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Abstract
Contractor’s all-risk (CAR) insurance is widely used in construction. Although it 
constitutes a small fraction of the global insurance sector, it records higher claims than 
other types of insurance. Therefore, identifying the root cause or origin of potential losses 
is pivotal. This study aims to map CAR insurance risks based on historical data from 
the policies and claims of two major Indonesian insurance firms. This study employed 
descriptive statistics to summarize the frequency and characteristics of claim values 
for each risk and the Mann–Whitney and Kruskal–Wallis tests to determine significant 
differences in claim values among several attributes. The Shapiro–Wilk test was used 
to assess data normality. Of the 76 identified risks based on previous studies, 15 led to 
CAR claims, with six risks accounting for 77% of the overall claim values. Most risks 
causing substantial claims are attributed to natural and man-made disasters. While the 
geographical area (Java and outside Java island) emerged as a determining factor in claim 
values, no significant differences in normalized claim values were found for different 
stages of work progress (<25%, 25% to 50%, >50% to 75%, >75%) or types of construction 
projects (infrastructure, building, and industrial). This study acknowledges the limitations 
arising from the incompleteness of the data. Despite these limitations, this study can pave 
the way for further research, such as examining the influence of project characteristics 
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on the likelihood of claims and quantifying these characteristics to help calculate the premium value of 
CAR insurance.
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Claim; Contractor’s All-Risk Insurance; Frequency; Severity; Indonesia

Introduction
Construction projects are inherently exposed to risks that can prevent them from attaining their objectives, 
negatively impacting all involved parties, the projects themselves, and the construction industry (El-
Adaway and Kandil, 2010). Generally, construction risks are borne by the contractor unless specified as the 
project owner’s risks. The greater the complexity and difficulty encountered in construction projects, such 
as challenging site conditions, adverse weather conditions, utility conflicts, and complex structural designs, 
the higher the associated project risks the contractor must manage. Therefore, proactive risk management at 
each stage of construction is imperative to mitigate the escalation of negative impacts and maintain control 
over the project.

Risk management is a systematic approach to anticipating potential losses, incorporating measures such 
as early warnings, safety protocols, and risk control procedures (Vaughan and Vaughan, 1994; Bunni, 2003). 
It encompasses planning, leadership, coordination, and control to mitigate the impact of potential losses on 
resources, income, and cash flow (Werner, 1999). Risk management uses various strategies, including risk 
avoidance, mitigation, retention, and transfer through insurance or contractual means (Ahmed and Azhar, 
2004; Akinradewo, et al., 2022). Risk transfer, a common strategy, involves shifting the risk burden to a third 
party, typically an insurance company, to mitigate the financial impact of potential losses, with the insured 
party receiving compensation (Levine and Haar, 2008; Cho, 2013).

Various types of insurance are prevalent within the construction sector, including engineering, 
professional indemnity, and workers’ compensation insurance. Engineering insurance typically comprises 
three primary parts: construction, inherent defect, and operational insurance. Engineering insurance 
constitutes 3% and 4% of the global insurance market [Asosiasi Asuransi Umum Indonesia (AAUI), 2022].

Construction insurance comprises approximately 40% to 45% of the total engineering insurance sector, 
representing approximately 1.5% of the global insurance market (Dieter, 2021). Despite its relatively small 
share, construction insurance accounts for a higher percentage of claims value than other insurance types. 
Claims within construction insurance typically occur in 60% to 70% of policies, while property insurance 
claims generally fall between 28% and 32% (Dieter, 2021; AAUI, 2022). The higher percentage of claims in 
construction insurance often leads to insurance companies paying out more in claims than they receive in 
premiums.

The situation described above was further aggravated by shifts in the global insurance market mainly 
due to the impact of the COVID-19 pandemic. This led to a notable increase in construction claims. 
Consequently, many projects underwent review, postponement, or cancellation due to concerns regarding 
their commercial feasibility and a significant rise in insurance costs. This escalation was driven by the 
withdrawal of several insurance companies from the construction insurance market (AON, 2021; Marsh, 
2021; Willis Tower Watson, 2021). Substantial losses were often incurred because the construction and 
insurance industries relied solely on intuition and experience to analyze risks and determine premium values 
(Lyons and Skitmore, 2004; Öztaş and Ökmen, 2004; Shapiro, 2007; Laryea, 2008).

In risk management, identifying the root cause or origin of potential losses, whether from natural or 
artificial events, commonly referred to as perils in the insurance industry, is pivotal. Construction all-risk 
insurance is a widely used type of construction insurance available on the market. In principle, construction 
all-risks cover all risks of loss or damage to the construction field, materials, temporary work, and anything 
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else brought to the site by the contractor, hence its designation as “all-risk” insurance (Perera, Rathnayake 
and Rameezdeen, 2008; Musundire and Aigbavboa, 2015; Martina and Kumar, 2018). Furthermore, 
construction all-risk insurance can be divided into several types of insurance, including “contractor’s all-risk” 
(CAR), “erection all-risk,” “plant all-risk,” “industry all-risk,” and, in a broader scope, “combined all-risk” or 
“owner-controlled insurance program.” This study is limited solely to contractor’s all-risk.

Numerous studies have dealt with CAR as a risk mitigation tool, each focusing on different aspects 
(Harkness and Hassanain, 2002; Liu, et al., 2007; Liu, Lin and Feng, 2018; Ibrahim, Mat Nor and 
Raja Hisham, 2021; Ekpo and Oladokun, 2023; Zhou, et al., 2023). Several articles have explored risk 
identification for construction projects (Suraji, Duff and Peckitt, 2001; Hardjomuljadi, 2014; Jayasudha 
and Vidivelli, 2016; Hatmoko, Astuti and Farania, 2021); however, they do not specifically address the risks 
covered by CAR insurance. Only a handful of prior studies have examined construction insurance, although 
none has analyzed the frequency and severity of CAR claims stemming from various risks.

CAR insurance covers all risks during the construction period from the start to the handover of 
construction work (Kim, Kim and Ahn, 2020). However, CAR insurance has a dynamic nature that aligns 
with changes in project progress and the potential for increased exposure value during the construction 
period. Therefore, it is essential to understand the risk events that occur frequently and have the most 
significant impact on project progress. Furthermore, while CAR insurance can cover any damage or 
loss that occurs across various types of projects (Perera, Rathnayake and Rameezdeen, 2008; Musundire 
and Aigbavboa, 2015; Martina and Kumar, 2018), it is essential to understand the characteristics of the 
frequency and value of construction risk claims that most frequently arise in the different types of projects.

This study aims to map the risks that CAR can cover based on historical data from insurance firms in 
Indonesia to determine and analyze construction risks with a high frequency of occurrence that can lead to 
significant losses. Risk occurrence determines the frequency, while losses indicate the severity, expressed as 
each risk’s claim value. This study represents one of the first attempts to map risks using historical claim data 
for CAR insurance.

Indonesia was chosen as a case study for several reasons. First, its construction sector consistently 
contributes approximately 10% to the country’s gross domestic product (GDP), positioning it among the 
top five GDP contributors (Badan Pusat Statistik Indonesia, 2023). The Indonesian construction market 
is also one of the largest in Asia. However, Indonesia’s geographical position within the “Ring of Fire” 
makes it highly vulnerable to natural disasters such as earthquakes, floods, landslides, tsunamis, volcanic 
eruptions, coastal abrasion, and forest fires. For instance, over the past decade (2014–2023), Indonesia has 
experienced 8,307 flood incidents, 7,376 flood and landslide occurrences, 8,548 tornadoes, 352 earthquakes, 
and 136 volcanic eruptions (The National Agency for Disaster Management, 2023). In Indonesia, 
the effectiveness of CAR insurance in transferring potential risks is 72.54% (Perera, Rathnayake and 
Rameezdeen, 2008; Musundire and Aigbavboa, 2015).

This study significantly contributes to the construction sector and insurance companies by helping 
to mitigate, prevent, and reduce the impact of construction risks and their associated claim values. By 
identifying these risks, construction and insurance firms can more accurately assess the likelihood of these 
risks occurring and estimate potential damages. This analysis is essential for determining appropriate 
insurance premiums and coverage limits.

Additionally, recognizing specific risks allows construction firms to collaborate effectively with insurance 
companies to tailor their coverage, ensuring they are protected against the most relevant risks, as insurance 
policies usually define the risks they cover. As a result, construction firms can select policies that align with 
their unique needs and risk profiles. At the same time, insurance companies can better manage their losses 
and maintain their viability in the construction insurance market. This paper is organized as follows. The 
next section provides a background on construction insurance and risk identification based on previous 
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studies. The subsequent section explains the quantitative methods used in this study, followed by an analysis 
and discussion of the results. Finally, conclusions are drawn based on the findings.

Literature review
Construction risks are usually divided into two main categories: financial and operational risks. Financial 
risks include payment delay, exchange rate, interest rate, credit risk, funding, and cash flow constraints, 
which can influence the construction process. The operational risks include site conditions and 
environmental risks, health and safety risks, labor risks, resource and equipment availability risks, and supply 
chain disruption risks.

Previous literature has examined risk grouping, the general types of construction risk, and specific risks 
in infrastructure and building projects (Ryu, Son and Kim, 2016; Kim, et al., 2019). A hierarchical risk 
structure has also been compiled by Tah and Carr (2001). For instance, Owusu-Manu, et al. (2020) explored 
construction risk by gathering opinions from the construction and insurance industries regarding insurable 
and non-insurable risks.

Disasters caused by human actions can lead to substantial losses, although the losses are typically lower 
than those from natural disasters (Perera, Rathnayake and Rameezdeen, 2008). Workers play an essential 
role in construction. Factors such as labor shortages; an unskilled, untrained, or undisciplined workforce; 
and workers with low productivity are often obstacles that pose high risks for contractors. Disputes and 
labor strikes also present risks, frequently resulting in project delays (Hardjomuljadi, 2014; Jayasudha and 
Vidivelli, 2016; Khan and Gul, 2017; Husin, et al., 2019; Hatmoko, Astuti and Farania, 2021).

Risks arising from material and construction equipment create delays and cost overruns (Suraji, Duff 
and Peckitt, 2001; Hardjomuljadi, 2014; Jayasudha and Vidivelli, 2016; Ryu, Son and Kim, 2016; Mirkovic, 
2018; Owusu-Manu, et al., 2020; Hatmoko, Astuti and Farania, 2021). Environmental and occupational 
health and safety (OHS) risks emerge from internal and external project activities (Howard, 2005; 
Gangolells, et al., 2009; Ewelina and Mikaela, 2011; Hardjomuljadi, 2014; Jayasudha and Vidivelli, 2016). 
Inadequate OHS supervision can lead to health problems, accidents, and third-party property damage 
(Camino López, et al., 2008; Perera, Rathnayake and Rameezdeen, 2008; Jayasudha and Vidivelli, 2016; 
Khan and Gul, 2017; Li, et al., 2017; Owusu-Manu, et al., 2020, 2021).

Design-related risks can be divided into technical risks (Shen, Wu and Ng, 2001; Jayasudha and Vidivelli, 
2016; Khan and Gul, 2017) and nontechnical risks (Flyvbjerg, Holm and Buhl, 2006; Jayasudha and 
Vidivelli, 2016). Both types of risks can lead to project failure. If these risks are not adequately managed, the 
process and competition between bidders can threaten all of the parties involved in the construction project 
( Jayasudha and Vidivelli, 2016). After the tender winner is selected, the contract stage continues, which 
carries significant risks in construction (Hardjomuljadi, 2014; Zhao, Hwang and Phng, 2014; Jayasudha and 
Vidivelli, 2016).

According to the literature mentioned above, only a few studies (Bunni, 2003; Jayasudha and Vidivelli, 
2016; Hatmoko and Farania, 2021) have analyzed the risk factors covered by insurance; however, these 
studies did not specifically focus on CAR insurance. Recently, studies regarding the frequency of claims, the 
value of risk events that cause claims, and the type and location of projects that influence the occurrence 
of claims are severely limited. Analyzing these causal factors is crucial for estimating adverse risks and 
providing valuable insights for all stakeholders.

Research methodology
Building upon prior studies (Suraji, Duff and Peckitt, 2001; Hardjomuljadi, 2014; Jayasudha and Vidivelli, 
2016; Owusu-Manu, et al., 2020), this study identified 76 construction risks, as detailed in Table 1. It 
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adopted a quantitative approach, employing statistical descriptive analyses of historical CAR policy and 
claim data. In this paper, quotation marks denote terms referring to the identified risks.

DATA COLLECTION

The first stage involved collecting, reviewing, and filtering data. Data on all CAR claims were collected from 
two large insurance firms in Indonesia, covering 2012 to 2022. This dataset comprises 3,509 entries on CAR 
policies and 1,437 CAR claim payments. The data underwent rigorous review and filtering based on specific 
criteria to ensure data quality. These criteria included ensuring that the minimum project value exceeded 
IDR 50 billion (with USD 1 approximately equivalent to IDR 15,000), verifying data reasonability, 
eliminating duplications, and confirming that the policy coverage period concluded before 2022. A project 
value cutoff of IDR 50 billion was chosen, as claims below this threshold had a relatively low frequency 
(8.5%) compared to those above. In contrast, claims for projects above this value accounted for 63.6% of 
the total claims. After applying these filters, the final dataset comprised 1,808 policies and 1,150 claims 
subjected to further analysis. Table 2 provides a summary of the claim data.

Table 1.	 Construction risks based on previous literature.

Code Risk

R1 Topography conditions

R2 Geological conditions

R3 Groundwater conditions

R4 Unexpected physical conditions

R5 Delayed land acquisition by the project owner

R6 Hurricanes and storms

R7 Heavy rain, lightning, and flooding

R8 Earthquakes, volcanic eruptions, and tsunamis

R9 Landslides

R10 Robbery and theft on-site

R11 Fire and explosion

R12 Riots, strikes, demonstrations, and civil unrest

R13 War, civil war, and terrorism

R14 Labor disputes

R15 Labor strike

R16 Shortage of skilled workers, low productivity, inefficiency, and poor worker quality

R17 Lack of discipline among workers

R18 Damage of materials/equipment during the shipping or installation process

R19 Damage of materials/equipment due to accidents or disaster

R20 Damage to materials/equipment due to water, leaks, or seepage
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Code Risk

R21 Delay in delivery of materials or equipment

R22 Materials or equipment availability

R23 Increase in material prices or unrealistic variations in material cost

R24 Poor quality and low-grade materials

R25 Mistakes in selecting inappropriate or failed materials and equipment

R26 Unproductive equipment

R27 Waste of materials by workers

R28 Failure in machine testing or installation

R29 Industrial contamination, seepage, and pollution

R30 Contamination due to nuclear, radioactive, chemical, biological, biochemical reactions, 
and electromagnetic weapons

R31 Cultural differences at the project site

R32 Security disturbances from residents around the project site

R33 Health disturbances

R34 Worker accidents, involvement of experts in the project, and project owner

R35 Property damage by third parties

R36 Damage due to vibration, settlement, collapse, loss, or weakening of supports

R37 Inaccurate feasibility study of the project

R38 Market demand that does not meet expectations

R39 Competition between similar projects

R40 Inadequate soil and site investigation

R41 Design errors, omissions, and failures (including uncoordinated design)

R42 Inconsistency between the Bill of Quantities, drawings, and specifications

R43 Design changes by the consultant

R44 The planner fails to follow up on design and changes that occur.

R45 Insufficient tender time

R46 Unfair process by tender

R47 Competition in pricing results in meager construction costs

R48 Lack of experience in tender pricing

R49 Ambiguity in the contract documents

R50 Inappropriate contract document verification process

R51 Contractual violation by project partner

Table 1.	 continued
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Code Risk

R52 Delayed dispute resolution

R53 Difference between actual volume and contract volume

R54 Poor management changes and leadership style

R55 Undocumented change orders

R56 Inadequate construction program planning

R57 Poor field management and supervision

R58 Delays in approval of drawings, instructions, and responses from the client

R59 Poor communication between parties causes disruptions, disputes, or delays.

R60 Changes in the scope of work

R61 Inconsistent design plans and modifications during implementation

R62 Changes in the type and specifications of materials during construction

R63 Delay or suspension of work by the project owner

R64 A tight project schedule and time allocation necessitate acceleration.

R65 Delay in completing the work by the contractor

R66 Difficult access to the site

R67 Implementation of new technology

R68 Poor quality of work

R69 Delay in payment by the client

R70 Delay in payment by the contractor

R71 Inaccurate project planning and budgeting

R72 Increase in labor wages, material prices, or equipment rental costs

R73 Funding shortages, loan cancellations

R74 Changes in laws and government regulations

R75 Complex approval and licensing procedures

R76 Monetary instability (inflation, interest rate fluctuations, exchange rate fluctuations)

Source: Suraji, Duff and Peckitt (2001), Hardjomuljadi (2014), Jayasudha and Vidivelli (2016), Owusu-Manu, et al. (2020).

RISK GROUPING AND DATA ANALYSIS

In the second stage, risks were mapped by the following attributes: the progress of work, project types, 
project locations, and causal factors. Risks were categorized according to the four stages of work 
progress: <25%, 25% to 50%, >50% to 75%, and >75%. This classification was determined by considering 
potential risk variations and their impact on loss across different stages of construction. Risks were classified 
into three project types: infrastructure, general building, and industrial, as other project types entail 
varying levels of difficulty and complexity. Location characteristics significantly influence risks, leading 

Table 1.	 continued
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to the grouping of risks based on project locations: Java and areas outside the Java Island. Risks were also 
categorized into two groups based on their causes: “natural disasters” and “man-made disasters,” which 
include “human-related losses,” “material and equipment-related losses,” and “supervision and safety-related 
losses.”

The identified risks were categorized into four groups: risks with low frequency and slight loss value 
(the first quadrant), risks with low frequency and high claim rates (the second quadrant), risks with high 
frequency and high claim rates (the third quadrant), and risks with high frequency and low claim rates (the 
fourth quadrant). The size of each bubble represents the aggregate claim value for the respective risk, with 
larger bubbles indicating a more substantial aggregate claim value. Pareto’s Law was applied to identify risks 
significantly impacting the total claim values.

Data were analyzed using descriptive and inferential statistics. Descriptive statistics summarized the 
frequency and characteristics of claim values for each risk, presenting central tendency measures such as 
mean and median, dispersion measures like standard deviation, range (minimum and maximum values), and 
skewness and kurtosis—measures indicating the data symmetry and tail distribution relative to a standard 
curve.

A hypothesis was tested for inferential analysis to determine whether significant differences in risk claim 
values among different attributes exist. The claim values were normalized by project value to neutralize the 
effect of project size. The Shapiro-Wilk normality test (Kvam and Vidakovic, 2007) was used to assess the 
data distribution, facilitating the selection of parametric and nonparametric inferential analysis based on 
normality. This study adopted a conventional 5% significance level for hypothesis testing. All computations 
were conducted using IBM SPSS Statistics Version 26 (IBM Corp., 2019).

INTERPRETATION AND DISCUSSION

The results of the data analysis were interpreted in the third stage, leading to a comprehensive discussion of 
the findings and their practical implications. Based on the findings, conclusions and suggestions for further 
research were drawn. Figure 1 illustrates the methodological framework of this study.

Results and discussion

FREQUENCY AND SEVERITY ANALYSIS

Of the 76 identified construction risks, 15 (19.7%) resulted in CAR claims. However, the frequency of 
claims with “no identified cause” was relatively high at 7.4% primarily due to poor database recording 
systems. Many claims had no record of the cause and did not have a complete chronology of events, making 
it impossible to determine the cause of the claim.

Table 2.	 Policy and claim data.

Description Total number of policies Number of claims

Original data obtained 3,509 1,437

Project value below IDR 50 billion 1,349 114

Duplicates and unclear 125 129

Premium outside the coverage period 227 44

Useful data 1,808 1,150
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Table 3 presents the descriptive statistics for each risk that resulted in the claim. Six of the 76 identified 
risks accounted for 77% of the total claim values. Among these, three risks were situated in the third 
quadrant, two in the second quadrant, and one in the fourth quadrant. These six risks encompass “hurricanes 
and storms,” “poor quality of work,” “heavy rain, lightning, and flooding,” “landslides,” “fire, explosion, short 
circuit, and power failure,” and “material or equipment damage due to accidents or disasters.”

“Hurricanes and storms” caused the most significant economic losses, with enormous consequences for 
individuals and the government. The necessity for repairs due to this disaster usually incurs considerable 
expense (Stewart, 2003; Kunreuther and Pauly, 2006; Tatum and Terrell, 2012). This risk exhibits the highest 
single claim value among all the risks, amounting to IDR 138 billion (USD 9.2 million), and the second-
largest aggregate claim value, totaling IDR 255 billion (USD 17 million). While hurricanes and storms are 
infrequent, their occurrence carries a substantial impact. The highest claim values recorded were associated 
with an infrastructure project undertaken by public companies in a rural area outside the island of Java.

“Heavy rain, lightning, and flooding” represent the highest aggregate claim value risks, totaling IDR 
471 billion (USD 31 million), and the second-highest frequency, with 143 recorded events. This finding 
aligns with research from Yum, et al. (2020) , which used rainfall and flooding to assess the risks associated 
with natural catastrophes. Heavy rain and flooding result in work delays and the inundation of project 
sites. Furthermore, these phenomena give rise to additional hazards, such as landslides, equipment damage, 
and other risks, including delays and cost overruns. Despite the widespread occurrence and potential for 
substantial losses caused by rainfall and flooding, stakeholders often ignore risk mitigation strategies.

“Landslides” can be triggered by various factors, including human activities such as land use, excavation, 
and stockpiling. Additionally, geological conditions, earthquakes, and climate change can lead to heavy 
rainfall and floods (Bommer, et al., 2002; Wiguna and Scott, 2005; Hardjomuljadi, 2014; Froude and 
Petley, 2018). Recent climate change has contributed to an increase in the frequency of landslides, a trend 
substantiated by historical data, which show that landslides rank third in terms of both frequency and claim 
value per event. However, fatal landslides also result from human activities related to construction, mining, 
and hill cutting. These incidents occur due to a lack of robust feasibility assessments.

“Fire, explosion, short circuit, and power failure” are the main hazards in building construction and can 
potentially result in significant losses. These risks usually emerge after the completion of the substructure 
work and persist until the project’s handover. Incidents may be caused by sparks igniting flammable 
materials, equipment malfunctions, and substances stored at the project site. Additionally, this risk can lead 
to other events, such as building collapse and fatalities. Ranked fourth in the aggregate claim value, it closely 
rivals “hurricanes and storms.” The highest claim value for “fire and explosion” incidents is IDR 41 billion 
(USD 2.7 million), surpassing the most significant claim from “landslides” (IDR 17.5 billion or USD 
1.2 million).

Collecting CAR
Policy and Claim Data

Reviewing and 
Filtering Data

project value under IDR 50 billion

premium still in the coverage period

duplicate, unclear, and ambiguous data

Data Mapping based on 
Risk Events

quadrant analysis

Discussion the Findings Conclusion and Further Research

Frequency and Value 
of Claim analysis

Descriptive & 
Inferential Statistic 

Analysis

1st STAGE

2nd STAGE

3rd STAGE

project characteristic 
analysis

Figure 1.	 Research methodological framework.
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“Poor quality of work” results in damage and accidents during construction, encompassing issues such 
as concrete cracks, building collapses, damage from improper installation, and accidental harm. Notably, 
a single claim amounting to IDR 100 billion ranked as the second-highest single claim, while the mean 
value of “poor quality of work” claims stood as the third-highest at IDR 3.5 billion. While CAR insurance 
does not directly cover this risk, insurance policies may be tailored to address poor-quality artistry. Finally, 
“material or equipment damage due to accidents or disasters” exhibits the highest frequency of occurrence at 
222 events.

Based on the claim data, “material or equipment damage due to accidents or disasters” refers to the harm 
inflicted on equipment because of collisions with materials and instances where equipment fails because of 
excessive loads. This category also includes damage to underground materials and mechanical and electrical 
systems. Losses stemming from “property damage caused by third parties” are influenced by structural 
integrity, foundation stability, flooding incidents, and insurance coverage. These risks can lead to many 

Table 3.	 Risk frequency and claims analysis.

Code Risk Frequency Aggregate 
of Claim 

Value

Claim Value Skewness Kurtosis

Mean Median Standard 
Deviation

Min. Max.

No. (%) (in IDR billion)

R2 Geological conditions 14 1.22 96.426 6.888 0.846 18.007 0.0002 67.874 3.45 12.28

R6 Hurricanes and storms 37 3.22 255.110 6.895 0.200 23.157 0.0068 138.05 5.35 30.54

R7 Heavy rain, lightning, and flooding 143 12.43 471.368 3.296 0.354 8.231 0.0009 62.153 4.74 27.30

R8 Earthquakes, volcanic eruptions, 
and tsunamis

20 1.74 40.205 2.010 0.166 4.768 0.0224 16.20 2.80 6.71

R9 Landslides 133 11.57 231.235 1.739 0.496 3.100 0.0030 17.50 2.78 7.98

R10 Robbery and theft on-site 100 8.70 26.167 0.262 0.077 0.623 0.0015 4.397 5.04 27.60

R11 Fire, explosion, short circuit, and 
power failure

69 6.00 230.755 3.344 0.345 8.408 0.0057 41.56 3.55 12.58

R12 Riots, strikes, demonstrations, and 
civil unrest

8 0.70 4.570 0.571 0.038 1.112 0.0089 3.140 2.25 4.99

R18 Damage of materials/equipment 
during the shipping or installation 

process

27 2.35 62.086 2.299 0.160 6.967 0.0002 35.58 4.54 21.93

R19 Damage of materials/equipment 
due to accidents or disasters

222 19.30 186.870 0.842 0.130 2.208 0.0001 22.96 6.26 52.21

R20 Damage to materials/equipment 
due to water, leaks, or seepage

77 6.70 103.611 1.346 0.139 5.520 0.0003 47.40 7.89 65.99

R28 Failure in machine testing or 
installation

31 2.70 58.259 1.879 0.206 3.613 0.0009 15.58 2.58 6.76

R35 Property damage by third parties 124 10.78 78.140 0.630 0.053 3.080 0.0007 33.60 10.17 109.10

R36 Damage due to vibration, 
settlement, collapse, loss, or 

weakening of supports

7 0.61 1.392 0.199 0.026 0.457 0.0021 1.23 2.63 6.94

R68 Poor quality of work 53 4.61 188.145 3.550 0.217 14.107 0.0005 100.42 6.527 44.915

R99 Unidentified 85 7.39 82.141 0.966 0.097 3.354 0.0003 26.97 6.215 44.570

 Totals 1150 100 2,116.480      
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issues, including compensation for incurred expenses, the suspension of construction activities, and potential 
administrative penalties. Ultimately, these consequences contribute to diminished productivity, financial 
losses, and damage to the company’s reputation ( Jayasudha and Vidivelli, 2016; Ahn, Kim and Kim, 2020).

The highest claim within the “material or equipment damage due to accidents or disasters” amounted to 
IDR 22.9 billion, recorded on a large construction project in an urban area on the island of Java. In second 
place, a rural infrastructure project on the island of Java experienced a loss of IDR 14.7 billion. However, the 
available data lacked detailed information concerning the type of construction firm involved and the specific 
cause of the claims.

NONPARAMETRIC TEST RESULTS

The Shapiro–Wilk test results indicate that project sizes, claim values, and normalized claim values deviate 
from a normal distribution at the 5% significance level (p < 0.0005). In Table 3, the skewness of claim values 
for each risk exceeds 2.0 (positively skewed), while the kurtosis value surpasses 5.0 (leptokurtic). High 
skewness and kurtosis values suggest the presence of outliers, highlighting the significance of extreme risks 
for insurance companies to consider. Based on these statistics, each risk was plotted into the four quadrants 
based on frequency and claim values, as illustrated in Figure 2. The mapping used the median values for 
frequency and claim as crosshairs because the data were not normally distributed.
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Figure 2.	 Quadrant analysis of risk frequency and median claim value.

The Kruskal–Wallis tests reveal statistically significant differences in the claim values and normalized 
claim values for these six risks at the 5% significance level, with p < 0.0005 for each. Therefore, a post hoc 
analysis employing the Mann–Whitney test was conducted to ascertain specific differences among the risks. 
Concerning normalized claim values, the test results demonstrated significant differences solely between 
“material or equipment damage due to accidents or disasters” and “landslides” (p = 0.048), between “material 
or equipment damage due to accidents or disasters” and “heavy rain, lightning, and flooding” (p < 0.0005), 
and between “material or equipment damage due to accidents or disasters” and “fire, explosion, short circuit, 
and power failure” (p < 0.0005). These significance values were adjusted by the Bonferroni correction for 
multiple tests. Conversely, in terms of claim values, notable differences were observed between “material or 
equipment damage due to accidents or disasters” (median = IDR 130 million) and “landslides” (median = 
IDR 496 million, p < 0.0005) and between “material or equipment damage due to accidents or disasters” and 
“heavy rain, lightning, and flooding” (median = IDR 354 million, p < 0.0005).
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The Kruskal–Wallis test also suggests differences in claim values (p = 0.026) and normalized claim values 
(p = 0.047) across various stages of work progress. A post hoc analysis employing the Mann-Whitney 
test, with significance values adjusted using the Bonferroni correction for multiple tests, was conducted to 
pinpoint specific variations. Concerning claim values, a significant difference was observed between project 
stages below 25% and above 75% (p = 0.019). The median claim values for the former (IDR 958 million) 
were markedly higher than those for the latter (IDR 182 million). However, this difference appears to 
be influenced by the project’s scale. Regarding normalized claim value—claim values divided by their 
corresponding project sizes—the Mann–Whitney test revealed no differences across work progress stages, 
with all p-values exceeding 0.05. Figures 3 and 4 show the frequency of occurrence and risk claim values 
based on the work progress.
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Figure 3.	 Claim frequency based on work progress.
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Figure 4.	 Claim value per event based on work progress.

Furthermore, the Kruskal–Wallis test results indicate a significant difference in claim values (p = 
0.003) and normalized claim values among various project types. Specifically, this difference is evident in 
infrastructure and building projects (p = 0.003), while no notable difference exists between industrial and 
building projects (p = 1.000) or between industrial and infrastructure projects (p = 0.249). The variance in 
project sizes can elucidate this difference: infrastructure projects (median = IDR 1.05 trillion) exhibit higher 
values compared to building projects (median = IDR 491 billion) and industrial projects (median = IDR 
355 billion). When these claim values are adjusted against project sizes, the Kruskal-Wallis test reveals no 
significant difference among the three project types (p = 0.660). Figures 5 and 6 illustrate the frequency of 
occurrence and risk claim values across these three construction project types.
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Figure 5.	 Claim frequency based on project type.
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Figure 6.	 Claim value per event based on project type.

The Mann–Whitney test demonstrates a significant contrast in claim values and normalized claim 
values between projects in Java and those outside Java, with a p-value < 0.0005. Like developed regions, 
Java, Indonesia’s most populous island, boasts of a proficient human resource pool and efficient material 
distribution channels. However, it also contends with challenges such as dense populations, complexities, 
and uncertainties. In contrast, projects located in rural areas face distinct challenges characterized by 
remoteness, isolation, and smaller populations. These challenges include difficulties in mobilizing and 
procuring labor and materials, lower levels of expertise, production risks, cost management and economies of 
scale, and infrastructure and communication challenges (McAnulty and Baroudi, 2010; Usman and Ibrahim, 
2015).

Figures 7 and 8 present the frequency of occurrence and claim values in these two locations, 
respectively. These findings will be further examined in conjunction with causal risk factors. Based on 
the characterization of these risks, the Kruskal–Wallis tests reveal significant differences in claim values 
and normalized claim values across various factors, with a p-value < 0.0005. Subsequent post hoc analysis 
delineates differences among “natural disasters” and “human-related losses,” “material and equipment-related 
losses,” and “supervision and safety-related losses,” all with p-values < 0.0005. Similar conclusions emerge 
for normalized claim values, highlighting differences between “supervision and safety-related losses” and 
“human-related losses” (p = 0.045). This finding prompted further investigation by categorizing risks into 
“natural disasters” and “man-made disasters,” uncovering significant differences between the two categories 
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for both claim values (p < 0.0005) and normalized claim values (p < 0.0005). The median claim values 
attributed to “natural disasters” amounted to IDR 424 million, which is significantly higher than those 
arising from “man-made disasters” (IDR 124 million).
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Figure 7.	 Claim frequency based on project location.
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Figure 8.	 Claim value per event based on project location.

NATURAL DISASTERS

Natural disasters encompass five distinct perilous events: “geological conditions,” “hurricanes and storms,” 
“heavy rain, lightning, and flooding,” “earthquakes, volcanic eruptions, and tsunamis,” and “landslides.” 
Substantial claim amounts characterize these five risks. Figure 2 reveals that “heavy rain, lightning, and 
flooding” and “landslides” exhibit a high frequency of events, occurring consistently across various stages of 
work progress, from 25% to 100%. This indicates that they can manifest at any point during construction, 
with a higher propensity within infrastructure projects. “Geological conditions,” “hurricanes and storms,” 
and “earthquakes, volcanic eruptions, and tsunamis” are infrequent but can lead to significant losses, 
particularly for infrastructure projects. While natural catastrophes cannot be entirely avoided, measures can 
be implemented to mitigate their impact and limit the associated losses. In contrast, losses arising from 
human actions differ significantly, as they can be prevented, thereby averting harm and disruptions to the 
construction process.

For insurance firms, a profound understanding of the natural disaster risks inherent in insured 
construction projects holds fundamental significance for various reasons. It allows them to accurately 
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assess and quantify potential liabilities, essential for determining appropriate premium coverage limits 
and devising effective risk management strategies. An in-depth knowledge of these risks also facilitates 
improved underwriting decisions. By precisely pricing policies based on region-specific vulnerabilities to 
natural disasters, contractors and insurers can appropriately tailor insurance products to address the needs 
of high-risk areas. A comprehensive understanding of natural disaster risks is crucial for making informed 
decisions regarding reinsurance coverage to manage risk exposure. This understanding significantly enhances 
insurance firms’ ability to manage claims effectively, enabling well-informed responses in the aftermath of a 
disaster.

Understanding the nature of natural disaster risks remains crucial for construction firms, even with 
insurance coverage, as natural disasters can cause significant business disruptions. Construction firms 
should proactively manage and prevent potential damages, reducing the likelihood and severity of disasters 
and minimizing losses. Although insurance covers losses, preventive measures can reduce the frequency 
and severity of claims, and construction firms can invest in risk-reduction strategies, potentially lowering 
insurance premiums and overall costs. In this sense, collaborating between insurance and construction firms 
to implement proactive risk mitigation measures is feasible, reducing claim frequency and severity and 
benefiting insurers and insured parties.

MAN-MADE DISASTERS

Among “human-related losses,” three stand out: “robbery and theft on-site,” “fire and explosion,” and “riots, 
strikes, demonstrations, and civil unrest.” Notably, losses attributed to “fire and explosion” are minimal, and 
the frequency of their occurrence is relatively low. According to Domke (1999), “robbery and theft on-
site” and “fire and explosion” mainly occur during the later stages of construction, typically between 50% 
and 100% completion. It is worth noting that valuable and flammable materials often become targets for 
theft and fire incidents, particularly toward the conclusion of construction projects, especially in the case 
of building projects in Java. In contrast, outside Java, incidents in infrastructure and industrial projects are 
relatively low primarily due to the materials being less susceptible to theft or combustion.

“Material and equipment-related losses” include “damage to materials/equipment during shipping or the 
installation process,” “damage to materials/equipment due to accidents or disasters,” “damage to materials/
equipment caused by water, leaks, or seepage,” and “failure in machine testing or installation.” These four 
risks are deemed moderate, with claim values per event closely matching the median value. The frequency 
of “damage to materials/equipment due to accidents or disasters” notably increases and correlates with 
construction progress. This risk frequently emerges in building and infrastructure projects, particularly 
in Java. Interestingly, the claim values for projects outside Java are considerably higher than those within 
Java. Damage to materials and equipment can result from accidents or disasters. Implementing preventive 
measures against disaster-induced damage can be more challenging, but a robust OHS system can 
significantly mitigate such occurrences.

The “supervision and safety-related losses” include “worker accidents involving experts in the project 
and the project owner,” “property damage by third parties,” “damage resulting from vibration, settlement, 
collapse, loss, or weakening of supports,” and “poor quality of work.” Only “property damage by third parties” 
exhibits a high frequency and is evenly distributed throughout the project timeline, whereas the other three 
risks have low claim values per event. Despite the small claim values, the high frequency of these risks can 
lead to a significant total claim value.

“Poor quality of work” exhibits a high frequency and claim magnitude. Its claim frequency is evenly 
distributed from the beginning to the end of a project (Figure 2), and such events frequently arise in 
infrastructure and building projects (Figure 4). Notably, in infrastructure projects, significant losses tend 
to occur toward the end of the project, typically when progress exceeds 50%. “Poor quality of work” is 
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more prevalent in Java, yet the claimed magnitude is higher outside Java. This finding suggests that despite 
occurring less frequently due to fewer projects, the inadequate quality of labor outside Java leads to more 
substantial claims.

The population density on Java contributes to a higher frequency of “property damage by third parties” 
than outside Java, even though the claim amounts on Java are lower than those outside Java. These events 
occurred uniformly across all project progress stages but are more frequent in building projects, highlighting 
that such damage often occurs in densely populated project areas. Hence, implementing a robust OHS 
system can effectively mitigate the risks of property damage incidents near the project site (Lingard, 2013).

Conclusion
Analyzing the frequency and value of claims is fundamental for comprehensively understanding the diverse 
range of construction risk events that may lead to claims and for determining the risks inherent in each 
project based on its specific characteristics. While numerous prior studies have dealt with construction 
insurance, detailed discussions backed by empirical data regarding the severity and frequency of claim values 
remain notably scarce. This study aims to bridge this knowledge gap and contribute a deeper understanding 
of this area. It represents one of the pioneering attempts in this field, drawing from large sample sizes 
obtained from two insurance firms in Indonesia.

This study reveals that a small subset of construction risks covered by CAR insurance significantly 
influences claim frequencies and values. These findings underscore the crucial need to focus on specific risks, 
especially those with low frequency but high potential for causing substantial losses if they occur. While 
some of these risks are unavoidable or uncontrollable, their impact can be minimized, whereas others can 
be prevented through effective planning and control measures. This study also shows that the geographical 
area significantly influences the value of claims. However, no significant difference is observed across 
various stages of work progress or construction project types when claim values are normalized to their 
corresponding project values.

The substantial claims stemming from natural disasters underscore the pivotal role of insurance in 
mitigating the risks. This highlights Indonesia’s vulnerability to such events, emphasizing the critical 
need for early mitigation measures, mainly when using insurance. While natural disasters are typically 
uncontrollable, their impact can be lessened through detailed engineering designs and proactive risk 
management practices, further bolstered by comprehensive insurance solutions. Project stakeholders must 
acknowledge that these risks have the potential to arise at any stage of the project. Construction projects 
can become more resilient and ensure financial protection against unforeseen and uncontrollable natural 
disasters by integrating insurance mechanisms into risk management strategies.

It is worth noting that CAR insurance provides valuable financial protection for construction projects. 
However, it should not incentivize contractors to take more significant risks or be less cautious because 
of the safety net of insurance coverage. Several factors mitigate the potential for moral hazard in this 
context. First, contractual obligations impose stringent requirements and standards on contractors and 
subcontractors, fostering a culture of accountability and incentivizing adherence to safety protocols and 
quality standards. These obligations remain regardless of insurance coverage, reinforcing the commitment 
to responsible behavior. Second, contractors are vested in completing projects on time, within budget, and 
to the required quality standards to maintain profitability and safeguard their professional reputation. The 
financial and reputational stakes motivate contractors to prioritize risk management and ensure project 
success, regardless of insurance coverage. Furthermore, while insurance protects against unforeseen risks, it 
does not absolve contractors of their financial responsibilities or mitigate the potential losses associated with 
project delays, defects, or failures.
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Insurance firms can leverage the findings of this study as a valuable reference to gain deeper insights into 
the risks inherent in construction projects, particularly those covered by CAR insurance. The prominence 
of specific project risks in terms of their frequency and severity of claims underscores the importance for 
insurance firms to prioritize their understanding of these risks. Furthermore, these insights encourage 
insurance firms to engage with contractors in proactive risk mitigation measures. Insurance firms should 
adopt a more data-driven approach instead of relying solely on intuition. Factors such as the contractor’s 
experience, project complexity, location, and historical performance should be carefully considered to tailor 
appropriate coverage and premiums.

This study acknowledges inherent limitations. First, the available project attribute data remain 
significantly restricted, thus constraining a more comprehensive analysis of the correlation between claim 
frequency and severity and the limited project attribute data. Second, the absence of standardized data 
recording protocols poses a considerable challenge in identifying hazardous causes. Consequently, the 
frequency of claims labeled “no identified cause” is relatively high, primarily attributed to deficient database 
systems. Many claims lacked causative information and comprehensive event chronologies, impeding the 
determination of their underlying causes.

Regardless of the study’s limitations, the findings provide a foundation for further research to address 
knowledge gaps in construction insurance. These results can pave the way for further studies, such as 
examining the influence of project characteristics on the likelihood of claims and quantifying these 
characteristics to help calculate the premium value of CAR insurance.
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