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Abstract  In Indonesia, there have been many accidents 
happening in the precast bridges projects. Separate budgets 
are not specifically provided in implementing OSHMS or 
Occupational Safety and Health Management Systems. 
The main purpose of the study is developing safety plan 
based on work breakdown structure to determine safety 
cost for precast concrete bridge construction projects. This 
research is using a survey research method. The 
respondents are construction safety experts. Descriptive 
analysis is selected to analyse the variables. The results of 
the study are safety plan to each hazards and activity, 
finding the safety costs components based on WBS in order 
to improve the OHSMS and reduce the rate of accidents. 
The safety plan is developed based on WBS and can be 
adapted to determine safety cost components and it can be 
easier in calculating the real safety costs. 

Keywords  Work Breakdown Structure, Safety Plan, 
Safety Cost, Precast Concrete Bridge Project, Erection 
Girder 

1. Introduction
Indonesia is a large country and one of the most 

populous countries in the world. The total population 
reached 261,890,900 residents, with a population growth 
rate from 2010 - 2017 of 1.34% (BPS, 2018). The need for 
infrastructure is very important for accelerating economic 
growth. The most important main infrastructure is the 
transportation sector. Transportation infrastructures are 
roads and bridges. In order to realize the needs mentioned 
above, the Government issued a National Strategic Project 
Acceleration policy regulated in Presidential Regulation 

(Perpres) No. 58/2017. Infrastructure development in 
Indonesia is a major factor in increasing the role of the 
construction sector in economic development in Indonesia. 
The number of bridge infrastructure projects that can 
increase the growth of the construction industry in 
Indonesia must be supported by precast concrete 
construction technology. Precast concrete technology in 
bridge construction is currently experiencing rapid 
progress and it is used in almost every project in Indonesia. 
According to Elliot (2016) precast has several advantages, 
namely easy to build (buildable), cost-effective, and 
quickly implemented. But this growth was not followed by 
awareness of the importance of construction safety. 

The precast concrete bridge project is part of the 
construction industry but the construction industry is a 
dangerous industry (Haadir, 2011; Ramli et al., 2013) and 
also dangerous business (Wanberg et al, 2013). In the 
period August 2017 to January 2018, there were taken 
more than 10 cases of construction accidents in 
infrastructure projects that left several workers dead and 
injured (Deny, 2018). When compared with other 
industries, the construction industry has vulnerabilities and 
poor safety records (Carter & Smith, 2006). The hazards 
and risks of road and bridge construction projects arise due 
to the different characteristics of each project according to 
the type of structure, technology, construction methods, 
location, conditions and environment. So it can be said that 
the road and bridge project is a difficult, complicated and 
complex project. This is in accordance with the opinion of 
Cheng et. al. (2004), one of the factors causing many work 
accidents is a complicated and complex construction 
project. The complexity of the construction project can be 
seen from the construction method used. Jallon et al. (2011) 
mention that the impacts of work accidents are not only for 
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employers and employees but also the nation as a whole 
(Rohani et al., 2015).  

Construction project performance is strongly influenced 
by the important role of safety management systems 
(Cheng et al., 2010). The successful implementation of a 
safety management system at a work site is the result of 
planning a good safety management system (Ismail et al, 
2012). In Indonesia, regulations concerning the safety 
management system are regulated in the Regulation of 
Minister of Public Works and Public Housing (Permen PU) 
No. 05/2014 about occupational safety and health 
management systems. In this regulation, there are 
guidelines for creating a safety management system, 
including safety planning which includes potential hazard 
identification, risk level assessment, priority scale, safety 
risk mitigation, and the person in charge. In safety planning, 
identification of possible potential hazards and risks that 
can occur as a result of potential hazards is carried out 
(Rajagukguk, 2019).  

Identification of potential hazards is a very important 
thing to do in a construction project to minimize the 
occurrence of workplace accidents (Rajagukguk, 2019). 
Park and Kim (2012) said that in the planning of safety 
management for effective project completion, an important 
aspect is to identify risk based on activity (Gurcanli, et al., 
2015). The basis of safety planning is a risk based 
standardized WBS that can help project executor determine 
the safety performance for each work activity accurately 
and ensure each activity considering safety requirements 
(Satrio & Latief, 2018).  

Safety risk control will lead to safety costs (Rajagukguk, 
2019). Safety risk control is a part of safety planning that 
developed from standardized WBS. The safety cost 
component for each activity can be determined from the 
WBS-based safety management system so that it can 
produce a more detailed and accurate safety cost 
calculation. Then, the safety cost components can be used 
as a guideline for calculating safety costs on construction 
projects. And it is very important to define safety cost of a 
construction project properly, because costs are needed in 
the implementation of the safety management system. If 
the costs allocated are sufficient, the application will also 
increase, and vice versa, the application of the safety 
management system will experience problems if the 
allocated budget is lacking. (Rajagukguk, 2019). So, it is 
very important to develop safety planning based on 
standardized WBS to determine the safety cost in order to 
obtain usable output as construction guideline. This study 
is only limited to the structure of the precast concrete 
bridge with the erection girder method using launching 
gantry. 

2. Research Objectives 
The main objectives of this research are: 

1. To identify the work package and activity in precast 
concrete bridge construction projects 

2. To identify and to analyze the potential hazards and 
risk control in each activities of precast concrete 
bridge construction projects 

3. To develop safety plan (specific objective and 
program) in precast concrete bridge construction 
projects 

4. To identify and to develop safety cost components 
(safety general cost, safety specific cost, and security 
cost) in precast concrete bridge construction projects 

5. To calculate safety cost in precast concrete bridge 
construction projects 

3. Literature Review 
In this section, several theories will be discussed which 

are the results of the literature review used to support this 
research. 

Work Breakdown Structure 

An important way of managing project scope is using 
WBS (Lei, 2012). Work Breakdown Structure (WBS) is a 
simplified level of scope of work that flows to be 
completed by the project team in achieving the required 
objectives and results. Work package is the lowest level of 
WBS component that must be planned (PMI, 2017). WBS 
is a system, where the work packages, components, or 
elements of WBS are reduced from the project so that it can 
be arranged to create a general framework that is used in 
scheduling scope, estimating costs, division of work 
responsibilities, communication, risk level assessment, 
supervision and control (PMI, 2006). According to Lei 
(2012), WBS's main purpose are as a planning and design 
tool, a structural design tool, a tool for showing projects 
and instructions and a project status report tool. Project 
performance measurement on safety planning is based on 
the results of identification of WBS on deliverables and 
work packages (Rianti et al, 2018). Integrated planning and 
supervision support can come from the recommended 
WBS standardization framework (Makarfi et al., 2009). 

Work Package and Activity 

A work package can be used to group activities where 
work is scheduled and estimated, monitored, and 
controlled. Work packages are defined as works at the 
lowest level of WBS where costs and duration can be 
estimated and managed (PMI, 2017). But according to 
Suanda (2016) work package is a level where the work 
components are considered to be sufficient to be managed 
(planned and controlled) on aspects of cost and time. 
(Suanda, 2016). The work package is WBS level 4 in 
precast bridge construction. Project is separated by work 
breakdown structure into small sections so that activities 
are more easily managed (Yilmaz & Kanit, 2018). In the 
WBS standard the activity level is a complementary level. 
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Work activities are WBS level 5 in precast bridge 
construction. Activities refer to things that the project team 
do to reach project goals such as testing, programming, etc. 
(Rad P. F., 1999). 

Safety Plan 

A safety plan is a document that contains a plan for 
practical safety that is used to help companies stay away 
from potential hazards and can manage these hazards in the 
best possible way when under these conditions (Elsye, et 
al., 2018). Safety plan is a very important element of 
project management. Because the Safety plan covers all 
health and safety conditions at work, the safety plan not 
only reduces opportunities for project delays and risk of 
work accidents, but also increases the potential for success 
and confidence in team members (PMI, 2017). In safety 
planning, identification of possible potential hazards and 
risks that can occur as a result of potential hazards is 
carried out. Therefore, identification of potential hazards is 
a very important thing to do in a construction project in 
order to minimize the occurrence of workplace accidents. 
(Rajagukguk, 2019). In the Permen PU No. 05/2014, there 
are guidelines for creating a safety management system, 
including safety planning which includes potential hazard 
identification, risk level assessment, priority scale, safety 
risk mitigation, and the person in charge.  

Risk Identification and Risk Control 

In a construction safety management system, identifying 
safety risks is one of the most important things to do. Risk 
identification is needed to improve the safety of the 
workplace. This is the first step to prevent accidents by 
knowing the risk factors that contribute to accidents. 
Identification of potential hazards is carried out from each 
work activity (Rajagukguk, 2019). Park and Kim (2012) 
said that in the planning of safety management for effective 
project completion, an important aspect is to identify risk 
based on activity (Gurcanli, et al., 2015). The next stage 
after potential hazards are identified, there are potential 
safety risk control to give an action to the risk in order to 
decrease the level of safety risk. In the development of a 
safety management, risk analysis is the foundation while a 
risk level assessment is forming part of a safety 
management system (Langford et al., 2000; Low & Sua, 
2000; Cheng et al., 2004; Jung et al., 2008). 

Safety Objective 

According to OHSAS 18001: 2007 safety objective and 
safety program is a measurable goal of an organization's 
(company) management for safety risk to be achieved. 
Requirements for preparing safety objectives are shown in 
clause 4.3.3. OHSAS 18001: 2007, including: (1) 
Documented, implemented and maintained, (2) 

Measurable, applicable and in accordance with the 
organization's (company) safety Policy, (3) Refers to 
compliance with safety risks laws and regulations. Permen 
PU No. 05/2014 mention the safety target divided into two: 
(1) General Targets: Zero fatal accidents at construction 
work, (2) Specific Targets: Specific targets are detailed 
targets of each risk control that are prepared for the 
achievement of the general Targets 

Safety Program 

The company can apply safety programs consisting of 
elements such as safety planning, safety induction and 
safety orientation, selection of subcontractor and safety 
management; this is done to reduce the level of likelihood 
and severe impact of construction work accidents 
(Hallowell, 2010). Planned programs for health and safety 
are designed to avoid work accidents and occupational 
diseases by taking certain actions. (CCOHS, 2019). The 
safety program must include the elements required by the 
minimum health and safety regulations. In Indonesia, 
Permen PU No. 05/2014 mentions that safety program 
consists of safety resources, time frame, indicators of 
achievement, monitoring and person in charge to safety. 

Safety Cost 

The main stage in project management is the cost 
estimation which is carried out during the bidding and 
tender stages. The basis of project cost is determined by 
estimating costs at each stage of the project. A contractor 
will make a cost estimate consisting of general costs, direct 
costs and project benefits. Then, the results of the estimated 
costs are submitted to the owner for approval or negotiation 
(Gurcanli et al., 2015). Safety costs are almost similar to 
project costs. Many factors affect project costs due to 
differences in the characteristics of the construction 
industry so that when the scope expands, the costs will also 
increase (Gurcanli et al., 2015). But safety costs have never 
been considered in the estimation of project costs. And the 
implementation of safety construction was still hampered 
because of the mindset that safety was an additional cost. 
As a result, economy becomes the basis for making 
decisions related to safety and no longer considers ethical 
and basic rights to work in a safe workplace (Zou & 
Sunindijo, 2015). Therefore, it makes economic sense to be 
considered by the contractor in the prevention of workplace 
accidents (Dorman, 2000). Actually, in implementing good 
safety management system, safety cost is needed. Because 
safety risk control will lead to safety costs (Rajagukguk, 
2019).  

The Letter of the Minister of Public Works (SE PUPR) 
No. 11/2019 mentions that costs of construction safety 
management system are costs of security and occupational 
health and also construction safety which must be 
calculated and allocated by the contractors and owners. 
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This cost can be called as accident prevention costs. SE 
PUPR No. 11/2019 shows that safety cost consists of 
Personal Protective Equipment, Safety Plan, Socialization, 
Promotion and Training, Working Protective Equipment, 
Workers Insurance, Environmental Permissions and 
Licensing, Safety Officer Personnel, Medical Facilities, 
Infrastructures and Medical Devices, Safety Signs, 
Consultation with Experts Related to Construction Safety, 
Others. But based on Regulation of the Minister of Public 
Works (Permen PUPR) No. 28/2016, safety cost is divided 
by 3, i.e. general cost, specific cost and security cost. At the 
end, defining and determining safety costs in construction 
projects appropriately are very important in order to be able 
to calculate safety cost accurately and implementing good 
safety management system to increase safety project 
performance. 

4. Method 
This is a survey research. A qualitative approach is used 

to achieve the objectives of the research. There are 5 stages 
that are used in this study shown in Figure 1. 

Research Variable 

There are 7 research variables which are grouped in to 
the stages of the research, the variables consist of 6 
variables X and 1 variables Y as shown in the Table 1. The 
variable Y (safety cost) has 3 sub variables and 11 
indicators as shown in the Table 2. 

 
Figure 1.  Research Flow Diagram 

Table 1.  Research Variables. 

Stage Code Variable Name Reference 

Stage 1 
X1 Work Packages Precast Concrete Bridge WBS 

Level 4 PMI, 2017 

X2 Activities Precast Concrete Bridge WBS Level 5 Suanda, 2016 

Stage 2 
X3 Hazard Potential in Precast Concrete Bridge Permen PU No. 05/2014 & PMI, 2017 

X4 Safety Risk Control in Precast Concrete Bridge PMI, 2017 

Stage 3 
X5 Safety Specific Target in Precast Concrete Bridge OHSAS 18001 

X6 Safety Program in Precast Concrete Bridge Permen PU No. 05/2014 
Stage 4  
Stage 5 Y Safety Cost Permen PUPR No. 28/2016 & SE PUPR No. 

11/2019 
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Table 2.  Sub Variables and Indicators Y. 

Sub Variable Indicator 

Code Sub Variable Name Reference Code Indicator Name Reference 

Y.1 General Cost Permen PUPR No. 
28/2016 Y.1.1 Personal Protective 

Equipment 

Permen PUPR No. 
28/2016, SE PUPR No. 

11/2019 

Y.2 Specific Cost Permen PUPR No. 
28/2016 

Y.2.1 Safety Plan SE PUPR No. 11/2019 

Y.2.2  Socialization, 
Promotion and Training SE PUPR No. 11/2019 

Y.2.3 Working Protective 
Equipment SE PUPR No. 11/2019 

Y.2.4 Insurance and 
Licensing SE PUPR No. 11/2019 

Y.2.5 Safety Personnel SE PUPR No. 11/2019 

Y.2.6 
Medical Facilities, 
Infrastructure and 

Devices 
SE PUPR No. 11/2019 

Y.2.7 Safety Sign SE PUPR No. 11/2019 

Y.2.8 
Consultation with 
Experts Related to 

Construction Safety 
SE PUPR No. 11/2019 

Y.2.9 Others SE PUPR No. 11/2019 

Y.3 Security Cost  Permen PUPR No. 
28/2016 Y.3.1 Security  Permen PUPR No. 

28/2016 

 

Questionnaire 

There are 4 stages of questionnaires that are used in this 
study. Questionnaire 1 is used as instrument to find out the 
WBS standard used in precast concrete bridge construction 
with launching gantry method. Questionnaire 2 is used as 
instrument to identify safety risk based on WBS and to 
determine the control of the risk. Questionnaire 3 is used as 
instrument to develop safety plan. Then, questionnaire 4 is 
conducted to find out cost components needed to carry out 
control of safety risk based on WBS. Guttman 
measurement scale is used in each questionnaire in order to 
get the firm answer “yes” or “no” (Sugiyono, 2018). The 
data result is nominal data that will be used to analyze. 

Respondents 

Respondents in this study are selected with non 
probability sampling technique (Sugiyono, 2018) and 
expert judgment (PMI, 2017). In this study, each expert 
respondent must have requirements to be used as research 
samples. The requirements of the experts who were asked 
for their opinions, are as follows: 
1. Respondents are experts from three to five people. 
2. Respondents have minimum bachelor degree 

education background 
3. Respondents are experienced and experts in the field 

of Precast Concrete Bridge Work and Construction 
Safety 

4. Respondents are academics, member of professional 
associations, and practitioners and have a minimum 
of 10 years professional experience. Practitioners 
must qualify as a minimum Project Manager, Site 
Engineering Manager, Site Manager and Safety 
Manager. 

5. Results of Research and Discussion 
The results in this study are as follow:  

1. The development of standardized work breakdown 
structure for precast concrete bridge construction has 
been provided from previous research conducted by 
Kurnia, et al. (2017). This standardized work 
breakdown structure is confirmed and validated by 5 
experts in bridge construction. The Experts will give a 
judgment whether each level is suitable or not. The 
Experts not only give a judgment but also a comment 
to make it more perfect. The result of the expert 
validation can be reanalyzed. The standardized work 
breakdown structure of precast concrete bridge which 
had been validated can answer the research question 1 
and the objective is achieved. 
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Figure 2.  Standardized WBS of Precast Concrete Bridge 

Figure 2 above shows the standardized work 
breakdown structure of precast concrete bridge 
construction project. This research focus on the upper 
structure works. The upper structure reviewed is 
girder erection with launching gantry method. Level 1 
is shown as project name. Level 2 shown is as work 
section, and there are Preliminary Work, Drainage 
Work, Soil Work, Road Widening and Roadside 
Work, Coated Widening and Concrete Pavement 
Work, Asphalt Pavement Work, Structure Work, Toll 
Service Facility, and Recondition of Minor Work. 
The results of the standardized work breakdown 
structure that had been validated will be the basis for 
identifying safety risks. 

2. Work activities and alternative work methods are 
from the standardized work breakdown structure form 
the basis for identifying the potential hazards which 
have influence to safety performance. The potential 
hazards are identified from the literature review and 
documentation studies such as project safety plans. 
After that, the risk controls are determined to reduce 
the level of risk. The result of this process are 
confirmed, clarified and validated by the experts. The 
experts will judge the potential hazards and risk 
control suitable or not and they will give a comments 
for further improvement. The result of expert’s 
validation is used to answer research question no. 2. 

3. After identifying potential risk and determining risk 
control, the next process is developing a safety plan 

(RK3K). Safety plan (RK3K) is used to answer the 
research question no. 3. Based on Permen PU No. 
05/2014, safety plan (RK3K) consists of safety 
specific target and program. Then, the safety plans are 
validated by the construction safety experts who will 
give judgments and comments. 

4. Safety plan becomes a basis to determine safety cost. 
Based on Permen PUPR No. 28/2016, safety cost is 
divided by 3, i.e. general cost, specific cost and 
security cost. SE PUPR No. 11/2019 shows that 
safety cost consists of Personal Protective Equipment, 
Safety Plan, Socialization, Promotion and Training, 
Working Protective Equipment, Workers Insurance, 
Environmental Permissions and Licensing, Safety 
Officer Personnel, Medical Facilities, Infrastructures 
and Medical Devices, Safety Signs, Consultation with 
Experts Related to Construction Safety, Others. 
Those components must be validated by construction 
safety experts. And the result can be used to answer 
research question no. 4. 

5. After safety cost components are clearly based on 
validated safety plan, then actual safety cost can be 
calculated accurately according to SE PUPR No. 
11/2019. 

6. Conclusions 
Research and analysis results obtained from this study 
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are: 
1. Developing standardized WBS of precast bridges 

construction consists of 6 levels, Level 1 is Project 
Name, Level 2 are Work Sections, Level 3 are 
Sub-Work Sections, Level 4 are Work Packages, 
(Alternative Methods / Design), Level 5 are Activities, 
and Level 6 are Resources. Standardized WBS 
classification level is set after collecting and 
analyzing data / archives based on previous research 
and has been validated by bridge construction experts. 

2. Identifying several potential risks which exist in work 
activities and determining the risk responses or risk 
controls so that the probability and large impact can 
be reduced. 

3. Developing safety plan using making safety plans 
using risk-based standard WBS prepared and 
developed based on safety planning documents / 
Regulation Permen PU No. 05/2014 

4. Determining safety cost components based on the 
safety plan that has been developed, then safety cost 
components are categorized according to Permen 
PUPR No. 28/2016 and SE No. 11/2019. 

5. Safety cost calculation is based on the determined 
safety cost components and follows the calculation 
method stipulated in SE No. 11/2019. 
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