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Extended Abstract

Abstract

Whereas human factors (HF) in the non-destructive testing (NDT) of metallic components are a poorly investigated
topic (in comparison to other industrial fields such as aviation), HF in the inspection of concrete components are
even less known. Studies have shown that there is always some variability between individuals in their inspection
results and that HF affect the reliability of NDT inspections. The aim of the ongoing WIPANO project is to draft
a standard for a holistic reliability assessment, with concrete inspection as one case study. This includes also the
HF. A human-oriented Failure Modes and Effects Analysis (FMEA) was carried out to do the following: a) identify
possible human-related risks in tunnel inspection processes using a laser scan method (including data collection,
evaluation, and assessment of tunnel damage) and b) evaluate these human-related risks as regards their possible
causes, consequences and probability of occurrence — in addition with respect to existing and possible preventive
measures. The results show that the causes for possible failures can lie within people, the physical environment,
technology, organisation, and extra-organisational environment. Whereas current preventive measures rely mostly
on the individual and quality management practices, there is potential for even larger improvement at the
organisational and extra-organisational level. The FMEA results were also used to develop a quantification method
to further understand the HF in tunnel inspection, which could possibly be included in the information into the
overall reliability assessment. The usage of qualitative and quantitative data collected through the human-FMEA
within the proposed quantification method shows promise that HF can be quantified and could offer broader
understanding of HF influences on inspection in various industries.

More info about this article: http://www.ndt.net/?id

-]

Keywords: Human Factors, Failure Modes and Effects Analysis, FMEA, Tunnel Inspection, NDT Reliability,
Quantification

1 Introduction

Human factors (HF) in non-destructive testing (NDT) have puzzled practitioners and
researchers since NDT’s inception. And whereas HF in NDT of metallic components are a
poorly investigated topic (in comparison to other industrial fields such as aviation), HF in the
inspection of concrete components are even less known. Studies have shown that there is always
some variability between individuals in their inspection results and that HF affect the reliability
of NDT inspections [1]-[5]. And even though those HF (“environmental, organisational and
job factors, and human and individual characteristics which influence behaviour at work in a
way which can affect health and safety” ([6], p. 5) do not necessarily lead to negative inspection
outcomes, understanding them is a vital step towards preventing possible structure-breaking
failures and thereby ensuring the safety of industry, environment, and infrastructure.

NDT in civil engineering (CE) is a challenging field. From the HF perspective, the conditions
under which the inspections are carried out in the field (e.g. wearing of protective equipment,
heights, low temperature, running traffic, poor visibility, etc.) or during inspection and
evaluation of the data (e.g. the challenging surface) could pose significant physical and
cognitive demands for inspection and detection of damage. This could in turn have a large effect
on people, influencing the overall reliability of the NDT process. Although research concerning
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inspection of concrete structures sometimes mentions HF, e.g. in terms of addressing human
error and how to avoid it by means of increased automation or improved predictive algorithms
(e.g. [7]), there has not to our knowledge been any research to date focussing directly on HF in
NDT of concrete structures, though the interest has been growing. Especially in the field of
reliability of concrete inspection, HF are still deemed as a largely unknown but highly relevant
factor that requires more attention [8], [9].

Since considerable knowledge in the field of inspection of concrete structures is missing, this
study aimed to identify human-related risks in tunnel inspection with use of the laser scan
method (case study) by means of human-oriented Failure Modes and Effects Analysis (Human-
FMEA). Considering our efforts at writing a standard draft for the reliability assessment within
the ongoing WIPANO project, the second aim was to utilise this knowledge to make the first
attempts to quantify HF that could be integrated into the overall reliability assessment.

2 Identification of human factors in the inspection of concrete components

Although the laser scanning method has over 20 years history of successfully detecting
structural damage, the FMEA gathered four experts to consider, besides continuous
technological development, how the method could be even more improved by paying attention
to human factors. During the human-FMEA, they were asked to brainstorm about possible
errors/failures. These errors/failures were then also characterised with respect to their causes,
consequences, existing and possible preventive measures in a prospective approach. At the end,
a risk priority was assigned to each of the failures. The purpose of this analysis was to
brainstorm and foresee possible failure, build barriers against their occurrence, and use this
knowledge to understand the influencing factors on the reliability of these inspections. The
results (see Table 1) of the risk assessment show that failures can happen at all stages of the
inspection process, and they be caused by individual, environmental (physical working
conditions), technological, organisational and extra-organisational factors (e.g. standards,
communication between different organisations). Though the existing preventive measures,
relying primarily on the individual experience and expertise and quality management practices
have shown successful at preventing these possible failures so far, potential for improvement
can be found at the organisational and extra-organisational level, though improved
communication especially with the client, further automation, decreased pressure and open
error culture (systematic learning from previous errors). The risk priority rating shows that the
final assessment of the damage bears the highest risk and therefore deserves a more immediate
attention.

3 First attempts at quantifying human factors using the FMEA

The FMEA results for one selected task—that of preparation—were taken further to develop
the first approach to quantifying HF in NDT. For that purpose, a simple holistic method to
create quantifiable data from the qualitative data was used. The quantitative data important for
the analysis were the RPN for each Possible Failure/Error, while the qualitative data used were
Sub-Task, Aim, Error type, Cause, Existing preventive measures, and New preventive measures.
Lists of each of these considerations were created and they were brought into relation in so-
called “tally-lists” that could be filled out in two ways: either by inferring the linkage of a cause
to a possible error or by having the linkage ranked by either the workshop participants or by
NDT experts working in that field.
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Table 1: Summary of the Human-FMEA
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The next stage is to allocate the named human errors to a hidden layer of human factors. The
tally lists are integral to the hidden layer because it is here that one error can be allocated to
several factors. This procedure resulted in creating quantitative maps such as that shown in
Figure 1. This made it possible not only to quantify the human factors within the scope of
Summaries according to chosen theories, but also to trace back (left to right) within the maps,
in order to find the contributory Hidden layer factors and Errors and their relative weighted
importance for the final interpretations.
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Figure 1 Detail of Assignment of Errors to Factors

While it is important to note that this quantitative component is still under development, we
believe it shows promise. The approach used here works on the basis that context is everything.
In performing a human FMEA, we enter into real contexts of real errors in specific tasks and
workplaces. By quantifying the qualitative results within the given context, we have seen that
value can be added to qualitative findings. Indeed, the quantifications did inform the qualitative
evaluations. But beyond mere magnitudes to validate the FMEA, the quantification also serves
practical qualitative purposes in this context, such as mediating the true nature of the
distinctions between models. It offers not only a reporting method but could potentially become
areal basis for a strategic decision template, offering a format which can address organisational
(or other less quantifiable) errors through the hidden layer factors, while also drawing on the
context of the errors themselves. The quantitative maps do not simply quantify. They also show
possible error sources in a traceable form. We see this method as the first in a series of steps to
create a system of quantification that could be used in reliability assessment methods such as
POD while retaining the important qualitative aspects required for any holistic study of human
behaviour.
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