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1st Industrial
Revolution
1750 -1800

2 |ndustrial
Revolution
1800 - 1930

3 Industrial
Revolution
1960 - 1990

4th Industrial
Revolution
> 1990

Inadequate Capacity &
Capability

Laggard in adopting
digital technology

Poor uptake of
Innovation

Paper based
Construction & Quality
records

Poor understanding of
Quality Management
principles

Quality is a secondary
priority.
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Key Quality Industry Issues N

 Lack of Quality Leadership
* Poor quality culture

« QC/QA practices that are not keeping pace with the
construction works and technology

* [Inadequate constructability reviews
* Constructability issues

* Inadequate data analytics - “Data Rich Analysis Poor”

Opportunities for Improvement
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MRPV QA Framework
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" proJecs . MRPV QA Framework

VICTORIA
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Traditional Approach Our Approach
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Quality Planning
“Do the Right Things”

Key Focus Areas

- Road Map to Project Quality
Success

- “Working Together Model”

- Early engagement with
Contractor (workshop)

- Contractor’s QMP, quality
resources, processes, systems &
tools

Successful Outcomes

- Adequate oversight of
Contractor's QA/QC program

- Clear alignment between QA,
Surveillance and Delivery teams
of project quality requirements
and objectives.

MRPV QA Framework

Stakeholder’s Quality Requirements

Quality Assurance
“Do Things Right”

Key Focus Areas

- Construction quality risks (Lot
Plan/Map, Work Packs, CMSs
& ITPs)

- Audit and Surveillance
schedule (On-site & Off-site)

- Subcontractor/Supplier QA
Program (‘Quality at Source’)

Successful Outcomes

- Construction Quality risks
adequately mitigated

- Effective implementation of
QA/QC programs.

(" Quality Control

“Done the Right Things
Right”

(Kex Focus Areas

- Monthly reporting & review of
work lots, test results, NCRs,
progressive completions.

- Audit & Surveillance findings
- Effective Root Cause Analysis.
- Quality of Compliance &

|

\Conformance.

Successful Outcomes )

- Successful close out of work
lots and audit findings.

- No recurring non-
conformances.

- No major quality defects after

handover.

NS J

Lessons Learned, Benchmarking, Continual Improvement

J

Continual Quality
Improvement

“Do the Right Things
better continually”

Key Focus Areas

- Quality reviews

- Trends of Quality
Performance Metrics

- Continual Ql initiatives

- Quality lessons learned.

Successful Outcomes

- Continuing effectiveness of
Contractor’s QMP and
QC/QA programs

- Steady improvement in

QPI.
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Compliance Assessment Performance Eva
(CAPE Gridw)

“Quality by Chance” “Quality by Leadership”

7 5128

“One must standardize,
and thus stabilize the
process, before continuous
improvement can be
made.”

Masaaki Imal,
Founder of Kalzen Institute

PO0H

“Quality by Hope” “Quality by Faith”

Performance

Insanity: g
doing the same thing & ~===5
overand over again 6 \

AN

100

and expecting
different result:

Poor Good

Compliance

‘0 Project Controls

Melbourne, Australia




Quality Performance Indicator (QPI) M

QPI— Aggregate of Quality of Compliance and Qualityof 4 MAJOR ROAD

PROJECTS
Conformance AT
 MRPV Requirelnents‘\ Designer & Contractor Monitoring &
Reporting
QA Program
- Quality of
Design Management - _
Plan, Construction A Aud;:‘& Complance Compliance
Management Plan + R onitoring
Quality Ma ement 2
Plan i Quality
Performance
+ Index (QPI1)
QC Program .
< I;ro k;an: L Surveillance &
Qe chec - S QC Checks Quality of
construction worksand Y N
quality documentation
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Application of Digital QA in Construction

« QC/QA during Construction
 Digital As-Builts

e Data Analytics

 Digital Quality Reporting
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Use of Digital Engineering

Requirements = Construction Testing & Completions & - Asset
‘ Commissioning Handover Management
Design meets Client Requirements <= == == 4 Buill Quality meels Design Intent = == =— & Asset is “Fit for
I _--—T-— Purpose”
| BIM & Digital
H Validation &
4 Verification
' [augmented by Al)

I --------- 1 ;

Commeon Data Environment & ICT platforms (End to end systems)
- Enables collaberation between Client, Project Owner, Designer, Contractor, Subcontractor and Asset Owner|s)

#9® project Controls

- Enables data analytics to be developed
- Alignment of WBS from Requirements, Design and Construction to Asset Management
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QC/QA in Construction - Intelligent Compaction —

\

Documentation
system BCM 05

Distaice measuring, Procgssoricontrol \ N ¢ :r:?sl;?::"
sensor unit }
Figure 14. Validation of roller mounted GPS with a hand-held rover.
(Courtesy of Bomag) =
Source - US FHWA Intelligent Compaction 09 project Controls
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Digital Preparation of As-Buil\M
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Data Analytics

» Diagnostic
* Exploratory
* Predictive
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Concrete Batching Plant Process Control & QC P?Eg@/

Receipt of Materials
( Aggregate, Sand, Cement,
Admixtures, etc).

Batching Plant
- Loading & mixing of materials
- Water addition @Slump stand

Transportation

Sampling

Concrete placement

bl Process . co | cp |

- Client approved concrete mix
design

- Quality of materials - Certificate of
Compliance

- Correct proportion of
materials/admixtures added

- Cleanliness of truck prior to
loading

- Moisture control of
sand/aggregates

- Compressive strength, VPV,
Slump, J-ring test, drying
shrinkage, etc

- No segregation, loss or leakage of
materials

- Slump, J-ring tests, etc
- Sampling frequency
- Sample integrity & quality

- No cold joints

- Free of voids /blow holes

- Workability/flowability

- No segregation of aggregates

- Concrete Compressive strength (
> 40 MPa)

- Durability - 100 years design life

L

- Prequalification of suppliers.
- Unloading to the correct
loading bays.

- Process validation

- Correct mix design keyed into
batching system

- Weight Control of materials

- Volume of admixtures/ water

- Uniformity of agitation

- Sampled in accordance with AS
1012

- Preservation of sample

- Moisture proof container

- Continuous pour

- Placement time (60-90mins)

- Adequate Vibration

- Ambient temp (5-35C) &
relative humidity

- Concrete temperature (10-32C)

- Water control

- Use of tremie
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Concrete Batching Plant - Process Control Char
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Early Warning System - Concrete Curing Process Control |

Precast Concrete Curing Temperature Profile (Steam

versus Curing Days
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Site Activities

Digital Quality Reporting

Team Binder

Document
Management System

Construction Work
Lots

Quality Dashboards

Lab Test Results (LIMS)

Application
Programming
Interface (API)

Digital Forms
(Test Request, HP Release,
NCR, RFI, DCR, ITP, etc)

-4

Reporting Tools

Surveillance, Audit &
Defects Management
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Conclusions S

 Digital QA improves compliance, assurance and quality
performance in construction.

» Reduce Total Cost of Quality through early intervention and
prevention of nonconformances.

» Data captured digitally enables real time reporting of quality
performance metrics.

* Quality documentation can be handed over to Asset Owner
through a digital platform.
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