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Abstract

Design errors are unavoidable in any construction projects and can negatively affect cost, schedule and safety performance. The 
different types of design drawings may have various levels of design errors due to many factors such as unclear overview of the 
designs, lack of coordination process, and human mistakes. Civil engineers, both designers and contractors, have limited 
understanding of the importance of design errors that occur in construction phases. This paper attempts to evaluate the impact 
level of groups of design errors in structural and other building components and also the impact level of their cases which occur 
in building construction projects in Cambodia. Respondents were asked to provide the impact score for design errors based on the 
five-point Likert scale, ranked from 1-negligible to 5-disastrous. The average impact score was determined in order to rank the 
impact of design errors. As a result, design errors in structural and mechanical works are found as the first group to be focused 
due to its impact, followed by design errors in structural and plumbing works. The top three cases under the group of design 
errors in structural and mechanical works are those in reinforced concrete walls and lift systems, footing and lift systems, and 
slab and HVAC systems. These results are significant for engineers to be aware of the possible high impact of design errors, and 
also to determine which group of design errors should be considered first. Further studies should look at the combination of such 
occurrence and impact of design errors in order to efficiently identify the most critical and significant design errors in terms of 
not only their impact, but also their occurrence in building construction projects.
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1. Introduction

Design errors are an inevitable and important issue which have negative impact on project management efficiency 
and effectiveness [1]. They are the important contributors to reworks, cost overruns, schedule delays, and unsafe 
environments which affect project performance [1, 2]. In practice, owner, designer, contractor, and other 
stakeholders have different interests in the design [3]. These various interests certainly lead to design errors which 
can arise at any time [4]. The occurrence of these errors can increase many difficulties in construction management.
These difficulties can lead to between 80% and 90% of the failures occurring in civil engineering projects [5]. They 
can also incur more cost that adds a project’s value around 14.2% [6-8]. Design errors are a serious threat to
construction projects [5, 9-11]. Besides, the use of technology is limited in construction development in Cambodia
because of inadequate human resources and limited education system. This is a reason that the occurrence of design 
errors cannot be effectively controlled and can greatly affect the construction process. Design errors are thus very 
significant and should be carefully managed to ensure the success of construction projects and to minimise
difficulties in project performance. To create an effective strategy to manage design errors, it is important to 
recognise the level of their impact. The impact of design errors has been already assessed in previous studies;
however, only schedule delays have been studied by developing a model of seven sub-modules, such as generic 
work execution, effort, precedence relationship, productivity, resources, progress measurement, and managerial 
control [4]. The impact of design errors in structural and other building components has not been yet studied in detail 
and well-understood. Design errors in different building components may have different levels of impact. Therefore, 
the purpose of this study is to evaluate the impact level of design errors in structural and other building components 
in building construction projects. This study can help practitioners to clearly understand the most affected groups of 
design errors and the most significant cases under each group. It will help them to learn the kinds of design errors 
that disastrously affect the projects.

2. Design errors in building construction projects

Design errors are inevitable in the construction industry. Many researchers consider design errors as the most 
critical problems and have defined the term ‘design errors’ in various ways. Reichart [12] claims that design errors 
are unavoidable failures occurring when information is incorrectly applied or used, or the pertinent information is 
not accessible. ’Design errors’ refers to the failures of humans to design tasks within time limits and accuracy [13].
Owing to the required level of accuracy and time constraints, common human errors can lead to design errors. These 
problems can influence the quality of both design and construction. Deviation from actual values, inadequate 
precision and inconsistencies in measurement are also considered as design errors [14]. In this article, ‘design errors’
refers to design mistakes, design omissions, and design conflicts. Design mistakes are the human errors that are 
occur naturally and are unavoidable. An inexperienced designer may apply the design information incorrectly. These 
mistakes can be lapses (memory failures) or slips (when failure arises even if knowledge is correct) [5]. Design 
omission occurs if any part of a system has been forgotten in the design [15]. Design conflicts are the overlapping 
items that cannot be constructed at the same time.

3. Groups of design errors between structural and other building components

Detailed building design process consists of five disciplines: architectural design, civil design, structural design, 
mechanical design, and electrical design [16]. Mechanical, electrical, and plumbing systems (MEP systems) have 
caused many problems related to limited space for MEP system installation [17]. This suggests that it is necessary to 
study about design errors associated with MEP systems. Design errors in structural and plumbing works are also 
included in this study, while civil work is excluded because it is not about the internal structure of the building.

According to the detailed building design process and the necessity of MEP systems, design errors between 
structural and other building components involve five different groups, such as design errors between structure and 
architecture (Group A), design errors between structure and structure (Group B), design errors between structure and 
mechanical works (Group C), design errors between structure and electrical works (Group D), and design errors 
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between structure and plumbing systems (Group E). Each building component also has sub-elements which are 
studied in this research. The sub-elements of architecture, structure, and mechanical works are based on the bills of 
quantities (BOQs) for reinforced concrete building projects in Cambodia. For electrical and plumbing works, the 
sub-elements are extracted from the article by Tatum and Thomas [17]. For instance, the sub-elements of structure 
are retaining walls, footing, beams, columns, slabs, stairs, and reinforced concrete walls. All sub-elements for each 
building component are presented in Figure 1.

Figure 1. Building components and their sub-elements

Previous studies have not mentioned about the five groups of design errors. The impact of design errors has been 
assessed only in a specific area of schedule delays [4]. In this research, the impact of design errors in each group is 
evaluated. Specifically, design errors in a particular structural element and another sub-element are discussed and 
analysed in details since different elements may have different level of impact level on the project. Therefore, this 
paper has two main objectives: First objective is to identify the impact level of each group of design errors and the 
second objective is to explore the impact level of each case of design errors under its group.

4. Research methodology

This research is a case study for which the data was collected in Cambodia. It uses an exploratory approach that 
explores the design errors with the most impact on project performance. A quantitative survey questionnaire was 
used to identify the impact level of design errors. The methodology of this research is divided into three main steps: 
survey questionnaire design, data collection, and data analysis. Average formulas and the grading method were 
applied for data analysis. Figure 2 illustrates the subsequent process of this study.

• Wall finish, floor finish, ceiling works, staircase finish (stair handrail…etc.), 
door/window, sanitary ware (materials in bathroom or kitchen)

Architecture (Group A)

• Retaining wall, footing, beam, column, slab, stair, reinforced concrete wall

Structure (Group B)

• HVAC systems (heating, ventilating, and air conditioning), lift systems

Mechanical works (Group C)

• Electrical system and telephone/datacom system

Electrical works (Group D)

• Water supply and distribution system, sanitary drainage and disposal system, 
storm drainage system, fire protection system, and fuel and gas piping system

Plumbing works (Group E)

Building 
components
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Figure 2. Research methodology

4.1. Survey questionnaire design

154 cases of design errors in structural and other building components were listed from the sub-elements of each 
system and used to develop a survey questionnaire for data collection. A five-point Likert scale was applied to 
evaluate the impact score for each case of design errors. This scale consists of five rating scores, ranked from 1 to 5,
where 1 = negligible, 2 = marginal, 3 = substantial, 4 = severe, and 5 = disastrous. ‘Negligible’ refers to unimportant 
design errors which do not affect the project. ‘Marginal’ means design revision is needed; but time, cost and 
construction process remain unaffected. ‘Substantial’ is design error that needs design revision and time for solving; 
it does not incur more cost or obstruct construction activities. ‘Severe’ means that design error requires design 
revision, time, and cost; yet this error does not delay the construction process. ‘Disastrous’ is design error that needs 
to be revised and solved by spending more cost and time. The related works cannot be continued due to this error. In 
this study, two criteria were used to choose the samples. The questionnaire was a project-based survey which 
required the respondents to provide only the situations they have faced in an already complete reinforced concrete 
building project. They also had to be involved in the whole construction process of that project. These criteria are to 
make sure that the respondents can provide whole information of design errors in the project.

4.2. Data collection

Eleven Cambodian civil engineers were interviewed via a survey questionnaire to collect information about the 
impact of design errors which occur in building projects in Phnom Penh, the capital city of Cambodia. Since this is a 
project-based survey, only eleven building projects could be accessed during data collection. All information 
provided by the respondents was treated as confidential and not used for other purposes. The target respondents have 
at least two years’ experience on construction works with reinforced concrete building projects and hold at least a
Bachelor’s Degree in Civil Engineering. Under all five groups of design errors, only 122 of the 154 cases were 
found to be valid and likely to occur based on the respondents’ experience in their individual project. The other
cases did not occur in any sampling projects, and thus those cases are negligible and not included in this study.
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4.3. Average formulas

In this study, averaging formulas were applied in order to determine the average impact scores of design errors. 
According to [18], two particular average formulas were formulated and used. The first equation is to calculate the 
average impact score of each group of design errors in each project (Table 1). This average score (Aij) equals the 
summation of the impact scores of all cases under each group in a specific project divided by the total number of
impact scores of the cases under each group in each project.

                                                        
N

x
xij A

N
A

1

1
(1)

Where: Aij is the average impact score of group i in project j;
N is the total number of impact scores for all cases under group i in project j;
Ax is the value of the impact score of each case under group i in project j.

The second formula is to find the average impact score of each case of design errors among all sampling projects 
(Table 2). This average impact score (a) is determined by dividing the summation of the impact scores of each case 
occurring in all projects with the total number of impact scores of a case which occurs in all sampling projects.

                                                     
n

x
xa

n
a

1

1
(2)

Where: a is the average impact score of each case of design errors among all projects;
n is the total number of impact scores for each case occurring in all projects;
ax is the value of impact score of each case occurring in all projects.

4.4. Grading method

Grading method is used to classify the impact score of design errors into five different intervals. The purpose of 
this classification is to interpret the impact of design errors in different levels. By comparing with the class interval,
the most critical groups of design errors and the most significant cases under each group are identified. In order to 
classify the impact score, the average impact score from experts was calculated and compared with class interval. 
The range value is equal to 4.00 (the difference between the maximum and minimum impact score) and the width of 
class interval is equal to 0.80 (range value is divided by number of class intervals). Table 1 shows the results of 
impact levels, where the class interval for “disastrous” level is {4.21 – 5.00} shown in violet, “severe” level is {3.41
– 4.20} shown in green, “substantial” level is {2.61 – 3.40} shown in yellow, “marginal” level is {1.81 – 2.60}
shown in blue, and “negligible” level is {1.00 – 1.80} shown in pink.

5. Results and discussions

The results of this study are in two parts. The first shows the impact of the five main groups of design errors in 
each project, where equation (1) was applied to obtain the impact score for each group (Table 1). For the second 
part, the average impact score of each design error in the projects was obtained by applying equation (2), and these 
scores were used to rank all cases of design errors in Group A, B, C, D, or E (Table 2). These two parts are 
described in the following discussions.
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5.1. Impact level of five groups of design errors

Equation (1) was used to determine the average impact score of each group of design errors in every project. The 
results of this analysis are illustrated in Table 1. 

Table 1. Average impact score for five groups of design errors in each project.

Groups of Design Errors

Projects

Design errors 
between structure 
and architecture

(A)

Design errors 
between structure 
and structure

(B)

Design errors 
between structure 
and mechanical 
works

(C)

Design errors 
between structure 
and electrical 
works

(D)

Design errors
between structure 
and plumbing 
works

(E)

Project 1 (hotel) 3.20 2.73 3.46 3.80* 2.96

Project 2 (hotel) 3.00 2.64 4.00* 2.00 2.75

Project 3 (hotel) 1.90 2.53 4.00* N/A 4.00*

Project 4 (hotel) 2.09 2.00 2.80* N/A 2.50

Project 5 (condominium) 2.11 1.17 4.00* 3.00 1.67

Project 6 (apartment) 2.08 2.14 3.00* 2.00 3.00*

Project 7 (apartment) 1.81 2.16* 1.83 1.67 2.00

Project 8 (commercial building) 3.11 3.00 N/A N/A 3.75*

Project 9 (commercial building) 2.77 1.55 3.00 3.00 3.25*

Project 10 (commercial building) 2.71* 2.55 2.20 2.67 2.16

Project 11 (shopping centre) 3.31 3.57* 3.25 3.50 3.10

* Maximum impact score of groups of design errors in each project; N/A means that design errors could not be found in the projects.

Based on Table 2, six projects demonstrated substantial impact and the other five projects showed marginal 
impact from design errors in group A. Design errors in group B also marginally affected three projects among all
samples. Noticeably, design errors in group C could sometimes have a severe impact and sometimes lead to 
substantial impact. Few problems in this group resulted in marginal impact because two projects met only marginal 
consequences. Though design errors in group D could substantially affect the construction of some projects, they did 
not cause any negative effect in three samplings (N/A). Last, five projects of group E experienced substantial impact. 
These results imply that design errors in structural and other building components mostly affect the construction 
practices at a substantial level {2.61 – 3.40}. In overall, it is learnt that design errors in group C are the first priority 
for consideration because they led to severe and substantial impact on most sampling projects. This is followed by 
design errors in group E and then design errors in group A. Design errors in group B should also be taken into 
account for improvement. Although they have most marginal impact, it does not mean that this group rarely occurs.
The last ranking is design errors in group D, which can be negligible since some projects never met these errors.

5.2. Average impact score of each case of design errors

The average impact score of each case of design errors was determined by applying equation (2). Table 2 shows 
the top five cases of design errors under each group. In group A, design errors in column and sanitary ware (A24, 
a=4.00) have a severe impact on project performance. Sanitary ware refers to the kitchen or restroom equipment. For 
this case, there is no enough space for fixing this equipment due to the size of structural column. Design errors in 
slab and door/window (A29, a=3.33) and those in slab and wall finish (A25, a=3.33) have affected project 
performance substantially. For example, the incorrect structural slab level reduces the height of opening for door. 
Due to this designer’s mistake, the door cannot be installed. Another case is that designer does not pay much 
attention on the difference between the slab in architectural layout plan of lower and current floor. Designer thus just 
designs the same structural slab for both floors. It is then found that the masonry wall cannot be laid because there is 
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no any structure to support it at current floor. For group B, three cases that have the greatest effect are those in stair 
and beam (B38, a=3.63), retaining wall and footing (B2, a=3.50), slab and stair or stair and column (B34 and B39, 
a=3.20).  For the case of retaining wall and footing, it is important for designer to carefully study about the starter 
bars from the footing to retaining wall when the footing is connected with the retaining wall in substructure. If those 
starter bars are insufficient, the cracks may appear on that wall, especially at the construction joint. In group C, 
design errors in reinforced concrete wall and lift systems (C14, a=3.57), footing and lift systems (C4, a=3.50), and 
slab and HVAC systems (C9, a=3.14) can cause severe problems. Regarding the case of reinforced concrete wall 
and lift systems, the reserved opening is not adequate for installing the required size of the lift box. Group D also 
presents some noticeable cases, such as design errors in reinforced concrete wall and electrical system (D13, 
a=3.25), slab and electrical system (D9, a=3.08), and column and electrical system (D7, a=3.00). It is found that the 
electrical wire has to be installed in the reinforced concrete wall for operating the lift systems. However, the route 
for this electrical wire is not reserved in advance. Consequently, it requires worker to drill the wall for running this 
wire. Last group E, design errors in footing and water supply and distribution system (E6, a=4.00) is the highest 
value in comparison with other cases in the table. Whereas, design errors in footing and fire protection system (E9, 
a=3.50) and those in reinforced concrete wall and water supply and distribution system (E31, a=3.50) were found to 
have severe impact. Most remarkably, design errors in column and sanitary ware (A24, a=4.00) and those in footing 
and water supply and distribution system (E6, a=4.00) have the highest impact among all cases in five groups of 
design errors. Without comparing the drawing of structure with the piping systems, designer often makes the 
conflict between footing and the path of the pipe. It is notices that the path of the pipe runs across the footing section 
which is not allowed. Based on the intervals of grading method, this is in “severe” level. This can be learnt that the 
problems between column and sanitary ware (A24) and the problems between footing and water supply and 
distribution system (E6) are the most critical, which have the highest impact on project performance such as time, 
cost, or quality.

Table 2. Top five affected supporting cases under each group of design errors.

No. Code Design errors between structure and 
other building components

Average 
impact 
score

No. Code Design errors between structure and 
other building components

Average 
impact 
score

Group A - Design errors between structure and architecture Group D - Design errors between structure and electrical works
1 A24 Column and Sanitary Ware 4.00 1 D13 RC Wall and Electrical System 3.25
2 A29 Slab and Door/Window 3.33 2 D9 Slab and Electrical System 3.08
3 A25 Slab and Wall Finish 3.33 3 D7 Column and Electrical System 3.00

4 A23 Column and Door/Window 3.20 4 D10 Slab and Telephone/Datacom 
System 3.00

5 A30 Slab and Sanitary Ware 3.17 5 D12 Stair and Telephone/Datacom 
System 3.00

Group B - Design errors between structure and structure Group E - Design errors between structure and plumbing works

1 B38 Stair and Beam 3.63 1 E6 Footing and Water Supply and 
Distribution system 4.00

2 B2 Retaining Wall and Footing 3.50 2 E9 Footing and Fire Protection System 3.50

3 B34 Slab and Stair 3.20 3 E31 RC Wall and Water Supply and 
Distribution System 3.50

4 B39 Stair and Column 3.20 4 E33 RC Wall and Storm Drainage 
System 3.33

5 B9 Footing and Footing 3.00 5 E2 Retaining Wall and Sanitary 
Drainage and Disposal System 3.10

Group C - Design errors between structure and mechanical works
1 C14 RC Wall and Lift Systems 3.57
2 C4 Footing and Lift Systems 3.50
3 C9 Slab and HVAC Systems 3.14
4 C3 Footing and HVAC Systems 3.00
5 C8 Column and Lift Systems 3.00
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6. Conclusion

This study evaluated the impact level of design errors in structural and other building components in building 
construction projects in Cambodia. The results demonstrate that design errors in structure and mechanical works 
should be the first priority among all sampling projects due to their impact on project performance. The second 
concern is design errors in structural and plumbing works, followed by design errors in structural and architecture. 
These findings show the different impact levels of every group of design errors in structural elements and other 
building components. The top five cases under each group also clearly provide the examples of design error 
problems occurring during construction practices. The results of this study can help engineers and designers to be 
aware of the possible high impact of each potential design error in the five main groups. It is very useful for 
practitioners to understand the most critical design errors according to their impact, so that they can efficiently take 
action to avoid disastrous and severe effects when such design errors occur. Most importantly, this is a lesson which 
can be learnt for exploring effective mechanisms and tools to reduce the impact of design errors in the future 
projects. In this case, the database is a very useful system which can be developed by starting with the most affected 
design errors, as found in this research. By learning from these findings and integrating them into building 
information modelling, it will be possible to explore cases of design errors which have a high impact. However, 
these results are not yet sufficient for prioritising the most significant design errors. Understanding only the level of 
impact is not adequate to conclude that design errors in structure and mechanical works are the most significant
problems. The occurrence of these design errors is also necessary. Exploration of the combination of frequency of 
occurrence and impact level of these design errors is an effective technique to identify the most critical and 
troublesome design errors. Further study should thus focus on this combination. The results might be different if the 
frequency of occurrence of those design errors is also included.
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