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ABSTRACT

The objective of the research is to develop a reliable production rates database for
precast construction works. It is due to no formal database for the production rates of
precast construction in Malaysia. This research is mainly a starting point towards

developing a new database in construction industry.

These projects will mainly focusing on three of the industrialized construction systems
provided by CIDB that are precast concrete framing, panel and box system, precast steel

framing system, precast block work system.

The main method used within the project is the Survey Research Method where
questionnaires and interviews are the tools used in order to obtain the full information
needed various respondents. Questionnaires designed based on its suitability with the
respondent general needs and preference. The study sample is chosen as such, as it is
rather convenient in terms of distance for the author to conducts research within that
particular area and it is two of the most developing state in Malaysia. The research
implemented in the project shall be in the form of survey research method, which

utilized questionnaire and interview methods.

Questionnaire has been submitted to selected contractors and IBS manufacturer (by
means of random sampling) located within Peninsular Malaysia and the responds

received has been compiled and analyzed.
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CHAPTER 1

INTRODUCTION

1.1. Background of Stndy

For this Final Year Project, the topic given is about the Development of a Database
for Precast Construction Production Rates where the Project Management System
played an important rule in achieving an optimum equivalence between time, cost
and quality. Project management is about directing and coordinating human and
material resources throughout the life of a project by using modern management
techniques to achieve predetermined objectives of scope, cost, time and quality. The
main objective of project management can be defined as to achieve an optimum

equivalence between time, cost and quality.

Project Planning is the major subtopic in Project Management System which
involves the choice of technology, the definition of work tasks, and the estimation of
the required resources and durations for individual tasks and the identification of any
interactions among the different work tasks. Project Planning can be divided to two
categories which are the Cost Oriented and Schedule Oriented which respectively

focusing on cost and time.

Planning of work schedule greatly relies on the availability of some fundamentals
information such as the scope of work, sequence, quantity, production rates and
ultimately durations of each works asséciated with the project. A specific calculation
regarding production rates could not be completely derived through mathematicat
calculation. Thus one of the best methods in predicting accurate production rates
would be to conduct surveys, over specific region by means of survey research

methodology.

The Industrialized Building Systems (IBS) Roadmap 2003-2010 published by the
Construction Industry Development Board (CIDB) outlines several well-thought
strategies and aggressive steps to promote the use of IBS in Malaysia. The
government is taking the leading role to persuade the conmstruction industry to



engage a more systematic approach and methodology in construction. It is a strategic
change in the construction industry and the effort started in 1998.

Besides the aim to gradually reduce the dependency on foreign labor and saves the
country from losing out foreign exchange, IBS provides the opportunity for the
players in the construction industry to develop a new image of the construction
industry to be at par with other manufacturing industries such as car and electronic
industries. With the present conventional methods of construction, the industry is
always associated with many unprofessional practices. The adoption of IBS
promises to elevate every level of the industry to a new height and image of
professionalism. By adopting IBS, efficient, clean, safe, professionally managed and
handled by professionals and workers with relevant skills, proper coordination and
management, precision, innovative and quality will be appeared as new attributes to
be associated with the construction industry.

The industry players are expected to venture internationally and one of the pre-
requisite to compete globally is to offer quality, efficient and professional services
and again IBS can be an excellent option. Although some of IBS have been
introduced in Malaysia as early as in 1960’s, the industry as a whole seems quite
reluctant to exploit the use of IBS. A recent survey carried out on the use of IBS in
Malaysia reveals some of the issues and challenges, which require attention from

different parties.

1.2. Problem Statement
1.2.1. Problem Identification

1. No formal database for Malaysian construction production rates
published by any authorities.

2. Construction rates still not available in our industry.

3. Project planners mostly rely on individual experience and estimation

in deriving the production rates values.



4. Specific calculation could not be derived to calculate the accurate
values of construction production rates due to its affect by various

factors.

1.2.2. Significance of the Project

This project could overcome the problems in our industry as the project would help
in the development of more reliable production rates database, thus decreasing the
margin of errors in estimating the relevant production rates for industrialized

construction works.

Besides that, this project will encourage engineers to use the pre-cast system (IBS)
for their construction purpose in the future. It also will make all construction people
to realize the important and benefit of IBS system as campaigned by CIDB.

This particular information gathered from my project would be incorporated with the
production rates value, thus enabling the estimators to get a correct rough idea on the

significance of the values produced by the project.

Although the project’s scope is quite limited (Peninsular Malaysia), the project
could be a basis and being further developed through times for the benefit of
Malaysian Construction Industry.

1.3. Objectives and Scope of Study
1.3.1. Objectives
The objectives of this project are as follow:
1. To identify the sequence of activities in IBS system at site (sample building).

2. To collect, compile and analyze the production rates’ values from the
industry.



3. To develop a database based and analysis of data collected from survey and
other sources such as planning plant, public literature, expert interview and

questionnaire.

1.3.2. Scope of Study

The study shatl focus on production rates for three main pre-cast works which are:
1. Pre-cast Concrete Framing, Panel and Box System
2. Pre-cast Steel Framing System
3. Pre-cast Block Work System

Questionnaire surveys shall be submitted to construction firms located within
Peninsular Malaysia. The number of construction firms shall be decided through

methods of sampling calculation.

Due to lack of time and insignificant data from the survey conducted, the analysis of

the result will focus mainly on Precast Concrete Framing, Panel and Box System.



CHAPTER 2
LITERATURE REVIEW

2.1. Production Rates

Production rates could be defined as the amount of works that could be done within
a certain period of time. It is one of the most essential information used in
scheduling works to determine the duration for specified construction works.
Production rates’ values are influenced by several factors such as climate,
geography, man power and technology applied during construction; The variation of
the factors could not be totally controlied, thus producing different values of
production rates in every project. However, a basic theory in calculating production

rates could be derived by methods shown below.

O—0O—0O0—0—0
s N4 Ny
Excavate Place Place Pour
Trench Framework Reinforcing Concrete

Figure 2.1: llustrative Set of Four Activities with Precedence

According to Baker (1974)

The scheduling problem is to determine an appropriate set of activity start time,
resource allocations and completion times that will result in compietion of the
project in a timely and efficient fashion. Construction planning is the necessary fore-
runner to scheduling. In this planning, defining work tasks, technology and
construction method is typically done either simultaneously or in a series of
iterations. (p. 15)

In most scheduling procedures, each work activity has associated time duration.
These durations are used extensively in preparing a schedule. For example, suppose
that the durations shown in Table 2.1 wete estimated for the project diagrammed in
Figure 2.1. The entire set of activities would then require at least 3 days, since the

activities follow one another directly and require a total of 1.0 + 0.5+ 0.5 + 1.0 =3
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days. If another activity proceeded in parallel with this sequence, the 3 day
minimum duration of these four activities is unaffected. More than 3 days would be
required for the sequence if there was a delay or a lag between the completion of one

activity and the start of another.

Table 2.1: Durations and predecessors for a Four Activity Project illustration

Activity Predecessor Duration (Days)
Excavate Trench - 1.0
Place Formwork Excavate Trench 0.5
Place Reinforcement Place Formwork 0.5
Pour Concrete Place Reinforcement 1.0

All formal scheduling procedures rely upon estimates of the durations of the various
project activities as well as the definitions of the predecessor relationships among
tasks. The variability of an activity's duration may also be considered. Formally, the
probability distribution of an activity's duration as well as the expected or most
likely duration may be used in scheduling. A probability distribution indicates the
chance that a particular activity duration will occur. In advance of actually doing a
particular task, we cannot be certain exactly how long the task will require.

A straightforward approach to the estimation of activity durations is to keep
historical records of particular activities and rely on the average durations from this
experience in making new duration estimates. Since the scopes of activities are
unlikely to be identical between different projects, unit productivity rates are
typically employed for this purpose. For example, the duration of an activity D;; such

as concrete formwork assembly might be estimated as:

,.&b

) Dy =5

where Aj is the required formwork area to assemble (in square yards), Pj is the
average productivity of a standard crew in this task (measured in square yards per
hour), and Nj is the number of crews assigned to the task. In some organizations,

unit production time, Tj;, is defined as the time required to complete a unit of work



by a standard crew (measured in hours per square yards) is used as a productivity

measure such that Tj; is a reciprocal of P;;.

A formula such as Eq. (1) can be used for nearly all construction activities.
Typically, the required quantity of work, Aj is determined from detailed
examination of the final facility design. This quantity-take-off to obtain the required
amounts of materials, volumes, and areas is a very common process in bid
preparation by contractors. In some countries, specialized quantity surveyors provide
the information on required quantities for all potential contractors and the owner.
The number of crews working, Nij, is decided by the planner. In many cases, the
number or amount of resources applied to particular activities may be modified in
light of the resulting project plan and schedule. Finally, some estimate of the
expected work productivity, Pij must be provided to apply Equation (1). As with
cost factors, commercial services can provide average productivity figures for many
standard activities of this sort. Historical records in a firm can also provide data for

estimation of productivities.

The calculation of a duration as in Equation (1) is only an approximation to the
actual activity duration for a number of reasons. First, it is usually the case that
peculiarities of the project make the accomplishment of a particular activity more or
less difficult. For example, access to the forms in a particular location may be
difficuit; as a resuit, the productivity of assembling forms may be lower than the
average value for a particular project. Often, adjustments based on engineering

judgment are made to the calculated durations from Equation (1) for this reason.

In addition, productivity rates may vary in both systematic and random fashions
from the average. An example of systematic variation is the effect of learning on
productivity. As a crew becomes familiar with an activity and the work habits of the
crew, their productivity will typically improve. Figure 2.2 illustrates the type of
productivity increase that might occur with experience; this curve is called a
learning curve. The result is that productivity Pij is a function of the duration of an
activity or project. A common construction example is that the assembly of floors in
a building might go faster at higher levels due to improved productivity even though
the transportation time up to the active construction area is longer. Again, historical
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records or subjective adjustments might be made to represent learning curve

variations in average productivity. ‘Hendrickson, Martinelli, Rehak (1987)’

Learning Steady State
Phase Phase
=
=
g
o
e
o
Time

Figure 2.2: Illustration of Productivity Changes Due to Learning

Random factors will also influence productivity rates and make estimation of
activity durations uncertain. For example, a scheduler will typically not know at the
time of making the initial schedule how skillful the crew and manager will be that
are assigned to a particular project. The productivity of a skilled designer may be
many times that of an unskilled engineer, In the absence of specific knowledge, the

estimator can only use average values of productivity.

Weather effects are often very important and thus deserve particular attention in
estimating durations. Weather has both systematic and random influences on activity
durations. Whether or not a rainstorm will come on a particular day is certainly a
random effect that will influence the productivity of many activities. However, the
likelihood of a rainstorm is likely to vary systematically from one month or one site

to the next. Adjustment factors for inclement weather as well as meteorological



records can be used to incorporate the effects of weather on durations. As a simple
example, an activity might require ten days in perfect weather, but the activity could
not proceed in the rain. Furthermore, suppose that rain is expected ten percent of the
days in a particular month. In this case, the expected activity duration is eleven days
including one expected rain day.

Finally, the use of average productivity factors themselves cause problems in the
calculation presented in Equation (1). The expected value of the multiplicative
reciprocal of a variable is not exactly equal to the reciprocal of the variable's
expected value. For example, if productivity on an activity is either six in good
weather (ie., P=6) or two in bad weather (ie., P=2) and good or bad weather is
equally likely, then the expected productivity is P = (6)(0.5) + (2)(0.5) = 4, and the
reciprocal of expected productivity is 1/4. However, the expected reciprocal of
productivity is E[1/P] = (0.5)/6 + (0.5)/2 = 1/3. The reciprocal of expected
productivity is 25% less than the expected value of the reciprocal in this case! By
representing only two possible productivity values, this example represenis an
extreme case, but it is always frue that the use of average productivity factors in
Equation (1) will result in optimistic estimates of activity durations. The use of
actual averages for the reciprocals of productivity or small adjustment factors may

be used to correct for this non-linearity problem.

The simple duration calculation shown in Equation (1) also assumes an inverse
linear relationship between the number of crews assigned to an activity and the total
duration of work. While this is a reasonable assumption in situations for which
crews can work independently and require no special coordination, it need not
always be true. For example, design tasks may be divided among numerous
architects and engineers, but delays to insure proper coordination and
communication increase as the number of workers increase. As another example,
insuring a smooth flow of material to all crews on a site may be increasingly
difficult as the number of crews increase. In these latter cases, the relationship
between activity duration and the number of crews is unlikely to be inversely
proportional as shown in Equation (1). As a result, adjustments to the estimated
productivity from Equation (1) must be made. Alternatively, more complicated

functional relationships might be estimated between duration and resources used in

9



the same way that nonlinear preliminary or conceptual cost estimate models are

prepared.

One mechanism to formalize the estimation of activity durations is to employ a
hierarchical estimation framework. This approach decomposes the estimation
problem into component parts in which the higher levels in the hierarchy represent
attribufes which depend upon the details of lower level adjustments and calculations.
For example, Figure 2.3 represents various levels in the estimation of the duration of
masonry construction. According to Thomas, Matthews, Ward (1986), at the lowest
level, the maximum productivity for the activity is estimated based upon general
work conditions. Table 2.2 illustrates some possible maximum productivity values
that might be employed in this estimation. At the next higher level, adjustments to
these maximum productivities are made to account for special site conditions and
crew compositions; Table 2.3 illustrates some possible adjustment rules. At the
highest level, adjustments for overall effects such as weather are introduced. The
formalization of the estimation process illustrated in Figure 2.1(c) permits the
development of computer aids for the estimation process or can serve as a

conceptual framework for a human estimator.

TABLE 2.2 Maximum Productivity Estimates for Masonry Work

Masonry unit size Condition(s) Maximum
Productivity
Achievable

8 inch block None 400 units/day/mason

6 inch Wall is "long" 430 units/day/mason

6 inch Wall is not "long" 370 units/day/mason

12 inch Labor is nonunion 300 units/day/mason

4 inch Wall is "long" | 480 units/day/mason

Weather is "warm and dry"

or high-strength mortar is used

4 inch Wall is not "long" | 430 units/day/mason
Weather is "warm and dry"

or high-strength mortar is used

10




4 inch Wall is "long" | 370 units/day/mason
Weather is not "warm and dry”"
or high-strength mortar is not
used

4 inch Wall is not "long" | 320 units/day/mason
Weather is not "warm and dry"
or high-strength mortar is not
used

8 inch There is support from existing | 1,000
wall units/day/mason

8 inch There is no support from existing | 750 units/day/mason
wall

12 inch There is support from existing | 700 units/day/mason
wall

12 inch There is no support from existing | 550

wall

TABLE 2.3 Possible Adjustments to Maximum Productivities for Masonry

Construction.
Impact Condition(s) Adjustment magnitude
(% of maximum)
Crew type Crew type is nonunion | 15%
Job is "large"”
Crew type Crew type is union | 10%
Job is "small"
Supporting labor There are less than two |20%
laborers per crew
Supporting labor There are more than two | 10%
masons/laborers
Elevation Steel frame building with | 10%
masonty exterior

wall has "insufficient" support

labor

11




Elevation Solid masonry building with | 12%

work on exterior uses nonunion

labor
Visibility block is not covered 7%
Temperature Temperature is below 45° F 15%
Temperature Temperature is above 45° F 10%
Brick texture bricks are baked high 10%

Weather is cold or moist

Activity Duration
Estimate

F

Overall Adjustrent
{e.n. Learning)
A

Initial Duration i %Léaa?ﬂg of Work
/ Estimation - Number of Crews
Productivity Down Time
Estimate Estirate
T F 3
Productivity Bown Time B Ancillary Task
Adjustments Adjustments [ Irformation
3
Maximyf'n
Poductiity '\\\ Task, Technology

and Site Data

Figure 2.3: A Hierarchical Estimation Framework for Masonry Construction
In addition to the problem of estimating the expected duration of an activity, some

scheduling procedures explicitly consider the uncertainty in activity duration
estimates by using the probabilistic distribution of activity durations. That is, the
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duration of a particular activity is assumed to be a random variable that is distributed
in a particular fashion. For example, an activity duration might be assumed to be
distributed as a normal or a beta distributed random variable as illustrated in Figure
2.4. This figure shows the probability or chance of experiencing a particular activity
duration based on a probabilistic distribution. The beta distribution is often used to
characterize activity durations, since it can have an absolute minimum and an
absolute maximum of possible duration times. The normal distribution is a good
approximation to the beta distribution in the center of the distribution and is easy to

work with, so it is often wused as an  approximation.

Beta
Distribution Normal
l / Distribution

Probability or Chance of Occurance

| | |

I | | 1

Optimistic  Most Likely Mean Pessimistic
(Beta) {Beta) {Normal) (Beta)

Duration

Figure 2.4: Beta and Normally Distributed Activity Durations

If a standard random variable is used to characterize the distribution of activity
durations, then only a few parameters are required to calculate the probability of any
particular duration. Still, the estimation problem is increased considerably since
more than one parameter is required to characterize most of the probabilistic
distribution used to represent activity durations. For the beta distribution, three or
four parameters are required depending on its generality, whereas the normal

distribution requires two parameters,
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As an example, the normal distribution is characterized by two parameters, H and

T representing the average duration and the standard deviation of the duration,

respectively. Alternatively, the variance of the distribution gzcould be used to
describe or characterize the variability of duration times; the variance is the value of
the standard deviation multiplied by itself. From historical data, these two
parameters can be estimated as:

»

@) ﬂ“fzsz

k=1

Y 2

7 (‘}l'i:-— f::l
2 LN
3) T ~ E -1
k=1

where we assume that n different observations xk of the random variable x are
available. This estimation process might be applied to activity durations directly (so
that xk would be a record of an activity duration Dij on a past project) or to the
estimation of the distribution of productivities (so that xk would be a record of the
productivity in an activity Pi) on a past project) which, in turn, is used to estimate
durations using Equation (4). If more accuracy is desired, the estimation equations
for mean and standard deviation, Equations (2) and (3) would be used to estimate the
mean and standard deviation of the reciprocal of productivity to avoid non-linear
effects. Using estimates of productivities, the standard deviation of activity duration
would be calculated as:

AT yyp

@) Ty =

3T
i (! "g:l"

where C1/ Pis the estimated standard deviation of the reciprocal of productivity that
is calculated from Equation (3) by substituting 1/P for x.

14



2.2. Precast System / Industrialised Building System

Industrialized building system (IBS) is a construction system that is built using pre-
fabricated components. The manufacturing of the components is systematically done
using machine, formworks and other forms of mechanical equipment. The
components are manufactured offsite and once completed will be delivered to

construction sites for assembly and erection.

Figure 2.5: (a). Skeletal precast concrete framed structure (b). Precast concrete Wall
(c). Steel framed structure
Sources: Ahmad Baharuddin (2006)

According to Ahmad Baharuddin (2006), the IBS systems as mentioned above are
not new in Malaysia. For example, precast wall system has been adopted in
Malaysia as early as in the late 60s. Even though the IBS systems have been in
existence for a long time but there are still many unresolved issues. Some of the
issues are the ability of the industry players to equip with necessary technical
knowledge in order to adopt IBS in their projects. Examples of this lacking are
clearly reflected in the quality of the completed projects and there are situations
where IBS could not be continued due to unavailability of relevant technical experts.
This paper discusses those issues and suggests appropriate approach in overcoming
them.

The average person likely is unaware of the presence of the hidden systems that

make life what it is today: civilized. Sanitary and storm sewers, box culverts, catch
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basins, pump/lift stations, septic tanks, exterior grease interceptors, water storage
tanks, wet wells, electrical and communication vaults and many other products all
play a pivotal role in maintaining a clean, healthy, productive environment for the

inhabitants of the civilized world.

Without these systems, life would be much different. Much of the credit can be
given to the main components of these systems, which typically consist of precast
construction. From the structure classification, IBS can be divided into five major
groups which are:
1. Pre-cast Concrete Framing, Panel and Box System
Pre-cast component for column, beam, floor and 3D components
2. Steel Formwork Systems
Tunnel design, beam and column casting
3. Stee! Framing Systems
Beam and steel column, steel door frame
4. Prefabricated Timber Framing Systems
Timber frame, timber roof
5. Block Work System
Concrete Masonry Unit (CMU), light weight block

According to Kim S. Elliott, 2002 the implementation of IBS gives benefits in
reducing the use of general worker, minimizing wastage and controlling the quality
to be more effectives. There were a few high class contractors that choose IBS for
their important project such as PETRONAS Twin Tower, Putrajaya, KL Central and
KLIA.

For this project, author will only concentrate on three main IBS’s groups which are

Pre-cast Concrete Framing, Panel and Box System, Precast Steel Framing System
and Block Work System.
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2.3. Estimating Production Rate (based on previous related work)

According to Samer Ezeldin and Lokman (2006)

To estimate the cost of a construction, it is important to determine the quantities of
works to be completed and the associated cost involved. There are two method of
cost determination which is unit pricing and resource enumeration (Halpin and
Wood head 1998 ).

For the unit pricing approach, the unit cost (dollar/unit) was applied to the quantity
of the item in order to obtain the amount of work at hand. For a given items, the unit
costs were usually tabulated within a company or in standard references as an

average reflecting performance on a multitude of projects.

Compare to the unit pricing method, the resource enumeration method is more
detailed. A resource group ( crew, equipment ete } for a given item has to be assume,
cost per hour for the assumed resource group need to be calculated, its average
production has to be estimate and then it has to be modify to reflect job efficiency.

These rates are normaily tabulated as average values reflecting average conditions
for a given project. The estimator will start it by calculating the average production
rates and modifies it to reflect the conditions expected to be encountered on a
specific project being estimated.

For an expenenced estimator, they will rely on their personal expertise to
incorporate the effect of qualitative factors in their estimates but for less/non
experienced estimator, the neural networks could benefit them. The neural networks
are tools that attempt to mimic the human brain function. Portas and Abourizk
(1997) designed a system that utilizes artificial neural networks to estimate
formwork productivity for slabs, columns and walls. Chao and Skibniewski (1993)

used neural network as a case study to predict the productivity of an excavator.

In order to achieve the objectives of the construction project, a systematic

methodology had to be implemented and followed. Having the factors that could
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impact the construction production rate, actual data are required. Collecting actual
data involves two stages which are organizing data that existed in project files or
company data base and the second stage involved collecting information by using

survey method.

To develop an initial survey form, literature was first used includes the factors that
effect the productivity rates of a consiruction project ( Chao and Skibniewski 1994;
Halligan et al. 1994; Ersoz 1999). This initial survey form will be discussed during
an interview conducted with personal interviewers in different types of construction
background. This procedure was conducted in order to gained variety information on

the project based on the survey form (refer figure 2.6).

Data gained by the questionnaires received from survey process are considered to be
independent variable, while multiplier is the dependent variable. It is for the
purposes of conducting the statistical analysis. All data was assessed by using
correlation and scatter plot and through building regression models.

Neural network is used to learn the relationships between data. This process is
referring as training. The neural network can be used after been trained to solve
similar problems to the ones it was trained on (a process referred to as recall).
Neural network are composed of processing elements PE (represent graphically by
circles) and connections (represented by arrows) as demonstrated in Fig. 2.7. Input
factors like factors that are thought to affect labor production are represented by the
input layer. While the output factors were represented as the output layer.

This network can be used for classification or prediction. For classification
networks, the network will be thought in how to group the data into a number of
classes based on the input provided to it. A comprehensive overview of neural
networks can be found in Flood and Kartan (1994a,b).

The neural network structure utilize in this application represent an extension to the
network approach describe by Portas and Abourizk (1998). This output is
represented in the form of a histogram reflecting the likelihood of the production
rate rather than a single point estimate. The user of the network has the opportunity
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to make a subjective decision regarding the rate to be use or by using the weighted

average of the rates given by the histogram

Survey on concrete werk productivity

The purpose of this survey is to asses the productivity of concrete works putting in consideration various factors and conditions that may affect this

productivity.

Form filled by
Company

Project Name
Project Location
Project Description

Structural Element(s) Under Consideration

Principal Data
Position

Date of Survey

Project Data

Owner
Consultant
Contractor

General Data

Quantity of Concrete m3

Duration of the construction (formwork, stee] fixing & concrete Pouring)

Temperature Conditions
Working Condition

Crew size no

Type of formwork

How do you classify the supervision over the labor?
How do you classify the labor skilt
Did 1abor stay overtime significantly

Complexity of the task
Accessibility of Materials
Degree of repetition
Crew size no
Quantity ___tons

How do you classify the supervision over the labor
How do you classify labor skill
Did labor stay overtime significantly
Complexity of the task
Accessibility of Materials
Degree of repetition’

Pouring Crew Size no
What type of pouring method was used
Did labor stay overtime significantly
Complexity of the task
Accessibility of Materiats
Degree of repetition

General Comments

0 Cold 0 Moderate
0 Mild 0 Moderate
Formwork Assembly data
Duration days
Type of false work
0 hitle 0 adequate
0 unskilifi] { adequate
0 yes Ono
0 typical 0 complex
0 gasy 0 moderate
0 none 0 moderate
Steel Fixing Data
Duration no
0 litile 0 adequate
0 unskillfid 0 moderate
0 ves U no
0 typical 0 compiex
0 easy 0 moderate
0 none 0 moderate
Concrete Pouring
Duration no
0 ready mix 0 batch plant
0 yes 0 no
0 typical 0 complex
0 easy 0 moderate
0 none 0 moderate

0 Hot
0 Harsh

O strict
0 skillful

0 bard
{ repetitive

0 strict
0 skiilfil

0 hard
0 repetitive

0 traditional mixer

0 hard
0 repetitive

Figure 2.6. Survey form of productivity of concrete works

Source: Samer Ezeldin and Lokman (2006)
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The most important aspect of neural network in a practical application within an
industrial setting are defining input factor and collecting sufficient relevant data for
training. It is best to achieve the first aspect by using person that are familiar to the
environment while for the second aspect, it is best to accomplished it by designing
statistical experiment and by obtaining a real commitment from those that posses

information and knowledge in how to retrieve it or to use it.

/ PE Connection

\

input layer Hidden Output

Figure 2.7. Sample Three-Layer Back-Propagation Neural Network
Sourced: Abourizk, Knowles and Hermann (2001)

2.4. Previous Related Studies

Throughout this study, most of the books related to the production rates topic are
done by foreign researchers. Little works has been done by local researchers
regarding this topic. Basically, most of the theory and basic idea in this study have
been established by referring to the foreign researchers’ journals and books. One of
the books that have been thoroughly used in this study is the book written by Chris
Hendrickson, the ‘Fundamental Councepts for Owners, Engineers, Architects and
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Builders” which covers topics such as construction planning, fundamental
scheduling procedures and advance scheduling techniques. (Chris Hendrickson
(1989)).

“Productivity improvements are always of importance and value. As a result,
introducing new materials and automated construction processes is atways desirable

as long as they are less expensive and are consistent with desired performance.

®-2y

By referring to the book, the author could better understand the characteristics and

importance of production rates in construction planning works.

The journals “A Comparative Evaluation of Concrete Placing Productivity Rates
amongst French, German and UK Construction Contractors” written by D.G.
Proverbs, G.D. Holt & P.O. Olomolaiye from Schoo! of engineering and the Built
Environment, University of Wolverhampton which related to the differences of
production rates values between French, German and UK construction contractors
had proven that there are significant factors such as location and labor expertise. The
Journal concluded that German contractors achieved the most efficient levels of
labour productivity for the concrete placement operation whilst among the sample

surveyed.

There were a few similar research did in order to obtained or to estimate the
productivity rates of a specific construction work in the construction industry such

as:

1. Estimating Labor Production Rates For Industrial Construction Activities
By S. AbouRizk, P. Knowles and U.R. Hermann
2. Neural Networks for Estimating The Productivity of Concreting Activities
By A. Samer Ezeldin and Lok,am M. Sharara
3. Crew Production Rates for Contract Time Estimation : Bearn Erection, Deck and
Rail of Highway Bridges.
By James T. O’Connor M.ASCE and Youngki Huh
4. Effects of Delay Times on Production Rates in Construction
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By John Christian and Daniel Hachey

This project will also receive consultation from CIDB research unit as a moment,
there is no institution that has conducting the research. CIDB was just about to
approve the research grand for any researches involve in this area. We are hoping
that by doing this research, there will be a better chance for UTP to be award with
the grand letter.
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CHAPTER 3
METHODOLOGY

3.1. Survey Design

The study will over the whole construction level in Peninsular Malaysia and will
implement survey research method which incorporates tools such as questionnaire

and interview in order to obtain the production rates stated above.

Questionnaire surveys shall be submitted to construction firms mainly in Peninsular
Malaysia included lists from CIDB directory. For a start, a minimum no of 120
samples delivered to the pre-cast contractors, pre-cast manufactories and major main
contractor of class A & B. The questionnaire will also covers information related to
production rates such as number of workers, area of construction, climates and

technology implemented in the construction.

3.2. Survey Questionnaire Process

Praliminary
| Planning T T T T T T T T T T T T T T T T
] (] 1
i ]
[ ] Ssasstion of Sample i — — — — o — — 3
: Burvay Msthod Design [ |
[ I

1 L ] " ¥ ) 1 [1
1 Survey Piiot [
i instrument Surv 1)
] Deaign hid 1 1
i [} ¥ 1
1 1 Conduct of 1 1
' ! Survey |
: : ¥ 11
. L Data ¥ : !
H A o o ——— Coding e | Bt : =
1 1. r. B ey g 1o
1 i i
i Data Waighting «={ Data Management
: and Expangion and Analysis
! S

_________ —_—— Presentation of
- - Tigying-Up Resutts

Figure 3.1: Flow Chart for Questionnaire Process
Source: Cooper, Donal and Schindler (2003)

Literature Review & Research:
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Literature review is an important process in the project, as it provides the author
with the general idea on the project. The methodologies involved in this process are

mainly research on internet, library and discussion with Supervisor and Tutor.

Journal is a very useful source of information to the author because it has stated the
previous research done by other researchers about the topic. Furthermore, the
references provided in the journal are much important for the author to look for

other reliable sources of information

Survey / Questionnaire Design:

Generally, the process in designing a questionnaire could be divided into 3 major
steps which are considerations & rule of thumb, pilot survey and questionnaire
revisions. The methodology in considering the considerations and rule of thumbs in
designing the questionnaire are generally adopted by literature review and research.
Questionnaire revision is one of the steps, carried out afler the pilot survey in order

to further enhance the questionnaires from various aspects.

In designing the questionnaire, several considerations need to be considered such as
the respondent’s level of knowledge, biases and respondent’s attitude. Respondent’s
level of knowledge basically involved the general terms and definition used by the
respondents. This criteria need to be considered in the designing process, so that the

questionnaire designed could easily be understood by the respondents.

Questionnaire review shall again follow the cycle of the questionnaire design steps.
However, the designer should decide whether to incorporate the pilot survey again in
the revised questionnaire or not. For a serious survey, usually designer shall again
conduct pilot survey on the revised questionnaire to further improve the quality of

the questionnaire designed.

There are nine (9) basic procedures in developing a questionnaire:
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Specify what information will .| Determine type of »{ Determine content of
be sought questionnaire & method of individual questions
Administration
Sequence of question Wording of each question Determine form of response tc
* N each question
Physical characteristic of Re-examine steps 1 ~ 7 and PRE - TEST the survey, revise
questionnaire pi revise if necessary »| where needed

Figure 3.2: Questionnaire developing procedure chart

Pilot Survey:
Pilot survey shall be conducted after the final draft of the questionnaire has been

completed. The pilot survey shall be conducted both internally and exiernally.
Three internal respondents (UTP’s lecturer) and three external respondents
(contractor) shall be chosen randomly for the survey. The respondents shall be given
a period of time to complete the questionnaire. The questicnnaire will then be

collected to be analyzed.

A pilot survey is a test of all aspects of design which act like a live dress rehearsal. It
consists of some scopes for experimental design. By conducting the pilot survey, it
could save few of expensive mistakes. Pilot survey are use to test the wording of

questionnaire and also the layout of questionnaire.

Sampling:
There are two different types of sampling procedures--probability and non

probability. Probability sampling methods ensure that there is a possibility for each

person in a sample population to be selected, whereas non
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probability methods target specific individuals. The project shall implement a
probability sampling methods in order to avoid biases in the results with an area

covering Peninsular Malaysia

Conduct Survey / Questionnaire Distribution:

After sampling processes, the revised questionnaire shall be distributed to the
randomly selected samples. In this project, the distribution would be done through
mails and household drop-off. Questionnaires shall be mailed to the companies
located far from UTP. For companies nearer to UTP, the questionnaire shall be
distributed personally to the companies’ site offices or head quarters. A cover letter
shall be included within the questionnaire’s envelope, in order to introduce the

project to the respondents.

1. Mail Survey

After questionnaire fabrication, the questionnaire will be distributed
to contractors, consultant, architect, developers and engineers for
feedback. Mail surveys are among the least expensive. This is the
kind of survey the author can do because the author has the names
and addresses of the target population, but not their telephone

numbers.

The author chooses this method because mail surveys allow the
respondent to answer at their leisure, rather than at the often
inconvenient moment they are contacted for a phone or personal
interview. For this reason, they are not considered as intrusive as

other kinds of interviews.

2. Email Survey

Email survey was chosen as part of the distribution method, also as a
back up survey. Email surveys are both very economical and very
fast. More people have email than have full Internet access. This
makes email a better choice than a Web page survey for some

populations. There is practically no cost involved once the
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set up has been completed. An email questionnaire might be able to
gather several thousand responses within a day or two.

Data Collection, Coding, Editing and Expansion

For data collection, a simple procedure is shown below:

1.

NS AW

Mail a pre-card to sample informing them of forthcoming
questionnaire.
Mail first packet which include:

e Cover letter

» Questionnaire

¢ Pre-addressed, stamped return envelope

» Incentive

o Return card, mailed flat, commemorative stamps, etc
Postcard reminder
First follow — up
Postcard reminder
Phone call reminders
Other follow ups if deem appropriate. Up to 6 have proven
successful.

Control non response error

Data coding and editing is defined as the transferrable of information process from

survey forms into computer files. This information is ready for the analysis process.

Coding is a process of getting the data from the survey instrument into the computer.
Editing information is about cleaning the data and making sure that it is ready for

use.

Weighting and expansion of data is a process of having the sample data represent the

population from which it was drawn as nearly as possible. Weighting and expansion

are two separate processes where weighting is known as an adjusting process that

balances within the data to remove biases. While expansion is define as inflating the

size of the sample data set to represent the size of the population.
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Data analysis
The analysis method that been used in this project is statistical anatysis method.

Data were analyzed by sorting them in a table (refer chapter 4; Result) and aiso in
bar chart. Result from the survey were analyzed by discussing on the different

obtained based on the response received.

There are 4 types of data can be analyzed which are:
i. Nominal
Distinguishable, cannot be ranked. Eg: gender, religious
2. Ordinal
Can be ranked, difference cannot be quantified. Eg: strength of agreement.
3. Interval
Difference can be quantified, not true zero. Eg: temperature
4. Ratio
Difference can be quantified, with true zero. Eg: weight, length

Data presentation

Data could be present by using few types such as table, summary statistic and
graphics. Table could be used when project needed exact numeric values and

localized comparison. Sumimary statistics can be used like below:

Number of points 11
Mean of X 9.0
Meanof Y 1.5
Regression y=3+0.5x

Correlation coefficient (r)  0.82
Level of explanation (1%) 67%

More than 10 data points are needed in order to present data using the graphic
method. Graphic method is used to show big picture and not fine data. There are 2
types of graphic method which are;

1. Graphics for categorical variables
Bar & Column charts, Pie chart
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2. Graphics for continuous variables

Line graphs, Area charts, Scatter plots, 3D plots

3.3. Research Process Methodologies

Background of the Project

A

Problem Statement

A

Significance of the Project

'

Objectives of the Projects

L

Scope of Study

Literature Review

b
Data Collected
r
* h *
Survey Method Interview Other Sources
L | I
A
Develop Database (Microsoft Excel)
L
Conclusion
Figure 3.3 Flow Chart for Research process
3.4. Analysis

This research will use statistic analysis to compare and to obtain the final results.

Statistical analysis consists of tables, graphics, and mean and variance method.
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3.5. Tools Required
There were no specific tools required in this research as this is not an experiment
research. This research is mainly on survey method research and the main required

tools required are only questionnaire/survey tools.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. Survey Process

As for today, there were a few progresses achieved for this research which are:

1.

Finalized Questionnaire

The first task to be completed for the finale year project 2 is to finalize
the questionnaire that need to be submitted to the respondents. A few
major problems occurred during this process that affect the project flow.
To avoid delay in the project flow, a trial submission has been done by
submitting 50 copies of questionnaire to one type of company.

Distribute Questionnaire

Questionnaire was distributed via mailing. There were two sets of
questionnaire distributed to the respondents which are questionnaire from
the 6™ draft and the final questionnaire. 50 questionnaires were mailed to
the respondent using the 6™ questionnaire draft and 300 questionnaires

mailed using the final questionnaire.
Submit Class Timetable/schedule

A list of time table was required from each student in order to arrange
date for the group meeting and also individual meeting. Schedule was

submitted in the week 3 of the campus semester.
Receive Questionnaire

After 2 weeks distributing questionnaires to all respondents mainly in
peninsular Malaysia, replied from companies started to receive. Letters /

questionnaires were sent back directly to Civil Department where the

- questionnaires can be obtained at the mail box provided in the civil

office.
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5. Questionnaire Alteration

From the responses received, it was shocked to found that there was a
huge different in the amount and type of questionnaire received. From
the lack of response received, discussion has been made and the
questionnaires need to be change for the purpose of other survey

method/process.
6. Questionnaire Distribution via Fax, Call Interview and Email.

Based on opinions and discussions did with the supervisor, an immediate
action taken in getting more responses before the analysis process started.
Survey planned to be done by submitting the questionnaire using fax

machine, email directly to the company and also by call interview.
7. Questionnaire received from fax, call interview and email

About 15 companies involved in the process of distributing questionnaire
via fax, call interview and email. Among these three methods,
respondents mostly preferred to fax the questionnaire to them than other
mailing method. There are only two respondents that willing to answer
the questionnaire by call interview. But both of them also required for
faxing the questionnaire to them. From 15 respondents, there were only 5

respondents that response to the survey.

4.2. Analysis Process and Result

The survey process started by submitting the final questionnaire on precast
production rate to companies selected during the sampling process. From the graph
shown in figure 4.1, there were 350 selected companies chosen to answer the
questionnaire. Unfortunately, there were only 20 companies that response to the
survey perfectly. 6 % of companies reply to the survey and it is quite a huge range
between the total amount of companies received the questionnaire. This low
percentage of respondents has been expected when conducting a survey based on

mail and fax.
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This problem is normally happen to those who conducting a survey in the
construction industry. The reasons are the company staffs especially the manager did
not have enough time and too busy with their works. Lack of corporation and
awareness about the important of this survey for our industry make them neglected

and ignored the questionnaire.

SURVEY PROCESS

received
survey, 20

Figure 4.1 Percentage of companies that response to survey

It is obvious that the major respondents that response to the survey was from Precast
Manufacturer Company. Based on the figure 4.2, 40% or 10 of total company
response to the survey were from precast manufacturer. General contractor is the
second highest company response to the survey with the amount of 7 replied or at
28% out of total 100% response. 6 companies from Precast Contractor involved in
the survey with the percentage of 24% while 8% of companies from Precast

Consultant which are 2 companies that contributed in this survey process.

Even though at first, only 50 questionnaires submitted to the Precast Manufacturer
company, but from the response received, it shows that this company was reaiiy
corporate and interested in this survey of precast production rate. Compare to the
total amount of 300 general companies that received the survey, only 10 companies

that replied to the survey perfectly.
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Table 4.1 : Types of company participate

Type Numbers %
General

Contractor 7 28
Precast

Manufacturer 10 40
Precast Contractor 6 24
Precast Consultant 2 3
Other 0 0
Y Total 25 100

TYPE OF COMPANY(%)

0%

& General Contractor
o Precast Manufacturer
7 Precast Contractor
W Precast Consultant

& Other

Figure 4.2 Percentage of Respondents according to Type of Company

Like what have author expected, the majority class of company that response to the
survey are from Class A and B for companies under PKK and also from G7, G6 and
G5 companies under CIDB. The range different of response between each main
groups are not that high where as shown to Figure 4.3, at the range of 40% to 50%
responses are from companies Class A and Class B.10% of companies from class D
also involved in this survey. This shows their effort to at least contribute a little
information and knowledge to help developing the precast production rates. For
company with class G7, G6 and G35, all of them scored with 40% (4 companies),
20% (2 companies) and 30 %( 3 companies) out of the total 100% response from
CIDB companies (Figure 4.4). 10% of companies from (G4 response to the survey
and it seem that companies that under CIDB were more familiar with precast

construction than companies from PKK groups.

34



Companies from class A, B and from G7, G6 and G5 might be more interested in
this survey as they have more experienced and knowledge involving construction of
precast system compare to small companies. It is because, most of precast systems
were used for high rise project and for small companies, they would rarely involve
in a high rise project and this makes them have little knowledge in precast

construction system.

Table 4.2 : Company Class

PKK CIDB
Class Numbers % | Numbers %
A 5 50 0 0
B 4 40 0 - 0
C 0 0 0 0
D | 10 1 10
E 0 0 3 30
F 0 0 2 20
4 40
> Total 10 100 10 100

COMPANY CLASS FOR PKK(%)

0%
0% 0%

Figure 4.3 Percentage of respondents according to class of contractor.

35



COMPANY CLASS FOR CIDB(%) o,
2

Gl 6
0% 0%

Figure 4.4 Percentage of Respondents according to CIDB

From Figure 4.5, 20% of companies have an experienced in precast system for 10 to
20 years. This is similar to companies that had gained experienced in precast system
for less than 5 years. A 5-10 years of experienced companies involved in this survey
which have the percentage of 25% while the most experienced companies response
to this survey were from companies that have more than 20 years experienced which
is 35% out of the total 100% percentage.

Table 4.3: Numbers of company experience

Years | Numbers %
<5 4 20
5-10 5 25
10 - 20 4 20
>20 7 35
> Total 20 100

COMPANY EXPERIENCE(%)

E<5
®5-10
5 10-2¢
20

Figure 4.5 Percentage of Company Experienced
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Most of companies that replied the survey were only have the experienced involved
in projects constructed using precast concrete framing, panel and box system. To be
more accurate, 80% or 20 companies have more experience in precast concrete
framing, panel and box system than other specified in the survey. It could be seen in
Figure 4.6 where only 8% of Respondents Company involved in precast steel
formwork system (8%) and others which are precast steel framing system, precast
block work system and prefabricated timber framing system scored only 4 % which

are 1 company for each system.

From this result, this survey have to focus or analyze the production rate for precast
concrete framing, panel and box system only as there were not enough results/data

from other precast group or precast system.

Table 4.4: Numbers of Precast Groups that participate

Precast Groups Numbers %
Precast Concrete Framing, Panel & Box System 20 20
Precast Steel Framing System 1 4
Precast Block Work System 1 4
Prefabricated Timber Framing System 1 4
Precast Steel Formwork System 2 8
Y Total 25 100

PRECAST GROUP(%)

m Precast Concrete

4% Framing, Panel & Box System

B PrecastSteel Framing System

i1 Precast Block Work System

H Prefabricated Timber
Framing System

B PrecastSteel Formvrork
System

Figure 4.6 Percentage of Company based on Precast Group

As shown in figure 4.7, 20 % or 4 respondents that answering the survey is the
Project Manager. While 5% or 3 General Managers had fill up the questionnaire.
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Only 10% Project Engineer and Construction Manager involved in this survey and
5% of Production Manager replied this questionnaire. 40% or 8 respondents are
from other group which consists of site supervisor, quantity surveyor, financial

controller and technical head.

From this result, it could be said that there were lots of construction people that
involved in precast system. They come from various or different construction
background based on their designation. They might be based at the site or aiso can
be working fulltime at their headquarters/ office. Their different designation will
affect this survey result because they have their own overview/opinion about precast

system in our industry.

Table 4.5: Respondents’ Designation

Designation Numbers %
Project Manager 4 20
Project Engineer 2 10
Production Manager 1 5
Construction Manager 2 10
General Manager 3 15
Other 8 40
¥ Total 20 100

RESPONDENT'S DESIGNATION(%)

= Project Manager m Project Engineer % Production Manager

m Construction Manager 8 General Manager  Other

Figure 4.7 Percentage of Respondent’s Designation

Based on Figure 4.8, most of respondents have 5-10 years experienced in precast
construction. There were about 45% of them had gained experienced in precast
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system for 5 — 10 years which could be conclude that they are still new in the precast
field. 30% or 6 respondents involves in precast field less than 5 years while 20% of
them involved in precast system for 10 — 15 years. Even though the most adequate
experienced needed to obtain an excellent survey result was more than 15 years

experiences, but only 5% or 1 respondents that are qualified enough to be in this
group.

It has been expected that most of respondents learned about precast production rate
by their own experienced gained through their involvement in project constructions.
Figure 4.9 shows that 50% of respondents agreed on gaining sources from

experience compare to only 27% from previous related job.

Table 4.6 : Respondents experience in precast

Years Numbers %
<5 6 30
5-10 9 45
10-15 4 20
> 15 1 5
> Total 20 100

RESPONDENT EXPERIENCE IN
PRECAST(%)

>15
5%

Figure 4.8 Percentage of Respondents’ Experience in Precast Syétem

But, both experiences and previous related project are related as they gained their
experiences during their works on their previous related projects. 16% of

respondents said that they normally estimate the precast production rate using their
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feeling and instinct and this is also related to their experiences in project
construction. Only 7% of respondents replied to this survey using the production
rate standard. It shows that our construction industry is still not familiar to the
production rate standard and this still standard might have to be update/upgrade as a
user friendly system. As this standard become easier to be use or to refer to, people
with low knowledge / less experience in the precast production rate system could

learn more on the system and could use the standard wisely.

Table 4.7: Sources of Production Rate Value

Sources Numbers %
Experience 15 50
Production Rate Standard 2 7
Feeling & Instinct 5 17
previous Related Project 8 27
Literature 0 0
Other 0 0
¥ Total 30 100

tireratuce SOURCES OF PRO. RATE VALUE(%)
0% Other
previous %

Related Project
27%

Feeling &
Instinct
16% Rate Standard
7%

Figure 4.9 Percentage of Precast Production Rate Sources
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Table 4.8: Precast Production Rate (unit/day)

ACTIVITIES RESPONDENTS VARIARS | ME
112 |3 4|56 (7 |8}9 10|14 |12]143 |14 )|15{16 17|18} 19| 20

2) Setting Out 2 2| . tnlsiuln R2jB|0|30 |55 15|21|20{20[2530|25] 7 2
2) Watl Positioning 150 |18 |24 {21 t1a|20|B|20{18|16 19|20 20]|5[19](20]|2 2518 11 18
) Wall Adjustment %5 |onl1l20l21 (1520151814 [19]|20[15]20(18}15]2[20]221]18 6 1t
1) Beam Setting Out B3| |25|16|1|0|20[25|8|25|8[15]17|20[2/6 30 2{0{ 220 2
3) Floar Setting Out 30333 |28|25|14]ag| 20| 24|30 |25|28}25/25|20|28{2 |30[30]25| 34 2
) Pour Concrete In-sttu Topping | 30 | 25 1 35 [ 30 | 25| 15 {40 | 25 |30 |30 |33 |26 [ 28 |30 )22 | 33 135 | 26 | 35 [ & 3 s
)) Staircase Bligi{18|15 12115 10| B} 1B |®B 41519018 17]|12/12]18] 8 1t

For the precast concrete framing, panel and box system production rate result, the
average different between variance and mean of the production rates varies around
5-—~10 (Table 4.8)). For an example, the wall positioning activities, the mean of total
production rates is 19 unit/day while the variance is 11 unit/day. The different
between both results are 8. It could be said that the precast production rates for
concrete framing, panel and box system is reliable as the different of variance and
mean is less than 50%. But this result is not good enough because of problems such
as different project consists of different work activities. Different respondents also

have their own perspective on the production rates vaiue.

During the questionnaire finalization, supervisor could not be in campus to evaluate
and finalized the questionnaire but the questionnaire need to be finalized to continue
the project flow. So, to ensure that the project process not delayed, 50 copies of
questionnaires have been mailed to a specific company which involves in precast
manufacture. It could be said as a trial and back up work to see the probability for

the survey to be response.

When he started his worked, a discussion has been made and the questionnaire were
evaluated and changed. It is because the 6th questionnaire was being told too simple
and unsatisfied the standard. The questionnaire was changed to a more standard and

specific questionnaire based on the discussion made during the first meeting.

300 copies of questionnaires that been finalized has been distributed to all types of

construction companies around Malaysia. Three weeks is given to the companies to
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reply to the survey. The questionnaires can be replied by mailing back the letter to
the university with the attention to the people involves. The companies also were

provided an envelope and stamp to make the mailing work easier and smooth.

After complete the first half of the project’s planned, a short meeting has been made
between people involved in this FYP 2. The main purpose of this meeting is to
submit a copy of timetable/schedule for one week of classes. It is to set and arrange
a suitable time to have an individual meeting between the supervisor and the student.
It is easier to meet and discuss individually compare to a group of people discussing
all the problems arise between them. The supetvisor could pay a full attention to the
individual and helping solving problems.

When the second half of semester started, responses from companies started to
receive. Survey receive could be collected at the Civil Department’s office where the
survey obtained at the provided mail box. Surveys were collected every two days to
ensure that the survey did not mess up or loss. The amount and progress of surveys
received was kept updated with the supervisor in order to keep the project

flow/planned on going.

Unfortunately, for this project, there was a major problem where survey received
from respondents was not that impressive. Respondents tend to ignore the main
section of the survey that really needs their full attention which is section B :
Production Rates of Precast. In this section, respondents are supposedly to give the

value of every precast system production rate in unit/day.

The amount of surveys answered completely and not complete can be said equally
the same. Most of surveys that been answered completely were replied from precast
manufacturer where as the surveys that did not complete were from contractors and
consultant, It is a major problem because the questionnaires submitted to precast

manufacturer were only 55 copies but for contractor and consultant were 300 copies.
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The 55 copies of questionnaires submitted to precast manufacturer were from the
trial and back up work did at the early semester. The 300 copies of questionnaires

sent to contractors and construction companies were the finale questionnaire.

From a few of respondent opinions, they said that the questionnaire given was
complicated to be answered and it takes time for them to response to his survey.
From the result obtained also it could be said that the respondents preferred a simple
questionnaire (6th questionnaire ) compare to the finale questionnaire. There were
respondents that did not have any experiences in precast construction and it makes
the survey process become harder and if there are respondents that have lots of
experiences in precast construction, they did not answered the questionnaire

completely.

Among all the response obtained from the questionnaire, majority of the respondents
did not answer or fill in the precast production rate part. Some of the respondents did

not have the precast background but yet still answer the guestionnaire.

Their different understanding in the precast production rate part also gave difficulty
to the survey being analyzed. Some of the respondents gave answered based on floor

size and few of them gave answered in bulk or general.

These situations make it difficult to continue with the analysis process as the results
received were insufficient enough (less than 10 completed responses ). An urgent
meeting was held on Thursday 13th March 2008, discussing about the probiems
occurred. Analysis and comparison made between both types of questionnaires

submitted earlier.

The latest action and planned was altered the questionnaire by combining last two
questionnaire and become ope simple and perfect questionnaire. Different
alternatives taken in order to increase the amount of answered questionnaires such as
faxing, emailing the latest questionnaire to several manufacturers and class A
contractors and also by phone interviewing respondents. At least 20 questionnaires

are hoping going to receive before the analysis process started.
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In future, few correction or prevention needs to be done in order to improve the
questionnaire response. Firstly, the questionnaire should probably send directly to
the person that involves with site work or precast works. Respondents from different
background of works should not answer the survey because they might answer the

questionnaire incorrectly.

The questionnaire design should also been improve such as the precast production
rate part might be in multiple choice. It may give interest to the respondents to
answer the questionnaire as they does not have to spent much time to think and

consider the amount of precast production rate.

From the analysis made, it shows that respondents prefer more simple and easy to be
answer kind of questionnaire. They required a short time to response on the survey
and it is very important to make the questionnaire as simple as it possible. The types
of companies choose should be monitored and wisely selected to ensure that

respondents are qualified enough to answer the survey.

Respondents should been selected based on their companies specialization and
respondent’s expertise. Lots of respondents did not have any knowledge in precast
system mainly from class C contractor and few from class B contractors. The survey
should have concentrated more to precast manufacturer than contractor. It was based
on the responses received where the major responses were from precast

manufacturer.

From the above discussion, it can be concluded that the results may not be
immediately used for construction purposes. However it could be accepted as an
indication to the characteristics of precast production rates in Malaysia and used for

development of more reliable database in the future.

4.3. Findings
a. Some of the conitractors in Malaysia prefer to use past project duration
records which are then re-estimated, rather than detail production rates for
planning and scheduling works.
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b. Most contractors in Malaysia are familiar with speed of structural
construction in terms of summation of duration which a storey of building
could be build, rather than figures of production rates for each precast
construction trades.

¢. Some of the PKK Class A contractor (main contractor) relies on their sub-
contractor experience in estimating production rates as it is their sub-
contractor which will do the precast construction works, whereas the main-
contractor usually manage the project from a higher level.

d. In Malaysian construction project, it is common to have many revisions of
project schedule, thus the accuracy of the first project schedule is not highly
emphasize as eventually the schedule will need to be changed
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CHAPTER 5 |
CONCLUSION AND RECOMMENDATIONS

IBS features potential construction system for the future with emphasis on quality,
higher Productivity and less labor intensive. Besides the aim of gradually reducing
the dependency on foreign labor and saving the country’s loss in foreign exchange,
IBS provides the opportunity for the players in the construction industry to project a
new image of the industry to be at par with other manufacturing-based industry such

as the car and electronic industries.

The adoption of IBS promises to elevate every level of the construction industry to
new height and image of professionalism. IBS should be seen as the modern
methods of construction where modern and systematic methods of design,
production planning and mechanized methods of manufacturing and erection are
applied. The production rates of precast construction could minimize the cost, time,

labor and lots more need in a construction.

The sequence of activities in IBS system at site especially Precast Concrete Framing,
Panel and Box Work System had been identified through out this project. The
objective of this project which is to collect, complies and analyzes the precast
production rates” values from the industry also has been achieved. The analysis has
been done using the statistical analysis method that consists of table, pie chart, mean

and variance of the data obtained from the survey conducted.

This project was also has been a starting point in developing the precast production
rate database based. Lots of factor should been considered in conducting this survey.
And one of the factors is the companies involved should have been chosen and

analyze before questionnaire submitted to them.

A simple but full of information questionnaire should been design in other to make
the survey process flow smoothly. Cost of the project should be increase more than

RM250 as it’s really help in improving the survey result. Survey could be sent more
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than 350 companies and it is easier to make interviews when there are budgets for

this activities.

To get the perfect or accurate results of precast production rates, survey should been
done on site, meaning that the person who conducting the survey should have did the
survey at site. The time constraint and the cost of doing the survey by interviewing

respondents at their site or project affect this study.

This project is hoping to be continued by the next future civil engineering students
in order to develop a perfect/full database for precast production rates’. Factors that
affect this study should be taken seriously while doing the survey in the future
undertaken in order to achieved a better result.
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Development of a Database for Precast Works” Production Rates

Production rates could be defined as the amount of works that could be done a certain
period of time. Production rate is also known as construction rates or productivity rate is a
method of measuring how fast a particular task in precast work can be carried out. The objective
of this final year project is to conduct a research to develop a database for precast
works production rates.

The questionnaire is divided into 3 sections which are A, B and C. Please
answer the questionnaire by referring to every section’s instructions. To simplify and
save time, point forms are encouraged.

Section A: General / Background Information
Please fill in the blanks and tick in[ ] provided.

5 Company:
1. Name of Company:
2. Type of Company: | ] General Contractor [ 1 Precast Contractor

[ ] Precast Manufacture
- 3. Class (if applicable, for contractor):
a PKK A{ 1 B[ ] B[ 1 Cf 1 Pl } E[ 1 F[ 1
b. CIDB Gi{ 1 G2 1 G3[ 1 G4] 1 G5{ 1G6[ 1 G7[ 1}

4. Company’s experience in Precast construction? (Years)
<51 1 5-101 | 1620 ] 200 ]

I Respondents’ Infermation
1. What is your designation with the company?

[ ] Praject Manager f ] Construction Manager
[ ] Project Engineer [ ] General Manager
[ ] Other:

2. Respondent’s experience in Precast Works? Years



Section B : Precast Works
Please fill in the blank.

1. How many projects have your company completed?
2. How many projects were completed using Precast?

3. Percentage of Precast usage in completed project? %
4. How much knowledge you possessed about Precast Works? Please tick.
[ ] None [ 1 Average { | Excellent

5. Which Precast component/s are you using?

[ ] Precast Concrete [ ] Steel Formwork { ] Steel Frames
[ ] Timber Frames { ] Block Work
[ } Other:

6. What are the advantages of Precast Work compared to conventional system?
I ] Cleaner, neater and safe construction site
i ] Open / flexible system
[ ] Enhancing quality of finished products
| 1 Lowering total construction cost
f ] Easy installation
[ ] Labour reduction
[

] Fast completion

7. What are the sequences of activities in Precast system at site (sample building)

8. How much knowledge you possessed about precast?
[ 1 Excellent i ] Average [ ] None



Section C : Production rates
Please fill in the blanks

1. How many Precast Concrete Framing, panel & box system) do you used in 1 day for:
(a) Beam
(b) Wall
(c) Slab

2. How many Precast Panel & Box System do you used in 1 day for:
{a) Beam
{b) Wall
(c) Slab

3. How many Block Work Systems do you used in 1 day for :
(a) Concrete Masonry Unit (CMU)
(b) Light Weight Block

4. Where do you get the planned and actual (if any) production rates’ values in scheduling works?

5. What is the methodology applied in measuring the planned and actual ( if any ) production
rates?

6. Do you have any production rates database that is used in the company’s scheduling work? If
yes, can it be shared with the research to further enhance the reliability of the research?

[ ] Yes, and it can be shared

[ ] Yes, and it can’t be shared

[ INo

7. Please feel free to write any comment related to the topic of the study.

Thank you for your precious time and cooperation in completing the questionnaire. It would be highly
appreciated if you could send back the questionnaire by 11™ January 2008 or alternatively fax it to
05-3656716 (Attn: AP. Ir. Dr. Arazi Idruz).



Development of 2 Database for Precast Works® Production Rates

Production rates could be defined as the amount of works that could be done a certain period of
time. Production rate is also known as construction rates or productivity rate is a method of measuring how
fast a particular task in precast work can be carried out.

Industrialized building system (IBS) is a construction system that is built using pre-fabricated
components. For this project, 1 will only concentrate on three main IBS’s groups which are Pre-cast
Concrete Framing, Panel and Box System and Block Work System. The objective of this final year
project is to conduct a research to develop a database for precast works production rates.

The questionnaire is divided into 3 sections which are A, B and C. Please answer the
questionnaire by referring to every section’s instructions. To simplify and save time, point
forms are encouraged.

Section A: General / Background Information
Please fill in the blanks and tickin [ ] provided.

1. Company:
1. Name of Company:

2. Type of Company: ] ] General Contracior [ ] Precast Contracior
[ ] Precast Manufacture

3. Class (if applicable, for contractor):
a. PKK Af 1 BL1B{ 1 ¢ ] D[ 1E[ ] F[ ]
b. CcIDB Gi[ 1G2[ 1G3[ 1G4 1 G5[ 1G6f 1 G71 1

4. Company’s experience in Precast construction? (Years)
<s{ 1 5-101 1 10-20[ ] >20] ]

I1. Respondents’ Information
1. What is your designation with the company?

{ ] Project Manager [ J Construction Manager
{ ] Project Engineer I ] General Manager

{ ] Production Manager { ] Other:

2. Respondent’s experience in Precast Works? Years

{11. Precast Experience
1. Which Precast component/s are you using?

[ ]} Precast Concrete [ 1 Steel Formwark I 1 Steel Frames
I ] Timber Frames [ 1 Block Weork
{ ] Other:

2. What are the advantages of Production Rates in Precast Work compared to
Conventional System?

] Fast completion

] Lowering total construction cost

] Easy installation

] Labor reduction

] Other:
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Section B: Production Rates of Building Progress
Please use your own unit to answer question 1, 2 and 3.
For example: Precast Manufacturing: m*/hr

Precast Installation (Contractor): unit/hr

L. Production Rate Information

1. How many Precast Concrete Framing do you installed in 1 day (8hours) for:
(2} Beam oo
(b) Column :
{c) Beam & Column

2. How many Precast Panel & Box System do you installed in 1 day (8hours) for:
(ay Wall :
(b) Slab :

3. How many Block Work Systems do you installed in 1 day (8hours) for?
(a) Concrete Masonry Unit (CMU) :
(b) Light Weight Block :

4. Where do you get production rates’ values for your project planning & scheduling works?

[ 1 Experience { ] Previous Related Project
i 1 Production Rate Standard [ ] Literature
I ] Feeling & Instinct [ ] Other:

5, What is the methodology applied in measuring production rates?

H. Other Related Information

1. Do you have any production rates database for Precast Construction that is used in your project planning
& scheduling work? If yes, can it be shared with the research to further enhance the reliability of the

research?

I ] Yes, and it can be shared
[ ] Yes, and it can’t be shared
[ ] No '

7. Please feel free to write any comment related to the topic of the study.

Thank you for your precious time and cooperation in completing the questionnaire. It would be highly
appreciated if you could send back the questionnaire by 11® January 2008 or alternatively fax it to 05-
3656716 (Atin: AP. Ir. Dr. Arazi Idruz).



Development of a Database for Precast Works’ Production Rates

Production rates could be defined as the amount of works that could be done at a certain period of
time. Production rate is also known as construction rates or productivity rate is a method of measuring how
fast a particular task in precast work can be carried out.

Industrialized building system (IBS) is a construction system that is built using pre-fabricated
componenis. For this project, I will only concentrate on three main IBS’s groups which are Pre-cast
Concrete Framing, Panel and Box System, Precast Steet Framing System and Precast Block Work System.
The objective of this research is to conduct a research to develop a database for precast works
production rates.

The questionnaire is divided into 2 sections which are A and B. Please answer
the questionnaire by referring to every section’s instructions. To simplify and save time, point
forms are encouraged.

Section A: General / Background Information
Please fill in the blanks and tickin{ ] provided.

I. Company:
I. Name of Company:

2. Type of Company: [ ] General Contractor [ ] Precast Contractor
[ ] Precast Manufacture [ ] Precast Consultant
[ 1 Other: {please specified)

3. Class (if applicable, for contractor),
a PKK Al 1 B[ Y Bl ] €¢I 1 D[ 1 E[ ] F[ ]
b. CIDB GI[ 1 G2[ ] G3] 1 G4[ ] GS[ 1G6[ ] G7[ 1]

4. Company’s experience in Precast construction? {Years)
<5 ] 3-10§ ] o201 1 >20{ 1

5. Which Precast component/s are you using?
i ] Precast Concrete { ] Steel Formwork [ ] Steel Frames
] ] Timber Frames { 1 Block Work
{ ] Other:

I1. Respondents’ Information
1. What is your designation with the company?

[ ] Project Manager [ ] Construction Manager
[ ] Project Engineer [ ] General Manager
[ ] Production Manager i ] Other;

2. Respondent’s experience in Precast Works? Years



Section B: Production Rates of Building Progress

I. Production Rate Information
1. Please fill in the production rates in the table below using your own preferred unit.
For examples : m*/hr, units/hr, m*/day

Activities Concrete Steel Framing Block Work
Framing, Panel & | Systems Systems
Box Systems

Erect column include
supporting false work

Lift and place beams

Join beams

Lift prefab floor units

Erect false work for floor

Position prefab floor units

Seal joints between floor units

Install continuity bars

Install topping bar (mesh)

Install edge formwork

Pour in-situ topping

Curing concrete topping

II. Additional Information

1. Overall numbers of precast production rates

a) Numbers of days to complete a floor stab for building:
b) Numbers of days to compiete one {1) storey of building in bulk:

2, Where do you get the precast production rates” values for your project planning & scheduling works?
[ ] Experience { ] Previous Related Project

[ } Production Rate Standard I 1 Literature

[ } Feeling & Instinct ] ] Other:




3. What is the methodology applied in measuring precast production rates?

1I1. Other Related Information
1. Do you have any production rates database for Precast Construction that is used in your project planning
& scheduling work? If yes, can it be shared with the research to further enhance the reliability of the

research?

t ]} Yes, and it can be shared
{ ] Yes, and it can’t be shared
[ iNo

7. Please feel free to write any comment related to the topic of the study.

Thank you for your precious time and cooperation in completing the questionnaire. It would be highly
appreciated if you could send back the questionnaire by 11* January 2008 or alternatively fax it to 05-
3656716 (Attu: AP, Ir. Dr. Arazi Idruz).



Pevelopment of a Database for Precast Works’ Production Rates

Production rates could be defined as the amount of works that could be done at a certain period of
time. Production rate is also known as construction rates or productivity rate is a method of measuring how
fast a particular task in precast work can be camied out.

Industrialized building system (IBS) is a construction system that is built using pre-fabricated
components. For this project, 1 will only concentrate on three main IBS’s groups which are Pre-cast
Concrete Framing, Panel and Box System, Precast Steel Framing System and Precast Block Work System.
The objective of this research is to conduct a research to develop a database for precast works

production rates.

The questionnaire is divided into 2 sections which are A and B. Please answer
the questionnaire by referring to every section’s instructions. To simplify and save time, point
forms are encouraged. '

Section A: General / Background Information
Please fill in the blanks and tickin [ | provided.

I. Company:
1. Name of Company:

2. Type of Company: [ ] General Contractor { 1 Precast Contractor
{ 1 Precast Manoufacture { 1 Precast Consultant
[ ] Other: (please specified)

3. Class (if applicable, for contractor):
a, PKK Af 1 Bl 1B{ ] ¢l 1 D[ }J E[L | FL }
b. CIDB GI[ 1 G2l 1G3[ 1 G4f 1 G5 1aGe[ 1 G7[ 1

4, Company’s experience in Precast construction? (Years)
<5 ] 5-101 1 10-20] ] >20] 1

5. Which Precast component/s are you using?
[ ] Precast Concrete [ 1 Steel Formwork [ ] Steel Frames
[ ] Timber Frames [ ] Block Work
] ] Other:

IL. Respondents’ Information
1. What is your designation with the company?

[ ] Praject Manager { 1 Construction Manager
i ] Project Engineer i 1 General Manager
| ] Production Manager [ } Other:

2. Respondent’s experience in Precast Works? Years



Development of a Database for Precast Works® Production Rates

Production rates could be defined as the amount of works that could be done at a certain period of
time. Production rate is also known as construction rates or productivity rate is a method of measuring how
fast a particular task in precast work can be carried out.

Indusirialized building system (IBS) is a construction system that is built using pre-fabricated
components. For this project, I will only concentrate on three main IBS’s groups which are Pre-cast
Concrete Framing, Panel and Box System, Precast Steel Framing System and Precast Block Work System.
The objective of this research is to conduct a research to develop a database for precast works
production rates.

The questionnaire is divided into 2 sections which are A and B. Please answer
the questionnaire by referring to every section’s instructions. To simplify and save time, point
forms are encouraged. '

Section A: General / Background Information
Please fill in the blanks and tick in [ ] provided.

1. Company:
1. Name of Company:

2. Type of Company: [ ] General Contractor { 1 Precast Contractor
H ] Precast Manufacture { ] Precast Consultant
[ 1 Other: (please specified)

3. Class (if applicable, for contractor):
a. PKK AL } Bl 1 B[ 1 C€f 1 D{ | E[ ] F[ ]
b. CIDB GIf 1 G2] 1 G3[ 1G4l 1 G5[ 1Gs] 1 G7f 1

4, Company’s experience in Precast construction? {Years)
<5[ 1 5-10[ 1 to-201 1 >20{ ]

5. Which Precast component/s are you using?

[ ] Precast Concrete I ] Steel Formwork [ ] Steel Frames
[ ] Timber f_"rames I ] Block Work
[ ] Other:

I1. Respoandents’ Information
1. What is your designation with the company?

[ ] Project Manager { ] Construction Manager
[ ] Project Engineer { | General Manager
I ] Production Manager { ] Other:

2. Respondent’s experience in Precast Works? Years



Section B: Production Rates of Building Progress

I. Production Rate Information
1. Please fill in the production rates in the table below.

Concrete Framing,
Activities Panel & Box
Systems (unit/day)

Steel Framing Block Work
Systems (unit/day) | Systems (unit/day)

Setting Out

Wall Positioning

Wall Adjustment

Beam Setiing Out

Slab Setting Out

Staircase

I1. Additional Information
1. Overall numbers of precast production raies

a) Numbers of days to complete a floor slab for building:
b) Numbers of days to complete one (1) storey of building in bulk:

2. Where do you get the precast production rates’ values for your project planning & scheduling works?

{ i Experience { } Previous Related Project
[ ] Production Rate Standard i ] Literature
[ 1 Feeling & Instinct { ] Other:

3. What is the methodology applied in measuring precast production rates?

1IL Other Related Information

1. Do you have any production rates database for Precast Construction that is used in your project planning
& scheduling work? If yes, can it be shared with the research to further enhance the reliability of the
research?
[ 1Yes, anditcan be shared | ] Yes, and it can’t be shared | iNo

7. Please feel free to write any comment related to the topic of the study.

Thank you for your precious time and cooperation in completing the questionaire. Tt would be highly
appreciated if you could send back the questionnaire by 29" Febuary 2008 or alternatively fax it to 05-
3656716 (Attn: AP, Ir. Dr. Arazi Idruz).



The Procedure

« Setting Out

1. Surveyor to set cross reference.

2. Transfer grid and mark wall position on slab.

3. Mark 100mm offset line from rear building edge.

4. Offset wall position by 200 mm.

5. Secure 2x2 timber to the floor at wall edge to guide wall.

« Wall Positioning

1. The first wail in place has to be the partition wall at the rear.

2. Mark a line parallel to and 100mm from the externat edge of the wall.

3. Place shim plate @500 c/c on the floor and level to wall soffit. Shim plate may also be placed on Non-shrink mortar
bed and allow to set.

4. Adjust position of the dowel bar.

* Wall Adjustment

1. Position adjacent walls and plumb wall corners at 200 mm offset
2. Adjust verticality uniil within +2 or -2 mm

3. Ensure the four faces of every walls are adjusted

4. Position string 250 mm from face of walls

5. Walls within the same line are to be adjusted within same tolerance
6. Ensure atr-pocket is fully grouted.

« Beam Setting Out

1. Cast wall joint.

2. Mark 1 m reference line.

3. Confirm pocket level. Position shim plate to correct bean soffit level if required.
4. Mark position of beam on floor.

5. Hoist beam in place and check top level.

6. Plumb bean to verify position on floor below.

7. Ensure beam verticality with a spirit level.

8. Wedge beam against pocket and grout the gap between the beam and the wall.

+ Slab Setting Out I
1. Position the siab temporary supports and adjust the slab soffit level approximately.
2. Raise the height of the supports about 5 mm above slab soffit level.

* Slab Setting Out IT

1. Hoist slab in place on top of beam and support.

2. Verify level of every plank soffit at four comners and center.
3. Adjust level of temporary support accordingly.

+ Staircase

1. Position landing or slab and verify soffit level at four corners,

2. Adjust level to within tolerance.

3. Position shim plates at staircase support location to correct level.
4. Verify level difference between pegs on top and below.

5. Hoist staircase in place.

6. 10min gap between precast plank and staircase



Development of a Database for Precast Works® Production Rates

Production rates could be defined as the amount of works that could be done at a certain period of
time. Production rate is also kmown as construction rates or productivity rate is a method of measuring how
fast a particular task in precast work can be carried out.

Industrialized building system (IBS) is a construction system that is built using pre-fabricated
components. For this project, I will only concentrate on three main IBS’s groups which are 1)Pre-cast
Concrete Framing 2) Precast Panel System 3) Precast Box System. The objective of this research is to
conduct a research to develop a database for precast works production rates.

The questionnaire is divided into 2 sections which are A and B. Please answer
the questionnaire by referring to every section’s instructions. To simplify and save time, point
forms are encouraged.

Section A: General / Background Information
Please fill in the blanks and tick in [ ¥ | provided.

1. Company:
1. Name of Company:

2. Type of Company: [ ] General Contractor [ ] Precast Contractor
{ ] Precast Manufacture [ ] Precast Consultant

[ 1 Other: {please specified)

3. Class (if applicable, for contractor):
a. PKK Al ] Bl 1 B[ | €Il 1 D[ 1 E[ 1 F[ ]
b. CIDB Gi{ 1 G2[ 1 G3[ 1 G4] 1 G5{ 1G6{ ] G7[ 1]

4. Company’s experience in Precast construction? (Years)
<51 ] 5-10[ ] 10-20{ ] >201 ]

5. Which Precast groups ate you using?
[ ] Precast Concrete Framing, Panel & Box System
[ ] Precast Steel Framing System
[ 1 Precast Block Work System
[ 1 Prefabricated Timber Framing System
[ { Precast Steel Formwork System

I1. Respondents’ Information
1. What is your designation with the company?

[ ] Project Manager [ ] Construction Manager
[ ] Project Engineer { ] General Manager
[ } Production Manager [ ] Other:

2. Respondent’s experience in Precast Works? Years



Section B: Production Rates of Building Progress

1. Production Rate Information
Please fill in the production rates in the table below using preferable units.

Precast Concrete Framing System

Activities Production Size of each unit Picture
Rate (activities)

Erect column include supporting Column:
false work
Lift, place & join beams : Beam:
Lifting & erect prefab floor units Floor:
Install topping bar {mesh) Bar:
Instail edge formwork Formwork:
Pour in-situ topping In-situ:
Curing concrete topping Concrete:
Others:

Precast Panel System

Activities Production Size of each unit Picture
Rate (activities)
Setting out
Wall positioning & adjustment Wall:
Floor setting out Floor:
Pour concrete in-situ Concrete:
Staircase Staircase:
Others:

Precast Box System

Activities Production Size of each unit Picture
Rate (activities)
Setting out
Lift, place, joint & grout box unit Box:
Pour concrete in-situ Concrete:
Staircase Staircase

Others:




I1. Additional Information
1. Overall numbers of precast production rates

a) Numbers of days to complete a floor slab for building:
b) Numbers of days to complete one (1) storey of building in buik:

2. Where do you get the precast production rates’ values for your project planning & scheduling works?
[ ] Experience [ 1 Previous Related Project

f ] Production Rate Standard [ ] Literature

[ ] Feeling & Instinct [ ] Other:

3. What is the methodology applied in measuring precast production rates?

I11. Other Related Information

1. Do you have any production rates database for Precast Construction that is used in your project planning
& scheduling work? If yes, can it be shared with the research to further enhance the reliability of the
research ?
[ ] Yes, and if can be shared [ ] Yes, and it can’t be shared | i No

7. Please feel free to write any comment related to the topic of the study.




Example pictures of precast works

AR 2. 200408500 7T 20
Precast walls are propped before casting of joints - | The pour strip between 2 pieces of precast walls
proper planning is required for perfect alignment are cast

AN E 27 E --?ﬁﬁ
Precast planks are instailed in place Preparation for casting of landing slab to precast
staircase

A A A, i pn9

Preparation of welded mesh and services for cast Congreting to topping
in-situ topping

Thank you for your precious time and cooperation in completing the questionnaire. It would be highly
appreciated if you conld send back the questionnaire by 16" March 2008 or alternatively fax it to 05-3656716
{Attn: AP, Ir. Dr. Arazi Idrus).



Development of a Database for Precast Works® Production Rates

Production rates could be defined as the amount of works that could be done at a certain period of
time. Production rafe is also known as construction rates or productivity rate is a method of measuring how
fast a particular task in precast work can be carried out.

Industrialized building system (IBS) is a construction system that is built using pre-fabricated
components. For this project, I will only concentrate on three main IBS’s groups which are 1)Pre-cast
Concrets Framing 2) Precast Panel System 3) Precast Box System. The objective of this research is to
conduct a research to develop a database for precast works production rates.

The questionnaire is divided into 2 sections which are A and B. Please answer
the questionnaire by referring to every section’s instructions. To simplify and save time, point
forms are encouraged.

Section A: General / Background Information
Please fill in the blanks and tick in [ V] provided.

I. Company:
1. Name of Company:

2. Type of Company: [ 1 General Contractor { ] Precast Contractor
[ ] Precast Manufacture { ] Precast Consultant

[ 1 Other: {please specified)

3. Class (if applicable, for contractor):
a PKK At 1 BL 1 BL 1 ¢{ 1 D[ 1 E{ ] F[ ]
b. CIDB GIf ] G217 1 G3[ 1 G4[ 1 G5 1G6[ | G7f 1]

4. Company’s experience in Precast construction? ('Years)
<5f ] 5-10{ 1 10-20 [ 1 =20 1

5. Which Precast groups are you using?

} Precast Concrete Framing, Panel & Box System
] Precast Steel Framing System

] Precast Block Work System

] Prefabricated Timber Framing System

] Precast Steel Formwork System

o puara [rer] e

II. Respondents’ Information
1. What is your designation with the company?

{ ] Project Manager [ ] Construction Manager
{ ] Project Engineer [ ] General Manager
[ ] Production Manager I j Other:

2. Respondent’s experience in Precast Works? Years



Section B: Production Rates of Building Progress

L. Production Rate Information
Please fill in the production rates in the table below .

Precast Concrete Framing, Panel & Box System

Activities Concrete Framing Precast Panel Box System
(unit/day) (unit/day) (unit/day)

Erect column include supporting
false work

Lift, place & join beams

Wall Positioning & adjustment

Lifting & erect prefab floor units

Install topping bar (mesh)

Install edge formwork

Lift, Place, joint & grout box unit

Pour in-situ topping

Curing concrete topping

Staircase

Il. Additional Information
1. Overall numbers of precast production rates

a) Numbers of days to complete a floor slab for building:
b} Numbers of days to complete one (1) storey of building in bulk:

2. Where do you get the precast production rates” values for your project planning & scheduling works?

{ ] Experience { } Previous Related Project
{ ] Production Rate Standard I ] Literature
{ ] Feeling & Instinct { ] Other:

3. What is the methodology applied in measuring precast production rates?

TH. Other Related Information

1. Do you have any production rates database for Precast Construction that is used in your project planning
& scheduling work? If yes, can it be shared with the research to further enhance the reliability of the
research 7
[ ] Yes, and it can be shared [ ] Yes, and it can’t be shared [ I1No

7. Please feel free to write any comment related to the topic of the study.




Example pictures of precast works

Precast walls are propped before casting of joints — | The pour sirip between 2 pieces of precast walls
proper planning is required for perfect alignment

Precast planks are installed in place Preparation for casting of landing slab to precast
staircase

A : R 2% 24 SN

Preparation of welded mesh and services for cast Concreting to topping
in-situ topping

Thank you for your precious time and cooperation in completing the questionnaire. It would be highly
appreciated if you could send back the questionnaire by 16" March 2608 or alternatively fax it to 65-3656716
(Attn: AP, Ir. Dr. Arazi 1drus).



TECHNICAL NOTES

Neural Networks for Estimating the Productivity
of Concreting Activities

A. Samer Ezeldin' and Lokman M. Sharara®

tract: To overcome the varability and the impact of subjective factors on the cost of concrete-related activities in developing
tries, neural networks can offer 2 guiding tool. In this study, three neural networks were developed to estimate the productivity, within
veloping market, for formwork assembly, steel fixing, and concrete pouring activities. Eighteen experts working in six projects were
fully selected to gather the data for the neural networks. Ninety-two data surveys were obtained and processed for use by the neural
rorks. Commercial software was used to perform the neural network calculations. The processed data were used to develop, train, and
he neural networks. The results of the developed framework of neural networks indicate adequate convergence and relatively strong
ralization capabilities. When used to perform a sensitivity analysis on the input factors influencing the productivity of concreting

ities, the framework has demoanstrated a goed potential in identifying trends of such factors.

: 10.1061/(ASCE)0733-9364(2006)132:6(650)

Database subject headings: Neural network; Concrete; Productivity; Computer application; Developing counteies; Project

agement.

ocjuction

nating is an essential tool for the successful completion of the
truction process. The estimate for a construction activity can
roadly divided into the direct costs and the indirect costs plus
ingency and profit. The direct costs include costs for materi-
abor, and equipment. The direct costs are reached when com-
ig the quantitative finite factors to the qualitative subjective
ies in the estimating process. The quantitative factors include
prices of materials, labor wages, equipment rental, or depre-
on. The qualitative subjective factors are more difficult to
‘mine, They include, among others, productivity rates, and
ciated construction risks (Gould 2002).

xperienced estimators rely on their personal expertise (o in-
orate the effect of qualitative factors in their estimate. Less
nenced estimators could benefit from tools that would incor-
te such effects. Neural networks are tools that attempt to
ic the human brain functions. Like the brain, neural networks
1 from past trials; they attempt to generalize on the data pro-
d (Harvey 1994).

he usage of neural networks has been gaining 2 widespread
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technical note is part of the Jeurnal of Construction Engincering
Management, Yol. 132, No. 6, June 1, 2006. ©ASCE, ISSN 0733-
2006/6-630-656/$25.00.

attention in the construction industry to aid in many applica-
tions. Portas and Abourizk {1997) designed a system that utilizes
artificial neural networks to estimate formwork productivity for
slabs, walls, and columns. Sonmez and Rowings (1998) devel-
oped neural networks to estimate productivity values of formwork
assembly, concrete pouring, and concrete finishing. Arditi and
Tokdemir (1999} attempted to create a neural network that would
predict the outcome of construction litigation. Alsugair and
Al-Qudrah {1998) developed a neural network to aid in the deci-
sion making of maintenance and repair for pavements. A neural
network to estimate the cost of highway projects was developed
by Hegazy and Ayed (1998). Li et al. (1999) developed a neural
network to estimate markup for bids in construction projects.

In developing countries the construction environment is much
riskier due to many reasons among which are the variability and
the impact of the subjective factors on direct costs. Engineers
working in these countries are in need of effective tools to help
them better estimating their costs. This study is focusing on
Egypt, a developing country in the Middle East with an emerging
reformed economical policy, a population of about 70 million,
and an increasing need of infrastructure and industrial projects. In
Egypt, the concrete activities, usually, constitute a major bulk of
the construction projects. An attempt is made to illustrate the
usage of neural networks to estimate labor’s productivity in
concrete-related construction activities in this local market. The
attempt 15 based on collecting data from expert construction en-
gineers handling such activities in actual projects.

ethodology

The objective of this study is to develop neural networks capable
of predicting the productivity rates of forms assembly, steel fix-
ing, and concrete pouring while incorporating both quantitative
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Survey gn Concrete Works Productivity

The Purpose of this survey is to asses the productivity of concrete works putting in considesation various factors

end conditions that mey affect this productivity.

Participant Data
Form Filled By Position
Company Date of Survey
Project Data

Project Name Cwner

Project Location Consul

Project Description Contractor
General Daia

Structurzl Element(s) Under Consideration

Quantity of Concrete

m3
Dusration of the Construction (Formwark, Sicel Fixing, & Concrese Pouring) days
Temperature Conditions T Cold O Maoderate O Het
Working Conditions O Mid Q Moderate O Haesh
Form work Assembly Data
Crew Sizc ne. Duration days
Type of form work Type of Falsework
How do you classify the supervision over the labor?  Q Little O Adequate Q Strict
How do you classify the labor skills? Q Unskiliful O Adequate QO Skillfut
Did labor stay overtime significantly? 3 Yes Q No
Complexity of the Task Q Typical ©Q Complex
Accessibility of Materials QO Easy QO Moderaic Q Hand
Degree of Repetition Q  None Q  Moderate Q Repetitive
Sieel Fixing Data
Crew Size 0o. Duration no.
Quantity tons
How do you classify the supervision over the labor? O Little Q Adequate O Strict
How do you classify the fabor skills? O Unskiliful O Adequate O Skillful
Did labor stay overtime significantly? Q Yes Q- No
Complexity of the Task QO Typical O Complex
Accessibility of Materials Q Easy O Moderate Q Hard
Degree of Repetition QO MNone O Moderate Q Repetitive
Concrele pouring
Pouring Crew Size no Durstion o )
What type of pouring method was used 7 O Ready Mixed O Bawch Plam O Traditionat
Mixer
How do you classify the supervision over the jabor? O Little O Adequate Q Sgrict
How do you classify the labor skills? Q Unskillfsl O Adequate O Skillful
Did labor stay overtime significantly? O Yes & No
Complexity of the task QO Typical O Complex
Accessibillty to Materials Q Easy O Moderate Q Hard
Degree of Repetition O Nons G Moderate QO Repetitive
General Comments

Fig. 1. Survey form of productivity of concrete warks

qualitative factors. In order to achieve such an objective a
ematic methodology had to be implemented and followed.

vey Form

rature review was first used to develop an initial survey form
includes the factors that affect the productivity rates of

concreting activities (Chao and Skibniewski 1994; Halligan et al.
1994; Ersoz 1999; Thomas et al. 1999). This initial survey form
was discussed during personal interviews with five experienced
project managers. These project managers had each a minimum of
15 years of experience with residential, commercial, and indus-
trial projects. This step was performed in order to adjust the fac-
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le 1. Factors Considered Affecting Cormresponding Neural Networks
)

Formwork Steel Concrete pouring

ors assembly NN  fixing NN  and finishing NN
ctural element . . .
srete quantity . — .
| quantity — a —
v size . . .
rwork type . — —
nwork type . _ —
ing methed — — .
srvision . . .
o skilis . . .
rtime . . .
complexity . . .
xrial accessibility . . .
ree of repetition . . .
perature conditions . . .

found in the literature to the local market. The survey form
revised and finalized based on the input of these experts. The
[ survey form on the productivity of concrete works is shown

g I

a Gathering

data gathering included both qualitative and quantitative data.
latter type of data do not cause much noise for the neural

le 2. Choice of Numerical Conversions

1L00B+00 ——— e

LOOE-01 R
1.00E-02 -

1.00E-03

MSE

1.00E-04

1.00E-95

L.OOE-06

]

10000 15600 20000 25000

Epech

1 5000

Fig. 2. MSE versus epochs for formwork assembly NN

networks as it is based on documented record from the same
market at the same time interval. The qualitative type of data
on the other hand has a subjective nature because it mainly de-
pends on the expertise and opinion of the participants. To mini-
mize the level of noise of such data, the writers opted to use the
approach of formal interviews using a common checklist. This
approach was adopted to obtain better and consistent feedbacks
from the interviewees. A total of 18 participants, different from
the original five experienced project managers, and working in
six different projects, were interviewed to collect 92 survey
forms. The participants were construction or site engineers having
5 to 10 years of experience with concrete construction activities
in the local market. Some participants were working in the same
project; however, each participant was selected such as hefshe
would be working independently of other participants (Company,
location, etc.).

o Choice
stural element PC Focting RC Footing Raft Horizontal Vertical
i consideration 1 2 3 4 5
Wood steel — — —
swork
1 0 — — —
Wood plywood Steel e —
awork ¢
awork type 5 ) 0 _ N
Traditional Ready mixed Batch plant — —
ing method mixer
2 1 ] — —
.. Little Adequate Strict — —
irvision
‘ 2 1 0 — —
Littt Ad ¢ Skiltful — —
o skills e cquate !
2 1 o -— —
. No Yes — — -—
Time
1 0 — — —
Typical — — —
complexity ypical Complex
1 0 — — —
E M — —
:rial accessibility asy oderate Hard
2 1 0 — —
. None ‘Moderate Repetitive — —
‘ee of repetition
2 1 0 — —
. Cold Moderate Hard _ —
perature conditions
2 1 0 — —
. . Mild Moderate Harsh — —
<ng conditions 2 ] o
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g 3. Arrangement of Hidden Neurons

Table 5. Accuracy of Formwork Assembly NN Training Exemplars

Formwork Steel Concrete Number Percent
neters NN NN NN Percent accuracy of exemplars {%)
en layers 2 2 2 Greater than 90% 74 91
en neurens 70 30 20 Greater than 80% 74 91
on arrangement 35735 15/15 10/10 Greater than 70% 77 95

Less than 70% 4 5

hree main characteristics were considered when selecting the
scts included in the study. First, the project under consider-
1 must include a significant amount of concrete work with
lable documented data. Second, the construction methods

in performing the concrete activities were similar and ex-
»d within a period of 1--2 years from the time of obtaining
fata. Third, the concrete elements included in the data shoutd
spresentative of similar elements in the market. As such, the
rete elements chosen were plain concrete foundation, re-
‘ced concrete isolated footings, rafts, slabs on grade, elevated
5, beams, celumns, and shear walls. Advanced forming tech-
es such as slipforms, climbing forms, and lift slabs were
uded. Normal strength concrete (less than 40 MPa) was used
Il projects. The six projects selected for the study included
mercial, industrial, and residential projects.

a Processing

data processing was conducted in three steps. The first step
isted of entering the data from the surveys mto a main table.
main table was divided into five areas. Area one dealt with
rral data. The inputs of these data fields were the same for
work assembly, steel fixing, and concrete pouring networks.
se inputs included: project name; project location; affiliation
ie parlicipant; structural element under consideration; quantity
soncrete; temperature conditions; and working conditions.
15 two, three, and four were three individual areas, each con-
ng factors affecting & specific one of the three concreting
/ities included in the study. Each area was used to develop a
ue neural network for that activity. Table 1 illustrates the
ars considered for developing each of the neural networks.
1 five included the desired productivity rate in days for each
1¢ three main activities.

‘he second step in the data processing was the conversion
ata into numeric values and the formulation of the individual
for each neural network. B the input data fields available
1e survey were numbers, then they were directly entered into
neural networks without manipulations or calculations. Each
ierical data field was linked to its corresponding position in
natrix, and simply transferred there. Data fields of that nature
= concrete guantity, steel quartity, and crew size. On the other
1, if the input data were in text form, it needed to be converted
1 text format into numerical form in order for the neural net-
k to utilize it in its computations. Table 2 shows the input
ars, the text choices available for each of them, and the cor-
onding numerical form used by the neural networks. The

le 4. Training and Testing Data Sets

Total Training Testing
data set data set data set .
awork assembly NN 90 81 9
| fixing NN 80 2 g
crete pouring NN 92 84 8

numbers assigned for each input choice shown in the table de-
creased, as the choice became more demanding for the productiv-
ity. If/then statements were used along with the text form inputs
to assign the appropriate numerical values and to control their
pasitioning.

The output productivity data fields actually represented the
desired output the network would work to achieve. Calculations
as man days per unit would be produced (Portas and Abourizk
1997). Each activity matrix was linked to the main survey table
with an equation to compute productivity. The equations were as
follows:

Formwork productivity {man days/m?}
= Formwork crew size {man)

« Formwork assembly duration (day)/concrete quantity (m?®)

(1)

Steel fixing productivity {man days/ts)
=steel crew size (man)

* steel fixing duration (day)/steel quantity (ts)  (2)

Concrete pouring productivity (man days/m®)
= pouring crew size {man)

® concrete pouring duration (day)concrete quantity (m?)
(3)

These equations were used because they include the man hour as
input. Another productivity equation (for cxample meter’/day)
would have the crew size embedded in it rather than being clearly
spelled out.

The third step in the data processing included randomizing
records and normalizing data. This step was performed using fea-
tures included in a commercial computer program used during the
study (NeuroSolutions 4 2001). As the data were fed inio the
main survey table, it was entered from the surveys at hand. To
avoid the monotony that could arise from this situation, random-
jzation or shuffling of the records was required. The randomiza-
tion improved the generalization capability of the network and
allowed for smoother convergence. Normalizing data was another
manipulation that was carried out on the data using the commer-
cial software. The process converted the numbers available in
each matrix to values between zero and one. Such scaling would
allow the neural networks to converge faster and later to general-
ize better outputs.

Network Architecture -

The network architecture refers to the makeup of the elements
of the neural networks, their organization, and the parameters
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2 6. Accuracy of Steel Fixing NN Training Exemplars

Table 8. Accuracy of Formwork Assembly NN Testing Exemplars

Number Percent Number Percent
Nt ACCUTACY of exemplars (%) Percent accuracy of exemplars (%}
ter than 90% 70 7 Greater than 90% 4 44
ter than 80% 71 99 Greater than 80% 6 67
ter than 70% 71 99 Greater than 70% ] 67
than 70% 1 L Less than 70% 3 33

affect them. The commercial computer program was used
avelop, train, and tests the neural networks (NeuroSolution 4
1).

lumerous network architectures were developed, trained,
d, and compared for the appropriate selection to be made.
following guidelines were followed.

The number of neurons should be sufficient for the network
to converge yet they should not be exaggerated to make the
network memorize.

The number of hidden layers should be minimized to avoid a
longer training period for the neural network,

"he decision making process of the appropriate network archi-
we was made according to the mean squared error (MSE).
etailed discussion of the parameters that affect the network
itecture follows.

ameters of Network Architecture

learning algorithm used for all the neural networks was the
~forward back propagation learning algorithm where each
r feeds the layer succeeding it directly.

“he transfer function utilized in all three neural networks was
hyperbolic tan function (tanh). The sigmoid function, linear
tion, and other functions available on the software were also
«d several times, producing less accurate results.

nline training occurs when the error is accumalated back
ugh the network after each training fact or exemplar. Batch
iing occurs when the total error is accumulated back through
network for the whole training data set. The results indicated
batch training produced smoother convergence.

lhe number of epochs refers to the number of training cycles
network should execule, The neural networks were run for
chs ranging from 1,000 to 50,000, However, the 25,000 epoch
selected because it had suitable training time and acceptable
vergence, Below 25,000 epochs the network had difficulty
verging. Above 25,000 epochs, on the other hand, the training
: was delayed significantly. Average training time for the neu-
networks at hand ranged between 10 and 40 min, depending
he amount of neurons available.

selecting the acceptable number of hidden layers and corre-
nding neurons entailed generating numerous trial neural
vorks (NNs) with different numbers of hidden layers and neu-
5. The number of tried neural networks for each of the con-

fe 7. Accuracy of Concrete Pouring NN Training Exemplars

Number Percent
:ent accuracy of exemplars (%)
ater than 90% 35 38
ater than 80% 46 50
ater than 70% 55 88
3 than 70% 29 13

crete activities was 22, 15, and 51 for formwork assembly NN,
steel fixing NN, and concrete pouring NN, respectively. The vari-
ables were the number of neurons and hidden layers. The final
selection was made based on reaching acceptable values for three
types of MSE, namely; training MSE, training input/output MSE,
and testing input/foutput MSE. The training MSE is the average
of the squares of the difference between the desired and predicted
outputs for every neuron in the neural network. It is calculated for
every epoch during the run of the network. In other words a plot
for the value of the training MSE at every epoch may be calcu-
lated. Fig. 2 shows a typical curve for the training MSE versus
the epochs. The training input/output MSE for the network is
the average of the squares of the difference between the desired
and predicted outputs for the training data set. The testing input/
output MSE is the average of the squares of the difference
between the desired and predicted outputs for the testing data
set. Unlike the training MSE, the training input/output MSE and
the testing input/output MSE are calculated after the network
stops the training process. They use the final weights that the
netwerk has calculated to predict their outputs. The predicted out-
puts and the desired ones produce the input/output mean squared
rTorS.

The target ranges for these MSE were 1078, 1074, and 107! for
training MSE, training input/output MSE, and testing input/output
MSE, respectively. These ranges were selected to keep running
times at less than 40 min for 25,000 epochs.

The mean squared error equation states

P N
Ejz] 2,»21 (dij - y;‘j)z
MSE = NP {4)

where MSE=mean squared error; P=number of output pro-
cessing elements; N=number of exemplars in the data set;
dyj=desired output for exemplar i at processing element J; and
y;=actual output for exemplar i at processing clement j.

Table 3 shows the selected number of hidden layers and cor-
responding neurons for each of the three neural networks.

Another important issue is the division of the data set into
training and testing sets. The training data set is responsible for
the learning process of the network. The testing data set, however,
has data the network did not use in its training calculations. The
testing data measures the generalizing capability of the network.
There is no rule dictating what percentage exactly is allocated to
the training set and the testing set. However, it is important to
have sufficient training data for the network to converge. The
process of training and testing is dynamic and continuous, which
means with the availability of more data further training and test-
ing may be performed. To determine an appropriate amount of
training and testing data, two divisions were considered, The first
was 90% of the data for training and 10% for testing. The second
was 50% of the data for training and 50% for testing. After initial
testing, it was apparent that the results of the first division were
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2 9. Accuracy of Steel Fixing NN Testing Exemplars

Number Percent
L accuracy of exemplars (%}
er than 90% 3 38
:er than 80% 5 63
er than 70% 6 75
than 70% 2 25

: accurate. As such, the study adopted the division of 0% of
fata for training and 10% for testing. Table 4 shows the divi-
for the three neural networks,

1 summary, the selected networks had 90% training and 10%
ag divisions. All neural networks used the feed-forward and
-propagation algorithm with the momentum learning rule.
h training was used for 25,000 epochs with the hyperbolic tan
ster function.

ral Nefworks Model Validation

r the network trains for the designated number of epochs, the
rotk freezes the weights it has reached. Calculations per-
red from this point on will be using those weights. A valida-
of the neural networks is required to determine the extent of
earning and generalization of the neural networks. To proceed

comparison between the desired productivity and the pre-
:d productivity it is crucial to determine a level of accuracy.
capability of the networks to produce accurate results is ob-
:d by determining the percentage of exemplars meeting or
ieding a preset accuracy level. Three levels of accuracy were
sted in this study to demonstrate the credibility of the devel-
1 networks. These levels were 70, 80, and 90%. It is worth
tioning that the level of accuracy should be regarded as an
zator, with the available data, for the capability of the training
seis to converge and for the testing data sefs to generate
es

diction of Training and Testing Data Sets

es 5-7 indicate the accuracy of the training data sets for the
work assembly, steel fixing, and conerete pouring neural
rorks, respectively. The accuracy of the training exemplars
cates that the networks have adequately converged. At 70%
wacy level, the networks produced predicted productivity of
99, and 88%, for the formwork NN, the steel fixing NN, and
concrete pouring NN, respectively. At 90% accuracy level,
e values dropped to 91, 97, and 38%. The concrete pouring
generated the lowest number of acceptable exemplars.

“he results of the testing data set are actually an indication of
generalization capability of the neural networks. The inputs
runt forward through the network using the weights calculated
ng the training phase. The testing excmplars indicate that the
vork has developed reasonable generalization capabilities.

le 10. Accuracy of Concrete Pouring NN Testing Exemplars

Number Percent
ent Accuracy of exemplars (%)
iter than 90% 3 42
iter than 80% 4 55
iter than 70% 7 65
i than 70% 1 35

Tables 8—10 indicate the accuracy of the predicted data for the
test sets. At the 70% level of accuracy, the percentages of accept-
able exemplars were 67, 75, and 65% for formwork assembly,
steel fixing, and concrete pouring, respectively. However, at 90%
accuracy level, these values dropped to 44, 38, and 42%. Again,
the concrete pouring NN generated the lowest number of accept-
able exemplars.

The writers acknowledge that a larger set of data for training
and/or for testing would enhance the percentages of acceptable
exemplars at all accuracy levels and as such the confidence in the
outputs. Af the same time, it can be stated that the developed
framework of neural networks has demonstrated learning and
generalizing capabilities.

Sensitivity Analysis

Sensitivity analysis is conducted by varying each input, while
keeping all the other inputs constant at their mean values, and
calculating the corresponding output. The achieved results do not
form productivity models; however, they provide an indication of
the manner with which productivity is affected.

The effect of some significant input factors on productivity, as
obtained from the networks runs, is summarized below, Produc-
tivity may decrease by up to 65% for hot weather conditions
(more than 35°C). A change in productivity by £20% may result,
depending on the degree of Iabor supervision. An average of 50%
increase in productivity may result with better labor skills. Pro-
ductivity may double for typical tasks. An increase in productivity
value of up to 30% may result, depending on the degree of ma-
terial accessibility,. Up to a 20% increase in productivity may
result with repetitious tasks.

Conclusions

For the local market of a developing country, a framework to
predict the productivity of concreting activities using neural net-
works was designed, developed, trained, and tested. The results
show that the networks adequately converged and have reason-
able generalizing capabilities.

The developed framework was also used to perform a sensi-
tivity analysis on the input factors influencing the productivity of
concreting activities. The framework has demonstrated a good
potential in identifying trends of such factors.
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ISSUES AND CHALLENGES N THE IMPLEMENTATION
OF INDUSTRIALISED BUILDING SYSTEMS IN MALAYSIA
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ABSTRACT: The Indudrialized Building Spewms (IBS) Roadmap WS40
pohlished by the Consruesion Midusry Develapment Board (CIDB) cutlines several
well-hoighl sralgies and spgresivi seps to plomots the ut o 1BS in Malavisa, The
governamnd is talig e kading rok fo persade the consinuciion indistey 15 cigage a
{ore systeonalic pprasch and meihodology i canslruetion. 1155 3 STAegs change in e
canstaction indisiy wd e effon staed i 1995, Besides e aim 1o produally seduce
the dependeney o1 fordign Ubour and saves e comky Jrom |osing oul forcign
exthenge. TRY peovides the apportanity Tor the players fu the Goastuction mdusry o
dovalop 5 new jmage of trs conTueisn iUty i be 3 par with athar masulcturing
indusirics such o5 e a0t ckoironic industties. With the reseat coaventional mothoids of
construetion, B industry is always asacisied with many uoprolossions) practices. Tk
advpiian 2f 1BS prami ks v level ol the indudtiy 1> 4 acw Beighl and imase
of malcssionalism. By adopting IBS. ellicint, clean cale, prolessionslly panaged ad
handiad by polessionsls xad warkers with relcvant skills, proper cosmination sad

i pre-coquisile to compeio globally is o offer gquality,
clficicnt and professivaal services sl sgain 155 caa be mn eieedlent oplion. Although
some of IS have boen fwyodicet in Milaysia a5 cathy 4 in 1960y, he jadustry a3
while secmy quike reluskint 1 exploil fic u¢ af 1S, A receal smvey caricd otil on e
e b 185 in Malaysd some of the § o challenges. which roqui i
fron dilficsal partes.

1 Inmroductivn

Industrialised building sysiem (TBS) s 2 constructiog sysien (hat s bailz using pre-fabricated

The manulsriuriag ol ho it systematoally done using machioe,
Tarawerks and other Juzns of i Tiw e Faciured 03
site and once completed will be delivered by construction siles Tor apsembly end crection.

1n Malayeia, Constaxtion Indusy Development Boasd (CTDE) has clussiticd 1he [BS
syatem into 5 categoricd as loflows

precesl cencrele amed buildings

prceast concrete wall buildings

zeinforced conerets buildings with procast concrele slab
sterd loemwork gydem

steel Feamed buildings aod rwof tnisses.

In thia paper, howesti, ony tree systems of IBS are discussed namely the abelcial
precast framed , procast walt and steed Sumed stpcturca {sco Figare I}

L5

Proceadvgs of the 6 A Pasifie Stevewral Engicering ond Construciivn Confercnze
APSEC 25, § — 6 Seprembar 25, Kuuia Lumpue, Malaysa

fa). Pekeliting Flats, Kalo Lvaipir (). Tarun Tim Sardhar, Gelugur, Penang.
Figime 2

1.2 Lack of involverneal from small contraciers

From the survey i is [d thal many small coniractors gie reluclint 1o adapt TBS gystem end
prefir Lo consinus using the conventional melbod of construttien. This is dec lo the Tzet thal
small contractors are eleady fantilior with e coovenional system and Sor them the
sechrology suit well with small scale projects and horolore ol willing 1o swilch 1o
imechanized based eysiem, Furihiermare aosall contractons Iack finamcia] bockup and ate nui
whle ta sot wp their own manufaciuring plants a5 il iovalves very jmenzive capilal investment.
1n this case, Bnanci s become the main obsiacle for smal contraclors o mase forward
with the TBS system. On lhe other hand, hawever, many big players in IBS indusry have

il sucpassiil IHS projects. This shuws that [BS is 2
feasible sysem providal the parlics involved have the capahilitics Lo tary out (he work
reliicd (o TBS such a3 analysis, desgn and manulactizing of I35 components.

2.3 Lock of knowledge and exposore to 183 techrofegy

Lack of knowlodge in structaral analysia and design af pre-fabricated coropancrls among
cavil enginsese and thave related to i di furthes the impt on of
1BS sysiom. Ualika siecl siruetures, he subject of precas concrolc design 35 nonmally pot
delivered 1o nodergraduste studenls in many universilies. As & resul, many junior crginetrs.
are nol rally famifiar with the procast concrele fechoolegy as sesmparcd (o Hruclsal
settwork

Knowledge in construciion lechnalogy is equelly imporiant, There sre cascs, whetce
builling projests are awarded and comitiusid using B8 system but were aamicd cul with
many diflicullies. The mest common preblents encomtered are improper assembly of the
compoacpts that sermally invelved the i J apd col £o-b: i
Thest problems arise due 1o (he fant thet the pattict involved in U construclion
underestimle (he imporiant ot accuzacy i sciling oul the alignment and lovelling of the
pasca, Basically, acpurats levelling and aligintent of Bic bases are the Lasr mogt jmportant.

Lor the succeasfl rapid erection of precast ONOR

Oitber welatcd lechaical issuts as Jek of knowledge capabitity in designing the details of
ties and iona of the p i particularly in precasl concretc
consruction.  Poor comneslion eystert may came problem to site work guch that the
comnections capnot ¢ juined propezly due to poor coustruction delails {sec Figue 3).

47

£ nermepnan Sl

wod sieucpre (b, Proecast cuncrcic Wall (es, Sicel framed
spchure
Fignre !

faah. Skeletal procast comerets

Thhe 1BS systems 0s meninned sbuve ar not acw in Malaysia. Fur canple, procast wall
exvstem luss been adopted in Malaysia as carly 2s in e lete 605, Even though the TBS systoms
have been in exislencs for 3 kg time but thore are stilk many unresolved issuss. Sume of fae
issies are the ability uf the industry plevers {o squip ith nccessary technical Jnowledae in
weder to sdept TBS in thair projocts. Examples of this lacking arc cleasly reflectad in the
quality of the campleted projects and there are situations where MRS could nt be continwed
due w0 unavailsbility of felevam tochmical expeits, This paper discusses those issucs and
suggeals apprapriaic appreach in overcoming thenl

2.0 [ssues of [BS

2.1 1BS »s lpss consteuction method

The term 4BS" i wllen misinterpreted with pegative meaning as it 15 always linked with
industealized buildings el were built in1560s. These buitdings are normally sssociated wilh
pre-fabricited mass construction metod, Juw yoadiy buildings, jeakages, ubandoned prjocts,

pl i | app and other ks Due to the pooc archileelurod
design, the old pre-fibricaled buitdings have given the public, bad impressivn about precast
concrele.

There have been quite & nimber of cascs where the use ol 188 had lead o such
drawbacks, For cxample, in dhe case of Pekeliling Flats in Nuala Lumpur and Taman Tun
Sardon, Gelugor, Penang {ece Figure 3). These two carly pre-labricated tlala were consiractid
in mass t prodise low cost accommudlion tor |awes income Zroups. In the cave ol Tanan
Tun Sardon, the IBS precant system was deaigited by Britiah Research Establishmert, UK for
fow tosl havsing in Uopical countres, However. the desipn was vary basic and nol
considering The aspoct of serviceabiliny such as the neod for wet wilels and bethroome.
Yacking in this design consideratiun leads to problems of lcakage that becumes the commun
jagwe with presast buildinga. In addifion, in many cass the fow cost houdngs are ot
raaintained properly, tus cuntributing further the poor imaye of 1BS buiklings.

Ca6

Praccedings of the 6* dzia-Pacyfic Strvctural Engmceang and Coatinschion Ctférense
LPSEC 20055, 5 — & Scptersber 20475, Kuata Lumprer, Mulsyva

Fagure 3 Paot comutition system feads b isves f cor)

In the ¢as¢ of stoclwnrk sruetures, thae ar many casts where huildings were dosigned
10 knitaic (he eomventioniad seinforoed conercle stuctural system, This concept resulls s
exposed stect bearos and cofumns, Eventually this invites mamy servieeability prablems such
as leakage (soc Figure 4). Rain waser can casily socp ima Ihe intemal bullding thieugh ihc
joint between the wall and steel beam. Dantpniess Izads 1o corcosion Ui dhe Highting ysizm and
i siee] beam.

Figure 4 Steel beant shoald woi be cxposed o as in the cass ef cuncrcfe feant.

3.0 Soeesafet bnplementation of 1BS Projects

With (bt atveal knowledge in compuier sided design, 1BS buildings can S designed 2o
visualiscd enalytically prier to the eelvdl comstruction. The 3-dimensional drawings cun be
develeped 1o peovide accurats imensians and h ildatsility. Erection
aod coasnkdicn procelturcs can also be simulated and properdy planncd with the usk of
computey seitwars. Feasibility sudics ¢n the diffrent buitding sysiems can be pecormed
withiot incurriog much cust. Problems dusing constoctun can slo be ohserved and
predicted. Any rectificalions 1o the componenl design car be doge before the manutacturing
process. These compuler loals costribume W 8 well-planned and spstematic 1BS system.

In rekifion 10 the sdvancement in computer-aided design, TBS bisldings buill in Maleysia
in ihe [590s have shewn signilicasl wmprovenent in tooms structussl performance and
aechiteetnral uspects. Som of thesc struchures have becieoc the showeuses anil even the icon
of the coundry.

O good exasple is the Brickticlds Scoandary Schoal 1. The seloo] isfocated in a busy
and limiled access sile. With such i ints and lo expedite i
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peried. a building sysicw wilising abmy 73%0 of pre-fshricated compuncols of preeas!
concrele Beams, columns, hollow core skabr and sofid planks weee adopicd. The precast
eanptele shefetal Ramed IBS systom is sle widely wed in mony other projocts Frguict G and
7 show the precast cunessic buildings that wete built Using precast concrete componenis ol
beams, culumns and slabs. :

¥ ST % X 4
10}, Subung Syviare, Sxbung Jaye (b, Mitlenniven Holl Scberang Prai
Figure 7

Anotber successfil ctampies of IBS systems using precast conerele foud bearing wakl
aysem arc Scrawang Pulice Quarter {ace Figure 8(a)), teachers™ quarters in Kuvals Ksngsar
(3ec Figure 8(h)) anéd goverunent quariers in Putra Jaya (scc Figure 8(c)). A total of 18,000

(2]

Feoeecihings v the 8% Aro-Pavific Struetaral Engeerony wed Cosirvciiun Coaference
(APSEL 2A), 3~ 6 Supiembir 26, Kuade Lumpur, Maleywa

48 Challenges in e IBS constroction industry

It can b acen thal contractuss that have capsbility in providing fotal solution of TBS aystem
cartied gut poany sueoeslil projers. This refierts that proper desige and planing
considerativna promize good IBS building sysiems. However, there sre many challenges Lo
achieve this largel wnd Ihe main oacs aze deseribed in seclions 4.0 215

4.E Drsigning « Feastble [BS System

IBS systen il properdy desigasd can deliver a more elficient congtruchion procecs due I mady
ahantaged duch as gicules speed of construction, simpler consiniciion process, reduced
cavironmental inipact and reduce reliance an iraditional tabours. Therelore the challinge i to
provide & foasible and inoovative IBS svsicin that i scceplable to thuse involved with
construction as welt as the users.

In ardes 1o achieve u Feacible 185 aysten, the aspeet of stndardization should be
incorpusated in designing the wystem. The standasdisstivn can include the use of sandard
connctions, standard beam and cnlunm sizes, Szandard.xsauon of compenedls may be
incorporated to seduce the ovst af g By many
errors. in production of creclion duc fo vaniahility can be reduced. Stacklardisation may lead o
improvemcnl i quafity, decrease variability apd incrense e case ol manefaokking.

In this casc, the challenging, ameet related 10 1 Teasible gyalem is the manfactiring of
the sompuncils. For ekample, the stord mould escd to Joem beams and columms muat have
high degree of precision (o produes accuraic and condsient dimenzang of width, bicadik and
length and wihes related dimemsions. The mould shauld be of high qualily with enough
dysability and strength and not eml} becomes deated of buckled dnnng compacton of the
canerele. In the ease of mech: ions, the bt in ies to be cad.
ia the concrete componenl, must be localed preciesly prior W caacizling. Similarly any
dlesves ar opening in the compenant winist be donc acouritcly.

42 un Heavy B {or Mech i Systent

The successfuf canstruchion system has some digret of dependency to froavy and spocial
cquipment ich as cianes. The high iritial cost in setiing up the manuficiuring plant a9 well
as lhe cost of iransportalion has reduced the mangin ol prefil. 1L has been noticed thal despite
il ihe advanlages of sdopting IBS, a significan pertion of the conslaueion industy plavera
#iill hus g biased peratpton on 1BS syslem. 1t is admiticd peesetly that switching to [BS
would not guaranlce significant savings in the cost cspecially wilk the small volume of
buildings construcizd. However, I35 has demonsiraled that the savings in the consimelipa
fime js able lo compensats the bigher constnaction cost inewed.

43 Awareness

In erder .rer mq aysiem 1o bc unicrstood and used widely, the challenge is 2 ereaic

Many and even engh nod w) aware of (he [BS
system and nn: invalved with the o of any IBY sysiom in their consluction methods.
Thesetirs, in order (o £1a6: AWTencss antong practicing engincers and contraciors, campaign
o sassure thal 2BS sysloms are able 10 provide Lust, ecapemicsl and high quatity products
shotild be camicd put. The awarencas mmpmgus may inclide seminars and shont eotgies. For
example, CIE in gailab withy i professonal budics kave
carried vul exiensive seminars and roadshow to give exposre W comtcaciors and caginects
about the 1BS syatzm, Also, bands-on trainings in speciahsed works anch a2 operatiog sranes

farwars

omts of leashers” quiviers weve built tiraughent the cuuatyy using Hie standord sieretaral and
acchiteeinnb design.

B

s

£}, Goveramen? guarters, Pueajayst
Fige §

n the case of steel structures, there are also many sucecasiul IRS projects. Figure 9
shows the KLCC convention cenbre, an icun building in Lhe preaigious Buals Lumpur city
eentie. The huilding wag drill using 3 combindtivn of prefabricated dtecl roaf truss with
compesle stecd deck flooniag svstem

Provetdiogs uf the 8 Hara-Pacific Siewotnsof Enguscermg and Consirecti Cor
(APSEL 206). 5~ 6 Scpromber 2, Keeaha Eumpur, Malayme

e welding works are alse condurted te plovide speailised and tained workers in the 1B5
industey

4.4 Koawledge

and additional engiticering knowlelge will bo requited W design. manutictize

and construet a good [B5 systom. All parties iavolved from designsss w ermlors tnust have
envugh Lnowlcdge abow lhe pic-fabricaled component based constriclion. Tn terms of
design. (he cngincers must have campotent knowledge in anabysis and design. U the
congtrictian ficld, the coalractors and sik engincers musl have enough kaowledge on the sife
4nd aceurate melbods of crecling and asssmbling lovss camponents inta a glabd structuse

Ar upivesty vel, the stidenta shold be taught structural desinn principles, material
technolagics and construction prackces selaled lo 1S sustem such as precast coacicie
slruciures. Some local universities are cumently impaoving their curri By ading new
Lopics relaled 12 TBS in the cxisting syHabus. For cxampie subjects related 1a precast consieic
design and comstiteliog arc alse olfored a4 deetive tod finat undergraduale and yudu.'uc
students. Apart frum thal, tesiing and rescarch have (v be conducied to prove feas 3
design. Knowtedge gaincd fram advanced recearch may clevatc the level of underaanding en
1he bebaviowr of [BS slructurs and quenly the lovel of

Engincers wilh good technical knowledge in analysis, design, maculaciuriag and
constivctive hiave the shility ¢ producs systematic IBS syslems. If the corpponcnts arc
akillistly esigned, ereetion can $e camied aut efticiently. Furthermotz, complying with good
praciices in design and cansinsction leads to high quakity procadt concrete structures. Tn this
adpest, 1he challenge is lo protuce aany good and rehuNc manufsclumss and erectocs with
such icdp ilities to be part of the TBS feam.

4.5 Adoption of IBS System

The govomment thiough CIDB bas embarked Lhe [BS Roadmap 20632010 that outlines
wcveral well-thought siricpics and aggressive sleps to pramole the e of IBS in Malsysia To
Ingifitate fariher, the govement lus enconpsged the use of TRS for te canatuttion of nevw
govemmenl quarters. Contractors 2dopting i IBS system arc given incentive such as lovy
extmplion based on Lhe pereenfage of [BS usege in a projecl. The govemment is taking the
feading rok in porsusding the construction industry to sdapt 8 mare gy stemalic approsch and
mothadelugy in construction. The etfort, started in 1998, is & svalegic chauge in the
construction industry.

1£ 1B is adopted, cfficient, clean, sate and innovative arc seme of the acw atlributes that
will be assacimicd with the construction indusiry. With these ourgapding teatres, plus
aneibutes sueh s professeenally managed and handlisd, workers with schevant skills, pruper
coordination and maragement os well quality will inewitebly make I35 an excellent option Jor
those involvad i 1be industey Lo become global indusiry playzrs in the international ascra thal
demands high quality, ciicieat and prolessional services.

A0 Conclision

Sirvey on IBS syslem has been conducted through onl Malaysia in 1996 The paspose of this
survey is w gather infarmetion on RS buildings in Matuyzia, Besidas that. 5 viga) inspedtion
sy ws alee condikiad L observe of ry problenie retuled 1o LBS gystem.

B3 featurcs petential constroction system for the titure with emphasis on quadity, higher
productivity and fess labour intensive. Besites the aim ol gradually reducing the dependeacy
on forapgn labour and asving the countny’s fogs in forman exchange, IR provides the
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oppurtunity Jor the players in 1he construction industry o projeci 3 new fmage of the indudsy
1o b a1 par with other munufaaturing-busod industny such a5 the car wnd eleetigrie industrics.

The sdaption of IBS pramiscy o clovate sveey level of the construction sadustry W e
heights and image of prolessionalism. Finalty. I3 should be geen 25 the modern methods ol
construcion whore modern and symematic methods of desige. production planning and
meshanized methods of manufastucing and erection are applicd.
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EFrFECTS OF DELAY TIMES ON PRODUCTION RATES
IN CONSTRUCTION

By John Christian' and Danlel Hachey?

AneRact:  Foctors that cun be fuirdy casily Identified and modified and can lead to
significant i in pr ates for activities in fon are considered

in this paper. Theic factors are divided into four work categorles, Two of the four work
categories in which sach ion setivity was were Idle and waiting limes,
F i ge y do not &isti h berween the idle and waiting
times. Condlusions can he and more | ly, the ion of

management I8 anly vaguely and imprecisely directed to the cause of the inefficiencies.,
The breakdown of nonproductive time ints two factors is therafore vary impartant in

gihe of 10 the root causes of inefficient time. The variation

in production rmes used by entimators are glven and compared with actual
on-site production rates. The frequancy of diffarent sources of information ysed by
» when estimati duction vatcr, and the pereeniage wie of production

menitering meihods, arc -Ar.w-.,a... A prototype expert system, using the Personal
Consultant Plus sholl pregram of 1987, was developed 1o asslit in the acquisition and
managemnent of knowiedge and dutas for the estimation of production Tates.

Praductivity is ly imp in the construction industry. Governments and other
ownors aye inveuling -.«sinns:w. le meney into capital works and preveniative maintenance
programs, oven though these programs would help curb the deterionution of she i

One of the seasons for thix lack of f towargs lon profects is thar
productivity and quality In the construction Industry has not improved as much =a in ather
indusirles, and ion is f ded as & poor i

There are many factor: that influenice productivity in the construction industey. Some factors
that create variations in production rates for certain activities are extremaly difficult to control,
There &re other factors, however, that can be fairly easily identified and modifled and can lead
1o significant imp in production rates for activities. Some of these factors are deter-
mined and discussed in this paper.

Determining what thets factors mighs be wes the pramise of Frederick W. Taylor's pretl y
rexearch in opilmizing worker performance during the early 1900s. Taylor is most noted for the
resgarch he conducted in 1911 et Midvale Steel Ine, in Pennaylvania (Robbins 1936), By anslyzing
with stepwalch studies the efforts of B worker to load pig iron onto a relirond car, Taylor was
able to show kow the daily output per worker could be increased.

The suecess of Taylor's reseurch inspired many others to stedy and develop new techniques
of menitoring productivity by scientific means. For instance, Thomaes has analyzed lost pro.
dectivity at a construction site due to inefficiont material mensgement (Thomas and Sanvido

1989). mas's research work Jed 1o the d i of an integr
rogram that could be appllcable to any construction site, The program conslats of. -vuaa_._.au.u_w
conditiors or site factors that could have the potential to affect pi ivity on the !

site. The uniqueness of the program {3 that many of the fectors are qualitative rather than
quantitative, .ﬁ!...n_a such as disruptions, work content, constructabllity issues, consiruction
methods, environmenta! conditions, end mansgement aspects are just 8 few of the factors that
ere comsidered,

Thomss and Smith have further developed & more unekytical approach for .E&._ﬂm the me-
chanlos of the problem (Smith et al. [993), A productivity impact factor (PIF}has been developed
that will sllow more comslstent comparisons (o be made. This technique will therefore provide
& means to gather & mory B ilation of from a number of different
sites, Consequently, this will permit useful comparisons of productivity from any number of
conatruction sites used in further studies.

An international resesrch project has beew carried out w.u Handa and Thomas (1993) to

dardize the of labor p lvity in some activities, The results
of this rescarch will obviute wny dieparitics due 10 jobsite uniqueness ond job complexity, The

'M.P. Gikin Chalr, Consir, . andt Mgmt,, Unlv, of Mew Brunswhek, Frodericton, NB, Canads E38 5A3,
3red, Studont. Depl, of Clv. « Unly, of Haw Brunswick, Frodedeon, NB, Canade E3B 3A).
Naote, Discussion opon uatit Acgust 1, 1993, To exiend tho closng dato o month, & weitten requent s b
ied with the ASCE Manager of Jownawh, The manuscrips for this peper waes submittod for Teview and powible
icmtlon on Jurta 2E. 1591, This r 1t part of the Jowrndl of Contitwction oalf Mowagerment, Vol,
21, No, [, March, 1993, CASCE, FSIN OT33-0364/95000)-0020~- 00263200 + ¥$.2% per page. Paper Mo, 6376,
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research described in this puper is indirectly limked 1o the focus of their research, but specifically
sxamines the nn_-n limes of another ot aetivity pl
techniques, athers have made notable contributions towards improve-

ments in construction p ity Olgesby et al. (1989}, for instance, maintain that job sat-
afaction end worker productivity ave refated: an Increase in either will have a positive influsnce
on the other. To identify many of the influences that can affect wosker productivity, Harris and
McCaffer (1989) have utllized video recorded timea studies to help recognize particular problems
on site, Flow of mon and muterialy, cquipment utilization and bajance, and safety and working
conditions aro examples of some of the prablems affecting the progress of a worker that can be
identifled using this method. SimUarly, o *“foreman-dolay Jurvey” (FES) that was developed by
Tucker et al, {1952}, was found to bo uscful ma an effective low-cost method for determining
tive sources of delay not directty related to site worker productivity. Using the FDS, o foreparson
i asked 1o identify sources of delay. length of delay, and the number of workers affected, A
calcuintion of lost person houry i then made, giving & breakdown of lost productivity by category.
Collectively, these E-E.a_.u: and others have contributed useful knowledge that can be used

[ batter ices in order to improve productivity, Their efforts have
been recognized as an atempt to shape the construction Industry so that cout efficlent and more
productl P on jobsites will someday become the norm rather than the

Purt of the unk of the h described in this paper is the distinction between Idie

and waiting times, which create delays in construction sctivities, This breskdown of nonpro-
ductive time erables the attantion of managemant to focus onto the causes of tnefficlent tima
and create efficient p dh Mazintaining efficient proced: i in difficult becayse
MMt comtructon projects ane ;:J.B and are prone to bullding practices. This
Eﬁ_qaoni.w-ng-a..i_m_ Inctors 1o be idered. Materlal detay, 5 con-
stvaints, and adverse weather conditions are just 4 few of the facrors that can affect the progrest
of an getiviyy, ...ouuhnew. these and other factors that are not generally constdersd reg that
the sctivity be mo: . The monitoring and measurement of the production rate of an petlvity
than creates an elfective mexns of showing where the progress of the activily can be impraved.
For the rescarch described In this T, & video cameorder wan used to record concrete-
placement activities at Job sites in the Fredericton, New Brunswick, area in Canada.

To determine which factons sdvornicly affected production, each astivity was divided into four
work categoriss: (1) Essential; (2) | fbutory; (3) ldle; and {4) waiting. By nating
whather lost productivity wis dus to “walting" or “idle" time, it was recognized that auq__w of
the factors thet affected an activity's progress (e.g.. factors causing waitlng time) could be
rectified or improved by s response from management. Site managers with information on
Factors that created |i encios would therefore have a better ability to organize workers to
achleve better production rates ia the future.

Varistion in Production Rates

Comruction projects are penarally unique and are built on sites with different work crews
espociated with different trades. The work is cyclical due to the weather, seasonpl variations,
and the economic climate, Thess factots affest productlon rates, and although thers are many
worthwhile measures that can prevent oe reduge 4 [owe in productivity, there are certain elements
thit cannot be eliminated to improve productivity. There are, | '+ many other factors that
influence productivity that can be Impraved. U s thess other factors that are |dentified and
discussed 10 this paper,

Many of these factors can couse production rates for a given activity to vary considershiy.
To help unds d why these veri occur, B lonnalre was sent L0 varlous construction
companies In Etstern Canada requesting information Ing the procuction tates thet they
us¢ In estimating and scheduling. The production rates for certaln actlvities, shown in Teble L.,
are derived from 13 responses 1o the quasilonnaire. The wide range of production rates «..,.2.

in the table illustrates how difficult it is to esc a - rate for any activity,

The determination of ths value of these Tates is complex because productivity is diffleult to

analyze, and even if it w.-E | the knowledge and data sequired are difficuit and time
ng 10 b p d

_When further clarification of the knowledge scquired was sought from respondents, (t waa
discovered thit somo of the production rates, shown in Table 1, were modified Jater in the
preparation of the estimate ta reflect delay times and other time-consumin, apects of an activity.
A ilrict comparison of each numerical valug of the production rutes should fore be viewed
with some caution.

In most Hor ipanies the production rates are usually established by & combination
of exports’ opinions and the use of handbenks that contaln produstlivity data. ARhough this
data |s often brekon down 1o sccount for factors that ificantly atfect tha production rared,
littie data and r:ﬁ!ﬂ..ma sre acqulved and mered for future use conesrning the reasons for
mejor reductions in productivity, such na waling time.
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TABLE 1. Estimeted Production Rates Used by Contractons

e
ESTIMATED PHOBUCTION RATES (r¥/persond)
Source of Reinforved Foolings f Wal | B Stab on Grady
infosmaton Pumped Chte Pyrmped Chite Pumped Cinrte
[i}] () L] huJ] (6) 18} n
A 147 1.37 267 177 1.00 1.50
B 125 122 249 200 1.00 1,62
c 112 1.08 281 163 078 135
D 0 0.33 053 b.a8 0.30 0.45
E 1.9 L7 14 2.3 [ 173
F 29 (K 261 wR 1.6 1.3
G o84 143 X 1 [EiL] 185
H .98 150 241 LW 1,65
i 175 (N1 261 .13 [0 LT}
1 L9 15 55 1.62 0.95 1,20
K 1.68 143 3.4 28 RS i.i3
L 1.5 LI& 3.39 .28 uo 12
M n 1.0¢ p 209 1.20 m
N 1.6 120 314 .38 1.0 16§
P k3l 1.95 .50 .47 5 3.0
Average mte L L.371 i L 1.06 1.51
Standard deviztion .51 0.3 (4] 042 .45 2.57
Ll ] Ly b L
B\ \i7
] Wy
Ohr Poomtiat
: e Conmmuary
FiG. 2. Basle Tims Components
Used for Deacribing Efsativenens of
B0, 1. ety to Monfor lon Worker
Although all construction projects ere ditferent, mest have
For te, the ing activity for a foundation wall involves delivery, place-

E_. .
En:rszzmo?-:n m:_us_:n te.r..;nmavEn:n__k-nn..nw_qeo:-_u.o:—i:._-.m- —W_x on
activity, no matter where, when, and how the concrete is being placed. However, veriations in
actual production rates among various sites are Thess veriations, when anelyzed, were
found ta be ﬂza.mn.a.. caused by waiting and idle timas,

In concreting activities il was found that the most significant reduction in the produstion rate
‘wag due 10 delays In the dellvery of concrete to the site, This type of delay was often attributed
to pected that app d to be unrectifinble, and therefore was of secondary
concern %o 4 very busy management team,

Wonitoring Productivity

Acquleition and Mk

Fig. | shows the various methads that are used by contrastors to manitor pEogTEsa an projects.
The percentege use of sach I by companies who resp 10 the questionnal
Is given. Some of these methods caprure the very § information ing wuitlng
time. bt some do not. The two most effective methods are in the use of video tapes and time
studies, becsuse although many methods that are used can indleate the percentage efficiency.
few methods are able to show where the root causes occur. 7t ¢an be seen that, spart from two

hods—verbal ication and thne sheets that do net Indicate efficiency. the percentage
use of eny method to monitor progress s less than 40%.

of Datx snd 0
Seven comtriction sites in one city {Fredericton. New Brunswick, Canada) were monitorad
10 that the factors affacting pl perations could be A total of 32
concTolc-placement operaliohs were rcorded from these seven sites. The methods used to
moniter these sctlvities were video recording wnd siopwaich studies. Belore the activity could
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be analyzed. it was subdivided into the four work categories: (1) Effcctive; (2) essential con-
tributory; (3) waiting; and (4) idle. Bfiective work positively influences the progress of the
activity, and work that has an indirect but positive i on pragress, such es the it
of qals or equi far lal purp Is d ial contributory, Idle time
Topresents & calegory in which the work could, bat did nos, progress, because 1he worker way
ot working. However, if a worker is unable to perform a lask becawse of an uncontroliable
external delay. such as late concrete delivery, then the lost time is conxidersd waiting time. not
idie time. Thiz ure was the mothod used 1o the production rates published by
Christian and Hachey {1992} (see Table 2).

Fig. 2 shaws how & warker's time can be divided into the tour wark categories. Information
presented in this fashion emphasizes the ineffelent factors that affect the progress of & worker
that may not be apparent during normal observations, This Inf ion permits g
to clearly identify Inefficient factors 1hat are revealsd during analysis, and therefore utilize o
worker's time more effectively.

‘The information obtalned from the snswers given in the ire was fuether ont d
by knowtedge obtained from experis and practitioners in the ficld, By conducting interviews
with site p | while Field dings and wore beng performed, heurlstic
krowled, dually gathered. If the expert being i igwed L] C

g8 wal g 8 per or
colleagues from previous projects who were wmore familinr with ceriain uspects, then these
persons were often contacted for further knowledge acquisition.

To help explain foatures of an activity that were not apparent from the video analysls, dnter-
views were Tepealed ugain with some xpetis. The various sources used fot the gradust pro-
groasion of k ledge and duts elicitation and acquisition, are shown in Fig. 3.

A protatype expert system was developed to handle and store the knowledge and data from
ail of the sourcen of intelligance. end alen 1o create a decision suppast system thet would enable
u wser, through a simple question and answer routine, to oltain a much more accurate estimate
of \he probable production rate.

The fairly simple prototype system loads the user to an estimate of the preduciion rate that
depends ypon Wie aniswers that are given in the questions posed. The Answers were used is a
Tink to the knowledge and databases. In this partivular system, the cumulative knowledge and

TABLE 2. ggﬁggii!‘_é.!gc.?-

Valyme Production rabe
Crew concrele Astvity (M¥parson-h)
Location L] Muthod of laced guration Talay

ste (paesons} | placement () {min) {min) Avorage Madiliod

[14) {2 [ L] (6} 8} 14/} L}
8] k) shute 5 8 0 1.3 1.82
A k) shute R x| a6 2.4 3.8
3A 4 chute 4 a3 15 140 1.4
4A 4 chute 5 57 9 L3l 1.56
A 4 chute 3.5 us 48 0.7 147
&C 4 chute 12 94 [ 191 2.06
7 4 chure 16 140 k) 191 1.7k
3A ] pump 19 T4 =® 1k 137
YA 5 pemp 32 184 50 48 168
WA 7 pump % 185 ® 1.4t 1.92
np 7 pump 1.8 % I8 24! P A

T st S
REem =

F0. 3. Knowisdge and Data Pickation for Bxpert System
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Analysis of Dulte

Idle and Walting Times

databage were derived not only from many experts, but also from the knowledge and data
gethered in the field.

Providing such a wide array of knowledge penmits the user to make reasonable assumptions
on worker density. Jearning rate, weather conditions. crew experience, potential delays. and
oter refevant factors affecting the progress of an activity. Using these parameters to help
estimate the production rate for st aciivity therefore provides s more realistie prediciion of
what the mis should be for that particular jobsiie,

A na:.w!i.?a analysis of production rates from the various sitea wee possible because mast
ivities h ™ For ple. as ioned eartier, the
operatian for a foundation wall requires dalivery, pt ibration, and ing work. In
spite of these common parameters, it was found, not sutprisingly, that there were differences
in produstion rates batween the various sltes. These differences were found to be caused mainly
by the woiing wnd idle times,
Several control parameters were identified prior to the collection of the data. This was done

to enaure that each sjte and each project ined the same p for the purp of
prarati ') The ing were selected: (1) The construction of com-
morcial buiidings: (2) the npplication of similer equij and {3) the same general

Tacation (Fredericton, Mew Brunswick}, {4} the same type of comtruction contract: and (5} a
nenunionized 1abar farce.

Information obiained from the site video recardings was analyzed se that inefficiencies re-
ducing the productivily of a worker coukf be revealed. One such apalysis wes the categorization
of time utifization for each separate worker at cach site. The proportion of time spent on
productive and nanpraductive work was thus evalusted for each worker, Fig. 4 shows typical
data.

Additional snalysis of the i jon invelved the d ination of the rate of the volume
of concrete ptaced at each job sire. The data for this znalysls wene plotted an a graph. as shown
in Fig. §, The graph illustrates that the témts duration for p &t each
site for this particutar yample varied fram $0-135 min, and that the volume of concrete placed
al each site ranged from 1016 v’ In this 1ype of graph, the crew efficiency is represented by
the magnitude of the slope. When a crew was able to work uminteyrupted, their work rate
B liy improved (i ing stope). A was therefore buflt up. and efficiency
impraved.

This effect can be secn in Fig. 3. Crews on sites €6 and C7, which did not cxperience work
interruptions, improved their work rate as time passed. The stope of the graphs of quamtity
agalnst ime increased. However, crews at sites E12 and E13, which did expetionce o work
intarruption, did not lmprove thalr wark rate &3 time paszed, and therefors did oot produce an
increasing slope of quantity sgainat time.

Meny of the measurements of production rates revealed that waiting time delays were an
extremely signifivant part of reduced productivity, Fg. 4 cloarly shows thus prablem. A measure
of haw inefficiencies reduce productivity is the Taber utilization factor (LUF). The LUF cate-
gotizes the amount of effective. cnential contributory, and idle work performed by a trades-
persan during & perticutar construction activity. This measurement is sometimes used us n gulde
to determine it a crew has performed work efficiently. However, the labor utilization facior
does not generally distingwish berween the idle and weiting times, Conclusions can therefore
be misleading. snd mare imp ly, the ion of Is only vaguety and impre-
cisely directed to the cause of the IncHiciencies. The breakdown on nonproductive time into

» 4 Pyrwon Crow / Rpiniohkd e oy
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Rourcel Prockolion Res Eatieeny .
Fd. 8. Sources of Information when Estimating Pro- FiG. 7. Typicat lon Posed by Ex-
duciion Rates pert System
TABLE 3. Average Production Reiss
AVERAQE PRODUCTION RATES {m? 1
Faotinge Fi ition, Wall Elab on Grade
Mathod Fumped Chute Purped Chuts Pumped Chute
m ]} ) W 15 1)) N
Used by L4t 1.3 290 1.90 1.0 1.50
Megsured in fiekd 1.3% 1.27 2.72 1.79 1.06 1.5L

ggou.Ena_:.z_sw.:_._n:auim_n.uw.._ms._n_.oqeﬁ<anauo§_..:=oao:o&Rn.
the attention of mansgement to the root causa af the nopproductive time. .

Froduction Rate Estimutes

CONCLUBIONS

The different sources for estimating production rates that are used in construction offices are
shown in Fig. 6. Few of the sources contain informatien and knowledge derived from previous
prajects, and therefore a reduction i productivity dud 10 waiting Hime is not adequansly addressed
in prestice. Afthough there sppeprs 10 be substaptial agresment betwesn the pverage ectual
production rates measured in the feld and the overall average of thow rates used by estimators
{Table 3), there are few data available that enable the contractor to determine where the
signifteant inefficiencies occurred. This, of course, means that there is no ayatem to improve
the incfticlencles on future projects,

The prototype eapert system was developed to assist in the acquisition and eveluation of
knowledge and data for the estimation of production rates, Personel Consuitant Phus wag the
shelt program used 1o comstrug the rules in the expart sysiem. This computer-sided decision
suppart System helps 10 cafculate production rates more aceurataly by prompling
users 1o consider factors that will make produciion rates vary, and to show where and why
inefficienciss might occur, The system will allevinte the current problem of production rates
often being catimated by loss-cxperienced | 1in " arganizats

The system will altow an estimator an aiternative method for estimating production rates. It

imulatesa b thy puter, as the k ledge and data soyrce, and the user,
who anewers certain questions when prompted, The quoestions and answers formulated were

piled from the knowled quirad frem field analyses and fram exports’ opinions. Responses
to the queations are in the form of single valued, ask-all, of yesino type of format. For instance,
1he format of a question retating 1o the casting of a concrele siab is sthown in Fig. 7. By choosing
“pump" as the technique employed to place the cancrete, as shown in Fig, 7, 8 link is then

A toq lated with this ing procedure. Depending on haw the ques-
tions ave answered. & probable, more roelistic preduction rate is given to the user, which will
teflect conditions specified for 1he jobsite, The system therefors witizes the equivalent cuma-

tatlve knowledge af many specinlists, and alsp enebles the cstimator to wse production rates
that more ciosely reflect actual Job conditlana,

The lon of B p | should be focussd on the sources und causes of
delays. A major problem at present is that s¢veral methods that mowsure and monitor produc-
tivity on constructlon sites are unable 1o dlrest attantion to the cause of the delay. The breakdown
of nonproductive time into two facton, the idle and waiting times, {5 herefore very importent
In otder 1o direct the anention of management to the Yoot causes of the nonproductive time.
For inslance, the delays astociated with "waiting for supervision™ were found 10 be very con-
siderable, The managers on & construstion site (the project 1 the I Jit
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the suf p 13 + offten have severe time constreints and problems with
time menagoment.
This leads on to an obvicus conclusion. During the

g stage of a project, an insufficient
aumber of supervisors and gers are g y all d to the construction site, because
of udgetary problems. The resulting lack of sufficiont supervision on the slte, however, generally
lewers productivity, and therefore | overall project cost, Consequently. an fncrease
rather than a decrease in site supervision is needed in order 10 help reduce the overall cont of
8 project.

mzh us¢ of an cxpert syitem 1o predict production rates will enable contractory to capture
and retain specific knowledge and data from past projects and use them as a support system
for futire projects under consideration. The protatype model provides the user with probab!
production rates for specifis activitics for given circumstances, The system will cnable conteactors
Lo not anly predict mose realistic production rates but #lso 10 provide a list of possible delays.
and instiuctions on what might be done to prevent them from oceurri will also allow
contractors to utitize their project manager’s ime more effectively by allowing them to acecss
the necessary information required 1o estimate the production rate of an activity more guickly.
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