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Abstract

With the increasing frequency of disruptions in construction projects, the traditional Critical Path Method (CPM) shows
limitations in handling schedule disturbances due to its static structure and inflexible adjustment mechanisms. This paper
proposes a schedule sensitivity assessment method under disruptive conditions, based on a combinatorial thinking
model. By representing the project network with matrices and scanning multi-task combinations, we introduce two
indices-Schedule Sensitivity Index (SSI) and Cost Sensitivity Index (CSl)-to quantify how combinations of tasks affect
overall project objectives under different disturbance scenarios. A simulated case based on a construction project is used
toillustrate the approach. For example, under combined schedule-cost variation, the AGF task group induces the greatest
schedule delay, while the ILM group exhibits the lowest overall sensitivity. The proposed method indicates potential to
support decision-making in resource allocation and may improve adaptability the adaptability of construction schedule
management under uncertain and dynamic conditions.

Keywords
Construction Schedule; Critical Path Method (CPM); Combinatorial Optimization; Schedule Sensitivity Analysis;
Disruption-Resilient Scheduling.

1. Introduction

Construction schedule is a critical factor affecting the delivery time and cost control of civil engineering projects (Ajayi
& Chinda, 2022). During construction, disruptive events such as natural disasters, on-site safety incidents, and material
supply delays occur frequently (Milat et al., 2021), disrupting project plans, causing significant fluctuations in the critical
path, and severely constraining construction efficiency and resource utilization (Yap et al., 2021). Consequently, developing
schedule management methods with dynamic responsiveness has become a research priority to enhance project resilience
(She et al., 2024).

Time-cost optimization methods, rooted in the critical path method (CPM), have seen widespread application in the
construction sector for many years. However, CPM is typically based on fixed task durations and sequences, making it
difficult to adapt flexibly under disruptive conditions (Hasan et al., 2024).
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Early research established that task durations are subject to influential factors creating uncertainty that cascades
through project schedules (Patanakul et al., 2010). With the evolution of schedule management research, the Critical Path
Method (CPM) has emerged as a key tool in construction scheduling and has been widely developed and applied in recent
years. For example, Calp and Akcayol (2018) demonstrated genetic algorithms for automated critical path identification in
CPM/PERT networks (Calp & Akcayol, 2018). Nur Yagin et al. (2023) employed a schedule acceleration method based on the
CPM model to analyse cost variations resulting from adjusted project durations, by evaluating the impact of shortened task
durations on the construction network. Kim (2020) proposed the extended Resource-Constrained CPM (eRCPM), which
integrates multi-resource constraints into CPM and automatically identifies “resource-dependent links” using RCS
outcomes, thereby enhancing scheduling reliability. Perrucci et al. (2025) applied CPM to post-disaster temporary housing
production and allocation, highlighting the use of node-based critical path analysis to reduce project duration.

In summary, although CPM effectively identifies the logical sequence and critical paths of construction tasks, it faces
several limitations when confronted with disruptive events: First, it assumes fixed task durations, lacking a mechanism to
respond to disturbances (Fu et al., 2012); Second, it focuses solely on individual task paths and cannot capture the
synergistic effects of multiple task combinations under disturbances; Third, it struggles to simultaneously evaluate the
dynamic trade-offs between schedule and cost under volatile resource pricing conditions . The aim of the construction
teams is to be able to finish the project on time, and need to be more productive (Aldhamad et al., 2024).

To address these challenges, this paper proposes a construction schedule management model based on
combinatorial thinking. Combinatorial thinking, originating from the field of operations research, focuses on identifying the
mostvaluable combinations from afinite set of elements. In construction scheduling, each task node not only affects project
objectives individually but also forms complex temporal and resource-based interdependencies with other tasks (Dytczak
& Ginda, 2014). Combinatorial thinking enumerates, filters, and evaluates clusters of tasks to identify “combinatorial
bottlenecks” in progress control under dynamic disturbance scenarios, thereby overcoming the linear limitations of single -
path or single-task analyses and offering refined control strategies for nonlinear and complex networks (Xie et al., 2022).
Figure 1 illustrates the simulated target response patterns under various multi-task interference scenarios. It demonstrates

the potential differences that different task combinations may bring in terms of time arrangement and cost impact, thereby
enabling the intuitive identification of highly sensitive clusters.

(ATK)
Larger} o ! d

Larger
]
- o

(1Y) sebueyd 2ANHPAUDS ysloid

Smaller |

Smaller
7776',7 2 3 ()
"’77(;@’ 4
OF, ’as e
ks . o 20
Sy To% 1° @\5\6‘“
S o, N ‘e(\\
’775/}7 ofe
3, o,
N (4/)

Figure 1: The target response under multi-task perturbation is simulated with a scatter distribution
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This study provides a proof-of-concept demonstration using a simulated case; generalizability and operational
feasibility will be examined through subsequent empirical validation.

2. Methodology

Traditional Critical Path Method (CPM) techniques focus on single-path analysis, limiting their ability to assess
collective task delays under uncertainty. To address this limitation, this study incorporates combinatorial thinking into
project scheduling by analysing multi-task disturbance combinations. This enables more robust identification of critical task
clusters under disruptive conditions.

The proposed methodology includes four key steps: defining core concepts, modelling the task network, evaluating
sensitivity under disturbances, and simulating scenario-based responses. The following section begins with the explanation
of key terms used throughout the model.

2.1. Definition of Key Concepts

To support the development of the proposed combinatorial sensitivity framework, this section defines the core terms
and parameters used throughout the methodology.

Disturbance refers to any unexpected event that disrupts task execution during construction, such as delays,
resource shortages, or schedule interruptions. In this study, disturbances are modelled as proportional extensions of task
durations to reflect time-based uncertainty.

Disturbing Task Combination denotes a set of construction tasks that are simultaneously subjected to disturbance
within a simulation scenario. Each combination represents all tasks affected under a given disturbance event, with the
number of tasks in the set determined by the perturbation parameter.

Multi-task Perturbation describes a disturbance scenario in which multiple tasks within a selected combination are
subjected to specified changes in duration. These changes can be uniform or task-specific, depending on the simulation
design or the nature of disturbances observed in actual engineering projects.

Perturbation Parameter defines the number of tasks selected from the entire set of construction activities in the
CPM-based network. Each combination represents one simulation unit in the sensitivity analysis.

These conceptual definitions ensure consistent terminology and provide the contextual background for the
mathematical formulations presented in the following sections.

2.2. Matrix-Based Modelling Method for the Construction Network

To efficiently represent the logical dependencies among construction tasks, this study formalizes the Critical Path
Method (CPM) network structure into a matrix-based model. Let the project consist of n construction tasks; two core
matrices are constructed as follows:

The core of representing a construction schedule network via matrices lies in capturing the dependencies between
activities (Maheswari & Varghese, 2005). This is commonly achieved using a task dependency matrix, denoted as D. Given n
tasks, Dis ann x n matrixwhere Dj indicates whether taskidepends on taskj. If taski must start only after taskjis completed,
then Dy= 1; otherwise, D;j = 0 (Uma Maheswari et al., 2006).
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The matrix is represented as follows:

D=

D:11 D:lnl 4o = {1, if task i depends on the completion of j 1)
. . ) 1]

) — o, otherwise
Dnl Dnn

In construction projects, task durations determine execution length and influence inter-task dependencies as well as
the overall project duration. The task duration matrix T is typically an n x 1 vector, where n is the total number of tasks in the
project. Each element Ti in the matrix denotes the duration of task | (Maetal., 2019).

The matrix is represented as:
T=[T,T,, .., T,]%, (2)

Let ti denote the start time of task i, tj the start time of task j, and dj the duration of task j. Based on the above, the
following scheduling constraint must be satisfied:

In construction schedule management, the cost constraint matrix C is used to represent the cost incurred by each
task when consuming resources over specific time periods. Let n denote the total number of tasks, m the total number of
resource types, and T the number of time periods. During task and resource allocation, the cost matrix C is an n x m matrix,
where each element Cjrepresents the unit cost incurred by task i for utilizing resource j.

The matrix is represented as:

Ci1 -+ Ciq
le o Cmn

Assuming that taskjis allocated resource j during time t, the incurred cost is calculated as:
COStijt = AU X Cl] (5)

To enable automatic identification and dynamic adjustment of the critical path, this study integratesthe D . Tand C
matrices with an improved Floyd algorithm to accumulate path weights and trace the longest path, thereby accommodating
path reconfiguration under disturbances (Ding et al., 2023). After the structured modelling of the task network is completed,
the next step is to identify critical tasks and quantify their impact on the project timeline.

2.3. Combinatorial Sensitivity Assessment Method for Multiple Tasks

Based on combinatorial thinking, this study models multiple tasks as an integrated disturbance unit and develops a
dual-index sensitivity framework—covering schedule and cost—to identify task clusters with significantinfluence on project
objectives (Hammad et al., 2020). To quantitatively evaluate the impact of task-level disturbances on project objectives, two
categories of sensitivity indicators are proposed in this study:

The Schedule Sensitivity Index (SSI) quantifies the extent to which a multi-task combination disturbance impacts the
overall project duration.

ATy
_T
AT;
iek Tl

Schedule Sensitivity Index(SSI;) = X 100% (6)
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Where:

AT, - the amount of change in the total duration of the project caused by the disturbance
combination k [days],

T - original project duration before disturbance [days],

AT;- applied disturbance for task i [days],

T: - original duration of task i [days],

k - task combination.

The Cost Sensitivity Index (CSI) reflects the jointimpact of schedule disturbances on project cost and duration across
multiple task combinations:

AC
C (7)

Cost Sensitivity Index(CSI,) =
Y AT/ Diec, Wi+ (Tp)

Where:
AC - total costincrement caused by disturbing task combination k [CNY],
C - original total project cost [CNY],

W; - resource weighting factor of task i, defined as:

TG

=g, 8
S TG, @

Wi
Where:
C; - unit cost pertime of task i,
Yjec, TjCj - the total resource cost of all tasks within the disturbed task combination k,

W; - represents the relative resource weight of task i, determined by its time-cost

contribution within the combination.

To ensure consistent interpretation of the Schedule Sensitivity Index (SSI) and Cost Sensitivity Index (CSl), both
indices are categorized into three levels-High, Medium, and Low-using the same classification method.

Specifically, a percentile-based segmentation approach is applied: all simulation results are sorted in ascending
order for each index, and the 33.33" percentile (P33) and 66.67'" percentile (P66) are selected as threshold points to divide
the results into three segments. To reduce the uncertainty in classification near the percentile threshold values, after
obtaining the results, the original P33 and P66 boundary points were slightly adjusted according to the distribution density
of adjacent data points. This smoothing processing method enhances the interpretability while retaining the classification
framework based on percentile values.

This data-driven method allows the classification scheme to remain consistent in logic while flexibly adapting to the
distributional characteristics of each index. The exact numerical ranges for each sensitivity level are presented in Section 3
based on the actual value distributions observed in the case study.

To further reveal the sensitivity of different resource types to project cost changes under multi-task disturbances, this
study decomposes the cost increment of each task into subcomponents for each resource type and introduces
corresponding resource weights. The Cost Sensitivity Index is thus formulated as follows:

1 m
CSle ) =2 Y (Y 4+ 8Cy) (9
j=1

i€k
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where:
m - the total number of resource types,

AC; - the costincrement of task i for resource type j after the disturbance,

A; - the weight assigned to resource type j (which can be determined based on its
importance or volatility at different project stages).

2.4.Framework for Schedule-Cost Sensitivity Integration and Task Prioritization

By integrating schedule and cost sensitivity indices, this study introduces a CPM-based management model
enhanced by combinatorial scanning. A parameterized task grouping algorithm is used to apply structured perturbations
and evaluate dual-index responses across task combinations. The resulting sensitivity values serve as the basis for
prioritization in schedule planning. The specific process is shown in the Figure 2.

Start )
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Construct Task Network,input relevant
parameters

\ 4
Apply CPM
(Calculate time parameters and critical path)

A 4

Set perturbation parameters N and At.
(N represents the number of jobs in the selected combination.At
represents the amplitude of the project schedule disruption)

A 4
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\ 4
Apply perturbations to the work
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\ 4
Re-calculate the total duration of the project
and the critical path.

\ 4
Compute the sensitivity indices
( SSI, CSl) for each task combination.

A 4
Rank the results based on predefined objectives or
thresholds (e.g., highest impact, lowest risk).

\ 4
End

Figure 2: Flowchart of schedule control using combinatorial scanning and dual-index sensitivity evaluation
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The disturbance levels adopted in this study were primarily determined based on two considerations: (1) In real
construction environments, external disruptions such as weather delays or resource constraints often affect multiple tasks
simultaneously and with comparable impact; and (2) applying uniform disturbances across task combinations allows for
comparative evaluation of their relative schedule and cost sensitivities, thus helping to identify structurally vulnerable task
groups.

As shown in Table 1, the improved model based on combinatorial thinking surpasses the traditional CPM in task
analysis granularity, responsiveness to disturbances, and resource optimization.

Table 1: Comparative analysis between the traditional CPM and the improved model based on combinatorial thinking

Comparison dimension

Traditional critical path method (CPM)

Improved model (Combinatorial thinking)

Analysis unit

Single task, single path

Multi-task combinations

Disturbance handling

No support for disturbance simulation

Simulates various combinations and
disturbance scenarios

Resource & cost evaluation

Considers only time-related factors

Evaluates both schedule and cost sensitivity

Schedule adaptability under disruptions

Passive adjustment with manual intervention

Proactive optimization via early identification of
high-sensitivity combinations

3. Case Study and Simulation Analysis

To validate the practicality and effectiveness of the proposed combinatorial thinking-based improvement to the
Critical Path Method, a case study was conducted on a bridge engineering through task combination disturbance simulation
experiments. The sensitivity levels of task combinations were systematically evaluated from both schedule and cost
perspectives and differentiated scheduling recommendations were developed accordingly.

3.1. Project Background and Critical Path Identification

The case project involves a bridge engineering, from which the primary construction workflow was extracted to
generate a construction task network diagram (Figure 3) and a detailed task schedule (Table 2). Based on construction logic,
the task dependency matrix D and the task duration vector Twere established. Animproved Floyd algorithm was then applied
to identify the critical path.

Figure 3: Construction double code arrow diagram
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Table 2: Process details.
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The results indicate that the critical path of the project is A>B->L>M, with an original total duration of 210 days; tasks
on the critical path play a decisive role in schedule control.

3.2. Simulation Analysis of Schedule Sensitivity

A parameterized scenario simulation approach was adopted, and based on Pareto analysis, N = 4 tasks were selected
to cover key nodes on the critical path. A complete enumeration method was employed to generate all C‘fg =715 possible
task combinations. Perturbations of 10% and 20% were applied to each combination, and the total project duration was
recalculated to derive the corresponding Schedule Sensitivity Index (SSl). Table 5 presents the simulation results for a
selection of representative task combinations.

These perturbation levels and uniform resource weights are adopted for simulation clarity and comparability; future
studies will incorporate heterogeneous task-specific disturbances, stochastic duration/cost variations, and empirically
calibrated resource weights.

3.2.1. lllustrative SSI Computation

This example demonstrates the calculation of the Schedule Sensitivity Index (SSI) for the task combination (B, C, G,
J), with a simulated disturbance of ATi = 21 days applied uniformly across all tasks.

Step 1: Sum Disturbance Ratios

The total task-level disturbance is:

AT, 21 21 21 21
Z = 4.06

T, 100 130 20 10
Step 2: Apply SSI Formula

The project-level normalized delay is:
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ar _ 16 _ 0.0762
T 210
SSI —( AT/T )x1000/ —( : 62)><1000/ 1.88%
BC6l = \S ek AT /T, °~ 406 o

3.2.2. SSI Distribution and Schedule Risk Patterns

To distinguish the influence levels of different task combinations on schedule performance, the Schedule Sensitivity
Index (SSI) is categorized based on percentile thresholds from the simulation dataset. The classification criteria are
presented in Table 3.

Table 3: Classification Criteria for Schedule Sensitivity Index (SSI)

SSI (%) Range Interpretation Sensitivity level
SS1<2.30 Limited impact on total schedule Low

2.30<8SI<6.10 Impact proportional to task delay Medium
SSI126.10 Disproportionately large impact on project duration High

Note: The threshold values are based on the 33.33" and 66.67" percentiles of the CSI distribution, with minor adjustments to
avoid overly dense clustering near the boundaries.

Table 4: Analysis of the duration impact on task combinations

Duration impact
Impact scope
Task Duration variation | Schedule sensitivity index[%] | Sensitivity level
(CEGF) 223 0.48 Low
10% Change | (BCG)) 226 1.88 Medium
(21d) (HIK) 289 5.51 Medium
Multiple tasks (ADLM) 294 14.04 High
(N=4) (CBGF) 247 0.71 Low
20% Change | (DBGF) 252 0.8 Low
(42d) (BUK) 373 8.8 High
(ADLM) 378 14.04 High

Table 4 classified all 715 task combinations under the two disturbance scenarios of 10% and 20% based on their "time
sensitivity index" (SSI) values. Among them, 479 combinations were in the high sensitivity range (SSI = 6.10%), 495 were
classified as medium sensitivity, and the remaining 456 were classified as low sensitivity. As shown in Table 4, high-
sensitivity combinations such as ADLM and BIJK demonstrate SSI values far exceeding the median, indicating a
disproportionate schedule impact. Conversely, combinations like CEGF and CBGJ remain in the low-sensitivity range even
under 20% disturbance, suggesting resilience to time-based disruptions.

3.3.Integrated Schedule-Cost Sensitivity Analysis (CSI Perspective)

Under resource constraints, schedule control often requires trade-offs with cost allocation. This study introduces the
Cost Sensitivity Index (CSI) within a combinatorial thinking framework to quantify the joint schedule-cost impact caused by
multi-task combination disturbances. For the case of N = 3,C = 1,000,000 a full enumeration approach was used to
generate all C§3 = 286 task combinations. Schedule-cost perturbations were applied to each task combination, and the
variations in bi-objective outcomes were analysed. The results are presented in Table 6.
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3.3.1. llustrative CSI Computation

This example illustrates the calculation of the Cost Sensitivity Index (CSI) for the task combination (C, H, I) under
the same disturbance scenario.

Step 1: calculate the resource weights w; or each task:
z T;-C; =(30-6500) + (8-3000) + (30-3000) = 309,000

195,000 _ 24,0000 90,000

We = 359,000 ~ 0031 WH = 309,000 = 078 Wi = 359,000 ~ 0291
Step 2: Compute Weighted Duration

The total resource-weighted task duration is:

z w; - T; = (0.631 x 30) + (0.078 x 8) + (0.291 x 30) = 28.29

Step 3: Apply CSI Formula

AC,/C 02625

CSlcy = =
CHL = AT, /Sw;-T;  16/28.29

~ 0.464

3.3.2. CSIl Result Patterns and Combined Risk Evaluation

Based on the distribution of simulation results, the Cost Sensitivity Index (CSl) is categorized into three levels using percentile
thresholds. Table 5 summarizes the classification criteria used to interpret the cost impact of task combinations under disturbance
scenarios.

Table 5: Data-driven classification criteria for cost sensitivity index (CSl)

CSI Range Interpretation Sensitivity level
CSl<0.222 Minimalimpact on cost under disturbance Low

0. 222<CSI<0. 442 Moderate cost sensitivity Medium
CS1=20.442 Significant cost variation; requires intervention High

Note: The threshold values are based on the 33.3™ and 66.6'" percentiles of the CSI distribution, with minor adjustments to avoid
overly dense clustering near the boundaries.

As shown in Table 6, among the 286 evaluated three-task combinations, 95 exhibit high-cost sensitivity (CSI = 0.442),
90 fallinto the medium range, and 101 show low-cost sensitivity. Multi-task combinations show greater variation and higher
risk. For example, combinations such as CEH, EGF, and DHI yield significantly higher CSl values, indicating these groupings
are highly susceptible to cost overruns even when project duration changes are moderate.
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Table 6: Analysis of duration-Cost impact on task combinations

Impact scope Integrated duration-Cost impact
Duration variation | Task Cost CSI Sensitivity level (CSI) SSI [%] Sensitivity level (SSI)
CEH | 336000 0.72 High 1.61 Low
228 EGF | 430500 0.78 High 0.51 Low
CHI 262500 0.46 High 1.89 Low
226 BGF | 399000 0.76 High 0.65 Low
DHI 210000 0.83 High 2.45 Medium
21 AGF | 388500 1.39 High 0.82 Low
EHM | 220500 0.16 Low 3.85 Medium
10% Change 24 AEF | 378000 | 0.29 Medium 1.38 Low
((:lg)) 247 HIM 147000 0.1 Low 4.03 Medium
BFJ 357000 0.28 Medium 1.38 Low
DHM | 168000 0.37 Medium 4.52 Medium
202 ADG | 325500 0.62 High 8 High
ILM 126000 0.1 Low 13.15 High
268 ABJ 304500 0.17 Low 9.18 High
DLM | 147000 0.21 Low 13.95 High
273 ADL 220500 0.27 Medium 16.67 High

As shown in Table 6, among the 286 evaluated three-task combinations, 95 exhibit high-cost sensitivity (CSI = 0.442),
90 fall into the medium range, and 101 show low-cost sensitivity. Multi-task combinations show greater variation and higher
risk. For example, combinations such as CEH, EGF, and DHI yield significantly higher CSl values, indicating these groupings
are highly susceptible to cost overruns even when project duration changes are moderate.

3.4. Sensitivity-Based Scheduling Recommendations

Based on the classification results of the Schedule Sensitivity Index (SSI) and Cost Sensitivity Index (CSI) in sections
3.2 and 3.3, the following scheduling recommendations are proposed for different management priorities under the
simulated disturbance scenarios. These recommendations are derived from controlled simulation conditions with uniform
disturbance levels and resource weights and should be interpreted within the scope of these assumptions:

(1) For schedule-driven scenarios: Priority should be given to task combinations with high Schedule Sensitivity Index
(SSl), such as ADLM and BIJK. These combinations have the greatest potential to delay project completion under disruptions
and thus require proactive management and resource protection. Recommended actions include allocating schedule
buffers, securing critical resources in advance, and monitoring progress milestones for early warnings.

(2) For cost-constrained scenarios: Combinations with high-Cost Sensitivity Index (CSI)—such as AGF and EGF—
should be closely monitored and managed, even if they do not significantly affect the overall schedule. Early intervention is
essential to avoid disproportionate cost escalation.

(3) For combinations with both high SSI and high CSl—such as ADG and DHI— adopt integrated strategies that
combine schedule protection with cost control, such as phased resource allocation and contingency planning.
Combinations with low SSI and CSl values (e.g., AEF, EHM) can be used for flexible resource reallocation to support higher-
risk tasks without compromising key objectives.
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4. Discussion

This study proposes a combinatorial thinking-based dual-index sensitivity model to support construction schedule
management under disruptive conditions. The simulation results show that not all tasks on the critical path exhibit the
highest sensitivity; for example, the combination BIJK, which lies partially outside the critical path, causes substantial
project delays. This highlights a key insight: traditional single-path or single-task analysis may overlook critical vulnerabilities
embedded in multi-task interactions.

The introduction of the Schedule Sensitivity Index (SSI) and Cost Sensitivity Index (CSI) offers a structured framework
to quantify the schedule and cost impacts of task combinations. This dual-index approach enables project managers to
prioritize high-risk clusters and to balance control efforts between schedule-critical and cost-sensitive tasks. To enhance
reproducibility, this study formalizes key terms and provides detailed walkthroughs of representative calculations.

Despite its advantages, the model has several limitations. It assumes fixed disturbance levels and uniform resource
weights, which may not reflect the variability of real-world projects. This case study is based on simulation and aims to
conduct controlled verification of the core mechanisms of the model under clearly defined conditions. Future research
should extend the framework to real construction projects, enabling comparison between predicted and actual outcomes,
and testing adaptability under diverse disturbance patterns and resource constraints. Such empirical validation will be
essential to assess the robustness, scalability, and practical feasibility of the approach, as well as to benchmark it against
CPM and RCPSP models.

5. Conclusion

This study develops a combinatorial thinking-based dual-index sensitivity framework that integrates matrix-based
CPM modelling with exhaustive disturbance scanning, enabling joint evaluation of schedule and cost risks for multi-task
disruptions.

Results from the simulated case confirm that schedule—cost impacts are highly combination-dependent, and that
high-risk task groups are not necessarily confined to the critical path. This insight provides a more nuanced basis for buffer
allocation, resource prioritization, and disruption-resilient planning.

The framework’s applicability is currently limited by fixed disturbance levels, uniform resource weights, and
simulation-based validation. Future work should incorporate stochastic and resource-constrained conditions, validate with
empirical project data, and explore integration with adaptive scheduling tools such as BIM-based platforms.

Acknowledgements

This work was supported by the 2024 Qinghai "Kunlun Talents-High-End Innovation and Entrepreneurship Talent"
Project (QHKLYC-GDCXCY-2024-102), the 2025 Basic Research Plan Project in Qinghai Province (2025-7J-712), the
Graduate Innovation Project of Qinghai Minzu University (66M2024025), and the 2023 University-Level Planning
Project of Qinghai Minzu University (23GH10).

Author Contributions

J.C. designed the study and drafted the manuscript. Z.M. provided useful discussions and insights, while other
authors contributed to data interpretation and literature collation. All authors critically revised the manuscript and
approved the final version. The manuscript has been revised, and all authors agree to take full responsibility for the
entire research work.



Civil and Environmental Engineering Vol. 22, Issue 1, 245-258

Disclosure of Interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Data Availability Statement
The data supporting the findings of this study are available from the corresponding author upon reasonable request.
References

Ajayi, B. O., & Chinda, T. (2022). Impact of construction delay-controlling parameters on project schedule: DEMATEL-system
dynamics modeling approach. Frontiers in Built Environment, 8, 799314. https://doi.org/10.3389/fbuil.2022.799314
Aldhamad, S. H. R., Maya, R., Alazawy, S. F. M., & Alzwainy, F. M. (2024). Forecasting models for time and cost performance
predicting of infrastructural projects. Civil and Environmental Engineering, 20(2), 1024-1039.
https://doi.org/10.2478/cee-2024-0074
Calp, M. H., & Akcayol, M. A. (2018). Optimization of project scheduling activities in dynamic CPM and PERT networks using
genetic algorithms. Sileyman Demirel Universitesi Fen Bilimleri Enstitisi Dergisi, 22(2), 615-627.
https://doi.org/10.19113/sdufbed.35437
Ding, H., Zhuang, C., & Liu, J. (2023). Extensions of the resource-constrained project scheduling problem. Automation in
Construction, 153, 104958. https://doi.org/10.1016/j.autcon.2023.104958
Dytczak, M., & Ginda, G. (2014). Construction schedule of works as combinatorial optimization problem. Technical
Transactions, Civil Engineering, 2-B, 284-289. https://ejournals.eu/en/journal_article_files/full_text/018eced4-3e32-
7358-8f18-45ce29bce79e/download
Fu, N., Lau, H. C., Varakantham, P., & Xiao, F. (2012). Robust local search for solving RCPSP/max with durational uncertainty.
Journal of Artificial Intelligence Research, 43, 43-86. https://doi.org/10.1613/jair.3424
Hammad, M., Abbasi, A., Chakrabortty, R. K., & Ryan, M. J. (2020). Predicting the critical path changes using sensitivity
analysis: A delay analysis approach. International Journal of Managing Projects in Business, 13(5), 1097-1119.
https://doi.org/10.1108/IJMPB-07-2019-0184
Hasan, M. F., Sodani, N. A. A.-J. A, Salih, J. M., & Mohammed, S. R. (2024). Optimizing budget deficit in multi-construction
projects using sequential quadratic programming. Civil and Environmental Engineering, 20(2), 767-789.
https://doi.org/10.2478/cee-2024-0058
Kim, K. (2020). Generalized resource-constrained critical path method to improve sustainability in construction project
scheduling. Sustainability, 12(21), 8918. https://doi.org/10.3390/su12218918
Ma, G., Hao, K., Xiao, Y., & Zhu, T. (2019). Critical chain design structure matrix method for construction project scheduling
under rework scenarios. Mathematical Problems in Engineering, 2019(1), 1595628.
https://doi.org/10.1155/2019/1595628
Maheswari, J. U., & Varghese, K. (2005). Project scheduling using dependency structure matrix. International Journal of
Project Management, 23(3), 223-230. https://doi.org/10.1016/j.ijjproman.2004.10.001
Milat, M., Knezi¢, S., & Sedlar, J. (2021). Resilient scheduling as a response to uncertainty in construction projects. Applied
Sciences, 11(14), 6493. https://doi.org/10.3390/app11146493
Nur Yaqin, H., Teki Tjendani, H., & Witjaksana, B. (2023). Analysis of the acceleration of time and cost of implementing
building construction projects using the critical path method (CPM) method. Devotion : Journal of Research and
Community Service, 4(2), 336-346. https://doi.org/10.36418/dev.v4i2.388
Patanakul, P., lewwongcharoen, B., & Milosevic, D. (2010). An empirical study on the use of project management tools and
techniques across project life-cycle and their impact on project success. Journal of General Management, 35(3), 41—
66. https://doi.org/10.1177/030630701003500304
Perrucci, D. V., Wilson, J., Brown, R., Mireles Camey, J., Doktycz, C., Perry, M., & Buitrago, G. C. (2025). Using the critical
path method (CPM) for evaluating allocation potential of temporary housing units. Journal of Housing and the Built
Environment. https://doi.org/10.1007/s10901-025-10196-z
She, J., Guo, Z., Li, Z., Liang, S., & Zhou, Y. (2024). Research on scenario deduction and emergency decision-making
evaluation for construction safety accidents. Reliability Engineering & System Safety, 251, 110317.
https://doi.org/10.1016/j.ress.2024.110317



Civil and Environmental Engineering Vol. 22, Issue 1, 245-258

Uma Maheswari, J., Varghese, K., & Sridharan, T. (2006). Application of dependency structure matrix for activity sequencing
in concurrent engineering projects. Journal of Construction Engineering and Management, 132(5), 482-490.
https://doi.org/10.1061/(ASCE)0733-9364(2006)132:5(482)

Xie, W., Zhang, J., & Ahmed, S. (2022). Distributionally robust bottleneck combinatorial problems: Uncertainty quantification
and robust decision making. Mathematical Programming, 196(1), 597-640. https://doi.org/10.1007/s10107-021-
01627-0

Yap, J. B. H., Goay, P. L., Woon, Y. B., & Skitmore, M. (2021). Reuvisiting critical delay factors for construction: Analysing
projects in Malaysia. Alexandria Engineering Journal, 60(1), 1717-1729. https://doi.org/10.1016/j.aej.2020.11.021

How to Cite This Article

Chen, J., Ma, Z., Yang, C., Xiong, J., & Yang, H. (2025). A Study on Construction Schedule Management Methods under
Disruptive Conditions Based on Combinatorial Thinking. Civil and Environmental Engineering, Vol. 22, Issue 1, 245-258.
https://doi.org/10.2478/cee-2026-0016




