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Background: Accident investigation programs are a necessary part in identification of risks and management of the business process.
Objectives: One of the most important features of such programs is the analysis technique for identifying the root causes of accidents in
order to prevent their recurrences. Analytical Hierarchy Process (AHP) was used to compare management oversight and risk tree (MORT)
with Tripod-Beta in order to determine the superior technique for analysis of fatal excavation accidents in construction industries.
Materials and Methods: MORT and Tripod-Beta techniques were used for analyzing two major accidents with three main steps. First, these
techniques were applied to find out the causal factors of the accidents. Second, a number of criteria were developed for the comparison of
the techniques and third, using AHP, the techniques were prioritized in terms of the criteria for choosing the superior one.

Results: The Tripod-Beta investigation showed 41 preconditions and 81 latent causes involved in the accidents. Additionally, 27 root causes
of accidents were identified by the MORT analysis. Analytical hierarchy process (AHP) investigation revealed that MORT had higher
priorities only in two criteria than Tripod-Beta.

Conclusions: Our findings indicate that Tripod-Beta with a total priority of 0.664 is superior to MORT with the total priority of 0.33. It is
recommended for future research to compare the available accident analysis techniques based on proper criteria to select the best for

accident analysis.
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1. Background

On average, six thousand people every day die due to oc-
cupational accidents and diseases totaling about 2.3 mil-
lion work-related deaths a year (1). Data from European
countries indicates that the total direct costs for insur-
ance schemes covering work related accidents (i.e. costs
of medical care, daily allowances and compensations for
cases of permanent disability and death) have been esti-
mated at 20 billion Euros per year in the European Union
(2). Many developing countries publish their occupa-
tional accidents figures annually, yet a limited number of
these reports use reliable data, and the information is not
standardized. In other word, figures of accidents in devel-
oping countries are not based on proper reporting and
registration system (3). Estimates of occupational acci-
dents published by the International Labor Organization
(ILO) indicate that problems are bigger than that earlier
believed. In particular, figures of work-related fatal and
non-fatal accidents in developing countries were consid-
erably underestimated (4). Arecent study has shown that
33% to 69% of all work-related injuries were missed and
not reported (5). In Iran, as a developing country, due to
the absence of an appropriate reporting and registration
system there is no available accurate statistics regarding

occupational accidents that occur annually. However,
about 724000 burns, 2810000 falls, 425000 violence
cases and two million traffic accidents were reported
only for the year 2000 resulting about 25365 deaths and
a larger number of disabilities while 2.5 billion dollars
were required to cover costs (6). Reducing occupational
deaths and injuries is a humanitarian act. However, a
stronger attempt can be made for reducing occupational
accidents on economic grounds alone, as they consume
a large portion of financial resources that countries, es-
pecially developing countries, can ill afford to lose (7).
Furthermore, worldwide, human, economic and environ-
mental losses due to occupational accidents indicate the
growing importance of effective accident investigation
programs. Nowadays, there is a wide variety of accident
investigation techniques with their own applications in
given areas and inherent advantages and disadvantages.
Some examples are event trees, fault trees, barrier analy-
sis, root cause analysis (RCA), events and causal factors
charting (ECFC), sequential timed events plotting (STEP),
management oversight and risk tree (MORT) and Tripod-
Beta. Accident investigation programs are a necessary
part in identification of risks and management of busi-
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ness processes. One of the most important features of
such programs is the analysis techniques used to iden-
tify the root causes of accidents in order to prevent their
recurrence (8). Using better investigation and analysis
techniques, it is possible to find more systemic causes of
incidents. In fact, by a proper accident analysis technique
one could determine why an accident happened and
how. In this way, probable weaknesses of the system and
their relationships with unsafe conditions and actions
can be described (9).

2. Objectives

In the present study, we analyzed the registered acci-
dents that had occurred during the past decade in exca-
vation processes by two techniques, MORT and Tripod-
Beta, which have been proved to be appropriate and
widely used for accident investigations. The objectives of
this study are to determine the comparison criteria for
the two techniques and to apply the Analytical Hierarchy
Process (AHP) to find out the superior one.

3. Materials and Methods

This descriptive analytical study was carried out in a
power plant during its construction phase, in Iran. Reg-
istered accidents including both human and economic
losses that had occurred during the past decade were
studied. Relevant data was obtained from existing docu-
ments and reports as well as by interviewing the accident
witnesses. Tripod-Beta and MORT techniques (10) were
used to analyze the most important causes involved in
the accidents. No specialized software was used for Tri-
pod-Beta while MORT analysis was done using the Visio
software. Additionally, AHP was used to incorporate mul-
tiple criteria for decision-making and to consider vari-
ous qualitative and quantitative criteria. AHP is a quan-
titative multi-criteria analysis technique for selecting the
best decision(s) among those ranked based on the speci-
fied criteria (11, 12). Here, the priority of the techniques in
terms of each criterion and their total priority level (i.e.
the sum of the products of criteria priority values and
their corresponding weights) was determined quantita-
tively. A brief description of the techniques is presented
in the following sections.

3.1. Tripod-Beta

Tripod-Beta is based on a casual-sequence model focus-
ing primarily on the accident to identify the controls and
barriers that should have been in place. Occurrence of an
incident is because of missing or failing these controls
and barriers. An event in a Tripod-Beta diagram is the re-
sult of hazard acting on an object. A barrier is something
that prevents an object from coming in contact with haz-
ards. A causation path is developed by assigning a barrier
failure and also it demonstrates how and why a barrier
failure is happened. The precondition or contextual state,

at which the failure happened are also determinants for
identifying the underlying failure causes of the barrier.
The fact that organizational failures are the main factors
in accidents is the idea behind this technique. These fac-
tors are latent and when contributing to an accident, are
always followed by a number of technical and human
errors. Additionally, the presumption in the Tripod tech-
nique is that incidents are resulted from human errors,
which can be prevented by controlling the working en-
vironment. The technique tries to find what causes the
sequence of events in an incident. The organization's hid-
den deficiencies, the latent failures, can be classified into
11 Basic Risk Factors (BRF's) that are categorized for repre-
senting special areas of management activity where the
problem solution likely lies (Table 1). In the present study;,
the analysis was carried out in three stages for the Tripod-
Beta technique. The completion of each stage provides a
logical “tollgate” that can be used to verify the scope of
investigation. These three stages of the technique were:

Stage 1: gathering information regarding the event and
its consequences and developing a “core diagram”. This
core diagram describes the incident mechanism includ-
ing the hazards, targets and events in cause-effect terms.
A hazard is an agent, which causes the harm or changes
the state. The target is the object of harm which is dam-
aged or changed, and the event is an occurrence where
the hazard and target meet to cause an accident (harm)
or near miss (potential for harm). Harm is the undesir-
able change of state. The purpose of this diagram is to
understand the conceptual pathways which join hazards
and targets with events.

Stage 2: the examination of the incident to identify what
hazard management measures (controls and defenses)
had failed. The results of this stage are added to the core
model. Additionally, trigger events and other controls
and protections that were ineffective beforehand are
identified.

Stage 3: the identification of underlying causes of the
incident. According to the technique structure and
preceding the investigation to the next stages, initially
preconditions related to each active failure are selected
from a data-base of 41already prepared preconditions.
Then, the most likely latent failures associated with
these preconditions are chosen from 11 suggested cat-
egories shown in Table 1.

3.2. Management Oversight and Risk Tree (MORT)

MORT was first developed in 1973 as part of the over-
all system safety effort for the U.S. Atomic Energy Com-
mission (13). It is an analytical procedure for planning,
organizing and doing a comprehensive accident in-
vestigation, relied upon logic tree diagram, which has
three main branches: 1. S-factors, the specific oversights
and omissions attributed to the analyzed accident; 2.
R-factors or assumed risks, which are known risks yet
due to different reason(s) they are not controlled, and 3.
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Table 1. The Basic Risk Factors (BRFs) in Tripod-Beta

No. BRFs Abbreviation Definition

1 Design DE Ergonomically poor design of tools or equipment (user-unfriendly).

2 Tools and equip- TE Poor quality, condition, suitability or availability of materials, tools, equipment and
ment components.

3 Maintenance MM No or inadequate performance of maintenance tasks and repairs.

management
4 Housekeeping HK No or insufficient attention paid to keeping the work floor clean or tidied up.
5 Error enforcing EC Unsuitable physical performance of maintenance tasks and repairs.
conditions
6 Procedures PR Insufficient quality or availability of procedures, guidelines, instructions and manu-
als (specifications, “paperwork”, use in practice).
7 Training TR No or insufficient competence or experience among employees (not sufficiently
suited/inadequately trained).

8 Communica- co No or ineffective communication between the various sites, departments or employ-
tions ees of a company or with the official bodies.

9 Incompatible IG The situation in which employees must choose between optimal working methods
goals according to the established rules on one hand and the pursuit of production, finan-

cial, political, social or individual goals on the other.
10 Organization OR Shortcomings in the organization’s structure, organization’s philosophy, organiza-
tional processes or management strategies, resulting in inadequate or ineffective
management of the company.
11 Defenses DF No or insufficient protection of people, material and environment against the conse-

quences of the operational disturbances.

M-factors, which are general characteristics of the man-
agement system that contribute to the mishap. Through
MORT analysis, investigators identify deficiencies in given
control factors and failures of organizational systems that
can cause many latent failures including maintenance
problems, inadequate training and procedures, which are
likely to cause accidents (14). Therefore, these factors can
be evaluated and analyzed to identify underlying reasons
for each causal factor of the accident (15). Basically, MORT
is a graphical checklist with generic questions that inves-
tigators attempt to answer using available factual data.
This enables them to focus on potential key causal factors.
MORT is difficult to use and requires extensive training
to effectively perform an in-depth analysis of complex
accidents involving multiple systems. Finally, by apply-
ing AHP, the techniques were prioritized in terms of the
criteria set for choosing the most suitable for analysis of
excavation accidents in chemical process industries. Hi-
erarchical analysis is a quantitative multi-criteria analysis
technique for ranking decision alternatives and selecting
the best one on the basis of their local operation for a cri-
terion or numerous criteria (16). In the above process, the
priority of the criteria, the priority of the techniques in
terms of each criterion and the total priority level of each
technique were determined quantitatively.

4. Results
The accident analysis by the Tripod-Beta method re-
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vealed that there were 41 preconditions involved in the
accidents (Table 2). Furthermore, 81 latent causes were
identified with the most frequent being the following:

1. Insufficient finance resources for buying or improv-
ing existing equipment or tools.

2. Improper selection and use of equipment and tools.

3.Improper listing and archiving of procedures.

4. Procedures written for inoperative purposes.

5. Deficiency in determining jobs that require proce-
dures.

6. Unclear managerial purposes.

7. Unclear and/or insufficient definition of responsive-
ness.

8. Procedure and equipment failure in providing safety.

MORT analysis showed that there were 27 root causes at-
tributed to the accident. Some of the root causes were as
follows:

1. Inadequacy of existing controls.

2. Inappropriate and impossible deviation of energy
pathways.

3.Inadequacy of barriers.

4. Inappropriate emergency action plan.

5.Inadequacy of checklists.

6. Poor workers' motivation.

7. Working under pressure.

8.Inappropriate work programming.

After accident analysis, the weights of the selected crite-
ria (Table 3) as well as the priority of the two techniques
in terms of each criterion (Table 4) were determined us-
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ing AHP. Total priority level for each technique is the sum
of the products of criteria priority values and their corre-
sponding weights. As indicated by the results, MORT has
higher priorities only in two criteria: identifying number
of causes and capability to produce quantitative results.

However, the value of total priority level was higher for
Tripod-Beta than MORT (0.664 compared to 0.33). Thus,
compared with MORT, Tripod-Beta is the superior tech-
nique for investigating accidents that occur in excava-
tion processes.

Table 2. The Most Important Preconditions Involved in the Accidents

No. Preconditions

Having a copy of existing procedures was difficult or impossible.

w NSy G R W NN

Equipment and tools were damaged and the floor was messy.
Workers were unaware of potential hazards in their jobs.
Personnel worked under high pressure.

Personnel disregarded some parts of procedures because of work speed.
Unsuitable supervision because of absent or busy of supervisors.
Making wrong decisions by irresponsible individuals

Incorrect programming of work activities

Table 3. Relative Weights of the Selected Criteria

Criterion Required Time  Analysis Training Required Identified Capability to Software
for Analysis Cost Needs Technical Number of Produce Quanti- Require-
Experts Causes tative Results ments
Weight 0.038 0.059 0.07 0.118 0.435 0.23 0.036
Table 4. Relative Weights of the Techniques in Terms of the Selected Criteria @
Criterion Required Time  Analysis Training Required Identified  Capability to Software
for Analysis Cost Needs Technical Number of Produce Quan- Require-
Experts Causes titative Results ments
Priority
Tripod-Beta 0.9 0.88 0.9 0.87 0.1 01 0.9
MORT 0.1 0.1 0.1 0.12 0.88 0.9 0.1

@ Abbreviation: MORT, management oversight and risk tree.

5. Discussion

In this study MORT and Tripod-Beta techniques were
compared regarding the analysis of the accidents that
occurred during the excavation processes. Additionally,
AHP was used to compare the techniques based on cri-
teria including time required for analysis, cost of analy-
sis, training needs, technical experts required, number
of causes identified, capability to produce quantitative
results and software requirements. Some authors in-
vestigated and compared hazard analysis techniques
based on specific criteria. In a review study by Marhavi-
las et al. fault tree analysis (FTA), MORT and Tripod-Beta
were compared in terms of criteria such as high level
of structuring, human orientation, representation of
the events, time-consumption, multidisciplinary expert
team for the application, mathematical background and
graphical illustration (17). Kontogiannis et al. compared
FTA, sequentially timed events plotting(STEP) and Petri
Nets techniques based on criteria such as modeling tim-

ing and duration, event sequence, event dependencies,
event agents, modeling assumptions, multiple levels of
representation, modeling inconsistencies and preven-
tive measures (18). In a previous study, we compared
FTA and Tri-pod Beta in order to determine the criteria
for the two techniques and thus to find out the superior
technique for analyzing major and complex accidents
(19). The priority of Tripod-Beta was higher than that of
FTA in most of studied criteria, however, considering the
criteria priority values and their corresponding weights,
FTA was found to be superior to Tripod-Beta. Some other
studies have been carried out to compare different acci-
dent analysis techniques (18, 20). The present study has
two major advantages over previous reports. First, un-
like previous studies, which were based on the results of
other studies investigating accidents that had occurred
before, in the present study we directly analyzed several
accidents involving both economical and human losses
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using Tripod-Beta and MORT. Second, previous studies
compared techniques only as per each criterion whereas
in the present study, we compared the techniques not
only regarding each criterion but also considering all
of the studied criteria. Thus, the total priority level was
calculated based on all criteria for each technique. Our
results showed that MORT has higher priorities in two of
the criteria including identifying number of causes and
capability to produce quantitative results. Regarding
other criteria (time required for analysis, cost of analysis,
training needs, technical experts and software require-
ments), Tripod-Beta had higher priorities than MORT
meaning it involved less time, cost, training, experts and
software requirements for analysis of accidents. Addi-
tional advantages of the Tripod-Beta compared with oth-
er hazard analysis techniques like MORT and FTA are its
ability to discover latent causes, quick and easy training
and its application in analyzing a wide range of events
(21). At first look, it seems that Tripod-Beta is the superior
technique. However, regarding the values of criteria pri-
orities and their corresponding weights (Table 3), it can
be seen that MORT is superior to Tripod-Beta. The results
show that Tripod-Beta can be a method of choice when
there is a need for rapid accident analysis and|or in situ-
ations that sufficient financial resources are not avail-
able. On the other hand, when more accurate, detailed
and quantitative results are desirable, MORT can be a
more appropriate technique. Therefore, based on the
existing conditions, both techniques can be used for ac-
cident analysis. However, one should keep in mind that
there is no single comprehensive technique for identi-
fying all accident causes. Furthermore, care should be
taken when selecting accident analysis techniques since
the techniques should be able to provide sufficient and
appropriate inputs required for deciding on correc-
tive actions (20). Otherwise, selecting an inappropriate
technique may lead to misled results and thus wasting
time and money. Therefore, it is important for accident
investigations to be done using suitable structured and
standardized techniques to identify all conditions that
contribute to the accident. Thus, it is recommended for
future research to compare the available accident analy-
sis techniques based on proper criteria to select the best
for accident analysis.
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