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Abstract - The Design and Construction (D-C or also called
turnkey) project delivery method is one of the most popular
delivering strategies in almost large and complex construction
projects because of its undeniable advantages of reduction not only
in project cost, project time for the client, but also in stakeholders’
conflicts, and especially because of its striking features of risk
transference from the client to the head contractor through the
contract. In fact, greater risks often occur in the construction
delivery of the project more than those compiled in the project
documents. The risks may cause the project to be delayed and fail
to meet its objectives, especially the cost objective. To help project
managers handle such circumstances, this study aims to identify
the key risk factors that affect the cost objective, then analyses and
evaluates these risks through a comprehensive assessment of
their likelihood and consequences. The research outcomes will
much contribute to the effective risk management in D-C projects
which have recently gained increasing popularity in the
construction industry in Vietnam. 

 Tóm tắt - Chìa khóa trao tay là một trong những phương thức thực 
hiện dự án phổ biến trong các dự án xây dựng phức tạp do những 
ưu điểm về giảm chi phí, tiến độ cho chủ đầu tư, hạn chế xung đột 
giữa các bên liên quan, và đặc biệt là sự chuyển dịch rủi ro từ chủ 
đầu tư sang nhà thầu thông qua Hợp đồng. Trong khi triển khai 
thực hiện dự án thường có nhiều rủi ro xảy ra gây cản trở việc đáp 
ứng các mục tiêu dự án, nhất là về chi phí. Bài báo này sẽ xác định 
các yếu tố rủi ro trong dự án D-C liên quan đến mục tiêu chi phí, 
sau đó phân tích và đánh giá các yếu tố dựa vào sự kết hợp giữa
tần suất và hậu quả của chúng. Kết quả nghiên cứu giúp các bên 
liên quan quản lý tốt hơn rủi ro trong quá trình thực hiện các dự án 
xây dựng theo hình thức chìa khóa trao tay, một hình thức đang 
trở nên khá phổ biến trong ngành công nghiệp xây dựng ở Việt 
Nam thời gian qua. 
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1. Introduction 
Traditionally, every construction project has its own 

unique characteristics of stakeholders’ expectations, 
scopes, financial intensity, project organizational structure, 
time requirements and risks [1]. Since the client often 
needs to recruit many partners as consultants, project 
managers and contractors as well as to make them work 
altogether properly from the beginning of the project. 
These characteristics thus can be a burden on the client.  To 
avoid this burden and take advantages of having one 
communication line only in design and construction phase, 
many clients nowadays choose taking design and 
construction (or also called turnkey) method to deliver 
projects. The most striking feature of this strategy is the 
transference of almost all duties from the client to the head 
contractor.  

In the D-C delivery, the head contractor would take 
both duties of design and construction [2]. Consequently, 
it can shorten project duration by overlapping the phases of 
design and construction. The construction stage can be 
started before the completion of the design. Normally, 
when the design is 30-40% of completion, the beginning of 
the construction can be undertaken, but the percentage can 
be changed depending on the decision of the head 
contractor. Also this does utilize the innovation in design 
and construction execution to undertake the project faster.  

However, the greatest worry of the head contractor is 
project potential risks taken from the client under the 
contract because these risks can reduce the advantages of 

the D-C delivery if there is no efficient measure to control 
[3]. To manage these risks, the key risk factors should be 
identified properly. However, Loosemore et al. (2006) 
noted that most professional studies only focused on the 
loss and the reaction of risk appearances so far [4]. This 
study therefore has two main objectives. Firstly, it 
identifies the key risk in D-C projects under the cost 
constraint. Secondly, every key risk will be analyzed and 
evaluated by the comprehensive assessment of likelihood 
and consequences. In other words, the findings obtained in 
this study aims to seek reasonable answers for two 
questions: which key risks should be managed and what 
would be the impact level of each on the D-C project in 
general.  

2.   Research steps and methodology 
This research has been approached by a three-step 

process which consists of identifying key risks in D-C 
projects based on Risk Breakdown Structure (RBS), 
conducting questionnaire surveys for collecting qualitative 
information on identified risks from constructional 
practitioners, and quantitatively assessing every risk 
impact.  
2.1. Identifying risks by the Risk Breakdown Structure tool 

Risk would be understood as the impact of uncertain 
events that influence the expected objectives [5]. 
According to Hillson (2003) and Zacharias et al. (2008), 
risks can be examined by the Risk Breakdown Structure 
(RBS) to determine risk categories in hierarchy and 
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identify key risks that could affect the status of the project. 
Basically, RBS contains three or four levels of risk 
resources depending on the research objectives. In this 
research, the risk can be traced down through 3 levels 
starting from the main objective of D-C delivery, to the 
original environments that can cause risks, and the risk 
factors as shown in Table 2.1. 

As the D-C delivery is focused due to its benefits in 
terms of the reduction of cost, time, conflict, 
communication problems and the encouragement of 
innovation. On the one hand, the client basically focuses 
on three main objectives: financial benefits, social benefits 
and safety for ending users as well as environment [8]. On 
the other hand, the head contractor concentrates on the 
payment from the client on track, client requirements and 
liability of the third party. From all these concerns, it is 
clear that cost is one of the most important focuses in every 
construction project that almost stakeholders, especially 
the client and the head contractor, are concerned about. The 
first level thus starts with the objective of cost, i.e. project 
should be undertaken within the budget.  

 Within the framework of cost objective, the second 
level is based on the clarification of risk environment. 
There are two categories of the environment that may 
trigger risks: internal and external.  Internal risks are 
commonly original inside projects and stakeholders can 
control them properly with a suitable plan. Otherwise, 
external risks are caused by the outside sources and are 
beyond the control of the stakeholders.  

Table  2.1. Risk Identification by the  RBS 

Level 1: 
Objective 

Level 2: 
Environme
nt 

Level 3: 
Key risks 

D-C 
Project 
finishes  
within 
cost 

Internal 

Variation in Design 
Material Variation 
Noise pollution/Wastes/ 
Contamination 
Technology requirements 
Unreasonable planning and 
scheduling 
Inefficient cost control/cost 
estimation 
Poorly qualified staff 
Conflicts between stakeholders 
Latent/ unforseen conditions 
Late payment 
Site conditions 
Design innovation of consultants
Low management in 
subcontractors’ competition 

External 

Economic Conditions (taxation, 
exchange rate, etc.) 
Weather conditions 
Act of Government/ Authorities 

Then, level 3 is single cause of risk within its 
environment and characteristics of D-C project delivery. 
Based on the RBS framework, previous researches on  risk 
identification in construction projects [8, 9] and expert 
consultation, there are 16 key risks being identified for the 

survey within this research as listed in the third column of 
Table 2.1.       
2.2. Conducting questionnaire survey 
2.2.1. The survey objective and design  

The purpose of questionnaire survey is to check the 16 
key risks in reality for two main criteria: likelihood and 
consequences since risk can be evaluated under probability 
by the following calculation: 

Risk probability = likelihood (the probability of 
occurrence) x consequences (the degree of loss)         

The questionnaire was designed to include two 
sections: participants’ introduction and their evaluation of 
the level of likelihood and consequences in 5-Likert scale 
[10]. For the introduction, there are some short questions 
on general information of respondents, their experience 
and working area in construction that can help increase the 
reliability of collected data. For the information on 
likelihood and consequences of risks, there is a table of key 
risks with five different levels (see Tables 2.2 and 2.3) for 
participants to select. At the end of questionnaires are the 
participant’s recommendations like suggestions of other 
key risks besides the 16 ones. A trial interview before 
sending out the questionnaire showed that it takes about 10 
minutes to answer all the questions.  
2.2.2. The survey samples  

The questionnaire survey has been conducted through 
website and by paper for participants who work in the 
construction projects in countries including Australia, 
USA, China, Bangladesh and Vietnam. There are 81 
surveys collected, partly because of the requirement that 
respondents need to have at least one-year experience of 
working in D-C projects. Uncompleted sheets were 
rejected. The data were collected and then processed using 
the SPSS software.  

In this study, it is also assumed that risk factors happen 
independently. It means when one risk occurs, it does not 
lead to other risks and the risk consequence only results 
from this risk. 
2.3 Constructing Risk matrix for survey data analysis  

As mentioned above, risk probability is constituted by a 
comprehensive assessment of two elements: risk likelihood 
and risk consequences. These two elements are evaluated 
under a five-level scale then the matrix is square in sharpness 
which includes 5 columns and rows. Consequently, the 
levels of risk probability are described in 5-Likert scale from 
Trivial to Extreme which is defined as: 

- Trivial: Insignificant negative impact on Key 
Performance Indicators (KPI’s). There is low or no 
financial loss. 

- Low: Minor negative impact on KPI’s. There is minor 
loss of finance. The risk can be monitored to make the 
project return to the corrective process as the loss of risk 
can be accepted. The risk can be identified and solved 
timely. 

- Moderate: Significant negative impact on KPI’s. 
There is also significant financial loss. The suitable 
measures should be applied to control the risk at reasonable 
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time. The project can still be kept on track but the risk 
should be mitigated. The risks of cost objectives may still 
be controlled under the contingency allowance.  

- High: Major negative impact on KPI’s. There is a high 
loss in the finance. To protect the project from the risk, 
there should be a plan to avoid this risk because it can cause 
penalties to contractors according to the clause in the 
contract agreement. Therefore, the risk not only has a 
negative impact on cost but also on related stakeholders. 
However, it is still likely to deliver project to meet the 
client’s requirements. 

- Extreme: The highest negative impact on KPI’s. The 
risk causes the situation of running out of budget. The 
project can be stopped and uncompleted due to the 
uncontrollable budget. The best way of tackling this 
situation is avoiding. There should be a good plan of risk 
management to protect the project from this phenomenon. 

Generally speaking, the probability of the risk is 
assessed on the five levels and the level of risk danger 
increases significantly from the trivial level to the 
extremely level through the damage to the project success 
based on cost overrun. This scale extends from the minor 
to the major impact that causes the project to be 
incomplete. 

Table 2.2. The definition of likelihood scales 

Likeli-
hood Frequency Threats 

Rare Event may occur in 
exceptional 
circumstances only, 
no previous 
incidence of non-
compliance and 
simple process 

There is a lack of 
motivation or capability 
of threat source and 
control plans can 
significantly impede 
vulnerability  

Unlikely Event is not likely to 
occur, less than 25% 
chance of occurring 
and non-complex 
process 

There is likely a 
motivation or capability 
of threat source and 
control plans are mostly 
effective to impede 
vulnerability 

Likely Event could occur at 
some time, 25-50% 
chance of occurring, 
complex process. 

There is likely a 
motivation or capability 
of threat source and 
control plans are mostly 
effective to impede 
vulnerability 

Very 
likely 

Event has occurred 
before and will 
probably occur 
again, 50%-75% 
chance of occurring 

There is a normal 
motivation or capability 
of threat source and 
some control plans are 
effective to impede 
vulnerability 

Certain Event is common 
and is expected to 
occur in most 
circumstances, more 
than 75% chance of 
occurring 

There is a high 
motivation or capability 
of threat source and 
most control plans are 
ineffective 

Table 2.3. The definition of consequence scales 

Descriptors 
Definition 

Objective of Cost (the loss of profit) 

Insignificant Lower financial loss, lower impact on 
project budget, not too much effect on 
project budget. This loss can be less than 
US$10.000 

Minor Low financial loss, not too much effect on 
project. The loss of profit can be from 
US$10.000 to $100.000 

Medium Medium financial loss but still acceptable 
via contingency. Some reasons can be 
struggled. The loss is between US$10.000 
and $ 1M 

Major High financial loss but still under control. 
The loss is from US$1M to 10M 

Catastrophic Huge financial loss, even causing project 
to stop because of running out of budget. 
It can impede project to reach objectives. 
The loss is more than US$10M 

(The scale of likelihood and consequences is designed by the 
guidance from Mosaic Corporation [11]) 

 
The 5-Likert scale is in verbal so it is difficult to 

estimate risk probability from the scale of likelihood and 
consequences. Hence, quantitative methodology should be 
used in conjuction with the qualitative methodology 
applied in the survey by a numerical transformation.  

For doing so, all the levels from the lowest to highest 
ones in qualitative description are transferred 
quantitatively from 5 to 1 rating point for both likelihood 
and consequences. The risk probability thus will be 
transformed by the formula below: 

 
l *cn ij ij

P (i n*rj 1 i
)= ∑

=
 (2.1) 

Of which:  
- Pi: Probability of risk factor i; 
- lij: likelihood of risk factor i of respondent j; 
- cij: consequences of risk factor i of respondent j; 
- n: the total of participants; 
- ri: the maximum rating that respondent can give 

(5*5=25)  
With this transformation, the risk matrix would include 

the probability in verbal (qualitative method) and 
numerical scales (quantitative method) as illustrated in 
Table 2.4. 

3. Assessing risks from the survey data in D-C projects 
3.1. Analyzing survey data 

After collecting the data, statistical tool as SPSS would 
be used to analyze the data. There are two duties should be 
done in this analysis. The first is determinating likelihood 
and consequences, in both verbal and numerical scales, for 
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every risk factor. The next is estimating the probability in 
two ways: from formular (2.1) and from the T-test in 
statistics to check the standard model of statistics in data. 
The results are presented in Table 3.1. 

As for the first duty, the data analysis reveals the result 
described in three aspects. In terms of likelihood, Variation 
in Design is at the highest position (at 3.55 in numerical 
scale corresponding to Very likely in verbal scale) while 

the lowest position is Act of government with numerical 
scale of 2.58 and verbal scale of Likely level.  

However, with regard to consequences, the highest 
level is the inefficient cost control (at 3.85 and major) and 
the lowest one is Design Novation of Consultants (at 2.72 
and Medium). At the first glance, there is difference in the 
levels of risk in likelihood and consequence.  

Table 2.4. Risk Matrices for Evaluation (Qualitative and Quantitative Methodologies) 

Likelihood 

Consequences 

Insignificant Minor Medium Major Catastrophic 

1 2 3 4 5 

Certain 5 Low  0.2 Moderate 0.4 High  0.6 High  0.8 Extreme  1 

Very Likely  4 Low  0.16 Moderate 0.32 Moderate  0.48 High  0.64 High  0.8 

Likely 3 Low  0.12 Low  0.24 Moderate  0.36 Moderate  0.48 High  0.6 

Unlikely 2 Trivial  0.08 Low  0.16 Low  0.24 Moderate  0.32 Moderate 0.4 

Rare 1 Trivial  0.04  Trivial  0.08  Low  0.12  Low  0.16  Low  0.2  
 

Table 3.1. The level of Risk Probability under the Numerical Scale 

No 
Name of 

risk factor 
Like-
lihood 

Conse-
quences 

Proba-
bility  

 

Probability 
Level  

(T test) 

Final Level 
of 

Probability 

1 Variation in Design 3.55 3.53 0.50 0.48 Moderate 

2 Material Variation 3.47 3.48 0.48 0.48 Moderate 

3 Unreasonable planning and Scheduling 3.17 3.57 0.45 0.48 Moderate 

4 Noise pollution/Wastes/Contamination 3.05 3.05 0.37 0.36 Moderate 

5 Requirements of Technology 3.02 3.00 0.36 0.36 Moderate 

6 Inefficient Cost Control 3.25 3.85 0.50 0.48 Moderate 

7 Requirements of qualified staff 3.07 2.90 0.36 0.36 Moderate 

8 Conflict between Stakeholders 2.98 2.95 0.35 0.36 Moderate 

9 Act of Government 2.58 3.42 0.35 0.36 Moderate 

10 Latent/Unforeseen conditions 3.00 3.40 0.41 0.48 Moderate 

11 Late Payment 2.98 3.10 0.37 0.36 Moderate 

12 Site conditions 3.05 2.87 0.35 0.36 Moderate 

13 Design Novation of Consultants 2.80 2.72 0.30 0.36 Moderate 

14 Weather conditions 3.27 3.17 0.41 0.48 Moderate 

15 Low Management in Subcontractors' 
competition 2.95 3.03 0.36 0.36 Moderate 

16 Economic Conditions 3.12 3.50 0.44 0.48 Moderate 
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Sometimes, some risks happen frequently but they 
rarely damage the D-C project expectations, whereas 
others just occur once but they would largely affect the 
construction success. Therefore, the evaluation of these 
risks should be undertaken under the third criteria: the 
probability which can display both likelihood and 
consequences altogether.  

Turning to probability which is tested under the 
combination of likelihood and consequences as well as T-
test, there are two risk factors at the first position in 16 risk 
elements: Variation in Design and Inefficient Cost Control 
(at 0.5 by formula and 0.48 by T-test). Additionally, the 
last position is the risk of Design Novation of Consultants 
in both formula and T-test (0.3 and 0.36 respectively).  

Comparing these data results to the risk matrix (Table 
2.4), the highest probability of two risks as well as the 
lowest one is in the Moderate area which needs to be 
controlled to protect the project. These risks should not be 
avoided because based on the risk matrix they are still 
within the level of control. It means that there are many 
measures to manage these risks properly.   

Refarding the categories of risks, the external factors 
have less influence on the project than the internal ones. In 
particular, Act of Government is quite low in position, 
especially in the likelihood (only 2.58) while internal risks 
are often in higher levels of both likelihood and 
consequence.  
3.2. Discussions on survey results 

Both the qualitative method in doing survey and 
quantitative method in data collection and process support 
each other perfectly. The quantitative research method 
enabled the determination of probability from two factors 
likelihood and consequences, supporting the analysis and 
evaluation of risks more efficiently and effectively. 

Based on the data collection and analysis, in the D-C 
projects, all these 16 risk factors basically are the major 
risks (in Moderate area) that affect the project cost 
significantly. To ensure the project to be undertaken under 
budget (with little change in project cost), risk management 
plans should be prepared beforehand. 

Because of the characteristics of D-C projects and the 
purpose of this article focusing merely on cost objectives, 
the two risks at highest level are Design Variation and Cost 
Control. Compared to the theory, it is undeniable that the 
changes in Design normally happen in the D-C project 
when the client gives new responsibilities of design to the 
head contractor. Every change in design leads to the 
increase of project cost because the design is the guidance 
for the following steps of project execution.  

Similarly, the inefficient cost control impacts on the 
project cost and this survey reflects the accurate result. 
With the lower likelihood the Design Variation, inefficient 
cost control occurrence still has higher impact on the 
project cost. Therefore, this research basically gives the 

highly corrective responses in the risks of D-C projects, 
especially the seriousness of risk factors related to the 
project cost objective. 

4. Conclusion 
In this article, key risks in the Design – Construction 

projects have been identified. Based on the questionnaire 
survey and statistical analysis methods, these risks are 
examined under the comprehensive assessment of risk 
likelihood of occurrence and consequences with regard to 
cost objective in project delivery.  

This article recommends a hierarchy of 16 key risks in 
the D-C project that should be managed properly. Among 
those, Variation in Design and Inefficient Cost Control has 
been discovered as the highest risks to the cost objective of 
the D-C project, while the Act of Government has the 
lowest level. Also, the internal risks have higher effect on 
the cost of the D-C projects than the external ones. 

The research results presented in this article is very 
useful for head contractors to identify and assess risks in 
D-C projects which have been increasingly employed in 
the construction industry in Vietnam. The findings greatly 
help head contractors conclude a deal with their clients on 
contract clauses relating to effective risk management. 
Head contractors will also be able to properly prepare a risk 
contingency plan with more concern on internal risks than 
external ones as usual.  
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