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Lessons Learned from Construction Site Layout Planning
Practices

Lecciones aprendidas de las practicas de planificacion del diseno del
sitio de construccion

Seng Hansen®!

ABSTRACT

Proper layout planning is necessary to prepare a site for construction activities, prevent potential delays, and ensure project safety
and security. Despite the considerable amount of studies regarding construction site layout planning, most research has relied on
fabricated data using simulations, while, in fact, site layout is unique for each construction project, and its planning requires previous
experience. This paper presents an in-depth study on site layout planning practices, as observed in four actual project cases. Using
an empirical case study approach, these practices are collected through site observations, document examinations, and semi-
structured interviews. Several discussions related to site layout planning practices are described, including the considerations, types,
tasks and benefits related to proper site layout planning. The contribution of this paper is the ability to capture some lessons learned
regarding construction site layout planning from actual project cases, which can be utilized by other parties for the benefit of future
projects. The lessons learned allow developing appropriate strategies required by construction project teams in order to increase
their response capability and hence be able to pro-actively make decisions regarding proper site layout planning.
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RESUMEN

La planificacion adecuada de disefio es necesaria para preparar un sitio para actividades de construccion, prevenir posibles demoras
y garantizar la seguridad de un proyecto. A pesar de la cantidad considerable de estudios sobre la planeacion del disefio de sitios
de construccion, la mayoria de las investigaciones se han basado en datos fabricados mediante simulaciones, si bien, de hecho,
el disefo de sitio es Unico para cada proyecto de construccion y su planeacion requiere experiencia previa. Este articulo presenta
un estudio a profundidad sobre précticas de planeacion para el disefio de sitio en cuatro casos de proyectos reales, Empleando un
enfoque de estudio de caso empirico, se recolectan estas practicas por medio de observaciones en sitio, examen documental y
entrevistas semiestructuradas. Se describen varias discusiones relacionadas con las practicas de planeacion para el disefio de sitio,
incluyendo las consideraciones, los tipos, las tareas y los beneficios relacionados con una planeacion adecuada para disefio de
sitio. La contribucion de este articulo radica en la posibilidad de capturar algunas lecciones aprendidas con respecto a la planeacion
del disefio de sitios de construccion de casos reales de proyectos, las cuales pueden ser aprovechadas por otras partes para el
beneficio de proyectos futuros. Las lecciones aprendidas permiten desarrollar estrategias apropiadas segun lo requieran los equipos
de proyectos de construccion para aumentar su capacidad de respuesta y, por tanto, ser capaces de tomar decisiones de manera
proactiva respecto a la planeacion adecuada del disefio de sitio.
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Xu and Li, 2012; Zolfagarian and Irizarry, 2014), it must
be properly planned. However, this is the most ignored
aspect by project managers and site engineers (Kamil and
Adnan, 2020; Sadeghpour et al., 2006; Sanad et al., 2008).
In most cases, it is carried out on a first-come-first-served

Introduction

Construction projects are labor-intensive, so construction
sites are prone to becoming a source of delays and conflicts
if not properly managed. Researchers have recognized site

layout as one of the main factors affecting construction
project performance (Liang et al., 2018; Su et al., 2012;
Zolfagarian and lIrizarry, 2014; Tsegay et al., 2023a).
Therefore, proper management is necessary to prepare
a site for construction activities, as well as to prevent and
overcome potential delays and ensure compliance with
project occupational safety and health (OSH). As site layout
affects productivity, cost, quality, duration, and work safety
(Alavi and Rizk, 2021; Pradana, 2021; Sanad et al., 2008;

basis through human judgment (Andayesh and Sadeghpour,
2013; El-Rayes and Said, 2009; Kim et al., 2021; Tam and
Tong, 2003). This could result in chaotic site management,
which ultimately leads to poor project performance and
accidents (Mawdesley et al., 2002; Sadeghpour et al., 2006).
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LessONs LEARNED FROM CONSTRUCTION SITE LAYOUT PLANNING PRACTICES

Construction site layout is unique for each project (Tam et
al., 2002; Vashishtha, 2022; Zolfagarian and Irizarry, 2014).
This concept refers to the graphical representation of the
construction site, which shows the area and arrangement
of the necessary facilities and resources for construction
work. A site layout presents a lot of information that can be
considered by site engineers and contractors in managing
construction activities. Meanwhile, site layout planning is
defined as the process of arranging materials, facilities, and
equipment within a construction site (Pheng and Hui, 1999).
A site layout plan may consist of the planned building,
existing buildings, temporary facilities, utilities, and access
roads (Marx and Konig, 2011).

Although there is a lot of published literature that examines
site layout planning problems, most works consider data
fabricated using simulations and mathematical models
(Alavi and Rizk, 2017; Binhomaid, 2019; El-Rayes and Said,
2009; Fadhlan et al., 2020; Hammad et al., 2016; Kim et al.,
2021; Pradana, 2021; Sanad et al., 2008; Su et al., 2012;
Tsegay et al., 2023a). A model (simulation or optimization)
for construction site layout planning must comply with the
rules used to create it. It is very difficult to create an entirely
realistic model due to a lack of research and past data.
Consequently, these models may rely on many assumptions
that can affect the quality of site layout planning decisions
(Marx and Konig, 2011). Therefore, previous project
experience can be a good lesson to obtain input information.

Lessons learned is a technique or approach aimed at gaining
knowledge and understanding through experience (Weber
et al. 2000). It can be used on all types of construction to
improve project quality, manage changes, and control
expectations (Resende et al., 2020). To obtain these lessons,
an evaluation of project phase or performance is carried
out by the organization. The results regarding the lessons
learned must be recorded within a knowledge management
process which will then be transferred to other parties
(Resende et al., 2020). Considering their importance in
construction projects, this paper aims to investigate the
practices of site layout planning from actual project cases.
Using an empirical case study approach, experience from
these projects is recorded, analyzed, and shared with the
objective of improving the performance of construction
projects in the future.

Literature review

Construction site management

Construction site  management refers to planning,
organizing, and monitoring construction facilities and
resources in an integrated manner for a smooth workflow.
It involves many tasks such as site investigation, site layout
planning, materials delivery, site housekeeping, and site
communication. As construction workers spend most of
their time in construction sites (Zolfagarian and Irizarry,
2014), proper site management is critical for the successful
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completion of construction projects. Thus, if these workers
can move quickly, easily, and safely within the site,
productivity will increase, and work will be completed more
quickly (Sadeghpour et al., 2006; Zolfagarian and Irizarry,
2014).

On the other hand, construction space is a limited resource
in construction projects (Sadeghpour and Andayesh, 2015;
Tsegay et al., 2023b; Vashishtha, 2022). It is equal to other
construction resources such as money, time, materials, labor,
and equipment (Hegazy and Elbetagi, 1999; Sadeghpour et
al., 2006). However, as an integral part of construction site
management, it is a dynamic environment which ideally
changes its layout in order for each project phase to be
effective (Liang et al., 2018). Therefore, site layout planning
is a crucial task that has a major impact on construction
productivity, costs, and safety (El-Rayes and Said, 2009;
Kamil and Adnan, 2020; Sjgbakk and Skjelstad, 2015).

Site layout planning is an essential task of construction site
management; one of the main causes of project failure is
poor site layout planning practices (Mawdesley et al., 2002;
Vashishtha, 2022). On the contrary, careful planning of the
site layout, including the proper placement of temporary
facilities, can help project managers to achieve significant
gains in the form of increased productivity, decreased
travel times, and better working conditions (Fadhlan et al.,
2020; Tsegay et al., 2023a; Vashishtha, 2022). According
to Skejlbred et al. (2015), proper site layout planning,
simultaneously considering logistics and resource allocation,
must be implemented for an effective project performance.

Construction site layout

Site layout planning includes the process of identifying the
position and size of temporary and permanent facilities in
construction sites (Alavi and Rizk, 2017; Sanad et al., 2008;
Zouein et al., 2002). Temporary facilities are those needed in
carrying out work but are not a physical part of the project.
This may include but is not limited to fabrication yards,
warehouses, material storages, parking lots, and temporary
offices (El-Rayes and Said, 2009; Sanad et al., 2008). In
contrast to temporary facilities, permanent facilities will
become an integral part of the finished building.

Sanad et al. (2008) highlighted the importance of site layout
planning to ensure project safety and the effectiveness and
efficiency of project operations. Site layout planning depends
on many factors and constraints. Traditionally, site layout
plans were mainly developed based on personal experience
and common sense (Cheng and O’Connor, 1996; Sanad
et al., 2008; Xu et al., 2020). However, complex terrain
conditions cause difficulties in site layout planning (Xu et
al., 2020). Moreover, site layout plans often do not reflect
the actual construction process (Xu et al., 2020) because
they are not updated. This causes them to be ineffective in
controlling work on site.
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Ignoring site layout planning in the initial phase can result
in an improper site layout that requires corrections during
the execution of a project. These on-site corrections imply
a greater cost than preventive measures in the early stages
of planning. Therefore, a considerable amount of research
has attempted to improve construction site layout planning
performance by introducing systematic site layout planning
approaches. Cheng and O’Connor (1996) proposed
an automated site layout system using a Geographical
Information System (GIS) and a database management
system.

Optimization techniques that consider the dynamic
interdependencies of construction sites and facilities
in various project phases must therefore be developed
(Pteroutsatou et al., 2021). Zouein and Tommelein (1999)
presented a dynamic site layout planning model using a
hybrid incremental solution method. Osman et al. (2003)
developed an automated computer system based on an
evolutionary optimization genetic algorithm (GA) engine.
Khalafallah and El-Rayes (2006) presented an optimization
GA model for airport construction site layout planning in
order to minimize the hazards of wildlife attractants and
costs. Sanad et al. (2008) provided an optimization model
for construction site layout planning that considers safety
and environmental issues.

El-Rayes and Said (2009) studied a dynamic site layout
planning process using approximate dynamic programming.
They further developed a model to optimize construction
materials storage layout for cost-effectiveness purposes (Said
and El-Rayes, 2011). Through proper site layout planning
(includinglogistics planning), poor inventories of construction
materials, people movement, material transportation,
and waiting times can be effectively addressed (Alavi and
Rizk, 2021; Sezer and Fredriksson, 2021). Similarly, Zhang
and Yu (2021) developed a mathematical model using the
particle swarm optimization algorithm in order to solve the
dynamic constraints of site layout planning for prefabricated
components by enhancing site coordination.

Zolfagharian and Irizarry (2014) emphasized the importance
of a rule-based site layout checking system. Hammad et al.
(2016) developed a computational framework for estimating
the travel frequencies required in site layout planning.
Alavi and Rizk (2017) developed an integrated framework
for construction site layout planning using GA simulation.
Ning et al. (2018) found concerns related to site waste and
risks resulting from the interactions between facilities, and
they developed an assessment model to evaluate the safety
risks in construction site layout planning. Several research
works have used simulation-based techniques to solve the
adjustment of materials delivery and construction schedules
in addressing the dynamic site layout planning problem
(Alanjari et al., 2014; Ma et al., 2005).

In recent years, some contemporary technologies have
been utilized for construction site layout planning (Alavi and
Rizk, 2021). For instance, Liang et al. (2018) developed a

real-time construction site layout monitoring system using
building information modeling (BIM). Similarly, Xu et al.
(2020) proposed a platform that allows project managers
to interactively place temporary facilities in a virtual
environment by integrating BIM and virtual reality (VR) for
highway construction. Meanwhile, Jiang et al. (2020) used
drones to reconstruct the construction site in real time for
the purposes of hoist and facility layout planning.

Lessons learned

research

in construction ~management

Lessons learned is a technique that can be used to improve
the performance of the construction industry. This is done
by studying actual experiences from previous project
implementations (Hansen et al., 2018), which may be good
or bad (Weber et al., 2000). Harrison (2003) sees it as an
innovative approach to capture and share, either to repeat
the application of good practices or to avoid the recurrence
of bad practices. It is defined as “the shared knowledge
that allows project managers and the organization to
grow and projects to mature” (Gordon and Curlee, 2011,
p. 177). According to Caldas et al. (2009), lessons learned
is closely related to knowledge management, wherein the
lessons learned are stored, studied, and transferred to
other parties who need them (Resende et al., 2020). Von
Zedtwitz (2003) called it a post-project review in which
project lessons are studied and used for the benefit of future
projects. In addition, Rowe and Sikes (2006) presented the
lessons learned workflow, consisting of five steps, namely
(1) identifying the comments and recommendations derived
from a project, (2) documenting and sharing the findings,
(3) analyzing and organizing the lessons learned to apply the
results, (4) storing the lessons learned in a repository, and
(5) retrieving them for use in subsequent projects.

This technique has been used in many construction
management studies to increase the efficiency of construction
projects. It can be used on all construction types to improve
project quality, manage changes, and control expectations
(Resende et al., 2020). For instance, Hansen et al. (2020)
utilized the lessons learned from the GBK Aquatic Stadium
project to develop a framework for minimizing construction
change orders. Lessons learned from a high-speed rail
project in Spain were used to promote owner-contractor
collaboration in large-scale infrastructure projects (Hetemi
et al., 2020). Shiferaw and Klakegg (2013) employed
case studies to assess five aspects of project evaluation
(efficiency, effectiveness, relevance, sustainability, and
effects) of housing development projects in Ethiopia. The
lessons learned from the Shanghai Expo Construction
were used by Hu et al. (2012) to improve the design and
management of multicriteria incentives in megaprojects.
A benchmarking initiative focused on construction project
performance measures was developed by Costa et al. (2006)
using this technique.

Similarly, the lessons learned from bad practices have also
been utilized to increase the knowledge and performance of
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construction projects. For example, the lessons learned from
a cancelled urban transport project in Jakarta were provided
by Hansen et al. (2018), highlighting the importance of the
front-end planning (FEP) phase in infrastructure projects.
Meanwhile, three examples of incidents that can impact
construction projects and lead to extensive delays and cost
overruns were discussed in detail by Baroncini and Wong
(2022).

Methodology

This study applies a qualitative method with a case study
approach. This approach can be effectively applied to
research focusing on ‘how’ and ‘why’ questions about a
contemporary set of events where the researcher has little
or no control over the research object (Yin, 2003). In this
research context, it is useful for exploring insights from actual
construction projects regarding previously implemented
site layout practices. Four project cases were successfully
collected, whose brief profiles are presented in Table 1. They
are actual construction projects with different backgrounds
and geographies, aiming to provide researchers with more
diverse data.

Table 1. Project profiles

Profile Project A | ProjectB Project C Project D
College Fast-food Car Mixed-
Type hall restaurant | showroom | use
building building building apartment
Location Padang Tangerang | Bandung Serpong
(city)
Contract 3,678 6,168 12 billion 313,5
value (IDR) billion billion billion
Duration 4 months | 4 months 6 months > years, 7
months
Site area (m?) | 1320 2742 37 868 146 900
Source: Author
The data collection techniques consisted of site

observations, document examinations, and semi-structured
interviews. Site observations were carried out by visiting
construction sites directly in order to gain an understanding
of actual field conditions. The data collected come in the
form of photos and videos. Document examinations were
carried out, requesting a site layout image of each project.
Meanwhile, semi-structured interviews were conducted
with four project managers (one for each project). This
is a small sample size, considering the narrow research
scope (focused on construction site layout practices), but
it includes homogeneous interviewees (project managers)
with a high level of expertise (Hansen, 2021). The list of
interview questions is presented in Table 2. The analysis of
the interview results involved the process of familiarizing
oneself with and reviewing the data. Familiarization was
carried out by reading the interview transcripts repeatedly,
and data analysis used coding analysis techniques.
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Table 2. Interview questions matrix

No Questions References
Alavi and Rizk (2017), Binhomaid
(2019), Dio and Frenky (2023),
Liangetal. (2018), Maetal. (2005),
1 gtoeml/ad(?ut);ou plan the Mawdesley et al. (2002), Su et al.
youts (2012), Tam et al. (2002), Xu et al.
(2020), Zolfagarian and Irizarry
(2014), Zouein et al. (2002)
Alavi and Rizk (2017), El-Rayes and
. Said (2009), Osman et al. (2003),
2 V\I/a}]:é%/ngf s;lte;ay(l)u?t Xu and Li (2012), Zolfagarian
P ing doyouapplys | 44 Irizarry (2014), Zouein and
Tommelein (1999)
Dio and Frenky (2023), Hammad
What are some et al. (2016), Kumar and Bansal
parameters that you (2015), Mawdesley et al. (2002),
3 | consider in planning Sadeghpour and Andayesh (2015),
the site layout? Sanad et al. (2008), Suetal. (2012),
: Tam et al. (2002), Zolfagarian and
Irizarry (2014)
Binhomaid (2019), El-Rayes and
Said (2009), Kumar and Bansal
V\r/:;tm:sre i,f"mf;n,?ﬁft (2015), Mawdesley et al. (2002),
4 gnd mana inp sitg Sadeghpour and Andayesh (2015),
lavouts? 8ing Sanad et al. (2008), Su et al. (2012),
Y : Tam et al. (2002), Zolfagarian and
Irizarry (2014)
Binhomaid (2019), Dio and
Frenky (2023), El-Rayes and Said
How can they influence | (2009), Mawdesley et al. (2002),
5 | the construction work | Sadeghpour and Andayesh (2015),
performance? Sanad et al. (2008), Suetal. (2012),
Tam et al. (2002), Zolfagarian and
Irizarry (2014)
What. are somebl bad Binhomaid (2019), El-Rayes and
practices or problems | oo (2009), Kumar and Bansal
6 | that you encounter in
. . (2015), Sadeghpour and Andayesh
planning and managing (2015). Su et al. (2012)
site layouts? ! ’
What are the | Binhomaid (2019), El-Rayes and
5 | consequences of | Said (2009), Kumar and Bansal
these bad practices or | (2015), Sadeghpour and Andayesh
problems? (2015), Su et al. (2012)
El-Rayes and Said (2009), Kumar
What can be  done and yBansal (2015), Mawdesley
8 | to overcome these
roblems? et al. (2002), Sadeghpour and
P Andayesh (2015), Su et al. (2012)

Source: Author

Results and discussion

Case study 1 — College hall building

Project A was a small-scale project aimed at expanding an
existing college building with the addition of a hall made of
reinforced concrete and steel structures. The site area was
very limited, and hence there was little space for storage.
Due to the small scale and short duration of the project, the
contractor prepared only one site layout plan (Figure 1). The
results of the interviews describe the five steps of site layout
planning: (1) planning access, mobilizing heavy equipment
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and materials; (2) determining the location of beds, storage,
and workshop areas; (3) managing work hours and traffic
because the project took place within acampus environment;
(4) determining the position of the mobile crane; and (5)
planning the location of the OSH signs on site.
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Figure 1. Site layout plan for Project A
Source: Author, based on project documentation

The contractor acknowledged that there were several
challenges in developing the site layout plan due to space
limitations. Structural steel is a major material that must
be considered with regard to the delivery process and its
placement on site. Even though the OSH signs were planned,
site observation reported no signs on the project site or
around the campus area, potentially endangering workers
and passers-by in the surrounding area. Considering that the
project is in a public area, traffic and OSH signs must be
provided.

Case study 2 — Fast-food restaurant building

Project B was a fast-food restaurant project with a short
duration and a simple design. As it would function as a
fast-food restaurant, the large parking area allocated for
the project aided the site layout planning. Therefore, the
contractor applied static planning with only one layout
(Figure 2). Workshop and storage areas could be placed in
the parking area. Based on the interview, apart from paying
attention to temporary storage facilities and workshops, the
contractor had to prepare housing for the workers. However,
due to the short duration of the work, they decided not to
build temporary housing, but to rent houses around the
project area.

Site observation showed a bad practice: some materials were
eventually stored in the finished building when the storage
material was removed because paving block work would be
carried out in the parking area. This has the potential to cause
damage to the completed architectural work. Therefore, it is
recommended that at least two site layout plans be made,
so that the contractor can consider and arrange any storage
areas that are still needed. Inappropriate site layout planning
can hinder project performance and quality, which was also
recognized by the contractor.

Figure 2. Site layout plan for Project B
Source: Author, based on project documentation

Case study 3 — Car showroom building

Project C was a 3-storey car showroom building project
covering an area of 37 868 m?. It had no site layout problems
because there was enough space for material storage and
workshops (Figure 3). Other temporary facilities available
were a workers’ mess, a site office, a meeting room, a
prayer room, and parking lots. According on the results of
the interview, the work implementation was carried out in
stages, which were divided into five zones due to the large
area of the project.

Figure 3. Site layout plan for Project C
Source: Author, based on project documentation

Other issues that had to be considered by the contractor
were the type and conditions of the soil (as it was a paddy
field) and the relocation of the warehouse area and the
workers’ dormitories. The type and conditions of the soil
had to be improved because the project would be traversed
by heavy equipment. The workers’ dormitories and the
warehouse were also moved from their initial location in the
southwest area to the northeast area from mid-project until
its completion. This aimed to make mobility more efficient
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due to the large project area and the division of work zones.
Site observation showed no canteen for workers, so they
workers had to look for food vendors, which were quite
far away. A temporary canteen or catering distribution area
could have been built for workers in the project area, so
they would not have to waste time looking for food during
break times.

Case study 4 — Mixed-use building

Project D was an apartment with a superblock concept
and luxury offices. It is located close to various shopping
centers, hospitals, schools, and universities. Due to the
complexity of the work, site layout planning was carried out
in stages consisting of six site layout plans, namely phase
1 for excavation work (Figure 4a), phase 2 for substructure
work (Figure 4b), phase 3 for tower construction (Figure 4c),
phase 4 for tower structure, architecture, and MEP works
(Figure 4d), phase 5 for post-structure topping off (Figure
4e), and phase 6 for MEP and fitting out works (Figure 4f).

SN s e
Q":‘\‘ f" \ j ':3 R

(a) (b)

(<) (d)

(e) [0}

Figure 4. Site layout plan for Project D
Source: Author, based on project documentation

As seen in these pictures, there was a gradual change in
the site layout planning following the developments and
changes in work over time. The first site layout plan displays
site access, work area boundaries, and building plan spots.
The second layout plan displays the number and location
of the tower cranes used as well as the distribution of work
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zones for substructure works. The third layout plan maps
traffic routes and the locations of storages and workshop
areas. In the fourth layout plan, there are more storages for
architecture and mechanical, electrical, and plumbing (MEP)
works. The fifth layout plan is like the fourth one, albeit
with reduced heavy equipment except for tower cranes.
Meanwhile, in the sixth layout plan, the tower cranes and
several workshops and storages have been dismantled.

The interview results showed that the limited space for the
project was one of the main reasons for implementing the
dynamic site layout planning method. Even though this
planning method is efficient, the contractor needs to devote
time and resources to repositioning warehouses, workshops,
and other temporary facilities. Site observation reported a
good housekeeping practice by the contractor. In general,
the site layout planning facilitated the coordination and
execution of work due to faster mobility and an organized
environment.

Planning construction site layout: good and bad
practices

Construction site layout planning is a complex task involving
many interrelated factors and possible solutions to choose
from (Abdel-Fattah, 2013; Kumar and Bansal, 2015). It
is a step-by-step planning process that must consider the
interactions in the flow of materials, equipment, and workers
(Binhomaid, 2019) across a construction site, which is a
limited resource (Sadeghpour and Andayesh, 2015). This is
especially evident in Projects A and D, where limited space
is the main issue. Similarly, Tsegay et al. (2023b) argues that,
as space is limited, especially for construction projects in the
city center, it must be optimally utilized. The narrower the
site area, the more considerations that must be a concern for
the site engineer and contractor. Therefore, it is crucial for
the site engineer and contractor to collect all the necessary
information about the project, the site, and the environment
(including topography, soil conditions, and existing buildings
and access). For example, in Project A the mobilization of
heavy equipment is an important consideration since it will
pass through existing buildings. In Project C, the type and
conditions of the soil are a major consideration because
the site used to be a paddy field, so soil strengthening and
stabilization had to be performed. This becomes even more
complex in Project D, which is in a busy city center with
heavy traffic. Thus, that apart from internal site management,
contractors also had to pay attention to public safety during
site layout planning.

Ma et al. (2005) argue that construction site layout planning
should be a dynamic planning activity that varies from one
phase to the next. Static site layout planning identifies static
locations for all facilities on site in a single site layout plan
(El-Rayes and Said, 2009). Dynamic site layout planning
requires updating the positions of all or part of the temporary
facilities over the entire project duration (El-Rayes and Said,
2009). Unlike the former, it allows for the reuse of space, the
relocation of temporary facilities, and changing space needs
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(El-Rayes and Said, 2009). The benefit of implementing
dynamic site layout planning is that it significantly lowers
operating costs for the contractors (Petroutsatou et al.,
2021). On complex or large-scale projects, multiple site
layout plans are required, so dynamic site layout planning
is recommended. Out of the four project cases, Project D
is the most complex, large-scale project, so the contractor
created six site layout plans. Meanwhile, in Projects A and
B, there is only one site layout plan, and, in Project C, there
are only two site layout plans. It is recommended that at
least three site layout plans be made, following the three
main stages of a project: substructure, upper structure, and
finishing works. On small scale projects, a minimum of two
site layout plans is recommended, one for substructure
works and another one for upper structure works.

There are several important tasks in site layout planning,
namely identifying the facilities to be arranged, determining
acceptable travel distances, and safety considerations (Alavi
and Rizk, 2021). Facility identification is carried out to
determine the facilities available at the project site and to
determine their distribution locations. Identification is also
performed to determine the type of facility being reviewed.
The type of facility to be moved is taken into consideration
in site layout optimization. In small and simple projects (i.e.,
Project A), there may not be many facilities that need to be
arranged, but, in large and complex ones (e.g., Project D)
there are many facilities that must be properly managed for
the smooth progress of work on site.

In general, facilities in construction projects can be grouped
into two types: fixed and temporary (Fadhlan et al., 2020).
Fixed or permanent facilities are those that are part of the
project and its all-associated elements, such as fixtures,
drainage, retaining walls, etc. Meanwhile, temporary
facilities are those needed to support safe and efficient
construction operations, including guard posts, warehouses,
parking lots, wood fabrication, worker toilets, canteens,
scaffolding stockyards, sand and aggregate stockyards, and
site offices. This study also found a correlation between site
space and facility placement, where the wider a construction
site, the higher the tendency towards static layout planning,
as seen in Project C. Meanwhile, the more congested a
construction site, the higher the tendency towards dynamic
layout planning as seen in Project D.

Traveling distance means the distance reached during the
movement of materials, workers, and equipment from one
facility to another (Abdel-Fattah, 2013; Adhika and Nurcahyo,
2017; Fadhlan et al., 2020). It expresses the preference for a
facility or an object to be located within a certain distance of
another facility or object on site (Sadeghpour et al., 2006).
Zhou (2006) argued that rectilinear or Euclidean distance
can be used to measure a distance on site. On projects
with a large site area, the placement of facilities and objects
becomes increasingly dispersed, which makes reducing
travel distance and trip frequency the main goal (Fadhlan
et al., 2020). For instance, Project C implemented a work-
zoning strategy to achieve this goal.

Safety and security considerations are another important
criterion in site layout planning (Abdel-Fattah, 2013; Adhika
and Nurcahyo, 2017; Kumar and Bansal, 2015; Sanad et al.,
2008; Tsegay et al., 2023a). Irregularities in the arrangement
of site layouts can affect site safety and security for workers
and the public. The risk level that can arise is not the same
from one facility to another. Therefore, the contractor must
make efforts to identify the hazard zones and calculate
the safety index (Adhika and Nurcahyo, 2017; Kumar and
Bansal, 2015). The risk level is divided into several zones,
obtaining one value for each one (Adhika and Nurcahyo,
2017). The safety index is calculated through the relationship
between the value of the safety level between facilities and
the frequency of movements between facilities (Adhika
and Nurcahyo, 2017). At the project site, workers can pass
through several hazard zones at the same time when moving
from one facility to another, so the safety level between
facilities is calculated using the distance proportion. Even
though safety considerations are an important issue in the
four project cases, the contractors did not calculate the
safety index to optimize the site layout.

Finally, proper site layout planning provides benefits for
contractors to manage work effectively and efficiently. A well-
planned site layout will increase productivity and safety as
well as minimize the travel time spent on materials handling
(Kumar and Bansal, 2015; Sadeghpour et al., 2006). This
was agreed by all interviewees. Project C interviewee added
that, with a proper site layout plan, project access and the
location and number of temporary facilities become clear,
making site coordination more efficient. On the other hand,
these plans must be updated regularly according to arising
needs. This is essential for site engineers and contractors to
make better decisions faster, e.g., decisions related to work
changes (as in Projects B and D) and the need to divide
working zones (as in Project C).

Research implications

Construction site layout planning is one of the most crucial
tasks that affect project success (Fadhlan et al., 2020; Su,
2013). It can influence project cost, duration, productivity,
safety, quality, and conflicts (Dio and Frenky, 2022;
Kumar and Bansal, 2015; Sadeghpour et al., 2006; Tsegay
et al., 2023a). However, construction site layout planning
practices, especially in Indonesia, are still rarely studied.
Thus, this research highlights the importance of construction
site layout planning as a crucial force in construction project
implementation. Research on construction site layout
planning practices is carried out using a case study approach
to obtain lessons learned empirically. By studying previous
experiences, project teams can create a suitable environment
for project success (Hansen et al., 2018).

The demand to make better organization and project
decisions has become a challenge in the construction
business, where lessons learned techniques can be applied.
Increasing the use of project experiences to improve
organizational performance is a practice widely adopted in
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previous studies. Anbari et al. (2008) emphasized the regular
collection of lessons learned and their meaningful utilization
in future projects as critical aspects of organizational
competitiveness and project success.

On the other hand, Williams (2007) and Rezania and
Lingham (2009) noted that any learning from a project will
be largely dissipated, considering that projects are temporary
organizations by nature. The lessons learned process requires
specific attention so that it can be properly performed.
Therefore, this paper contributes by accumulating lessons
learned from construction site layout planning related to
actual project cases, which can be utilized by other parties
for the benefit of future projects.

In addition, the complexity of construction sites requires site
engineers and contractors to be able to properly perform
site layout planning (Kamil and Adnan, 2020). Construction
site layout planning is a decision-making problem related
to the allocation of facilities which has a significant impact
in reducing the construction cost (Hawarneh et al., 2021).
Making such decisions is a challenging task due to the
interdependence of variables and affecting factors (Alavi
and Rizk, 2021). In actual practice, site layout planning in
construction projects still relies heavily on the intuition
and experience of site engineers, who make decisions
considering various project parameters and characteristics
(Kim et al., 2021). As a decision-making problem, it may
need both expert judgment and engineering analysis to aid
in decision-making and guide the planning process. This
study offers technical advice and examples of site layout
planning practices in various construction projects, which
can be used as lessons learned.

Construction site layout planning practice belongs to
the disciplines of construction management and civil
engineering. Thus, research on best practices for site layout
planning is very important for site engineers and contractors
to be able to manage their sites appropriately. This study
offers empirical knowledge based on lessons learned from
four actual project cases, aiming to improve construction site
layout planning practices. As a proper site layout planning
influences project performance, this research contributes to
the study of engineering design by assessing the site layout
planning procedures and processes of real-world cases in
order to improve the efficiency and effectiveness of the
decision-making process.

While this research examines construction site layout
practices in the Indonesian construction sector, the
findings may be of significance to other countries as well.
As construction site layout planning is a complex task that
requires human interpretation of site characteristics (Kim
et al., 2021), the findings of this study might allow others
to understand the risks of improper site layout planning,
as well as to assist in making better decisions. The lessons
learned from these project cases enabled the development
of appropriate strategies that project teams require in order
to increase their response capabilities and hence be able to
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pro-actively make engineering decisions regarding proper
site layout planning. Thus, the findings of this study can be
used as a reference for more efficient and effective project
site performance, especially with advances in construction
technology and research on site layout planning, which
are increasingly sophisticated and diverse (Pradana, 2021),
making it easier for site engineers and contractors to carry
out their tasks.

Conclusions

Site layout planning is essential for all construction projects
because it has a significant impact on productivity, safety,
and the smooth execution of construction activities. This
study focuses on site layout planning practices as observed
in four actual construction project cases in Indonesia. These
four projects have different site characteristics that affect
site layout planning by contractors. This study found that
many factors cause site layout planning to be complex,
including the size and condition of the site area, the type
and scale of the project, the number and types of facilities
and resources to be arranged, and the site layout planning
type and technique applied.

The main contribution of this study lies in establishing
some lessons learned about site layout planning practices.
The findings are relevant to all parties involved, and the
relationship between the research object, the research
context, and the parties involved is described in a coherent
and in-depth manner. Thus, this study can become a
reference or best practice that can be used to enable
better decision-making and optimal outcomes related to
construction site layout planning.

On the other hand, this research has some limitations. As
a context-specific case study, it requires a small sample
size to be effective. Therefore, the findings, corresponding
to Indonesian construction projects, may be difficult to
generalize to other research settings. In addition, lessons
learned collected from actual project practices must
continue to be consistently reviewed to become effective
knowledge. Therefore, we recommend capturing more
real-world cases regarding construction site layout planning
practices, especially from projects with different geographical
backgrounds and characteristics, in order to obtain a
knowledge database with depth and breadth of information
that is available for site engineers and contractors who will
manage future projects.
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