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MOTIVATION

Globally, labor-productivity growth lags behind that of manufacturing and the total economy

Currently, about 50% or more of the effort
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Traditional methods perform activity-based planning, which does not model the cause-effect relationships among
project variables.

Rather, the dynamics of a construction site can be studied as an emergent property from interactions between
resources on-site and the environment.

LEAN CONSTRUCTION
Respect- and relationship-oriented production management-based approach to project delivery.




DEALING WITH EMERGENT BEHAVIOUR

Activity-based planning Lean Construction (e.g., LPS) Analysis of workflow variability
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Initial work planning must be limited to the short term and must continuously be updated as a consequence of the
feedback of the actual status of resources and processes.




THE HOLONIC APPROACH

It imitates real world process of systems, where the global behaviour emerges as a result of interaction
between agents. It can take advantage of BIM-based structured information.

HOLON 1 HOLON 2 HOLON n
8 8 8 CONSTRUCTION
MANAGEMENT
Agent 1 Agent 2 Agent n SYSTEM
1 . n ENVIRONMENT
HOLONIC EXECUTION SYSTEMS || @ consTRUCTIONSYSTEM
Physical Physical |~ Physical (WORLD OF INTEREST)
object 1 object2 | object n

Holons = autonomous self-reliant units. Having a degree of independence, which can handle contingencies without
asking higher authority for permission.
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OUR APPROACH
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Need for data conversion and management

Ref.: EU Project Encore (Grant agreement number: 820434), https://encorebim.eu/ , An Energy-aware and cost-effective BIM Cloud Platform for Building
Renovation.



https://encorebim.eu/

TURNING BIM MODELS INTO PROCESS MODELS

BUISNESS PROCESS MODELLING NOTATION

Example of tool: Construction Simulation Toolkit — CST (Ismail and Scherer 2014)

It uses BPMN to capture and arrange the domain expert knowledge and transform it into simulation processes,
coupling logistics and production in one environment
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BPMNs INTEGRATED IN PLANNING

Advantages provided by BPMN:

The schema of resource combination defined prior to simulation and scheduling, is flexible;
- It can dynamically calculate the duration of activities, as a consequence of the real conbination of resources;
- It supports the application of corrective actions, due to the unexpected during work progress;

- It combines information deriving from diverse sources, in terms of types and origins;

- The graphical representation of BPMN make the models easy to understand and communicate.




AWOPS

DATA INTEGRATION THROUGHOUT THE PLANNING PHASE
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COMBINATION OF PROCESSES, RESOURCES, COST ANALYSES

Product: the product model has been assumed as broke-down according to the IFC standard

Price list: every record is uniquelky identifiable over the Internet (URLs identified and stored as JSON documents of a
graph DB).

Operational resources: the minimum set of required resources is specified by the price list items associated with tasks
Processes: they are described by BPMN, represented as XML-based notation.
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CASE STUDY: RETROFIT

Pilot of ENCORE Project (H2020) - https://encorebim.eu/ .

Same process, several
deliverables

In fact, the user is unable to optimize the
sequence of tasks into a definite job logic.
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DEVELOPMENT OF THE JOB LOGIC

AWOPS (tool of ENCORE Portal): Automated Work Planning Service

1. Import of models and definition of groups of deliverables =~
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DEVELOPMENT OF THE JOB LOGIC

3. Crews and resource types are associated automatically

Activities associated with a Deliverable. The process containing those taks. Resource list associated with a task.

Activities
sarc
Pocsss 4 Deesoe D et Price st Coce sz ura st canenime Dus catenume ode = Pric Sebecred | Shared
©
PROC2 Rencustion TOS20,51.E04001.002 o " 2021710015 0226131
TOS20 ATNOGOTE006  Gru atowre - beaceio 4141 m, pertata in punta 1000k, 375 e e
eRocz Renousticn TOS20, 416003002 o2 2 2021118 224131
=0z Bancus ] maz 20211015 202131 TOS20_ AT NOG 020002 a true e
sRocz Renouton 0 mz 2171015 2022131
TOS20 ATNIOOZS001  Puntel, nelegyio mendie - metalici a croce hmaxm 13 true fabe
sRocz Renouation on mz 22171015 2022131 a0
sRocz Renouton os2 mz 25 202211 TOS20 ATNIDOZS00Z  Pusteli, nokeggio mensie - in legname dabete 1 = falte
#R0C2 Renouation maz 2211015 2022nm TOS20 RUMIDOOI02  Opesaio ecfle - Speciakzzato £ = fale
PROCE en mez w5 aaenm TOS20 RUMIDOOTI0)  Operaio edie - Quahiicato xn e fake
TOS20 RUMIOD01004  Opsesic sclls - Comuns 2408 - ™
TOS20 AUMI1001001  instalistors/Opersio metsimeccanico - 5+ categoria i 25.1 - tabe
sl superiors
TOS20 RUMTLO0I004  Installstors/Opersio metaimecranicn - 34 categoria 2 e fabe

4. Every process will be instantiated into as many instances (i.e. activities) as the number of associated Deliverables
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DEVELOPMENT OF THE JOB LOGIC

5. The ACO stigmergic algorithm finds a feasible solution optimized with respect to a cost function

The planning algorithm is based on the multiple ant colony system for vehicle routing problems with time windows

(MACS-VRPTW). I
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FIRST WORK PLAN AND UPDATE NO. 1
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In this scenario D1 has run late.

The expected consequence is that D2 and D3 be

delayed, which would impact D4 (crew no. 2). = /////
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the work of Crew no. 2 at all. —




CONCLUSIONS

Some algorithms, such as stigmergic ones, can support work planning at runtime, however they require the use of a
notation that models process and not products

BPMN is a good notation to define processes

BPMN can arrange information properly and itnegrate information about work progress, and can trigger planning
algorithms to update work plans continuously

The job logic and duration of activities is the result of the combination of involved resources, hence this is abel to
cope with the complexity of construction projects
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