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Abstract 

A key issue for the Construction Industry is the capable and consistent management of work to an optimal standard of safety and the avoidance of injury to its employees and contractors.

The record of the overall UK construction industry is considered relatively poor in general, with the overall number of fatalities at 59 in 2005/6 accounting for over a quarter of worker fatalities in UK industry (Health and Safety Executive (HSE), 2006) and one of the most dangerous industries in the UK within which to work, an experience tragically not dissimilar in other countries ( European Agency for Health and Safety at Work, 2001). 

Government and Company strategies to improve matters have involved improving generic aspects of workforce  cooperation ‘working well together ‘ (HSE 2004), and also significant in company ongoing investment in people and practice  and this has led to some recognisable improvement  but has not led to the elimination of major injury, even within major companies deploying significant resource and attention to this aim. Alternative strategies must therefore be given consideration. 
This research has reviewed recent UK major company severe accidents and incidents to address their linkage to organisational stressors.

This has revealed, perhaps unsurprisingly, that there is a potential link between the onset of organisational stressors with observed events and these factors, concluding that they are an important precursor prior to their occurrence. It is clearly to be assumed by inference, that those aspects of an organisation’s loss of control leading to an accident are associated intrinsically with such circumstances. 

It’s concluded that organisational instability must be given greater consideration within accident control strategies. This position argues for the requirement of a non holistic management strategy to be firmly deployed within safety management for industries such as construction, which are potentially ‘less stable ‘than manufacturing.

It is suggested that such a strategy must formally evaluate and address stressors, leading to failure within the organisation, and deploy early remedial support and supportive action in such situations. Such a strategy will be helpful in preventing further serious `events` within the construction sector.
Background to the Construction Industry 

A construction operation can consist of many hundreds of workers deployed in sophisticated construction activity within a confined operation, working to a schedule within which decisions and pressures abound. 
The important management approach required under such circumstances is to `plan and obtain control` and `achieve suitable direction`. In such an environment good safety will thrive. In contrast in a poorer environment it will not.

At the outset it must be said that the nature of construction is that it is a high pressure and dynamic industry. It is reliant often upon multi organisation subcontracting, individual capability within management and workforce, compounded by time pressures and design constraints, all of which naturally can have a potential significant impact on the achievement of a safe and healthy work environment.

The Complication of Multi Site Operations: There are also particular concerns inherent within a construction business operating a multi site operational business, where there is a high degree of reliance upon local management teams facing a ‘moving feast‘of construction activity.  Construction work is complicated ,being often designed in situ as work progresses, and highly reliant on interaction with clients, designers ,sub contracting groups .The professionalism and expertise of all parties is sought ,but requires all not to have differing management standards.

For clarity within the UK construction companies notably have a role of principal contractor, with an overarching responsibility to control and manage all such activities, and create a safe workplace.
Management capability: Providing a capable management group with the appropriate set of management values and competences, and above all who can demonstrate capability within the workforce and management teams controlling an operation are recognised as vital, but set against this framework the work environment is one where it should be recognised there is a high potentiality for organisational and personal stress, which can potentially produce less well managed and insecure work environments in which there is significant associated potential for serious accident. 
In construction addition this concern is bolstered by the additional external pressures within such operations, which potentially render them higher risk.

Mechanisms should be deployed in such circumstances which create a ‘review and correct‘  management process preferably at a high level. This is an effective mechanism for maintaining assurance in this type of potentially heterogeneous business operational environment.

INTRODUCTION 

Background: This study has been initiated with support of the Major Contractors Group ( MCG ,2006 ) which undertakes over £20 billion worth of work within UK construction annually. It comprises several UK large construction contractors from the civil and building sector. A contribution was also made to the data by other  UK contractors outside the MCG.
The study aims to assess the degree of relevance of organisational stress factors as a key issue within major UK construction accidents. European projects such as PRIMA, Risk and ARAMIS have developed integrated models linking the technical and procedural factors in loss of containment incidents to the management systems needed to implement and guarantee risk control, and these have identified risk and stressors as a potential issue.

The Study: This study has involved the pooling of collective information from participating major contractors and conducting an independent assessment of the work related factors which were considered the prime contributors to bringing about serious historical incidents and accidents within the participating companies over the last fifteen years.
The factors relevant to the causation of each respective accident or incident in these instances of course remain complex in their consideration. In all cases companies have sought remedial actions in terms of practice with additional procedural changes to counter issues. The actions taken to remediate are not covered here and the assessment work herein concentrates upon studying causative factors.
Method of Study to Identify & Attribute Contributory Factors:

Study Process:  Within this review the project aim was to assess those factors, which were attributable as being contributory to the defined accident or incident ‘event‘, and within that objective to particularly identify organisational `safety stressors`.

The categories of ‘event‘assessed were restricted to fatal and severe category incidents and accidents, i.e. those for which there was a high potential for fatal accident. One hundred events were considered, to which background data sets were provided by the participating companies .Historical profile was provided back to 1990. 

The profile of 100 such ‘ events ‘ covered the range of circumstances that are sadly seen within the construction industry.

These are conveniently categorised into ‘events ‘ related specifically to the issues of:-  

· Falls from height 

· Plant and machinery interaction

· Falling material 

· Equipment failure

· Electrical issues

The breakdown of ‘events ‘by prime issue are given in Fig 1, and was notably similar to the data from other sources as to accident categorisation in this sector (HSE 2006). Falls from height and contact with plant and machinery remaining the highest cause for concern in the UK sector in common with other country construction data.
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Data Evaluation: Data was considered in the form of written accident report and other circumstantial information provided by the participating companies.

The process of evaluation involved an expert group of 3 safety professionals conducting a team appraisal of the material. A review was conducted against each event in turn to attribute prime factors considered responsible (i.e. significantly contributing to ) an `event` after due weighing of all relevant factors .

All case data was anonomised, and where required additional information and clarification was sought from the company provider. A process of ‘expert debate ‘required an agreed conclusion to be reached by all parties in this exercise.

The work itself was done over a 5 week period in 5 separate ‘sittings‘, and batches of 20 units of data reviewed at any one sitting of the team .As a later cross check some original reviews from period 1 were reassessed in period 3 and 5, to ensure continuity .It was noted that conclusions as to attribution of responsible factor did not dramatically alter. 

Key considerations : Against the background to each `event`, the reviewers were asked to
· ‘Consider in the light of the investigation which factors were considered present 

· Which of these factors are viewed as being of the major contributors to the incident or accident occurrence?

· Mark only after agreement with other members of the panel.

In contributing to the circumstances of the event there was a plea to the panel to ensure careful consideration of all factors by weighing one against another, so allowing the panel to share views before attributing greatest weight to the highest contributing factors. 

Reviewers worked through the process by considering the three main industry phases of work planning, decision making & finally work execution. This promoted consideration of key areas of concern within each main phase, and aligned the thought process with accepted work practice.

Factors were grouped to address commonly suggested industry areas of concern and are based upon industry experience. A list of subset factors was drawn up based upon notable concerns within the industry e.g. poor project planning, lack of forward planning time for deployment at operational construction  are frequently quoted practical concerns  that `dog` the industry (Egan ,1998).  

The assessment list defined a set of factors, although these were not seen as exclusive, are provided within Fig 1 below, as follows:-

Fig 1  : Factors considered within panel review of ‘organisational factors and stressors‘ attributable to accident and incident events.
	  PHASE 1. PLANNING CONSIDERATIONS:

- PLANNING TIME

Lack of Forward Planning Time for overall operational deployment

Lack of Forward Planning Time for selected operations 

- DESIGN CONSIDERATIONS

Aspects of design of the Construction phase

Late design 

- BUDGET

Budget pressures (client generated)

    Budget pressures (self generated) 

    -TIME CONSTRAINTS

Time based pressure (self generated)

Time based pressure (client generated)

PHASE  2. DECISION MAKING

- DESIGN

Time difficulty re. decision making (lateness )

Lack of support for decision making (interference from any party)

- PROCESSES:

Lack of decision latitude by team

Lack of decision latitude by individuals in team

Pressure on individuals with regard to decision making 

External decision processes

    PHASE  3. EXECUTION

     - ORGANISATION AND RESOURCES

Unsuitable organisation within site 

Unsuitable location 

Unsuitable external access to site

Inappropriate resources

Inadequate resources

- CABABILITIES OF SITE MANAGEMENT TEAM

Organisational ability of the site team

Capability or knowledge base of the site team

Capability or knowledge base of individuals within the site team

Anxiety or stress within the team

Individual anxiety or stress within the team

-TECHNICAL ISSUES

Unforeseen technical concern arising



	


Results and Data Analysis:  

Data reflects the absence presence of allocation by the expert team against the circumstances noted in the review. More than one allocation may be given to an `event`, so data reflects the overall attribution by category within all 100 events reviewed. Taking each phase in turn the findings are as follows:- 

Decision Making and Planning (Fig. 2) .The review indicated ‘time based pressure‘ receiving the highest attribution of score (48%), followed by decision processes (32%) and budget pressure and aspects of design (15%).  

Fig. 2 
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Fig.3  
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Organisation and Resource (Fig.3) .Within organisation and resource, and team issues attribution was highest, perhaps not surprisingly, within ‘attention to procedure (66%) ‘, and ‘unsuitable organisation‘ (38%). 
Chappell D W (1995) commends the theme that ‘Team Safety‘, ultimately can attain high standards of management approach towards safety. The essence of good safety will rely on this ultimately. 
It’s a concern therefore that `team issues` were marked highest for ‘organisational stressors‘(57%) with capability or knowledge  base at 44% ,team organisational ability at 38% and inadequate communication scoring 33%. 

Fig. 4
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Production, Personal and Technical Issues ( Fig.4). For production considerations, personal and technical matters, intrinsic production pressure was attributed to 62% of events as a causal factor, and within personal issues behaviour and competence were attributed to 63 and 57% of events respectively. The intrinsic nature of personal behaviour is perhaps considered inherent within all accidents and incidents and is reflected in the result.
Personal condition and pressure was scored at a level of 36% for events reviewed,  and finally technical failure was considered a factor in only7% of events studied.

Data Conclusions. There are several observations to be made on the prime factors considered relevant within the data analysed..
1. The highest attribution is given to failure to pay `attention to procedure`. This may reflect the fact that inevitably this is the case when an `event` occurs there is a transgression of procedure. 

2. Internal production pressures are attributed slightly less than procedural adherence and presence of organisational stressors are attributed joint 4th status (with personal competence.
3. Personal behaviour and competence are rated second place followed by competence, again perhaps reflecting the perceived link between these areas and accident mechanics, i.e. inevitably an individual is involved or implicated and personal behaviour linkages can be made as a result.
4. Technical issues are attributed minimal attribution in terms of causation .This is felt to be a conclusive result as reviewers were readily able to attribute this factor to an `event` from the descriptive information supplied.

5. Stressors are certainly identified within the reviews as being a relevant within `events ` reviewed .However greater attribution is given to team communication, organisational ability and related facets of `on site` team work and this is a most relevant issue within construction site management. Surprisingly this is given a greater relevance than underpinning planning related organisational issues such as construction budget, although time based pressures still are identified in the analysis  as high in terms of importance.

6. From the  data there is an overall conclusion that aspects of management brought on by persistent stressors within the process are present in a significant number of `high potential` and tragically fatal accidents recorded over the last ten years within the data from the UK construction sector. As such this should be recognised as a vital part of the strategy for accident and incident prevention which should be directed at the `live evaluation` recognition and  maintenance of organisational resilience factors.
The processes potentially that may be deployed and the underpinning factors responsible for the conditions  noted within the analysis will be discussed in the following section.
Searching for Site Variability: From the position comes the important connected conclusion that where there is potential for stressors to manifest themselves as accident `event` outcomes ,which are interrelated with workplace management capability and organisational standards. Then the stance for good management inevitably must be that there must be firstly recognition of this potential and second a search for variability in standards identified through noting precursor issues , to then give support to failing components of the organisation.

It is therefore suggested that there is a need to treat organisations such as construction in a less holistic manner due to their characteristic of being potentially ‘weaker‘ in parts than e.g. traditional production environments where the workplace and workforce is more stable , and as such  resilient.  Construction sites can vary in quality of work and this is potentially by inference from the data from pressures and organisational `fall back` from the desired optimal management condition.

This is perhaps one such industrial work environment where it’s important that the effects of site variation are brought to the fore ,and their subsequent upgrading after suitable intervention, becomes an essential strategic mechanism .The same management strategic approach and ethos might be deployed as mechanism in comparable ‘fragile ‘ work environments  with comparable satellite operations.

Organisational fragility: From the standpoint of all business systems and their inherent fragility Sundstrum and Hollnagel (2006) give a helpful insight into how an overall system is lost or destroyed. The probability that the overall system transitions into an unhealthy state increases if the behaviour of the wholes create outcomes that are in conflict with the overall goal (in our example suitably efficient health and safety management) stated for the business system. 
The more wholes adopt behaviours that do not consider the overall system goals, the 
[image: image1.emf]EVENT ,(Accident & Incident )CATEGORIES

Falls from 

height

34%

Plant and 

machinery 

interaction

27%

Falling material

21%

Equipment 

failure

11%

Electrical 

issues

7%

Falls from height

Plant and machinery

interaction

Falling material

Equipment failure

Electrical issues

more likely these behaviours will bring about an overall negative impact and as a result the overall system might transition from a healthy to a catastrophic state. 
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In the context of accident causation one might look back to archetype to a simple linear model of Heinrich’s (1931) Domino model, which explains accidents as the linear propagation of a chain of causes and effects ,for the basis of the impact of `stressors `upon management and the organisation, or further forward in accident modelling into later terminology of the various accident models expressed as  present-day systemic or functional models ( Hollnagel, 2004.) 

The occurrence of an injury invariably results from a completed sequence of factors - the last one of these being the accident itself (Heinrich, Petersen & Roos, 1980 ). The accident in turn is invariably caused or permitted directly by the unsafe act of a person and/or a mechanical or physical hazard. 

Hence the process is basically a disturbance inflicted on an otherwise stable system. Metastasing into an often haphazard system transition into an unhealthy state where behaviour of management and then workforce are in conflict with the overall goal 
Of achieving a safe system  outside the overall system goals.

These behaviours will eventually bring about an overall negative impact in the overall system transition from a healthy to a catastrophic state .Hollnagel, E.etal (1999) aptly describe the necessity that barriers are fully capable of maintaining management integrity within an operation. They conclude negative `events` are in effect restrained by barriers, and without these in place potential disaster is imminent.

Analysis of event to accident links based on the classic ‘bow-tie’ mode  provide an interesting further tool to depict the events prior and subsequent to loss of control of a hazard.  Such sequences might be modelled as deviation processes which can be stopped or recovered by barriers and controls at various points .The Hazard-Barrier-Target (HBT) model work illustrates without fail that management barriers are vital. Barriers in this model have been defined as hardware, human actions, or combinations of these and that the essence of a robust management system is throughout its life cycle to maintain such barriers and designed, develop and select these with due care.

Also in agreement are the ARAMIS project conclusions ,that success factors are clearly the installation, maintenance and retention of systems and arrangements which retain effectiveness. 
These steps apply both for hardware and for human actions dependant ultimately upon individual commitment, supervision, and social control and monitoring of set tasks. These life cycle tasks form the critical safety tasks which must be assured by the safety management system. 

Examining the barriers which maintain the good management of a construction operation leads to some traditional barriers .these include workforce attitude, competence, management action, audit and correction of practice.

The failure of any of these can cause accidents. The bow tie approach to accident modelling (Guldenmund etal, 2006) provides an appraisal of `what can go wrong` (Fig 6 ) and within the construction analogy its possible to readily envisage and identify the barriers which do (or don’t )exit e.g. through from management review, risk analysis, method statement preparation and application ,and ultimately workplace deployment of workers in the appropriate manner.
The basic thesis is that the number and strength of the barriers that are in place are significantly less, and more fragile than found within e.g. manufacturing industry. 

As such the `attack `that potentially take place can therefore readily have greater consequence .Hence diagnosis and reaction are vital in the accident prevention strategy for the construction sector.  

Fig 6:    Events, Bow-tie with (broken) barriers and accident path

The Measurement of Organisational State: `Healthy ` to `Unhealthy ` thence to `Catastrophic state`

Several interesting questions are often posed as a result of viewing business systems in this manner. Is it possible to identify events that indicate when a system is losing control and changing from a healthy to an unhealthy state? 
More important can it be possible to monitor business systems operational performance to allow distinguish healthy system changes from unhealthy changes? 

For construction management control a key consideration is the understanding of when a site can be identified as moving in terms from `Healthy state` to `Catastrophic state` .The key step being to assess when the position derived is the  `Unhealthy state`  through which the operation moves in transition. The measurement of behaviour and the ability to detect risky and non-compliant practices are key in this identification process.

The basis of the process has to be a management approach which is proactive, and which is focused on the analysis of the detail of an operation. An assessment of all relevant operational circumstance is required.  Management audit is potentially the appropriate tool for this vital task and are key to success.

.
Resilience Engineering is at the key of the management of operational practice.

With the application of effective auditing, inspection or review processes (UK HSE HSG 65; ISO 18001) the effective recovery of a workplace can be effected. Therefore the timely and correct impact of such processes is essential.
The change that can be effected by a conscientious process are vital .the process relies upon Correct and appropriate management analysis and the downside is that failure to detect risky and hence potentially dangerous practices is at the heart of the matter.

The first aim should therefore be to implement in an organisation processes which identify any degradation and creation of non-compliant practices which are replacing 
Safe practices. This perhaps should go beyond standard auditing and inspection and incorporate seeking interrogation of that aspect of ‘prediction of uncertainty arising‘ within the organisation, for it is clear that this plays apart in predicting deterioration of management control.  
The second stage of a process should be the competent mobilisation of resource to mitigate and management and procedural concerns which lead to poorer behaviour. 

In effect ‘pessimistic impact analysis‘ is required to evaluate production operations and also through reflective response, a determination of management intervention prior to fallback in performance. Intervention usually taking the form inevitably of provision of additional resources, seeking a different attitude via ‘message ‘giving on performance and its acceptability.

A Potential  Assessment and Intervention Process: Traffic Light Process.

As resilience monitoring tool one simple process has been derived and shared with UK companies and will be presented in outline here. This is used to assess and address the fall back in performance noted within construction operations.

Aiming to address and intervene where appropriate it provides to each operation a status position described as RAG (Red Amber Green) such a status deriving a scale of site `healthiness` is based on independent health and safety audit .The given status corresponds quite closely to the Hollnagel model described conditions of Healthy (green) Unhealthy(amber) and Catastrophic (red) .

This allows an organisation at a business level to address management organisational issues at site level .The two stage process is used to firstly assess and then second formally address site performance. This leads  to a high management  level safety improvement intervention in the case of red or amber status, and nil intervention for green. 
To provide and address management  address management judgement, a second tier review of critical risks, to ensure best approach and to check higher risk activities are appropriately judged and managed. 

In a fast moving environment and potentially fragile environment such as construction the use of organisational audit and overview is an essential process. The RAG process provides the optimum approach to managing such circumstances.
Clearly in isolation a fragile and less resilient organisations cannot rely on broad supportive holistic management improvement strategies. Structured behavioural process and appropriate procedures are vital  but potential variation in operational  site  circumstances must be factored into the equation.

Final conclusion: Westrum & Adamski ( 2005)  for the aviation sector, correctly point out that sadly approaches to safety and risk prediction develop in an incremental manner, i.e. 

the tried and trusted approaches are only changed when they fail and 

then usually by adding one more factor or element to account for the 

unexplained variability. This study is borne out of the tragedy of failure within the construction industry to prevent serious accidents to its workforce, and is a search for a process to improve.
This has been a review which has addressed the evidence that fatalities and serious potential incidents and accidents are linked to stressors and related factors. These factors can defeat management control and ultimately an organisation’s resilience and this leads to serious accidents and incident. A managed `identification and rectification by early intervention process can effectively predict and control these situations and is described at the end of this paper. 
It is therefore commended to any practitioner reading this review as an important process to deploy in `fast moving` industrial operations.
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