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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 thatareprecast concrete framing, panel andbox 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.



ACKNOWLEDGEMENT

I would liketo take this opportunity to acknowledge and thank everyone that has given

me all the supports and guidance throughout the whole period of completing the final

year project. Firstly, many thanks to the University and the Final Year Project

coordinators that have coordinated and made the necessary arrangements especially in

terms of the education on the final yearproject method andprocedure.

I mustalsoacknowledge the endless help and support received from my supervisor, AP.

Ir. Dr.Arazi Idrus throughout the whole period of completing the final year project. His

guidance and advises are very much appreciated. Apart from that, many thanks to Mr

Saiful Nizam, the manager of Scrum Builders Sdn. Bhd for helping me in arranging

interviews with him for the survey purposes. Apart from Mr Saiful, I must also thank

Mr Kubenderan a/I Chandoran, a safety professional at BlueScope Lysagth (M) Sdn

Bhd who was also former workers in Sunway Construction Sdn. Bhd that helped me a

lot with this project.

I would also like to thank Mr Christiano for his endless support in terms of the

discussion and opinions toward the process of this study. His continuous support and

help throughout thewhole period of survey arevery much appreciated.

Finally, many thank to my fellow colleagues for their help and ideas throughout the

completion of this study. Thank you all.



CHAPTER 1

INTRODUCTION

1.1. Background of Study

For this Final YearProject, 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 predetennined 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 oftechnology, the definition ofwork tasks, and the estimation of

the required resources and durations for individual tasksand the identification of any

interactions among the different work tasks. ProjectPlanning 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 eachworks associated with the project. A specific calculation

regarding production rates could not be completely derived through mathematical

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 construction industry to



engage a more systematic approach andmethodology 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 appearedas 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 overcomethe problems in our industryas 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 importantand benefit ofIBS systemas campaigned by CIDB.

Thisparticular information gathered from my projectwould be incorporated with the

production rates value, thus enablingthe estimatorsto get a correct rough idea on the

significance ofthe 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 identifythe sequenceof activities in IBS systemat site (samplebuilding).

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.

13.2. Scope of Study

The studyshallfocus on production ratesfor threemainpre-cast works whichare:

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 ofsampling calculation.

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

the result will focus mainly onPrecast Concrete Framing, Panel andBoxSystem.



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 controlled, thus producing diflFerent values of

productionrates in every project. However, a basic theory in calculating production

rates could be derived by methods shown below.

Excavate Place Place Pour

Trench Framework Reinforcing Concrete

Figure 2.1: Illustrative 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 completion 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 were 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



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 ofone

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

typicallyemployedfor this purpose. For example,the durationofan activity Dy such

as concrete formwork assembly might be estimated as:

(1)
Ri =

%

V$

where Ay is the required formwork area to assemble (in square yards), Py is the

average productivity of a standard crew in this task (measured in square yards per

hour), and Ny is the number of crews assigned to the task. In some organizations,

unit production time, Ty, 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 Ty is a reciprocal ofPy.

A formula such as Eq. (1) can be used for nearly all construction activities.

Typically, the required quantity of work, Ay is determined from detailed

examination of the final facility design. This quantity-take-offto 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 ofproductivities.

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 ofa particular activity more or

less difficult. For example, access to the forms in a particular location may be

difficult; as a result, 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



records or subjective adjustments might be made to represent learning curve

variations in averageproductivity. *Hendrickson, Martinelli, Rehak (1987)*

4—1

(J

O

Q.

Learning
Phase

Time

Steady State
Phase

Figure 2.2: Illustration of Productivity Changes Dueto 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 andrandom 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[l/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 represents an

extreme case, but it is always true 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



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

attributes which depend upon the details of lower level adjustments and calculations.

For example,Figure 2.3 represents various levels in the estimationof the durationof

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"

Weather is "warm and dry"

or high-strength mortar is used

480 units/day/mason

4 inch Wall is not "long"

Weather is "warm and dry"

or high-strength mortar is used

430 units/day/mason

10



4 inch Wall is "long"

Weather is not "warm and dry"

or high-strength mortar is not

used

370 units/day/mason

4 inch Wall is not "long"

Weather is not "warm and dry"

or high-strength mortar is not

used

320 units/day/mason

8 inch There is support from existing 1,000

wall units/day/mason

8 inch There is no support from existing

wall

750 units/day/mason

12 inch There is support from existing

wall

700 units/day/mason

12 inch There is no support from existing 550

wall

TABLE 2.3 Possible Adjustments to Maximum Productivities for Masonry

Construction.

Impact Conditions) Adjustment magnitude

(% ofmaximum)

Crew type Crew type is nonunion

Job is "large"

15%

Crew type Crew type is union

Job is "small"

10%

Supporting labor There are less than two

laborers per crew

20%

Supporting labor There are more than two

masons/laborers

10%

Elevation Steel frame building with

masonry exterior

wall has "insufficient" support

labor

10%

11



Elevation Solid masonry building with

work on exterior uses nonunion

labor

12%

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

Weather is cold or moist

10%

Activity Duration
Estimate

Overall Adjustment
(e.g. Learning)

Productivity
Estimate

Productivity
Adjustments

Maximum

Poductivity

Initial Duration

Estimation

- Quantity of Work
- Weather

-Number of Crews

Down Time

Estimate

i i

Down Time Ancillary Task
InformationAdjustnlents

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

12



duration ofa 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 ofexperiencing 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 centerof the distribution and is easy to

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

i_

u
u

O

O

Q>
U
c
CO

o
I—

o

Jr
Zi

o
i_

Beta

Distribution Normal

Distribution

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

Figure 2.4: BetaandNormally Distributed Activity Durations

Duration

If a standard random variable is used to characterize the distribution of activity
durations, then only a few parameters are required tocalculate the probability ofany

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 requited depending on its generality, whereas the normal

distribution requires twoparameters.

13



As an example, the normal distribution is characterized by two parameters, " and
^representing the average duration and the standard deviation of the duration,

_2
respectively. Alternatively, the variance of the distribution ^ could be used to

describe or characterize the variability ofduration times; the variance is the value of

the standard deviation multiplied by itself. From historical data, these two

parameters can be estimated as:

(2) *•«* = £;!n
k= 1

n

(3) & ~ X "7^7
t= i

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:

(4) <ry * "V"

where 1/ ^*is theestimated standard deviation of thereciprocal of productivity that

is calculated from Equation(3) by substituting 1/Pfor x.

14



2.2. Precast System / Industrialised Building System

Industrialized building system (IBS) is a construction system that is built using pre

fabricated components. Themanufacturing 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 notbe 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 stormsewers, box culverts, catch

15



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 mamtaming 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. Steel 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

reducingthe 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 importantproject such as PETRONAS Twin Tower,Putrajaya,KL Centraland

KLIA.

For this project, author will only concentrateon three main IBS's groups which are

Pre-cast Concrete Framing, Panel and Box System, Precast Steel Framing System

and Block Work System.

16



23. 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

ofthe item in order to obtain the amountofwork 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 ofprojects.

Compare to the unit pricing method, the resource enumeration method is more

detailed. A resourcegroup (crew, equipment etc) for a given item has to be assume,

cost per hour for the assumed resource group need to be calculated, its average

productionhas to be estimateand then it has to be modify to reflectjob efficiency.

These rates are normally 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 experienced 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 networkas 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 construction 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 wasconducted 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 surveyprocess 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 andthrough 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. Whilethe 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 structureutilize 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 thana single pointestimate. The userof 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 ofthe rates given by the histogram

Survey on concrete work productivity
Thepurpose of thissurvey is to asses theproductivity of concrete works putting in consideration various factors andconditions thatmayaffect this
productivity.

Form filled by
Principal Data

Position

Company Date of Survey

Project Data

Owner

Consultant

Contractor

General Data

Project Name
Project Location
Project Description

Structural Element(s) Under Consideration
Quantity ofConcrete m3
Duration ofthe construction (formwork, steel fixing & concrete Pouring)
Temperature Conditions 0 Cold
Working Condition 0 Mild

days
0 Moderate

0 Moderate
OHot

0 Harsh

Crew size no
Type of formwork
How do you classify the supervision over the labor?

How do you classify the labor skill
Did labor stay overtime significantly

Complexity ofthe task
Accessibility ofMaterials
Degree ofrepetition

Formwork Assembly data

Duration days

Crew size.
Quantity _

_no

tons

How do you classify the supervision over the labor
How do you classify labor skill

Did labor stay overtime significantly
Complexity ofthe task
Accessibilityof Materials
Degree ofrepetition

Pouring Crew Size
What type ofpouring method was used
Did labor stay overtime significantly

Complexity of the task
Accessibility ofMaterials
Degree of repetition

Type of false work
0 little 0 adequate 0 strict
0 unskillful 0 adequate 0 skillful
Oyes Ono

0 typical 0 complex
Oeasy 0 moderate Ohard

Onone 0 moderate 0 repetitive

Steel Fixing Data

Duration no

0 little 0 adequate 0 strict

0 unskillful 0 moderate 0 skillful

Oyes Ono

0 typical 0 complex
Oeasy 0 moderate Ohard
Onone 0 moderate 0 repetitive

Concrete Pouring

Duration no

0 ready mix 0 batch plant 0 traditional mixer

Oyes Ono

0 typical 0 complex
Oeasy 0 moderate Ohard
Onone 0 moderate 0 repetitive

General Comments

Figure 2.6. Survey form ofproductivity ofconcrete 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

\T\ V. i r

—,—_^

•

Input layer Hidden Output

Figure 2.7. SampleThree-Layer Back-Propagation NeuralNetwork

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 studyhave

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 Concepts for Owners, Engineers, Architects and

20



Builders' which covers topics such as construction plarming, 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 always desirable

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

(p.2)"

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

importance of production rates in construction planningworks.

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 School 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 ofConcreting Activities

By A. Samer Ezeldin and Lok,am M. Sharara

3. Crew Production Rates for Contract Time Estimation : Beam Erection, Deck and

Rail ofHighway Bridges.

By James T. O'Connor M.ASCE and Youngki Huh

4. Effects ofDelay 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-castmanufactories 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

4M Preliminary
• * Planning

Selection of

Survey Math ad

Survey
instrument

Design
J

I

Sample ^
Design

FF
Pilot

Survey

Conduct of

Survey

Date
Coding

IB
Data Weighting
and Expansion

Tidyfng-Up

k M Data

EdltlrEditing

Data Management
and Analysis

—r- E
Presentation of

Results

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 ofinformation

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 after 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 proceduresin developing a questionnaire:
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Specify what information will

be sought

Determine type of

questionnaire & method of

Administration

Determine content of

individual questions

Sequence ofquestion

Physical characteristic of

questionnaire

Wording ofeach question

Re-examine steps 1-7 and

revise ifnecessary

Determine form ofresponse tc

each question

PRE - TEST the survey, revise

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 externally.

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 questionnaire will then be

collected to be analyzed.

A pilot survey is a test ofall aspects ofdesign 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 ofquestionnaire.

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 personallyto 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. Mail a pre-card to sample informing them of formcoming

questionnaire.

2. Mail first packet which include:

• Cover letter

• Questionnaire

• Pre-addressed, stamped return envelope

• Incentive

• Return card, mailed flat, commemorative stamps, etc

3. Postcard reminder

4. First follow - up

5. Postcard reminder

6. Phone call reminders

7. Other follow ups if deem appropriate. Up to 6 have proven

successful.

8. Control non response error

Data coding and editing is defined as the transferrable of informationprocess from

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

Codingis a processof gettingthe data fromthe survey instrumentinto the computer.

Editing information is about cleaning the data and making sure that it is ready for

use.

Weighting and expansionofdata is a process ofhavingthe sampledata representthe

population from whichit was drawnas nearly as possible. Weighting and expansion

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

balanceswithin the data to remove biases. While expansion is define as inflatingthe

size of the sample data set to represent the size ofthe population.
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Data analysis

The analysis method that been used in this project is statistical analysis method.

Data were analyzed by sorting them in a table (refer chapter 4: Result) and also in

bar chart. Result from the survey were analyzed by discussing on the different

obtained based on the response received.

There are 4 types ofdata can be analyzed which are:

1. Nominal

Distinguishable, cannot be ranked. Eg: gender,religious

2. Ordinal

Can be ranked, difference cannot be quantified. Eg: strength ofagreement.

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. Summary statistics can be used like below:

Number ofpoints 11

Mean of X 9.0

Mean of Y 7.5

Regression y - 3 + 0.5x

Correlation coefficient (r) 0.82

Level of explanation (r2) 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

33. Research Process Methodologies

Background ofthe Project

Problem Statement

Significance ofthe Project

Objectives ofthe Projects

Scope of Study

Literature Review

Data Collected

Survey Method Interview

Develop Database (Microsoft Excel)

Conclusion

Figure 3.3 Flow Chart for Research process

3.4. Analysis

Other Sources

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

Statisticalanalysisconsistsoftables, graphics, and mean and variancemethod.
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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/surveytools.
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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 ofquestionnaire to one type ofcompany.

2. Distribute Questionnaire

Questionnaire was distributed via mailing. There were two sets of

questionnaire distributed to the respondents which are questionnaire from

the 6th draft and the final questionnaire. 50 questionnaires were mailed to

the respondent using the 6th questionnaire draft and 300 questionnaires
mailed using the final questionnaire.

3. 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 ofthe campus semester.

4. 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 ofdistributing 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

Figure 4.1 Percentage ofcompanies 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 really

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 ofcompany participate

Type Numbers %

General

Contractor 7 28

Precast

Manufacturer 10 40

Precast Contractor 6 24

Precast Consultant 2 8

Other 0 0

S Total 25 100

TYPE OF COMPANY{%)

0%

n General Contractor

24% 1 •• m Precast Manufacturer

Precast Contractor

• Precast Consultant

m Other

Figure4.2 Percentage ofRespondents according to Type ofCompany

Like what have authorexpected, 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 G5, 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.
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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 1 10 1 10

E 0 0 3 30

F 0 0 2 20

4 40

1 Total 10 100 10 100

Figure 4.3 Percentage ofrespondents according to class ofcontractor.
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COMPANY CLASS FOR CIDB{%) o%
Gl G2
0% 0%

G3

Figure 4.4 Percentage of Respondents according to CIDB

From Figure 4.5,20% ofcompanies 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 ofexperienced companies involved in this survey

which have the percentage of 25% while the most experienced compames 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 ofcompany experience

Years Numbers %

<5 4 20

5-10 5 25

10-20 4 20

>20 7 35

2 Total 20 100

COMPANY EXPERIENCED)

Figure 4.5 Percentage ofCompany 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 systemthan 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 ofPrecast Groups that participate

Precast Groups Numbers %

Precast Concrete Framing, Panel & Box System 20 80

Precast Steel Framing System 1 4

Precast Block Work System 1 4

Prefabricated Timber Framing System 1 4

Precast Steel Formwork System 2 8

Z Total 25 100

PRECAST GROUP(%)

i PrecastConcrete

Framing, Panel & Box System

i PiecastSteel Framing System

•• Precast Block Work System

i PrefabricatedTimber

Framing System

i Precast Steel Formwork

System

Figure 4.6 Percentage ofCompany 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 also 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

2 Total 20 100

RESPONDENT'S DESIGNATION^)

Project Manager • Project Engineer

Construction Manager a General Manager

:?J Production Manager

a other

Figure 4.7 Percentage ofRespondent'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(%)

Figure 4.8 Percentage of Respondents' Experience in Precast System

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

39



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 ofProduction 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

Z Total 30 100

Lte.oiur^SOURCESOF PRO. RATE VALUE{%)
0% " -" ~~__^^ Other

previous ~-*0%
Related Project

27%

Feelin

Instinct

16%

ttton

RateMandard

7%

Figure 4.9 Percentage ofPrecast Production Rate Sources
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Table 4.8: Precast Production Rate (urnt/day)

ACTMTIES
RESPONDENTS VARIANS ME,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

a)SettingOut 22 26 _ 20 30 14 20 22 15 20 30 25 15 15 21 20 20 25 30 25 27 2:

a)Wall Positioning 15 28 18 21 21 14 20 15 20 18 16 19 20 20 15 19 20 22 25 18 11 1!

;) Wall Adjustment 25 20 18 20 21 15 20 15 18 14 19 20 15 20 18 15 20 20 22 18 6 11

J)BeamSetting Out 28 30 18 25 16 11 30 20 25 18 25 18 15 17 20 22 26 30 22 20 29 2'

3} FloorSetting Out 30 33 36 28 25 14 40 20 24 30 25 28 25 25 20 28 26 30 30 25 34 Z

) PourConcrete in-situ Topping 30 25 36 30 25 15 40 25 30 30 33 26 28 30 22 33 35 26 35 31 33 2<

))Staircase 15 19 18 15 12 15 10 13 15 17 18 14 15 19 10 13 17 12 12 18 8 1!

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 value.

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 compames 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 compames 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 supervisor 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 ofevery 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 ofthe respondents

did not answer or fill in the precast production rate part. Some ofthe respondents did

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

Their different understanding in the precast production rate part also gave difficulty

to the survey being analyzed. Some ofthe respondents gave answered based on floor

size and few ofthem 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 problems

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 one simple and perfect questionnaire. Different

alternatives taken in order to increase the amount ofanswered 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 ofprecast production rate.

Fromthe analysismade, it showsthat respondents prefermore 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

systemmainly from class C contractorand 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 ofmore reliable database in the future.

4.3. Findings

a. Some of the contractors 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.

c. 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 ofthe industry to be at par with other manufacturing-based industry such

as the car and electronic industries.

The adoptionof 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 ofactivities 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 offactor 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 ofprecast 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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18th March 2008

Dear Sir/Madam,

The Development of a Database for Precast Works' Production Rate

We seek your help in a university research survey on the implementation of development of a
database for precast works production rate within construction industry in Malaysia especially around
peninsular ofMalaysia.

In Malaysia, there is no formal database for the production rates of precast construction
implementedcompared to the total amount of companies in this industry. The production rate systems now
are mainly focusing on construction industry and there were no database that focusing mainly in precast
construction works. By doing this research, we are hoping that it will be a starting point in implementeda
database for precast works' production rate.

Precast production rates could be defined as the amount of precast works that could be done a
certain period of time. By implementing precast production rate's database system, it might help our
industry in calculating all the resources needed in precast works and at the same time will help promoting
the use of precast to the government and the industry as well.

We have devised a questionnaire which we would like you to complete and return and which will
only take no more than IS minutes of your time. With your cooperation, we should be able to collect as
many data as possible regarding the development ofa database for precast works' production rate.

It would help us very much if you could complete and return the questionnaire before 20thMarch
2008. As an enclosure to this letter, please find a self-addresses and stamped envelope to return the
questionnaire. You can also fax to us at 05-3656716, attentionto Dr Arazi/Zairul Aziya.

PleasecontactMs. ZairulA'ziya bt Zulkefli (012-6830988) if youhave anyquestions regarding the survey.

Yours sincerely,

(Assoc. Prof. Ir. Dr. Hj. Muhd Fadhil Nuruddin)
Head OfCivil Engineering Department,
Universiti Teknologi PETRONAS

Cc: Assoc. Prof. Ir. Dr. Arazi Idrus

Ms Zairul A'ziya Bt Zulkefli

UNIVERSITI TEKNOLOGI PETRONAS

INSTITUTE OF TECHNOLOGY PETRONAS SDN. BHD,
(CompanyNo: 352875U)Wholly-ownedsubsidiary ofPETRONAS)

BandarSen Iskandar,31750Tronoh,PerakDarul Ridzuan,Malaysia

Tel:605-3688000Fax:605-365407 D.Lines:HRM 605-3688291 Finance605-3688283 Library605-3688486
Public Affairs 605-3688237 StudentServices 605-3688409 Academic 605-3688345 Security 605-3688313

HRM605-3654075 Finance 605-3654087 Library 605-3667672 StudentServices605-3721286 Academic 605-3654082 Websitehttp://www.utp.edu.my



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 ofmeasuring 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.

I. Company:

1. Name of Company:

2. Type ofCompany: [ }General Contractor [ ] Precast Contractor
[ ] Precast Manufacture

3. Class (ifapplicable, for contractor):

a- PKK A[ ] B[ ] B[ ] C[ ] D[ 3 E[ ] F[ ]
b. CIDB Gl[ ] G2[ ] G3[ 3 G4[ 3 G5 [ 3 G6 [ 3 G7 [ 3

4. Company's experience in Precast construction? (Years)
<5[ ] 5-10 [ 3 10-20 [ 3 >20[ 3

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

f 3 Project Manager [ 3 Construction Manager
[ 3 Project Engineer [ j General Manager
[ 3 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 ofPrecast usage in completed project? %
4. How much knowledge you possessed about Precast Works? Please tick.

[ j None [ 3Average [ 3Excellent

5. Which Precast component/s are you using?
[ 3Precast Concrete [ 3Steel Formwork [ 3 Steel Frames
[ j Timber Frames [ 3 Block Work
[ 3 Other:

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

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

8. How much knowledge you possessed about precast?

[ 3Excellent [ ] Average [ 3 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. HowmanyBlockWorkSystems do you used in 1dayfor :
(a) Concrete Masonry Unit (CMU) :
(b) Light Weight Block :

4. Where do you gettheplanned andactual (if any) production rates' values inscheduling works?

5. What is the methodology applied in measuring the planned andactual(ifany) production
rates?

6. Do you have any production ratesdatabase that isused in thecompany's scheduling work? If
yes,canit be shared withtheresearch to further enhance the reliability of theresearch?

[ j Yes, and it can be shared
[ ] Yes, and it can't be shared
[ 3No

7. Please feel fiee to write anycomment related to the topic ofthe study.

Thank youfor yourprecious timeand cooperation in completing the questionnaire. It would behighly
appreciated ifyou could send back the questionnaire by 11th January 2008 oralternatively fax it to
05-3656716 (Attn: 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 a certain period of
time. Production rate is also knownas construction rates or productivity rate is a method of measuring how
fast a particular task inprecast workcanbe 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 CBS'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 tick in [ 3 provided.

I. Company:
1. Name of Company: ___^^_

2. Type ofCompany: [ 3General Contractor [ 3Precast Contractor
[ ] Precast Manufacture

3. Class (if applicable, for contractor):
a. PKK A[ ] B[ ] B[ ] C[ ] D[ ] E[ ] F[ ]
b. CIDB Gl[ 3 G2[ 3 G3[ 3 G4[ 3 G5 [ ] G6 [ ] G7[ 3

4. Company's experience in Precast construction? (Years)
<5[ ] 5-10[ 3 10-20 [ ] >20[ 3

II. Respondents1 Information
1. What is your designation with the company?
[ ] Project Manager [ 3 Construction Manager
[ 3 Project Engineer [ 3 General Manager
[ 3Production Manager [ 3 Other:

2. Respondent's experience in Precast Works? Years

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

[ 3Precast Concrete [ 3 Steel Formwork [ 3 Stee* Frames
[ ] Timber Frames [ 3 Block Work
[ ] Other:

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

{ ] Fast completion
[ 3 Lowering total construction cost
[ 3 Easy installation
[ ] Labor reduction

[ 3 Other:



Section B: Production Rates of Building Progress
Please use your own unit to answer question 1, 2 and 3.
For example: Precast Manufacturing: m3/hr

Precast Installation (Contractor): unit/hr

I. Production Rate Information

1. How many Precast Concrete Framing do you installed in 1 day (8hours) for:
(a) Beam

(b) Column

(c) Beam & Column

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

(b) Slab :

3. How many Block WorkSystems doyou 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?
E 3 Experience [ 3 Previous Related Project
[ 3 Production Rate Standard [ 3 Literature
E ] Feeling & Instinct [ j Other:

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

II. Other Related Information

1.Do youhaveany production ratesdatabasefor PrecastConstruction that is used in yourprojectplanning
& schedulingwork? If yes, can it be shared with the research to further enhance the reliabilityofthe
research?

[ ] Yes, and it can be shared
E 3Yes, and it can't be shared
E ]No

7. Please feel free to write any comment related to the topic ofthe 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 a Database for Precast Works' Production Rates

Production rates could be defined as the amount ofworksthat could be done at a certain period of
time. Production rate is also known as construction rates or productivity rate is a methodofmeasuring 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 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.

I. Company:
I. Name of Company:

2. Type of Company: E 3General Contractor E 3PrecastContractor
[ 3Precast Manufacture E 3 Precast Consultant
E 3 Other: (please specified)

3. Class (if applicable, forcontractor):

a. PKK AE 3 B[ 3 B[ 3 CE 3 D[ j EE 3 F[ 3
b. CIDB Gl[ ] G2[ j G3[ 3 G4f ] G5[ ] G6 [ J G7[ 3

4. Company's experience in Precast construction? (Years)
<5E ] 5-io E 3 10-20[ 3 >20[ 3

5. Which Precast component/s are you using?

[ 3 Precast Concrete [ ] Steel Formwork E 3 Steel Frames
[ 3 Timber Frames [ ] Block Work
[ ] Other:

II. Respondents' Information
1. What is your designation with the company?
[ ] Project Manager [ ] Construction Manager
E j Project Engineer [ ] General Manager
[ 3Production Manager E 3 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 : m3/hr, units/hr, mVday

Activities Concrete

Framing, Panel &
Box Systems

Steel Framing

Systems

Block Work

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

2. Where do youget the precastproduction rates' values for your projectplanning & scheduling works?
[ ] Experience [ 3 Previous Related Project
[ J Production Rate Standard [ j Literature
[ j Feeling & Instinct E 3 Other:



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

III. Other Related Information

1. Do you haveany production rates database for Precast Construction that is used in your project planning
& scheduling work? If yes,can it be sharedwiththe research to furtherenhance the reliability of the
research?

E j Yes, and it can be shared

[ ] Yes, and it can't be shared

E 3No

7. Pleasefeel free to writeany comment relatedto 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 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 productivityrate is a methodofmeasuring how
fast a particulartask 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 Pre-cast
ConcreteFraming, Panel and Box System, PrecastSteel Framing SystemandPrecast 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.

I. Company:
1. Name of Company:

2. Type ofCompany: [ 3General Contractor [ 3PrecastContractor
[ ] Precast Manufacture [ 3 Precast Consultant
[ 3 Other: (please specified)

3. Class (ifapplicable, for contractor):

a. PKK A [ 3 B[ 3 B[ 3 C[ 3 D[ ] E[ ] FE ]
b. CIDB G1E 3 G2f 1 G3[ 3 G4f 3 G5 [ 3G6E ] G7[ ]

4. Company's experience in Precast construction? (Years)
<5[ 3 5-10 [ 3 10-20 [ 3 >20[ ]

5. Which Precast component/s are you using?

[ ] Precast Concrete [ 3 Steel Formwork E 3 Steel Frames
E 3 Timber Frames [ ] Block Work
E 3 Other:

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

E 3 Project Manager [ 3 Construction Manager
E 3 Project Engineer [ 3 General Manager
E ] Production Manager E 3 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.

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 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 E ] provided.

I. Company:
I. Name of Company:

2. Type ofCompany: E

E

E

] General Contractor

3Precast Manufacture
3 Other:

[ 3 Precast Contractor

[ ] Precast Consultant

(please specified)

3. Class (if applicable, for contractor):

a- PKK A[ ] B[ ] B[ ] C[ ] D[ ] E[ ] F[
b. CIDB Gl[ 3 G2[ 3 G3[ 3 G4[ ] G5 f }G6[ ] G7 E

4. Company's experience in Precast construction? (Years)

<5[ 3 5-10 E ] 10-20 E 3 >20[ 3

5. Which Precast component/s are you using?

E 3 Precast Concrete [
[ 3 Timber Frames [

[ 3 Other:

3 Steel Formwork

3 Block Work

II. Respondents' Information
1. What is your designation with the company?
[ 3 Project Manager [
E ] Project Engineer [
E 3 Production Manager [

2. Respondent's experience in Precast Works?

3 Construction Manager
] General Manager
J Other:

Years

] Steel Frames



Section B: Production Rates of Building Progress

I. Production Rate Information

1. Please fill in the production rates in the table below.

Activities

Concrete Framing,
Panel & Box

Systems (unit/day)

Steel Framing

Systems (unit/day)
Block Work

Systems (unit/day)

Setting Out

Wall Positioning

Wall Adjustment

Beam Setting Out

Slab Setting Out

Staircase

II. 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?

[ 3 Experience E 3 Previous Related Project

[ 3 Production Rate Standard [ ] Literature

[ 3 Feeling & Instinct [ ] Other: _________________

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

III. 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 farther enhance the reliability of the

research?

E 3Yes, and it can be shared [ 3Yes, and it can't be shared [ 3^°

7. Please feel free to write any comment related to the topic ofthe 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 29th 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 wall in placehas to be the partition wall at the rear.
2. Mark a line parallel to and 100mm from the extemai edge of the wall.
3. Place shim plate @500c/c on the floor and level to wall soffit. Shim plate mayalso 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 untilwithin +2 or -2 mm
3. Ensure the four faces ofevery walls are adjusted
4. Position string 250 mm from face of walls
5. Walts within the same line are to be adjusted within same tolerance
6. Ensure air-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 beam soffit level if required.
4. Mark position ofbeam on floor.
5. Hoist beam in place and check top level.
6. Plumb beam 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 slab temporary supports and adjust the slab soffit level approximately.
2. Raise the height ofthe supports about 5 mm above slab soffit level.

• Slab Setting Out II
1. Hoist slab in place on top of beam and support.
2. Verify level ofevery plank soffit at four comers and center.
3. Adjust leveloftemporarysupport accordingly.

• Staircase

1. Position landing or slab and verifysoffit level at four corners.
2. Adjust level to within tolerance.
3. Position shim plates at staircase support location to correct level.
4. Verify level differencebetween pegson top and below.
5. Hoist staircase in place.
6.10mm gap between precast plank and staircase



Development of a Database for Precast Works' Production Rates

Production rates could be defined as the amountof worksthat could be done at a certain period of
time. Productionrate is also known as constructionrates or productivity rate is a method ofmeasuring 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 l)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 [ V] provided.

I. Company:
1. Name of Company:

2. Type ofCompany: [ ] General Contractor

[ ] Precast Manufacture
[ ] Other;

[ ] Precast Contractor

[ ] Precast Consultant

(please specified)

3. Class (if applicable, for contractor):

a. PKK A[ ] B[ ] B[ ] C[ ] D[ j E[ ] F[
b. CIDB Gl[ 3 G2[ 3 G3[ ] G4[ 3 G5 [ 3 G6 [ ] G7 [

4. Company's experience in Precast construction? (Years)
<5[ 3 5-10 [ ] 10-20[ 3 >20[ ]

5. Which Precast groups are you using?
3 Precast Concrete Framing, Panel & Box System
3 Precast Steel Framing System
3 Precast Block Work System

] Prefabricated Timber Framing System
3 Precast Steel Formwork System

II. Respondents' Information
1. What is your designation with the company?
[ 3 Project Manager [ ] Construction Manager
[ ] Project Engineer [ 3 General Manager
[ ] Production Manager [ ] Other:

2. Respondent's experience in Precast Works? Years



Section B: Production Rates of Building Progress

I. Production Rate Information

Please fill in the production rates in the table below using preferable units.

Precast Concrete Framing Svstem

Activities Production

Rate

Size of each unit

(activities)
Picture

Erect column include supporting

false work

Column:

11

Lift, place & join beams Beam:

Lifting & erect prefab floor units Floor:

Install topping bar (mesh) Bar:

Install edge formwork Formwork:

Pour in-situ topping In-situ:

Curing concrete topping Concrete:

Others:

Precast Panel System

Activities Production

Rate

Size of each unit

(activities)
Picture

Setting out

lu ^ ski
Wall positioning & adjustment Wall:

Floor setting out Floor:

Pour concrete in-situ Concrete:

Staircase Staircase:

Others:

Precast Box System

Activities Production

Rate

Size of each unit

(activities)
Picture

Setting out

Lift, place, joint & grout box unit Box:

Pour concrete in-situ Concrete:

Staircase Staircase

Others:



II. 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 precastproduction rates' values for your project planning& scheduling works?
[ ] Experience [ 3 Previous Related Project
[ ] Production Rate Standard [ 3 Literature
[ ] Feeling & Instinct [ ] Other:

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

III. Other Related Information

1. Do you haveany productionrates database for Precast Constructionthat is used in your project planning
& schedulingwork? If yes, can it be shared with the research to fiirther enhance the reliabilityofthe
research ?

[ ] 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 ofthe study.



Example pictures of precast works

Precast walls are proppedbefore castingofjoints
properplanningis required for perfect alignment

Precast planks are installed in place

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

The pour strip between 2 pieces ofprecastwalls
are cast

Preparation for casting of landing slab to precast
staircase

Concreting to topping

Thank you for your precious time and cooperation in completing the questionnaire. It would be highly
appreciated if you could send back thequestionnaire by 16th March 2008 or alternatively fax it to 05-3656716
(Attn: AP. Ir. Or. 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 rate is also known as construction rates or productivity rate is a method of measuringhow
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 l)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 [ V] provided.

I. Company:
1. Name of Company:

2. Type ofCompany: [

[

[

] General Contractor
] Precast Manufacture
] Other;

[ ] Precast Contractor
[ ] Precast Consultant

(please specified)

3. Class (ifapplicable, for contractor):
a. PKK A[ ] B[ ] B[ ] C[ ] D[ ] E[ ] F[
b. CIDB Gl[ ] G2[ ] G3[ 3 G4 [ ] G5 [ ] G6 [ 3 G7[

4. Company's experience in Precast construction? (Years)

<5[ 3 5-10 [ ] 10-20 [ 3 >20[ 3

5. Which Precast groups are you using?
3 Precast Concrete Framing, Panel & Box System

] Precast Steel Framing System
3 Precast Block Work System

] Prefabricated Timber Framing System
3 Precast Steel Formwork System

II. Respondents' Information
1. What is your designation with the company?
[ 3 Project Manager
[ 3 Project Engineer

[ ] Production Manager

[ 3 Construction Manager

[ 3 General Manager

[ ] Other:

2. Respondent's experience in Precast Works? Years



Section B: Production Rates of Building Progress

I. Production Rate Information

Please fill in the production rates in the table below .

Precast Concrete Framing, Panel & Box System

Activities Concrete Framing

(unit/day)

Precast Panel

(unit/day)

Box System

(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

II. 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?

[ j Experience [ 3 Previous Related Project
[ 3 Production Rate Standard [ ] Literature

[ 3 Feeling & Instinct [ 3 Other:

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

III. Other Related Information

1. Do you have any productionrates databasefor Precast Constructionthat is used in your projectplanning
& scheduling work? If yes, can it be shared with the research to further enhance the reliability of the
research ?

[ 3Yes, and it can be shared [ 3 Yes, and it can't be shared [ ] No

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 ofjoints
proper planning is required for perfect alignment

Precast planks are installed in place

Preparation ofwelded mesh and services for cast
in-situ topping

The pour strip between 2 piecesofprecastwalls
are cast

Preparation for casting of landing slab to precast
staircase

Concreting to topping

Thank you for your precious time and cooperation in completing the questionnaire. It would be highly
appreciated if you could send back thequestionnaire by16dl March2008 or alternatively faxit to 05-3656716
(Attn: AP. Ir. Dr. Arazi Idrus).



TECHNICAL NOTES

Neural Networks for Estimating the Productivity
of Concreting Activities

A. Samer Ezeldin1 and Lokman M. Sharara2

tract: To overcome the variability and the impact of subjective factors on the cost of concrete-related activities in developing
itries, neural networks can offer a guiding tool. In this study, three neural networks were developed to estimate the productivity, within
^eloping 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
•orks. Commercial software was used to perform the neural network calculations. The processed data were used to develop, train, and
:hc neural networks. The results of the developed framework of neural networks indicate adequate convergence and relatively strong
ratization capabilities. When used to perform a sensitivity analysis on the input factors influencing the productivity of concreting
ities, the framework has demonstrated a good 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 countries; Project

agement.

oduction

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
irs 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 to in-
orate the effect of qualitative factors in their estimate. Less
rienced 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

i from past trials; they attempt to generalize on the data pro-
d (Harvey 1994).
he usage of neural networks has been gaining a widespread
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I, Egypt (corresponding author). E-mail: aezeldin@aucegypt.edu
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technical note is part of the Journal of Construction Engineering
Management, Vol. 132, No. 6, June 1, 2006. ©ASCE, ISSN 0733-
/2006/6-650-656/$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
AI-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 is based on collecting data from expert construction en
gineers handling such activities in actual projects.

Methodology

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 on Concrete Works Productivity

The Purpose ofthis survey istoasses lh= productivity ofconcrete works puning inconsideration various factors
and conditions that may affect this productivity.

Participant Data

Form Filled By
Company

Position

Date of Survey

Project Data

Project Name
Project Location
Project Description

Owner

Consultant

Contractor

General Data

StructuralElements) UnderConsideration
Quantity of Concrete
Duration of the Construction (Formwork, Sled Fixing, & Concrete Pouring)
Temperature Conditions O Cold O Moderate
Working Conditions O Mild O Moderate

days
'Hot

Harsh

Form workAssembly Data

Crew Size no.
Typeof formwork
Ilowdo you classifythe supervisionover the labor?

How do you classifythe labor skills?
Did laborstay overtimesignificantly?

Complexity ofthe Task
Accessibility of Materials
Degree of Repetition

Crew Size

Quantity tons
Howdoyou classifythe supervisionover the labor?

How do you classify the labor skills?
Did labor stay overtime significantly?

Complexityof the Task
Accessibility ofMaterials
Degreeof Repetition

PouringCrew Size
Whattype of pouringmethod was used ?

Duration days
Type of Falsework
O Little O Adequate O Strict

0 Unskillful O Adequate O Skillful

0 Yes O No

O Typical O Complex
O Easy O Moderate O Hard

O None O Moderate O Repetitive

SteelFixing Data

Duration no.

O Little O Adequate O Strict

O Unskillful O Adequate O Skillful

O Yes O No

0 Typical O Complex
O Easy O Moderate O Hard

O None O Moderate O Repetitive

Concretepouring

o Duration no

O Ready Mixed O Batch Plant

Howdo youclassify thesupervision overthe labor?O Little O Adequate
Howdo you classifythe labor skills? O Unskillful O Adequate
Did labor stayovertimesignificantly? O Yes O No

Complexity of the task O Typical O Complex
Accessibility to Materials O Easy O Moderate
Degreeof Repetition O None O Moderate

O Traditional

Mixer

O Strict

O Skillful

O Hard

O Repetitive

General Comments

Fig. 1. Survey form of productivity of concrete works

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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Ie 1. Factors Considered Affecting Corresponding Neural Networks

)

;tural element

:rete quantity

I quantity

v size

:work type

nwork type

ing method

;rvision

)r skills

rtime

complexity

;rial accessibility

ree of repetition

perature conditions

Formwork

assembly NN
Steel

fixing NN
Concrete pouring
and finishing NN

found in the literature to the local market. The survey form
revised and finalized based on the input of these experts. The

I survey form on the productivity of concrete works is shown

"ig. I-

a Gathering

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

Ie 2. Choice of Numerical Conversions

S00O 10000 isooo

Epoch

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 quahtative 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 he/she
would be working independently of other participants (Company,
location, etc.).

sr Choice

:turat element PC Footing RC Footing Raft Horizontal Vertical

:r consideration 1 2 3 4 5

;work
Wood

1

steel

0

__

— —

iwork type
Wood

2

plywood

1

Steel

0

— —

Traditional Ready mixed Batch plant —

—

ing method mixer

2 I 0
— —

:rvision
Little

2

Adequate

1

Strict

0

— —

>r skills
Little

2

Adequate

1

Skillful

0 :
—

"time
No

1

Yes

0 I
—

z

complexity
Typical

1

Complex

0

— — —

;rial accessibility
Easy

2

Moderate

1

Hard

0

— —

'ee of repetition
None

2

Moderate

1

Repetitive

0

— —

perature conditions
Cold

2

Moderate

1

Hard

0

— —

iing conditions
Mild

2

Moderate

1

Harsh

0

—
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B 3. Arrangement of Hidden Neurons Table 5. Accuracy of Formwork Assembly NN Training Exemplars

neters

Formwork

NN

Steel

NN

Concrete

NN Percent accuracy

Greater than 90%

Greater than 80%

Greater than 70%

Less than 70%

Number

of exemplars

74

74

77

4

Percent

(%)

en layers

en neurons

on arrangement

2

70

35/35

2

30

15/15

2

20

10/10

91

91

95

5

hree main characteristics were considered when selecting the
icts included in the study. First, the project under consider-
i must include a significant amount of concrete work with
[able documented data. Second, the construction methods
in performing the concrete activities were similar and ex-

id within a period of 1-2 years from the time of obtaining
lata. Third, the concrete elements included in the data should
ipresentative of similar elements in the market. As such, the
:rete elements chosen were plain concrete foundation, re
cced concrete isolated footings, rafts, slabs on grade, elevated
-,, beams, columns, and shear walls. Advanced forming tech-
es such as slipforms, climbing forms, and lift slabs were
iided. Normal strength concrete (less than 40 MPa) was used
[I 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
iisted of entering the data from the surveys into a main table.
main table was divided into five areas. Area one dealt with

;ral data. The inputs of these data fields were the same for
iwork assembly, steel fixing, and concrete pouring networks,
ie inputs included: project name; project location; affiliation
ie participant; structural element underconsideration; quantity
:oncrete; temperature conditions; and working conditions,
is two, three, and four were three individual areas, each con-
ng factors affecting a 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
xs considered for developing each of the neural networks.
i five included the desired productivity rate in days for each
ie 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. If the input data fields available
ie survey were numbers, then they weredirectly entered into
neural networks without manipulations or calculations. Each
lerical data field was linked to its corresponding position in
natrix, and simply transferred there. Data fields of that nature
; concrete quantity, steel quantity, and crew size. On the other
i, if the inputdata were in text form, it neededto be converted
i text format into numerical form in order for the neural net-

k to utilize it in its computations. Table 2 shows the input
ors, the text choices available for each of them, and the cor-
onding numerical form used by the neural networks. The

Ie 4. Training and Testing Data Sets

nwork assembly NN

1fixing NN

;rete pouring NN

Total

data set

90

92

Training

data set

81

72

Testing
data set

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
positioning.

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/m3)

= Formwork crew size (man)

XFormwork assembly duration (day)/concrete quantity (m3)

(1)

Steel fixing productivity (mandays/ts)

= steel crew size (man)

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

Concrete pouring productivity (man days/m3)

~ pouring crew size (man)

Xconcrete pouring duration (day)/concrete quantity (m3)
(3)

These equations were used because they include the man hour as
input. Another productivity equation (for example meter3/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 into the
main survey table, it was entered from the surveys at hand. To
avoid the monotony that could arise from this situation, random
ization 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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Table 8. Accuracy of Formwork Assembly NNTesting Exemplarse 6. Accuracy of Steel Fixing NN Training Exemplars

Number Percent Number Percent

•nt accuracy of exemplars (%) Percent accuracy

Greater than 90%

of exemplars

4

(%)

ter than 90% 70 97 44

ter than 80% 71 99 Greater than 80% 6 67

ter than 70% 71 99 Greater than 70% 6 67

than 70% 1 1 Less than 70% 3 33

affect them. The commercial computer program was used
;velop, train, and tests the neural networks (NeuroSolution 4
I).
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 appropriatenetwork archi
ve 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 accumulated back
ugh the network after each training fact or exemplar. Batch
ling occurs when the total error is accumulated back through
network for the whole training data set. The results indicated
batch training produced smoother convergence.

The number of epochs refers to the number of training cycles
network should execute. The neural networks were run for
;hs 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 delayedsignificantly. 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 con-e
nding neurons entailed generating numerous trial neural
vorks (NNs) with different numbers of hidden layers and neu-
s. The number of tried neural networks for each of the con-

ie 7. Accuracy of Concrete Pouring NN Training Exemplars

Number Percent

of exemplars:ent accuracy

iter than 90%

iter than 80%

ater than 70%

i than 70%

35

46

55

29

(%)

38

50

88

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/output MSE. The training MSE is the average
of the squaresof the difference between the desiredand predicted
outputs for everyneuron in theneural 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
andpredicted outputs for the training dataset. 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
network has calculated to predict their outputs. The predictedout
puts and the desired ones produce the input/output mean squared
errors.

The target ranges for these MSE were 10~6, 10~4, and 10"' 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

MSE =
%,X.Mry:!f

NP
(4)

where MSE=mean squared error; P^number of output pro
cessing elements; N= number of exemplars in the data set;
d,-,=desired output for exemplar i at processing element j; and
3^=actual output for exemplar i at processing element;'.

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 testingdata 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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B9. Accuracy of Steel Fixing NN Testing Exemplars

Number Percent

:nt accuracy of exemplars (%)

:er than 90% 3 38

:er than 80% 5 63

ter than 70% 6 75

than 70% 2 25

; accurate. As such, the study adopted the division of 90% of
lata for training and 10% for testing.Table 4 shows the divi-
for the three neural networks.

i summary, the selected networks had 90% training and 10%
rig 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
;fer function.

\ral Networks Model Validation

r the network trains for the designated number of epochs, the
/ork freezes the weights it has reached. Calculations per-
led from this point on will be using those weights. A valida-
of the neural networks is required to determine the extent of
earning andgeneralization ofthe neural networks. Toproceed
comparison between the desired productivity and the pre-

;d productivity it is crucial to determine a level of accuracy,
capability of the networks toproduce accurate results is ob-
;d by determining the percentage of exemplars meeting or
:eding a presetaccuracy level. Three levelsof accuracy were
;ted 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
;ator, with the available data, for the capability of the training
sets to converge and for the testing data sets to generate

diction of Training and Testing Data Sets

es 5-7 indicate the accuracy of the training data sets for the
lwork assembly, steel fixing, and concrete pouring neural
/orks, respectively. The accuracy of the training exemplars
cates that the networks have adequately converged. At 70%
iracy 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.
The results of the testing data set are actually an indication of
generalization capability of the neural networks. The inputs
run forward through the network using the weights calculated
ng the training phase. Thetesting exemplars indicate that the
rork has developed reasonable generalization capabilities.

Ie 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

: 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. At 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 achievedresults 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 onthedegree of labor supervision. Anaverage of 50%
increase in productivity may result with better labor skills. Pro
ductivity maydouble 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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ISSUESAND CHALLENGES INTHEIMPLEMENTATION
OF INBUSTRIAUSED BUILDING SYSTEMS INMALAYSIA

AhmadBahoruddinAt-L Rahman. Wahid Omar
Fscujn- MCintEnsiimiiue.t 'nuwili TtbialopMalay sia,

Sk-udsi. Johor. MALAYSIA

ABSTRiCTT- Tin! iffltuslrialiTcd Buildine Syl-tems (IBS) Rosdmap SOOJ-IWO
published Hj'lJie Construction Industry Development BW (CIDB> cllines several
ncllJbaiEliI jiaiisiK^idaECiK^vcsKoswptDniiUtflKusMU'lBSui Malaya*. Hie
samzuwsil ii Ulioj IhttadUslolc toptMalt Ok coaslnmiou industry loeosase a
more sv-pleoulic apcroich and raeihodoloey b construction hisaajalccic chance mBut
wnslruclion iadusuv and *c HlonSUJled io]»!. Besides ireaimtoGradually reduce
Ihc depends"" oa' foreign labour awl saves 16: ewalry Irom losme, oul lorafn
tsthaj.EC. IBS"provides H* OHMtonit, for toeplayers i"** consrruclion PKlusuy a
develop a ne»maceofDm ccnstnKUeo imta.lry lobealparMh omnmanulacEraie
untwines such ascarandckcironic industries. Wrlh mccn-sfflt coovcnlional medicos ol
sonsnurlioo in; uidusm' iialvjis associated i-ilbmany unprofessional practices. Ibe
adoption olIBSpromises toelevaiccvervkvdol Itsiodusiryloan™-height and inuje
ofprofessionalism. Bv adoplins IBS. efficient efeaa. sale, prolessiorulty maoieca ami
handled bvprofessional, "id workers with idcwil stills, proper coordination and
ounBscmtiil pceciain. innovalivs and qualili will be ijipeaied asnetv aiuibwes lobe
associated wilbuVonarucliLin indusuvTheindustry players aicexpected lo vcnHue
inleraattniallv andok ol IV prc-reqUTSilc lo compete globally is Co offer quality,
cftieica and professicoBl service! and a|ain IBS can be an cwdkal opium. AitiMieb
r^eoMftfrurie been introduced in Malaysia asearly as in IKT/i.IbetudusliYas a
v.*Die seems quilt iducttnt loexploit theuseoI'IBS. Aiccenl airviry carried oul ontie
useoflS!.inMalaysia reveals sorric ofIhcissuesandchallenges. *tlieh requueallenlioii
IronidilleiealpAilicS-

l.V Introduction

industrialised building system IIDS) isa cunstmcliun system that isbuilt using prc-tibricalrd
components. The manulJCIUiing al'Ihc compoiienls il systematically done using machine,
formworks and other Ibtms ofincdiankdl equipment. The components arcmanulaHurcd oii-
site and once completed nil!bedelivered [a- construction sites Tor assembly and erection.

InMaln-aij, Conslrwtion IndusU) Developmera Bosrd (CIDBj hasclassified Ibe IBS
ij-jicniinloScoleauriffl as Iblluvis:

rj. prccoaL concreteframed buildings
iij. precast concrete nailbuildings
iii). rcirUbrccd cpncrelc buildings withpiecasl concTcLe Blah
iv> alccl Icrm^oit s>Lslem
v). steelframed buildings andriioftrusses.

In this paper, hoMtvtr, only Itule nstems ofIBS are discussed namely Ihc stelclal
pricosl framed . precast will and steel liamcd slnrctluw <scc Figure I)

P-octali ••!•! uflhz £ Miu-Pmific Slmcural Etgmxnng onJ (\»»rnicru«11" <rjfcre
IAPSEC WU6I, S- 6SefScnbsr 2<K16. Kualalwap*'. Muloyna

- ^l .
* " i

(j>Pkll i-Ftoii Kuala inn pur

2J Lack ot inv«IVMH*n< from small coarrflciurs

From the survey itistound that many imall cniMractors are reluctant 10 adopt IBS system and
prefer tocontinue using the conventional rnclhud ofconstruction. This isdue lothe raH thai
•mall contractors arealready familiar nil! Uie cnuvenlional system auU for them the
technology suit v.tll »ilh small scale ptojeels and therefore nol Hilling 10 JKltch 10
mechaniied based cynca, Furthermore smnll coturactors lack financial backup and atenot
•We toactuptheir nanraanutaclurina plania a, ilinvohiea very inlenaive eapiial investment.
InUiis case, rinaiuiiil wuejbecome themain obstacle for small contracloij lomove lorvtanl
siilh the IBS system. On Ihc other hand, hmyever. many big players inIBS ladivuy have
ikc-Mi good track records in building sueceslid IBS projects. This show thai IBS isa
feasible system provided the parties involved havt Ibe capabilities loany out Ihc work
rdalcdtoIBSsuchasanalysis, designandnHnulaeturing ofIBScomponents.

X3 Lock ol bnottknlge and uposnrc » IBS IccbDoCi^y

LacS of knovlodge inHmctoral analysis anddesign of pre-I'abricated corajwncnls among
civil engineem and those related 10 conslmclirtn discourages further the implementation ol
IBS system. Unlike sled structures, the subject ofprccasl concrete design is normally not
delivered loundcigtaduote studenls inmany universilies. Asaresult, many junior engineers
arc nol really familiar with Ihc precast concrete technology as compared lostruclutal
siedworfc.

Knowledge in ctmsuuelion leehnolofjy is equally important. There arecasta, where
building projects are awarded and constructed wing IBS system but wire cairicd out Kith
many difficulues. The most common problems encountered are improper assembly ofthe
components thai normally involved Ihc bcam-UKulumn and column-to-base connceSona.
These problems arise due lo Uie fact thai the panics involved in Ihc coosliucUon
underestimate Ihcimportant ofacemacy inselling oul Uie alignment and levelling ofIhc
bases. Basically, accurate levelling andalignmcnl of Ihc hales arethetwomast important
a^pectalurlhesuccessMiar^err^morrjrecaacuTBrra

Other related lechnieal issues oreIsri ofknowledge capability indesigning Ihcdetails of
tics and conncclions of the pre-fabricated components particularly in precast concrete
consuueu'on. Poor conneclioo system may cause problem to site wort such lhal the
cimncctions cannot bejoined properly duo topoor construcliondetails (sccligme 3)

[Wc'.'-'MjJ • 585.-1™...-Mi'. /.Waiw.";!!'. .Wj/oys

f/i.^.jicJ.ihTiefiirclW Prcctiil
structure

Kail (CI.SiatfruiBcJ

IhciaS systems asmmlioncd above Jiem« ncv.in Malaysia. Fwicjwraplc. praasl"all
sistem Has beiiadopted inMalaysia ascarry as inthe late Wis Even Kwush the IMS systems
havebeeninesiSene:lora l«flg timetintthere arcsuitmanyunrestdvol issues. S.imcu] lac
issues areIhcability ol" lb?industry players loerjuip •Mlh netessan- lechnieal tnovied^ ,n
.Mdei toadopt IBS intheir pr.ijeels. Example! ofthis lacking arc clearly rcllctteJ inthe
quality ofthe completed prujecls arid there arc situations «hcic fflS couU noIbe conunucJ
due to unavailabilit>- ol" relevant technical espcrls. This paper discusses those issues and
auggests aprMiiprialc approach inovercoming them

2.1) Issues •>! IBS

11 IBS» s construction mc thori

Theterm 'IBS' isultoi misintcrptclHi uilhncg»livc meaning asit isalwais linkol wilti
indnsuisliied buildings thai Mere built inlSeOs. These huildinjis arenormally associated «dh
prc-labricilted mass construction raellwd. tmf qualrtv buildings. lealagcs. abandoned projects,
unpliasanl architectural appearances ard olber drav.oacls Due lo- Ibe poo. alduleilural
design. Ihc old ptc-fatmcalcd buildings have fiiven the public, bad impression about pitcast
concrete

There have been quilt a number of eases vherc lite use of IBS had lead lo such
oiavvbacks. forsample, inIhc case ofPetcliling Tlats inKuala Lumpur and Taman Tun
Saldon, Gelngor, Perang (see Fisure 2). Tncse Wn early pre-fabricated tlals «re tonslracled
inmass toproduce low cost accommodation for lower income groups. Inthe ca«c olTailira
TunSardon the IBS precast system v.as designed b)British Research Establishment. IJTC Tor
lov. cost housing in tropical countries. However, the design -as very basic and nol
considering the aspect ofserviceability such as the need for »« Inlets and balhrooms.
Lacking '" "us*«S" consideration leads 10 problems orIcalagc that becomes the i
issue ailh p.ctas! buildings. In addition, in many eases the low cost housinss
maintained properly, thus contributing lurthcr 10 the poor image ofIBS bui Wings

centaltfibe o"Ann-Pacific Swetural £•%••*:&•% i»«"hii»«»i Coa/ii
fAPSEC2if06l.3-CS£pic^bt'2lt^.XuataLt"nfmr.Malu«i!ij

ontfeetiun g*/tm IcqJ»I •fct rulvrl and sorrik

In thecase ofstcdivo* slrocturci. then: arcmany cases where buildings were designed
to imitate IhcconvcnlioiKl ttinlitfeoJ wnciclc slruetural system. This concern results ui
exposed Sled beams and columns. Eventually this invites many serviceability problems such
asleakage (see Figure J).Rain water can easily seep into UK internal btnldmg through Inc
joint between the wall and steel beam. Dampness leads locorrmioo iodie lighting system and
lite steel beam.

*-i\

Figure-! Slcct'beamshuuldtiutoccfprtcJt, i the cgie tifcuncrcte beam

3.0 SuccessrolImpkinentation of IBSProjects

With Ihc advanced knowledge incompuler aided design, IBS buildings can bedesigned and
visualised HHiylicollv prior to theactual consWiclion. The 3-dimcnsional drawings canbe
developed toprovide accurate component dimension! and hence tosme buildabilily. Eteclinn
and construction procedures can also be simulated and p/openy planned wiih ihc use of
computer sottiyares. Feasibility studies on ibe different building systems can beoeOoimed
without incurring much cosL ProWcmi during conslnrcliun can also be observed and
predicted. Any recliiicauoru tothe componenl design can bedone befare Ihe manuracuuing
process Tr^corraiulcTtoolscootribuic toawell-planned and systematic IBS system.

In relation lotheadvancement ineonipuIcr-«J*cd design, IBS buildings builtinMalaysia
in the 1»0*have shown significant improventcnt in terms structural performance and
architectural aspects. Some ofthese structures have become theshowcases and even the icon
of11k country. .One good example isthe Brickfields Secoodari School 1 The school islocated inabus}'
andlimited, access ale. With such construction constrain!! and 10 expedite constniclion



periods a building svsicni missing jbtPiu 75^* of prc-fflhncaicd components ui" pcec^i
concrete b*diii!ir. colunins, hoHuw core stabs and solid plan&s weie adapted. The precast
(•KKTclc^rfci^Uraincd UKa>^ttnii3 il?., widely used in mmr; oilier pfojedi £igmcs Gand
7 show Eh? piccasl cuncrclc buildings tlui Wire bull Usinc. pccca^T concrete compiificnls uE
hams, ciilumns and slabs

Figure5 i^rj:ri5omit^Jrrc'''njlrTicf]<"fn fjfBrickfiicdr SccHndtnySzhtxii ill, Knoln Lumpur

frigun 6 DuringotiJafter cfJbyaJusco Tehran JuhorBahm

fja)SubangSqHart Sbban^M
Figure 7

Another successful examples of IBS systems .Another successful examples ol itSi systems using precarrr concrete load bearing n
system lire Scnatvang PoliceQuartc*face Figure 8(a»hteachers*quarters in Kuala Kane~_
/«.- Re.'*..- jHh.1 -*^ Arlt.rdrn.nt Itt'-.H.-^ Ir. P...-, h,". fr-a- t.^.r,; Hjfcj) ^ ,o(a] jjf JO.OOO
system lire Scnatvang ftilicc yuaHc* (see J-iguic K(oJ)h teachers* quarters in Kuala Kangsar
(sec Figure 8lh)) and govenunent quarters in Pulra Jaya (sec Figure 1" '

F'vcccJings itfthc trAau-pQiificSimefn-jlEigi'iccn-ig iwiiCvrtttrvcii"* Ci>yfcti
(APSEC21/06). 5- 6 September 21/06. KuattiLumpur. Muiti^'na

-1.0Challenge?, in tbt IBS construrtiuii imliiilrj

II can he seen thai wnlraclnrs Ihal have ca.pjbility in providing lo(j, ^.tltiUdii of TBS intern
cinlol oul many sueceuliil pfiyccu 'this rellccva thai [iteptt desgn and planning
ciwsfdfrfuiiiMii promise goad IBS building 9>".,ueni^- Ha«cvci\ ihtrc jrc many durilengfi in
ach«vc thin largtl andIhcmmi.ocicjatt dcwrib*:dIn«clj*>ns ^.1 lo -1.5

4.1 DrtpiRtutiK b Fcmfrlc IBSSy&tia

IBS sjifttii iTproperty deigned candelivci a mere eUiaenl eamtfiiLliiHi proc--« due in many
advantages Such as glcJlct ipeed of ionslmdlix^ sanp\a comlnicliun piixxsa, reduced
cnirironmcnUliiiipactd^ reducefelionw on Ifj^ilioAalfal>oufS. Tl^
provide a feasible an>J infiavalivt; IBS system lhai is aceeplaNc !o Those: inv^ved wiih
cdn'Eruelianasuvli as the uieis.

In urdrti id achieve a feasible IBH sydem, Iht jupec) at ^lundaEilizDiiiinshould be
incdpofdla} m designing the system. The fltundaididarion cm include dn; use of tfandaid
cpfinraiions, efUndard beam and column sizes. Siandardiwlion of caiflpownls may be
ji.corpor.ilcd lo reduce Ihc owl of mflinilactunng B>" Jmplemcniinfl sfandudization, many
crrpra in prufluciinn or cfecliondue lo variabilis' can be reduced.StaKlaidiiation may lead lo
impfovenxnlinquaJii), dctrcarc va/iabdi^ aridiiKfcawflwcase ol manuf^iidng.

In Ihii caw. Ihc challenging nspccl iclalcd lo a feaaibrE syalcm i* lhc Dwirfacturinjj of
lhc tompuncrils. For example^ the ileel mould used Eofofin beams and criumag miul have
highdepot of piccifion |o pro<hjce aecurolc and tonHiienl dinicnsoib of u^dlh,bieadlliand
lengih and other related dimensions- The moidd ihouEdbe of high quaJily uiih enough
durability and strtnfilh and nol easily become*denied or buckledduring ejmpacfjoii of the
concrete-In Ihc case arraechauf^coii^^

ia the concrelc componenl. musl be localed prmady prior iir concieling. Similafly any
fJecvrt nr opcrunflin QifcompvncrU mmi be done accurately.

4.2 Invescmr of an Heavy Equlpmtflf for McchanbcJ Coutmclba ^Arm

Thesuccessful:IBS consUuclion syrtem has some degjt* of dependency to heavyand special
cqiiipnKul ftichat cranes.Thehighinilia!cad in tdling up the nvtniitacturinB plantas wed
& ite sosi rt'tra&wrriaftott has rcductdQit marginof pfofif.Il has been nolkcd UuUdespiie
all i^advaDlage* of adoptingffiST a ugmricaniportionof ine conjtfutlicn indiutr, pf&yc-H
s|i!l hau a bias^ nrrceptiun on IBS sy,>u:ra. It is idmincd pieunlly thai lUiTehinfi to IBS
Uttuld not guarantee signiUcantsavhigF in the cost Cipeci.fl.ly *ilh Ihc small volume of
buildings coiulriiclcd- However, IBS hss dcnHHUlralcd thai ihc Mvings in the consuncljon
tjme ii able lo compensate the higher construction corf incurred.

In order for TBS sysieoi lo be undcietood and used widcE}', Lhc challenge is lo create
ittcchdnisn. ol aw'arenejs, Mam conliacloYj and even eiighwrc are nol well 3wan: of U« IBS
qstcm and not involvo] with the u^c of any IBS n>flcsi in their constructionmethods.
Therefore* in order to create awarenessamong pneticing engineeHand canfnetora. campaign
to IC4USIUC that IBS syricjns an; able Jo pmvidc last, ccODoDiiwI and high quafitiL products
ihoLild be canicd out The marcocs* campaignsmay includeseminars and shortcottHcs. F-m
eicaniplelCn>Bincallal>rtfahoaMihuaiverffli^
canicd oul extensive seminais and roaddipw ta give expostfe lo conlraclors and engineers
about the IBS system Alio, handci-on liainings In specialised! works such as operatingeranes

(.IPSKC2WSr.5 - *&!*-ji"..ix'2ti'/r\ Xi/sluLatvpii'.Mmhv,

uniis of Icjchers' quiners wn= JhjiIjUmm^huu) Hie country usins Hk sLmdJid ^l/ueiuMl jml
jEehLicciuraL design

In ihc cast of sted structure*, ihefe are also many sueecis<lrlIBS piujctls. figure 9
shows [he KLCC convention centre, an <conbuilding in Lhcprcsuajcua ULuAa Lumpur c.iy
centre. The huiFding wis buill using a combiiuilit.n of prefabricated sieel ronf truss wilh
cmuposjlc steel <tetk flooring systcm.

FigureV Dunag amiafterei/mmsetiim i/'tdA C

(APSEC 2'W6). j - 6Scptc"ib:- 2W6. foria Lumpur,Mafq'nv

2nd ucldinj; works u
indusln

urHluctcd ro provider speciErSE^ und tuinc-i i%t'rl\cri in ihc IBS

-I.J Kauwltfifs

SpeciJliztd and Jdditioiial ciTgincerii.g btoHJed^c will be required lo design, nunufuclure
and eofajtmct a good IBS systcen Atl poEtiesinvolvid from designed to cmtar* musl h^c
enough Lnoi\icdgc abcml Ihc prc^fabricalcd component bajioJ consUucuon In terms of
design. Ihc engineers must have cumpctent knoivltdge m analyiLS and design. In ihc
construction lield, lhc cooUactoraand slccngiEtccrsmusl have enoughknowledgeon lhc .iafc
and accurate mcUxtdn of efecung 4ndassemblinglousecomponents into a globalstmcrurc

At univtfsjt\r level, ihc sludenn shoiid be laiight slruciuraE desinn principles, material
Icchnolo^es and construction practices reblcd io IKS Astern such as prnxast concrete
slruciuicB.Some local Jiniversiiicsate curreiSlvimproving ihdr curriculumby -Hidingnew
lopicsrelatedto IBSin Ihcexistingsj'lJabus. ForexamplesubjectsiclaicdEn precastconcrete
dctign and coostfuclioo arc also oOercdaa elective Ibr linal undcigiadualcand graduate
students. Apart from thai*Wsiingand rcscarcFi ha« to be conducted to prove feasibility of
design. <adwritcdgc gained,from advanced: researchmay cEcvetcthe levelofiinderdUnding oo
lhc behaviour uf IBS*l/ucture and cjmKquc/itly{helevel ofcunMdence.

Enginccn uilh good technical kraroledgt: in analysis, deragn, oi-inulacluring nod
coiisUueuod have Ihc abilit>J to produce systematic IBS systems. If the components are
skillfully designed,election can he caixiedoul etticienlly Furthermore ccunplyingvrithgood
practiceshi designand cunstiuctionleadsio highqualitj-pteca^ concrete strucuires- Ifltlds
aspect the challenge is lo produce ouny good and reliable manuficluicis and erectors vi-iiii
suth knowledgecapabililic?to be part ofIhcIBS cmisuruchonteam.

45 Adoption oflBS Sjsnm

The gDvcmnxni through CIDB has tmbjuttd the IBS Road map 20OJ-^0IO thai oullincq
several wcli-lbought9u3tcgiesand aggftiavc slcps to puwutle !heu*of fBS in Malflyiia To
taciljlflte further. Uiegoverned lias encouragedthe use of IBS for the construction of new
government quarter-: Conlraclors adoptingthe IBS system are given incentiveauch as levy
exemption:based on Ihc percentage of IBS usagein a project. The gnvernnKnl'* taking lhc
leading role in persuading the consliucljonindustryto adopt a moresystematicapproach and
mcttiadoJoB)- in construciian. The eHon. stalled in I99gb is &strategic thiii^e in lhc
constmebon indusln".

If IBS is adopted. efficren!> clean, sate and innovative arc some of (he new adrrbules that
will he asBociatcd with Vhc consuuction iDdusiTy. Wjih these ouiganding Tcalures. plus
atlribulea such as prolessronally managedand bandied, workers with rckvai.1skills, piupti
coordination andmanagement as wdl cuali^ wlhnevitab^-n^x J^Sancxci^lri^optionIeji-
tliose involved m Ibe iodijs^'to beconv
demands high quality., CaTicicnt and prolcsaonjl s

£D QtBChKUUD

Sutvey on IBS system ha^ been conductedthroughoul Malaysia in 1996.The purposeof this
survey tg to gather informationon IBS buildingsin Ma|a>ciJan Besjcts that,s vista) inspection
siudy Weis also conducted to observe of ai^'probleniGrelated lo IBS Q'sicrn

IBS featurespotential conslructLon systemTorthe ticlun;wrilhemphasison quaHiv.higher
productivity and l«s labour jnterisive.BesidesIhcaim ol gradually reducingthe dependency
on foreign labour and savjng The counlrr's loss in loreign eichan£Ch IRS provides lhc



{APSg<.r20iJ6).5-6$ef-ic"it*'' ?<»>5. Kaaial^ixpw. \falayi\u

opportunity lortheplavers intheconstruction induary toproject a new image ol thcindo^ry
tobcalparwith other manufacturing-basal industry such oolite c.uandtlKirooic iiTduslrics.

Thcadopuoa ofIBS promises loelevate cvervlevelof theconstructim! industiy to new
heights and image ofprofessionalism. Fiualt\, IBS should beseen aslhcmodem methods al
eonnuuciion ^hac modern ai>d svneraatie methods of design, production planning and
mechanizedmethods of nmnuf^iurine anderection arc applied.
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can

be
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easily
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and
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odified'and
can

leed
to

significant
im

provem
ent!

in
production

rates
(or

activities
ia

construction
are

cansiclend
in

ihls
paper,

T
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a
e

(actors
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d
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Into
four

w
ork

catenaries.
T

w
o

ot
lhc

four
w

ork
categories

Inw
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m
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ereidleand
w

ailinglim
es.

P
roductivliy

m
easurem

ents
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do
nol
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betw
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the

Idle
and

w
aiting

tim
et.

C
onclusionscan

therefore
be

m
isleading,and

m
ore

Im
portantly,the

attention
of

m
anagem

ent
ia

only
vaguelyand

im
precisely

directedto
the

causeorthe
Inefficiencies,

T
he

breakdow
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of
nonproductive

lim
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Into
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o
(acton
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thereforevery
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directingthe
attention

ofm
anagem

entto
the

rootcausesofInefficienttim
e,T

he
variation

in
production
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contractor!'estim
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pared

w
ith

actual
on-iite

production
ralei.

T
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of
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w
hen
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aljng

production
rates,
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w
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production
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m
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prototype

expert
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,
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P

erianal
C

onsultant
P

lus
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1987,w
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m
anagem

entof
know
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Ihe
eitim

ation
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production
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P
roductivity

is
extrem

ely
im

portant
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Ihe
construction

Industry.
G

overnm
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and
other
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investing

significantly
una

m
oney

Into
capital
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orks
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preventative

m
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progranu,
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ould
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the
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of
the

infrastructure.
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ne
of
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reasons

for
this

lack
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m

itm
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construction
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productivity
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quality
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construction

Industry
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98

m
uch
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In

other
Industries,and

construction
Istherefore

regarded
aa

a
poor

Investm
ent.

T
here
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m
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factorsthat

Influence
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the
construction

Industry.Som
e

factors
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variationsin
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rates
forcertain

activitiesare
extrem

ely
difficultto

control.
T

h
en

are
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factors,how
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be
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and
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lead
lo

significant
im

provem
ent!
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production

rates
for

activities.
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e
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these
factors

are
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m
ined

and
discussed

in
this

paper.
D
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w
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factors
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W
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the
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pro
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ately
25

conditions
or

site
factorsthatcould

have
the

potentialto
affect

productivity
on

Ihe
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researchdescribed
in

this
paper

ia
indirectly

linked
to

the
focus

of
their

research,
but

specifically
exam

ines
Ibedelay

lim
es

ofanother
construction

activity—
concrete

placem
ent.

U
sing

sim
ilarscientific

techniques,othershave
m

ade
notable

contributionstow
ardsim

prove'
m

enu
in

conecrocthan
productivity.

O
lgesby

etal.(1989),
for

Instance,m
aintain

thatjobsat
isfactionand

w
orker

productivityare
related:an

Increasein
either

w
illhave

a
positive

influence
on

the
other.T

o
identify

m
any

ofthe
influence*thatcan

affectw
orker

productivity,H
arrisand

M
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tim
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safety
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orking

conditioni
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of
som

e
of

the
problem

s
affecting

the
progress
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w
orker
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an-delay

survey"
(F

D
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(hatw
as
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by

T
ucker

et
si,

(1982),
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be
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effective
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ining
thesourcesofdelaynotdirectlyrelated

to
sitew

orkerproductivity.U
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F
D
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and
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orkers
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C
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paper
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and
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aiting

tim
es,
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delaysin

construction
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of
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ent
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the
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affectthe

progress
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progressof
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paper,
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ork
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progress
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therefore
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ork
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ever,m
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influence
productivity
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be
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proved.
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Is
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other
factors

that
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and

discussed
in

thispaper.
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of
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causeproduction
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given
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vary
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T
o

help
understand

w
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questionnaire
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conilructlon
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In
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requesting
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ation
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(heproduction
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in
estim
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and

scheduling.T
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production
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for
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questionnaire.
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rangeof
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production
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production
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thereforebe
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dow
nto

account
forfactors

thatsignificantly
affectthe

producllon
rates,

little
data

and
know

ledge
are

acquired
and

stored
for

future
use
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reasons
for

m
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A
lthough

allconstruction
project)

are
different,

m
ostconstruction

activitieshave
com

m
on

param
eters,Forexam

ple,the
concreting

activityfora
foundation

w
allinvolves

delivery,place
m

ent,
vibration,

and
finishing

w
ork.

These
basic

aieps
ate

fairly
consistentw

ith
thistype

of
activity,no

m
atter

w
here,w

hen,and
how

the
concrete

it
being

placed.H
ow

ever,variation!
in

actualproduction
ratesam

ong
varioussitesare

com
m

on.T
hese

variations,w
hen

analyzed,w
ere

found
to

be
prim

arily
caused

by
w

afting
and

Idle
lim

es.
In

concreting
activities

itw
as

found
thatIhem

ostsignificantreduction
intheproduction

rate
w

asdue
to

delays
In

Ihe
delivery

of
concrete

to
ihe

site,T
his

type
of

delay
w

asoften
attributed

to
unexpected

occurrences
that

appeared
to

be
unrectlfiablc,and

therefore
w

as
of

secondary
concern

lo
a

very
busy

m
anagem

ent
team

.

M
onitoring

P
roducilvlty

Fig.
I

show
s

the
various

m
ethods

that
are

used
by

contractors
to

m
onitor

progress
on

projects.
T

he
percentage

use
ofeach

m
onitoring

m
ethod

by
com

panies
w

ho
responded

to
the

questionnaire
Is

given.Som
e

of
these

m
ethods

capture
the

very
im

portant
inform

ation
concerning

w
ailing

tim
e,

but
som

e
do

not.
T

he
tw

o
m

ost
effective

m
ethods

are
in

Ihe
use

of
video

tapes
end

lim
e

studies,because
although

m
any

m
ethods

that
are

used
can

Indicate
ihe

percentage
efficiency,

few
m

ethods
areable

to
show

w
here

therootcauses
occur.Ilcanbeseenthat,apartfrom

two
m

ethods—
verbalcom

m
unication

and
tim

esheen
thatdo

notIndicate
efficiency,the

percentage
use

of
any

m
ethod

to
m

onitorprogress
Islessthan

40S4.

A
oouhM

rJonan
d

M
aM

iirttT
tetttof

O
at*

a
n

d
rO

w
w

tedga

S
even

construction
sites

In
o

n
e

city
(F

redericton.
N

ew
B

runsw
ick,

C
an

ad
a)

w
ere

m
onitored

so
that

the
factors

affecting
concrete

placem
ent

operations
could

be
determ

ined.
A

total
of

32
concrete-placem

ent
operation!

w
ere

recorded
from

these
seven

sites.
T

he
m

ethods
uaed

to
m

onitor
these

activitiesw
ere

video
recording

and
stopw

atch
studies.B

efore
the

activity
could
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T

be
analyzed,it

w
as

subdivided
into

the
four

w
ork

categories:(1)
E

ffective;(2)
essentialcon

tributory;
(3)w

aiting;
and

(4)idle.Effective
w

ork
positively

influences
Ihe

progress
of

the
activity,and

w
ork

thathasan
indirectbutpositiveinfluence

on
progress,such

as
the

m
ovem

ent
ofm

aterials
orequipm

entforessentialpurposes.Isconsidered
essentialcontributory.

Idlelim
e

represents
a

category
in

w
hich

the
w

ork
could,bat

did
not,

progress,because
the

w
orker

w
as

not
w

orking.
H

ow
ever,

if
a

w
orker

is
unable

to
perform

a
task

because
of

an
uncontrollable

external
delay,

such
as

late
concrete

delivery,
then

Ibe
lost

tim
e

is
considered

w
aiting

tim
e,

not
idle

tim
e.

T
his

procedure
w

as
the

m
ethod

used
to

calculate
the

production
rates

published
by

C
hristian

and
H

achey
(1992)

(see
T

able
2).

Fig.2
show

show
a

w
orker's

lim
e

can
be

divided
into

the
four

w
ork

categories.Inform
ation

presentedin
thisfashion

em
phasizes

Ihc
Inefficientfactorsthaiaffect(he

progressof
a

w
orker

thatm
ay

nothe
apparentduring

norm
al

observations.T
hisInform

ation
perm

its
m

anagem
ent

to
clearlyidentify

Inefficientfactorsthat
are

revealed
during

analysis,
and

therefore
utilizea

w
orker's

tim
e

m
ore

effectively.
T

he
inform

ation
obtained

from
the

answ
ersgiven

in
the

questionnaire
w

as
further

enhanced
by

know
ledgeobtained

from
experts

and
practitioners

in
the

field.
B

y
conducting

Interview
s

w
ith

site
personnelw

hile
field

recordingsand
m

easurem
ents

w
ere

being
perform

ed,
heuristic

know
ledge

w
asgradually

gathered.If
the

expertbeing
interview

ed
referred

to
supervisors

or
colleagues

from
previous

projectsw
ho

w
ere

m
ore

fam
iliarw

ith
certain

aspects,then
these

personsw
ereoften

contactedforfurtherknow
ledge

acquisition.
T

o
helpexplain

features
ofan

activity
thaiw

erenotapparentfrom
thevideo

analysis.Inter
view

s
w

ere
repeated

again
w

ith
som

e
experts.T

he
various

sources
used

forthe
gradual

pro
gression

ofknow
ledge

and
data

elic-itation
and

acquisition,
are

show
nin

Fig.3.
A

prototype
expertsystem

w
asdeveloped

to
handle

andstoretheknow
ledge

anddatafrom
allof

the
sourcesof

intelligence,end
also

to
create

a
decision

supportsystem
that

w
ould

enable
D

user,
through

a
sim

ple
question

and
answ

er
routine,to

obtain
a

m
uch

m
ore

accurate
estim

ate
of

ihe
probable

production
rale.

T
he

fairlysim
pleprototypesystem

leadsthe
userto

an
estim

ateof
the

production
rale

that
dependsupon

the
answ

ers
thatare

given
in

the
quettlonsposed.T

he
answ

ersw
ere

used
as

a
link

lo
theknow

ledge
anddatabases,

In
thisparticularsystem

,thecum
ulative

know
ledge

and

T
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A
naJytla

of
D

ata

database
w

ere
d

eriv
ed

not
only

from
m

any
experts,

but
also

from
the

know
ledge

an
d

d
ata

gathered
in

the
field.

P
roviding

such
a

w
ide

array
of

know
ledge

perm
its

the
user

to
m

ake
reasonable

assum
ptions

on
w

orker
density,

learning
rate,

w
eather

conditions,
crew

experience,
potential

delays,
and

other
relevant

factors
affecting

the
progress

of
an

activity.U
sing

these
param

eters
to

help
estim

ate
the

production
rate

for
an

activity
therefore

provides
a

m
ore

realistic
prediction

of
w

hat
the

re
to

should
be

for
lhat

particular
jobsite,

A
com

parative
analysis

ofproduction
ratesfrom

thevarious
sites

w
aspossible

because
m

ost
construction

activities
have

com
m

on
param

eters.Forexam
ple,as

m
entioned

earlier,
Ihe

concrete
operation

for
a

foundation
w

allrequires
delivery,placem

ent,vibration,and
finishing

w
ork.

In
spileof

these
com

m
onparam

eters,ilw
asfound,notsurprisingly,

thatthere
w

ere
differences

In
production

ralesbetw
eenthe

varioussites.T
hesedifferences

w
erefoundto

becausedm
ainly

by
the

w
ailing

and
idle

tim
es.

Severalcontrolparam
eters

w
ere

identified
prior

ro
Ihe

collection
of

the
data.

T
his

w
asdone

to
ensure

lhateach
site

and
each

projectcontainedthe
sam

e
param

etersfor
the

purposesof
com

parative
analyses.

T
he

follow
ing

param
eters

w
ere

selected:
(1)

T
ho

construction
of

com
m

ercial
buildings;

(2)
the

application
of

sim
ilar

equipm
ent

and
m

ethods;
(3)

the
sam

e
general

location
(F

redericton,
N

ew
B

runsw
ick).

(4)
the

sem
e

type
of

construction
contract;

and
(3)

a
n

o
n

u
n

io
n

iz
e
d

la
b

o
r

fo
rce.

Inform
ation

obtained
from

the
site

video
recordingsw

as
analyzed

so
thai

Inefficiencies
re

ducing
theproductivity

ofa
w

orkercould
berevealed.O

nesuch
analysis

w
asthecategorization

of
tim

e
utilization

for
each

separate
w

orker
al

each
site.

T
he

proportion
of

tim
e

spent
on

productive
and

nonproductive
w

ork
w

asthusevaluated
foreach

w
orker.

Fig.
4

show
s

typical
d

a
ta

.
A

dditional
analysis

of
the

inform
ation

involved
Ihc

determ
ination

of
the

rate
of

the
volum

e
ofconcrete

placed
ateach

job
sire.

T
he

data
tor

this
analysis

w
ere

plotted
on

a
graph,

as
show

n
in

Fig.5,T
he

graph
illustratesthaithe

m
axim

um
tim

edurationforconcreteplacem
entateach

site
forthisparticularsam

plevariedfrom
90-133

m
in,and

lhatthe
volum

eofconcreteplaced
ateachslie

ranged
from

10-16m
\

In
thislypeofgraph,thecrew

efficiency
is

represented
by

the
m

agnitude
of

the
slope.

W
hen

a
crew

w
as

able
lo

w
ork

uninterrupted,
theirw

ork
rate

gradually
Im

proved
(increasing

slope).
A

m
om

entum
w

as
therefore

builtup.and
efficiency

im
proved.
T

hiseffectcan
be

seen
in

Fig.3.C
rew

son
sitesC

6
and

C
7,w

hichdid
notexperience

w
oik

interruptions,
Im

proved
theirw

ork
rate

as
tim

e
passed.

T
he

slope
of

the
graphs

ofquantity
against

tim
e

increased.
H

ow
ever,

crew
s

atsitesE12
and

E
13,w

hich
did

experience
a

w
ork

interruption,didnotIm
provetheirwork

rale
astim

e
passed,and

therefore
didnotproduce

an
increasingdope

of
quantity

againsttim
e.

Itsto
and

W
aiting

T
lm

M

M
any

of
ihe

m
easurem

ent!
ofproduction

ratesrevealed
thatw

aiting
lim

edelays
w

ere
an

extrem
ely

significantpartofreduced
productivity.Fig.4

clearly
show

sihisproblem
.A

m
easure

of
how

inefficienciesreduce
productivity

ia
the

labor
utilization

factor
(L

U
F).

T
he

L
U

F
cate-

gorizes
the

am
ount

ofeffective,essentialcontributory,and
Idle

w
ork

perform
ed

by
a

trades-
person

during
a

particularconstruction
activity.T

hism
easurem

entissom
etim

es
usedasa

guide
to

determ
ine

if
a

crew
has

perform
ed

w
ork

efficiently.H
ow

ever,
the

labor
utilization

factor
does

notgenerally
distinguish

betw
een

the
Idle

andw
alling

lim
es.Conclusions

can
therefore

bem
isleading,and

m
oreim

portantly,theattention
ofm

anagem
ent

Isonlyvaguely
andim

pre
cisely

directed
lo

thecause
ofthe

Inefficiencies.T
hebreakdow

n
on

nonproductive
lim

e
into

F
K

L
4

.
T

im
e

U
W

ow
rtton

f
»

T
y

p
ieal

C
arters*

*
W

o
rk

"

FK
).

a.
m

e
e
ts

ot
C

raw
M

o
n

w
itian

on
C

a
n

e
rm

p
tw

m
sn

t
O

p
en

eU
en

e
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e
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P
u

m
p

e
d

(2)
C
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P

u
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p
e
d

1*1
C

h
u
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P

u
m

p
e
d
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C
h

u
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U
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csilm
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M

e
a
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d

in
H

eld

1
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l
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1
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.9
0

2
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2

1.90
1

.7
9

l.tJU

I.O
b

I.SO
1

.3
1

tw
o

factors,the
idle

and
w

ailing
tim

es
(Fig,

2),
Istherefore

very
im

portant
In

order
lo

direct
ihe

attention
of

m
anagem

ent
to

Ihe
root

cause
of

the
nonproductive

tim
e.

P
ro

d
tietfo

n
R

a
ta

e
m

m
e
t*

*T
he

different
sources

for
estim

ating
production

rales
lhal

are
used

in
construction

offices
are

tltow
n

in
Fig.6.

Few
ot

the
sourcescontain

inform
ation

and
know

ledgederived
from

previous
projects,andthereforea

reduction
in

productivity
dueto

w
aitinglim

eisnoladequatelyaddressed
In

practice.
A

lthough
there

appearsto
be

substantialagreem
entbetw

een
Ihe

averageactual
productionrates

m
easured

in
the

field
and

the
overallaverage

ofthose
rales

used
by

estim
ators

(T
able

3),
there

are
few

data
available

thai
enable

Ihe
contractor

to
determ

ine
w

here
the

significant
inefficiencies

occurred,
T

his,
of

course,
m

eans
lhat

there
is

no
system

to
im

prove
the

inefficiencieson
future

projects,
T

ho
prototype

expertsystem
w

as
developed

lo
assisiin

the
acquisition

and
evaluation

of
know

ledgeand
data

for
the

estim
ation

of
production

rates.
PersonalC

onsultant
Plusw

as
the

shellprogram
used

to
construct

the
rules

in
Ihe

expertsystem
.T

hiscom
puter-aided

decision
supportsystem

helps
estim

ators
to

calculate
production

rates
m

ore
accurately

by
prom

pting
users

to
consider

factors
that

w
ill

m
ake

producllon
rates

vary,
and

to
show

w
here

and
w

hy
inefficiencies

m
ightoccur.T

he
system

w
illalleviate

the
current

problem
of

production
rates

oflcn
being

estim
ated

by
less-experienced

personnel
in

contractors'organizations.
T

he
system

w
illallow

an
estim

ator
an

alternative
m

ethod
for

estim
ating

production
rates.

It
sim

ulates
a

consultation
betw

een
ihe

com
puter,

as
the

know
ledge

and
data

source,
and

Ihe
user,

w
ho

answ
ers

certain
questions

w
hen

prom
pted.

T
he

questions
and

answ
ers

form
ulated

w
ere

com
piledfrom

the
know

ledgeacquired
from

field
analysesand

from
experts'opinions.R

esponses
to

the
questionsare

in
Ihe

form
of

singlevalued,ask-all,or
yes/no

type
of

form
at.

Forinstance,
the

form
atofa

question
relating10

the
casting

of
a

concrete
slab

Isshow
n

in
Fig.7.

B
y

choosing
"pum

p"
as

ihe
technique

em
ployed

to
place

the
concrete,

as
show

n
In

Fig,7,
a

link
Is

then
establishedlo

questionsassociatedw
ith

thisconcreting
procedure.

D
epending

on
how

the
ques

tions
are

answ
ered,

a
probable,

m
ore

realistic
production

rate
is

given
to

the
user,

w
hich

w
ill

reflectconditionsspecified
for

the
jobsite.T

he
system

therefore
utilises

the
equlvalem

cum
u

lative
know

ledge
of

m
any

specialists,
and

also
enables

the
estim

ator
to

use
production

rales
that

m
ore

cfosely
reflect

actual
job

conditions.

C
O

N
C

L
U

S
IO

N
S

T
he

attention
of

m
anagem

entpersonnel
should

be
focused

on
the

sources
and

causes
of

delays.
A

m
ajor

problem
al

present
is

thai
several

m
ethods

thai
m

easure
and

m
onitor

produc
tivityon

constructionsitesare
unable

lo
directattention

to
the

causeofthe
delay.T

he
breakdow

n
of

nonproductivetim
e

Into
tw

o
factors,the

idle
and

w
aiting

tim
es,is

therefore
very

im
portant

In
order

lo
direct

the
attention

of
m

anagem
ent

to
the

root
causes

of
Ihe

nonproductive
tim

e.
For

Instance,
the

delays
associated

w
ith

"w
aitin

g
for

su
p

erv
isio

n
"

w
ere

found
to

be
very

con
siderable.T

he
m

anagerson
a

construction
site

(the
projectm

anager,the
construction

engineer.
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Ihesuperintendeni/foreperson),how
ever,often

haveseveretim
econstraints

and
problem

s
w

ith
tim

e
m

anagem
ent.

T
hisleadsonloan

obviousconclusion.D
uring

theestim
ating

stageofaproject.an
insufficient

num
berof

supervisors
and

m
anagers

are
generally

allocatedto
the

construction
site,

because
ofbudgetary

problem
s.T

heresulting
lackofsuffldenisupervision

on
thesite,how

ever,generally
low

ers
productivity,

and
therefore

increases
overallprojectcost.

C
onsequently,

an
increase

rather
than

a
decrease

in
site

supervision
is

needed
in

order
to

help
reduce

the
overallcoil

of
a

p
ro

ject.
T

he
use

of
an

expert
system

to
predict

production
rates

w
illenable

contractors
to

capture
and

retain
specific

know
ledge

end
data

from
pastprojectsand

use
them

as
a

supportsystem
forfuture

projects
under

consideration.T
he

prototype
m

odelprovides
the

userw
ith

probable
production

ratesforsped
R

eactivitiesforgivencircum
stances.T

hesystem
w

illenablecontractors
lo

notonly
predictm

ore
realisticproduction

rates
butalso

to
providea

listofpossible
delays,

and
instructions

on
w

hat
m

ight
be

done
to

prevent
them

from
occurring.

It
w

illalso
allow

contractors
to

utilize
theirprojectm

anager's
tim

e
m

ore
effectively

by
allowing

them
to

access
the

necessary
inform

ation
required

to
estim

ate
the

producllon
rate

of
an

activity
m

ore
quickly.
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