
Managing Performance 
in CONSTRUCTION
Leonhard E. Bernold and Simaan M. AbouRizk

M
anaging Perform

ance inCONSTRUCTION

TECHNOLOGY/CONSTRUCTION/GENERAL

The ONE-STOP GUIDE to achieving the highest 
performance in the construction industry

The construction industry’s approach to managing its operations is structured around traditional ideals at a 

time when practices in many industry sectors are enlisting modern, streamlined methods and technologies 

to drive new paths to success. Managing Performance in Construction presents state-of-the-art management 

concepts applied to construction in support of operational planning and control, performance measurements, and 

skill and safety training techniques that have been shown to drastically improve the productivity of construction.  

Topics including Building Information Modeling (BIM), sustainable building, and e-construction management as 

well as human-focused issues such as motivation and leadership are covered with lessons gleaned from real-world 

projects to instill students and working professionals with the skills needed to take on contemporary production 

challenges. This practical guide:

 • Offers an approach to construction productivity measurements  and tools for improvement 

 • Has available, as a free download from the supporting Web site (www.wiley.com/go/bernold), 

simulation modeling software, with exercises, in the book, using the software

 • Is written to be accessible for engineers as well as construction managers

 • Includes a support Web site that provides additional exercises and learning tools for faculty

 • Explains the modern management tools from a historical perspective

Managing Performance in Construction offers a variety of instructional approaches to maximize learning for people 

with different learning styles with the help of homework problems, journaling assignments, case studies, numerical 

exercises, theme problems, and mind-mapping diagrams. Comprehensive, easy to follow, and jam-packed with 

useful examples, this insightful book is a must-have for anyone interested in modern construction management.

LEONHARD E. BERNOLD, PhD, Professor in the Department of Civil and Environmental Systems Engineering, 

Hanyang University, South Korea.

SIMAAN M. ABOURIZK, PE, PhD, is NSERC Senior Industrial Research Chair Professor at the University of Alberta and 

Executive Board member of the Construction Research Institute of Canada.

Bernold 
AbouRizk

Cover design: Holly Wittenberg Cover art: © iStockphoto.com/Ivan Dinev



E1BINDEX 05/17/2010 13:16:8 Page 500



E1FFIRS 05/15/2010 15:0:10 Page 1

Managing Performance in Construction



E1FFIRS 05/15/2010 15:0:10 Page 2



E1FFIRS 05/15/2010 15:0:10 Page 3

Managing

Performance in

Construction

Leonhard E. Bernold
Simaan M. AbouRizk

JOHNWILEY & SONS, INC.



E1FFIRS 05/15/2010 15:0:12 Page 4

This book is printed on acid-free paper.�1
Copyright# 2010 by John Wiley & Sons, Inc. All rights reserved

Published by John Wiley & Sons, Inc., Hoboken, New Jersey

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means,

electronic, mechanical, photocopying, recording, scanning, or otherwise, except as permitted under Section 107 or 108 of

the 1976 United States Copyright Act, without either the prior written permission of the Publisher, or authorization through

payment of the appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923,
(978) 750-8400, fax (978) 646-8600, or on the web at www.copyright.com. Requests to the Publisher for permission

should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201)

748-6011, fax (201) 748-6008, or online at www.wiley.com/go/permissions.

Limit of Liability/Disclaimer of Warranty: While the publisher and the author have used their best efforts in preparing this

book, they make no representations or warranties with respect to the accuracy or completeness of the contents of this book

and specifically disclaim any implied warranties of merchantability or fitness for a particular purpose. No warranty may be

created or extended by sales representatives or written sales materials. The advice and strategies contained herein may not be
suitable for your situation. You should consult with a professional where appropriate. Neither the publisher nor the author

shall be liable for any loss of profit or any other commercial damages, including but not limited to special, incidental,

consequential, or other damages.

For general information about our other products and services, please contact our Customer Care Department within the

United States at (800) 762-2974, outside the United States at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be available in

electronic books. For more information about Wiley products, visit our web site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data:

Bernold, Leonhard E. (Leonhard Emil), 1952-

Managing performance in construction / Leonhard E. Bernold and Simaan M.
AbouRizk.

p. cm.

Includes index.

ISBN 978-0-470-17164-6 (cloth)
1. Construction industry–Personnel management. 2. Labor productivity. I. AbouRizk, S. M. II. Title.

HD9715.A2B483 2010

338.4 076240285–dc22
2009045968

Printed in the United States of America

10 9 8 7 6 5 4 3 2 1

http://www.copyright.com
http://www.wiley.com/go/permissions
http://www.wiley.com


E1FFIRS 05/15/2010 15:0:12 Page 5

We would like to dedicate this book
to our families for their continued love and support.

Our gratitude goes to our wives Marilyn and Marleine and
to our five beautiful daughters Elizabeth, Sarah, Hala,

Jenna and Deema



E1FFIRS 05/15/2010 15:0:12 Page 6



E1FTOC 05/17/2010 13:17:42 Page 7

Contents

Preface xiii

Chapter 1 Indicators of an Industry in Transition 1

1.1 Breaking Interoperability Barriers 1
1.2 Construction Becomes Sustainable 2
1.3 E-Construction Management 3
1.4 Linking Up to Smart Construction Equipment 5
1.5 Highly Successful Engineering Managers 5

Chapter Review 8
Bibliography 9

Chapter 2 Productivity in the Spotlight 13

2.1 Measuring National Productivity 13
2.2 Basic Relationships Affecting Productivity 15
2.3 Factors Related to Process Productivity 17

2.3.1 Necessary Work Resources 17
2.3.2 Job Fitness 19
2.3.3 Where the Rubber Meets the Road: The Process 19
2.3.4 Value-Added and No-Value-Added Outputs 24
2.3.5 Control Mechanisms for Keeping Processes on Target 26

2.4 Taxonomy of Work Time 32
2.5 Gauging Construction Process Efficiency 37

2.5.1 Scientific Measurements of Individuals at Work 38
2.5.2 Measuring Value-Added Work 41

vii



E1FTOC 05/17/2010 13:17:42 Page 8

2.5.3 The Continuous Time Study 43
2.5.4 Work Sampling 47
2.5.5 Sensor-Based Work Measurement 51

2.6 Identifying Critical Impact Factors 53
2.6.1 Understanding the Cause of Inefficiency 53
2.6.2 Functions for Corrective Interventions 57
2.6.3 Critical Success Factors 58
2.6.4 Bipolar Success Factor Analysis 62
Summary 62
Chapter Review 66
Bibliography 70

Chapter 3 Cornerstones of Efficient Site Operation 75

3.1 Return of the Master-Builder 75
3.1.1 Separating Design from Construction Expertise 76
3.1.2 The Rise of Constructability Expertise 77
3.1.3 The Emergence of Intelligent Building Data Models 79

3.2 Planning the Supply, and Resupply, of the Construction Process 79
3.2.1 Modeling the Construction Input Supply Chain 80

3.3 Top-Down Frameworks for Managing Projects 83
3.3.1 Organizational Structures That Facilitate Integration 84
3.3.2 Sequencing the Plan, Start to Finish 86

3.4 Bottom-Up Quantitative Planning 87
3.4.1 Defining the Process Model 88
3.4.2 Computing Process Production 88
3.4.3 Optimizing the Process 97

3.5 Process Synchronization in the Supply Chain 101
3.5.1 Costly Two-Way Ripples in the Supply Chain 101
3.5.2 Just-in-Sequence Material Supply 103
Chapter Review 114
Bibliography 117

Chapter 4 Introduction to Simulation and Its Use in Modeling Production Systems 121

4.1 Building Simulation Models 127
Chapter Review 139

Chapter 5 A Case Study: Applying Simulation to Tunnel Construction 143

5.1 Project Background 143
5.2 Preparation Work: Understanding the Construction Process 145

5.2.1 Shaft Construction 146

viii Contents



E1FTOC 05/17/2010 13:17:42 Page 9

5.2.2 Tunnel Construction 147
5.3 Developing the Simulation Model 153

5.3.1 Assumptions and Input 153
5.3.2 Simulation Model 156

5.4 Running the Model and Deriving Results 164
5.5 Analyzing the Operation 165

Chapter Review 168

Chapter 6 Competencies That Drive the Company 173

6.1 Generic Work Competencies for the Twenty-First Century 174
6.2 Managerial Competencies of Productive Organizations 175

6.2.1 Hierarchical Structure of Construction Companies 175
6.2.2 Diverse Expectations of a Precast Plant Manager 178
6.2.3 Core Competencies of a Precast Plant Manager 182

6.3 Gaining Competency through Learning and Training 187
6.3.1 The Learning Organization (LO) 188
6.3.2 Taxonomies for Learning and Training 189
6.3.3 Teaching and Learning around the Circle 194
6.3.4 The Learning Curve 196
6.3.5 The Relearning Curve 200

6.4 Job-Oriented Training and Competency Development 204
6.4.1 Personal Learning Strengths Dictate Progress 204
6.4.2 Designing a Confidence-Building Process 206

6.5 Becoming a Learning Organization (LO) 209
Chapter Review 214
Bibliography 216

Chapter 7 Productivity in a Healthy and Safe Work Environment 223

7.1 Two Health Stresses that Affect Productivity 223
7.2 The Engine That Drives—and Limits—Human Work 225

7.2.1 A Look Into the ‘‘Boiler Room’’ 225
7.2.2 Calculating Sustainable Energy Use 227

7.3 Ergonomics in Construction 230
7.3.1 Biomechanics 231
7.3.2 The Endangered Human Spine 233
7.3.3 Hand-Arm and Whole-Body Vibrations 236
7.3.4 Factors Leading to Hearing Loss 239
7.3.5 Impact of Heat and Cold Stress on Productivity 243

7.4 A Modern Debilitating Disease: Job Stress 247
7.4.1 Modeling Stressors 248
7.4.2 The Coping Mechanism 249

Contents ix



E1FTOC 05/17/2010 13:17:42 Page 10

7.5 The Silent Epidemic: Workplace Harassment 250
7.5.1 What Are Mobbing and Bullying? 250
7.5.2 The Common Pattern of Mobbing 251
7.5.3 What Should Employers Do—and Not Do? 253
7.5.4 Sexual Harassment 254
Chapter Review 256
Bibliography 258

Chapter 8 The Complexity of Human Motivation 263

8.1 Background 263
8.2 Behavioral Aspects of the Human Mind 264
8.3 Intrinsic versus Extrinsic Motivation 266
8.4 Maslow's Needs-Based Motivators 266
8.5 Vroom's Expectancy Theory 267
8.6 Herzberg's Two-Factor Theory 274
8.7 Measuring Job Satisfaction 276
8.8 Job Enrichment 278

8.8.1 Enrichment Schemes 280
8.8.2 Designing a Job Enrichment Program 281
Chapter Review 282
Bibliography 283

Chapter 9 Performance Factors of Leaders and Teams 285

9.1 Is a Manager Also a Leader? 286
9.2 Theories about Effective Leadership 290

9.2.1 The Managerial Grid Model 290
9.2.2 Theory X and Theory Y 291
9.2.3 Fiedler's Contingency Model 292
9.2.4 Burns's Transactional and Transformational

Leadership Models 295
9.2.5 Hersey-Blanchard Situational Theory 296
9.2.6 Managers with Emotional Intelligence 298

9.3 Power and Problems of Teamwork 302
9.3.1 Team Dynamics 302
9.3.2 Important Team Characteristics 304
9.3.3 Life Cycle of a Working Team 305
9.3.4 Group Dynamics 308
9.3.5 Team Building 311
9.3.6 Planning an Effective Team 313
9.3.7 Launching the Team 317
9.3.8 Tools Used by High-Performance Teams 319

x Contents



E1FTOC 05/17/2010 13:17:42 Page 11

9.4 Basics about Creativity 326
9.4.1 Convergent Thinking 326
9.4.2 Divergent Thinking 327
9.4.3 Left-Brain/Right-Brain Collaboration 328
9.4.4 Attributes of a Creative Individual 329
9.4.5 Exercises to Break-Down Blockers of Creative Thinking 330
Chapter Review 331
Bibliography 334

Chapter 10 Communication: The Nerve System of Construction 339

10.1 Engineering Drawings: The Ancient Communications Medium 340
10.1.1 The Evolution of Models and Blueprints 340
10.1.2 Will It Work? 345
10.1.3 The Internet Revolution 347
10.1.4 Costly Gaps in Electronic Communications 348
10.1.5 On the Communication Trail 351

10.2 Communication Strategies Employed by Organizations 356
10.2.1 Main Functions of Communication 356
10.2.2 Communication as the Enabler of Managerial Functions 356
10.2.3 Strengths and Weaknesses of Various

Communication Media 359
10.2.4 The Effect of Distance on Media Selection 361
10.2.5 Matching Media to Meeting Objectives 361
10.2.6 Local Communication Patterns 365

10.3 Logistics of Project Information 369
10.3.1 Interorganizational Information Flow 370
10.3.2 Information Flow on the Project Net 373
10.3.3 Traditional Communication Patterns 374
10.3.4 Agent-Based, Ubiquitous On-Site Communications 377
10.3.5 Improvements in and Opportunities for Wireless

Communication 381
Chapter Review 386
Bibliography 388

Chapter 11 Performance Management 395

11.1 Historical Recap of Key Management Concepts 395
11.2 From Measuring to Managing Performance 398
11.3 A Corporation's Balanced Scorecard 400
11.4 Performance Management of the Supply Chain 407

11.4.1 Defining Appropriate Performance Measures 408
11.4.2 Framework for Managing Supply Performance 412

Contents xi



E1FTOC 05/17/2010 13:17:42 Page 12

11.5 Performance Management at the Task Level 414
11.5.1 Improvement through Motion Studies 414
11.5.2 Improvement through Intervention Ergonomics 420
Chapter Review 423
Bibliography 425

Appendix 427

Glossary 463

Index 483

xii Contents



E1FPREF 05/15/2010 15:0:51 Page 13

Preface

I hear and I forget. I see and I remember. I do and I understand.
——Confucius

Addition for construction managers: I think and I innovate.

In 2005, we were offered the opportunity to write this book to present the state-
of-practice and knowledge related to the wide range of performance aspects in the
construction field. From the outset we felt that a book of this sort should engage
the students on many different levels in order to provide a rich set of learning expe-
riences that support one another. For example, we include process simulation soft-
ware, to provide an opportunity for students and practitioners to gain hands-on
experience with modeling and learn how to rapidly evaluate different construction
methods and supply-chain configurations. Other important features in the book
are pedagogical support of the teaching and learning process, and a companion
website, with a wide selection of additional material and supports.

1.1 TAPESTRY OF LEARNING

Deep learning is a complex process, whereby the teacher is both the enabler and
facilitator. Einstein once said that one does not understand something until one
can explain it to one’s grandmother. Obviously, he had more in mind than just
parroting what was presented in class. Why would someone’s grandmother even
be interested in hearing about theories or mathematical formulas? The answer is,
only if it is relevant to her and builds on what she already knows. Furthermore, it
must be translated into language that she understands.

A textbook does not have to be dry and sterile. This one engages the reader in
a conversation, with the intent of stimulating interaction with the teacher. It pres-
ents small problems leading the student to follow the thoughts of an experienced
engineer, in the same way an apprentice looks over the shoulder of his or her mas-
ter. Equally important, each reader is recognized as having unique learning

xiii
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strengths, as illustrated by David Kolb’s learning model, shown at the top of Fig-
ure P.1. Various methods and techniques are employed in each chapter to enable
all readers to apply their individual learning strengths.

What is the feeling one gets when one really understands new material (before
explaining it to grandmother)? One understands the theory behind it, knows how
to apply it to solve problems, knows why it is important, and, finally, has an in-
stinctive feeling what would happen if critical variables were changed. In fact, one
has visited all four quadrants of Kolb’s circle, while scaling Bloom’s learning pyra-
mid (bottom of Figure P.1), beginning with memorizing the facts and ending up
being able to apply the new knowledge creatively. The teacher is considered the
coach, who leads the students through the process of acquiring knowledge via a
personal and guided inquiry into the subject. In particular, students will be in-
spired to tap into their creative and innovative capabilities, and find many opportu-
nities to practice and, ideally, earn well-deserved credits toward their final grades.

The vast majority of engineering students receive very little education related
to the historical accomplishments that led to the construction technologies they
see almost every day. To fill this vacuum, we add short sidebars to the main text
when appropriate in order to provide interesting stories and to encourage an
extended inquiry. In the same vein, we ‘‘assign’’ homework and short classroom
exercises, which require students to collect, analyze, and evaluate data as additional
means for building bridges to the new knowledge they are acquiring. Students can
assess how well they understand what they have learned, and detect where their
weaknesses are. These activities ensure that students are in control of the learning
process, and take an active role. Finally, this book offers a unique opportunity for
the teacher to foster reflective learning through journaling

Applying 

Analyzing 

Evaluating 

Remembering

Bloom’s Taxonomy of Cognition

David Kolb’s Learning Model

Understanding

Creating-
Innovating

Abstract

Concrete

A
ct

iv
e

R
eflective

Type 4
(What if?)

Type 1
(Why?)

Type 2
(What?)

Type 3
(How?)

Figure P.1 David Kolb’s Learning Model (top); Bloom’s Taxonomy of Cognition (bottom)
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There is no doubt that the most prominent engineer ‘‘journaler’’ lived and
worked in the sixteenth century. Who does not admire Leonardo da Vinci’s
sketches of lifting cranes and flying machines, and the text and calculations that
accompany them explaining how and why the proposed system would work.

Many of the skills that students practice while journaling are among those sug-
gested by the Accreditation Board for Engineering and Technology (ABET): com-
munication, analytic skills, information literacy, lifelong learning, knowledge of
contemporary issues, holistic approach to engineering problems, and reflective
thinking about professional issues. One of the most satisfying experiences for a
teacher is to observe students struggling during a semester, then see them present
their journals at its end with pride and a smile, and say, ‘‘This was the toughest

Generic Structure of a Class Journal

A. Executive Summary

B. Table of Contents

C. Weekly Journal Entries. Address the following five topics:

1. Weekly review:

What happened in class?

What did we have to do?

2. Personal discussion. Reflections about each main subject of the week:

Why are the new principles and methods important?

How does the new material relate to what I already know?

What are real-world problems that I can solve now?

What helped me most to understand?

3. Special journaling questions relating to the chapter (assigned by the
professor)

4. New terms: the meaning of 10 new (to me) terms in construction

5. My favorite sketch/figure/picture that communicates most effectively.

D. Supplementary Materials:

Personal observations

Evaluations

Poems

Newspaper articles

PowerPoint presentations

Websites

Other

Preface xv
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thing I did in school, but it will help this class experience guide my future profes-
sional life.’’

1.2 BOOK CONTENTS

The material in Managing Productivity in Construction is presented using two in-
tegrated media: the traditional textbook and the supporting website, the latter
which offers additional supplementary materials for students to explore, if they
wish.

Some of the chapters contain features called header problem and/or worked-
out problem, positioned at ‘‘pressure points.’’ Both features are nontraditional, in
that they are embedded in real-world situations that can occur during a construc-
tion project. Rather than providing straightforward solutions, they guide readers
through problem-solving exercises, requiring them to make assumptions and collect
and analyze data; the problems conclude with a discussion of the results, adding a
qualitative component and final recommendations to make to a ‘‘virtual boss.’’

Each chapter ends with a chapter review and bibliography. The chapter review
includes three components: (1) journal questions, (2) traditional homework prob-
lems, and (3) open-ended problem. The journal questions are tailored to each
chapter and can be selected by the teacher to amplify the generic outline of a
journal.

Managing Performance in Construction covers a wide spectrum of topics in 11
chapters, beginning with the concept of productivity measurements and process
modeling. Here is a quick overview of the chapters:

Chapter 1, ‘‘Indicators of an Industry in Transition,’’ identifies some of
the early indicators of an industry in transition. A major change in the way we de-
sign, plan, and even control construction projects will be caused by the industry-
wide adoption of the Building Information Modeling (BIM) system. This thrust
will be accompanied by the further growth of e-construction management, which
will eventually digitally link construction equipment in real time to a project’s web-
site. Another major impact on the industry is the drive toward sustainable and
ecoefficient construction.

Chapter 2, ‘‘Productivity in the Spotlight,’’ describes the many different
ways productivity is measured. It details the concept of process productivity in
construction, while highlighting the causes of nonproductive work. This chapter
also presents the seven types of muda, Japanese for ‘‘waste,’’ or ‘‘wasteful activ-
ity,’’ a very effective concept first introduced by Taiichi Ohno, Toyota’s chief engi-
neer. In short, a plan has little meaning if it is not accompanied by a method to
control the process to meet it. Thus, the chapter introduces scientific methods to
measure how well construction is progressing on the most critical level: the pro-
duction process. Finally, it offers various methods useful in identifying the factors
leading to high, as well as poor, productivity.

xvi Preface
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Chapter 3, ‘‘Cornerstones of Efficient Site Operation,’’ begins by quoting
the thirty-fourth president of the United States, Dwight D. Eisenhower: ‘‘Plans
are nothing; planning is everything.’’ This chapter strives to live up to this premise,
one that has been uttered by many others.

The disappearance of the medieval Master-Builder who constructed those gi-
gantic cathedrals in Europe caused a long list of problems for construction profes-
sionals, key of which was the loss of construction expertise during the design
phase. This chapter reviews the emergence of constructability as a critical issue of
securing efficiency during construction. It goes on to present the Work Break-
down Structure (WBS) and Organizational Breakdown Structure (OBS) as key ele-
ments of integrating the various participants in a project. Finally, Chapter 3 works
through several examples that demonstrate how construction processes are tightly
linked to the efficiency of the supply chain. Real-world construction examples also
are used, to illustrate the importance of planning and implementing highly effi-
cient procedures.

Chapter 4, ‘‘Introduction to Simulation and Its Use in Modeling Pro-
duction Systems,’’ takes as its premise that as the twenty-first century advances,
there will be no physical labs, that most experimentation will take place using
computer simulation. Experimenting in the real world is often too expensive and
impractical, especially in construction. In this chapter, we introduce readers to a
new generation of computer simulation systems that facilitate experimenting
with complex construction operations with relative ease. Specifically, we intro-
duce Simphony and its simulation templates and show how they can be used in
modeling construction systems in general and construction operations in partic-
ular. Once a model is built, we can then experiment with it for the purpose of
understanding its production structure, its bottlenecks, and the means of
improving its productivity.

Chapter 5, ‘‘A Case Study: Applying Simulation in Tunnel Construc-
tion,’’ assesses, models, and simulates a real-life project. The purpose here is to
give the reader as near as possible an actual experience of building large-scale mod-
els of complex systems. To that end, we introduce a project that we developed
during a consulting assignment, involving the installation of a large water main
inside a tunnel over a stretch of approximately 500 meters. The operation we
model includes construction of the shafts and the tunnel and the installation of the
pipe inside it. We simplify the modeling strategy in this chapter to suit the broad
range of readers, then on the website provide the full models so that the advanced
reader can further investigate their features.

Chapter 6, ‘‘Competencies That Drive the Company,’’ examines the pres-
ent thinking around the competencies successful workers and managers need to
develop. The knowledge and skills necessary today have gone far beyond what was
thought sufficient just 30 years ago. The chapter describes how core competences
depend, as never before, on the personal and continued initiative of the individual,
one who makes lifelong learning a key element of his or her development.

Preface xvii
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A second section in chapter 6 presents modern methods for assessing the per-
formance of a manager and explains how to turn the evaluation into a tool of con-
stant improvement.

Chapter 7, ‘‘Productivity in a Healthy and Safe Work Environment,’’ dis-
cusses the many physical and the emotional strains that impact both on-site work-
ers and managers in their offices. Ulcers and insomnia are as destructive to the
performance of workers as accidents and overexertion on the construction site.
Along with the more traditionally known detrimental effects of working in the
open environment, such as extremes in temperature and humidity, the health risks
of noise and vibration from tools and equipment will also be reviewed. The mecha-
nisms leading to the epidemic of back injuries in the industry also are presented.

The chapter closes with a look at the increasingly destructive forces of the nu-
merous on-the-job stressors—harassment for example, which, when allowed to
smolder, costs companies large sums of money. In some cases, targeted individuals
and their families are bullied into an abyss from which many never return. A major
part of this interesting topic is dedicated to skills training and the learning curve,
brought to life via problems and exercises.

Chapter 8, ‘‘The Complexity of Human Motivation,’’ addresses the ques-
tion of what motivates people to do certain things, a topic of study for over 3,000
years. One of the first who formulized needs-based motivation of humans was the
American psychologist Abraham Maslow, closely followed by Yale business profes-
sor Victor Vroom and the psychologist Frederick Hertzberg. The theories of each
of these men are discussed, and some are applied to solve a problem faced by indi-
viduals. Modern efforts to improve job satisfaction, such as job enrichment, are
also appraised.

Chapter 9, ‘‘Performance Factors of Leaders and Teams,’’ considers the
question: ‘‘Is a manager also a leader?’’ Warren Bennis, an American pioneer in
leadership studies, once wrote: ‘‘The manager asks how and when; the leader asks
what and why!’’ This would imply the answer to the question is no. This chapter
looks at the differences between the manager and the leader before delving into
some of the known leadership models. The need for leaders to possess emotional
intelligence is emphasized; then the focus shifts to the behavior patterns of groups,
since a group leader must have special competencies to be successful. Finally, a
Worked-Out Problem highlights some of the key issues that commonly emerge
when groups are brought together to address a complex issue.

Chapter 10, ‘‘Communication: The Nerve System of Construction,’’ is
dedicated to examining communication from several different perspectives. Mis-
communication has started wars, and lack of effective communication has been
cited in many sources as the single most important barrier to overcome to improve
productivity in construction.

The chapter begins with an overview of the long and fascinating history of the
blueprint, which can be traced back more than 4,000 years. Next, the theory of
two-way communication applied to the use of the Internet in construction is pre-
sented. This is followed by a discussion of the special needs of construction, and

xviii Preface
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their relationships to different established methods and technologies. The chapter
ends with a review of the remarkable opportunities offered today by agent-based
communication, balanced by a look at the perils of face-to-face group discussions,
addressed using theory and examples.

Chapter 11, ‘‘Performance Management,’’ concludes Managing Perform-
ance in Construction by pulling together all the main topics discussed in the book.
It makes the case for moving from a productivity-only focus to measuring business
success to assessing performance. Here, performance function is defined as consist-
ing of two factors: productivity and effectiveness. It emphasizes that the short-
term focus on the output of the operation neglects the fact that the business
consists of many other components, which need to be aligned to the long-term
business objects. Thus, the performance of the purchasing department running
the supply chain is as critical to the success of the company as the financial depart-
ment securing critical loans at ‘‘effective’’ conditions. The Balanced Scorecard
method is used to demonstrate how to utilize a companywide performance assess-
ment as a basis for continuous improvement. The chapter ends with a top-to-
bottom review of supply-chain management as one of the keys to improving future
construction performance.

Preface xix
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C h a p t e r 1

Indicators of an Industry in Transition

Adam Smith (1723–1790) was once hailing the great opportunities offered by the
division of labor. This mechanistic view of work has since been matched with views
that stress the needs and goals of humans within a social organization. In many
ways, the human relations movement has brought laborers and management closer
together. Many of the expected changes in the future will bring employees even
closer together, through so far un-mined communication technologies and elec-
tronics. Many construction equipment companies around the world are already
putting the ‘‘smart’’ communication infrastructure into their equipment that will
radically change the way they manage construction projects in the future. For
the first time ever, construction managers will know at every second how well the
project is performing; more, they will able to supervise the site from anywhere in
the world.

1.1 BREAKING INTEROPERABILITY BARRIERS

The Building Information Modeling (BIM) system, a parametric and
object-oriented approach to drawing buildings, is being embraced by architects
and design engineers. BIM is more than detailed 3D modeling: It attaches func-
tions and features to each object, to identify it as a unique element in relationship
to its surroundings. For example, the function attached to a door might be its abil-
ity to swing around the hinge point; and its feature would include the make,
weight, color, and so on. BIM allows designers and builders to identify all attrib-
utes of a building element, such as windows, HVAC ducts or elevators, and makes
it easy to conduct interference and constructability checks.

The potential savings in time—to design, distribute the drawings electroni-
cally, and switch smoothly between different software packages (e.g., structural
analysis)—has captured the attention of many change agents inside large Architec-
tural-Engineering-Construction (AEC) companies. Even more, the structural steel
suppliers in the United States have been on the forefront in taking advantage of
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creating interoperable software systems. Tests demonstrated how last-minute
design changes can be transmitted electronically from a design software directly to
the fabricators shop equipment. This ability is unprecedented in the construction
industry and gives designers and fabricators many opportunities to reduce costs,
while ensuring that project objectives are met. This is just the beginning; we can
expect more radical changes in the future in the way we bid, supply, and generally
manage construction projects. These changes will encourage the industry to adopt
an ontology that will become commonplace, not only between architects and
construction engineers in the United States, but those around the world. The edu-
cation of architects and engineers could even be organized around one of the pri-
mary strengths of BIM: collaboration. In fact, its support of cross-organizational
and global collaboration among project participants is expected to become a major
benefit for the industry.

1.2 CONSTRUCTION BECOMES SUSTAINABLE

According to the World Business Council for Sustainable Development
(WBCSD), critical aspects of ecoefficiency are:

� Reduction in the material intensity of goods or services

� Reduction in the energy intensity of goods or services

� Less dispersion of toxic materials

� Improved recyclability

� Maximum use of renewable resources

� Greater durability of products

� Increased service intensity of goods and services

Like BIM, ecoefficiency is changing the way we construct, as we seek to pro-
duce sustainable, ecofriendly structures. Sustainable buildings are achieved
through integrated building design, an approach to design and construction that
involves the participation of owners, contractors, suppliers, building users, and
design professionals. Notably, the U.S. Green Building Council (USGBC) has, to
date, certified more than 20,000 projects using its Leadership in Energy and
Environmental Design (LEED) rating system, introduced in 1998. The nonprofit
organization promotes buildings that are environmentally responsible, profitable,
and healthy places to live and work. LEED awards points for relative efficiency im-
provements in the use of energy, water, and materials. But LEED covers only the
final building, so a special standard has since been added: LEED for New Con-
struction and Major Renovation (LEED-NC). It focuses on safeguarding and con-
serving water, energy, and the atmosphere, while eliminating the creation of
material waste. Green building points can be earned, for example, by recycling old
building materials or breaking up concrete on-site to create a permeable ground
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for rainwater to pass through. Replacing cement with fly-ash, or reducing the
amount of cement, also earns points for producing less CO2.

Low-Impact Development (LID) is also generating a lot of interest, as it
addresses one of the main problems facing the United States, the dry-pumping of
aquifers, combined with evaporation of large amounts of water. This innovative
stormwater management approach uses rainfall as a major resource, rather than a
nuisance. It creates opportunities for the rainwater to infiltrate the local ground, to
be filtered and stored, instead of being piped away.

Maintaining a sustainable earth means ensuring that the next generation will
take over a world in much the same state and with the same amount of resources
as in the previous generation. Two building materials that meet this goal extremely
well are wood and bamboo. Using wood as a building material will resurrect an old
and almost-lost craft, lead to innovation in wood structural design, and reduce the
cost of timber by creating global economic incentives to plant different kinds of
trees for economic benefits.

Construction and demolition (C&D) waste contributes 25 percent of the to-
tal waste stream in the United States, and many landfills have already reached ca-
pacity. Instituting stricter new regulations, raising public awareness, and opening
new landfills are not always options, or will become expensive to sustain. There-
fore, reducing and recycling C&D waste has become paramount. One new con-
cept calls for mining old landfills to recover and recycle decades of C&D waste.

These developments are additional signs that construction will continue
to change.

1.3 E-CONSTRUCTION MANAGEMENT

E-business, e-collaboration, e-communication, and wireless communication have
made major inroads into many industries. E-business refers to electronic or Inter-
net-based commerce, supply-chain management, customer relations, and compa-
nywide communications. The resulting benefits are faster interactions, better
prices and delivery terms, and better support from suppliers, who are able to
reduce their administrative burden and human error. Although construction is
lagging behind in seeing the increased efficiencies and savings that are being
reaped by users in other industries, this will undoubtedly change. The benefits of a
matured technology that is able to survive the rough construction environment is
something the construction cannot afford to pass up.

Similarly, Internet-based project collaboration services have seen steady
growth. They offer functions such as team directories, file sharing, document
archiving, task management, project scheduling, and current budget status, all
accessible by authorized personnel 24/7. These services will further develop
to include virtual, live project-site meetings. An inspector on-site will be able
to show a problem with his wireless mobile network camera as engineers and
suppliers, all connected to the Internet, all review the video and the relevant
drawings simultaneously. Internet phone services will provide the audio, to
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enable brainstorming on a shared whiteboard. These services are all about sav-
ing significant amount of time solving a real problem, eliminating weeks of
waiting for an answer to a Request for Information (RFI).

Another indicator of future changes was a survey made in 2007 of 300 con-
struction managers from three countries—the United States, South Korea, and
Finland—about their beliefs regarding where Web-based wireless communication
could provide important benefits. While there were significant differences in their
responses, as shown in Figure 1.1, there were also some interesting commonalities.

In general, the 100 American managers, located in different regions of the
country, were more optimistic about the use of Web-based communications than
their counterparts in Finland and South Korea. Indicated by the labels A, B, C, and
D are areas where one or two country representatives have the highest expecta-
tions. We point out, however, that A, B, and D are those areas where these services
are already being heavily used, and thus are most familiar to the respondents. We
already discussed how BIM will facilitate the rapid growth of those same areas.
New areas include construction safety as automated sensor systems protect the
workers from exposure to hazardous environments. Finally, the American manag-
ers thought that Web cameras could change the way laborers are trained, provide
automatic ‘‘as-it-was-built’’ updates, and support virtual site meetings.

Figure 1.1 Opportunities for Using Web-Based and Wireless Communication
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1.4 LINKING UP TO SMART CONSTRUCTION EQUIPMENT

Change is progressing in the way construction professionals manage, maintain,
and protect their equipment. Combining ‘‘smart’’ agent-based software, global
positioning systems (GPS), and wireless satellites and local communication sys-
tems, vast networks have been created to track and receive information from sen-
sors built into equipment.

Geofencing is one very useful application of what is referred to as telematics.
With this application, a contractor is able to install a virtual fence around a con-
struction site, which is being monitored by GPS and local positioning tools. Every
time a person, vehicle, piece of equipment, or anything else equipped with a hid-
den or open tag crosses the virtual fence, the incident is automatically recorded, or
an alarm notification is sent to an ‘‘agent’’—such as the local police station. Wire-
less sensors or tags, such as smart radio frequency identifica-
tion (RFID) tags, can be integrated into the system to collect
data or to send a warning. Thus, for example, equipment
rental agencies will be able to automatically track how their
units are being treated, and protect them from being operated
by an untrained or unauthorized person.

A related change has begun in the way operators run doz-
ers, graders, or scrapers. After equipment manufacturers
switched to electronic controls and differential GPS or laser-
based systems, real-time 3-D position data of cutting blades
are generated electronically. These sophisticated equipment
still require human operators, but this, too, will change over
time. Having the ability to send commands to hydraulic actua-
tors electronically opens the door for full automation. In other
words, for suitable tasks, such as directing the blade of a dozer
or grader, the human operator is being replaced with a
‘‘smart’’ and fast-reacting automatic controller. A computer
calculates the discrepancy (DZ(x,y)) to the desired contour
and sends signals to the hydraulic cylinders, which move the
blade into the desired position, while the human operator
focuses on steering the equipment safely and quickly.

1.5 HIGHLY SUCCESSFUL ENGINEERING
MANAGERS

Managers in engineering and construction spend, on average,
60 percent of their time on managerial tasks and 35 percent on
engineering-related work. Further, the majority of the mana-
gerial time is spent addressing human resources issues, which
requires what is referred to as ‘‘soft leadership skills’’ or ‘‘emo-
tional intelligence.’’ Ever since David McGregor published

How Global Positioning
Systems Work

A global positioning system
(GPS) is made up of three
parts: (1) 24 satellites, which
orbit the Earth every 12 hours
on almost the same track;
(2) control and monitoring sta-
tions on Earth; and (3) GPS
receivers owned by users. GPS
satellites broadcast signals
from space that are picked up
and identified by GPS receiv-
ers. Each GPS receiver then
provides a three-dimensional
location (latitude, longitude,
and altitude), plus the time.
Due to ionospheric and tropo-
spheric distortions of the sig-
nals, however, errors may be
introduced into the calculation
of coordinates of the target
receiver. To correct most of
these inaccuracies, differential
GPS uses the location of a
known reference station to
constantly recalibrate the
coordinates.

Source: www.gps.gov
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The Human Side of Enterprise in 1960, in which he introduced his Theory X and Y,
managers and employees have started to move away from X toward Y. This change
was accelerated by research results that showed that successful managers depend
85 percent on emotional intelligence and 15 percent on technical skills and knowl-
edge. It was also found that 80 percent of managers who fail do so because they
lack soft leadership skills. This parallels observations by successful engineer manag-
ers, who state that they use only 5 percent of what they learned in college, but had
to acquire 85 percent of what they really needed on their own—a large part of
which was learning to work with people.

Organizations wishing to systematically improve their performance must
expand their knowledge base. In this regard, change is underway in the way knowl-
edge gain is fostered. The main driver of this development is the highly successful
360-degree appraisal, or feedback method, for managers (‘‘360 degrees’’ refers to
the full circle that surrounds an individual working inside a company). It is used to
identify, early, key skills that are lacking in an aspiring manager. When an appraisal
is done, feedback is solicited organizationwide—from subordinates, peers, and
supervisors—and includes a self-assessment. The results are used to direct skills
training and continuing education.

Soft skills that are typically needing development in today’s engineers are:

� Synergistic thinking

� Interpersonal communication

� People development—coaching

� Leadership

� Motivation

� Workplace conflict resolution

� Teamwork collaboration

� Change management

� Stress management

A Story of Whats and Whys

Michelle Brink couldn’t believe her eyes as she looked at her computer
screen, which displayed the results of several what-if runs she had made with
her new process simulation software. She was looking at a possible produc-
tivity increase between 20 to 30 percent in laying block and brick, compared
to the present method. And the necessary change to achieve it was so minor.

Michelle received a BS in civil engineering three years ago, and has been
working for Prime Value Builder, Inc. (PVB) a major developer of single-family
homes and town houses. For the first year she worked in scheduling, and
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then spent a year and a half in estimating, where she received excellent
360-degree performance evaluations. Aspiring to become a construction
manager, she was promoted to assistant to Jerry Foresight, a reliable ‘‘old
hand’’ in the company.

PVB’s human resources department had been following her career and
decided to manage her further growth in the company. First, she was recom-
mended for a continuing education course, called Kaizen management,
offered by a major management consultant company. Michelle had never
heard of Kaizen management, and so had no clue what to expect. The HR
people cautioned her that the course would be tough but that afterward she
would be well informed and well prepared to advance her career.

From the first minute she was intrigued as the course first covered the
history of management theories, concepts she had heard about but never
fully understood. But what most fascinated her was the period following
World War II with the rapid introduction, in quick succession, of new manage-
ment concepts such as the Work Breakdown Structure (WBS) and the Criti-
cal Path Method of scheduling, or the Gantt chart. But she was most
impressed by what the Japanese car company Toyota had implemented to
improve the quality of its cars while at the same time increasing productivity
and reducing costs. What was ironic was that the foundation for the ‘‘mira-
cle’’ Japanese management system had been laid by an American, by the
name of W. Edward Deming. He had taught them the basics and they listened
while he was dismissed by US companies for many years.

The previous day, the class had covered the concept of Just-in-Time (JIT),
which Michelle thought was less interesting than what she learned in the
second half of the class, which was dedicated to Just-in-Sequence (JIS) deliv-
ery. The key to JIS, a very simple concept, was not just that deliveries were
coming to the plant on time but that they also were organized in a first-
in-first-out (FIFO) manner, meaning that the parts that were needed first
were in front or on top of the containers or pallets. This was in direct opposi-
tion to the method used to store luggage in airplanes, which operate on a
first-in-last-out (FILO) basis.

Later they were introduced to computer simulations of processes. The
class was shown how to change delivery times, to account for rush hour,
switching JIS off and on, and so on. Then they could watch on the screen as
the effects of the changes took place, in terms of production time and
productivity.

What struck Michelle was the realization that when ordering brick and
block, for example, she currently worried only about ‘‘getting it there’’ before
the subcontractor arrived. But by ordering with JIS in mind, that is telling the
supplier to put it right where it was needed on the construction site—the
blocks could be delivered inside the footprint next to the foundations, or the
bricks along the outside wall. Of course, this must be timed so that the bricks

(continued )
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CHAPTER REVIEW

Journaling Questions

1. Draw up a list of all the concepts and ideas that you do not understand
from reading Michelle’s story.

2. How will the drive toward sustainable construction affect the way we man-
age projects?

3. Sketch the communication network for a virtual site meeting to solve a
problem detected by a quality control inspector. It should involve the
structural engineer, the steel manufacturer, and the architect, each in his or

and blocks were delivered after the foundations had been poured, at which
point Michelle realized that a major problem would be communicating the
correct locations to the supplier—or, more importantly, to the truck driver
delivering the bricks and blocks. She also realized she would have to factor
in that their supplier used trucks with long-reach hydraulic crane booms.

To solve these problems, she thought back to a case study they had
worked on in class. The delivery trucks in the case study used telematics.
Once at the correct address, the driver simply accessed a website that di-
rected him, via a live video feed, from the entrance of the site to his destina-
tion, using direction arrows overlaid on the screen. The driver was able tosee
exactly where to turn and which door to back up to. In fact, the door opened
just as he pulled up, and the forklift driver was already there, ready to unload.
They were expecting him, since the telematics system had announced when
he was entering town.

But Michelle did not anticipate that the supplier was using telematics
and PVB did not have a wireless camera on-site. So she considered alterna-
tives she might use. How about colored stakes? The day before delivery, she
would put up the stakes at the locations where she needed the operator to
unload cubes of bricks or blocks. She would also calculate how many were
needed, and space the cubes appropriately. And, she thought, ‘‘If I tell them
at the plant to attach coordinating colored paper to the cubes, there is no
way the driver will get confused. This has to work!’’

Michelle also remembered another lesson emphasized in the Kaizen
class: performance measurements as the necessary basis for managing im-
provements. This motivated her to design a time-and-motion study, to com-
pare performance at a traditionally organized site versus a JIS site. Probably,
she thought, she would be able to enlist two of the summer interns to con-
duct the study, after she trained them how to do it. What an exciting learning
experience would this be for them while, at the same time, establishing valu-
able data to the company.
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