
1 INTRODUCTION 

The introduction of Building Information Model 
(BIM) transformed the construction industry. It 
changed the way people plan, design, build and op-
erate their buildings. But BIM information platform 
is not yet widely accepted, since many construction 
companies think that time to design BIM model does 
not outweigh the advantages gained (Eastman C.M. 
et al. 2008). BIM is proven to become a standard in 
construction industry in years to come, when the ad-
vantages will be more recognizable and when the 
construction companies learn how to easily make it 
and fully use it.  

A lot of research has been directed towards rec-
ognizing the advantages drawn from BIM for the 
construction companies, but at present only the mi-
nority of construction companies, use it on a day to 
day basis for their work activity.  

Since BIM can carry a lot of information about 
day to day activities for a certain project, it necessar-
ily has to be integrated into the information systems 
of companies (in their Enterprise Resource Planning 
systems – ERP and Customer Relationship Man-
agement – CRM solutions), which cooperate on the 
same project. Partners that work on a specific pro-
ject, usually work on more than one project at the 
same time. To manage more projects at the same 
time, they usually have their own information sys-
tem in the company (ERP), which is not directly 

connected to BIM of their common project. In this 
case the information that is stored in BIM doesn’t 
have much value for the construction company, 
since it has to be converted to their own information 
system. Just the opposite is the case, when the con-
struction company does all the construction works 
(planning, design, building, supply materials, etc.) 
itself. In this case, the use of BIM can have several 
advantages if it is integrated in ERP solution of the 
company. 

In this paper we will focus on a construction 
planning from a cooperation point of view, where 
the construction works are divided among many 
construction companies (partners). We will focus on 
retrieving the relevant information from BIM for 
each company. We will propose a novel approach 
called Project Information Model (PIM) for retriev-
ing and saving the relevant information back to BIM 
by each of the companies that cooperate on the same 
construction project. Especially we will focus on 
schedule creation and try to automate it with the 
PIM approach. 

2 4D MODELLING 

4D model is a combination of 3D model with added 
schedule. 3D model is the base of BIM, since it 
holds all the vital graphical representation of a mod-
el. After reviewing the 3D model user can add in-
formation about cost, time, resources, technology 
etc. thus creates the 4D model or even nD model. 
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ABSTRACT: In this paper we will propose a method of using a project information model (PIM) for creating 
construction schedules. In the paper we will briefly review current available scheduling possibilities, which 
use combination of BIM and scheduling software. We realized that BIM lacks user specific data that is vital 
for proper schedule creation and has, on the other hand, too complex structure and software tools for planning 
personnel to understand. Through the use of simple 3D model viewer, user specific data and BIM, we are pro-
posing a novel approach of schedule estimation in construction, which we call project information model 
(PIM). PIM is the process that is based on internal logics, that creates the estimated schedule and resource us-
age. After the PIM process, the automatically created schedule is included in BIM and made available to pro-
ject managers and other construction stakeholders, to coordinate and carry out activities.  



Approaches and methods of how to create 4D 
model can vary from one construction program to 
another and from one scheduling program to the oth-
er, but all current approaches rely on construction 
planner to assign the duration to work activities. Ba-
sically planner links the activities with 3D objects by 
a separate program, such as 4D Linker. In this case, 
the planner must have the knowledge of modeling 
program, as well as knowledge of scheduling pro-
gram and above all in this case, scheduling process 
is lengthy process which requires a lot of attention 
and mental concentration from planner (Hyun Tae et 
al. 2007). 

Researchers expected a lot from 4D model, since 
it has a lot of potential uses. Apart from construction 
visualization, it can be used to predict space con-
flicts (Akinci B. et al. 2002), resource bottlenecks, 
materials and people resources on a construction 
field at a certain point of time. 

2.1 Creating a 4D model 
Traditionally a 4D model is created by linking ac-
tivities of a schedule plan to 3D model elements and 
then saving all information back to BIM, or to a spe-
cial file. Some latest CAD software enables semi-
automated approach to construction scheduling 
through the use of methods (so called “recipes”). 
The result of such approaches is a sequence of ac-
tivities, but without the estimated timeline (duration) 
or the necessary resources. The timeline has just 
linked sequences of activities that are drawn from a 
3D model stored in BIM. After the user corrects the 
duration of activities, the 4D model gets updated and 
a user is able to save it back to BIM (Zhou et al. 
2009). 

The problem may arise also from activities that 
need to be split. 3D model holds elements of con-
struction as parts. When a planner wants to use a 
construction part in scheduling, he can realize that 
technology to construct that part is split to at least 
two activities. In this case, he has to divide part to 
proper elements and update 3D model and construc-
tion sequence. (Tulke J. et al. 2008) 

In today’s practice, creation of 4D model requires 
at least two computer programs. One is for viewing 
a 3D model and the other is scheduling software. 
Usually the companies have also their own informa-
tion system (ERP), which holds the information 
about company’s resources, so the planner also has 
to consult the information system to obtain most cur-
rent assignments of resources. In this case he can 
plan the project activities in advance and also see the 
bottleneck of resources as they are assigned and 
used among various projects. On the other hand, the 
planner has to know a great deal about construction 
sequence, time-space conflict issues (Tantisevi K. 
2009), norms and other business process fields, even 
though this information is usually included in infor-

mation system of a company (CRM, ERP). In this 
case, the planning process takes a lot of time, since 
planner must consult all other relevant employees 
and break the 3D model apart to get proper prede-
cessor and successor activities for each element. 
This means, that for scheduling process, BIM only 
serves planner for visual representation of the activi-
ties he planned and solves only the time-space issues 
if any of the stakeholders simulates the building 
process (Tanyer M.A. 2005). 

Basically what planner uses from BIM is just a 
3D model and technology if that at all is included in 
BIM. 

2.2 Scheduling methods 
For a planner to work successfully it is vitally im-
portant that he is familiar with traditionally used 
scheduling methods. A lot of them have gained the 
researchers attention through passed time and solved 
various problems, but everyone agree that none of 
them is generally effective. Today construction ac-
tors mostly use Critical Path Method - CPM, Pro-
gramme Evaluation and Review Technique - PERT 
and Line Of Balance - LOB scheduling methods and 
diagrams (Devi C.A. et al. 2007). 

For the purposed PIM method we will use CPM 
as scheduling method. Our goal is to automate sche-
dule creation not solve space-time conflicts or work-
load on a construction field, so our focus is oriented 
into time issues and we think that this method is 
most appropriate. 

2.3 Scheduling through BIM fields, stages, lens 
Information which is contained in BIM is usually 
aggregated. If we need specific information, we have 
to select it and conceptually divide it based on fields 
and stages and also through the point of view, which 
is called through lens. Depending on how much in-
formation is included in BIM, fields and stages can 
be sub-divided according to the meaning of the in-
formation (Succar B. 2009). 

This division suggests that BIM information can 
be presented in various ways, depending on the re-
quirements of the specific user. The problem arises 
when there is too little information in BIM, espe-
cially in 3D geometry model, or the information is 
too much aggregated (Jeong Y.S. et al. 2009). Then 
the scheduling process has to separate some ele-
ments to basic materials and correct the 3D model 
and the activity workflow. In this case the schedul-
ing process is prolonged since it doesn’t deal with its 
primary activity, but solves the issues that should 
have been solved in previous activities. 

Scheduling process is included in each field and 
in each stage of a construction project, no matter 
how we look through the lens. If we look at the con-
struction project through the lens of an investor, we 



can see that only quality, time and cost of construc-
tion is relevant, where on the other hand for builder 
only resources, time and expenses are important. We 
could go on explaining various roles in construction 
project so we could see that there is always time in 
question. So we can assume that scheduling is of vi-
tal importance for any actor in construction process. 

Since scheduling can be found in any stage and 
field of BIM, we will try to define how to automate 
it and connect it with information system (ERP) of 
particular construction company. To achieve this we 
will try to solve the standardization problem (Long 
L.D.  2009) and define norms in a way to be usable 
for every process and resource in construction. 

3 PROJECT INFORMATION MODEL – PIM 

Project information model method consists of user 
specific data such as norms, resources, technology, 
personnel, costs and connection to BIM and ERP on 
the other side. The user data is stored in databases 
and can be linked to the 3D model automatically 
through the use of interoperability data structures 
and files based on keys and ontology. With this me-
thod the user can assign specific technology, re-
sources, costs and personnel to a 3D model element 
and get the estimated schedule as a result. The user 
also doesn’t need to worry about supporting activi-
ties, since the technology provides all the necessary 
data. At the end, the user can fine tune the schedule, 
resource allocation, personnel and costs manually 
and afterwards save all the necessary data back to 
BIM. 

The PIM process is shown in figure 1.We can see 
that the BIM holds all the necessary data and is in-
tended for information sharing among various con-
struction actors. Each actor can retrieve the informa-
tion about process technology from BIM which 
means that creator of 3D model must supply only the 
information about which process technology should 
a construction actor use, when working on a con-
struction project.  

When a user pulls the information of technology 
from BIM, he can import it in his own information 
system (ERP), which has information about re-
sources (transportation capabilities, logistics, equip-
ment, tools, human resources, etc.) and PIM, or can 
just import it to his PIM.  

User’s PIM has information about technology, 
norms, resources, tools, machinery, supporting ac-
tivities and other relevant objects that are needed in 
his database. When user’s information system (ERP) 
combines the norms with the resources he has avail-
able (according to PIM model), the user’s informa-
tion system can return the estimated time for each 
task and since activities are connected, the system 
actually returns estimated schedule. 

The PIM also has the knowledge about possible 
predecessor and successor activities for each activ-
ity. This means that when user pulls process tech-
nology from BIM, PIM separates the 3D elements 
according to process and adds additional tasks as 
needed (for example: if we have a 3D element fa-
çade, then  based on the process, PIM is able to di-
vide it to activities – build the construction scaffold, 
do the facade, pull down the scaffold). 

 
Figure 1: Project Information Model (PIM) 



 
Since all the activities need resources, the PIM sup-
plies information about them as well. According to 
norms (norms are applied to each resource, tool, ma-
chinery and transportation) for each activity, the 
PIM can return how many human resources, which 
tools, what machinery and how long it will be 
needed. If the PIM is connected to user’s informa-
tion system (ERP), planner can easily see which re-
sources are available when and for how long. In this 
scenario the planner can also see if there will be any 
lack of resources, if many projects are constructed 
concurrently, so the company can plan in advance 
resources it needs. 

3.1 Elements of PIM 
If we consult Figure 1 we can see that the PIM mod-
el consists of resources, process technology, norms, 
construction elements and activities.  

Main element of PIM is the process technology. 
Process technology holds data about how various 
elements of construction are constructed. The proc-
ess technology also provides information about 
predecessor and successor for the activities. For ex-
ample: if we want to pour the concrete foundation, 
first we need to construct the paneling or dig hole 
(predecessor activity), only then we can start with 
mixing the concrete, sand and water and pouring it 
into prepared structure. It is important to note, that 
predecessor, except for the process technology Start 
(which marks starting activity), has to be defined, 
successor is always available as an option. 

Each process technology element is then con-
nected with the norm. Norms are elements that sup-
ply the information of how long does the process 
take to complete. Each norm is defined in a measur-
able and objective unit rounded down to its basic 
unit. Norms are written in nominal (basic) value. 
Norms also have additions that correct the norm ba-
sic value. This is the case when a norm that is speci-
fied can’t be achieved because of objective condi-
tions or perhaps can be corrected because of tools 
that are used during the construction process. Those 
additions can also have negative values thus making 
norms nominal values lower. 

Process technology elements and norms are then 
connected to resources. Resources are elements that 
are then further divided to machinery, tools, materi-
als, transportation and human resources. Each re-
source has a norm which specifies its limitation and 
acceptable time to complete a task. The process 
technology that is connected to the resource speci-
fies how an activity has to be carried out. This 
means, that the process technology also connects 
various resources together. Although the human re-
sources are stated separately, they are connected to 
each resource.   

3.2 PIM realization 
All PIM elements are stored in relational database. 
The process technology and resources are stored in 
separate tables and are connected with each other 
based on relations. Each process technology has 
connections to tables of various resources and also 
carries an index of predecessor element. Norms are 
connected to each of resources and also to process 
technology. This is useful because the construction 
company can assign a process to subcontractor and 
get just the time estimate for its planning purposes. 

The process of creating PIM is different for each 
construction company. The first step is to define ac-
tivities that are usually carried out by employees of a 
company. Next step is to identify how do this activi-
ties fit into construction process technologies and 
based on this the construction company has to fill in 
the records to table of processes. When the table of 
process technologies is set up, the construction com-
pany has to define norms for each process. This 
means that it has to set up the criteria of duration of 
the process (how long), what resources are necessary 
for the process (how many) and how is the process 
carried out (how), as it is shown in Figure 1. Evalu-
ating this step, in the next step company has to de-
fine all the resources necessary to successfully carry 
out process. With this procedure, the necessary re-
sources are also entered into a relational dataset. 
When the resources table is filled, the company must 
also define norms for each resource. Norms can vary 
from company to company, since only a company 
knows what kind of machinery, human resources 
and tools it uses.  

The one last thing the company has to fill, is the 
table which connects process technology to elements 
of the BIM model, especially 3D geometry model. 
This table is known as ontology table. Based on the 
ontology, PIM elements are connected to BIM ele-
ments. This means that company has to create PIM 
only once and then reuse it with any BIM in the fu-
ture. PIM model can also be connected to the com-
pany’s information system. In this case, the re-
sources tables are cross-linked, allowing planner to 
get recent information of the resources available 
from ERP system of the company. 

In other words, PIM model is static and is con-
struction company dependent, while BIM is con-
struction company independent. This means that on-
ly relevant information that are vital for construction 
process stakeholders and lifecycle of a building are 
shared through BIM. Other company dependent in-
formation is safely stored in PIM model.  

Process of exchanging information from BIM to 
PIM and vice versa is through the use of Industry 
Foundation Classes (IFC). Based on IFC elements 
that are included in BIM, the ontology table and 
connections to PIM process technologies are cre-
ated. The connection to company’s information sys-



tem can be either through the use of IFC or through 
other plug-ins that modern ERP systems provide. 

3.3 Scheduling process according to PIM 
In the constructions companies where PIM is real-
ized, construction planner uses PIM as scheduling 
method. First step he has to do is to import BIM into 
PIM. In this step the 3D model geometry is trans-
ferred to PIM temporary database. PIM evaluates 3D 
model and extracts the process technology. If a tech-
nology is unknown, it notifies the planner. The plan-
ner must then supply all the necessary information 
according to procedures that were described in chap-
ter 3.2. When all conflicts are resolved, the process 
may continue.  

The planner starts the process of scheduling in 
PIM model. This pulls the information about re-
sources needed to construct the process, according to 
process technology which is now stored in PIM da-
tabase. When automated scheduling is finished, the 
planner gets a view of the construction sequence and 
activities. Each activity has resources attached to it. 
Since all the resources are also connected to norms, 
the timeline of the activities is properly defined and 
expressed in basic duration (normative duration).  

Next step for the planner is to connect the PIM 
model with ERP system of the company. When the 
information from ERP is pulled and included in 
PIM, the planner can see resource assignments by 
name of the resource. In case the specific resource if 
assigned to multiple activities in the same period of 
time, the planner is notified.  

After reviewing the construction schedule, plan-
ner can reassign resources to different activities, or 
also change the purposed construction process. He 
can also change the duration of the activities in a 
way, that he assigns more resources to specific ac-
tivity. Since the CPM scheduling method is used, the 
planner can immediately see which activities need 
more attention. When construction planner has fin-
ished fine tuning the schedule, he has the option to 
save schedule back to BIM and the option to save 
the resource assignments back to ERP system of the 
company.  

When all the information is saved back to BIM, 
other construction actors can see the schedule and 
resources for specific construction activity. Based on 
BIM lens and level of detail the planner saved to 
BIM, other construction actors can see different in-
formation that concern them.  

The information about resource assignments is al-
so saved back to ERP as well. In this scenario, the 
company management and project leader can imme-
diately see what kind of resources are available 
within the company and what resources have to be 
outsourced.  

4 CONCLUSION 

We have shown the possibility to create a new con-
struction planning method which we call PIM. With 
the suggested method we are able to shorten the 
scheduling process, make it comparable from project 
to project and allow user to gain time and effort 
which is reflected in profit margin of the company. 
This is done through the standardization of activities 
and use of norms. We use IFC to push and pull in-
formation from BIM model and ERP system of the 
construction company.  

In purposed method the construction planner 
doesn’t link activities to 3D elements by hand, in-
stead he links the process technology from BIM to 
PIM process technology or just defines process tech-
nology for 3D geometry element. A lot of linking is 
done automatically through the use of ontology, so 
the planner has to manually link only the process 
technology that the specific construction company 
hasn’t done yet.  Since processes are reused from 
PIM, the construction schedules are comparable 
from project to project and can also serve as a know-
ledge base for the construction company.  

The PIM model is also connected to construction 
company information system (ERP) which enables 
the managers and project leaders to immediately see 
the assignment of the resources to various projects 
and also the resource requirements. Consequently 
the cost estimate can be drawn from the ERP system 
in there are cost for specific resources defined. In 
this case the company’s management can take ap-
propriate action in time, which results in profit gain 
of the construction company.  
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