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Abstract 

 

The city of Lhokseumawe, which is one of the cities that has a topography such as a bay and a very busy area as the center of government, 

business, and services, has also experienced congestion. In 2012, the Lhokseumawe City Government has started planning to build a 7.6 

Kilometer Lhokseumawe City Ring Road, starting from Sp.Kandang – Pusong and Sp. Lestari – Loskala. The ring road construction is 

along the shores of Ujong Blang Beach and KP3, where Ujong Blang Beach and KP3 since 1998 until now continue to experience abrasion. 

The purpose of this study was to determine the level of abrasion speed of Ujong Blang Beach and KP3 Beach and risk factors other than 

abrasion for an optimal risk-based management model approach to the Lhokseumawe City Ring Road as coastal infrastructure that is prone 

to abrasion and other risks. The method used to determine the abrasion rate is based on Landsat ETM+ (Enhanced Thematic Mapper) 

satellite data for a period of 25 years (1995 – 2020) which is analyzed by the Digital Shoreline Analysis System. The results showed that 

the magnitude of the abrasion speed of Ujong Blang Beach and KP3 Beach was -2.11 m/year and the farthest accretion occurred on the 

coast on transect 83 with an accretion distance of 111.34 m or around 4.45. Meanwhile, other factors were sea waves. with a period range 

of 2.33-10.25 s with an average of 4.57 s. Furthermore, the height of the coastal topography ranges from 0.00-8.60 m with an average of 

4.30 m and the coastal slope observed at 8 observation locations obtained a coastal slope range of 2.90-4.47% with an average slope of 

3,76%. The optimum risk-based management carried out by the ring road manager is the ALARP-principles approach to control very high 

to high risk (ALARP Zone), namely by building a preventive building in the form of a conventional type of breakwater with minimal 

handling costs to mitigate a greater impact on the environment. Damage to the Lhokseumawe City Ring Road if the risk occurs during the 

life of the road plan. 

 

Keywords:  Infrastructure Management, Ring Road, Risk, Abras. 

1. Introduction 

Lhokseumawe City is the center of government and all economic, political, social and cultural activities. Along with the density of the 

existing (existing) roads, namely Jalan Merdeka Barat with a road length of 5 Km, an average road width of 7 m consisting of 2 lanes in 2 

directions (2/2 UD) which results in congestion, traffic accidents and increased travel time in and out of the city. between Ring Roads is 

an important infrastructure in the development of a city. 

According to the research results of Rijalul Qadri et al (2017), that the annual average daily traffic volume (LHRT) on alternative roads 

was 4,279 vehicles/day in 2017; The difference in the total time value obtained is Rp. 189,877,-/vehicle and the difference in BOK is Rp. 

3,289,-/vehicle; and the economic feasibility of the Lhokseumawe City Ring Road construction is obtained in 2036. The EIRR value 

obtained is at a discount rate of 17.27%, this indicates that the construction of the ring road/alternative is very feasible to carry out with 

bank loan interest rates of up to 17.27%. 

The Lhokseumawe City Ring Road, which has been planned since 2012, is a ring road connecting Loskala - Ujong Blang - Pusong - 

Simpang Kandang which is intended as an alternative route to downtown Lhokseumawe which currently only has 3 access bridges. 

Furthermore, the existing line of Sp. Lestari – Loskala (Segment II) which is a ring road located along KP3 beach and Ujong Blang Beach. 

Currently, it has been built along 3 Km, starting from Loskala. The existence of the Lhokseumawe City Ring Road, especially Segment I 

between Sp. Lestari – Loskala is located along the shores of KP3 Beach and Ujong Blang is the focus of research. This is because along 

KP3 Beach and Ujong Blang Beach there has been coastal abrasion. Actually, KP3 Beach and Ujong Blang Beach are located on the same 

coastline that has undergone abrasion. 
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2. Literature Review 

In general, coastal vulnerability consists of 2 (two) vulnerabilities, namely physical vulnerability and socio-economic vulnerability. Phys-

ical vulnerabilities include geomorphology, coastal slope, shoreline proximity, average tidal range, average wave height, shoreline changes, 

and erosion and accretion rates. Socio-economic vulnerabilities include population density, land use and growth (LuLc), percentage of 

urbanized area, dependent population (unproductive population), number of illiterate people, road network/infrastructure, tourist areas/cul-

tural heritage/ethnographic interest tourists, economic activity (Nelson Rangel-Buitraso, 2020 & Nasser Ahmed, 2021). 

The concept of risk determination is based on social vulnerability and physical vulnerability in identifying infrastructure risks in coastal 

areas. Determining the scale or range of risk, the CVI (Coastal Vulnerability Indexs) concept is more detailed in determining the rating of 

risk magnitude with variants and locations of large coastal areas (Fazly Amri Mohd, 2019). In general, it begins with risk identification, 

risk evaluation, risk analysis, risk allocation, and risk management. Specifically, Terje Aven (2016) and Pawel Szy-manski (2017) empha-

size that the decision-making stage of evaluating risk, it is divided into 2 main stages, namely the stages carried out by experts based on 

facts (fact-based) on conditions in the field and the steps taken by value-based decision-makers by combining the risk information they 

receive with information from other sources and other topics, in order to achieve optimum risk management. Optimum risk management 

is a model approach to minimize project life cycle costs arising from corrective actions and replacement of other building parts and mini-

mize maximum risk during the life cycle applied to coastal infrastructure buildings. 

 

2.1 Determination of Coastal Abrasion Rate 
The process carried out in this research consists of 2 (two) analyses, namely: analysis and interpretation of satellite imagery data (Landsat) 

for mapping changes in coastlines and statistical analysis for the rate of shoreline change over the last 25 (twenty-five) years. Landsat data 

analysis and interpretation consist of image cropping, image recovery, image enhancement, geometric correction, digitization, and over-

laying. Statistical analysis to determine the level of shoreline change or the level of coastal abrasion was carried out using DSAS (Digital 

Shoreline Analysis System) software. 

 

2.2 Identification of Other Risk Factors and Types 
To obtain data on physical risk susceptibility other than abrasion and shoreline changes, namely: geomorphology, coastal slope, shoreline 

proximity, average tidal range, average wave height, topography and coastal slope as well as accretion and erosion rates, satellite data 

acquisition and / or survey at the research site. Meanwhile, to determine economic vulnerability, namely population density, land use and 

growth (LuLc), percentage of urbanized area, dependent population (unproductive population), number of illiterates, road network/infra-

structure, tourist area/cultural heritage/ethnographic interest, tourists, and economic activities, using questionnaires and interviews with 

the community around Ujong Blang Beach and KP3 as well as several stakeholders who have been selected as respondents regarding risk 

information on the Lhokseumawe City Ring Road. 

 

2.3 Risk Evaluation and Response with the ALARP Principle 
Risk evaluation aims to determine decisions regarding which risks need to be handled and the priority of implementing risk hedging actions 

based on the results of risk analysis after comparing the level of risk with the risk tolerance limit. The need for risk management is deter-

mined based on the results of comparisons that have been made or called the risk matrix. The risk matrix is used to prioritize the risks faced 

and to assess which risks are acceptable (risk appetite) or unacceptable. The first step in creating a matrix is to determine the scale of 

assessment for the impact of risk both qualitatively and quantitatively. 

 

Table 1. Risk Impact Assessment Scale on Road Damage 

Impact Criteria on 

Handling Fee 

Rating 

Description Score 

Potential Handling Cost 25% Total Construction Cost Very Light 1 

Potential Handling Cost > 55% Total Development Cost Light 2 

Potential Handling Cost > 70% Total Development Cost Currently 3 

Potential Handling Cost > 85% Total Development Cost Heavy 4 

Potential Handling Cost 100% Total Development Cost Very heavy 5 

 

Table 2. Rating and Description of Risk Determination 

Level Probability Description 
Percentage 

(%) 

5 Very high 
Very Likely Definitely Hap-

pens/Often 
> 80 % 

4 High Most Likely Happening 60 % < P ≥ 80% 

3 Currently 
Then the Chances are Happening 

and Not Happening 
40 % < P ≥ 60% 

2 Low Small Chance of Happening 10 % < P ≥ 40% 

1 Very low 
Tend Not 

Might happen 
≤ 10 % 

 

Source : Jasa Marga, Indonesia Highway Corporation (2021) 
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Fig 1. ALARP Schematic 

 

Road Handling Cost Analysis with LCCA Method 

The Life Circle Cost Analysis (LCCA) method is an economic assessment of scope, area, location a,nd facility using a variety of competing 

alternative designs while considering all the important costs of ownership over the life of the project (Dell'Isola, 1981). The components 

of the LCC calculation are estimating construction costs, management fees, user fees an,d environmental costs (Scheving, 2011). The steps 

taken in conducting LCCA are based on the data information that has been collected, in the order: (1) forming alternative designs, (2) 

determining the time of the activity, (3) estimating costs (managers and users), (4) calculating life cycle costs, (5) analysis of results (MDOT, 

2012). 

 

Determination of the Optimum Risk-Based Management Model 

This study presents a concept of an optimum risk management model, namely minimizing the cost of road maintenance and the maximum 

risk during the cycle of road construction located on the coast which is prone to coastal abrasion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Probability and Impact Relationship with Road Handling Cost (RMopt) 

 

Figure 2 describes that optimal risk-based management (RMopt) is a relationship between road cost management before a high risk has a 

large impact (R0) with a large handling cost (C0) to the maximum risk (Rmax) at the time of risk (Tx). up to the smallest possible handling 

cost (Cmin) during the design life of the road. The maximum risk (Rmax) is a very high risk with a large impact (R0) which has been 

treated (Cp) or a high risk that has become moderate-moderate (ALARP ideal scheme) according to the type of risk that occurs. In this 

context, all risks that occur on the Lhokseumawe City Ring Road during the design life of the road cannot be avoided or diverted, because 

this road is the main alternative road for exiting and entering Lhokseumawe City. 
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3. Method 

This research is focused on 2 (two) stages of observation of coastal vulnerability categories that affect the rate of abrasion of Ujong Blang 

and KP3 Lhokseumawe beaches, namely physical vulnerability and socio-cultural vulnerability. Physical vulnerability is vulnerability that 

affects abrasion caused by several natural factors and sea surface conditions (natural factors) and social-cultural vulnerability is vulnera-

bility caused by treatment or man-made conditions (human factors). In general, the stages or research steps follow the following stages: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.  Flowchart of Research Stages 

 

3.1 Determination of Coastal Abrasion Rate 
In determining the rate of coastal abrasion as stated above, namely by determining the physical vulnerability that occurs along Ujong Blang 

Beach and KP3 Lhokseumawe, then 8 (eight) points of location for measuring the slope of the coast (slope), 1 (one) tidal observation point 

are set. low tide and 1 (one) point of observation of sea waves as described in Figure 3 above. 

 

3.2 Tools and materials 
The tools used include the software used for data analysis ArcGIS, Ocean Data View and Digital Shoreline Analysis System (DSAS). The 

data used are Landsat 5 TM, Landsat 7 ETM + and Landsat 8 OLI satellite images, tidal data, tidal data, and bathymetry and topography 

data. 

 

3.3 Data analysis 
MHWS (Mean Highest Water Spring) is the highest average water height at full tide, MHWN (Mean Highest Water Neap) is the highest 

average water height at neap tide, MLWN (Mean Lowest Water Neap) is the lowest average water height at neap tide, MLWS (Mean 

Lowest Water Spring) is the lowest average high water at full tide, TR (Tidal Range) is tidal range, TRS (Tidal Range Spring) is full tidal 

range, TRN (Tidal Range Neap) is the new tide and S0 is the mean sea level (MSL/Mean Sea Level). 

 

3.4 Coastline Change Analysis 
The analysis of shoreline changes in this study uses the Digital Shoreline Analysis System (DSAS) software which is integrated with 

ArcGIS software. Analysis of shoreline changes using the NSM (Net Shoreline Movement) module. The NSM module is a module for 

calculating the distance between the oldest and youngest coastlines for each transect. In this study, a virtual transect was used with a 

distance between transects of 10 m. From the results of making virtual transects along the coastline of the research location, 601 virtual 

transects were obtained. To ensure the distance between transects, measurements/matches of actual distances were also carried out in the 

field. 

 

3.5 Socio-Economic Vulnerability 
Population density or relative population is a statistical calculation that relates to the average number of inhabitants of an area and the 

physical space it covers. The Ujong Blang Beach area and KP3 are located in 3 main villages in Banda Sakti District, Lhokseumawe City 

with an area of 11.24 Km2 with a population of 14,000 people. The area along Ujong Blang Beach and KP3 is relatively dense. Ujong 

Blang Beach area and KP 3 are mostly designated as tourist areas. 
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3.6 Road Handling Fee 
The cost of handling this road is estimated to determine an alternative pavement strategy design for the Lhokseumawe Ring Road devel-

opment that is effective and efficient, then using Life Cycle Cost Analysis (LCCA) using sensitivity analysis using variations in interest 

rates and variations in inflation rates based on the management costs of each alternative design. pavement thickness. The use of LCCA is 

in accordance with the rules of the Road Pavement Design Manual Number 02/M/BM/2013 Ministry of Public Works Directorate General 

of Highways (namely: implementation of discounted life cycle cost minimization).   

 

4. Results and Discussion 

The results of tidal data analysis show that the mean sea level (MSL) of the waters of Ujong Blang Beach and KP3, Aceh is 2.24 m. At 

high tide, the sea level in the waters of Ujong Blang Beach and KP3, Aceh is at an altitude of 3.35 m, while at low tide the sea level is at 

an altitude of 1.12 m (Figure 4). The results of the analysis of tidal characteristics show that the tidal range is 1.16 m with the highest height 

at full tide 2.61 m and the lowest height at low tide at spring tide conditions is 2.44 m. Meanwhile, at neap tide, the highest height at high 

tide is 2.03 m with the lowest height at low tide is 1.86 m.. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Footage of tidal patterns at the research site 

 

The condition of sea waves around the research location for 25 years (1995-2020) it is known that the range of tidal heights is between 

0.10-2.01 m with an average of 0.48 m while the range of the period of sea waves is 2.33-10 .25 s with a mean of 4.57 s. For 25 years 

(1995-2020) sea waves are very dominant moving from the northwest, northeast and north with a perpendicular propagation pattern towards 

the coast. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Characteristics of ocean waves at the research site in 1995-2020. 

 

The coastal areas of Ujong Blang Beach and KP3 Lhokseumawe, Aceh have a coastal topography of 0.00-8.60 m high with an average of 

4.30 m. These topographical conditions make the Ujong Blang coast a coastal area with a high level of vulnerability (Joesidawati, 2016; 

Suhana et al., 2020). The coastal slope observed at 8 observation locations obtained a coastal slope range of 2.90-4.47% with an average 

slope of 3.76%. 

 

 
Fig 6. The slope profile of Ujong Blang Beach at several observation locations 
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4.1 Coastline Change 
For 25 years (1995-2020) Ujong Blang Beach and KP3 Lhokseumawe, Aceh have undergone many changes in the beach profile, both 

caused by natural physical processes on the beach and human activities around Ujong Blang Beach and KP3. During this period Ujong 

Blang Beach and KP3 experienced the furthest abrasion of -52.70 m (transect 598) or about -2.11 m/year and the furthest accretion occurred 

on the coast on transect 83 with an accretion distance of 111.34 m or approx. 4.45 m/year. When viewed from its position, it is possible 

that the accretion that occurred around transect 83 could be caused by the sedimentation process that occurred at the mouth of the river 

around the area experiencing accretion. Given the geographical position of the coast on transect 83 and there are rivers around the area, it 

is possible that the accretion in this section was caused by sedimentary material carried from the sea to the river or from the river to the sea 

and accumulated in the area around the transect area 83 (Figure 7). 

Meanwhile, in the part of the coast that experienced the furthest abrasion on the 598 transects, the abrasion that occurred was most likely 

caused by the process of propagation of sea waves and currents along the coast around the location.With thee geographical position of the 

coast on the 598 transect which forms an indentation towards the sea and tends to be perpendicular to the sea, it is possible that the coastal 

section around the 598 transects will be easily eroded by the current along the coast and the waves that come from the deep sea towards 

the coast. This process can cause the release of sedimentary materials that make up the coast and be carried to other places, resulting in 

significant abrasion around the area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7. Changes in coastline on Ujong Blang Beach for 25 years (1995-2020) 

 

Gambar 8 Profil perubahan garis pantai pada Pantai Ujong Blang selama 

25 tahun (1995-2020) pada setiap transek pengamatan 

 

Gambar IV.7. Fenomena akresi terjauh per tahun yang terjadi  

di Pantai Ujong Blang 
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Based on the results of the field survey and recording of existing data, the following is tabulated to present several conditions, magnitude 

and level of socio-economic vulnerability of the people living in the villages of Northwest Hagu, Ulee Jalan and Ujong Blang or along the 

Ujong Blang Beach area and KP3, Lhokseumawe: 

 

Table 3. Survey Results and Socio-Economic Vulnerability Data Records 

 

Vulnerability 

Socio-Economic 

Condition/Amount/ 

Vulnerability Level 
Data Source 

Population Density (Km2) Tourist and Residential Areas Field survey 

Land Use and Land Cover (LuLc) 22 % Field survey 

Percentage of Urbanization Area 47.39 
BPS City Lhokseumawe 

2021, Processed 

Dependent population (Unproductive popula-

tion; %) 
0,20 

BPS City Lhokseumawe 

2021, Processed 

Total Illiterate Population/ (%) 1 – 2 Km 
BPS City Lhokseumawe 

2021, Processed 

Road Network Marine Tourism Area Field survey 

Tourist Area Tourist and Residential Areas 
North Aceh Regency Gov-

ernment Data Record 

 

Road Handling Fee 

The value of construction costs (initial costs) for each alternative can be seen in Figure 8. While maintenance costs and re-placement costs 

are costs that will be incurred in the next few years, the calculation is influenced by inflation and interest rates. The final value is the issued 

value. The road life for the top layer is 20 years and the bottom layer is 40 years. 

 

The results of the LCC analysis of each alternative pavement thickness can be presented in the following graph: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8. LCC Analysis Results for each Alternative Pavement Thickness 

 

Risk Identification and Measurement 

Based on the results of observations and surveys, both observations of physical and socio-cultural vulnerabilities found in the Ujong 

Blang Beach area and KP3 Lhokseumawe, Aceh can be concluded as follows: 

 

 

Table 4. Identification of Vulnerability and Risk Impacts of Ujong Blang Beach and KP3 

Vulnerabilty 

Criteria 
Criteria Classes Rank 

Vulnera-

blity 

Physical 

Geomorphology 
Sloping Sandy 

Beach 
3 Moderate 

Proximity to Coastline < 1 Km 5 Very High 

Average Tidal Range 1,12 – 3,35 m 5 Very High 

Average Sea Wave Heigh 0,10 – 2,01 m 4 High 

Coastal Slope and Topography 2,90 – 4,47 % 3 Moderate 

Shorline Changes -2,11 m/year 4 High 

Erosion and Accretion Rate (m/year) < - 2,0 (Erossion) 5 Very High 

Socio-Economy 

Population Density (Km2) 1,256 Km 4 High 

Land Use Land and Cover (LuLc) 
Tourist and Resi-

dential Areas 
5 Very High 

Percentage of Urbanization Area 22 % 2 Low 
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Dependent population (Unproduc-

tive population; %) 
47.39 2 Low 

Total Illiterate Population/ (%)  0,20 5 Very High 

Road Network 1 – 2 Km 4 High 

Tourist Area 
Marine Tourism 

Area 
4 High 

 

 

Table 5. Identification of the Probability of Ujong Blang Beach and KP3 

Vulnerabilty 

Criteria 
Citeria Probabilty Rank Vulnerabilty 

Physical 

Geomorphology 
Almost Never Oc-

cur 
1 Very Low 

Proximity to Coastline 
Occasionally Oc-

cur 
3 Moderate 

Average Tidal Range Nearly Occur 5 Very High 

Average Sea Wave Heigh Rare Occur 2 Low 

Coastal Slope and Topography 
Occasionally Oc-

cur 
3 Moderate 

Shorline Changes 
Occasionally Oc-

cur 
3 Moderate 

Erosion and Accretion Rate (m/year) Often Occur 4 High 

Socio-Economic 

Population Density (Km2) 
Occasionally Oc-

cur 
3 Moderate 

Land Use Land and Cover (LuLc) Rare Occur 2 Low 

Percentage of Urbanization Area Rare Occur 2 Low 

Dependent population (Unproductive 

population; %) 

Occasionally Oc-

cur 
3 Moderate 

Total Illiterate Population/ (%) 
Occasionally Oc-

cur 
3 Moderate 

Road Network 
Occasionally Oc-

cur 
3 Moderate 

Tourist Area 
Occasionally Oc-

cur 
3 Moderate 

 

Furthermore, based on the Impact and Possible Risks, it can be seen the risk values that occur along the coastline of Ujong Blang KP3 as 

follows:: 

 

Table 6. Score and Risk Rating of Ujong Blang Beach and KP3 

 

Nr. 
Vulnerabilty 

Criteria 
Probabilty Impact 

Risk  

Score 
Vulnerabilty 

A Physical Vulnerablity 
   

 

1. Geomorphology 1 3 3 Very Low 

2. Proximity to Coastline 3 5 15 High 

3. Average Tidal Range 5 5 25 Very High 

4. Average Sea Wave Heigh 2 4 8 Moderate 

5. Coastal Slope and Topography 3 3 9 Moderate 

6. Shorline Changes 3 4 12 High 

7. 
Erosion and Accretion Rate 

(m/year) 
4 5 20 Very High 

B Socio-Economic Vulnerabilty     

1. Population Density (Km2) 3 4 12 High 

2. Land Use Land and Cover (LuLc) 2 5 10 High 

3. Percentage of Urbanization Area 2 2 4 Low 
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4. 
Dependent population (Unproduc-

tive population; %) 
3 2 6 Low 

5. Total Illiterate Population/ (%) 3 5 15 High 

6. Road Network 3 4 12 High 

7. Tourist Area 3 4 12 High 

 

Based on the determination of the type and rating of the risk assessment that greatly affects the Lhokseumawe Ring Road is the result of 

the physical vulnerability of the coast, namely the tides where in 1 (one) day there are two high tides and two low tides (very often) and 

the accretion and erosion (maximum risk). Another influential factor is the change in coastline which is relatively close to the ring road. 

Meanwhile, another risk that can also affect the existence of the ring road is the number of illiterate residents, because most of them are 

fishermen. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9. RACM of Ujong Blang Beach Area and KP3, Lhokseumawe (Before Control, Inherent Risk) 

 

Based on the conditions resulting from the identification and risk analysis (Figure 9), the Ujong Blang Beach area and KP3 Lhokseumawe 

have a very high tidal risk (A1) and a very high level of accretion and erosion (A7) (inherent risk). Both types of risk must be controlled 

by the manager. Furthermore, for risk control, a risk evaluation is carried out using the ALARP principle scheme. 

It takes a ring road management policy in determining the maturity level of road damage handling and risk control/mitigation using the 

ALARP principle. The ALARP principle is used by ring road managers as an acceptable risk limit (risk appetite). Following are the results 

of the evaluation and risk response based on the ALARP principles: 

 

Table 7. Evaluation Results and Risk Priority based on the ALARP Principles 

 

Risk Type 

(Vulnerabilty Criteria) 

Score 

Risk 

Risk 

Priority 

Skema - Principle 

ALARP 

Risks that Need to be 

Controlled 
Category 

Average Tidal Range 25 
I  

Intolerable 

Zone Accretion and Erosion Rate 20 

Proximity of Coastline 15 

II  Zone 

ALARP 

Number of Illiterate Population 15 

Shorline Changes 12 

Population Density 12 

Road Network 12 

Tourist Area 12 

Land Use and Land Cover (LuLc) 10 

Coastal Slope 9 III  
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Based on the ALARP scheme, tidal risk and accretion and erosion levels are categorized into into tolerable zones, meaning that the manager 

must be able to control both of these risks. To minimize the impact of tidal accretion and erosion risk (maximum risk) with minimum 

prevention costs (constraints) and the availability of building materials, conventional type breakwater buildings are used. So with risk 

control, the acceptable risk value (risk appetite) is in accordance with the ALARP principles, so that the RACM of the Ujong Blang Beach 

area and KP3, Lhokseumawe after controlling, (residual risk):  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 10. RACM of Ujong Blang Beach Area and KP3, Lhokseumawe (After Control, Risk Appetite) 

 

Determination of the Optimum Risk-Based Management Model 

The following presents the potential magnitude of the damage to the Lhokseumawe Ring Road construction based on the risks that may 

occur along the Ujong Blang Beach area and Lhokseumawe KP3 for the next 25 years (without control): 

 

Table 8. Potential Impacts of Damage to the Lhokseumawe City Ring Road 

 

 

 

 

 

 

 

 

 

 

 

 

So to determine the minimum cost (Cmin) that can be allocated by the ring road manager to prevent the impact of the risks that occur are: 

 

𝑅𝑀𝑂𝑃𝑇 =  𝐶𝑚𝑖𝑛 = [
(𝑅0 − 𝑅𝑚𝑎𝑘𝑠)

(𝑅0)
 𝑥 𝐶0] ≤ 𝐶𝑝 

𝑅𝑀𝑂𝑃𝑇 =  𝐶𝑚𝑖𝑛 = [
(25 − 15)

(25)
 𝑥 36.023.000.000] ≤ 46.481.000.000 
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𝑅𝑀𝑂𝑃𝑇 =  𝐶𝑚𝑖𝑛 =   24.015.333.333 ≤ 46.481.000.000 … OK 

5. Conclusion  

The magnitude of the abrasion speed of Ujong Blang Beach and KP3 Beach is around -2.11 m/year and the farthest accretion occurs on 

the coast on transect 83 with an accretion distance of 111.34 m or around 4.45. A significant abrasion phenomenon occurred in 2012-2013 

as shown by transect 1 with an abrasion distance of -217.62 m which could affect the damage to the Lhokseumawe City Ring Road route. 

Risk factors other than abrasion are sea waves with a period range of 2.33-10.25 s with an average of 4.57 s which are very dominant 

moving from the northwest, northeast and north with a perpendicular propagation pattern towards the coast, then The coastal topographical 

heights ranged from 0.00-8.60 m with an average of 4.30 m and the coastal slope observed at 8 observation locations obtained a coastal 

slope range of 2.90-4.47 % with an average slope of 3, 76%. The optimum risk-based management carried out by the ring road manager is 

the ALARP-principles approach to control very high to high risk (ALARP Zone), namely by building a preventive building in the form of 

a conventional type of breakwater with minimal handling costs to mitigate a greater impact on the environment. Damage to the 

Lhokseumawe City Ring Road if the risk occurs during the life of the road plan. 

References  

[1] Reta Angkotasan AM, Nurjaya IW, Natih NMN. 2012. Analisis perubahan garis pantai di pantai barat daya Pulau Ternate, Provinsi 

Maluku Utara. JTPK. 3 (1): 11-22. 

[2] Alesheikh AA, Ghorbanali A, Nouri N. 2007. Coastline change detection using remote sensing. Int J Env Sci Tech. 4 (1): 61-66. 

[3] Ruiz LA, Pardo JE, Almonacid J, Rodriguez B. 2007. Coastline automated detection and multi resolution evaluation using satellite 

images. In Proceedings of Coastal Zone. Portland, Oregon. Vol. 7. 

[4] Sakka, Purba M, Nurjaya IW, Pawitan H, Siregar VP. 2011. Studi perubahan garis pantai di Delta Sungai Jeneberang, Makassar. 

ITKT. 3 (2): 112-126. 

[5] Trujillo AP, Thurman, Harold V. 2008. Essentials of Oceanography. Pearson Prentice Hall, Pearson, Education Inc. New Jersey. 534 

pp. 

[6] Adji, S. H., Putra, R. D., Suhana, M. P., Febrianto, T., & Koenawan, C. J. (2020). Characteristic of sea waves Southern Batam City 

waters-Northen Lingga District waters. Journal of Applied Geospatial Information, 4(2), 367–371. 

https://doi.org/10.30871/jagi.v4i2.1458 

[7] Angkotasan, A. M., Nurjaya, I. W., & Natih, N. M. N. (2012). Analisis Perubahan Garis Pantai di Pantai Barat Daya Pulau Ternate, 

Provinsi Maluku Utara. Jurnal Teknologi Perikanan Dan Kelautan, 3(1), 11–22. https://doi.org/10.24319/jtpk.3.11-22 

[8] Dolan, A. H., & Walker, I. J. (2006). Understanding vulnerability of coastal communities to climate change related risks. Journal of 

Coastal Research. 

[9] Joesidawati, M. I. (2016). Penilaian Kerentanan Pantai di Wilayah Pesisir Kabupaten Tuban Terhadap Ancaman Kerusakan. Jurnal 

Kelautan: Indonesian Journal of Marine Science and Technology, 9(2), 188–198. https://doi.org/10.21107/jk.v9i2.1667 

[10] Khairunnisa, Apdillah, D., & Putra, R. D. (2021). Karakteristik Pasang Surut Di Perairan Pulau Bintan Bagian Timur Menggunakan 

Metode Admiralty. Jurnal Kelautan: Indonesian Journal of Marine Science and Technology, 14(1), 58–69. 

https://doi.org/10.21107/jk.v14i1.9928 

[11] Suhana, M. P. (2016). Analisis Perubahan Garis Pantai di Pantai Timur Pulau Bintan Provinsi Kepulauan Riau [Bogor Agricultural 

University]. http://repository.ipb.ac.id/handle/123456789/82294 

[12] Suhana, M. P., Nurjaya, I. W., & Natih, N. M. (2016). Analisis Kerentanan Pantai Timur Pulau Bintan, Provinsi Kepulauan Riau 

Menggunakan Digital Shoreline Analysis System Dan Metode Coastal Vulnerability Index. Jurnal Teknologi Perikanan Dan 

Kelautan, 7(1), 21–38. https://doi.org/10.24319/jtpk.7.21-38 

[13] Suhana, M. P., Putra, R. D., Shafitri, L. F., & Muliadi, M. (2020). Tingkat Kerentanan Pesisir Di Utara Dan Timur Pulau Bintan 

Provinsi Kepulauan Riau Tahun 2020 the Coastal Vulnerability Level in the North and East Coast of Bintan Island Riau Archipelago 

Province on 2020. 11(1), 11–27. 

[14] USACE. (2003). Coastal Engineering Manual. In Coastal Engineering Manual (Issue August 2001). 

https://doi.org/10.1093/intimm/dxs026 

[15] Wyrtki, K. (1961). Physical Oceanography of the Southeast Asian Waters. Naga Report Volume 2. Scientific Results of Marine 

Investigation of the South China Sea and the Gulf of Thailand 1959-1961. Physical Oceanography of the Southeast Asian Waters. 

Naga Report Volume 2. Scientific Results of Marine Investigation of the South China Sea and the Gulf of Thailand 1959-1961, 195. 

https://doi.org/10.1001/archneur.1994.00540230067015 

[16] Duffield, C & Trigunarsyah, B. (1999). Project Management, Conception to Completion, Engineering Education, Australia. (EEA). 

Australia. 

[17] Dushmanta Dutta. (2011). An integrated tool for assessment of flood vulnerability of coastal cities to sea-level rise and potential 

socio-economic impacts: a case study in Bangkok, Thailand Hydrological Sciences Journal – Journal des Sciences Hydrologiques, 

56(5). 

[18] Faizal Kasim. (2012). Pendekatan Beberapa Metode dalam Monitoring Perubahan Garis Pantai Menggunakan Dataset Penginderaan 

Jauh Landsat dan SIG, Jurnal Ilmiah Agropolitan, Volume 5 Nomor 1 April 2012, ISSN 2089-0036. 

[19] Fazly Amri Mohd, Khairul Nizam Abdul Mauluda, Othman A. Karima, Rawshan Ara Begum, Nor Aslinda Awang, Anizawati Ah-

mad, Wan Ahmad Hafiz Wan Mohamed Azhary, Mohd Khairul Amri Kamarudin, Mokhtar Jaafar, Wan Hanna Melini Wan Mohtara.  

(2019). Comprehensive coastal vulnerability assessment and adaptation for Cherating-Pekan coast, Pahang, Malaysia, Ocean and 

Coastal Management, Volume182,  www.elsevier.com/locate/ocecoaman. 

[20] Fisk, E.R. (1997). Construction Project Administration Fifth Edition. Prentice Hall. New Jersey. 

[21] Flanagan, R & Norman, G. (1993). Risk Management and Construction. Blackwell Science, London. 

[22] Guilherme Clarindo1 & M. T. Reis & C. J. E. M. Fortes & Germán Rodríguez. (2018). Risk assessment of coastal flood in a site of 

special scientific interest, Journal of Coastal Conservation,  22:1157–1166. 

[23] Health and Safety Executive (HSE). (1999). Reducing risks, protecting people, HSEBooks, https://www.hse.gov.uk/managing/the-

ory/r2p2.pdf. 

https://www.hse.gov.uk/managing/theory/r2p2.pdf
https://www.hse.gov.uk/managing/theory/r2p2.pdf


International Journal of Engineering, Science & Information Technology, 2 (2), 2022, pp. 86-99 97 

 

 

[24] International Organization for Standardization, ISO 31000, Risk Management. https://www.iso.org/obp/ui#iso:std:iso:31000:ed-

2:v1:en, 2018. 

[25] International Organization for Standardization, ISO/IEC 31010. (2009) Risk management-Risk assessment techniques, United King-

dom Health and Safety Executive, https://www.iso.org/obp/ui/#iso:std:iec:31010:ed-2:v1:en,fr. 

[26] J. Gault, A.M. O’Hagan, V. Cummins, J. Murphy, T. Vial. (2011). Erosion management in Inch beach, South West Ireland, Ocean 

& Coastal Management, Volume 54,930-94. 

[27] Jasa Marga, Indonesia Highway Corporation. (2021). Teknik dan Metode Evaluasi Risiko, http://app.jasamarga.co.id/bmmr/li-

brary/assets/01a.pdf,  

[28] Johni Miah, Khandaker Tanvir Hossain, Mallik Akram Hossain, Syeda Ishrat Najia. (2020). Assessing coastal vulnerability of Chit-

tagong District, Bangladesh using geospatial techniques, Journal of Coastal Conservation, 24:66, www.doi.org/10.1007/s11852-020-

00784-2. 

[29] K. Sharan Kumar, RM. Narayanan. (2020). Review on construction risk and development of risk management procedural index – A 

case study from Chennai construction sector, Materials Today: Proceedings, www.elsevier.com/locate/matpr. 

[30] Kangari, R. (1995). Risk Management Perceptions and Trends of U.S. Construction. Journal of Construction Engineering and Man-

agement. ASCE. December.M. A. Shubin. (2016). The Destruction of the Foundations of Structures in Coastal Areas of the Volgo-

grad Region, Procedia Engineering   Volume 150, 2232 – 2237, www.elsevier.com/ locate/procedia. 

[31] M.R. Phillips, A.L. Jones. (2006). Erosion and tourism infrastructure in the coastal zone : Problems, consequences and management, 

Tourism Management, Volume 27, 517–524, www.elsevier.com/locate/tourman. 

[32] Martin Schieg. (2006). Risk management in construction project management, Journal of Business Economics and Management, Vol 

VII, No 2, 77–83. 

[33] Mastura Labombang, (2011). Manajemen Risiko dalam Proyek Konstruksi, Jurnal SMARTek, Vol. 9 No. 1, 39 – 46, Pebruari 2011. 

[34] Michigan Department of Tranportation (MDOT. (2021). Pavement Design and Selection, Michigan Departement of Transportation, 

Edisi Juni 24.  

[35] Mohamed E. Hereher. (2015). Coastal vulnerability assessment for Egypt's Mediterranean coast, Geomatics, Natural Hazards and 

Risk, Vol. 6, No. 4, 342–355. 

[36] Naser Ahmed, Newton Howlader, Muhammad Al-Amin Hoque, Biswajeet Pradhan. (2021). Coastal erosion vulnerability assessment 

along the eastern coast of Bangladesh using geospatial techniques, Ocean and Coastal Management, Volume 199, www.else-

vier.com/locate/ocecoaman. 

[37] Nelson Rangel-Buitrago, William J. Neal, Victor N. de Jong. (2020). Risk assessment as tool for coastal erosion management, Ocean 

and Coastal Management, Volume 186, http://www.elsevier.com/locate/ocecoaman. 

[38] Onengiyofori Odimabo, Chike F Oduoza. (2017). Guidelines to Aid Project Managers Conceptualising and Implementing Risk Man-

agement in Building Projects, Procedia Manufacturing 17, 515-522, www.elsevier.com/ locate/procedia. 

[39] Pawel Szymanski. (2017). Risk management in construction projects, Procedia Engineering, Volume 208, 174–182, www. Else-

vier.com/locate/procedia. 

[40] Prerna Jain, Hans J. Pasman, Simon Waldram, E.N. Pistikopoulos, M. Sam Mannan. (2018). Process Resilience Analysis Framework 

(PRAF): A systems approach for improved risk and safety management, Journal of Loss Prevention in the Process Industries, Volume 

18, 61-73. 

[41] Rita Rostika,Noir Primadona Purba, Muhammad Lutfi, Jaya Kelvin, Irfan Silalahi. (2016). The managing plan for abrasion in coastal 

area of Garut Regency, Procedia Environmental Sciences, Volume 33, 512 – 519, www.sciencedirect.com. 

[42] Robby Caspeele, Dan M. Frangopol & Yiannis Tsompanakis. (2020). Life-cycle, risk, resilience and sustainability of civil infrastruc-

ture, STRUCTURE AND INFRASTRUCTURE ENGINEERING, VOL. 16, NO. 4, 517–519. 

[43] Scheving. (2011).A.G, Life Cycle Cost Analysis of Asphalt and Concrete Pavements, Thesis School of Science and Engineering, 

Reykjavík University. 

[44] Shahin, M. Y. (1994). Pavement Management for Airport, Road, andParking Lots, Chapman & Hall. 

[45] Sigit Sutikno. (2011). Analisis Laju Abrasi Pantai Pulau Bengkalis dengan Menggunakan Data Satelit, Jurusan Teknik Sipil, Fakultas 

Teknik, Universitas Riau ssutiknoyk@yahoo.com 

[46] Well-Stam, D Van, et.al. (2004). Project Risk Management: an essential tool for managing and controlling project, Kogan Page, 

London and Sterling VA. 

[47] Susan Drejzaa, Pascal Bernatcheza,Guillaume Mariea, Stéphanie Friesinger. (2019. Quantifying road vulnerability to coastal haz-

ards: Development of a synthetic index, Ocean and Coastal Management, Volume 181. 

[48] Terje Aven. (2016). Risk assessment and risk management : Review of recent advances on their foundation, European Journal of 

Operational Research, www.elsevier.com/locate/ejor. 

[49] Thieler, E.R., Himmelstoss, E.A., Zichichi, J.L., and Ergul, Ayhan. (2009). Digital Shoreline Analysis System (DSAS) version 4.0-

An ArcGIS extension for calculating shoreline change: U.S. Geological Survey Open-File Report 2008- 1278. 

[50] Wideman, Max.R. (1992). Project And Program Risk Management: A Guide To Managing Project Risk Opportunities. Project 

Management Institute. Amerika. 

[51] Xuchao Yang, Lin Lin, Yizhe Zhang, Tingting Ye, Qian Chen,  Cheng Jin, and Guanqiong Y, (2019). Spatially Explicit Assessment 

of Social Vulnerability in Coastal China, Sustainability, https://www.mdpi.com/journal/sustainability, 11, 5075. 

[52] Yaning Qiao, Andrew R. Dawson, Tony Parry, Gerardo W. Flintsc. (2015). Evaluating the effects of climate change on road mainte-

nance intervention strategies and Life-Cycle Costs, Transportation Research Par Angkotasan AM, Nurjaya IW, Natih NMN. 2012. 

Analisis perubahan garis pantai di pantai barat daya Pulau Ternate, Provinsi Maluku Utara. JTPK. 3 (1): 11-22. 

[53] Alesheikh AA, Ghorbanali A, Nouri N. 2007. Coastline change detection using remote sensing. Int J Env Sci Tech. 4 (1): 61-66. 

[54] Ruiz LA, Pardo JE, Almonacid J, Rodriguez B. 2007. Coastline automated detection and multi resolution evaluation using satellite 

images. In Proceedings of Coastal Zone. Portland, Oregon. Vol. 7. 

[55] Sakka, Purba M, Nurjaya IW, Pawitan H, Siregar VP. 2011. Studi perubahan garis pantai di Delta Sungai Jeneberang, Makassar. 

ITKT. 3 (2): 112-126. 

[56] Trujillo AP, Thurman, Harold V. 2008. Essentials of Oceanography. Pearson Prentice Hall, Pearson, Education Inc. New Jersey. 

534 pp. 

[57] Adji, S. H., Putra, R. D., Suhana, M. P., Febrianto, T., & Koenawan, C. J. (2020). Characteristic of sea waves Southern Batam City 

waters-Northen Lingga District waters. Journal of Applied Geospatial Information, 4(2), 367–371. 

https://www.iso.org/obp/ui#iso:std:iso:31000:ed-2:v1:en
https://www.iso.org/obp/ui#iso:std:iso:31000:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iec:31010:ed-2:v1:en,fr
http://app.jasamarga.co.id/bmmr/library/assets/01a.pdf
http://app.jasamarga.co.id/bmmr/library/assets/01a.pdf
http://www.doi.org/10.1007/s11852-020-00784-2
http://www.doi.org/10.1007/s11852-020-00784-2
http://www.elsevier.com/locate/tourman
http://www.elsevier.com/locate/ocecoaman
mailto:ssutiknoyk@yahoo.com
http://www.elsevier.com/locate/ejor


98 International Journal of Engineering, Science & Information Technology, 2 (2), 2022, pp. 86-99 
 

 

https://doi.org/10.30871/jagi.v4i2.1458 

[58] Angkotasan, A. M., Nurjaya, I. W., & Natih, N. M. N. (2012). Analisis Perubahan Garis Pantai di Pantai Barat Daya Pulau Ternate, 

Provinsi Maluku Utara. Jurnal Teknologi Perikanan Dan Kelautan, 3(1), 11–22. https://doi.org/10.24319/jtpk.3.11-22 

[59] Dolan, A. H., & Walker, I. J. (2006). Understanding vulnerability of coastal communities to climate change related risks. Journal 

of Coastal Research. 

[60] Joesidawati, M. I. (2016). Penilaian Kerentanan Pantai di Wilayah Pesisir Kabupaten Tuban Terhadap Ancaman Kerusakan. Jurnal 

Kelautan: Indonesian Journal of Marine Science and Technology, 9(2), 188–198. https://doi.org/10.21107/jk.v9i2.1667 

[61] Khairunnisa, Apdillah, D., & Putra, R. D. (2021). Karakteristik Pasang Surut Di Perairan Pulau Bintan Bagian Timur Menggunakan 

Metode Admiralty. Jurnal Kelautan: Indonesian Journal of Marine Science and Technology, 14(1), 58–69. 

https://doi.org/10.21107/jk.v14i1.9928 

[62] Suhana, M. P. (2016). Analisis Perubahan Garis Pantai di Pantai Timur Pulau Bintan Provinsi Kepulauan Riau [Bogor Agricultural 

University]. http://repository.ipb.ac.id/handle/123456789/82294 

[63] Suhana, M. P., Nurjaya, I. W., & Natih, N. M. (2016). Analisis Kerentanan Pantai Timur Pulau Bintan, Provinsi Kepulauan Riau 

Menggunakan Digital Shoreline Analysis System Dan Metode Coastal Vulnerability Index. Jurnal Teknologi Perikanan Dan 

Kelautan, 7(1), 21–38. https://doi.org/10.24319/jtpk.7.21-38 

[64] Suhana, M. P., Putra, R. D., Shafitri, L. F., & Muliadi, M. (2020). Tingkat Kerentanan Pesisir Di Utara Dan Timur Pulau Bintan 

Provinsi Kepulauan Riau Tahun 2020 the Coastal Vulnerability Level in the North and East Coast of Bintan Island Riau Archipelago 

Province on 2020. 11(1), 11–27. 

[65] USACE. (2003). Coastal Engineering Manual. In Coastal Engineering Manual (Issue August 2001). 

https://doi.org/10.1093/intimm/dxs026 

[66] Wyrtki, K. (1961). Physical Oceanography of the Southeast Asian Waters. Naga Report Volume 2. Scientific Results of Marine 

Investigation of the South China Sea and the Gulf of Thailand 1959-1961. Physical Oceanography of the Southeast Asian Waters. 

Naga Report Volume 2. Scientific Results of Marine Investigation of the South China Sea and the Gulf of Thailand 1959-1961, 195. 

https://doi.org/10.1001/archneur.1994.00540230067015 

[67] Duffield, C & Trigunarsyah, B. (1999). Project Management, Conception to Completion, Engineering Education, Australia. (EEA). 

Australia. 

[68] Dushmanta Dutta. (2011). An integrated tool for assessment of flood vulnerability of coastal cities to sea-level rise and potential 

socio-economic impacts: a case study in Bangkok, Thailand Hydrological Sciences Journal – Journal des Sciences Hydrologiques, 

56(5). 

[69] Faizal Kasim. (2012). Pendekatan Beberapa Metode dalam Monitoring Perubahan Garis Pantai Menggunakan Dataset Penginderaan 

Jauh Landsat dan SIG, Jurnal Ilmiah Agropolitan, Volume 5 Nomor 1 April 2012, ISSN 2089-0036. 

[70] Fazly Amri Mohd, Khairul Nizam Abdul Mauluda, Othman A. Karima, Rawshan Ara Begum, Nor Aslinda Awang, Anizawati 

Ahmad, Wan Ahmad Hafiz Wan Mohamed Azhary, Mohd Khairul Amri Kamarudin, Mokhtar Jaafar, Wan Hanna Melini Wan 

Mohtara.  (2019). Comprehensive coastal vulnerability assessment and adaptation for Cherating-Pekan coast, Pahang, Malaysia, 

Ocean and Coastal Management, Volume182,  www.elsevier.com/locate/ocecoaman. 

[71] Fisk, E.R. (1997). Construction Project Administration Fifth Edition. Prentice Hall. New Jersey. 

[72] Flanagan, R & Norman, G. (1993). Risk Management and Construction. Blackwell Science, London. 

[73] Guilherme Clarindo1 & M. T. Reis & C. J. E. M. Fortes & Germán Rodríguez. (2018). Risk assessment of coastal flood in a site of 

special scientific interest, Journal of Coastal Conservation,  22:1157–1166. 

[74] Health and Safety Executive (HSE). (1999). Reducing risks, protecting people, HSEBooks, https://www.hse.gov.uk/managing/the-

ory/r2p2.pdf. 

[75] International Organization for Standardization, ISO 31000, Risk Management. https://www.iso.org/obp/ui#iso:std:iso:31000:ed-

2:v1:en, 2018. 

[76] International Organization for Standardization, ISO/IEC 31010. (2009) Risk management-Risk assessment techniques, United King-

dom Health and Safety Executive, https://www.iso.org/obp/ui/#iso:std:iec:31010:ed-2:v1:en,fr. 

[77] J. Gault, A.M. O’Hagan, V. Cummins, J. Murphy, T. Vial. (2011). Erosion management in Inch beach, South West Ireland, Ocean 

& Coastal Management, Volume 54,930-94. 

[78] Jasa Marga, Indonesia Highway Corporation. (2021). Teknik dan Metode Evaluasi Risiko, http://app.jasamarga.co.id/bmmr/li-

brary/assets/01a.pdf, 

[79] Johni Miah, Khandaker Tanvir Hossain, Mallik Akram Hossain, Syeda Ishrat Najia. (2020). Assessing coastal vulnerability of Chit-

tagong District, Bangladesh using geospatial techniques, Journal of Coastal Conservation, 24:66, www.doi.org/10.1007/s11852-

020-00784-2. 

[80] K. Sharan Kumar, RM. Narayanan. (2020). Review on construction risk and development of risk management procedural index – 

A case study from Chennai construction sector, Materials Today: Proceedings, www.elsevier.com/locate/matpr. 

[81] Kangari, R. (1995). Risk Management Perceptions and Trends of U.S. Construction. Journal of Construction Engineering and Man-

agement. ASCE. December. 

[82] M. A. Shubin. (2016). The Destruction of the Foundations of Structures in Coastal Areas of the Volgograd Region, Procedia Engi-

neering   Volume 150, 2232 – 2237, www.elsevier.com/ locate/procedia. 

[83] M.R. Phillips, A.L. Jones. (2006). Erosion and tourism infrastructure in the coastal zone : Problems, consequences and management, 

Tourism Management, Volume 27, 517–524, www.elsevier.com/locate/tourman.\ 

[84] Martin Schieg. (2006). Risk management in construction project management, Journal of Business Economics and Management, 

Vol VII, No 2, 77–83. 

[85] Mastura Labombang, (2011). Manajemen Risiko dalam Proyek Konstruksi, Jurnal SMARTek, Vol. 9 No. 1, 39 – 46, Pebruari 2011. 

[86] Michigan Department of Tranportation (MDOT. (2021). Pavement Design and Selection, Michigan Departement of Transportation, 

Edisi Juni 24. 

[87] Mohamed E. Hereher. (2015). Coastal vulnerability assessment for Egypt's Mediterranean coast, Geomatics, Natural Hazards and 

Risk, Vol. 6, No. 4, 342–355. 

[88] Naser Ahmed, Newton Howlader, Muhammad Al-Amin Hoque, Biswajeet Pradhan. (2021). Coastal erosion vulnerability assess-

ment along the eastern coast of Bangladesh using geospatial techniques, Ocean and Coastal Management, Volume 199, www.else-

vier.com/locate/ocecoaman. 

https://www.hse.gov.uk/managing/theory/r2p2.pdf
https://www.hse.gov.uk/managing/theory/r2p2.pdf
https://www.iso.org/obp/ui#iso:std:iso:31000:ed-2:v1:en
https://www.iso.org/obp/ui#iso:std:iso:31000:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iec:31010:ed-2:v1:en,fr
http://app.jasamarga.co.id/bmmr/library/assets/01a.pdf
http://app.jasamarga.co.id/bmmr/library/assets/01a.pdf
http://www.doi.org/10.1007/s11852-020-00784-2
http://www.doi.org/10.1007/s11852-020-00784-2
http://www.elsevier.com/locate/tourman


International Journal of Engineering, Science & Information Technology, 2 (2), 2022, pp. 86-99 99 

 

 

[89] Nelson Rangel-Buitrago, William J. Neal, Victor N. de Jong. (2020). Risk assessment as tool for coastal erosion management, Ocean 

and Coastal Management, Volume 186, http://www.elsevier.com/locate/ocecoaman. 

[90] Onengiyofori Odimabo, Chike F Oduoza. (2017). Guidelines to Aid Project Managers Conceptualising and Implementing Risk 

Management in Building Projects, Procedia Manufacturing 17, 515-522, www.elsevier.com/ locate/procedia. 

[91] Pawel Szymanski. (2017). Risk management in construction projects, Procedia Engineering, Volume 208, 174–182, www. Else-

vier.com/locate/procedia. 

[92] Prerna Jain, Hans J. Pasman, Simon Waldram, E.N. Pistikopoulos, M. Sam Mannan. (2018). Process Resilience Analysis Framework 

(PRAF): A systems approach for improved risk and safety management, Journal of Loss Prevention in the Process Industries, Vol-

ume 18, 61-73. 

[93] Rita Rostika,Noir Primadona Purba, Muhammad Lutfi, Jaya Kelvin, Irfan Silalahi. (2016). The managing plan for abrasion in coastal 

area of Garut Regency, Procedia Environmental Sciences, Volume 33, 512 – 519, www.sciencedirect.com. 

[94] Robby Caspeele, Dan M. Frangopol & Yiannis Tsompanakis. (2020). Life-cycle, risk, resilience and sustainability of civil infra-

structure, STRUCTURE AND INFRASTRUCTURE ENGINEERING, VOL. 16, NO. 4, 517–519. 

[95] Scheving. (2011).A.G, Life Cycle Cost Analysis of Asphalt and Concrete Pavements, Thesis School of Science and Engineering, 

Reykjavík University. 

[96] Shahin, M. Y. (1994). Pavement Management for Airport, Road, andParking Lots, Chapman & Hall. 

[97] Sigit Sutikno. (2011). Analisis Laju Abrasi Pantai Pulau Bengkalis dengan Menggunakan Data Satelit, Jurusan Teknik Sipil, Fakultas 

Teknik, Universitas Riau ssutiknoyk@yahoo.com. 

[98] Well-Stam, D Van, et.al. (2004). Project Risk Management: an essential tool for managing and controlling project, Kogan Page, 

London and Sterling VA. 

[99] Susan Drejzaa, Pascal Bernatcheza,Guillaume Mariea, Stéphanie Friesinger. (2019. Quantifying road vulnerability to coastal hazards: 

Development of a synthetic index, Ocean and Coastal Management, Volume 181. 

[100] Terje Aven. (2016). Risk assessment and risk management : Review of recent advances on their foundation, European Journal of 

Operational Research, www.elsevier.com/locate/ejor. 

[101] Thieler, E.R., Himmelstoss, E.A., Zichichi, J.L., and Ergul, Ayhan. (2009). Digital Shoreline Analysis System (DSAS) version 4.0-

An ArcGIS extension for calculating shoreline change: U.S. Geological Survey Open-File Report 2008- 1278. 

[102] Wideman, Max.R. (1992). Project And Program Risk Management: A Guide To Managing Project Risk Opportunities. Project 

Management Institute. Amerika. 

[103] Xuchao Yang, Lin Lin, Yizhe Zhang, Tingting Ye, Qian Chen,  Cheng Jin, and Guanqiong Y, (2019). Spatially Explicit Assessment 

of Social Vulnerability in Coastal China, Sustainability, https://www.mdpi.com/journal/sustainability, 11, 5075. 

[104] Yaning Qiao, Andrew R. Dawson, Tony Parry, Gerardo W. Flintsc. (2015). Evaluating the effects of climate change on road mainte-

nance intervention strategies and Life-Cycle Costs, Transportation Research Part D, Volume 41, 492–503, www.elsevier.com/ lo-

cate/trd. 

[105] You Dong, Mitsuyoshi Akiyama, Dan M. Frangopol & Yiannis Tsompanakis. (2021). Risk- resilience and sustainability-informed 

assessment and management of civil infrastructure in a life-cycle context, STRUCTURE AND INFRASTRUCTURE ENGINEER-

ING, VOL. 17, NO. 4, 441–442.t D, Volume 41, 492–503, www.elsevier.com/ locate/trd. 

[106] You Dong, Mitsuyoshi Akiyama, Dan M. Frangopol & Yiannis Tsompanakis. (2021). Risk- resilience and sustainability-informed 

assessment and management of civil infrastructure in a life-cycle context, STRUCTURE AND INFRASTRUCTURE ENGINEER-

ING, VOL. 17, NO. 4, 441–442.  

 

http://www.elsevier.com/locate/ocecoaman
mailto:ssutiknoyk@yahoo.com
http://www.elsevier.com/locate/ejor

