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Abstract. The purpose of this paper is firstly to present an understanding of the elevator fatality 

problem. Fatalities will then be presented in the context of the overall burden of personal damage. 

Damage to people can be classified as multiple fatality, single fatality, non-fatal permanent damage, 

temporary, and minor damage. The patterns or taxonomies associated with each class of damage are 

generally quite different from one another. The paper will suggest that the damage class of non-fatal 

permanent damage represents 80% of the cost of all damage (by any measure) and yet data with 

respect to elevators is seriously lacking on this class of damage. If we cannot describe the non-fatal 

permanent damage problem, we form hypotheses as to whether or not it is simply a subset of another 

level of damage. For example, a hypothesis could be “non-fatal permanent damage is a subset of 

fatalities. Therefore, manage fatalities and you will manage non-fatal permanent damage”.  

If the hypothesis is true, the overall size of the problem will alter. If the hypothesis is not true, we do 

not impact a critical class of damage. The proposition that will be put before the conference is that 

we cannot describe the size and nature of the problem associated with non-fatal permanent damage 

associated with elevators. Herein lies an opportunity, but the beginning point is the recognition of the 

gap. 

Additionally, the paper will present a model for thinking about the timeline of an elevator fatality 

event, suggesting there is still much more to do in the engineering space versus the procedural/training 

space. For example, Engineers need to be challenged to think about elevator equipment and the 

elevator shaft more strongly as an information detector, information processor, and decision maker. 

This will allow for controls to be found in the metastable and unstable time zones of an incident. 

Several elevator fatalities will be presented to illustrate. 

1 INTRODUCTION 

The objective of Health and Safety activity should be the elimination of permanent damage to people. 

This objective when applied to the lift industry has application to the manufacture, installation, 

operation, maintenance, and eventual decommissioning. If we are to manage future potential damage 

to people, we must first be able to describe which Classes of damage we are wanting to eliminate or 

minimize. We must then be able to describe the patterns of damage (the taxonomies) associated with 

that Class of damage. Then we can use appropriate models to challenge how we understand the 

damage that occurs and devise effective controls. This paper suggests that there is still much to do 

with respect to lifts and escalators. 

2 DAMAGE TO PEOPLE 

In engineering terms, damage to people, equipment or the environment can be considered to be a 

consequence of an energy exchange wherein that energy exchange exceeds the tolerable limits of the 

structure. In this paper we are interested in the human structure. The energy exchange can occur in 

milliseconds (such as a fall where the head strikes a hard surface) or it can be a series of moderate 

energy exchanges which occur over a timeframe of seconds or minutes and are separated in time 

(such as heavy lifting tasks). Additionally, it can be a very low-level energy exchange which requires 

months and years of exposure time (such as chemical absorption through the skin, or respiratory 

inhalation of particulate/ mists/ fumes). The reality is that to confine our discussion of damage such 

that we only classify it as an injury has the lift industry potentially missing two of the three types of 
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energy/time relationships described above. If one does not embrace the above time dependency notion 

of an energy exchange, it becomes more difficult to move closer to the overall objective that safety 

and health activity should be the elimination of permanent damage. So often, safety activity has 

focused on those energy exchanges measured in milliseconds and health activity has focused on those 

energy exchanges measured in months and years, which has left those series of moderate energy 

exchanges in no man’s land. That observation combined with the mythologies such as “lift correctly, 

use the knees and not the back” has partly contributed to the epidemic of musculoskeletal damage. 

3 CLASSES OF DAMAGE 

To achieve the objective of the elimination of permanent damage to people in the lift industry, it is 

necessary to couple the notion that damage is a consequence of an energy exchange (with a time 

dependency relationship for the various types of damage) with the idea that there are different Classes 

of Damage. 

Damage to people can be usefully classified as Class I (permanent), Class II (temporary damage/full 

recovery) or Class III (minor irritation). 

Class I damage involves permanent alteration of life and includes three sub-categories of: 

i. multiple fatalities,  

ii. single fatalities, and  

iii. non-fatal permanent damage.  

Non-fatal permanent damage includes an upper level wherein a person does not return to work, and 

a lower level wherein the person returns to work but in a limited capacity, time, or skill. 

It is necessary to understand the relative importance of the cost of Class I, II and III damage. There 

are direct costs and there are indirect costs associated with the person’s damage. As one examines the 

Class I damage, it becomes increasingly clear that the majority of the cost is borne by the community, 

the individual and their family, and not by the employer and the insurer. Australian National Studies 

[1,2,3,4] clearly demonstrate that the majority of the cost of Class I damage is associated with the 

non-fatal but permanent damage category of Class I and the cost is borne by the worker, their family, 

and the community. In the main, this is because these people either: 

i. do not return to work and are eventually separated from the insurance system. Their income 

and standard of living decreases, or 

ii. cannot return to the same wok but are engaged in a reduced-income situation, or  

iii. are supported by a government -funded social security system. 

The reader is referred to the source documents for a more detailed explanation.  

With respect to Class II damage, it is borne by the insurer and the employer for those countries that 

have established compensation systems. With respect to Class III damage, the cost is borne by the 

employer as the damage is managed totally in-house. 

Australia is one of the few countries that has attempted to establish the true cost of the different 

Classes of personal damage. The insights gained over some 30 years of study by federal government 

departments reveals dramatic insights. 

The big picture is presented as per the following Table 1 [1,2,3,4]. 
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Table 1 Percent distribution of the quantity of personal damage  

 1992-93 2000-01 2005-06 2008-09 2012-13 

Class I Fatal 1.5 3.5 3.3 5.3 6.6 

Class I Non-fatal 80.5 88.5 88.0 85.2 80.7 

Class II 18.0 8.0 8.7 9.5 12.7 

Cost $ billion * $20 $34.3 $57.5 $60.6 $61.8 

2000-01 Goods and Services Exports $132.8 billion 

2008-09 Goods and Services Exports $198 billion 

*Without pain, suffering and early death costed  

 

In Australia’s legal system, there is a cost attributed to pain and suffering and early death. The above 

relative costs do not include those parameters for the Class I non-fatal and fatal damage and so 

understate the importance of Class I damage. 

The following Table 2 [1,2,3,4] gives further insight. 

Table 2 Class of Damage - Number of people involved 

 
 

It is recommended that the reader study this table and be staggered by not only the numbers involved 

but the very high cost associated with Class I non-fatal permanent damage. It is proposed to this 

audience that Class I non-fatal permanent damage often slips under the radar and that the Class I non-

fatal permanent damage which is of current interest to employers is the one involving a hard, sharp 

energy exchange producing traumatic damage e.g., amputation/crushing. 

The data in the tables above is supported by individual studies by workers compensation authorities 

of the various states of Australia. 

The following Figure 1 and Figure 2 [5] show that it is the 10% of Class I non-fatal permanent damage 

cases which represent the majority of the cost. These people are not malingerers but have suffered 

permanent impairment to the musculoskeletal system as measured by such objective measures as the 

American Medical Association Degrees of Impairment Tables. 

Size of the workforce 

Number of fatalities 
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Figure 1 A year in the WA workers compensation scheme 

 

 

Figure 2 Number of Days Lost 

The 80/20 rule will be known to the audience. It has its origins in Europe from that famous Italian 

Alfredo Pareto. The application of the 80/20 rule to the various Classes of Damage reveals — without 

a shadow of doubt — that Class I non-fatal permanent damage is the class of damage that costs the 

most by any measure. However, for ethical, moral, and legal reasons - and a genuine love for people 

- fatalities must be avoided. This is the other category of Class I damage. 

With this preamble, the Health and Safety objective is restated as the “Elimination of Class I 

Damage”. It is then absolutely beholden upon the lift and escalator industry to be able to describe the 

pattern of Class I damage for the various activities of manufacture, installation, usage etc. if the 

objective is to be reached. Being driven by data is essential. 

4 WHAT DATA IS REQUIRED? 

The medical profession has made the advances that it has because it has progressively moved away 

from an egocentric/human error centred model to recognising that there is a complex interplay 

between a host, an agent, the environment, and a vector. The following Figure 3 illustrates the model. 
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Figure 3 Medical Model 

The model is supported by epidemiological work so that the patterns and the incident rates can be 

clearly described, and research effort strongly directed. We suggest that the lift industry cannot 

strongly and succinctly communicate the pattern of Class I fatal and Class I non-fatal permanent 

damage, remembering that Class I damage is the Pareto Class of Damage by any measure. The oldest 

of the scientific tools is taxonomy or pattern analysis which, when it matures, becomes epidemiology. 

The lift industry needs to ‘start the walk’ of developing taxonomies for the different sub-classes of 

Class I damage and then watching for the effect of change over time upon that pattern — be it positive 

or negative. 

In Australia, patterns or taxonomies do exist for many industries e.g., mining and construction. The 

taxonomies that give significant insight are those that are completed by the energy involved in the 

damage and taxonomies which go into sufficient detail to observe the relative importance of taxons 

(sub-groups) within the taxonomy. The critical learning from previous taxonomic work is that the 

pattern or taxonomy of Class I multiple fatalities is similar to - but essentially different from - the 

pattern of Class I single fatalities. The pattern of Class I non-fatal permanent damage is similar to - 

but essentially different from - the pattern of Class I single fatalities. The authors suggest that in the 

absence of information for the lift industry that the above hypothesis holds true. 

This is not to say that there have not been studies completed for the lift industry or a desire by the 

industry to eliminate Class I damage at any level. Much good work has been done. Standards continue 

to evolve. 

Just a few of the many injury data documents include Deaths and Injuries Involving Elevators and 

Escalators [6], Journal of Forensic Sciences [7], and ThyssenKrupp Newsletter [8]. There are studies 

completed which give some useful insights, but the data analysis needs to be elevated to the next 

level. The current information surrounding lift and escalator fatalities generally appears to be more 

insightful than the information surrounding Class I non-fatal permanent damage. When one examines 

the data of non-fatal damage (classified as injuries) it does not focus on the Class I non-fatal 

permanent damage but focuses on serious injury. The definition of serious in studies involving 

compensation data typically include claims involving greater that 5 days’ work. This level of damage 

(>5-10 days lost) is not necessarily the predictor of the Class I non-fatal permanent damage. This > 5 

days lost data will include a significant amount of Class III (temporary) damage. It is only when one 

studies data sets > 60 days lost that the pattern matches the Class I non-fatal permanent damage 

problem. It is being suggested that the current studies of injury are useful and helpful but not 

sufficiently focused, and that the Class I non-fatal permanent damage is camouflaged in the injury 

datasets. 

The following tables and figures [9] are useful with respect to the fatality story: 

HOST 

AGENT 

VECTOR 

ENVIRONMENT 
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Table 2 Deaths related to work on or near elevators, by cause, 1992-2009  

 
 

Table 3. Work-related deaths among construction workers involving elevators, by cause and 

activity, 1992-2009  

 Activity Total 

Cause 

Installing & 

repairing 

Other work in 

elevator 

shaft/car 

Working near 

elevators No. Percent 

Falls  38 23 88 149 57% 

Caught in/between 32 8 8  48 18% 

Struck by object 24 10 10 44 17% 

Collapse 8 -- -- 10 4% 

Other causes 8 -- -- 12 5% 

Total 110 46 107 263 * 

- - Data do not meet BLS criteria. 

*  Does not add to 100% due to rounding 

 

Table 4. Deaths related to work on or near elevators, by activity, 1992-2009  

 
 Total number of deaths: 263 
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The following Figure 4 is the authors’ attempt to develop the taxonomy from the 110 people described 

in Tables 3 and 4 who died installing and repairing elevators between 1992 and 2009. 

It is necessary to show meaningful patterns with associated describers. This type of analysis is the 

starting point. The industry must be able to accurately describe the Class I problem and then come to 

understand the phenomena involved in the various taxons so that health and safety resources are 

appropriately directed. 

 

Figure 4 Attempt at a Taxonomy of Lift Fatalities 

Quality descriptive data (supported by codified data, e.g., occupation) of individual events is critical 

to building a meaningful taxonomy to show that there is a desperate need for quality taxonomic 

information in the first instance to be able to understand the patterns and the relative importance of 

the mechanisms by which various energies are damaging people. 

Similar comments can be made when one looks at publications with respect to injury because they 

do not filter out the Class I non-fatal permanent damage. The current injury studies are useful in that 

they show the involvement of falls of people, musculoskeletal damage from manual tasks etc. 

However, there is not sufficient insight in the data analysis to strongly direct health and safety activity. 

4.1 Two Deaths 

Our own experience with two escalator fatalities is useful in that it gives the authors’ insights into 

one aspect of the mechanism of death and the associated controls, but those deaths do not get captured 

in a dataset that assists the industry in understanding the relative importance of the energies and 

mechanisms involved in fatal incidents. 

The following Figure 5 [8] illustrates where the pathway of movement beyond the edge commenced. 
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Figure 5 Where the pathway of movement 

beyond the edge commenced 

 

Figure 6 Reinforcing the mythology 

There is a common notion that such fatalities are due to bad behaviour, lack of attention and 

carelessness. Figure 6 [8] reinforces that mythology. Figure 5 shows the movement pathway of two 

deaths that the authors’ investigated. In one case a child grabbed the rising part of the handrail and 

was lifted up and carried over and fell to their death. The second involved a young lady being 

embarrassed as her boyfriend went to give her a kiss in a public environment and she stepped back, 

and her clothing interacted with the rising part of the escalator handrail to lift her up and carry her 

beyond the handrail, falling to her death. In both incidents a common feature was the exposed and 

rising part of the handrail. Here in becomes the first point of challenge: Both people were behaving 

reasonably. The exposed section of the rising handrail was essential to the incident, and the absence 

of a barrier to prevent them moving beyond the edge was also essential. Probably some 15 years after 

investigating those two deaths, the industry in Australia commenced to use safety barriers, but we 

still do not address the rising part of the handrail. The authors are sure the two stories will create some 

disagreement but the point being made is that, as an industry, we are not building useful datasets that 

aid in understanding and give insight into the relative importance of the different mechanisms by 

which people lose their lives or are permanently damaged with lifts and escalators. 

The view is supported by Ruibal et al [10]: 

There is a real need to collect reliable escalator accident data which could help identify potentially 

dangerous situations that can be sources of risk for users or technicians on escalators. 

5 CHALLENGE OUR WAY OF THINKING 

As we think about Class I damage and come to better understand the pattern and relative importance 

of the different mechanisms of energy transfer, we will then need to challenge our thinking about 

individual damaging occurrences. It is not to say that some very significant thought and analysis of 

Class I damaging occurrences is not occurring, but we do not think it is sufficiently widespread. There 

is a strong belief in accident prevention and the desire to stop situations moving out of control. Many 

of the outcomes of investigations are administrative in nature and yet in the lift industry we do seek 

out controls that are operating as a situation commences to move out of control, is out of control, and 

damage is occurring.  

The following Figure 7 illustrates the timeframes through which situations pass with the length of 

those time zones dependent upon the timeframe of the event under consideration. The timeline forms 

part of the InterSafe Essential Factors™ model. 
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Figure 7 Unscaled time diagram for an incident resulting in death or destruction of 

equipment. Incidents with less serious outcomes branch from this time diagram at any stage 

[11] 

The lift industry has many controls that operate in the metastable, unstable and damage time zones of 

Figure 7. Examples involve detecting the presence of the person in the pathway of closing lift doors. 

This is a control that operates in the metastable time zone.  

When a lift is in freefall and the safety brakes apply, the rate of application of the safety brake can 

result in very significant jerk (rate of change of acceleration) which results in permanent damage to 

people but prevents fatalities. The safety brake is a damage reduction device. It is not an accident 

prevention device.  

For the industry to make further progress, we must force our thinking into the fast timeframes of 

unstable and damage and learn to think in terms of the concept of meta-stability. This is the timeframe 

in which the participants in the incident often consider the situation to be stable when in fact it is 

moving out of control but recoverable. Perhaps the concept is best demonstrated by example: The 

following case study (Figure 8) is in the public arena [12]: 

 

Figure 8 Case Study 

If one were to read the Lessons to Learn (above), they are totally focused on keeping the situation 

under control and in the stable time zone of Figure 7. As the situation progresses beyond stability, it 

is often necessary to have a very strong focus on the machine and the work environment of the lift 
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shaft. These components can be considered as information detectors, information processors and 

decision-makers as the reaction times of people are often far too slow in the fast time frames of 

unstable and damage. Technology has made rapid advances in the last 15 - 20 years in which 

equipment and the work environment can be considered as an information detector, processor and/or 

decision-maker. The lift shaft environment is very unforgiving when a person is in the travel path of 

either the lift or the counterweight. Perhaps there is real opportunity going forward that either the lift, 

the counterweight, or the lift shaft itself can act as an information detector, processor, and decision-

maker, in that it recognizes that an object is moving towards a susceptible structure e.g., a 

maintenance person and that there is a need to intervene. The concept may sound abstract but unless 

we are to apply increasing rigour with respect to personal damage, the stories depicted in the case 

study will continue with similar lessons learned and the taxonomy of fatalities will not alter.  

Another example is provided to challenge our thinking: The Hierarchy of Controls could be 

rebranded Control Options and placed on the event timeline as follows: 

• Elimination - operates in the Predisposing time zone of Figure 7. 

• Administrative – operates in the Stable time zone of Figure 7. 

• PPE - operates in the Unstable/Damage time zone of Figure 7. 

• Engineering – can operate in any of the time zones of Figure 7. 

The scientist’s models and language must be more neutral and objective. Control Options is neutral 

and objective. Hierarchy of Controls implies good and bad, best, and least, and invokes value 

judgements.  

For the person who reads this paper and is interested in a more comprehensive range of control 

options, they are referred to the paper by William Haddon, On the Escape of Tigers [13] which lists 

10 strategies for managing an energy exchange. What is fascinating is that the paper was written by 

a medical practitioner venturing into the province of energy and engineers. William Haddon's 10 

strategies for managing an energy exchange effectively derive from the medical profession’s desire 

to intervene in the prevent phase of the disease, at multiple points of time in the event phase of the 

disease and then in the post event phase. We have much to learn from the medical profession. 

Figure 9 illustrates Haddon’s 10 Energy Management Strategies overlaying the event timeline: 

 

Figure 9: Haddon’s Energy Management Strategy 
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6 SUMMARY 

This paper is not intended to denigrate or detract from the significant work and gains that are being 

made in the lift industry but to challenge some of the baseline thinking that allows opportunities to 

go unnoted as we study individual cases of personal damage.  

The paper joins with others who have written on the same subject in the past that we are in desperate 

need of quality taxonomies of Class I damage associated with multiple fatality, single fatality, and 

non-fatal permanent damage. 

The following recommendations are made for the industry with respect to a study of Class I damage: 

Firstly, the industry association to collect descriptive and codified data of fatalities and non-fatal but 

permanent damage (traumatic and over-time damage) and > 60-days-lost cases1 from: 

• Insurers, 

• Large and medium sized lift manufacturers and installers, and 

• Government agencies. 

 

This data to be collected for the various groups of: 

 

• Manufacturing, 

• Installation and commissioning, 

• Repair, and 

• Users (general population). 

Aim for several thousand records over a 10 – 20-year period. This will be the most time consuming 

aspect of this study.  

Secondly, complete 8 taxonomies using an agreed upon set of describers e.g., energy that damaged 

for each of the 4 groups (a fatal taxonomy and a non-fatal but permanent damage taxonomy for 

each group). 

Thirdly, share the learnings and each recipient of the taxonomies to implement change within their 

sphere of influence. 
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