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Abstract 
 

This paper introduces the efficient application of Virtual Reality (VR) technologies in 

the Architecture, Engineering and Construction (AEC) industry, through the use of 

4D-CAD modelling (3D design plus time) of construction processes and projects. 4D-

-CAD is one of the technologies developed to improve not only the coordination and 

communication of documents but also the very design and planning of construction 

projects. 4D-CAD technology integrates the individual components of 3D-CAD model 

with scheduled activity start and finish dates. These models make it possible to view 

the physical evolution of the work, to follow the planned construction sequence and 

to visualize details of the form of every component of the works. They also support 

the study of the type and method of operation of the equipment necessary for these 

construction procedures.  
 

The application of virtual model is considered to be able to offer possibilities for more 

consistent project documentation and visualisation, which should eventually enable 

fail cost reduction. 4D software is seen as a tool for project organisers and project 

team members to better communicate and analyse schedule information. This paper 

firstly illustrates that Virtual Model (VM) is efficiently used by providing facilities of 

information in the point of helping to understand the outline of a construction project, 

there is more value than the conventional models and drawings. Moreover, for the 

good of the construction participants it is very suitable to discuss about the 

construction project. This paper secondly illustrates research related practice work 

virtual model of school building in Quinta das Conchas, Lisbon, Portugal.  

 

 

Key-words: Virtual model, 4D-CAD Model, Visualization. 
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Introduction 

 
 
1 – INTRODUCTION 
 
1.1 Research Introduction 
 

Thorough construction planning and efficient site utilization are of importance in 

the site management of building construction. Today's complex projects, coupled 

with an increasing number of project participants, require more effective planning 

and communication. With the complexity of building systems increasing while 

construction operations are being accelerated, the industry must have systems in 

place to improve documentation, coordination and communication both in the 

planning stages and as well as in the field. One of the technologies developed to 

improve not only the coordination and communication of documents but also the 

very design and planning of construction projects is Four Dimensional Computer 

Aided Design (4D-CAD). Technology integrates the individual components of a 

three-dimensional CAD model with scheduled activity start and finish dates 

assigned to its physical systems. (4D-CAD = 3D-CAD + TIME) [3].  

 

Project managers consider workspace in the form of offices, accommodation and 

stage storage for materials as static space. The researchers have shown that 30% of 

non-productive time on site is due to lack of detailed and space planning. It was 

concluded that the lack of space planning of activities resulted in space conflicts, 

long journey paths, and unavailability of access to rooms, inefficient usage of time. 

4D-CAD modelling allows the exploration of what-if scenarios and can identify 

problems of space configuration in the early stages of Project planning. 4D models 

display the progression of construction over time, sometimes dramatically improving 

the quality of construction plans and schedules [3]. The main objective of this paper 

is to report on the development of the Virtual Model and to implement and validate 

AEC industry. Moreover this paper provides an overview of current and emerging 

trends in the development of 4D simulation, which have affected or likely to have an 

impact on construction project planning. First, it seeks to examine prevailing 

software developments in 4D planning to evaluate the potential and limitations for 

construction project planning practice. Secondly, it proposes to analyse the rationale 

for emerging research initiatives in this field.  
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1.2 Goal 
 
The goal of this research is to develop and evaluate virtual model methodology 

which allows a construction planner to visually plan the road-map to improve the 

coordination and sequencing of engineering project  

 
1.3 Objectives 
 
To accomplish this goal, the following objectives for this research were developed: 

 
1. Evaluate the methodology: preliminary research was performed to investigate 

the effectiveness of using the current visual representation methods.  
 
2. Develop a visual model: this model will define spatial representations of 

construction road-map and identify typical representation patterns that define the 

relationship between space and trade flow. The model evaluates the effect of 

building elements, construction methods, and construction work space 

requirements on the representation patterns. 
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Figure 1.1: Visual Planning and Analysis of Virtual Model 
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2 – LITERATURE AND TECHNOLOGY REVIEW 
 

2.1 Problem Statement 
 
One of the underlying problems in the AEC industry is the lack of complete 

directions provided by the process of designing and planning a construction 

project. The process of creating this information is not linear but cyclic, with certain 

tasks becoming the directions for a new generation of tasks until the structure or 

building is completed.  

 

Documents usually consist only of two-dimensional drawings of the project, which 

would in turn act as the directions for the contractor to build the project thus 

completing the overall cycle. The two-dimensional set of documents is essentially 

what the builder is left with to budget, schedule, and construct what is most likely a 

very complex project. Today’s buildings, even single family residences are often 

times too complicated for this method of building. Structures have become more 

sophisticated, mechanical and electrical systems very complexes, and the array of 

possible finishes very extensive for such a primitive practice. The overriding 

difficulty is that there is not a single union between the architect and a builder that 

documents all the necessary information to construct a project. The information 

necessary to build any significant structure requires the input and knowledge from 

an array of different participants and sources. This expansion of the problem 

compounds the challenge of gathering all the necessary information and efficiently 

communicating it to the various individuals involved who must use it effectively in 

building the project. The problem here isn’t a lack of knowledge.  

 

This project and report will look at one such tool, which has been developing for 

approximately the last 10 years within both the academic and professional word. 

This tool, called 4D-CAD, attempts to integrate the issues of efficient planning and 

communication to produce a finished product capable of being used as single 

source directions to construct a project.  
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2.2 Need for Virtual Model 

 
The modern level of computer technology development, the necessity to make the 

information accessible for people and corresponding to their ability to think with the 

3D space categories lead to the following fact: the construction information can be 

and should be presented not by conventional sign models, but by similar to the reality 

virtual 3D models with full-value imitation of the objects and their behaviour. But in fact 

it is impossible to achieve the model absolute similarity. The real world models can be 

built technically and technologically at the present stage. These are realistic virtual 

models, which give the user information of their structure, object composition and 

functioning. This doesn’t only depend on the user’s education and qualification. The 

virtual models, which reflect the real world changes within the real time mode, 

facilitate the managing decision taking in the data domain.  

 

The Virtual Model is a powerful mean of the data spatial presentation, which can 

be applied both to open cast mining, and visualization of any data of experiments, 

which require spatial and dynamic presentation. The stereoscopic presentation 

strengthens the virtual models cognitive characteristics and gives them 3D 

measurability, which allows the models to solve the project and design tasks on 

the new level. The creation of the virtual reality models is a very efficient task as to 

the training process. AEC management – practically these disciplines have the 

information spatial and time presentation.  

 

A strong need still exists for a comprehensive tool which gives possibilities to 

architects, engineers and contractors to simulate construction sequences as part 

of an interactive experience. Only virtual models make it possible to show the thing 

all around not paying attention to not important details, demonstrate its functioning 

main regularities, and stimulate the user’s self studying of the discipline.  

 

2.3 Vision of 4D Technologies in AEC Practice  
 

Engineers, architects and construction planners recently use 4D technologies to 

analyze and visualize many prospects of a construction project, from the 3D model 

of a project to the sequence of construction to the relationships between timeline, 
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expense and availability of the other data. A construction planner creates updates 

and maintains, and delivers a 4D object model throughout a construction project. 

The 4D technologies are enable planners to generate various outlooks of this 4D 

object model to clearly communicate the spatial and temporal prospects of 

construction schedules to all project participants. 4D technologies are (…) used to 

communicate a wide range of project data much more clearly and efficiently than 

possible before. Engineers, architects and construction planners use 4D 

environments to visually relate data much like the way engineers use gradated 

colour 3D models to visualize the stresses on structures [2].  

 

This vision implies that 4D technologies provide a wide view of a project database. 

This project database stores and maintains the representation of building 

components and construction activities, their inter-relationships, and relationships 

to other project data. This database are designed to support concurrent 

engineering of the facility and its delivery process by supporting multiple 

representations of project data, multiple ways of organizing and relating the data, 

domain-specific views of the data, and standard representations of these data so 

that multiple applications can interpret the data. This project database does not 

only support the use of 4D technologies throughout the project life-cycle but also 

support other design and construction technologies.  

 
 
2.4 4D-CAD and Progress of 4D-CAD 

 
2.4.1 4D modelling  
 
4D-CAD is a concept, which combines an object oriented 3D-CAD model with 

time. 4D-CAD is a kind of information visualisation that is easier to understand 

than traditional methods (Fig. 2.1), such as 2D drawings and time schedules, 

which are used to manage construction projects. 4D-CAD is a logical way of 

imagining a construction. With help of a 4D visualisation, it is easier to bring a 

product (the building) into line with consumer needs.  

 

The 4D modelling tool is conceptually much closer to an intuitive picture of a 

construction process than 2D drawings and time schedules. The 4D concept 
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visualises the dynamic process of the construction process and as a result the 

information will be more comprehensive. The 4D concept is developed at Stanford 

University and to support the concept their researchers have developed a 

prototype that is being used in some complex construction projects in California. 

Research results show that using 4D concept can improve the construction 

information flow between the partners of the construction project. The use of 

visualisation and 4D concepts enable the partner to focus on the relevant 

information and interact productivity.  
 

 

 

 

 

 

 

 

 

 

 
 

  

Figure 2.1: General Description of 4D-CAD [1]  
 

 

The use of 4D modelling has many benefits for owners, architects, engineers, 

contractors and subcontractors. The overall benefits of 4D modelling are 

summarised in the main points below: 

 

 Better coordination of subcontractors 

 Clear communication of the project schedule within the team 

 Visualisation of the work flow 

 Efficient identification of constructability factors 

 The 4D model shows the status of the project at any time. 
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2.4.2 Progress of 4D-CAD  
 

2.4.2.1 2D Drawings  
  
For a long time, graphic representations have been one of the main forms of 

communication. Nowadays, because of some disadvantages of 2D drawings, for 

example, visualization difficulty, required interpretation and limited usage, it got lost 

its commonplace in AEC industry. Hence, there is force that driving for resistance to 

change from traditional 2D working drawings to utilizing 3D models.  AEC industry 

has shown promise over the last couple years with companies embracing 

technology, and utilization of the 3D model to generate all construction working 

documentation for projects by using 2D drawings data (Fig. 2.2).  

 

 
 

Figure 2.2: Development from 2D to 4D 
  

2.4.2.2 Generating 3D model 
  
The 3D model of the facility is created using AutoCAD. AutoCAD is the modelling 

program used to convey the graphics elements of the project. This is a powerful 

tool in computer aided design for both 2D and 3D modelling that has the ability to 

create, store, and manipulate large amounts of graphic data. There are three basic 

object types used in creating 3D model that consists of wire frame, surface and 

solid objects. Solid objects are most useful in creating 3D building models and are 

made from a series of blocks that serve as representations of the building 

components. These blocks act as solid objects within the 3D model, their 

placement and manipulation give a true representation of spatial relationships [3]. 

It can be shaded and rendered to view as original building. 3D modelling, as a 

graphical representation and visualization method, is closer to the representation 
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of the physical reality of a structure than methods based on 2D data and can, in 

principle, provide a better understanding of the aspects of a project that depend on 

spatial constraints. In summary, planners need to perform the following tasks and 

subtasks to set up the 3D model: 

 
i. 2D drawings and project data must be understood to start from the convenient 

components. This provides designer to draw step by step, for instance, starting 

from concrete of regulate ground then foundation, columns, etc.  

 
ii. Placing the geometric information in different layers. This is necessary when, for 

example, all columns on one floor are on one layer and the schedule calls out two 

activities to install the columns. Designer envisions a graphical interface that would 

allow users to pick components and assign them directly and easily to a new or 

different layer. 

 
iii. Regrouping CAD components found on several layers onto a different set of 

layers. The same tool functionality as in (i) should work here as well. 

 
iv. Breaking a component into smaller pieces and putting the pieces on separate 

layers. This is necessary when there is just one component in the CAD model 

(typical for slabs, walls, roofs), but the component is built in several phases (e.g., 

three concrete pours for a slab).  

 
v. Adding detail to components, for instance, adding reinforcement objects to a 

concrete component.  

 
vi. Adding temporary components, such as scaffolding, equipment, and shoring [2].  

  
2.4.2.3 Generating schedule 

 
Today’s construction project schedules are the key to success. 4D-CAD enhances 

communication, approval and improvement of construction schedules by various 

parties, such as construction managers, clients, designers, subcontractors, and 

community members. The schedule for the project is developed using Microsoft 

Project (MS) and Primavera. The computer scheduling is done using MS critical 

part method (CPM). CPM based activity scheduling is capable of efficiently 
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inputting and revising complicated relationships. The data concerning the duration 

of the individual activity, the start and end time of the individual activity, the 

precedence relationships among various activities in the project should be entered 

and saved with a base line. The generation of a schedule for use in a 4D model 

involves the traditional scheduling tasks such as: 

 

• generating and naming activities 

• assigning durations to activities 

• sequencing activities 

        
       

2.4.2.4 Generation of 4D model and management 
 
The 4D model are generated using the project documents, i.e., bar chart schedule, 

2D drawings etc., provided by the general contractor. The 3D model is created in 

AutoCAD in terms of blocks. Blocks of actual building entities are created. The 

activities are entered in MS Project as the same name as that of the blocks in 

AutoCAD. The input data is the Microsoft Project schedule and the AutoCAD file 

and a date in the format mentioned in order to visualize the progress of work as 

planned and as actual. The project is updated according to the progress on site. 

That is by communicating the activities that are completed on that particular time 

frame (for example day or week or fortnight or a month) through internet or 

through any other means of communication. 

 

A list of expects of a 4D model: 
 

 Standardised information stored in the database and for presentation 

 Easy to use and comprehensive 

 For the everyday use, namely by site manager, the tool have to be smooth 

and not time consuming 

 Improve the use of just-in-time material deliveries which would be particularly 

important on construction sites where space is at a minimum or premium 

 Engage the subcontractors more in the planning process of the product and 

the planning process of the construction 
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During 4D visualization, 4D tool provides a valuable Two-Way management mode. 

Users can pick an element on the graphic screen, inspect its schedule property and 

status, and change these properties if needed. The modification will be fed into the 

external planning application automatically and the time properties of all related 

elements will be adjusted too. The 4D visualization model is then updated at the same 

time if the modification is accepted by the schedule system. There is no need to switch 

to the external planning application to change a 2D bar chart and then refresh the 

drawing. This working mode is much more user-friendly because planning of re- 

-scheduling operations can be processed in the 3D environment. It makes it 

convenient to do What-If analyses when assessing several construction plans [4].  

 

2.5 Problems and Limitations 
 
As with any technology still relatively in its infancy, 4D-CAD is experiencing some 

resistance and has its drawbacks. These factors are both products of the available 

programs and festering problems of the industry it serves. These problems include 

resistance to change, lack of basic CAD knowledge, time, cost, non user-friendly 

programs, as well as unfair expectations of the product.  

 

Despite of the benefits mentioned earlier, one of the biggest obstacles to 

implementation (at least in the conventional AEC industry) is that 4D-CAD 

technology requires engineering designs as 3D models, something currently 

uncommon. From 75 to 80 percent of a 4D model’s cost involves creation of the 

underlying 3D model. This process took several man-hours. But this experience of 

step by step process of building the model improves the expertise level design, 

construction and planning of a project. The current representation of building 

components is geometry based, inaccessible and not customizable. The 4D models 

are not hierarchical. For example, a hierarchical model would enable users to work 

at the appropriate level of detail, i.e., instead of either seeing all or none of the 

information users could now select the desired level of detail. As mentioned, the 4D 

model does not convey all the information required to evaluate the schedule. Thus, 

the 4D model does not alert users to the availability of float for the activities in the 

schedule. Furthermore, it is very difficult to convert AutoCAD files to a real-time 3D 
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environment. But when the design team works in 3D, that cost becomes a project 

benefit. Model costs on large projects might run as low as one half a percent of the 

project budget, yet be returned 50 to 100 times over in project savings. However, if 

project participants don’t clearly establish a 4D model’s scope and purpose and 

level of detail prior to its modelling, the cost-benefit ratio decreases. 

 
Another problem is that 3D models need to accommodate the 4D modelling 

process. 4D modelling requires significant project scope and schedule information, 

which might not be available. The better the schedule is the easier it is to build a 

4D model. The 3D models might be inconsistent in geometry or schedule data lack 

data in some areas, be too data heavy in others, or lack enough detail. The 

geometry definition might conflict with the schedule, making it difficult to link the 

two. However, providing a software tool to map construction organization of the 

facility to design organization can avoid these problems. 

 
Consequently, 4D-CAD is a tool designed to help manage and communicate 

information and is not meant to design, schedule, or plan a construction project. 

This goes for any new technology in the industry as these techniques and tools 

including 4D-CAD will not make you a scheduler, estimator, planner or drawing 

expert. Without these basic skills, tools such as 4D-CAD will do little to benefit the 

communication, efficiency, and planning of the construction process. Placing 

excess expectations on technology will also defeat its purpose. As a 3D model can 

help an experienced individual visualize the design and construction of a building, 

it does not mean that a structure can be built simply because it is shown in a 3D 

model. Likewise just because a construction schedule works within a 4D model, 

varying field conditions need the attention and supervision of experienced 

personnel to manage these unexpected conditions. The extent of these varying 

field conditions are mostly unique to the construction industry and have the 

potential to cause significant delays in the most advanced schedule.  

 

 

 

 11



                    
Application of Virtual Models for Presentation of Engineering Project 

 
 
3 – PILOT STUDY AND METODOLOGY 

 
   3.1 Building Description 

 
The project chosen for pilot study is the construction of D block of Quinta das 

Conchas. The client is APECEF – Associação para a Educação, Cultura e 

Formação (Association Education Culture and Formation) and this project is to 

be school called Colégio S. Tomas Maior. The construction company is JSJ 

Estrutura. The building is one floor, and only structural components such as 

columns, foundation piles and reinforcements are considered to be done.   

 
  3.2 Development Methodology 

The focus of this chapter is to develop a 3D model showing systematic 

construction process of a typical reinforced concrete building.  

The following steps were used: 

 

1. Developing the 2D plan of a building had been already done when work was 

started: 2D plan Project of Quinta das Conchas building was developed 

using AutoCAD. Next, the elevation and section for this building was also 

developed using AutoCAD. 

2. 3D model for the building was developed using AutoCAD. 

3. The important steps in constructing a building were identified and listed. 

These steps were then arranged in their logical sequence of construction 

4. Components for each construction steps were developed using 3D. For each 

component such as piles, beams different layer created. 

5. A brief description for the important steps in the process was written 

explaining its material and geometric shapes. 

6. Modelling some components which are too large was developed in different 

layer and saved as block to work faster and hierarchically. 

7. Finally, all the separate components and their brief descriptions were 

integrated in one page. The smallest capacitated components were opened 

and other larger components were attached. 
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8. Virtual model is placed on the coordinate in local map.  

9. This model was imported in 3D Studio Viz to generate the corresponding 3D 

model.  

 
With 3ds Max can create 3D environments and characters, objects and subjects of 

any type. Some of the important features and functions that can be controlled using 

3ds Max to create a realistic 3D animation model include assigning materials to 

objects, providing lights, positioning cameras, animation and rendering (Fig. 3.1).  

 

 

 
 

Figure 3.1: Image from One of Cameras 
 
3.3 3D Model Preparation  
 
Model preparation started with designing of piles and ended with first floor 

reinforcement. Steps are shown below with clips.  

 

1. Piles: figure 3.2.  
2. Lean Concrete: figure 3.3. 

        3. Foundation Foots Walls and Beams: figure 3.4. 

4. Ground Floor: figure 3.5. 
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5. Columns: figure 3.6. 

6. First Floor: figure 3.7.  

7.  Whole Building (without reinforcement): figure 3.8.  

8. Foundation Reinforcement: figure 3.9.  

9. Ground Reinforcement: figure 3.10. 

        10. Columns Reinforcement: figure 3.11. 

        11. First Floor Beams Reinforcement: figure 3.12. 

        12. First Floor Reinforcement: figure 3.13. 

       13. 3D Model and Placing on the Real Place: figure 3.14. 

 

 

                       

 

Figure 3.3: Lean Concrete 

Figure 3.4: Foundation Foots 
Walls and Beams 
 

Figure 3.2: Piles 
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Figure 3.5: Ground Floor 

 
 

 

Figure 3.6: Columns 

Figure 3.7: First Floor 
 

 

Figure 3.8: Whole Building 
(without reinforcement) 

                           

 
 

 15



                    
Application of Virtual Models for Presentation of Engineering Project 

 
 

 

 

Figure 3.9: Foundation 
Reinforcement 

 

Figure 3.10: Ground 
Reinforcement 

 

Figure 3.11: Columns 
Reinforcement 

 

Figure 3.12: 1st Floor Beam 
Reinforcement 
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Figure 3.13: 1st Floor 
Reinforcement  

 

 
 

Figure 3.14: 3D Model and Placing on the Real Place 

 
 
 

After designing of piles are done, each 

piles are located in their place. But there 

was a problem with Ranking piles (Fig. 

3.15), because two couple of piles 

intersect each other underground. In the 

project everything is not the same with 

papers and drawings, sometimes com-

ponents can not be applied with sensi-

bility of project.  
 
Figure 3.15: Piles Intersection 
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If we check the dimension of the piles that have intersection, we can see that 

piles have angle of 10˚ and only if they are constructed 100 percent truly, the 

problems occur. So this situation is not big problem to change project data. 

         

  3.4 Construction Schedule 
 
For simulating the usage of office buildings it is essential to know which 

activities are performed by employees in the organization. Therefore each 

employee has an activity schedule. This schedule consists of an in time ordered 

set of activities. Each activity has a location (the abstract-space) and can 

involve, depending on the type of activity, one or more persons and/or facilities. 

 
For each employee, the schedule describes the order of activities for a certain 

period (e.g., a workday). It reveals the needed movement demand as derived 

demand from the activities. With the schedule the system knows the location of 

each activity for an employee, but not yet which route he, or she, should follow 

to get from one activity to another. Therefore, the information about an activity in 

the schedule is combined with route information to move from the location of an 

activity to the next activity location.  

 

Estimative Scheduling is demonstrated step by step in Figure 3.16, work was 

started with pile. All building was constructed virtually in 55 days: 

  

1: 7 Days (Piles) 

2: 10 Days (Lean Concrete)  

3: 17 Days (Foundation Reinforcement) 

4: 30th Days (Ground 

5: 34th Days (Column’s Reinforcement) 

6: 37th Days (Column’s Concrete) 

7: 49th Days (First Floor, Slap and Beam’s Reinforcement) 

8: 55th Days (End of Work) 

9: Front view 
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Figure 3.16: Estimative Timeline Flow 
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4 – CONCLUSSIONS AND RECOMMENDATIONS 

       

This paper has presented the advantages of 4D-CAD in application of virtual 

model for AEC environment and virtual model of D block building in Quinta das 

Conchas, Lisbon, Portugal. These virtual model applications techniques were 

used to perform advanced performance simulations for the project that 

minimized energy usage while improving the indoor environment quality. It is 

apparent throughout the project process that the uses of visualization tools for 

design tasks improve collaboration and communication between the various 

design and construction parties. The pilot study has shown how visualizing 

project information through virtual facility model can: 

 
• assist owners by providing improved early feedback for a project which can 

increase overall facility quality, minimizing change orders, and reduce waste 

due to changes; 

 
• improve overall systems evaluation implementation and monitoring through 

simulation modelling; 

 
• identify and develop alternatives when disruption to the original plan on the 

construction project occurs; 

 
• allow more parties to understand the interrelationships of the various 

aspects of design decisions; 

 
• evaluate and develop the most effective material staging and handling 

procedures for the project;  

 
• provide construction process information to all parties; and, 

 
• communicate valuable information to the construction workforce. 

 

Another important lesson that was gained throughout this case study was that 

the initial data gathering and visualization process is critical. Performing initial 
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Conclusion 

 
condition assessments which graphically illustrate the site conditions, for 

example, thermal and luminance, can help design professionals gain a deeper 

understanding of the project conditions at early stages of design. Additional 

investigation into the best means to illustrate this information could greatly 

improve the quality of designs that support sustainable objectives. An example 

from the case study included the balancing of indoor environment quality with 

day lighting and energy efficiency that it greatly impacted by openings. The 

ability to visualize the site characteristics can allow the architects and engineers 

to modify the basic shape, orientation, and form of the building to optimize 

indoor environmental quality and energy performance. 

 
The main target of this paper is to demonstrate a virtual model of a building 

construction in Quinta das Conchas by using 4D tools. It will help people who 

are working construction engineering or/and management and non-technical 

personnel on construction sites to better visualize the sequence of operations 

for constructing buildings. By performing virtual construction during the project’s 

pre-construction stage, it will be possible to undertake rehearsals of the 

construction process allowing them to analyze and criticize designs as well as 

perform what-if scenarios for selection of different construction methods. 

Besides, the developed virtual model will also help students to visualize the 

entire construction process of a whole building in a few minutes, which in reality 

on the site would take many months. 
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