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Abstract. Delays may occur during pre-construction or construction 
phases, or both. The aim of this research is to develop a prototype of an 
early warning system of delay risks for public projects in pre-construction 
phase (EWaSDRiP). These delays are attributed to owner, consultant, 
project characteristics, and external factors. Data was collected through 
literature review, observations on project reports, interview, and 
questionnaire surveys with 30 respondents from government client teams, 
contractors and consultants. The respondents were asked to validate the 
indicators, and estimate their weight and the degree of accuracy. A 1 to 10 
Likert scale reflecting worst to excellent is used to score the state of each 
of the delay indicators within three zones, i.e. red (scale 1-3), yellow (4-6), 
green (7-10). The delays in red zone indicates that they pose dangerous 
threats to the project and must be monitored closely, delays within yellow 
zone indicate moderate threats to the project, while delays in green zone 
means that they are unlikely to delay the project. EWaSDRiP gives a visual 
indication of which zone most delays are distributed. This prototype is 
potentially beneficial for the owner or government client team to prepare 
strategic actions for the relevant pre-construction delays accordingly.  

1 Introduction 
Delays have long been recognised as one of main problems in public construction projects. 
Their impacts, financially and socially, are significant to project stakeholders as well as to 
society.  Quite often delays prevent the owner or users to take benefits of the project as 
scheduled.  

Delays may occur during pre-construction or construction phases, or both. While many 
literature are mainly focused on delays during construction phase (e.g. [1-4]),  delays 
occurring in pre-construction phase may also impact quite significantly on the project 
completion time [5, 6]. Delays due to problems in public project procurement, for example, 
may prevent the project to start on schedule, resulting in late project completion. It is also 
very common that the late start of a project may put the winning contractors in difficult 
situation due to unrealistic remaining project durations. On the other side, it is not 
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uncommon that project owners (government clients) have no comprehensive understanding 
at early stage on whether or not the projects of which they are responsible will be 
completed meeting the target date. Therefore, an instrument to assess and predict prior to 
project execution is required [7-9]. Besides predicting the project final status based on 
conditions in pre-construction phase, this tool will also be beneficial to give confidence to 
the government client team about the project. The aim of this research is to develop a 
prototype of an early warning system of delay risks for public projects in pre-construction 
phase (EWaSDRiP).  

2 Delay risks in Public projects 
A study of delay risks in public project found the top three delay factors, i.e. delays related 
to information delivery and exchange between related parties, lack of competencies of 
owner, and lack of capabilities of supervision consultant [10]. Koushki et.al [11] 
highlighted  three main causes of delays by project owners, i.e.  changes to orders, financial 
constraints and lack of experience of owners in the construction business. Chabota et.al [12] 
found that delayed payments were the main causes of the project delays, followed by 
financial processes, financial difficulties, economic problems, contract modifications, 
material procurement, personnel issues, changes in drawings, equipment inadequacy, lack 
of supervision, construction errors, poor coordination on site, changes in specifications and 
labor disputes and strikes. This result is similar with the finding of Aibinu and Odeyenka 
[13] who found the contractor's financial factor as one of the main causes of delays among 
44 delay factors identified from construction manager perspective. While Messah et.al [14] 
found main factors causing delays during construction phase of building projects as agreed 
by contractors, owners, and supervisor consultants, i.e.  lack of manpower, unavailability or 
late delivery of materials, unavailability of construction equipment, and non-contract 
payments.  

Table 1. Selection of project delay risks in pre-construction phase  

Delay Risks Reference 
Owner  

Imbalanced ratio of project supervisor and number of project supervised  [13, 15, 16, 32] 
Late project  procurement  [16, 17, 18, 31, 32] 
Late budget of project agreed [15, 16, 19, 31, 32] 
Technical specification incomplete  [11, 14, 16, 29, 32] 
Incompetence of head of project  [2, 16, 20, 32] 

Consultant  
Incompetence of consultant  [10, 15, 28, 29, 32] 
Late drawing approval [11, 15, 16, 29, 31] 
Design errors  [16, 21, 22, 29, 31] 
Incomplete design drawing  [14, 15, 16, 29, 31] 
Poor quality of supervision [14, 15, 28, 29, 32] 

Project Characteristic  
Project scale  [15, 16, 28, 30, 32] 
Complex project  [15, 16, 19, 32] 
Unrealistic project duration [15, 16, 19, 29, 31] 
Contract is signed late  [14, 15, 28, 31, 32] 
Remote project location  [15, 28, 29, 30, 32] 
Site not ready [15, 23, 28, 29, 31] 

External factors  
Unavailability of certain materials in the market  [15, 16, 19, 29, 31] 
Inclement weather condition  [15, 16, 28, 29, 31] 
Uncertainty due to new regulation related to project [14, 15, 16, 29, 31] 
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From various studies of delay risks mentioned earlier, it can be concluded that delays 

risks can be originated from owner, contractor, consultant, project characteristics, and 
external factors. Table 1 shows the results of identified delay risks in pre-construction 
phase, which later are used as indicators of EWaSDRiP.  

3 Early warning system and use of EWaSDRiP  
In general, an early warning system is designed to alert the occurrence of undesirable 
events to minimize the incidents, such as natural disasters, political chaos, wars, accidents, 
and delays [24, 25]. Early warning systems can be applied in risk assessment, safety risk, 
mitigation delay, project performance and problem solving on construction projects (e.g. 
[26, 27]).  

EWaSDRiP is intended to be used during pre-construction phase by particularly project 
owner (Fig 1). The use of this instrument prior to the construction phase will allow the 
project owner to predict the final status of the project earlier based on the condition and 
information available during pre-construction phase.  
  
 
 
 
 
 
Fig. 1. Use of Early Warning System (EWaSDRiP) in a project timeline 

4 Research method 
Data of project delays was collected through literature review, observations on project 
reports, interview, and questionnaire surveys with 30 respondents, which consists of 
government client teams (20%), contractors (33%), and consultants (47%). Most of 
respondents (>54%) have more than ten years of experience. Collections of delays 
identified were classified based on when they might occur, i.e. pre-construction and 
construction phases, and only delays in pre-construction phase were then used as indicators 
for the instrument. These delays were later attributed to owner, consultant, project 
characteristics, and external factors. The respondents were asked to validate the indicators 
obtained from literature review, and estimate the weight of each indicator based on the 
impact to the project completion, and the state the degree of accuracy of each indicator. 
This degree of accuracy indicates the extent of accurateness of each indicator in predicting 
delay risks which can occur during construction phase. 

5 Results  
Table 2 shows the instrument of  EWaSDRiP.  A 1 to 10 Likert scale reflecting worst to 
excellent is used to score the state of each of the delay indicators within three zones, i.e. red 
(scale 1-3), yellow (4-6) and green (7-10) (see Table 1). Any potential delays with scores 
fall into red zone simply mean that they pose dangerous threats to the project and must be 
watched closely. Potential delays within yellow zone indicate moderate threats to the 
project, while the state of potential delays in green zone means that they are unlikely to 
delay the project. When the score of each delay is plotted on Table 1, it gives a visual 
indication of which zone most delays are distributed. To calculate the total impact of each 
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delay to the project (T), the score (S) is multiplied by the weight (W) and accuracy (A). The 
cumulative total (CT) of the total impact (T) basically represents the prediction of the state 
of project completion, which can be classified into three categories, i.e. high possibility to 
be delayed (0<CT<4), moderate possibility to be delayed (4≤CT<7), low possibility to be 
delayed (7≤CT<10).  

Table 2.  The prototype of  early warning system of delay risks for public projects (EWaSDRiP)  

Indicator Weight 
(W) 

Accuracy 
(A) 

Score (S) Total (T)      
(T=W*A*S) Red  Zone Yellow Zone Green Zone 

 

      
 

  
 
  

1 2 3 4 5 6 7 8 9 10  
Owner              
Ratio of project 
supervisor and number 
of project supervised  

0.066 0.92   ●        0.182 

Construction Project  
procurement on time 0.056 1   ●        0.168 

Budget of project 
agreed on time 0.052 1   ●        0.156 

Completeness of 
technical specification  0.052 1    ●       0.208 

Competence of head of 
project (PPK) 0.054 1        ●   0.432 

Consultant               
Designer Consultant              
Track record of 
consultant  0.032 0.92   ●        0.088 
Approval of Drawing  0.029 0.79    ●       0.092 
Design error 0.064 1   ●        0.192 
Completeness of design 
drawing 0.055 0.94    ●       0.207 

Supervision Consultant              
Quality of supervision  0.034 0.72   ●        0.073 

Project Characteristics              
Project scale / value of 
project  0.047 0.92     ●      0.216 
Level of complexity 0.071 1     ●      0.355 
Project duration  0.066 1   ●        0.198 
Contract is signed on 
time  0.049 0.83   ●        0.122 
Project location  0.057 0.92    ●       0.210 
Readiness of site  0.041 0.79    ●       0.130 
External factors              
Availability of certain 
materials in the market 0.069 1        ●   0.552 
Weather condition 0.068 1   ●        0.204 
New regulation related 
to project  0.029 0.7        ●   0.162 

 Cumulative Total (CT) 3.947 

worst 
 

excellent 
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6 Simulating EWaSDRiP 
To give a clearer picture of how EWaSDRiP works, a simulation has been done by 
assuming a hypothetical 4-storey building project to be observed (see Table 1). The project 
was assumed to be late in the procurement process, due to long process of budget 
agreement with the legislative. The contract was finally signed in late August, practically 
leaving less than four months for the contractor to finish the project. The design was 
regular, with materials locally available. The head of project was a civil servant with civil 
engineering background and 20 years of experience, however due to recent job rotation, he 
was lacking of staffs to supervise this project. The project was located at rather remote area. 
Since the project started in September, lots of rain was expected during the construction. 
The design drawing had many errors and was often incomplete. The supervision consultant 
had bad reputation for its quality supervision.  

Based on the description, the project is then assessed using EWaSDRiP, resulting a 
cumulative total (CT) equals to 3.947, which falls into the red zone (0<CT<4). This means 
that this project has high possibility to be delayed, and must be monitored extensively. The 
distribution of black dots in the instrument representing scores of indicators, and visually 
helps the owner to recognise indicators which must be monitored closely to avoid delays. 
This simulation proves that EWaSDRiP does work and is useful for project owner to find 
delay risks early, and to predict the final status of the project completion, so that immediate 
actions can be taken.  

7 Conclusions 
This research has proposed a prototype of an early warning system of delay risks for public 
construction projects. This prototype is the first of its kind which is expected to give a 
significant contribution in tackling acute problems of delays in public projects in Indonesia. 
This instrument is beneficial for the owner or government client team to prepare strategic 
actions for the relevant pre-construction delays accordingly. Further research will be carried 
out by implementing it to public projects as case studies and to evaluate the applicability as 
well as the accuracy of the instrument. 
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