
 386  

 

TOPICALITY AND USING OF CIVIL ENGINEERING PROJECTS VISUALIZATION  

Konstantinas Stanislovas Danaitis1, Ana Usovaite2 
1,2Vilnius Gediminas Technical University, Saulėtekio ave. 11, LT-10223 Vilnius, Lithuania.  

E-mail: 1konstantinas.danaitis@vgtu.lt 

Abstract. Building and architectural visualizations help to present for project developers their ideas to the general 
public, investors and the authorities. Nowadays, advanced computer technologies allow to create and to generate 
quite a realistic picture. Building technologies are improving and developing rapidly. Often appears the need of 
presenting new projects to individual user groups. This article describes problems of various visualization methods 
being used in civil engineering and architectural projects, in order to display an building or individual units of 
constructions. In addition, analyzing the application of visualization software with different user needs and 
opportunities for the delivery of projects. The optimal result is selected according to several criteria: the building and 
its units, features, rendering time and quality, price, used computer resources. Various software packages for the 
visualization has a limited purpose, therefore for visualization of civil engineering projects is proposed to use a 
combination of them. 
Keywords: visualization, modeling, civil engineering project, landscape elements, photorealistic visualization. 

Introduction  

In the last few decades, architects and engineers 
have begun modeling their projects in 3D space rather 
than drafting them in 2D planes. In many cases this does 
still not eliminate the need for 2D documentation for 
permits and communication with the other project team 
members; but it is the beginning of a new approach 
(Peetrimägi L 2007). Projects can now be conceived in 
3D space, and the details can be developed to increasing 
levels of coordinated complexity as the project evolves. 
This creates a huge potential for visualizing and commu-
nicating information that has previously only been avail-
able to persons who could “read plans.” It also allows 
much earlier and more accurate feedback from anyone 
related to the project who can understand the 3D models 
and does not have to read plans. 

Fig 1 illustrates the basic concepts of human action 
and interaction that directly relate to the subject of this 
paper – visualization, understanding, communication, and 
collaboration. It is clear that all four of these concepts are 
interactively connected and both generate and reinforce 
one another. The diagram also suggests, e.g., that the 
alternative routes to gain understanding (of a given sub-
ject) can be approached through visualization, communi-
cation, or collaboration. Each of the four concepts rein-
forces the other three. The relationship among these 
conceptual building blocks is similar to that of the carbon 
atoms in the diamond; the tetrahedron is the simplest and 

most stable geometric relationship of four elements in 
three-dimensional space. 

 

 
Fig 1. Visualization role 
 
There are many visualization technologies and me-

thods. Their choice depends on the contents project and 
the final vision. Civil engineering projects and their visu-
alization model differs from other projects. They have a 
lot of date and very heterogeneity. The building project 
includes a lot of information: building models, individual 
construction, communication nodes and other. 

It is necessary to choose the right technology to 
model different part of the civil engineering projects. 
From visualization methods and techniques choice de-
pends visualization time, quality and use of computer 
resources. This work attempts to find optimal visualiza-
tion ways of assessing model generation time and com-
puter resource usage. Cost of the project depends on these 
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factors. In this paper described visualization methods for 
a low quality images and a small costs of work, or use a 
more expensive method of visualization with high image 
quality.  

1. Civil engineering projects visualization model 

In visualization process is created object information 
model, because the application of information technology 
helps to consider what information is necessary. Al-
though the visualization process, like art, is based on the 
idea, vision, inevitably confronted with the text and digi-
tal information, standards, regulations, laws and customer 
requirements and needs. Visualization model civil engi-
neering projects created on the same project the necessary 
data and affecting factors.  

Civil engineering projects include various elements 
and objects  – architectural solutions, components, engi-
neering equipment, landscape elements, roads, trails, 
water bodies. They are designed on the basis of not only 
the idea, but also the standards.  

Course of the project visualization depends of 
changing needs of our customers, of the detailed plans 
change, economic and social situation (Smith et al. 2009).  

Abundance of data in the design can be effectively 
managed only through information technologies.  

Preparation of documentation for construction pro-
jects must be taken to the next part:  

1. land plots data;  
2. architecture;  
3. constructions;  
4. technology;  
5. transport; 
6. communications (water supply and disposal, 

heating, ventilation and air conditioning; gasifi-
cation, electrical, electronic communications, 
telecommunications);  

7. security and fire alarm;  
8. environment (where required). 
Abundance of data in the design can be effectively 

managed only with information technologies.  
In order to accurately and intelligently to create their 

own visualization of the project must take into account all 
the construction projects of the presentation. Of course, 
most of all the parts do not visualize.  

In view of the building design visualization content 
and purpose of each building should be a part of the pro-
ject and the information models to visualize. This paper 
focuses on the buildings complexes and the territory sur-
face visualization.  

1.1. Existing Geodata 

If we have geodata in digital formats, we must in-
clude the relevant data sets in the visualization. Their 
accuracy is often higher compared to objects extracted 
based on image information only.  “Accuracy” means the 
classification process bet no the spatial accuracy. Accu-
racy depends on the resolution of the image and the map-
ping scale of the existing geodata sets (Bansal and Ma-
hesh 2008).  

In most European countries the spatial accuracy is 
usually very high. Depending on the application purpose, 
useful datasets to be included can be: 

1. cadastral maps with outlines of buildings; 
2. digital Surface Models and altitudes models,  
3. development plans and land use plans; 
 4. streets, public transportation lines 
Surface models have no thickness and consist only 

of surfaces to give a 3D look to their "hollow" forms. 
They contain only visual information. These models is 
impotent for visualization. Software programs generate 
surface models. Surface modelers such as SketchUp, 
Maia, 3D MAX, create only edges and all elements in 
such a model are represented by these edges. Of course 
the planes can have color and 2D texture that give them 
the look of a particular material. To build the more com-
plex model parts, specific groups of edges and planes can 
be saved as components that may look similar to the "li-
brary parts" of a solid model. These model parts are not 
parametric, however, and still are simply collections of 
edges, with little ability to hold information other than 
their physical size and look. To build the more complex 
model parts, specific groups of edges and planes can be 
saved as components that may look similar to the "library 
parts" of a solid model. We must modify our models, 
scale in relation to any of or all the X, Y, and Z axes, 
meaning that they can be stretched (or shrunk) in one, 
two, or three directions proportionally (Foley 2000). 

1.2.  3D CAD Data 

Nowadays, many municipalities and private compa-
nies have worked on the structure of 3D data sets. Often 
these include CAD solutions, GIS or Computer Graphics 
solutions (Kapliński 2009). These 3D data sets are mostly 
restricted to 3D city models and 3D landscape with usu-
ally man-made objects, because GI-Systems is able to 
import realistic 3D CAD and other objects and locate 
them in the landscape. This allows the integration of 
planned and existing CAD objects. In ArcGIS 9 it is pos-
sible to import OpenFlight (.flt), 3ds max (.3ds), VRML 
(X3D) and SketchUp (.skp) models as 3D symbols.  

AutoCad and other programming packages generate 
solids models. These models are actual representations of 
real objects in 3D space, having the correct dimensions, 
location, and ability to contain other information about 
the object characteristics; e.g., a wall can consist of vari-
ous thicknesses of specific materials that can then be used 
to calculate material quantities from the model. Solid 
objects represent the real objects both inside and out; in 
other words the walls have an actual thickness and “look 
solid” in a section view (Foley 2000).  

A model is an abstraction, however, and there is a 
limit to the detail that can (and should) be represented in 
a model. Solid model components have volume, even the 
thinnest elements will have a measurable thickness (unli-
ke the surfaces in a surface model). The abstraction of the 
model will largely depend on the stage of project devel-
opment and the level of detail required from the model 
for the analysis.  
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The level of model abstraction thus reflects the pro-
ject, its stage of development, and its needs; it is less 
dependent on the software tool chosen to create the 
model. The questions related to determining the level of 
model abstraction are as follows: 

• What needs to be represented in the project 
model? 

• How will the components of the project be rep-
resented in the model? 

• How can the required information be attached 
to these components? 

1.3. Software choosing 

It is very impotent to choose a particular product for 
civil engineering projects modeling and visualization. 
Different programming packages have various purposes. 
We must ask questions: will it be used to make models 
(what will need to be modeled)? Will it be used to man-
age and view models? Will it be used to analyze models? 

Second problem are human resources. Software 
must be easy to learn and use.    

Often projects executors must use a combination of 
software packages and import or export file from the 
soltware. Very impotent how file native formats are eas-
ily derived from the software (Kada et al. 2000). 

In this way, the customers in accordance with exist-
ing budgets and human resources have to decide what 
software will be implemented visualization. We then will 
use AutoCAD, Google SketchUp and 3ds MAX software. 

2. Experiment 

2.1. Visualization object and technology 

In this paper visualization objects are Vilnius Gedi-
minas Technical University buildings and area with land-
scape elements. Initial data are Vilnius Gediminas Tech-
nical University building drawings and topographical 
area photo. The work proposed for the visualization of 
the next scheme (Fig 2). 

According to Vilnius Gediminas Technical Univer-
sity buildings drawings, were modeled buildings using 
ACAD and REVIT platforms. This software is designed 
for modeling, easy to operate and future file formats are 
compatible with other programs. Vilnius Gediminas 
Technical University building complex (Fig 3) consists of 
10 buildings and addition structures (garages, etc.). Con-
structions of the models are accurate and easy to edit if 
you want to change their settings and parameters. 

2.2. Surface modeling 

The model surface is created using triangular irregu-
lar network (TIN) method. Surface modeling with TIN is 
widely used in modeling. Main advantage of a TIN is the 
possibility to upload data directly to the surface and gen-
erate required part. We can describe the surface at differ-
ent level of resolution. For surface modeling we can use 
not only altitudes but and areas with contour line (isoli-
nes). Flat triangles are frequently generated along con-

tours when the sample points occur along the contour at a 
distance that is less than the distance between contours 
(Kumetaitis 2004). 

 
Fig 2 Visualization scheme 

 

 

versity building model  

 
 
Vilnius Gediminas Technical University area surface 

is created by TIN method and using the Google SketchUp 
program. Main factor in choosing this program is the 
initial data source  – topographical photo image and the 
ultimate objective of the vision.  

Modeled urban area size: length  – 410 m, width  – 
350 m altitude difference  – 22 meters. Given the territo-
rial size and the available data, the altitude range selected 
one meter. 

VGTU area surface model you can see in Figs 4, 5.  
 
 

 
 

Fig 4. Modeling surface 

 

Surface data processing 

Surface modeling 

Landscape 
elements mo-
deling Visualization 

Buildings 
modeling 

Surface  

Fig 3. Example of Vilnius Gediminas Technical Uni-

.
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Fig 5.  Topographical photo and surface 

 

2.3. Parametric landscape elements modeling 

In paper as parametric element created stairs models. 
For stair modeling used AutoCAD package AutoLISP 
programming language. Vilnius Gediminas Technical 
University area have a lot of stairs, and new program help 
to save a time. Stairs have been integrated on TIN sur-
face. The program can be used many times and plotted 
different sizes stairs. You can enter a stairs length, width, 
height, distance and height between the steps (Fig 6). 
Similarly, you can simulate and other parametric objects. 

 

 
a b 

Fig 6. Stairs visualization: a – photo,  
b. – visualization 

2.4. Visualization 

For VGTU visualization we choose three programs: 
AuroCad, Google SketchUp and 3ds MAX. VGTU frag-
ments visualization with Google SketchUp Pro you can 
see in Figs 7, 8, 9. 

We also show examples of visualization with Auto-
CAD and 3ds Max on Figs 10, 11. 

Using ACAD visualization process occurs much 
faster, but image quality is poor. Using the 3ds Max ren-
dering is much slower, but the image quality is high. To 
get even better picture quality and have additional effects, 
for example reflects and shadows, visualization will be 
even longer and may take up to time of day. 
 

 
Fig 7. VGTU Central building visualization  

 

 
Fig 8. VGTU Second building visualization  

 

 
Fig 9. VGTU field class visualization  

 

 
Fig 10. VGTU Central building visualization using 
AutoCAD 

 

 
Fig 11. VGTU Central building visualization using 
3ds Max 

 
In this paper proposed another way of visualization. 

It is photorealistic visualization. It does not require de-
tailed and precise model of the building. In this case are 
drawn building basis, and he extruded through the height 
of the building (Fig 12).  

Next step is applying textures on the walls of the 
buildings. Texture for photorealistic visualization we give 
from the digital photos. The result presented in Fig 13. 
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 a b 

Fig 12. Building model: a .– building basis; b – ex-
truded building  

 

 
Fig 13. Photorealistic visualization 

 
Using photorealistic visualization we give high qual-

ity image and process is a very fast (up to several sec-
onds). The main deficiency of this method is a simplified 
model of the building. But different from the picture, we 
have 3-dimensional model and can change its position in 
space. 

Visualization process is a difficult and long process, 
so it is very impotent to compare duration of the work. 
Visualization time values are given in Table 1. 
 
Table 1. Visualization time values  

Time values, min 
Objects 

ACAD 
Google 

SketchUp 
Photo-
realistic 

3ds 
MAX 

VGTU Central 
building 

7 14 0.5 74 

VGTU Second 
building 

6 13 0.5 37 

VGTU field 
class 

4 15 0.5 26 

 
As can be seen from Table 1, photorealistic visuali-

zation technology is fastest. In addition account of com-
plexity of the visualization, choice of technology and 
consumer’s resources photorealistic vizualization is sim-
plest. According the time technologies listed in the se-
quence – photorealistic, ACAD, Google SketchUp ir 3ds 
MAX. 

Conclusions 

Civil engineering projects visualization helps to pre-
sent projects to general public, investors and the authori-
ties. 

Quantitative and qualitative assessments of visuali-
zation depend on the choice of information visualization 
module, which content determines of the customer's 
needs and financial possibility. 

Visualization experiment of Vilnius Gediminas 
Technical University building using AutoCAD, SketchUp 
Pro and 3ds Max programs was carried out. It was deter-
mined that identical building visualization generation 
time is different. AutoCAD visualization process is fast, 
but we have lowest image quality. Using 3ds Max visu-
alization times is much longer, but the image quality is 
the best.  

Thus, depending on customer needs and opportuni-
ties can be offered him a visualization methods and soft-
ware tool, which describes the cost of visualization pro-
ject. 

References 

Bansal, V. K.; Mahesh, Pal. 2008. Generating, Evaluating, and 
Visualizing Construction Schedule with Geographic In-
formation Systems, Journal of Computing in Civil Eng. 
22(4): 233–243.  

 doi:10.1061/(ASCE)0887-3801(2008)22:4(233) 

Foley, J. D. 2000. Computer graphics: principes and practice. 
New York: Addison-Wesley. 1175 p. 

Kada, M.; Roettger, S.; Weiss, K.; Ertl, Th.; Fritsch, D. Real-
Time Visualization of Urban Landscapes Using Open-
Source Software 
<http://www.stereofx.org/papers/IMPOSTOR.PDF> 

Kapliński, O. 2009. Information technology in the development 
of the Polish construction industry, Technological and 
Economic Development of Economy 15(3): 437–452.  

Kumetaitis, A. 2004. Skaitmeninio reljefo modelio sudarymas ir 
tobulinimas geostatiniais metodais, Geodesy and Cartog-
raphy 30(1): 29–34. 

Peetrimägi, L., Aus, I. 2007. Co-operation between owner, real 
estate developer and bilding company in cost planning 
process, in Proc. of the 9th international conference 
“Modern building materials, structures and techniques“. 
May 16–18, 2007, Vilnius, Lithuania. Vilnius: Technika, 

Smith, E.L., Bishop, I. D., Ford, R.M., Williams, K.J. Land-
scape visualisation tools and methods: Decision making 
with scenarios. The 18th World IMACS Congress and 
MODSIM09 International Congress on Modelling and 
Simulation. Cairns, Australia, from 13–17 July 2009. 
[vieved on Decemberr 03, 2009]. Available on the Inter-
net: 
<http://www.mssanz.org.au/modsim09/F8/smith_el.pdf>




