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ABSTRACT:

Construction projects contain many problems that can occur during the execution. Each
problem results from many causes. Fault tree analysis (FTA) technique is a graphical model for
analyzing causes of a problem (or undesired event) using logic gates to describe combinations of
individual faults that can create an undesired event. Each level of the tree lists the lower level events
that are necessary to cause the event shown in the level above it. The assessment process of a
problem with FTA technique can be divided into two types: qualitative and quantitative assessment.
As a case study to apply FTA technique in construction field, the researcher studied a building in
Baghdad that had punching shear problem to analyze the causes lead to this problem.

This research aims to introduce the main principles of FTA technique and how to use in
identifying and analyzing the causes of problems that can occur in the construction projects. Also, it
aims to compute the probability of occurrence of any problem or undesired event.
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MAIN PRINCIPLE:

A fault tree analysis technique can be simply described as an analytical technique, whereby an
undesired state of the project is specified. Fault tree itself is a graphical model of the various
combinations of faults that will result in the occurrence of predefined undesired event. The faults
can be events that are associated with errors and omissions or any risks which can lead to the
undesired event. A fault tree thus depicts the logical interrelationships of basic events that lead to
the undesired event which is the top event of the fault tree.

HISTORY OF FTA TECHNIQUE:

FTA was first used by Bell Telephone Laboratories in connection with safety analysis of the
minuteman missile launch control system in USA in 1962, and improved by Boeing Company. FTA
is now widely used in the electronics, nuclear, and aerospace industries (Burke and Weiss
1980)(Haasl 1965). Because the construction industry is one of most important industries, the
researcher developed this technique to be used in the construction industry to analysis causes of any
problem can be occurred.

WHAT IS FTA:

FTA technique evaluates hypothesized undesired event in a project to expose their causes.
FTA is a top-down approach to failure analysis, starting with a potential undesired event (problem)
called a top event, and then determining all the ways it can happen. The analysis proceeds by
determining the causes of occurrence the top event which will be connected through logic
gates(Rausand 2004). In this research, two types of gates are used(Clemens 1993):

* AND Gate:

An event is connected to its causal events through AND gate if all the causal events must happen in
order for the resulting event to take place as shown in Fig.1.

A

Fig.1, Three Events Connected through AND Gate

* OR Gate:
An event is connected to its causal events through OR gate if the resulting event can be produced by
any of the causal events as shown in Fig.2.
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A

Fig.2, Three Events Connected through OR Gate

BUILDING BLOCK OF FAULT TREE:
A typical fault tree is composed of a number of symbols which are described in detail
below(Ericson2000)( Andrews 1998):

* Rectangle:

. . I . -
This symbol is used to represent events are considered to be the results of other events within the
project.

* Circle: <>

This symbol is used for a basic event, which is independent of all other events; hence no further
investigation is necessary.

* Rhombus: <>

This symbol is for events that are not basic but are considered to be so for the purpose of the FTA.
The rhombus may be used for some lower-level events for the expediency of not exploring events
of little consequence, or for events that are analyzed on a separate fault tree.

* Triangle:

This symbol is used for transferring a branch of the FTA onto another page. It is consist of a
triangle containing the page number of continuation.

* Ellipse: _O

This ellipse is used to record any conditions or restrictions that apply to any logic gate.

STEPS OF BUILDING FAULT TREE:
There are many steps that be adopted when building fault tree as follows:
Define the problem (or undesired event) for analysis.
Draw a box at the top of the tree diagram and list the topic of problem inside it.
Identify all faults related to the problem.
Identify causes for each fault. List all applicable causes for faults in ovals below the fault.
Connect the ovals to the appropriate fault box.
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e Work towards a root cause. Continue identifying causes for each fault until you reach a root
or controllable cause.

e Give probability of occurrence for roots of fault tree depending on historical collected data
or the experience.

THE CONCEPT OF UNDESIRED EVENT:

Fault tree analysis is a deductive failure analysis which focuses on one particular undesired
event and which provides a method for determining causes of this event. The undesired event
constitutes the top event in a fault tree diagram constructed. Careful selection of the top event is
important to the success of the analysis. If it is too general, the analysis become unmanageable; if it
is too specific, the analysis does not provide a sufficient broad view of the problem. Fault tree
analysis can be an expensive and time consuming exercise and its cost must be measured against the
cost associated with the occurrence of the relevant undesired event. Some examples of top events
that might be suitable for beginning a fault tree analysis such as:

a. Time delay problem which occur in most of construction projects. Since many causes may
lead to this problem such as drawing and design delay, poor planning, poor incorporating
between subcontractors, labour accidents, etc.

b. Catastrophic failures which occur in the structures of a building because of causes related to
design or execution phases.

c. Contractor’s failure to complete the project within the budget because of poor planning,
errors in calculations of estimation, etc. Since, according to UK Department of Trade and
Industry Key Performance Indicator (DTI 2002):

- 50% of all construction projects finish over budget.

- 54% of all construction projects finish behind budget.

- 24% of construction projects are completed unsatisfactory, 48%of those having a
significant negative impact on business operations.

d. Labours accidence problem related to the manners of safety adopted in the site.

THE ASSESSMENT OF PROBLEM:
In this research, the assessment process is divided into two types: qualitative assessment and
quantitative assessment; as detailed below.

Qualitative Assessment:
It is the type of assessment that deals with a problem that has already taken place in a project,
in order to diagnose the causes behind this problem.

Case Study:

In this study, the researcher has investigated a problem of punching shear which occurred

during the construction of a certain building in Baghdad, as an example to illustrate the process of
qualitative assessment. The punching shear was encountered in the flat plate slab of this building, as
some of the columns had gone through (punched) the concrete slab as shown in Fig.3.
The investigation started with a field study including visiting and inspecting the site, taking photos
to the case features, and collecting data through interviewing some of the specialists in the fields of
design and implementation. This field study procedure aims at diagnosing the possible reasons and
factors that had led to this punching shear occurrence; then a fault tree is to be drawn to analyze the
situation more accurately. There are two points must be considered before drawing fault tree:

1. Defining the top event (the problem) in clear and unambiguous way, e.g.:
- What is the problem: “punching shear”
- Where: “building in Baghdad”
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- When: “after the execution”
2. Determining the necessary events and conditions causing the top event.
Here, FTA can be prepared to explain and show the causes that led to the main problem (punching
shear) as shown in Fig.4.

(d)

Fig.3, Punching Shear was Encountered in the Flat Plate Slab of a Building
in Baghdad.
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Fig.4, Fault Tree Diagram for Punching Shear Failure
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Fig.4-continued, Fault Tree Diagram for Punching Shear Failure

5220



A.M. Burhan

Fault Tree Analysis as a Modern Technique for Investigating
Causes of Some Construction Project Problems

Construction

Faults caused
by
subcontractors

Commitment and non- Poor planning

compliance with the instructions

Poor
performance

Labor
troubles

and specifications mentioned in
designs and layouts

Poor

Using bad quality

materials

Instructions
delivery
delay

Data
obscurity

Page (3)

Capabilities
of owner or
contractors

Inconvenient
construction methods

Poor
coordination

Insufficient
supervision
and
monitoring

Insufficient
site
investigations

Poor
communication

Poor
management

Proficiency of
the proposed
technological
devices

Inappropriate
equipments

Construction

difficulties

Fig.4-continued, Fault Tree Diagram for Punching Shear Failure
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QUANTITATIVE ASSESSMENT:

This type can be used for the sort of assessment that deals with a proposed problem (hasn’t

occurred yet); but it is predicted so that this assessment process can diagnose the causes and factors
that had led to the main problem. The analysis provides failure probabilities at the system level that
are needed for assessing the problems involved in a construction project; e.g. safety, subcontractors
ability to deliver on time, equipment productivity, and costs and schedules associated with
construction activities.
In the quantitative assessment, it is possible to assess the probability of a top event from estimates
of probabilities of the basic events in the fault tree. When events are connected to a higher order
event through OR-gate, we add the probabilities. When events are connected to a higher order event
through AND-gate, we multiply their probabilities(Kales 1998). The estimation of probabilities of
occurrence any basic event depend on the experience and records or information about previous
projects. For example, if all the probabilities of basic events and events assumed to be basic in the
fault tree of Fig.5 are estimated to be the follow:

Top Event
|

m

Event 3 Event 2 Event 1

A S

Event 5
Event 8 | Event 4
Event 9 5% 4%
7%

Event 10 Event 7 Event 6

20% 10%

Event 13
10%

Fig.5, Fault Tree Diagram which Example
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P(Event 4) = 4% P(Event 9) = 7%
P(Event 6) = 10% P(Event 11) = 5%
P(Event 7) = 20% P(Event 12) = 15%
P(Event 8) = 5% P(Event 13) = 10%

Then the probability of the top event can be determined as shown:

P(Event 5) = P(Event 6) + P(Event 7) =0.10 + 0.20 = 0.30
P(Event 1) = P(Event 4) « P(Event 5) = 0.04 » 0.30 = 0.012
P(Event 2) = P(Event 8) + P(Event 9) =0.05 + 0.07 = 0.12
P(Event 10) = P(Event 12) « P(Event13) = 0.15 « 0.10 = 0.015
P(Event 3) = P(Event 10) + P(Event 11) = 0.015 + 0.05 = 0.065

So, P (Top Event) =P (Event 1) + P (Event 2) + P (Event 3)

=0.012 +0.12 + 0.065 = 0.197 = 19.7%

This value (19.7%) represents the probability of occurrence the problem (Top Event). Based on this
value, the management can decide the level of problem and put good plan to avoid this problem or
decrease its effects on the project or parties.

CONCLUSION:

Fault tree analysis technique is used in all industries, but it can be used effectively for
investigating the problems which occur in the construction projects. It is effective tool to
show the events or causes which lead to the main problem or top event (undesired
event).

Fault tree analysis (FTA) technique is a graphical model of the pathways within a system
that lead to a foreseeable undesired event. The pathways interconnect contributory
events and conditions using standard logic symbols called AND-gate and OR-gate.
Numerical probabilities of event occurrence can be entered and propagated through the
model.

The user of FTA technique must carefully select the top event (undesired event) in order
to success the analysis of problem.

The assessment process of any problem can be divided into two types: qualitative and
quantitative assessment. The first type deals with problems which have already been
taken place in a project, while the second type deals with a proposed problem (hasn’t
occurred yet; but it is predicted).

In quantitative assessment, the user of FTA technique depends on his experience and

records or information about previous projects to estimate the probabilities of occurrence
any basic event.
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