occurring first, with the eight top sub-causes labelled. 
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Figure 32: All primary causes and sub-causes listed in order of designated identifier 

number 

From Figure 33 the two quality sub-causes of ‘crack-like/volumetric flaws’ and ‘poor 

geometry/ size below that required’ are by far the largest overall contributors to the studied 

welding incidents. As mentioned above, it can be argued that the occurrence of flaws and 

poor geometry may be the direct cause of a large proportion of the incidents, but that there 

are a related set of factors that have led to these quality issues. These may be design, 

process, training and knowledge, or supervision and acceptance related. It is therefore 

useful to further consider the data shown in Figure 33 in more detail. 

 

Figure 33: All sub-causes ranked in order of frequency of occurrence 
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6.3 Pareto analysis 

In order to provide a more quantitative assessment of the above data, a Pareto analysis 

was carried out. Pareto analysis enables an assessment of the underlying ‘rule of thumb’ 

that, in a number of situations, approximately 80% of occurrences of a given issue can be 

attributed to approximately 20% of causes. Formally, a full Pareto analysis should ideally 

be made where data are mutually exclusive, which is not the case in the current work. 

Therefore, while the Pareto approach has been followed here, it does not represent an 

exact interpretation of the concept in its strictest sense. 

For the first analysis, all sub-cause data shown in Figure 33 were included. Each incident 

report had more than one contributory sub-cause: reference to Table 3 shows that for the 

47 incidents evaluated, the total number of instances of all sub-causes was 161, 

representing an average of ~three sub-causes per incident. Hence, the number of reports 

occurring within a particular sub-cause can be expressed as a percentage occurrence 

rate, e.g. there were 23 instances of ‘crack-like or volumetric flaws’ which is equivalent to 

23/161=14.3% of all observed causes across all incidents. By adding up the cumulative 

percentage of causes, those which are responsible for a given percentage of cases across 

all the incidents can be determined. 

For all sub-causes considered together, there are 30 different possibilities considered in 

the assessment pro-forma. Hence each sub-cause, when arranged in increasing 

frequency can be assigned a cumulative percentage, which shows that the first six sub-

causes equate to 20% of all causes (6/30=20%). Where a sub-cause had an equal 

number of occurrences in the incident population, they were arranged in order of sub-

cause reference number. 

 

Table 4 shows the resultant analysis for all sub-causes up to the 80% level. Five sub-

causes (16.7%) account for just under 50% of the occurrences (rows shown in grey), with 

four further sub-causes of equal contribution accountable for occurrences up to a total of 

~70% (rows shown in blue). However, to account for 80% of all occurrences, the number 

of sub-causes increases to twelve, or 40% (rows shown in green). Hence, the data do not 

tend to fit the 80/20 ‘rule of thumb’ of a Pareto analysis, probably on account of the 

complexity of the full welding cycle and the number of opportunities that can arise for 

introducing poor quality at all stages. 
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Table 4: Pareto analysis of all sub-causes up to 80% cumulative total 

Primary 
cause Category Sub-cause 

Number 
of 
incidents 
in which 
sub-
cause 
was 
identified 

Cumulative 
percent of 
occurrences 
within all 
incidents 

Cumulative 
percent of 
number of 
sub-
causes 

Quality 4.4 Crack-like or volumetric 
flaws in weldment 

23 14.3 3.3 

Quality 4.3 Poor weld geometry or 
size below that required 

21 27.3 6.7 

Supervision 
and 
Acceptance 

6.2 No or inadequate welder 
supervision 

12 34.8 10.0 

Inspection 7.3 Insufficient percentage 
coverage of inspection, 
including no inspection 

12 42.2 13.3 

Design 1.1 Joint not designed for 
ease of fabrication 

11 49.1 16.7 

Design 1.3 Joint fit-up sub-optimal 10 55.3 20.0 

Process 3.1 Incorrect application of, 
or no awareness/ 
consideration of, welding 
parameters  

10 61.5 23.3 

Training 
and 
knowledge 

5.5 Incorrect or insufficient 
understanding of loading 
conditions at design 
stage 

8 66.5 26.6 

Training 
and 
knowledge 

5.4 No or insufficient 
understanding of 
criticality of role of the 
welds in structure 

7 70.8 30.0 

Design 1.2 Incorrect weld prep for 
welding process 

5 73.9 33.3 

Material 2.3 Unsuitable base material 
for application 

5 77.0 36.6 

Process 3.3 Insufficient joint 
preparation between 
passes 

5 80.1 40.0 
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Figure 34: Pareto analysis of all sub-causes 

Figure 34 shows the data for all sub-causes plotted in Pareto format. Only the sub-causes 

with frequency of 4 and above have been identified by their title. Although there were 30 

potential sub-causes in total, four occurred with zero frequency. By reading off the 

cumulative percentage line (blue line) at 50% it can be seen that five sub-causes (17% of 

the total causes) accounted for nearly half of all occurrences. In contrast, 21 further sub-

causes accounted for the remaining ~50% of occurrences. In the current case the 50% 

boundary lies between five and six sub-causes, with cumulative percent of 49.1 and 55.3% 

respectively. The first five sub-causes were taken as the 50% indicative set. 

A second analysis was also carried out by excluding all ‘quality’ causes which refer to the 

physical attributes of the weld itself, but do not consider the means by which the quality 

deficiency occurred. In this second analysis, the sub-causes of ‘crack like/volumetric flaws’ 

and ‘poor weld geometry’ which featured as the top two in the combined analysis are 

excluded. 

Across the 47 incidents evaluated the total number of instances of sub-causes, excluding 

those of quality, was 112. Hence, the number of reports occurring within a particular sub-

cause can be expressed as a percentage occurrence rate, e.g., there were 12 instances of 

‘No or inadequate welder supervision’, which is equivalent to 12/112=10.7% of observed 

causes across all incidents, excluding those of direct quality. 
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Excluding the five sub-causes associated with quality, there are 25 different possibilities 

considered in the assessment pro-forma. Hence each sub-cause, when arranged in 

increasing frequency can be assigned a percentage cause, in this case five sub-causes 

equate to 20% of causes (5/25=20%). 

In this analysis, the initial cause of the net poor quality that contributed to the failure can be 

assessed independently. Table 5, shows the resultant analysis up to the 80% level. The 

top 20% of the cumulative sub-causes (five sub-causes, rows shown in grey) accounted 

for just under 50% of occurrences across all the incidents. 

The top three sub-causes accounted for ~31% of incident occurrences. The two highest 

contributors were ‘No or inadequate welder supervision and’ insufficient percentage 

coverage of inspection’, with the cause ‘Joint not designed for ease of fabrication’ the third 

highest contributor. A further six sub-causes (rows shown in blue) contributed to the 

overall 80% level of cases. 

Table 5: Pareto analysis of sub-causes excluding quality up to 80% cumulative total 

Primary 
cause 

Sub-
cause 
no. Sub-cause 

Number of 
incidents in 
which sub-
cause was 
identified 

Cumulative 
percent of 
occurrence
s within all 
incidents 

Cumulative 
percent of 
number of 
sub-causes 

Supervision and 
Acceptance 

6.2 
No or inadequate 
welder supervision 

12 10.7 4.0 

Inspection 7.3 

Insufficient 
percentage coverage 
of inspection, 
including no 
inspection 

12 21.4 8.0 

Design 1.1 
Joint not designed 
for ease of 
fabrication 

11 31.3 12.0 

Design 1.3 
Joint fit-up sub-
optimal 

10 40.2 16.0 

Process 3.1 

Incorrect application 
of, or no 
awareness/considera
tion of, welding 
parameters 

10 49.1 20.0 

Training and 
knowledge 

5.5 

Incorrect or 
insufficient 
understanding of 
loading conditions at 
design stage 

8 56.3 24.0 

Training and 
knowledge 

5.4 

No or insufficient 
understanding of 
criticality of role of 
the welds in structure 

7 62.5 28.0 

Design 1.2 
Incorrect weld prep 
for welding process 

5 67.0 32.0 
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Primary 
cause 

Sub-
cause 
no. Sub-cause 

Number of 
incidents in 
which sub-
cause was 
identified 

Cumulative 
percent of 
occurrence
s within all 
incidents 

Cumulative 
percent of 
number of 
sub-causes 

Material 2.3 
Unsuitable base 
material for 
application 

5 71.4 36.0 

Process 3.3 
Insufficient joint 
preparation between 
passes 

5 75.9 40.0 

Supervision and 
Acceptance 

6.1 
No or insufficient 
presence of welding 
engineer input 

5 80.4 44.0 

 

Figure 35 shows the data for all sub-causes plotted in Pareto format. Only the causes with 

frequency of 4 and above have been identified by their title. Although there were 25 

potential causes in total, three occurred with zero frequency. 

By reading off the cumulative percentage line (blue line) at 50% it can be seen that five 

sub-causes (20% of the total sub-causes) accounted for half of all occurrences. In 

contrast, 17 further sub-causes accounted for the remaining 50% of occurrences. The sub-

causes of ‘No or inadequate welder supervision’ and ‘insufficient percentage coverage of 

inspection’ scored highest, with the cause ‘Joint not designed for ease of fabrication’ 

scoring third. 
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Figure 35: Pareto analysis of sub-causes excluding those of 'quality' 

 

6.4 Lessons learnt from case studies 

The aim of the case studies is to provide examples of some of the common failure causes 

in more detail. The cases included pressure vessels, pipes, storage tanks, caissons, 

buildings, mobile lifting and handling equipment, and cranes. Some of the common 

observations from these case studies are given below, grouped according to: 

• Planning, QA and QC 

• Criticality of welds 

• Execution of welding 

•  Inspection 

Planning, QA and QC 

• Checks and systems should be in place to ensure communication of key design and 

fabrication information 

• Even minor and temporary welds must follow the WPS: disregard of this can cause 

welding defects in the fabrication at a later stage 

• Use of unauthorised consumables, even for tack welds, can cause significant weld 

quality issues that may only be found during later inspection 
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• Test pieces undertaken for the WPQRs should be representative of the actual 

conditions that will occur in practice, including restricted access, suitable materials, 

and edge condition. This has also been noted in a recent case within ED 

• Safety critical repair welds, such as in lifting equipment, should be supervised and 

inspected by a qualified welding inspector and afforded the same level of scrutiny 

as in the original fabrication 

• Weld modifications made at the installation stage, such as those required to ensure 

final set-up, should be subject to the same design and quality scrutiny as the 

original design 

• Repairs should only be conducted by knowledgeable and competent persons. The 

CP in this case may be specific to the particular sector (lifting equipment, pressure 

vessels, buildings, pipes) 

• Weld inspection processes and reports should allow for clear traceability and should 

be subjected to an auditing process, so that issues can be identified 

Criticality of welds 

• The purpose, criticality, and potential failure modes of a weld should be identified 

based on a structure’s purpose and environment 

• Communication of weld criticality and procedures to all parties involved in 

fabrication and inspection is important in order to highlight where issues may occur 

• Ensuring all personnel across the design, fabrication and inspection stages of 

welding are aware of which welds are safety critical 

• Sharp weld profiles can result in locally raised stresses, which can initiate failures 

such as SCC and fatigue. Quality levels for joint geometry should be defined to 

ensure that the weld geometry is suitable for the required application 

• Understanding of the sensitivity of fatigue life to design of the welds and quality of 

the fabricated joints 

Execution of welding 

• Supervision of all stages of the welding process is critical to the integrity of the final 

fabrication 

• Specified weld geometries and key dimensional criteria should be followed and 

reporting of deviations encouraged. Non-compliances at all stages should be raised 

and acted on where necessary 

• Welding parameters (e.g. heat input) and preparation (joint fit up, surface 

decontamination) are essential factors to consider to ensure appropriate weld 

quality 

• Sufficient training and knowledge are necessary for the material being welded, 

along with procedure documentation (PQR and WPS). For example, highly alloyed 

steels require significant pre-heat to avoid the formation of brittle microstructures 

which cause issues such as hydrogen cracking 

• It is important to ensure all welding wires and other consumables are handled, 

used, and stored appropriately for the metal being joined. This should be ensured 

by training and supervision 
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Inspection 

• Correct interpretation of the NDT requirements associated with the manufacturing 

drawings and selection of appropriate methods for detecting flaws that are not 

surface breaking 

• Inspection of workmanship should follow the appropriate code and should be 

carried out by a person independent from the fabrication process. A qualified 

welding inspector should carry out this role 

• Application of appropriate percentage weld coverage for NDT is critical. Inspection 

of an insufficient proportion of welds, or of welds that were the least difficult in the 

structure to manufacture and therefore least likely to contain flaws, can lead to 

erroneous conclusions on the fitness-for-service of the structure 

• When focusing on specific locations using more complex techniques, such as 

radiography of welded tees, care should be taken not to neglect other areas of the 

structure using simpler methods such as visual inspection 

• Visual inspection and MPI at least 16 hours after a weld is completed can increase 

the chances of identifying any issues arising from hydrogen cracking 
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7 Conclusions 

Data mining of HSE records was carried out to obtain a library of incident investigation 

reports in which welding was identified as a potential cause. Analysts identified 47 

individual incident investigations involving welding. 7 primary causes were then defined 

that spanned the full welding process cycle, and 3-5 sub-causes were defined within each 

primary cause. 

While the original remit of the work was focused on offshore cases, it was considered of 

value to extend the sectors more widely across high-hazard industries as many lessons 

learnt are generic and not unique to a particular sector. The data evaluated covered a 

range of sectors, with the three largest specific groups being ‘oil and gas’ (on- and off-

shore), ‘lifting and cranes,’ and ‘mobile structures.’ Smaller data sets covered the sectors 

of buildings, ports and harbour, power generation and chemical processing.  The generic 

groups of ‘other manufacturing industry’ and ‘other category’ made up ~20% of the cases. 

The data set covered five categories of materials, with carbon steels prevalent in 60% of 

the cases, as would be expected based on the relative volumes of materials used in the 

identified sectors. 13% of cases each concerned alloy steels and stainless steels, and the 

remainder of cases were split between nickel alloys, aluminium alloys, and one case in 

which the alloy was not given. 

The most common failure modes identified were fatigue and either ductile or brittle failure 

due to overload of the welds. Overload failures occurred both due to welds being 

undersized, having been erroneously designed as such or incorrectly fabricated in 

comparison to designed size, or due to errors in defining loading paths and load 

magnitude. 

Of the 47 cases, 11% were fatal and 21% resulted in injuries. Many cases (49%) resulted 

in structural collapse of some kind. Other consequences included loss of containment 

(23%) and high hazard events (9%). Several cases (15%) were investigated prior to any 

incident, due to an identified safety concern. A particular incident may have more than one 

consequence, and in some cases the full consequences of a failure may not be known 

from the information available. 

The three primary causes of highest concern were ‘quality’, ‘design’, and ‘training & 

knowledge’. The vast majority (74%) of investigations revealed that welding quality was a 

contributory primary cause. This fact is perhaps not surprising in its own right, but the 

underlying data provide more understanding when assessed at the sub-causal level. The 

least likely primary cause was material choice (15%), including incorrect welding 

consumable and unsuitable base material. 

The primary cause of poor weld quality can be envisaged to be a consequence of five of 

the other high-level shortcomings (design, material, process, training & knowledge, 

supervision & acceptance) with inspection acting as a potential final stage to prevent 
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acceptance of poor weld quality and its associated consequences. It is noted however that 

the over-reliance on this last stage in place of quality-controlled processes represents poor 

practice. 

In the majority of cases, there were several contributory sub-causes to each failure, on 

average three. As a result, each sub-cause is not mutually exclusive, and their 

percentages sum up to greater than the 100%. 

The five most frequent sub-causes were: 

A. Quality: Crack-like or volumetric flaws in weldment – 49% (of the 47 cases) 

B. Quality: Poor weld geometry or size below that required – 45% 

C. Supervision and acceptance: No or inadequate welder supervision – 26% 

D. Inspection: Insufficient percentage coverage of inspection – 26% 

E. Design: Joint not designed for ease of fabrication – 23% 

Four sub-causes occurred with zero frequency, including incorrectly specified weld 

sequencing, excessive distortion requiring correction, lack of welder skill for the welding 

position, and insufficient inspection skill. 

A Pareto analysis was also carried out, taking the total summation of each sub-cause 

across all 47 incidents as the population of occurrences. Five sub-causes (16.7% of the 

total listed causes) account for just under 50% of the occurrences; These are causes A to 

E in the first list above. In contrast, 21 further sub-causes accounted for the remaining 

~50% of occurrences. 

A second analysis was also carried out but excluding all ‘quality’ causes which refer to the 

physical attributes of the weld itself, but do not consider the means by which this was 

achieved. In this second analysis the sub-causes of ‘crack like/ volumetric flaws’ and ‘poor 

weld geometry/ size below that required’ were excluded. In this case, five sub-causes 

(20% of the total number of sub-causes) accounted for just under 50% of all occurrences; 

these were those listed C, D and E above, together with sub-optimal joint fit-up and poor 

awareness/consideration of welding parameters. In contrast, 17 further sub-causes 

accounted for the remaining 50% of occurrences. 

The above evidence demonstrates where shortcomings across the many stages of 

welding have contributed to in-service failures of varying severity of consequence. The 

data analysis in this report identifies the primary contributory causes to poor welding and 

their consequences. Priority areas on which industry could focus to improve the overall 

outcome of welding are indicated by these analyses. Improvements in the overall welding 

cycle could be achieved by observing the key lessons learnt from the case studies. 
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9 Appendix A – Weld failure atlas 

 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Offshore 
oil & gas 

Jack-up rig 
welded 
tubular hull 
structure 

Unidirectional and reverse 
bending led to fracture initiation at 
the weld toes. Some small weld 
toe defects were noted, but these 
were not the main cause of the 
failure. Main T-butt dollar plate 
welds were sound, although 
backing bars were present. 

Quenched 
and 
tempered 
steel, yield 
strength 
>600 MPa 

 

 

 

 

 

 

 

 

 

25 mm 

 

Tube walls (left and right) to dollar plate 
(centre) welds. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Mobile 
structures 

Road petrol 
tanker 

Welds were found to be non-
compliant and were of poor quality 
with poor fit-up. Repairs had been 
poorly executed. Post-weld 
inspection was inadequate. 

Aluminium 
alloy, 6082 

 

 

 

 

 

 

 

5 mm 

Circumferential butt weld cross section 
through a region of lack of 
penetration/fusion.  

Onshore 
gas 

Failed 
joggle 
welds on 
hydro-
tested LPG 
vessel 

A joggle weld in 5.5mm plate. No 
root gap specified.  Submerged 
arc weld failed to penetrate to the 
backing ring, which resulted in an 
unfused region. The weld was 
single-pass with no grain 
refinement, resulting in poor 
properties. The weld fractured 
during a hydro test. 

Carbon 
steel 

5.5 mm 

 

Failed joggle weld. Crack path from unfused 
area to top face. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Buildings Structural 
collapse of 
a 5-storey 
steel 
framed 
building 
during 
construction 

Fabrication difficulties such as 
misalignment, undersized welds 
and incorrectly specified welds 
were not adequately addressed 
during the fabrication process. 
Non-conformances were not 
flagged up or corrected, which led 
to collapse of the building. 

Carbon 
steel, 
S355 

15 mm+ 

 

Weld failure through HAZ: filler metal in root 
gap, worm-holes, and lack of inter-run 
fusion. Poor fit-up with large root gap, which 
reduces the fillet weld leg length. Vertical 
plate chamfered but not bevelled sufficient 
to achieve adequate penetration. 

Other 
category 

Waste 
container 

The failure region had a missing 
weld.  Other welding defects 
(undersized welds, centreline 
cracking, lack of fusion, irregular 
weld bead shape, incomplete fill, 
and weld undercut) were also 
present in the region of failure and 
therefore contributed to a loss of 
strength and the subsequent 
overloading of the joint. 

Carbon 
steel: 
S235JR 
and 
S275JR 

Not 
available 

 

Weld with underfill, irregular bead shape, 
and stubbed filler wire. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Other 
category 

Work 
platform 

The welds had been poorly made 
with lack of penetration and lack 
of fusion. Information on design 
calculations and weld sizing was 
absent. Welder competency 
evidence absent. 

Carbon 
steel, 
S275, 
S355 

10 mm 

 

Cross section of failed weld with lack of 
fusion. 

Buildings Single span 
tubular 
steelwork 
truss 

Failure due to the fracture/ 
yielding of a number of critical 
sub-sized fillet welds on static 
loading. Welds were significantly 
less than the specified 15 mm leg 
length and throat size was 
insufficient. The complexity of the 
structure and management and 
communication failures 
contributed to the inadequate 
welding. 

Carbon 
steel, 
S275 & 
S355 

30 mm 

Undersized fillet weld with a large gap and 
poor fit-up. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Lifting & 
cranes 

Crane jib The crane jib failed due to fatigue 
cracking that had initiated from 
lack-of-fusion defects at the root 
region of the tubular-to-plate 
welds. 

Carbon 
steel, 
S355 

10 to 
25 mm 

 

Lack-of-fusion defects in tubular-to-plate 
welds. 

Lifting & 
cranes 

Mechanical 
handler with 
scissor-
design 
lifting 
mechanism 

Welded modifications were made 
retrospectively. A forklift truck 
pocket was made by welding a 
channel section and filling the gap 
with reinforcing bar. The weld 
quality was very poor, containing 
poorly formed discontinuous 
welds with gaps and porosity. 

Carbon 
steel 

12.5 mm 

Image not available. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Lifting & 
cranes 

Lifting eye 
on the 
cover of a 
mortar 
mixer 

Fatigue failure initiated at a high 
angle (≥90°) weld toe. The cyclic 
loading was due to vibrations and 
the repeated placement of the 
mixer cover. There was no fatigue 
assessment carried out during the 
design, leading to design 
inadequacies. 

Carbon 
steel 

12 to 
27 mm 

 

Macro-section through the lifting eye. 

Offshore 
oil & gas 

Gas nozzle 
connector 
on a drilling, 
production, 
storage, 
and 
offloading 
unit (DPSO) 

Vibrational fatigue in duplex weld, 
arising from unsupported flanged 
joints on a nozzle joined to a pipe 
spool. Weld quality was not causal 
to failure. 

Wrought 
duplex 
stainless 
steel, 
solution 
annealed 

9 mm 

 

A cross-section of the weld toe, showing 
fatigue cracks in weld metal and at the weld 
toe (Source: Intertek CAPCIS) 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Chemical 
processing 

Alkyd 
reactor 
vessel 

Butyl acetate leaked from an 
Inconel reactor vessel via a 
fractured Inconel cooling water 
pipe. The leak occurred during 
cleaning operations involving butyl 
acetate. The Inconel pipe failed 
due to fatigue, which had initiated 
at a sharp corner. The sharp 
corner had been machined at the 
flange-to-pipe weld. 

 

Inconel 
600 

5.5 mm 

 

Inconel pipe failure at pipe-to-flange weld. 

Mobile 
structures 

Rollover 
protection 
structure of 
a dumper 
truck 

Poor weld quality led to a reduced 
load-bearing ability, resulting in 
fracture when the truck 
overturned. The weld defects 
observed included lack of 
penetration, lack of fusion, and 
porosity. Joining issues were 
exacerbated by no bevel being 
prepared when joining to a curved 
surface. 

Carbon 
steel 

5 mm 

 

Schematic demonstrating the consequence 
of joining a plate with no bevel to a curved 
surface. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Lifting & 
cranes 

Failed 
boom 
attachment 
weld on 
container 
stacker 

The original parts (boom ear 
attachments) had been made out 
of 150M19 steel and welded in 
place. These original parts had 
been replaced with EN8 and 
EN43. Intergranular HAZ 
hydrogen cracks resulted because 
of no hydrogen control measures 
being taken. Fracture of the weld 
resulted. 

Alloy steel 
080M40 

30 mm 

 

An intergranular crack in the HAZ extending 
into the weld toe. 

Other 
manufactu
ring 
industry 

Autoclave 
walkway 

The walkway welds had been 
repaired following a previous 
failure. The weld repairs were 
overloaded due to changes in 
working practice. The weld repair 
was poorly executed with gross 
defects. The weld repair was not 
inspected after the welding 
process was completed. 

Carbon 
steel 

6 mm 

 

Weld cross-section in 6 mm wall showing 
lack of side wall fusion and porosity. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Other 
manufactu
ring 
industry 

Failed end 
weld on air 
receiver 

The air receiver was fluctuating in 
pressure. The end cap should 
have been a full penetration weld 
with a reinforcing fillet. Fatigue 
failure resulted. 

Carbon 
steel 

8 mm 

  

Failed end cap weld showing initial lack of 
penetration and resulting crack path. 

Ports and 
harbour 

Ferry 
passenger 
boarding 
bridge 

Critical welds failed through the 
weld metal, along the fusion line, 
and in the parent material 
adjacent to the weld. At the 
commissioning stage, the design 
calculations had not considered 
specific loading scenarios and had 
underestimated the stresses. 

Carbon 
steel, 
S355 

Not given, 
but 
< 10 mm 

 

Failed tube-to-tube weld. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Other 
category 

Train 
station sign 
column 

The column failed by fatigue at an 
anchor point, which was attached 
to the column in high winds. The 
welds had lack-of-penetration 
defects and were in parts 
incomplete. These crack-like 
defects acted as initiation sites for 
fatigue. 

Carbon 
steel 

3.4 mm 

 

A crack-like feature formed by incomplete 
penetration of the weld through-thickness. 

Other 
manufactu
ring 
industry 

Failed 
temporary 
attachment 
welds in 6 
tonne kettle 
structure 

Temporary attachment welds 
securing a 6-tonne kettle to a 
rotating jig failed. The material 
was welded to an area that had 
been previously welded. Failure to 
reclaim the previously welded and 
flame cut/gouged surface led to 
poor joint fit-up. The preheat used 
was inadequate (or absent), 
resulting in martensite formation 
and hydrogen cracking. 

2 ¼ Cr-Mo 
steel 

35 mm 

 

Cross-section of failed weld. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Other 
category 

Water boiler 
stay 

A water boiler safety valve was 
not operating correctly, and the 
boiler pressure increased above 
normal levels. Over-pressurisation 
of the boiler resulted in ductile 
shear failure of the welds in the 
boiler stay. The welds had slag 
inclusions and a significant lack of 
fusion. 

Carbon 
steel 

22 mm 

 

Internal shell end-plate to stay weld. 

Other 
manufactu
ring 
industry 

Paper 
compactor 
door hinges 

The hinges failed at the welds by 
ductile overload. The welds were 
of poor quality, with excessive root 
gaps, slag inclusions, poor 
alignment, and lack of fusion. 
Three of the four welds were 
incomplete (did not extend around 
all of the brackets). The plate itself 
was also distorted. 

Carbon 
steel, 
S275 & 
S355 

10 to 
25 mm 

 

Macro section of failed bracket weld. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Offshore Failed pipe 
spool 

A pipe butt weld failed as a result 
of high cycle fatigue. The weld 
had been made to an acceptable 
standard. The cause of the failure 
was a design issue: unanticipated 
vibration stresses led to fatigue. 

316 grade 
stainless 
steel 

4 to 7 mm 

 

Cracking at the weld toe on the internal 
surface of the pipe. 

Lifting & 
cranes 

Vessel 
lifting 
bracket 

The component failed by ductile 
overload at the location of a pre-
existing crack. The weld fracture 
surfaces were temper-coloured 
and oxidised. This was evidence 
of the pre-existing centreline 
crack, which indicated poor 
control of welding variables (high 
stresses during solidification). 

Alloy steel, 
080M15 

10 mm 

 

The 45-50 mm long centreline crack. 20 mm 
of the weld failed by subsequent overload. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Ports & 
harbour 

Ship-to-
shore 
walkway 

The failed welds connected an 
axle to a disc with the purpose of 
support and acting as sliding 
bearing for the walkway structure. 
There was a misunderstanding of 
the loading conditions on the 
welds at the design stage: the 
bending stress was several times 
larger than the nominal yield 
stress. This resulted in the welds 
failing by fatigue. 

Carbon 
steel 

Not 
available 

Image not available. 

Mobile 
structures 

Mobile 
excavator 
lifting boom 

Fatigue of the main boom had 
initiated at the root of the boom 
plate/weld fusion boundary. The 
weld was not fused to the backing 
strip due to poor alignment of the 
backing strip with the boom plates 
which were also misaligned. The 
fatigue cracking associated with 
the pivot boss initiated from lack 
of fusion and slag defects. 

Boron-
containing 
high 
strength 
low alloy 
steel. 

10 mm 
plate with 
5 mm 
backing 
strip 

 

Fatigue crack initiated at the weld toe. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Lifting & 
cranes 

Container 
crane 

The weld was not appropriate for 
cyclic loading. It exhibited lack of 
penetration and lack-of-fusion 
defects, providing fatigue initiation 
sites. The weld inspection scheme 
was inadequate. 

Carbon 
steel, 
S275 and 
S355 

12.5 to 
25 mm 

 

Lack-of-penetration and lack-of-fusion 
defects in a tube-to-flange weld. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Mobile 
structures 

Failed 
mobile 
elevating 
work 
platform 
(MEWP) 
actuator 
ram 

The material chosen for the ram 
was a high carbon low alloy steel 
with a very high CE. Inadequate 
preheat had been applied, which 
led to hydrogen cracking in the 
HAZ. No inspection appeared to 
have been carried out. 

High 
carbon low 
alloy steel, 

BS 970: 
080M46 or 
080M50 

32 mm 

 

A failed weld joining the 32 mm diameter 
ram to the eye-block. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Mobile 
structures 

Handrail 
attached to 
a vehicle 

There was lack of joint preparation 
before welding the handrail welds, 
leading to a lack of weld 
penetration and weakened welds. 
Significant weld porosity further 
weakened the welds. It was 
suspected that fatigue had 
initiated at the unpenetrated weld 
root, followed by ductile fracture 
when a worker leant against the 
handrail. 

Aluminium 
alloy, 
grade 
6351 

3 mm 

 

A weld section with porosity and lack of 
penetration. 

Offshore 
oil & gas 

Drain line A poor toe blend between two 
capping welds acted as a stress 
raiser, causing failure by stress 
corrosion cracking and fatigue. 
The welds were generally well-
made, but the shape change 
between two capping welds acted 
as a stress raiser. 

Carbon 
steel 

~ 8 mm 

 

Stress corrosion cracking initiated between 
two capping welds. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Other 
category 

Portable air 
compressor
s 

Eleven portable air compressors 
purchased via the internet were 
tested for compliance with the 
SPVD. Ten of the vessels were 
tested using radiography, and 
nine failed to meet the standard 
by radiographic testing – 
inspection/QC was insufficient or 
non-existent. Ten were sectioned 
and all ten had welding defects 
which were unacceptable 
according to the SPVD. 

Carbon 
steel 

Min. 2 mm 
required 
for SPVD. 

Actual 
min. 
1.8 mm. 

 

A weld on one of the pressure vessels 
showing porosity and undercut. 

Chemical 
processing 

Sump 
welds from 
two tanks 
used in the 
petroleum 
industry 

Cracks led to loss of containment. 
The welds were undersized, lack 
of sidewall fusion was caused by 
poor design, and lack of fusion 
between the internal and external 
fillet welds created crack-like 
defects. Cracking was not found 
to be progressive and may have 
been a result of poor control of the 
welding process. 

Carbon 
steel 

10 mm 

Image not available. 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Onshore 
gas 

Thermal 
corner 
protection 
(TCP) in an 
LNG 
storage 
tank 

The tank had been out-gassing 
from secondary containment. It 
was suspected that the TCP had 
been breached at a welded joint. 
Assessment of the welding 
procedure revealed that weld 
quality issues were likely, due to 
restrictive access issues. The test 
piece geometry and conditions 
used in the WPQR were not 
representative of the true joint. 

9% Ni 
steel 

5 mm 

 

TCP weld prep dimensions, showing access 
issues. 

Power 
generation 

Steam pipe 
in combined 
heat and 
power 
(CHP) plant 

Fatigue failure initiated at a steep 
weld toe angle, which raised 
localised stresses to a higher 
stress than originally designed for. 
The origin of the cyclic stresses 
remains unconfirmed but was 
thought to be due to thermal 
cycling or vibration. The location 
of pipework supports may have 
influenced this. 

Pipes in 
Cr-Mo 
steels 
(grades 
16Mo3, 
15Mo3, 
13CrMo44
) 

4-20 mm 

Image not available. 

Power 
generation 

Wind 
turbine 
tower 

The tower section failed by fatigue 
which had initiated at a weld toe, 
indicating an issue with the weld 
geometry, such as a high weld toe 
angle. 

Carbon 
steel 

8 mm Image not available. 



 

90 

 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Offshore 
oil & gas 

Caisson on 
a drilling 
and 
production 
platform 

An internal weld was missed 
during caisson fabrication. This 
was not discovered by QC or 
NDT. The missing weld resulted in 
a galvanic cell being formed. 
Excessive corrosion resulted in 
the eventual fracture of the 
remaining ligament and structural 
collapse. 

X65 steel 
pipe, 
internally 
clad with 
Ni-based 
Alloy 625 
CRA 

Not 
available 

 

The effect of a missing CRA overlay weld 
on establishing a galvanic cell and causing 
eventual failure (Provided by TWI) 

Offshore 
oil & gas 

Bridle spool 
of a 
methanol 
tank on a 
floating 
production 
facility 

A methanol storage system 
leaked due to the failure of a 
carbon steel pipe spool after 18 
months in service. The failure 
occurred by stress corrosion 
cracking. The primary crack was 
found to propagate from a high-
angle weld root which had been 
caused by excessive penetration 
depth. There was also a smaller 
crack located in the HAZ which 
was due to lack of PWHT. 

Carbon 
steel, 
ASTM 
A106 
Grade B 

5.9 mm 

 

Crack propagation from the high-angle weld 
toe and secondary cracking in the HAZ 
(Source: Element Materials Technology) 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Power 
generation 

Boiler 
casing 

On two separate occasions a 6 
mm boiler casing plate tore apart 
adjacent to a butt weld. This led to 
escape of flue gases from boiler. 
A shortfall in plate length was 
remedied by the addition of a 
slender insert piece, welded only 
from one side and without a v- 
prep. The weld cap was then 
ground flush to conceal the weld.  
Failure occurred by mechanical 
overload due to the weld being 
unable to withstand forces 
generated by thermal expansion. 

Carbon 
steel 

6 mm 

 

Etched cross-section of failed weld 

Ports & 
harbour 

Shipping 
container 

A lifting lug on a marine shipping 
container became detached 
during a lifting operation resulting 
in serious loss of control of the 
container. Manufacture of the 
failed lugs was sub-contracted by 
the container manufacturer to an 
uncontrolled third party. Multiple 
arc strikes on a thick section high 
strength steel lug created 
localised hard zones in excess of 
420 Vickers. The unauthorised 
strikes were hidden by the paint 
coating.  Hydrogen cracks 
developed from which brittle 
fracture initiated. 

High 
strength 
steel 

Not 
available 

 

Etched cross section showing hydrogen 
cracking at arc strike 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Chemical 
processing 

Drain line Multiple perforation failures of butt 
welds in tank farm drain lines. 
Combination of poor-quality welds 
and crevice corrosion in GTAW 
welded stainless steel.  The welds 
were made with inadequate vee 
prep. This resulted in lack of root 
fusion forming a crevice, which led 
to crevice corrosion. Drained 
water had significant chloride 
content (brackish) so material was 
intolerant of crevices. Failure led 
to loss of containment and 
production in only 6 months 
despite intended service life of 
years. 

300 series 
stainless 
steel 

3.5 mm 

 

Lack of root fusion on underside of weld 

 

Fully perforated weld 
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 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Chemical 
processing 

Fire water 
main 

Perforations of welds in stainless 
steel fire water mains. Carbon 
steel contaminated disc cutters 
and abrasive wheels were used 
on stainless steel weld preps 
leading to impregnation of 
surfaces with iron particles.  
Corrosion initiated at these 
regions after pressure testing in 
brackish water and leaving 
stagnant in a hot climate for 
several days. Autocatalytic pitting 
corrosion initiated at embedded 
iron particles.  Failure was 
exacerbated by brackish water 
and stagnation, and it resulted in 
loss of production. 

300 series 
stainless 
steel 

Not 
available 

 

Top view of weld seam showing corrosion 
due to contamination 



 

94 

 Structure Problem Material 
Approx. 
thickness Resultant weld issue (image) 

Chemical 
processing 

Pipe spools Liquid metal asssisted cracking 
(LMAC) of steel spool welds due 
to copper contamination of welds. 
Features with a golden colour 
were visually observed around the 
defective areas. Radiography 
highlighted that the cracks were at 
evenly spaced quadrant locations 
on the pipe joint. Cracks were a 
result of copper contamination of 
the welds. Quality control 
breakdown led to tacking of the 
stainless steel weld joint using a 
copper wire in contravention to the 
requirement of the welding 
procedure specification. Project 
delay due to rework and extensive 
re-inspection of all welds made at 
the time of the incident. 

316 
stainless 
steel 

Not 
available 

 

Top view of weld showing cracked copper-
rich region at weld toe 

 

Copper-lined crack at weld toe (etched 
condition) 
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Approx. 
thickness Resultant weld issue (image) 

Onshore 
gas 

Onshore 
pipeline 

Missing weld fill and cap in outer 
diameter girth weld in onshore 
petro-chemical pipeline. A weld 
was missing the fill and cap but 
was not reported as having been 
completed so not subject to NDT, 
not visually inspected by the 
coating inspector and backfilled. 
The weld was coated without 
visual inspection. It was then 
installed into the trench and 
internal diameter welds completed 
inside the pipe (backfill welding). 
As the weld is coated the 
assumption is that the weld is 
accepted and then passed to the 
lower-and- lay/backfill team. The 
weld was excavated and found to 
have a coated but unfinished 
weld. Attributed to lack of 
organisation during mainline 
welding, lack of inspection 
resources in the welding and poor 
reporting. 

Assumed 
C-steel 
pipeline 

Not 
available 

View of incomplete outer diameter girth 
weld 
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Approx. 
thickness Resultant weld issue (image) 

Offshore Offshore 
platform 
legs 

Single sided open V-prep welds in 
large diameter (800mm) carbon 
steel offshore tubulars using 
GSFCAW for root, fill and cap. 
Offshore jacket legs during 
original construction, critical 
structural welds. All welds were 
passed as acceptable by UT. 
Internal inspection revealed large 
areas of lack of penetration, 
missed edge and excess 
penetration. GSFCAW is not a 
suitable technique for single sided 
welds. WPS was pre-approved by 
a third party. 

C-steel Not 
available 

 

Internal view of girth weld 
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Approx. 
thickness Resultant weld issue (image) 

Offshore Fire water 
line, 14” 
spool 
sections 

Welding of spool sections for fire 
water line on offshore platform.  
Very large weld root with joint 
misalignment. There was heavy 
oxide scale, green surface 
products, and the weld structure 
exhibited a very large amount of 
oxide type inclusions which would 
suggest contamination of the weld 
pool during the welding process. 
Undercut, incomplete fill and un-
melted sections of the welding 
wire were present. Weld was 
rejected during NDT. 

6% Mo 
Super 
austenitic 
stainless 
steel 

8 mm 

 

Etched weld cross-section 

 

Surface view of weld 

 



 

 

When welding goes wrong: Learning from past failures 

HSE has identified inconsistencies in the application and supervision of welding of 

safety-critical metallic components. Such shortcomings have led to failures with high 

consequences such as fatalities. A study was carried out to identify common causes of 

these and to highlight priority areas for improvement of weld quality in industry. 

Cases were assessed from within HSE’s historical investigations and from those 

provided by external organisations. Forty-seven individual incidents in which the weld 

quality was a contributory factor were identified. These were reviewed against a range 

of causal types. Root cause and frequency (Pareto) analyses were then carried out to 

identify the primary contributory factors. Case studies were developed to illustrate key 

findings and a visual set of examples of welding defects compiled. 

The most common failure modes identified were fatigue and ductile or brittle failure due 

to overload of the welds. In 49% of cases the result was complete collapse of the 

structure, 21% of the incidents led to injuries and 11% led to one or more fatalities. 

Crack-like or volumetric flaws in weldments and poor or undersized weld geometry were 

the commonest weld quality deficiencies. The most prevalent causes were inadequate 

welder supervision, insufficient percentage coverage of inspection and joints not 

designed for ease of fabrication. Priority areas to improve welding outcomes have been 

identified. HSE will use the findings to support their regulatory activity.  

https://doi.org/10.69730/hse.24rr1215 
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