4p CAD has greatly contributed to a higher flexibil- with a BC, if not all copies are changed at the same
ity in modifications and efficiency for planners inthe  time.
AEC industry. BIM is especially delivering advantages SC & BC in the AEC industry )
i process efficiency and in collaboration in general. Smart Contracts could streamline the potentials of
adays, BIM 1s one of the most widely used plan- BC to an efficient process progression, by automating
g methods. but1ts full potential 1s still not exploited, certain tasks, saving enormous amounts of time and
where com patibility of BIM and organizational cul-  money and enforcing actions on the BC. According
e (Son ¢l al. 2015) are mentioned as some of the to McNamara & Sepasgozar (2018) a set of pre-
“easons for that problem. BIM basically fosters the  defined rules dictates the progression of a process.
:-'gchangts of data and information durmg, design,con-  If- and Then-conditions which resemble the business
:Eu:uch'on and operation of buildings. The innovation  agreements can be programmed and embedded in the
\jo more traditional methods s, that the information  transaction database and indicate a suitable procedure
ostly directly linked with model data and can be (Nawari & Ravindran 2019).
tely detailed according to the project phase (Chi SCs are seen to automate performance by moni-
al. 2014). toring all incoming data and managing it accordingly
i to pre-set rules to settle the stipulations. This could
help to prevent disputes, as possible friction points
5 Spart contracts between participating parties can be avoided upfront
by an automated protocolling mechanism enabled by
SCs. Additionally, emerging disputes can be tesolved
easier, due to the tamper-proof records. The records
ensure a proof of provenance from the data recorded
(Exri Pradeep et al. 2019), which allows to track the
author of changes in the context of a BIM model, as
they reflect all incoming data to the blockchain and
enforce different actions if triggered (McNamara &
Sepasgozar 2018).

Furthermore, SC could possibly help with a stan-
dardization (Mason & Escott 2018) of processes,
which can lead to higher quality in the building design,
as-well as faster and more efficient process design, due
to an easy adaption for each project through modu-
lar sets of SCs. The information filtered from a BIM
model could help to automatize certain tasks during
a project. This automatization requires a step-by-step
description (Bore et al. 2019) of each process and pos-
sible outcomes to fully use all potentials. An overall
automatization is not seen at this point, as there will
be a need for human input to start and direct certain
processes (Mason 2017).

On the other hand, what is problematic in the con-
text of SC is that, once they are deployed on the BC,
it is hard to change them. Wrongly coded SCs could
therefore affect entire projects and cause tremendous
amounts of damage (Mason 2017). Additionally, fre-
quent changes in workflows are seentobe problematic.
Changing a SC after its deployment is difficult and
linked with a vast amount of work. A workflow stan-
dardization, as mentioned before, might help to build
up a SC system casier, but also makes the whole
workflow less flexible and more difficult to react to
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Table 1. Integration of 3 theories.

Theory Main idea Point of our
analysis
e
! Design Prescriptives for Design workflow
design and action
Configuration Alignment of Process
structure, modeling
process, Information
environment processing
Task- Fit between 1T BIM, Blockchain,
technology and business DApps, data
fit processes exchange &
transferability,
data formats

NOIVZINVDYO

NOLYHNDIENGD

&

PRACTICE

THEORY

Figure 1. Conceptual framework.

was developed inaprevious step in our research project
for the analysis of planning processes. And finally, it
includes the exploration of a use case scenario for the
conceptual model development (section 4).

An implementation of SC and BC in the increas-
ingly complex system of BIM-based planning requires
an analysis from different points of view. In order to
investigate a BIM workflow during the design phase
of a building project, and keep the focus on pro-
cess modelling, a framework was developed, based
on three underlying theories — design, configuration
and task-technology fit as presented in Table 1 and
Figure 1.

The conceptual framework showed in Figure 1 con-
nects theory and practice. The analysis framework
constitutes the connection between people, organiza-
tion and technology interaction. Hence, the design
of a process with 2 task-technology-configurational
fit requires an adaptive interaction of implemented
processes (through people), organization (actions and
delivery order) and technology (software and data)
(Sreckovic et al. 2020).

At first, for the analysis of our processes the infor-
mation delivery manual (IDM) was considered. IDMis
a standard, which “provides help in getting the  full ben-
efit from a BIM” (1ISO 29481-1, 2016). 1SO 29481-1,
(2016) and ISO 29481-2 (2012) describe a method-
ology to identify and describe processes within the
context of BIM to support use cases by providing the
information in a satisfactory quality at the required
time. Tt is another component, which forms a funda-
mental part of our analysis framework. Nevertheless,
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for our research purposes, a deviation from 1IDM was
necessary - where the focus is in the detail on the
comprehensive procedures of the complete project:
whereas our framework connects aspects from a the-
oretical point of view and a practice point of view,
delivering an integrative configurational fit of tas'k:
technology-people, embedded in an organizational
structure resp. environment. Additionally, the focug
in our presented conceptual model development is on
smaller and more scaled process-scenatios, which fi
thermore ate the entry points fora SCimplementation,

= £ e
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4 CONCEPTUAL MODEL DEVELOPMENT

<

4.1 Conceptual framework

The conceptual framework was used to anal
scepario from a use €ase in the design ph
a medium sized-office building. The aim
explore relevant data and define the mteractiong
ple (project-stakeholders), tec hnology (data-flo
software) and tasks (process-flow) for the ere '
a conceptual model of SCs.

To describe this conceptual model, we
following scenario as base-layer: the architect
necessary change in designtoa load-bearing!
next step includes a needed verification and @
from the structural engineer, as the aforer
change includes a structural element.

Figure 2 shows this process with an m
tion of SC. The proposed system is divided
columns: Action, Blockchain, Database
Contract. The first column describes the action
are taking place during this process.
actions are additionally indicating a SC
tation. The blockchain hosts the SCs and
references, the database mainly contiins
data in an exchangeable format.

A SC is basically addressed through
ent approaches. Firstly, 2 mianually g
needed. This could be for instance the up
model-version to the systeim. In th
responsible for creating a reference
the BC. Secondly, a SC could be trigg:
SC. When the beforementioned SC o
erence, it parallelly can monitor the
model-version.

Due to an object-based file (see
agement), object parameters could |
indicator for an automatization, Suc
eter load-bearing indicates verl
2structural engineer, who then Wil
informed. The project mariager il &
be notified of the progress and Wil B
intervene.

i reference
(G 3 C4| <

Conceptual model.

a data-centric approach is required. The
@t%}:enﬁic management has not been
ed within the AEC industry (Chassiakos
apoulos 2008). In order to provide a suitable
ent concept, we reformatted the indus-
nelasses (1IFC) models to a JISON format.
IFC models can be used on a database
DB (Sibenik & Petrinas 2020).
e most widely used standard to define neu-
0 dels. This format can be used for the
exchange which is still burdened with
s (Sibentk & Kovacic 2020). Lack of
eneous building model representa-
_ talization makes this task highly
€p, we use the available IFC mod-
qnnms_tcnl building element IDs
i f_-hnfl.( with the database prevent it
e tor all data management aspects
hm‘l;he existing solution provides a
i ding element from the SC, but it
"T gﬂ BIM-based workflows form
O further improve the data man-

10 directly co i
4 \ nnect proprieta
i the central database. PPy

42 Data management

Within the scenatio that we @
agement in the context af }31 '
file-based. However, t0 achieve o
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5 DISCUSSION

The conceptual model shows mainly three factors, why
BC and SC can be considered to deliver benefits to a
BIM process if implemented:

- Documgntation: Traditionally, documentation was
not an issue, as each document was stamped and
in paper version (Singh & Ahsuri 2019), but due to
BIMTmethods, the exchange rate of data increased
firastlcall.y, which often leads to data loss, unused
information (Erri Pradeep et al. 2019). 7

— Transparency: Due to the process design conducted
through SC, a new level of process integrity can
be reached, which is transparent to all project-
stakeholders and agreed upon, before the project
st;lrttrs. Th];s could foster and strengthen a new way
of trust between the proj i
Raseom 2019, project stakeholders (Li &

— Traceability: Documentation and Transparency cre-
ate the base layer for traceability in the design
phases. SC can enable automatized reference-
making on a BC and therefore create arevision-safe
datgl?ase. With a BIM element-based system, SCs
facilitate the traceability of each change il,’l the



model. Author and date of a change, can be tracked
on the BC. The traceability enforces a responsible
decision-making process and can belp avoid legal
disputes upfront, as well as minimize the restraint
of using BIM in an interorganizational setting.

6 CONCLUSION

Although BIM has become an important method
within the AEC industry, it still faces a lot of chal-
lenges. In this paper we introduced a conceptual model
for the implementation of SCs in the conventional BIM
processes, with the aim to a) enforce a more regulated
process-flow, b) create a digital traceability of alter-
ations to an interoperable BIM and c) track changes
of actions/decisions made in the planning phases of
a building project (BIM as planned) and amendments
to design during copstruction (BIM as built). In con-
clusion we argue, that the implementation of process
based SCs could foster a better environment for BIM
based projects, due to a standardization of these pro-
cesses, which would also deliver benefits in the form
of efficiency and speed.

Limitations in this paper are the small amount of
analysed processes so far as well as a lack of standard-
ized actions (in the context of a taxonomy necessary
for a standardized use of SC in the planning Processes).
Hence, the identification of intersections between peo-
ple (project-stakeholders), technology (data-flow and
software) and tasks (process-flow) has not yet been
fully adjusted to the needed requirements for SC.

In this paper we established the guidelines for the
implementation of SC with BIM through the develop-
ment of a conceptual model. The next steps will include
an exploitation of further scenarios and use cases,
a standardization of terms for SCs (taxonomy) and
the development of a practice-based Proof of Concept
within our research project.
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