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Construction Site Layout Planning (CSLP) for building construction is a crucial 

process that requires variety of knowledge and experience. A planner has to study numerous 

aspects in order to gain an effective CSLP. Otherwise problems that affect the productivity of 

a project could occur and lead to cost and schedule overruns. This study investigated the 

factors affecting CSLP and proposed a system for implementing CSLP in the first stage of a 

construction project. The data collection was divided into two parts. First, an exploratory 

interview with a group of experts in CSLP was conducted to acquire the principles of works 

as reflected in real practice. Second, a multiple case study was applied to five different cases 

where the experts were asked to manage CSLP from their knowledge. Tabular method was 

applied to find similarities and differences between cases in order to verify factors affecting 

the CSLP and to create knowledge rule bases. These rule bases were sent back to experts to 

validate whether the interpretation was correct to gain the generalizations, validity, and 

reliability of the results. The outputs of this research are the factors influencing CSLP and a 

proposed system in assisting CSLP. The factors affecting CSLP are divided into thirteen 

groups which are the design of the building, constraints of components, relationships between 

components, location of the site, traffic on the site, method of work, site constraints, 

specifications and regulations, free space, man power, availabilities of components, duration 

of the project, and type of the building. A guideline was developed based on these factors and 

was used as the core of the proposed system. The system acts as a supporting system 

developed in IF-THEN-ELSE basis. The validation of the results was conducted with the rule 

bases and the proposed system. The rule bases were assessed in one of the case studies, and 

the proposed system was justified based on the comparison of layouts between experts and 

low expertise engineers. It was found that rule bases were suitable while the system can assist 

low expertise engineers to be able to do CSLP. 
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Chapter 1 

Introduction 

1.1 Background 

1.1.1 Construction site layout planning 

Construction site layout planning (CSLP) is defined as a process of recognizing 

facilities on the construction site (Elbeltagi, 2011). Engineers have to specify and plan 

where to locate these facilities during the construction time. CSLP is mainly a duty of 

a project manager. Problems on the construction site usually happen due to the poor 

management rather than the performance of the workers. More studies from Elbeltagi 

(year) concluded that inefficient construction site layout is a primary reason why 

construction is unproductive. Although it is a very important process in the 

construction project, it is relatively paid small attention (Chau & Anson, 2002). 

Moreover, construction site layout is usually done by a sole decision maker 

(Tommelein et al., 1992). Engineers use their experience and rule of thumb to judge 

their decisions because there are no formal methods that can assist them. (Chau & 

Anson, 2002) 

1.1.2 CSLP in Modern Real Practice 

Nowadays, CSLP takes place in the first stage of the project. The engineer uses a 

map of the construction site to plan where to locate facilities. Then, he judges and 

makes decision based on his experience, rule of thumb, and common sense.  

The sequence of the planning has four steps. First, the engineer confirms the 

objectives and constraints of the planning. Second, the engineer considers the 

facilities which will be placed on the site. Third, the engineer plans layouts that solve 

the objectives and constraints from the first step. Finally, the engineer assesses the 

best layout from the available ones (Ning et al., 2011).  

However, CSLP should also consider other aspects, such as scheduling, 

construction method, man power, equipment, and financial planning. These aspects 

are usually not taken into consideration by engineer into his layout planning 
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(Elbeltagi, 2011). This results to difficulty and confusion, which leads to problems 

that may occur. 

1.2 Problems related to construction site layout 

There are numerous reports regarding problems that occur routinely. These 

problems affect construction productivity. Moreover, CSLP is not paid attention as a 

sufficient job. Numerous project managers place everything at anywhere they can by 

implementing the “First-come First-serve” method (Tam & Tong, 2003). Layout 

problems can occur with many facilities, such as materials, plants, and temporary 

structures. Consequently, these facilities are not optimized and affects the 

construction productivity which can lead to cost overrun. Some problems according to 

Elbeltagi (2011) are as follows:  

1. Materials are located too far from hoist. 

2. The tower crane cannot sustain all of the construction site area. 

3. The mixer cannot be accessed by the aggregate delivering. 

4. The site office is placed too near to a work place which makes loud noise so 

the engineers cannot work productively.   

The effect occurs from the problem of the construction site layout does not only 

end with lower productivity but also affects the quality of the work, schedule, and cost 

to be overrun. Example of quantitative consequences of poor construction site layouts 

are as follows (Boussabaine, 1996):  

1. 5 Man-hours per week are lost due to the congested work areas. 

2. Equipment travel freely without anything to carry for 12.4% loss of day work. 

3. Excessed traveling paths of equipment and material makes 4.6% of the day 

work lost. 

4. Non-productive time due to the non-optimal site layout is stated around 7% of 

a day. 

CSLP is hard to measure the quality of the planning. Although conflicts do not 

happen, it does not mean that site layout is perfect. Moreover, the project manager is 

not able to check or measures his layout. Therefore, he cannot evaluate and upgrade 

his skill (Cheng & O'Connor, 1996) 
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1.3 Problem Statements 

1.3.1 Lack of precise CSLP knowledge 

Site practitioners believe that the best way to understand knowledge on the 

construction site is through practice. They usually rely on the knowledge from 

physical objects, i.e., the experience from the trial-and-error on the field, more than 

abstract objects. Thus, it makes planning to be the hardest part in the construction 

process. (Sears et al., 2008) 

There are limited ways to obtain the site layout planning knowledge. One of the 

causes is neglect of practitioners to CSLP. They believe that problems concerning 

construction site layout problem can be neglected and solved naturally when the 

construction advances (Sadeghpour et al., 2006). Moreover, some practitioners use 

“First-come-first-Served” method to deal with the facilities which might not be useful 

to produce knowledge (Elbeltagi, 2011). In addition, CSLP is a responsibility of the 

project manager which means that on-site engineers do not have to understand 

entirely about the reasons behind these decisions (Tommelein et al., 1992). Therefore, 

the knowledge is congested at the managing level which is hard for inexperienced 

personnel to achieve. However, Tommelein et al. (1992) stated that these managers 

were happy to share their knowledge if they had to.  

1.3.2 Lack of guidelines established to suit modern construction 

project environment for the low expertise planners  

Most of the literature about CSLP furnish a rough overview. For instance, The 

Social Housing Foundation (2006) indicates that there is no standard for the 

construction site layout and provides only some aspects which engineers have to go 

through. Some literature focus on precise on-site aspects which are hard for the low 

expertise engineers to catch the overview and understand the procedure they should 

follow. For instance, Mincks and Johnston (2010) provided precise knowledge for the 

construction jobsite management through many components on the field, but the low 

expertise engineers might be confused where to start due to its complexity. Finally, 

some studies lack some knowledge aspect. For instance, Bennett (2003) concentrated 

on facilities on the site without explaining the equipment management.  Jackson 
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(2010) stated that the engineer has to beware of some factors, such as material storage 

handling, job site security, traffic control but does not focus greatly on the planning of 

the equipment usage. Wong et al. (2005) focused on the equipment and protection 

aspect but does not inform about the facilities treatment on the construction site. 

From these shortages, a guideline of CSLP for low expertise engineers is needed. 

It has to be able to assist engineers from the start until the final stages of the planning. 

The reasons behind the suggestion are also crucial in order to make it clear for 

engineers why the decision should be chosen. Moreover, the guideline can be utilized 

to benchmark and cross check the existing construction site layout for the planner due 

to the shortage of CSLP standards.     

1.4 Research Objectives 

The main objective of this research is to propose the development of a system for 

CSLP. The knowledge base is constructed from the knowledge of the expert panel. 

This system can act as a consultant for low expertise engineers to be able to follow. 

Moreover, planners can also utilize the guideline produced from knowledge rule bases 

to benchmark with their existing site layouts for the potential improvement of their 

layouts.  

The sub-objectives of this research is to examine the current real practices of 

CSLP in order to enhance the knowledge of the practitioners and form the guideline 

from knowledge rule bases of the system. 

1.5 Scopes of Study 

The system is developed to assist CSLP. The scopes of the study are as follows: 

1. The knowledge behind the system construction is gained from the experts who 

have expertise in CSLP for at least ten years. 

2. The type of the project which is focused is a high-rise building by the meaning 

in Building Act issued in 1979. 

3. The buildings used for the knowledge acquisition is constructed by reinforced 

concrete. 

4. CSLP knowledge is focused on the design phase. 
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5. The final system concentrates on components that experts locate on the 

construction site in the design phase 

1.6 Expected benefits from the research 

The expected benefit of the research is the system which can be utilized as 

assistance for CSLP of high-rise reinforced concrete buildings. The system is 

developed to represent the implementation of the expert panel on CSLP knowledge. 

Low expertise engineers can follow this system in order to manage the planning. 

Moreover, the planners can also utilize the knowledge rule bases to benchmark or 

cross check their CSLP for the possibility to improve their layouts in the design phase 

of the construction. 



Chapter 2 

Literature Review 

2.1 Introduction 

This chapter gives the summary of the literature relating to the research. Topics 

are separated into nine parts. These parts are (1) introduction, (2) components on the 

construction site, (3) factors affecting CSLP, (4) supporting system, (5) CSLP with 

the supporting system, (6) the usage of knowledge-based system in CSLP, (7) case 

study, (8) multiple case study, and (9) qualitative data analysis. 

2.2 Components on the construction site 

Elbeltagi (2011) specified 38 facilities on the construction site as shown in the  

Table 2.1. However, these facilities might not appear in every construction project. 

They vary from factors, such as construction projects, site constraints, and local 

regulations. The number of components on the site changes when the time passes. 

There are only 12 facilities presenting in the study of Cheng and O'Connor (1996) 

Mincks and Johnston (2010) divided facilities that the planner has to prepare on 

the site into four groups. The first one is the material storages or laydown areas. The 

material storage used to store the material, such as steel, concrete, and goods of 

subcontractors. The next one is temporary facilities which have three sub criteria: 

jobsite offices, dry shacks, tool storages. The third group is sanitary facilities, for 

example, drinking water tank, washing water tank, and toilets. The last category is 

temporary utilities for the employee on the site, for instance, water, electricity, and 

weather protection. 

Bennett (2003) focused on temporary services and facilities, storage/laydown 

area, security and signage, and quarries and borrow areas. For the temporary services 

and facilities, they are clustered into groups, which are (1) offices, (2) workshops and 

indoor storage, (3) dry shacks, (4) temporary housing and food service, (5) temporary 

utilities, (6) sanitary facilities, (7) medical and first aid facilities, (8) access and 
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Table 2.1 Facilities on the construction site (Elbeltagi, 2011) 

 
delivery. The storage/laydown areas have to be managed systematically to reduce the 

confusion when they are needed. The inside of the building is also available to be 

utilized as the storage for the weather-sensitive material. The security and signage is 

important to the jobsite also. The site has to be separated from the outside due to the 

safety issue. The signage is useful for the construction site in order to inform 

employees and pedestrians about general and important information. Lastly, quarries 

and borrow areas are critical for developing sites. The waste from the construction can 
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be dumped or rested either on the site or other places before the further transportation 

is done. 

For the equipment, Hendrickson and Au (1989) separated them into 6 categories, 

which are (1) excavation and loading, (2) compaction and grading, (3) drilling and 

blasting, (4) lifting and erecting, (5) mixing and paving, and (6) construction tools and 

other equipment. The excavation and loading are equipment used to do the earthwork, 

for example, the bulldozer, crawler, and draglines. Second, the compacting and 

grading equipment usually relate to the work with soil elevation, such as 

infrastructure work. Third, the drilling and blasting equipment are heavy and durable 

in order to deal with the earthwork which contains stones, for instance, the tunnel 

construction that requires the penetration into rocks. Next, machines assisting the 

lifting and erecting in the construction project are tower cranes (both stationary and 

mobile) and hoists (both material and personal). They can be found frequently in 

building projects. Then, the mixing and paving equipment relate to the building 

construction and road works. The mixer can be either stationary or mounted with the 

trucks. Finally, construction tools and other equipment are, for instance, air 

compressors, pumps, and electrical machines. 

2.3 Factors affecting CSLP 

Numerous studies focus on the actual work on the jobsite and how to manage for 

each component on the construction site. Although the good planning in the first steps 

of the construction can assure the success of the project, small number of literature 

provide the overview of the aspects which relate to CSLP (Sears et al., 2008).  

Nevertheless, Mincks and Johnston (2010) explained seven aspects which the 

planners have to keep in mind when they are doing CSLP. These aspects consist of (1) 

jobsite space allocation, (2) jobsite access, (3) material handling, (4) worker 

transportation, (5) temporary facilities, (6) jobsite security, and (7) signage and 

barricades. Mincks and Johnston (2010) further grouped the factors affecting CSLP 

into four divisions. The first one is the material handling which deals with the 

delivery to the construction site. The selected equipment must be prospered. All costs, 

availabilities, capacities, safety, quantity of materials, and accessibilities have to be 
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concerned by the planner. The delivering must be convenient. Delivery routes and 

coordination of the destinations have to be specified clearly. The second factor is the 

labour productivity that is the most unpredictable. A major problem affecting the 

labour productivity is the distance a labour takes to reach the destination. For 

example, a worker would like to go to the toilet. If the distance from the workspace to 

the toilet is too far, the productivity will be dropped down because of the idle time 

when the worker spends to reach and go back from the toilet. The third aspect is 

equipment constraints. It concentrates on the point of the delivery, site accessibilities, 

sequences of the work process, and the location of temporary facilities which the 

equipment has to deal with. Finally, the last one is the site constraints. This aspect has 

the most powerful effect with CSLP. The construction site in the downtown area 

might be very cramp and requires high level of creativity. The traffic condition, the 

space for delivery vehicles, and queuing areas are encouraged to be planned 

beforehand.  

Jackson (2010) paid attention on the work on the field more than the planning in 

the wide aspect. The literature separated factors into eight groups, which the 

management team has to take care.  These factors are (1) material storage and 

handling, (2) job site security, (3) site access, (4) employee parking, (5) traffic 

control, (6) pedestrian safety, (7) location of cranes, and (8) miscellaneous facilities. 

The material handling usually bases on the laydown area. It is a locked place storing 

the material, such as beams and girders waiting for the calling to be used. Second, the 

job site security prevents hazards going outside of the site. The perimeter fencing, 

guard dogs, private security patrols, electronic alarm systems, and night watchmen are 

encouraged. The site access varies from sites to sites. Some sites might not face this 

problem, while, some sites might be a major problem. The employee parking can raise 

the morality of the people on the site. They do not have to try their luck in order to 

find the parking in the downtown area. Next, the traffic control can affect the 

productivity of the work site in the congested workspace. On the other hand, the 

pedestrian traffic has to be concerned also. Their safety can be protected with the 

cover over the walkway. Jackson paid attention to the location of cranes as one of the 

major aspects affecting the construction site. Height limitations, required ranges of 

horizontal jib, and needed capacities are factors that have to be thought of. Cranes 



10 

 

when finished placing cannot be removed. Stationary ones are complex and cost huge 

expenses in order to be moved, so it is a good idea to plan wisely from the first phase 

of the construction. Finally, the miscellaneous facilities are the unusual tools and 

machines that are rarely utilized, for example, dumpsters, vending machines, and 

generators. However, all of these information are general and hard to assist the 

engineer to have a precise view of CSLP. 

Hendrickson and Au (1989) gave general information about principles to plan for 

components on the site. The scope of the project specifies the type of site offices and 

storages. The area of site offices has to be adequate for the document and plans 

preparing. The location of site offices should be able to see the workspace, if it is 

possible. The toilet should be located near the workspace to decrease the idle time 

from the job. The storage must be secure from theves and should be placed near the 

delivery location. For the delivery location, access roads must be provided to the 

storages, the material transferring must be done as close as possible to the installation 

position. However, other minor components and equipment are not suggested.  

The Social Housing Foundation (2006) provided a brief guideline for planners 

which are the access and exit point of the site, the circulation of the material, vehicles, 

and staff, positions of temporary services like electricity and water supply, and the 

position of the constructing building and temporary facilities. However, the building 

scope is a housing project which does not require the variety of equipment. 

Consequently, it can be generalise to building projects 

From the literature review, it can be indicated that the factors affecting CSLP are 

numerous and vary from literature to literature. This problem can cause the planners 

to be confused and lead to the conflict in the planning. In order to gain the standard 

which represents the real practice, it should be developed from the knowledge of the 

practitioners who have the expertise for CSLP. Anyway, due to its complexity in 

nature, the reliable and systematical data collection is required before the guideline is 

presented, so that low expertise engineers can follow or the planners can benchmark 

their construction site layouts for the potential improvement.  
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2.4 Supporting system 

A supporting system is a part of Artificial Intelligence. It can give an expert 

answer for a question in the domain of its knowledge. It is also described as heuristic, 

transparent, and flexible.  Heuristic means it can give a conventional knowledge 

which has theories supported. Transparent means it can explain clearly why it 

recommends the answer. Flexible means it can sum its new learning with the old one 

(Buchanan, 1982).  

Supporting systems were developed in the mid of 1960. The source of the system 

is added the expertise of human to be stored in the memorize unit of the computer. 

The main aim of a supporting system is assisting users who have no or little expertise 

in the knowledge domain of the system. When a user requests for advices, a 

supporting system will suggest by looking up in its storage and reply a proper solution 

based on the conditions given from a user as inferences. Then, it returns answers 

which responded to these inferences (Turban et al., 2005).  

2.5 CSLP with systems 

Sadeghpour et al. (2004) explained about the models which related to the 

construction site layout by drawing into a chart as showed in Figure 2.1.   

 

 

Figure 2.1 Chart of site layout models (Sadeghpour et al., 2004) 
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The first step of site layout models is separated into 2 categories which are 

product models and process models. Product models are presented for the purposes of 

visualization task to help the planners to get a view of the site layout due to the 

limitation that they cannot place all of the facilities on the site and move them 

directly. The physical models are drawings and templates of each facility. Drawing is 

the method which the planners draw facilities into the layout and consider the site 

whether it satisfies them. Templates are the cards which represent each facility so the 

planners don’t have to draw and erase them on the drawing. CSLP is later introduced 

to the computer models which use computer to replace the manual objects for site 

layout planning. However, they don’t give any knowledge about how to do the 

construction site layout. 

Process models are the models represented the way that site layout should be 

implemented. Process models are divided into two parts which are the descriptive 

process and prescriptive process. Descriptive models tell the planners what they have 

to do by giving a list to follow. Unfortunately, descriptive models don’t give 

numerous detail how to do the site layout in each step. Prescriptive models give the 

procedure how to do the site layout. The function in the model is concluded into two 

parts which are Methodologies and Tools & Techniques.  

The methodology showed by Sadeghpour was divided into four types. 

Construction is the way the models try to reach the optimal site by placing each 

facility one by one and update the site layout before going to other facilities. 

Improvement works opposite the way the construction does by starting from the initial 

site and then moves the facilities to find the most optimal site layout which answers to 

the objectives.  Partial Improvement stays in the centre of these two categories. 

Finally, Graph is usually used for the floor planning in architecture. It decides the pair 

of each facility by using graph theorem which the main disadvantage is that the 

optimal site layout might not be reached. (Sadeghpour et al., 2004)   

About tools & technique in the last few decades, researchers who interest in CSLP 

always try to make a better layout as a main objective. They use systems to do CSLP 

since the work flows are the same in any project which suits to be calculated by the 

computer; Recognizing, Planning, and Placing. Moreover, CSLP also requires 
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awareness, knowledge, and reasoning in order to solve the problem which systems 

can deal perfectly (Ilter, 2009). Types of the algorithm for the system are shown in the 

next topics 

2.5.1 Hybrid Linear Programming 

Zouein and Tommelein (1999) used Hybrid Linear Programming to minimize 

transportation and relocation costs. They specified 2 types of constraints to be used 

with the optimization formula. First, it is a “Hard Constraints” which are no 

overlapping, considering only the area in the fence, minimum range between two 

objects, and etc. There is another constraint called “Soft Constraints” which uses 

proximity weight to judge the quality of the site based on the distance between 

facilities and relocation weight to determine the difficulty of relocation of each 

facilities (Zouein & Tommelein, 1999). However, Linear Programing is too simple to 

be used optimizing the construction site layout problem which is a complex problem. 

Due to its simple calculation, it pays no attention to many aspects which are used to 

design a construction. 

2.5.2 Genetic Algorithms 

Genetic Algorithm is a method used to find the most optimal solution for many 

aspects of science, for example engineering, sciences, and researches based on 

procedure (Ripon et al., 2010). Genetic Algorithm represents itself as chromosomes 

carried a lot of decision variables. These chromosomes try to pair with another 

chromosome. However, genetic algorithm also reproduces the nature by approving of 

mutation to be represented in the program. The results are gotten from the pairing of 

variables in each chromosome. This implementation will continue simulating until the 

convergence is contented or reaches the specific rounds. The most suitable answers 

for all constraints will be chosen as the most optimal one (H. M. Said, 2010).  

Genetic Algorithm has a lot of researches on CSLP compared to any other system 

type, for example, Chau (2004) proposed his application to do the optimization of 

CSLP by splitting the optimization into two parts. First, it is called “Lower-level 

Step”. In this stage, the optimization is done easily by linear programming from any 

applications. Origin, destination, and the transportation cost are determined to get the 
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shortest path. Next, “Upper-level Step” is an optimization of every pair gained from 

the lower-level step to find the most optimal site layout. Extra costs which haven’t 

been calculated in the lower-level step, for instance, cost of shutting down the 

facilities and setting up at the new location, will be calculated in this step also.  

Jang et al. (2007) proposed a Genetic Algorithm-based application to optimize the 

material layout on each floor of a building. The optimization formula is based on 

weight of the facilities and distance where the worker has to move these facilities 

between previous and next location. The application separates each floor to be a grid-

like floor and assume each facility to be a square or rectangular to fit that grid. This 

research is one of the applications that can optimize the construction site layout 

through floors of the building. 

Ripon et al. (2010) suggested a dynamic construction site layout optimization 

application by the concept of assembling all of the static site layouts in each time 

through the project. The application decides whether the facilities should be moved 

from site layout in one period to another period. If they have to be relocated, the 

transportation cost occurs. The main objectives are to sum the moving cost and 

handling cost over the site layout in each time. Moving distances, transportation costs, 

and fixed costs of facilities are considered in order to gain the most optimal site 

layout.  

H. Said and El-Rayes (2013) proposed for another application which can optimize 

the area inside the constructed building. This application can help saving the area for 

packed construction site since it can use the area of unfinished floors inside the 

building as places where materials can be placed. It uses Genetic Algorithm to 

optimize two aspects which are transportation cost and project schedule criticality. 

Project schedule criticality is a factor to determine the impact on project schedule. It 

is calculated by using the float of each activity from the project schedule. There are 

four decision variables; (1) material procurement, (2) material storage plan, (3) layout 

of temporary facilities, and (4) scheduling of noncritical activities. There are other 

two constraints in optimizing the interior spaces of each room. First, it is called 

“Space Constraints” used to calculate the most feasible position of the facilities 

without overlapping or exceeding of the space condition. Second, “Interior Handling 
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Cost” is used to calculate for the cost spent to store the facilities in the building for a 

number of days before the next transportation time. 

Genetic Algorithm is well-known through the scientific aspects and suits for 

complex optimization but it is hard for user who has no or little expertise to program 

an application to solve, requires high cost of computation with many variables, is not 

useful for the problem which nearly reaches the optimal answer, and might not find 

the global optimal point due to the premature convergence (Ripon et al., 2010), (Uzel, 

2010). 

2.5.3 Neural Network 

Neural Networks are the procedure to solve conflicts by jointing the simple 

elements but concentrated on the relationships like neurons in human brain (O'Toole, 

1990).  However, neural networks have a major disadvantage which is the premature 

convergence. Yeh (2006) proposed SitePlan that consisted of another type of neural 

networks; Annealed Neural Networks. ANN combined both neural networks and 

simulated annealing which prevent the optimization to reach the premature 

convergence. SitePlan represented site layout as a set of rectangles which have equal 

size in each location. Then, it used n x n permutation matrix (n equals to the number 

of the facilities) to model the site layout which has facilities in each rectangle which 

can be placed anywhere on the site. Later, SitePlan formulated problem as the sum of 

construction cost and interactive cost and can be added other factors, for example, 

adjacency factors, distance between them, and availability of spaces. Anyway, the 

disadvantage of SitePlan are that it is hard to gather construction cost and interactive 

cost without human expertise and like GA, the users must have high expertise with 

the factors which ANN uses in order to gain the answer. The error from these factors 

can be a vital problem for the optimal solution (Sadeghpour et al., 2004).     

2.5.4 Ant Colony Optimization 

There are also some eccentric ideas about applying animal’s behaviors into the 

optimization using system. Gharaie et al. (2006)  proposed “Ant Colony 

Optimization” (ACO) which reproduced ants’ behavior to solve the problem with 

CSLP. He stated that ants can always find the shortest path by using pheromone so he 
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represented “Artificial Ants” in his program and sent them in every direction. Then, 

later ants follow a lead one like sensing the pheromone from the lead one. Finally, the 

program will find the shortest path by choosing the path which is left over and place 

the facility there. 

Ant Colony Optimization has attractive method to solve the problem. However, 

there are a lot of disadvantages using Ant Colony Optimization. The main concern 

one is the coding. Coding for Ant Colony Optimization is very hard compared to any 

other types of optimization. Time of achieving optimal site cannot be guaranteed also. 

It might take long time before it finishes. Finally, it has difficulty to explain why the 

solution is the most optimal one (Abreu, 2011).   

2.5.5 Geographical Information System 

Geographical Information System (GIS) was utilized with a research of Su et al. 

(2012). The user has to give the grid-like shape of the construction site, work 

schedule, and the permanent facilities into the application. The application will 

calculate the following variables and substitute them into the optimization formula. 

First, the user has to input the convenience of the handling for each facility based on 

their sizes and shortest lengths from each one. Second, the convenience of delivery 

for each facility is required. GIS gives the cost in each grid after calculates values. 

There are two maps which GIS has to deal with; Storage map and Path map. Grids of 

the storage map represent the availability to be a storage by giving 1 to the grids 

which are available and 0 for the unavailable ones. Grids of the path map represent 

the way that the material should be delivered by sum up all of the eight grids around 

itself with its point in the storage map. Finally, the shortest path can be adjusted by 

considering from the values mentioned above. 

The benefits of this program are that it can check the construction site layout to 

find the corruption with the work schedule and generate the optimal temporary 

facilities in the relocated construction site. The limitation is that it should not optimize 

only the area constraint but also other aspects. Moreover, Su suggested that this work 

should be used as an evaluation tool, not to be an optimization tool and should receive 

suggestion from the user also. 
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2.5.6 Knowledge-based system 

Knowledge-based system inserted human knowledge into the application to let the 

computer be able to think like human. It is well-known in many experts, for example, 

medicine, financing, decision support, and management (Shu-Hsien, 2005). The four 

main parts of knowledge-based system are Knowledge Base, Knowledge 

Management System, Inference Engine, and Dialogue Subsystem (Wen et al., 2008). 

Knowledge Base is a component which the knowledge is input from expert’s 

experiences. Wen encouraged using a format of “If-Then-Else” to represent 

knowledge in the system for an easier utilization. Knowledge Management Subsystem 

is a part which shows the explanation of the decision and gives reasons why users 

should follow the solution which a system suggested. Inference Engine searches 

through the knowledge rule-based to find the most proper rule and receives the fact 

from the knowledge base to calculate for the solution. After the solution is ready, it 

will show the fact of the current situation and advise for the solution. Finally, 

Dialogue Subsystem works to deposit input and withdraw output between a user and 

the Inference Engine. 

2.6 The usage of knowledge-based system in CSLP 

Knowledge-based system was encouraged to be implemented in the construction 

procedure since 1984 when Rehak (1984) proposed that it can be used in many phases 

of the construction project; Design, Interpretation, Planning, Monitoring, and 

Diagnosis. Knowledge-based system suits for the problems which require expertise, 

need decision making, and relate to black box scheme (Chau & Anson, 2002). 

However, it is not popular in construction aspects comparing with the other 

knowledge fields. The evidence is showed in the research of Shu-Hsien (2005) with 

Table 2.2. It does not have a notable study representing the construction aspect inside 

the table.  

The reasons behind this were suggested by Rehak (1984), Tommelein et al. 

(1992), and Chakraborty (2010) as stated in the next pages; 

  



18 

 

Table 2.2 Knowledge-based systems and their applications (Shu-Hsien, 2005) 
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- A lot of knowledge is tacit and hard to explain. 

- Experts are important to many companies so they are very busy. 

- Experts also aren’t conscious about the solution they solve problems. 

- Experts are afraid that computer will come to substitute them so they don’t 

want to give the knowledge. 

From the reasons above, the knowledge-based system in construction field is not 

popular much since it is hard to gather information because a lot of knowledge are 

complex, heuristic, and relate to black box scheme or rule of thumb. Moreover, the 

experts are busy with their works and don’t have time to be interviewed. Anyway, 

there are also some notable knowledge-based e systems related to construction field 

especially in CSLP.  

Tommelein et al. (1992) proposed SightPlan to assist the engineers in the power 

plant project. The function of SightPlan is divided into two parts. First, it is called 

“The domain knowledge sources” which suggests the program what to do next, for 

instance, lists all the facilities, select facilities to be placed, and calculates the optimal 

point between constraints. Second, “The control knowledge sources” takes the 

responsibility of controlling which procedures the program should do next. This 

source comes from the thinking of an expert which Tommelein called “Expert 

Strategy”. “Expert Strategy” will be translated into “Computational Strategy” in later 

process by constraint engine. This constraint engine is a function to receive all of the 

constraints of each facility. The quality of the layout is up to the complexity of these 

constraints. However, Tommelein said that if there are too many constraints, the 

program cannot choose the place where is able to fulfil all of the constraints. 

Consequently, Tommelein separated constraints into 3 groups as follow to make the 

priority of constraints. Some might not necessary to follow; 

- Early Commitment Strategy; It is the strictest constraints. Every constraint has 

to be fulfilled before placing the facility. 

- Postponed Commitment Strategy; It is stricter than Least Commitment 

Strategy buy less strict than Early Commitment Strategy. 

- Least Commitment Strategy; It is the least strict constraints. 
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After every facility is placed at optimal places, SightPlan will generate some 

alternative layouts which pass the “Evaluation Function” also and let the construction 

manager choose one which is the best layouts. Tommelein gave reason that although 

the program can generate the optimal layouts, the engineer should choose the most 

optimal one by himself because CSLP will produce the greatest success by the 

cooperation of the engineer and the assisting of the program. The result is showed in 

the Figure 2.2. However, there are huge disadvantages of this program. First, the input 

in SightPlan bases on only one specific type of the project which is the power plant 

construction. Consequently, it might not be implemented with other type of 

construction cases. Finally, it cannot generate reasons behind decisions. Therefore, it 

cannot produce abundant knowledge for the user who is interest in the planning.   

 

Figure 2.2 Result from SightPlan compares to the real site  

(Tommelein et al., 1992) 

Cheng and O'Connor (1996) proposed ArcSite which uses GIS and Knowledge-

based to optimize the suitable site layout for the designer. They found that the 

knowledge about site layout is various from company to company and also from 

project to project. However, there are still some points which have the same 

implementing ways. Figure 2.3 below shows the procedures of knowledge acquisition 
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and representation by collecting regulations, rule of thumb, knowledge, and 

experience into the knowledge base. After that, these knowledge bases are translated 

and saved in the knowledge representation. The knowledge base of ArcSite consists 

of four parts for each facility, which are (1) input, (2) knowledge acquisition, (3) 

knowledge base process, and (4) explanation facility. Input receives the constraints of 

the interested facility. Knowledge Acquisition obtains the knowledge. It is separated 

into five variables; (1) spatial, (2) distance, (3) adjacency, (4) position, (5) 

accessibility. The Knowledge Base Process translates the knowledge from Knowledge 

Acquisition and shows the reasons behind the decision. Finally, Explanation Facility 

gives the extra knowledge or recommendation for upgrading construction site layout. 

The example of Knowledge base of sanitary facilities is showed in Figure 2.4. 

Twenty-five facilities’ knowledge is saved into ArcSite. The application was tested 

with Bull Run Steam Plant. The result is as showed in Figure 2.5.  

 

Figure 2.3 Procedures of knowledge acquisition and representation  

(Cheng & O'Connor, 1996) 

Chau and Anson (2002) presented SITELAYOUT which is developed by Visual 

Rule Studio application which is a sub application of Microsoft Visual Studio 6.0. 

SITELAYOUT uses “Plan-Generate-Test” strategy in order to achieve the optimal 

site layout with the knowledge base and object oriented system.  SITELAYOUT’s 

component consists of knowledge base, inference engine, and user interface as same 

as other knowledge based system. However, its knowledge base is stored in Microsoft 

Access which can be used as a library that collects knowledge from the real site 

layout planning, code of practice, and textbooks. The procedure of SITELAYOUT is 

making the facility first and then finds the constraints of that facility. Next, the  
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Figure 2.4 Knowledge base of sanitary facility (Cheng & O'Connor, 1996) 

 

 

Figure 2.5 Final construction site layout (Cheng & O'Connor, 1996) 
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optimal location is pointed out. Finally, the facility moves to locate there. The 

interface of the application and result is showed in Figure 2.6.  

The limitation of SITELAYOUT is that it cannot optimize as the overview of the 

planning like the real practice. The user has to place each facility one by one in order 

to finish the planning. Consequently, the first components do not get the influence 

from letter components. It also cannot display the reason behind the decision making.  

 

Figure 2.6 Result of SITELAYOUT (Chau & Anson, 2002) 

2.7 Case study  

A case study method is suitable for four types of situation (Jack, 2008). 

1. When it is necessary to have the response from “how” and “why” queries. 

2. The researcher cannot operate the study. 

3. The factors behind the phenomenon are required to be known. 

4. The studied circumstance is not clear. 

It is a powerful tool to get in-depth information of the circumstances which the 

researcher cannot manage. It is suitable to solve for the “real world events” 

(McCutcheon & Meredith, 1993). The case study is usually conducted in many study 

fields, for example, nursing (Graneheim & Lundman, 2004), psychology (Campbell & 

Ahrens, 1998), and operation management (Raturi et al., 1990). It has numerous kinds 

of the case study type, for instance, explanatory, exploratory, descriptive, multiple 

case study, and intrinsic (Jack, 2008). These types have their own benefits which have 
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to be specified. They must be chosen carefully to suit the nature of the phenomenon 

that has to be investigated.  

In order to conduct a well case study research, McCutcheon and Meredith (1993) 

suggested the researcher has to understand the mechanism of the phenomenon or 

circumstance which is interested beforehand. The structured or open-ended interview 

can be conducted with the one who knows the phenomenon well. Observation is also 

important in order to interlink the knowledge between sources to gain more 

understanding. Distinctly goal, theoretical bases, carefully cases selection, and strong 

cooperation of the participants can produce a powerful source of knowledge. A case 

study research can be expanded to form a theory or new concepts up to the 

imagination of the researcher and accurate measurement. 

 McCutcheon and Meredith (1993) continued to explain how to construct a strong 

research design. The problems with the case study research can be separated into four 

concerns; (1) construct validity, (2) content validity, (3) internal validity, and (4) 

external validity, Construct validity focuses on which kinds of method the researcher 

chooses to be the core methodology. The measurement has to accurately respond to 

the real nature of the phenomenon. Content validity is the issue with the range of the 

questions used to ask to cover the level of interest in the domain. Internal validity is 

rising when the interpretation is unsound. The cause and effect must be clarified to be 

able to let other researcher to understand how the theories or knowledge were 

conducted. Graneheim and Lundman (2004) summarized these three factors into 

“Credibility” which the researcher has to think cautiously within his study. However, 

“External validity” or what Graneheim and Lundman (2004) called “Transferability” 

is the factor which the researcher has to question his findings that it can be applied to 

other environment. Due to the focusing of one case, transferability is usually a 

weakness of the case study research which the other researchers usually question. 

2.8 Multiple case study 

Due to the weakness of a single case study, a multiple case study steps in to 

rectify the disadvantage while keeping the advantages (Rowley, 2002). The multiple 

case study is a qualitative methodology that investigates more than one case. Not only 
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it can raise the generalization of the study, but a researcher can study the similarities 

and differences among the various cases. It can guide the likelihood of finding the 

events. The analysis of such a methodology is challenging. It is usually grounded on 

examining, categorizing, and tabulating. There are no standards for a good analysis of 

a case study’s data. However, the analysis should not create bias toward some aspects, 

and the analysis should still be able to use all of the significant evidence (Rowley, 

2002). Nevertheless, the comparison is the heart of this research methodology. 

Consequently, the cases selection plays a vital role in this methodology. The 

researcher has to choose cautiously so the prediction can be indicated by the contrasts 

and similarities between cases (Yin, 2003).  

A multiple case study is well-suited to CSLP problem because of its complexity in 

nature, gigantic amount of factors affecting the work environment, and numerous 

decisions that have to be made. The factors behind each decision can be seen through 

the similarities and differences between cases. Researchers with analytical tools can 

form networks behind these factors’ relationships by “Flows” (Miles & Huberman, 

1994) of the factors in each variable. 

The example of the data collection for multiple case study is displayed in Raturi et 

al. (1990) about the forecast for the manufacturing of goods to sustain the harsh 
business environment. The study selected three companies which produced heavy 

machinery. Properties of these companies are similar in terms of costs of the product, 

manufacturing time, and variety of available goods. However, the size, the type of the 

company and the party of the owner are different in order to gather differences and 

similarities between cases. Interviewing with companies is conducted with the usage 

of a simple questionnaire to guide the flow of the talking. Anyway, the staff could 

give any information they would like to share. The data gained from the interviewing 

were submitted back to the staff to verify the correctness and fairness. Moreover, the 

researcher has to know the normal basis in the real practice to be able to get the 

synopsis from the interview. 



26 

 

2.9  Qualitative data analysis 

Qualitative data is usually presented in words more than numbers. It makes 

qualitative data analysis to be in doubt for a long time because of its unclear 

procedures. Miles and Huberman (1994) argued that qualitative data analysis can be 

rigor by having systematic processes. They suggested that the study should have these 

methods in order to reach for the conclusion; (1) data reduction, (2) data display, and 

(3) conclusion drawing and verification.  

Data reduction is the process which the researcher has to concentrate, select, 

simplify, and transform the enormous amount of information into the summaries, 

coding, clustering the theme, and writing memos. The data reduction can be done 

since the research starts until a final report is finished. Data reduction is also a part of 

data analysis. It is a process to use the research’s decision to summarize, concentrate, 

discard, focus, and manage the data until it reaches the finish line of the final 

conclusion. Quantifying is also one of the qualitative data analysis, however, it is not 

a good idea to change every text to number. They should be presented together. 

Data display is the second main process of the data analysis. It organizes, 

condenses, and constructs the information to be able to draw into the conclusion. By 

implementing data display, it can assist us to know what is going on and can reach to 

the decision of analyzing further or presenting. However, complex case studies, which 

have many variables to be justified, are complicated for the analysing and may lead to 

the wrong conclusion due to the low quality of human’s processing performance. The 

data processing should be more precise by dividing the whole case studies into pieces 

of variables. By taking this action, it has more opportunity to discover the reasons and 

factors behind every decision made for these variables. Miles and Huberman (1994) 

suggested more that the better data displays are likely to lead to the valid qualitative 

data analysis. The displays include numerous methods to be utilized, for instance, 

graphs, charts, matrices, and flows. Data display is also a kind of data analysis, like 

data reduction. Choosing the cells from which columns and rows are analytic 

activities.  

Conclusion drawing and verification is the third activity of the data analysis. It is 

the decision to know “What things mean”. Nevertheless, the conclusion might be 
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known vaguely since the study is started, but it will be clarified to be more grounded 

and reliable when the progress proceeds. In fact, drawing the conclusion might not be 

the last process of the study. It may be the start of the new data collection or return to 

the data reduction and display. Figure 2.7 shows the variables of data analysis 

presented by Miles and Huberman (1994).  

 

Figure 2.7 Variables of data analysis (Miles & Huberman, 1994) 

By implementing multiple case study, they are numerous method to analyse the 

data. However, Raturi et al. (1990) presented the powerful procedure by processing 

the data in matrices and analysed through them. It is called tabular method. Table 2.3 

shows the tabular method used by Raturi et al. (1990). Three firms are selected as 

cases for the study. They try to cope with the operation research which affected by the 

uncertain economic problems. From the table, it can be seen that each case have their 

properties filled into cells. After all of the cells are inserted, the similarities and 

differences between cases can be found through the table. This table is called 

“Summed indices”. Nevertheless, the differences are prioritized to be analysed first 

because Miles and Huberman (1994) explained that studying from the difference is 

more likely to be able to reach the reason why the experts decide diversely than 

studying from similarities. Field notes, interview memo, and construction sites’ data 

are integrated in order to interpret the meaning behind the decision making of the 

experts. The factors affecting the differences are sought to generate the conditions 

which alters the choices of decision makings. Finally, the framework is able to be 

drawn to assist the utilizer of this knowledge to gain more understanding and get the 
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major overview of the processes, reasons, and relationship between units in the 

framework. 

Table 2.3 Tabular method used by Raturi et al. (1990).  

 

2.10  Conclusion 

This chapter presents the literature related to the study. In order to do the CSLP, 

the planner has to recognize all of the components on the site. The necessary 

components on the site are varied from research to research due to the complexity of 

the work. Numerous factors have to be examined before CSLP is done in order to 

eliminate causes of risks. Unfortunately, it is unconventional for the planner to foresee 

all of factors affecting CSLP. Supporting systems are developed to assist the planner 

by this reason. However, the usage of the system might not represent the real practice. 

Consequently, problems can occur when the real practice begins. 

From benefits and limitations of each type of systems, it can be observed that the 

knowledge-based system can act as the assistance for the user and create great 

advantages to CSLP. The aid from the system reflects the real practice which the user 

can follow and be able to understand what have to be done in order to achieve the 

good layout. However, numerous studies lack the knowledge displaying to clarify 

reasons behind the decision making which is not sustainable for the development of 
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the knowledge for CSLP. The displaying of the precise knowledge from the system is 

needed for the education of new planners. They can understand the meaning of the 

decision better with the knowledge description. Moreover, the knowledge utilized to 

form the knowledge base inside the previous knowledge-based systems was based on 

limited sources. Consequently, these knowledge might be biased and lack 

transferability, which means that the system might not be usable with other 

construction projects. Systematical data collection and analysis are required in order 

to achieve the acceptable and general data so it can be implementable across projects 

in the same scope of the knowledge. 

A case study is suitable for the questions which requires “why” and “how”. It can 

extract the knowledge and factors behind daily phenomenona. By investigating more 

case studies, factors affecting the interested circumstance can be found from the 

analysis of differences and similarities between cases. The data displaying plays the 

vital role in this process. A powerful data display can raise the likelihood to detect the 

knowledge from differences and similarities between cases. Tabular method used by 

Raturi et al. (1990) can be utilized with the study. 
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Chapter 3 

Methodology 

3.1 Introduction 

The methodology is separated into 2 main phases: data collection phase and data 

processing phase. The data collection phase consists of 3 processes, (1) literature 

review, (2) exploratory interview and site investigation, (3) data clustering, and (4) 

multiple case study. The objective of this phase is to gather the information regarding 

CSLP from both the literature and real practice. The assembled data is transferred to 

the next phase, which is the data processing phase. In this phase, it consists of 5 

processes which are (1) forming data tables of variables, (2) data processing, (3) data 

analysis, (4) data validation, and (5) system construction. Finally, a system validation 

is conducted with a case study to compare between the system gained from the 

research and the real practice. The flowchart of the methodology is shown in Figure 

3.1. 

3.2 Processes of the research 

3.2.1 Literature review 

Studies are reviewed to gather the important knowledge about construction layout 

planning. The literature can be categorized into two types, which are the 

implementation of CSLP and analysing methods. The multiple case study integrated 

with the summed indices is selected as the methodology due to its suitability with the 

question about the phenomenon that requires “why” and “how”. 

3.2.2 Exploratory interview and site investigation 

In order to understand the current real practice, the exploratory interview and the 

site investigation are established to gather more information. For the exploratory 

interview, eleven experts from different companies and dissimilar sectors have been 

interviewed. Each expert is asked about the procedures they implement with regard 

CSLP. The experts are provided a list of components from Table 2.1 of Elbeltagi 

(2011) to be a guideline if the experts cannot think of which point they can start off. 
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However, some of the components provided might either be lacking or exceeding 

from the real practice in nowadays. The experts can propose their opinions about 

which components are necessary to be added or deleted in the further procedures. All 

of the answers are noted and carried on to the next step of the study. 

The site investigation is conducted to gain more detailed information from the real 

practice environment. Photography is employed by the acceptance of the staff to 

capture the actual CSLP and the environment on the construction site.  

 
Figure 3.1 Methodology of the research 

3.2.3 Data clustering 

After all of the interviews and site investigations are conducted and the data from 

both parts are grouped base on the counting method. The same answers are calculated 

to justify the frequency of these interested work procedures. The tables of each 
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variable’s frequency are shown in the appendix. Photos from the construction sites are 

used to support the study’s report in the further chapter.    

3.2.4 Multiple case study 

In this process, the multiple case study is conducted with the expert panel to gain 

the more in-depth information about CSLP. Every expert is proposed for a 

construction site layout that they have already finished their planning. Then, each 

expert is provided different construction cases from other experts. They have to 

manage CSLP for every other case by their expertise and knowledge. Figure 3.2 

shows the methodology of multiple case study in this study. The expert panel is asked 

to clarify their decision making in order to eliminate the misinterpretation in the 

afterward procedure of the study. Every construction site layout is carried on to the 

analysis in the next steps of the study. 

 

Figure 3.2 Methodology of the multiple case study in the this study 

3.2.5 Form data tables of variables 

In order to gain the knowledge from the real life problem, it requires a systematic 

data analysis to extract the knowledge out of a pile of information. Tabular method is 

chosen as a data processing method to display the similarities and differences between 

cases. The attributes justifying the similarities and differences are obtained from the 

answers after clustering of the exploratory interview. Each component has its own 

data tables for the later processing and analysis. However, the components which are 
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carried on to the further steps have to be appeared in the majority of the cases done by 

the expert panel. The headers of these data tables are constructed by the attributes 

which experts used to justify their construction site layout for each variable in the 

exploratory interview. These headers are not fixed in which it can be corrected 

through the data processing and analysis to reflect the real practice at the highest 

level.   

3.2.6 Data processing 

When data tables are ready, the construction site layouts from the multiple case 

study are brought to be extracted the knowledge behind the planning. Each layout is 

subtracted into variables. These variables are separated and considered for their 

properties, for example, their locations, the method used to treat these variables, and 

types of these variables. Next, the data table is given ticks in the squares which 

represent the facts of these variables’ properties in that layout case by case. The data 

tables which are filled by all of the information from every case are called “Summed 

indices”. These summed indices are carried on to the next step of the study.   

3.2.7 Data analysis 

In this process, summed indices are considered for their patterns. The similarities 

and differences are analysed to find the factors and knowledge behind the decision 

makings. The summed indices can be compared between cases or within a case. The 

rule bases of the knowledge are formed initially, separated into factors, sub factors, 

condition to let the interested rule base happens, and the result of that rule base. 

However, a data validation is necessary to be managed in order to gain more 

reliability for these knowledge’s rule bases.  

3.2.8 Data validation 

The data validation is conducted with experts who participated in the multiple 

case study step. All of the knowledge’s rule bases are categorized based on the factor 

they belong to. This implementation supposes to assist experts to justify over a factor 

a time, so they can focus on an aspect only and concentrate on that factor better. Each 

expert is asked about their opinion on the rule bases whether these rule bases are 

correct. They can give the score in the 5-point Likert’s scale which 5 means totally 
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agree and 1 means totally disagree. If some of the rule bases gain the score lower than 

4, it has to be corrected or removed from the knowledge’s rule bases. Anyway, the 

rule bases which have score more than 4 might be modified after the suggestion from 

the expert panel also for making the knowledge’s rule bases reflect the real practice as 

same as possible. 

3.2.9 System construction 

The validated rule bases are carried on to the next step of the study to form the 

system of CSLP. The guideline is conducted from factors affecting CSLP. It 

represents the workflow of the system. Input and value of factors trigger decision 

makings in order to reach suggestions from the system. The guideline can be utilized 

also if the user would like to study into the process of decision making from the 

system. 

The core objective of the system is to assist CSLP based on the knowledge from 

experts inside the system. The user can follow through the suggestion made by the 

system. All of factors are required values to let the system calculate which knowledge 

rule bases are affected and needed to return the suggestion to the user. The concept of 

the system is presented in Figure 3.3. 

3.2.10 System validation with a case study 

A case study is managed to compare between the real practice and the research 

data. Knowledge rule bases are justified whether their conditions are responded to the 

condition in the case study. If the interested knowledge rule base is triggered, the 

knowledge inside the interest rule base is justified the similarity with the actual real 

practice on the site. 
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Figure 3.3 Concept of the system 

.  
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Chapter 4 

Data Collection 

4.1. Introduction 

This chapter presents the procedure used to obtain the current real practice of 

CSLP. First, experts who have the experience in CSLP for building projects are 

selected as the participants in the exploratory interview. The interview focuses on the 

knowledge and experience of each expert behind CSLP. The data are further 

summarized and clustered into themes of each component on the construction site. 

Next, the site investigation is conducted to explore the field practice. The 

investigation concentrates on the work procedure and problems with the construction 

site layout. Finally, the data collection and analysis are proposed to develop the 

conceptual knowledge for CSLP.  

4.2. Overview of CSLP from expert interviewing 

This study concentrates on the knowledge behind CSLP. The interview is 

implemented with experts who have expertise in high-rise building CSLP. In this 

case, high-rise building refers to Thailand’s Building Control Act B.E. 2522. The 

high-rise building is a building with the height more than 23 metres. The interviewees 

are listed as shown in Table 4.1. 

Every expert has expertise with high-rise CSLP equal or higher than 10 years. 

Most of the experts are project managers. Each expert is asked with the open-ended 

questions about CSLP to gain the overview of the real practice. The experts are free to 

talk about their experience with the planning, the process of work, and the principle of 

components managing on the site. Some experts might be oppressive if they have to 

think about all of the talking by themselves. Consequently, each expert is provided the 

list of components on the construction site layout from Elbeltagi (2011) as a guideline 

for their interview. They can follow the list to give their knowledge for those specific 

components, one by one. The list is shown in Table 2.1. 
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Table 4.1 List of all participated experts in the exploratory interview 

 

From the interview, it is discovered that the overview of CSLP processes from 

each expert are similar. They require the plan of the site and the design of the 

building. Then, they have to go to the real location to consider the environment 

around the site, for example, the neighbourhood nearby, the traffic around the site, 

and the obstruction on the site. However, the precise detail of each component is 

different. For instance, the tower crane is always used in high-rise building projects 

but the position might not be the same between projects. Some experts told that a 

tower crane should be installed in the lift core. Others might have a tower crane 

attached to the side of the building. Work method to implement with some 

components are also differed by experts. For instance, the sizing of steel yard is 

separated into two methods. On one hand, it is specified to store steel as great as 

No. Type of 

Organization 
Education Position 

Experience with the  

high-rise building 

CSLP (Years) 

1 Contractor Bachelor Degree Director 30 

2 Contractor Master Degree Site Manager 14 

3 Contractor Master Degree Project 

Manager 
10 

4 Contractor Bachelor Degree Project 

Manager 
45 

5 Owner Master Degree 
Project 

Manager 
10 

6 Contractor Bachelor Degree Project 
Manager 

20 

7 Consultant Bachelor Degree 
Project 

Manager 
24 

8 Consultant Bachelor Degree 
Project 

Manager 
15 

9 Contractor Master Degree Project 

Manager 
21 

10 Contractor Bachelor Degree 

Project 

Manager 
Assistance 

10 

11 Contractor Bachelor Degree Project 

Manager 
15 



38 

 

possible. On the other hand, some experts manage the steel yard to store enough steel 

for the cycle of the work plan only. However, information from the interview is able 

to be clustered into groups, which means there might be some factors that the experts 

interpret and justify their decision in the same way with each other. All of the 

interview data are shown in the appendix A. On the contrary, the rest of the experts 

who do not think in the same aspect as the others must have some reasons which alter 

their decision also. If all of the knowledge, experience, and rules of thumb of each 

expert are revealed and summed together, the factors and the standard guideline for 

CSLP could be generated.  

The critical indices of each component on the site are also collected at the 

exploratory interview. Table 4.2 shows all of the components and critical indices of 

each component. The scoring is based on the 5-score Likert’s scale, The experts give 

five score to components which they think that it is significant for CSLP and have to 

be prioritized.  On the other hand, if some components get one score, it means that the 

experts do not concern those components abundantly. The median of the data is used 

to justify the level of critical index of the interested components. The reason using the 

median instead of the mean because the nature of the critical index is in ordinal scales, 

and has little effect from answers which are totally different. (Student Development, 

2009) It can be seen from the table that the entrance gate and the tower crane are the 

most two important components for the planning. The concrete pump, the passenger 

lift, the site office, the steel yard, and the store follows with the critical indices of 

four. Next, most of the components lay at the three score of critical index, including 

the mobile cement plant, the toilet, and the laydown area. These critical indices can be 

implemented with the data from further processes. 

4.3. Current real practice of construction site layouts 

After interviewing, the site investigation was conducted to gain more information 

of the real practice. The objectives are to inspect components of the construction site 

layout in the real practice and to search for problems related to the construction site 

layout. The result after the site investigation finished is shown in the next topic.  
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4.3.1. Components of the construction site layout in the real practice 

Components found from the construction sites investigation can be divided into 

three groups which are equipment, facilities, and storage yard. 

Table 4.2 Components and their critical indices from the exploratory interview 

Components 
Ex

. 1 

Ex

. 2 

Ex

. 3 

Ex

. 4 

Ex. 

5 

Ex. 

6 

Ex. 

7 

Ex. 

8 

Ex. 

9 

Ex. 

10 

Ex. 

11 
Q1 Median Q3 

Entrance 

Gate 
5 4 5 5 5 5 4 5 3 4 4 4 5 5 

Tower Crane 3 5 3 5 4 4 5 3 5 5 5 3.5 5 5 

Concrete 

Pump 
3 4 4 5 4 4 5 4 3 5 5 4 4 5 

Passenger 

Lift 
2 4 5 5 4 4 5 3 4 5 4 4 4 5 

Site Office 5 4 4 5 1 2 3 5 4 3 1 2.5 4 4.5 

Steel Yard 3 4 4 5 4 3 3 3 4 4 5 3 4 4 

Store 3 4 5 5 3 3 4 3 4 3 4 3 4 4 

Cement 

Store 
3 3 5 3 3 3 4 3 3 4 4 3 3 4 

Trucks’ 

Tires 

Washing 

Yard 

2 3 3 5 4 3 3 2 3 4 4 3 3 4 

Fabricated 

Rebar Yard 
3 1 1 4 4 3 1 3 4 4 1 1 3 4 

Temporary 

Transformer 
3 4 4 5 3 3 3 4 3 3 5 3 3 4 

Toilet 4 4 3 5 3 2 2 3 1 3 2 2 3 3.5 

Mobile 

cement plant 
3 5 4 5 2 1 2 1 3 3 2 2 3 3.5 

Guard House 3 3 1 4 5 2 1 5 2 1 3 1.5 3 3.5 

Waste 

Chimney 
2 3 4 5 3 2 3 3 2 4 3 2.5 3 3.5 

Laydown 

Area 
3 2 3 2 3 3 3 3 3 2 3 2.5 3 3 

Formwork 

Storage Yard 
2 3 4 4 2 3 2 3 3 3 3 2.5 3 3 

Water Tank 3 3 1 5 1 2 2 4 2 3 3 2 3 3 

Welding 

Shop 
2 5 4 3 1 1 1 3 3 3 1 1 3 3 

Service 

Workshop 
1 3 2 1 1 2 1 3 2 3 1 1 2 2.5 

Parking Lot 5 1 1 2 1 1 2 1 4 3 1 1 1 2.5 

Fabricated 

Formwork 

Yard 

2 1 4 1 1 1 2 1 1 1 1 1 1 1.5 

4.3.1.1.Equipment 

Equipment assists the construction directly. The experts have to specify the 

suitable equipment to support the construction precisely. The infeasible equipment 

can produce loss to the project because the expense for the equipment is the main cost 
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of the construction. (Sears et al., 2008) The optimal equipment can increase the 

productivity, reduce the time, and provide safety to the site. The types of equipment 

which are usually seen on the construction site are shown in the next page. 

4.3.1.1.1. Tower crane 

The high-rise building construction project usually have this equipment on 

the site. It can assist many works, for example, transporting the material, aiding the 

uninstalling of the column formworks, and pouring concrete by bucket. Installation of 

the tower crane is vital to the construction site work progress. When the tower crane is 

placed, it has to be located at that position until it is uninstalled. Relocation of tower 

crane is not feasible. It takes time in order to remove which leaves the site without 

tower crane for a period of time. It costs major amount of money to construct the 

foundation of the tower crane, especially if the experts do not plan from the 

excavation of the project. The principle of the tower crane management is varied from 

sites to sites. Sizes, locations, and types of the tower crane are the properties which 

alter the construction site layouts to be different. Sizes of the tower crane are varied 

with the amount of five metres, for instance, thirty, thirty-five, and forty metres. The 

location can be separated into two major types, which are, in the building and outside 

of the building. It can be continuously divided into two groups for each major 

category. The principle to put the tower crane inside the building is parted to be 

placed in the lift core and blocked the floor. While, principles to place the tower crane 

outside of the building are next to the building and stand alone. The type of the jib is 

justified by the ability to support the transportation work on the site. The border of the 

site is also a factor for the jib type selection. 

   
Figure 4.1 Different types of the tower cranes: fixed jib and articulated jib 
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Figure 4.2 Different locations of the tower cranes: attached to the building and 

located in the lift core 

4.3.1.1.2. Concrete pump 

Due to the increasing of the construction project’s size, the concrete mixing 

by the labour on the construction site is not feasible for high-rise buildings. It has low 

productivity. Moreover, the quality of the mixing is also an issue. The poorly concrete 

mix leads to the low-strength concrete and does not reach the qualification of the 

designer. These reasons support the using of ready mix concrete service to become 

popular. It can control the strength and guarantee the quality of the mixing by the 

supplier. However, pouring the concrete in the high elevation is also a problem for the 

contractor to solve. One of the pouring methods is the using of the concrete pump. 

There are two types of concrete pump: Static and mobile. The static concrete pump is 

placed at the specific location. After the concrete trucks pour the concrete into the 

pump, the concrete is pumped through the pipe to the upper floors and released at the 

placing boom at the destination. The position for the static concrete pump can be 

chosen by three principles, which are, close to the building, close to the lift core, and 

close to the site road. On the other hand, the mobile concrete pump is a truck 

combines with the pump on the back. The mobile concrete pump can go around the 

site, however, its placing boom cannot shoot the concrete at great height. Finally, the 

principle to choose the type of the concrete pump is the accessibility of cement trucks 

to the pump and the free space where trucks can park. If cement trucks have free 

space to park and location to turn their back to the pump, the static concrete pump can 

be utilized. 
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Figure 4.3 Static concrete pump and placing boom 

4.3.1.1.3. Passenger lift 

For the high-rise building, passenger lift can increase the overall 

productivity of labours. It can deliver labours in the vertical axis to the destination 

floor, so they can start their work faster and work longer without fatigue from the 

travelling to the workspace. The principle treating the decision for passenger lifts can 

be clustered into three types. First, experts use a pair of passenger lifts as a rule of 

thumb. Second, the work space of the building is compared with the number of 

passenger lifts before the selection. Lastly, the shape of the building affects the 

number of passenger lifts also. The location of passenger lifts is also separated into 

three groups. First, passenger lifts are place at the wall which can be finished later or 

does not have to be beautifully decorated. Next, the transportation comes in to be the 

factor affecting the choosing. Passenger lifts can be located at the place where they 

can transport conveniently. Finally, passenger lifts can be placed at the place where 

does not interfere with other work or equipment. 

 
Figure 4.4 Passenger lift 
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4.3.1.1.4. Mobile cement plant 

The mobile cement plant is the component supplying the concrete usage on 

the construction site. The mutual consent between the contractor, owner, and supplier 

must be reached before the installation. It consists of concrete silo and the stock pile 

of sand and gravel. The contractor can order the concrete whenever the work plan 

specifies. The supplier can also deliver the concrete to the customer nearby. However, 

it requires gigantic space and numerous procedures to take care of it, which the 

planner has to think carefully before using mobile concrete plant. Possible locations 

for the mobile cement plant are at the corner of the site and far away from the 

construction area. However, some experts also mention that it should not be placed on 

the site. 

 

Figure 4.5 Mobile cement plant 

4.3.1.2.Human-related facilities 

Construction site is not a place with the equipment and the building only. 

There are works behind the construction, for example, preparing document for the 

contract and plans, making purchasing orders, and meeting between parties. 

Moreover, the staff on the site also have to get the normal welfare like other work 

environment, for instance, personal workspace and toilet. The facilities which relate to 

the human on the construction site layout are shown in this section. 

4.3.1.2.1. Site office 

The site office is the brain of the construction site. It is the work place for 

the engineers and other staff. The plans and strategies are brainstormed here and 

command to the field. The site office contains stationary like computers, tables, desks, 
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shelves, and printers inside. It can be constructed by two methods from the site 

investigation: Newly build and prefabricated. The engineers prepare the shop 

drawings, work plans, and progress presentation on the site office. They hold the 

meeting in the meeting room once a week between the contractor, subcontractor, and 

consultant. Some construction site also has the site office for the owner representative 

and subcontract. The size of the site office is often calculated by the number of staff 

multiplied with the area per staff. Some experts give more information that 

specifications from the owner also acts as a factor affecting the size of the site office. 

The location of the site office varies from sites to sites. Majority of experts explain 

that it should be located at the front of the site. However, other experts give overview 

suggestions about the location, for example, places where do not interfere with other 

work, engineers can come to check the work conveniently, engineers can see all 

around, and moved into the building when the construction progressed. The site office 

has to be separated into three or more offices based on parties who use them. These 

parties are the owner, the contractor, the consultant, and the subcontractor.  

  
Figure 4.6 Different types of site office: newly build site office  

and prefabricated site office 

4.3.1.2.2. Toilet 

Toilet is a standard sanitary facility on the construction site. It is a daily 

activity which every human has to go through. From the site investigation, there are 

two basses of toilet management. First, the staff toilet is installed within the office, 

while the labour toilet is located outside. Second, both toilets for the staff and labours 

are located outside but still be separated. The position of the labour toilet is various 

based on the planner. If the planner would like to support the workflow, he will place 

the toilet near the constructing building. However, that implementation is hard to do 
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the safety management, so some of experts agree to place the toilet far away from the 

construction area and at the shrink or next to the wall of the site.  

 

Figure 4.7 Toilet on the construction site 

4.3.1.2.3. Store 

Small equipment and materials are kept in the store. The labours or foremen 

come to get them and sign their name as the evidence before going to the work place. 

The store can use this document to manage the stock to sustain the work plan. If 

anything needs to be resupply, the keeper can contact the site office to make the 

purchasing order. The available locations for the store are near the site office, next to 

the constructing building and next to the guard box. The store can be both constructed 

by newly built method and prefabricated material. 

 
Figure 4.8 Store on the construction site 

4.3.1.3.Storages  

The last type of components on the site is the storage yard. It is different from 

other component’s type because its dimension is not fixed. It can be either enormous 

or compact due to the planning. However, due to the variation of the size, it can cause 
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numerous problems to the construction site layout if the planning and managing are 

not effective. 

4.3.1.3.1. Steel yard 

Steel is one of the crucial materials for the high-rise building construction. 

Engineers must calculate and prepare the steel in the amount that would be ready to 

be used through the work plan at all time. The process of the purchasing takes time 

which the planner has to plan carefully not to stock excessive steel in the cramp 

construction site and not too less to delay the work progress. The steel yard 

sometimes includes the fabrication equipment inside to bend or cut the steel, so when 

the schedule is reached, these steel is ready to be installed. The location varies from 

next to the fabricated rebar yard, the site road, and the construction area. Anyway, the 

main attribute which numerous experts concern is the accessibility of tower cranes 

and trucks. They both should be able to access the steel yard to support the 

transportation work. 

 
Figure 4.9 Steel yard on the construction site 

4.3.1.3.2. Laydown area 

Laydown area is a place to store both short-term and materials, for 

example, rock, sand, bricks, and cement bags, and also long-term, for instance, 

architectural goods and supplementary material for construction. The delivery trucks 

drop these materials off and go out of the site. The laydown area is required great 

management in order to maintain the modesty. The poor management leads to the 

mess of laydown area and the contractor cannot utilize it at its full potential. 

Consequently, it will affect the short of storage area and job site safety. The laydown 
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area also has numerous places to be located. The front of the construction, next to the 

store, and free space on the site are normal places that the laydown area can be settled. 

 
Figure 4.10 Laydown area on the construction site 

4.3.2. Problems with construction site layout  

From the site investigation, there are some complications relating to CSLP. These 

are the example of the problems.  

4.3.2.1. The storage yard has poor management. 

This is one of the problems which can be seen in numerous construction sites. 

Enormous amount of materials, steel, and precast concrete are placed on the site 

without the well-planned management. This problem also spotlighted by Tam and 

Tong (2003). Some of the engineers treat the storage yard by “First-come-first-serve” 

method which leads to the disordered storage yard. The materials in the deep position 

are arduous to be moved, and the delivery trucks cannot reach the destination. 

Moreover, this problem decreases the safety level on the site. The labours who 

trespass into this untidy storage yard might hurt themselves from the falling and 

getting themselves cut. 

4.3.2.2. The construction site does not have space for the parking of 

 delivery vehicles. 

This problem usually occurs with the construction sites which are cramp or 

has limited space in front of the site. The delivery trucks or cars have to park outside 
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of the construction site, which can causes a traffic jam during the parking. Figure 4.12 

shows the problem. 

 

Figure 4.11 Untidy laydown area on the job site 

 
Figure 4.12 Delivery vehicle parks outside the site and causes a traffic jam 

4.3.2.3. The tower crane cannot support the stock yard. 

Tower cranes can support numerous jobs on the site as mentioned in the 

previous section. However, the stock yard sometimes cannot access the tower crane 

because the tower crane is installed too far or the stock yard is located in the place 

where the tower crane cannot reach. This problem causes the transportation to be 

inconvenient and not productive. The contractor has to consider other method to 

transport these materials or tools. From figure 4.12, labours have to move the material 

by force and takes extensive time in order to finish the transportation. 
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Figure 4.13 Stock yard where the tower crane cannot reach 

4.3.2.4. The toilet is located at the side where has pedestrians and 

other neighbours. 

The labour toilet has strong odor, which can disturb other neighbours. It can 

be the origin of the conflict with the surroundings. The contractor should consider this 

risk and eliminate it. 

 
Figure 4.14 Toilet is located at the side that has a neighbour 

4.3.2.5. Space on the site is not managed at its full potential. 

Due to diverse studies, space on the site is very essential. The planners have to 

manage wisely in order to use each space optimally. However, there are some free 

spaces on the site which can be employed but they are left behind. These spaces 

become desert places and cannot be utilized. 
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Figure 4.15 Lift core and some free space which cannot be utilized 

4.4 The process of constructing conceptual knowledge 

In order to get an optimal construction site layout, the planner has to be farsighted 

and has numerous knowledge and experience. The planner has to foresee the further 

work procedure and problems which can occur. Then, he can plan beforehand to 

support the work procedure and eliminate risks. Especially, the planning in the first 

stage of the construction project is very essential. Diverse components on the site 

cannot be moved due to the complexity and cost of the installation.  

The plan of the construction site is crucial for CSLP. It represents the real job site 

before the construction takes place. It consists of the area which the planner can 

utilize and the boundary between the constructing building and job site. However, it 

does not mean that every planner who receives the same plan will design the same 

construction site layout. There are numerous factors on the construction sites which 

affect the site layout and every planner has their own aspects of planning. 

Consequently, they interpret these factors in different ways due to their knowledge 

and experience which can lead to the loss or profit of the construction project. 

From the interview, it can be seen that the precise detail of CSLP has various 

contradictions due to the planners’ aspects. Each expert gives the opinion base on the 

high-rise construction environment which they are familiar with. Therefore, it is 

complicated to reach the summation of the knowledge from these “General” answers. 

By this reason, the standard construction projects are required in order to let the 

experts be able to have the same aspect with each other. Then, the answers from 

experts can be compared and justified factors behind the similarities and differences. 

On the other hand, the knowledge from the literature review is explained in the 
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general aspect which requires the decision to be made by the planners. It does not 

specify the detailed implementation of the components on the construction site. This 

circumstance can lead to the difficulty of CSLP when the planners have less 

experience. 

From the site investigation, it is revealed that there are some problems on the 

construction sites. Each site has their own conflicts which occur and do not occur vary 

from sites to sites. Moreover, the pattern of the components on the sites also differs 

from sites to sites with similarities and differences. This issue happens because the 

planners treat the factors affecting the site layout in different ways. About the 

problems, some planners give the idea that they are not grand topics because the work 

can still progress. However, in fact, the quality of the site layout reflects the 

productivity of the construction project. The better performance of the site layout can 

raise the productivity and reduce the accident rate (Sanad et al., 2008). Besides, CSLP 

is usually done by only a person or a small group of people, which is difficult to 

produce the better result because there are no discussions or benchmarking between 

solutions. It is complex to know which explication is more desirable if there are no 

other explications as benchmarks.  

After summarizing all of the data, CSLP requires enormous experience to be able 

to understand and justify countless factors affecting the site layout. However, it is 

complicated for a sole planner or a small group of engineers to catch all of the 

necessary factors due to the limitation of knowledge and experience in some aspects. 

Another problem is that CSLP lacks the discussion between other planners, results in 

the ignorance of the planner whether he has done a well planning. Sites which do not 

have problems occur do not mean that site layouts are perfect. These problems lead to 

the idea assisting CSLP by condensing all of the knowledge from experts through the 

real construction projects. By using the real construction sites integrated with the 

knowledge of experts, similarities and differences can be investigated between each 

construction site. This method is called “Multiple cases study”. These data can be 

analysed through qualitative data analysis to find the factors behind experts’ 

decisions. Finally, all of the factors can be summarized into the guideline and 
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processed into a system as a tool to represent the overview of CSLP and let the 

planners be able to follow more convenient. 

4.5  Expected benefit 

The planners can know the overview of CSLP from the integration of the data 

from experts. They can know the necessary factors which they have to consider 

making the decisions for CSLP. Moreover, the planners can be assured that the 

knowledge is reliable because it came from the summation of numerous cases through 

the systematical data analysis.   

4.6 Conclusion 

In this chapter, it is separated into two main parts: Experts interview and 

construction site investigation. First, the experts are questioned with the open-end 

queries about CSLP and the components on the construction site. The interview 

indicates that the process of CSLP is similar between each expert, anyway, the precise 

detail about how they plan for each component are different due to the personal 

knowledge and experience. Second, the construction site investigation is conducted. 

The result shows that there is a variety of components’ management as the interview 

indicated. The examples of conflicts on the construction sites are also revealed. 

From the information mentioned earlier, it leads to the proposal of the knowledge 

integration for assisting CSLP. This knowledge comes from experts who have 

expertise in building construction by providing them the real construction projects and 

have them manage CSLP based on their experience. After that, these similarities and 

differences in each construction site layout are summed through the qualitative data 

analysis. The result from the analysis can be treated as a guideline for the planners 

who have low expertise or would like to benchmark their construction site layouts.    
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Chapter 5 

Methodology and Knowledge Acquisition 

5.1 Introduction 

This chapter shows the methodology used to acquire the knowledge. In order to 

gain the reliable knowledge about the construction site layout planning, the 

appropriate data collection and analysis are required. First, the exploratory interview 

was conducted to gain the overview and general procedures which are implemented 

for each component in the construction site. These procedures are used as the criteria 

to justify decisions in the later phases. Next, the multiple case study is selected as the 

data collection because of its ability to provide in-depth information of the 

phenomenon from the real practice. Every site is planned by the expert panel and 

classified by the procedures in the first step. These data can be investigated further to 

find the factors affecting decision makings in each case by analysing through the 

similarities and differences between cases. Then, rule bases are formed from the 

interpretation of facts behind the decision making. These rule bases are submitted 

back to the expert panel to verify the correctness of them. Finally, the factors affecting 

the construction site layout planning and the knowledge behind the working 

procedure are filtered from verified rule bases to form the guidelines for assisting the 

construction site layout planning. The research procedure in this chapter is shown in 

the Figure 5.1. 

5.2 The usage of the data from the exploratory interview 

The data from the exploratory interview is used as the initial header of the data 

summarized tables for each variable. For example, Table 5.1 shows the location 

which the experts told that they are suitable for the site office. The headers are 

modified later to reflect the decisions of the experts from the multiple case study. 

Each component in the construction site has their own tables which will be processed 

by the data from the multiple case study. However, some components might be 

removed out of the further data analysis if it does not appear in the multiple case study  
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process. The critical indices are carried on to this phase also and are going to be 

compared with the output of the multiple case study. 

Table 5.1 Data from the exploratory interview about the location of the site office 

5.3 Multiple case study 

Multiple case study is conducted to obtain the in-depth information of CSLP. It is 

separated into three steps which are (1) cases selection, (2) planning of experts, and 

(3) data processing and analysis. 

5.3.1 Case selection 

Cases selection plays a vital role for the reliability and validity of the data. Cases 

have to be selected carefully in order to gain the information which represent the work 

procedure of the real practice,. Five construction sites are selected as the case studies. 

Table 5.2 shows the properties of each case. These construction sites have their own 

unique properties which can produce the similarities and differences between cases. 

The experts have to manage their CSLP based on their experience and knowledge.   

5.3.1.1 Case A 

Case A is a construction site which can be rarely encountered in the metropolitan 

area due to its gigantic free space. The constructing building is an international 

dormitory which has twenty-two floors. It is located in the alley near downtown 

district that causes some traffic jam in the daytime. The road in front of the site is 4-

lane road with two driving directions. There is one entrance at the centre of the front 

of the site. The building consists of seven lift cores which one of them is specified as 

a fireman lift core. The exterior wall is finished by glass, plastering, and prefabricated 

material. There is a car parking behind the wall at the back of the construction site. 

There are no structures next to the construction site 

 

In the 

front 

of the 

site 

Places where 

they don’t 

interfere with 

other works 

Engineers can 

come to check 

the work 

conveniently 

Engineers 

can see 

all 

around 

Move into the 

building when 

the building is 

ready 

Frequency 7 3 2 2 2 
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Table 5.2 Properties of cases selected in the multiple case study process 

 Case A Case B Case C Case D Case E 

Types 
International 

Office 
Multi-

purpose 

Building 

Office and 

shopping 

mall  

Domestic 

Dorm  

Shopping 

Mall 

Duration 

(months) 
32 30 32  30  24 

Heights 

(Floors) 
22 11 44 17  7 

Area of sites
 

(Sq.M.) 
10,110 3,328 8,446 3,987 13,165  

Area per floor 

(Sq.M.) 
3,234 1,583 6,240 1,620 11,102 

Free space 

(Sq.M.) 6,876 1,745 2,206 2,367 2,063 

%Free space 68% 52% 26% 59% 16% 

Symmetric 

shape  
No No No Yes No 

Property of 

walls 
Masonry Masonry 

Precast 

and shear 

wall 

Masonry Precast 

Traffic 

condition 
Clear Heavy Heavy Clear Heavy 

Number of 

entrance gates 
1 2 2 1 1 

Permission to 

park outside 
No Yes No Yes No 

Trucks 

accessibility on 

the site 

Enable Enable Enable Disable Disable 

Nearby 

environment 
Clear 

Has 

pedes-

trians 

Has 

pedes-

trians and 

vehicles 

Has 

pedes-

trians 

Has 

pedes-

trians 

5.3.1.2 Case B 

It is a construction of a multipurpose building in the university campus. There is 

some free space which lets the experts be able to plan for their components on the 

site. The building is symmetrical with eleven floors. There are two lift cores and one 

stair core at each side. The construction site has two entrances which connect to the 6-

lane road with two driving directions. The road usually does not have traffic jam all 

the day and the traffic regulation allows the cars parking if it is not within rush hours. 

The other sides are connected with the university’s roads. However, there is a huge 
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22-floor building next to the construction site which might cause some effect on the 

construction site layout. 

 
Figure 5.2 The ground floor plan of case A 

 

Figure 5.3 Ground floor plan of case B 
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5.3.1.3 Case C 

Case C is a construction of a high-rise office with shopping mall building project. 

It has a 44-floor tower with a 10-floor podium. It is located at the cramped business 

district which affected the construction site to have limited free space. The site 

surrounded with crowded roads, the canal at the back of the site, and a nearby 

building which owned by the same owner of this construction building. The owner 

clarifies that the contractor can use the building nearby for free because it is going to 

be demolished in the second phase of the project. The entrance connected to the main 

road which has severe traffic jam in the daytime. There are many lift cores separated 

by the zones where the lifts will deliver the people to; low zone, medium zone, and 

high zone. The site has two entrances with a road connected between these two gates 

when the construction is finished. 

 
Figure 5.4 Ground floor plan of case C 

5.3.1.4 Case D 

The building in case D is a long rectangular shape with symmetry. The seventeen-

storey structure will be used as a dormitory. Many pedestrians can be observed since 

there are also dormitories nearby. The site does not connect to the main road directly 
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but there is a personal road that unites the construction site with the main road. This 

personal road is owned by the owner of the construction site. The main road has 4 

lanes which is usually crowded. There are two lift cores at each side. Behind the 

constructing building, there is a man-built canal. There is a small cafeteria which can 

be seen from the site layout. The entrance is located at the exactly centre of the 

building. Finally, the owner specifies that the staff on the site must have workspace at 

least nine square metres per person. 

 
Figure 5.5 Ground floor plan of case D 

5.3.1.5 Case E 

Case E is located at the centre of the downtown district. The main road, which 

has 5-lanes and experiences traffic jams, is connected to an entrance gate in front of 

the construction site. At the back of the side has a small road which is an alley in the 

shopping district owned by the owner of the construction project. Both sides of the 

building is surrounded by the department store and commercial buildings. The 

constructing building has 7 floors. Most of the exterior walls are finished with 

prefabricated material. The duration is shorter than other cases, only twenty-four 

months. There is only small amount of the free space but the workspace is enormous 

compare to the area of the site space. 
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Figure 5.6 Ground floor plan of case E 

5.3.2 Planning of experts 

The multiple case study is based on face-to-face interviews. Five experts from the 

exploratory interview participate in this round . The list of all participated expert are 

shown in Table 5.3. Each expert is proposed with five cases as presented in the 

previous section. After the experts finish their planning, they clarify the reason why 

they justify their decision makings for the better understanding and preventing the 

misinterpretation in data processing. The components, which appear in the layouts 

from experts, are carried on to the next step of the study. 
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Table 5.3 List of all participated experts in the multiple case study 

5.3.3 Data processing and analysis 

After the experts manage their CSLP for every site, all of the cases are processed 

by tabular method to find the similarities and differences between each case. The 

example of data tables is shown in Table 5.4. The data processing of this study bases 

mainly on variables which are presented in cases. Each variable has its own table to 

classify the decision that the experts made. The criteria which separate the decisions 

come from, but not limit to, answers of the exploratory interview after clustering as 

shown in chapter 5.2. A tick is given to the cell which represents the decision of 

experts in each case. These tables are called “Summed indices” when the data 

processing is finished. The similarities and differences of each layout are compared 

between each other to obtain the findings. The output of this process is the rule bases 

of CSLP. These rule bases are brought back to the experts who did the multiple case 

study to check whether the translation is correct and gains the acceptance. 

The example of the analysis is shown in Table 5.5 to Table 5.7 and Figure 5.7 

about the coverage of tower cranes on each site. All of tower cranes on each layout 

are drawn their coverages based on their radiuses. Coverages are modified to suit the 

real practice by subtracting the part which the interested tower crane cannot pass due 

to the obstruction. For example, the mast of another taller tower cranes and the high 

building nearby. The swing of the coverage left from the subtracting is measured and 

written down into the data table. These swings based on the basis of fixed jib tower 

Expert Type of 

Organization 
Education Position 

Experience with the  

high-rise building 

CSLP (Years) 

A Contractor Master Degree Project 

Manager 
10 

B Consultant Bachelor Degree Project 

Manager 
15 

C Contractor Bachelor Degree 
Project 

Manager 
45 

D Contractor Bachelor Degree 

Project 

Manager 
Assistance 

10 

E Consultant Bachelor Degree 
Project 

Manager 
24 
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cranes although the interested tower crane is a luffing jib one in order to analyse the 

fact behind the decision making. The type of the tower crane and necessity to swing to 

the unavailable location due to the obstruction are also noted for the more in-depth 

analysis.  

It can be seen from Table 5.5 that the fixed jib tower crane on every layout can 

make a rotation more than 34% of its full potential with the average of 80%. On the 

other hand, the luffing jib tower crane can make smaller rotation with minimum of 

20% and the average of around 50%., as shown in Table 5.6. No less than 20% of the 

rotation are made from all of tower cranes on 25 layouts. These results lead to the 

interpretation of 3 rule bases in the rectangular shape on Table 5.7. The data based on 

the number, such as sizes, and numbers of variables are also investigated. The graph 

can be plotted by comparing all of numbers from the interested variable equate to 

some other variables. Figure 5.7 shows the graph plotted between the percentages of 

free space compared to the percentages of average sizes of steel yards equate to their 

area sizes. The formula of the graph is rewritten to facilitate the usage. 

5.4 Data validation 

The rule bases are rearranged into a questionnaire of 5-score Likert’s scale to 

verify the agreement of the expert panel. The score of five means the expert totally 

agrees with the statement, while four means the expert only agrees with the 

knowledge. The experts can give the score of three which means they are not sure 

with the interested statement. On the other hand, the score of two means the expert 

disagrees. Lastly, the score of one means the expert totally disagrees with the 

intrigued fact. All of the suggestions are noted for modification of knowledge rule 

bases. The median is utilized to find the averages of each rule bases. The rule bases 

which gain the score lower than four (Agree) are eliminated from the final knowledge 

rule bases of the study. Moreover, the rule bases which have the score of four are 

modified by the suggestion of the expert panel to gain more validity. Each final 

knowledge rule bases are extracted to form a sub factor affected the decision. All of 

sub factors are categorized by factors they are belonged to. Factors, sub factors, 

conditions, components affected, effects are rearranged into the detailed tabular form 

in the Appendix C.  
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5.5 Findings 

Factors, sub factors, and affected components are gathered and shown in Table 

5.8. Factors affecting CSLP can be categorized into 13 groups, which are (1) design 

of the building, (2) availability of the components, (3) relationships of components, 

(4) constraints of components, (5) traffic on the site, (6) site constraints, (7) man 

power, (8) method of work, (9) type of the building, (10) location of the site, (11) free 

space, (12) duration of the project, and (13) specifications and regulations. These 

factors are extracted into sub factors which the influenced components are also 

displayed. Codes inside square blankets are references of rule bases related to 

corresponding facts. All of codes can be examined in the Appendix D.   

5.5.1 Design of the building 

The factors from the design of the building mainly affect the equipment on the 

site, which are tower crane, passenger lifts, and the concrete pump. There are 12 sub 

factors in this category, which are (1) height of the building, (2) shape of the building, 

(3) properties of the wall, (4) positions of cores, (5) distance between the passenger 

lift's position and the furthest point of the building from that location, (6) straight 

location through the height of the building, (7) amount of the concrete using for the 

building. (8) area per floor (Building's size), (9) coverage of the building covered by 

tower cranes, (10) distance between the concrete pump's pipe goes through vertically 

and the furthest point of the building from that location, (11) distance between the 

location of the mobile concrete pump parked and the furthest point of the building 

from that location, and (12) distance between the location of the concrete pump's pipe 

goes through vertically and the concrete pump's location. 

5.5.1.1 Height of the building 

The height of the building influences the tower crane usage. The tower which is 

lower than 30 metres can be supported by the standalone type tower crane [CC04]. 

While the building is higher than 30 metres, the mast of the tower crane must be 

braced with the building in order to eliminate the risk of collapsing by the buckling. 

Therefore, the standalone type tower crane is out of choice for the structure with the 

height higher than 30 metres. The mobile crane can support the construction if the 

tower is lower than 50 metres [DB04]. This fact causes the project manager of higher 
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than 50 metres building to pay more attention to the coverage of tower cranes. They 

have to be able to support the entire building unless the inaccessibly location does not 

have heavy duty related [DB05], for example, removing the column formwork or 

transportation of heavy material.    

5.5.1.2 Shape of the building 

The tower crane and the passenger lift are affected by the shape of the building. 

The project containing building with symmetrical shape can be considered to have the 

tower crane and the passenger lift at symmetrical locations also [DB06]. For the 

structure which is a long rectangular shape, the engineer might locate tower cranes 

and passenger lifts at each side of the building [DB16]. On the other hand, the tower 

crane and the passenger lift might be located at the centre of the building, if the 

duration for the decoration of the wall is shorter than a month [MW03 and MW04].   

5.5.1.1 Properties of the wall 

The finishing type of the wall can alter the construction site layout. Passenger 

lifts, tower cranes, and stationary concrete pumps should be placed at the masonry 

wall before the shear wall due to the convenience of its redecorating method [DB01, 

DB02, DB12, DB13, DB18, and DB19]. The prefabrication material can be utilized to 

decorate the building by installing it with the structure’s wall. It can decrease the wall 

finishing duration by concealing the damage from the equipment uninstallation. 

Therefore, there is no need to redecorate the defect on the hidden wall. However, the 

glass wall should be avoided due to its fragile nature [DB03, DB14, and DB20].    

5.5.1.2 Positions of cores 

The tower crane can be installed into the core of the building [CC01 and CC05], 

for instance, the stairs core and the lift core. It has many benefits from this 

installation. First, it can save cost from the foundation construction or modification of 

the tower crane. Second, it can reduce the amount of mast usage of the tower crane. 

Third, the tower crane in the core can cover building effectively due to the nature of 

cores which are usually located at the centre of the structure. However, there are huge 

disadvantages from this installation type. It has to be removed at least 6 months 
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Table 5.8 Factors, sub factors, and the affected components 

Factors 

Number 

of sub 

factors 

Sub factors 

Number of 

components 

affected 

Components 

affected 
References 

Design 

of the 

building 

12 

Height of the building 1 Tower crane 
DB04, DB05, 

CC04 

Shape of the building 2 

Tower crane 
DB06, MW03, 

MW04 

Passenger lift 
DB16, MW03, 

MW04 

Properties of the wall 3 

Passenger lift 
DB18, DB19, 

DB20 

Tower crane 
DB01, DB02, 

DB03 

Concrete 

pump 

DB12, DB13, 

DB14 

Positions of cores 1 Tower crane 
DB11, CC01, 

CC05 

Distance between the passenger 

lift's position and the furthest 

point of the building from that 

location 

1 Passenger lift DB21 

Straight location through the 

height of the building 
3 

Passenger lift DB22 

Tower crane DB07 

Concrete 

pump 
DB10 

Amount of the concrete using for 

the building 
1 

Mobile 

cement plant 
DB23 

Area per floor  

(Size of the Building) 
1 Passenger lift DB16, DB17 

Coverage of the building covered 

by tower cranes 
1 Tower crane DB04, DB05 

Distance between the concrete 

pump's pipe goes through 

vertically and the furthest point 

of the building from that location 

1 
Concrete 

pump 
DB08 

Distance between the location of 

the mobile concrete pump parked 

and the furthest point of the 

building from that location 

1 
Concrete 

pump 
DB09 

Distance between the location of 

the concrete pump's pipe goes 

through vertically and the 

concrete pump's location 

1 
Concrete 

pump 
DB15 
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Table 5.8(Continued) Factors, sub factors, and the affected components 

Factors 

Number 

of sub 

factors 

Sub factors 

Number of 

components 

affected 

Component 

affected 
References 

Availabilitie

s of 

components 

- - 5 

Passenger lift CA01 

Tower crane CA02 

Concrete 

pump 
CA05 

Site office CA03 

Store CA04 

Relationship

s between 

components 

7 

Usage of the Mobile 

cement plant 
1 Site office 

CR01, DB23, 

LS05, LS06, 

FS04, TS08, 

SR04, SR05, 

SR06, SR07 

Type of the site office 1 Toilet 

CC11, CC12, 

CC13, CC14, 

MP01, MP02 

Position of passenger 

lifts 
1 Toilet CR04 

Coverage of tower 

cranes over other 

components 

3 

Steel yard CR05 

Toilet CR07 

Laydown 

area 
CR06 

Material inside the store 1 Store CR09 

Number of tower cranes 1 Tower crane MW01, MW02 

Distance between the 

site office and the 

staff's toilet 

1 Toilet CR03 

Constraints 

of 

components 

11 

Rotation of the tower 

crane 
1 Tower crane 

CC06, CC07, 

CC08 

Distance from the 

building to the tower 

crane 

1 Tower crane CC09 

Number of the concrete 

pump 
1 

Concrete 

pump 

CC17, TB03, 

DP02 

Bending of the concrete 

pump's pipe 
1 

Concrete 

pump 
CC18 

Radius of the tower 

crane 
1 Tower crane CC10 

Size of toilets 1 Toilet 
CC15, SR02, 

CR02 

Size of the store 1 Store CC16 

Size of the steel yard 1 Steel yard FS03 

Properties of the tower 

crane 
1 Tower crane 

CC01, CC02, 

CC03 

Type of the concrete 

pump 
1 

Concrete 

pump 

TS01, TS02, 

TS03, TS04, 

TS05 

Number of the 

passenger lift 
1 Passenger lift CC19 
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Table 5.8(Continued) Factors, sub factors, and the affected components 

Factors 

Number 

of sub 

factors 

Sub factors 

Number of 

components 

affected 

Component 

affected 

Refe-

rences 

Traffic on 

the site 
3 

Number of entrance gates 1 Entrance gate SC07 

Connection between entrance 

gates 
1 Entrance gate 

SC07, 

CR08 

Accessibility of trucks 6 

Concrete pump TS05 

Steel yard TS06 

Laydown area TS07 

Store TS09 

Mobile cement 

plant 
TS08 

Trucks parking TS07 

Site 

constraints 
5 

Size of the construction site 1 Laydown area SC01 

Position of the entrance gate 4 

Site office SC03 

Laydown area CR10 

Mobile cement 

plant 

SR04, 

SR05 

Entrance gate SC06 

Walk path on the site 2 
Protection TB02 

Passenger lift SC08 

Place where can be the final 

place to be decorated 
1 Site office SC04 

Material path 2 
Site office SC02 

Toilet SC05 

Man power 2 

Number of labours 2 
Passenger lift DB17 

Toilet SR02 

Number of staff 1 Site office 
MP01, 

MP02 

Method of 

work 
5 

Movement of components 2 

Store 
FS06, 

MW06 

Site office 
FS07, 

FS8 

Preparation of the steel 1 Steel yard FS03 

Passenger lift's duty 1 Passenger lift MW05 

Usage of mobile cranes 1 Tower crane DB04 

Duration for the redecorating 

of walls 
2 

Tower crane MW03 

Passenger lift MW04 

Type of the 

building 
1 High-rise building 4 

Tower crane TB04 

Protection TB02 

Passenger lift TB01 

Concrete pump TB03 
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Table 5.8(Continued) Factors, sub factors, and the affected components 

Factors 

Number 

of sub 

factors 

Sub factors 

Number of 

components 

affected 

Component 

affected 

Refe-

rences 

Location of 

the site 
5 

Pedestrians or cars passing 

near the site 
1 Protection LS01 

Permission to park outside of 

the site 
2 

Trucks parking 
LS02, 

LS03 

Concrete pump 
LS02, 

LS03 

Man holes around the site 1 Toilet LS04 

Traffic condition around the 

site 
1 

Mobile cement 

plant 
LS05 

Nearby environment 3 

Mobile cement 

plant 
LS06 

Toilet LS07 

Tower crane 
LS08, 

LS09 

Free space 3 

Amount of the free space 4 

Steel yard 

FS01, 

FS02, 

FS03 

Mobile cement 

plant 
FS04 

Store FS06 

Site office FS07 

Corners or niches on the site 1 Toilet FS05 

Availability of truck's parking 1 Trucks parking FS09 

Duration of 

the project 
- - 5 

Passenger lift DP03 

Tower crane DP01 

Concrete pump DP02 

Site office 

CC11, 

CC12, 

CC13 

Store CC13 

Specifica-

tions and 

regulations 

4 

Specifications from the owner 2 

Mobile cement 

plant 
SR06 

Site office 

SR01, 

MP01, 

MP02 

Regulations 3 

Mobile cement 

plant 
LS06 

Protection SR08 

Toilet LS07 

Right of the land nearby 1 Tower crane 
SR03, 

LS01 

Specification from the mobile 

cement plant's supplier 
1 

Mobile cement 

plant 

SR04, 

SR05,  

SR07 
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before the construction finishes because it obstructs the construction of the stairs or 

the lift. Therefore, if there is only one tower crane, it means the construction site will 

have no tower cranes to support the work for 6 months. Furthermore, the derrick crane 

must be installed in order to remove the tower crane which is also an expense for the 

engineer. The stationary concrete pump is also affected by the positions of cores. The 

pipe of the concrete pump can go through the lift core or stairs core, if those cores can 

be finished later than the concrete pouring work [DB11]. The reason is the pipe can 

obstruct the finishing of these cores and the delay can be occurred unless a well 

planning is made beforehand. 

5.5.1.3 Distance between the passenger lift's position and the furthest point 

of the building from that location 

The passenger lift is an equipment to transport people to the destined floor 

conveniently. For this reason, the walking distance of the labour should be limited to 

100 metres from the passenger lift to the work space in order to prevent the 

unnecessary fatigue [DB21].    

5.5.1.4 Straight location through the height of the building 

The components on the site usually require space on the ground. However, some 

equipment demand the area on the vertical axis also. These equipment are passenger 

lifts, tower cranes, and the stationary concrete pumps. The rail of the passenger lift 

and the mast of the tower crane cannot bend to follow the design of the structure 

[DB07 and DB22].  In the concrete pump’s case, although the pipe of the concrete 

pump can go along with the structure, it should have no bends. Bends decrease the 

force used to deliver the concrete which is a loss. Therefore, they have to be located at 

the position where is straight from the start point to the final destination [DB10]. 

5.5.1.5 Amount of the concrete using for the building 

The engineer can plan for the usage of the mobile cement plant by knowing this 

factor. The expert panel agrees that the amount of the concrete should exceed 40,000 

cu.m., in order to use the mobile cement plant at the worthwhile stage [DB23]. 
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5.5.1.6 Area per floor (Building's size) 

The area per floor affects the number of the passenger lift significantly from the 

multiple case study. The data validation shows that if the answer after dividing the 

area per floor by the initial number of passenger lifts is lower than 1000 sq.m./unit, 

the engineer should decrease the number of the passenger lift usage by 1 but not lower 

than 1. On the other hand, if the value is more than 2,000 sq.m./unit, the engineer 

should increase the number of the passenger lift by 1 and recalculate again [DB17]. 

The engineer has to concern for the extra location to be installed another passenger 

lift’s rail if the original number is 2 already. However, if the area per floor exceeds 

10,000 sq.m., the position of the passenger lift should be increased to be at least 2 

places also [DB16]. 

5.5.1.7 Coverage of the building covered by tower cranes 

Ideally, the tower crane should be able to support the entire building. Anyhow, the 

tower crane, in fact, is not necessary to cover totally. The evidence is the summed 

index of the tower crane’s coverage from the multiple case study which is shown in 

Table B21. It presents the average of the building’s coverage which is 97%. The 

expert panel agrees with this statement and suggests the inaccessibly area can be 

supported by the mobile crane [DB04]. However, there is a restriction that the mobile 

crane can support the work at the elevation lower than 50 metres only. Therefore, the 

building which is higher than 50 metres should be entirely covered by the tower crane 

[DB05].   

5.5.1.8 Distance between the concrete pipe goes through vertically and the 

furthest point of the building from that location 

Based on the summed index of the length of concrete pump’s pipe (Table B25), it 

is observed that the distance from the bend of pipe to the furthest point of the building 

should not exceed 50 metres [DB08]. Nevertheless, this is only an approximate value. 

The power of the pump, bends, fission, gravity, and length should be considered for 

the precise calculation. 
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5.5.1.9 Distance between the location of the mobile concrete pump parked 

and the furthest point of the building from that location 

The concrete pump cannot shoot further than 50 metres [DB09]. Moreover, the 

expert suggested that the mobile concrete pump shoot be parked at only one place. 

Consequently, the engineer should specify an exact location for the mobile concrete 

pump to be able to support every area of the building. Anyway, the precise calculation 

might be made to find the exact limitation. This rule base is gathered by the analyzing 

of Table B25 

5.5.1.10 Distance between the location of the concrete pipe goes through 

vertically and the concrete pump's location 

From the summed indices of the distance between the building and the concrete 

pump (Table B25), the expert panel agrees that the stationary concrete pump’s pipe 

should not be too long before bending up to the vertical axis. The optimal distance is 

not over 30 metres [DB15] but the precise calculation might be made for more detail.    

5.5.2 Constraints of components 

This factor relates to the properties and limitations of components on the site. The 

sub factors are clustered into eleven groups, which are (1) rotation of the tower crane, 

(2) distance from the building to the tower crane, (3) number of the concrete pump, 

(4) bending of the concrete pump's pipe, (5) radius of the tower crane, (6) size of 

toilets, (7) size of the store, (8) size of the steel yard, (9) properties of the tower crane, 

(10) type of the concrete pump, and (11) number of the passenger lift. 

5.5.2.1 Rotation of the tower crane 

The rotation of the tower crane reflects the choice of the experts.  The Table B22 

in the appendix B shows that five from thirty-eight fixed jib tower cranes in the 

multiple case study can rotate more than 50% of its revolution. On the other hand, all 

seventeen luffing jib tower cranes can swing more than 20%. From these findings, the 

principle of choosing jib type of the tower crane is affected by the rotation of the 

tower crane. If the rotation of the fixed jib tower crane at that position can be made 

more than 80%, it can be placed at that exact position [CC06]. While, if the revolution 

does not exceed 50%, the tower crane at that position should be a luffing jib [CC07]. 
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However, if the rotation is lower than 20%, the engineer should consider choosing 

another place as a tower crane’s base [CC08]. 

5.5.2.2 Distance from the building to the tower crane 

This factor affects the tower crane installation. The standalone tower crane with 

the bracing with the building is called an attached tower crane. However, the 

standalone type cannot be used with the over 30-metre building. Therefore, the tower 

crane must be braced and changed to an attached tower crane. The summed indices 

from Table B23 shows that distances between the building and attached tower cranes 

are around the range of 2 to 6 metres. The validation confirms that experts agree this 

distance should not exceed 6 metres so, the bracing can be done conveniently [CC09]. 

5.5.2.3 Number of the concrete pump 

The expert panel agrees that for the high-rise building, there should be at least a 

concrete pump on the site to support the concrete work [TB03, CC17]. However, it 

might be possible that the site might require more concrete pumps to sustain the work 

flow [DP02]. 

5.5.2.4 Bending of the concrete pump's pipe  

The flow of the concrete can be affected by bends of the pipe. From Table B25, it 

can be seen that not necessary bends of the pipe should be eliminated by changing the 

location of the stationary concrete pump or direction of the pipe. The maximum 

number of bends which the experts gain the consensus is not more than one [CC18]. 

5.5.2.5 Radius of the tower crane 

There are various radiuses of tower cranes. From the multiple case study, the 

common radiuses are between 30 to 50 metres with the interval of 5 metres as shown 

in Table B24. This attribute affects directly to the coverage of the tower crane which 

the engineer has to focus later. Moreover, the radius of the tower crane should be 

considered along with the capacity at each distance of its jib [CC10]. The jib of the 

tower crane can withstand different amount of weight due to the shear and the 

moment cause to the structure of the tower crane. Consequently, the engineer should 
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check at the point where the jib of the tower crane has to carry the material whether it 

is able to transport.   

5.5.2.6 Size of toilets 

The size of toilets must be checked in order to prevent the illegal design on the 

site. The overall toilets have to pass the labour legislation. The size of toilets can be 

calculated by the multiplication of the number of rooms and the size of each room 

which should be around 1.5 metres to 4 metres [CC15]. For the number of room, it 

can be acquired by comparing the number of labours with the labour legislation 

[SR02]. On the other hand, the number of staff’s toilet from the data validation 

reaches the consensus at having at least a room for each gender inside the site office 

[CR02]. 

5.5.2.7 Size of the store 

The engineer should specify the size of the store before placing on the site. The 

usual size of the store from the multiple case study is around 65 to 80 sq.m. [CC16]. It 

is displayed in Table B19. 

5.5.2.8 Size of the steel yard 

From the multiple case study shown in Figure B1, it can be seen that the size of 

the free space is a proportion with the free space on the site and the area of the site. 

The formula can be formed from the graph between the size of the steel yard and the 

ratio between free space and area of the site. After modification, the area of the steel 

yard can be calculated by the area of the site pluses five times of the free space 

divided by one hundred [FS03].    

5.5.2.9 Properties of the tower crane 

The jib type and installation type should be specified before the placing of the 

tower crane. This factor affects the coverage of the tower crane over the site and the 

building. For the jib type, there are two types of jibs. First, the fixed jib is a horizontal 

lying jib without bends. It can travel only two axes, while, the luffing jib can travel in 

three axes. It results more flexible but slower rotating. Furthermore, the tower crane 

can be installed on the construction four types. First, the tower crane can be installed 
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into the lift core or stairs core. It is the most cost effective installation but requires a 

well-planned scheduling for the work on site [CC01]. Second, it can be attached to the 

side of the building. It is the most convenient way to install and uninstall the tower 

crane [CC02]. However, it will cost the modification of the foundation and the 

purchasing of masts. Third, the tower crane can be placed inside a building by 

blocking the floor [CC03]. It has major impact with the scheduling due to the 

redecorating floors. The expense is also a concern if this implementation is selected. 

Finally, the tower crane can be settled freely without any bracing [CC04]. Anyway, 

this method can be implemented if the building does not exceed 30 metres. 

5.5.2.10 Type of the concrete pump 

The concrete pump can be categorized into two types. The first type is the 

stationary concrete pump. It requires space on the site. It has to be attached with a 

pipe to deliver the concrete to the destination [TS01]. The latter type is the mobile 

concrete pump. This kind of pump likes a truck having a stationary concrete pump 

attached to its back. It can go wherever on the site if it can access [TS02], however, 

the experts suggest that it should be located at only one place [TS03, TS04] like the 

stationary concrete pump due to its complex setting before it can operate. The 

concrete pump needs the supply from the concrete truck to be functional [TS05]. 

5.5.2.11 Number of the passenger lift 

The engineer has to know the number of the passenger lift in order to specify its 

location. The location in this case is the location of the passenger lift’s rail. This rail is 

used to let the passenger lift travels up and down. It can be separated into two types 

which are single cage and double cages [CC19]. The single or double is the number of 

the passenger lift installed with the rail which means that the single cage’s rail can 

carry only a passenger lift. On the other hand, the double cages one can carry two 

passenger lifts.   

5.5.3 Relationships between components 

CSLP consists of enormous number of components on the site. It cannot be 

rejected that the relationships between components is a factor that can influence the 

layout also. Some components have to be placed with each other, while others might 
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have to be located far away. There are seven sub factors, which are (1) usage of the 

mobile cement plant, (2) type of the site office, (3) position of passenger lifts, (4) 

coverage of tower cranes over other components, (5) material inside the store, (6) 

number of tower cranes, and (7) distance between the site office and the staff's toilet. 

5.5.3.1 Usage of the mobile cement plant 

The engineer has to specify from many factors whether the mobile cement plant 

should be utilized [DB23, LS05, LS06, FS04, TS08, SR04, SR05, SR06, and SR07]. 

However, if it is used, it will affect the construction site layout by altering the position 

of the site office. The site office has to be moved to other side of the site, far away 

from the mobile cement plant due to the dust and trucks around the plant [CR01].   

5.5.3.2 Type of the site office 

The site office has two major types. First, the newly built site office is usually 

established when the site has many free space and has more than two years of the 

project’s duration [CC12]. Second, the prefabricated site office is often utilized with 

the site which has less free space and the site office has to be moved into the building 

to save the outside area [CC11]. The planner can design the size of the laydown area 

[CC13]. The size of the site office is little influenced by the type of the site office. If 

the site office is newly built, the size of the site office can be built at any size as the 

engineer wants. However, if the site office is prefabricated, the actual size of the site 

office has to be modified from the calculated size to conform to the material [MP01 

and MP02]. For example, the usual material for a site office is a steel container. Its 

size is around 2.5x6 metres so the calculated size should be rounded off to suit the 15 

sq.m. of the container. The type of the site office also affects the type of the staff’s 

toilet. If the site office is newly built, the staff’s toilet can be constructed inside the 

site office which is preferable by the experts [CR02]. It can raise the productivity and 

safety of the staff. However, if the site office is designed to be prefabricated, the 

staff’s toilet has to be located elsewhere but separated from the labour’s toilet [CC14]. 

5.5.3.3 Position of passenger lifts 

The toilet is influenced by many factors. One of them is the position of the 

passenger lifts. The data from the multiple case study in Table B5 show that there are 
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no layouts which the experts located the toilet near the passenger lift. Consequently, it 

leads to the conclusion that the toilet has to be settled out of the passenger lift’s area 

[CR04]. 

5.5.3.4 Coverage of tower cranes over other components 

Apart from the coverage over the building, the tower crane’s coverage has to be 

considered about other components also. The tower crane has to be able to support the 

transportation on the site. Thus, the storages on the site, which are the steel yard and 

the laydown area, have to be accessibly by the tower crane [CR05 and CR06]. The 

evidence can be seen from the summed indices of the steel yard and the laydown area 

in Table B2, B7, and B21. On the other hand, the toilet has to be placed outside of the 

tower crane’s coverage [CR07]. If the planner cannot achieve that statement, the toilet 

at least has to be settled outside of the material path on the site [SC05].   

5.5.3.5 Material inside the store 

This material inside the store can influence the construction site layout also. From 

the exploratory interview shown in Table A14, the answers from the experts can be 

clustered into two major groups. The first group is placing with the site office, while 

the second group is placing near the constructed building. However, there are no clear 

and quantitative explanations why the difference occurs. It is found later from the data 

validation process of the multiple case study that the factor affecting the decision is 

the material inside of the store [CR09]. The store does not have to be placed near the 

site office unless it stores the valuable material or equipment. The stock can be 

justified by the work plan which materials or equipment have to be stored.    

5.5.3.6 Number of tower cranes 

The number of tower crane can be a condition for the installation type choosing of 

the tower crane. The expert panel agrees that the first tower crane on the site should 

be attached to the building due to the convenience of the installation [MW02]. 

Moreover, having a tower crane attached to the building can assist the uninstallation 

of other tower cranes, especially the ones inside the building or cores [MW01]. The 

uninstallation of these tower cranes is complex and difficult because it cannot remove 

itself.   
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5.5.3.7 Distance between the site office and the staff's toilet 

The staff’s toilet cannot be constructed with the prefabricated site office. 

Consequently, it has to be located somewhere on the site instead. The expert panel 

suggested the toilet should not be placed too far from the site office due to the 

productivity of the working. The distance should not exceed 50 metres which is raised 

as the optimal length to be placed staff’s toilet [CR03]. 

5.5.4 Location of the site 

The information of the location of the site sometimes cannot be gained from the 

site plan, for example, it might not be detailed enough to know the position of the man 

holes, nearby building, and also does not specify the traffic condition around the site. 

The engineer can gather these missing data by visiting the real construction site before 

managing CSLP. The five sub factors are categoried as fellows: (1) pedestrians or cars 

passing near the site, (2) permission to park outside of the site, (3) man holes around 

the site, (4) traffic condition around the site, and (5) nearby environment. 

5.5.4.1 Pedestrians or cars passing near the site 

Sometimes, the construction site is located close to roads or pedestrian ways 

where accidents can occur. The summed indices from Table B15 show that the 

engineer has to construct safety roofs to prevent the falling objects due to the safety 

aspect [LS01].   

5.5.4.2 Permission to park outside of the site 

One of the problems with the construction project nowadays is the lack of free 

space. The trucks might not be able to access onto the site. Therefore, the 

transportation cannot go smoothly. The first solution is to consider whether the trucks 

can park outside of the construction site. If they can park, it would relieve the 

transportation on the site by letting the tower crane to handle the delivering into the 

site [LS02]. Concrete trucks may queue outside to pour the concrete. However, if they 

cannot park, the engineer has to contact the traffic police to get the approval [LS03]. 

Moreover, considering changing the work plan to pour the concrete or delivering the 

material in the night when few cars travel by is also a good idea to lighten the traffic 

condition around the site as can be seen from Table B3.   



83 

 

5.5.4.3 Man holes around the site 

Man holes can influence the toilet’s location because the toilet has to drain the 

used water to them. The experts agree that the toilet should be placed near the man 

holes for the more convenient drainage [LS04]. However, if it is not feasible to place 

near the man holes, a culvert from toilets to man holes can assist the drainage instead. 

5.5.4.4 Traffic condition around the site 

This factor directly affects the delivery to the construction site, especially the 

concrete which requires continuous pouring. The concrete may form layers unless the 

pouring is uninterrupted. For the construction site which has severe traffic conditions, 

a mobile cement plant may be feasible to be utilized on the site [LS05]. The concrete 

trucks can go back and forth from the plant to the building continuously. Therefore, 

the factor about the traffic condition outside of the site is eliminated. 

5.5.4.5 Nearby environment 

The construction affects the nearby environment particularly those that are close 

to residential areas. It might be a source of environmental problems, for example, the 

dust and the smell. Moreover, there is also risk from falling debris. From these 

reasons, the components which can cause trouble must be planned for measurements 

to eliminate most of the risks. The toilet should be located far away from sides near 

the neighbourhood [LS07]. The mobile cement plant must be considered whether it 

should be utilized on the site. The dust might go outside of the construction site and 

cause trouble to the neighbours [LS06]. Finally, the planning for tower cranes must be 

aware of tall buildings nearby the construction site. It might collide with a building 

due to carelessness of the operator or the occurrence of natural phenomenon like a 

storm [LS08 and LS09]. 

5.5.5 Traffic on the site 

The traffic of the site directly affects to the transportation on the site. The 

components which require the assistance from trucks, such as the concrete pump, the 

steel yard, and the laydown area have to be mainly planned according to the sub factor 

of the traffic on the site. The full list of sub factors in this group are (1) number of 

entrance gates, (2) connection between entrance gates, and (3) accessibility of trucks. 
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5.5.5.1 Number of entrance gates 

The number of entrance gates play vital role for the traffic on the site. It is forced 

to be a one way direction unless the site has more than one entrance gate. However, if 

the site has two entrance gates, it does not mean that the engineer has to use both 

gates. The engineer might close one gate and use another gate only for higher security 

level on the site [SC07]. The summed indices about this issue are shown in Table 

B15. 

5.5.5.2 Connection between entrance gates 

This factor has to be considered when the construction site has more than one 

entrance gate only. From the multiple case study, both Case B and Case C have two 

entrance gates. However, all of the experts plan Case B to utilize both gates, while 

three from five of the experts plan Case C to utilize only a gate. The reason after 

validation is that trucks can be driven pass between gates of Case B conveniently. On 

the other hand, the travel of site C is very long and some experts plan to place 

components which will obstruct the traffic [SC07]. In conclusion, the traffic should 

not be obstructed and trucks can be driven pass these gates conveniently [CR08].   

5.5.5.3 Accessibility of trucks 

Accessibility of trucks influences the hugest amount of components on the site. 

The concrete pump, the steel yard, the laydown area, the store, the mobile cement 

plant, and the trucks parking are the affected components [TS05, TS06, TS07, and 

TS08]. These components require trucks to be able to assist or deliver the material to 

them, except the store which only pick-up accessibility is enough [TS09]. The 

material path on the site is also affected by the accessibility of trucks. If trucks cannot 

be driven into the site, there will be more material paths occur between the trucks 

parking and the storages. However, if some of these storages cannot be accessed, the 

tower crane can come in to support the work instead [LS02 and LS03]. Consequently, 

the tower crane should gain accessibility to the delivery spot unless trucks can reach 

their destinations themselves. 
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5.5.6 Method of work 

The construction site layout might involve mainly to the design of the building 

and the plan of the site. However, the work plan can affect and be influenced by the 

construction site layout also. The sub factors in this group are (1) movement of 

components, (2) preparation of the steel, (3) passenger lift's duty, (4) usage of mobile 

cranes, and (5) duration for the redecorating of walls. 

5.5.6.1 Movement of components 

The answers from the exploratory interview, site investigation and the multiple 

case study have consensus about the store and the site office. They are the only two 

components which are able to be moved on the site as can be seen in Table A2 and 

B10. The movement is occurred by the major cause of the free space shortage [FS06 

and FS07]. The evidence is the movement which happens only with the construction 

site with low free space in the summed indices in Table B10 and the consensus from 

the expert panel. Moreover, these components are able to form a 2-floor component 

which the site office can be located above the store or another site office, if the 

planner does not want to move these components inside the building [FS08]. 

5.5.6.2 Preparation of the steel 

It is a suggestion from the expert in the data validation process that the preparation 

of the steel is also a factor to be concerned. The condition is justified by the size of 

the steel yard calculated from the proposed formula in Figure 5.7. If the answer is 

lower than 100 sq.m., the steel should be prepared from outside of the site and 

delivered to the storage when it is needed. [FS03]   

5.5.6.3 Passenger lift's duty 

Although the main propose of the passenger lift is carrying humans to the destined 

floors, it sometimes has to assist the transportation also. A suggestion from the expert 

panel that if the passenger lift does not have to start operating at the ground floor 

unless it has to transport material [MW05]. The reason behind is to relieve the 

crowded areas on ground floor. It can separate between the labours who has to work 

on the ground floor, where usually has many work and confused human traffic, with 

the labours who are waiting for the transportation to other floors. 
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5.5.6.4 Usage of mobile cranes 

The mobile crane can assist the work on the site like tower cranes. Though, it 

costs some expense for hiring. The engineer has to plan carefully why and when to 

use the mobile crane to assist the work. The summed indices in Table B21 from the 

multiple case study shows that the mobile cranes can assist the area where tower 

cranes do not cover. There is a constraint that usually mobile cranes cannot assist the 

work which is too high. The expert panel agrees that it would be around 50 metres 

[DB04]. 

5.5.6.5 Duration for the redecorating of walls 

The last phase of the construction project is to refurbish all of defects before 

delivering the project to the owner. The amount of this duration can be justified by the 

work plan of the project. The longer the duration is, the less probability that the 

repairing can be one in time is higher. However, if the duration is short, it is advisory 

that the engineer should keep refurbishing works at the minimum. Therefore, the 

equipment, which have to be installed with the wall, like tower cranes [MW03] and 

passenger lifts [MW04] are forced to be retained at the minimum number. The 

passenger lift might be installed only at a place with two cages type instead of 

installing two places with single cage type each. Based on the survey, the optimal 

amount of time that the redecorating can be finished in time is one month. If there is a 

month for the redecorating of walls from the schedule, the planner can install tower 

cranes and passenger lifts at walls more. 

5.5.7 Site constraints 

The site constraint focuses on the limitation on the site, for example, the size and 

the routes of the material and human on the site. It can be separated into four 

categories, which are (1) size of the construction site, (2) position of the entrance gate, 

(3) walk path on the site, and (4) material path. 

5.5.7.1 Size of the construction site 

The size of the construction site can be known from the plan of the construction 

site. It can be utilized as the input for the proposed formula to calculate for the 
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laydown area’s size [SC01]. The size of the construction site can further be used to 

calculate for the amount of the free space on the site. 

5.5.7.2 Position of the entrance gate 

Knowing the position of the entrance gate leads the engineer to acknowledge 

which side of the site is considered to be the front. The entrance gate has to be 

specified first where it should be located. Usually, if nothing obstructs the entrance of 

the building when finished, the entrance gate of the site will be located at the same 

place with the entrance gate of the building [SC06]. However, if the engineer would 

like to change the location from this default, the engineer has to contact the authorities 

for the approval, which costs time and money. The site office, the mobile cement 

plant, and the laydown area are all affected by the position of the entrance gate. They 

are likely to be placed at the front of the construction site [SC03, SR04, SR05, and 

CR10]. 

5.5.7.3 Walk path on the site 

The construction environment is a dangerous work in itself. However, CSLP can 

prevent the accident when the construction is operated. The engineer might design 

safety roofs cover the walk path on the site. The entrance of the building where 

labours might gather tightly at the rush hour and the direction to human-related 

components which are close to the building can be instances [TB02]. Moreover, the 

passenger lift’s area should be blocked from the walk path to prevent the accident 

which causes from falling objects [SC08]. 

5.5.7.4 Place where can be the final place to be decorated 

The last phase of the construction is to redecorate everything on the site. 

Everywhere should not be left the mark or defect which indicates the construction had 

taken place. This principle has to be implemented with the equipment that has to be 

installed to the building, for example, the tower crane, the passenger lift, and the 

stationary concrete pump. However, other components on the site have to be managed 

by this principle also. The site office is the last component to be removed from the 

site. Therefore, the site office should be placed at the location where can be easily to 

be redecorated, for instance, the garden or the park of the finished project [SC04].     
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5.5.7.5 Material path 

Although the site office and toilets should be placed out of the tower crane’s 

coverage as the first rule, the construction sites nowadays have very little free space 

which makes planning difficult. From the multiple case study, the material path is the 

route which the material has to go through between storages and the constructing 

building. The area where the material path passes is risky for the accident of falling 

objects. Consequently, these human-related components have to be at least located out 

of this material path if they cannot be placed out of the tower crane’s coverage [SC02 

and SC05]. 

5.5.8 Specifications and regulations 

This factor is about the restrictions which the engineer has to follow strictly. 

Otherwise, the engineer can be considered breaching the contract or be illegal. This 

factor can be separated into four sub factors, which are (1) specification from the 

owner, (2) regulations, (3) right of the land nearby, and (4) specification from the 

mobile cement plant's supplier. 

5.5.8.1 Specifications from the owner 

The owner might make requests which can alter the construction site layout. It can 

be seen in the multiple case study that one of the case (Case D) has a constraint from 

the owner. The owner asks to have the site office for their representatives and 

specifies to have at least 9 sq.m. workspace for each staff on the site. The experts 

respond to these requests by placing another site office for the owner’s representatives 

and building the site office with the newly built method. Consequently, every site 

office of this case is very enormous comparing with other case studies because the 

area for the project manager on the site usually is 4 to 9 sq.m., and only 2 to 5 sq.m. 

for other staff [SR01, MP01, and MP02]. Moreover, the owner also holds the power 

to allow or reject the mobile cement plant. Although the engineer and the supplier 

would like to invest on the plant, the owner has the right to not allow the usage 

[SR06]. The suppliers can consider the specification from the owner also before they 

can reach an agreement. 
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5.5.8.2 Regulations 

The regulation is one of the factors which the engineer has to follow strictly. The 

common regulations that the experts raised are about the dust, the smell, and the 

safety. First, the dust must be concerned and the engineer should design the layout 

which does not let the dust go out of the site. The mobile cement plant cannot be 

placed if the habitat stays nearby [LS06]. Second, the dust protection sheet should be 

used to cover the constructing building to prevent the dust from spreading outside of 

the site [SR08]. Third, the labour’s toilet should not be located near the wall which 

has neighbourhood due to its strong smell [LS07]. 

5.5.8.3 Right of the land nearby 

Normally, the tower crane cannot rotate out of the construction site. Anyway, in 

Case D, every expert plans nearly as same as each other about the positions of tower 

cranes. From that position, fixed jib tower cranes have to swing out of the 

construction site in order to reach some certain destination. It is revealed from the 

data validation process that the expert panel has the mutual consent about the concept 

of the right of the land nearby. The experts agree that tower cranes should not rotate 

out of the construction site unless the owner of the land where the tower crane 

trespasses gives approval to the contractor [SR03]. However, the engineer has to 

construct the safety roof if there are pedestrians walking pass [LS01]. 

5.5.8.4 Specification from the mobile cement plant's supplier 

The principle to take care of the mobile cement plant can be categorized into two 

types. First, the mobile cement plant is placed in front of the site. This method can 

facilitate the mobile cement plant well. Concrete trucks can access easy and do not 

affect the traffic on the site strongly. Second, the mobile cement plant is located at the 

back of the site. This implementation answers to the environmental regulation 

effectively. It prevents the dust from going outside. However, experts agree that it 

should follow the specification from the supplier [SR07]. They usually desire their 

plant to be placed in front of the site because of the convenient transportation [SR04]. 

They can use the engineer’s site as a hub and let their concrete trucks go to deliver 

their concrete at other sites. 
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5.5.9 Free space 

The amount of the usable space is affected with numerous components on the 

construction site. The construction sites with less free space are more likely to have 

their layouts altered by time to time. The issues with free space can be categorized 

into three parts, which are (1) amount of the free space, (2) corners or niches on the 

site, (3) availability of truck's parking. 

5.5.9.1 Amount of the free space 

The amount of the free space can be utilized as a trigger to judge the site whether 

it is a cramped site or wide site. If the free space is more than 2,000 sq.m., that 

construction is considered as a wide site. The engineer can plan freely for the 

construction site layout. However, if the free space is lower than 2,000 sq.m., that 

construction is considered as a cramped site. The store and the site office should be 

moved into the building after the second or third floor is finished [FS06 and FS07]. 

The mobile cement plant cannot be utilized on the site also due to the lack of free 

space if the free space is lower than 1,600 sq.m. [FS04].  

Moreover, the steel yard is also affected by the free space. The Graph B12 and 

Figure B1 in the appencdix B show that the size of the steel yard is a proportion with 

the ratio between free space and the area of the size. The formula derived of the size 

of the steel yard equals to the site area plus five times of the free space size and 

divided by one hundred as shown in Figure 5.7. All of the activities like bending and 

cutting will be performed here. If the answer is lower than 100, the engineer should 

consider to fabricate the steel from outside and transfer it to the site when it is going 

to be used [FS03]. On the other hand, if the value gained is more than 1,600 sq.m., the 

experts agree that using only 1,600 sq.m. is enough for utilizing as the steel yard 

[FS01]. Anyway, although the value is low or high, the steel yard should be managed 

with the “Stocking to sustain work flow” principle [FS02]. The stock on the site 

should be enough only to sustain the workflow before the ordering for the new 

workflow. The planner should not order too much steel to keep inside the site because 

it is a waste of free space and the dust can occur.   
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5.5.9.2 Corners or niches on the site 

The labours’ toilet is considered by the experts that it is not unsightly for visitors, 

referred to the summed indices in Table B9. Consequently, they agree with the 

statement that the labours’ toilet should be located at corners or niches where it cannot 

be seen by visitors if it is possible [FS05]. 

5.5.9.3 Availability of truck's parking 

From the data validation, experts suggest that there should be some space for 

trucks to be able to park on the site. There is a further suggestion about the size of the 

trucks parking. The trucks’ parking area should be huge enough that trucks can park 

for at least two trucks, so the size should be around 3x12 or 6x6 metres on the site 

[FS09]. This space can assist the concrete pouring to be continuous. Furthermore, it 

can be used as the delivery spot also.    

5.5.10 Man power 

The work plan does not tell only the work processes on the site. It can tell the 

number of labours to be hired for each work also, which can be used as the sub factor 

for certain components. The organization chart is also important for this factor 

because it can tell the number of staff, which is one of the sub factors belong to this 

factor.   

5.5.10.1 Number of labours 

The number of labours accounts to the hugest amount of labours each day. The 

components on the site have to be able to support that quantity. The components 

affected by the number of labours are the toilet and the passenger lift. The toilet 

should have the number of rooms which conforms to the labour legislation. It can be 

separated into 4 cases. First, if the labours do not exceed 15 people, there should be at 

least 2 rooms. Second, if the labours are around 16 to 40 people, there should be at 

least 4 rooms. Third, if the labours are around 41 to 80 people, there should be around 

6 rooms. Finally, if the labours are more than 80 people, there should be at least 6 

rooms with an extra room for each 50 labours [SR02]. Next, the passenger lift is 

agreed by the expert panel that each passenger lift can deliver 200 people [DB17]. 
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This number can be the initial amount of the passenger lift before edition by other 

factors. 

5.5.10.2 Number of staff 

The staff in this case are the people who should have their own seats on the site. 

The site office is directly influenced by this number. The traditional way to calculate 

the size of the site office is to multiply the number of staff with the area of each 

person. The area of each person is separated by their position also. The expert panel 

suggested that in order to simplify the calculation, it should be categorized into two 

groups which are project managers and the others. The area for project managers is 4 

to 9 sq.m. each, while, 2 to 5 sq.m. is the area for other positions. These numbers are 

gained from the data validation [MP01 and MP02]. 

5.5.11 Availabilities of components 

The engineer should consider using the equipment or material which he has first. 

Al Hattab et al. (2014) reported that purchasing and rental cost are two major 

expenses of equipment. Using previous equipment means that it can eliminate and 

save these costs. This factor is applied to the tower crane, the passenger lift, the 

concrete pump, the site office, and the store from the multiple case study and the 

suggestion of the validation [CA01, CA02, CA03, CA04, and CA05].   

5.5.12 Duration of the project 

The expert panel agrees that the high-rise building project which has the duration 

lower than two years can be considered as a short project. More equipment might be 

considered to be implemented. The concrete pump, the tower crane, and the passenger 

lift have to be able to sustain all of the work from the tight schedule [DP02, DP01, 

and DP03]. The duration of the project can also justify the type of the site office, 

whether they should be either prefabricated or newly built. The trigger separated these 

two usages is two years. The site office should be prefabricated, unless the duration of 

the project is more than two years [CC11, CC12, and CC13]. 
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5.5.13 Type of the building 

Due to the scope of the study, the knowledge rules are constructed base on the 

reinforced concrete high-rise building construction. Other types of building project 

should be consulted with care. From all of the summed indices and data validation, 

tower cranes, passenger lifts, and concrete pumps have to be utilized in order to raise 

the productivity of the work [TB01, TB03, and TB04]. The protection, both at the 

building and the boundary of the site, are also needed for the high-rise construction 

project [TB02]. 

5.5.14 Result 

From the multiple case study, Table 5.9 shows the number of sub factors and 

affected components of each factor influencing the construction site layout. The 

design of the building has the hugest number of sub factors, followed by the 

constraints of components and relationships between components. However, the 

design of the building affects only four components on the construction site, lower 

than half of the factors in the table. On the other hand, the site constraints and the 

traffic of the site play the most vital roles for the construction site layout when based 

on the number of affected components.  

For the frequencies, the design of the building plays vital role for tower cranes and 

passenger lifts. The planner cannot manage them unless the design of the building is 

ready. The site constraints are important for the planning of the site office because the 

free space on the site can indicate the type of the site office. Moreover, its location 

depends on the site also. It has to be located in front of the site where can be furnished 

later. The relationships between constraints are a powerful factor influencing the 

toilet. The planner has to place toilets in the safe place due to the safety of employees 

who use the facility. However, if the location is too far, it will increase the idle time of 

employees on the site and decrease the productivity of the site. This is a delicate 

problem that the planner has to manage. Tower cranes and concrete pump have 

numerous constraints in themselves. The planner has to fulfil these limitations to 

prevent the loss from the implementation. Finally, the location of the site and the 

specifications and regulations impact the usage and management of the mobile 
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cement plant on the site powerfully. The planner has to be cautious with confinements 

that can restrict the utilization. 

Table 5.9 Number of sub factors and affected components of each factor. 

Factors Sub factors Affected components 

Design of the building 12 4 

Constraints of components 11 6 

Relationships between components 7 6 

Method of work 5 5 

Location of the site 5 6 

Site constraints 5 7 

Specifications and regulations 4 5 

Traffic on the site 3 7 

Free space 3 6 

Man power 2 3 

Availabilities of components 1 5 

Duration of the project 1 4 

Type of the building 1 4 

 

Table 5.10 shows the breakdown frequencies of all sub factors about their 

influenced components. Abbreviations  of each factor are shown in the Table 5.11. It 

can be seen that the only type of components which is affected by the design of the 

building is the equipment. Consequently, the building plan is very essential to CSLP 

for the equipment. On the other hand, factors from the site plan influence every type 

of components except the equipment. Therefore, experts can gain the overview of the 

location of storages and human-related facilities by having the site plan. The planner 

does not have to wait for the design of the building in order to start managing the 

construction site layout. The work plan greatly affects the human related components, 

while also influences the storages and equipment. Other factors affect the equipment 

and human related facilities. There are slight differences that the availability and 

constraints of components have power on the equipment, human related facilities, and 

storages, but do not affect the storages. While, the location of the site, specifications, 

and regulation affect the equipment, human related facilities, and others components, 

but do not influence storages.  
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Table 5.10 Breakdown frequencies of each factor 

 

Table 5.11 Abbreviations of factors 

Abbreviations Components 

DB Design of the building 

DP Duration of the project 

TB Type of the building 

FS Free space 

TS Traffic on the site 

SC Constraints of the site 

MW Method of work 

MP Man power 

CR Relationships between components 

CA Availabilities of components 

CC Constraints of components 

LS Location of the site 

SR Specifications and regulations 

 

For the frequencies, the design of the building plays vital role for tower cranes and 

passenger lifts. The planner cannot manage them unless the design of the building is 

ready. The site constraints are important for the planning of the site office because the 
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free space on the site can indicate the type of the site office. Moreover, its location 

depends on the site also. It has to be located in front of the site where can be furnished 

later. The relationships between constraints are a powerful factor influencing the 

toilet. The planner has to place toilets in the safe place due to the safety of employees 

who use the facility. However, if the location is too far, it will increase the idle time of 

employees on the site and decrease the productivity of the site. This is a delicate 

problem that the planner has to manage. Tower cranes and concrete pump have 

numerous constraints in themselves. The planner has to fulfill these limitations to 

prevent the loss from the implementation. Finally, the location of the site and the 

specifications and regulations impact the usage and management of the mobile 

cement plant on the site powerfully. The planner has to be cautious with confinements 

that can restrict the utilization. 

5.6 Comparison between the critical index and the number of factors 

The guideline of CSLP is possible to be achieved by only the exploratory 

interview. However, managing the construction site layout has numerous details and 

factors affecting the planning. It is inconvenient for experts to think and describe in 

words about what they are thinking. It may lead to the misunderstanding and 

misinterpreting. Furthermore, indiscreet interviewing let experts to have more 

freedom to recall about their past work experiences that varies from every individuals. 

Consequently, each expert relies on the procedure which they are familiar with, and 

makes the answers being harder to be categorized. 

From the reasons above, only data from the exploratory interview cannot be used 

to form a knowledge base of the entire CSLP. There should be more data collections 

to compare and check with the data from the exploratory interview. The multiple case 

study is therefore appropriate as another data collection method due to its suitability 

with the question which requires factors behind the phenomenon and cannot be 

replicated. The multiple case study can assist to gain the in-depth reasons of the 

situation from the similarities and differences between cases also. This 

implementation can eliminate the uncertainty from the past experience of experts and 

let the expert panels to have the same point of view about the construction site layout. 
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Table 5.12, derived from Table 5.8 shows the number of sub factors and factors 

affecting each component. It can be seen that the top most affected components by 

CSLP are equipment, which has numerous sub factors. Human related facilities 

follows the equipment as the second ranked type of components. Storages gain the 

third rank and the other components get the last rank. However, the critical index 

from the exploratory interview in Chapter four does not reflect the same sequence of 

rank as the multiple case study showed.  

Table 5.12 Numbers of factors affected each component 

Components 

The number of sub factors 

affecting the corresponding 

components 

The number of factors 

affecting the corresponding 

components 

Tower crane 18 9 

Passenger lift 13 8 

Concrete pump 13 7 

Site office  11 8 

Toilet 11 8 

Mobile cement plant 9 6 

Store 6 6 

Steel yard 5 5 

Protection 4 4 

Laydown area 4 3 

Trucks parking 3 3 

Entrance gate 3 2 

 

Table 5.13 shows the rank of the importance for each component from the 

exploratory interview. The entrance gate gains the most score of importance equals to 

the tower crane, but it has the lowest number of factors affected. This conflict means 

that experts pay attention to the entrance gate abundantly, while there are few factors 

influenced the planning for the entrance gate. The steel yard also receives the over 

care having the same level of importance as the other equipment, although it has 

hardly any factors affected comparing to them. On the contrary, the toilet gains only 

moderately importance, while it has the larger number of factors affected comparing 

with the store that has four scores of critical index. Nevertheless, it can be seen from 

the comparing between Table 4.2 and Table 5.13 that information from experts are 

reliable due to verifying from data triangulation. These two methods have the same 
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direction for the components which have lower or equal to three scores of critical 

index. They are eliminated out of the planning in the multiple case study by the 

expert. Components in bold characters are shown in layouts of the expert panel.   

Table 5.13 Ranks of the importance for each component from exploratory interview 

Rank Components 

5 (The most important) 
Entrance gates and  

Tower crane 

4 (Important) 

Concrete Pump,  

Passenger Lift,  

Site Office,  

Steel Yard, and 

Store 

3 (Moderately important) 

Cement Store,  

Mobile cement plant,  

Fabricated rebar yard,  

Formwork storage yard,  

Guard House,  

Laydown area,  

Temporary Transformer,  

Toilet,  

Truck’s tires washing yard,  

Waste chimney, and 

Welding shop  

2 (Less important) Water Tank 

1 (The least important) 

Fabricated formwork yard,  

Parking lot, and 

Service Workshop 

 

5.7 Guidelines for CSLP 

In order to provide more benefit for the low expertise engineers, the knowledge 

after analysed and concluded has to be simple to understand the whole picture of 

CSLP. The guideline is chosen to be the way to present the result of the study. The 

user can follow the flow of the guideline which is easier to understand through plain 

texts. The guideline is constructed by the summation of every rule bases, categorized 

into three phases of CSLP. These three phases are named “Early stage”, “Middle 

stage”, and “Checking stage”. First, the early stage is started by gathering all of the 

available primary data. Each part of the guideline in this phase is clustered by sources 
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which the engineer can gain the information from. These sources are (1) detail of the 

project, (2) work plan, and (3) other sources.  

The detail of the project can be separated into smaller groups by the type of the 

document. The building plan can give the information about the building, for instance, 

the size, the shape, the height, properties of walls, and positions of cores. Next, the 

site plan can provide the data of the construction site, for example, the size, the shape, 

the accessibility of trucks. Finally, the detail of the construction can provide the 

amount of the concrete usage and the duration of the construction.  

Second, the work plan is a document about the work processes of the construction. 

It usually consists of the bar chart telling which work will take place on the site at 

which duration. The work plan is crucial for the construction project because the 

engineer can plan for the labour management. Each work can be specified the exact 

number of labours who has the responsibility over each job, which these numbers can 

be summarized into the number of labours on the site for each day. Moreover, it can 

inform the engineer about the equipment and materials to be utilized at the specific 

moment. The engineer can plan for the purchasing, stocking, and using plans for these 

equipment and materials. Lastly, the number of staff can be found from the 

organization chart on the site. It is a document showing employees on the site with 

their duties and positions.  

Finally, information from other sources is the data which cannot be obtained from 

the building design and site plan. The specifications of the owner and other parties 

have to be fulfilled in order not to breach the contract. The regulations must be 

followed unless the site will have problems with authorities. The site visiting is also 

necessary for obtaining the constraints on the site, the condition of the traffic, and the 

environment of nearby neighbours. The equipment and materials in the stock of the 

engineer is also important. The cost of purchasing or renting can be saved by using 

the already owned equipment and materials as mentioned in the previous topic.   

Once all of the information is ready, the user can follow the guideline by input all 

of values of factors into the guideline. For example, the engineer can investigate into 

building plan to know the height of the building. The engineers can know the primary 

principle to treat the equipment affected by the height of the building, which are the 
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tower crane, the concrete pump, and the passenger lift. Then, the engineer can 

continuously look forward to other factors, for instance, the shape, properties of walls, 

and the positions of cores, to gain more constraints and theories which are suitable to 

manage the planning for the interested project. The guidelines for the first stage are 

shown in Figure 5.6 to 5.12. When every variable from information sources is ready, 

the engineer can continue to the second phase of the planning, the middle stage. The 

engineer can gain the possible locations of components when the first phase of the 

planning is finished. Moreover, some components can be specified their properties 

with only the primary factors. The types, the size, and the location of components can 

be indicated in this phase. These components are the laydown area, the store, the steel 

yard, and the possibility to utilize the mobile cement plant. They can be planned due 

to their natures which have only small number of factors related.  

The middle stage specifies the properties of equipment and human related 

components. For the storages and the store, the engineer can get enough constraints 

from the early stage. In this stage, the guideline can guide the planner approximately. 

The planner has to do the decision making by himself. The guideline can only give 

advice and specify the frame of available choices which the planner can choose. For 

example, the guideline can specify choices and suggestions for the choosing of tower 

cranes by displaying the available jib types and radiuses, while, the concrete pump 

can be selected whether it is a stationary type or mobile type based on factors of the 

projects. The result from this stage is that each component can be placed on the 

construction site at the possible location after the planner considers every property 

already. The full guidelines of the second phase are shown in Figure 5.13 to 5.14. 

Finally, the last phase of the planning is the checking stage. The objective of this 

phase is to raise the ability of the planning, so it can support the work and eliminate 

the risk of accident based on relationships of components. The most critical concern is 

the coverage of tower cranes. The engineer has to check whether all of storages are 

covered with the coverage of tower cranes, while human related components should 

be placed out of the path which the material is transferred. Other factors are the 

availability of the trucks’ parking area, the principle treating walk paths on the site, 
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and the relationship between components. The last part of the guideline is shown in 

Figure 5.15 to 5.16.  

5.8 Conclusion  

In this chapter, the methodology to collect the in-depth data and the data analysis 

are presented. The multiple case study is implemented as the second data collection 

due to its ability to gather knowledge behind the real practice. Five different cases are 

selected as case studies to let the expert panel manage CSLP. The similarities and 

differences between the layouts are shown through the summed indices, formed by 

tabular method for each variable on the construction site. The attributes that separate 

each variable in each layout are gathered from the exploratory interview in Chapter 

four. The clustered answers from experts are utilized as the header of tables. 

However, these headers are not fixed. It can be added, deleted or corrected after the 

analysis in order to represent the real practice and be able to extract the knowledge 

behind decisions from experts. The components which appear in every layout are 

classified to be analysed in this stage. Although the data from exploratory interview 

pointed out that the component on the site should be separated into three groups, the 

data from the multiple case study indicate that they should be separated into four 

categories instead. The first category is the equipment which consists of tower cranes, 

passenger lifts, concrete pumps, and the mobile cement plant. Next, the second class 

is the storages which are the steel yard and the laydown area. The third type of 

components on the construction site is the human related facilities. These constituents 

are composed of site offices, toilets, and stores. Finally, the last type of the component 
is categorized as the other components, which are the protection, the parking area for 

trucks, and the entrance gate  

The data of each attribute are analysed, concluded, and formed into rule bases. 

These rule bases are summarized and gathered into a survey. The data validation uses 

this survey to gain the approval from the expert panel that the interpreting is correct. 

Rule bases which get lower than four score from five is eliminated, while the rule 

bases which have more than or equal to four are corrected if there are suggestions  
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Figure 5.15 Guideline for CSLP in the second phase part 1  
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Figure 5.16 Guideline for CSLP in the second phase part 2 
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from the experts. The knowledge rule bases after gaining the correction and approval 

by the expert panel are drawn into the guideline for CSLP. All of the factors affecting 

decisions are collected and presented as well.  

From the multiple case study, there are thirteen factors affecting CSLP. The 

factors which have the greatest number of sub factors influence to components on the 

site are the design of the project, the constraints of components, and the relationships 

of components. The components that have the hugest number of sub factors affected 

are the equipment, which are the tower crane, the passenger lift, and the concrete 

pump. Next, the result from the multiple case study is compared with the data from 

the exploratory interview. It is revealed that equipment is the type of components on 

the site that experts agree they are the most critical type for CSLP. However, there are 

differences between these two findings. Storages gain moderate attention from experts 

in the exploratory interview but the factors from multiple case study report that there 

are few factors that affect them. The entrance gate also has small number of factor 

affected but gains high attention from the expert panel. On the other hand, the toilet 

which experts said it does not have to be considered abundantly has numerous factors 

influenced. From these conflicts, it can be concluded that there is a contrast between 

the thinking of experts about the importance of components and the number of factors 

which experts have to treat them. Consequently, CSLP is varies. Thus, precise data 

from interviewing might not be able to catch all of the knowledge and factor behind 

each decision. The multiple case study is more suitable to the question which requires 

in-depth answers and would like to know factors that altered the phenomenon. This 

method can assist the study by replicating the real practice and extracting facts behind 

the planning. 

The guideline is presented to assist the low expertise engineers who have to 

manage CSLP. It can be applied to the benchmarking between the existing site layout 

and the guideline to check whether the interested site layout can be improved. The 

guideline is displayed into two versions. The first one is the overview of CSLP. It is 

separated into three phases: Early stage, middle stage, and checking stage. The second 

version is focused on each component to concentrate on the principle treating 

components by components 



 

Chapter 6   

System development 

6.1 Introduction 

In this chapter, the development of the system for CSLP is presented. It can assist 

the planning for the low expertise engineer by receiving the value of factors affecting 

the planning and giving suggestion according to the knowledge base inside the 

system. The planner can plan along with the suggestion to achieve the construction 

site layout which can be workable based on the knowledge of the expert panel. The 

application is a knowledge-based system developed by the software “Ren’py”. 

Moreover, the principle and work procedure inside the system are also presented. This 

chapter is separated into 4 topics, which are (1) introduction, (2) system planning, (3) 

process of the system development, and (4) conclusion.  

6.2 System planning 

The main objective of the system is to assist CSLP based on the knowledge of 

experts in the previous chapter of the study. The guideline in Chapter five acts as the 

core process of the system. The system also separated its process into three phases, 

which are, early phase, middle phase, and checking phase. The base hardware used to 

develop the system is a laptop computer. The software which the system is developed 

called Ren’py. The name of the proposed system is CU-Site. 

The system can be divided into three parts. The first part is the main mechanism 

which acts as the body of the system. This module interacts the user by requesting the 

values of factors inside the system, receiving the values, transferring the values 

through the knowledge rule bases, and returning the suggestions from the knowledge 

base. Second, the knowledge base inside the system performs as the brain of the 

system. There are numerous knowledge rule bases contained in this part. Each of the 

knowledge rule bases are coded as IF-THEN-ELSE format in order to make it simple 

but powerful enough to do its work. When a value of a factor is given, it is transmitted 

through the knowledge base to find the rule base which responds to that value. The 

rule base which has responsibility then makes a decision based on the interested 
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value. The decision triggers the suggestion from that rule bases and return the text to 

the user. Finally, the last part of the system deals with the user by communicating. It 

acts like the face of the system to ask the question and present the suggestion by the 

interactive character like a real expert in person. The diagram of the process of the 

system is shown in Figure 3.3. 

In the first phase, the user is asked to give values of primary factors which can be 

obtainable directly from the document of the project or site investigation. The 

examples of these documents are building plans, site plans, and specifications. When 

all of the values are ready, the user can submit them to the system. The system will 

generate suggestions with codes of associated rule bases.  

Next, the system proceeds to another phase, the middle phase. The user is asked to 

plan along with the suggestion from the system, especially the equipment. The system 

can display choices that the user can follow through. After user plan according to the 

choice, the system will go to another suggestion to let the user insert more detail into 

his layout. The process continues until the planning reach the end of the guideline in 

the second phase. The layout at this point should have all of components with their 

properties available on the plan.  

Finally, the system reaches the checking stage. The plan from the middle stage 

might be able to utilize already. However, it might not be safe or productive due to 

some conflicts. This stage checks the relationship between components and also 

between the building and components also. The main objective is to eliminate the risk 

of accidents occurred by the cause of poor site layout and raise the productivity of the 

work on the site. The user can have his layout checked by the system. Then, the user 

can improve the layout according to the checking and advising of the system. 

The system is developed by the software named Ren’py. Ren’py is an open source 

and free software. It is based on the python language. Anyway, Ren’py already 

modifies the code and command to be simple enough for every level programmer. It 

is usually used to create games based on text and picture which is called visual novel. 

Anyway, Ren’py can be a powerful software to create numerous application with 

some modification and imagination. The interface of the software is shown in Figure 

6.1. It can store numerous projects inside but the user can choose which project is 
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going to be called conveniently. Ren’py also has a built-in tutorial which can assist 

the coding and provide some sample codes. These sample codes can be modified and 

used as a composition of the other applications. 

 

Figure 6.1 Interface of Ren’py 

Ren’py has built-in commands asking the user to choose choices and link the user 

to another screen based on the chosen choice. These functions are the main core of the 

system. Providing choices or leaving blanks to let the user give the input manually are 

very crucial to the IF-THEN-ELSE basis for knowledge-based system. Values and 

choices can trigger the decision making by the coding inside the responded rule base. 

The suggestion can show up freely inside the text box which does not require the 

maximum length or number of the alphabet. Moreover, the system can show a 

character which can act as the medium between the user and the system. The 

character can question or give suggestion based on the script and reaction from the 

decision providing, make it to be more user-friendly. 

6.3 Process of the system development 

The first step of the system development is to define variables. Variables can be 

announced at any time but pre-defining assists programming to be more convenient 
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when some errors occur. The programmer can trace back to the group of variables to 

the check where origins of errors are.. Variables in Ren’py can be representative of 

values of factors, background, sound, and characters inside the application. A 

character is designed to act as the medium between the user and the system. Variables 

are separated into categories based on the types of the corresponding factors, for 

instance, the design of the building, the location of the site, and the availabilities of 

components. Values of each factor are set at the default value when the system starts. 

Variables which are integer are set to be zero, while, variables which are Boolean are 

set at false.  

 

Figure 6.2 Example of the variables defining 
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The second step is to define scenes inside the system, which Ren’py calls these 

scenes as labels. A label consists of the face of the character, background, sound, 

conversation dialogues, decision choices, and destinations of each choice. The system 

can communicate with the user by these conversation dialogues. The character and 

text can be shown at the same time to imitate the talking. At the end of each label, it is 

usually finished with the command “menu”, This command appoints the system to 

display choices from the programming. Each choice requires having commands if the 

interested choice is select. The simplest way to end the label after a choice is chosen 

is “jump”. Jump is a specific keyword used to change the scene of the system. The 

example of the label is shown in Figure 6.3. Objectives of labels in this study can be 

separated into three functions. First, a label can be used as an explanation or 

introduction to the application. Second, it can be utilized to question the user to give 

inputs or clarification. Finally, it can be assigned rule bases and give suggestion to the 

user after the compiling. The example of rule bases inside labels is shown in Figure 

6.4 

 

Figure 6.3 Example of label defining 



 

 

 

119 

 

Figure 6.4 Example of rule bases defining 

 

Third, the flow of the program is planned based on the guideline proposed in 

Chapter five. The flow chart of the system is shown in Figure 6.5. The black colour is 

the flow of the system separated by the work process. The blue colour indicates 

documents which are the input and output of the system. The input of the system 

consists of all relevant data as shown in the guideline, for example, building plans, 

site plans, specifications, and detail of the project. The initial screen displays as 

exhibited in Figure 6.6 if the application is called. When the system begins, the 

introduction is displayed as shown in Figure 6.7. The system will request for values of  
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Figure 6.5 Flowchart of the system with input and output. 

 

Figure 6.6 Initial screen of the system 
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factors which is required by the early stage as seen in Figure 6.8. These factors are 

separated by their major categories, for instance, the design of the building, the 

location of the site, and constraints of components as displayed in Figure 6.9. When a 

category is clicked, the system navigates the user to a list of factors inside the 

categories. The example of factors inside the design of the building category is 

exhibited in Figure 6.10. The user can click submit all of values when they are ready. 

The system transfers these data to the knowledge base and checks through the 

knowledge rule bases inside for the decision making. The knowledge base returns 

results and suggestions to the interface of the system along with codes corresponding 

to the responded rule bases. The example of the result is shown in Figure 6.11. By 

now, the user will have the information for the overview of the construction site 

layout. However, for the detailed layout, the planner should go through the middle 

phase to have precise detail of each component. In the middle phase, the system 

requires decisions accompany with the result from the early phase. For example, in 

the case of tower cranes, the system asks the user what type of the installation will be 

used for a tower crane as displayed in Figure 6.12. The user has to consider for the  

 

Figure 6.7 Introduction to the system 
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Figure 6.8 Explaining of factors 

 

Figure 6.9 Screen shows all of factors, separated by categories  
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Figure 6.10 Example of factors inside a category 

 

Figure 6.11 Example of the result after the system calculated 
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Figure 6.12 Example of choices in the middle stage 

result from the early phase, for example, the building is taller than thirty metres so 

a stand alone tower crane cannot be utilized on the site. The user can plan along with 

the system step by step. The result from this phase is a primary site layout but 

required some checking to raise the safety level and improve the productivity. The 

main concern of the last phase, the checking stage, is the relationship between 

components. This factor is one of the major troubles for CSLP referred from the huge 

number of sub factors in the chapter five. The coverage of tower cranes is questioned 

to the user as shown in Figure 6.13. The user can answer by clicking the interested 

component in Figure 6.14 and clarify whether tower cranes on the primary site layout 

cover it. The system will check for the suitability and return the warning or approval. 

After the checking stage is finished, the construction site layout is ready and 

workable. The users might blend their own knowledge with the one gained from the 

system. The system only provides the guideline, not the exact method which forces 

users to follow.  
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Figure 6.13 Example of question in the checking stage 

 

Figure 6.14 Choices in the checking stage 
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6.4 Conclusion 

The development of a system for CSLP is displayed in this chapter. The system is 

knowledge-based. The core knowledge of the system came from the guideline in 

Chapter five. The system is developed based on Python computer language by the 

software named Ren’py. Ren’py is a free and open source program which mainly used 

to develop visual novel game. However, it is selected to be utilized in this study due 

to the ability that can apply IF-THEN-ELSE coding powerfully. The application can 

“jump” from labels to labels through choices that the user chooses. Python computer 

language in Ren’py has been modified to be simple but still powerful to be used as a 

research application.  

The system separates the work procedure into three phases similar with the 

guideline proposed. It consists of the early stage, the middle stage, and the checking 

stage. In the early stage the user is questioned to provide values for factors to let the 

system generate the suggestion from rule bases in the knowledgebase. The user can 

get the overview of the construction site layout from this stage. Next, the middle stage 

furnishes the overview into the primary construction site layout based on the 

cooperation between the system and the user. The result from the early stage 

accompanies with the decision making from the user are two main input of the system 

in this phase. Finally, the checking stage is conducted to raise safety and productivity 

of the construction site layout. However, the user might adapt his previous experience 

into the knowledge from the system because the system is only a guideline, not an 

exact knowledge. The user can blend his knowledge with the knowledge from the 

guideline to open the possibility to reach more productive construction site layout. 
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Chapter 7 

Case study validation 

7.1 Introduction 

In order to receive the reliability of the study, a case study is conducted to 

benchmark the knowledge gained from the study with the real practice. A case is 

selected out of the five standard cases in order to raise the external validity of the 

knowledge base. Knowledge rule bases from the study are compared with conditions 

and principles of the planning of a case study. Moreover, the system is also 

implemented by low expertise engineers to benchmark between the real planning 

from the expert and the planning from low expertise engineers with the assisting of 

the system.  

The topics are separated into 13 topics, which are: (1) introduction, (2) basic 

information of the construction site, (3) CSLP of the project, (4) tower cranes, (5) 
concrete pumps, (6) passenger lifts, (7) site offices, (8) toilets, (9) stores, (10) steel 

yard, (11) laydown area, (12) other components, and (13) conclusion. 

7.2 Basic information of the construction site 

This project is an apartment located in a private area. The building is 55 metres 

tall with the area of 5,000 sq.m. per floor. Concrete used to construct this building is 

approximately equal to approximately 35,000 cu.m. The building is constructed with 

the conventional reinforced concrete design. The wall is made of the prefabricated 

concrete panel. The shape of the building is a symmetric cross, which has an open 

core in the centre of the building. The lift cores and stairs cores are located at the 

central area of the building. The price of the construction project is 3,000 million 

baht.  

The construction site has the area around 20,000 sq.m. Consequently, the free 

space on the site is 15,000 sq.m. or 75% of the entire area. There are neighbours all 

around the site except the front gate where is connected to the main road of the 

owner’s land. The traffic condition around the site is in a good status. However, the 

traffic outside of the owner’s property is severe due to the bridge construction. Trucks 

can access the site conveniently. They can be driven around the site like a roundabout 



 

 

 

128 

with the building located at the epicenter of the roundabout. There is an entrance gate 

which is used as the main gate of the construction site.  

7.3 CSLP of the project and rule bases validation 

CSLP of this site starts by specifying the design of the building. The contractor 

plans the work processes to construct the building. Then, the contractor can know 

components and materials that are going to be used based on these work processes. 

The components on this construction site are (1) tower cranes, (2) concrete pumps, (3) 

passenger lifts, (4) site offices, (5) toilets, (6) stores, (7) steel yard, and (8) laydown 

area. The work processes also furnish the worker required to finish each job. 

Therefore, the contractor can know the number of labours they have to hire. The 

number of labour on this site is around 900 people. The organization chart is also 

formed in this state. It tells who have to work on this site and what their duties are. It 

is the main document for the designing of the site office. In this project, the 

organization chart also provides the phone number for a convenient contact inside the 

party. The picture of the organization chart is shown in Figure 6.1.  

 

Figure 7.1 Organization chart on the site 

 

Specifications and regulations have to be fulfilled or followed. The owner is very 

strict with the safety and environmental issues due to the location of the site, where it 

is settled inside the owner’s land. For the mobile cement plant, the main obstacles 

rejecting the usage on the site are the specification from the owner [SR06] and the 
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interest of the supplier [SR07]. The owner specifies numerous constraints if the 

contractor would like to have the plant on the site, for example, the noise and dust has 

to be protected and the traffic inside the owner’s property has to be well prepared. The 

supplier lacks their interest after knowing the specification from the owner. However, 

they have another plant where can support the delivering although it does not be 

placed on the site.  

The building plan is necessary for the equipment planning and materials 

purchasing. The construction requires the support from tower cranes to deliver the 

material to the work space. Therefore, tower cranes should cover all of the building 

due to the high-rise building nature. There are no equipment except tower cranes 

which can support the work at 55 metres from the ground [DB05]. Other than 

delivering, tower cranes can also assist the installation of walls and remove the 

formwork. The concrete pump is also essential to raise the productivity of the 

concrete pouring. The smoothness of the pouring plays a vital role for the quality of 

the concrete. Therefore, using the concrete pump can answer the question greatly for 

the long pouring like foundations and floors. However, in order to achieve that 

quality, the concrete pump needs constant support from concrete trucks. 

Consequently, two concrete trucks can wait on this site in the prepared area where 

does not obstruct other works [FS09]. Passenger lifts are also planned to be utilized 

on the site when the construction progresses. Ladders are placed instead in the first 

phase of the construction.     

The site visiting is crucial for the designing of the site plan. The environment 

nearby from the building plan cannot be told from only the building plan. The site 

visiting can also assist the planner for the boundary specification of the site in case of 

the owner does not indicate the boundary for the site plan. Then, the requesting for the 

right of the land can be proposed to the owner. The planner can get the overview of 

the construction site by the finalization of the site plan, for example, the location of 

components, the traffic on the site, and the material handling. The environment 

around the site in this case is small housing habitats which require the environment 

friendly construction site. Therefore, the dust and sound should be controlled and the 

safety should be concerned.  
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Figure 7.2 Clean work area and the protection 

 

Figure 7.3 Plan of the construction site 
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In order to precisely illustrate the facts on the site and clearly compare them to the 

knowledge rule bases, topics are separated into each component on the site.  

7.3.1 Tower cranes 

There are 3 tower cranes on this site in order to cover all of the building and 

storages [DB05]. They are all placed in the symmetrical positions like the building 

[DB06]. They are attached to the building [CC02 and CC05]. Two of tower cranes are 

attached to the side of the building, while another one is located inside the central 

open gap of the building [CC01]. The outside tower cranes attached to the 

prefabricated concrete panel wall [DB01 and DB03]. All of these tower cranes are 

installed at the place where their masts can go through the vertical axis [DB07]. The 

planner explained that the tower crane is optimally attached to the building with 

around 50 metres. It does not require the lifting frequently due to the long span of its 

mast. On the other hand, if it is installed in the core, it will cost at least a day for the 

lifting. Consequently, it can work at it full performance for a long time until it has to 

be lifted again. Two tower cranes outside have fixed jibs because they can deliver the 

material faster than the luffing jib, they are also stronger, and they can rotate without 

obstruction [CC06]. However, the central one has a luffing jib because it does not 

require carrying material like the outside ones. Its duty is to support the work inside 

the building. Moreover, it has to be aware of the masts nearby which using the luffing 

jib can avoid the collision better [LS09]. These tower cranes are placed not further 

than 6 metres from the building [CC09] and the radius are 45 and 50 metres which are 

the standard radiuses [CC10]. The planner also calculates the capacity at each 

distance of the tower crane’s jib to check that it can carry the material with safety 

[CC10]. The tower crane cannot rotate outside of the construction site due to the 

safety aspect with the owner’s people who live near the construction site [SR03]. 

Finally, the central tower crane is supported from outside tower cranes when it has to 

be removed [MW01]. This implementation can save the cost of installing the derrick 

crane to uninstall the tower crane inside a building. 

7.3.2 Concrete pumps 

The concrete pump can raise the productivity of the concrete pouring. There are 

no technologies in the commercial stage that can deliver 35,000 cu.m. of concrete 
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constantly and rapidly like the concrete pump. The planner plans 2 stationary concrete 
pumps to be used and place at each site equally due to the symmetrical shape of the 

building. The concrete pipes are attached to the building at the central open gap side 

which is masonry walls [DB12 and DB14]. There are no bends before they reach the 

vertical bends [CC18] and they do not exceed 30 metres from pumps [DB15]. The 

furthest distance which the concrete pump has to service is less than 50 metres after 

they vertically bent also [DB19]. 

 

Figure 7.4 Nearby environment of the construction site 

 

Figure 7.5 All of tower cranes on the site 

7.3.3 Passenger lifts 

The planner designs to place 2 double cages passenger lifts at the symmetrical 

positions. The total of 4 passenger lifts is the same answer with the formula gained 

from the study (900 labours in total, 200 labours per passenger lifts) [DB17]. The rails 

of passenger lifts are installed at an area where will be furnished with prefabricated 
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walls [DB18 and DB20]. The panels which the rails pass can be finished when 

passenger lifts are removed. The furthest distance where the labour has to reach from 

the passenger lifts’ location is 80 metres. This amount does not exceed 100 metres 

from the study which is acceptable [DB21]. Passenger lifts start the operating on the 

first floor because they have to assist the material delivery as well [MW05]. The areas 

around the passenger lifts are prohibited from passing due to the safety aspect [SC08]. 

If anyone violates the restriction and has accident, the insurance to remedy the injury 

is not paid. The toilet is also located far away from the passenger lifts [CR04]. 

.  

Figure 7.6 Locations of concrete pumps on the site 

 

Figure 7.7 Double cages passenger lifts on the site 
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7.3.4 Site offices 

The site office in this construction project is newly built due to the enormous free 

space (15,000 sq.m. and 75% from the total space) and the duration of the project is 

longer than 2 years [CC11 and FS07]. The material used to construct the site office 

came from the stock of the contractor [CA03]. The main material of the site office has 

heat resistance and can be recycled. The planner insisted that using the traditional 

plywood can be a waste of money because it is hard to remove without destroying. 

The as built plan of the site office is shown in Figure 6.8. The planner designs the site 

office to be a place where everyone on the site can work conveniently. Therefore, the 

planner decided to use a huge public area in the site office which allows the staff to do 

activities together, for instance, the dining area, the meeting, and the table tennis 

section. These activities can form unity in the staff party. The workspace for each 

director is 5 sq.m., while for the staff are 2 sq.m [MP01]. There are 3 directors and 43 

staff who have seats in the site office. The total area of the workspace is 101 sq.m. 

However, the total area of the site office is 360 sq.m., which means the site office is 

more  enormous than normal for 2.5 times it should be due to the planner’s policy. 

Nevertheless, the planner accepts that it is worthy because it can raise the morality of 

the parties and the productivity of the work. The site office is located in front of the 

site because it is convenient for the visitor to access [SC03] and that place will be a 

garden where can be the last place to be redecorated [SC04]. The site office is located 

outside the coverage of tower cranes for the safety aspect [SC02]. 

 

Figure 7.8 Material used to construct the site office 
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Figure 7.9 As-built drawing of the site office 

 

 

Figure 7.10 Public area where the staff can do activities together 

7.3.5 Toilets 

The toilet is designed based on the labour legislation [SR02]. Nine hundreds 

labours have twenty rooms of toilet, while one hundred staff from the contractor and 

the consultant have twelve rooms of toilets. These toilets are separated from each 

other [CC14]. The restroom for labours is approximately 4 sq.m. per room. It exceeds 

the minimum in the regulation which limits at 1.5 sq.m. per room. The area of 4 sq.m. 
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per room is also in the average space that the study proposes [CC14]. Toilets are 

located at the corner of the construction site which the visitor cannot see them clearly 

[FS05]. They are placed outside of the tower cranes’ coverage like the site office 

[SC05] and does not have people walk pass there outside [LS07]. Moreover, the 

labour toilets are settled near the man hole outside of the construction site for the 

sanitary purpose [LS04].  

 

Figure 7.11 Labour toilets on the site 

 

Figure 7.12 Staff toilets on the site 

7.3.6 Stores 

The area of the store in this construction site is 65 sq.m., which is in the range 

purposed by the study (65-80 sq.m.) [CC16]. Trucks cannot access the store; however, 

pick-up trucks can [TS09]. The newly built store is constructed by the recycled 

material as same as the site office [CA04]. The store does not have to be moved inside 

the building due to the enormous size of the free space [FS06].   
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Figure 7.13 Store on the site 

7.3.7 Steel yard 

A single supplier supplies the steel for this construction site site. Then, when the 

contractor needs to stock the reinforcement steel again, the supplier will deliver it to 

the site after a phone call is made [FS02]. The delivery trucks can access the steel 

yard conveniently [TS06]. From the formula purposed in the study, the steel yard on 

this construction project should be around 950 sq.m [FS03]. However, it is only 500 

sq.m. on the real job site. The main reason making this difference can be the free 

space which is greater than normal and let the planner freely design it. The steel yard 

can get the support from the left tower crane of the construction site whenever the 

structural work takes place [CR05].   

 

Figure 7.14 Steel yard on the site 
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7.3.8 Laydown area 

The policy of the planner does not want to have stocks left on the field. However, 

there should be some stock saved up practically, for example, bricks, cement bags, 

and formworks, in case of there are some errors with the work procedure or delivery. 

The laydown area is specified at 2 locations. First, the formworks which are not 

utilized are placed at the field next to the entrance gate and in front of the contractor 

site office. Second, the materials are stocked at the back part of the site where trucks 

can access [TS07] and tower cranes can give the assist for the delivery [CR06].   

 

Figure 7.15 Laydown area on the site 

7.3.9 Other components 

As mentioned in the previous topics, the construction site is located inside the 

owner’s community. Consequently, the owner put numerous specifications about the 

environment, for example, dust and the road’s cleanliness. The planner responds to 

the dust issue with the mash sheets covered all over the constructing building. These 

mash sheets can prevent the dust from going outside of the building [SR08]. Although 

the planner accepts that they might cost huge amount of expense to invest in these 

sheets, they are durable, fire proof, and recyclable which can share the charge with 

numerous projects in the future. Except than the mash sheet, the planner also installs 

the protection from falling debris and accidents. This protection can slide up follows 

the progress of the construction.    
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Figure 7.16 Mash sheets and the falling objects protection 

 

Figure 7.17 As-built plan for the protection installation 

The cleanliness of the road is also concerned by many parties, included the district 

or province administration also. The construction site which does not follow the 

regulation can be fined from dirtying the road. The planner prevents this penalty by 

installing the truck’s tires washing yard. It can clean tires by the water jet before the 

truck goes outside. The washed trucks can go out of the site without dirtying the 

owner’s road. 
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Figure 7.18 Washing yard for tires of trucks on the site 

 

The planner would like to have the mobile cement plant on the site due to the huge 

amount of free space, poor traffic condition, and the amount of the concrete is 

feasible. Having the plant inside the site can decrease the cost of the transportation for 

the concrete and grants flexibility on the planner’s concrete pouring schedule. 

However, it is rejected by the concrete supplier because the specifications from the 

owner are too strict and they have a plant located near the site already as mentioned 

above.  

Finally, one of the special principles of this construction site is the planning for 

the dining area for labours. It can be seen from the appendix A that numerous experts 

would like to have a dining area on their sites. However, there are no construction 

sites where they have an actual dining area on the site yet. Every expert knows the 

advantages of the dining area for labours on the site but no one takes action about it. 

The planner explains preferences of the dining area that it can be more than just a 

place to have lunch together. It can raise the sanitary condition on the site because the 

trash from the meal can be collected and managed easily. Moreover, the dining area 

can be utilized as an auditorium to announce news and notification to the whole 

labour party. Furthermore, the contractor can turn on the TV or projectors to show the 

safety work principles while labours are having lunch. The planner encourages other 

experts to plan for the dining area on the site although it does not affect the 

construction productivity primarily, based on advantages mentioned above. 
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Figure 7.19 Dining area on the site 

7.4 Summary of rule bases validation 

In summary, all of the rule bases are verified with the external case study and 

found that the knowledge rule bases are acceptable. The results are shown in Table 

7.1. From 111 knowledge rule bases in the system, if it has to be implemented with 

the planning of this site, there are 55 rule bases that are triggered by the condition of 

the site. The majority of the responded rule bases return the same principles and 

suggestions with the planning on the external case study. However, there are 3 rule 

bases which the work procedure is terminated. These rule bases relate to the 

calculating method for the size of the site office, the laydown area, and the steel yard. 

Values from the system are smaller than what have been implemented on the site. The 

reasons behind the difference are explained. 

(1) For the case of the site office, the planner said that he considered having 

more space in the site office so he can make a public area where everyone 

in the office can participate activities together, for example, having lunch, 

meeting, and play sports. 

(2) For the case of storages, the formulas used to calculate for the size are only 

guidelines for the planner. They give only approximate sizes based on the 

site area which the planner might plan them to be greater or smaller than 

the system provides.  

Although there are some errors with the external case study, the majority of the 

knowledge rule bases go along with the real practice. However, they are not severe 

errors which have to reject the rule bases. The main reason alternates the solution is 
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the size of components which can be differed based on the planner. It can be seen in 

the summed indices that five experts also cannot meet the exact same size of every 

component. Therefore, it can be some slight difference using the rule bases which has 

to be noted.  

Table 7.1 Result of the rule bases validation separated by categories of factors 

Factors All Follow Miss 

Availabilities of components 5 2 0 

Constraints of components 19 10 0 

Relationships between components 10 3 0 

Design of the building 23 13 0 

Free space 9 6 0 

Location of the site 9 3 0 

Man power 2 1 1 

Method of work 6 2 0 

Site constraints 8 5 2 

Specification and regulations 8 4 0 

Type of the building 9 3 0 

Duration of the project 3 0 0 

Total 111 52 3 

 

7.5 System validation 

A case study is selected to check whether it can answer the objective that it can 

assist CSLP for low expertise engineers. Case B is chosen due to the available of free 

space which can allow the planning to be independent. However, it still has some 

major constraints that force the planning to head to the same direction. Consequently, 

it can indicate the similarities and differences between cases clearly. 

Two low expertise engineers are requested to do CSLP for Case B with the 

assistance of the system. The finished layouts then compared with cases which 

experts have already done the planning in the multiple case study.  

Results from the validation are shown in Figure 7.20 and Figure 7.21. It is 

observed that the main concept of CSLP is similar between layouts of low expertise 

engineers and experts. The tower crane has to cover majority of the building, the 
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laydown area and the steel yard. On the other hand, its coverage should not cover the 

site office and the toilet or at least the material path should not pass over these 

facilities. Moreover, considering the position of components, the positions of 

components from low expertise engineers usually share the same position with at least 

one of the layouts from experts. This is a good step for introducing CSLP for new 

enginners. It can be examined that with the assistance of the system, low expertise 

engineers who know little about CSLP can also do the job and receive a workable site 

layout.   

 

 

Figure 7.20 Layouts from low expertise engineer 1 
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Figure 7.21 Layouts from low expertise engineer 2 

 

Figure 7.22 Layouts from expert 1 
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Figure 7.23 Layouts from expert 2 

 

Figure 7.24 Layouts from expert 3 



 

 

 

146 

 

Figure 7.25 Layouts from expert 4 

 

Figure 7.26 Layouts from expert 5 
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7.6 Conclusion 

The question about the reliability of the qualitative data is usually raised. In order 

to gain the reliability of the findings, the implementation with other case studies can 

be used as a tool to check. If the same phenomenon leads to the same result, the 

finding can be specified as reliable data. In this chapter, a case study is selected and 

observed whether it has the planning principles as same as research findings. 

Interviews with the expert and the site investigation are conducted. The procedures 

treating CSLP from the case study are compared. The results show that majority of 

the principles from the case study can go along with the findings from the study. 

Thus, the findings gain the reliability and are ready to be utilized with other future 

construction projects. 

Moreover, the system is also validated by requesting low expertise engineers to do 

CSLP with the assistance of the system. Then, the comparison between layouts from 

low expertise engineers and layouts from experts is conducted to analyze the 

similarities and differences between cases. The result shows that numerous principles 

from layouts of low expertise engineers are similar to the layouts of experts. At least 

one expert has planned by the same principle with the low expertise engineer for each 

aspect. The system is proofed that the low expertise engineers can also furnish the 

workable CSLP with the assistance from the system.   
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Chapter 8 

Research Conclusion 

8.1 Conclusion 

CSLP is a crucial work in the first phase of the construction project. It can 

determine the profit or loss of the project. The good construction site layout can raise 

productivity and safety of the construction site. However, CSLP is usually ignored by 

the site practitioners. They believe that all of the problems with CSLP can be solved 

by itself when the construction progresses. The work procedure to manage CSLP is 

also in doubt. Numerous engineers treat CSLP by “First-come-first-serve” method 

which does not produce practical knowledge and cause problems to be occurred.  

Due to numerous factors affecting CSLP, the planners have to consider diverse 

aspects in order to achieve the optimal construction site layout. For example, the 

method of work can affect the location of the tower crane, the site office has to be 

allocated due to the safety issues, and the laydown area has to be placed in front of the 

site because of the transportation problems and site constraints. A sole planner might 

not be able to capture all of the factors affecting CSLP and can lead to accidents and 

unproductive construction site. In order to reach the optimal CSLP, knowledge and 

expertise are two important aspects which the planners should have. However, these 

two attributes cannot be developed by just a small amount of time. 

Moreover, there is a shortage for the standard of CSLP. This issue affects planners 

to be confused about the implementation of the planning. They cannot know whether 

their construction site layouts are well organized. Although there are no problems 

occur, it does not mean that construction site layout is suitable and cannot be 

improved.  

From all of the limitations mentioned, factors affecting CSLP are proposed in 

order to show the detail the planner has to know before the working. The guideline 

that transformed from these factors is also displayed. It can provide benefit to both the 

low and high expertise planners. The low expertise planners can check factors 

affecting the planning first and then follow the guideline. They can realize where to 
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start the planning and understand the reasons behind each decision they should make. 

The high expertise planners can use the guideline as a benchmarking tool to 

investigate their existing construction sites for the possible improvement to be made.  

CSLP is a complex problem by its nature. It relates to numerous variables and 

factors affecting the planning. In order to reach the final knowledge for the guideline 

of CSLP, a systematic data collection and analysis have to be well planned. In this 

study, the multiple case study method is selected to be the data collection together 

with the exploratory interview. The multiple case study is a powerful qualitative data 

collection to gain the in-depth information from the real life circumstances. It is 

suitable for the investigation to extract the answers from “Why” and “How” 

questions. It can also work well with the phenomenon that the researcher cannot 

manage or has little relationship with. Furthermore, it eliminates the fatal weak point 

of the case study method which relies on only a case. By implementing multiple case 

study method, it can raise the generalization of the research by increasing the number 

of cases which can provide more reliability to the research. Another advantage from 

the multiple case study is the indication of the similarities and differences when the 

results from cases are comparing. These contrasts and resemblances can furnish the 

trends for the researcher. These trends can be analysed to find the factors and 

knowledge behind the decision makings of every expert.  

The case selection plays a vital role in the multiple case study because all of the 

theories and knowledge come from these cases. Each case should have both unique 

and similar components to let factors be able to be discovered by the management 

from the experts and the analysis of the researcher. In this study, five cases are 

selected due to their intervention between the contrasts and resemblances. Moreover, 

each case should have at least a unique attribute to be able to justify the difference 

which is going to be occurred from other cases. 

Qualitative data analysis is based on three processes. First, the data reduction has 

to be done highlight important information. Due to the qualitative research nature, the 

data from the collection is usually formatted in texts more than numbers. By reducing 

the data means the higher probability to find the interesting findings. Second, the data 

displaying has to be conducted to present the trends of the information. From the 
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literature review, it can be concluded that the data displaying can influence the quality 

of the findings. There are various types of data displaying, for instance, charts, tables, 

indices, and flows. Last but not least, the conclusion drawing is compiled to form the 

theories or new knowledge from the study. However, as mentioned earlier, the 

conclusion drawing may not be the last step of the analysis. Sometimes, it might be 

discovered that the conclusion is not clear enough to reach the finish line of the study. 

If this situation happens, the process of the study has to go back to the data reduction, 

data displaying, or maybe the data collection again to clarify the vagueness. 

In this study, the tabular method is utilized with the multiple case study to display 

the similarities and differences between cases. The tabular method is a powerful 

principle which can show the properties of each variable in each case and lead to the 

more convenient analysis. The attributes used to justify the properties of each variable 

on the construction site come from the clustering and counting method from the 

exploratory interview in the first step of the study.  

The summed indices from the data processing method is analysed based on the 

differences and similarities of each variable’s properties. The result from analysing is 

the facts behind the decision making. These facts are sent back to the expert panel to 

gain the approval and correction raising the validity of the result. The factors affecting 

CSLP are revealed from their effects with rule bases and presented to let planners 

know which data they should prepare before the planning. It can reduce problems that 

can occur from the lack of data. Both components from the exploratory interview and 

the multiple case study are compared to form the data triangulation of the study. The 

similarities and differences from these two methods are also presented for further 

analysis. It is revealed that the data from these two sources head for the same 

direction which is reliable. 

There are thirteen main factors that affect the construction site layout, which are 

the design of the building, constraints of components, relationships between 

components, the method of work, the location of the site, site constraints, 

specifications and regulations, the traffic on the site, the amount of free space on the 

site, the man power, availabilities of components, the duration of the project, and the 

type of the building. These factors can be divided into sixty sub factors. The most 
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influential factor affecting the site layout due to the number of sub factors is the 

design of the building. It affects four components, particularly the equipment. From 

this finding, it can be concluded that the experts can see a vague picture of CSLP for 

the equipment by getting only the design of the building. However, it is not the most 

critical factor among the number of affected components. Site constraints and the 

traffic on the site are the most powerful factors affecting CSLP from this aspect. They 

influence seven components. Another finding is the importance of the site plan. The 

site plan affects greatly on the human-related facilities, for example, site offices, 

stores, and toilets.  

Finally, the guideline is developed from these factors affecting. The guideline 

replicates the work processes from the management of experts. It is divided into three 

phases. The first phase is the early stage which requires factors that can be obtained 

from the document directly, for example, the height of the building, the shape of the 

site plan, and specifications from the owner. The result of this phase is the overview 

of components on the construction site layout. The second phase is the middle stage. 

It can transform the overview of these components into primary site layout with the 

cooperation between the user and the guideline. The last phase is the checking stage. 

The primary site layout from the second phase can be checked by this stage to raise 

safety and productivity of the planning. 

The system is developed by using the guideline as a core. The system is based on 

IF-THEN-ELSE with the ability to receive values of factors from the user and return 

the suggestion of after calculating these values. The system is programed on Ren’py 

with the simplified Python computer language. The system can facilitate the usage of 

the guideline and make the guideline easier to be implemented with the interactive 

behaviour. 

The validation is conducted and separated into two parts. First the knowledge rule 

bases inside the knowledge base are compared with the real practice basis from 

another case study. It is revealed that the external validity is achieved due to the 

majority of rule bases that are similar in the principle treating the decision making 

when the same condition occurs. The second part is the validation of the system 

whether it can serve its main objective to assist low expertise engineers doing CSLP. 
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The results show that with the assistance of the system, the low expertise engineer can 

do CSLP also. The layouts of the low expertise engineers have some aspects which 

are similar to the layouts of the expert. This is evidence that the system can serve its 

objective assisting the low expertise engineers. Moreover, the high expertise 

engineers can also summarize their current knowledge and experience with the 

knowledge from the system to expand their abilities to plan for the construction site 

layout.  

8.2 Applications and benefits of the system 

This system can support the low expertise planners to be able to acquire the 

knowledge and work processes from the experts. They can also receive the reasons 

behind the decisions made by the experts when they manage CSLP. The experienced 

engineers are able to gain advantage from this system also. They can benchmark and 

gain more vision for their CSLP. Consequently, they can have more knowledge and 

be able to discover the possible improvement for their works. 

8.3 Research outcomes 

The outcomes of this study are (1) the showcase of factors affecting CSLP, (2) the 

guideline replicating the processes of the planning, and (3) the system assisting CSLP. 

Moreover, the methodology to gain the result of the study can be further utilized as an 

example of the qualitative research in construction engineering, and management 

studies. 

8.4 Research contributions 

(1) The factors affecting CSLP is revealed. Consequently, its knowledge becomes 

concrete and let the further research to be able to investigate deeper into these factors. 

(2) The methodology of this research can be an approach for the study in 

qualitative environment, especially CSLP for construction projects. A knowledge-

based supporting system can imitate the decision making of experts and provide the 

in-depth knowledge for the reason behind which is suitable with the construction 

aspect that requires high knowledge and experience..  

(3) The output of this research is a system assisting CSLP. It can assist the low 

expertise engineers to be able to do the planning and receive the workable 
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construction site layout. Knowledge and experience are two major criteria which are 

important for the planning of construction site layout. Unfortunately, these attributes 

cannot be achieved by a short period of time. By implementing this study, it can raise 

the overall quality of CSLP and reduce losses and casualties from the construction 

environment.  

8.5 Recommendations and limitations 

(1) This system is developed to support CSLP in the first phase of the high-rise 

reinforced concrete building construction project. It does not support the planning in 

the dynamic environment. 

(2) The system specifies only thirteen components which the expert panel agrees 

among themselves that they are crucial and has to be considered in the first phase of 

the construction project. Other components are not supported by this system. 

However, they can be investigated further with the same research methodology. 

(3) Some decision makings still require the final judgement from the planner. 

(4) The knowledge inside the system comes from the experience and knowledge 

of a group of experts, judging on five case studies. It does not mean that it is correct in 

every aspect. The user should consider with caution when the system has to be 

utilized with the project that is different from the case studies.   

(5) The sixty factors are classified on thirteen categories. They might vary based 

on different project locations. 

8.6 Further research 

(1) The system can be further linked with numerous visualization techniques to 

facilitate convenience for users, for example, using CAD based graphic or virtual 

reality. 

(2) The knowledge rule bases can be expanded to support other types of buildings 

such as steel structure. 
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Appendix A 

Data from exploratory interview 
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Table A1 shows the calculation of the site office’s size 

 

Table A2 shows the location of the site office 

 In the front 

part of the 

site 

Places 

where they 

don’t 

interfere 

with other 

works and 

can stay for 

a long time 

Engineers 

can come to 

check the 

work 

conveniently 

Engineers 

can see all 

around 

Move into 

the building 

when it is 

finished the 

first few 

floors 

The 

location of 

the site 

office 

7 3 2 2 2 

 

Table A3 shows the principle of separating site office of each party 

 Separate each sector clearly 
Have Owner, Contractor, 

and Consultant stay 

together 

Have Contractor, 

Subcontractor,  and Consultant 

stay together 
The principles for the 

designing for site 

offices of each sector 

7 2 

 

Table A4 shows the location of the guard box 

 

  

 Calculate by multiply area per a person with 

the number of people who required to have 

seats in site office 

Follow from 

TOR 

Newly build Use container 

Site office’s size 8 3 3 

 At the gates Next to the places 

storing valuable 

things 

At entrances of the 

building 

The location of the 

guard box 

11 4 2 
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Table A5 shows the principle of choosing the number of staff’s toilet 

 

Table A6 shows the location of the staff’s toilet 

 

Table A7 shows the principle of choosing the number of labour’s toilet 

 

Table A8 shows the location of the labour’s toilet 

 

Table A9 shows the location of the labour camp 

 

  

 Consider from suitability A room for men and a 

room for women 
The principle of choosing 

the number of staff’s toilet 
6 2 

 Inside the site office Near/Next to site office 

The location of the staff’s 

toilet 
6 2 

 Follow the regulation Ten people per room 
The principle of choosing the 

number of labour’s toilet 
7 3 

 Shirk / close 

to the wall 
Location on the construction site 

Near the 

building 

Far away from 

building 
Next to the 

staff’s toilet 
The  location of 

labour’s toilet 
6 5 3 2 

 Should not have in 

the  

construction site 

Design to be a room for two 

people each 

The location of the labour 

camp 
8 3 
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Table A10 shows the opinion about having dining area on the construction site 

 

Table A11 shows the principle to specify the area of the dining area 

 

Table A12 shows the location of the dining area 

 

Table A13 shows the location of the service workshop 

 

Table A14 shows the location of the store 

 

Table A15 shows the principle of using types of store 

  

 Should have in the 

construction site 
Not necessary to have on 

the construction site 
The opinion about having dining 

area on the construction site 
8 3 

 Calculate by area per a 

person 
Calculate by sum up 

the area 
The principle to specify the area of 

the dining area 
3 2 

 In the constructed 

building 
Next to the labour 

camp 
Parking 

building 
The location of the 

dining area 
3 2 2 

 Next to the 

store 

Not necessary to have service workshop on 

the construction site 
The location of the 

service workshop 

9 2 

 Next to the site 

office 

Next to the constructed 

building 
Next to the 

guard box 
The location of the 

store 
5 4 2 

 Normal construction Use container 
The principle of using types of store 9 2 
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Table A16 shows store’s accessibility 

 

Table A17 shows the principle of choosing the cement store’s size 

 

Table A18 shows cement store’s accessibility 

 

Table A19 shows the location of the cement store 

 

Table A20 shows the principle of managing cement store  

 

  

 Tower crane can reach Trucks can reach 
Store’s accessibility 5 2 

 Consider from 

quantity of work 

from plan 

Consider from the 

area that can use 
Consider from 

trucks that come to 

deliver 
The principle of 

choosing the 

cement store’s size 

7 2 2 

 Tower crane can reach Trucks can reach 
Cement store’s 

accessibility 
6 3 

 Next to the 

store 
Distribute to 

each floor 
Next to the 

laydown area 
At the front of 

the 

construction 

site  

The  location 

of cement store 
6 2 2 2 

 Use panel to 

lift cement 

bags from the 

ground 

Rain prevention 
Use plastic 

sheet 
Build roof and 

wall 
Store inside 

the building 

The principle 

of managing  
cement store 

6 6 2 2 
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Table A21 shows the principle of choosing steel yard’s size 

 

Table A22 shows the location of the steel yard 

 

Table A23 shows steel yard’s accessibility 

 

Table A24 shows the principle of managing steel yard 

 

Table A25 shows the location of the fabricated rebar yard 

 

Table A26 shows fabricated rebar yard’s accessibility 

 

  

 Up to the quantity of the 

steel in each work plan 

As much as possible 

The principle of choosing 

steel yard’s size 
9 2 

 Next to the 
fabricate rebar yard 

Next to the site 

road 
Next to the 

construction area 
The location of the 

steel yard 
4 3 2 

 Tower crane can reach Trucks can reach 
Steel yard’s accessibility 9 5 

 Covered with plastic sheet Covered with constructed 

roof 
The principle of managing 

steel yard 
8 2 

 Next to the steel yard In front of the work place  
The location of the   

fabricated rebar yard 
8 2 

 Tower crane can reach 
Fabricated rebar yard’s accessibility 6 
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Table A27 shows the location of the formwork storage yard 

 

Table A28 shows formwork storage yard’s accessibility 

 

Table A29 shows location of fabricated formwork yard 

 

Table A30 shows the location of the fabricated pipe yard 

 

Table A31 shows fabricated pipe yard’s accessibility 

 

  

 Wherever on the 

site 
Not necessary Next to the store 

The location of the   

formwork storage 

yard 

5 3 2 

 Tower crane can 

reach 
Trucks can reach No need for the 

labour to be 

accessed 
Formwork storage 

yard’s accessibility 
6 2 3 

 In front of the work place Next to the formwork 

storage yard 
The location of the   

fabricated formwork yard 
9 2 

 In front of the 

work place 
Next to the 

systematic store 
Next to the 

subcontractor 

office 

Not necessary 

The location of 

the fabricated 

pipe yard 

4 3 2 3 

 Trucks can reach 
Fabricated pipe yard’s accessibility 3 
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Table A32 shows the managing of welding shop 

 

Table A33 shows the location of the welding shop 

 

Table A34 shows the location of the concrete plant 

 At the corner or close to 

the wall of the 

construction site 

Far away from the 

construction area 
Should not have on 

the construction 

site 

The location of 

the    concrete 

plant 

3 2 2 

 

Table A35 shows concrete plant’s accessibility 

 

Table A36 shows the location of the water tank 

 

  

 Do it from outside Have a proper room  

The principle of 

managing   Welding 

Shop 

3 3 

 In front of the work place Free space somewhere on 

the construction site   
The location of the  

welding shop 
4 2 

 Trucks can reach 
Concrete plant’s accessibility 4 

 Locate at places 

which require 

water, for example, 

site office and toilet 

For the structural work 
Locate tank at the 

ground and pump 

the water up 

Use the same tank 

as the building, 

pump the water up 

to the tank and use 

gravity to deliver  
The location of the  

water tank 
11 7 3 
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Table A37 shows the location of the laydown area 

 

Table A38 shows laydown area accessibility 

 

Table A39 shows site gate’s height 

 

Table A40 shows site gate’s width 

 Metres 
4 5 6 7 8 9 10 

site gate’s 

width 

2 2 3 3 5 4 3 

 

 Table A41 shows the location of the truck’s tires washing yard 

 

  

 At the front of the 

construction site 
Next to the store Free space 

anywhere on the 

construction site 

The location of the     

laydown area 
4 3 4 

 Tower crane can reach Trucks can reach 
Laydown area’s 

accessibility 
7 5 

 Metres 
5 6 

Site gate’s height 3 3 

 Next to the site gate Next to the site gate but 

shirk from the entrance 
The location of the  truck’s 

tires washing yard 

6 4 
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Table A42 shows the principle of choosing truck’s tires washing yard’s type  

 

Table A43 shows the location of the concrete pump 

 

Table A44 shows concrete pump’s accessibility 

 

Table A45 shows the location of the tower crane 

 Dig a hole which a whole 

truck can go in 
Use water jet to clean the 

tires 
The principle of choosing 

truck’s tires washing 

yard’s type 

7 2 

 For the stationary one For the mobile 

one, park on 

the site road 

and pump up 

to the building 

Close to the 

building 
Close to the lift 

core 
Close to the 

site road 

The location of 

the concrete 

pump 

7 2 2 11 

 Cement trucks should be 

able to access and turn 

their back to the pump 

conveniently 

Have free space where the 

trucks can park for waiting  

Concrete pump’s 

accessibility 
11 4 

 Exact place Consider 

from the 

shape of 

the 

building 

Set in 

the 

place 

which 

can 

remove 

easily 

Inside the building Outside of the 

building 
In the lift 

core 
Block the floor Not 

necessary 

to close to 

the 

building 

Close to 

the 

building 

The 

location 

of the 

tower 

crane 

5 1 4 2 3 2 
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Table A46 shows the principle of choosing tower crane’s type and jib range  

 

Table A47 shows the principle of choosing passenger lift 

 

Table A48 shows the location of the passenger lift 

 

Table A49 shows the principle of choosing parking lots’ size 

 Can support the 

transport works 
thoroughly 

Carefully choose 

the jib type and 

range which do not 

reach out of the site 

Put the first tower 

crane to be as big 

as possible and 

then, put small 

ones to cover all of 

the transport works. 

Beware of the 

height also 
The principle of 

choosing tower 

crane’s type and jib 

range 

11 2 2 

 Use a pair of 

passenger lifts 
Compare the work 

space before 

choosing 

Consider the shape 

of the building 

The principle of 

choosing passenger 

lift 

7 2 2 

 Set at the side 

where does not 

have to 

beautifully finish 

or can finish it 

later 

Set at the side 

which can transport 

conveniently  

Set at the side 

where does not 

interfere other 

works / is not in the 

position of other 

equipment pathway 
The location of the  

passenger lift 

7 3 2 

 Consider from the 

number of cars which 

have to come to park 

multiply by area per a car 

Consider when there are 

some free space left 

The principle of choosing 

parking lots’ size 
6 5 
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Table A50 shows the location of the parking lots 

 

Table A51 shows the principle of choosing site road’s width 

 

Table A52 shows the facilities which should be paid attention in Thai construction 

site 

 

  

 Next to the site office 

The location of the parking lot 5 

 Metres 
3 4 5 6 7 8 9 10 

The 

principle of 

choosing 

site road’s 

width 

3 4 5 11 6 5 3 2 

 Temporary 

Transformer 

Systematic Store Waste Chimney 

The  facilities which 

should be paid 

attention on Thai 

construction site 

5 2 2 
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Appendix B 

The summed indices 
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Table B11 shows the summed indices of the steel yard’s size and policy 

Site Expert 

Area 

of the 

storage 

Method of works 
% 

Steel 

yard's 

area 

and 

Site 

area 

Ave-

rage 
SD 

% of 

ave-

rage 

area vs 

area of 

the site 

% of 

ave-

rage 

area vs 

area 

per 

floor 

% of 

ave-

rage 

area vs 

free 

space 

Judge 

from 

the 

quan-

tity of 

the 

work 

As 

many 

as 

possible 

A 

1 266 
 

/ 3.87 353.00 91.13 3.49 10.92 5.13 

2 417 
 

/ 6.06 
     

3 431 
 

/ 6.27 
     

4 431 
 

/ 6.27 
     

5 220 
 

/ 3.20 
     

B 

1 126 / 
 

7.22 115.00 8.10 3.46 7.26 6.59 

2 109 / 
 

6.25 
     

3 114 / 
 

6.53 
     

4 122 / 
 

6.99 
     

5 104 / 
 

5.96 
     

C 

1 341 / 
 

15.46 859.00 
    

2 158 / 
 

7.16 532.38 
    

3 859 
 

/ 38.94 205.75 89.57 2.44 3.30 9.33 

4 100 / 
 

4.53 
     

5 224 / 
 

10.15 
     

D 

1 269 
 

/ 11.36 256.00 13.00 6.42 15.80 10.82 

2 243 
 

/ 10.27 204.67 
 

5.13 12.63 8.65 

3 113 / 
 

4.77 153.33 30.58 3.85 9.47 6.48 

4 187 / 
 

7.90 
     

5 160 / 
 

6.76 
     

E 

1 233 / 
 

11.29 210.00 60.16 1.60 1.89 10.18 

2 157 / 
 

7.61 
     

3 166 / 
 

8.05 
     

4 176 / 
 

8.53     
 

5 318 / 
 

15.41     
 

       = as many as possible  

       = quantity of work  
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Table B12 shows the relationship between %free space vs (% of average steel yard 

area vs site's area) for sustaining the work cycle 

%free space vs (% of average 

steel yard area vs site's area) 

for sustaining the work cycle 

% Free space % Steel vs Free 

59.37 3.85 

52.43 3.46 

26.12 2.44 

15.67 1.60 

 

 

Figure B1 shows the graph of %free space vs (% of average steel yard area vs site's 

area) for sustaining the work cycle  

y = 0.0483x + 0.981 
R² = 0.9798 
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Table B14 shows the relationship between area of the site and the laydown area's size 

Graph shows the relationship between 

area of the site and Laydown Area's size 

Site Area of the site Laydown Area 

B 3,328 120.71 

D 3,987 207.81 

C 8,446 233.35 

A 10,110 247.56 

E 13,165 284.09 

 

 

Figure B2 shows the graph of the relationship between area of the site and the 

laydown area's size  

y = 0.0131x + 116.22 
R² = 0.7911 
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Table B17 shows the relationship between area of the site and % of site office and 

area of the site  

Graph shows the relationship between area of 

the site and % of site office vs area of the site 

Site Area of the site % 

E 13,165 0.75 

A 10,110 2.02 

C 8,446 1.54 

D 3,987 4.60 

B 3,328 2.67 

 

 

Figure B3 shows the graph of the relationship between area of the site and % of site 

office and area of the site 

y = -0.0003x + 4.5609 
R² = 0.673 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000

A
xi

s 
Ti

tl
e

 

Axis Title 

Site office's size from area of the site 



 

 

 

194 

           

T
ab

le
 B

1
8
 s

h
o
w

s 
th

e 
ex

te
n
d
ed

 s
u
m

m
ed

 i
n
d
ic

es
 o

f 
p
as

se
n
g
er

 l
if

ts
  



 

 

 

195 

                  

T
ab

le
 B

1
8

(C
o
n
ti

n
u
ed

) 
sh

o
w

s 
th

e 
ex

te
n
d
ed

 s
u
m

m
ed

 i
n
d
ic

es
 o

f 
p
as

se
n
g

er
 l

if
ts

  



 

 

 

196 

                                 
  

T
ab

le
 B

1
9
 s

h
o
w

s 
th

e 
ex

te
n
d
ed

 s
u
m

m
ed

 i
n
d
ic

es
 o

f 
th

e 
st

o
re

  



 

 

 

197 

              

  

T
ab

le
 B

1
9

(C
o
n
ti

n
u
ed

) 
sh

o
w

s 
th

e 
ex

te
n
d
ed

 s
u
m

m
ed

 i
n
d
ic

es
 o

f 
th

e 
st

o
re

  



 

 

 

198 

 

 

 

 

Table B20 shows the relationship between area of the site and % of store  

and area of the site 

Graph shows the relationship 

between area of the site and % of 

store vs area of the site 

Site Area of the site % 

B 3328 1.25 

D 3987 1.14 

C 8446 0.90 

A 10110 0.54 

E 13165 0.36 

 

 

Figure B4 shows the graph of the relationship between area of the site and % of store 

and area of the site  

y = -9E-05x + 1.5442 
R² = 0.9568 
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Table B24 shows the type of the tower cranes’ installing with sizes  

Site Expert 
Number of 

Tower cranes 
Type 

Position 

Lift Core 

Attach to the 

building 

(Vertically 

straight) 

Block the 

floor 

(Vertically 

straight) 

Separate 

from the 

building  

(Vertically 

straight) 

A 

1 1 60x1 1       

2 2 50x2 2       

3 1 60x1 1       

4 2 50x2   2     

5 2 50x2 1 1     

Average 1.6 Sum 5 3 0 0 

B 

1 1 50x1   1     

2 1 40x1 1       

3 1 40x1 (Luff)     1   

4 1 50x1   1     

5 1 50x1 (Luff)   1     

Average 1 Sum 1 3 1 0 

C 

1 2 40x2 1   1   

2 2 40x2 1   1   

3 2 35x1, 50x1 1 (35 m.) 1 (50 m.)     

4 3 40x2 (Luff), 50x1   3     

5 3 40x2 (Luff), 40x1 1 1 1   

Average 2.4 Sum 4 5 3 0 

D 

1 2 50x2 2       

2 2 50x2 2       

3 2 50x2 2       

4 2 50x2   2     

5 2 50x2   2     

Average 2 Sum 6 4 0 0 

E 

1 4 40x4 (2 Luff) 4       

2 4 40x4 (3 Luff) 4       

3 2 50x3 (2 Luff) 3       

4 4 40x3 (3 Luff), 50x1   2 2 (50 m.x1)   

5 5 30x1 (Luff), 40x4   1 (30 m.) 4   

Average 3.8 Sum 11 3 6 0 
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Table B25 shows the type of the distance between the building and the concrete pump 
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Remark: “Reference” means the reference of the interested fact, came from the 

analysis of the corresponding tables or figures in Appendix A and B 

Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

Design of 

the 

building 

Tower 

crane 

A46 

Tower crane 

ไม่สามารถเคล่ือนท่ี
ผา่น Tower 

crane ท่ีมีความ
สูงมากกวา่ได ้

เม่ือความสูง
ของ Tower 

crane ตวัท่ี
สนใจสูงนอ้ย
กวา่ Tower 

crane ตวัอ่ืน 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 5 5 1 

B1 

ควรติดตั้ง 
Tower crane 

ท่ี ผนัง Prefab 

ก่อน Masonry 

wall 

เม่ือเลือก
สถานท่ีท่ีตั้ง 
Tower 

crane เป็น
ดา้นขา้งอาคาร 
และมีผนงัท่ีมี 

Finishing 

เป็น Prefab 

ให้เลือก 

เพื่อให้ลดขั้นตอน
การเก็บงาน 

3 5 3 5 4 4 2 

B1 

ควรติดตั้ง 
Tower crane 

ท่ี Masonry 

wall 

เม่ือเลือก
สถานท่ีท่ีตั้ง 
Tower 

crane เป็น
ดา้นขา้งอาคาร 
และไม่มีผนงัท่ี

มี 

Finishing 

เป็น Prefab 

ให้เลือก 

เพื่อให้สามารถ
ท างานได ้

3 5 3 5 4 4 3 

B1 

ควรหลีกเล่ียงการ
ติดตั้ง Tower 

crane ท่ีกระจก 

เม่ือเลือก
สถานท่ีท่ีตั้ง 
Tower 

crane เป็น
ดา้นขา้งอาคาร 

เพื่อป้องกนัความ
เสียหายท่ีจะเกิด
ข้ึนกบังาน 

5 5 5 5 4 5 4 

B1, 

B21 

Tower crane 

ควรจะครอบคลุม
พื้นท่ีของอาคารและ 

Storage 

มากกวา่ 97% 

  

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

4 5 5 5 5 5 5 

Case 

D 

วาง Tower 

crane ให้
สมมาตร 

เม่ืออาคารท่ี
ก่อสร้างเป็นรูป

สมมาตร 

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

5 5 5 5 4 5 6 

Concrete 

pump 
B25 

ระยะทางไกลจาก
อาคารถึงสถานท่ีท่ี
ท่อส่งคอนกรีตอยู ่
ควรจะไม่เกิน 50 

ม. 

เม่ือมีการใช ้

Concrete 

pump แบบ 

Stationar

y ในสถานท่ี

การท างานของ 
Concrete 

pump ควรจะ
สามารถ

ครอบคลุมบริเวณ

5 5 3 5 5 5 7 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

ก่อสร้าง  อาคารท่ีก่อสร้าง
ให้ไดม้ากที่สุด
เพื่อให้สามารถ
ท างานไดคุ้ม้ค่า 

B25 

ระยะทางจากอาคาร
ถึงสถานท่ีท่ี 

Mobile 

concrete 

pump สามารถ
เขา้ถึงไดใ้กลท่ี้สุด 
ควรจะไม่เกิน 50 

ม. 

เม่ือมีการใช ้

Concrete 

pump แบบ 

Mobile ใน
สถานท่ี
ก่อสร้าง  

การท างานของ 
Concrete 

pump ควรจะ
สามารถ

ครอบคลุมบริเวณ
อาคารท่ีก่อสร้าง
ให้ไดม้ากที่สุด
เพื่อให้สามารถ
ท างานไดคุ้ม้ค่า 

5 5 2 5 5 5 8 

B3, 

B25 

ควรจะมีช่องเปิด 

เช่น Lift core, 

Stair core, 

หรือ 
Mechanical 

Shaft ให้ท่อของ
คอนกรีตสามารถ
ทะลุข้ึนไปสู่ชั้น

ต่างๆได ้

เม่ือมีการใช ้

Concrete 

pump แบบ 

Stationar

y ในสถานท่ี
ก่อสร้าง  

เพื่อให้สามารถ
ท างานได ้

1 5 2 5 5 5 9 

Design of 

the 

building/Si

te 

constraints 

B3, 

B25 

ท่อของ 
Concrete 

pump สามารถ
ติดตั้งกบัขา้งอาคาร
เพื่อข้ึนไปสู่ชั้นสูงๆ

ได ้

เม่ือ 
Concrete 

pump เป็น
แบบ 

Stationar

y และอาคารท่ี
ก่อสร้างนอ้ย
กวา่ 70 เมตร 

เพื่อให้สามารถ
ท างานได ้

5 3 2 5 5 5 10 

Design of 

the 

building 

B3, 

B25 

ควรติดตั้งท่อของ 
Concrete 

pump ท่ี 

Prefab 

เม่ือ 
Concrete 

pump เป็น
แบบ 

Stationar

y, เลือก
สถานท่ีท่ีท่อ
คอนกรีตผา่น
เป็นดา้นขา้ง
อาคาร และมี
ผนงัท่ีมี 

Finishing 

เป็น Prefab 

ให้เลือก 

เพื่อให้ลดขั้นตอน
การเก็บงาน 

5 5 4 5 5 5 11 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

B3, 

B25 

ควรติดตั้งท่อของ 
Concrete 

pump ท่ี 

Masonry 

wall 

เม่ือ 
Concrete 

pump เป็น
แบบ 

Stationar

y, เลือก
สถานท่ีท่ีท่อ
คอนกรีตผา่น
เป็นดา้นขา้ง
อาคาร และไม่
มีผนงัท่ีมี 

Finishing 

เป็น Prefab 

ให้เลือก 

เพื่อให้สามารถ
ท างานได ้

5 5 4 5 5 5 12 

Design of 

the 

building/M

ethod of 

work 

B3, 

B25 

ควรจะหลีกเล่ียงการ
ติดตั้งท่อของ 
Concrete 

pump ท่ีกระจก 

เม่ือ 
Concrete 

pump เป็น
แบบ 

Stationar

y และเลือก
สถานท่ีท่ีท่อ
คอนกรีตผา่น
เป็นดา้นขา้ง

อาคาร 

เพื่อป้องกนัความ
เสียหายท่ีจะเกิด
ข้ึนกบังาน 

5 5 5 5 5 5 13 

Design of 

the 

building 

B25 

ระยะทางจากจุดท่ี
ท่อส่งคอนกรีตข้ึน
ไปตามอาคารควร
จะห่างไม่เกิน 30 

เมตรจาก 
Concrete 

pump 

เม่ือ 
Concrete 

pump เป็น
แบบ 

Stationar

y 

เพื่อให้สามารถ
ท างานได ้อยา่งไร
ก็ดีควรจะมีการ
ค านวณเร่ือง
แรงดนัของป๊ัม
ดว้ยวา่มีก าลงัส่ง

เท่าใดและ
สามารถส่งถึงท่ี
หมายไดห้รือไม่ 

5 5 2 5 5 5 14 

Passenge

r lifts 

B5, 

B18 

ควรจะมี 

Passenger 

lift อยา่งนอ้ย 1 

จุด 1 ตวั 

เม่ืออาคารสูง
กวา่ 23 เมตร
หรือ 7 ชั้น 

เพื่อสนบัสนุนการ
ท างานของ
แรงงานให้ได ้

Productivit

y มากข้ึน 

5 5 5 5 5 5 15 

B18 

ควรมี 

Passenger 

lift อยา่งนอ้ย 2 

จุด 

เม่ืออาคารมี
ขนาดดา้นยาว
มากกวา่ดา้น
กวา้ง 2 เท่า 
หรือ มีขนาด
พื้นท่ีต่อชั้น
กวา้งกวา่ 

เพื่อสนบัสนุนการ
ท างานของ
แรงงานให้ได ้

Productivit

y มากข้ึน 

1 5 5 5 5 5 16 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

10,000 ตร.
ม. 

B18 

ควรมี 

Passenger 

lift เพิ่ม 1 ตวั 

เม่ือมีพื้นท่ี
ปฏิบติังานต่อ
ชั้นท่ีลิฟตค์วร
จะครอบคลุม
ทุกๆ 2,000 

ตร.ม. 

เพื่อสนบัสนุนการ
ท างานของ
แรงงานให้ได ้

Productivit

y มากข้ึน 

2 4 4 3 4 4 17 

B18 

ควรมี 

Passenger 

lift เพิ่ม 1 ตวั 

เม่ือมีพื้นท่ี
ปฏิบติัทุกชั้นท่ี
ลิฟตค์วรจะ
ครอบคลุม

ทุกๆ 

30,000 ตร.
ม. 

เพื่อสนบัสนุนการ
ท างานของ
แรงงานให้ได ้

Productivit

y มากข้ึน 

2 5 5 3 4 4 18 

B5, 

B18 

ควรติดตั้ง 
Passenger 

lifts ท่ี Prefab 

เม่ือมีการใช้
งาน 

Passenger 

liftและมีผนัง
ท่ีมี 

Finishing 

เป็น Prefab 

ให้เลือก 

เพื่อให้ลดขั้นตอน
การเก็บงาน 

5 5 5 5 5 5 19 

Design of 

the 

building/M

ethod of 

work 

B5, 

B18 

ควรติดตั้ง 
Passenger 

lifts ท่ี 

Masonry 

wall 

เม่ือมีการใช้
งาน 

Passenger 

liftและไม่มี
ผนงัท่ีมี 

Finishing 

เป็น Prefab 

ให้เลือก 

เพื่อให้สามารถ
ท างานได ้

5 5 5 5 3 5 20 

Design of 

the 

building 

B5, 

B18 

ควรจะหลีกเล่ียงการ
ติดตั้ง 

Passenger 

lifts ท่ีกระจก 

เม่ือมีการใช้
งาน 

Passenger 

lifts 

เพื่อป้องกนัความ
เสียหายท่ีจะเกิด
ข้ึนกบังาน 

5 5 5 5 5 5 21 

B18 

ควรติดตั้ง 
Passenger 

lifts ให้แรงงาน
เดินไม่ไกลกวา่ 

100 เมตร เม่ือเดิน
ออกจากลิฟตถึ์งจุด
ท่ีไกลสุดของอาคาร 

  

เพื่อสนบัสนุนการ
ท างานของ
แรงงานให้ได ้

Productivit

y มากข้ึน 

5 5 4 5 5 5 22 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

B18 

ควรจะติดตั้ง 
Passenger 

lifts ในท่ีๆ
สามารถวิง่ยาวได้
ตลอดความสูง

อาคาร 

  

เพื่อสนบัสนุนการ
ท างานของ
แรงงานให้ได ้

Productivit

y มากข้ึน 

5 4 5 5 5 5 23 

Mobile 

cement 

plant 

B4 

ควรจะมีปริมาณ
คอนกรีตท่ีใช้
มากกวา่... 

  

เพื่อความคุม้ค่าใน
การใช้ 

Mobile 

cement 

plant 

            24 

Componen

t 

constraints 

Tower 

crane 

A45 

Tower crane 

สามารถถูกติดตั้ง
โดยไม่ควรจะยดึ
เกาะกบัอาคารได ้

เม่ือเป็นอาคาร
ท่ีสูงไม่เกิน 

23 เมตร 

การติดตั้ง 
Tower 

crane ชนิดน้ี
สามารถท าไดก้บั
งานก่อสร้าง

อาคารท่ีมีขนาด
ไม่สูงมาก มี

ค่าใชจ่้ายในการ
ท าฐานรากและ 

Mast ท่ีควรจะ
ใชใ้นการติดตั้ง 

Tower 

crane 

5 5 4 5 5 5 25 

A45 

Tower crane 

สามารถถูกติดตั้ง
ภายในช่องเปิดของ
อาคารเช่น Lift 

core และ 
Stairs core 

  

ช่องเปิดของ
อาคารช่วย

ประหยดัค่าใชจ่้าย
ในเร่ืองของการ
ท าฐานราก 

Tower 

crane เน่ืองจาก
สามารถใชฐ้าน
รากของ Core 

เป็นฐานรากของ 
Tower 

crane ได้
เช่นกนั 

นอกจากน้ียงั
สามารถประหยดั
ค่าใชจ่้ายโดยการ
ใช ้Climbing 

crane เพื่อลด
ปริมาณ Mast 

ท่ีควรจะใชใ้นการ
ตั้ง Tower 

crane อีกดว้ย 

5 5 5 5 5 5 26 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

A45 

Tower crane 

สามารถถูกติดตั้งเขา้
กบัดา้นขา้งอาคาร

ได ้

  

การติดตั้งขา้ง
อาคารท าให้

สามารถติดตั้งและ
ถอดการติดตั้งได้
รวดเร็ว ฐานราก
อาจควรจะมีการ
ดดัแปลงซ่ึงเกิด
ค่าใชจ่้ายบา้ง 

5 5 5 5 5 5 27 

A45 

Tower crane 

สามารถถูกติดตั้ง
โดยการเจาะพื้น
อาคารและตั้งใน

อาคาร 

  

การติดตั้ง 
Tower 

crane ชนิดน้ี
ท าให้เกิด

ค่าใชจ่้ายสูงและ
จ าเป็นควรจะเก็บ
งานซ่ึงอาจท าให้
ล่าชา้ จึงควรเลือก
วธีิน้ีเม่ือไม่มี
วธีิการติดตั้ง 
Tower 

crane ท่ี
สามารถ

ครอบคลุมพื้นท่ี
เป้าหมายได้
ทั้งหมด 

5 5 5 5 5 5 28 

B24 

Tower crane 

ควรเลือกติดท่ี
ภายใน Core ของ
อาคารก่อน จากนั้น
จึงเป็นติดตั้งขา้ง

อาคาร และเจาะพื้น 

ตามล าดบั 

  

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

2 5 5 3 3 3 29 

B22 

Tower crane 

ควรเป็นแบบ 

Fixed 

เม่ือสามารถ
หมุนได้
มากกวา่ 

80% ของ
ระยะการหมุน 

ณ ต าแหน่งนั้น 

หรืออยา่งนอ้ย
ไม่นอ้ยกวา่ 

50% 

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

5 5 5 5 5 5 30 

B22 

Tower crane 

ควรเป็นแบบ 

Luffing 

เม่ือสามารถ
หมุนได้
มากกวา่ 

50% ของ
ระยะการหมุน 

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

5 5 5 5 5 5 31 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

ณ ต าแหน่งนั้น 

หรืออยา่งนอ้ย
ไม่นอ้ยกวา่ 

20% 

B22 

Tower crane 

แต่ละต าแหน่ง ควร
จะหมุนไดไ้ม่ต ่ากวา่ 
20% ของระยะ
การหมุน ณ 

ต าแหน่งนั้น 

  

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

5 5 5 5 5 5 32 

B23 

Tower crane 

ควรจะอยูห่่างจาก
ตวัอาคารไม่นอ้ย

กวา่ 2 เมตรและไม่
เกิน 6 เมตร 

เม่ือใชว้ธีิการ
ติดตั้ง 

Tower 

crane แบบ
ติดตั้งขา้ง
อาคาร 

เพื่อให้สามารถ
ปฏิบติังานได ้

5 2 5 5 4 5 33 

B24 

Tower crane 

ควรจะติดตั้งท่ีๆเป็น
แนวด่ิงราบตลอด

อาคาร 

  
เพื่อให้สามารถ
ติดตั้งไดส้ะดวก 

5 5 5 5 5 5 34 

B23 

ขนาดของ 
Tower crane 

โดยปกติอยูท่ี่ 30 

35 40 45 และ 
50 เมตร 

  

เพื่อให้สามารถ
เลือกใช ้

Tower 

crane ท่ีมีอยู่
จริงในตลาด 

5 5 5 5 5 5 35 

Componen

t 

constraints

/Duration 

of the 

project 

Site 

office 

B6 
ใช ้Site office 

แบบสร้างส าเร็จ 

เม่ือควรจะมี
การยา้ย Site 

office เขา้
ไปดา้นใน
สถานท่ี

ก่อสร้างหรือมี
ระยะเวลา

โครงการนอ้ย
กวา่ 2 ปี 

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

5 5 5 5 5 5 36 

Componen

t 

constraints 

B6 
ใช ้Site office 

แบบสร้างใหม่ 

เม่ือไม่ควรจะมี
การยา้ย Site 

office เขา้
ไปดา้นใน
สถานท่ี

ก่อสร้าง เวลา
โครงการนาน
กวา่ 2 ปี และ
ไม่มี Site 

office แบบ
สร้างส าเร็จอยู ่

เพื่อให้สามารถ
ปฏิบติังานได ้

5 5 5 5 5 5 37 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

B6 

สามารถใช ้Site 

office แบบสร้าง
ส าเร็จหรือสร้างใหม่

ก็ได ้

เม่ือมี Site 

office แบบ
สร้างส าเร็จอยู่
แลว้ และ
ระยะเวลา

ก่อสร้างเกิน 2 

ปี 

เพื่อให้สามารถ
ปฏิบติังานได ้

5 5 5 5 5 5 38 

Toilet 

B9 

ห้องน ้ าวศิวกรควร
แยกห่างจากห้องน ้ า
แรงงาน ถา้เป็นไป

ได ้

เม่ือ Site 

office เป็น
แบบสร้าง
ส าเร็จ 

เพราะห้องน ้ าของ
แรงงานมีกล่ิน
และดูแลรักษา
ความสะอาดยาก

กวา่ 

5 5 5 5 5 5 39 

B10, 

โดยเฉล่ียขนาด
ห้องน ้ าอยูท่ี่ 7 ตร.

ม. 

  
เพื่อให้สามารถใช้

งานได ้
1 2 1 1 4 1 40 

Concrete 

pump 

B3 

Concrete 

pump จ านวน 1 

เคร่ืองเพียงพอต่อ
การท างาน 

  

เพื่อให้เกิดความ
คุม้ค่าในการ
ปฏิบติังาน 

5 5 5 5 5 5 41 

B25 

ไม่ควรมีจุดหัก
แนวราบของท่อ

คอนกรีตมากกวา่ 1 

คร้ัง 

เม่ือ 
Concrete 

pump เป็น
แบบ 

Stationar

y 

เพื่อไม่ให้สูญเสีย
แรงดนัของ
คอนกรีตเกิน
ความจ าเป็น 

5 5 5 4 5 5 42 

Componen

t 

availability 

Passenge

r lifts 

Case 

A1, 

Case 

A3 

พิจารณาจาก
เคร่ืองจกัรท่ีมีอยู่

ก่อน 

  

เพื่อประหยดั
ค่าใชจ่้ายท่ีเกิด
จากการซ้ือหรือ

เช่า 

5 5 5 5 5 5 43 

Tower 

crane 

Case 

A1, 

Case 

A3 

พิจารณาจาก
เคร่ืองจกัรท่ีมีอยู่

ก่อน 

  

เพื่อประหยดั
ค่าใชจ่้ายท่ีเกิด
จากการซ้ือหรือ

เช่า 

5 5 5 5 5 5 44 

Concrete 

pump 

Case 

A1, 

Case 

A3 

พิจารณาจาก
เคร่ืองจกัรท่ีมีอยู่

ก่อน 

  

เพื่อประหยดั
ค่าใชจ่้ายท่ีเกิด
จากการซ้ือหรือ

เช่า 

5 5 5 5 5 5 45 

Site 

office 

Case 

A1, 

Case 

A3 

พิจารณาจากวสัดุท่ีมี
อยูก่่อน 

  

เพื่อประหยดั
ค่าใชจ่้ายท่ีเกิด
จากการซ้ือหรือ

เช่า 

5 5 5 5 5 5 46 

Store 

Case 

A1, 

Case 

A3 

พิจารณาจากวสัดุท่ีมี
อยูก่่อน 

  

เพื่อประหยดั
ค่าใชจ่้ายท่ีเกิด
จากการซ้ือหรือ

เช่า 

5 5 5 5 5 5 47 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

Componen

ts' 

relationshi

p on the 

site 

Mobile 

cement 

plant & 

Concrete 

pump 

Case 

A3 

Concrete 

pump ควรตั้ง
ใกลก้บั Mobile 

cement plant 

เม่ือมีการใช ้

Mobile 

cement 

plant ใน
สถานท่ี
ก่อสร้าง 

เพื่อสนบัสนุนการ
ท างานให้ได ้

Productivit

y มากข้ึน 

5 5 2 1 1 2 48 

Mobile 

cement 

plant & 

Site 

office 

B4, 

B6 

Site office 

ควรถูกยา้ยมาไว้
ดา้นหลงัสถานท่ี

ก่อสร้าง 

เม่ือมีการใช้
งาน 

Mobile 

cement 

plant 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ
เกิดข้ึนจาก

รถบรรทุกปูนท่ี
ควรจะขบัไปมา
ในสถานท่ี
ก่อสร้าง 

3 5 3 5 1 3 49 

Site 

office & 

Toilet 

B10, 

Site 

inves

tigati

on 

ห้องน ้ าของ Staff 

ควรจะอยูภ่ายใน 

Site office 

โดยมีห้องน ้ าอยา่ง
นอ้ย 2-4 ห้อง 

เม่ือ Site 

office เป็น
แบบสร้างใหม่ 

เพื่อสนบัสนุนการ
ท างานของ 

Staff เน่ืองจาก
ไม่จ าเป็นควรจะ
เดินออกจาก 

Site office 

เพื่อเขา้ห้องน ้ า 

5 5 5 5 5 5 50 

Site 

office & 

Toilet 

Site 

inves

tigati

on 

ห้องน ้ าวศิวกรควร
จะอยูใ่กล ้Site 

office ระยะไม่
เกิน 50 ม. 

เม่ือ Site 

office เป็น
แบบสร้าง
ส าเร็จ 

เพื่อสนบัสนุนการ
ท างานของ 

Staff เน่ืองจาก
ไม่จ าเป็นควรจะ
เดินออกจาก 

Site office 

ไกลๆ เพื่อเขา้
ห้องน ้ า 

5 4 5 5 4 5 51 

Passenge

r lifts & 

Toilet 

B9 

ห้องน ้ าควรจะไม่อยู่
ติดกบั 

Passenger 

lifts 

  

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

3 5 5 5 5 5 52 

Tower 

crane & 

Steel 

yard 

B7, 

B21 

Steel yard 

ควรจะอยูใ่นรัศมี 

Tower crane 

  

Tower 

crane สามารถ
สนบัสนุนการ
ท างานได ้

5 5 5 5 5 5 53 

Tower 

crane & 

Laydown 

area 

B2, 

B21 

Laydown 

area ควรจะอยูใ่น
รัศมี Tower 

crane 

  

Tower 

crane สามารถ
สนบัสนุนการ
ท างานได ้

5 5 5 5 5 5 54 

Tower 

crane & 

Toilet 

B1, 

B9, 

B21 

ห้องน ้ าควรอยูห่่าง
จากรัศมีของ 

Tower crane  

เม่ือมีพื้นท่ีท่ี
สามารถตั้ง

ห้องน ้ าไดน้อก
รัศมีของ 
Tower 

crane 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 5 5 55 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

Tower 

crane & 

Store 

B8, 

B21 

Store ควรจะอยู่
ในรัศมี Tower 

crane 

เม่ือรถบรรทุก
ไม่สามารถ

เขา้ถึง Store 

ได ้

Tower 

crane สามารถ
ส่งของจาก

รถบรรทุกเขา้สู่ 

Store ได ้

5 5 1 4 2 4 56 

Entrance 

gate & 

Traffic 

on the 

site 

B15 

ก าหนดให้เป็น
ทางเขา้ทางหน่ึง 

ทางออกอีกทางหน่ึง 

ในกรณีท่ี
รถบรรทุกกลบั
รถไดล้ าบาก

และมี
ทางเขา้ออก
สถานท่ี

ก่อสร้าง 2 

ทาง 

เพื่อให้การจราจร
ในสถานท่ี

ก่อสร้างมีความ
คล่องตวั 

1 5 5 5 5 5 57 

Site 

office & 

Store 

B8 
Store ควรอยูใ่กล ้

Site office 
  

เพื่อให้ Store 

สามารถติดต่อ
ประสานงานกบั 

Site office 

ไดส้ะดวก 

1 5 5 1 4 4 58 

Site 

office & 

Staff's 

Door 

B6, 

B13 

ควรมีประตู Staff 

เพื่อให้ Staff 

สามารถเขา้ออก
สถานท่ีก่อสร้างได้
โดยง่ายและไม่ควร
จะเดินผา่นสถานท่ี
ก่อสร้างเป็นระยะ

ทางไกลๆ 

เม่ือมีการตั้ง 
Site 

office ติด
กบัมุมอ่ืนท่ีอยู่
ไกลจากประตู
ทางเขา้ออก
หลกัและ

ทางเดินท่ีควร
จะใชเ้พื่อเดิน
ทางผา่นมี

อนัตราย เช่น 

Tower 

crane หรือ
รถบรรทุก
เคล่ือนท่ีผา่น 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

1 5 1 5 2 2 59 

Componen

ts' 

relationshi

p on the 

site/Traffic 

on the site 

Entrance 

gate & 

Laydown 

area 

B13 

Laydown 

area ควรจะถูก
วางติดกบั 

Entrance 

gate 

ถา้ Traffic 

on the 

site 

รถบรรทุกไม่
สามารถเขา้สู่
พื้นท่ีดา้นใน
สถานท่ี

ก่อสร้างได ้

เพิ่ม 

Productivit

y ในการขนส่ง 
5 5 5 5 5 5 60 

Type of 

the 

building 

Site 

protectio

n 

B15 

ควรจะมีการท า
หลงัคากนัของตกลง
สู่เบ้ืองล่างทุกดา้น

ของอาคาร 

ในกรณีท่ีเป็น
อาคารท่ีสูงกวา่ 
150 เมตร 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 4 5 5 4 5 61 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

Type of 

the 

building 

Concrete 

pump 
B3 

ควรจะมีการใช้ 
Concrete 

pump 

เม่ืออาคารท่ี
ก่อสร้างเป็น
อาคารสูง ใน
เขตเมือง 

เพื่อสนบัสนุนการ
ท างานให้ได ้

Productivit

y มากข้ึน 

5 5 5 5 5 5 62 

Location 

of the site 

Site 

protectio

n 

B15 

ควรจะมีการท า
หลงัคาป้องกนัดา้น
ท่ีมีผูค้นเดินผา่น

พลุ่กพล่านหรือมีรถ
ขบัผา่น 

ในกรณีท่ี
ดา้นขา้ง
สถานท่ี

ก่อสร้างมีผูค้น
เดินผา่นหรือมี
รถขบัผา่น 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 5 5 63 

Location 

of the site 

Laydown 

area 

B2 

สามารถให้
รถบรรทุกจอดส่ง
ของจากดา้นนอกได ้

ถา้ Traffic 

on the 

site 

รถบรรทุกไม่
สามารถเขา้สู่
สถานท่ี

ก่อสร้างได ้
และ พื้นท่ีดา้น
นอกสามารถ
จอดรถได ้

เพื่อให้สามารถ
ท างานได ้

5 5 5 4 5 5 64 

B2, 

B3 

ให้รถบรรทุกจอด
ส่งของจากดา้นนอก 

โดยควรจะมีการ
ติดต่อประสานงาน
กบัทางต ารวจจราจร
เพื่ออ านวยความ

สะดวกและอาจควร
จะมีการวางแผน

เร่ืองเวลาขนส่งเป็น
เวลากลางคืน 

ถา้ Traffic 

on the 

site 

รถบรรทุกไม่
สามารถเขา้สู่
สถานท่ี

ก่อสร้างได ้
และ พื้นท่ีดา้น

นอกไม่
สามารถจอด

รถได ้ 

เพื่อให้สามารถ
ท างานได ้

5 5 5 5 5 5 65 

Toilet B9 

ห้องน ้ าควรตั้งอยูติ่ด
กบั Man 

Holes 

เม่ือมี Man 

Holes อยู่
ขา้งๆสถานท่ี
ก่อสร้าง 

เพื่อให้สะดวกต่อ
การวางท่อ

สาธารณูปโภค 

5 5 5 4 5 5 66 

Mobile 

cement 

plant 

B4 

ควรมีการใช้ 
Mobile 

cement plant 

เม่ือการจราจร
รอบสถานท่ี
ก่อสร้างควรมี
ความติดขดั

หรือไม่สะดวก
ในการขนส่ง 

เพื่อขจดัปัญหา
การส่งคอนกรีต
ล่าชา้และท าให้

การเทคอนกรีตไม่
ต่อเน่ือง ท าให้
สามารถเท

คอนกรีตไดทุ้ก
เวลาและมีราคา
ประหยดัมากข้ึน 

3 5 5 5 5 5 67 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

Nearby 

environme

nt 

Mobile 

cement 

plant 

B4 

ถา้มีอาคารท่ีมี
ผูใ้ชง้านอยูเ่ป็น

ส่ิงแวดลอ้มรอบขา้ง 
ห้ามตั้ง Mobile 

cement plant 

  

ฝุ่ นท่ีเกิด 

Mobile 

cement 

plant สามารถ
รบกวนเพื่อนบา้น

ได ้

5 5 5 5 5 5 68 

B4 

Mobile 

cement plant 

ควรอยูท่ี่ดา้นหนา้
ของสถานท่ีก่อสร้าง 

เม่ือมีการใช ้

Mobile 

cement 

plant 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจเกิด
ข้ึนกบัแรงงาน
และวศิวกรจาก
รถบรรทุกท่ีมาส่ง
วสัดุและควรจะ
ขนส่งคอนกรีตไป

ยงัหนา้งาน 

3 5 3 1 1 3 69 

Toilet 

Site 

inves

tigati

on 

ห้องน ้ าของแรงงาน
ไม่ควรตั้งอยูติ่ด
ก าแพงดา้นท่ีมีคน
อยูห่รือคนพลุ่ก

พล่าน 

เม่ือ
ส่ิงแวดลอ้ม
รอบขา้งมีผูอ้ยู่
อาศยัอยู ่หรือ
ผูค้นเดินผา่น 

เพื่อป้องกนักล่ิน
ไม่พึงประสงค์
ออกไปภายนอก
สถานท่ีก่อสร้าง 

5 4 5 4 5 5 70 

Nearby 

environme

nt 

Tower 

crane 

B1, 

B22 

Tower crane 

ควรจะระวงัการ
หมุน ไม่ให้หมุนถูก
อาคารท่ีมีความสูง
มากกวา่ Tower 

crane 

เม่ือ
ส่ิงแวดลอ้ม

รอบขา้งสูงกวา่
ความสูง 
Tower 

crane 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 5 5 71 

B22 

Tower crane 

ควรจะเป็นแบบ 

Luffing  

เม่ือมีความ
จ าเป็นท่ี 

Tower 

crane ณ 

ต าแหน่งนั้น
ควรจะผา่น
พื้นท่ีระหวา่ง
ต าแหน่งและ
ส่ิงแวดลอ้ม
รอบขา้งท่ีเป็น

อาคาร
บา้นเรือน 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ
เกิดข้ึนและท าให้
สามารถท างานได ้

5 5 5 5 5 5 72 

Trucks 

accessiblit

y 

Steel 

yard 
B7 

รถบรรทุกควร
เขา้ถึง Steel 

yard ได ้

รถบรรทุก
สามารถเขา้สู่
ดา้นในของ
สถานท่ี

ก่อสร้างได ้

เพื่อให้สามารถ
ขนส่งเหล็กเสริม
ไดโ้ดยสะดวก 

3 5 5 5 5 5 73 

Laydown 

area 
B2 

รถบรรทุกควรจะ
สามารถเขา้ถึง 
Laydown 

area ได ้

  

เพิ่ม 

Productivit

y ในการขนส่ง 
3 5 5 5 5 5 74 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

Mobile 

cement 

plant 

B4 

รถบรรทุกควรจะ
เขา้ถึง Mobile 

cement plant 

ได ้

  

รถบรรทุกควรจะ
เขา้ถึง Mobile 

cement 

plant เพื่อให้
สามารถท างานได ้

5 5 5 5 5 5 75 

Store B8 

Store ควรอยูใ่น
บริเวณท่ีรถบรรทุก

เขา้ถึงได ้

เม่ือรถบรรทุก
สามารถเขา้สู่
พื้นท่ีภายใน
สถานท่ี

ก่อสร้างได ้

เพื่อให้สามารถ
ขนส่งวสัดุ
อุปกรณ์และ
เคร่ืองมือได้
สะดวก 

1 5 5 4 5 5 76 

Concrete 

pump 
B3 

รถบรรทุกคอนกรีต
ควรจะสามารถ

เขา้ถึง 
Concrete 

pump ได ้

เม่ือ 
Concrete 

pump เป็น
แบบ 

Stationar

y 

เพื่อสนบัสนุนการ
ท างาน 

5 5 5 5 5 5 77 

Free space 

Steel 

yard 

B7 

หลกัการจดัการ 
Steel yard  ใช้
วธีิการส ารองเป็น

รอบงาน 

หากมีพื้นท่ีวา่ง
ต ่ากวา่ 2000 

ตร.ม. ลงมา
ภายในสถานท่ี

ก่อสร้าง 

เพื่อให้สามารถ
บริหารจดัการ
พื้นท่ีให้เกิด

ประโยชน์สูงสุด 

5 5 2 5 5 5 78 

B7 

หลกัการจดัการ 
Steel yard  ใช้
วธีิการส ารองทีละ

มากๆ 

หากมีพื้นท่ีวา่ง
สูงกวา่ 6800 

ตร.ม. ข้ึนไป
ภายในสถานท่ี

ก่อสร้าง 

เพื่อให้สามารถ
สั่งซ้ือไดใ้นราคา

ท่ีถูกลง 
1 5 2 4 1 2 79 

Mobile 

cement 

plant 

B4 
ควรจะมีพื้นท่ีเหลือ

มากกวา่... 
  

เพื่อให้สามารถ
บริหารจดัการ
พื้นท่ีให้เกิด

ประโยชน์สูงสุด 

            80 

Toilet B9 

ห้องน ้ าควรถูกตั้งใน
ต าแหน่งลบัตาผูม้า

ติดต่อ 

เม่ือมีพื้นท่ีท่ี
สามารถตั้ง

ห้องน ้ าให้หลบ
สายตาผูม้า
ติดต่อได ้

เพื่อสร้าง
ภาพลกัษณ์ท่ีดีแก่

ผูม้าติดต่อ 

5 5 5 5 4 5 81 

Store 
B8, 

B19 

เลือกใช ้Store 

เป็นแบบสร้างส าเร็จ 
ขนาดของ Store 

พิจารณาจากขนาด
ของตูค้อนเทนเนอร์
แบบสร้างส าเร็จ 
(2.5 x 6 ม.) 

เม่ือควรจะมี
การยา้ย 

Store เขา้ไป
ดา้นในอาคาร
เม่ือก่อสร้างไป
ในระดบัหน่ึง 

เพื่อให้ใชไ้ด้
ชัว่คราวก่อนจะ
ยา้ยเขา้ไปภายใน
อาคาร ท าให้ได้
พื้นท่ีท่ีสามารถใช้

งานไดร้อบ
สถานท่ีก่อสร้าง

เพิ่ม 

5 2 5 5 3 5 82 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

Free 

space/Met

hod of 

work 

B8, 

B19 

ควรมีการยา้ย 
Store เขา้ไป

ภายในอาคารท่ีก าลงั
ก่อสร้าง 

เม่ือมีพื้นท่ีวา่ง
นอ้ยกวา่ 

2000 ตร.ม. 

หรือ 25% 

ของ Site 

เพื่อให้สามารถ
บริหารจดัการ
พื้นท่ีให้เกิด

ประโยชน์สูงสุด 

4 4 4 5 5 4 83 

Site 

office 

B6, 

B19 

ควรมีการยา้ย Site 

office เขา้ไป
ภายในอาคารท่ีก าลงั

ก่อสร้าง 

เม่ือมีพื้นท่ีวา่ง
นอ้ยกวา่ 

2000 ตร.ม. 

หรือ 25% 

ของ Site 

เพื่อให้สามารถ
บริหารจดัการ
พื้นท่ีให้เกิด

ประโยชน์สูงสุด 

4 4 4 5 5 4 84 

Free space 

Site 

inves

tigati

on 

Site office 

และ Store 

สามารถสร้างเป็น 

2 ชั้นได ้

เม่ือมีพื้นท่ีวา่ง
นอ้ยกวา่ 

2000 ตร.ม. 

หรือ 25% 

ของ Site 

และไม่ควรจะ
การยา้ยเขา้ไป
ดา้นในสถานท่ี

ก่อสร้าง 

เพื่อให้สามารถ
บริหารจดัการ
พื้นท่ีให้เกิด

ประโยชน์สูงสุด 

5 4 5 5 5 5 85 

Concrete 

pump 
B3 

ควรจะมีท่ีวา่งให้รถ
คอนกรีตสามารถ

จอดรอได ้

เม่ือมีการใช ้

Concrete 

pump ใน
สถานท่ี
ก่อสร้าง 

เพื่อสนบัสนุนการ
ท างานให้ได ้

Productivit

y มากข้ึน 

5 5 5 5 5 5 86 

Site 

constraints 

Steel 

yard 
B7 

Steel yard 

ควรจะมีดา้นหน่ึง
ดา้นใดติดกบัก าแพง 

  

เพื่อประโยชน์ใน
การจดัเก็บ ไม่
ขดัขวางการ
ท างานอ่ืนๆ 

1 1 1 3 5 1 87 

Laydown 

area 
B14 

ขนาด 
Laydown 

area สามารถหา
ไดจ้ากสูตร 

Laydown 

area เท่า 
1.31% ของ
ขนาดสถานท่ี

ก่อสร้างบวกดว้ย 
115 ตร.ม 

  

เพื่อให้สามารถ
บริหารจดัการ
พื้นท่ีให้เกิด

ประโยชน์สูงสุด 

5 5 3 3 5 5 88 

Site 

office 
B6 

Site office 

ควรจะไม่ตั้งอยูใ่น
แนว Material 

path 

เม่ือ 
Material 

path คือ
เส้นทางการ
เคล่ือนท่ีของ 
Material 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 5 5 89 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

ภายในรัศมี
ของ Tower 

crane 1 ตวั
จาก 

Storage ถึง
อาคาร 

B6 

Site office 

ควรตั้งท่ีดา้นหนา้
ของสถานท่ีก่อสร้าง 

เม่ือไม่มีการใช ้

Mobile 

cement 

plant ท่ี
ดา้นหนา้ใน
สถานท่ี

ก่อสร้างและ
ปลอดภยัจาก
ขนส่งของ 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ
เกิดข้ึนและ

สะดวกต่อผูม้า
ติดต่อ 

5 5 5 5 5 5 90 

A2 

Site office 

ควรตั้งท่ีๆสามารถ
อยูไ่ดจ้นจบงาน 

และตกแต่งเก็บงาน
ไดไ้ม่ยาก เช่น 

สนามหญา้, สวน 

เม่ือไม่ควรจะมี
การยา้ย Site 

office เขา้
ไปดา้นใน
สถานท่ี
ก่อสร้าง 

เพื่อให้เก็บงานได้
สะดวกและไม่
ควรจะท าการยา้ย
บ่อยซ่ึงท าให้เกิด
ภาระค่าใชจ่้าย 

5 5 5 5 5 5 91 

Toilet 
B1, 

B9 

Toilets ควรจะ
ไม่ตั้งอยูใ่นแนว 

Material path 

เม่ือ 
Material 

path คือ
เส้นทางการ
เคล่ือนท่ีของ 
Material 

ภายในรัศมี
ของ Tower 

crane 1 ตวั
จาก 

Storage ถึง
อาคาร 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 5 5 92 

Store B20 

ขนาดของ Store 

หาไดจ้ากสูตร ((-
0.00009*ขนาด
Site^2)+(1.5

4*ขนาด
Site))/100 

  

เพื่อให้ได ้
Store ท่ีมีความ
เหมาะสมกบั
ขนาดสถานท่ี
ก่อสร้าง 

3 4 3 3 1 3 93 

Entrance 

gate 

Site 

inves

tigati

on 

ใชท้างเขา้ออก
อาคารเม่ือแลว้เสร็จ
เป็นทางเขา้ออกของ
สถานท่ีก่อสร้าง 

  

เพื่อให้ไม่ควรจะ
ท าเร่ืองขอเปิดทาง
เทา้ใหม่ซ่ึงควรจะ
ใชค่้าใชจ่้ายและ

เวลา 

2 5 5 5 5 5 94 

Site 

protectio
B15 

ควรจะท าหลงัคากนั
ของตกลงสู่พื้น

ในกรณีท่ีเป็น
อาคารท่ีสูง

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

5 5 5 4 5 5 95 



 

 

 

222 

Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

n ดา้นล่างภายใน
สถานท่ีก่อสร้างท่ีมี

แรงงานและ
พนกังานเดินผา่น 

นอ้ยกวา่ 150 

เมตร 
เกิดข้ึน 

Site 

constraints 

Passenge

r lifts 
B5 

ขา้งล่าง 
Passenger 

lift ควรจะไม่มี
ผูใ้ดเดินผา่นได ้

เม่ือมีการใช ้

Passenger 

lift 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 5 5 96 

Traffic on 

the site 

Concrete 

pump 

B3 

ควรใช ้

Concrete 

pump เป็นแบบ 

Stationary 

เม่ือรถบรรทุก
สามารถเขา้มา
ภายในสถานท่ี
ก่อสร้างได้
สะดวก 

เพื่อสนบัสนุนการ
ท างานให้ได ้

Productivit

y มากข้ึน 

5 5 5 5 5 5 97 

B3 

ควรใช ้

Concrete 

pump เป็นแบบ 

Mobile 

เม่ือรถบรรทุก
ไม่สามารถเขา้
มาภายใน
สถานท่ี

ก่อสร้างได้
สะดวก 

เพื่อให้สามารถ
ท างานได ้

5 5 3 5 5 5 98 

B3 

รถควรจะสามารถ
จอดเพื่อยงิคอนกรีต
ไดอ้ยา่งทัว่ถึงรอบ

อาคาร 

เม่ือ 
Concrete 

pump เป็น
แบบ 

Mobile 

และรถบรรทุก
ปูนสามารถเขา้
มาในสถานท่ี
ก่อสร้างได ้

เพื่อสนบัสนุนการ
ท างานให้ได ้

Productivit

y มากข้ึน 

5 5 4 5 5 5 99 

B3 

รถบรรทุกคอนกรีต
ควรจะสามารถจอด
ดา้นนอกเพื่อยงิ
คอนกรีตไดอ้ยา่ง
ทัว่ถึงรอบอาคาร 

เม่ือ 
Concrete 

pump เป็น
แบบ 

Mobile 

และรถบรรทุก
ปูนไม่สามารถ

เขา้มาใน
สถานท่ี

ก่อสร้างได ้

เพื่อสนบัสนุนการ
ท างานให้ได ้

Productivit

y มากข้ึน 

5 1 5 5 5 5 100 

Man 

power 

Site 

office 
A1 

ขนาดของ Site 

office พิจารณา
จากจ านวนบุคลากร
ใน Site office 

นั้น คูณดว้ยพื้นท่ี
ของแต่ละคน 

เม่ือ Site 

office เป็น
แบบสร้างใหม่ 

  5 5 5 5 5 5 101 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

A1 

ขนาดของ Site 

office พิจารณา
จากขนาดของตูค้อน
เทนเนอร์แบบสร้าง
ส าเร็จ (2.5 x 6 

ม.) 

เม่ือ Site 

office เป็น
แบบสร้าง
ส าเร็จ 

  5 5 5 5 5 5 102 

Duration 

of the 

project 

Passenge

r lifts 

B5, 

B18 

ส าหรับงานท่ีมี
ระยะเวลาโครงการ
สั้น อาจควรจะเพิ่ม
จ านวนและจุดท่ีตั้ง 
Passenger 

lift 

เม่ือมีระยะเวลา
การท างานนอ้ย
กวา่หรือเท่ากบั 

24 เดือน 

เพื่อสนบัสนุนการ
ท างานของ
แรงงานให้ได ้

Productivit

y มากข้ึน 

2 5 5 5 2 5 103 

Specificati

on and 

Regulation 

Site 

office 
B6 

Site office 

ควรจะเป็นแบบ
สร้างใหม่ 

เม่ือมี
ขอ้ก าหนดเร่ือง
ขนาดหรือ

ส่วนประกอบ
ต่างๆของ 
Site 

office 

เพื่อให้สามารถ
สร้าง Site 

office ท่ีตรง
ต่อขอ้ก าหนดได ้

5 5 5 5 5 5 104 

Specificati

on and 

Regulation

/Man 

power 

Toilet A7 

ควรจะมีการ
ออกแบบจ านวน
ห้องให้รองรับกบั

กฎหมาย
กฎกระทรวงฉบบัท่ี 

๖๓ (พ.ศ. 
๒๕๕๑) ออกตาม

ความใน
พระราชบญัญติั

ควบคุมอาคาร พ.ศ. 
๒๕๒๒ 

 

เพื่อให้การท างาน
ถูกควรจะตาม
กฎหมาย 

5 5 5 5 5 5 105 

Specificati

on and 

regulation 

Tower 

crane 
B1 

Tower crane 

ไม่สามารถหมุน
ออกไปดา้นนอก
สถานท่ีก่อสร้างได ้

ยกเวน้ พื้นท่ีท่ี
ผา่นไปมี
เจา้ของเป็น

เจา้ของเดียวกบั
ของสถานท่ี
ก่อสร้างและ
ไดรั้บอนุญาต

แลว้ 

เพื่อป้องกนั
อุบติัเหตุท่ีอาจ

เกิดข้ึน 

5 5 5 5 4 5 106 

Specificati

on and 

regulation/

Site 

constraints 

Mobile 

cement 

plant 

B4 

ตั้ง Mobile 

cement plant 

ท่ีดา้นหนา้ของ
สถานท่ีก่อสร้าง 

เม่ือมีการใช ้

Mobile 

cement 

plant ใน
สถานท่ี

ก่อสร้างและ
ทาง 

Supplier 

เพื่อลดความ
วุน่วายภายใน
สถานท่ีก่อสร้าง 

5 5 5 5 5 5 107 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

ควรจะการให้
ตั้งท่ีดา้นหนา้ 

B4 

ตั้ง Mobile 

cement plant 

ท่ีดา้นหลงัของ
สถานท่ีก่อสร้าง 

เม่ือมีการใช ้

Mobile 

cement 

plant ใน
สถานท่ี

ก่อสร้างและ
ทาง 

Supplier 

ไม่ไดก้ าหนด
สถานท่ีตั้ง 

เพื่อป้องกนัฝุ่ นให้
อยูภ่ายในสถานท่ี
ก่อสร้างเท่านั้น 

5 5 5 5 5 5 108 

Method of 

work 

Steel 

yard 
B12 

ขนาด Store 

เหล็ก  ใชว้ธีิการ
เทียบ % ของ 

Free space ใน 

Site กบั % ของ
ขนาด Steel 

Yard เม่ือล าดบั
สูตรใหม่ จะไดว้า่ 
ขนาด Steel 

yard เท่ากบั 

ขนาดโครงการบวก
ดว้ยห้าเท่าของพื้นท่ี
วา่งทั้งหมดส่วนดว้ย

หน่ึงร้อย 

เม่ือใชห้ลกัการ
จดัการ Steel 

Yard แบบ
ส ารองเป็นรอบ

งาน 

เพื่อให้สามารถ
บริหารจดัการ
พื้นท่ีให้เกิด

ประโยชน์สูงสุด 

5 5 5 5 5 5 109 

Tower 

crane 

B1, 

B24 

ควรมี Tower 

crane แบบติดตั้ง
ดา้นนอกอาคาร
อยา่งนอ้ย 1 ตวัท่ี
ครอบคลุมบริเวณ ท่ี

มี Tower 

crane อยูภ่ายใน
อาคาร 

เม่ือมีการตั้ง 
Tower 

crane 

ภายในอาคาร
และมีการใช ้

Tower 

crane ใน
สถานท่ี
ก่อสร้าง

มากกวา่ 1 ตวั 

เพื่อสนบัสนุนการ
เก็บงานท่ีจะ

เกิดข้ึนในอนาคต
ให้ท าไดร้วดเร็ว 

ไม่ติดขดั 

5 5 3 5 5 5 110 

B1, 

B24 

ควรติดตั้ง 
Tower crane 

ท่ีดา้นขา้งอาคาร 

เม่ือมีการใช ้

Tower 

crane เพียง 
1 ตวัใน
สถานท่ี
ก่อสร้าง 

เพื่อสนบัสนุนการ
ท างานในอนาคต
ท่ีก าลงัจะเกิดข้ึน 

ท าให้เก็บงานได้
เร็วและไม่กระทบ
กบังานส่วนอ่ืนๆ

มากนกั 

5 5 4 5 4 5 111 
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Domi-

nances 
Target 

compo-

nents 

Refe-

rence 

Relation-

ships 

Condi-

tions 
Reasons 

Score A

ve

ra

ge 

Cod

e A B C D E 

B1, 

B24 

ควรติดตั้ง 
Tower crane 

2 ตวั 

เม่ือขนาดของ
อาคารก ้าก่ึงท่ี
จะสามารถใช ้

Tower 

crane ตวั
เดียวหรือสอง
ตวั เพื่อให้
ครอบคลุม
อาคารและ
พื้นท่ีกองเก็บ

วสัดุได ้

การใชง้าน 

Tower 

crane เพียงตวั
เดียว ท าให้

เสถียรภาพและ
ความรวดเร็วใน
การท างานลดลง 
ซ่ึงไม่คุม้ค่าท่ีจะ

เส่ียง 

5 5 4 5 4 5 112 

Type of 

the 

building 

Tower 

crane 
B1 

ควรจะมีการใช้ 
Tower crane 

เม่ืออาคารท่ี
ก่อสร้างเป็น
อาคารสูง ใน
เขตเมือง 

เพื่อสนบัสนุนการ
ท างานให้ได ้

Productivit

y มากข้ึน 

5 5 5 5 5 5 113 
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All of the final rule bases 
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Remark: “Ref.” means references of the corresponding rule bases from Appendix C. 

Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

2, 3 
DB 

01 

Design 

of the 

building 

Tower 

crane 

Should be 

installed at the 

wall made from 

masonry or 

prefabricated 

material and have 

columns to be 

reinforced as the 

first priority. If it 

is possible, the 

finishing should 

be prefabricated 

prior to 

plastering. 

When decide to 

place tower 

cranes at the 

side of the 

building and 

have masonry 

wall or 

prefabricated 

wall which has 

prefabricated 

finishing. 

To reduce 

the 

refurnish 

time and 

does not 

obstruct 

other work. 

2, 3 
DB 

02 

Design 

of the 

building 

Tower 

crane 

Should be 

installed at the 

Shear wall which 

has prefabricated 

Finishing prior to 

the plastering 

finishing. The 

tower crane can 

be attached to the 

shear wall 

directly. 

When decide to 

place tower 

cranes at the 

side of the 

building and 

have 

prefabricated 

finishing shear 

walls but do not 

have masonry 

walls. 

To reduce 

the 

refurnish 

time. 

4 
DB 

03 

Design 

of the 

building 

Tower 

crane 

Should not be 

installed at the 

glass. 

When decide to 

place tower 

cranes at the 

side of the 

building. 

To prevent 

the risk of 

the 

accident. 

5 
DB 

04 

Design 

of the 

building 

Tower 

crane 

Tower cranes 

should cover the 

building and 

storages over 

97% 

When the 

height of the 

building is less 

than or equal to 

50 metres. 

To raise the 

effectivenes

s of the 

tower 

cranes. If it 

is 

necessary, 

the mobile 

tower crane 

can be used 

to support 

the area 

where the 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

normal 

tower crane 

cannot 

support.  

5 
DB 

05 

Design 

of the 

building 

Tower 

crane 

Tower cranes 

should cover all 

of the building 

and storages. 

When the 

height of the 

building is 

higher than 50 

metres  

There are 

no 

equipment 

which can 

support the 

work 

except the 

tower 

cranes. 

6 
DB

06 

Design 

of the 

building 

Tower 

crane 

Tower cranes 

should be placed 

symmetrically 

When the 

constructing 

building is 

symmetric. 

To raise the 

effectivenes

s of the 

tower 

cranes. 

34 
DB

07 

Design 

of the 

building 

Tower 

crane 

Tower cranes 

should be placed 

at the location 

where the masts 

of tower cranes 

can go straight 

through the 

building 

 

To facilitate 

the 

installation 

7 
DB

08 

Design 

of the 

building 

Con-

crete 

pump 

The distance from 

the building to the 

position of the 

pipe should not 

exceed 60 metres. 

When the 

stationary 

concrete pump 

is used on the 

site. 

To be able 

to pour the 

concrete 

effectively. 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

8 
DB

09 

Design 

of the 

building 

Con-

crete 

pump 

The distance from 

the building to the 

location where 

the Mobile 

concrete pump 

can access should 

not exceed 50 

metres. 

When the 

mobile concrete 

pump is used on 

the site. 

To be able 

to pour the 

concrete 

effectively. 

10 
DB

10 

Design 

of the 

building 

Con-

crete 

pump 

The pipe of the 

concrete pump 

can be attached at 

the side of the 

building.  

When the 

interested area 

can let the pipe 

of the concrete 

pump to go 

through 

straightly. 

To reduce 

the 

refurnish 

time, raise 

the 

productivity

, and be 

able to pour 

concrete. 

9 
DB

11 

Design 

of the 

building

/Method 

of work 

Con-

crete 

pump 

The pipe of the 

Concrete pump 

can be installed 

through a Lift 

core or a Stairs 

core which can be 

furnished later 

than structural 

work requiring 

concrete 

supplying 

When the 

stationary 

concrete pump 

is used on the 

site. 

To reduce 

the 

refurnish 

time and 

does not 

obstruct 

other work. 

11, 

12 

DB

12 

Design 

of the 

building 

Con-

crete 

pump 

The pipe should 

be installed at the 

wall made from 

masonry or 

prefabricated 

material  

as the first 

priority. If it is 

possible, the 

finishing should 

be prefabricated 

prior to 

plastering. 

When decide to 

use the 

stationary 

concrete pump 

and have 

masonry wall or 

prefabricated 

wall which has 

prefabricated 

finishing. 

To reduce 

the 

refurnish 

time and 

does not 

obstruct 

other work. 

11, 

12 

DB

13 

Design 

of the 

building 

Con-

crete 

pump 

The pipe should 

be installed at the 

Shear wall which 

When decide to 

use the 

stationary 

To reduce 

the 

refurnish 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

has prefabricated 

Finishing prior to 

the plastering 

finishing. The 

pipe can be 

attached to the 

shear wall 

directly. 

concrete pump 

and have 

prefabricated 

finishing shear 

walls but do not 

have masonry 

walls. 

time. 

13 
DB

14 

Design 

of the 

building

/Method 

of work 

Con-

crete 

pump 

The pipe should 

not be installed at 

the glass. 

When decide to 

use stationary 

concrete pump. 

To reduce 

the risk of 

the 

accident. 

14 
DB

15 

Design 

of the 

building 

Con-

crete 

pump 

The distance from 

the concrete pipe 

going through the 

building to the 

concrete pump 

should not exceed 

than 30 metres. 

เม่ือ Concrete 

pump เป็นแบบ 
Stationary 

To be able 

to pour the 

concrete 

effectively. 

16 
DB

16 

Design 

of the 

building 

Passen-

ger lifts 

Should have 

passenger lifts at 

least 2 sets 

When the width 

of the building 

is wider than 

the length 2 

times or the 

area per floor 

exceeds 10,000 

sq.m. 

To raise the 

productivity 

of the 

labours. 

17 
DB

17 

Design 

of the 

building

/Man 

power 

Passen-

ger lifts 

Should have one 

more Passenger 

lift 

When the work 

area per floor 

per passenger 

lift is higher 

than 1,000 

sq.m. or the 

number of the 

labours exceeds 

each 200 

people. 

To raise the 

productivity 

of the 

labours. 

19, 

20 

DB

18 

Design 

of the 

building 

Passen-

ger lifts 

Should be 

installed at the 

wall made from 

masonry or 

prefabricated 

material as the 

When have 

masonry wall or 

prefabricated 

wall which has 

prefabricated 

finishing. 

To reduce 

the 

refurnish 

time and 

does not 

obstruct 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

first priority. If it 

is possible, the 

finishing should 

be prefabricated 

prior to 

plastering. 

other work. 

19, 

20 

DB

19 

Design 

of the 

building 

Passen-

ger lifts 

Should be 

installed at the 

Shear wall which 

has prefabricated 

Finishing prior to 

the plastering 

finishing.  

When have 

prefabricated 

finishing shear 

walls but do not 

have masonry 

walls. 

To reduce 

the 

refurnish 

time. 

21 
DB

20 

Design 

of the 

building 

Passen-

ger lifts 

Should not be 

installed at the 

glass. 

When decide to 

place tower 

cranes at the 

side of the 

building. 

To reduce 

the risks of 

the accident 

because the 

passenger 

lifts have to 

stay until 

the last 

phase of the 

constructio

n. The 

lubricant 

might 

damage the 

glass. 

22 
DB

21 

Design 

of the 

building 

Passen-

ger lifts 

The passenger 

lifts should be 

installed not 

further than 100 

metres from the 

furthest distance 

of the work space. 

 

To raise the 

productivity 

of the 

labours. 

23 
DB

22 

Design 

of the 

building 

Passen-

ger lifts 

Passenger lifts 

should be placed 

at the location 

where the rails of 

the passenger lifts 

can go straight 

through the 

building. 

 

To facilitate 

the 

installing. 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

24 
DB

23 

Design 

of the 

building 

Mobile 

cement 

plant 

The mobile 

cement plan 

should be used. 

When the 

amount of 

concrete is 

more than 

40,000 cu.m. 

To raise the 

effectivenes

s of the 

mobile 

cement 

plant. 

26 
CC

01 

Compo-

nent 

con-

straints/

Design 

of the 

building 

Tower 

crane 

Tower cranes can 

be installed into 

lift cores and 

stairs cores. 

 

This 

installation 

saves the 

expense 

from the 

purchasing 

of masts 

and the 

modificatio

n of 

foundations

. However, 

it reuiqres 

the 

assistance 

from other 

tower 

cranes 

when the 

tower crane 

inside the 

lift core has 

to be 

removed 

which also 

costs 

expense. 

Moreover, 

it obstructs 

the lift and 

stairs 

constructio

n which the 

user has to 

plan the 

work 

schedule 

carefully 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

27 
CC

02 

Compo-

nent 

con-

straints 

Tower 

crane 

Tower cranes can 

be installed at the 

side of the 

building. 

 

To reduce 

the 

refurnish 

time but has 

the price of 

mast and 

modificatio

n of the 

foundation 

in 

exchange. 

28 
CC

03 

Compo-

nent 

con-

straints 

Tower 

crane 

Tower cranes can 

be installed inside 

the building 

through the 

blocking floors 

 

This 

method 

might be 

expensive 

due to the 

blocking of 

the building 

and 

modificatio

n of the 

foundation. 

Consider 

not  

25 
CC

04 

Compo-

nent 

con-

straints/

Design 

of the 

building 

Tower 

crane 

Tower cranes can 

be installed on the 

site without any 

bracing. 

When the 

height of the 

building does 

not exceed 30 

metres. 

This 

installation 

can be only 

used with 

the building 

which is 

shorter than 

30 metres. 

29 
CC

05 

Compo-

nent 

con-

straints/

Design 

of the 

building 

Tower 

crane 

Tower cranes 

should be 

installed outside 

of the building 

prior to inside of 

the building. 

When the 

coverage of 

tower cranes of 

the final layout 

does not differ 

much. 

Because 

installing 

outside will 

be able to 

refurnish 

the building 

when the 

project is 

going to be 

finished. 

Uninstallin

g the 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

outside 

tower 

cranes is 

also easier 

because 

they do not 

have to get 

the 

assistance 

from the 

derrick 

crane.  

30 
CC

06 

Compo-

nent 

con-

straints 

Tower 

crane 

Tower cranes 

should be fixed 

jib. 

When the 

rotation of the 

tower crane at 

that position is 

better than 80% 

or at least better 

than 50% 

To 

maximize 

the 

effectivenes

s of the 

usage. 

31 
CC

07 

Compo-

nent 

con-

straints 

Tower 

crane 

Tower cranes 

should be luffing 

jib. 

When the 

rotation of the 

tower crane at 

that position is 

better than 50% 

or at least better 

than 20% 

To 

maximize 

the 

effectivenes

s of the 

usage. 

32 
CC

08 

Compo-

nent 

con-

straints 

Tower 

crane 

Tower cranes at 

every location 

should be able to 

rotate not less 

than 20%. 

 

To 

maximize 

the 

effectivenes

s of the 

usage. 

33 
CC

09 

Compo-

nent 

con-

straints 

Tower 

crane 

Tower cranes 

should not be 

installed further 

than 6 metres 

from the 

constructing 

building. 

When there are 

tower cranes 

which are 

installed at the 

side of the 

building. 

To let the 

tower 

cranes are 

able to do 

the work. 

35 
CC

10 

Compo-

nent 

con-

straints 

Tower 

crane 

Normal sizes of 

Tower cranes are 

30, 35, 40, 45, 

and 50 metres. 

When the 

capacity of 

tower cranes 

can sustain the 

weight of the 

To let the 

user be able 

to find the 

available 

tower 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

material. cranes 

which go 

along with 

the 

planning. 

36 
CC

11 

Compo-

nent 

con-

straints/

Dura-

tion of 

the 

project 

Site 

office 

Use a 

prefabricated site 

office. 

When the site 

office has to be 

moved inside 

the constructing 

building and the 

duration of the 

project is 

shorter than 2 

years. 

 

37 
CC

12 

Compo-

nent 

con-

straints 

Site 

office 

Use a newly build 

site office. 

When the site 

offices do not 

have to be 

moved inside 

the constructing 

building, the 

duration of the 

project is longer 

than 2 years, 

and the user 

does not have 

prefabricated 

site offices. 

 

38 
CC

13 

Compo-

nent 

con-

straints 

Site 

office 

Can use either 
newly built or 

prefabricated site 

office. 

When the user 

has 

prefabricated 

site offices and 

the duration of 

the project is 

longer than 2 

years. 

 

39 
CC

14 

Compo-

nent 

con-

straints 

Toilet 

Staff’s toilets 

should be placed 

separately from 

labours toilets. 

When the site 

office is 

prefabricated. 

Because 

labours 

toilets have 

strong odor  

40 
CC

15 

Compo-

nent 

con-

straints 

Toilet 

The size of toilets 

should be 

between 1.5 to 4 

sq.m. per room. 

 

To 

maximize 

the 

worthiness 

of the land 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

usage. 

93 
CC

16 

Compo-

nent 

con-

straints 

Store 

The size of the 

store should be 

around 65 to 80 

sq.m. 

 

To 

maximize 

the 

worthiness 

of the land 

usage. 

41 
CC

17 

Compo-

nent 

con-

straints 

Con-

crete 

pump 

A concrete pump 

is sustainable to 

do the job. 
 

To 

maximize 

the 

effectivenes

s of the 

usage. 

42 
CC

18 

Compo-

nent 

con-

straints 

Con-

crete 

pump 

The concrete 

pump should not 

have more than a 

bend. 

When the 

concrete pump 

is stationary. 

To prevent 

the 

unnecessary 

loss of the 

pressure. 

15 
CC

19 

Compo-

nent 

con-

straints 

Passen-

ger lifts 

There are two 

types of 

passenger lifts; 

Single cage and 

double cages 

 

To let the 

user be able 

to find the 

available 

passenger 

lifts which 

go along 

with the 

planning. 

43 
CA

01 

Compo-

nent 

con-

straints 

Passen-

ger lifts 

Consider to 

choose the 

component which 

the user has 

already had. 

 

To save the 

cost from 

renting or 

purchasing. 

44 
CA

02 

Compo-

nent 

con-

straints 

Tower 

crane 

Consider to 

choose the 

component which 

the user has 

already had. 

 

To save the 

cost from 

renting or 

purchasing. 

46 
CA

03 

Compo-

nent 

avai-

lability 

Site 

office 

Consider to 

choose the 

material which 

the user has 

already had. 

When the site 

office is 

prefabricated. 

To save the 

cost from 

renting or 

purchasing. 

47 
CA

04 

Compo-

nent 
Store 

Consider to 

choose the 

When the store 

is prefabricated. 

To save the 

cost from 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

avai-

lability 

material which 

the user has 

already had. 

renting or 

purchasing. 

45 
CA

05 

Compo-

nent 

avai-

lability 

Con-

crete 

pump 

Consider to 

choose the 

component which 

the user has 

already had. 

 

To save the 

cost from 

renting or 

purchasing. 

49 
CR

01 

Compo-

nents' 

relation-

ship on 

the site 

Mobile 

cement 

plant & 

Site 

office 

The site office 

should be located 

at the opposite 

site of the mobile 

cement plant 

When the 

mobile cement 

plant is utilized 

on the site 

To reduce 

the risk of 

an accident 

from the 

concrete 

trucks and 

dust. 

50 
CR

02 

Compo-

nents' 

relation-

ship on 

the site 

Site 

office 

& 

Toilet 

The staff’s toilet 

should be located 

inside the site 

office. The 

amount of rooms 

should be at least 

a room for each 

gender. 

When the site 

office is newly 

built. 

To support 

the 

workflow 

of the staff 

because 

they do not 

have to 

walk 

outside to 

go to the 

toilets. 

51 
CR

03 

Compo-

nents' 

relation-

ship on 

the site 

Site 

office 

& 

Toilet 

Staff’s toilet 

should be located 

not further than 

50 metres from 

the site office. 

When the site 

office is 

prefabricated or 

does not install 

the toilet inside 

the newly built 

site office. 

To support 

the 

workflow 

of the staff 

because 

they do not 

have to 

walk far 

away to go 

to the 

toilets. 

52 
CR

04 

Compo-

nents' 

relation-

ship on 

the site 

Passen-

ger lifts 

& 

Toilet 

Toilets should not 

be located near 

passenger lifts. 
 

To reduce 

the risk of 

an accident. 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

53 
CR

05 

Compo-

nents' 

relation-

ship on 

the site 

Tower 

crane & 

Steel 

yard 

The steel yard 

should be located 

inside the 

coverage of tower 

cranes. 

 

Tower 

cranes can 

support the 

work. 

54 
CR

06 

Compo-

nents' 

relation-

ship on 

the site 

Tower 

crane & 

Lay-

down 

area 

The laydown area 

should be located 

inside the 

coverage of tower 

cranes. 

 

To let the 

tower crane 

to be able 

to support 

the 

transporting

. 

55 
CR

07 

Compo-

nents' 

relation-

ship on 

the site 

Tower 

crane & 

Toilet 

Toilets should not 

be located inside 

the coverage of 

tower cranes. 

When toilets 

can be located 

outside of the 

overage of 

tower cranes. 

To reduce 

the risk of 

an accident. 

57 
CR

08 

Compo-

nents' 

relation-

ship on 

the site 

En-

trance 

gate & 

Traffic 

on the 

site 

Specify a gate to 

be an entrance 

and another gate 

to be an exit. 

When trucks 

can drive 

through 

between these 

two entrances 

and makes the 

traffic condition 

on the site clear. 

To relieve 

the traffic 

condition 

on the site 

but should 

hire more 

security 

guards to 

stay at both 

entrances. 

58 
CR

09 

Compo-

nents' 

relation-

ship on 

the site 

Site 

office 

& Store 

Store should be 

located near the 

site office.  

When the store 

has to keep 

valuable 

material. 

The 

security 

guard can 

keep 

protect both 

component 

at the same 

time. 

60 
CR

10 

Compo-

nents' 

relation-

ship on 

the site/ 

Traffic 

on the 

site 

En-

trance 

gate & 

Lay-

down 

area 

Laydown area 

should be located 

close to the 

entrance gate 

When trucks 

cannot access 

onto the site. 

To raise the 

productivity 

of the 

transportati

on. 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

15 
TB

01 

Type of 

the 

building 

Passen-

ger lifts 

Should have 

passenger lifts at 

least 1 location 

and 1 unit 

When the 

building is 

high-rise. 

To raise the 

productivity 

of the 

labours. 

61, 

95 

TB

02 

Type of 

the 

building 

Site 

pro-

tection 

A safety roof 

should be 

constructed over 

the walk path on 

the site. 

When the 

building is 

high-rise. 

To reduce 

the risk of 

an accident. 

62 
TB

03 

Type of 

the 

building 

Con-

crete 

pump 

A concrete pump 

should be used. 

When the 

building is 

high-rise. 

To raise the 

productivity 

of the 

concrete 

pouring. 

113 
TB

04 

Type of 

the 

building 

Tower 

crane 

A tower crane 

should be used. 

When the 

building is 

high-rise. 

To raise the 

productivity 

on the site. 

63 
LS 

01 

Location 

of the 

site 

Site 

pro-

tection 

A safety roof 

should be 

constructed at the 

side where have 

pedestrians and 

cars pass. 

When there are 

pedestrians or 

cars pass next to 

the site. 

To reduce 

the risk of 

an accident. 

64 
LS 

02 

Location 

of the 

site 

Lay-

down 

area 

Trucks can be 

parked outside of 

the site to do the 

delivery. 

When trucks 

cannot access to 

the site, can 

park outside, 

and tower 

cranes can 

assist the 

delivery. 

To be able 

to transfer 

the 

material. 

65 
LS 

03 

Location 

of the 

site 

Lay-

down 

area 

Trucks should be 

parked outside of 

the site to do the 

delivery with the 

approval from the 

authorities. The 

plan should be 

implemented on 

the weekends and 

nights to relieve 

the traffic 

condition. 

When trucks 

cannot access to 

the site, cannot 

park outside, 

and tower 

cranes can 

assist the 

delivery. 

To be able 

to transfer 

the 

material. 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

66 
LS 

04 

Location 

of the 

site 

Toilet 

Toilets should be 

placed near man 

holes. 

When there are 

man Holes 

around the site. 

To facilitate 

the work. 

67 
LS 

05 

Location 

of the 

site 

Mobile 

cement 

plant 

A mobile cement 

plant should be 

used. 

When the traffic 

around the site 

is in bad 

condition and 

does not have 

any obstruction 

from other 

factors. 

To 

eliminate 

the risk of 

the traffic 

jam and 

cause the 

concrete 

pouring to 

be not 

effective. 

68 
LS 

06 

Location 

of the 

site 

Mobile 

cement 

plant 

If there is a 

neighbourhood 

around the site, 

the mobile 

cement plant 

should not be 

utilized. 

 

To prevent 

the dust 

going 

outside of 

the site. 

70 
LS 

07 

Location 

of the 

site 

Toilet 

Labour’s toilets 

should not be 

located at the side 

which have 

pedestrians or 

neighbours. 

When there is a 

neighbor or 

pedestrians 

walk pass that 

side. 

To prevent 

the odor 

going 

outside of 

the site 

71 
LS 

08 

Location 

of the 

site 

Tower 

crane 

Tower cranes 

should be 

operated 

carefully. 

When the 

neighborhood is 

a building 

which is higher 

than tower 

cranes. 

To reduce 

the risk of 

an accident. 

1, 

71 

LS 

09 

Location 

of the 

site 

Tower 

crane 

The tower crane 

should be luffing. 

When the tower 

crane is placed 

near the 

housing nearby 

and have 

necessity to 

rotate to that 

direction and 

the fixed jib can 

cause risk to the 

neighbourhood 

nearby. 

To reduce 

the risk of 

an accident 

and be able 

to do the 

work. 
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Ref. 
Cod

e 
Factor 

Target 

compo-

nents 

Relationships Conditions Reasons 

78 
FS 

01 

Free 

space 

Steel 

yard 

The steel yard 

should not exceed 

1,600 sq.m. 

When the free 

space is larger 

than 1,600 

sq.m.  

To 

maximize 

the 

worthiness 

of the land 

usage. 

78 
FS 

02 

Free 

space 

Steel 

yard 

The planner 

should order the 

steel to stock at 

the steel yard 

only to sustain the 

work cycle. 

 

To 

maximize 

the 

worthiness 

of the land 

usage. 

109 
FS 

03 

Free 

space/ 

Method 

of work 

Steel 

yard 

The size of the 

steel yard should 

be equal to the 

site area plus by 

the five times of 

the free space. 

Then, divide that 

number with the 

100. If the answer 

is less than 100, 

consider to 

fabricate from the 

outside.  

 

To 

maximize 

the 

worthiness 

of the land 

usage. 

80 
FS 

04 

Free 

space 

Mobile 

cement 

plant 

The free space 

should be at least 

1,600 sq.m. left in 

order to use the 

mobile cement 

plant. 

 

To 

maximize 

the 

worthiness 

of the land 

usage. 

81 
FS 

05 

Free 

space 
Toilet 

Toilets should be 

located at the 

place where the 

visitor cannot see 

clearly. 

When there are 

niches or 

corners. 

To form a 

good vision 

for the 

visitor. 

83 
FS 

06 

Free 

space/ 

Method 

of work 

Store 

The store should 

be moved into the 

constructing 

building. 

When the free 

space is lower 

than 2,000 

sq.m. or 25% of 

the site. 

To 

maximize 

the 

worthiness 

of the land 

usage. 
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Cod

e 
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Target 

compo-

nents 

Relationships Conditions Reasons 

84 
FS 

07 

Free 

space/ 

Method 

of work 

Site 

office 

The site office 

should be moved 

into the 

constructing 

building. 

When the free 

space is lower 

than 2,000 

sq.m. or 25% of 

the site. 

To 

maximize 

the 

worthiness 

of the land 

usage. 

85 
FS 

08 

Free 

space 

Site 

office 

The site office 

and the store can 

be combined to 

form a 2-floor 

component. 

When the free 

space is lower 

than 2,000 

sq.m. or 25% of 

the site and the 

planner does 

not want to 

move the 

components 

inside. 

To 

maximize 

the 

worthiness 

of the land 

usage.  

86 
FS 

09 

Free 

space 

Con-

crete 

pump 

There should be 

at least 6x6 m. or 

3x12 m. for the 

parking of trucks 

(2 trucks). 

 

To raise the 

productivity 

of the 

labours. 

88 
SC

01 

Site con-

straints 

Lay-

down 

area 

The size of the 

laydown should 

be equal to 1% of 

the site area plus 

with 115 sq.m. 

but not exceed 

300 sq.m. 

 

To 

maximize 

the profit 

from the 

space using 

on the site. 

89 
SC

02 

Site con-

straints 

Site 

office 

The site office 

should not be 

located under the 

material path. 

When the 

material path is 

a route which 

the material 

moved pass. 

The line can be 

drawn from the 

storage to the 

building. 

To reduce 

the risk of 

an accident. 

90 
SC

03 

Site con-

straints 

Site 

office 

The site office 

should be located 

at the front of the 

site. 

When there are 

no mobile 

cement plants 

on th site. 

To reduce 

the risk of 

an accident 

and 

facilitate 

the visitor. 
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e 
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nents 
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91 
SC

04 

Site con-

straints 

Site 

office 

The site office 

should be located 

at the place where 

can be furnished 

in the last phase 

such as garden, 

and grass field. 

When the site 

office does not 

have to be 

moved inside 

the constructing 

building. 

To reduce 

the moving 

cost and 

does not 

obstruct 

other work. 

92 
SC

05 

Site con-

straints 
Toilet 

Toilets should not 

be located under 

the material path. 

When the 

material path is 

a route which 

the material 

moved pass. 

The line can be 

drawn from the 

storage to the 

building. 

To reduce 

the risk of 

an accident. 

94 
SC

06 

Site con-

straints 

En-

trance 

gate 

Use the same 

entrance of the 

finished building 

as the site 

entrance unless 

there are some 

obstructions. 

Request new 

entrance from the 

authorities costs 

expenses. 

 

To safe the 

cost and 

time that 

have to be 

spent with 

the 

authorities. 

57 
SC

07 

Site con-

straints 

En-

trance 

gate 

Close the site 

entrance until 

there is only an 

entrance left. 

If there are 

more than 1 

entrance gates 

and there are no 

connections 

between these 

gates. 

To raise the 

safety on 

the site 

96 
SC

08 

Site con-

straints 

Passen-

ger lifts 

The area under 

the passenger lift 

should not be 

accessible. 

When the 

passenger lift is 

used. 

To reduce 

the risk of 

an accident. 

97 
TS 

01 

Traffic 

on the 

site 

Con-

crete 

pump 

The concrete 

pump should be 

stationary 

When the 

concrete trucks 

can access to 

the site 

conveniently. 

To raise the 

productivity 

of the 

labours. 
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e 
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Target 
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nents 
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98 
TS 

02 

Traffic 

on the 

site 

Con-

crete 

pump 

The concrete 

pump should be 

mobile. 

When the 

stationary 

concrete pump 

cannot be 

placed on the 

site or the 

concrete trucks 

cannot access to 

the site. 

To be able 

to pour 

concrete. 

99 
TS 

03 

Traffic 

on the 

site 

Con-

crete 

pump 

The mobile 

concrete pump 

should be able to 

park and shoot 

concrete to the 

building 

sufficiently. 

When the 

concrete pump 

is mobile but 

the concrete 

trucks can 

access the site. 

To raise the 

productivity 

of the 

labours. 

100 
TS 

04 

Traffic 

on the 

site 

Con-

crete 

pump 

The mobile 

concrete pump 

can shoot 

concrete from 

outside of the site. 

When the 

concrete pump 

is mobile but 

the concrete 

turcks cannot 

access the site. 

To raise the 

productivity 

of the 

labours. 

77 
TS 

05 

Traffic 

on the 

site 

Con-

crete 

pump 

Concrete trucks 

should be 

accessible to the 

concrete pump. 

When the 

concrete pump 

is stationary 

To raise the 

productivity 

of the 

labours. 

73 
TS 

06 

Traffic 

on the 

site 

Steel 

yard 

Trucks should be 

accessible to the 

steel yard 

When the trucks 

can access the 

site. However, 

if they cannot, 

tower cranes 

can assist the 

delivery. 

To facilitate 

the steel 

delivery. 

74 
TS 

07 

Traffic 

on the 

site 

Lay-

down 

area 

Trucks should be 

accessible to the 

laydown area. 

When the trucks 

can access the 

site. However, 

if they cannot, 

tower cranes 

can assist the 

delivery. 

To raise the 

productivity 

of the 

delivery. 

75 
TS 

08 

Traffic 

on the 

site 

Mobile 

cement 

plant 

Trucks should be 

accessible to the 

mobile cement 

plant. 

 

To be able 

to pour 

concrete. 
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e 
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76 
TS 

09 

Traffic 

on the 

site 

Store 

Pick-up trucks 

should be able to 

access the store 

(The road should 

be around 2 m.) 

When the pick-

up trucks can 

access the site. 

However if they 

cannot, labours 

can assist the 

delivery. 

To facilitate 

the 

delivery. 

101 
MP

01 

Man 

power/ 

Duration 

of the 

project 

Site 

office 

The size of the 

site office can be 

calculated from 

the area per 

person times with 

the number of 

persons. The PMs 

should have at 

least 4 to 9 sq.m., 

while, normal 

staff can have 2 to 

5 sq.m. per staff. 

When the site 

office is newly 

built, the 

duration of the 

project is longer 

than 24 months, 

and the owner 

has the 

specification 

about the size of 

the site office. 

 

102 
MP

02 

Man 

power/ 

Duration 

of the 

project 

Site 

office 

The size of the 

site office can be 

calculated from 

the area per 

person times with 

the number of 

persons. The PMs 

should have at 

least 4 to 9 sq.m., 

while, normal 

staff can have 2 to 

5 sq.m. per staff. 

Then, adjust the 

size to go along 

with the size of 

the prefabricated 

material.  

When the site 

office is 

prefabricated, 

the duration of 

the project is 

shorter than 24 

months, and the 

owner does not 

have the 

specification 

about the size of 

the site office. 

 

103 
DP

01 

Duration 

of the 

project 

Tower 

crane 

Consider to place 

more tower 

cranes to respond 

to the tight 

schedule. 

When the 

duration of the 

project is less 

than or equal to 

24 months 

To raise the 

productivity 

of the 

labours. 

103 
DP

02 

Duration 

of the 

project 

Concret

e pump 

Consider to place 

more concrete 

pumps to respond 

When the 

duration of the 

project is less 

To raise the 

productivity 

of the 
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to the tight 

schedule. 

than or equal to 

24 months 

labours. 

103 
DP

03 

Duration 

of the 

project 

Passeng

er lifts 

Consider to place 

more passenger 

lifts to respond to 

the tight schedule. 

When the 

duration of the 

project is less 

than or equal to 

24 months 

To raise the 

productivity 

of the 

labours. 

104 
SR

01 

Speci-

fication 

and 

Regu-

lation 

Site 

office 

The site office 

should be newly 

built. 

When there is a 

specification 

about the size of 

the site office. 

To follow 

the 

specificatio

n. 

105 
SR

02 

Speci-

fication 

and 

Regu-

lation/ 

Man 

power 

Toilet 

The number of 

the room has to 

follow the 

regulation of the 

building act. 2 

rooms for the 

number of labour 

less than 15 

people. 4 rooms 

for the number of 

labour less than 

16-40 people. 6 

rooms for the 

number of labour 

less than 41-80 

people. Finally, 

extra 2 rooms for 

each 50 labours. 

 

To follow 

the 

regulation. 

106 
SR

03 

Speci-

fication 

and 

Regu-

lation 

Tower 

crane 

Tower cranes 

cannot rotate out 

of the site. 

When the 

owner of the 

land nearby 

does not allow. 

To reduce 

the risk of 

an accident 

and legal 

issue. 

49, 

107, 

108 

SR

04 

Speci-

fication 

and 

Regu-

lation 

/Site 

con-

straints 

Mobile 

cement 

plant 

The mobile 

cement plant 

should be located 

at the specific 

place on the site 

from the supplier. 

When the 

mobile cement 

plant is 

considered to be 

used and the 

supplier 

specifies about 

the location. 

To be able 

to have the 

mobile 

cement 

plant on the 

site. 
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69, 

107, 

108 

SR

05 

Speci-

fication 

and 

Regu-

lation 

/Site 

con-

straints 

Mobile 

cement 

plant 

The mobile 

cement plant 

should be located 

at the back of the 

site. 

When the 

mobile cement 

plant is 

considered to be 

used and the 

supplier does 

not specify 

about the 

location on the 

site. 

To prevent 

the dust 

from going 

outside of 

the site. 

107, 

108 

SR

06 

Speci-

fication 

and 

Regu-

lation 

Mobile 

cement 

plant 

The location of 

the mobile 

cement plant 

should be 

approved from 

the owner first. 

When the 

mobile cement 

plant is 

considered to be 

used. 

To be able 

to have the 

mobile 

cement 

plant on the 

site. 

109 
SR

07 

Speci-

fication 

and 

Regu-

lation 

Mobile 

cement 

plant 

The usage of the 

mobile cement 

plant should be 

approved by the 

supplier first. 

When the 

mobile cement 

plant is 

considered to be 

used. 

To be able 

to have the 

mobile 

cement 

plant on the 

site. 

107, 

108 

SR

08 

Speci-

fication 

and 

Regu-

lation 

Site 

protect-

tion 

The constructing 

tower should be 

covered by the 

mesh sheet to 

prevent dust. 

When there is a 

regulation about 

dust on the site. 

To prevent 

the dust 

from going 

outside of 

the site. 

110 

M

W 

01 

Method 

of work 

Tower 

crane 

Should have at 

least one tower 

crane installed at 

the side of the 

building if there 

is at least one 

tower crane inside 

the constructing 

building. 

When there are 

more than a 

tower crane on 

the site and 

have at least a 

tower crane 

inside the 

constructing 

building. 

To support 

the 

refurnish 

work on the 

site in the 

future. 

111 

M

W 

02 

Method 

of work 

Tower 

crane 

Consider to install 

the tower crane at 

the side of the 

building. 

When there is 

only a tower 

crane used on 

the site. 

To support 

the 

refurnish 

work on the 

site in the 

future so 

that the 

building 
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will not 

have to be 

heavily 

refurnished. 

6, 

103, 

112 

M

W 

03 

Method 

of work 

Tower 

crane 

Be able to place 

more tower 

cranes than the 

system proposes 

When the 

redecoration 

time of the wall 

is longer than 1 

month 

Having 

tower 

cranes at 2 

or more 

places can 

raise the 

stability 

and 

productivity 

of the site. 

103, 

112 

M

W 

04 

Method 

of work 

Passen-

ger lifts 

Be able to place 

more passenger 

lifts than the 

system proposes 

When the 

redecoration 

time of the wall 

is longer than 1 

month 

Having 

passenger 

lifts at 2 or 

more places 

can raise 

the stability 

and 

productivity 

of the site. 

23 

M

W 

05 

Method 

of work 

Passen-

ger lifts 

The passenger lift 

should start the 

operation at the 

second floor. 

When the 

passenger lift 

does not have to 

assist the 

delivery. 

To relieve 

the crowd 

on the first 

floor. 

82, 

93 

M

W 

06 

Method 

of work 
Store 

Consider to use 

the prefabricated 

store with the size 

of approximately 

65-80 sq.m. The 

precise size 

should be 

concerned from 

the size of the 

available material 

(usually 2x6 m.).   

When the store 

has to be moved 

inside the 

building. 

If the user 

chooses 

peculiar 

size, he 

might not 

be able to 

find the 

material. 
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