INFORMATION TO USERS

This manuscript has been reproduced from the microfiim master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overiaps.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6 x 9” black and white
photographic prints are available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly to order.

Bell & Howell information and Leaming
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI






A CONCEPTUAL COST ESTIMATING COMPUTER SYSTEM
FOR BUILDING PROJECTS

Ahmad Jrade

A Thesis
in
The Department
of

Building Civil & Environmental Engineering

Presented in Partial Fulfilment of the Requirements
for the Degree of Master of Applied Science at
Concordia University
Montreal, Quebec, Canada

February 2000

© Ahmad Jrade, 2000



i~

National Library

of Canada du Canada

Acquisitions and Acquisitions et

Bibliographic Services

395 Wellington Street
Ottawa ON K1A ON4

Canada Canada

The author has granted a non-
exclusive licence allowing the
National Library of Canada to
reproduce, loan, distribute or sell
copies of this thesis in microform,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author’s
permission.

395, rue Wellington
Ottawa ON K1A ON4

Bibliothéque nationaie

services bibliographiques

Your hie Votre reference

Qur file Notre relerence

L’auteur a accordé une licence non
exclusive permettant a la
Bibliothéque nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de cette thése sous
la forme de microfiche/film, de
reproduction sur papier ou sur format
électronique.

L’auteur conserve la propriété du
droit d’auteur qui protége cette theése.
Ni la thése ni des extraits substantiels
de celle-ci ne doivent étre imprimés
ou autrement reproduits sans son
autorisation.

0-612-47815-7

Canada



ABSTRACT

A CONCEPTUAL COST ESTIMATING COMPUTER SYSTEM
FOR BUILDING PROJECTS

Ahmad Jrade

Estimating the cost of construction is considered to be the most momentous and
suspenseful task in the implementation life of any project. Vital decisions are
based on that estimate. Hence the preparation of a reliable and realistic estimate
to guide the management decision is a complicated assignment. Traditional
methods and operations produced unsatisfactory aid due to lack of accuracy
especially in the pre-design stage of a project. This participates in the increase of
percentage of bankruptcy in the construction industry which has dramatically
climbed up and ranked as 15 percent of the whole bankruptcies claimed in
Canada (Statistic Canada 1998).

Nowadays, the construction industry is influenced by the rapid grow of using
computers. This powerful tool is employed in many major aspects of
construction, for instance cost estimating; planning and scheduling are little of

many to list.

This research presents a methodology to develop a computer system “CSC-

Estimate”, Computer System for Construction Estimates, that stresses on the

early and preliminary stages of estimating the construction costs of any

iii



commercial building that also can be used for residential buildings if a reduction
factor of 20 to 30 percent is considered. The methodology utilizes tools available
between hands, Access 97 the database member of Microsoft Office 97 family
and Visual Basic for Application, the child of the Object Oriented Programming
Language Visual Basic (6.0).

The methodology introduces a new tool to be used for the construction industry
in general and for the Canadian industry in particular. “CSC-Estimate” is
designed to generate parametric and preliminary estimates to be used by the
owner for feasibility purposes, by the architects and engineers for conceptual
estimates or when considering alternatives, as well by the contractor for bidding
purposes.

Two cases consist of actual projects are presented in order to illustrate the
effectiveness and performance of the proposed model.

The proposed system automates the preparation of a parametric and preliminary
cost estimate and its design allows further extensions and enhancements. The
development made according to Yardsticks for Costing, the Cost Data for the
Canadian Construction Industry, exhibits the powerful capabilities of Microsoft
Access 97 and Visual Basic for Application to store, manipulate and edit all data

for future use.
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CHAPTER 1

INTRODUCTION

1.1 General

Generally, the process of awarding any construction contract is based on a
competitive bidding. Contractors will be invited to submit their bids to the owner
who normally awards the lowest bid to construct the project. Beforehand, both
the owner and contractor have to assess the construction cost of the proposed
project. This is achieved through a construction cost estimate. Although, the
actual total cost of construction is not known until the completion of the project,
conceptual estimates can be a good start for the owner, engineer and contractor.
The owner will be able to estimate in advance a range of the final cost, to secure
the lowest cost to construct the project, and budget the necessary fund in
advance. On the other hand, risks considerably affect the cost of the contractor,
for example unforeseen costs, resource availability, severe weather conditions,
inflation rates, and so on. Considering an adequate contingency percentage to
the total estimated costs covers such risks. In order to win the contract, the
contractor bid price has to be low enough to compete with other competitors, yet
high enough to cover his risks and make some profit. Consequently, the
importance of cost estimates is enormous for all project phases, moreover at the
conceptual design or feasibility phase.

The preparation of any type of cost estimate depends on the experience of the

estimator, the tools used, the time spent, and the information available.



Usually the preparation of an estimate starts by breaking down the project into
packages or components, then taking off the quantities of the elements of each
package and next pricing them all. Finally, by summing up the prices the direct
construction cost is computed. This process is long and complex but the most
complicated part of it is the quantity take off. Consequently, computers are
considered to be effective tools in cost estimating, due to their capability of doing
complex calculations and storing huge amount of data for future use.

Any decision concerning the construction of a project that has been or to be
executed is based on one type of estimates, which are preliminary estimates.
Despite their moderate level of accuracy owner, engineer and contractor
consider them as the first choice estimates because they are inexpensive and
fast to generate. Owner uses them to decide whether constructing a project is
feasible and to evaluate contractors bids, while engineer to design within owner’s
budget and considering alternatives, and the contractor to know if bidding on a
project is profitable or not. Consequently, in the proposed methodology the
concentration is on the preliminary construction cost estimates with the emphasis

on a computer model as an avail tool for estimators.

1.2 Research Objectives

Any construction project consists of four major parts that are Money, Materials,
Manpower and Machines. After all, the most important one is Money or in other
words the project cost. Thus, the way of success for any construction project

starts with an accurate and efficient cost estimate. Inaccurate estimates outcome



a serious loss if the project is underestimated or going out of business if the

project is overestimated.

The main objective of this research is to study the different types, methods and

process of construction cost estimates. Aiming at modeling the process of

construction cost estimates in a computerized environment.

The following list outlines the research objectives:

~ Understand precisely the construction cost estimating process and classifying
the different types of costs.

- Analyze the factors affecting the accuracy of estimating the cost of
construction.

-~ Study the current status of using computers in construction cost estimating.

- Develop a computer based tool capable of estimating the construction costs

of commercial buildings at their preliminary stages.

1.3 Methodology

In favor of achieving the foregoing objectives the following procedures are carried
out:

1.3.1 Literature Review

A comprehensive literature review in the construction cost estimating area is

fulfilled.



1.3.2 Interview

Interviewing the following construction firms: Magil Construction Corporation;
Both Bell Robb; Leroux Chauhan Ouimet & Associes; and Cressey Development
to discuss the types of cost estimating software they are utilizing.

1.3.3 Data Collection

The data used in the model development are based on the MASTERFORMAT
divisions (Construction Specification Institute, 1995) collected from Yardsticks for
Costing (Means, 1998). Coding adjustment is made for updating and editing
purposes.

1.3.4 Development of the model

The developed computer model was presented to the specialists for comment,

feed back and to test its =ffectiveness.

1.4 Thesis Organization

Chapter 2 introduces a summary of the intense literature review. This includes,
types, methods, and process of construction cost estimates, as well as quantities
take off, MASTERFORMAT and UNIFORMAT are briefly described. Emphasizes
on conceptual and preliminary cost estimates, their importance and use.

Chapter 3 describes the role of computers in cost estimating. Listing the common
computer cost estimating software, the advantages and disadvantages of such
software, as well as the requirements for developing a satisfactory cost

estimating database.



Chapter 4 explains the methodology followed in developing the proposed system.
its’ structure, components and data flow.

Chapter 5 discusses the implementation of the system. It also illustrates the
system’s databases and their modules, and the required input and the expected
output.

Chapter 6 presents the system performance through two actual projects.

Chapter 7 is the thesis conclusion, implementation and recommendations for

future extensions of the current research.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Cost estimating is an essential aspect for the business operations of construction
firms. Construction is a unique industry that by nature is risky since most projects
must be priced before they are constructed, whereas in other industries the
selling price is based on known manufacturing costs. The success or failure of a
project relies on the accuracy of several estimates done throughout the course of
the project.

This chapter presents a review of the types, methods and current practices used
in the construction cost estimating. Additionally, a brief review of the
MASTERFORMAT and UNIFORMAT, quantity takeoff is provided. Computer
applications as an effective tool to prepare construction cost estimates, common

types of estimating software are listed and discussed in chapter 3.

2.2 Cost Estimating Definitions

Researchers and experts give cost estimating different definitions, thus the
succeeding paragraph states some of them.

The Project Management Institute (PMI) defines the cost estimating to involve
developing an approximation (estimate) of costs of the resources needed to
complete project activities (Duncan 1996). Hendrickson specifies that a
construction cost estimate serves one of the three basic functions that are

design, bid, and control. Furthermore, he defines that at the very early stage of



design, the screening estimate or order of magnitude estimate is made before
the facility is designed, therefore it relies on the cost data of similar facilities built
in the past. While preliminary or conceptual estimate is based on the conceptual
design of the facility at the state when the basic technologies for the design are
known. Moreover, the detailed or definitive estimate is made when the scope of
work is clearly defined and the detailed design is in progress. Also engineer's
estimate is based on the completed plans and specifications when they are ready
for the owner to solicit bids from construction contractors (Hendrickson 1989).
Association for the Advancement of Cost Engineering (AACE) International
defines the cost estimation to provide the basis for project management,
business planning, budget preparation, and cost and schedule control. included
in these costs are assessments and an evaluation of risks and uncertainties
(Uppal 1997). On the other hand, Carr defines it as being an accurate reflection
of reality that shows the level of detail that is relevant to decisions (Carr 1989).
Estimating is the process of looking into the future and trying to forecast project
costs and resource requirements (Halpin 1985). An estimate is a judgement,
opinion, forecast or prediction. It is a judgement or opinion of the cost of a
process, product, project or service. It is a prediction or forecast of what a work
output or work activity will cost (Stewart 1982). According to the National
Estimating Society by Laws, March 1978 Estimating is the art of approximating
the probable worth or cost of an activity based on information available at the
time (Stewart 1982). Consequently, all those definitions are similar in one way or

the other in describing cost estimate as being the process of guessing and



foreseeing the future costs of a project or product before it actually exist. Despite
the likeness between cost estimating and pricing, one has to carefully distinguish
the difference. Cost estimating involves developing an assessment of the likely
quantitative resuit, how much will it cost to perform products or service involved.
Pricing is a business decision, how much will be the charge for that product or
service (Duncan 1996). Wood mentioned that in management terminology the
cost refers to expenditure, not revenue, the price and cost are not the same.
Thus, the price may be less than the cost in the case of a loss, or the price may

be greater than the cost in the case of a profit (Wood 1974).

2.3 Purposes of Cost Estimates

Peculiar to the preceding definitions an estimate, at its best, is a close
approximation of the actual costs. Hence the purpose of an estimate is to
postulate the costs required to completing a project in accordance with the
contract plans and specifications. Furthermore, it is important that management
has as much information as possible when deciding on funding projects.
Sutherland (1999) explains the purpose as to provide the client and design team
with as precise an estimate of final cost as possible so that the project can be
accomplished within the client's budget. Likewise, Westney (1997) outlines the
purposes of a cost estimate through the following:

— Provides an assessment of capital cost for a specified piece of work.

—~ Forms the basic for planning and control by defining the scope of work and

it's associated estimated cost.



- Provides much of the basic information (hours, resources, tasks, and
durations) which is needed for preparing a schedule. It also states general
resource requirements such as labor, material, and construction equipment.

- Provides the financial input required to prepare a cash flow curve.

-~ Provides an assistance to assess productivity and risk.

- Is a catalyst for discussion, idea generation, team participation, clarity, and
buy-in. it ties together much of the relevant project information within a simple

document.

2.4 Estimating and Project Management Roles

Both project management and estimator differently share responsibilities in
performing an estimate at the decision level.

2.4.1 Project Management Estimating Responsibility

Decision-making requires a sequence of actions needed to be taken to perform
the process from an initial status to a goal status (Hegazy 1993). Therefore,
management must know what cost information is needed and how to use it in
making decisions. Estimate development must be directed and approved by
management prior to issue. Kerzner (1992) proclaims that the project manager is
actively involved in the development of the estimate and is responsible for the
final product. The project team is responsible for providing the necessary project

deliverables and scope information to the estimator (Dysert 1997).



2.4.2 Estimator Responsibility

Estimating is a fundamental part of the construction industry. Cost estimating
accuracy is the basis of a project success or failure. Accurate estimates optimize
good contracting (Adrian 1993). Much of the credit for the fruition or dud of a
construction enterprise is attributed to the accuracy and capability of its
estimating department and personnel. An accurate, liable and realistic bid
preparation demand good judgement and estimating skills. It is the estimator
responsibility to ensure that a project team understands the information needs for
the estimate, then ensure that the information provided is suitable to produce the
quality of estimate desired (Dysert 1997). Estimators should compile and analyze
data on all factors that might influence the cost like materials, labor, location and
equipment (Cost Engineering Journal 1998). Estimating is not an easy process, it
involves complex calculations, and when little information is available demand
the estimator to imagine the elements of the projects. It is important that the
estimator views the complete estimate in orderly steps that include quantity
takeoff, costing of the work, determination of overhead costs, and the
determination of an appropriate profit (Adrian 1993). Including all the items in the
project neither more nor less challenges estimator. Prior to the design
completion, estimator has to have the vision to see beyond the obvious
components and their primary costs of construction (Carr 1989).

2.4.3 Estimator Skills

The challenge that faces a cost estimation is to have it close to the actual cost,

this inquires good skill and experience. Dysert and Elliott (1999) avows that an
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effective estimating organization requires highly knowledgeable personnel,

possessing technical skills. Furthermore, they define a set of skills as estimating

core competencies as follows:

- Understanding of the capital project process.

— Detailed understanding of the estimate requirements for each class of
estimate.

- Engineering document reading.

- Code of accounts /work breakdown structures/project breakdown structures.

- Basic project controls (budgets, schedules, cost control, change
management, progress measurements, earned value, forecasting).

- Data analysis (labor productivity, database standards and development,
historical data analysis, and benchmarking).

- Strategic estimating skills (capacity factoring, equipment factoring, cost
modeling, general factor, and ratio development).

- Detailed estimating skills (material takeoffs, pricing, and costing).

- General software.

- Estimating software.

~ Presentation skills.

- Report writing.

- Listening.
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2.5 Types of Estimates

The availability of design data to the estimator does influence the type of
estimate to be chosen. Cost estimates may be divided into two different types,
depending on the purpose for which they are prepared for and the amount of
information known when estimates are prepared (Peurifoy 1989). Approximate
and detailed estimates are the major types of construction cost estimates.
Stewart (1982) classifies the cost estimating methods as the “top-down™ or
parametric approach that uses historical data from previous projects to develop
the cost of new project based on increased or decreased factors; or the “ground-
up” or industrial engineering approach that requires estimating and pricing the
man-hours and materials of each element. Approximate estimates are commonly
known as Conceptual, Preliminary, Order of Magnitude, and Budget or feasibility
estimates. Meanwhile engineers, bid, and definitive estimates are other names
for detailed estimates. The most common estimates’ types used in building
construction are 1) conceptual estimate, 2) preliminary estimate, 3) engineer’s
estimate, and 4) bid estimate. The four levels reflect the fact that as the project
proceeds from concept through preliminary, to final and bidding phase, the level
of detail increases, allowing the development of a more accurate estimate
(Halpin 1985). AACE International has identified a progression of five types of
estimates of construction costs during engineering design: order of magnitude,
conceptual, preliminary, definitive, and control (Duncan 1996).

Furthermore, Westney (1997) classified the estimating types based on 1) How

the estimate will be used. 2) The type, quality, and amount of information
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available for preparing the estimate. 3) The range of accuracy desired in the
estimate. 4) The calculation technique used to prepare the estimate. 5) The time
allotted to produce the estimate. 6) The method of input and output (manual or
computer) used in preparing the estimate. 7) The phase of project (feasibility,
appropriation, and construction) related to the estimate. 8) For whom the
estimate is prepared (owner, contractor, or insurance company). Generally, the
estimating chore continues during the different phases of the project construction
to ascertain whether the actual costs match with the bid's estimate. Although,
numerous methods and level of accuracy are available to estimate the cost of
constructing a project, all these estimates are approximated and are based on
experience and judgement (Barrie and Paulson 1992). Certainly the total actual
costs will be known just when the project construction is consummated. Table
2.1 lists the four commonly used estimates, when each one of them can be used

according to the design progresses, in addition to the purpose of using each one

of them.

Table 2.1: Types of Cost Estimates
Estimate Type When ? Why ?
Conceptual Prior to Design Useful for decisions in conceptual and
Estimate budgetary stage
Preliminary After preliminary design Offers the owner a pause to review
Estimate (40% of total design) design before the detail
Engineers After detail design Ensures design is within financial
Estimate (100% of total design) resources and assists in evaluating bids
Bid Estimate During bidding by contractor Establish bid price

Ref.: El-Rayes (1999)
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2.6 Approximate Estimates

Preliminary, Conceptual, Order of Magnitude, or Budget (feasibility) estimates
are normally prepared by the owner, designer and contractor in different stages.
The purpose of tl_nese kinds of estimates is to screen and eliminate unsound
proposals without extensive engineering costs. If these estimates lead to a
continuation rather than dismissal decision, additional detailed and accurate
methods are required (Ostwald 1984). Dysert and Elliott (1999) pronounce that
preparing estimates for capital projects is a key part of a company’s strategic
asset planning. It is one of the core processes that comprise total cost
management. An estimate based on approximate quantities is often used for the
cost check estimate; and is favored by the owner, because it provides a more
detailed and reliable estimate of each building element (Park, Choi and Kim
1999).

2.6.1 Feasibility Estimate

In order to translate the idea of constructing a project from initiation to reality the
thousands miles starts by a major step that is a feasibility estimate. Upon this
estimate the owner decides whether the project will be executed or not. Early
project cost estimates are significant to an owner because they need to be
accurate enough to impart the confidence needed to commit additional funds to
the project (Al-Tabtabai and Alex 1999). The feasibility of any project significantly
depends on estimating its costs. These costs include initial construction, design,

finance, and maintenance and repair costs (Adrian 1993).
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Since the owner basically prepares this kind of estimate, one can use it for other
purposes too. The owner's estimate (feasibility or budget) is used 1) to ensure
that the design produced is within the owner’s financial resources to construct, 2)
to establish a reference point in evaluating the bids submitted by the competing
contractors (Halpin 1985).

2.6.2 Preliminary Estimates

Preliminary estimate, known also as pre-construction estimate is defined as the
one that is made in the formative stages of design (Ostwald 1984). Preliminary
estimates provide an approximate indication of the total project cost during the
pre-contract and construction stages. They are usually prepared before or during
the early stages of preliminary design. They are quick and relatively inexpensive
and they are the keystones for necessary action to be taken by owners or
construction firms. Engineers and management use this kind of estimates to cut
out uneconomical design at an early point. The main objective of an initial
(preliminary) estimate is to generate a realistic final cost of the project with the
information available. Many items are unknown at this early stage and the
estimate will be a mixture of prices for scope that is identified, and allowances for
scope that is not (Sutherland 1999). This type of estimate is important for the
whole life of the project, from initiation to completion. Before feasibility studies or
conceptual works for a project can start, some sort of estimates must be
prepared. The preliminary estimates are considered the benchmark estimates.
These estimates are continually modified and improved as the project is better

defined (Uppal 1999). The preliminary estimate is requested at some point in the
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initial evaluation. With a lack of facts and specific information the cost estimator
is asked to provide this first estimate. The purpose of this estimate is dependable
on the owner demands, the type and the size of the project. Additionally, It is
used to evaluate possible design modifications and alternatives to keep the
project within the owner's budget as well as to appraise contractors bids. Adrian

(1993) classified the purposes of a preliminary estimate as follow:

It supplements or serves as the owner's feasibility estimate.

It aids the Architect and Engineer in designing to a specific budget.

It assists in the establishment of the owner’s funding.

It serves as a means of evaluating contractor bids.

It provides the basis for determining progress payments to be made to
contractors.

Despite the lack of information available to the estimator at the time of preparing
preliminary estimate, where drawings and specifications are not complete, it has

to be as reasonable as possible since important decisions are based on it.

2.7 Detailed Estimate

Once the project design progresses, detailed estimates are established. For
detailed estimates, the estimator should mentally construct the project, select the
materials, equipment, and crews to fit the design. Then chooses the best
resources information available to estimate the costs of performing the work
(Carr 1989). Compared to preliminary estimate, detailed estimate is expensive

and needs more time. The preparation of detailed estimate requires that the
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estimator break the project into components and sub-components, then cost
them accordingly. It is these costs that the estimator must develop on the basis
of the characteristic resources required. Estimator normally follows certain steps
to develop an estimate. 1) Break the project into cost centers. 2) Estimate the
quantities required for each cost center (Quantity takeoff).

3) Price out the quantities determined in step (2). 4) Calculate the total price for
each cost center (Halpin 1985).

Since a detailed estimate breaks down the project into series of elements, its
level of accuracy is much higher compared to preliminary estimate. Detailed
estimate is important to both the owner and the contractor, because it represents
the bid price; the amount of money the owner must pay for compietion of the
project and the amount of money that the contractor will receive for building the
project (Peuifoy 1989). The process of preparing a detailed estimate begins with
a thorough review of the complete set of contract documents, the bidding and
contract requirements, drawings, and technical specification (Kerzner 1992). To
complete the total cost of the project, an organized list of all work items
necessary to construct the project has to be compiled by taking off the quantities
from detailed drawings. The work items are arranged according to a well-known
approach such as the Construction Specification Institute (CSI) for building
construction projects. Another approach uses a Work Breakdown Structure
(WBS) to identify work items by their location on the project (Peuifoy 1989).
Based on the author own experience, construction firms organize their estimate

following the sixteen major divisions of the CSI approach with few adjustments
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either by adding or waving divisions in accordance to their own construction
processes. The prevalently known formats in the building construction industry

are MASTERFORMAT and UNIFORMAT.

2.8 Estimate accuracy and affecting factors

Ordinarily, if an estimate is poorly done, no external analysis will improve it.
Therefore the accuracy, reliability and quality of estimates are very important
regardless of their types. Obviously the accuracy of the estimate depends on the
amount and quality of information and the time available to prepare it (Ostwald
1984). Moreover Westney (1997) adds that the estimate accuracy is directly
related to the availability of information, time, available resources (people,
equipment, money), and estimating methodology.

2.8.1 Classification

The estimate level of accuracy depends on its type. Two major references, AACE
International and R. S. Means, have classified this accuracy in different ways.
2.8.1.1 AACE Classification

Figure 2.1 illustrates the new AACE International expected accuracy ranges for
each of the five classes of estimates. For each estimate class, the estimate
should be developed with the same level of project definition, purpose, and
preparation effort. Therefore, the expected accuracy range for an estimate

should be at least similar, if not identical (Wendling and Lorance 1999).
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2.8.1.2 R. S. Means Classification

Using R. S. Means’ classification, the accuracy of the estimate varies from (x
20%) to (£ 5%) as follows: (Alkass 1998)

— Order of magnitude estimate: £ 20 %

— Square or cubic foot estimate: £ 15%

- System estimates: £ 10 %

— Unit price estimates: £ 5%

2.8.2 Factors affecting estimate accuracy

Estimated costs are based on combination of historical data of previous projects
and price quotations received from suppliers or vendors. Cost estimates are
influenced by factors that arise from the operating environment. For instance, the
cost varies if the proposed project is constructed near a city or in a rural location.
Effective construction cost estimating is heavily dependent on experience (Al-
Tabtabai and Alex 1999). Since estimating process is a forecast of the future cost
of constructing a project, it is a process surrounded by uncertainty and risk. To
produce a reliable estimate numerous factors should be considered. Errors
during the estimating process have cost construction firms millions of dollars all
over the years. Usually estimator uses cost data from past projects or published
in estimating guides. Using such data arbitrary without knowing their similarity at
hand will produce an inaccurate estimate because it is not based on the reality of
the current project (Carr 1989). Regardless of the type, preparing an accurate
estimate requires several skills. Adrian (1993) classifies three essential elements

to an accurate estimate stated as follows:
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1. Determination of the quantity of work.

2. ldentification of the productivity needed to perform the most difficuit to
estimate, project drawings and the cost of rework.

3. Calculation of the unit cost of the resources to be used for the work.

2.8.2.1 Quantity Takeoff (Surveying)

Another common name of quantity takeoff is quantity surveying. The

development of the quantities of work to be placed in appropriate units is referred

to the quantity takeoff or surveying (Halpin 1985). Regardless of the type of the

estimate, items to be estimated must be listed. This is the most important look of

the contractor’'s estimating and bid functions. Taking off the quantities from

drawings and specifications is a time consuming step. Adrian (1993) assorts the

required time and accuracy level of quantity takeoff to be depending on:

— The skills and procedures used by the estimator.

- The quality of the project drawings and related documents prepared by the
designer.

- The definition of the work items to be taken off the drawings.

Quantity takeoff may be done manually or by using electronic digitizers in

conjunction with estimating software. Since it is one of the most time consuming

activities in the estimating process, contractors and owners more frequently use

computer systems (Westney 1997). Traditionally, quantity takeoff is done

manually accordingly errors are most likely produced. Halpin (1985) lists some of

the most common errors as being:

1. Arithmetic, errors in addition, subtraction, and muitiplication.
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4.

5.

Transposition mistakes in copying or transferring figures, dimensions, or
quantities.

Errors of Omission, overlooking items called for or required to accomplish the
work.

Poor reference, scaling drawings rather than using the dimensions indicated.

Unrealistic waste or loss factor.

In addition to the foregoing list, Foster (1995) has added two more common

errors that are 1) using wrong formula, and 2) using the wrong conversion factor.

2.8.2.2 Costing the quantity takeoff

Once the quantity takeoff is allocated to the work components, and the quantities

of each element are tabulated, their cost must be indicated. First, estimator deals

with the direct costs that consist of the cost of materials, labor, and equipment for

each work components or elements. Doing so, typical mistakes occur, Foster

(1995) includes the following:

Errors in simple mathematics (careless extensions of quantities times unit
prices).

Using old or unverified material unit prices.

Using wrong labor rates.

Transposing figures after extensions are made.

Inadvertently leaving elements of work off the pricing sheet.

Basically cost estimates are prepared from three sources of cost related data.

These are 1) published cost information, 2) costs from similar projects and costs

of project equipment, and 3) historical company cost data files and in-house
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projects (Uppal 1997). The sources of outside cost data are many, listed are

some of the most common ones.

- R. S. Means, it is a yearly publication that gives the cost of material, labor,
and construction costs.

- Richardson, it is a yearly publication but updated quarterly, gives the costs of
materials, labor, equipment, and construction cost.

— Conceptual Cost Estimating, it is a book published by Gulf Publishing, gives
cost/size for a large number of major equipment items and materials, plus

information on other categories of project cost.

2.9 Estimating Methods

Estimates are required at all stages of a project with varying amount of available
information thus several methods are evolved. Estimator has to always consider
the relationship between available information, project stage, method and
estimate accuracy. Forecasting is the procedure for simulating the future by
creation of a picture based on historical information (Dawood and Bates 1997).
Yet forecasting contrived from publishing press is slightly accurate so forecast
should be carried out on information related to the industry in which it is to serve.
Different estimating methods are described in the midst of the succeeding
paragraphs.

2.9.1 Cost Index

The historical cost data that an estimator refers to changes with the inflation rates

therefore it has to be adjusted accordingly. Such adjustment is persuaded
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through the use of indexes. To develop the index, there is one main requirement,
the historical data. Without the data there can be no index creation. It has been
said that the answer to the future lies in the past. The usefulness of such data
has no end (Dawood and Bates 1997). Cost index provides a comparison of cost
or price changes from year to year for a fixed quantity of work or service. Using
equation [2.1], the estimator can forecast the cost of a similar type of work from

the past to the present or future period (Adrian 1993).

o (L
Cc=C; (EJ [2.1]

Where C. = present cost in dollars

C: = original reference cost in dollars

Ic = index value at present time

Ir = index value at time reference cost was obtained
Properly applied index can yield accuracy around 20 to 30 % of actual costs and
can provide this information with almost a negligible time and effort. Such
information can be valuable for policy and planning decisions early in the life of a
project (Barrie and Paulson 1992). There are varieties of cost indices available to
the estimator the most widely known construction indexes are those published by
Engineering News Record (ENR).
Before applying the cost indices, it is important to understand how they are
derived, their limitations and the differences in the basic methods.
2.9.2 Cost Capacity Factor
In 1950 Chilton was the first to propose a cost to capacity relationship for

chemical plants (Ellsworth 1998). With estimating for early project economics,
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cost capacity factors apply to changes in size, scope, or capacity of projects of
similar types. Capacity factors are widely used in the petrochemical sector of the
industrial construction industry. The cost capacity factor is expressed by the

equation [2.2] (Barrie and Paulson 1992)

Y
o,
C.=Cq4 (Z)I;j [2.2]
Where C, = estimated cost of new facility of capacity Q,

C+ = known cost of facility of capacity Q;
Q1 = size of known facility
Q; = size of new facility

and x = cost capacity factor for this type of work.

2.9.3 Parameter Costs

According to the USA Department of Defense (1995) A parametric cost estimate
is one that uses Cost Estimating Relationships and associated mathematical
algorithms to establish cost estimates.

Recently a preliminary cost estimate method known as parameter estimate was
developed. It is used by the owner for an approximate estimate and by the
estimator to evaluate contractor bids (Adrian 1993). Conceptual estimates based
on parameter costs are most commonly used in building construction. The
parameter cost approach relates all costs of a project to just a few physical
measures or parameters, which reflects the size or scope of that project (Barrie

and Pauison 1992).
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Meyer and Burns (1999) inform that parametric cost estimating uses factors
based on engineering parameters to develop accurate cost estimates. The
engineering parameters are developed from historical cost databases,
construction practices, and engineering/construction technology. These
parameters include physical properties that describe project characteristic.
Parameter cost estimate can be prepared long before detailed drawings are
completed and an experienced estimator with the help of well documented
records can quickly procreate an estimate that will influence the design and
control costs in the early phases of a project.

2.9.4 Range estimating

Cost estimate is composed of many items including labor, materials, and
equipment. The bottom line estimate is attained from the application of simple
arithmetic (electronic spreadsheet, traditional estimating), but the real world is
populated with probabilistic and ranges of possibilities. Since estimate is an
approximate so it is uncertain.

The uncertainty measurement of a building cost estimate dependents on the skill
and knowledge of the estimator, the characteristics of the building being
proposed and the timing of the estimate. One mechanism of knowing and
evaluating the uncertainty of an estimate is through the use of Range Estimating
(Adrian 1993).

Range estimating is not an estimating system it is a decision technology (Curran

1989).
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2.10 Different types of Costs

Albeit the determination of cost is the final step in the preparation of an estimate,
estimator has to discern all types of costs to be engaged.

The estimator has to have the ability to understand the concept of a cost and its
components. This is highlighted by the fact that the cost estimate serves to
initiate the project and to engage the contractor who will build that project (Adrian
1993).

Halpin (1985) classifies costs into four major genera 1) Direct costs related to
placing construction. 2) Subcontracior cost and repayment. 3) Job indirect costs
(for mobilizing). 4) Markup.

A direct cost of an activity is physically traceable to the activity in an economic
manner it is not counted if the activity is not performed. On the other hand,
indirect costs, known as overheads, are business costs other than direct costs of
construction activities, they are not physically traceable and are counted even the
activity is not performed (Carr 1989). Construction direct costs are those
resource costs required to place the elements of construction in a project.
Meanwhile Carr (1989) classifies direct costs as costs of materials, labor, and
equipment. Halpin (1985) includes the cost of small hand tools.

Traditionally, most contractors cover the project overhead costs by adding a
percentage to the direct cost.

Assaf, Budshait and Atiyah (1999) consider this method to be inaccurate and

recommend that project overhead costs can be estimated with some accuracy by
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carefully examining contract conditions since they ponder overhead cost is not
part of actual construction cost but an indirect cost.
Estimating project overhead costs is the most difficult ones to estimate with

reasonable accuracy, especially for large and complex project (Collier 1984).

2.11 Tools and Methodologies for Cost Estimating

Regardless of the cost estimate type, the preparation requires specific tools and
methodology in order to achieve the best out of it. Stewart (1982) list five basic
tools for a cost estimate as follows 1) An estimator or team of estimators. 2) A
methodological approach. 3) Knowledge or data concerning the project, process,
product, or service. 4) A computation capability. 5) A publication capability.
Besides Westney (1997) pronounces that cost estimating tools include the forms,
hardware, and software used to execute the estimating methodology. Estimating
tools fall into the two broad classes of manual forms and computer software.
Additionally the Project Management Institute considers that computerized tools
are widely used to assist with cost estimating (Duncan 1996). To be more
specific the USA Department of Defense (1995) considers Parametric tools bring
speed, accuracy and flexibility to estimating processes that are often bogged
down in unnecessary detail.

Larry Aaron (a contributor in Westney book 1997) particularizes an effective
methodology to consist of 1) A variety of estimating calculation techniques that is

fitted to the information available at each project phase. 2) A relevant cost
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estimating database with the hierarchical structure that provides continuity in

information management and project controls.

2.12 MASTERFORMAT and UNIFORMAT

Based on the Construction Specifications Institute and Construction
Specifications Canada (1995) MASTERFORMAT is a master list of numbers and
titles, a uniform system to organize information about construction requirements,
products, and activities in a standard sequence. Today MASTERFORMAT is the
only system to organize construction specifications used in the United States and
Canada. It arranges related construction products and activities into 16 divisions
that are classified by numbers and titles. In cost estimating this format is used to
identify unit prices and cost report items, to arrange a database of product and
activity unit costs as well as to tabulate a project budget according to a product
and activity breakdown and relate cost items to specifications and drawings. An
identification scheme based on MASTERFORMAT can be flexible, vary with
each construction project.

UNIFORMAT is an arrangement of construction information based on physical
parts of a facility called systems and assemblies. It consists of 12 divisions and is

recommended for organizing cost estimates used during value analysis.

2.13 Summary

This chapter has reviewed previous theories and practical works related to the

process of construction cost estimating. The literature review reveals that the
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most important type of construction cost estimates is the preliminary estimates.
Major decisions are based on this estimate therefore the level of accuracy is an
important issue. Many factors influence the process of producing accurate
estimates. Besides the estimator experience, method and the amount of data
available, are effective tools that will be most likely aid the estimating processes.

Indeed computers are practically the first tools to consider in this task.
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CHAPTER 3

COMPUTERS AND COST ESTIMATING

3.1 Introduction

This chapter exposes the role of computers, as an effective tool to increase the
level of accuracy and reduce the time required in preparing a construction cost
estimate. Computers have tremendous number and type of applications in
construction business, which vary from accounting to scheduling, estimating and
so forth. Based on chapter 2, fast and accurate estimate is one of the key factors
that can make the difference between gaining a reasonable profit and running out

of business. Therefore the use of computers is essential to fulfill this obligation.

3.2 Use of Computers in Construction

Most construction cost estimates in the past and newfangled are performed
manually accordingly errors are most likely to occur. Thus the use of computers
in the construction industry is growing rapidly. The early use of computers in
construction and contracting were in applications concerning the payroll,
accounts payable, and general accounting functions. Nowadays, computers
increasingly are playing a big role in the contractor's project management
functions, including estimating. Computers have introduced modern technology
to the construction industry. The estimator is in search of any advantage that can
assist in preparing an estimate (Jurkiewicz 1999). Computers play an essential
role in cost estimating because estimating may involve complex and advanced

mathematical calculations and techniques. Automating the process of
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construction cost estimation is desirable not only for improving the efficiency, but
also for reducing human errors as much as possible (Wu and Adeli 1998).
Computers cannot do the entire estimating process, but they can ease the
estimating procedure. The use of computers in documenting cost estimate, give
estimators more time to study and analyze projects. Consequently, estimators
will be able to generate more accurate estimates (Cost Engineering Journal

1998).

3.3 Computer the Estimating Tool

The accuracy of any estimate depends greatly on the tools used in its
preparation. Cost engineers need a tool that not only forecasts and tracks costs,
but is able to reduce considerably the burden of data entry as well as provide
instantly reliable financial reports (Jurkiewicz 1999). One of the estimator's most
important tools is the computer and associated software. Today, personal
computer is most often the estimator’'s choice (Dysert and Elliott 1999). Once you
learn to build an electronic estimate on the screen, you will be able to turnout
more estimates, faster, with less chance of making an error, and analyze and
manipulate numbers before you finalize your bid (Feldman 1996). The use of
computers with cost estimating can simplify and facilitate rapid consideration of
many costing aiternatives (Duncan 1996). Listed are some of the activities that
computers can be used for (Kitchens 1996):

- Performing quantity take-off using a digitizer.
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- Performing extensions of units of labor, material, equipment, and other
expenses to develop the estimate.

- Developing spreadsheets for bid preparation.

With digitizers, contractors can electronically make measurements from
blueprints and prepare detailed estimates within a day (Cost Engineering Journal
1999). Hence computer estimating programs can greatly reduce the time it takes
to perform quantities take-off and prepare bids, increase calculating accuracy,
and create a professional looking estimate. As well as offering an easy way to

evaluate job profitability.

3.4 Computer Software Cost Estimating

There is a large number of estimating software packages available to the
construction industry. Yet computer programs encompass a significant portion of
computer software that are prepared by a process known as programming.
Adrian (1993) defined programming as being a prepared set of computer
instructions that provides the mode of solving a specific problem. These
programs are available to perform complex pricing, estimating, and analysis
functions. It is difficult to generate overall ground rules or rules of thumb for
computer software cost estimating because of the increasing number and types
of computers and computer languages (Stewart 1982). Sigurdsen (1992) has
grouped cost estimating software programs into two kinds:

1. Industry-dependent systems based on predefined historical data and

equations with specialized reporting facilities. The equations are usually
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concealed in the source code or in the data files, out of reach of the user.
Normally they are written in a high-level language like C, C**, or Visual Basic.
2. Systems primarily focusing on production of cost reports generators.
Historical data and algorithms are usually kept separate from the estimating
system. These systems are written in a spreadsheet language or database.
The utilization of estimating software allows the contractor to breakdown costs to
the last minute. They provide wide range of capabilities—from conceptual to final
estimate, also they simplify the task of providing different cost views of an
estimate. Most estimating computer programs are either written in-house or
purchased from vendors. In both cases the result has not been entirely
satisfactory in achieving the desired resuits because this satisfaction requires
both the engineer and programmer to be highly trained and experienced in the
field of estimating. Lederer (1998) has ranked the elements that affects the
development of estimating software as following:
1. System size and complexity (in terms of the number of code lines or of
functions, modules or program features).
2. Personnel capabilities and experience.
3. Hardware constraints.
4. The use of modern software tools and practices.
5. User understanding of the software.
Several software developers sell their estimating software with own quarterly

database updates or third parties databases. In addition of considering most
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estimating programs to be based on the use of some vendor's databases, Hicks

(1992) listed the similarity of these programs as:

Difficult to learn and to operate in a reasonable length of time.
—~ They have a tendency to shift the user's attention from estimate preparation
to program manipulation.
— They have many auxiliary features more or less to estimating but
unnecessary for estimate preparation.

~ They lack the ability to do what is necessary for estimate closure and bid.
Although, Abouzisk (1994) has listed the advantage of these programs as the
consistent organization and format for estimating, the capabilities of estimating
item by item. He also listed the disadvantages as giving a rigid format and very
few short cuts are permitted. In the same manner, Miller (1998) provides some of
the problems that might be encountered by the use of vendors’ databases 1) a
database that has been developed in another country or state and does not
match how things are done in the geographic area where the company is
located. 2) The database generates too much information (i.e., the number of
nails needed for forming). 3) The database contains formulas that use
multiplication factors with no explanation of why they are there (in case of
calculating quantities). Furthermore, as a solution for these problems Miller
suggested to create own database from scratch, starting by the determination of
the basic coding structure with respect to the industry standards. The databases
available from vendors can be good guide on how to build a database with the

requirement of modifying them in order to fit individual estimating methods. For
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instance, R. S. Means and Richardson’s databases have provided services to

contractors from conceptual to preliminary ending by final estimates.

3.5 Industry programs

In general, the available estimating programs in the market typically require few
days of training to get familiar with and to operate. Additionally, if other functions
are to be tied into the estimating process then a modular package is required and
in this case the training time span will be extended. Software developers have
designed computer programs to meet the needs of a specific industry. Since
industry programs are developed for a specific business or industry, they are
referred to as the vertical market, because they are sold to one business type
rather than many. TIMBERLINE, MC? BSD COSTLINK, WINEST and WINCOST
PRO, and SOFTWARE SHOP are few of many industry programs. Some other
computer applications aid in improving the efficiency and accuracy of the
construction estimating process, such as Computer Aided Design (CAD)
applications, Math Conversion applications, Database applications, and
simulation applications (Adrian 1993).

Therefore a need for a practical and easy to use system exist. The research work
tries to introduce an estimating system to be used at preliminary stage of

estimation.
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3.6 Summary

The foregoing paragraphs have given a generic overview of the importance of
electronically generating the construction cost estimate due to the efficiency and
accuracy level that it can be supplied. Additionally, they dealt with the common
problems that might occur from using vendor's databases and providing a
solution for such problems. Thus any estimating software has to be user friendly,
simple, flexible and can be learned by the user in a short period of time. Besides
that, the database included in the software has to be typically compatible with the
user needs. Yet the database has to have the option of editing, modifying and
manipulating data accordingly depending on the circumstances and type of the
project. Chapters 2 and 3 are the groundwork to generate the idea of developing
a computer tool to avail cost engineers and estimators when preparing
preliminary estimates for commercial building. This methodology of developing

the system model is detailed in chapter 4.
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CHAPTER 4
Model Development Methodology

4.1 Introduction

This chapter evinces the methodology of developing a conceptual cost estimating
computer model. The system requirements are distinguished, based on the
literature review of chapters 2 and 3, along with the aspects to be considered in a
practical system. The process of introducing a valiable approach is considered in
order to enhance the benefits of the system under its classified requirements and
development constraints. A good information systern depends on the integration
between databases, programming languages, and software engineering; its
lifecycle incorporates the interrelated technologies of conceptual modeling and

database design (Loucopoulos, 1992). Figure 4.1 illustrates the system

Problem User
Investigation Requirements
Database
CL Regquirements
Conc eptual Design J
Conceptisl Schenm
\ N / T BDMS Indepenient

i BOMS Specific

Logical Design

Data Model Mapping

PHYSICAL DESIGH

INTERHAL SCHEMA

Figure 4-1 System Development Process
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development process, derived after Eimasri and Navathe (1995), and Hoffer
(1999). The process consists of two major phases: 1) the conceptual modeling
phase, and 2) the Implementation phase.

The conceptual modeling phase will be discussed in the current chapter and
includes problem investigation and user requirements, system architecture and
components. Thereafter, the database requirements can be identified and the
conceptual design can be carriedout then the conceptual schema (Entity-
Relationship diagram) can be derived. All the proposed database modules will be
explained and finally the proposed methodology will be established and shown
through the current practice (data flow). The implementation phase will be

discussed in chapter 5.

4.2 System Requirements

The problem investigation and user requirements are rooted on the literature
review of chapters 2 and 3. The basis of an integrated methodology that fosters
the preparation of timely, dependable, and efficient conceptual cost estimate
incorporates the importance of having data available when needed and a
computer tool to use for generating the estimate. To this end, a list of the
specifications and basic requirements that was followed in developing the
proposed estimate preparation system is shown in Table 4.1.

Besides such requirements, the system would be designed to have the following

characteristics:
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Table 4.1: Specifications of the conceptual cost estimate system

preparation

SPECIFICATIONS

Designing and implementing three different databases for imperial and
metric parametric estimate, and preliminary estimate.

Utilizing cost of previously executed projects as handy historical data
for parametric estimates.

Allowing adjustment to the previous projects costs according to city
index and inflation rate.

Employing the Masterformat divisions and Uniformat elements for
parametric estimate as WBS in both units: imperial and metric.

Employing Masterformat divisions for the preliminary estimate in both
units: imperial and metric.

Provide built-in cost data based on Yardsticks for costing for all the
Masterformat divisions and their items and the possibility of using own
costs data.

Flexibility of updating the built-in costs when needed.

Generating various reports that can be used for bid preparation and
summary costs.

Direct linkages between the generated items take off list and
spreadsheet for scheduling purposes (future expansion) and word
processing for bidding purposes.
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- Information-intensive; incorporate different databases to store, process, and
employ available data in order to improve the practicality of preparing a
conceptual cost estimate.

- Efficient; user friendly and fast processing.

- Flexible; previously estimated projects can be added to built the historical
data, costs and items can be edited and modified easily.

- Modular; allows future expansions and enhancements.

- Practical; includes fast calculations process by applying available tools

(expressions and structured query language (SQL)).

4.3 System Components and Architecture

The developed system consists of components designed in a modular format,
incorporating three modules: the imperial parametric estimate module, the metric
parametric estimate module, and the preliminary estimate module. Figure 4.2
illustrates the system components used in the model methodology development.
All the modules share a database system, which contains three databases
assigned to preliminary cost estimate, imperial parametric cost estimate and
metric parametric cost estimate; and managed by a database management
system. The functions performed within each of the systems components and

their local development are described in coming paragraphs.
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Based on the user’s input, the system will be the guide throughout the estimating
process. The imperial parametric estimate module, which integrates the imperial
parametric database, assists the user in adjusting the costs of previously
executed projects based on the Masterformat or the Uniformat according to the
city index and the inflation rate. The user can quickly prepare an approximate
estimate for any similar project listed in the supplied database all in the imperial
units. Similarly, the metric parametric estimate module integrating the metric
parametric database provides the same information and results except in the
metric units. The preliminary estimate module that integrates the preliminary
database based on Masterformat provides the user with the option of using
Yardsticks cost data to calculate the direct and indirect costs of the chosen items.
The user can also use own cost data in calculating the direct and indirect costs.
The selection methodology evaluates four selection criteria:

1. Workbreak Down Structure (WBS), either Masterformat or Uniformat.

2. Cost Adjustment, using city index and inflation rate.

3. Data Source, either Yardsticks or own cost data.

4. Units, imperial or metric.

The System Architecture is illustrated in Figure 4.3. The process starts with
selecting the estimate type and accordingly entering the project information,
selecting the cost data, unit, city and items quantity if the preliminary estimate is
chosen. Meanwhile, the unit selection governs the parametric estimate

databases and accordingly entering the WBS and the city selection.
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4.4 Database Conceptual Design

The conceptual cost estimate database has been created by slaving computers
to minimize the required time in preparing an estimate, the ability to call up and
modify costs data when needed for both the parametric and preliminary
estimates, and to provide a professional output reports for bidding purposes.
Utilizing computers has myriad benefits, perhaps the foremost of them is
employing their immense capacity to store huge amount of data and the
capability to retrieve it fast. The foregoing paragraphs have classified the system
or database requirements thereafter the conceptual design can be established by
identifying the components of the conceptual schema. The conceptual schema
concentrates on describing the database entities, their attributes and
relationships. The graphical representation of the conceptual schema is
accomplished by using an approach known as Entity-Relationship diagram (ER
diagram). The ER approach uses rectangles to specify entities, diamond-shaped
to represent the available relationship between two or more entities and oval-
shaped to represent the attributes. Figure 4.4 shows the ER-diagram used to
conceptually design the model.

Entities are the primary data objects about which information is to be collected,
and represent the cost estimate (real world) concepts that are stored in the
database. The entity name is written inside the rectangle and the proposed
database comprises 6 entities (Project, Division, Element, City, Cost estimate,

Cost Source).
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— Relationships represent the associations among two or more entities. The
different types of connectivity between entities are One-to-One (1:1), One-to-
Many (1:M), and Many-to-Many (M:N). In the proposed database one type of
connectivity has been used which is Many-to-Many (see Figure 4.4).

-~ Attributes are the entity characteristics that provide descriptive detail about
that entity. Attributes opposite entities by having values, they are in two types
either identifiers or descriptors. An identifier (or key) uniquely determines an
instance of an entity and is underlined in the ER-diagram (see Figure 4.4, e.g.
Number). Meanwhile a descriptor specifies a non-unique characteristic of a

particular entity instance (e.g. Name, address).

4.5 Imperial Parametric Estimate Module

The objective of this module is to abet the user in preparing a fast parametric
construction cost estimate of a project without having any information about it
except the initiated idea using imperial units. In order to fulfill this task, the
database integrated with this module accumulates historical data about projects
previously executed and their total costs as well as the costs of the associated
Work Breakdown Structures are also provided. The module is capable of
calculating the adjusted costs of the chosen project according to 1) Location, and

2) Inflation.
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4.5.1 Location Adjustment

To adjust the costs of the provided projects according to their location, for each
of the eight major Canadian cities; St-Johns, Halifax, Montreal, Ottawa, Toronto,
Winnipeg, Calgary, and Vancouver; the cities indices based on R. S. Means
1999 reference data,

have been stored in the database. The cost adjustment will be done for both the
entire project and each main component of that project. The algorithm employed

in such calculation use equation [2.1] listed in chapter 2, which is:

Ce=C; [——J [4.1]

Where

C. = the calculated cost in doilars

C. = reference or actual project cost in dollars

Ic = the index value at present time

Iz = index value at the time where the reference cost was obtained
Ir in the module is considered to be equal to 100 %.
At the same time the module calculates the percentage cost of each project
component in accordance with the total project cost using the following algorithm:
Component % cost = (Component individual cost/Total project cost)x100 [4.2]
The module flexibility allows the user to change the indices according to the
reference data he or she would like to utilize, but this change has to be done
manually. Additionally, the user can increase the current historical data by easily
entering other projects that has been estimated in the past so they would be

handy whenever needed in a professional format.
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4.5.2 Inflation Adjustment

Once the user adjusts the project costs according to location, inflation adjustment
can be easily consummated by entering the inflation rate and the number of
years for which the project cost is needed. The module uses the following

equation:

F=Px(1+)" [4.3]
Where

F = Future or present total project cost

P = Past total project cost

i = Inflation rate

n = Number of years
The value of (P) taken by the module is the total project cost adjusted according

to the location as explained in section 4.5.1.

4.6 Metric Parametric Estimate Module

This module integrates the Metric Parametric Database and is similar to the
Imperial Parametric Estimate Module by providing the same information and
calculation except it is in the metric units. It was designed independent of the
preceding module to grant the user fast execution and calculation, in the addition

of providing complete and wider operation of the stored data.
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4.7 Preliminary Estimate Module

Reference to the literature review, direct and indirect costs are the parts that
compound the project construction cost. The direct costs consist of three
portions: material, labor, and equipment (if required). While the indirect costs are
grouped in the General Conditions division and covers profit, contingency, project
overhead, sales tax (when applicable), and Architecture fee. These cost types
constitute the core of the module that integrates the Preliminary Database. The
aim of this module is avail the user to

generate a reliable preliminary construction cost estimate in short time when
some information about the project is known. To achieve this job, the module
uses different algorithms in calculating the items’ direct cost, the project direct
cost and the project indirect cost depending on the user choice of which source
data (Yardsticks or own cost data) to be used in both units (imperial and metric).
Using the built-in Yardsticks cost data has many advantages one of them is the
needless of using city index to adjust costs according to the eight cities since the
supplied costs are gathered from different suppliers in each city separately.

4.7.1 Using Yardsticks Cost Data

To break down the project structure, Yardsticks uses fourteen out of the sixteen
Masterformat divisions. For instance, they disregard division twelve (Furnishing)
and thirteen (Special Constructions). The provided cost of each division’s item
consists of the cost of material, installation, equipment, transportation, and
subcontractor profit. Therefore, the project costs generated from this cost data

are only for preliminary estimate.
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After entering the project general information and units, the user has to choose
the city where the project is to be built so that its associated cost data can be
called. To start building the item take off list, the user has to go through each
division separately and pick the associated items. As soon as the user enters the
quantity of each item the module automatically calculates the direct cost of that
item using the following expression:

Item direct cost = (Item Quantity) x (Item unit cost) [4.4]
The module is equipped with many options like deleting a single item at a time,
and clearing the whole take off list. Moreover, the module calculates the project
total direct cost according to the selected items at any time the user asks for it,

by applying the following expression:
Project present direct cost = Z(Total item cost) [4.5]

After taking off all the project items and assigning their direct costs, the module
can export that list to a spreadsheet so it can be modified and integrated with a
scheduling tool in this case the Microsoft Project for scheduling the activities (this
will be portion of the future expansion). Furthermore, the module will calculate
the total project indirect costs according to the user input values of the following
components: Sales Tax (ST), Profit (PR), Overhead (OH), Architecture Fee (AF),
and Contingency (CT). The calculation of each component will be based on the

total direct construction cost of the project as follows:

PR cost = (PR value entered) x (project direct cost)/100 [4.6]
OH cost = (OH value entered) x (project direct cost)/100 [4.7]
AF cost = (AF entered) x (project direct cost)/100 [4.8]
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CT cost = (CT value entered) x (project direct cost)/100 [4.9]
ST cost = (ST value entered) x {(project direct cost) + (PR cost) + (OH cost) +
(AF cost) + (CT cost)} / 100 [4.10]
Those values will be provided in the summary report separately in a tabulated
format. The module therewith calculates the Total project construction cost and

the cost per unit area as follows:
Total project cost = Z(project direct cost + ST cost + PR cost + OH cost +

AF cost + CT cost) (4.11]
Cost / Area = {(Total project cost) — (ST cost)} / (Total Area) [4.12]
Furthermore the module will calculate the total direct cost of each division
separately and provide it in a tabulated partition using the SQL expressions as
well as calculating the percentage cost of each division according to the project
direct cost. The antecedent procedures is employed for both units the imperial
and metric.
4.7.2 Using Own Cost Data
Similarly to Yardsticks option, the breaking down structure of the project is
founded using the fourteen Masterformat divisions. However, none of the
division's items are provided by specific direct cost because this task is left to the
user to enter own cost data. In such case, when the user enters the unit cost of
material and installation, and the quantity for each item respectively, thereupon
the module will calculate the item total direct cost (item DC) using the following
expression:

item DC = Quantity x {(Material unit cost)+(Iinstallation unit cost)} [4.13]
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This process will be applied to build the take of list, and the same options
provided in section (4.7.1) are available in this case too. To compute the total
construction cost of the project the module uses the expressions from [4.5] to
[4.12]. Additionally, it will generate the same format of the summary reports

provided in section (4.7.1).

4.8 The Conceptual Estimate Methodology

Based on the previous discussion, the proposed step-by-step methodology that
effectively incorporates the conceptual cost estimate, the functions fulfilled and
the necessary input/output data links is outlined by the data flow diagram (current
practice) as shown in Figure 4.5. This diagram simplifies the implementation and
the development of the model. From a main module, the user will select the type
of estimate he or she wants to use and accordingly a connection with its module
will be created and its integrated database will be opened. Thus, the user will

start the process of estimating the conceptual costs of constructing a project.
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4.9 Conclusion

This chapter proposed a methodology for a conceptual cost estimating model,
using available tools (algorithms and database management systems) that can
avail cost engineers and estimators to prepare parametric and preliminary cost
estimates. A procedure for developing the methodology is applied based on a
group of identified system requirements. The proposed system comprises three
modules: 1) an Imperial parametric estimate module, 2) a Metric parametric
estimate module, and 3) a preliminary estimate module. These individual
modules are integrated through a database management system.

The parametric modules cover a fast preparation of a parametric estimate based
on historical data of previously executed projects. The preliminary module utilizes
built in cost data rooted on Yardsticks for costing the Canadian construction cost
data, or user own cost data to produce a quick preliminary estimate. The
proposed system, "SAVER" eases the preparation of a conceptual cost estimate
in a favorable technique, efficient and accurate. This chapter stressed the
conceptual modeling phase of the system development, founding a structured
methodology for conceptually estimating the costs of constructing commercial
building. The model implementation phase is presented in chapter 5, moreover
the system performance is rendered in chapter 6 through two actual projects to

be constructed in Montreal and Vancouver.
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CHAPTER S
Model Implementation Process

5.1 Introduction

Former chapter listed the phases of developing the system’s methodology, dealt
specifically with the conceptual phase and derived the conceptual schema. This
chapter describes phase two of the development process that is the model
implementation. It exhibits the process practiced in developing the computer
model that comprises the system database, the imperial parametric estimate
module, the metric parametric estimate module, and the preliminary estimate
module. The performance of the prototype is evaluated in chapter 6 through two

actual projects.

5.2 Database Implementation

The development starts by mapping the data model's components, which are
entities, attributes and relationships within a Database Management System
(DBMS). This is achieved by using Microsoft Access 97 through three steps of
design the Preliminary Database, Imperial Parametric Database, and Metric
Parametric Database respectively. The database development is conceptually
pictured in the ER-diagram as shown in Figure 4.4 of chapter 4. The design of

each database is considered separately in the succeeding paragraphs.
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5.3 Preliminary Database

The components of this database are incorporated from the ER diagram as
follows: Project, Cost Source, Division, and City. Each entity is used with partially
or fully of its associated attributes. To design this database three major steps are
performed sequentially. The data source used is based on Yardsticks for costing
that uses the Masterformat to break down the project structure with some
modifications made for design purposes as follows:

Step One

Having settled the data pertinent to this database, each division and its’
associated sub-divisions and items have to be identified through a unique |ID
number. Yardsticks for costing uses five digits numbering in order to partition
each division into categories, sub-categories and narrowscope lists as shown in

Figure 5.1.

Capitaized boldface he ading —POG WOOD Al\D PL ASTICS
shaus main Division category )
¢ 06100 Surface Carpentry

06110 FRAMING - SUPPLY, mininmim 3,000 m (10,000LF)

This heading in bold-face s hows Boards and shiplap
"broadscope’ listing. ¥

Cons truction grade softwood, spruce, 2.4 m (8 foot) lang pieces
18 mm (1*) thick:

Lowser-case bold-face listing of 31T (2 VWIBE. oo,
sub-category e B4 MM (VWL oo,

BaTM (A YWIE. e
Regular type listings shawing 140 M B Y WIR. oo
narrous cope” listings. 184 MM (G YWITC. .o,

235 M (10" YWIdR. .o
286 mMM O ZIWIAE. oo

Figure 5.1 Yardsticks Numbering (Hanscomb 1998)
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The importance of identifying each line items data by a unique number so that
the database software (Microsoft Access 97) accepts it is necessary because it
speeds the process of retrieving desired items and eliminates duplications.
Accordingly, the numbering system used by R. S. Means is considered to be the
foundation of the system that has been used in this database. The numbering
system consists of ten-digit numbers partitioning each division into subdivision,
medium scope, major classification and individual line item number. Figure 5.2
shows the structure of this system. Appendix A shows samples of R. S. Means

and Yardsticks coding systems and data.

Masteformat € ——
Division 0] 3
< )
Subdivision ol 3 3
Medi ) ——
edium scope 0] 3/3/0/0 Broad scope
e —p__listing
01330000
Major !
Classification

=" Classification
01330000000 and line item

Individual line k —
number

Figure 5.2 Numbering System after R. S. Means
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The proposed numbering system considers the first five digits the same as of the
Yardsticks in addition five more digits have been added so that the user can be
able to append as many items as possible to enhance his or her cost data.

Step Two

Having the numbering system identified each division and associated items are
given a unique number and then the operation of building the tables can be
commenced. Normally a relational database is composed of a collection of tables
that accommodate grouped data. Every division and its interrelated items are
entered into two different tables. Entering data is the most time consuming

process of the system development, as shown in Table 5.1 and Table 5.2 below.

Table 5.1 Sample Table 1 of Each Division Data.

Fields in.-Table 1-: .. [Field Type: | Filed Size -
item ID Text 10

Units Text 15

Quantity Number Long Integer
Unit cost/ St-Johns Currency Currency
Unit cost/ Halifax Currency Currency
Unit cost/ Montreal Currency Currency
Unit cost/ Ottawa Currency Currency
Unit cost/ Toronto Currency Currency
Unit cost/ Winnipeg Currency Currency
Unit cost/ Calgary Currency Currency
Unit cost/ Vancouver | Currency Currency

Table 5.2 Sample Table 2 of Each Division Data.

Fields.in Table 2 : :::|-Field Type | Filed Size_::
Item ID Text 10
Item Description Text 255
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Afterward, the Item ID links these tables by one-to-one relationships because
each division line item is unique and cannot be duplicated. The related tables are
named after the name of each division with an abbreviation showing the unit
used. Those criteria are used for both data source; in other words this database
contains four different sets of tables, which are:

— Imperiai Yardsticks cost data tables

- Metric Yardsticks cost data tables

— Imperial Own cost data tables

— Metric Own cost data tables

Besides these main tables, a set of vacant ones is ready for the user to utilize
when building the items take off list depending on the city in question. Table 5.3

shows the components of these tables.

Table 5.3 Sample Table 3 of item Take off List

Fields.in Table 3:::":-|.Field Type--| Filed Size::
Item ID Text 10

Item Description Text 255

Units Text 15

Unit cost Currency Currency
Quantity Number Long Integer
Total Currency Currency

Additionally, there are few minor tables for the user to make use of. For instance,
entering required data (e.g., project general information), selecting type of units
to use (e.g., Imperial or Metric), and the source type (e.g., Yardsticks cost data or

Own cost data). Figure 5.3 shows the design view of a table.
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Sample of the available tables in this database are provided in Appendix B.

Figure 5.4 shows a snapshot of the actual links between these tables.
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Figure 5.4 Snapshot of the Database tables and their Relationships

Because tables are rigid objects and do not permit any data manipulation,

queries are utilized due to their flexibility and ability to do that job. Expressions

are used in all the queries in order to carry out all the required calculations. All

the employed queries are based on at least one or two related tables, and each

one of them is specified to one division in a city in accordance to the data source.
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the city of Ottawa.

IMP ALL CO:E}

Figure 5.5 shows one of these queries for Imperial Conveying System Division in

Moritreal
Ottawa
Tavmmboa -:J
J ;l_'
Field: |item Desctiption Units Unit Pice: Ottawa | Quantity Total [QuanttyP{Ottawal | Transfer
Table: |IMP COMVEYING S {IMP ALL CONVEYI _[IMP ALL CONVEY!Il [IMP ALE CONVEYI! IMP EONVEYING S
Sait:
Shaw: ] @] g} @ 7]
Criteria:
or
q | »

Figure 5.5 Screen Snapshot of a Sample Query from the Database

Appendix C contains sample of the available queries in this Database.

Step Three

Once all the appropriate data of this database are precisely listed into sets of

tables and queries, the database interface is carried out. The goal of designing

this database is to deliver a tool that comprises clearness, simplicity and user

friendly. Thus, this aim is achieved through using sets of series of forms. Each

series represents the Masterformat divisions in a specific unit for a specific city.

Figure 5.6 illustrates a sample of the Electrical Division form for the city of
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“qry Imp

Toronto in the Imperial unit. This form is linked to a query called

Electrical Toronto”, which provides the form with the required data, as well i
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stores all the modifications done by the user, besides executing all the
calculations mentioned in chapter 4 for this database. It is to be noted that the
unit costs provided in the form for this particular division is based on Yardsticks
for costing data. Similarly, all the other divisions for the selected city are shown in
similar forms. This process has been repeated for all the other seven cities.
Figure 5.7 explains the role of each command button on the form and the event

that it executes.

R Micrasoft & rcess- {Hectneat Draston i Toronto)
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. T
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: i , Seleded .'"1 -

it § et 1o [ e

Figure 5.7 Form’s Command Buttons Roles
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Useful options are provided in each form, for instance, if the user accidentally hits
the clear take off list button, this operation is not carried out immediately but a

confirmation message is displayed and requires the user to accept or deny it.

Figure 5.8 shows this operation.

K Lherasof Access - [Flectas al Divazon n Gitawa]
‘Bl Bt Vew [neart Format Records Tools Window nelp
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No
TR [CONOLIT Emted =t in s sxciad LF 1381 . £ 10
- - T s J(!:’leny\ T — . —
IRHTONIS [CONDWT Emcedieain wb ""'“"iﬂ?c‘ﬂ)“ boses A \,.\..U_ 'Y LF [HE (DS
161 TUIC0 {CONOUIT Emseddedin Zab excurdng eBowrhd pul baxet fizd Savanced steet 1 1777 LF $375 g P
161 1IDICIB {CONOUIT Enteddedin ab =nclidry =bows arrd LUl boxe: Ragrd Garanced sleet 7 LF $1240 5 $1240
YRIICA0 [CONOLIT Emdediedin sab ewcladrg cbovs 3 puilbawns & M T 1707 LF [335]] 1 [PB]

15T 1ODICAS [CONOUIT EmEeddecin ab =xcudr I ant cul boxes £ TJ':“

Figure 5.8 Useful Options

To build the item take off list, selected items are copied to a special form that is
designed for this purpose, by clicking on the “Copy To List" button. To view that
list the user all has to do is simply to click on the View List command button and
the form is viewed. Before copying any item the form looks as shown in figure

5.9, which also illustrates the available command buttons on that form.
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Figure 5.10 Preview the Total Sum at any instance
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Once the user copies selected items to take off list, the undesired records can be
deleted one at a time by using the trash symbol button. Furthermore, clicking the
“z" symbol button instructs the interface to calculate the sum total of all the
selected records at that instance and present it in a dialog window as illustrated
in Figure 5.10. A customized menu is designed in all the forms to provide more
options and make enhancements. When the take off list is generated, the user
has many options to choose from this menu. For instance, he or she can choose
to view the list in data sheet format as shown in Figure 5.11. From the data sheet
view the user has the choice to export the take off list to Microsoft Excel for

scheduling purposes (Future Expansion).
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Figure 5.11 Customized Menu
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Figure 5.13 the List in Excel after Exportation
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Figures 5.12 and 5.13 illustrate the list before and after the exportation. Beside
the mentioned options, the user can print the list either from within Excel or the
database itself. Different types of forms are designed in case the user chooses to
enter own cost data, as iilustrated in Figure 5.14. In this case the user is not
provided with any unit cost of the items, instead he or she is asked to enter the
costs of installation and material respectively as well the corresponding
quantities. Afterwards, the queries that link these forms perform the necessary

calculations.
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Figure 5.14 Case of Choosing to Use Own Cost Data.
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These forms are outfitted with the same command buttons and their executed
events as of the Yardsticks cost data forms. Likewise, the same design and
options of the Take off List forms are also readied for this case.

Subsequently, to simplify the process of choosing one division at a time all the
forms that contain the fourteen divisions cost data are linked by one simple form
depending on the desired city. Figure 5.15 exemplifies this type of the form for
the city of Toronto.

K Mistosoft Access - [The Caty Of Toronta] ‘
' Eile Edit View [nsert Format Records Tools Window Help

Figure 5.15 Divisions List for the City of Toronto
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In a like manner, all the other cities’ divisions are listed in forms that have the
same design as the one shown for both units (Imperial and Metric) except for the
photo that is for the associated city. As soon as the user clicks on the Exit button
on any form similar to Figure 5.6 he or she returns to the form similar to the one
in Figure 5.15 depending on the chosen city. It is to be noticed that the “General
Conditions” button is disabled during the selection process from the other

divisions, but once the user clicks on the last button “Finish” the interface send a

R Llicrosoft Access - [The Ty OF Tesonta) .
(Z1Bile Edit Wew st Fosmat Rooords . Tools Window Help-

|
(>
>
>
>
5|
=

Figure 5.16 General Conditions Message
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message to the user asking to enter the General Conditions Information, as
shown in Figure 5.16.

Directly after the user clicks the “OK” button, the General Conditions button is
enabled and by clicking it a dialog window appears asking to enter the General

Conditions Information as Figure 5.17 exhibits.

>

Figure 5.17 General Conditions Information Form
Many entries are necessary in such if they are not entered the “OK” button on the
General Conditions form will not be enabled. Those entries are profit, overhead

and contingency. The required data can be selected from default values or
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entered, clicking the “OK" button displays another dialog window asking the user
to choose the type of the summary report output he or she likes to generate.
Three different reports and a complete Take off List by Division are available to
choose from the drop down list as illustrated in Figure 5.18. Highlighting a
selection and clicking the view button instructs the interface to generate the

selected report type and displays it to the user.

Access
E.Omxl'ienu Eile . Window Help:
- m——— —

Column Chant (Histogram] Repon
Pw Chast Repent

Takal €atimate Surmay Repat
Corngigte T ak2 off List By Orvizon

Figure 5.18 Select Report Type to View
Figures 5.19 and 5.20 show the project’s final summary report type before and

after building the take off list and entering the General Conditions information.
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If the user chooses the “Complete Take off List by Division” option a professional

printout report of the list showing each division, its associated items, and its total

separately, Figures 5.21 and 5.22 illustrate the case before and after copying

items to the list.
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The values in the take off list are taken arbitrary for illustration only. Similarly,

Figures 5.23 to 5.26 illustrates the Column and Pie chart selection.
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Figure 5.23 Column Chart Report before building Take off List
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To make the city selection easy for the user, all cities are grouped into two main
and different forms called “The Eight Major Canadian Cities”, one for Imperial
and the other for Metric. Figure 5.27 pictures one of these types of forms. The
user has to simply click on the button beside the city name and immediately the
Masterformat form associated with the chosen city is opened instantly similar to

the one shown in Figure 5.15.

IR

'@ Eile Edit Yiew [nsert Format Records Tools Window. Help ' ‘ S— N 18X
;hTHE EIGHT MAJOR CANADIAN CITIES |

* The ity 9t St-Johns ©

R Microsoft Access - [The Major Canadfan Cities (Imp)]

* The ity Ot Haldax ™

“ The City Of Monti2al ™

“The City Of Ottwa

* The City Ot Taranto ™

* The City Of Wiinpey

“ The ity Of Calgary ™

* The City Of Yancouver

Back To Project iformatinn

I IO K K K 2 0 0

Figure 5.27 the Eight Major Canadian Cities
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The key that culls all these forms in this database is the “Project Information’
form, from which the user picks out the cost source data and the unit to estimate
the required project. Figures 5.28 and 5.29 represent the data source selection
and the unit selection. When opening this form, the unit box and the continue
button are disabled, because it is designed to make the user select the data
source type in order to continue otherwise all he or she can do is exit the
application. Contiguously when the user makes a selection only the unit box is
enabled to allow for another selection. At this stage the “continue” button is

enabled, hitting it instructs the interface to analyze the selection combination and

as a result the required form is opened.

\ Bacron b A con Thooe tindvamation) .
| OwnMenu Elle Edit lnsert Becards Window Help ' o 21xt

PROJECT  INFORMATION

PROJECT HAME ESTMAATOR
PROJECT ADURESS 0. OF STORIES
owen | foraL anca

ARCHITECT DATE Tuesday, Novernber 23, 1993

Figure 5.28 Units Type and Continue Button Disabled
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Figure 5.29 Continue Button is disabled
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\' PROJECT INFORMATION

PROJECT HAME

PROJECT ADDRESS
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Figure 5.30 Data source and unit type are selected
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Figure 5.30 shows the case that occurs after the user selects the data source

type and the unit type, the “continue” button is enabled.

R Mycrosof Arcess - [0 DIVISIONS INPUT ()] Pl o § X
| Eile Edit [noert Becords Window Help

MY _OWN INPUT DIVISION'S | SELECTION
_>| Division #1 " General Condtions *

_> | UDinision 03" Conerete

> | Division 05 "Metals

_> | (Division #6 “Wood and Plastic *

_>, Division 07 " Thermal and Moistisre Protection *
_>| ivision 08" Doors ant Wiidows =
_;J Division 09 " Finishes *

>.| Division 10 *Specialties *

_;J Division 11 " Equipment **
_>_| Division 14 " Conveving Systems

;l Division 15 " Mechanical "
> | Division 16 "Electrical "

> | finish

Figure 5.31 Result of Own data source and imperial unit type selection
Figure 5.31 pictures the form that the interface opens after analyzing a selection
combination of own cost data type and imperial unit type. In favor of operating
the database entirely, hundreds of coding lines are written in the interface so that
the selection execution can be done fast and errorless. Furthermore, many

variables have been declared in a module interface to be easily classified.
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Figures 5.32 and 5.33 illustrate one of many subs used and one of the interface
modules in the Preliminary database. The foregoing Figures demonstrated briefly
the design process of the Preliminary Database, starting from entering data into
tables, to queries and ending by forms and reports. As well interpreted how all

the forms are operated from main forms for simplicity and flexibility.

5.4 Imperial Parametric Database

The ER-diagram mentioned in chapter 4 is the source from which the
components of this database are detected. The database is comprised of two
sets of previously executed projects gathered from different sources, such as
Hanscomb's Yardsticks 1998 costs, and the Internet webs linked through R. S.
Means web side. The first set incorporates 35 projects that have Uniformat
(elements) as their work breakdown structure; on the other hand the second set
comprises 67 projects that are based on Masterformat (divisions) and their costs
are according to 1994. Appendix D provides lists of these projects.

Similarly to the Preliminary Database, the design of this database is divided into
three main steps as follows:

Step One

All the projects’ data are to be typed in, and arranged into two different sets of
tables depending on their work breakdown structure. Tables 5.4 and 5.5 show
the fields name, type and size for each type. Next, other types of tables are to be
designed in order to adjust the cost of each project and its associated structure

according to city index and inflation rate as shown in Tables 5.6 and 5.7.
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Private Sub cmdContinue_Click() j

cmblUnicsType.SecFocus
If cmbUnitsType.Text = "Imperial’” Then
cmbPricesBy.SectFocus
If cmbPricesBy.Text = "Yardaticks” Then
DoCmd.OpenForm "The Hajor Canadian Cities (Imp)*
End If
End If
cmbUnicsType.SecFocus
If cmbUnicsType.Text = "Mecric” Then
cmbPricesby.SecFocus
I1f cmbPricesBy.Text = "Yardscicks” Then
DoCmd.Openform "The Major Canadian Cities (Metr)'
End L2
End If
cmbUnitsType.SecFocus
If cmbUnitsType.Text = "Imperial”™ Then
cmbPricesBy.3SecFocus
I[2 cmbPricesBy.Text = "Qun” Then
DoCmd.OpenfForm “Oun Divisions' Input (Imp)”
End 12
End L2
cmbUntctsType.SecFocus
Iz cmbUnitsType.Text = "Metric” Then
cmbPricesBy.SetFocus
If cmbPricesBy.Text = "Qun” Then
DoCmd.OpenForm “Own Divisions' Input (Mecr)*
End Iz
End [Z
End Suwo

Figure 5.32 One Coding Sub in the Interface
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Option Compare Database
Option Explicic

Public strMessage As String
Public strtitle As String
Public inctdptions As Integer
Public bytChoice As Byte

Dim strtxtprojectname As String
Dim scrprojecctaddress As Scring
Dim scrowner As sString

Dim satrarchitect As String

Dim sctrquantityby As 3ctrang

Dim strnoofstories As 3cring
Dim 1nttoctalarea As Integer

Dim inttotalvolume As Integer

lllcl

Figure 5.33 One of the Interface Modules to Declare Variables
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Table 5.4 Fields of Table Projects by Masterformat

Field Name E Field Tytjé" E_iéld'Si;'e
Project Number Auto Number Long Integer
Description Text 50
Building Size Number Long Integer
Cost per Square Foot Currency Currency
Construction Cost Currency Currency
General Requirements Currency Currency
Site Work (Building Related) Currency Currency
Concrete Currency Currency
Masonry Currency Currency
Metals Currency Currency
Wood and Plastics Currency Currency
Thermal and Moisture Protection Currency Currency
Doors and Windows Currency Currency
Finishes Currency Currency
Specialties Currency Currency
Equipment Currency Currency
Furnishings Currency Currency
Special Construction Currency Currency
Conveying Systems Currency Currency
Mechanical Currency Currency
Electrical Currency Currency

Table 5.5 Fields of Table Projects by Elements

. FieldName Field Type  Field Size
Project Number Auto Number | Long Integer
Description Text 50

Building Size Number Long Integer
Cost per Square Foot Currency Currency
Construction Cost Currency Currency
Substructure Currency Currency
Structure Currency Currency
Exterior Enclosure Currency Currency
Partitions and Doors Currency Currency
Finishes Currency Currency
Fittings and Equipment Currency Currency
Mechanical Currency Currency
Electrical Currency Currency
General Requirements and Fee Currency Currency
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Table 5.6 Table of Adjusted Projects costs by Masterformat

Field Name Field Type Field Size
Project Number Auto Number | Long Integer
Description Text 50
Building Size Number Long Integer
City Index Number Single
Cost per Square Foot Currency Currency
Construction Cost Currency Currency
General Requirement Index Number Single
General Requirements Currency Currency
Site Work Index Number Single
Site Work (Building Related) Currency Currency
Concrete Index Number Single
Concrete Currency Currency
Masonry Index Number Single
Masonry Currency Currency
Metals Index Number Single
Metals Currency Currency
Wood and Plastics Index Number Single
Wood and Plastics Currency Currency
Thermal and Moisture Protection Index | Number Single
Thermal and Moisture Protection Currency Currency
Doors and Windows Index Number Single
Doors and Windows Currency Currency
Finishes Index Number Single
Finishes Currency Currency
Specialties Index Number Single
Specialties Currency Currency
Equipment index Number Single
Equipment Currency Currency
Furnishings Index Number Single
Furnishings Currency Currency
Special Construction Index Number Single
Special Construction Currency Currency
Conveying Systems Index Number Single
Conveying Systems Currency Currency
Mechanical Index Number Single
Mechanical Currency Currency
Electrical Index Number Single
Electrical Currency Currency
Inflation Rate Number Long Integer
Number of Years Number Byte
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Tables 5.7 Table of Adjusted Projects costs by Elements

| Field Name Field Type Field Size
Project Number Auto Number | Long Integer
Description Text 50
Building Size Number Long Integer
Cost per Square Foot Currency Currency
City Index Number Single
Construction Cost Currency Currency
Substructure Currency Currency
Substructure Index Number Single
Structure Currency Currency
Structure Index Number Single
Exterior Enclosure Currency Currency
Exterior Enclosure Index Number Single
Partitions and Doors Currency Currency
Partitions and Doors index Number Single
Finishes Currency Currency
Finishes Index Number Single
Fittings and Equipment Currency Currency
Fittings and Equipment Index Number Single
Mechanical Currency Currency
Mechanical Index Number Single
Electrical Currency Currency
Electrical Index Number Single
General Requirements and Fee Currency Currency
General Requirements and Fee Index | Number Single
Inflation Rate Number Single
Number of Years Number Byte

Step Two

91

Subsequent to assigning the main fields names, fields’ types and fields size the
task of building the tables in the database can be initiated. Figures 5.34 and 5.35

illustrate snapshots of the datasheet view while designing these tables.

As described earlier, tables are rigid objects while queries are flexible and allow
data manipulations. Thus based on the tables designed in step one, sets of
queries are to be implemented to carry out all the required calculations for this

database. Consequently, their fields' name and type have to be specified as
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Figure 5.35 Screen Snapshot of the Adjusted Projects Table
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shown in Tables 5.8 and 5.9.

Subsequently, assigning each query to one specific city in accordance to the
project work breakdown structure attains the design of these queries. This
illustration is provided in Figure 5.36.

Table 5.8 Query for Uniformat Adjustment Calculation per City

Field Name ;:.;;:g

Project Number Auto
Number

Description Text
Building Size Number
City Index Number
Square Foot Cost = ([Cost per SF}*[City Index])/100 Currency
Total Construction Cost = ([Building Size]*[Square Foot Cost)) Currency
Substructure index Number
Substructure = ([Substructure]*[Substructure Index])/100 Currency
Structure Index Number
Structure = ([Structure]*[Structure Index])/100 Currency
Exterior Enclosure Index Number
Exterior Enclosure Division: ({Exterior Enclosure]*[Exterior Enclosure Currency
Index])/100
Partitions and Doors Index Number
Partitions = ([Partitions and Doors]*[Partitions Index])/100 Currency
Finishes Index Number
Finishes = ([Finishes]*[Finishes index])/100 Currency
Fittings and Equipment Index Number
Fittings = ([Fittings and Equipment]*[Fittings Index])/100 Currency
Mechanical Index Number
Mechanical = ({Mechanical]*[Mechanical Index])/100 Currency
Electrical Index Number
Electrical = ([Electrical]*[Electrical Index])/100 Currency
General Requirements and Fee Index Number
General = ([General Requirements and Fee]*[General Requirement Currency
Index])/100
inflation Rate Number
Number of Years Number
Total Expected Cost =[Total Construction Cost]*((1+[Inflation Currency
Rate}/100)*([Number of Years}))
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Table 5.9 Query for Masterformat Adjustment Calculation per City

Field Name !:_;e;;l
Project Number Auto
Number
Description Text
Building Size Number
City Index Number
Total Construction Cost = (Construction Caost) x (City Index)/100 Currency
Cost per Square Foot = (Total Construction cost)/(Building Size) Currency
General Requirement Index Number

Adjusted General Requirements = (General Requirements) x (General | Currency
Requirements) / 100

Site Work Index Number
Adjusted Site Work = (Site work) x (Site Work Index) / 100 Currency
Concrete Index Number
Adjusted Concrete = (Concrete) x (Concrete Index) / 100 Currency
Masonry Index Number
Adjusted Masonry = (Masonry) x (Masonry Index) / 100 Currency
Metals Index Number
Adjusted Metals = (Metals) x (Metals Index) / 100 Currency
Wood and Plastics Index Number
Adjusted Wood and Plastics = (Wood and Plastics) x (Wood and Currency
Plastics Index) / 100

Thermal and Moisture Protection Index Number

Adjusted Thermal and Moisture Protection = {Thermal and Moisture) x | Currency
{Thermal Index) / 100

Doors and Windows [ndex Number
Adjusted Doors and Windows = (Doors and Windows) x (Doors and Currency
Windows Index) / 100

Finishes Index Number
Adijusted Finishes = (Finishes) x (Finishes Index) / 100 Currency
Specialties Index Number
Adjusted Specialties = (Specialties) x (Specialties Index) / 100 Currency
Equipment Index Number
Adjusted Equipment = (Equipment) x (Equipment Index) / 100 Currency
Furnishings Index Number
Adjusted Furnishings = (Furnishings) x ( Furnishings Index) / 100 Currency
Special Construction Index Number
Adjusted Special Construction = (Special Construction) x (Special Currency
Construction Index) / 100

Conveying Systems Index Number
Adjusted Conveying Systems = (Conveying Systems) x (Conveying Currency
Systems Index) / 100

Mechanical Index Number
Adjusted Mechanical = (Mechanical) x (Mechanical Index) / 100 Currency
Electrical Index Number
Adjusted Electrical = (Electrical) x (Electrical index) / 100 Currency
Inflation Rate Number
Number of Years Number
Total Project Cost =(Total Construction Cost)x((1+{Inflation Currency

Rate]/100)*([Number Of Years]))
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Figure 5.36 Query of Adjusted projects by Elements for Calgary

Step Three

In order to institute the interface all the projects historical data has been
organized into sets of tables and queries. Groups of forms that have the queries
as their data source are to be designed. Each form illustrates a list of the
adjusted costs for previous projects and their associated structures for a specific
city. Figures 5.37 and 5.38 represent two types of forms for each format; as wel
they give explanation of the available command buttons and their role. The same

design type of these forms is used for all the cities.
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Figure 5.38 Adjusted Projects by Masterformat for Calgary
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All the values of the indices used in this database are based on R. S. Means’
historical data, therefore their recommendations of using these indices have to
be taken into consideration. This is the reason behind including a memo
message in the forms that supply adjusted costs for the projects based on
Masterformat. Means instructs that to adjust the “Specialties”, “Equipment’,
“Furnishings”, “Special Construction’, and “Conveying Systems” divisions one
has to add their values and multiply the answer by a factor given for each city
separately. Once the user clicks on the Memo button, a dialog window appears

immediately listing a message. Figure 5.39 illustrates this case.

Adsted Caat Of Freviguz Projects For Calgary

Conitpli. paitment 'With Gaaje
Bodsry n 110307 J0p Ttal ectaner o

EEE
MEECED W

—

Tn Adpust These Divisions Yau Should

Add Them Up And Theu Total Must Be
Muttiphied By Yy /0

— R

o

Figure 5.39 Instruction Memo to Adjust Divisions 10 to 14
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Designating one form for each city associated with the type of the project
structure format necessitate a main form to group all the cities in order to simplify
the selection task for the user. Hence, two main forms are designed for this
matter. The first, groups the cities according to Uniformat projects structure and
the second groups them according to Masterformat projects structure. Figure

5.40 pictures one of these two forms.

Canada

Figure 5.40 Main Form for City Selection
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Forthwith the user hits the button beside the chosen city, the interface at once
opens the form associated for this city, which is similar to the forms shown in
Figures 5.37 and 5.38 and closes “the Canadian Cities” form.

When opening the database itself, a main or logo form for this specific database

opens allowing the user to make a selection, either previewing or printing

previous projects as shown in Figures 5.41.

Figure 5.41 Selection Form
Figures 5.42 and 5.43 illustrate respectively the events when the user chooses to
preview projects or to print report. If the first selection is chosen and “By

Masterformat” is hit then the interface opens a form similar to that of Figure 5.38.
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Figure 5.43 Case of Choosing to Print Report
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On the other hand, if “By Elements” is hit then a form similar to that of Figure
5.37 is opened. Likewise, if the user chooses to print report and hits “By

Masterformat” then the interface opens a pre-designed report format as shown in

Figure 5.44.

Description Eanmert With Garage J

\Building Size I 110300 |SF |Square Foot Cost | | 57.30)

(Cly Index [ 39.10| [Total Construdion Cost | | 3632032835 |
# [Division | lindex | [Division% | # [Division | [index | |Division% |
01 | $319.36.00 | | 10000 | 50| g9 |$1,01719804 | | 104.00] I 15.98]
02 | $H8B70| | 9370] | 05| z9 | $B20600| | 10000 | 0.41]
a3 rssn,:ﬂo.nJ | 110.so| [ a.ce] 1 | 5148,920400l L 1m.00| [ 2:5]
ot | $319.488.14| [ 109.70] [ s4os| n [ su.ool [ 1cn.00| | o.cnl
o5 3100870836 | | 9470] | 1598 13 | 5000 | | 1mog | 0.0}
06 [ sz2mssn]| [ 1sol | 3| o [ swso0| [ iwmog | 107
07 | 40121 | | %6.80| | 677| 15 [$147375436 | | s29q | 0.41
08 | sB/W617 | | 8880| 615| 16 | se02078 | | 9810 | 2.38|
Unflation Rate | % |Number OF Years || |

|Total Expeded Cost | | B

Figure 5.44 Report Format in Case of By Masterformat Selection
On the contrary, if “By Elements” is chosen then the report format is similar to the
one shown in Figure 5.45.
The preceding three steps dealt with the stages of the design followed to

implement the Imperial Parametric Database. The sequence of entering the
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historical data into tables, the deriving queries, and ending by designing forms

and build-in reports is described in

[Project Name Multi-Level Parking Gerage Above-Ground |
’Esc(fpﬁon Pm cears capaaty, reinforced concrete rame, Exduding ste |
\Buitding Size | 27500 |SF |Square Foot Cost | | 3221
\|Cy Index I 3910] [Total Construction Cost | [ $6,857,06236 |
# |Element | |index | # [FElement | |index |
A1 [ 18| | 1or3) B3 | IS
$18.86 39940
Azl L l c1 | stes| [ 9290
A3 | 5241 | [ 106.00]
B1 | IR c2 | s | [ s8]
B2 | $128 | [ ssad] 21 | 5224 [ 9930
UnflationRate |  |% [Number OF Years || |
[Total Expeded Cost | | |

Figure 5.45 Report Format in Case of By Elements Selection
detail and supported by figures to briefly explain the undertaking procedures.
Many coding lines have been written in order to eliminate any confusion and to
provide an errorless interface for fast and easy access to the required data.

Figure 5.46 shows few of these coding lines.
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K Mrizzosont Acress - [Fam_Preasw Projects Class Madule]

Icdexit vl IClir.k vI

a
—

Private Sub cmdExit_Click()
DoCmd.Quit acQuitSavedll
End Sub
Private Sub cmdPreview Click()
iblMascerPreview.Visible = True
IblElmPreview.Visible = True
Dolnd. JpanfFore "Iwperial Sal goilormel, [ . asFarmEdit, aclialag
Dy Tmd. Dloze asForm, "Prewvigw Prajactg By Iia”, acdaveNo
End Sub
Private Sub cmdPrintReport_Click()
lhlMascterPrint.Visible = True
lblElmPrinc.Visible = True

retard CmanFeata #Drver Beumrr P 3eioaa

Al ERSIRE T DR Yod AR BURTS {

Doalmd. Tloss goFlom, YRrevioy Protacts b Dlaf

End Sub

Private Sub lblElmPrevieuw Click()
DoCmd.OpenForm "The Elm Cities”, acNormal, , , acFormEdic, acDialog
DoCmd.Close acForm, ""Preview Projects'’, acSaveNo

End Sub

Private Sub lblElmPrint_Click()
DoCmd.OpenForm "Print Report Elm”, acNormal, , , acFormEdic, acDialog
DoCmd.Close acForm, "Preview Projects’”, acSaveNo

End Sub

Private Sub lblHasterPreview Click()
DoCmd.OpenForm "The Master Cities”, acNormal, , , acFormEdic, acDialog
DoCmd.Close acForm, "Preview Projects”, acSaveNo

End Sub e

Private Sub lblMasterPrint_Click()
DoCmd.OpenForm "Print Report Mascter”, acNormal, , , acformEdit, acDialog
DoCmd.Close acForm, "Preview Projects”, acSaveNo

End Sub

=5 |

.o T2avnd

1)

Figure 5.46 Sample of Coding Lines written for this Database

5.5 Metric Parametric Database

The design of this database is exactly the same as of the previous one “Imperial
Parametric Database”, except all the data used are in metric units. The motive of
designing two separate databases is because the item description for the metric
unit is unlike the one in the imperial unit.

To start, historical data has been grouped into tables that have the same fields’

name, type and size as in Tables 5.4 to 5.9. The difference resides in the forms
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and precisely in the project building size and the cost per square meter. Figures

5.47 and 5.48 picture

Adpistes l h n|v- ts v Flemants For' l’rr

et e Multi-Level Parking Garage Above-Ground
700 cars capacuy. reinforced concrete frame, Excluding ste
25.400.00 2 Totw e oot $8,806.214.29 ety 3$346.70

u.u.,hu..»-..r,xm.‘_'" st UPF——

e e e E"llhv LRIt
et Mt al
Ll 1w

Frusts 1 a3 m Cemfiemt 2l U et it ©

Adpusted Cost O Presnous Progects Foralgary

Fivaltinny e 10.247 20883 Tot b an a0 g $6.320.148.03 Ctpet Tipiare Mefer $622 37

RN B T PR TR T |

Figure 5.48 Sample of Metric Adjusted Projects by Masterformat
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Descrplion }Apanmer: With Garags I
[Buiiding Size | 10251 |Spm [Square Meter Cost_| [ 683.11]
[City Index 1 109.80| [Total Construction Cost | | $6,377,589.94 |
[ # ] [Division ]| [index | [Divison% | [ # | [Division |[iIndex | [Division % |
[ smszsa3]| [ tomog] | 5.01] [ s1.18685240 12140 [ 1665
[ s®ami1 | [ 1m0 | 0.5 [ s®1%a7 [ 1moq | 0.41]
[s7amaze | [ 1250 | CEd)| [ seemsea || iwog | 23|
[(s®e=zs01 | [ 180 [ 5.74] ﬂ | 5000 |[ 10000 | 0.0
[$1.061,56785 | | 5960] | 16.65) 3] | 5000 |[T 1mag | 0.0
[ s23346055 | [ 11250] | 3 85] 4] [ seszma3][ 1maq | 1 06]
[ sa8011073 | | 104 10] | 721] L1322351 43 | 10470 | 041
[s411,19813 ] | s3so] [ §.45] 6] [ s72smes3 || 1154d | 2.3
finfiation Rate I % [Nurmber OF Years ]| ]
[Totat Expeded Cost | | |

Figure 5.49 Sample Report in the Metric Database by Masterformat

[Project Name Pvluti-Level Parking Gerage Above-Ground ]
[Descn’otion |7co cers capadity, reinforced corcrete frame, Exduding ste J
[Building Size [ 25400 |SM [Square Meter Cost || 384.14|
|Cly index |1 108.80] [Total Construction Cost | | $9,757,036 89 |
# [Division | [index | # |Division | lindex |
A1 [ smen| [ 1220] B3 | w1 [ 7%

A2 [ $220.33 ] [ 107.so|
c1 | $22.56 | | 10470

A3 | $28.81 ] r 117.90|
B1 [ 5255 | [ 1060 c2 | $18.77 | 11540
B2 ( $15.52 | [ 111.90] Z1 | $24.48 | [ 100.50]
[inflation Rate | % [Number Of Years || |

[Totat Expected Cost | | |

Figure 5.50 Sample Report in the Metric Database by Elements
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samples of the forms' type used in this database, also Figure 5.49 and 5.50
represent the build-in reports’ type for both formats.

The remaining forms are specifically similar to the ones in the Imperial
Parametric Database. Additionally, similar coding lines are used except when the

unit, when has been changed to metric.

5.6 Main Module

Following the design of the three databases, it is necessary to design a simple
procedure to be the gate for the user to access the database under choice. In
other words, from that form the user assign the type of estimate he or she wants
to use. Consequently, a main form, named “Type of Estimate” is designed in a
way that links the three databases and by simple clicks the desired one opens.
The first form that opens in this procedure is the logo screen as shown in Figure
5.51. It is designed with a timer that shuts the form down after few seconds.
Immediately after the logo screen form disappears, the “Terms, Conditions and
Introduction” form is displayed listing to the user legal issues taken from
Hanscomb's Yardsticks for costing hard copy. It also explains how to use their
cost data and what is included in the cost of each item. At the bottom of this form
there are two command buttons, one to exit the model and the second to
continue. Hitting the “Continue* button, the interface opens the main or the gate
form that links the three databases. Figures 5.52 and 5.53 show the two

mentioned forms respectively.
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Figure 5.52 Snapshot of Terms, Conditions and Introduction Screen
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TYPE OF ESTIMATE

Figure 5.53 Snapshot of the Type of Estimate Screen
Once the user clicks on the “Parametric Estimate”, immediately the two options
“Imperial” and “Metric” appears. In this case the user has to choose one of them
by clicking on the writing, if “Imperial” is the choice then the interface opens the
“Imperial Parametric Database” and a form is displayed as shown in Figure 5.40.
Similarly, if “Metric” is the choice then the “Metric Parametric Database” is
opened and a form similar to Figure 5.40 is displayed, the difference resides in
the unit type. Figure 5.54 illustrates the cases of different selection. On the other
side clicking the “Preliminary Estimate” opens the Preliminary Database and the

first form that is displayed is shown in Figure 5.28.
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Figure 5.54 Explanation of the screen “TYPE OF ESTIMATE”

5.7 Conclusion

This chapter presented the physical development of the conceptual cost

estimating system model using Microsoft Access 97 and Visual Basic for

Applications. The development's design is accomplished in a way that provides

the user with varieties of options to choose from, flexibility and fast retrieval of the

required data. In addition it provides the freedom of selecting the type of output in
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a professional format. All the undertaking processes have been described and
supported by figures and tables. Testing the model on unseen project example
showed its capabilities to analyze the user input and generate the required
output. However, two actual projects are going to be used to examine the

performance of the model as described in chapter 6.
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CHAPTER 6
System Performance (Validation)

6.1 Introduction

This chapter describes the capabilities of the system with respect to its three
modules: 1) Imperial Parametric Estimate Module, 2) Metric Parametric Estimate
Module, and 3) Preliminary Estimate Module. The performance of the system is
verified through two actual cases. The first case is used to demonstrate that all
the system components run bugs free and consists of a project to be executed
on the spring of year 2000 in Montreal. This project consists of a warehouse that
contains eight big tanks to store chemical liquids, offices, decking area, and a
workshop. The construction firm that won the bid “Magil Construction
Corporation” has performed a detailed estimate of the project. The second case
is used for comparison between the actual preliminary estimate and the one
generated by the system, which consists of adding a marketplace building for the
University of British Columbia. “Cressey Development Corporation” has prepared
a preliminary estimate in order to bid on that job. The project is divided into three
portions that are Parkade level, Commercial / Retail level, and Residential level.
Appendix E contains copies of the actual projects estimates documents prepared
by the two firms.

Case 1:

The project has a total gross area of 68,688 ft>. Two types of estimates are going
to be used to examine the model performance, the first is the preliminary

estimate where complete take off cost list is to be generated and the second is
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the parametric estimate, which is based on previous historical data. It is to be
noted that the cost data available are based on Yardsticks for average rates and
average conditions, which includes the cost of material, installation, equipment,
transportation, and subcontract profit. Therefore, some divisions' costs might
differ from those computed by the construction firm.

6.2 Preliminary Estimate Application

Due to the fact that the project drawings are not available, the quantities taken off
by the construction firm are to be considered to build the cost list and accordingly
estimate the total project cost. The first model screen is the logo screen as
shown in Figure 5.51, which disappears after few seconds to display the Terms,
Conditions and Introduction screen that is necessary to read on account of

containing important information as pictured in Figure 5.52.

TYPE OF ESTINIAT
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Figure 6.1 Estimate Selection (or Gate) Screen
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Once we click the “continue” command button, the gate screen opens providing
us with the option to choose i.e. the type of estimate to use. In this case the
choice is Preliminary estimate as shown in Figure 6.1. As soon as we click on the
“Preliminary Estimate”, the project information screen opens for us to enter

general information about the project as shown in Figure 6.2.

r PROJECT  INFORMATION

.. Lt
ol el

-,
PROJECT IAME ESTMATOR

PROJECT ADDRESS HO. OF STORKES
owneer | TOTAL AREA
ARCHMITECT DATE Tuesday, Novernber 23, 1398

vsepmcesoy = ] wastee [ ]

e [ Ccx Fom |

Figure 6.2 Project General Information Screen
After keying in all the project information, we choose the cost data type to be
used in estimating the activities costs. In this case Yardsticks for costing data is
chosen in order to compare the prices of the construction firm with those

available in the database. Afterwards, we have to select the unit type before
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being able to proceed. Figure 6.3 illustrates the project information screen after

entering the project information and selecting the cost data and the unit type.
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Figure 6.4 “Eight Major Canadian Cities” Screen
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Hitting the “Continue” button, we are transferred to the “Eight Major Canadian
Cities” screen in order to choose the city corresponding to the project studied as
shown in Figure 6.4; Montreal is the city that interest us for this project. Just a
simple click shifts us to the screen shown in Figure 6.5 and immediately we are

capable to start selecting the different activities corresponding to each

Masterformat division.

THE CITY OF MONTREAL

» I Division 01~ General Comxitions ™

_:_] Drvraion 92 Site Wosk ™
> Uvision ¢83  Cancrele ™
;] Diviatun 64~ Mascmy °
. _,J Drvisicn 95 ~ Metais ™
;j Devision 06 ~Wood and Plastic ~
» THvinion 67 * Ther mal 4l Mosstia e Y otection ™
—)] Givision 8 " Door s Jntl Windows ™
» | Umasicn 89 " Tmishes ™
» Divinion 10 " Speciatios ™

» l Division 11 " Ejpspment =

» l Dwvision 14~ Cormreyan( Systems
» ‘ Divinivn 15 " Mechanical ™

_.] Dewinion 16 " Electsical *

faush

Figure 6.5 Masterformat Divisions According to Montreal
The first division to choose should be “General Conditions”, but since this is an
approximate estimate the value of the general conditions’ division is taken into
consideration after selecting all the activities of the other divisions as a
percentage of their total. Therefore, the first division to start with is division 02

"Site Work”. Table 6.1 includes all the activities related to this division according
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to the construction. firm's quantity take off. Few of those activities are not
available in the database, therefore, the missing ones have been typed in, which
enhances the database for future use and demonstrates the flexibility of the
model. The added items are given ten digits unique number different than the
ones used by the construction firm.

Table 6.1 Items of Site Work Division

Item # Description Quantity Unit uUnit$ Total

2.101 Site Preparation 1 Lps 498,000.00
2.513 Street cut 2 2,500.00 5,000.00
2.690 Qil interceptor reservoir 1 Lps 20,000.00 20,000.00
2.710 Foundation Drainage 0.00
2.935 Sodding 1 Lps 5,000.00 5,000.00

Figures 6.6 and 6.7 illustrate snapshots of the Site Work division before and after
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Figure 6.6 Site Work Division before adding the Site Preparation item
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Figure 6.7 Site Work Division after adding the Site Preparation

adding the missing items respectively.

The roles of all the command buttons that exist on that screen have been
explained in detail in Figure 5.7 of chapter 5. Before copying any item from this
division, the take off list is empty and appears as was shown Figure 5.9, as soon
as the items are copied to the list it looks as shown in Figure 6.8, which also
shows the total sum at that instance of time. Having the Site Work's items
selected and transferred we return to the Masterformat's Divisions by hitting the
“Door’ symbol on the bottom left corner of the screen. Next, Division 03

“Concrete” is the one that its activities are to be selected and copied to the list.
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Figure 6.8 List after Copying Site Work’s Selected Items

Table 6.2 displays the activity list of this division according to the construction
firm. Similar to Division 02, all the missing activities are typed in to the database
and assigned a unique number. Figure 6.9 illustrates the Take Off List screen
after copying the Concrete’s selected items to it and accordingly the total cost at
that instance of time. The same process has been carried out for all the other

divisions.
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Table 6.2 Items of Concrete Division

Item # |Description Quantity |Unit |Unit $ Total
3.100 Formwork
Exterior foundation walls 16,867 Sqft 2.35 39,637.45
Ext. continuous footings 2214 Sqft 2.35 5,202.90
Interior foundation walls 2661 Sqft 2.35 6,253.35
Int. continuous ftgs 368 Sqft 2.35 864.80
Int. spread footings 1582 Sqft 2.35 3.717.70
Column piers 674 Sqft 2.35 1,583.90
Balance bassin walls 1841 Sqft 2.35 4,326.35
Balance bassin piers 272 Sqft 2.35 639.20
3.151 Install coping anchors 180 Units 5.00 900.00
Install ground rods 40 Lft 5.00 200.00
Install angle coping 183 Lft 5.00 915.00
Conc.column protection-4'H/ 24"dia. 33 Units 250.00 8,250.00
Concrete curbs 20 Lft 10.00 200.00
Place concrete for bollards 9 Units 100.00 900.00
Trench & pit formwork 56 Sqft 2.00 112.00
S.0.G. stairs 25 Sqft 3.00 75.00
Loading dck platforms 87 Saft 4.00 348.00
Slab depression bulkheads 177 Sqft 10.00 1,770.00
Form pockets @ stl col bases 129 Units 50.00 6.450.00
3.200 Reinforcement Steel 1 Lps 66,250.00
wiwimesh 12x12w5.8x5.8 134392 Saqft 0.20 26,878.40
wiw/mesh 6x6w6/6 11709 Sqft 0.16 1.873.44
w/w/mesh 6x6w4/4 3942 Sqft 0.17 670.14
w/w/mesh stair pans 1200 Saft 0.16 192.00
3.250 Set & grout base plates (Concrete) 129 Units 15.00 1.935.00
1/2" asphait board 1850 Lft 2.00 3,700.00
3.300 Concrete Material
Building structure 25 Mpa 562 cu-m 80.00 44,960.00
Slab an grades 25 Mpa 1228 cu-m 80.00 98,240.00
Stair pans & bollards 25 Mpa 3 cu-m 91.00 273.00
Steel deck conc 30 Mpa 66 cu-m 91.00 6,006.00
Air-entrained 100 cu-m 10.00 1,000.00
Winter Concrete 1427 cu-m 4.00 5,708.00
3.345 Concrete Flaor Finishes 69.850.00
Place & finish building S.0.G. 60714 Saft 0.45 27,321.30
Sawcuts filled 5133 Lft 2.00 10,266.00
Place & finish balance bassin slab 1384 Sqft 1.00 1,384.00
Place & finish conc. on deck 5886 Sqft 0.60 3,531.60
Floor hardener 6.5 kg/sm 57000 Sqft 0.42 23,940.00
Cure & seal 57000 Sqft 0.12 6,840.00
Place & finish concrete stair pans 304 Sqft 2.00 608.00
3.420 BETCON Slabs 2088 Sqft 10.00 20,880.00
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Figure 6.9 List after Copying Concrete’s Selected Items

Tables 6.3 to 6.12 exhibit the remaining activities of the project corresponding to
each division.

After selecting and copying all the project's activities, the Take off List can be
viewed in two different formats as described in chapter 5. Hence, Figures 6.10
illustrates the list as appears after copying all the items to it, in addition the total
final direct cost of the project can be viewed. On the other hand, Figure 6.11
shows the second format that is the data sheet view, which allows us to export

the list to a Spreadsheet.
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Table 6.3 items of Metal Division

item # |Description Quantity |Unit Unit $ Total

5.120 Structural Steel 68688 sqft 486,100.00

5.210 Steel Joists

5.311 Steel Deck

5.500 Metal Fabrication 1 Ips 45,000.00 45,000.00

Table 6.4 Items of Wood & Plastics Division

Item # [Description Quantity |Unit Unit$ Total

6.100 Rough Carpentry 1 Ips

6.200 Finish Carpentry 1 Ips 5,500.00 5,500.00
Pine window sills w/moulding 204 it 19.61 4,000.44

6.240 Laminated Plastic

Table 6.5 Items of Thermal & Moisture Protection Division

Item # |Description Quantity [Unit Unit $ Total
7.190 Sheet Vapour Barrier included
7.212 Board Insulation 0.00
2" rigid insulation foundations 2305 sqft 0.60 1,383.00
g rigid insulation @ Hot Box 1060 saft 1.20 1,272.00
m
;/2" cement board @ Hot Box 1060 saft 1.50 1,590.00
7.213 Bg:t & Matt Insulation 488 included
7.216 2" Sprayed urethene insul. 7158 sqft 18,626.00
3/4" urethane behind Dryvit 4007 sqft included above
Urethane @ marquise joists 1 Ips included above
7.466 Architecural Metal Siding 115,000.00
Sandwich panel w/V.B. 20511 sqft 5.60
Single skin 2501 sqft 3.00
7.472 “Dryvit” Product 4007 sgft 10.00 40,070.00
7.510 Built-Up Bitum.Roofing 60714 sqft 175,950.00
7.620 Metal Flashing & Trim included above
7.724 Roof Hatches 1 unit 693.00 693.00
7.900 Sealants 1 Ips 2,000.00 2,000.00
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Table 6.6 Items of Wood and Windows Division

Item # [Description Quantity [Unit | Unit$ | Total
8.100 H.Metal Drs&Frs. 20 gauge metal doors 21 units 150.00 3.150.00
18 gauge metal insulated doors 7 units 206.00 1,442.00
KALAMIEN- anit-explosive dr 8x10 1 unit 2,175.00 2,175.00
16 gauge pressed stl frame/single 56 units 117.00 6,552.00
16 gauge pressed stl frame/double 2 units 282.00 564.00
16 gauge pressed stl frame/special 10 units 165.00 1,650.00
8.111 installation Doors 62 units 75.00 4,650.00
Install KALAMIEN anti-explosive dr 1 unit 500.00 500.00
8.112 Installation Frames 68 units
8.210 Solid masonite doors 33 units 115.15 3,800.05
Bi-fold masonite door 1 unit
8.331 Rolling Doors: Metal Insulated 7 units 10,300.00
8.450 impact Doors unit 6,070.00 6,070.00
6.710 Finish Hardware 62 unis 18,775.00
Aluminium sills 9 units 300.00 2,700.00
8.120 Aluminium Doors & Frames 0.00
Aluminum entrance doors & frame 4 units
Aluminum core 1 unit
8.800 Metal door lites 6"x 2 7 units 50.00 350.00
Wood door windows 2'x3'-6" 9 units 100.00 900.00
Special frame windows 7 units 160.00 1,120.00
8.900 Curtain Wall 1328 sqft 70,000.00
Windows 389 sqft
Vestibule alum.ceiling panel 1/8" 70 sqft
Marquise entrance 1/8” aluminum 75 sqft
Vestibule glass partitions 242 sqft
Table 6.7 Items of Finishes Division
Item # |Description Quantity |Unit | Unit$ | Total
9.100 Drywall & Ceilings 1 Ips 98,000.00f 98,000.00
9.310 Ceramic floor tile 1389 sqft 6.00 8.334.00
Ceramic wall tile 1338 sqft 6.00 8,028.00
Ceramic lile base 382 Ift 6.00 2,292.00
Ceramic tile stairs 204 sqft 6.00 1,224.00
9.660 Linoleum flgoring 4406 sqft 2.00 8.812.00
Vinyl base 2379 Ift 2.00 4,758.00
9.680 Carpet installation 370 sqyd 18.00 6,660.00
$26/sqyd supply only allowance 370 sqyd 26.00 9,620.00
Carpet base 95 ift 5.00 475.00
9.900 Painting 1 Ips 16,715.00f 16,715.00
9.955 Vinyl Wall Covering 798 sqft 2.00 1,596.00
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Table 6.8 Items of Specialties Division

Item # Description Quantity |Unit | Unit$ | Tota!

10.180 Toilet Partitions 4 units 1,845.00
Urnal screen 1 unit

10.800 Toilet & Bath Accesories 1 Ips 1,882.00 1,882.00

Table 6.9 Items of Equipment Division

item # Description Quantity |Unit | Unit$ | Total
11.160 Loading Dock Equipment 1 Ips 2,734.00
11.161 Dock Levellers 4 units 7,405.00

Table 6.10 Items of Furnishings

Item # Description Quantity |Unit | Unit$ | Total
12.680 Foat Grills 24 sqft 1,076.00

Table 6.11 Items of Mechanical Division

Item # Description | Quantity [Unit [ Unit$| Total

15.250 Thermal Insulation Ips 24,348.00
15.300 Sprinkler System Ips 128,840.00
15.400 Plumbing & Heating Ips 115,250.00
15.500 Ventilation Ips 164,600.00
15.900 Controls Ips 44,300.00

Table 6.12 Items of Electrical Division

Item# |Description | Quantity |Unit | Unit$ | Total
16.100 Electrical Ips 334,500.00

It is to be noted that Yardsticks for costing does not include two Divisions, that
are division 12 “Furnishings” and Division 13 “Special Construction”. Although in
this project the “Furnishings” division has been considered for a total of $1,076

that can be neglected for its small value compared to the total direct cost of the
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project, also the “Special Construction” division is not considered. Additionally,

the “ Conveying System” division is skipped (see Appendix E).
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Figure 6.10 Project Final Take Off List

Since the model has an option of exporting the data sheet view table to Microsoft

Word, Table 6.13 displays this list after being imported to MS. Word, document.
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A e 5ol Acress - [T e OF List Mortreal]

| Eile Edit [nsert Records Window Help OwnMenu x|
RemiD | ‘ ltem Description [Unks| UnitPrice | Quantity | Total
| »0210100000| Ste Preparation ips  $498,000.00 1 $498,000.0C
| |0251300000 Streetcut ps  $2,50000 2 $5,000.00
10268000000 Od Interceptor Reservol los $20,000.00 1 $20,000 60
| |0233500000 Sodding bs  $5,00000 1 $5,000.00
| _ 10311000005 Formwork, Strip (Wall) Footings, Leveled Footings SF $4.60 2582 $11.877 20
| 0311000015 Formwaork for Spread (Column) toctings, Column Footings SF 3460 1582 721720
- 0311000030 Formwork Foundstion Walls and Grade Beams, Not exceeding 12 huigh, Concesled Firush  SF $4.44 19528 $86,704 32
| 10311000050 Trench and P# Formork SF 5200 36 $11200
| |0311000060 Formwork for Slab on Grade's Stars SF $3.00 5 $75.00
| |0311000065 Formwork for Loading Deck Platforms SF $4.00 87 $348.00
- 0311000070 Slab depression Bukheads SF $10.00 177 $1,770.00
- 0311000075 Form Pockets @ Steel Column Bases unts  $50.00 129 $6,450.00
| |0311000350 Formwork for Column Piers SF %235 674 $1,583.90
| [0311000355 Baiance Bassin Walls SF $235 1841 $4,326.35
| 10311000360 Baiance Bassin Piers SF $2.35 m $633.20
| |0315000005 Formwork, Coping Anchors (Installation) ungs  $5.00 180 $300.00
| |0315000010 Formwork, Ground Rods (instatation) LF £500 40 $200.00
- 0315000015 Formwork, Angle Coping (instaliation) LF $5.00 183 $915.00
| {0315000100 Formwork, Concrete Column Protection-4'H/24" diameter unts  $250.00 3 $8,250.00
| __|0315000105 Formwork, Concerete Curbs LF $1000 20 $200.00
| ]0322000001 WAVMesh12x12w 5.8x5.8 SF 3020 134392 52687840
- 0322000003 WAVMesh 6x6w 44 SF $047 3942 567014
| |0322000005 In slabs, 6" x 6" mesh, 6/6 gauge SF 8025 11708 $2,927 25
| |0322000040 wvMesh Star Pans SF 3016 1200 $192.00
10325000035 Asphat and Fiber types ta extenor, 172" thick contro! joint (ie to tacades), 6° wide LF $2.00 1850 $3,700 00
| |0325000060 Concrete Accessores, Set & Grout Base Plates ungs  $15.00 129 $1,935.00
| |0331000080 Place Concrete for Bolards ungs  $100.00 9 $300.00
| 0331000100 Concrete Material, Buiding structure 25 Mpa CM  $80.00 562 $44,960.00
| 0331000110 Concrete Matenal, Slab on Grades 25 Mpa CM  $8000 1278 $398,240 00
10331000120 Concrete Matenal, Stair pans § bollards 25 Mpa CM 9100 3 $273.00
| __[0331000130 Concrete Materials, Steel Deck Concrete 30 Mpa CM  $3100 66 $6,006.00
0331000140 Concrete Matenais, Ar-entramed I M $10.00 100 $1,000 00. y
4

Figure 6.11 Project Take Off list in Data Sheet View
Having the entire project work items selected and arranged in the list, the next
step for us is to select the values of the General Conditions. Since this is a
conceptual estimate, and the model does not include detailed items for the
general conditions division, the indirect cost is going to be considered as a
percentage of the total direct cost. Although this consideration conflicts with what
Assaf, Budshait and Atiyah (1999) recommend for calculating the overhead

project costs.
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Table 6.13 The Exported Taking Off List in MS Word

: e ; Aot |Unltsf IUnItPrlce Quanti
3210100000 te Preparation Ios $498,000.00 1 $496, 30000
0251300000 ~Streetcut 7 ' ’ " lps s2.500000 2 $5,000.00
0269000000 ~Oil Interceptor Reservolr T o . Tips  '$20.000.00 1 $20,000.00
0293500000 Sodding . I ) " lps $5.000.00 1 $5,000.00
0311000005 Formwark, Strip (Wall) Footings. Leveled Footings 'SF $4.60 2582 $11,877.20
0311000015 Formwork for Spread (Column) foatings, Column Footings ' SF $4.50 1582  §7.277.20
0311000030 Formwark Foundation Walls and Grade Beams, Not exceeding 12' high, 'SF 's4.44 19528 $86.704.32
Concealed Finish
0311000050 Trench and Pit Formork ' SF $2.00 56 $112.00
0311000060 Formwark for Slab on Grade's Stairs SF s2.00 25 s75.00
0311000065 Formwork for Loading Deck Platforms SF $4.00 87 $348.00
0311000070 ~Slab depression Bulkheads 'SF $10.00 177 $1,770.00
0311000075 Form Pockets @ Steel Column Bases unts  $50.00 129 $6,450.00
0311000350 Formwaork for Column Piers N ) SF 0 $2.35 ‘674  $1,583.90
0311000355 ~Batance Bassin Walls ’ SF $2.35 1841 $4.326.35
0311000360 Balance Bassin Piers 'SF 's2.35 272 $§39.20
0315000005 Formwork, Coping Anchors (Instaliation) units $5.00 180 $900.00
0315000010 Formwork, Ground Rods (Installation) LF '$5.00 40 $200.00
0315000015 Formwark. Angle Coping (Installation) LF $5.00 183 $915.00
0315000100 Formwark, Concrete Column Protection-4'H/24" diameter ‘umits  $250.00 ‘33 '$8,250 Q0
0315000105 Formwaork. Concerete Curbs LF $10.00 20 $200.00
0322000001 W/WiMesh 12x12 w 5.8x5.8 'SF $0.20 13439 '$26.878.40
0322000003 W/W/Mesh 6x6w 4/4 SF $0.17 3042 67014
0322000005 In stabs, 6" x 6" mesh, 6/6 gauge SF $0 25 11709 $2.927 25
0322000040 'W/W/Mesh Stair Pans SF $0.16 1200  $192.00
0325000035 Asphalt and Fiber types to exterior, 1/2* thick control joint. (ie to facades), 6" wide LF  $2.00 1850  $3.700.00
0325000060 Concrete Accessones, Set & Grout | ease Plates~ T T T T T T T TTunts 1500 129 $1.935.00
0331000080 'Place Concrete for Bollards ’ T T T T Tums T $10000 g $800.00
0331000100 Concrete Material, Building structure 25 Mpa 7 777 77CcM T 's8000 562 $44,960.00
0331000110 Concrete Matenai, Siab on Grades 25 Mpa 7 "cM ~ $8000 1228 $98.24000
0331000120 Concrele Matenal, Stair pans & ballards 25 Mpa T U T oM Tsetoo T3 s273.00
0331000130 Concrete Matenais, Steel Deck Concrete 30 Mpa -0 o T 777 cM Ts91.000 0 66 $6.006.00
0331000140 Concrete Matenais, Alr-emramed T T T T T e M TTTs10000 1000 7$1,000.00
0331000150 Winter Concrete 7 7TTTTTTTTTTTTCM Ts400 0 1427 $5.708.00
0334500100 Place and Finish Building Slab on Grade o SF $0.45 60714 $27.321.30
0334500110 Sawcuts Filled h TTTTTTTTTTTR T s200 5133 '$10,266.00
‘0334500120 Place and Finish Balance Bassin Slab N T SFTT7751.00 1384 $1.38400
0334500130 Place and Finish Concrete on Deck SF $060 5886 $3.53160
0334500140 Floor Hardener 6.5 kg/sm h TUTTTTTTTTTT T T gR 80,427 57000 $23.840.00
0334500150 Cure and Seal B - T TTTTTTUUUSF Ts0127 T 57000 $6.840.00
0334500160 Place and Finish Concrete Stair Pans T TTTTTTsF Ts2.00 304 's60800
0342000010 BETGONSiaps T TTTTTTITTTTTTTTTT TTTUSE T T'sig00 0 2088 $20,880.00
‘0421000001 Winter Conditions. Extenor Walls T SF $1.50 14316 $21.474.00
0421000062 Winter Conditions, Intenior Walls T SF $150 13908 $20,862.00
‘0422000005 Inteniar Concrete Blocks T o TTSF $6.00 13908 $83.448.00
0422000020 Plain (lightweight) concrete blocks, Backup, 8" (Exterior Walls) SF $6.80 7158 $48.674.40°
‘0422000070 Rigid Insulation Cavity Extrior Walls, 2" SE- '52.00 7158 $14,316.00
0422000105 Architectural split faced concrete blocks, Freestanding jointed and pointed, 4" SF $6.50 7158  $46,527.00
Split Block Fagade
0512000300  Structural Steel, including Steel Joists and Steel Deck SF $7.10 ‘68688 $487,684.80
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0550000000 METAL FABRICATIONS
0610000010 Finish Carpentry
0642000070 Pine Window Sills wimoulding

0721200010 Board Insulation, 2" rigid insulation foundations

0721206015 Board Insulation, 2" ngld insulation ( @Hot Box Rm

0721200020 "Board Insulation, 1/2" Cement beard @Hot Box Rm

0721600010 2" Sprayed urethene insuiation

0746600010 Architectural Metal Siding, Sandwich pérfél wiVB.

0746600050 'Aechitectural Metal Sldlﬂg, Smgle skm
0747200010 “Dryvit' Product

0751000000 BUILT-UP BITUMlNOUS ROOFING
0772400010 Roof Hatches N
0750000010 'Sealants

0810000010 20 gauge metal doors

0810000015 18 gauge metal insulated doors
0810000020 KALAMIEN-anti-exlosive door 8x10
0810000025 16 gauge pressed steel frame/single
0810000030 16 gauge pressed steel frame/double
0810000035 16 gauge pressed stee! frame/special
0811100010 Installation Doors

0811100020 Install KALAMIEN anti-explosive door
0821000002 Solid masonite doors

0833100005 Rolling Doars: Metal Insulated
0845000010 Impact Doors '
0871000000 Finish Hardware

0871000002 'Aluminium Sills

0880000010 ~Metal Door Lites 6"x2

0880000020 Wood Door Windows 2'x3'-6"
0880000030 ~Special frame windows

0890000005 Curtain Walls

0910000005 Drywall and Ceilings

0931000025 CERAMIC TILE. Glazed wall tile 1/4" thick, Thlnset 6" x 6"

0931000050 ~Ceramic Wall Tile
0931000065 Ceramic Tile Base
0931000070 ~Ceramic Tile Stairs
0965000010 Vinyl Base floonng -

0966500010 Resiiient Fieoning, Linoteum, 0090 thick | Embossed pattems

0968000010 Carpet Installatlon B
0968000015 Carpet Base
0990000010 Painting

0996000010 ~Vinyl wali Coverings, 54" wide. plain or decorated, To walls : 15 oz per linear yard SF
1016000010 Metal Tailet Partitons, Floor moumed overneau braced : Standard cubnc!e T

1080000010 ~Tailet and Bath Accessories
1116000000 LOADING DOCK EQUlPMENT
1116100005 Dock Levellers
1400000000 Conveying System
1525000010 Thermal Insulation
1533000005 Spnnkler System
1540000010 ~Plumbing and Heating
1550000010 Ventilation
1590000010 Controls
1610000010 “Electrical subcontract
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The percentage chosen to cover the overhead is 6% of the total direct cost.
Additionally, the construction firm considers a percentage of 3% to cover its
profit. As well a percentage of 1% of the total direct cost is considered to cover
the contingency. To cover Taxes a percentage of 15% is applied to the sum of
the total direct cost, profit, contingency and overhead. Chapter 5 explained in
detail the model calculation process of the “General Conditions” division.
Therefore, Figures 6.12 to 6.14 picture the steps of entering the General

Conditions percentages.
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Figure 6.12 Message to Enter General Conditions Information
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MONTREAL
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Figure 6.13 General Conditions Form Before Entering The Percentage
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Figure 6.14 General Conditions Form After Entering the Percentage
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Immediately after keying in the percentage in their suitable position in the
“General Condition” form, the model allows us to continue by enabling the “OK"
button. As soon as we hit that button, the model prompts us to choose the format
of the report that we like to prepare. As mentioned in chapter 5, the model
provides us with three different types of reports and a complete take off list by
division format to choose from. We are going to prepare all the four formats one
after the other. Figures 6.15 to 6.17 show the three types of reports
consecutively. On the other hand Figures 6.18 to 6.22 show the complete take off
list by division format for the project that the model generated after selecting the
required items.

Original Copies of the output documents that the model provides the user with

are included in Appendix E.
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PROJECT'S CHART DISTRIBUTION BY DIVISION TOTAL
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Figure 6.16 Column Bar Chart (Histogram) Report
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PROJECT'S PIE DISTRIB N DIVISION TOTAL
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Figure 6.17 Pie Chart Report
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6.3 Parametric Estimate Application

Assuming the drawings and information on the actual project are not available
and only it is an initiated idea to construct a “warehouse with offices”. In this case
for fast, simple, and approximate estimate of the project construction costs we
choose to generate a parametric estimate, which can be carried out by clicking
on the “Parametric Estimate” shown in Figure 6.1. Once this option is selected
the model! asks for the unit type, in our case we click the “Imperial’. By doing so
we are transferred to a screen similar to the one shown in Figure 5.41 in chapter
5. First we view the list of projects that are provided in the database and select
the most similar project to the current. Therefore, hitting on the “Preview
Projects” button transfers us to a screen alike to the one shown in Figure 5.42.
The work breakdown structure of the project has to be selected in order to
proceed. Thus “By Masterformat” is clicked and instantly a screen similar to that
shown in Figure 5.40 is presented in order to select the city where the suggested
project is to be constructed. Our choice is Montreal, hence the model opens the
screen pictured in Figure 6.23, where the search of an identical project can be
executed. The search resulted in finding a warehouse project as Figure 6.24
illustrates, the information provided by the database for the warehouse project is
clearly classified and the cost of the entire project, per square foot, and the cost

of each division separately are provided.
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It is to be noted that there are differences between the description and the area
(Building size) of the available in the database and the actua! project. For
instance, the actual project is a warehouse with offices with an area of 68,688 ft?,
while the provided one is a warehouse with an area of 54,500 ft2.

These differences demand some adjustments according to inflation since the
costs are based on 1994, and for the size. The model can do the first adjustment
by entering the corresponding values, while the second has to be done manually.
Considering an inflation rate of 3% and the number of years to be five the
calculated adjusted cost due to inflation outfitted by the modei is $ 2,269,759.49
as shown in Figure 6.24. This adjusted value is for the total construction cost of
the project. Dividing the total adjusted project cost by the area provides the cost
per square foot, which is $ 41.65.

The size adjustment can be accomplished by using for instance the size modifier
table and graph supplied by R. S. Means as illustrated in Figure 6.25.

The level of accuracy of this type of estimates compared to the preliminary is low,
but it can provide an approximation of the costs. Moreover considering the
required adjustments could lead to an acceptable value. Own historical data and
experience are the factors that govern the accuracy of such estimates.

Similarly, if the project work breakdown structure is based on the Uniformat, then

the choice has to be “By Elements” and the same procedures are to be executed.
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Case 2:

The project has a total site area of 62,458 ft2 and a construction building area of
160,000 ft*>. A preliminary estimate is going to be performed according to the
drawings provided by the Architect. Since the construction firm has prepared an
approximate quantities take off, therefore the same ones are going to be used in
building the take off list and accordingly calculating the total construction costs.
Appendix E comports the actual take off list.

Figures 6.26 to 6.28 show the generated take off list by the system, while Figures
6.29 to 6.31 show the three types of reports that the system can provide. With
the notice that the total direct construction cost of the project provided by the
system is $16,899,922.66 excluding the Furnishings Division, while the total
direct cost calculated by the construction firm is $16,498,000 excluding
Furnishings. Therefore a difference of $401,922 (+2.4%) more is resulted by
using the system. As mentioned earlier the cost data provided in the database
includes material, installation, transportation and subcontract profit. For the
indirect costs, the firm did not consider a value to the sales tax nor for the
contingency, so if we assume a profit of 3%, an overhead of 6% and an
Architecture fee of 1% the total indirect cost will be $1,689,992. The preliminary
estimated cost of constructing the project of case 2 provided by the system is
$18,589,915 (excluding Furnishings) compared with $18,528,000 (including
Furnishings) that has been computed by the construction firm. Consequently, the
system does provide reliable and acceptable results depending on the availability

and types of costs data used.
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PROJECT'S CHART DISTRIBUTION BY DIVISION TOTAL
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Figure 6.30 Histogram Report of Case 2
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PROJECT'S PIE DISTRIBUTION BY DIVISION TOTAL
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Figure 6.31 Pie Chart Report of Case 2
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6.4 Conclusions

The developed computer system “CSC-Estimate” that conceptually estimates the

costs of construction for commercial buildings is tested through actual projects.

Two types of estimates are established depending on the available information of

the project. Based on the model operation, the system has several useful

features as follows:

- The system is designed and structured in a manner that allows future
expansions and enhancements.

— User friendly, easy to use, efficient, and fast calculations.

- Ability to easy edit, add and modify the available data of all the database.

- Professional output reports that can be used for bidding purposes, and the
ability to graphically visualize and print these reports either as pie or
histogram chart.

- Exporting the generated estimates to a spreadsheet and a word processing
document.

On the other hand, the system does have few limitations that can be improved in

future work, including the followings:

- Once the generated preliminary estimates is accomplished, it has to be
exported to either a spreadsheet or a word processing in order to be saved
for future reference.

-~ The system cannot be used to prepare detailed estimates hence it would not

be used for bidding purposes.
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When preparing parametric estimates the user has to manually perform the
calculations necessary to adjust for project size and capacity.
The user has to manually modify the cities indices supplied whenever new

values are published.
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CHAPTER 7

CONCLUSION AND FUTURE EXPANSION

7.1 Conclusion

Preparing construction cost estimates is a significant task during the life course
of any project. To perform a reliable estimate requires, in addition to the skills
and experience of cost engineers and estimators, the consideration of other
factors. These include project drawings and specifications in conjunction with the
cost data and tools used in preparing an estimate. The unavailability of a
computer system that particularly serve the Canadian construction industry by
producing estimates for commercial buildings necessitated the development of
an efficient system to aid in producing estimate at conceptual stage. The main
benefits of this system are its flexibility, simplicity and swift of calculations.

A computer system for conceptual cost estimation that enable owners, engineers
and contractors prepare estimates in any of the eight major Canadian cities is
developed and bestowed in this thesis. The system comprises imperial
parametric estimate module, metric parametric estimate module and preliminary
estimate module. The developed system databases have their cost data taken
from Hanscomb's yardsticks for costing and possess number of interesting
features and advantages, which include the following:

- A sole computer tool that is based on yardsticks for costing the only cost data

for the Canadian construction industry.
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The ability to produce parametric and preliminary cost estimates in “imperial”
and “metric” units.

The cost data provided in the database do not have to be adjusted for
location since they are based on quotations received from main suppliers in
the eight major Canadian cities.

It incorporates a fast, easy and flexible interface that minimizes the user input
and reduces time required for costing the items.

It consists of databases that contain information on previously executed
projects in both “Masterformat” and “Uniformat” to be used for parametric
estimates.

It has a powerful capability to modify and store items’ cost data for future use.

Professional and graphical output reports can be generated fast.

It must be emphasized that the system is only used to prepare conceptual cost

estimates for commercial building and all the cost data provided are based on

market prices of January 1998 and considered for average rates and average

conditions.

»

7.2 Research Contributions

The contributions of this research reside in the following:

A unique conceptual cost estimate computer system has been developed that
is in particular for the Canadian construction industry.
An operational database system has been designed and implemented using

windows environment and utilizing Microsoft access 97 and visual basic for
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applications. This advances the field of MIS (Management Information
System) applications in the construction industry, which is known to lack
behind other industries in this area. This will aid practitioners in the
construction industry to perform conceptual estimates within the short time
available to study a project.
The developed system is intended to assist owners, engineers, and estimators in
preparing fast, efficient, and reliable conceptual cost estimates. It provides the
user with the option of selecting the type of cost data and unit to use. It reduces
the time required to build costs list for the project activities so that this reduction
can be beneficial for the quantity take off time process. It provides professional
output reports that can be used for bidding purposes. It has the option of
graphically producing reports, pie or histogram charts. The system includes a
structured database, which can be extended, enhanced and modified depending

on the user needs.

7.3 Future Research

Despite that this research introduces a functional system as a tool for cost
engineers and estimators to use in preparing conceptual cost estimates for the
Canadian construction industry, it is a platform that can be potentially enhanced
by future works. These may include:

- Detailed cost database models so that the user will be able to prepare all

types of estimates in accordance with the different phases of the project.
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Automatic integration between the detailed estimate and scheduling tools
allowing the user to schedule the activities according to the crew productivity
after generating the estimate.

Expanding the parametric estimate models so that they can be integrated with
a neural network to automatically generate and update cost indices to
different cities without using periodical publications.

Include more project cases in the system parametric database.

Integration between AutoCAD and the detailed cost estimate databases
model to enable the user to automate the quantity take off process directly
from the drawings while preparing the estimate.

Using neural networks or regressions to forecast the cost items of the

preliminary cost estimate database model.
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APPENDIX (A)

SAMPLES CODING AND COST DATA
OF R. S. MEANS AND YARDSTICKS
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How 1o Use the
Unit Price Pages

Toe following is a detailed explanation of a sample entry in the Unit De SC”ip tion
Price Section. Next to each bold number below is the item being
described with appropriate component of the sample entry fullowing ( CONCRE TE IN PIACE, etc. )
in parentbesis. Some prices are listed as bare custs, utbers as costs that Fach line item is described in detadl. Subitems and
inciude overbead and profit of the instulling contractor In most cases, additional sizes are indented beneath the appeopriate line
if the work is to be subcontracted, the general contractor will need 1o items. The first line or two after the man stem (in boldfce)
wed an additional markup (R.S. Means suggests using 10%) to the may conuin descnptive mnformation that pertams to all line
figures in the column ~Total el OXP~ stems beneath this boldfice lisung.
) ) ltems which inctude the symbol €N are updated in the Xey
Division Number/Title Material Price Section of Design Intefligence/The Change
: Notice quarterly publication.
(033/Cost-in-Place Concrete) aneny e

Use the Ut Price Secuon Table of Contents o locate
speatic items. The sections are classificd aceording to the

Reference Number

€8] MasterFormiat, Information
. You'll see reference numbens shown n bold
Line Numbers F:‘g?g squares at the beginnung of some major
classitications. These refer to related items in the

(033 130 0300) Reference Section, visually identified by a verucal gray bar

Fach unit price line item has been assigned 3 unique 10digt on the edge of pages

code based on the S-digit CSE MasterFarmat classiication. )
The refation may be: (1) an estmating procedure that

MasterFormat Mediumscope should be read befure esumating, (2) an alternate pricing
method, ur (3) techical informanon,

The "R designiutes the Reference Section The numbers
reier to the MasterFormat classitciation svstem

0& '30 It is strongly recommended that you review all

MasterFormat Division

033 ‘ 30 oaoo reference numbers that appear within the major
—T Y f classification you are estimating,
Means Subdivision ' Example: The square number above is difecung vou to refer
Mceans Major Classification to the reference number RU33010. This particular reference

Means Individual Line Number aumber shows quantities of concrete as well as torms and
reinforang per S.F of Hoor area.

U . 10

DALY |LABOR:| 1999 BARE COSTS TOIL
- 033 100 | ral Concrete CREW HOURS| UNT MAT. LASOR | EQUP TOTAL NCLOWP |
126] 001C{ CONCRETE, R MIX Reguiar weignt { 1%
0020 &) cr b o o Y
3700 . Der $3g, add ¥» E3] 3
3800 . per tag, aos 146 146 160
130} 0010] CONCR WnCuang forms (3 uses), (entoreng = 1%
m y n, e -010
0300 Jeams. Swp ser LF, 10" span Ciaaf1se2]12804g Cy | ol EES] 43 90 82
0350 25" span [E - §1855(10.782 [ 179 28 k] 01 630
0500  Chemney foundabons, ndustnal e g s
0s10 Mavrum : P3N | 472 140 19 1.56 260.56
09001  Cokumns, square, 12z 12, foreng 1.96 |16.7 206 &5 56 07
G720 Average renforcing _lt)i 19.7 5 525 66 896
e — 903 {221 30 590 14 1.054 indigie
0800 16° x 16°, munmum restorcing 16.22 [1233%0 T 176 325 4150 54250 765
0820 Average renforong N 5150 16350 1.050
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: HOW TO READ “CURRENT MARKET PRICES” METRIC ON P. 10-IMPERIAL P. 71

. "~ HETRIC CURRENT MARKET PRICES — Wood and Pasics OV &
Ths 1s the Division number and = — —

category tile. The fine tells you = assgaumes 4 P
whether the oage is in metic or = /o bl ]

N

impenal. piite
06: HOOD AND PLASTICS
(6100 Surface Carpentry

)
M m; o

Capitalized bold-face heading :
shows main Division category. . 59 om0 | L ,

This heading in bold-face shows
“broadscope” hsting.

This fine contains names of § major

Canagian cities. --

Lower-case bald-face iisting of evrme s oo
sub-cateqory. -

Reqular type listings showing
“nasrowscope” istings.

Ootted fine shows supoly anly, solid
line shows installation ony.

Er T .

Column shows metnc or imperial
unit of measurement.

AR 20 2 | e g !

Prices are shown in dollars and
cents if under $1,000; dollars only
if over $1,000.
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Unit prices are listed separately in
both metric and imperial. using the
Division format.

Prices are based on market prices
current January 1398, and inciude
matenals, labour 10 install,
‘ransportation, equipment costs and
site overheads and profit for work
normally done by subcontractors.
Provincial taxes included where

applicable, GST excluded.

Unit prices are for use in
approximate construction cost
sstimating. Prices represent
average rates for average
conditions. Many variables influence
construction casts at a gven
location and a given time - the
reader must gauge these congitions.
The reader must note that prices
shown represent normal rather than
optimum conditions where lower

or fugher prices prevail.

Hanscomb recommends obtaning
budget quotes from suocontractors
and suppliers for specific
nstaflations.

Use caution when using unit rates
for negotiating change orders.



| DIV 16 Electrical — IMPERIAL CURRENT MARKET PRICES

Hem UNITS | St.Johns | Halfax | Montreal | Otawa i Taronto | Winmpeg I Caigary ] Vancouver
Permanent washable type, metal trame:
Jten L . SF €200 e Ivy) .00 q¥ 2600 £8.00 8co 6100
Electranic air cleaner
Sarcarg. resigentut fype ZA 1810 1.420 137 * 380 1270 1300 1.410 1,580
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0TI A 349 110 3 n 318 328 | 27 13
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\ o Staimess steel . 8 1320 1265 BES) ! 9 2180 218 S5 |
| Flexble ducts, luminum, insulated ; H
I Tm WF san LeL = soe 330 | 2
3 ma LF 510 580 PR 535 36l 260
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16: ELECTRICAL | | ; 3
16050 Basic Materials and Methods | | |
! Material Price Carried At Trade : }
| 16110 RACEWAYS INSTALLED COMPLETE ! : ' i
Conduit | i ; |
Embedded in s1ak excluding elbows and pull bozes: I ; |
g garvamzend stews !
T | .F 1y 397 83 173 n 373 3m 48
34 £ 32 170 a3 122 140 132 148 ™
" F 540 550 595 a1 605 610 605 565
tia F 3 538 4 1S ! 60 rds 140 460
! T £ MK g 955 415 175 375 g7 60
| > * g0 n:|| 2w I IEE e | 238 123
g
P TS 24 23 wu 230 23 230 153
ie o 118 133 108 1 in 32 3 142
1 oF 0] 349 i 122 120 422! 120 182
AR \F 60 550 595 61¢ §°C 50 s'c’ 872
HR e | LF -] T 585 ey 435 ] 538 TES
- 1 LF 85 $4C 465 EECR 330 385 980 115
Sigie pyc 1 .
12 tF 264 k-4 136 au 753
33 . o 39 3 T 23 | 34
- PF D i 110 18 3831 188 | R3]
S | F 348 525 14t 4as| 49 38
T [ o 635 | 82y s £30 585 EC*']I - 2H
r , FoUoami ors| o T 2] B ra |
Surface mounted 8° average Nigh one putl DOs, one elbow per i
100 LF. and supponts: |
Rupc galvarized stee .
rE LF 179 167 119 ¥ s27 129 127 270
13 LF S8 530 495 312 sl 9.1 505 33%
v F 425 -] 7a3 730 T35 p) T35 ae
R uF 1030 [R 945 m 365 370 365 ‘00
v TR P 285 30 210 200 230 1200 1325
b [ £ 78 *14Q *180 1470 B0 | 1470 1615
e ioE b ml e €00 £50 2650 B0 2950 L)
Coor o omoel ey u 12e 1o Mz 3:00 e !
ITr P s 80 4 278 2250 3278 4230 75
B Le 5800 8800 3000 20 3100 2.0 £ 00 B |
ED L 1240 107 00 B W o] ‘00 Co gty new ’
[ LF 137 60 e gl 2300 230 2330 Rk} ! 135(C
gmT { :
' ; LF 1 3y 3 in 309 3 309 139
KRS LF 153 133! 336 156 3 106 134 43
+ F $60 535 | 191 408 =0 505 520 s50
T F 330 ! 74 a5 115 e g ‘
‘ l
I D 1
116
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DIV 16 Electrical — IMPERIAL CURRENT MARKET PRICES |

1
¢

tem UNITS | St Jonns | Hatfax | Montreal Onawa Toronto | Winmipeg | Calgary ! vancouver
8 wge - R oF 1300 1 RE-1 3820, B B %0 .38
23 wce F 4375 4750 1380 us L] HTe FAR] 43ce
Alarranuin ‘
o mee .o . e e LF 4125 Ri:p-N RIS 7 330 Ergvi} wa sl
12" wae e . . LF 4325 4080 g ee IR0 LR 3500 875 d280
18" wee . LF 200 SC.00 1875 36 3678 RN .75 | e
23 wae LF €000 700 33.20 400 830 5400 23.00
Winng channels
Sauare sechion, steet [ ;
20T 21T LF ‘ 2875 RER0] 2800 RERE MEC b p-PL)
KR . [ Rl 825 £.00 378 1878 RURE] 3925
&g . PO 2330 160 1850 <115 Er} an 21
16110 UNDERGROUND SERVICES ¢ ‘ i
Cancrete mannales ; |
5 14 sngre P B s 1282 1700 3400 3T 1300 l [Rel IS 1150
5 10 Joute { £A race U0 € £00 i} 630 7000 | 5 G0 XY
Underground duct Banks, 4 pYC pipe ducts & Nitings inctuding al ! : : ‘ | }
excavation, concrete Jnd backhlling ' i ! !
0 so!t @M with DACKH ; i . i .
" duet . oF i@ )
5 i - N
2ncls ) - 3
et H F =€ 0 %N L
sauets i i 3400 EER]
~ duets F 120 BN
doucts { F 1) B3R
Tt | F el 1833
35uts I F PPl 12530
Icts 1 F 220 13120
AR UV ST ' F +9 0 15800
Y boF BT0 | sl
Lo douae | .F te00 sl
. s 1 F *98 X0 197 20
| heas [ F t0500 | 280
Poosmas o F 26| 200
\ 0 5Git CANR Wil A3 Sacat 1
*duet i F 1928 300
Y auets L F ot 00 4420
ucts L F } TI0G 130
bt Jo g e !
. Sauets K t R Jeid i
LooAals i g >
i ' .
poThas ' - I !
! Lo |
| oot
! Lo
| i £ !
! | K
! o
K | F
<3l 10ck will Graruar tagktl |
A (X . F X £200 510
2 s 1 £ ] g X
Jaucts ' £ 20 a0 33N
3t o K *30.00 *a3dC RX
Suucts .. - 39 20 6200 v ]
< ducts . SFopo il ¢2 %0 6ot 1380
T s | I oo 6
4 ucts IR LY 50 0
3 aucts e ; .= Rl 1
*Qucts - paiee hREH
tenets & | M50
*3 ducts FCEE 5N
*Yauets g 5090
13icts S 25000
15 Jucts S e
16110/20 FEEDER CIRCUIT ' ;
70-500 A {Support ang fittings ir posed i : !
copper conductors) ' |
Fgagatameec 2aneut
CA Jmre L7 | 2R "is 1675 s ‘€gs 0% 1295 &=
TOA 4 wire LF 1635 ‘535 13.05 128 338 1440 1235 -
1054, 3 wire L 1 g1 T30 1588 628 '6.18 625 16.15 s
08 A 3 wie WF 217 2078 13.10 1960 '3.80 '3 60 950 50
A Jwre [ B8 Pag:] pisgei] &7 %E0 57 2550 125
VEEA twte e . o ¢ @l nw| a8 soo| mce| mo| 3N 7S
2134 Jwie LF ! M5 k30 29.7% 0 s 78 3030 kkEoy]
7104, 2 wire | osien| wmeo] wmis Woo, 575 €00 | 573 50.00
1204, 3 wiee \F ‘. £6.00 5200 1878 sgog! 78l %000 975 5530
1
! t

18
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IMPERIAL CURRENT MARKET PRICES — Electrical DIV 16 |

ltem St Jonns | Haltax | Mantreat Winnipeg | Vancouver
300A. dwire -F Py PO ] &4 0 66 o 2
3054 Iwire . . WF 500 500 6320 nx 700
1057 3 wire oF 134 00 1300 3190 333C 102 00
5004 Jwere LF mee *(6.00 bYat 190 €C 10800
S00A < wie LF 156 C0 88 0 17200 176 ¢ HIW
EM T condui .
J0A Jwre . LF 8.55 413 748 JEs
J0A $wre WF 1na3g 1095 108 1025
105A Jwire WF *235 1480 g
105A. 4 wra tF 530 19.10 H -
1654 Jwre F ‘412 1325 ?E
e A Swire F 2z PAR] :
2104, Iwire WP 925 2228
WA L wire LF BN gk
JCO0A. Iwire LF 1328 R
JOCA. 3 wire \F £400 200
CSA Jwire LF %300 600
4087 Iwire .F 3830 00
SCCA. 3 wire . WF e 1’ag
16120 CONDUCTORS
Building wire n
Aw-30 cepper
I No 4 RN
| No 2 4250
+ o No 1o 3800
o B 4520
No 6§ 190,
No 4 28 W
Na 3. *9500 !
Ne 2 . 23530 |
Ne t 6600 |
Ne 1C 300!
Mg e 41500
Ma L0 300G 4
o 40 5304%C |
8D rem s T
369 ren 1 ¢
350 mem RIERVH
Lo mem 10
3CC mer L]
€00 mem v 3€0
750 mem 730
10C0 mem R el
Sw-30 dlyrmnum .
Ne ! s0s00 9440 2800 |
He e 24000 Jew 2000 !
N0 J6CCO | 2830 rameo |
No 3C is000 13500 iy
No 40 42530 305 0 0w
E0mem 48300 460 1 320w
300 mem ££520 FRA ] LEW
JECmem €550 82530 s ce
CCmem 76000 590 5€5 {C
Lo mem 33590 438 CC PRl
806 memn 33000 &30 é'=({0
7S0mem 1150 * e *erD
1000 mem 1 60C 1520 © a0
Certlex, sirqie cepper conductcr. :ow tension 830 V pue jacrel
No 1.0 . F 143 s 332 L) C 83
No 2.0 5 34 [RU] 367 479 377 $28
Mo 30 F 375 £50 505 518 sy s65
No 44 F 7 CC &7 610 630 ! 624 €35
280mnen LF €55 €30 57t 840 | 245 €35
300 merm LF 820 8-+ ] ] 13 ' 428
JEQ mem LF 393 33 JER 39C ¢ 435 3.C
1CC mem F ‘065 020 438 REES 355 1S
00mem PP . . \F ‘230 ] ‘05 [} 23 1205
=GN IBNSION = &V SinGle CORer SonCuCor. s-1nk SMgICag Cve
R 3162 L e )
£ lde €9 LK.} i
F 47 137 i
-5 345 20 175
W 568 sEl AL
F 560 €36 535 |
WF 310 ;s T i
LF $ 38 335 33’
LF (V] 245 155
iF (30 18 it
F 12.65 1208 Rt

Instructions for use, page 4. Main index, page 7.
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[ .
{ IMPERIAL CURRENT MARKET PRICES — Electrical DIV 16 |
7 Y T
ltem UNITS | St.Johns | Halitax | Montreal | Oftawa  Toronlo | Winmipeg | Calgary | Vancouver E
i il
504 receptacies H j
Aarge aradryer type H |
Jwire, 120 240 v . e . A LI pX ] 3 d Ehue e | 3320
16400 Service and Distribution [
16440 DISCONNECTS ;
Switches, fusibie type, without tuses {individual maunting) i
800V ;
J0AZpoes2W 88 Ca
WA Ipces W 1300 :
10A3poes W .. 21000 |
c0A2p0es2W i e 21900 !
604 Jpoes 3w 236,06 L
G043 00es 3 W 256 00 i
'00A2 poies 2 Jes e !
10043 gotes 3 000 : !
*00A 3 potes 4 3C8 00 |
JO0AZ pates & 20N i ‘
J03A3poes I €08 30 + I
J00ATpates 4 4 665 00 ! :
S00AZ paes 2 1120 }
00AJpaes I W | 40
300 A 3 pates 4 4 | ' Z80
E00AZ potes T W ‘ ‘890
B0CAdpoes I W 1 1930
6004 3pares 43 2.050 I
¢00A 2 paie 137% {
SG0A 3 pores 34 130 X |
4008 3pates 4 W 1808 I ¢
AT poies 2 W 437 } |
*I00AIpows 3w 1308 | !
*230A Jocles 33 1850 i |
|

Swilches, non fusible
2%0creld v ;
WAZpoeslW
W0Adpoes IW

| 0AIpoesswW
E0AZpoes ) W

’ §CAJpoes I W

60 A Jpows 4\Y

1C0A2potes 2W

120A Jpoies I . i
’ 'COA poes AW
JUCAZooeslW
JICATpoes 3
JIGA Jpctes 4 W
300A 2 noles 2
$30A 3 pores 3w
WOAd zeles 4 W
300A2 scles 2
A0CA Joctes 3w
3004 3 peles 3 W
S00A 2 zc1es 2 W
3004 3pctes I W
300A Jpcles 4

‘20642 ches 2 W P EA 137
*200A3sees IW . £A 1478
P00AJgcles s B B
Sphitters troughs
"lEA ‘
¥ Jocles £a
€A
- |
S
B ! ‘
3 Jpowes A 430 8551
3 tpowes [ N |
SJCA | {
3 3poles Ioam00 BN
¥ drotes . s bl T3 !
| Sphtter bozes i |
1254 ! H
Jpotes - A . a0 (TN ]
L0a'es . AL ‘S8
254 ! |
Jpees i A 1 XG0 priivs
sp0.es [EA l #3500 3T
Nl
Instructions for use, page 4. Main index, page 7. 121
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| DIV 15 Mechanical — IMPERIAL CURRENT MARKET PRICES

walt hydrants non-treeze type 14" a2, 127 wall
ncluding 15° ot connecting pipe
apirad
Corcedied
Teap pnmer including 25' type |, 1:2” copper pressure pipe
3eanze. 2" 03
Floor drain inciuding 10° of connecuing drainage pipe
Casiwar tody. nexie tronze top
IS
E o
Furnel lyDe. Cast vun Sody. $oL shed Lrass fug

T
by .
Trenchn grating
Medium duty Joicen 2uct Moy 3t dra faTe
5
12
! 18
Hedvy July JoiIen duct Wiy Jrate and e

]
3

Salrd Nedyy QU7 JCICeD Cudt 0y jrate 4ng trame
&
5
Sl ransaciuding 'O s sered ng Gdnage pe
CJSTran TCSy #IR LIKerCte < 3D

o

5
CASHUSE BECY [Metet oW aith GrUeruoh ST
-
¥
s
Cleanouts
SCIIRMIAE WY TULS1 LTt 1 e QG FCRIe BICNE STt
P
i ¥
v

15440 PLUMBING FIXTURES

Based on white fixlure inciuding plumbing Brass and 15° ot
connecting pige for @ach service, carner not inciuded.
Non-refngerated annking fauntains
Vilteous Chatd
faitnerg 12 w i
Sumrracessec
9y
Siregrass
Wanrang 13700
Sermirecesseq
161 28"
8athtubs
Cast 1cn anamelec "efessed
< lang
Steet enameded. recessed
Sieng ... . .
FLregluss. cne mece wi™ sicewdis
5 lonqg
Kitchen sinks
Starless sieet
Sirglecow. 2078202 « 7
JouCle Zawt S0 1w i e

3

moanmom,
3

3 3

m m
3 3

m
3

mo o
3 3

o m
3 3

3

3300
N0

et 1]
e
1500
Pl

1
17390
13N
2460

00

i
23300
im0

R 1]
uece
30

s |
1200
1R 00

13500

*36 0
13800

Koo
il
en
LW

13800
500
1250

2300C

e8|
€6 n |
*6E 0 |
JEC

0 oC

AL

2500

33050
v Ced

1338

33w

1za

496 50
[

Y

3

T
degt

ilem ' UNITS | St. Johns | Hallax | Montreat | Oftawa Toronto i ‘Mnnipeg | Caigary | vancouver
I
Specialties i
Siamese puirper cannecten i
L PR A 30000 seee e 73200
Creck vaive <733 (2] 350 L0000 482 0 <8000 S8 0
Jcub.e Jate are cneck vaives. asserrt'y wil Lrgn22 tr mm ngs. ; i
el . EA E 706 €.3C 67CC 5800 | Al e S0 ] T
1 i
15400 Plumbing | : ! |
15430 PLUMBING SPECIALTIES ; ! : !
Fisture chair carriers ! |
Lavatory EX 2800 61X (LT VB LC
wWaler Zloset B 34000 - it N
Jr nat EA e e 00

12
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IMPERIAL CURRENT MARKET PRICES — Mechanical DIV 15 |

RS
lem UNITS | St Johns [ Malitax | Montreal | Otnawa | Taronto | Winmpeg | Caigary | Vancouver

15850 Air Distribution

15855 CENTRAL AIR HANDLING UNITS

Cantral station mogular umits, with insulated casing, fans molors

and dnves, heating and cooling coils, wih filters, humiditier

nd mixing boz. Automatic controis not included.

Lew pressure type: H
150Q¢tm . i ZA 0500 12.000 4.600 3 €00 3 500 1300 '0.300
3000ctm } ZA 1600 13.3¢C 1330 12300 13600 12,700 ! 13300
6.000cm ... H ZA 9900 14.3C0 810 18,700 8500 18700 19520
10000cm L j EA 25300 2350 23200 2300 23k 237 24500

Mecwm pressure type i
15.000¢tm . S EA 8.4CC 36.600 37 300 3000 . 33500
20000¢tm Lo EA 49.2¢C 47300 8200 8700 1R
RORVVRT [ 956.650 23X | P Tzt

Multizone units, pre-assembled umit, with ¢asing, fans, i | ! _

motors and drives, healing and cocling cails. mixing H ! 1 ! :

box wilh filter section, zone damper section, ! i | | |

hymidifier, Automatic controls are not included. ' i i .

Lew Sressure biaw tnraugn umi . !

3000 ¢im 6 zcnes LA | PEN0 '1.9C0 R 1300 1350 "R T Eng | *2.3ce
6.C00 ¢tm 8 zcnes . A CES00 17 500 *5.800 *7 000 £.4800 [ b 17.300 *3100

Megium pressure DIow 7cugn umt , ! }
1C.0CQcim. 1 rones .. < | 8900 24500 23600 23800 080 1000 24200 ¢ 25500
15.000ctm *2 2res e .oMZ00| Ret0| 300 00| meog 2000 | e i 33600

15860 FANS |

Vane axial fans, for susgended mounting

Direct connecteg IWELEIE Delt drven 1an criss ! }
3000 cm A 23c 2275 P 235
3000 em A e 928 2338 SN
rXcem SA 12ec IxE 250 EAEY]
19 56C o' A Fahnet 1535 4350 B Egen]
1500C ztm gA 5.3CC +.600 2400 5580 2300
J0aceem EA 4.5CC 4.000 1 4.0CC 3,300

Prapeiter fans

Jurect drven INFCLGN e wall SLte type. Lt rot neuding 1

! eandust walt shutter:

Pk 1C00ctm £A 64000 LS00 580 CC 390 3¢ e 00 53500 500 00 53000 .
‘6. 2000 ¢m i 2A 13620 L0 675 (C €80 20 €78 00 490.2C %95.30 73600
2433, 5000 ¢tm EA 2030 373,00 4350 £45 0 EXLE 8500 560 00 300 00
JCt3a. 00Cem EA +23C 3cec 9303C 340.00 330 CC 930 20 960 20 tEIg
16" 3a.15000¢tm £ ' 5% 1,600 1349 1160 1340 1479 490 1560
427 @y 20.CC0ctm £ 1900 0 el 165 2508 2875 0 2825
48" ¢ . 10.CCOctm A BRIL] 1750 1600 1650 3600 36/5 kg 1500
$4°3a 40.0CGaim B | 1073 1350 37 L ANt RS- 1825 3
50°¢ia £0.000¢rm £ : 5200 1375 4673 4775 4678 1705 1828 510G
12 @a.. 60 00C 2tm o H ] 4900 5,800 €700 &0 L] €600 { i

Roof exnaust fans, Back draft damper. prefabricated curd and H |

speed controller not included: | ‘ :

Centniugdi, Jluminum 2irec! gnve ' . ) .
200¢tm £A 3020 5006 s 3800
$30¢im : €A 1 81500 265CC 60 W@ '5~_Ji X
83Gctm : £A | 26300 6:10%¢C (e 63) X0
gsdetm . S e e ) A} 0D 67230 €EE 0 paLp o}
380 et EA 1238 g LS} e
2.030¢m EA [ 1558 133 ] *8rc

CentntyGal, Aumicum, SeH dnven | i
glCcim EA | AR YR 1.3 1259 '35 1270 280 | 1350
12370ctm A * 300 1230 12580 290 130 st 1383
Lhoem L : ga 1 B * 740 1670 1 699 v e 1300
$240¢m e e e EA 1 2950 2578 2875 21 2725 2.750 20
5.000 ctm A 1400 3% 300 3128 kALY 378 335
2.500 2fm z : 5.900 3600 £.300 <400 250 5.50C 5300
13400 0m e s A | £.000 5730 £ 200 £.500 5600 5600 £500

15885 AIR FILTERS ;

R rali, , One spare media ; A

Jemcaitype
el EA 1.300 1075 1928 3950 3425 <00 1025 1208
J16 £A 1400 1150 1000 1028 00 Qs 4100 13
RT3 EA 1475 1225 1078 41 497 115] 1200 44
g o . . EA 3 4.300 1050 ! 3178 31%) 2224 4278 1475
Jaorz L . e e £A 4 1400 3228 1275 1325 4 3G 4350 4530

Horzeralyee ! : ; o .
213 A 1625 1378 1200 1280 | 13z8 S828
218 . e Z 17 $45C 275 1328 1278 $4CC 7]
P OO H s 2528 1350 4.300 13501 3478 470
a0 ZA 1300 1628 1450 1500 3450 1620 1600
217 £ 1975 178 4525 3£ 1528 1628 1675 2300

115

Instructions for use, page 4. Main index, page 7.
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APPENDIX (B)

SAMPLES OF DATABASE TABLES



Sample Table of the Electrical Division showing only the Item ID, and the

Description for all

its’ items.

Item IDx" [

Ly

i at i - e - ltemDescription <5y -

1605000000 BAS.IC MATER!ALS and METHODS
1611000005 RACEWAYS INSTALLED COMPLETE

1611000010 CONDUIT,
1611000015 CONDUIT,
1611000020 CONDUIT,
1611000025 CONDUIT,
1611000030 CONDUIT,
1611000035 CONDUIT,
1611000040 CONDUIT,
1611000045 CONDUIT,
1611000050 CONDUIT,
1611000055 CONDUIT,
1611000060 CONDUIT,

Embedded in slab excluding elbows and pull boxes :
Embedded in slab exciuding elbows and pull boxes :

Embedded in slab excluding elbows and pull boxes
Embedded in slab excluding elbows and pull boxes

Embedded in slab excluding elbows and pull boxes
Embedded in slab excluding elbows and pull boxes

1611000065 CONDUIT, Embedded in slab excluding elbows and pull boxes

1611000070 CONDUIT,
1611000075 CONDUIT,
1611000080 CONDUIT,
1611000085 CONDUIT,
1611000090 CONDUIT,
1611000095 CONDUIT,
1611000100 CONDUIT,

steel ; 1/2"

Rigid Galvanized steel, 1/2"

‘Rigid Galvanized steel, 3/4"

: Rigid Galvanized steel, 1"

- Rigid Galvanized steel, 1 1/4"
Embedded in slab excluding elbows and pull boxes -

Rigid Galvanized steel, 1 1/2"

. Rigid Galvanized steel, 2"
CECMLT w2t

Embedded in slab excluding elbows and pull boxes :
Embedded in slab excluding elbows and pull boxes :
Embedded in siab excluding elbows and pull boxes :
Embedded in siab exciuding elbows and pull boxes :
EEMT 2"
Embedded in slab excluding elbows and pull boxes :
Embedded in slab excluding elbows and pull boxes :
Embedded in siab excluding elbows and pull boxes :
Embedded in slab excluding elbows and pull boxes :
Embedded in slab excluding elbows and pull boxes :
Embedded in slab excluding elbows and pull boxes :

EMT ¥4

EMT 1°

E.M.T 114"
E.M. T 112"

Rigid PVC 1/2"
Rigid PVC 3/4"
Rigid PVC 1"
Rigid PVC 1 1/4"
Rigid PVC 1 1/2°
Rigid PVC 2"

Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support. Rigid galvanized

1611000105 CONDUIT, Surface mounted 8 average high, 1 pull box, 1 elbow/100 LF & suppon, Rigid galvanized

steel : 3/4"

1611000110 CONDUIT,

steel - 1"

1611000115 CONDUIT,
1611000120 CONDUIT,

1611000125 CONDUIT,

steel : 2"

1611000130 CONDUIT,

steel : 3"

Surface mounted 8 average high, 1 pull box, 1 elbow/100 LF & support, Rigid galvanized

Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & suppert, Rigid gaivanized
steel : 1 1/4"

Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support, Rigid galvanized
steel : 1 1/2"

Surface mounted 8 average high, 1 pull box, 1 elbow/100 LF & support, Rigid galvanized

Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support, Rigid galvanized
steel : 2 1/2"

1611000135 CONDUIT, Surface mounted 8' average high, 1 puil box, 1 elbow/100 LF & support. t, Rigid galvanized

1611000140 CONDUIT, Surface mounted 8' average high. 1 pull box, 1 elbow/100 LF & support, Rigid galvanized
steel : 3 1/2"

1611000145 "CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support, Rigid galvanized

steel - 4"

1611000150 CONDUIT, Surface mounted &' average high, 1 pull box, 1 elbow/100 LF & support, Rigid galvanized

steel : 5"

1611000155 CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support, Rigid galvanized

steel : 6"

1611000160 CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support, E. M. T.
1611000165 CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support, E. M
1611000170 CONDUIT, Surface mounted 8' average high, 1 pull box, 1 eloow/100 LF & support, E. M
1611000175 CONDUIT, Surface mounted &' average high, 1 pull box, 1 elbow/100 LF & support, E. M
1611000180 "CONDUIT Surface mounted &' avéaéé"ﬁféh‘ﬁ' pull box, 1 elbaw/100 LF & support, E. M.
1611000185 CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support, E. M
1611000190 CONDUIT, Surface mounted 8" average high, 1 pull box, 1 elbow/100 LF & support, E. M
1611000195 CONDUIT Surface mounted 8' average hrgh 1 pull box, 1 elbow/100 LF & support, E. M
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1611000200 €
1611000205
1611000210
1611000215

1611000220

1611000225

1611000230

1611000235

1611000240
1611000245
1611000250
1611000255

1611000260

1611000265

1611000270
1611000275
1611000280
1611000285
1611000290
1611000295

1611000300

1611000305
1611000310
1611000315
1611000320
1611000325
1611000330
1611000335
1611000340
1611000345
1611000350
1611000355
1611000360
1611000365
1611000370
1611000375
1611000380
1611000385
1611000390
1611000385
1611000400
1611000405
1611000410
1611000415
1611000420
1611000425
1611000430

e Motk >
CONDUIT. Surface mounted 8 average high, 1 pull box, 1elbow/100 LF & support,

"CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support,

'CONDUIT, Surface mounted &' average high, 1 pull box, 1 elbow/100 LF & support,

"CONDUIT, Surface mounted &' average high, 1 pull box, 1 elbow/100 LF & support,

CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support,

"CONDUIT, Surface mounted 8 average high, 1 pull box, 1 elbow/100 LF & support,
" CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support,
'CONDUIT, Surface mounted 8' a’v‘é}ég"e high, 1 pull box, 1 elbow/100 LF & support,

"CONDUIT, Surface mounted &' average h:gh 1 puII box, 1 elbow/100 LF & support,

"CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support,

'CONDUIT, Surface mounted &' average high, 1 puil box, 1 elbow/100 LF & support,
"CONDUIT, Surface mounted 8 average high, 1 puil box, | elbowi100 LF & support,

12"

CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & suppornt,

3/4"

CONDUIT, Surface mounted 8 average high, 1 pull box, 1 elbow/100 LF & support,

'CONDUIT, Surface mounted 8 average high, 1 pull box, 1 elbow/100 LF & suppon,

1/4"

CONDUIT, Surface mounted 8' average high, 1 puil box, 1 elbow/100 LF & support,

12"

CONDUIT, Surface maunted 8' average high, 1 pull box, 1 elbow/100 LF & support.

CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support,

172"

CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support,

"CONDUIT, Surface mounted 8' average high, 1 putl box, 1 elbow/100 LF & support,

1/2"

CONDUIT, Surface mounted 8' average high, 1 pull box, 1 elbow/100 LF & support,

ELBOWS, Rigid galvanized steel including coupling and support : 1 1/4"
ELBOWS, Rigid galvanized steel including coupling and support: 1 1/2"
ELBOWS, Rigid galvanized steel including coupling and support : 2"
ELBOWS, Rigid galvanized steel including coupling and support : 2 1/2"
ELBOWS, Rigid galvanized steel including coupling and support : 3"
ELBOWS, Rigid galvanized steel including coupling and support : 3 1/2"

'ELBOWS, Rigid galvanized steel including coupling and support : 4"

ELBOWS, E. M. T. including coupling : 1 1/4"
ELBOWS, E. M. T. including coupling : 1 1/2"
ELBOWS, E. M. T. including coupling : 2"
ELBOWS, E. M. T. including coupling : 2 1/2"
ELBOWS, E. M. T. including coupling : 3"
ELBOWS, E. M. T. including coupling : 4"
ELBOWS, PVC including coupling : 1/2"
ELBOWS, PVC including coupling : 3/4"
ELBOWS, PVC including coupling : 1"

"ELBOWS, PVC including coupling : 1 1/4"

ELBOWS, PVC including coupling : 1 1/2"

"ELBOWS, PVC including coupling : 2"

ELBOWS, PVC including coupling : 2 1/2*

'ELBOWS, PVC including coupling : 3"

ELBOWS, PVC including coupling : 3 1/2"
ELBOWS, PVC including coupling : 4"
ELBOWS, Rigid aluminum including coupling and supports : 1 1/4"

"ELBOWS, Rigid aluminum including coupling and supports : 1 1/2"
ELBOWS, Rigid aluminum including coupling and supports : 2"
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E.M.T.
Rigid PVC
Rigid PVC
Rigid PVC
Rigid PVC
Rigid PVC
Rigid PVC
Rigid PVC
Rigid PVC
Rigid PVC
Rigid PVC

e
;34"
1

1 11/4"
111/2"
12"
:21/2"
03"
231/2"
14"

Rigid Aluminum

Rigid Aluminum :

Rigid Aluminum : 1"

Rigid Aluminum : 1

Rigid Aluminum .1

Rigid Aluminum : 2"

Rigid Aluminum : 2

Rigid Aluminum : 3"

Rigid Aluminum : 3

Rigid Aluminum : 4"



161 1000440 ELBOWS, Rigid alummum including coupling and supports 212
1611000445 “ELBOWS, Rigid aluminum including coupling and supports : 3°
1611000450 ELBOWS, Rigid aluminum including coupling and supports : 3 1/2"

1611000455 ELBOWS, Rigid aluminum including coupling and suppbrts 14"

1611000460 Cable tray including fittings and supports, Ventilated type : Galvanized steel, 6" wide

1611000465 Cable tray including fittings and supports, Ventilated type : Galvanized steel, 12" wide

1611000470 Cabie tray including fittings and supports, Ventilated type : Galvanized steel, 18" wide

1611000475 Cable tray including fittings and supports, Ventilated type : Galvanized steel, 24" wide

1611000480 Cable tray including fittings and supports, Ventilated type : Aluminum, 6" wide

1611000485 Cable tray including fittings and supports, Ventilated type : Aluminum, 12" wide

1611000490 Cable tray including fittings and supports, Ventilated type : Aluminum, 18" wide

1611000495 Cable tray including fittings and supports, Ventilated type : Aluminum, 24" wide

1611000500 Cable tray including fittings and supports, Ladder type : Galvanized steel, 6" wide

1611000505 Cable tray including fittings and supports, Ladder type : Galvanized steel, 12" wide

1611000510 Cable tray including fittings and supports, Ladder type : Galvanized steel, 18" wide

1611000515 Cable tray including fittings and supports, Ladder type : Galvanized steel, 24" wide

1611000520 Cable tray including fittings and supports, Ladder type : Aluminum, 6" wide

1611000525 Cable tray including fittings and supports, Ladder type : Aluminum, 12" wide

1611000530 Cable tray including fittings and supports, Ladder type : Aluminum, 18" wide

1611000535 Cable tray including fittings and supports, Ladder type : Aluminum, 24" wide

1611000540 Wiring channels, Square section, steel : 2 1/2" x 2 1/2"

1611000545 Wiring channels, Square section, steel : 4" x 4"

1611000550 Wiring channels, Square section, steel : 6" x 6"

1611000600 Underground Services, Concrete manholes, §' x 5' single

1611000605 Underground Services, Concrete manhales, §' x 10’ double

1611000610 'Underground duct banks, 4" pvc pipe ducts & ﬂttmgs mcludmg all excavation, concrete and backfilling
1611000615 In soft earth with backfill : 1 duct

1611000620 In soft earth with backfil : 2 ducts

1611000625 In soft earth with backfill : 3 ducts

1611000630 In soft earth with backfill : 4 ducts

1611000635 In soft earth with backfill : 5 ducts

1611000640 In soft earth with backfill : 6 ducts

1611000645 In soft earth with backfill : 7 ducts

1611000650 in soft earth with backfill : 8 ducts

1611000655 In soft earth with backfill : 9 ducts

1611000660 In soft earth with backfill : 10 ducts

1611000665 In soft earth with backfill : 11 ducts

1611000670 In soft earth with backfiil : 12 ducts

1611000675 In soft earth with backfill : 13 ducts
1611000680 In soft earth with backfill : 14 ducts
1611000685 In soft earth with backfill : 15ducts
1611000690 In soft earth with granular backfill : 1 duct
1611000695 In soft earth with granular backfill: 2ducts
1611000700 In soft earth with granular backfill : 3 ducts
1611000705 In soft earth with granular backfill : 4 ducts
1611000710 In soft earth with granular backfill : 5 ducts
1611000715 In soft earth with granular backfill : 6 ducts
1611000720 "In soft earth with granuiar backfill : 7 ducts -
1611000725 In soft eanth with granular backfill: 8 ducts
1611000730 in soft eanth with granular backfill : 9 ducts
1611000735 'in soft earth with granular backfill : 10 ducts
1611000740 In soft earth with granular backf‘ll 11ducts
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1611000745 In soft earth with granular backfill : 12 ducts
1611000750 In soft earth with granular backfill : 13 ducts
1611000755 In soft earth with granular backfill - 14 ducts
1611C00760 In soft earth with granular backfill : 15 ducts
1611000765 In soft rock with granular backfill - 1 duct
1611000770  In soft rock with granular backfill : 2 ducts
1611000775 In soft rock with granular backfill : 3 ducts
1611000780 In soft rack with granular backfill ; 4 ducts
1611000785 In soft rock with granular backfill : 5 ducts
1611000790 in soff rock with granular backfill : 6 ducts
1611000795  in soft rock with granutar backfill : 7 ducts
1611000800 In soft rock with granular backfill : 8 ducts
1611000805 In soft rock with granular backfill . 9 ducts
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APPENDIX (D)

LIST OF THE DATABASE HISTORICAL
PROJECTS

© R. S. Means
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35 PREVIOUS PROJECTS BASED ON UNIFORMAT

Multi-Level Parking Garage Above-Ground

700 cars capacity, reinforced

Description: concrete frame, Excluding site
Total Construction cost|$8,937,500.00

Building Size: 275,000.00

Cost per SF: $32.50

Element % S.F. Cost
A1.Substructure 9.14 $2.97
A2.Structure: 58.37 $18.97
A3.Exterior Enclosure: 6.98 $2.27
B1.Partitions and Doors: 0.7 $0.23
B2.Finishes: 3.97 $1.29
B3.Fittings and Equipment: 2.83 $0.92
C1.Mechanical: 6.15 $2.00
C2.Electrical: 4.89 $1.59
T. General Requirements 6.95 $2.26
and Fee:

Parking Garage Below-Ground

Description:

300 cars capacity, reinforced
concrete frame, 3 levels, heated,

Total Construction cost

$6,271,320.00

'Building Size: 132,000.00

'Cost per SF: 51

Element % S.F. Cost
A1.Substructure 26.18 $1244
| A2.Structure: 30.88 $1467
"A3.Exterior Enclosure: 10.63 $5.05
B1.Partitions and Doors: 349 $1.66
|B2.Finishes: 7.20 $3.42
B3.Fittings and Equipment: 238 $1.13
C1.Mechanical: 840 $3.99
C2.Electrical: 343 $163
'Z1. General Requirements

and Fee: 741 $3.52
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Light Industrial

Description: 10 % adminstration/canteen efc.,
] Excluding Site
Total Construction cost|$2,151,500.00
'Building Size: 50,000.00
Cost per SF: 3.03
Element % S.F.Cost
A1.Substructure 8.74 $3.76
A2.Structure: 21.22 $9.13
A3.Exterior Enclosure: 19.24 $8.28
B1.Partitions and Doors: 0.84 $0.36
B2 Finishes: 7.83 $3.37
B3.Fittings and Equipment: 5.65 $2.43
C1.Mechanical: 17.66 $7.60
'C2.Electrical: 12.29 $5.29
Z71. Gen?ral Requirements 6.55 $2.82
and Fee:
Warehouse
e Bare, lightly serviced, single storey
Description: 18 ft eaves, Excluding Site
Total Construction cost|$981,900.00
‘Building Size: 30,000.00
‘Cost per SF: $32.73
'Element % S.F.Cost
A1.Substructure 6.42 $2.10
[A2.Structure: 18.88 $6.18
| A3.Exterior Enclosure: 36.39 $11.91
B1.Partitions and Doors: 7.00 $2.29
‘B2 Finishes: 061 $0.20
B3.Fittings and Equipment: 0.00 $0.00
C1.Mechanical: 2090 $6.84
[C2.Electrical: 244 $0.80
Z1. General Requirements 742 $2.43
and Fee:
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Public Administration Building

Brick Veneer, includes fittings,

Description: Excluding Site

Total Construction cost|$20,467,630.00

'Building Size: 173,000.00

Cost per SF: $118.31

Element % S.F. Cost
A1.Substructure 2.36 $2.79
A2.Structure: 15.89 $18.80
A3.Exterior Enclosure: 14.81 $17.52
B1.Partitions and Doors: 5.86 $6.93
B2.Finishes: 15.42 $18.24
B3.Fittings and Equipment: 4.96 $5.87
C1.Mechanical: 21.93 $25.94
C2.Electncal: 11.38 $13.46
Z7. Gene.ral Requirements 240 $8.76
and Fee:

Commercial Office Building

3 storeys, finished open space with

Description: access flooring, one level of below
Total Construction cost|$9,412,620.00

‘Building Size: 87,600.00

‘Cost per SF: $107.45

Element % S.F. Cost
A1.Substructure 208 $2.23
|A2.Structure: 16.23 $1744
| A3.Exterior Enclosure: 1423 $15.29
B1.Partitions and Doors: 5.04 $5.42
‘B2 Finishes: 838 $9.00
B3.Fittings and Equipment: 532 $5.72
C1.Mechanical: 26.43 $28.40
'C2.Electrical: 14.87 $15.98
' Z1. General Requirements

and Fee: 741 $7.96
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Theatre

. 3,000 seats, includes workshops and
Description: stage equipment, Excluding Site
Total Construction cost $38,003,840.00
‘Building Size: 190,400.00
Cost per SF- 199,60
Blement % SF. Cost
Al.Substructure 238 $4.75
A2 Structure: 16.40 $32.74
A3.Exterior Enclosure: 1464 $20.22
B1.Partitions and Doors: 929 $18.54
B2 Finishes: 10.90 $21.75
B3.Fittings and Equipment: 11.82 $23.59
C1.Mechanical: 18.06 $36.04
'C2 Electrical: 911 $18.18
21. General Requirements and Fee: 740 $14.78

Art Gallery

. steel framed, metal clad, 3 storeys,
Description: Excluding Site
Total Construction cost $11,267,700.00

‘Building Size: 69,000.00

'Cost per SF: 163.30

'Blement % SF.Cost
A1.Substructure 224 3366
A2.Structure: 172 $28.12
A3 Exterior Enclosure: 21.71 $35.46
B1.Partitions and Doors: 6.00 ' $0.80
'B2Finishes: 10.86 $17.73
B3.Fittings and Equipment: 565 $9.23
C1.Mechanical: 19.30 $31.51
'C2Blectrical: 876 $14.30
gw RequiraTents and 825 $1348
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Private Museum

Description: 3 storeys, excluding Site
Total Construction cost $6,982,000.00
‘Building Size: 40,000.00
Cost per SF: $174.55
Element % SF. Cost
Af.Substructure 6.16 $10.75
'AZStructure: 1232 $21.51
A3 Exterior Enclosure: 242 $39.13
B1.Partitions and Doors: 5.36 $9.35
B2Finishes: 7.90 $13.79
B3.Fittings and Equipment: 10.39 $18.14
C1.Mechanical: 17.11 $29.87
'C2Electrical: 1063 $18.56
'Z1. General Requirements and 771 $13.45
Fee:

Arena/Sports Center
Description: Tnink, T basketball or tennis, 3 _

squash or racquet, 1 pool, Excluding

Total Construction cost ,{ 18,800.00
Building Size: ,000.00
'Cost per SF:
Blement % SF.Cost
Al Substructure 427 402
A2StnuctLre: 26.9 2541
A3 Exterior Enclosure: 1281 $1206
B1.Partitions and Doors: 6.89 $6.49
'B2Finishes: 575 $541
B3 Fittings and Equipment: 536 $5.056
|C1.Nechanical: 20.36 $19.17
'C2Bectrical: 930 3$8.76
21, General Requirerrents and Fee: 825 Sr.rr
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Civic Center

Description: 800 seats audftorium, concrete
structure, stucco and concrete panel

Total Construction cost ,971,906.00

Building Size: 6740000

'Cost per SF: $171.69

Blement % SF. Cost

A1l.Substructure 3.99 $6.85

A2 Stuctire: 1502 $25.78

| A3 Exterior Enclosure: 1787 $30.68

B1.Partitions and Doors: 733 $1259

‘B2 Finishes: 665 $1142

B3.Fittings and Equipment: 821 $14.10

C1.Mechanical: 2168 $37.23

'C2Blectrical; 1167 $20.04

21. General Recirerments and Fee: 757 $1299
Zoological Building

Description: To house animals, Excluding Site

Total Constructioncost ™ [$1,057,900.80

Building Size: 5440.00

Cost per SF: $201.82

Berert % SF. Cost

Al Subsinctre 1510 $3048

A2Sincture: 1600 348

' A3 Bxderiar Endlosure: 1627 x4

B1.Partitions and Doors: 798 $16.10

‘B2 Frishes: 1027 072

B Fittings and EquipTert 760 $1552

ClNechanical: 1386 78

'C2Bectrica: 533 $1075

f':’“w“ 741 $14%5
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Supermarket

21. General Requirements and Fee:

Description: Single Storey, Excluding Site
Total Construction cost $2,253,900.00
‘Building Size: 33,000.00
Cost per SF: $68.30
Blement % S.F. Cost
A1.Substructure 955 3$6.52
A2 Structure: 15.02 $10.26
 A3.Exterior Enclosure: 1104 $7.54
B1.Partitions and Doors: 492 $3.36
B2Finishes: 15.18 $10.37
B3.Fittings and Equipment: 5.7 $3.90
C1.Mechanical: 1946 $13.29
|C2.Blectrical: 11.70 $7.99
21. General Requirements and Fee: 4 .06
Fire Station
Description: ;;orey, 6 appliances, Excluding
Total Construction cost $936,903.00
Building Size: 3,900.00
'Cost per SF: $105.27
'Bement % S\F. Cost
Al.Substructure 769 $.10
A2StructLre: 859 $9.04
'A3.Exterior Enclosure: 2370 $24.95
B1.Partitions and Doors: 7.18 $7.56
'B2Finishes: 6.11 $6.43
B3.Fittings and Ecuipment 265 $2.79
C1.Mechanical: 221 $23.38
C2Blectrical: 1446 $15.2
741 $7.80
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Psychiatric Hospital

Description: 2 storeys, 325 bed, Excluding Site
Tofal Construction cost $88,08500000 @ |
Building Size: 500,000.00

Cost per SF: $176.17

Element % S.F. Cost
A1.Substructure 217 $3.82

"A2 Structure: 10.38 $18.28
A3.Exterior Enclosure: 14.48 $25.51
B1.Partitions and Doors: 724 $12.76
'B2Finishes: 845 $14.89
B3.Fittings and Equipment: 11.92 $21.00
C1.Mechanical: 27.65 $48.71
'C2Electrical: 10.55 $18.58
M.G | Requi and Fee: 717 $1263

High Rise Hospital

e Concrete Frame, precast concrete
Description: cladding, 3 levels below grade, 21
Total Construction cost $159,779,620.00
Building Size: 885,500.00
'Cost per SF- 180.44
Element % SF. Cost
Al Substruchre 216 )
‘A2 Stuchre: 991 $17.89
A3, Exterior Enclosure: 801 $14.46
B1.Partitions and Doors: 756 $1364
'B2Finishes: 479 $864
B3 Fittings and Equipment 11.90 $2148
C1Nechanical: 3367 $650.76
"C2Blectrica: 1545 2787
. Ganeral Rscuirerronts anxd Foe: 655 $11.81
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Health Center (Clinic)

Description: 2 storeys, urban, Excluding Site
Total Construction cost $3,022,000.00
Building Size: 25,000.00
Element % SF.Cost
A1l.Substructure 143 $1.73
'A2.Structure: 11.90 $14.38
A3 Exterior Enclosure: 1099 $13.28
B1.Partitions and Doors: 9.81 $11.86
'B2Finishes: 890 $10.76
B3.Fittings and Equipment: 10.03 $12.13
C1.Mechanical: 2862 $34.50
CZElectrical: 1092 $1320
21. General Requirerments and Fee: 740 $8.95
Regional Hospital / Acute Care Facility
Description: 2 storey, Excluding Site
Total Construction cost $27,043,200.00
Building Size: 160,000.00
'Cost per SF: $169.02
' Bement % SF. Cost
Al.Substructure 157 266
'A2Structure: 837 $14.15
| A3 Exterior Enclosure: 1282 $21.66
B1.Partitions and Doors: 729 $1232
'B2Finishes: 6.23 $1053
B3 Fittings and Equipment 1555 $26.29
C1.Mechanical: 2773 $46.87
' C2 Blectrical: 1291 $21.82
21. General Requirements and Fee: 73 $1272
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Senior Citizens Home

Description: 170 units, 5 storeys, Excluding Site
Tofal Construction cost $15,408,370.00
‘Building Size: 148,300.00
'Cost per SF: $103.90
Blerent % SF.Cost
Al.Substructure 318 $3.30
A2 Structure: 1052 $10.93
A3.Exterior Enclosure: 14.85 $1543
B1.Partitions and Doors: 10.13 $10.52
B2 Finishes: 7.16 $744
B3.Fittings and Equipment. 945 $9.82
C1.Mechanical: 26.90 $27.95
C2Electical: 10.39 $10.80
21. General Requirements and Fee: 4 $7.70
Intemational Airport Terminal Building
Description: 3 levels, Excluding Site
Tofal Construction cost $97,987,500.00
‘Building Size: 625,000.00
Cost per SF-
'Bement % SFF.Cost
Al1.Substructre 223 350
A2 Structhure: 14.82 2323
| A3.Exterior Enclosure: 1423 2231
B1.Partitions and Doors: 385 %04
'B2Firishes: 846 $1327
B3.Fittings and Equipirent 1234 $19.35
' C1.Mechanical: 25.01 $30.21
C2Bectrical: 1165 $18.26
2.G | Recui and Fee: 741 $11.61
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Small Airport Tenminal Building

. framed metal clad, single
Description: storey, Excluding Site
Total Construction cost $5,415,540.00
Building Size: 30,000.00
'Cost per SF: $138.86
Blement % S.F. Cost
Al.Substructure 504 $7.00
A2 Structure: 1386 $1924
| A3 Exterior Enclosure: 2941 $40.84
B1.Partitions and Doors: 637 $8.84
'B2Finishes: 841 $1168
B3.Fittings and Equipment: 1265 $17.57
C1.Mechanical: 11.97 $16.62
C2Bectrical: 489 $6.79
21. General Requirerments and Fee: 4 $1029

Shopping Center

Description: Excluding Site
Total Construction cost $32,725,000.00
‘Building Size: 500,000.00
Costper SF: $65.45
Berrent % SF. Cost
Al.Substructre 747 $4.89
[A2Structre: 1435 $9.39
| A3Exterior Enclosure: 1356 $.13
B1.Partiions and Doors: 04 $042
'B2Finishes: 183 $1.20
B3.Fittings and Ecuipment 255 $167
C1.Mechanical: 35.86 2347
'C2Bectrical 1594 $1043
21. General Requirements and Fee: 4 $48
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Elementary School

e 1/ classrooims, single storey,
Description: Excluding Site
Total Construction cost $5,312,536.60
‘Building Size: 56,770.00
Cost per SF: $93.58
Berment % S.F. Cost
Al.Substructre 184 $1.72
A2Stucture: 1148 $10.74
' A3 Exterior Enclosure: 16.44 $15.38
B1.Partitions and Doors: 744 $5.96
'B2Finishes: 10.32 $0.66
B3.Fittings and Equipment: 8.79 $8.23
C1.Mechanical: 25.56 $23.92
'C2Blectrical: 10.72 $1003
21. General Requirements and Fee: 4 %%

Secondary / Hgh School

Description: 2 storeys, Excluding Site
Total Construction cost $14,632.500.00
Building Size: 150,000.00
Cost per SF: $97.55
'Berrent % S.r. Cost
Al.Substrucre 201 $1.%6
'A2Struchure: 1340 $1307
"A3Exterior Enclosure: 1365 $13.32
B1.Partitions and Doors: 1044 $10.18
'B2Finishes: 937 $9.14
B3.Fittings and Ecuipment: 813 $793
'C1Nechanical: .01 $25.37
'C2Bectnical: 830 877
21, Gereral Recuirerrents and Fee: 801 S8

201




University Lecture Hall Building

Description: 5 stories, Excluding Site

Total Construction cost ,630,000.00

Building Size: 80,000.00

‘Cost per SF: $107.95

Elerment % SF. Cost
1.Substructure 380 $4.10
A2.Structure: 1728 $1865
"A3 Exterior Enclosure: 1164 $1257
B1.Partitions and Doors: 7.74 $8.35
'B2Finishes: 893 5064
B3 Fittings and Equipment: 6.66 $7.19
C1Nechanical: 25.09 $27.09
C2Electrical: 1145 $12.36
21, General Requirements and Fee: 741 $8.00

Laboratory

Description: 3 storeys, Excluding Site
Total Consfruction cost $16,002,249.00
'Building Size: 67,700.00
Cost per SF: $236.37
'Berrent % SF. Cost
Al.Substructure 138 $3.26
'A2Struchure: 104 $24.68
A3 Exterior Enclosure: 932 004
B1.Partitions and Doors: 561 $13.25
'B2Finishes: 5% $14.03
B3.Fittings and Equipment: 15.89 $37.56
C1.Nechanical: 3232 $76.86
' C2Bectrical: 1146 $27.08
21 Requ and Fee: 745 $17.61
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College Library

L 3 storeys, includes loose shelving
Description: and carrels, Excluding Site
Total Construction cost $2,942,920.00
Building Size: 29,500.00
Cost per SF.

Berment % SF. Cost
Al.Substructure 7.08 $7.06
A2 Structure: 1924 $19.19
A3 Exterior Enclosure: 2193 $21.88
B1.Partitions and Doors: 377 $3.76
'B2Finishes: 503 $5.02
B3.Fittings and Equipment 519 %.18
C1.Mechanical: 13.88 $13.85
'C2Blectrical: 1374 $13.71
21. General Requirerments and Fee: 911 %0

Provincial Courthouse

Descriotion: 33 courtrooms, 7 storeys, concrete
ption: framed, limestone curtainwall
Total Construction cost ,923,/60.00
‘Building Size: £72,000.00
Cost per SF: $169.33
Bement % S.F. Cost
Al1.Substructure 158 267
A2 Structure: 858 $1453
"A3.Exterior Enclosure: 1282 $21.70
B1.Partitions and Doors: 729 $12.35
‘B2 Finishes: 6.23 $1055
B3.Fitings and Equipment 1535 $2599
C1.Mechanical: 2773 $6.95
'C2 Blectrical: 1291 $21.86
21, General Recuirements and Fee: 733 $1275
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Church

. 1 storey structure with basement,
Description: Excluding Site
Total Construction cost $1,325,716.00
Building Sze: 17,300.00
Cost per SF: $117.32
Element % SF. Cost
Af.Substructure 702 823
A2 Structure: 1342 $15.74
"A3.Exterior Enclosure: 1966 $23.07
B1.Partitions and Doors: 848 $9.95
B2 Finishes: 856 $10.04
B3.Fittings and Equipment: 8.80 $10.33
C1.Mechanical: 1568 $18.39
'C2 Electrical: 1027 $12.05
21, General Requirements and Fee: 810 #9950
LowRise Apartment
Description: 3 storeys, 33 units, Exciuding Site
Total Construction cost $1,910,720.00
Building Size: 32,000.00
‘Bement % SF.Cost
'Al.Substructure 308 $1.84
AZStruchure: 1968 $11.75
A3.Exterior Enclosure: 1861 $11.11
B1.Partitions and Doors: 10.58 %R
'B2Finishes: 956 $5.70
B3.Fittings and Equipment: 467 279
'C1.Mechanica: 17.79 $1062
| C2Bectrical: 948 $566
21, General Requi s and Fee: 655 $391
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High Rise Apartment

Description: 25 storeys, 300 units, Excluding Site

Total Construction cost ,190,800.

Building Size: 380,000.00

Costper SF: $63.66

Blement % SF.Cost

A1 Substructure 171 $1.09

AZ Structure: 2037 $1253

' A3.Exterior Enclosure: 1968 $12.53

B1.Partitions and Doors: 993 $6.32

B2Finishes: 880 $5.60

B3.Fittings and Equipment: 6.38 $4.06

C1.Mechanical: 731 $11.02

C2 Electnical: 8% $5.32

21, General Requirements and Fee: 754 $480

Hgh-Rise Condominium

Description: 140 units on 15'ﬂoaswthon?ﬂoor
penthouse, one floor mechanical, 2

‘Total Construction cost $13,693,500.00

Building Size: 150,000.00

M % STE@

Al Substruchire 1226 $11.19

A2Structure: 1821 $1662

| A3 Exterior Enciosure: 1432 $1307

B1.Partitions and Doors: 7.39 %75

‘B2Finishes: 760 72

B3.Fittings and Equipment 952 %869

C1.Mechanica: 1667 $152

'C2Blectrical: 646 $590

21, General Requirerents and Fee: 748 83
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Hotel

Description: 150 roomms, 3 floors, Excluding Site
Total Construction cost $21,075,782.00
Building Size: 163,100.00
Cost per SF: D2
Elerrent % SF.Cost
A1 Substructure 270 $349
A2 Structure: 624 $2098
A3.Exterior Enclosure: 2081 $26.89
B1.Partitions and Doors: 648 $8.37
‘B2Finishes: 820 $10.59
B3 Fittings and Equiprment: 528 6.8
C1.Mechanical: 21071 2715
C2Electrical: 1188 $15.35
21, General Requirements and Fee: 4 $a57
Hoh Rise Office Complex

. 30 office floors, 1 concourse level
Description: and 3 parking levels, Excluding Site
Total Construction cost $124,488,984.00 |
‘Building Size: 1.403,800.00
'Cost per SF: $8868
Bement % SF.Cost
Al Substructre 368 36
A2Stuctre: 2014 $17.86
'A3Exterior Enclosire: 1602 $14.21
B1.Partitions and Doors: 472 $4.19
'B2Finishes: 926 821
B3.Fittings and Equipmert 9% 847
C1Mechanical: 1988 $1763
‘C2Blectrical: 933 $827
21. General Requirements and Fee: 741 57
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Comporate Office Complex

Description: 4 Tloors with basement offices and
) mechanical penthouse

Total Construction cost $15,233,505.00

Building Size: 123,900.00

Cost per SF- 12295

Element % S.F. Cost

Al Substructure 797 5242

A2Stucture: 1488 $18.30

A3 Exterior Enclosure: 21.30 $26.19

B1.Partitions and Doors: 5.06 .22

'B2Finishes: 8.1 $9.97

B3 Fittings and Equipment: 730 $8.98

C1.Mechanical: 2145 $26.37

C2 Electrical: 1252 $15.39

21. General Requirernents and Fee: 741 11
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APPENDIX (E)

COPIES OF THE ACTUAL PROJECTS’
DOCUMENTS
&
REPORTS GENERATED BY THE
COMPUTER SYSTEM
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PROJECT'S CHART DISTRIBUTION BY DIVISION TOTAL

Project Name Tribospec Estimator Magil Construction Corporati
Project Address: . LaSalle No. Of Stories 1.00
Owner Total Ares 68688.00 Sqft
Architect Magil Construction Corporati Date Tuesday, February 08, 2000
Total By Division
$600,000.00 -
50000000
.
:E $00,000.00 4"}
5 $200,000.00 / "
$100,000.00 Y 1

N (] < [Te] o ~ @® =] Q - n ©
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PROJECT'S PIE DISTRIBUTION BY DIVISION TOTAL

Project Name Tribospec

Project Address - LaSalle

Architect

B2
|3
a4
as
M6
a7z
ms
o9
m10
|1
ai1s
016

Estimator Magil Construction Corporation
No. Of Stories: 1

Total Area

Total By Division
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PROJECT'S CHART DISTRIBUTION BY DIVISION TOTAL -

Project Name University Marketplace Estimstor Cressey Development Corp.
Project Address ~ Vancouver, B.C. No.OfStories  6.00
Owner University of British Columbi Total Area 160000.00 Sq.ft
Architect Trilogy Development Corp. Date Tuesday, February 08, 2000
Total By Division
$7,000,000.00 -

Sum Of Toral

Civisions

Page 1 of 1
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PROJECT'S PIE DISTRIBUTION BY DIVISION TOTAL

ProjectName University Marketplace Estimator Cressey Development Corp.
Project Address  Vancouver, B.C. No. Of Stories 6
Owner University of British Columbia Total Area 160000.00 Sq.ft
Architect Trilogy Devetopment Corp. Date Tuesday, February 08, 2000
Total By Division -
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