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Abstract. The Failure Mode and Effects Analysis (FMEA) is paramount for analytical skills of reliability design in dynamic 
prevention. The FMEA model is a significant method which can simultaneously reduce the operating errors or delays as 
well as improve the construction quality. In particular, the Risk Priority Number (RPN) in the FMEA model is a vital tool 
which helps construction managers prioritize problem-solving. As the Internet of Things and big data analytical skills have 
become progressively widespread and mature, among the three risk indicators of RPN, the number of operating errors or 
delays per unit time can be estimated by the data collected from the analysis of statistical methods and regarded as the 
basis of 10-level classification. In addition, when the loss is larger, then the severity is higher. This paper proposed three 
evaluation criteria, including Occurrence, Severity, and Detection of RPN in construction engineering, and a 10-level clas-
sification model. To assist the construction managers, priority for construction improvement can be identified based on 
RPN calculations.
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Introduction

The model of Failure Mode and Effects Analysis (FMEA) 
is one of the most important analytical skills for reliabil-
ity design and in dynamic prevention (Kushwaha et  al., 
2022; Von Ahsen et al., 2022; Xie et al., 2022). According 
to the research done by Rakesh et al. (2013), the FMEA 
method was initiated by America’s Grumman Aerospace 
Corporation in the early 1950s. FMEA was first applied to 
the failure analysis of the jet aircraft control system and 
was gradually developed into an analytical technology 
of system security and reliability design in the hope of 
effectively solving various problems of failure. Next, the 
National Aeronautics Space Agency (NASA) also adopted 
the FMEA model to develop reliability analysis and im-
provement tools for systems engineering of the Apollo 
space mission in 1960. Later, the U.S. Armed Forces in-
cluded the FMEA model as part of military procedures of 
MIL-STD-1629A (Johnson & Khan, 2003). In the automo-
tive industry, the FMEA model was first introduced into 
American automotive industry in 1970. Next, in 1993, a 

handbook about reliability was created with the help of 
the American Society for Quality (ASQ) and the Automo-
tive Industry Action Group (AIAG). Finally, FMEA has 
become the certified requirement for QS-9000 (Mattsson, 
1995).

The FMEA model has now been widely used in many 
industries (Wang et  al., 2018; Ouyang et  al., 2022). For 
example, some semiconductor manufacturing industries 
have also introduced FMEA system evaluation operations 
into the production line management to avoid potential 
major anomalies and enhance product reliability (Chen 
et al., 2010). In addition, numerous mass transportation 
system engineering and construction projects should also 
use FMEA to prevent and reduce failures in engineering 
and systems as well as lower the losses caused by system 
failures (Ng et al., 2022; Chen et al., 2022; Gumasing et al., 
2022; Gong et al., 2022). In the process of urbanization, 
the construction industry plays a very important role in 
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quality and reliability of architecture, which are closely 
related to residents’ lives and property safety, especially 
in Asia where earthquakes frequently happen. In recent 
years, under the influence of the COVID-19 epidemic, 
Taiwan’s construction industry has faced pressure from 
labor shortages as well as rising wages and material prices, 
and builders must face the pressure of operating errors or 
delays. The so-called operating error here means that the 
construction does not follow the blueprint or there are 
some differences from the blueprint after completion. For 
example, the size of the window does not match, the po-
sition is wrong, or the position of the pipeline configura-
tion is wrong, etc. Therefore, how to improve the building 
quality and diminish losses of costs caused by operating 
errors or delays is an important issue.

According to the above-stated, the FMEA model 
should be a critical method which can reduce operat-
ing errors or delays and enhance building quality. In the 
FMEA model, the Risk Priority Number (RPN) can help 
engineering managers determine the problem-solving 
priority by multiplying 10 levels of Occurrence, Sever-
ity, and Detection each, and then problems can be solved 
by related improvement techniques and methods (Yuan 
& Tang, 2022; Liu & Tang, 2022; Chakhrit & Chennoufi, 
2021; Jiang et  al., 2019). Furthermore, some studies use 
the belief Jensen–Shannon divergence and entropy mea-
sure in the evidence theory to improve the science of 
FMEA method (Tang et al., 2023; Xie et al., 2020). Based 
on this concept, this paper will apply statistical data and 
methods to establish RPN ratings of the FMEA method 
for construction projects. As the environment of Internet 
of Things (IoT) and big data analysis technology gradually 
become prevalent and mature, the number of operating 
errors or delays per unit time, N, among the three risk 
indicators is distributed as a Poisson distribution with fail-
ure rate λ (Chen & Yang, 2018; Chen & Yu, 2022; Li et al., 
2021; Canbolat, 2020). In particular, parameter λ can be 
estimated by the data collected through the statistical 
method and analysis and viewed as the basis of 10-level 
classification. In addition, many studies have pointed out 
that there is a certain cost or social loss when a mistake 
occurs, and this loss is a random variable that varies with 
the type of mistake. Obviously, the greater the loss is, the 
higher the severity is. Thus, the loss function can be used 
to represent Severity. Similarly, the expected loss can be 
estimated by the statistical method according to the col-
lected data, which can be regarded as the basis of 10-level 
classification. As to Detection, it is usually related to the 
engineering management system and must be divided into 
10 levels by experts or senior construction project manag-
ers based on the accumulated statistical data. According 
to the above, this study proposes a 10-level classification 
model for three evaluation items, including Occurrence, 

Severity and Detection of RPN for the construction proj-
ects. The model can assist construction project managers 
to identify the priority of projects that need to improve on 
the basis of the calculated RPN. In fact, the model pro-
posed in this paper is based on the accumulated data in 
the past and through the central limit theorem and the 
quantiles of the normal distribution, the probability is di-
vided into 10 equal parts to form 10 levels. Obviously, the 
RPN calculated by this method is relatively objective. In 
addition to the construction projects that can be applied 
to the above, this model is also applicable to other systems 
in construction engineering, such as mechanical pipeline 
engineering, water supply and drainage engineering, weak 
current engineering, and electrical instrumentation and 
control engineering.

The remainder of this paper is organized as follows. 
Section 1 proposes the 10-level classification rules of Oc-
currence and Severity, respectively. Section 2 establishes 
10 evaluation levels of the three evaluation items of RPN 
for the construction engineering. Section 3 presents an 
application example. Final section provides conclusions.

1. Level classification rules  
of occurrence and severity

As mentioned above, this model is also applicable to other 
systems in construction engineering, such as mechanical 
pipeline engineering, water supply and drainage engineer-
ing, weak current engineering, and electrical instrumenta-
tion and control engineering. For construction projects, 
Detection is usually classified by experts or senior con-
struction project managers into 10 levels according to the 
accumulated statistical data. Therefore, this study first es-
tablishes classification rules of 10 evaluation levels for Oc-
currence and Severity. In Taiwan, due to factors, such as 
personal budgets, tastes, preferences, and religious beliefs, 
everyone tends to make some changes in design to meet 
his or her own needs when purchasing a pre-sale building, 
so that operating errors or delays easily occur when the 
construction industry faces demands for customization. 
As mentioned above, when operating errors or delays oc-
cur, there will be some social losses, such as costs of en-
vironmental pollution, to a certain extent (Akadiri et al., 
2012). When the number of operating errors or delays, N, 
for each building with completed inspection is larger, the 
total loss is also greater. This total loss model (Tloss) can 
be expressed as follows:

= + + +(1) (2) ... ( )TLoss Loss Loss Loss N ,  (1)

where N is the number of failures per unit time. Then, 
the mathematical expectation of the total Tloss can be de-
noted as follows:

= λ×µ   LossE TLoss , (2)

where λ =   E N  is the expected value for the number 
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of operating errors or delays per unit time, and  µ = = ( )Loss E Loss n N n
  µ = = ( )Loss E Loss n N n  is the mathematical expected value of 

the loss. Obviously, the higher the value of λ is, the more 
operating errors or delays per unit time occur. Similarly, 
the larger the value of µLoss, the greater the loss caused by 
each construction error on average. According to Eqn (2), 
this study defines 10 evaluation levels of Occurrence (O) 
and Severity (S) in RPN = O × S × D of the construction 
project, as shown below. 

1.1. Occurrence (O)

As mentioned earlier, the number of operating errors or 
delays, N, for each building with completed inspection is 
distributed as a Poisson distribution with failure rate λ.  
Let 1,..., ,...,h kN N N  be independent random variables 
identically distributed in a Poisson process with failure 
rate λ. Then, the sample mean is the unbiased estimator 
of λ as follows:

∗

=

λ = ∑
1

1 k

h
h

N
k

,  (3)

where kλ* is distributed as Poisson distribution with mean 
kλ. Then,

∗

=

 
   λ = = λ    

∑
1

1 k

h
h

E E N
k

  (4)

and

∗

=

  λ   λ = =    
∑2

1

1 k

h
h

Var Var N
kk

.  (5)

Let
( )∗λ − λ

=
λ

O
k

Z ,  (6)

then according to the Central Limits Theorem (CLT), ZO 
is an approximate standard normal distribution for large 

k, that is ( )→∞→  0,1O
kZ N . Based on Eqn (6), the 

10 evaluation levels of Occurrence (O) are expressed as 
follows:

× − × −

 <
= ≤ < =
 <

0.9

0.1 (11 ) 0.1 (10 )

0.1

1    if  
   if  , 2,3,...,9.

10 if  

O

h O h

O

Z Z
O h Z Z Z h

Z Z
  (7)

Za is the upper a quintile of the standard normal 
distribution. Obviously,  −= − 1a aZ Z  for ≤ ≤0 1a . Thus,  
{ } ( )≤ = Φ =0.9 0.9 0.1p Z Z Z  implies Z0.9  =  –1.28 and 

Z0.1  =  –Z0.9  = 1.28. Similarly, Z0.8  =  –0.84, Z0.2  = 0.84, 
Z0.7  =  –0.52, Z0.3  = 0.52, Z0.6  =  –0.25, Z0.4  = 0.25, and 
Z0.5 = 0.

1.2. Severity (S)

As mentioned earlier, the greater the value of mathemati-
cal expectation µLoss each loss, the greater the loss caused 
by each operating error or delay on average, so that the 
severity is higher. Let ,1 , ,,..., ,...,

hh h j h nL L L , h = 1, 2, …, k 

be a random sample of loss per unit time with mean µS 
and standard deviation σS, then the sample mean is dis-
played below:

= =

= ∑∑ ,
1 1

1 hnk

h j
h j

L L
n

,  (8)

where 
=

=∑ 1

k
hh

n n . Let

( )−µ
=

σ
S

S
S

n L
Z ,   (9)

then according to the Central Limits Theorem (CLT), ZS is 
an approximate standard normal distribution for large n, 
that is ( )→∞→  0,1S

nZ N . Based on Eqn (10), the 10 
evaluation levels of Severity (S) are expressed as:

× − × −

 <
= ≤ < =
 ≤

0.9

0.1 (11 ) 0.1 (10 )

0.1

1   if  
  if  , 2,3,...,9.

10  if  

S

h S h

S

Z Z
S h Z Z Z h

Z Z
  (10)

2. Evaluation levels of the RPN establishment  
for construction engineering

According to the 10-level classification rules of Occurrence 
and Severity, this study first establishes 10-level evaluation 
comparison tables for these two items. Next, this study 
establishes a 10-level evaluation comparison table for De-
tection. Finally, the 10-level evaluation comparison tables 
for these 3 items are introduced individually as follows.

2.1. The 10-level evaluation comparison  
table for Occurrence

We assume that the number of architecture with complet-
ed inspection in the ith year is ki, and i = 1, 2, …, m; the 
number of operating errors or delays of the hth building is 
ni,h, and h = 1, 2, …, ki. Then,

= =

λ = ∑∑0 ,
1 1

1 ikm

i h
i h

n
k

,  (11)

where 
=

=∑ 1

m
ii

k k . Based on Eqn (7), when O = 1, we have 
ZO < Z0.9, equivalent to

∗λ < λ − × λ0 01.28 k .   (12)

Similarly, when O  = 1, we have × − × −≤ <0.1 (11 ) 0.1 (10 )h O hZ Z Z 
× − × −≤ <0.1 (11 ) 0.1 (10 )h O hZ Z Z , equivalent to

∗
× − × −λ − ≤ λ < λ − λ0 0.1 (11 ) 0 0.1 (10 ) 0h hZ k Z k ,  (13)

where h = 2, 3, …, 9. Finally, when O = 10, we have Z0.1 < 
ZO, equivalent to

∗λ + × λ ≤ λ0 01.28 k .   (14)

Based on Eqns (12)–(14), the 10-level evaluation com-
parison table for Occurrence is shown in Table 1.
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Table 1. The 10-level evaluation comparison table  
for Occurrence

Occurrence (O) Condition

O = 10 ∗λ + λ ≤ λ0 01.28 k

O = 9 ∗λ + λ ≤ λ < λ + λ0 0 0 00.84 1.28k k

O = 8 ∗λ + λ ≤ λ < λ + λ0 0 0 00.52 0.84k k

O = 7 ∗λ + λ ≤ λ < λ + λ0 0 0 00.25 0.52k k

O = 6 ∗λ ≤ λ < λ + λ0 0 00.25 k

O = 5 ∗λ − λ ≤ λ < λ0 0 00.25 k

O = 4 ∗λ − λ ≤ λ < λ − λ0 0 0 00.52 0.25k k

O = 3 ∗λ − λ ≤ λ < λ − λ0 0 0 00.84 0.52k k

O = 2 ∗λ − λ ≤ λ < λ − λ0 0 0 01.28 0.84k k

O = 1 ∗λ < λ − λ0 01.28 k

2.2. The 10-level evaluation comparison  
table for Severity

This study estimates parameter µS and variance σ2
S  based 

on the m-year projections from the end of last year. As 
mentioned above, it is assumed that the number of build-
ings with completed inspection in the ith year is ki, and 
i  = 1, 2, …, m; the number of operating errors or de-
lays of the hth building is ni,h, and h = 1, 2, …, ki. Then, 
the lost data caused by each operating error or delay is 

,, ,1 , , , ,,..., ,...,
i hi h i h j i h nL L L . The values of parameter µS and 

variance σ2
S can then be estimated based on the k sample 

data. The sample data, sample mean, and sample standard 
deviation are respectively displayed below:

Sample data Mean Standard deviation

1,,1,1 ,1, ,1,,..., ,...,
hi i j i nL L L ,1iL ,1iS

⁞ ⁞ ⁞

,, ,1 , , , ,,..., ,...,
i hi h i h j i h nL L L ,i hL ,i hS ,

⁞ ⁞ ⁞

,, ,1 , , , ,,..., ,...,
i i i i ki

i k i k j i k nL L L , ii kL
, ii kS

where

=

= ∑
,

, , ,
, 1

1 i hn

i h i h j
i h j

L L
n

 (15)

and

( )
=

= −
− ∑

, 2
, , ,,

, 1

1
1

i hn

i h j i hi h
i h j

S L L
n

. (16)

Since the mean µS and standard deviation σS are un-
known parameters, the estimators of mean µS and stan-
dard deviation σS respectively are expressed as follows:

∗

= =

µ = ×∑∑ , ,
1 1

1 ikm

S i h i h
i h

n L
n

  (17)

and

( )∗

= =

σ = −
− ∑∑ 2

, ,
1 1

1 1
ikm

S i h i h
i h

n S
n m

,  (18)

where 
= =

=∑ ∑ ,1 1
im k

i hi h
n n . Based on Eqns (9), (10), (15), 

and (16), when S = 1, then ZS < Z0.9, equivalent to
∗ ∗< µ − ×σ1.28S SL n . (19)

Similarly, when S  = h, we have × − × −≤ <0.1 (11 ) 0.1 (10 )h S hZ Z Z 
× − × −≤ <0.1 (11 ) 0.1 (10 )h S hZ Z Z  equivalent to

∗ ∗ ∗ ∗
× − × −µ − ×σ ≤ < µ − ×σ0.1 (11 ) 0.1 (10 )S h S S h SZ n L Z n

∗ ∗ ∗ ∗
× − × −µ − ×σ ≤ < µ − ×σ0.1 (11 ) 0.1 (10 )S h S S h SZ n L Z n , (20)

where h = 2, 3, …, 9. Finally, when S = 10, we have Z0.1 < 
ZS equivalent to

∗ ∗µ + ×σ ≤1.28S S n L . (21)

Based on Eqns (19)–(21), the 10-level evaluation com-
parison table for Severity is illustrated in Table 2.

Table 2. The 10-level evaluation comparison table for Severity

Severity (S) Condition

S = 10 ∗ ∗µ + ×σ ≤1.28S S n L

S = 9 ∗ ∗ ∗ ∗µ + ×σ ≤ < µ + ×σ0.84 1.28S S S Sn L n

S = 8 ∗ ∗ ∗ ∗µ + ×σ ≤ < µ + ×σ0.52 0.84S S S Sn L n

S = 7 ∗ ∗ ∗ ∗µ + ×σ ≤ < µ + ×σ0.25 0.52S S S Sn L n

S = 6 ∗ ∗ ∗µ ≤ < µ + ×σ0.25S S SL n

S = 5
∗

∗ ∗σ
µ − ≤ < µ0.25 S

S SL
n

S = 4 ∗ ∗ ∗ ∗µ − ×σ ≤ < µ − ×σ0.52 0.25S S S Sn L n

S = 3 ∗ ∗ ∗ ∗µ − ×σ ≤ < µ − ×σ0.84 0.52S S S Sn L n

S = 2 ∗ ∗ ∗ ∗µ − ×σ ≤ < µ − ×σ1.28 0.84S S S Sn L n

S = 1 ∗ ∗< µ − ×σ1.28S SL n

2.3. The 10-level evaluation comparison  
table for Detection

As mentioned above, Detection is usually related to the 
engineering management system, and experts or senior 
construction project managers must classify it into 10 lev-
els based on their accumulated experience. Based on this 
principle, this study classifies Detection into 10 levels as 
shown in Table 3 below.
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Table 3. The 10-level evaluation comparison table for Detection

Detection (D) Likelihood of detection

D = 10 Completely unable to find out the causes  
of operating errors or delays

D = 9 Very unlikely to find out the causes  
of operating errors or delays

D = 8 Rarely possible to find out the causes  
of operating errors or delays

D = 7 Less likely to find out the causes of 
operating errors or delays

D = 6 Low probability of finding out the causes  
of operating errors or delays

D = 5 Medium probability of finding out the 
causes of operating errors or delays

D = 4 High probability of finding out the causes  
of operating errors or delays

D = 3 Likely to find out the causes of operating 
errors or delays

D = 2 Extremely likely to know the causes  
of operating errors or delays

D = 1 Surely able to know the causes of operating 
errors or delays

3. Application example

In this section, this paper takes four-storey houses built by 
a construction company in central Taiwan as a case study, 
and the houses cover an area of 300 ± 10% m2. This case 
study illustrates how to establish the 10 evaluation levels 
of RPN for construction projects. As mentioned earlier, 
everyone has their own needs when buying a pre-sale 
home for several reasons, such as personal budgets, tastes, 
preferences, and religious beliefs. When the construction 
industry is facing these customized demands, it is easy to 
cause operating errors or delays listed in the category of 
civil engineering and architecture. First, according to the 
construction cases of houses introduced in recent years, 
the operating errors or delays listed in the category of civil 
engineering and architecture were counted. The statistical 
period is 3 years before the end of last year, and the num-
ber of houses with completed inspection in the ith year is 
ki, i = 1, 2, 3. The number of operating errors or delays in 
building h is ni,h.The statistical results are as follows.

The number of houses with completed inspection in 
the 1st year is k1 = 11, and the number of operating errors 
or delays each building is n1,h as follows:

n1,1 = 11, n1,2 = 12, n1,3 = 10, n1,4 = 11, n1,5 = 12, n1,6 = 11,  
n1,7 = 11, n1,8 = 10, n1,9 = 12, n1,10 = 11, n1,11 = 11.
Sample data, sample mean, and sample standard devia-

tion are respectively listed as follows:

Sample data Mean Standard deviation

1,1,1 1,1, 1,1,11,..., ,...,jL L L =1,1 63.14L =1,1 22.23S

1,2,1 1,2, 1,2,12,..., ,...,jL L L =1,2 59.83L =1,2 26.57S .
⁞ ⁞ ⁞

1,11,1 1,11, 1,11,11,..., ,...,jL L L =1,11 65.33L =1,11 28.12S

The number of houses with completed inspection in 
the 2nd year is k2 = 12, and the number of operating errors 
or delays each building is n2,h as follows:

n2,1 = 11, n2,2 = 1, n2,3 = 12, n2,4 = 10, n2,5 = 11, n2,6 = 10,  
n2,7  = 11, n2,8  = 10, n2,9  = 10, n2,10  = 11, n2,11  = 11, 
n2,12 = 10.
Sample data, sample mean, and sample standard devia-

tion are respectively listed below:

Sample data Mean Standard  
deviation

2,1,1 2,1, 1,1,11,..., ,...,jL L L =2,1 52.15L =2,1 21.86S

2,2,1 2,2, 2,2,11,..., ,...,jL L L =2,2 49.38L =2,2 25.12S .
⁞ ⁞ ⁞

2,12,1 2,12, 2,12,10,..., ,...,jL L L =2,12 44.37L =2,12 23.75S

The number of houses with completed inspection in 
the 3rd year is k3 = 10, and the number of operating errors 
or delays each building is n3,h as follows:

n3,1 = 11, n3,2 = 12, n3,3 = 10, n3,4 = 11, n3,5 = 10, n3,6 = 11,  
n3,7 = 10, n3,8 = 10, n3,9 = 12, n3,10 = 11.
Sample data, sample mean, and sample standard devia-

tion are respectively listed below:

Sample data Mean Standard  
deviation

3,1,1 3,1, 3,1,11,..., ,...,jL L L =3,1 47.36L =3,1 21.36S

3,2,1 3,2, 3,2,12,..., ,...,jL L L =3,2 53.28L =3,2 25.12S .
⁞ ⁞ ⁞

3,10,1 3,10, 3,10,11,..., ,...,jL L L =3,10 49.13L =3,10 23.21S

Next, according to the above data, the 10-level evalu-
ation comparison tables of Occurrence and Severity were 
completed respectively. First, we calculate the values of k 
and λ0 as follows:

=
= =∑3

1 ii
k k 33

and

= = = =

λ = = =∑∑ ∑∑
3

0 , ,
1 1 1 1

1 1
33

i ik km

i h i h
i h i h

n n
k

12.1.

Based on Eqns (12)–(14), the 10-level evaluation com-
parison for Occurrence is shown in Table 4 below.

Table 4. The 10-level evaluation comparison  
table for Occurrence

Occurrence (O) Condition
O = 10 11.58 ≤ λ*
O = 9 11.33 ≤ λ* < 11.58
O = 8 11.15 ≤ λ* < 11.33
O = 7 10.99 ≤ λ* < 11.15
O = 6 10.85 ≤ λ* < 10.99
O = 5 10.71 ≤ λ* < 10.85



Journal of Civil Engineering and Management, 2023, 29(7): 662–668 667

Occurrence (O) Condition
O = 4 10.55 ≤ λ* < 10.71
O = 3 10.37 ≤ λ* < 10.55
O = 2 10.11 ≤ λ* < 10.37
O = 1 λ* < 10.11

Then, we calculate the values of n, ∗µS and ∗σS  as fol-
lows:

= =
= =∑ ∑ ,1 1

im k
i hi h

n n 358,

∗

= =

µ = × =∑∑
3

, ,
1 1

1
399

ik

S i h i h
i h

n L 53.82,

( )∗

= =

σ = − =∑∑
3

2
, ,

1 1

1 1
396

ik

S i h i h
i h

n S 30.12.

Based on Eqns (17)–(22), the 10-level evaluation com-
parison for Severity is shown in Table 5 below.

Table 5. The 10-level evaluation comparison table for Severity

Occurrence (O) Condition

S = 10 55.86 ≤            L

S = 9 55.16 ≤ <L 55.86

S = 8 54.65 ≤ <L 55.16

S = 7 54.22 ≤ <L 54.65

S = 6 53.82 ≤ <L 54.22

S = 5 53.42 ≤ <L 53.82

S = 4 52.99 ≤ <L 53.42

S = 3 52.48 ≤ <L 52.99

S = 2 51.78 ≤ <L 52.48

S = 1 <          L 51.78

Next, we assume that the number of houses completed 
in the most recent year is k =10, and the average number 
of operating errors or delays is:

∗

=

λ = =∑
10

1

1
10 h

h

n 11.2.

According to Table 4, O = 8 can be obtained. Then, the 
average loss is calculated as follows:

= =

= =∑∑
10

,
1 1

1
112

hn

h j
h j

L L 55.45.

According to Table 5, S = 9 can be obtained. If a senior 
construction project manager evaluates the level of Detec-
tion as D = 6 according to Table 3, then the RPN of the 
construction category is equal to O × S × D = 8×9×6 = 432.

Apparently, the above-mentioned results are calculated 
based on the classification done by statistical data and sta-
tistical methods. Thus, this classification is more scientific 
than that based on professional experience. In terms of 
management, as long as the data collected is complete, the 
classification will be more consistent since it is calculated 
based on the quantile of the probability distribution. Ac-
cordingly, different classifications will not take place for 
different experts or managers. Of course, its disadvantage 
is that data must be accumulated for a period of time so 
that a complete database can be established. If the data is 
incomplete, the probability of occurrence for each classi-
fication will vary, and overestimation or underestimation 
will occur. 

Conclusions and future research directions

This study proposed a 10-level classification model for 
three evaluation items, including Occurrence, Severity, 
and Detection of the RPN for the construction projects. 
In order to assist construction project managers, this study 
calculated the RPN for each type of construction project, 
which is convenient for construction project managers to 
identify the priority of construction improvement. Since 
the number of operating errors or delays, N, is a Poisson 
distribution, this study estimated Occurrence (O) based 
on the size of the mean. Besides, through the Central Lim-
it Theorem, standardized statistic ZO was used to approxi-
mate the properties of the standard normal distribution to 
establish the 10-level classification model of Occurrence. 
By the same token, standardized statistic ZS was adopted 
to approximate the properties of a standard normal dis-
tribution, in order to create a 10-level classification model 
of Severity. Next, according to the accumulated data of 
operating errors or delays, parameter λ in the 10-level 
classification model of Occurrence was estimated, and 
the 10-level evaluation comparison table of Occurrence 
was completed (see Table 4). At the same time, the ac-
cumulated lost data were used to estimate parameters µS 
and σS in the 10-level classification model of Severity, and 
the 10-level evaluation comparison table of Severity was 
completed (see Table 5). Finally, an application example of 
the RPN for construction was used to explain the applica-
tion of the above model. In addition to the calculation of 
the RPN for construction, this model is also applicable to 
other systems in construction engineering, such as me-
chanical pipeline engineering, water supply and drainage 
engineering, weak current engineering, and electrical in-
strumentation and control engineering. Therefore, the fo-
cus of future research can be to apply the model proposed 
in this paper to the failure mode and effects analysis of the 
above-mentioned various fields.
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