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ABSTRACT

INTEGRATION OF PROJECT COST ESTIMATE AND PROJECT TIME SCHEDULE:

A PROJECT BREAKDOWN STRUCTURE APPROACH

by

SYED AQEEL AHMED KAKAKHEL

The Project Cost Estimate and the Project Time Schedule are the core plans developed

during any construction project planning process. In the current tough competitive business

environment, the successful completion of a project is highly dependent on how these two

plans are realistically prepared and integrated with one another. Because schedulers and

estimators view projects differently, the two plans are seldom integrated for information

exchange purposes.

Integration is necessary because project costs and time exhibit a complex interdependency:

direct costs may increase with a decrease in completion time; on the other hand, indirect

costs may decrease.

This research paper presents a scheme, the Project Breakdown Structure (PBS), for the

integration of the cost estimate and the time schedule. The PBS is a seven-level common

work breakdown structure, which conveniently adapts to popular software. An intelligent

activity identification fi'amework has also been developed through extension of the PBS

codes. As an added benefit, the PBS is a candidate to become the standardized format for

the scheduling.

In order to demonstrate the scheme, a construction schedule and a cost estimate have been

generated on the basis of the PBS for a sample project in Primavera Project Planner and

Timberline Precision Estimation.
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Chapter 1

INTRODUCTION

1.1 OVERVIEW

As time progresses, construction projects are becoming more complex and costly,

requiring greater attention to the management of both time and resources [AGC 1994].

Today’s owners demand precise execution and control of their projects to satisfy their

time and cost constraints [Budeiri 1984]. The construction industry can become proficient

by applying the modern techniques of Construction Project Management to complete

projects successfully.

The elements of construction project management are shown in Figure 1.1

Construction Project A

Management

  

  

       

 

 

    

   

     

  

 

   
 

Management Management MW Management

Project Time finieaQua-fity Project Communication ProjectWm

Management Management MW Managerial

  

 

 

Figure 1.1 Elements of construction project management

(Modified from PMBOK 1996).



Construction project management is an integrative endeavor: an action, or failure to take

an action, in one area will usually affect other areas. The interactions may be

straightforward and well understood, or they may be subtle and uncertain. [PMBOK

1996]. For example, expediting of a project to produce a tight schedule may result in

higher completion costs due to the increase in direct cost of the execution of activities

such as overtime wages of crew, renting of additional equipment or loss of productivity

due to overcrowding of a construction site.

Project Cost Management (PCM), and Project Time Management (PTM) are the two core

elements of construction project management as they ensure the achievement of the main

objective, i.e. being on time and within budget. PCM includes the processes required to

ensure that a project is completed within the approved budget while PTM consists of the

processes required to ensure timely completion of a project. PCM and PTM are

composed ofcomponent processes, which are shown in Table 1.1.

Table 1.1 Component Processes ofPCM and PTM

(Modified from PMBOK 1996).

 

 

* 'I

I Proie_c,_'t Qost Mgagement P igt Timg Management

0 Cost Estimating 0 Schedule Development

I, 0 Cost Budgeting 0 Schedule Implementation

. Cost Control . Schedule Control

 

  



The difl‘erent component processes of PCM and PTM are performed at various stages of

the project life cycle. The cost estimating and schedule development processes are

performed at the construction project planning (CPP) stage. The CPP can be defined as

the decision making process which establishes a set of actions needed to successfiilly

progress fi'om the initial stage (i.e. design) ofthe project to the goal stage (i.e. constructed

facility) [Syal 1992].

The project cost estimate is prepared by the estimator(s), whose aim is to forecast an

accurate project cost within predefined conditions so that the project’s monetary

objectives could be achieved. The project construction schedule is prepared by the

scheduler(s) whose main objective is to develop a realistic construction plan so that the

project could be completed within the contract time constraints.

1.2 PROBLEM AREA

Construction projects exhibit complex relationships between costs and schedules.

Although the interdependency between schedule and cost is obvious, it is rare to find

project control systems that integrate cost and schedule control fiinctions. Rather, they

remain two separate fimctions that are performed independently of each other [Rasdorf

1991]

In order to facilitate the planning, the project planners decompose the project into

manageable components and sub-components utilizing the Work Breakdown Structure

(WBS) technique. Although PCM and PTM require similar information from common

sources such as drawings, specifications and other contract documents, planners usually

use one WBS to generate a cost estimate and a different WBS to generate a construction

schedule. The building construction industry in USA uses Construction Specification

3



Institute’s (CSI) MasterFormat system as the basis for a WBS for generation of a cost

estimate. The MasterFormat categorizes the construction products and processes into

sixteen divisions based on the following attributes. [Spence 1998]

0 Location ( e. g. division 2: sitework)

0 Material (e.g. division 3 : concrete)

0 Function (e. g. division 7: thermal and moisture protection)

0 Applications (e. g. division 9: finishes)

0 Trade (e.g. division 16 : electrical)

The WBS for a cost estimate systematically decomposes a project until the line items are

determined.

Unlike the cost estimate, there is no specific format or standard for the preparation of a

WBS for the schedule. Schedulers develop a WBS based on their experience and

intuition. Even within a given company, different WBS’s are adopted to decompose

projects for scheduling purposes. A WBS for a schedule is generally based on any of the

following:

0 By major deliverables such as main building, auxiliary buildings and outbuilding

works

0 By trades such as concrete work, carpentry, metal, electrical and mechanical

o By major building components such as foundations, walls, columns, floors and roof

0 By responsibility of project stakeholders such as owner, architect, engineer, general

contractor, and subcontractors.

o By floor levels for high rise buildings such as ground floor, floor 1, floor 2 and so on.

o By construction sequence



A WBS for scheduling ends up with a set of construction activities irrespective of the

basis on which it is developed. A construction project schedule is then developed from

these activities using the networking technique.

The adaptation of different WBS’s, one for the generation of a cost estimate and another

for generation of a construction schedule for the same project leads to an information-

flow blockage between them and prohibits subsequent data-sharing during the cost

control and time control processes. For example, when it is necessary to cost load an

activity, such as form work footing for the south wall, the scheduler will have to calculate

the work quantity from the drawings for that particular activity and then apply the cost

for that portion of form work from the estimate. These additional computations are

necessary because the cost estimate presents a cumulative quantity of forrnwork for the

entire project.

The data acquisition relies strongly on the intuition and experience of the cost estimators,

schedulers, and project planners and controllers [Kim 1995]. As a consequence, they

spend an unreasonable amount of time making adjustments to update and maintain

information during the various stages of the project life cycle. For example, quantity of

work in the schedule of values for the payment process may not be consistent with the

activities, and therefore the actual quantity of work performed must be computed. If the

schedule of values and the activities had been developed on the same basis or format,

many subsequent computations could have been avoided.

Keeping in view the above discussion, two main problems prevent integration of a cost

estimate with a construction schedule:



a. Non-existence of a standard fi'amework/format for the development of construction

schedules.

b. Adaptation of different WBS formats — one for the generation of cost estimates and

another for the generation of construction schedules.

A need, therefore, exists for the development of a common WBS, most appropriately

called the Project Breakdown Structure (PBS), which can resolve the above two

problems. It means that the proposed PBS (common WBS) should provide:

0 A standard format (standard WBS) for the development of a construction schedule,

and

o A framework for a schedule (time plan) and a cost estimate (cost plan) generated in

an integrated way.

Although the author has chosen to use PBS, the name is not original. It has used to

describe other similar schemes. [DOE 1981]

1.3 RESEARCH OBJECTIVES

The primary objective of this research is to develop a project breakdown structure PBS

(common WBS) model to serve as a standard format for the generation of a construction

schedule, and as fiamework for the generation of an integrated cost estimate and time

schedule.

The secondary objectives ofthis research are:

a. To present a process flow diagram depicting the generation of a construction schedule

and a cost estimate on the basis ofa PBS.

b. To demonstrate the utility of the PBS model by applying it to a sample project for the

generation of an integrated cost estimate and schedule. Timberline Precision

6



Estimating Extended® Edition and Primavera Project Planner® will be used for the

generation of cost estimates and schedules, respectively.

c. To compare the cost estimate and the time schedule generated for the sample project

on the basis of a common PBS and two traditional divergent WBS’s in order to

highlight the advantages of the PBS.

1.4 RESEARCH SCOPE

The research will focus mainly on a construction building project being executed in a

design-build environment. In the design-build delivery system, a single entity (designer-

builder) is responsible to the owner for the execution of the entire project from design to

construction, and it benefits from the parallel generation of construction schedules and

cost estimates. The unified design-build responsibility facilitates the control of project

performance [Rizzo 1997]. There is an intense participation by the constructor during the

design phase, communication between all participants is facilitated, and interface

problems are reduced [Spink 1997].

1.5 RESEARCH METHODOLOGY

The research efforts are divided into the following steps:

a. A comprehensive review of available literature in the area of project management

(specifically dealing with cost estimation, scheduling, and work breakdown

structures), construction information classification systems (such as MasterFormat

and UniFormat), computer-integrated systems, and construction project planning

modeling.



1.6

Analysis of the capabilities of the topmost cost estimating software (Timberline

Precision Estimating Extended®) and high-ended scheduling software (Primavera

Project Planner®) so that the proposed PBS model can be made compatible to the

said softwares.

Development of a PBS generic model.

Development of a PBS detailed model.

Development of process flow diagram depicting the generation of a construction

schedule and a cost estimate on the basis ofPBS.

Application of the common PBS model to a sample project for the generation of a

schedule and a cost estimate.

A comparison of a cost estimate and a time schedule generated for the sample project

on the basis of a common PBS and two traditional divergent WBS’s.

RESEARCH OUTPUT

The following are the outputs ofthis research study:

a.

b.

A PBS generic model (Figure 4.1)

PBS detailed model as a hard copy (Table 4.1) and as an electronic file in MS Word,

which can serve as a template for the development ofPBS for any given project.

Process flow diagram for generation of a construction schedule and a cost estimate on

the basis ofthe PBS. (Figure 4.3)

Construction schedule for the sample project on the basis of a PBS generated in

Primavera Project Planner.



e. Cost estimate for the sample project on the basis of PBS generated in Timberline

Precision Estimation software.

1.7 RESEARCH REPORT ORGANIZATION

The research report is composed of six chapters, two appendices and a bibliography.

Chapter 1 consists of a brief overview of the construction project management, problem

area, research objectives, scope, methodology, and expected output.

The literature review is presented in chapters 2 and 3. Chapter 2 reviews the previous

research attempts focusing on the integration of cost estimates and construction

schedules.

Chapter 3 covers work breakdown structure, MasterFormat and UniFormat. This chapter

also briefly presents the features and capabilities of the topmost cost estimating software

(Timberline Precision Estimating Extended®) and high-ended scheduling software

(Primavera Project Planner®).

Chapter 4 describes the Project Breakdown Structure and presents a process flow diagram

for the generation of a construction schedule and a cost estimate on the basis ofthe PBS.

Chapter 5 demonstrates the application of the PBS. It consists of a construction schedule

and cost estimate for the sample project developed on the basis ofthe PBS.

Chapter 6 presents the conclusion and recommendations.

Appendix A contains the UniFormat numbering and titles up to level 3 while appendix B

presents sketches ofthe sample project.



Chapter 2

LITERATURE REVIEW — I

2.1 OVERVIEW

Project cost management (PCM) and Project time management (PTM) are the core elements

of construction project management as already discussed in section 1.1. A number of models

have been proposed by various researchers to integrate the cost plan (cost estimate) and time

plan (construction schedule) so that the entire processes of PCM and PTM can be efi‘ective

and efficient. This chapter presents the following previous research efforts focusing on the

integration of cost estimate and construction schedule.

0 Teicholz’s Model

0 Hendrickson’s Model

0 Ibbs’s and Kim Model

0 Work- Packaging Model

2.2 TEICHOLZ’S MODEL

Teicholz initially recognized the existence of two data structures, i.e. different work

breakdown structures, for the generation of cost estimates and construction schedules [Kim

1995]. The term “Cost breakdown structure” (CBS) was used for the WBS of the cost

estimate.

Teicholz’s model is shown in Figure 2.1.

10



Teicholz (1987) proposed a mapping mechanism between the CBS and WBS. The

mechanism maps a given cost account to one or more activities that relate to that account.

The mapping mechanism employs the concept of percent allocation, where a cost account has

a specific percentage for the amount of a given resource (such as labor hours or material

quantities) in a cost account on the CBS that should be allocated to a given activity on the

WBS. For example, a cost account for the “Strip 20 cm wall” on the CBS (refer to Figure

2.1) corresponds to many tasks on the WBS such as strip 20-cm wall- area A, strip 20-cm

wall- area B, strip 20-cm wall- area C.

According to William J. Rasdorf and Osama Y. Abudayyeh [Rasdorf 1991], the percent

allocation concept proposed by Teicholz is approximate and based on judgment.

Synchronization of two separate views of data is an issue, and no attempt has been made to

integrate these views physically. Moreover, maintaining links between the cost-and —

schedule-control account creates an extra computational overhead that may affect the

efficiency of data processing and reporting.
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2.3 HENDRICKSON’S MODEL

Hendrickson and Au [1989] proposed a work-element concept for integrating the cost

estimate and construction schedule. Hendrickson’s model is shown in Figure 2.2.

A work element is a control account defined by a matrix of work packages from the WBS

and a cost account from the CBS. In Hendrickson model, work element is used as a common

denominator which provides a link between the WBS and the CBS, where a cost account

may relate to one or more activities, and at the same time, an activity may relate to one or

more cost accounts. Hendrickson and Au recognized the need for a common denominator for

acquiring and maintaining data for effective project control. The success of the Hendrickson

model is conditional on developing automated data acquisition and representation methods

because of the burden of data collection and storage. Moreover, the model maintains two

difl‘erent views of project data (the CBS and WBS) which creates an extra computational

overhead [Rasdorf 1991].
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2.4 IBBS’S AND KIM MODEL

Ibbs’s and Kim (Kim 1989) model uses object-oriented programming (OOP) approach. The

model is based on BOD, which is defined as the lowest-level construction task needed to

build a specific design object. BOD is the entity that provides a linking between a design

object and its corresponding construction operation control fimctions (WBS and CBS). The

Model is shown in Figure 2.3.

A BOD has three attributes: a work package on the WBS, a cost account on the CBS, and a

design object on the drawing. For example, the following five BODs can be generated for an

8—in (20-cm) concrete wall object of area A on the fourth floor:

Fabricate formwork

o Erect formwork

0 Place rebars

0 Pour concrete

0 Strip formwork

Each BOD is then linked to one cost account on the CBS and one work package on the WBS.

In this model each BOD is defined at such a refined level that it may be impossible to acquire

data to support model. Moreover, Ibbs’s and Kim Model still maintains the dual WBS and

CBS views, which creates an extra computational overhead [Rasdorf 1991].
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2.5 WORK PACKAGING MODEL

Work Packaging (WP) is defined as a method to create common manageable work entities

and to interface them with different phases throughout the life cycle of a project, 6.g. design,

cost estimation, scheduling, and control. Work packages are derived by combining the WBS

and Organizational Breakdown Structure (OBS). Figure 2.4 shows a work packaging model.

WPs are developed by creating a matrix in which the WBS defines the columns and the OBS

defines the rows. WPs at this level are called control accounts. Control accounts are then

divided into tasks. Cost budgets, time budgets, and labor resources are then allocated to these

tasks [Kiml995].

This model has a very complex control account coding system. Additionally, it is does not

suggest a breakdown structure for the cost estimation. Furthermore, even a small change in

the WBS or OBS would afl‘ect the whole model.
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2.6 SUMMARY

The models discussed in the previous sections have proposed to integrate the cost estimate

and construction schedule by linking WBS with CBS or WBS with OBS through various

mechanisms such as direct mapping (Teichloz’s model), work element (Hendrickson’s

model), BOD (Ibbs’s and Kim model), control account (work packaging model). These

models maintain the dual view of data, and the synchronization issue is not resolved.

Moreover, these models will have to be developed (almost fi'om scratch) for every project,

which results in computational overhead.

These models have not addressed the issue of compatibility with the Masterforrnat

classification system, which is being widely used as a standard WBS for the generation of

cost estimate by the US construction industry. Nor have these models proposed an activity

identification structure.

In the author’s view, an efiicient and effective integration between the cost estimate and the

construction schedule can be achieved only through a common WBS, most appropriately

called the Project Breakdown Structure (PBS). The PBS, developed by the author is

presented in Chapter four. The PBS approach to integration incorporates WBS (project

management technique), Masterformat and Uniformat (construction information

classification systems), Primavera Project Planner (construction management and scheduling

software), and Timberline Precision Estimation (cost estimation software). Therefore, prior

to presenting PBS, these topics will be discussed in Chapter three.
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Chapter 3

LITRATURE REVIEW - II

3.1 OVERVIEW

This chapter covers the topics of Work Breakdown Structure (WBS), MasterFormat (MF),

and UniFormat (UF). WBS is an effective management technique used for the planning and

controlling of projects. MasterFormat and UniFormat are the construction information

classification systems developed by the Construction Specification Institute (CSI). This

chapter also briefly discusses the related advanced features of the Primavera Project Planner

(P3) and Timberline Precision Estimation (TPE).

3.2 WORK BREAKDOWN STRUCTURE

Over time, projects have been getting larger and more complex. This growth in size and

complexity resulted in the introduction of a new project management tool, the Work

Breakdown Structure (WBS) in the early 19605 [Chimni 1989]. This section presents the

basics of the work breakdown structure technique and its uses in construction project

management.

3.2.1 WBS definition and development

A WBS is a hierarchical format, which decomposes a project into successively greater levels

of detail [Dreger 1992]. A WBS serves as bridge between the end objective and its

20



supporting efforts. It provides an ordered framework for the planning and controlling of a

project [DOE 1981].

The work breakdown structure first decomposes a project (or a product) into major

subprojects (or subproducts) which are in turn broken down into smaller, more manageable

components and sub-components until the project (or product) is defined in adequate detail

for planning, executing, and controlling. This decomposition is carried out systematically

into levels, each level providing increasingly detailed definition of the project (or product).

The number of levels depends on the scope and complexity of the individual project and the

degree of control it warrants [DOE 1981]. Figure 3.1, shows a project broken down to three

levels.

WBS is a hierarchical structure, which can be developed as:

a. A tree diagram, as shown in Figure 3.1

b. An indented listing, as shown in Figure 3.2

c. A table, as shown in Table 3.1

3.2.2 WBS coding

Each module (such as project, subproject, or component) of a WBS is assigned a code to be

used for its identification throughout the life of the project. A simple decimal or

alphanumeric coding system is applied that logically indicates the level of each module and

relates that module to its parent module. In Figures 3.1, 3.2 and Table 3.1, a numerical

decimal system is shown for the coding purpose.
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1 Project (Level 1)

1. 1 Subproject (Level 2)

1 . 1 . 1 Component (Level 3)

1.1 .2 Component (Level 3)

1.2 Sub project (Level 2)

1.2. 1 Component (Level 3)

1 .2.2 Component

1.3 Sub project

1 .3. 1 Component

1 .3 .2 Component  
 

Figure 3.2. WBS as indented listing
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Table 3.1 WBS in table format

 

Level 1 Level 2 Level 3

 

1 Project

 

1. 1 Subproject 1.1.1 Component

 

1.1.2 Component

 

1.2 Subproject 1.2.] Component

 

1.2.2 Component

 

1.3 Subproject 1.3.1 Component

 

 1.3.2 Component   
 

3.2.3 Purposes ofWBS

The major WBS purposes are listed below: [Dreger 1992]

e To define total project effort - what the project is

0 To define project scope and limit — what the project is not

0 To state project objectives as tangible, measurable deliverables

0 To structure the work into small, detailed units that define scope and deliverables

According to Kerzner [1995], the WBS is the single most important management tool

because it provides a common framework from which:

0 The total project can be described as the sum of contributing elements,

0 Planning and forecasting may be performed,

0 Schedules and budgets can be established,

23



Time, cost, and performance can be tracked,

Objectives can be linked to company resources in a logical manner,

Schedule status reporting procedures can be established,

Network construction and control planning can be initiated, and

Responsibility assignments for each element can be established.

3.2.4 Application ofWBS in construction project management

A WBS can be used to provide the basis for: [Kerzner 1995]

Keeping in view the scope of this research, only the WBS’s being used for the construction

schedule and the cost estimate will be discussed further. Figures 3.3, 3.4 and 3.5 present

WBS’s developed on different yardsticks such as major deliverables, major processes, and

major work categories for planning of a typical house. In order to generate a construction

schedule or a cost estimate, these WBS’s have to be expanded to the next level of detail, i.e.

Construction scheduling

Cost estimation

Responsibility matrix development

Risk analysis

Organizational structure

Contract administration

Coordination of objective

activities or line items.

The US construction industry uses the MasterFormat classification system as a basis for the

WBS of cost estimating, whereas there is no industry-wide standard or format for the WBS

of construction scheduling. Schedulers develop WBS based on their individual experience

24



and intuition. Even within a given company, ad hoc WBS’s are adopted for the scheduling of

particular projects.
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3.3 MASTERFORMAT

MasterFormat is a construction information classification system developed by C81.

MasterFormat categorizes the construction products and processes into sixteen divisions

based on the following attributes: [Spence 1998]

0 Location ( e. g. division 2: sitework)

0 Material (e.g. division 3 : concrete)

0 Function (e.g. division 7: thermal and moisture protection)

0 Applications (e. g. division 9: finishes)

0 Trade (e.g. division 16 : electrical)

The term “product” means materials, components, and equipment that a contractor

incorporates into a project. Products can be new or existing, may be commodities or

manufactured units, can be materials, components, finished assemblies or combinations, for

example, masonry bricks, concrete mix, wooden floor joists, metal studs, curtain walls.

Products are the basic components of construction.

The term “ process” means a construction method or procedure utilizing a particular crew or

material or both, for example, placing of ready-mix concrete of 3000-psi strength with a

pump truck or excavation of soil with a backhoe for a utility trench.

The following are the sixteen MasterFormat divisions. These divisions are also called the

group phases. [Bledsoe 1992]

0 Division 1: General Requirements

0 Division 2: Site work

0 Division 3: Concrete

0 Division 4: Masonry
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0 Division 5: Metals

0 Division 6: Wood and Plastics

0 Division 7: Thermal and Moisture Protection

0 Division 8: Doors and Windows

0 Division 9: Finishes

0 Division 10: Specialties

0 Division 11: Equipment

0 Division 12 Furnishings

0 Division 13: Special Construction

0 Division 14: Conveying Systems

0 Division 15: Mechanical

0 Division 16: Electrical

3.3.1 Applications of Masterformat

The Masterformat is used for the following purposes:

0 Arranging information within project manuals

0 Cataloging of product information by manufacturers and suppliers

0 Keynoting for drawings to associate items with specifications

0 Arranging of cost databases in books or electronic format such as :

- RS Means building construction cost data (book), Richardson cost data books.

- RS Means database, Timberline Commercial GC database and Timberline

Residential Home Builder database or a company’s proprietary cost database.

0 As a WBS for the generation of cost estimates

3O



3.3.2 Application of Masterformat for arranging of cost databases

The various cost databases (electronic and printed) arrange the cost data using the titles and

numbering of the MasterFormat. Each MasterFormat division (group phase) is divided into

Subdivisions (phases), each Subdivision is divided into Medium Scopes; each Medium Scope

is divided into Major Classifications and each Major Classification is divided into line items.

[Bledsoe 1992].

For example: The division 2, site work has been arranged as:

Division 2: Site work

Subdivision O22: Earthwork

Medium scope 022 200: Excavation, baclcfill, and compaction

Major classification 022 238: Excavating, bulk bank measure,

common earth piled

Line item 022 238 0200: Backhoe, hydraulic, crawler mounted,

1C.Y cap = 75 C.Y/hr

Line items are the individual cost elements tabulated in cost databases and are the smallest

division of work to be analyzed. A Line item may be a product or a process. A 10-digit code

based on the CSI MasterFormat is used to uniquely describe the line item. The first six digits

are MasterFormat medium scope and major classification codes. The last four digits are

optional; in this example, the last four digits are those used by the RS Means to identify

various crews, equipment, production rates, etc. This complete item code narrows the work

item to the finest detail i.e. excavation with a specific equipment type and size [Bledsoe

1992]

Figure 3.6 shows cost data arranged on the basis ofMasterFormat for a portion of division 2.
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Figure 3.6 Cost data arrangement

(Source RS Means 1997)
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3.3.3 Masterformat as WBS for cost estimate

Construction cost estimation consists oftwo components.

0 Quantity takeoff (quantity surveying): it is the process of taking measurements fi'om

architectural and engineering drawings and specifications and converting them

mathematically into useful and meaningful quantities for cost estimating [Bledsoe 1992].

0 Pricing: when the quantities are determined, then prices, or unit costs must be applied to

determine the total direct cost. The prices can be obtained from the cost data sources.

The overheads and profit are then added to the total direct costs on the bottom line of the

estimate summary [RS Means, 1990]

The US construction industry uses MasterFormat as the basis for the cost estimate. This

means that the quantity takeoff and pricing are carried out according to the sequence of the

16 divisions of MasterFormat. \Vrthin each division, the components or individual items are

identified, listed, and priced. Each item is broken down firrther into material, labor, and

equipment. A sample WBS suitable for a cost estimate on the basis of MasterFormat is

shown in Figure 3.7. A few line items from the phases of division 2 and division 3 have been

presented for illustration purposes. A complete WBS for a project may contain line items

from most ofthe phases.
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Figure 3.7 WBS for a cost estimate on the basis of MasterFormat
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3.4 UNIFORMAT

Uniformat [1998] is an arrangement of construction information based on the physical parts

of a facility called systems and assemblies. UniFormat has been developed by CSI and CSC

(Construction Specification Canada). These systems and assemblies are characterized by

their function without identifying the products that compose them. UniFormat covers systems

and assemblies for a range of building types and construction related to buildings. Systems

and assemblies render a view of a constructed facility that is different from the view rendered

by a breakdown of building materials, products, and processes.

The purpose of UniFormat is to achieve consistency in the economic evaluation of projects,

enhance reporting of design program information, and promote consistency in filing

information for facility management, drawing details, and construction market data.

3.4.1 Organization of Uniformat

Uniformat has a hierarchical structure, which decomposes construction information to five

levels, each of increasing detail. The hierarchy comprises the following nine major categories

ofconstruction information:

PROJECT DESCRIPTION

SUBSTRUCTURE

SHELL

INTERIORS

SERVICES

e

EQUIPMENT AND FURNISHINGS

0 F SPECIAL CONSTRUCTION AND DEMOLITION
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o G BUILDING SITEWORK

0 Z GENERAL

A complete list of the Uniformat titles and numbering from level 1 through level 3 is

provided in Appendix A.

The first category “ Project Description” does not have a letter designation because it is not a

building system or assembly. Instead, Project Description is a collection of basic information

related to the project, e. g., bidding, proposal, and contract requirements. Thus, Uniformat can

be used as a stand-alone contracting structure for construction projects especially design-

build projects. The letters and titles of Level 1 categories are fixed and should not be changed

in any application.

Uniformat divides each Level 1 category into classes of information. At Level 2, classes

carry the letter oftheir parent category, plus a two-digit number e.g. A 10. Levels 3 and 4 are

developed by further subdividing Level 2 classes. These subclasses carry the alphanumeric

designation of their parent category and class, plus a two-digit number e.g. A1010.

Alphanumeric designations and titles of Level 2 and Level 3 subclasses are fixed and should

not be changed in application.

Alphanumeric designations for Level 4 are unassigned within a group of Level 3 subclasses,

and number extensions are assigned by the user. The user-assigned number should carry the

alphanumeric designation of the parent Level 3 subclass, plus a two-digit number (as

illustrated below by the XX), or the corresponding Masterformat number.

Titles presented below Level 4 are Level 5 subclasses, developed by presenting specialized

design solutions of their parent Level 4 subclasses. Particular materials may be identified
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(e.g., concrete and steel) to differentiate one specialized solution from another. Titles at

Level 5 are examples of information included in their Level 4 subclass.

Level 5, and sometimes Level 4 titles, correspond to Masterformat numbers and titles.

The numbering system is as follows:

Level 1: A Substructure

Level 2: A10 Foundations

Level 3: A1010 Standard Foundations

Level 4: A1010.XX Wall Foundations

Level 5: A1010.XX Column Foundations

The Uniformat numbering system is expandable, allows additional numbers, and titles at any

level if needed. User-defined numbers and titles that fit within the established fi'amework of

Uniformat can be added.

Titles in Levels 1 through 3 can be applied to most project descriptions and preliminary cost

estimates. Levels 4 and 5 are available for use on detailed, complex projects. Level 4 and 5

titles and detailed listings provide a checklist to ensure comprehensive and complete

application ofUniformat.

3.4.2 Comparison of Uniformat and Masterformat

The primary difference between Uniformat and Masterformat lies in how each system

divides construction information for its intended application. The Uniformat has nine major

categories while Masterformat has sixteen divisions. Each views the same construction

information or base of data flour a different perspective. Uniformat and Masterformat titles

suggest complementary views of construction products and performance requirements:
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Uniformat names systems and assemblies that have a determinable fiinction whereas

Masterformat names components that have specifiable characteristics. [Uniformat 1998]:

3.4.3 Application of Uniformat

As suggested by C81, Uniformat can be used for the following purposes: Uniformat [1998]

3.4.3.1 Arranging Cost Information

Cost information can be organized according to Uniformat and may be reported in varying

degrees of detail, which can be refined as design decisions are made. The presentation of cost

information on the basis of UniFormat facilitates the comparison of various building

elements, particularly during early design phases. A cost estimate organized on the basis of

UniFormat can evolve along with a cost estimate organized according to Masterformat.

These two models of cost estimating present a different view of the same project and provide

details appropriate for difi‘erent requirements. For example, a cost model organized by

UniFormat can provide information about the cost of a concrete structure compared with a

steel structure, even though there will be more concrete and steel on the project. However, a

cost model organized according to MasterFormat can provide information about the cost of

all the concrete and steel on a project regardless of the structural system chosen.

UniFormat is most suitable for value analysis, which requires assigning a cost to a particular

use or facility function rather than to particular products and activities.

3.4.3.2 Arranging Preliminary Project Descriptions

A logical sequence of systems and assemblies is provided by Uniformat to describe a project

before all construction materials and methods have been determined. This helps the owners

to understand various components and systems proposed by the designer. UniFormat can be
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adopted to organize, and serves as a checklist for preparing, preliminary project descriptions

at various levels of detail. As the design progresses, both descriptions and the estimate of

probable construction cost can be refined.

3.4.3.3 Arranging Project Manuals

Organizing project manuals, or portions of them, according to Uniformat is well suited for

the projects employing Performance Specifying. Uniformat can be used to organize

performance specifications for elements crossing Masterformat section and division

boundaries. Performance specifying can be used at many levels, from a single product to

major subsystems or entire projects. It allows the owner to access a range of options, fiom

existing technology to innovative systems and developing technologies.

3.4.3.4 Organizing Drawings

UniFormat numbers and titles can be used for organizing architectural and engineering

drawings.

3.4.3.5 Arranging Facilities Management Information

UniFormat can be used for organizing maintenance and operation programs, and data.

3.4.3.6 Arranging Information for Design-Build Applications

Uniformat classification system can be used for the communication of firnctional

performance in a design-build project delivery. Owners can communicate project

performance requirements organized according to UniFormat to design-build entities in

requests for proposals. In turn, design-build contractors must use performance requirements

to communicate their proposals.
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3.5 PRIMAVERA PROJECT PLANNER

Primavera Project Planner (P3) is a project management and scheduling software developed

by Primavera Systems Inc. (www.primavera.com). P3 is designed to handle large-scale,

intricate and multifaceted projects. The following are some P3 (version 2.0 b)

features/capabilities: [Primavera 1997]

0 Can handle 100,000 activities per project.

0 Unlimited project groups, projects and target plans can be set.

0 Scheduling and resource leveling can be performed at the project group and/or project

level.

0 20-level user definable WBS dictionary.

0 24 user-definable activity codes for selection and sorting.

o 10-character user-definable intelligent activity II) codes.

0 Summarization of multiple project groups.

0 What-if analyses for schedule dates and resource planning.

0 Earned value analyses.

0 Merge multiple projects in a project group.

0 31 activity-calendars per project.

0 Time units in hours, days, weeks and months.

0 10 types of schedule constraints (e.g, start-no-earlier-than, finish-no-later—than, etc.)

o 9 types of activities for more precise schedule modeling (e. g., task, meeting, independent,

milestone, hammock, flags, etc.)

0 Resource calendars and variable availability

0 Unlimited resources per project and activity.
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Activity splitting, stretching and crunching during leveling and smoothing.

Variable resource pricing and availability.

Resource-driven activity durations.

Unlimited cost accounts per project with intelligent lZ-character codes.

Track budget, actual cost this period, actual cost to date, percent complete, earned value,

cost to complete, cost at completion.

Autocost feature for user-defined rules for planning and updating cost.

Unlimited presentation layouts.

Hierarchical project outlining organized by any combination of activity codes, resources,

cost accounts, and WBS.

Summarize and group activities and compare to targets by WBS.

Multiple levels of sort and selection (filter)

In addition to the above features/capabilities, P3 has an electronic interface with the

following software:

Expedition ( contract control)

Monte Carlo (risk analysis)

Sure Track (scheduling)

MS Project (scheduling)

Timberline Precision Estimation (cost estimation)

Pro Log Manager (Construction management and document control)
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3.6 TMBERLINE PRECISION ESTIMATION

Timberline Precision Estimation (TPE) is cost estimation software developed by Timberline

Software Corporation [Timberline 1998]. It has two main parts: a database, and a

spreadsheet.

The database stores all the standard cost items required to prepare an estimate including

labor, material, and equipment items and prices, takeoff formulas, productivity factors,

assemblies and more. A database can be built from scratch or an industry-standard model can

be purchased and customized to suit company needs.

The spreadsheet presents the items, quantities, and dollar amounts that make up an estimate

in a format designed specifically for estimating.

In the estimate creation process, the information is pulled from the database into the

spreadsheet. The dimensions of a structure or quantities are then entered manually or through

a digitizer. The TPE finalizes (computes) the costs in a spreadsheet. The database and

spreadsheet are stored in separate files. The changes made in the spreadsheet stay in the

estimate and afi‘ect neither the database nor other estimates.

The following are some of the features/capabilities of Timberline Precision Estimation

(extended version):

0 There are four methods of takeoff: Quick takeoff, item takeoff, assembly takeoff and one-

time takeoff.

0 Location code: can indicate where items are shown on plans, or where items will be used

on the job site.
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0 WBS codes: Up to 12 WBS codes can be defined in the database. Within each WBS

code, numerous WBS values can be defined to which items can be assigned. TPE allows

sorting out estimate items based on the user-defined WBS.

0 Four additional spreadsheet sequences (besides Phase/item, takeoff order and assembly)

can be defined for an estimate.

In addition to Spreadsheet and Standard Estimate report in various layouts, TPE’s can

generate the following reports:

Estimate Details Report

- Takeoff Unit Cost Report

- Unit Price Review Report

- Bill of Materials Report

- Quote Sheet Report

- Crew Report

- Crew Analysis Report

- Comparison Report

- Variance Report

- Bill of Quantities

- Unit Price Analysis Report
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Chapter 4

PROJECT BREAKDOWN STRUCTURE

4.1 OVERVIEW

Chapter 4 presents the Project Breakdown Structure (PBS), developed by the author as a

result of the research effort. This chapter includes the explanation of the PBS, a generic PBS

model (Figure 4.1), PBS detail model (Table 4.1), and a process flow diagram (Figure 4.3)

depicting the development of both a Construction Schedule and a Cost Estimate on the basis

ofthe PBS.

4.2 PBS MODEL

Project Breakdown Structure (PBS) is a common work breakdown structure (WBS), which

can be adopted:

0 As a standard format for the generation ofa construction schedule and,

e As a framework for the generation of an integrated construction schedule and cost

estimate. It decomposes a construction project into the following seven levels, each of

increasing detail. Each ofthese levels is described in the next few pages.

0 Level 1: Project

0 Level 2: Element

0 Level 3: Class

0 Level 4: Subclass
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0 Level 5: Area

0 Level 6: Activity

0 Level 7: Cost line item

A PBS format/framework is shown in Figure 4.1. A detailed PBS model is shown in Table

4.1. The elements and their associated classes and subclasses divide a building project into its

basic parts, each part characterized by its function. The PBS first subdivides a project into

major elements which, in turn, are decomposed into smaller, more manageable components

until the elements are defined in adequate detail so that a project could be planned, executed,

and controlled efficiently. Each element is decomposed to its constituent activities at level 6

of the PBS. At level 70f the PBS, cost line items are assigned to each activity for estimation

purposes. The UniFormat classification system’s levels 1, 2, and 3 have been adopted for the

levels 2, 3, and 4 of the PBS respectively. Other than that the PBS scheme is the author’s

contribution. CSI has suggested many applications (discussed in section 3.4.3) for Uniformat

except for schedule development. Some of the reasons for incorporating the UniFormat into

the PBS are listed below:

0 UniFormat covers systems and assemblies for a range of building types and

construction related to buildings.

0 UniFormat provides a logical sequence of systems and assemblies to describe a

construction project before all materials and methods have been determined.

Therefore, it can be adopted at the initial planning stages.

0 UniFormat titles and numbering are generic and are expandable to meet specific

requirements. For example, level 6 of the PBS has been developed by grouping

the related activities within corresponding subclasses.
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A PBS also provides a hierarchical coding system that corresponds to each level and

components within a level. Each PBS component (such as project, element, class, subclass,

area, and activity) is assigned a code for identification throughout the life of the project. This

code will be used in the Primavera Project Planner (P3) and Timberline Precision Estimation

(TPE) for the development of a schedule and an estimate for a sample project.

The various PBS levels are explained below.

4.2.] Level 1: Project

An entire construction project is at the level 1 of the PBS (refer to Figure 4.1). A project is

subdivided into components at the other levels. A project is a temporary endeavor undertaken

to create a unique product or service. Temporary means that every project has a definite

beginning and a definite end. Unique means that the product or service is different in some

distinguishing way from all the similar products or services [PMBOK 1996]. For the scope

of this research, the project being considered is a construction project and the product is a

facility such as a commercial building complex. The owner provides the scope of the product

(e.g., its intended purpose, financial limits, and completion time requirements) and broad

performance specifications.

In the PBS, a project has a one-character unique identification (ID). It may be a number, or

letter, for example, I, 2, A, B. In figure 4.1 the project ID is shown as X. The project ID

identifies a given project with an organization (company).

4.2.2 Level 2:Element

At Level 2 of the PBS, the project is broken down into “Elements”. Level 2 of the PBS is

based on the titles and numbering system of level 1 of the UniFormat [1998]. There are nine

categories at level 1 of the UniFormat, but only eight of them are incorporated at level two of
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the PBS. These eight categories and their associated classes and subclasses define the basic

parts ofa constructed facility, and each basic part is characterized by its function.

The first category at the level 1 of the UniFormat is “ Project Description” which is not

adopted in the PBS because it is not a physical part of facility, but rather, it is a related

project information classification.

The element “Z: General”, which is the last category at level 1 of the Uniformat, is also not a

physical part of the facility, instead, it contains the titles under which the project pre-

construction activities such as mobilization and provision of temporary facilities could be

grouped. “Z: General” is placed first at level 2 of the PBS because it includes the

tasks/activities that are performed at the initiation of a project.

Similarly, the element “G: Site Work” is placed second at level 2 of the PBS because the

activities it are executed at the start of the project, i.e., alter the element Z activities.

Elements A through F are placed in alphabetical order at level 2 of the PBS.

The letters and titles of level 2 should not be changed so as preserve consistency in a coding

system within an organization for various projects.

The elements of the PBS with the designation letters are listed as below:

0 Element Z: GENERAL

0 Element G: BUILDING SITEWORK

0 Element A: SUBSTRUCTURE

- Element B: SHELL

0 Element C: INTERIORS

0 Element D: SERVICES

0 Element E: EQUIPMENT AND FURNISHINGS
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0 Element F: SPECIAL CONSTRUCTION AND DEMOLITION

4.2.3 Level 3:Class

At level 3 of the PBS, each element is decomposed into classes. Level 3 of the PBS is based

on the titles and numbering system of level 2 of the UniFormat. There are a total of twenty-

five classes at level 3 in the eight elements of the PBS (refer to table 4.1). A four—character

alphanumeric ID designates each class within the PBS; e.g., X A 10. The first character “X”,

is the project ID (refer section 4.2.1), while the second character (alpha) comes from the

parent element to which the class belongs and the last two characters (numeric) are added as

an ID for the class within a particular element.

For Example:

Level 1 Project: A building construction project (X)

Level 2 Element A: Substructure (X A)

Level 3 Class A 10: Foundation (X A 10)

The letters and titles of level 3 (except the project ID) should not be changed so as to

maintain consistency in coding a system within an organization for various projects.

4.2.4 Level 4:Subelass

At level 4 ofthe PBS, each class is further decomposed into subclasses. Level 4 ofthe PBS is

based on the titles and numbering system of level 3 of the UniFormat. The twenty-five

classes at level 3 of the PBS are divided into eighty-eight subclasses at level 4 (refer to Table

4.1). A six-character alphanumeric ID designates each subclass e.g. X A 10 10.

For Example:

Level 1 Project: A building construction project (X)

Level 2 Element A: Substructure (X A)
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Level 3 Class A 10: Foundation (X A 10)

Level 4 Subclass A1010: Standard foundations (X A 10 10)

The letters and titles of level 4(except project ID) should not be changed so as to maintain

consistency in coding a system within an organization for various projects.

4.2.5 Level 5: Area

At level 5 of the PBS, each subclass is assigned to its area of execution or the area where the

items of a subclass finally belong. For Example, Subclass “A1010 Standard Foundation” can

be assigned to building No.1, 2 or 3. Similarly, for a multi-story building, the columns and

beams can be assigned to Floor No 1, 2, or 3.

In the PBS, “Area” has a two-character unique identification (ID). It may be numbers, letters

or a combination, for example, 12, B1, or F1. In figure 4.1(PBS generic model), the Area ID

is shown by XX.

4.2.6 Level 6: Activity

At level 6 of the PBS, the project is extended to the activity level. An activity is a single

work step that has a recognizable beginning and end. Activities are time-consuming and

resource-consuming tasks. The time that an activity requires to complete is called its duration

[CQR 1992]. One of the main purposes of the PBS is to break down the project successively

and systematically to the activity level so that an efficient and practical schedule can be

developed. The quantities computed during the takeoff (quantity surveying) are then

allocated to corresponding activities, and subsequent pricing for each activity is carried out to

generate the cost estimate.

The size of each activity may vary depending on the type of work involved and the

importance of the activity to project completion. No activity, however, should be so small as
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to unnecessarily complicate or lengthen the schedule, or so large that the work cannot be

controlled. For example, a construction schedule activity should never be as small as the

units of reach, move, turn or release, etc. A construction schedule activity should be not as

large as a major phase of a construction project, such as “interior finish”, or “electrical work”

because such major activities themselves consist of smaller activities. By preparing a

schedule with major activities, the dependency among minor activities is not disclosed [CQR

1992].

The activities will be the main focus in the PBS approach because their completion achieves

the objective and goals of the project. An activity is the main planning unit in the PBS.

Beside the essential attributes (activity ID, description, and duration), the following attributes

will be assigned to each activity so that the schedule can be used as an efficient project

management tool for the planning and controlling oftime, cost, and resources.

0 Cost

0 Responsibility for the execution

0 Resources required

0 Location of execution

0 Type of activity, i.e. milestone, task, independent, meeting , hammock

Each activity has a unique ID (extended systematically from level 1 through level 6) so that it

can be identified during the various phases of the project. Similarly the ID will facilitate the

filtering and sorting in the computer system. At present, there is no standard or code for

specifying activity ID’s. The PBS provides an efficient and systematic activity ID structure

(see Fig 4.2) that could be adopted for all building projects. The activity ID should not
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exceed 10 characters so that it could be used in P3, which allows only ten characters for an
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Figure 4.2 Activity ID Structure

For example, the activity “Excavate wall foundation” of building No. l in a project “P” will

have the following ID:

PA1010B105

Where “P” is the project ID, “A” is the ID of element substructure, the first “10” is the ID of

the class foundation, the second “10” is the ID of the subclass within a class, B1 is the area

ID and 05 is the specific activity number within a subclass.

The activity ID will also be assigned to cost line items in the cost estimate so as to facilitate

tracking of activity cost. TPE do not have a provision for assigning activity ID to the cost line

items; therefore the “location field” of the TPE will be used for this purposes.

4.2.7 Level 7: Cost Line Item

At level 6 of the PBS, each activity is decomposed into its cost line items for estimation

purposes. The line item is an individual cost component. Cost line items are the smallest

division of the work to be analyzed [Bledsoe 1992]. It may be a material such as 3000-psi

ready- mix concrete, 3 process such as back filling of earth or combination of material and
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process such as installation of a door. The CSI MasterFormat system is widely used in the

United States for the classification of construction products and process. Refer to section

3.2.2 for more details.

4.3 STEPS FOR GENERATION OF CONSTRUCTION SCHEDULE AND COST

ESTIMATE ON BASIS OF PBS

The steps suggested by the author for the generation of construction schedule and cost

estimate on the basis of PBS have been presented in the form of a process flow diagram

(PFD) as shown in Figure 4.3. PFD has been developed by the author on the basis ofhis eight

years practical experience in managing construction projects, and the knowledge he gained

during the Masters Program. The PFD depicts generation of construction schedule and cost

estimate on the basis of PBS in a design-build environment, but it can be easily modified for

fast track projects, in which the design is finalized in steps along with execution of the

construction work.

Besides design-built environment, PBS can also be used for the development of construction

schedule and cost estimate in other contract delivery arrangements such as design-bid-build

and Construction Management environments.
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4.4 ADVANTAGES OF PBS

The advantages of the PBS are listed below:

a. The PBS provides a standard WBS for development of construction schedule for building

projects. This relieves the scheduler of deciding how to breakdown each project for

scheduling purposes.

b. The PBS can be adopted as WBS for the development of cost estimate. This cost estimate

will provide a cost breakdown of a project on the basis of its major building component,

such as foundation, shell (walls, columns, roof) or interiors. In this way, the PBS will

facilitate value engineering. The cost estimate developed on the basis of the PBS can be

easily presented (without re-entering of the data) on the basis of Masterformat, which is

the default WBS in TPE.

c. As the PBS provides the development of a construction schedule and cost estimate on a

common format and thus integration can be achieved through it. Information exchange

between the two can be performed without manipulation. For example, costs from line

items in the estimate can be readily assigned to corresponding activities in the schedule;

activity durations for the schedule can be calculated from the crew productivity used in

the cost estimate. Similarly, the crews adopted in the cost estimate can be assigned to the

corresponding activities in the schedule. The resource leveling and smoothing can be then

carried out in the scheduling.

d. The PBS can be adopted for any building project. The schedule developed on the basis

for a given project can be used as a template for the development of similar other

projects.
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e. The PBS is not a theoretical model. It is adaptable both in P3 and TPE. Construction

schedule and cost estimate for the sample project “SYED” (presented in chapter 5) has

been developed on the basis ofPBS in the P3 and TPE, respectively.

f. The PBS provides a systematic and intelligent activity ID structure that can be easily

customized for a given project. This activity ID structure allows the insertion/deletion of

activities at the later stages. This activity ID structure can be used for filtering and

sorting purposes and thus facilitates in schedule analysis and resource planning. The

same activity ID can be assigned to cost line items in the TPE in the “location field”, so

that activity costs can be tracked in the cost estimate. (The TPE do not have any

provision for attributing the activity ID with the cost line items. Therefore, author

utilized the “location field” for that purpose.)

g. PBS provides a specific place for each activity within a schedule. For example, the

foundation activities are placed in the “subclass XAIOIO: standard foundation” and

“subclass XA1020: Special foundation”. Similarly the slab on grade activities are placed

in the “ subclass XA1030: Slab on Grade”.

b. As the activity ID structure has two-character sub-ID for “Area” (see section 4.2.5), this

allows the filtering/sorting of the activities for a particular portion of the project. For

example, the activities of a multistory building project can be assigned the following

sub-[D’s for each floor :

Floor 1: F 1

Floor 2: F2

Common over all project activities: OP
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Similarly if a project consists of more than one building, sub-codes can be assigned as

Bl, BZ, etc.

The PBS serves as checklist while preparing schedules and cost estimates.

The PBS can be used for the development of a schedule for project group within a

company and in this way the different projects can be integrated. This integrated schedule

for various projects will facilitate resource planning and control.
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Chapter 5

PBS APPLICATION

5.1 OVERVIEW

This chapter presents a construction schedule and a cost estimate developed on the basis of

PBS for a sample project named as “SYED”. The construction schedule and cost estimate

were developed in parallel by exchanging the project information with one another as shown

in the process flow diagram (PFD) in Figure 4.3.

Project “SYED” consists of construction of a two-storied concrete structure building of 4800

SF floor area. Site layout, building plan and building cross section are provided in appendix

B. Only the site work and structure activities are presented for illustration purposes.

The integration between the construction schedule and cost estimate is achieved through the

following:

a. Common work breakdown structure, i.e. PBS

b. A unique activity ID for each activity.

Both the schedule and estimate are laid out by the PBS, and activity ID’s are assigned to each

line item in the cost estimate besides activities in the schedule.

This chapter also presents a traditional construction schedule and a cost estimate for the

sample project for the comparison purposes.

5.2 CONSTRUCTION SCHEDULE ON BASIS OF PBS

The construction schedule was generated in P3. PBS codes were entered into the WBS code
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dictionary of P3. Besides PBS, activity codes were entered into the activity code dictionary,

which can be used in conjunction with PBS for advance filtering and sorting. Intelligent

activity [D’s (discussed in section 4.2.6) were assigned to the activities.

The following reports/layouts were generated in P3 for the sample project.

0 PBS code report (Table 5.1)

0 Activity codes report (Table 5.2)

0 Detailed PBS layout (Figure 5.1)

0 Summary PBS Layout- PBS (Figure 5.2)

0 Classic Schedule Layout (Figure 5.3)

o Formwork Activities Layout (Figure 5.4)

5.2.1 Detailed PBS Layout

This layout (Figure 5.1): depicts the entire project activities grouped systematically into the

various PBS levels. A different color is used for each PBS level. Every activity has a

specified place in the PBS. E.g., all foundations-related activities are placed in the Class

“Foundation” (code SAIO). Similarly, activities related to columns and beams are placed in

the Class “Superstructure” (code SBlO). This layout also presents the blank PBS level so

that activities can be added if needed. E.g. Class “Interior Construction” (code SCIO), Class

“Plumbing” (code SD20). The activity costs and resources (crews) were assigned to activities

from the cost estimate. Similarly the activities’ durations were calculated on the basis of the

productivity specified in the line items of the cost estimate. This layout is primarily meant

for the site project managers and field superintendents who need detailed information about

every aspect of the project such as activities scheduled dates or crew requirement for a given

activity on a particular date. This layout can be used as “Schedule of Values” for progress
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payments.

5.2.2 Summary bars Layout- PBS up to level 3

This layout (Figure 5.2) is generated in P3 on the basis of PBS by summarizing the detailed

PBS layout (Figure 5.1) to level 3. This layout does not show activities’ details but instead

presents information about a certain major portion of a project. For example, time required

for the completion of superstructure, its scheduled start and finished dates, and the associated

cost. This layout is very helpfirl for the top management who needs summarized information

of all the projects in their control. This layout can be firrther rolled up to the next higher level

of PBS such as level 2 and level 1. It is very useful for the site managers for the analysis,

planning and control of a project; they often need to see the broader view of the project. The

information presented in this layout can facilitate financial planning. Owners would know

how much money is needed during a particular phase ofthe project.

5.2.3 Classic Schedule layout

This layout (Figure 5.3) presents all the project activities sorted on the basis of early start and

total float. The intelligent activity [D’s in combination with activity codes can be used for the

filtering and sorting purposes.

5.2.4 Formwork Activities Layout

This layout (Figure 5.4) presents formwork and scaffolding activities of the second floor of

the superstructure. This layout was generated from a classic schedule layout (figure 5.3) by

utilizing the filtering feature of P3. Similar other useful layouts for specific purposes can be

generated, such as concreting activities for the entire project or for a particular portion of a

project.
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Table 5.1 PBS Code Report

PRIMAVERA PROJECT PLANNER

PROJECT BREAKDOWN STRUCTURE (PBS)

(Common WBS)

SYED - Sample project for research thesis

WBS Code Title

15 Project Syed

15.2 Element ZzGeneral

15.2.10 Class ZlozGeneral requirement

15.2.10.30 Subclass 21030:Temporary facilities

15.2.10.30.0P Area OP:Temp.facilities- Over all project

15.2.10.40 Subclass 21040: Project close out

15.2.10.40.0P Area OPzProject close out-Over all project

15.2.20 Class 220:Contegencies

ZS Project Syed

25.6 Element G:Building sitework

25.6.10 Class 610:Site preparetion

25.6.10.10 Subclass 61010:Site clearing

25.6.10.10.0P Area OP:Site clearing-Over all project

25.6.10.30 Subclass 61030:Site earthwork

25.6.10.30.0P Area OP:Site work-Over all project site

2S.G.20 Class 620:5ite improvements

25.6.20.20 Subclass 62020:parking lots

25.6.20.20.0P Area OP:Parking lots-over all project site

25.6.20.40 Subclass 62040:site development

25.6.20.40.0P Area OP:Site develpoment- over all project

25.6.30 Class G30:Site civil & mech. utilities

25.6.40 Class G40:Site electrical utilities

35 Project Syed

35.A Element A:Substructure

3SLA.10 Class A10:Foundations

35.A.10.10 Subclass.A1010:Standard foundations

3S.A.10.10.0P Area OP:Stad.foundation Over all project site

35.A.10.30 Subclass A1030:Slab on grade

3S.A.10.30.F1 Area A:Slab on garde-Floor 1

3S.A.20 Class A20:Basement construction

45 Project Syed

4S.B Element B:Shell

45.8.10 Class B10:Superstructure

4S.B.10.10 Subclass BlOlO:Floor construction

4S.B.10.10.F1 Area F1:Floor const.-Floor 1

4S.B.10.10.F2 Area F2:Floor const.-Floor 2

4S.B.10.20 Subclass 81020:Roof construction

4S.B.10.20.RF Area RFzRoof const.-Roof

4S.B.20 Class BZO:Exterior enclosure

4S.B.20.10 Subclass B2010:Exterior walls

45.B.20.10.F1 Area Flexterior walls—Floor 1

4S.B.20.10.F2 Area F2:Exterior walls-Floor 2

4S.B.20.20 Subclass B2020:Exterior windows

4S.B.20.20.F1 Area F1:Exterior windows-Floor 1

4S.B.20.20.F2 Area F2:Exterior windows-Floor 2

4S.B.20.30 Subclass B2030:Exterior doors

4S.B.20.30.F1 Area Flexterior doors-Floor 1



4S.B.30 Class B30:Roofing

4S.B.30.10 Subclass B3010:Roof coverings

4S.B.30.10.RF Area RF:Roof coverings-Roof

55 Project Syed

55.C Element CzInteriors

55.C.10 Class C10:Interior construction

55.C.10.10 Subclass C1010:Partitions

55.C.10.10.Fl Area FlzPartitions-Floor l

55.C.10.10.F2 Area F2:Partitions-Floor 2

55.C.20 Class C20:Stairs

55.C.20.10 Subclass C2010:5tairs construction

55.C.20.10.0P Area OP:Stairs const.-Over all project site

55.C.30 Class C30:Interior finishes

55.C.30.10 Subclass 3010:Wall finishes

55.C.30.10.F1 Area F12Wall finishes-Floor 1

55.C.30.10.F2 Area F2:Wall finishes—Floor 2

65 Project Syed

65.D Element D:Services

6S.D.10 Class D10:Conveying

65.D.10.10 Subclass DlOIOzElevators and lifts

65.D.10.10.0P Area OPzElevators & lifts-Over all project

6S.D.20 Class D20:Plumbing

6S.D.30 Class D30:HVAC

65.0.50 Class D50:Electrical

75 Project Syed

7S.E Element E:Eqpt.& furnishes

75.3.10 Class E10:Equipment

7S.E.20 Class E20:Furnishing

85 Project Syed

85.F Element F:Special construction & demolition

85.F.10 Class F10:Special construction

85.F.20 Class F20:5elective demolition



—--——-——————_—————-—————-—————-————-———-_—-—————————--———a——-a—u--—---——-—--———--—-

Table 5.2:Activity Codes Report

PRIMAVERA PROJECT PLANNER

ACTIVITY CODES D ICTIONARY

SYED - Sample project for research thesis

Activity Codes:

JOB Job Type

MOBLI Mobilization & Start up 1

EARTH Earth Work 2

FORMW Form work and Scafolding 3

MASON Masonry Work 4

REBAR Rebaring 5

CONCR Concreting 6

WATER Water proofing and Thermal insulation 7

MECHE Mechanical 8

ELECT Electrical 9

DOORS Doors and Window installation 10

FINIS Finishes 11

METAL Metal work 12

DEMOB Demobilization & Handing over 13

AREA Area

OP Overall Project 1

F1 First Floor 2

F2 Second Floor 3

RF Roof Floor (top roof) 4

HD Head Office 5
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5.3 COST ESTIMATE ON BASIS OF PBS

A Cost estimate for a sample project on the basis of PBS was generated in an extended

version of Timberline Precision Estimation (TPE). Activity [D’s were assigned to each line

item (utilizing the “Location” field) so that cost for every activity could be tracked. Prior to

developing the cost estimate, PBS was incorporated into the WBS section of the RS Means

cost database 99. The WBS section of the RS Means Cost Database was blank and is meant

for insertion of a user-defined WBS. The following two reports are presented:

0 Spreadsheet Report on the basis ofthe PBS

0 Spreadsheet Report on the basis ofMasterFormat

5.3.1 Spreadsheet Report on the basis of PBS

This report (Table 5.3) lays out the cost estimate on two PBS levels, i.e. PBS level 4

(subclass) and PBS level 6(activity). Similarly any other two levels can be used for laying out

the estimate. This report shows the cost and crews for each activity so that then can be

assigned directly to activities in the schedule without additional computations. This is one of

the main advantages of presenting the cost estimate on basis of the PBS that information can

be exchanged between the schedule and the cost estimate. This report can facilitate planning,

analyzing and controlling, as the project managers would have all the information available

to them for each activity. For example, for the activity “Formwork for columns Cl” (Act II):

SBlOlOF103) the following information is provided: MasterFormat Phase and line item

number, quantity of formwork, crew type, productivity and cost, materials type and cost, and

overall cost ofthe activity.
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The cost estimate based on the PBS presents costs for various portions and constituent

components of a project. For example, to get the cost for Slab on Grade of the sample

project, all the line items from various MasterFormat divisions (division 2, 3 and 7) are

grouped in one place and the total cost of the Slab on Grade is appears in one place.

5.3.2 Spreadsheet Report on the basis of MasterFormat:

This report (Table 5.4) lays out the cost estimate for the sample project on the basis of the

MasterFormat divisions and phases (default WBS of the cost databases), which is the

traditional way of preparing cost estimate with the exception of assigning activity ID’s to

each line item. This report can be generated without re-entering the project data.
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5.4 COMPARISON OF TRADITIONAL AND PBS BASED SCHEDULE

In order to prepare a traditional schedule, the scheduler adopts a WBS for decomposition of

the project according to his own experience and intuition. The WBS is often used only for

the preliminary determination of the Major Milestone activities, and is not used for final

presentation of schedule. Similarly activity ID’s are incremented by a certain number such as

5 or 10 and, certain activity codes such as responsibility or department are assigned to the

activities. No intelligence is built into activity ID’s. As a different WBS is usually adopted

for each project, so there is no uniformity in schedules for various projects of a company. A

traditional schedule for the sample project is presented in (Figure 5.5) where the activities

ID’s are incremented by 5. By comparing this layout (Figure 5.5) with the layout of Figure

5.1, which is developed on the basis of PBS one would find that the data in the latter is

presented in a more meaningful way for analysis, planning and control. Unlike the PBS based

layout the traditional layout cannot be summarized to various levels. The addition of

activities in a PBS-based schedule is very convenient because every activity has a specific

place. Similarly, sequencing and linking/de—linking of activities in a traditional schedule is

very cumbersome, especially during the execution a stage of project when activities are

removed or added. The PBS, however, facilitates this process. Activities can be filtered on

the various PBS levels or components within a level; filtered lists can be and analyzed

instead of analyzing the activities ofthe entire project at a time.
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5.5 COMPARISON OF TRADITIONAL COST ESTIMATE AND PBS BASED

ESTIMATE

Traditional cost estimate on the basis of MasterFormat for the sample project is presented in

Table 5.5. The information from this estimate such as quantity of work/material, cost, and

crew cannot be assigned to activities in the schedule unless additional computations are

carried out. The various line items are grouped into MasterFormat divisions and phases. For

example, all the quantities for concrete (3OOO-psi strength) required for the slab on grade,

columns and beams of various floors are totaled in one place irrespective of when they will

be needed at the site. In contrast, the PBS-based schedule provides the information exactly as

it is needed for assigning to the activities. PBS based estimate will be more accurate than the

MF based estimate as all the required constituents any for building component are estimated

in one place irrespective of in which MF division they fall. For example, for wall foundation

(a building component) all its constituents process and materials such as excavation (MF Div.

2); Formwork, rebaring and concreting (MF Div.3); and waterproofing (MP Div. 7) will be

taken ofl‘ and priced in one place unlike MF based estimate where they are taken off and

priced as per the divisions sequence. The estimating of any building component at one place

prevents the omission of any constituents’ item.

A Bill of Quantities (BOQ) report can be generated on the basis of the various levels of the

PBS. For example, the BOQ report presented in Table 5.6 is based on level 4 of the PBS. A

similar report generated on MasterFormat basis is presented in Table 5.7. These tables

present the breakdown of project costs from difi‘erent perspectives.
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Table 5.6 Summary 800 Report on Basis of PBS

 

 

 

Description Quantity Unit Price m

not! Centgi

Tenporary Facilities (Page 2) 7,019 48

Proiect Closeout (Page 3) 1,“ 84

Site Clearing (Page 4) 4.09 94

Site Eathwork (Page 0) 4.590 82

Parking Lot (Page 0) 67.113191

Site Development (Page 7) 7,737 13

Stand-d Foundation (Page 0) 11,492 73

Sid: on Grade (Page 0) 5.8% 15

Floor Construction (Page 10) 43.400 12

Root Construction (Page 11) 49.550 13

Exterior Walls (Page 12) 34.63 10

Exterior Windows (Page 13) 21%| 59

Exterior Doors (Page 14) 10,719 35

Root Covering (Page 10) 9.818 66

Stairs Constnrction (Page 10) 5.55 20

Wall Finishes (Page 17) 8.009 20

Elevators a Lifts (Page 10) 32.104 00
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Table 5.7 Summary BOQ Report on Basis of MasterFormat

 

 

 

SYED

' Description Quantity Unit Price "mu"

Dolla_rs Cong

[ OVERHEAD (Page 2) 353 25

MT FCLT AND TMPR CNTRLs (Page 3) 9,271 23

CONTRACT CLOSEOUT (Page 4) 999 34

SBSRF IstTGssn'E DEMOLTN (Page 5) 500 00

ans PREPARATION (Page 3) 2.937 34

EARTHWORK (Page 7) 14,313 73

PAVING AND SURFACING (Page 3) 59.534 22

CONCRETE FORMWORK (Page 9) 39,943 53

CONCRETE REINFORCEMENT (Page 10) 25,335 21

CAsT-IN-PLACE CONCRETE (Page 11) 17.051 39

UNIT MASONRY (Page 12) 23.503 37

WATRPRFNGaDAMPPROOFING (Page 13) 13,355 45

sPECIAI. DOORS (Page 14) 10,719 35

METAL WINDows (Page 15) 27.031 59

CONCRETE REINFORCEMENT (Page 10) 499 20

CAsT-iN-PLACE CONCRETE (Page 17) 2,939 00

METAL FABRICATIONs (Page 13) 5,535 20

INSULATION (Page 19) 5,473 33

MEMBRANE ROOFING (Page 20) 4,342 33

PAINTING a WALL COVERINGs (Page 21) 3.009 20

ELEVATORs (Page 22) 32,104 00

W W33523‘ ...—......“

 

   

 

      



Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

The PBS developed by the author provides a standard WBS for schedule generation, and a

common framework for the development of integrated schedule and cost estimate in design-

build environments. It can be also used as stand-alone WBS for the generation of either in

other contract delivery arrangements.

A process flow diagram was presented in Figure 4.3 depicting the steps for the generation of

an integrated construction schedule and cost estimate using the PBS.

I have demonstrated the usefiilness of the PBS scheme by applying it to a sample project of

2400 SF floor area requiring about four months for construction with an estimated cost of

$335,000.

I have shown that the use of separate WBS’s for cost and time produces documents that do

not map easily to each other. The integration between the estimate and schedule has been

achieved through a PBS (common WBS) and activity ID.

In the view of the author the PBS scheme is easily adaptable as it incorporates the

information classifications system (UF and MF) and construction management software

already in vogue in the construction industry. Moreover, the coding system is not complex to

understand and, once entered in the computer system for the first project, it can be very

easily used for other future projects.
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6.2 RECOMMENDATIONS AND SUGGETIONS FOR FURTHER STUDY

The author used two different computer programs for the generation of a construction

schedule and cost estimate and therefore the project data had to be entered twice. The author

feels that there is a dire need for the development of common construction management

software, which can perform both of the two functions. The software should be capable of

linking line items from a cost database to their corresponding activities. The use of the

proposed single software will increase efficiency by avoiding double entry of the data.

Accuracy will be also achieved, as there will be fewer chances to forget any data input.

The author also recommends that the PBS scheme should be applied to a completed project

in retrospective to check its applicability and usefulness in the real world situation.
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