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Abstract The purpose of this research is to restructure
information management in the building design and
construction process by using the BIM management
platform. BIM has appeared in the scene of the architecture
and construction chain by addressing multidisciplinary
inefficiencies, incapabilities, disorganizations, and delays
that have been rooted in the structure of architecture and
building chain for over decades. However, the German
architecture and construction chains are experiencing huge
difficulties in accepting, endorsing, and understanding the
BIM benefits, because there is no clear guidance and best
practices in BIM implementation that comes as a reliable
example. This research aims to present, explain, and
analyze the differences between projects that have been
designed and built in the traditional way and those which
have utilized assets of the BIM management software. The
investigation is based on two case studies - one project
managed in the traditional non-BIM manner and the other
one utilizing BIM as the main platform. The results reveal
clearly that the BIM-involved project achieves higher
accuracy, better design quality, effective team
collaboration, and satisfying cost and time-efficiency
compared to the traditional design and build project.
Nevertheless, the results also reveal that the BIM software
is underused or misused among the teams involved in the
building chain.

Keywords Design Management, Construction, Cost
Overrun, BIM

1. Introduction

There are two main approaches to the architectural
design and the building process, the traditional one and the
BIM approach.

The traditional and present ways of handling both design
and building aspects are long due for a change as they
create many problems, sometimes resulting in costs that
exceed ten times the initial cost estimate.

Most of the monitored projects involving the traditional
approach suffer from time inefficiency, engage large
teams, and lack consistency among different phases of the
design and building process. It is suspected that poor
management in controlling information data may be the
cause of unsatisfactory construction coordination and
misunderstandings among different actors at the level of
design, commissioning, and construction, and of the
overall inadequate design and construction of the build
environment.

Moreover, the relationship between the design and
building construction chain actors is very loose, contrary to
what the chain actors claim in the case study. Usually,
these actors tend to keep to their territory of work and do
not allow each other or other chain actors to cross their
borders.

The lack of proper coordination and misunderstandings
in managerial communication between the different design
and building sections affect negatively the implementation
of the projects in relation to the monetary costs, timeline,
and operational efficiency.
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BIM data systems have appeared in the scene of the
architecture and construction chain during the last decades,
as a way to address multidisciplinary inefficiencies,
incapability, disorganizations, and delays that have been
rooted in the structure of the architectural and building
chain over decades. The existing experience in managing
design and construction projects suggests that
BIM-involved projects are able to achieve higher accuracy,
better design quality, increased team collaboration, and
better cost and time-efficiency compared to traditional
design and build projects. However, German architecture
and construction chains are having huge difficulties in
accepting, endorsing, and understanding the BIM
Management Platform benefits, as there are no clear
guidance and best practices in BIM implementation to be
learned from, as a form of reliable examples.

At present, some data indicate a low use and misuse of
the BIM software among the teams involved in the
building chain, mainly due to the lack of information and
knowledge. This creates problems in the development of
the building and affects directly in terms of time and cost
efficiency.

Findings and analysis from case studies reveal that if
BIM data managerial platform is used more productively in
the Design and Building Construction process, it will
shorten the gaps between operators in the design and
building construction process and automatically minimize
the time-delays and costs of the projects.

2. Research Gap - Literature Review

According to the statistics, over the past two decades,
social network analysis (SNA) has elicited increasing
attention in construction project management (CPM).
BIM is an excellent visualization tool based on a new
concept that can improve the quality and efficiency of
each link in the industry's chain of construction [21].

The central database of BIM also aids early-stage
simulations as well as later-stage project documentation,
due to the several means of collaboration tools it provides.
However, there are also disadvantages to this approach,
such as the learning curve of BIM tools and the difficulty
of changing the traditional design process [22, 29].

One body of knowledge concerning BIM use in the
construction industry relates to the management of
projects concerning practice scheduling and lifecycle
costs [1, 32, 35]. A larger body of concerns relates
directly to the use of BIM in tracking architectural
projects in conservation, typological buildings such as
high rises, and evaluation of success rates in predicting
construction outcomes in practice [2-5, 31, 34]. Another
popular BIM usage is the aspect of safety measures
against accidents in construction projects [6, 7, 30]. A
growing concern among computer software analysts is the
development of the BIM software packages and their
evaluation in real practice [8-10, 33, 35, 36]. The massive
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use of BIM as a performance tool is related directly to
after-completion project analysis of building construction
[11-14].

Coming from an academic perspective, most of the
researchers do not have a direct practice experience of a
full cycle of design and building process. Most of them
conduct their analysis after the design is finished or once
the building is constructed. When observing the project
from the outside, one can visualize the final product, but
may not fully understand and foresee the g problems that
may occur during the process, Therefore, most of the
researchers have not developed clear ideas and visions
about the fundamentals of the BIM platform.

The lack of a full understanding of issues creates a huge
gap between academic research industry manufacturing
and architectural design and construction management.

On the other side, there is a lack of a ready pool of
skilled workers who are able to develop BIM into the
construction industry, specifically in the design phase to
achieve its best practices [19-20].

From the researcher’s experience, this is directly
affecting the building industry, by creating a divergence
on the strategic development of the BIM platform and by
creating countless cracks in the design and building
process between the different stakeholders and
researchers.

As of now, one can easily detect the big influence from
the industrial sector on BIM platforms - software
developers by monopolizing the possibilities as per the
request of Industrial manufacturing, and leaving architects
with no possibilities on parametrizing elements, sizes,
shapes, and structures.

Even though most of the BIM software platforms have
developed the Integrated Project Delivery (IPD) and other
frameworks to provide a solution to reduce the risk of
overspending during project construction, as well as to
predict the cost of a life-cycle of activity, there is still a
very big division between the design and building
construction chain [23-28, 35]. This division on the other
side affects directly the researchers by having no access to
BIM platform development. It makes every section of the
building construction chain work within its pyramid.

3. Objective and Methodology

To understand the gap in the existing literature, the
researchers have reviewed and analyzed over 50 published
research papers from Scopus index journals on the topic
of BIM and Design Management areas. Furthermore, the
researchers have compared two cases study projects using
traditional and BIM methods. The research presents data
from two real design and building cases and this is
important as it will fill in the gap that exists in the
literature. The comparison between the two case study
projects provides significant information on the features
that would need to be fixed and updated using the BIM
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design and building process.

The main objective of this research is to identify
efficient ways in which the BIM platform is utilized and
can produce better time management and quality
interaction between the professionals involved in the
design and building process. This will be done through
discovering the advantages, benefits, assets, differences,
and possibilities from the two projects designed and built
by architectural and engineering offices in Germany
where one of the researchers has worked as a project
leader/consultant.

The scope of this research is limited to German
architectural practices and the information available
within the legal boundary of professional practice in the
country.

The two case study projects are analyzed, structured,
and presented by the researchers based on a book of fees
and time-schedule systems of German Architecture and
Engineering, called HOAI. HOAI is a book, which
includes most of the architecture and engineering
regulations based on Federal German Government Laws.
The book describes the entire process and procedures
from the design phases to the completion of the
construction phases.

The process of analysis involves two tables based on
the German structure of the design and construction
development:
® Table 1 presents the development of the projects

through all phases of design and construction based
on a schedule.

Restructuring Information Management in Building Design and Construction Using BIM as a Platform

® Table 2 presents the automatic calculation of the
days and costs related to the projects’ phases
described in Table 1.

The two case studies are described through these tables,
representing two  different ways of architecture
management development:

Case study 1: Traditional Architecture Management

Case study 2: BIM Architecture Management

To explain the whole process, the researcher has
structured the analysis into different phases of project
development, based on the German architecture and
engineering project phases system:

Pre-Phases,

Architectural Design, Supervision Phases,
Revision Phases,

Building Construction Phases,

Expected Timeline Schedule - Total.

kW=

In the table below (Table 1), are listed the two case
study projects, analyzed within the phases of the German
Architectural Design and Construction Management.

The cases studies presented in Table 1 are listed in the
following order:

1. Case Study 1 (Traditional Project/ non-BIM project)

2. Case Study 1 (If the project will be designed on

BIM)

Case Study 2 (BIM Project)

4. Case Study 2 (If the project will be designed on BIM
at 100%)

W
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Example of the Table Comparison Structure for the Case Study of Traditional Management and BIM Project

Table 1.
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Table 2. Hazard Colour Key / Project Efficiency Level for Table
Comparison Structure for the Study 1 and 2
o Rl
1 HIGH EFFICIENCY DAYS
2 GOOD EFFICIENCY 10 DAYS
3 MMEDIUMEFFICIENCY 20 DAYS
4 LOW EFFICIENCY 30 DAYS
5 VERY LOW EFFICIENCY 40 DAYS
6 HAZARD SITUATION _@

The color range code from green (very high efficiency)
to orange (optimal efficiency) to red (very low efficiency)
represents the project qualities within BIM and Traditional
Project Management (Table 2).

4. Findings of Research

The analysis of the BIM management data in design and
construction is made through two different case study
projects. The approach in this section is about discovering

the advantages, benefits, assets, differences, and
possibilities from two Traditional and BIM design and
build projects by architecture and engineering offices
where one of the researchers worked as a project
leader/consultant based in Germany.

4.1. Case Study One: P. W. School

ALN together with B. Architekten developed and
designed the P. W. School project in the classic way (Table
3). The space program was developed and designed in a 2D
CAD plan and a volume model in Rhino. The project has
been suspended for over a year because of high-cost
estimation. Currently, (2021) the project has resumed its
building process.

The reason why the researchers decided to analyze this
project is that it involved two architecture offices that dealt
with Large Scale Projects, public investment, different
software programs (2D and 3D) as well as terrain
difficulties. This project involves several 2D sections build
up in traditional CAD software, representing the exact
difficult landscape of the case.

Table 3. Case Study One, Determining the chronology of the design phases at the P.W. School (Author Source)

Case study 1 -: P.W. School

1st Year 2nd Year

3rd Year 4th Year 5th Year 6th Year

Name
112|341 ]|2]3]|4

2 (314|123 |4(1]2]|3]4 1

Development of the
pedagogical concept

Creation of a rough site
plan, first floor plans,
section, and views

Basic Determination

Distribution of function
on the property and in
the building

Configuration of the
building

Development of the
ground plans

Sections and views

Creation of the open
space planning

further processing

Determination of all
surfaces

Planning of heating and
ventilation

Planning of open space,
parking

Preparation of the cost
calculation
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!

Determine savings

Creating a
design-to-cost list

Preparation of tall
permit-relevant

Approval planning

Start of implementation
planning

Planning of building
services

Slot and breakthrough
planning

Preparation, testing

Preparation of service
specifications

Determination and
coordination

Implementation of cost
savings

Rescheduling due to
cost reduction

Coordination of all
recesses

Planning of outdoor
facilities

Planning of all window
and facade

4.2. Case Study Two - ALN Office, Residential Housing

The architectural office ALN, was built after a
three-year planning and construction period of a new
residential and commercial building placed directly at the
castle hill, on the edge of the historic Gothic town center
of Landshut (Table 4). ALN was able to organize and
drive the design process faster and more efficiently. Due
to the different geometry and topography alone, a 3D
model of the building's cubature together with the terrain
was essential. The researcher and others could integrate
the models created in ArchiCAD directly with Rhino and

Grasshopper. In this way, they had better control over the
building volume in all phases, especially given the
building’s slightly different geometry, which doesn't
utilize ordinary shape solutions where each wall is at right
angles. This Project was the pioneer of 3D BIM thinking
in the ALN office. After this project, ALN has shifted all
architecture and engineering offices into the BIM system.

By making a comparison between Table 3 & 4, one can
visualize the hazard indications on the traditional project
structures, which are always related to design, building,
and delays schedule.
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Table 4. Case Study Two, Determining the chronology of the design phases at the ALN Office, Residential Housing (Author Source)

Case study 2 -: ALN Office, Residential Housing N188B

3rd Year 2nd Year Ist Year

Name
4 3 2 1 4 3 2 1 4 3 2 1

Creation of the model in different variants

Attempt to embed a building at this location
into the topography

calculation of the areas

Planning of further variants

Clarification of the feasibility of the various
variants

Revision of the building design, adaptation of
the ground plans

N

Renewed over-processing of the design
concept

ﬂ

Preparation of approval planning consisting
of floor plans, sections

Preparation of approval planning consisting
of floor plans, sections

Design advisory board

ﬂ

Revision of the roof shape

Preparation of the approval documents

Planning documents on a scale of M 1:100.

Preparation of the approval statistics

Building permission received

Modeling of the floors and building envelope
Modeling of the building envelope, energetic
optimization of the building envelope,
optimization of the physical

Modeling of the excavation pit shoring

Planning of electrical connection on the
ground floor technical room
Planning of roofs and waterproofing of
terrace
Built-in furniture in the apartment 2. upper
floor and kitchen and WC
Planning of the glass partition walls in the
commercial unit 1st floor
Integration of the used materials and technical
devices into the model
Planning supervision of the remaining work
on the construction site

In the tables below (Table Sa and 5b), the authors of the COST ESTIMATION EFFICIENCY (Table 5b).

paper have listed two of the projects which are case The graphic chart is based on all phases of design and
studies 1 and 2. Both cases are analyzed within the phases  building construction, including the most important
of the Architectural Design Management, represented on  phases of the design and building process.

WORKING DAYS EFFICIENCY (Table 5a) and The color range code from green (very high efficiency)
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to orange (optimal efficiency) the red (very low efficiency)
represents the project qualities within BIM and
Traditional Project Management.

Tables 5a and 5b represent the total process of Design,
Revisions, and Construction Phase for the Case Studies:
1. Case Study 1 (Traditional Project);
2. Case Study 1 (If the project will be designed on
BIM);
Case Study 2 (BIM Project);
4. Case Study 2 (If the project will be designed on BIM

at 100%).

98]

Within comparing these graphic charts analyses, one can
also detect that the price and the time are significantly
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improved within the BIM management system, while the
traditional planning and designing takes much more time,
involves numerous delays, and most importantly, leads to
an economically inefficient project.

When comparing the traditional system of planning and
BIM planning, it is important to analyze and discuss the
main phases of the project development: design,
manufacturing, and building construction phase. These
phases play a very significant role in the building chain.

According to that, the authors of the paper have divided
the schedule of the project for Case Study 1 and Case Study
2 into the Design Phase and Delay / Revisions Phase.
Design Phase is represented in Tables 6a and 6b, Delay /
Revisions Phase is represented in Tables 7a and 7b.

Table 5a. Comparison of Case Study 1 -Traditional Management and Case Study 2 — (Total Process) - BIM Project Working Days Efficiency (Author
Source)
Nr PROJECT EFFICIENCY LEVEL COLOR INDICATION DAYS
1 HIGH EFFICIENCY DAYS
2 GOOD EFFICIENCY 10 DAYS
3 MMEDIUMEFFICIENCY 20 DAYS
4 LOW EFFICIENCY 30 DAYS
5 VERY LOW EFFICIENCY 40 DAYS
6 HAZARD SITUATION DAYS
Table 5b. Design, Manufacturing and Building Phases for the CASE study 1 and 2 (Total Process) — Cost Efficiency (Author Source)
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Table 5b. Continued
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Design, Manufacturing and Building Phases for the CASE study 1 and 2 — Cost Efficiency (Author Source)
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4.3. Design and Building Phases

Based on the analysis, one clearly can see that the early
stages of the design phase through the BIM project
consume longer time in comparison to the traditional
project. However, these early efforts can reduce
significantly the timeline of the project development.
Moreover, as can be seen in Table 6b, the total price of
the project is significantly reduced within a BIM project
compared to the traditional project. The hazard indications
on red and orange relate to the manufacturing and

building phase based on the traditional way of design. It
shows that fewer efforts were made at the beginning and
many problems occurred later in the manufacturing
process and building phases.

The opposite occurred to a BIM project in which efforts
are significantly high at the design phase, while in the
manufacturing and building phases, the efforts are reduced
to a minimal (Figure la, 1b). These results create a very
reliable chart for a BIM project and rank the BIM project in
a very safe and less risk on the management of the design
phases and building phases.
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Figure 1a. Design, Manufacturing, and Building Phases for CASE study 1
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Figure 1b. Design, Manufacturing and Building Phases for CASE study 2
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4.4. Delay and Revision Phases

The second part of the research is focused on the delays
that happen through traditional and BIM projects. These
delays come mainly from managerial mistakes, less-skilled
workers, no connectivity within stakeholders, etc.

The research analyzes found that those mistakes that
cause delays on revisions of the design details, government
revision, client revisions, client complaints, manufacturing
delays, construction delays, etc, are the most difficult part
to handle and consume a major part of the time and
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economic aspect of traditional management planning.

The case study 2, The BIM project, had a lot of delays
because of revisions made manually by government
authorities and controllers for project permission. Table 7a
represents Working Days Efficiency for the Revision,
Construction, Client, and Government delays phases for
the CASE study 1 and 2. Table 7b represents Cost
Efficiency for the Revision, Construction, Client, and
Government delays phases for the CASE study 1 and 2.

Table 7a. Revision, Construction, Client and Government delays for the CASE study 1 and 2 — Working Days Efficiency (Author Source)
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Table 7b. Revision, Construction, Client and Government delays for the CASE study 1 and 2 — Cost Efficiency (Author Source)
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Reading the values between traditional project and BIM  possibility for the designers, clients, architects,

project, one can visualize a significant difference between
the two project plans. The traditional project has a very
high level of delays at all phases, which makes the total
schedule and economical aspects very perilous and puts the
project at a higher risk of collapse (Table 7a and 7b).
Different from the traditional method of design and
construction, the percentage of the delays in BIM project
can be lowered up to 15% from the total time of the project.

Reducing delays to the lowest level will provide a better

manufacturers, and construction engineers to correct,
recheck and enhance their plans, their schedules and create
stronger bridges between all sections in a building chain
(Figure 2a, 2b).

A lower number of revisions will be translated as a lower
number of delays which in the economic aspect phase will
save the project and the company a considerable amount t
of funds.
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50% of the Project - Construction / Client Delays
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Figure 2b. Difference between Traditional Management and BIM
4.5. Experts Involved increase the total project costs for the architecture and

Understanding project costs and delays through
traditional project management or non-BIM projects, one
of the significant costs that must be considered is related to
the high number of experts involved in traditional projects
(Figure 3 - Project Efficiency).

Based on the analysis, the BIM absent project had to
include 41 team members. If the same project is realized on
the BIM system, one would only need to allocate 18 team
members.

The issue is not only related to the expenses over salaries,
but also to the additional efforts required in planning and
coordinating the tasks for all the experts.

In the table above, one can see that the delays in the
traditional project cause additional costs for salaries and

engineering offices.

4.6. Total Time of Building Process

All the design problems, manufacturing, construction
problems, mismanagement, miscommunication between
stakeholders, unnecessary revisions, and other delays,
obviously lead to the company facing a very
unmanageable and problematic project (Fig. 4a, 4b). The
analysis of the case studies show that there are many
difficulties with the traditional project management
which lead to an increase of the overall time of the
construction process and also directly impact the finances
of the project in terms of building assembly and building
operations.
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Non - BIM
P - -i
N Expert | Price Pre Expert Ew.wimm____________i
1 Architect Avarage Price [ Day 150 6
2 Enginiers Avarage Price [ Per Day 250 20 |
3 Other Experts Avarage Price / Per Day 250 15 ___“““:-1_1_’
4 Municipality Costs 300 10 I
5 e w— 71 [ !
Nrf Expert| Price Pre Expert €| Exp. WithBim[ :
1 Architect Avarage Price / Day 150 !
2 Enginiers Avarage Price / Per Day 250 8
3 Other Experts Avarage Price / Per Day 250 L 1 _8:]'
4 Municipality Costs 300 6 :
5 Project Losts on Suspension 171 18 :
................. |
BIM
Figure 3. Experts involved in the CASE study 1 without BIM and with BIM Management — Project Efficiency (Author Source)
Years in mul!
{including|
Casel-TR —r 7. 01 YEARS
Case 1-BIM > 3.72 YEARS
Case 2- BIM —>
1.73 YEARS
Case 2 — BIM(100%) - >
1.25 YEARS

Figure 4a. Total time (working days) per CASE Study | (Author Source)
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Case Study 1: With BIM and Without BIM
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Figure 4b. Total time (working days) per Case Study 2 (Author Source)

615

5. Summary and Implication

The graphic chart as shown in figure 5 presents the
workload comparison between case study 1 and case study
2. The amount of work that occurs during the design
process for the BIM project of Case Study 2 is at a very
high level, then it descends during the other phases of the
process, and increases again during the construction phase,
but it is still significantly low compared to the case study 1
(traditional design project). In this latter case, it can be seen
that the efforts and the amount of work in the design phase
are very low, while they increase significantly during the
other phases. These efforts and workload culminate in the
building phase. This increase in workload will lead to an
increase in the number of errors, miscalculations, and
poorly planned schedules. The extent of errors and
calculations comes from overlapping of the works during
the construction phase of the building. In this chart, we can

see the difference between the level of BIM management
and traditional management work. The efforts and the
workload in the BIM management process take place very
early in the design phase, which allows the entire process
to be developed with low pressure in other phases. The
opposite happens in traditional projects, where there is no
single optimization plan between different phases, and
there is an overlap between design and construction
schedules and plans among different stakeholders.

One of the most important benefits of using BIM is
saving money, reducing project cycle time, and eliminating
construction schedule setbacks. In terms of design and
information management, BIM allows design and
documentation to be carried out simultaneously so that the
documents can be easily changed to accommodate new
information, and most importantly, delay times are
controlled. This is clearly shown in the timeline of the
project chart between Case Study 1 and Case Study 2.
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Figure 5. Difference between Case Study 1 (Blue) and Case Study 2 (Orange) (Author Source)
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Figure 6a. Difference between Case Study 1 (Author Source)
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Figure 6b. Case Study 2 (Author Source)

In the first graph, Case Study 1 (Figure 6a) related to
the overall project schedule, there is 20% design process,
50% delay time, and 30% build process. In case study 2
(Fig. 6b), with BIM management there is s 50% of the
design process, and the other 50% was an explicit
technical part of the construction process. The delay time
is significantly reduced, only 5% in the design part.
Project optimization is a very positive aspect of BIM
management.

Having a better schedule within the BIM project allows
for better planning, designing solutions, and enhancing
management functions. In detail, this provides accurate
planning, accurate communication and improved
coordination. The BIM schedule ensures that the projects
to be completed on time.

6. Conclusions

This research explores the use of the BIM management
platform to reconstruct information management in the
process of building design and construction.

Summarizing the differences between traditional and new
management of design methods and new information
management, after comparing the chronology of design
phases, Tables and Figures between Case Study 1 — P.W
School - Non-BIM Projects and Case Study 2 - ALN
Office, Residential — Project using BIM, the timeline
graphics in traditional format are noticeably slower in PW
School project. The experience with BIM on the Case
Study 2 - ALN Office, Residential Housing — Project
suggests that information management can be improved
and also that the design team management can be
structured in a better way if one utilizes Building
Information Modeling to connect all members within the
same structure line.

The research will enhance and push forward the
presence of BIM in different ranges in the German Design
and Building Industry. It gives an opportunity to set criteria
both in design, practical and managerial approaches,
allowing access to the team participating and reviewing
different phases of the project.

Although the research has its limitations since it’s based
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on the German Design and Building Regulations - HOAI,
this can be easily adapted to the other European countries,
if we use the same parameters in the Eurocodes - Building
Standards.
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