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Abstract

The decline in construction productivity across the North America since the mid
1970’ has been reported by many researchers. Potential exists to affect major cost
savings if the factors underlying this decline can be identificd and quantified and so-
lutions found. The issue is complex. However, it is generally acknowledged that pro-

ductivity i isa ibility and that problems are within

the control of management to solve.
This work uses a survey to study the perception of Canadian construction pro-
fessionals toward factors affecting construction productivity. Findings for different

regions of the country are presented and contrasted, Factors analyzed are clustered

into the following i a) contract envi b) planning, c) site manage-
ment, d) working conditions, ¢) working hours and f) motivation. Major factors
affecting productivity are identified.

In addition, a weather-related factor model is developed to predict productivity
as a function of weather and other site factors. Significant findings arc that a high
percentage of the variation in productivity is accounted for by height of worksite
above grade and by average temperature, wind and rain. A method is suggested to
allow the calculation of time-location modifiers that would account for local weather
conditions and seasonal effects. They will be of use in more accurate project planning

and costing.
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Chapter 1

Introduction

¢ ion productivity is of critical i to the bility of most con-
struction projects. Lessened productivity, for whatever reasons has the effect of in-
creasing the time required to complete scheduled activitics with subsequent cost over
runs.

Interest in

dates to the time of the ancient
Egyptians. Legend says that Hamid, a construction superintendent working on the

Great Pyramid lained so veh 1 ding the ineffici and lack of safety

on the project that an agg p project was under-

taken. Modern estimates indicate that as a result, ensuing pyramids were constructed
13.5% faster and at an overall cost savings of 23.8%.

In 1983, the Business s Ce jon Industry Cost Ef

Project (CICE) completed a four-year study to promote quality, efficiency, produc-
tivity and cost effectiveness in the construction industry. Its twenty-four reports arc
results of studies begun in 1979 that involved 250 volunteer participants from some
of the worlds largest companies. The Canadian perspective was well representod
via membership in the study groups. The reports presented 223 recommendations

for improvement directed toward owners,

d labor,
agencies, the design community and academics. Although primarily related to the

North American consiruction industry, much of the material also concerns construc-



tion world wide.

Since that time, the Construction Industry Institute (CII) at the University of
Texas was created as a focal point of research into new management methods and
techniques to improve the construction industry.

Prod led

I ivity is widely dto be a function. The Business

Roundlable studics and the subsequent work of the Construction Industry Cost Ef-
fectiveness project (Business Koundtable Report A-6, 1982) fault management for
poor use of modern planning methods and are critical of owners for ot acknowledg-
ing the cconomic payofl from planning. These latter studies have had the effcct of
heightening awarencss of these issues and have lead to a growth of graduate programs
in Construction Management in American and Canadian universitics.

Unwillingness or laziness on the part of the work force is rarely a cause of poor

worker efficiency. The Craftsman Questionnaire (Chang & Borcherding, 1985b) inves-
tigated causes of problems that effect d and motivation. Fac-
tors inclade rework, rnaterials problems, tools, heavy ilability, crew

interferences, overcrowded work areas, instruction, quality control inspection and
management interventions. Many of these problems may be ameliorated by proper
management and by the skill of experienced foremen (Maloney & McFillen, 1987a).

Many of the stratcgies that lead to improved productivity also lead to higher
quality. Conversely the recent resurgence of interest in Total Quality Management
(TQM) in North America has had the effect of improving productivity as well. The
commonly held belief that high productiv:iy can only be achieved at the expense of
lowered quality is debunked by followers of TQM. Au extract from the 1992 award
criteria of the prestigious Baldrige National Quality Award stresses the concept
of continuous improvement:

Achicving the highest levels of quality and competitiveness requires a well-

defined and well d approach to conti Such im-
provement needs to be part of all operations and of all work unit activities




of a company. Improvements may be of several types: (1) enhancing value to
the customer through new and improved products and services; (2) reducing
errors, defects, and waste; (3) improving responsiveness and cycle type per-
formance; and (4) i i ivity and i in the use of all
resources. Thus, improvement is driven not only by the objective to provide
better quality, but also by the need to be responsive and efficient— both con-
ferring additional marketplace advantages. To meet all of these objectives, the
process of continuous improvement must contain regular cycles of planning,
execution, and evaluation. This requires a basis — preferably a quantitative
basis — for assessing progress, and for deriving information for futurs cycles of
improvement.

The effectiveness of total quality control as practiced in Japan, has been discussed
(Rounds & Chi, 1985) and the establishment of quality control circles (Gilly et al.,
1987a) has been recommended. The experiences of Brown and Root Inc. and other
large orgunizations has been positive. Formal quality and productivity improvement
programs have been implemented (Laufer, 1985) (Arditi, 1985) and are well known
in the industry.

Formal i for p: ivity and i such as work

sampling, lead to the selection of work crews that arc balanced to produce optimum

T ciency. O RN R W T

offer accurate estimates of crew pro-
ductivity based on a variety of mansgement conditions and are widely used in the

construction industry for planning and scheduling.

1.1 Productivity Measurement Methods

There are a number of measures of productivity that have application in
and in construction. In economics, where the objective is to develop measures of use

in policy planning, total factor productivity (TFP) is defincd as follows:

Total Qutput
IER = Total Input
Total Output

Labor + Materials + Equipment + Encrgy + Capital

(1)



In construction, it is usual to measure productivity with reference to project or task
performance. Commonly productivity is defined as output per labour cost or output
per labour hour. Alternatively the inverse can be used, so that labor productivity
can be defined as:

_ Labor costs or workhours
- Output

Labor Prod (12)

Productivity in a bricklaying activity, for example, may then be measured as person-
hours per m?. This method of representing productivity is used in this report. High

values of productivity represent poor performance.

Productivi i have been surveyed (Thomas et al., 1990)
and can broadly be classified as those based on work study models and those based on
productivity models. Work study models use tools borrowed from industrial engineer-
ing. Productivity models are more suited to construction. Work sampling has been
investigated (Thomas, 1991) and the relationship between direct work and productiv-
ity has been studied. In contrast to a number of previous studies, it was determined
that productivity does not correlate with the amount of direct work. The conclusion
is “that work sampling studies show how busy the crafts are but the results cannot

be used to predict labor productivity or to yuantify inefficient work hours.”(ibid)
1.1.1 Work Study Models

A work study method s sometimes called a time-motion study. The study is done in
two phases. The preferred method of doing the work is first determined (the motion
study) and then a time study is done to determine the standard time to perform
the task. Common data collection techniques used are time lapse photography, video
photography, stopwatch timing and work sampling. Results are commonly presented
using gang and crew balance charts, process charts and material flowcharts.

Work sampling is a technique in which a large number of observations are made

over a period of time of a ion activity. The and

4



processes are studied and the percentage of time spent in a number of work states is

noted. The Ameri Institute of ial Engi: ! definition of work sampling
is:

“the application of statistical sampling theory and technique to the study of
work systems in order to estimate universe parameters from sample data. It
is used in the work and methods engineering arca to
produce statistically sound estimates of the percentages of time that a work
systemn is in any of a variety of states of work activity. With appropriate
procedures, work sampling can produce information from which time standards
can be determined”

The selection of classifications for work requires great care. In construction four

“work states” are commonly used and are described below:

Direct Work: This classification of work deals with activitics that directly con-

tribute to ion of the project. E: include using tools,

a welder welding or employees operating a concretc vibralor.

Indirect Work: This classification of work is necessary work in support of but not
an integral part of direct work. Examples include a craftsman cleaning up,
an employee transporting material, workers studying drawings or a craftsman

giving instruction to employees.

Idle: Idle classification covers activity or lack thercof that is unrclated to the project

and include an employee standing idle while a sccond

one cleans up, a craftsman walking empty handed, employces chatting while

getting a glass of water.

Delay: This classification refers to inactivity that is related to unavailability of tools
or queucing. Examples include craftsmen waiting in line at the tool shed, em-
ployees waiting for materials to be picked up by a crane or employees wailing

for direction.



Often, in evaluation of the type of activity, a judgement call is necessary. For
example employees on fire watch during a welding operation are considered to be
doing direct work since their activity is an extension of the welding activity.

More classifications than the four discussed above are possible and are commonly
used. Among these arc a) personal breaks, b) direct work, c) giving or receiving
instructions or assignments, d) late or early quitting, ¢) material or equipment han-
dling T) transporting or materials, tools or equipment, g) travel empty handed and
h) delays.

Scarfuto(1985) presents an cxample of construction work sampling and catego-
rizes time spent as direct work, indirect work, idle time and delay time. Liou and
Borcherding(1986) studied the correlation between the results of work sampling mea-
surements and actual productivity. Results showed a close relationship between the

as a predictor in the

two. In addition, the useful of work

model was d d. Thomas(1991) offered an opposing

opinion. The hypothesis that direct work percentages from work sampling studies

can be used to predict labor productivity was examined. Data and observations from

a number of articles and databases were analyzed. The overwhelming Jaston of

the investigation was that direct work cannot be used to predict labor productivity.

1.1.2 Craftsman Questionnaire

The Craftsman Questionnaire (CQ) is one of the techniques for measuring man-

agement performance. The main function of the CQ is to determine the cause of

problems that adversely affect craft 's productivity and ivation. It requires
P q

crafismen to estimate the loss of time that corresponds to problems and rank the

P 1 4

herdi dito "

severity of the problems. John D. B
for a Craftsman Questionnaire in a study of twelve large energy projects (Tucker

et al., 1983). Problems investigated included material availability, tool availability,



rework, crew scheduling, overcrowded work areas, instruction, inspection delays, craft
turnover, craft absenteeism, availability of labor, overtime, supervisory turnover and
supervisory capacity.

The Craft Questi ire has reccived considerabl in construction

since it involves the people closest to the workplaccand provides a method of focusing
on solutions to problems. The validity of the questionnaire has been the subject of
some study. Chang and Borcherding(1985a) found that the percentage of lost hours
as reported via the Craftsman Questionnaire agreed well with those obtained using

parallel work sampling methods.
1.1.3 Camcorders

Eldin and Egger(1990) discuss the use of camcorders as a management to im prove

construction productivity. Their use produced measurable benefits to the project

. o i e

including i

between and labor, i g the
reasons for productivity problems and providing irrefutable records of construction
activities. Three construction activities were studied, a) tilt-up panels, b) precast
units and c) metal studs and drywalls. In all cases, study of the camcorder films

determined ways that operations could be made more efficient. In particular the

following productivity improvement concepts were addressed:
o providing clear communications
o obtaining fast feedback
« more effective use of management time

o establishing a project team attitude

o improving site jons and erection



1.1.4 Rules of Credit

1tis recognized that certain work may be only part completed at the end of a work day.
A naive measurement, for example, of the number of pieces of structural steel placed
in a given day may be optimistic if additional work (such as fastening and plumbing)
is yet to be done. It is common practice in the measurement of work output to assign
rules of credit to the components of an activity. Thomas and Yiakoumis (1987)
give sample rules of credit for a number of activities. Some of these are shown

in Table 1. Rules of credit for masonry block work are relatively simple. The

Table 1: Sample Rules of Credit

Task of Units of Raules of Description

commodity measure credit

Electrical cable Each or foot  50% pulled Pulled and secured in raceway
(power and control) 30% termi Terminati leted on

both ends and accepted by
QC.
20% accepted ~ Tested and accepted by QC

Modular wall Square metre 45% outside form Erect outside wall form
formwork 10% plumb Outside wall form braced
and plumbed

35% inside form  Erect inside form and secure

10% strip clean _ Strip, clean and oil

activity is seventy (70) percent completed on layout /pl f block and horizontal

reinforcement. Twenty (20) percent of the activity involves grouting cavities and
placing vertical reinforcement and the final ten (10) percent is spent in parging the

outside wall.




1.2 Problem Statement

Oglesby, Parker and Howell (Oglesby et al., 1989) define productivity as follows:

The effectiveness with which management skills, workers, materials, cquipment,
tools and working space are employed at or in support of work-face activities
to produce a finished building, plant, structure, or other fixed facility at the
lowest feasible cost.

The Business Roundtable reports have concluded that construction productivity
has been declining in the last two decades. Late completion of projects, resulting
from this decline, delays the benefit of the project and brings inconvenience to the

project owners. Construction managers have two problems regarding productivity:
1. To identify those factors responsible for lack of efficiency in construction sites

2. To quantiy the effect of these factors in terms of dollars, time and percent of

productivity reduction.
1.3 Methodology

This present work uses two approaches to study factors affectii ; construction produe-
tivity. A questionnaire has been designed to determine the opinion of construction
management and foremen regarding factors that are known to have a positive or neg-

ative effect on prod:

ivity. In addition a ion site study was undertaken Lo
test quantitatively the effect of a limited number of measurable factors on a blockwork
project. Factors studied included weather conditions and constructability, measured
as the number of interruptions for doors and windows in the day’s work. A mathe-
matical model (multiple linear regression) was developed that could be used to predict
construction productivity.

The following are specific tasks that were undertaken to complete the project:

1. A review of the literature and compilation of factors relating to construction

productivity



2. Development of a questionnaire,

3. Collection ilation and ranking of - Pprogram
4. Analysis of responses and and study of variances,

5. Monitoring of blocklaying activity on a daily basis,

6. Study of the effect of selected factors on the blocklaying activity,

7. Development of a statistical model to quantify the effect of those selected factors

1.4 Objectives

‘This study has three objectives. The first is to collect, compile and rank those factors
that contribute to lower productivity in Canadian Construction sites. The second is
to quantify some of these factors via actual productivity measurements. The third
objective is to develop a model of construction productivity that will allow the pre-
diti Asa of

diction of productivity with knowledge of weather

this last objective a ion for the devel of time-location modifiers for

ductivity will be d
1.5 Expected Results

The following are expected results of the research:

. the identification of problem areas regarding productivity

L

the determination of the effect of various factors on productivity,

[

the quantifying of the effect of a select number of weather related factors on a

specific construction activity.

IS

. the prediction of the increase or decrease in productivity by the use of a statis-

tical model



1.6 Organization of the Research

Chapter 1 defines the rescarch objectives and describes methodol. Chapler 2 re-

views the current li relating to p ivity and fc a

survey questionnaire. Chapter 3 presents an analysis of the results of the survey.
Chapter 4 describes the data collection technique used to measure the productiv-
ity data at the test site and presents an analysis of that data. Chapter 5 presents

conclusions and recommendations.



Chapter 2

Productivity in Construction

Factors that affect construction productivity can be complex and interrelated. Some
factors have a direct cffect such as those that are worksite related. Clearly, if the
worker is not supplied with appropriate tools and materials, productivity will suf-
fer. Similarly, the effect of good supervision and clear instructions are direct effects.
Weather is a third example of a factor having a direct effect on productivity. In con-
trast Lo these factors which have a direct impact on productivity, there are a number
of factors whose impact is just as significant but for more indirect reasons. Among
these are issues relating to the nature of the construction contract, the use of overtime

and other tandard work and project

2.1 Factors Affecting Productivity

For the purpose of this study, factors have been classified into six groups: a) contract
environment, b) planning, c) site management, d) working conditions, ¢) working
hours and f) motivation. The survey questionnaire addressed factors clustered within
these groups. Factors included in the questionnaire were drawn from a study of the
literature, from brainstorming with colleagues and from informal discussions with

local contractors.

12



2.1.1 Contract Environment

The contract environment determines the “rules of the game” for a construction

project (Business Roundtable Report A-7, 1982). Four factors relate to contract en-

vironment. The first is the I relati The contract relationship is n
legal understanding between the and the owner or the owner's agent. The
second factor is constructability. Good bility arises from geod planning

where contractor expertise is brought Lo bear at all stages of the design process. Con-
structability becomes an integral part of the project’s plans and specifications. The

third rule of the game is the union/non-union factor. The formof collective agreement

can have an effect on 's ability to underlake an aggressive prodi y

improvement program. The fourth factor is the inspection regime imposed both by

the project ization (or architect) and by government regulatory

bodies.

Contractual relationship Many and varic” forms of contract relationships can be
used to execute a construction project. Among them are turnkey, design/build, cost
plus a fixed fee, guaranteed maximum price, lump sum, unit price, multiple contract
and single prime contract. The selection of the type of contract will affect the way
the owner applies a constructability program and the extent to which productivity
improvements can be achieved (Ardery, 1991). In addition, the financial beneficiary of
the improvement in productivity depends on the contracting strategy. Forexample,in
alump sum contract the benefits come to the contractor whilein a cost plus contract
the savings go to the owner. In either case, both direct cost savings and indirect

savings atising from productivity imp are s

McGeorge (1988), in discussing design productivity, suggests that reform may he
necessary in the construction industry in the ways that consultants, designers and

contractors are selected and paid. Present strategies militate against efforts at the

13




design stage to improve productivity since the extra effort is often rewarded by a

smaller professional fee.

Constructability Constructability is the capability of being constructed. Ardery

(1991) in a survey of constructability issues for the Construction Management Com-

mittee of the ASCE defines a comsiructability program as:

“the application of a disciplined, i imization of the con-

struction related aspects of a project during the planning, design, pro-
curement, construction, test and start up phases by knowledgeable, expe-

rienced construction personnel who are part of the project team.”

The importance of constructability issues and their effect on construction produc-

tivity has been

i by the Business Roundtable reports (1982). The following

comments are relevant:

The constructability effort must start at the carliest phases of a project.
Experienced construction personnel must be members of the project team.

Constructability is not simply the review of plans and specifications after they
are completed. This is usually too late. Constructability issues should form an

integral part of the design

Projects need an overall implementation plan, part of which is the constructabil-

ity plan.

It is necessary to convince the upper management of a company that it is cost

beneficial to implement a constructability program.

€ nstructability will pay off 10-20 times the cost of the program.



Because of the impacts on ion and engineeri the cost benefits

of constructability programs can be analyzed (O'Connor, 1985), Data collection
techniques include voluntary surveys, questionnaires and interviews with designers

and constructors aud pre-construction meetings (0’Connor et al., 1986).

Union workforce Union issues were a major part of the Business Roundtable

studies. Some icti isi in union (Business Roundtable Re-
port C-4, 1982) were determined o be costly and widespread across North America.
Further, owners and contractors do not seem to realize the impact of these costs.
They seriously detract from the union contractor’s ability to meet open shop compeli-
tion. The phenomena of supervisors and foremen being members of unions (Business
Roundtable Report C-3, 1982) was scen to compromise productivity, particularly
where a division of the foreman’s loyalty between the project and the union leads to
less than vigorous action toward wasteful work practices. The report suggested that
management should attempt to recover management rights bargained away over the
years.

Local union politics can impact productivity (Business Roundtable Report C-7,
1982) if contractors are not sensitive to the effects of on-site politicking. On balance,

the Business Roundtabl ludes (Business Roundtable Report D-1, 1982) that

to remain vigorous, the construction industry cannot afford the demise of the union
sector of the industry which offers experienced and capable contractors and skilled

management pool.

fon Administration and of building codes and regulations is

critical if projects are to be executed in a compliant and safe fashion. The Business

Roundtable (Business Roundtable Report E-1, 1982) found that for the most part,

and code-enf 1 were held in high regard by contractors.

However, some jurisdictions arc understaffed , a condition that can causc inspection
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delays. A report ion was that i be ged to seek further

training.
2.1.2 Planning

The construction industry has been criticised, to a large extent justifiably, for its
slow acceptance and use of modern management methods in the planning and execu-
tion of projects (Business Roundtable Report A-6, 1982). Planning and scheduling
techniques exist in support of efficient planning of projects. Critical path and PERT
methods have grown in sophistication over the years. During the decade since the re-
lease of the Roundtable reports, a revolution has occurred in computer hardware and
software development. Micro and mini computers, sized and selected appropriately to
the contractors needs have become readily available and cost effective, particularly if

amortized over a number of projects. Systems are available to assist with, and moni-

Fo R

tor the project plan and schedule. Cost and control

allow dynamic access to up-to-date information about project costs. Modern project
management software packages offer a varied selection of tools including scheduling
and control, maintenance of resource availability datasets and resource leveling across

projects. High end software products such are Artemis and Primavera are, in them-

sclves, fourth ion database that allow full i ion of project data

with other financial and business applications.

Quality control and quality assurance plans allow the contractor to monitor and
control the quality of sub-contractor work. It is common practice now, as part of a
bid pre-qualifying process, to be required to demonstrate that a quality plan is in
place.

Effective planning and adherence to a program of project updating and monitoring

has the potential to provide signi: 2 ity imp




2.1.3 Site Management

Site management issues relate to factors that impact productivity at the workplace.
These factors directly influence the ability of the worker to do the assigned task in

an effective way. They are largely within management’s ability to control.

Change orders In construction, changes are frequently made during the course of
the work. Further, owners and contractors rarely agree on the incremental impact
of these change orders on final cost of the project. Experienced contractors and oth-
ers familiar with construction claims report that the cost of change orders increascs
with time into the project (Tardif, 1990). Further, the effect of changes arc partic-
ularly apparent when projects are fast tracked i.c. where design and construction
are overlapped. It has been shown that change orders have a negative cffect on the
productivity of the contractors work force. An extensive study (Mosclhi et al., 1991)
of over 50 construction projects used a lincar regression model to show that there
was a positive correlation between decrease in worker productivity and frequency of
change orders during the projects. The effects of other factors, that were present in
addition to the change orders, were studied as well and were found to have a cu-
mulative effect on the decrease in worker productivity. The lincar regression model

proposed provides a method of estimating the effect of change orders.

Availability of working drawings In order for construction supervisors and crews
to understand what is expected of them and to appreciate the scope of the project
and their part in it, working drawings must be maintained on site. Without plans
and specifications, foremen are unable to properly complete work assignments in &
timely fashion. Further, they form the basis of the commanication system between

the site and head office and between the contractor and owner.




Site layout Effective site layout minimizes indirect work, wait time and idle time
and hence contributes to project productivity. Often the site layout is affected by
the availability and required mobility of equipment (cranes), the materials delivery
schedule, site congestion, on site storage, and the access requirements of sub- con-

tractors.

Task sequencing The project plan, if carefully designed, will give consideration to
appropriate task sequencing. The logic of the plan which determines task precedences

should make the flow of work on the job site efficient. The use of project float

indiscriminately by the sub can have an adverse effect on site congestion.
The amount of site congestion caused by the the late finish of activities is a function

of task sequencing.

M: ials Handli Recent C jon Industry Institute research has indi-
cated that formal material management programs have the potential to yield sufficient
construction cost savings yet small and medium sized commercial contractors may not
feel that an integrated material management program is cost effective. Thomas et
2l.(1989) measured the effects of materials handling issues on construction productiv-
ity and determined the potential benefits of applying effective materials management
practices on commercial construction projects.

The effects of known material handling difficulties were removed from the dataset
s0 that an cstimate of cost in the absence of material handling problems could be
obtained. In addition, the results were compared with a similar project that did use
a materials handling plan. An estimate of the cost of poor handling was a work-hour

overrun of 18%.

T y facilities The availability of temporary facilities can allow work to

proceed at an optimum level when weather and other disturbances would otherwise
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interrupt work. Examples of temporary facilities include a) weather enclosures, b) air,
gas, water and electrical supply, c) crane support or mails and d) temporary road

surfaces.

2.2 Working Conditions

Working conditions are factors relating to the environment in which the work is to

be done. All but weather conditions are within ’s ability Lo control.

Management can, however, lessen the adverse effect of all of them.

Absenteeism Absentecism was the focus of as Business Roundtable report (Busi-
ness Roundtable Report C~6, 1982). The major causes of absentecism are such job
site de-motivators as excessive rework, poor supervision, and unsafe working condi-
tions. Worker turnover is a serious problem as well, and has been identified as a
symptom of poor management. Hinze et al.(1985) studied worker absentecism on
several construction projects. The research focus was on voluntary absentecism i.c.
being away from work without reasonable cause. The results of the research show
that voluntary absenteeism is related to such factors as crew cohesion, job security,
styles of supervision and travel distances to work. An important finding was that

teamwork reduces absenteeism.

Accidents/safety V/ork-related injuries and illnesses, including fatalities, in con-
struction occur at a rate 54% higher than that for all combined industrics(Business
Roundtable Report A-3, 1982). The direct and indirect (social and project) costs
of such accidents is enormous. Contractors have, apart from their accepted moral
responsibility, a financial incentive to provide a safe working environment. Further,

an unsafe worksite is a major worker de-motivator affecting costly worker turnover.



Weather conditions Obhscrvation and i indicate that pro-

ductivity declines during periods of extreme weather conditions. Work performed is

plagued by errors in judgement, carclessness, complaints, general lethargy, irritability

and poor mental attitude, d ing quality of general slowdown of
work pace and unscheduled stoppages of work. In regions where adverse weather
is common, it is practice to introduce lost time due to weather as a contingency in
the project plan. Attempts have been made to quantify the effects of weather on
productivity. Koehn and Brown (1985) studied the effect of temperature and hu-
midity on productivity and found, through a multiple lincar regression analysis, that
productivity declines at extremes of temperatures and also at high humidity values.

Thomas and Yiakoumis(1987) studied the effect of temperature and humidity
on productivity by combining datasets from three tasks. Rules of credit were used
to estimate the amount of work actually performed. After removing the effects of

temperature and humidity, the data bl imated the theoretical learning

curve.

Construction equipment Efficient use of construction equipment is a major con-
tributor to construction productivity. In road construction, for example, it is critical

that equipment be properly selected and matched so that equipment wait time is

itisi that the use of the crane and its

d. In high-rise

operator be scheduled daily for optimum productivi

In many cases equi can
be used more efficiently than manual labor, and it is wise to consider this fact when

requisitioning project resources.

Equi breakd: i and a i plan developed so

must be

that the project experiences minimum disruption.
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2.2.1 Working Hours

The Business Roundtable reported(Business Roundtable Report C-2, 1980) that

while occasional overtime may solve some immediate problems, the practice of long

term scheduled overtime was d

The study reported that a nine hour
day is on average 20% less productive than an 8 hour day. Thomas (1992) reviewed
the literature and found results to be sparse and generally inconsistent. The belief

kweek has not been sustained.

that productivity suffers with i d workday or
One source quoted, Daniel International (The Four-Ten 1979) concluded that a sched-
ule based on four 10-hour workdays was more efficient than a normal schedule of five

8-hour days.

2.3 Motivation

The Business Roundtable, in its Construction Industry Cost Effcctiveness project
estimated that the annual volume of work in the construction industry in the United

States is approximately $300,000,000,000. Of this amount 1/3 represents direct labor

costs. The Roundtable(1982) esti that impl jon of a program to reduce
absenteeism and turnover alone could result in a reduction of about 9% of direct
labor costs. Applied to the Canadian scene, such a program would cause direct labor
savings of close to $1,000,000,000 annually.

Roundtable studies contain two startling conclusions. First, construction produc-
tivity has either increased at a lower rate than other industries or has actually declined
during the 1970’s and early 80's. Second, worker absentecism and voluntary turnover
are relatively higher in the construction industry than in other industrics. Maloney
et al. (1986b) studied the nature of construction work as it relates to motivational

issues and made the following observations:
1. Construction workers have growth needs that are similar in strength to other
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blue collar trade workers
2. Contractors need to improve worker satisfaction with job content

3. The skill and knowledge of the workers, as evidenced by their levels of training
and experience, appear to be adequate for the great majority of construction

jobs.

Tucker(1986) attributes the decline in labour productivity to four factors. The
first of these is the influence of labor costs on total project expenditure. Since the
construction industry is a labor intensive sector, this effect of increased labor cost is
expected to continue. The breakdown of communications as projects grow in size is
a second cause of productivity decline. There is a need for effective project planning
and control and comprehensive and efficient data and information flow within the con-
tractor’s organization. Related to the prececding factor is the increase in the amount
of project paperwork. Again the efficient use of computerized project management
tools with emphasis on exception reporting and offering decision support capability

will help in reducing the burden of paperwork. The fourth factor discussed is the lack

of p: ivity training in university

Mendel(1991) suggests that the trend toward declining productivity in construc-
tion may have reversed so that during the period 1983-1991 there has been a net
increase in productivity.

< facti loped

has been p

A model of worker and
and verified (Maloney & McFillen, 1987b) . In this model, called the expectancy
model, motivation is defined as a function of both a worker’s expectancy, i.e., his
belief that he can convert his effort into a specified level of performance and a worker’s

instrumentality i.e., his belief that a specified level of performance will result in his

receiving a specific outcome. The expectancy model has been found to provide a

workable 1 base for und, ding the motivation of ion workers.
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A survey of unionized construction workers from a large mid-western U.S. city (Mal-
oney & McFillen, 1986a) found that the industry needs to devote particular attention
to performance definition (the what, how and why of performance) and performance

encouragement (providing workers with incentives). ding the latter,

8

ing performance requires attention to five clements:
1. the value of the reward to be administered,
2. the amount of the award,
3. the timing of the administration of the award,
4. the likelihood in the worker's eyes that performance will be rewarded,
5. the equity of the rewards from the worker’s perspective.

Studies have shown that several factors relating to interactions among people can
have an impact on productivity. Among these factors arc the attitude of the contrac-
tor, the makeup of the work crew, the attitude of the foreman, and the interaction

among workers.

Contractor Attitude

The attitude of the contractor in the eyes of the worker was found to have an effect
on worker motivation (Maloney & McFillen, 1987d). Actions that the contractor can
take to improve motivation include () stressing the rewarding of good performance

rather than the punishment of poor (b) enhancing cfforts to facilitate

work and (c) encouraging greater participation of workers in decision making.

Construction Crew

An exploratory study (Maloney & McFillen, 1987c) of construction crews supports

the hasic contention that issues relating to crew interactions may have a significant
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influence on worker motivation, performance and satisfaction. A number of issues are

addressed and are summarized ¢ clow:

. Stability of employment. An unstable employment pattern can cause dif-
ficulties affecting productivity. New workers have to undergo a period of job
acclimatization (the learning curve). As well there is a process of socialization

as the new member is exposed to the norms and goals of the group.

2. Work crew staffing. It is desirable to assemble work crews whose members

are compatible and who can get along during periods of stress.

3. Team building. The building of a team identity can be important. Programs
aimed at i 1 icati group decision making, and
other group processes have been shown to improve the functioning of highly
interdependent work teams.

4. Goal setting. Clear, difficult but attainable goals have repeatedly been shown
to improve worker performance, but only if these goals have been accepted by
the workers. Workers should have some part in their formulation, so that some
degree of worker ownership is manifest.

5. In ives. Proper individual and group i ives are necessary. Rewards

that are valued by the workers must be based upon the workers’ performance.

Foreman Attitude

The foreman is generally considered to have  critical role in worker motivation.

Lemna et al. (1986) have i

gated factors that differenti ful (produc-
tive) foremen from those that are less productive. Three significant areas were iden-
tified. Firstly, it was found that highly productive foremen plan their work farther in

advance than do less productive foremen. For the most part planning scems to take
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place in the foreman’s head rather than on paper. Sccondly, it appears that highly
productive foremen generally order materials, tools, equipment and scaffold sooner
than less productive foremen. Finally, more productive foremen generally are more
honest in communicating the status of the project with the workers. Maloncy and
McFillen (1987b) surveyed unionized construction workers to gather their perceptions
of the behavior of their foreman. Their conclusions with regard to the importance
of supervision and the implications that they have for the sclection and training of

foremen are clear:

1. Foremen do have a strong impact on worker motivation, performance and sat-

isfaction.

2. The job of foreman is truly multidimensional, requiring extensive knowledge of

all contributing trades.

3. Actions must be taken to improve the support, facilitation and participation

provided by foremen.

4. Actions should be taken to improve planning and scheduling, goal setting and

communications.

‘Worker Interactions

Interactions and cooperation among workers has been recognized in Japan as a major

and quality imp P ivity and

to i
quality are not seen as factors that must be balanced or traded off against one another
but rather as joint and compatible goals. Worker participation through the usc of
quality circles has been a means of motivating people to have ‘ownership’ of the
product they produce.

The use of quality circles in construction have been successful in Japan (Gilly

et al., 1987b) and attempts have been made to introduce them in North America.
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Characteristics of the construction industry that seem to be obstacles to introducing
quality control in construction include (a) uniqueness of every project, (b) variable
workforce, (c) project duration, (d) subcontractors, (e) owner influences and (f) hier-
archical organization. Nonetheless, the success stories of some very large construction
companies in the United States suggests that if implemented carefully, Quality pro-

grams can improve motivation, productivity and work quality.

2.4 Previous Work

Kochn and Caplan(1987) surveyed small to medium sized contractors to determine
their views concerning construction productivity. Areas of high potential for improve-
ment include supervision, labor contracts, labor training, planning, scheduling and

communications. Agreement was found between the small and medium sized firms on

planning, scheduling, site supervision and labor functi Itisi i

1o note that these are generally considered to be related f

2.5 Survey Instrument

The survey of construction professionals, designed for this study, focused on the
factors identified in this chapter. The actual survey form is shown in appendix A.
The survey was tested on a small sample of local contractors and an iterative process
of refinement was undertaken.

Respondents were asked specific questions regarding their perception of the factors
affecting construction productivity. In addition, they were asked to rate factors as to
importance and to offer comments. For the most part, comments were freely offered.

The synthesis of these remarks form the basis of the discussion of chapter 3.
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Chapter 3

Construction Productivity Survey

A survey of i 1 was undertaken during the month of June 1992,
The object of the survey was to gauge the opinion of personnel in the field of con-
struction as to their perception of what factors most affect construction productivity.
A second ubjective was to determine if there was any differentiation between New-
foundland and the rest of Canada in the perceptions of factors affecting productivity.
The participants for the survey were selected from the Directory of Corporate Mem-
ber Firms and Member Associations of the Canadian Construction Association. Two
hundred fifty (250) survey forms were distributed. In order to get as broad an opinion
as possible two forms were provided in each envelope and the addressee was asked
that both a field and office person be asked to complete the survey. Altogether 58
or 23% were completed, a response typical of this type of survey. The results of the
questionnaire were adequate to get a good feeling for factors that effect productivity.

The survey was constructed to elicit opinion on six groupings of factors. These
groupings, and elements contained within them, were sclected based on a review
of the literature. The major groupings are a) contract environment, b) planning,

c) site d) working ¢) working hours and f) motivation. In

some cases, question were asked and opinions were sought (contract environment,

planning and working hours) while in other cases, the respondent was asked to rate

factors affecting productivity (site working conditions and motivation).
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[ were d throughout the questionnaire. Space was provided for the

respondent to provide factors that they considered important and which had not been

included in the survey form. General comments were solicited as well.

3.1 Respondent Demographics

A number of questions were asked to determine the nature of the respondents, their

and their i ialties. The are di: d in the

subsections that follow.

3.1.1 Regional

The breakdown of respondents by province is shown in Table 2. Responses were
received from all provinces except Alberta and Prince Edward Island. In subsequent
analysis, all provinces other than Newfoundland are grouped into traditional regions:
the maritimes (Nova Scotia and New Brunswick), central (Ontario and Quebec) and

West (Manitoba, Sasketchewan, and British Columbia). These three regions as well

as Newfoundland represent a more ble classification of the ds



Table 2: Respondents by Province

Province Number
Newfoundland 15
Nova Scotia 13
New Brunswick 8
Prince Edward Island 0
Quebec 1
Ontario 14
Manitoba 3
Sasketchewan 2
Alberta 0
British Columbia 2
Other 0
Total 58
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3.1.2 Respondent Occupation and Construction Activity

Respondents varied in occupation from workface personnel to owners of relatively

large companies. Table 3 lists the major occupations.

Table 3: Respondents by Occupation

Occupation Number
Foreman 5
Field (project) engineer 1
Project manager 21
Other 31
Total 58
The type of on activity d by the respond ies was

varied as well. As evidenced by Table 4 , major areas of activity include commercial

doatsot . P

Several

building and i activity in more

than one major arca.

Table 4: Respondents by Activity

Type of Construction Number
Residential construction 11
Building construction - Commercial 36
Marine construction 13!
Road/bridge construction 18
Industrial construction 31
Other construction 10
Total 119




3.1.3 Union Participation

Respondents represented companies that were union shops, non-unionized and a com-

bination of both. Table 5 indicates the number of respondents of cach type.

Table 5: Respondent by Union Participation

Union Affiliation Number
Union operation 25
Non-Union operation 16
Union/Non-Union mixture 15
No response 2
Total 58

3.1.4 Company Size

A variety of sizes of companies participated in the survey. Tables 6 and 7 indicate
that the respondents are split about 50-50, with half having 50 or more job-site
employees and half having less than 50. For the purposes of the analysis, these will
be identified as large and small respectively. The tables are consistent since the

number of projects and the number of employees suggest the same division.
3.1.5 Productivity Study

Of the 57 respondents who answered this question, 18 indicated that they had un-
dertaken a productivity study. Seventeen found the study useful. One did not find
the study useful. Of the Newfoundland companies 6 had undertaken a productivity
study, with 6 finding the exercise useful. A number of respondents indicated that

G

they carefully and d against expected performance.
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Table 6: Numbers of Projects

Number of Projects | Number of
responses

ltod 8

6 to 10 10

11 to 15 9
More than 15 31
No response 2
Total 58

Table 7: Employee Strength

| Number of Employees | Number of
responses

Less than 5 1
5to9 7

10 to 19 6

20 to 49 18

50 or more 26

Total 58

32



























































































































































































































	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Copyright Information
	007_Abstract
	008_Acknowledgements
	009_Table of Contents
	010_Table of Contents v
	011_Table of Contents vi
	012_List of Tables
	013_List of Tables viii
	014_List of Figures
	015_Chapter 1 - Page 1
	016_Page 2
	017_Page 3
	018_Page 4
	019_Page 5
	020_Page 6
	021_Page 7
	022_Page 8
	023_Page 9
	024_Page 10
	025_Page 11
	026_Chapter 2 - Page 12
	027_Page 13
	028_Page 14
	029_Page 15
	030_Page 16
	031_Page 17
	032_Page 18
	033_Page 19
	034_Page 20
	035_Page 21
	036_Page 22
	037_Page 23
	038_Page 24
	039_Page 25
	040_Page 26
	041_Chapter 3 - Page 27
	042_Page 28
	043_Page 29
	044_Page 30
	045_Page 31
	046_Page 32
	047_Page 33
	048_Page 34
	049_Page 35
	050_Page 36
	051_Page 37
	052_Page 38
	053_Page 39
	054_Page 40
	055_Page 41
	056_Page 42
	057_Page 43
	058_Page 44
	059_Page 45
	060_Page 46
	061_Page 47
	062_Page 48
	063_Page 49
	064_Chapter 4 - Page 50
	065_Page 51
	066_Page 52
	067_Page 53
	068_Page 54
	069_Page 55
	070_Page 56
	071_Page 57
	072_Page 58
	073_Page 59
	074_Page 60
	075_Page 61
	076_Page 62
	077_Page 63
	078_Page 64
	079_Page 65
	080_Page 66
	081_Page 67
	082_Page 68
	083_Page 69
	084_Page 70
	085_Page 71
	086_Page 72
	087_Page 73
	088_Page 74
	089_Page 75
	090_Page 76
	091_Page 77
	092_Chapter 5 - Page 78
	093_Page 79
	094_Page 80
	095_Page 81
	096_References
	097_Page 83
	098_Page 84
	099_Page 85
	100_Appendix A
	101_Page 87
	102_Page 88
	103_Page 89
	104_Page 90
	105_Page 91
	106_Page 92
	107_Page 93
	108_Appendix B
	109_Page 95
	110_Page 96
	111_Page 97
	112_Page 98
	113_Page 99
	114_Page 100
	115_Blank Page
	116_Blank Page
	117_Inside Back Cover
	118_Back Cover

