


Problem statement

The occurrence of serious accidents is still unacceptably high in the

construction sector

Fatal and non-fatal accidents at work by NACE section, EU-27, 2018
(% of fatal and non-fatal accidents)
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MNote: non-fatal (serious) accidents reported in the framework of ESAW are accidents that imply at least four full
calendar days of absence from work. Ranked on the values for fatal accidents.

Source: Eurostat (online data codes: hsw_n2_01 and hsw_n2_02) eurostat¥

Development of fatal accidents at work for the five NACE sections
with the highest risk levels, EU-27, 2010-2018
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Problem statement

One fatal injury costs an average of $991,027 in hospital costs. o

The 5,333 fatal occupational injuries in 2019 represents the largest annual number since 2007.

A worker died every 99 minutes from a work-related injury in 2019. .. wwwcrusonsmnse

Fatalities in the private construction industry increased 5% to 1,061—the largest total since 2007. us sureavor azor stamsrc:

* Fatalities among workers age 55 and over increased 8% from 1,863 in 2018 to 2,005 in 2019, which is the
largest number ever recorded for this age group. us surea o ieor sarisrics

* Work-related injuries have caused companies to lose 104,000,000 production days. s sy com

* Injury related Indirect costs in the construction can be 17 times more than direct costs. ey e v


https://www.convergepoint.com/safety-software/ehs-training-management-best-practices-and-resources/training-that-works-roi-benefits-of-safety-training/
https://www.bls.gov/news.release/cfoi.nr0.htm
https://www.bls.gov/news.release/cfoi.nr0.htm
https://www.bls.gov/news.release/cfoi.nr0.htm
https://www.nsc.org/work-safety/services/safety-surveys/research-and-resources
https://www.safetyandhealthmagazine.com/articles/10414-the-roi-of-safety

Technology Solutions That Can Help Provide Better Risk
Monitoring, Inspection, Identification Or Safety Training
are Still Largely Unproven And lll-defined



VISION ZER AND THE GREAT RE
Shimizu Smart Site

Next Generation of Construction System Robot
where human and Robots Works Together INATEOT)

Takashi Kawa...

{Purpose)

@ Improvement on Working Environment (Dangerous Site/Limited
Space Site/Dirty Site)

@ Improvement on Workers Welfare (Higher Pay/More Day-off)

3 Improvement on Reputation of Construction Industry (Dirty,
Dangerous, Difficult)
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(Target)
@ Improvement on Productivity
(50% Increase on Each Work)

Interesting Points

Of VI S I O n Ze ro TO @ Creation of New Production System

@ Infrastructure (rules) Redevelopment bro and, The Gieat Reset
: “VISION ZER OO AND THE GREAT RE =+
Consider

VISION ZERCOO AND THE GREAT F

Building genuine connections - digitalisation in the service of prevention

@ Vision Zero - 7 Golden Rules

Advanced robotics and artificial intelligence Flexible work
1. Take leadership — demonstrate commitment to OHS and digitalisation strategies + Smart robots * Widespread connectivity
* Exoskeletons * Mobile digital devices
2. Identify hazards — perform digitalisation risk assessments also on wellbeing + Big data, artificial intelligence and algorithms + Online platforms
* Smart personal protective equipment

3. Define Targets — develop OHS leading indicators in relation to digitalisation : : )
* Virtual reality and augmented reality

4. Ensure a safe and healthy system — create an ethical framework * Additive manufacturing
* Affective computing

5. Ensure safety and health in machines, equipments and workplaces - prevention through design
6. Improve qualifications — develop OHS competences in relation to digitalisation

R Invest in People — involve employees in the design and implementation of digitalisation strategies

TIONAL
N

www.fioTpory



ldea/Hypothesis

BIM can provide models with necessary geometric and non-geometric information to characterise site
conditions, however there is no such thing as a formal description of "BIM for safety" unlike what happens for
other BIM uses such as quantity takeoff or facility management

This work will be based on construction safety standards such as “ISO 19650, PAS 1192-6:2018 "Specification for
collaborative sharing and use of structured H&S information using BIM, and the Directive 92/57/EEC,
implementing minimum H&S requirements at temporary or mobile construction sites”.

The framework will cover training and risk identification, monitoring and inspection. Immersive interfaces will
allow different types of users to access BIM content and to simulate specific site conditions before entering the
worksite.

Existing rule-checking tools and catalogs will be used to identify potentially risky situations automatically from
the BIM model




BIM for Safety Template, General Framework

/~ Contract Formulation
Identification of safety
Interests
“Target Groups”:

*|nteractions with 1SO

\ *Model Structure

Client Structuring
Requirements

The client

<~

EIR

Requirements

(Employer’s Information Requirements) J

Service Providers
Understanding The Clients
Requirements by a BEP

Model Uses

Process

Information
Exchanges

Infrastructure

Rule Checking

What will the Model
Need?

Safety

VR For Designers,

Complete BIM Model SEHSWAVERERES
& Training

Case Study

Validation
& Tuning




Methodology



Fully Manual

Verification
Systems

BIM for Safety

VR For Designers,
Safety Managers
& Safety Training

AR For Real-time
Site Monitoring &
Inspection

J

Fully Automated

Rule based

BIM for Safety Verification System




Contract Formulations

Information Requirements Information Requirements Information Deliverables
(for the client organisation) (for the contracted organisations) (for the contracted organisations)
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BIM for safety “on a very operational level” is an information container
within a project information model that must be appointed by someone.




Employers Information

Requirement (EIR)

DELIVERY EXECUTION

CONTRACT AWARD
(BEP)

1 Project Information Model (PIM) | Asset Information Model (AIM)
I Ll I
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* Clients have an idea about the information they
would like to see from their project teams during
the delivery phase as proposals are being designed
and priced up.

* Clear information at handover to be able to run
their new building and get the best out of it.

* Employers Information Requirements or EIRs,
are the document where those needs are set out.

* EIR is one of the most important pieces of
construction using BIM. It is the one document
that can drive the process from start to finish and
the one document that all parties
(designer/contractor) must respond to the owner.

* It must be generated at the start of the project
and carefully consider what is going to happen
throughout all the stages of the project and set out
what must be delivered at the end.

Technical Management Commercial

v Information rormat v Hign-ievel roles v Sltrategic

v Leve f Definitior v Standards v erined

v Software platforms v Data security
v Competence
v Key decision points assessment
+ information required

for them




BIM Project Execution Plan (BEP)

Outlines the overall vision along with implementation details for the
team to follow throughout the project.

The Plan should be developed in the early stages of a project;
continually developed as additional participants are added to the
project.

Identify the modeling uses to
achieve the desired goals

Define the value for BIM adoption

on the project
By developing a BIM Plan, the project team can: Model Uses _
* clearly understand the strategic goals for implementing BIM on the
project
Design a process for integrating
the model uses along with
identified information exchanges

Define the content for each
information exchange

* Organizations will understand their roles and responsibilities
Process

* The team will be able to design an execution process which is well
suited for each team member’s business practices and typical

organizational workflows

. . . . Information
* Qutline additional resources, training, or other competencies

necessary to successfully implement BIM for the intended uses

* Provide a benchmark for describing the process to future
participants who join the project

* The purchasing divisions will be able to define contract language to
ensure that all project participants fulfill their obligations

* The baseline plan will provide a goal for measuring progress
throughout the project.

Exchanges

Identify the project infrastructure
needed to support the BIM process

Infrastructure




Developing Information Delivery Manual
(IDM) for Safety

Once we establish our method, we can start drawing the structure of the information container in detail.

Since BIM for safety does not exist, everything is new contract formulation will be an intermediate step to have
something that can be used on site.

Done by drawing IDM for Safety, which does not exist inside BuildingSmart “There Is a Lack Here” .

Information Delivery Manual (IDM) is a document that captures an internal team process and gives a detailed
specification of the information that a user fulfilling a particular role would need to provide, at a particular point within
a project.




Developing a Model View Definitﬁn (I\/IVB)

\

A Model View Definition (MVD) is a subset of the overall IFC schema to describe data exchange for a specific use or
workflow, narrowing the scope depending on the need of the receiver

MVD is a filtered view of the IFC allowing users to export specific packages of model information to meet a
particular use. MVD is a strong tool in the open BIM workflow, it reinforce clear and structured way of working

For example, energy analysis MVD exporting only the information relevant the building envelope spaces the U

value of the external walls

Same for cost analysis and structure analysis

MVD for Safety analysis Does not Exist




Fully Automated
Risk Checking

Risks Database

BIM
Requirements

Rules Parameters

Sevirity, Exposure, and Entities

Probablity

%

Fully Automated Rule Checking Components



Use-case
Identification

Information Provision

*Support inspection

«Visualize current task
procedure

*Process awareness

Integration

*Retrieve inspection data
«Enable connection to
other functional modules

*Send data to other
instances

AR Task
FEEERE

Analysis of AR capabilities
and potential benefits

*Decision-making
*Collaboration and
communication
*Improving productivity
*Problem-solving
*Reducing waste, defects
and construction rework
=Design feedback
»Safety report
* Automation

»Geographical location

Selection of appropriate

hardware

*Wearing comfort

»Suitability for industrial
purpose

*Ergonomic design

*Usablility and user
experience

*Compliance with security
and privacy regulations

Evaluation and
Feasibility

Requirement’s assessment
and collaboration of
potential users

*Domain experts

*Technical experts

Selection of appropriate
data collection technique

*Expert interviews
*Focus groups

=l aboratory tests

*Field tests

*Online questionnaires
«Participant observation

Design
Principles

Recommendations for AR
software design

*Privacy compliance

*Economic use of memory

*Adoption of existing
knowledge

»Adaptability for the usage

context
*Modular customizability
*Scalability

Framework for a Guided Integration of AR in the AECO Sector

Implementation
Requirements

Recommendations for AR
implementation and
acceptability

*Prototyping
*Low-code engineering
*End-user evaluation

»[teration-based evaluation




Creation of the model geometry fox
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and the VR environment
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BIM-Based VR Development Framework




Conclusion

All the traditional process
mentioned before will be made.

BIM for safety Template, General Framework

Contract Formulation

Pre-/post-contract

m/lodel View Definitions \

(MVD)
“End Point of

(IDM)”

Practical Implementation

Information Delivery Manual
Rule Checking

/ Information Assessment \

AR For Real-time Site Monitoring
& Inspection

VR For Designers, Safety
Managers & Training

BIM Model For Safety




Proposed Case Study

A case study will be made implementing the framework into an actual industrial project in
Portugal.

* Provide evidence for the developed system’s functionality in coordinating concurrent onsite

processes and foreseeing conflicts as well validating the framework with the assistance of safety
professionals.

* Elaborate on the proposed safety monitoring and inspection implementation in real practice and
presents an illustrative example to showcase the added opportunities.



Thank you for your
Attention!



