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The object of this study is the contingency cost in the imple-
mentation of construction projects. The problem to be solved
is the develop a contingency cost model in the implementation
of construction projects, by integrating cost, quality, and time
risks. The previously used models involve cost, quality, and
time risks separately. It is still rare to find an analysis in con-
struction project execution that incorporates these three risks
into a contingency cost model. The formulation of this integra-
tion is crucial since every project is unique and carries vary-
ing degrees of risk. Data were investigated and collected from
the Bali Province Regency Road Improvement Project, and the
descriptive strategy analysis was employed. Using the prob-
ability (P) by impact (I) approach, which is the multiplica-
tion of (P) by (I) on a Likert scale of 5, triple constraint risks
are included in the Expected Monetary Value (EMV) analysis.
Moreover, monetary units are used to develop impact scale I,
in which daily penalties and quality with rework costs are
applied using the monetary unit approach of time effect. The
simultaneous total of the PI from time, cost, and quality con-
cerns is the EMV contingency cost formulation for the integra-
tion of these risks.

The study obtained that, a cost contingency model was cre-
ated that incorporates the risk factors of cost, time, and qual-
ity. This model’s cost contingency value was 9.61% of the total
cost when it was applied to a case study. Specifically, this find-
ing falls between 5% and 10%, which is adequate and consis-
tent with the empirical approach. This contingency cost model
is thought to be more rational since it accounts for project
risks, including the likelihood of potential risks as well as their
effects. The project team can use this approach to estimate con-
tingency expenses
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1. Introduction

When managing a building project, it’s critical to ascertain
the amount of unexpected expenses. In construction projects,
these unexpected costs are often referred to as contingency
costs. The number of contingency expenses is not only crucial
during project execution, but it is also crucial during the bidding
construction phase [1]. A contractor must thoroughly compre-
hend the hazards that are anticipated to arise during the pro-
ject’s later implementation before submitting a bid. These risks
must therefore be considered when determining how much
markup should be placed during the bid. Typically, contractors
just use the project’s percentage cost to account for contingen-
cy expenses; they do not take the project’s degree of risk into
account. As every project is unique and has varying degrees of
risk, so too should the way contingency expenses are distributed.
If the number of contingency costs is too high, being inaccurate
in estimating them will prevent from winning the competition;
if it is too low, it will make field execution challenging. Given the
significance of these contingency expenses, contingency costs
must be developed based on time, cost, and quality risks.

Therefore, research on contingency costs integrated with
cost, time, and quality risks is relevant to carry out. Further-
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more, this will help practitioners manage construction projects
both during the bid and during implementation, maximizing
project performance.

2. Literature review and problem statement

Risk analysis in construction projects has developed signifi-
cantly to date because it is able to mitigate the risks contained
in the project performance success variables. Risk analysis
generally uses qualitative, quantitative, and semi-quantitative
analysis methods. Risk analysis can be used to calculate con-
tingency cost allocation with a semi-quantitative method with
a risk impact scale in monetary units.

Paper [2] finds that construction projects are high-risk
occupations. Up to 10-30% of risk management emphasizes
how crucial it is to recognize and manage possible risks as
soon as possible to guarantee project success, but no one has
yet discovered how to carry out risk analysis. Paper [3] found
that inadequate risk management might result in schedule
delays. Numerous factors, such as the extent of the job, time,
cost, quality, resources, technology, safety, and others, affect
how well a construction project functions, but an in-depth




risk analysis has not been carried out. Paper [4] investigates
project performance variables containing risks, such as the
risk of time delays which have an impact on costs. Sources
of risk that have an impact on project performance such as
politics, costs, time, legality, and safety. Possible risks can be
managed with risk management, and the stages of risk man-
agement begin with risk analysis, risk response and control,
and risk monitoring.

The research from [5] mentions, that the risk response
priority uses the AHP method, in which risk analysis and
response steps prioritize major risks. Systematic guidelines
for risk monitoring and control using detailed risk analysis,
response, and risk control methods, but not yet continued
with contingency cost analysis. Paper [6] uses risk assessment
analysis using qualitative and quantitative methods, while
paper [7] uses semi-quantitative methods. All sources ex-
plain that the ordinal scale is used in the qualitative analysis
method. For risk probability and impact, the Likert Scale is
typically used. It could be said that risk management is most-
ly carried out qualitatively, focusing more on expert opinion,
which still contains subjectivity, so the qualifications of re-
spondents must be determined very carefully. In paper [6, 7]
no semi-quantitative method has been found that can be used
for contingency cost analysis.

Papers [4, 7] describes how the PI (probability-impact)
matrix methodology is used mostly for qualitative and semi-
quantitative risk management, and how it is used to analyze
risk in all construction project research. Risk priorities can
be established by analyzing the magnitude of the PI results.
Probability multiplication with risk impact is frequently used
in risk assessment, which is semi-quantitative. Although the
quantitative analysis method states the level of risk likelihood
and impact using a numerical measuring scale. Research
from [8] describes that qualitative risk assessment analysis
primarily identified partial risk sources, including risks re-
lated to time, quality, cost, safety, and other project perfor-
mance factors. All these studies do not explore how risk is
managed in an integrated manner into a model. In actuality,
the successful completion of a building project depends on
the mutual integration of the performance variables. In the
papers [9, 10], integrated risk analysis was discovered along
with two risk variables: cost and time aspects. However, qual-
ity risk the risk resulting from the triple constraint project was
not included.

Paper [11] developed an integrated risk analysis method
to determine risk priorities with three variables, cost, time,
and quality aspects, but has not been continued for con-
tingency cost analysis. Contingency costs can be estimated
using the PI approach, which is sometimes referred to as the
Expected Monetary Value (EMV) method and generally uses
risk impact calculated in monetary units. Paper [12] deter-
mines the contingency cost of 5-10% of the whole project
value with an average approach, but the work breakdown
structure (WBS) method is not explained, which makes it
difficult to analyze for construction projects. Papers [13-16]
develops a contingency cost analysis model on construction
projects with limited integration of two risks, namely cost
and quality risks, and uses the method of describing project
work risks using the WBS. While three variables, cost, time,
and quality aspects, were found to be integrated, without
further analyzing contingency costs [17]. In the paper [13],
this risk analysis uses a semi-quantitative method for
risk probability taken from PMBOK [18]. The risk impact
uses a quantitative scale of monetary units describing the

level of risk impact. The monetary scale of cost impact
uses PMBOK, the monetary impact scale for time risk is
developed in this paper. In the paper [13] it is suggested to
develop a contingency cost analysis method with the inte-
gration of the triple constraint project, namely cost, time,
and quality risks, by first developing the impact of quality
risks in monetary units.

Given these unresolved issues, it is clear that further
research is needed to develop a contingency cost model that
integrates cost, time, and quality risks into the model. Such
a solution must take into account the complexity of the pro-
ject, geographical conditions, climate, weather, and even
other aspects such as socio-cultural, political, and economic,
which have an impact on the impact of risk. All this allows to
assert that it is expedient to conduct a study on minimize the
losses arising from inaccurate contingency cost calculations,
by integrally incorporating cost, time, and quality risks into
the model. The main goal is to improve project performance
so that the results can be enjoyed by the community. The
problem’s background and several cost contingency referenc-
es can be used to formulate the following issues:

- how to develop a cost contingency model that integrates
cost, time and quality;

- how it might be applied to realistically applicable build-
ing projects.

3. The aim and objectives of the study

This study aims to develop an analysis model and calculate
the amount of contingency costs from the risk of a construc-
tion project that is restricted to the risk variables of quality,
time, and cost in an integrated way. Using the created model,
the project team may calculate the amount of contingency
cost for the risk factors of quality, time, and cost.

To achieve these aims, the following objectives are fulfilled:

— to determine the project work breakdown structure
including its costs and duration, based on a contract of the
project;

—to find the probability and impact of each task name,
using the opinions of the respondents involved;

— to determine risk category (L - low, M — medium, and
H - high) for each task name, based on the multiplication of
probability and impact;

— to determine cost contingency of cost, time, quality, and
integration risk.

4. Materials and methods of research

4.1. Object and hypothesis of the study

The object of this study is the contingency cost in the im-
plementation of construction projects.

The research hypothesis assumed the possibility of de-
veloping a contingency cost model in the implementation
of construction projects, by integrating cost, quality, and
time risks.

The study employs the descriptive technique [6].

Table 1 defines the probability scale of cost (Pc), time (Pt)
and quality (Pq), which categorized into very low (VL),
low (L), Moderate (M), high (H) and very high (VH).

Table 2 displays the quantitative scale of monetary units
for cost risk effect (Icm), whereas Table 3 displays time risk
effect (Itm) and Table 4 displays quality risk effect (Igm).



Table 1
Probability scale (P) for cost (Pc), time (P1), and quality (Pqg)

- Numeric
Scale Probability Pc/Pt/Pq Pe/Pt/Pq
1 The likelihood of an event < 20% VL 0.10
(very low)
) The likelihood of an event is 20-40% L 0.30
(Low)
3 The likelihood of an event is 40-60% M 0.50
(moderate)
4 T}%e likelihood of an event is 60-80% o 0.70
(high)
5 The hk?hhood of an event > 80% VH 0.90
(very high)
Source: [18].
Table 2
Impact cost scale /c and /cm
Cost Impact (Ic) Icm (IDR
Scale or USD)
Qualitative Numeric (Ic)
1 Not sig. (very low) VL 0.05 0
) Cost increased < 10% L 01 5% Ce
(low)
3 Cost increased 10-20% M 02 15% Ce
(moderate)
Cost increased 20-40%
4 (high) H 0.4 30% Cc
5 Cost 1nf:reased > 40% VH 0.8 45% Ce
(very high)
Source: [18].
Table 3
Time impact /tand /tm
Time impact (It) . Itm (IDR
Scale — Numeric
Qualitative or USD)
1 Not sig. (very low) VL 0.05 0
5 Time increased < 5% L 01 2.5%. Ce. D. F
(low)
3 Time increased 5-10% M 0.2 7.5%. Ce.D. F
(moderate)
4 Tlple increased 10-20% o 04 15%. Ce. D. F
(high)
5 | Timeincreased >20% | vy | g | 554 Ce.D.F
(very high)
Source: [13, 18].
Table 4
Impact of quality /g and /gm
Quality impact (Iq) Igm (IDR
Scale — -
Qualitative Numeric | or USD)
1 The degrada_tlon of quality VL 0.05 4.57% Cc
is barely noticeable
) iny 1nﬂuent1.al applica- L o1 6.81% Cc
tions are very in demand
3 | Requires sponsor approval | 02 | 11.29% Cc
in quality reduction
4 Unacceptab}e by the spon- | o 04 16.77% Ce
sor for quality reduction
5 | Theprojectenditemis VH | 08 |18.01%Cc
uselessly ineffectively

Source: [18, 19].

4. 2. Research methodology

This research seeks to achieve two objectives: to develop
a contingency cost model by integrating cost, time, and qual-
ity risks, and to implement it in construction activities in
a more practical way. The procedure for carrying out these
activities is illustrated in Fig. 1.
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Fig. 1. Research framework

Fig. 1 displays that the WBS approach is used to identi-
fy the risks associated with the construction phase. A risk
breakdown structure (RBS) is then created to characterize the
possible risks associated with this WBS. Regarding the EMV
analysis, if the risk analysis results fall into the moderate (M)
or high (H) categories, the task component of the WBS is in-
vestigated; if the risk impact is not considerable, the low (L)
category is not explored.

The probability-impact (P-I) risk matrix approach, which
includes two factors, is used in the risk assessment analy-
sis: the risk impact (I), or the consequences of risk, and the
chance of a risk occurring (P), or the potential of occur-
ring (likelihood). The EMYV is then calculated using the find-
ings of the PI matrix analysis. Cost, time, and quality concerns
are all integrated into the development of EMV. The P and I
scales employ quantitative analysis to determine cost depen-
dencies and semi-quantitative measures (both qualitative and
numerical) to identify risk categories.

From Fig. 1 it can be explained that risk identification
in terms of cost, time, and quality is obtained from the work
breakdown structure, based on the cost and duration of every
tasks, it is then integrated with cost, time and quality risks to
obtain a cost-time-quality integrated formulation (EMVctq).
This formulation can apply to numerous projects with varying
levels of risk and impact.

5. Research results of cost contingency integration

5.1. Work breakdown structure

Table 5 shows that The Buleleng Regency’s District Road
Improvement Package for 2024 serves as an example. WBS in-
cludes task charges (Cc) in IDR and task duration (D) in days.



Table 5

Work description (WBS) of district road improvement project

WBS level 1 WBS Task level 2 Cost (Cc) (IDR) Duration (D) (day)
X R1. Masonry with mortar 197,570,685 42
Drainage -
R2. Reinforce concrete box culverts 25,443,360 7
R3. Ordinary digging 25,223,024 42
Earthworks R4. Ordinary stockpiles from excavations 19,000,000 42
R5. Road body preparation 16,042,500 42
Granular pavements R6. Class A aggregate foundation layer 595,444,740 42
R7. Binder absorbent asphalt layer 133,982,400 14
Asphalt pavements R8. Binder absorbent asphalt layer 42,895,125 14
R9. Laston wear layer (AC-WC) 1,503,759,360 14
R10. Concrete, fc'15 Mpa 449,301,270 28
Structures -
R11. Stone pair 200,740,140 42
Performance maintenance works R12. Hot mix asphalt repair 34,909,475 7
Amount (IDR) 3,244,312,079
Table 5 explains a project with a contract value IDR 5. 3. Risk categories of projects task
3,244,312,079 for which a WBS has been prepared complete The results of the risk analysis and risk categories can be

with costs and duration for each task activity. The largest  seen in Table 7, column (b) for cost risk (PIc), column (c) for
volume is granular pavements with a duration of forty-two  time risk (PIt), and PIq quality risk in column (d).
days, and the smallest task duration

is seven days. Table 7
Cost (Plc), time (Plt), quality (P/qg), and integrated (P/ctq) risk categories

5. 2. Project task probability (P) Task name Pic = Pcx Ic | Pit=Ptx It | Plq=Plq x Iq | Plctq
and impact (I) N b . p .

The probability (P) and impact (I) -
of each risk aspect of the cost (Pc, Ic), RL Mésonry with mortar M0.10 L.0.03 028 H
time (Pt, It), and quality (Pq, Iq) were R2. Relr?forced.co?crete box culverts MO0.12 L 0.03 L0.03 M
collected using an instrument with a |- Ordinary digging : L001 L0.01 L0.01 L
Likert scale level 1-5. The qualitative R4. Ordinary stockpiles from excavations L 0.01 L 0.01 L 0.01 L
scale mode value obtained was then B> Road body preparation MO0.12 L 0.03 L0.01 M
expressed in a semi-quantitative (nu- R6. Class A aggregate foundation layer H 0.20 H0.28 H0.28 H
merical) scale for risk analysis. The R7. Binder absorbent asphalt layer L 0.02 L0.01 L 0.01 L
numerical values of the probability of R8. Binder absorbent asphalt layer L 0.01 L 0.01 H0.28 H
Pc, Pt, and Pq were also used for EMV RY. Laston wear layer (AC-WC) M 0.06 H0.28 L 0.02 H
analysis. R10. Concrete, fc'15 MPa MO0.10 MO0.10 L0.03 M

Table 6 displays the outcomes of | R11.Stone pair M0.10 L 0.03 H0.28 H
the semi-quantitative scale brainstorm- R12. Hot mix asphalt repair L 0.05 L0.03 L0.03 L
ing for impact and probability.

In Table 6, the probability of cost ranges between 0.1-0.5, The risk categories of PI risk analysis results are catego-

followed by the probability of time and quality between 0.1-0.7.  rized into three categories, namely the low category (L) with
While the impact of cost, time, and quality ranges be-  a PI value between 0.01 and 0.05, the moderate category (M)

tween 0.05-0.4. between 0.06 and 0.14, and the high category (H) between
0.15 and 0.72.
- . Table 6 The risk category for in-
Probability and impact values tegrated cost, time, and quali-
P-I Cost P-ITime P-I Quality ty risk (PIctq) used is the risk
Task name Pe Ic Pt It Pq Iq from the task with a higher risk
R1. Masonry with mortar 050 | 020 | 030 | 010 | 070 | 040 category.
R2. Reinforced concrete box culverts 0.30 0.40 0.30 0.10 0.30 0.10 Th'e results of th'e in'tegrated
R3. Ordinary digging 010 | 005 | 010 | 005 | 010 | oo | Ccost time, and quality risk cate-
R4. Ordinary stockpiles from excavations 0.10 0.05 0.10 0.05 0.10 0.05 gory are in Table 7 column (e).
RS. Road body preparation 030 | 040 | 030 | 010 | 010 | 005 _ In Table 7, column (e), the
R6. Class A aggregate foundation layer 0.50 0.40 0.70 0.40 0.70 0.40 risk .Cate-gOI:y of cost, tlrr-le, and
- quality is integrated with the
R7. Binder absorbent asphalt layer 0.10 0.20 0.10 0.05 0.10 0.05 . . .
- major risk categories, namely
R8. Binder absorbent asphalt layer 0.10 0.05 0.10 0.05 0.70 0.40 high (H) and moderate (M). The
R9. Laston wear layer (AC-WC) 0.30 0.20 0.70 0.40 0.10 0.20 cost contingency is calculated
R10. Concrete, fc'15 MPa 0.50 0.20 0.50 0.20 0.30 0.10 using the formula model (5),
R11. Stone pair 0.50 0.20 0.30 0.10 0.70 0.40 namely EMVetq. The findings of
R12. Hot mix asphalt repair 0.50 0.10 0.30 0.10 0.30 0.10 the analysis are displayed.




5. 4. Integration cost contingency model

5.4.1. Development of an expected monetary value
model based on integrated cost and time risk

EMVctq, or integrated cost, time, and quality (ctq) risk, is
the foundation of the EMV model that was created. An inte-
grated cost, time, and quality risk model served as the founda-
tion for the development of this EMVctq model. As shown in
equation (1), the cost and time integration-based EMV model
is transformed into the EMVctq model [13]

EMVct = PIcm + Pltm. (1)

Formula (1) is then added to the contingency cost aspect
of quality with the impact of the monetary unit quality being
Iqm so that formula (1) for EMVct becomes EMVctq, which is
formulated as in formula (2)

EMVctq = Plcm + PItm + PIqm, )
or
EMVctq = Pc * Iem + Pt * Itm + Pq * Iqm, 3)

where EMVct - expected monetary value calculated using in-
tegrated cost and temporal risk (USD, IDR, etc.); EMVctq - ex-
pected monetary value calculated using integrated cost, time,
and quality risk (USD, IDR, etc.); Plcm - cost risk value in
monetary units (USD or IDR, etc.); PItm - time risk value in
monetary units (USD or IDR, etc.); PIgm — quality risk value in
monetary units (USD or IDR, etc.); Pc - likelihood of cost risk
occurring; Pt — The likelihood of time risk occurring; Pq - the
likelihood of quality risk occurring; Icm — monetary unit cost
risk impact (USD or IDR, etc.), Table 2; Itm - monetary unit
time risk impact (USD or IDR, etc.), Table 3; Igm - impact of
monetary unit quality risk (USD or IDR, etc.), Table 4.

The monetary amount of the task according to the con-
tract (Cc), the task time (D), and the amount of the delay penalty

sanction according to the contract (F) are all contained in the
coefficients of the Icm, Itm, and Igm formulas in Table 2-4.
One way to write formula (3) is as formula (4)

EMVctq=Pc*Cc*kc+ Pt*Cc*kt*D*F +
+ Pg* Cc* kq, 4
or

EMVctq = Cc *{Pc* kc + Pt *kt * D* F + Pq * kq}, 5)

where Cc - cost of task; D - duration of task; F - penalty due
to delay in completing task; ke, kt, kq - cost, time, and quality
coefficients, as in Table 8.

Table 8 explains the impacts caused by cost, time, and qual-
ity risks, categorized as very low (VL), low (L), moderate (M),
high (H) and very high (VH). The cost impact ranges from 5%
to 45%, the time impact between 2.5% to 25% and the quality
impact ranges from 4.57% to 18.01%.

5. 4. 2. Application of EMQctq model

All activities that are classified as medium (M) and high-
risk levels (H) are shown in Table 9, then the calculation of
Expected Monetary Value is carried out including EMVc,
EMVt, EMVq. While the integrated Expected Monetary Value
EMVctq is calculated using equation (5).

In Table 9, it can be seen that the cost contingency risk
value EMVc is 0.16%, the time risk EMVt is 0.10%, the quality
risk EMVq is 9.34%, and the integrated risk EMVctq is 9.61%
from the contract value. The lowest risk due to time (EMVt)
is determined by taking the partial EMV ratio to the whole
contract value. This is because the contract states that delays
will only account for a minor portion of the ultimate value.
For the remaining task, the daily fines in Indonesia are set
at 1/1000. On the other hand, EMVq is the most expensive and
requires careful consideration.

Table 8
Impact scale coefficient of cost (kc), time (k?#), and quality (kq)
Scale Impact Cost coefficient (kc) Time coefficient (kt) Quality coefficient (kq)
1 Very low (VL) 0 0 4.57%
2 Low (L) 5% 2.5% 6.81%
3 Moderate (M) 15% 7.5% 11.29%
4 High (H) 30% 15% 16.77%
Table 9
Cost contingency of cost, time, quality, and integration risk (EMVctq)
Task name Risk level EMVc (IDR) EMVt (IDR) EMVq (IDR) EMVectq (IDR)
R1. Masonry with mortar H 29,636 290,429 23,192,823 23,512,887
R2. Reinforce concrete box culverts M 519,808 16,029 519,808 1,055,645
R5. Road body preparation M 2,406 30,320 73,314 106,041
R6. Class A aggregate foundation layer H 1,250,434 1,875,651 69,899,258 73,025,343
R8. Binder absorbent asphalt layer H 429 601 196,031 197,060
R9. Laston wear layer (AC-WC) H 3,157,895 442,105 176,526,311 180,126,311
R10. Concrete, fc'15 MPa M 336,976 440,315 9,179,225 9,956,516
R11. Stone pair H 30,111 295,088 23,564,885 23,890,084
Amount (IDR) 5,327,694 3,390,539 303,151,655 311,869,888
Percentage 0.16% 0.10% 9.61%




6. Discussion of results of cost contingency integration

As seen in Table 1, WBS has been prepared with the aim
of breaking or dividing the work into smaller parts. WBS
breaks down each work process into more detail so that the
planning process has a better level. It can be seen in Table 1
six activities in WBS level 1 become twelve activities in
WBS level 2. Drainage work which is classified as WBS
level 1, is divided into two tasks, namely R1. Masonry with
mortar and R2. Reinforce concrete box culverts which is
classified as WBS level 2, each has a duration of 42 days
and 7 days. While Earthworks WBS level 1 is divided into
3 items at level 2 such as R3. Ordinary digging, R4. Ordinary
stockpiles from excavations, and R5. Road body preparation,
with a duration of 42 days each. Asphalt Pavements work
at WBS level 1 is also divided into three activities at level 2,
such as R7. Binder absorbent asphalt layer, R8. Binder absor-
bent asphalt layer, and R9. Laston wear layer (AC-WC), with
a duration of 14 days each. Structures work on WBS level 1 is
divided into two at level 2 such as R10. Concrete, fc'15 MPa,
and R11. Stone pair, with a duration of 28 days and 42 days.
Activities are divided, which not only makes them smaller but
also risk control and risk mitigation easier.

A questionnaire was used to gather qualitative data for P,
and I to perform P-I analysis. Purposive non-probability
sampling was used to choose respondents, and up to seven ex-
perts, two planning consultants, two contractor project man-
agers, one project owner, and two supervisory consultants
were involved in the construction project. As shown in Table 6
are the application of Table 1-4, which describe the probabil-
ity and impact of each task, according to equation (2) or (3)
EMVctq = Pc * Iecm + Pt * Itm + Pq * Iqm. It can be seen that
some activities have high P-I values, such as R1. Masonry with
mortar, R6. Class A aggregate foundation layer, R8. Binder
absorbent asphalt layer, R9. Laston wear layer (AC-WC), and
R11. Stone pair.

The probability and impact of each task are then analyzed
according to Table 7, following the formulation of equa-
tion (5) EMVctq = Cc *{Pc * kc + Pt*kt* D * F + Pq * kq}, so
that the results are obtained as integrated probability impact
cost time quality (PIctq), and can be categorized into high (H),
moderate (M) and low (L) categories. R1. Masonry with
mortar, R6. Class A aggregate foundation layer, R8. Binder
absorbent asphalt layer, R9. Laston wear layer (AC-WC)
and R11. Stone pair are category H. While R2. Reinforced
concrete box culverts, R5. Road body preparation, and R10.
Concrete, fc'15 MPa, are category M. Those included in the
low category (L) are R3.Ordinary digging, R4.Ordinary
stockpiles from excavations, R7.Binder absorbent asphalt
layer and R12. Hot mix asphalt repair. For further analysis,
tasks with category L will not be discussed because they are
classified as minor risks.

Furthermore, this model is simulated in a case study
by taking Buleleng Regency’s District Road Improvement
Package for 2024, as an example case as shown in Table 9. All
tasks in categories H and M are analyzed by referring to equa-
tion (5). The results obtained for EMVc is IDR 5,327,694 EMVt
isIDR 3,390,539 and EMVq is IDR 303,151,655 or 0.16%; 0.10%
and 9.34%. While the value of EMVctq is IDR 311,869,888
or 9.61%. This result is in accordance with research from [20],
who allocated contingency costs of around 10%, and the re-
search of [12] with a contingency cost allocation of between
5 to 10%. However, this study explains in detail how the com-
position and risk categories for each activity. For example, the

Laston wear layer (AC-WC) activity has the largest EMVctq
value of IDR 180,126,311 consisting of EMVc of IDR 3,157,895
EMVt of IDR 442,105 and EMVq of IDR 176,526,311. It can
be interpreted that seen from all activities, the Laston wear
layer (AC-WC) activity has the highest risk, especially re-
garding quality risk. Therefore, handling of this activity must
be carried out seriously and with great care. Based on equa-
tion (5) EMVctq is obtained as IDR 311,869,888 or 9.61% of
the project cost. This is in line with the research of [20], who
allocated contingency costs around 10%, and the research
of [12] with a contingency cost allocation between 5 to 10%.

The limitation of this study is that data collection and sur-
veys were only conducted on road projects in Bali Province. It
is certain to generate somewhat formulation will be modified
if it is used on building project construction. Research on
more specialized contingency costs, such as provincial roads,
urban road projects, or even toll roads, is also required. It’s
the same with building project construction, whether they are
basic or extremely complex.

The disadvantage of this study is that in qualitative assess-
ment, a Likert assessment scale of 1 to 5 is used so that the
results obtained are still relatively less detailed. To overcome
this, an assessment with a scale of 1 to 10 needs to be carried
out in the future. However, the difficulty experienced when
using a wider scale is that a more detailed and measurable
operational definition of the assessment is needed.

7. Conclusion

1. Preparing and developing a work breakdown structure
requires consideration of the task’s complexity, the interde-
pendencies across activities, and the time required for each
activity, which is determined by the volume of each task, work
methods, and geographic conditions. WBS is the first step in
making sure that risk impact and probability calculations can
be completed more thoroughly and readily.

2. Risk probability and risk impact must be developed
by referring to the opinions and experiences of respondents,
using an instrument with a Likert scale assessment. The
probability of cost ranges between 0.1-0.5, and the probabil-
ity of time and quality between 0.1-0.7. While the impact of
cost, time, and quality ranges between 0.05-0.4. Every task
has a distinct P and I, which makes risk management easier
to understand.

3. Risk categories are developed based on risk probability
and risk impact, which are categorized into low-risk, medi-
um-risk, and high-risk categories. Four activities are classified
as low risk, with Pic, Pit and Piq 0.01. Three activities as me-
dium risk, with Pic, Pit and Piq between 0.03-0.12, and five
activities as high risk with Pic, Pit and Piq between 0.1-0.28.
Activities in the medium and high categories are subject to
further analysis.

4. The qualitative and quantitative analysis states that
the EMVctq = Cc * {Pc * kc + Pt* kt* D * F + Pq * kq}. This
cost contingency analysis model developed is quite ade-
quate to accommodate the risks of the triple constraints of
construction project performance, namely cost, time, and
quality. This model comprehensively combines the risk ele-
ments in the project, and it can be seen simply that elements
of activities such as project time, project costs, and contract
provisions are taken into consideration. The implementa-
tion of the model with a case study obtained a cost contin-
gency value of 9.61%. This result is quite adequate and in



line with the empirical approach found, namely between 5%
and 10%. The developed cost contingency analysis method
is more rational because it is based on a risk analysis of the
project. The project team has a logical basis for estimating
cost contingencies.
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