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ABSTRACT—Construction projects in Peru often face
delays that result in economic and contractual penalties.
This study identifies the primary causes of project delays
and proposes a process optimization model based on
Lean Construction tools, applied to a road maintenance
company. The methodology combines exploratory and
experimental phases using operational data from 2022-
2023. Pareto analysis and the 5 Whys technique identify
material shortages (52%) and requisition rework (31%)
as the most critical contributors to delays. To mitigate
these issues, the Last Planner System, Standard Work,
and Kaizen are implemented. Validation using discrete-
event simulation in Arena demonstrates a 24.69% increase
in project physical progress, a 39.27% reduction in accu-
mulated delay days, and a 65.96% decrease in canceled
requisitions. These results demonstrate that Lean tools
can significantly improve planning reliability, reduce
rework, and promote a continuous improvement culture
in public works.

Index Terms—Delay analysis, Last Planner System, Lean
construction, material supply disruptions, planning management,
simulation modeling, Standard Work.

I. INTRODUCTION

The construction industry faces recurring challenges related
to delays in project delivery, resulting in economic, contrac-
tual, and social losses in both public and private works
[1]. A case study revealed that, in a residential project, up
to 132 days of extensions were granted, of which 75 days
were directly attributed to the effects of the 2011 revolu-
tion, highlighting the tangible impact of external factors on
project schedules. Studies conducted in Malaysia indicate
that inadequate site management and changes during execu-
tion are among the primary causes of project delays [2], [3].

One of the current tools with the greatest impact in
project management is Building Information Modeling

(BIM). Its application improves transparency, coordination
among stakeholders, and resource allocation efficiency,
especially in public works projects. A BIM-based partner-
ship framework has been proposed in [4], highlighting that
its integration facilitates collaborative decision-making,
reduces contractual conflicts, and improves planning
throughout the project life cycle. Although advances using
tools such as the Last Planner System (LPS) and Kaizen
have been documented, the literature shows limitations
regarding their integrated application and quantitative vali-
dation in Peruvian public companies.

In response to this problem, Lean methodologies
such as the LPS have been adopted. LPS enables collabo-
rative planning, prerequisites management, and improved
schedule reliability. However, in contexts where LPS is not
yet systematically applied, it has been reported that on
average only 54% of weekly planned tasks are completed
as scheduled, revealing a critical gap between planning and
execution [5]. In contrast, the literature documents that,
despite approximately 50% of tasks being completed ahead
of schedule, one company was able to sustain a Percent Plan
Complete (PPC) between 80% and 90%, owing to its capa-
bility to adequately prepare tasks and resolve operational
constraints during the execution week [6].

Other Lean tools, such as Standard Work, have been
applied to reduce operational variability through the stan-
dardization of critical tasks. The literature highlights that its
implementation, when combined with collaborative prac-
tices, improves operational efficiency [7]. Likewise, a case
study reported that its application reduced the work cycle
by 31.6 seconds, resulting in a 6.5% increase in productivity.
These results demonstrate that operational standardization
contributes to improved management performance without
requiring major technological investments.

According to the continuous improvement approach,
the Kaizen philosophy has shown positive results in
construction contexts. The study [8] documents its
successful application in social housing projects where, after


https://orcid.org/0009-0002-5845-0824
https://orcid.org/0009-0006-8262-8257
https://orcid.org/0000-0003-1583-7113
https://orcid.org/0000-0003-0939-634X

IV Congreso Internacional de Ingenieria Industrial 2025

implementing actions through the “seven forms” tool, quan-
tifiable improvements were achieved: an 18% reduction in
scaffolding activities, 11% in internal formwork, and 50% in
concrete pouring. These results reflect a direct impact on
time, cost, and labor load, evidencing Kaizen’s potential to
optimize processes and establish a culture of continuous
improvement in construction works.

This research aims to identify the most significant causes
of delays in construction project execution in Peru and to
propose a Lean-based process optimization model, empha-
sizing collaborative planning, operational standardization,
and continuous improvement. The article is organized into
four sections. Section I introduces the problem and pres-
ents the theoretical framework. Section II describes the
methodology employed. Section III presents and discusses
the results. Finally, Section IV provides the conclusions
derived from the analysis. Therefore, this research poses the
following question: What Lean construction-based manage-
ment tools can be applied to reduce delays and improve
reliability in public construction projects?

II. METHODOLOGY

A. Initial Diagnosis

This study is framed as applied exploratory research,
with a quantitative approach followed by an experimental
phase, using data collected from the road maintenance
company regarding its performance during the 2022-2023
period.

The company under study experiences recurrent net
profit losses due to low efficiency in meeting client-estab-
lished deadlines. To address this issue, an initial diagnostic
analysis was conducted using tools such as a Pareto diagram
and the 5 Whys technique, enabling a focused examination
of the primary problem drivers. As shown in Table I, penal-
ties associated with delayed deliveries significantly affect
the company’s financial performance, underscoring the
urgent need to improve project scheduling and execution
processes [9].

A Pareto diagram, shown in Fig. 1, was developed to
identify the key factors contributing to the high rate of
project noncompliance. This analysis was based on quan-
titative data collected from personnel with at least six
months of experience working in construction sites, logis-
tics, warehousing, and procurement.

The main results identified material shortages (52%) and
rework in material requisitions (31%) as the most critical
factors. The application of this tool provides a reliable basis
for an in-depth analysis of the most urgent requirements
for effective project execution [10]. In most cases within the
sector, these issues are typically attributed to inadequate
project planning and management practices [11]. However,
it is essential to identify the underlying root causes behind
these incidents.

TABLE I
PENALTY TABLE

Project Production (S/) Delay (days) Penalty (S/)
1 1,207,033 28 57,477.76
2 2,800,902 42 66,688.14
3 2,402,459 39 61,601.51
4 3,646,211 41 88,931.98
5 4,200,344 35 120,009.83
6 1,409,400 44 32,031.82
7 2,900,177 25 145,008.85
8 2,102,655 38 55,333.03
9 3,200,000 43 74,418.60

TABLE 11

MAIN CAUSES OF MATERIAL SHORTAGES

Problem Frequency Percentage

Lack of foresight in the request and

coordination of materials by the 30 48.4%
construction team

Lack of standardization in the pro- o

: ) 32 51.6%

cess of formulating the requirement

Total 62 100%

%

9a% 98w 100%
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Fig 1. Pareto diagram for identifying the causes of project delays.

In the case of material shortages, a process flowchart
was created to identify the reasons underlying the scarcity
of construction materials. This tool enabled a visual and
structured identification of errors, allowing the determina-
tion of their root causes.

The main causes of material shortages underscore
the urgent need to improve planning and provisioning
processes. More than 50% of the issues are related to field
personnel, suggesting the necessity of implementing a
management system that enhances forecasting and coordi-
nation among teams, as shown in Table II.
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Fig. 5. Kaizen implementation.

Based on the analysis of historical records of canceled
requisitions, it was inferred that the tools selected for solu-
tion design should focus on enhancing field management
and standardizing the material requisition process.

Regarding the identification of root causes for material
requisition rework, records of 129 logistical requisitions
generated in 2023 were analyzed using the 5 Whys technique.
The main finding was the absence of a standardized requi-
sition format, as requests were frequently submitted using
technical language that was not clearly understood by other
departments involved in the workflow, as shown in Fig. 2.

Based on the above findings, it was determined that,
rather than merely improving existing processes, the company
requires a new management model that fosters effective inter-
departmental interaction. To this end, the implementation of
Lean Construction tools was selected, as their application has
been shown to have a positive overall impact on project plan-
ning and execution, as illustrated in Fig. 3 [12].

The KPIs to be influenced were calculated using histor-
ical reports provided by the company and will be the
primary metrics considered to measure the impact of the
implementation, as shown in Fig. 4.

B. Solution Design

The management model should be implemented
progressively and accompanied by continuous monitoring,
as the Lean Construction philosophy often encounters
barriers such as resistance to change and limited engage-
ment stemming from an incomplete understanding of the
long-term added value it generates [13]. The tools used
were as follows:

1) Kaizen: Weekly meetings were held among the
involved departments to encourage the reporting of
problems, incidents, and recommendations related
to specific process activities, thereby fostering
transparent communication and enabling the early
detection of potential negative impacts on the
implementation of other tools involved in the case
study. As reported in [8], regular interdisciplinary
meetings facilitate the identification and resolution
of process inefficiencies, contributing to enhanced
project outcomes and collaboration in construction
projects, as shown in Fig. 5.
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of materials

Incorrect definition
of technical
specifications.

Fig. 2. Distribution of canceled requisitions
in the warehouse.
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Fig. 7. LPS implementation.

2) Standard Work: Operational standards were estab-
lished for the preparation and approval of logistical
requisitions to reduce technical errors and vari-
ability in documentation quality. These standards
included structured forms and clearly defined
validation sequences, aiming to significantly
reduce rework rates. This aligns with [14], which
emphasizes that standardizing logistics documenta-
tion—particularly in international contexts—reduces
verification time, minimizes errors, and simpli-
fies cargo handling procedures. The study further
highlights that the lack of standardization remains
a major obstacle due to system fragmentation,
multilingual requirements, and the involvement of
multiple intermediaries across the supply chain, as
shown in Fig. 6.

3) Last Planner System (LPS): Through a combination
of collaborative planning, constraint management,
and progress monitoring using indicators, this tool
aims to continuously improve the performance of

construction projects, as shown in Fig. 7.

III. RESULTS

A. Arena Simulation

The improvements introduced by the management
model were validated to determine their impact on the
KPIs. The key areas involved in the management flow and
the transformation of material requirements were modeled
within the simulation environment. Specifically, the

warehouse area is represented in Fig. 8, the procurement
and logistics area in Fig. 9, and the construction execution
in Fig. 10.

The KPIs to be evaluated were simulated using modules,
variables, and other complementary outputs, which enabled
the automatic generation of the aforementioned KPIs in the
results report produced by the Arena software, as shown in
Table III.

Additionally, three hypothetical scenarios were devel-
oped representing different levels of implementation
impact, with the aim of analyzing the model’s robustness
to variations and capturing the inherent uncertainty of real
execution conditions.

1) Expected: Tools implemented in the baseline
scenario, influencing in accordance with the
projected outcomes.

Optimistic: The implementation is positively
adopted by the affected areas, enabling the tools to
achieve their maximum performance.

2)

3) Pessimistic: Due to risk factors inherent to the
construction sector, the measured impact of the

implementation is reduced by 25%.

B. Project Physical Progress Percentage

When comparing the baseline model with the model
incorporating the implemented tool, no overlap was
observed between the confidence intervals of the evaluated
scenarios, indicating a statistically significant improve-
ment—at a 95% confidence level—in the on-site progress of
the project.
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TABLE III
SIMULATION OUTPUT RESULTS
Output summary for 30 replications
Identifier Average Half-width ~ Minimum  Maximum
Project physical progress percentage 71.22% 0.85% 67.31% 75%
Rejected materials rate on-site 7.72% 1.17% 1.43% 14.52%
Material requisition incident rate 19.4% 1.15% 13.92% 30.95%
Accumulated schedule delay days 14.684 1.8096 8.6699 25.356
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Fig. 9. Supply and logistics area simulation.

Fig. 10. Work in progress simulation.
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As a main result, the implementation of the manage-
ment model reduced the durations of critical tasks which, on
average, were delayed 78.63% of the time, as shown in Table IV.

In addition, the number of material requisitions gener-
ated per month decreased by 48.54%, as shown in Fig. 12.

C. Accumulated Schedule Delay Days

The statistical analysis shows no overlap between the
baseline and improved scenarios, indicating a significant
and measurable reduction in the number of delay days rela-
tive to the initial state.

In the AS-IS model, an average of 24.7 accumulated
delay days was recorded, while in the TO-BE model this
decreased to 15 days, representing a 39.27% reduction.

This improvement aligns with the expected benefits
of implementing the LPS, which is well documented for
enhancing team coordination and optimizing task execution
sequencing [15]. By promoting realistic commitments and
tracking collaborative progress, the LPS tool contributes to
greater reliability in activity scheduling, as shown in Table V.

Additionally, the economic impact associated with the
delay was estimated by quantifying the contractual penalty,
based on the daily penalty formula used by the client:

0.1 * (Project Amount)
0.4 * (Days of Delay)

Penalization =

This difference represents a direct saving of S/ 20,312.13
per project delivered, attributable to the reduction in accu-
mulated delays. This result highlights the operational
profitability of applying collaborative planning systems in
medium-scale construction projects.

D. Rejected Materials Rate On-Site

With a 48.54% reduction in the number of on-site requi-
sitions and a 20% decrease in the incidence rate related to
technical specifications in the warehouse area, a consider-
able improvement in this KPI was observed.

In addition, the interruption index—calculated as the
proportion of scheduled time lost due to on-site material
shortages—showed a significant improvement of 68.59%, as
shown in Table VI.

To evaluate the effect of systematic improvement on the
duration of on-site activities, the two simulated scenarios
were compared. In the improved scenario, an approximate
20% reduction was applied to the duration of value-added
(VA) activities, while preserving the sequential logic, which
could not be altered, as shown in Table VII.

In the current scenario, the total process time is 37.08
days, of which 28.25 correspond to VA activities and 8.83
to non-value-added (NVA) activities. It is important to note
that, although NVA activities do not directly transform the
final product, they are required to enable the execution of
the main tasks.
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Fig. 11. Output analyzer of project physical progress percentage.

TABLE IV
COMPARISON TABLE

Project physical progress Critical
percentage tasks
Base model 57.1% 4
Improved model 71.2% 0
Improvement 24.69% 100%

Note: Critical tasks are construction activities with a delay
incidence rate of more than 65% (standard for the case study).

TABLE V
COMPARISON OF MODELS

Accumulated schedule

delay days Average (S/)
Base model 24.7 days 51,722.65
Improved model 15 days 31,410.52

Note: For the penalization calculation, historical case study
data were used, excluding construction projects with durations
shorter than 30 days.

TABLE VI
COMPARISON OF MODELS

Rejection rate of

. . Interruption index
materials on site

Base model 22.5% 32.53%
Improved model 7.72% 10.22%
Improvement 65.7% 68.59%

Number of Requirements per Activity
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16 15

16
14
14
1
12 10 10
0 B B 9
7 7 7
8 6
6
4
- 00 00
0
4 s & 7 8 9

m Base mImproved

@

Fig. 12. Number of requisitions per activity.

Note: Activities 12 and 13 were not scheduled with requisitions
as they do not involve construction materials.
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TABLE VIII
SCENARIOS COMPARISON

KPI Base Pessimistic Expected Optimistic
Project physical progress percentage 57.05% 59.3% 71.2% 72.2%
Accumulated schedule delay days 24.67 days 16.2 days 15 days 8.01 days
Rejected materials rate on-site 22.49% 11.03% 7.72% 3.63%
Material requisition incident rate 24.22% 19.78% 17% 10.99%
In contrast, in the improved scenario, the total process TABLE VII

time is reduced to 29.70 days, consisting of 22.63 days of
VA time and 7.07 days of NVA time. This reduction reflects
a positive impact on process timelines, as shown in Fig. 9.

E. Material Requisition Incident Rate

The implementation of Standard Work resulted in a
significant decrease in the average value of the analyzed KPI,
from 0.242 to 0.170, representing an improvement of 29.75%.

It is crucial to highlight the improvement in the number
of canceled requisitions, which decreased by 65.96%
following the implementation. Efficient management of
material requisitions is a critical pillar for the smooth execu-
tion of projects at all stages, as it requires coordination
across multiple functional areas. Additionally, a substantial
drop in canceled requisitions was observed, corresponding
to a 65.96% reduction, as shown in Fig. 10. This metric
is particularly relevant, as each canceled requisition
represents a loss of operational time, generates adminis-
trative rework, and in many cases, directly delays on-site
construction activities.

F. Scenario Analysis

In order to evaluate the sensitivity of the proposed
model under different adoption conditions, a multi-scenario
analysis was conducted, including the improved model, as
well as pessimistic and optimistic scenarios.

These configurations represent, respectively, low,
expected, and high levels of adherence to the implemented
Lean tools, allowing the observation of result variability
under different execution conditions, as shown in Table VIII.

From a comparative approach, statistically signifi-
cant differences were identified across all simulated KPIs
when compared to the baseline model. The project phys-
ical progress percentage exhibited an increasing trend
according to the level of implementation: starting at 57.05%
in the baseline scenario, rising from 59.3% (pessimistic),
71.2% (expected), and 72.2% (optimistic). This evolution
represents a cumulative relative improvement of up to
26.5% compared to the reference scenario.

Regarding accumulated schedule delay days, a progres-
sive reduction was observed, decreasing from 24.67 days
in the baseline model to 16.2, 15.0, and 8.01 days in the

COMPARISON OF VA, NVA, AND TOTAL TIMES BETWEEN
THE CURRENT AND IMPROVED SCENARIOS

Indicator Base model Improved model Impro(;iment
0,

VA time 28.25 days 22.63 days -19.9%

NVA time 8.83 days 7.07 days -19.5%

Total time 37.08 days 29.7 days -19.7%
Note: Reference time based on 1 km of roadway.
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three scenarios, respectively. This reflects a reduction of up
to 67.5% in the most favorable scenario, demonstrating a
high positive sensitivity of the model to improvements in
planning and operational control (LPS).

In addition, logistics-related indicators also showed
significant decreases. The rate of materials rejected on-site
decreased from 22.49% to 11.03%, 7.72%, and 3.63%, corre-
sponding to improved standardization processes and
technical control. Simultaneously, the incidence rate of
material requisition errors—defined as the percentage of
requisitions with technical or administrative errors—declined
from 24.22% to 19.78%, 17.0%, and 10.99%, evidencing a
reduction of up to 54.64% relative to the baseline model.

Overall, this analysis demonstrates that the proposed
model exhibits robust consistency under varying oper-
ational conditions and that the magnitude of KPI
improvements is directly proportional to the level of imple-
mentation achieved.

IV. DISCUSSION

The results obtained confirm that an integrated Lean
model can generate significant improvements in the
planning and execution of construction projects in the
public-sector construction projects. The implementation
of the model led to a 24.69% increase in physical progress
and the elimination of 100% of critical tasks, which in the
baseline scenario had a delay incidence rate of 78.63%.
These results reflect a tangible improvement in operational
coordination, consistent with the positive impacts of Lean
construction tools on schedule reliability and planning
discipline reported in [15].

A physical progress increase of 24.69% exceeds the 18%
improvement documented in [8], highlighting the enhanced
effect of combining Lean tools into a unified management
model.

In terms of delay reduction, this study achieved a 39.27%
decrease in accumulated delay days, which surpasses the
25% improvement observed in [15] through the implemen-
tation of the LPS in public works.

As discussed in [16], Lean practices improve produc-
tion control by fostering commitment-based planning and
continuous monitoring through PPC metrics. The current
study supports these findings by showing reduced rework
and better task coordination. However, unlike the task-spe-
cific applications addressed in [8], the proposed approach
integrates Lean tools at the interdepartmental level,
contributing to a 65.96% reduction in canceled requisitions.

The application of Standard Work proved decisive in
reducing ambiguities and documentation errors. While [7]
described qualitative benefits from standardization, this
study adds quantitative evidence, with a 29.75% reduction
in requisition incident rate and a 68.59% improvement in
the interruption index.

250

Base model Improved Model

M Total Requests M Cancelled

Fig. 16. Material requisition requests.

Model validation was conducted using Arena-based
probabilistic simulation, with a confidence interval < 5%,
confirming the statistical significance of the improvements.
Unlike the approach in [16], which used basic simulation
for residential projects, the present model incorporates
baseline, pessimistic, expected, and optimistic scenarios,
improving robustness and capturing performance
variability.

Despite the positive outcomes, fluctuations in non-pro-
ductive time were observed, potentially influenced by
external factors such as weather and equipment avail-
ability. As indicated in [11], many delays and cost overruns
in construction projects stem from causes beyond the
contractor’s control, such as logistical interference and
supply issues. Therefore, even effective Lean models should
be complemented by strategies to mitigate contextual risks.

Resistance to change was observed during implementa-
tion, attributable to limited knowledge of Lean construction
and a weak collaborative culture. Similar barriers were
identified in [17] and [18], where lack of awareness and
low leadership involvement hindered adoption in emerging
markets. Overcoming such resistance requires structured
training and gradual cultural adaptation.

V. CONCLUSIONS

In conclusion, the integrated model—based on
collaborative planning, standardization, and continuous
improvement—effectively addresses common challenges
such as low productivity, rework, and logistical inefficiencies
in public sector projects. Its progressive and non-disruptive
implementation strategy proved suitable for organizations
with low Lean maturity, enabling cultural alignment and
measurable improvements without major investments.

This approach strengthens internal capabilities,
fosters continuous improvement culture, and offers a
replicable model for other public infrastructure contexts.
Finally, this study provides a practical solution for sector
professionals, optimizing resources and processes, and
offers empirical evidence on the effectiveness of Lean
construction in public-sector environments. It also opens
new research avenues in sustainability, scalability, and
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cultural change, recommending exploration of the model’s
evolution and its application in different project types with
varying levels of Lean maturity.
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