
o r g a n i z a t i o n ,  t e ch n o l o g y a n d  m a n a g e m e n t i n  c o n s t r u c t i o n  ·  a n  i n t e r n a t i o n a l  j o u r n a l  ·  6(1)2014958

Building Information Modeling 
Based Time And Cost Planning In 
Construction Projects

This paper presents time and cost planning in construc-
tion projects using building information modeling (BIM) 
approach. The BIM technique can be incorporated into the 
time and cost planning process through several steps. 
At the beginning, a 3D model of the construction object is 
developed using an adequate modeling application. After that, 
the 3D model is imported into suitable BIM construction man-
agement software. Thereupon, the project costs are estimated 
on the basis of quantities of required resources, consump-
tions, production rates and unit costs. The project activities 
are then defined and linked to the construction elements of 
the 3D model as well as updated with allocated resources and 
costs. The activities with established durations are mutually 
connected together into a project network plan by taking into 
account relevant precedence relationships. The project dura-
tion is automatically determined from the generated network 
plan. Finally, the BIM model of the construction object is com-
pleted by upgrading the 3D model with defined scheduling and 
cost data. An application example is presented in the paper to 
demonstrate the advantages of BIM implementation in archi-
tecture, engineering and construction industry.
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Introduction
The main stream for development of 
software, that can simultaneously 
manage building, scheduling and cost 
data as well as to be suitably applied 
in architecture, engineering and con-
struction (AEC) industry, originated in 
the year 2004 with the introduction of 
BIM (Building Information Modeling) 
(Eastman at al., 2011). At the beginning, 
the BIM was used to form virtual 3D 
building models that were able to visu-
alize the construction objects and make 
their design more understandable. For 
this purpose, different modeling soft-
ware, such as AllPlan, ArchiCAD, Bentley 
Architecture, Revit Architecture, Tekla 
etc., were put forward and successfully 
applied in practice (CAD Addict, 2013).

Over the years, the modeling soft-
ware has been upgraded with differ-
ent modules for handling structural 
design, analysis of reinforced concrete, 
mechanical design, energy and envi-
ronmental issues, visualization, facil-
ity management, product and techni-
cal information for manufacturers and 
distributors, etc. Today, some of them 
use external applications in which the 
interoperability is often enabled by 
statical work with import and export 
of data. Synchronization of multiple 
data formats, for the purpose of exe-
cuting the work between the modeling 
software and other applications in a 

dynamical manner, is still a great chal-
lenge of managing the construction 
projects using BIM.

Scheduling plans for the construc-
tion object frequently represent an 
outcome of common work of different 
experts. They may incorporate into 
schedules various information about 
execution of project activities, applica-
tion of materials, assignment of work-
ers, employment of machinery, etc. 
Classically used software for project 
scheduling includes computer applica-
tions such as MicroPlanner, MS Project, 
Planisware, Primavera, SuperProject, 
Teamwork, X-Pert among others. On the 
other hand, the basic aim of the BIM is 
to combine 3D building models with 
scheduling data to produce 4D models 
in which the fourth dimension is time. 
The results may include an animation 
of the construction execution as well 
as the scheduling data connected to 
the 3D model.

Nevertheless, accurate estimation 
and planning of actual project costs are 
also very important for success in con-
struction business. Handling the project 
cost data by BIM approach give us an 
opportunity to manage the construction 
project costs more efficiently. As soon 
as the construction costs are identi-
fied and connected to the construction 
elements and scheduling data, the 5D 
building information model is created.

Over the past few years, the BIM 
applications have been successfully 
combined with scheduling and other 
software (Rundell, 2006; Brisk, 2007; 
Rundell and Stowe, 2007; Tulke and 
Hanff, 2007; Muhič, 2008). However, 
the combinations between different 
software were oftentimes unique and 
hardly generally applicable. It was 
also reported in mentioned references 
that the converter must be applied for 
data synchronization between BIM and 
scheduling software.

Research papers were also pub-
lished in the field of BIM based cost 
management of construction projects 
(Heinisuo at al., 2010; Shen, 2010, 
Shah, 2011; Mitchell, 2012; Haapio, 
2012; Cheung, 2012). Similarly, as in 
cases of combinations between BIM 
applications and scheduling soft-
ware, the combinations between BIM 
programs and cost estimation tools 
also yielded acceptable results, but 
they were mostly matchless and dif-
ficult for wider use. Another limitation 
was also a lack of appropriate costing 
methods that are transparent enough 
and include all required cost compo-
nents (i.e. labour, material, invest-
ment, energy, consumables, overhead, 
profit, life cycle, etc.) for detailed cal-
culation of construction cost in BIM 
applications.

A step forward to enable the com-
binations between BIM applications, 
scheduling tools and cost estimation 
programs more employable for wider 
use was recently done within the Vico 
Office R4 (2012) software. The pur-
pose of this paper is to give an insight 
into the construction project time and 
cost planning process using the BIM 
approach. The contribution presents 
a step by step implementation of BIM 
on an actual construction project using 
the Vico Office R4 software application 
as an interface for project time and cost 
planning. The example demonstrates 
the advantages of BIM approach and 
possibilities for its wider integration 
in AEC industry.

Figure 1. Vico Office R4 format support
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Project Time And Cost 
Planning By Bim
BIM based time and cost planning of 
the construction project can be per-
formed through several steps using 
Vico Office R4 software. At the begin-
ning, a 3D model of the construction 
object is developed using an adequate 
modeling application. Here, the 3D 
model can be formed in multiple for-
mats such as Revit, Tekla, ArchiCAD, 

CAD-Duct, IFC files, SketchUp and 3D 
DWG files that are supported by Vico 
Office R4 system, see Figure 1.

When the 3D model of the construc-
tion object is formed, the project time 
and cost planning can be executed 
employing the BIM approach through 
work steps demonstrated in the flow-
chart of Figure 2.

By the start of BIM implementation 
in the project time and cost planning 
process, the 3D model is imported 
into the Vico Office using an installed 
add-on of appropriate modeling soft-
ware (e.g. Revit, Tekla, ArchiCAD etc.) 
or by additional importers for Google 
SketchUp, CAD-Duct, 3D DWG, and IFC 
files. After that, the module Takeoff 
Manager is applied to determine 
the geometrical properties of the 3D 
model. The Takeoff Items are created 
automatically and can be rearranged in 
different groups of building elements. 
The geometrical properties of Takeoff 
Items are then employed as source 
quantities for further time and cost 
planning of the project.

As soon as the 3D model is success-
fully imported and the Takeoff Items are 
correctly determined, the project costs 
can be estimated within the module 
Cost Planner on the basis of defined 
quantities of required resources, con-
sumptions, production rates and unit 
costs. Hence, the source quantities from 
previous step can be used to calculate 
the appropriate components or subcom-
ponents of project costs as functions of 
geometrical properties. All components 
and subcomponents are hierarchically 
structured for the purpose of provid-
ing the level of cost estimation either 
for basic or detailed cost calculation. 
Different versions of estimated costs 
can be stored end compared within the 
Cost Planner. The cost components and 
subcomponents can be newly estimated 
or imported into the system from previ-
ous projects as references.

It is recommended to define loca-
tions of building model in order to 
avoid wastes on time and to have better 

overview on moving of work crews. 
For this purpose, the work locations 
can be defined within the module LBS 
Manager. The work locations enable 
the planner to allocate the location-
based quantity takeoffs for further use 
in scheduling, to determine adequate 
labour force, material and equipment, 
as well as to set the number of work 
hours per location. In this way, the 
required works in construction project 
can be done more continuously.

The project activities are then 
defined and linked to the construction 
elements of the 3D model employing the 
module Schedule Planner. The quanti-
ties, that were determined during cost 
estimation process, can now be linked 
to the construction project activities. At 
this point, it is important to define the 
construction project activities correctly 
because the main scheduling method 
employed within Vico Office R4 repre-
sents the flowline theory and not classi-
cal critical path method (CPM). Namely, 
when the project scheduling is handled 
by the CPM, the durations of activities 
are known and they are treated as input 
data. On the other hand, in the flowline 
theory, the durations of project activi-
ties are calculated and this means a 
calculation of quantities per location 
divided by the productivity rate of the 
work crew.

During the process of project schedul-
ing, the construction activities are mutu-
ally connected together into the project 
network plan by taking into account 
relevant precedence relationships. 
Furthermore, the defined links between 
construction activities also enable the 
planner to obtain an appropriate flowline 
diagram or Gantt chart. In the context of 
Vico Office R4 modeling system, this step 
can be made in the module called Vico 
Office Schedule Planner.

Thereupon, the resources and the 
crew sizes are allocated to the construc-
tion project activities. As soon as the 
work crew productivity rates are appro-
priately established, the durations of 
construction activities are calculated 

1. VIRTUAL DESIGN

2. PUBLISH TO THE 
VICO OFFICE

3. TAKEOFF MANAGER

4. COST PLANNER

5. LBS MANAGER

6. SCHEDULE PLANNER

7. 4D SIMULATION

Figure 2. Flowchart of work steps for 
BIM based time and cost planning of 
construction project
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and the project duration is automati-
cally determined from the generated 
network plan. BIM applications repre-
sent location-based systems (LBS) for 
project management which are oriented 
on planning, scheduling and controlling 
the project by the location. In this way, it 
is significant to achieve the work crew's 
productivity rate by moving from location 
to location and to minimize the wastes 
on time, possibility of conflicts etc.

In the final step, the BIM model of 
the construction object is completed by 
upgrading the 3D model with defined 

scheduling and cost data. At the end of 
the step, the project time and cost plan-
ning process is completed and the 5D 
BIM model of the construction object is 
developed. Note also that the module 4D 
Simulation, a part of Vico Office R4 soft-
ware, enables the execution and presen-
tation of an animation of the scheduled 
construction.

Application Example
 In this section, an application example 
is presented to demonstrate the advan-
tages of BIM technique implementation 

in AEC industry. The considered exam-
ple is based on the Vico Office R4 soft-
ware application. Here, the BIM based 
project time and cost planning was 
performed for a shelter building of 
the Medical Faculty that was recently 
built in Maribor, see red shaded area 
in Figure 3.

The shelter building is a part of 
Medical Faculty complex that also 
includes the main building and the cor-
ridor to the University Clinical Centre 
of Maribor. It is a reinforced concrete 
structure composed from the foundation 

Figure 3. Location of Medical Faculty 
shelter building in Maribor

Figure 4. Architectural design of shelter building (Razpet et al., 2009)
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concrete slab, the ground slab, the 
retaining external walls, the internal 
walls, the internal columns and the roof 
slab. Figure 4 shows the architectural 
design of the shelter building with main 
construction elements.

The BIM based project time and cost 

planning for the shelter construction 
was executed through several steps. 
In the first step, the 3D model for the 
shelter building was developed using 
ArchiCAD modeling software. Figure 5 
shows ground floor plan for the shelter 
building and its 3D model.

Afterwards, the next task was to 
import the 3D model of the shelter build-
ing into the Vico Office R4 system over 
the added menu in the main modeling 
software ArchiCAD, see Figure 6.

As soon as the import procedure 
has been completed, the 3D model 

Figure 5. Ground floor plan and 3D model of shelter building

Figure 6. Published 3D model of shelter building
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was activated within the Vico Office 
R4. The activation process employed 
the selected element properties (e.g. 
Element Type, Layer, ID, etc.) to create 
Takeoff Items, see left side of Figure 7. 
Afterwards, the shelter building ele-
ments were listed in the Takeoff Manager 

module and the developed 3D model 
appeared in the Vico Office R4 as it is 
shown on the right side of Figure 7.

In order to define the construction 
project activities correctly, the shelter 
building elements were rearranged into 
several different groups. Figure 8 shows 

determined groups of shelter building 
elements and information about their 
geometrical properties.

In the module Cost Planner, the con-
struction costs were estimated for each 
building element by adding the appro-
priate components or subcomponents 

Figure 7. Activated 3D model, building elements and 3D model of shelter building in Vico Office R4

Figure 8. Grouped building elements and information about their geometrical properties
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according to the work that should be 
done to complete the building with allo-
cated resources (i.e. workers, materi-
als, machinery etc.). It was significant 
for this step that the appropriate 

geometrical properties of building 
elements were used as source quanti-
ties. The source quantities were deter-
mined using the function with a link 
to the Takeoff Item and its appropriate 

geometrical properties. The source 
quantities were then calculated in 
accordance with consumptions for the 
aim of correct cost estimation. The total 
project cost was defined by adding the 

Figure 9. Estimated costs with integrated components and subcomponents of building element Ground slab

Figure 10. Locations of shelter building in LBS Management module
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units of measurements and unit costs 
into the model. For example, Figure 9 
shows estimated costs with integrated 

components and subcomponents of 
building element Ground slab.

As described in section 2, the main 

project scheduling method of the Vico 
Office R4 application is based on the 
flowline theory. Thus, it was important 

Figure 11. Building element Columns and geometrical properties in location Middle part

Figure 12. Activities on building elements in module Task Manager and integrated components and 
subcomponents for the building element Ground slab
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to include the building locations in the 
project scheduling process. In the 3D 
model of shelter building, the three 
different locations were defined in the 
module LBS Management, i.e. Upper 
part, Middle part and Lower part, see 
Figure 10. 

As an example, Figure 11 presents 
the building element Columns with 

information about geometrical prop-
erties incorporated into the location 
Middle part.

Thereupon, the project activities 
were determined in the module Task 
Manager in accordance with the con-
struction works that should be executed. 
The calculated cost data from the Cost 
Planner was linked to the construction 

project activities. Figure 12 shows 
activities on building elements in the 
module Task Manager and integrated 
components and subcomponents for 
the building element Ground slab.

The Schedule Planner, a module in 
Vico Office R4, was activated to define 
the precedence relationships between 
activities for the purpose of project 

Figure 13. Construction work Paneling on element Columns with Successor and Predecessor

Figure 14. Allocated workers for construction work Reinforcement on element Roof Slab
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Figure 15. Network plan for shelter building construction project

Figure 16. Flowline diagram for shelter building construction project
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scheduling. Figure 13 demonstrates 
the construction work Paneling on the 
building element Columns with defined 
Successor and Predecessor.

After that, the resources and the 
work crew sizes were allocated to 
the construction project activities. 
For example, Figure 14 shows the 

construction work Reinforcement on 
the building element Roof Slab with 
allocated eight reinforce man.

After the work crew productivity 

Figure 17. Gantt chart for shelter building construction project

Figure 18. Target bill of quantities for shelter building construction project
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rates have been defined, the durations 
of activities and the project duration were 
calculated. Figures 15–19 demonstrates 
the developed project network plan, flow-
line diagram, gantt chart, target bill of 
quantities and resource graph, respec-
tively. The considered activities of this 
particular example project as well as 

colours used to label the construction 
works and assigned workers in output 
graphical reports were defined as follows:

•	 paneling (yellow)
•	 reinforcement (red)
•	 concreting (green)
•	 isolation (blue)
•	 isolation protection (violet)

The final step was to upgrade the 
3D model of shelter building, which 
was incorporated within the Vico 
Office R4, with the scheduling data 
from the Schedule Planner and the 
cost data from the Cost Planner as 
well as to develop the 5D model. This 
task was executed automatically due 

Figure 19. Resource graph for shelter building construction project

Figure 20. Construction process animation for shelter building in 4D Simulation module
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to dynamical link that was estab-
lished between the Cost Planner, the 
Schedule Planner and the Vico Office 
R4. In the 4D Simulation module, a part 
of Vico Office R4, an animation of the 
construction process for shelter build-
ing was made. A part of the construction 
process animation for shelter building 
is presented in Figure 20.

Different manually selected colours 
were defined within the 4D Simulation 
module and used for animation to 
achieve better visualization of single 
building elements. Moreover, the actual 
dates were continuously reported 
during animation in the left upper 
corner of the screen. Figure 21 demon-
strates an actual phase of shelter build-
ing construction and its finalization.

The presented application of Vico 
Office R4 software indicates possibili-
ties for project participants to contrib-
ute to a better management of con-
struction process by implementing BIM 
technique in their practice. However, 
the project participants must be willing 
to make changes in their current work 
methods and to adopt new approaches. 
The main advantages of incorporating 
BIM approach into the construction 
project scheduling can be summarized 
as follows: i) all of the information is col-
lected in one place and kept up to date, 
ii) the conception risk is minimized, iii) 
all changes in construction automatically 

influence on other related parts of the 
model data, iv) all of the information 
is dynamically linked to the building 
model, v) the geometrical quantities, the 
number of items, the required resources, 
the execution times of project activities, 
the costs and other data are available 
to be used in any time. The advantages 
of construction time and cost planning 
using BIM may significantly improve 
the project management, especially in 
cases of large and complex construc-
tion projects in which the project goals 
are usually related to the quality of the 
building, short construction time and 
cost effective realization of the project.

Conclusion
The aim of this paper was to give an 
insight into the construction project 
time and cost planning process using 
the BIM approach. For this purpose, the 
steps of the time and cost planning of 
the construction project employing BIM 
were introduced. An example based on 
the application of Vico Office R4 software 
was presented in the paper to demon-
strate the advantages of the proposed 
approach.

In cases when initial design phases 
are executed to be incorporated into the 
BIM application, the architects have to 
develop the 3D building model and to 
determine required works. However, 
the design work should not be executed 

through classical 2D drawings, but the 
3D model of the construction object must 
be created on the basis of geometrical 
and material properties of building ele-
ments. The setup of geometrical char-
acteristics of building elements result 
in basic quantities such as side length, 
object surface area, and object volume.

Thus, the 3D model of the building can 
be modified in a user-friendly manner 
during the design process because the 
basic quantities will be automatically 
updated. After the architectural design 
is completed, the engineers can upgrade 
the 3D model with a wide variety of dif-
ferent information related to structural 
analysis and design, HVAC, energy and 
environmental issues, visualization, 
facility management, product and tech-
nical information for manufacturers and 
distributors, etc.

As soon as the 3D model of the con-
struction object is completed, the con-
tractors may execute the cost estimates 
and the project scheduling. When the 
building model is upgraded with suitable 
input data, the contractors may obtain in 
each moment, for each building element, 
all relevant information for the execution 
of works. Such model of the construction 
object can contain information about the 
type of building elements, the geometri-
cal quantities, the number of items, the 
resources needed for implementation, 
the execution times of project activities, 

Figure 20. An actual construction phase and finalization of shelter building (Proplus, 2013)
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the technology implementation, the 
costs, etc. The biggest advantage of 
BIM is that the information about the 
construction object is stored in one place 
and kept up to date.

Hence, the use of modern software 
that allows BIM in construction projects 
represents a technological progress with 
many advantages for all participants. 
In this way, this paper intends to pro-
vide new valuable information for con-
struction management experts as well 
as it will serve as the basis for further 
research in the field of BIM based con-
struction project management.
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