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Quality Management During
Design and Construction

Presented by 

Donald G. Archer, P.E., M.ASCE
Principal, PQM, Inc.

don.archer@pqminc.com

About the Instructor:  Donald G. Archer, P.E.

 Education, Certifications and Training:

 BSCE, MBA, PM, SSBB, CQA

 Registered Professional Engineer: CA, TX

 Experience:

 30+ yrs in Design and Construction Industry

 15 yrs. exclusively in Quality Management

 Founder of PQM, Inc., 2006

 PQM, Inc. – Quality Management Consultants

 Public Agencies, AEC Consultants, & Contractors:

 Quality Management Program Development

 Quality Program Implementation and Monitoring

 Root Cause Analysis & Process Improvement

INTRODUCTION

 Design & Construction Audits

 Document Control

 Training

 Performance Metrics & Statistical Analysis
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 Climbing the Quality Ladder

 Cost of Quality

 Design & Construction Case Study

 Features of an Adequate Quality Program

LEARNING OBJECTIVES
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Climbing the 
Quality Ladder
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QUALITY IN PROJECT DELIVERY 

LEVELS OF QUALITY

Informal Quality Control Program

Formal Quality Control Program

Informal Quality Assurance Program

Formal Quality Assurance Program

Continuous Improvement

Performance Based Program

Risk Based Program
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QUALITY IN PROJECT DELIVERY

LEVELS OF QUALITY VS. 
PERFORMANCE 

Historic Level

Improved Level
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Informal Quality Formalizing Quality Improving Quality Maintaining 

The Answer
A fully implemented, 
formalized Quality 
Management System will 
enhance the output by 
reducing waste (non-value 
added) and minimizing 
variability. 

The 
Question
How to obtain and 
maintain  significant 
improvement? A unique departure 

from historic level
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QUALITY IN PROJECT DELIVERY

CONTINOUS IMPROVEMENT 

Define

Measure

Analyze

Improve

Control

D

M

A

I

C

D

M

Define
This phase defines the problem or need

Measure
This phase measures the current process or 
system

A
Analyze
This phase collects and analyzes data to 
determine critical variables, deficiencies 
and/or waste
Improve
This phase focuses on the most important 
areas to optimize or improve the results of the 
system

I

Control
This phase measures the new process, 
verifies the improvement and institutes 
controls to maintain the gains

C

Six Sigma Approach
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QUALITY IN PROJECT DELIVERY

PERFORMANCE BASED PROGRAM

2008
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QUALITY IN PROJECT DELIVERY

RISK BASED PROGRAM

Plan Do

CheckAct

2015

Organization 
and its context  

Needs and 
expectations of 

relevant 
interested parties 

Customer 
Requirements

Products and 
services

Customer 
Satisfaction

Results of the 
QMS

Support,  
Operation

Performance
EvaluationLeadership

Improvement

Planning
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Cost of Quality 
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QUALITY ASSURANCE PROGRAM

COST OF QUALITY

Prevention
/ Appraisal

Failure 
Costs

Rework

Redesign

Liability

Opportunity 
Costs

Planning, 
Implementation

Design Reviews

Auditing

Corrective & 
Preventive 

Action (CAPA)
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QUALITY IN PROJECT DELIVERY

COST OF QUALITY
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Early Investment in the Quality Program Results in 
Higher Return of Investment (ROI)

O&MConstructionBid & AwardDesignPlanning

Late Investment

Early Investment

ROI

Project Delivery Phases 
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QUALITY IN PROJECT DELIVERY

COST OF QUALITY

Total Cost of 
Quality

Cost of 
Implementing 

Quality

Cost of 
Rectifying 

Defects

HighQUALITYLow
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You want to be 
here
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Design & Construction 
Case Study 

DMAIC Approach
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QUALITY IN PROJECT DELIVERY

METHODOLOGY

Define

Measure

Analyze

Improve

Control

D

M

A

I

C

D

M

Define
This phase defines the problem or need

Measure
This phase measures the current process or 
system

A
Analyze
This phase collects and analyzes data to 
determine critical variables, deficiencies 
and/or waste
Improve
This phase focuses on the most important 
areas to optimize or improve the results of the 
system

I

Control
This phase measures the new process, 
verifies the improvement and institutes 
controls to maintain the gains

C

Six Sigma Approach
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QUALITY IN PROJECT DELIVERY

METHODOLOGY

Production Activities

Sources 
of Inputs

Outputs

Inputs Receivers 
of Outputs
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Programming 

& 

Planning

Environmental

Clearance
Design

Bid 

&

Award

Construction O & M

The Infrastructure Project Delivery Process 
(DBB) includes Six (6) phases

Each phase has policies, procedures and guidelines that 
are implemented within an organization that define:  
 How WORK is produced

 How work products are MONITORED

 How to CONTINOUSLY IMPROVE production

QUALITY IN PROJECT DELIVERY

CONTEXT

17

Design
Case Study
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Define
Improve &

Control
Measure &

Analyze

19

QUALITY IN PROJECT DELIVERY

DEFINE IN DESIGN

Suppliers

Owner

Surveyor

Designers

Geotechnical 
Engineer

Resources 
Agencies

Planners

Inputs

Scope of work

Design Criteria

Standards

Constraints

Field Investigation

Mapping

Process

Design 
Development

Project 
Management

Quality Control & 
Risk Management

Outputs

Drawings

Specifications

Quantities

Cost Estimates

Reports

Customer

Owner

Agency

Contractor

QC Program
Design 
Review 

Program
Check List Document 

Control QA Program

Control

20



11

Define
Improve &

Control
Measure &

Analyze

21

Project Bid Price Contingency
Total Project

CCOs
(#)

Total Project

CCOs
($)

Design 
Related 

CCOs (#)

Design  
Related 

CCOs ($)

Project A $29M $2.2M 60 $2,394,992 16 $409,630

Project B $28.6M $2.1M 56 $1,500,918 20 $862,171

Project C $65.8M $10.3M 86 $6,050,269 36 $2,563,444

Project D $102M $15.1M 199 $15,111,926 48 $3,312,160

TOTAL $225.4M $29.7M 401 $25,058,105 120 $7,147,405

QUALITY ASSURANCE PROGRAM

MEASURE IN DESIGN

Budgets Were 
Measured

Construction Change Orders 
Were Analyzed To Assess 

Design Quality

Root Cause Analysis determined that 46% / $3.3M of the 
Design Related CCOs were preventable. 22
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Safety

Differing Field Conditions

Design Related Issues

Owner Initiated Changes

Administrative

Preventable or Non-Preventable

Roadway, Structures, 

Drainage, Utilities

DR, IDR, Specification Constructability 
Review, Calc. 

Error, Communication

Level 1: Category

Level 2: Quality Metric

Level 3: Discipline

Level 4: Process 

QUALITY ASSURANCE PROGRAM

ANALYZE IN DESIGN

23

Define
Improve &

Control
Measure &

Analyze
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QUALITY ASSURANCE PROGRAM

IMPROVE IN DESIGN

Recommendations for Improvement in Design 

Add Independent Review

Improve Disposition Log

Add Checklists 
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QUALITY ASSURANCE PROGRAM

IMPROVE IN DESIGN

Recommendations for Improvement in Design

ASCE Standard 38-02

Constructability Reviews

Use Construction Professionals

As-Built Records

Treat as an Assumptions 

Utility Conflicts 

Implement ASCE Standard 38-02
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QUALITY ASSURANCE PROGRAM

IMPROVE IN DESIGN

Recommendations for Improvement in Design 

Disposition Log

Comment Response Resolution Implementation

Design Reviewer Designer Designer & 
Design Reviewer

Designer

Write detail 
description of 

comment

Writes detailed 
description of 

response

Discuss and 
agree on 

resolution of the 
comment

Verify that the 
comment is 
accurately 

incorporated
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QUALITY IN PROJECT DELIVERY

CONTROL IN DESIGN

1. Conduct 
Audits to 

Identify the 
Gaps

2. Determine 
the Root 

Causes of 
Deficiencies

3. Implement 
a Plan that 

eliminates the 
Root Causes

4. Monitor 
Improvements

5. Broadcast 
the Lessons 

Learned

Continuously Improve your Quality Management 
System:

Control

28
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Construction
Case Study

29

Define
Improve &

Control
Measure &

Analyze

30
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QUALITY IN PROJECT DELIVERY

DEFINE IN CONSTRUCTION

Suppliers

Stakeholders

Designers

Material 
Suppliers

Workforce

Inputs

Shop Drawings

Design 
Documents

Design Criteria 
(Temp. Design)

Materials

Equipment

Field verification

Processes

Temporary 
Design

Fabrication 
Design

Concrete Mix 
Design

Procurement

Construction

Outputs

Infrastructure

Buildings

Bridges

Roadways

Utilities

Airports

Railroad

Customer

Owner 
Operator

Quality 
Management 

Plan

Construction 
Work Plans

QC 
Inspection

Material 
Testing

QA 
Inspection

Project 
Controls

Document 
Control

Statistical 
Analysis

Control

31

Define
Improve &

Control
Measure &

Analyze

32
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Project Schedule Duration

Total
Project
NCRs

(#)

Workmanship 
Related NCRs (#)

Project A 18 month 4 months 123 85

QUALITY ASSURANCE PROGRAM

MEASURE IN CONSTRUCTION

Construction 
Parameters

Non-Conformances Were 
Analyzed To Assess 
Construction Quality

Root Cause Analysis determined that 84% of the 
Workmanship NCRs were preventable.

33

Materials

Workmanship

Design

Preventable or Non-Preventable

Roadway, Structures, 

Utilities, Traffic

No Construction Work Plan

Build without Approved Plans

No survey control

Smith

Jones 

Williams

Level 1: Category

Level 2: Quality Metric

Level 3: Discipline

Level 4: Process 

QUALITY ASSURANCE PROGRAM

ANALYZE IN CONSTRUCTION

Level 5: Foreman 

34
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Define
Improve &

Control
Measure &

Analyze
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QUALITY ASSURANCE PROGRAM

IMPROVE IN CONSTRUCTION  

Recommendations for Improvement in Construction

Training

• The Importance of a CWP
• Only Use Approved Plans
• Always Survey Layout
• Cost of Failure/Rework

Personnel Performance Meeting

• Consequences of Non-Compliance
• Implications 

Increase frequency of Audits on CWPs, 
Approved Plans & Survey Control

36
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Project Schedule Duration

Total
Project
NCRs

(#)

Workmanship 
Related NCRs (#)

Project A 18 month Next 4 months 26 6

QUALITY ASSURANCE PROGRAM

IMPROVE

Construction 
Parameters

Non-Conformances Were 
Analyzed To Assess 
Construction Quality

A drastic change from the first 4 months!
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QUALITY IN PROJECT DELIVERY

CONTROL IN CONSTRUCTION

1. Increase 
Inspection of 

Roadway          
Workmanship

2. Increase 
Inspection of 

Foreman

3. Increase 
Frequency of Audits 

on Construction 
Work Plans

Continuously Improve your Quality Management 
System:

Control
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Conclusion

339

QUALITY IN PROJECT DELIVERY

CONCLUSION

The Features of an Adequate Quality Program Include: 

Implement a Continuous Improvement Quality Program

Use well defined, easy to learn and applicable QC and QA Processes 
and Procedures

Ensure Quality Best Practices based

on Risk Based Thinking

Identify gaps in performance

Improve the Quality Program by Conducting Audits, RCA and 
applying DMAIC
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QUALITY IN PROJECT DELIVERY

CONCLUSION

ADDITIONAL THOUGHTS:

 Project Management  Scope, Schedule and Budget

 Project Controls  Tracks schedules, resources and costs

 Quality Management  ensures work is completed per the 
requirements

--------------------------------------------------------------------------

“Is more necessary to ensure Successful Project Delivery?”
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QUALITY IN PROJECT DELIVERY

CLOSING

Q&A
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