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ABSTRACT

A view missing | from virtually all project rhanagement syétems used in
construction is the bhysical view of what is being built. This thesis describes several of
the design features of a parametric modeling module capable of providing such a view.
The use df this module for su?pérting a diverse range of projéct ménagemerit functions is
also described. A case s;[ﬁdy was conducted on an actual highrise project for the purpose
of exploring the actual practices and demonstrate the béneﬁts that may be gained from

supporting a physical view of a project.
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CHAPTER 1 - INTRODUCTION

1.1 Objective

The 6bjectiVes of this thesis are:
a) to explore the .characteristics‘ and ﬁsefulness of a physical view or
parameter model of a proj ecf within a project management system; and,
b) to explore actual practice by wayi of é case study in order to demonstrate

the benefits that could accrue from supporting a physical view in a project.

1.2 Background

The litefature search performed resulted in very few ﬁndings relating to
parametric estimating in thé construction. area and virtually no published research
pertaining to the physical parameterization of construction projects. However, the
literature found did ‘help somewhat to structure the methodology for the parametric
model.

Throughout the design and developmgnt,process, actual project data and contexts
have been used as the foundétion for thé designb and investigation of ’requireme’nts of a
physical view or parametric modeling system and supportihg templates. The design of

the module is intended to facilitate a large variety of construction projects.

1.3 Thesis Layout

| Chapter 2 defines the model which provides the physical description of the project
and' allows a project to be described in terms of its physical components and their

associated parameters. Chapter 3 investigates the methods of estimating, planning,
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fnonitoring and overall review of an actual formwork company worki_ng on a highrise
project currently under construction in Vancouver, British Columbia. It outlines the
approach of the company during various aspects of a project and its views on what works
well for it. Chapter 4 describes the benefits which may be realized by the implementation
of a physical view or parametric modeling system as it relates to modeling, pianning,
monitoring and analyzing projects in "real world" situations". Chapter 5 presents a
summary and conclusions arrived at and discusses possible future research relating to the

topics discussed in this thesis.

1.4 The Physical Description Is Missing

What is missing from virtually all project management systems ié the physical
déscription_ of what is beir'lg built. Essentially all thought procqéses ‘involved in
constructing a project are centered around the physical components of a project and their
attributes.  Architects layout the physical compohents based on the. reqhired usage,
consulting engineers do all their design work according to the layout of all the.physical
components, cost engineers and accountants base their estimates aﬁd cost tracking figures
on the physical compbnents of thé structurek being constructéd, and finally the
gonstrﬁction wbrk is sequenced and implemented according to the physical elemgnts
being assembled. Nevertheless, most if not all project manager;lent systems approach.a
project from its activity and timé based set of data rather tl;an first and foremost focusing

on the physical description and properties of the components and then désigning the

schedule around those components.
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By describing fche physical cor’nioonents associated With .a constructic;n schedule,
activities, resources and p>ay ifems can be diréctly linked to the physical components of a
prpject. This will give «construction managers the abilitly*t(; directly, and with mofé
intuitiveness, _asSociate all project management functions with each other. For exar.nple,"
by associating all aspec.ts Aof a particular project élement to a physical 6bject spch as slftab-.
(including activity data, v‘duration, resource usage, material requifemenfs, cost- ‘fof
~associated mat.erials, and fés_ources), a com;l)reihen'sive‘ ox;erview and analyéié may be
produced. Furthefmore, the workload required to'.full'y develop a schedule will.be greatly’
reducéd. The redundancy of Work is significantly lowered as comm(.)n‘ ‘b.uilding :
components such as ;labs? Walls, columns, etc. need to ha\}e their parametrié-propertiés |
defined only once even though Athere may be many repetiﬁve cycleé of these same
compdne;nts (le. a high—fise mayA have many levels in which‘ common attr_ibutes‘ may be
applied). Most current prbject management software does not support this type of
functionality other thgn through editi_ng, copYing and pasting groups of acﬁvities and

resources repeatedly, and then further redefining the prope'rtiés of each.

1.5  The Current State of the Art

~ The current state of thé aﬁ in scheduling uses activity based scheduling'"by
assigning resources, predeceséors,"successors and. reSoUré:es to time based activities.
Most currehtly available commercial software still is ﬁot- $peciﬁcally designed for the
construction industry’s uni‘que requirements. Constrl;'ctjon managers can create or

purchase from various after-market software developers, standard templates for specific

types of projects (such' as roadwork, civil work, etc.). “These templates essentially consist
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of a completed activity based schedule which is modifiable to suit the specific project.
As well, these templates may contain macros to somewhat simplify data input and
modification, however they eannot take into account the specific physical attributes
which make each project iunique. 1In terms of parametric modeling, it appears that a
majority of the research and developments made into parametric modeling have been
directed to the preliminary planning and estimating of construction piojects, and not
towards achieving an overall project management system which encompasses monitoring
and post mortem functionality. |

To date, no total project management software system has been found with the
capability to perform parametric based functions. The only known software package
which claims to utilize full parametric modeling capabilities is “SUCCESS”
(hﬁp://www.uécost.com; download'of sélmple program available).- The main puri)ose of
this package is to estimate and perform cost‘ management requirements. It uses a tree
structure to create a f)hysical model of tlie project at hand and bases es;cimates and
ongoing costs on this hierarchy. Other than the fact that both the reeearch system used
herein and SUCCESS implement A iree structure type of hierarchy to describe the

, physical characteristics of a project, SUCCESS uses its Work Breakdown Structure as an
index wi‘th”hyperlinks to the various estirriating features intrinsic to estimating. Other
than this feature, there is very little iesemblance -between the properties and functions of
the two tree structures. The structure used by SUCCESS, although visually stimulating,
appears to have the functionality similarly to that which can be achieved within the fields
of a simple spreadsheet linked to a database. Further to vthe commercially available

SUCCESS software package, some research papers discuss paraliietric modeling to some
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degree, however most are geared towards the abstract and suppdrt more academic
objectives. |

Shake_:d and Warszawski (1995) discussed construction planning through the
implementation of a khowledge base expert system which integrated an object-oriented
representation (physical view) of a building With algorithms to Iﬁanipulate the various
components v(parameters). The system referred to as HISHED, is geared to§vards the
development of schedules for highrise buildings b}; defining a building in terms of
vertical and horizontal zones (i.e. vertical zones would refer to vertical components such
as elevator shafts, and horizontal zones would refer to comi)onents constructed on

common floors such as partitions, windows, floor finish, etc.) These zones are related to

one another in terms of their proximity, for example, vertical zones are above or below

one another and adjacént to specified horizontal zones. Furthermore, "functional
systems" are used to define common components such as partitions which could include
block walls, concrete walls, drywall systems, etc. The schedule wéuid be generated by
the assignmént of work to the specific zones based on quantities and typical scheduling
dependencies (i.e. SS, SF, FS, FF). Although ‘;he system may be useful in determining
planning and scheduling infoﬁnation, it lacks the ability to monitor an ongoing project,
perform a post mortem analysis, and therefore inherently learn from the as-built
experience. |

Furthermore, some fundamental developments into the methodology of modeling
parameters, for example, volumetric calculations <have been made ‘by Brandon and
Watson (1994). Their resgarch elaborated on the use of "inference nets" which essentially

describes a parameter in terms of its physical properties with the use of structured links
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between these properties. .For example, considering a column, width "and depth
parameters are used to create an area parameter, wﬁich in turn is combined with a height
to provide a volume perameter. These ideas were incorporated into an Expert System
known as EDESIRL capable of providing m'echanisms for strategic budget estimates and
value engineering. Again, as noted ébove, little or no consideration appears to have been
given to the inheritance of expertise _and knowledge from past experiences and
incorperating same into a knowledge base for future use.

Finally, Melin (19945 noted that contractors tend to be relying more and more on
historical data to develop more cempetitive bids and focuseea on a number of approaches
into the development of parametric estimation methoeis related to software development
to help achieve this. The ideologies presented the breakciown of past estimates inte the
parameters most commonly psed to describe a project, for example, gross ﬂoor érea,
averege ceiling height, number of stairwelfs, etc., into a format allowing for a standard
item database which could ee manipulated through area cost factors and wage rates.
Furthermore, these .general parameters should utilize the standard ways of deecribing
major'and minor tasks (i.e. floor area by 5quare feet, heat by BTU, etc.). Also discussed
was the importance of the hierarchy of the assemblies into logicel building blocks whieh '
make up the project corhponents. Further elaborated .on was the réquirement_s of a
software package to be able to gather information from multiple projects (as few
buildings are ident‘ical) and cross reference the appropriate assemblies (components) frem
different projeet models with the ebility to add, delete, or override specific parameters in

the model. For example, data compiled from the model of a warehouse structure may be

used to estimate various components of a gymnasium.




1.6 Is There A Need For A New System

Throughout the industry there is little variation in the way construction projects
are scheduled both for preliminary bids and actual project construction.” A wide varietyv
of tools are implernented whether it be "in-house" software designed specifically for a-
company's needs or readily available eommercial packages such as Microsoﬁ Project or
Primavera P3 which are oriented to the spectrum of scheduling renuirements found in
many industries, not just the construction industry. Nearly all known packages function
in relatively the same way and heive adopted the industr}i standard activity based
processes with very few Venturin‘g outside this realm.

The rate ef advancements in current scheduling practices have essentially
remained stagnant for the past several years. Although some minor innovations have
been noted mostly as software enhancements, no real breakthroughs in the industry have
been discovered through literature searches and the use of various co_mmercialiy available
software packages. As for many of the new innovations directed towards the constiuction
industry, they may offer noteworthy results in terms of research goals but more often than

»notitheir complexity eind staggering data reQuirements have made them ineffective tools
to be used in real Worl'(i situations. |

The scheduling systems currently being implemented are adequate for use by the
construction industry simply because these systems are the enly ones readily available
using the current technolcigy. By_ improying the current state of the art and offering
‘parametric modeling capabilities, a higher rate of efficiency, accuracy and understanding
of construction managementltechniques is achievable. This'will lead to more refined

)

scheduling and therefore give the users of the new system a competitive advantage.
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The -benefits of parametric modeling can be realized at a number of differ;ent

levels. . By providing a ph};sical description of thé project, éxperts in other rélated
disciplines such as consultants, subtrades, accountants, cost engineers, architects and
owners mvaybho.w have the capability to more fluently understénd schedﬁles and work at
closer levels with construction managers to meet scheduling and_resource demands.
Techniques used to model and track construction activities will be clarified in a manner
which is more intuitive to th.ose'not directly iﬁvblved in the process and compel others to
meet the schveauling constraints. Furthermore, the different plgyers in the project will
have their roles more clearly defined in their own eyes. Another benefit of parametric
‘modeling may Be realized as knowledge gained from past experiences can be used more
efficiently by management if it is broken down into physical components or “building

blocks” rather than strictly by activities.



CHAPTER 2 - THE PHYSICAL MODEL

2.1 Introduction

When developing ‘any, software platform, the objectives mus'f be carefully fhought
. out and established. In this case, the goal is to provide the ability to define a physical
model of a constructign project, and generate the type of ﬁseful information essential to
the execution of vaﬁous project management functions. This view should describe the
physical characteristics of the overall configuration of the project (i.e. for a high-rise
building, a description of the project in terms of a number of locations and their physical
dimerisions), as well as the attributes of physical systems and their elements to be built
(i.e. superstructure - walls, columns, stairs, slabs). The physical view, or parametric
' model, described herein, is not intended to replicate the kind of detailed information
contained in a CAD représentation of a project, nor is it intended to replace the drawings
and specifications essential to the day-to-day functioning éf constmctioﬁ personnel.
What it should embody is a flexible repreéentation of the physical Aco'mponents that
describe a project along with their description in terms of the quantitative and qualitative
parameters that are used in the reasoning processes essential to‘the. support of bre-
construction, con_stmctibn and pést-construétion project management functions. By
incorporatiﬁg a physical view of a project within é project management software system,
significant benefits may be realized by fhe entire construction team.

For example, a time consuming task in the early stages of a project involves the
‘Ageneration of a baseline plan and schedule. For those cases where the project at hand

exhibits similarities to past projects (e.g. high-rise residential construction, commercial
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office buildings, certain types of civil worké), it is desirable to ‘exploit past experience
wheii génerating a project schedule. Central to automation, at léast in part of ‘this task is
access to the physical characteristics of a projéct. Then, pieyious schedules can be
modified to reflect the scale of the project at hand.

Described in this chapter is the original conceptual design of a physical view of a
pioject to which the aiuthdr made substantivé contribiitionsi. This 'design was later
modified by the author's supervisor and'_ implemented in order to demoiristrate proof of

concept (Russell and Chevallier 1988).

2.2 The Design Philosophy

Rather than try and fit all views of a project within ihe framework of a single
structure, in particular the treiditidnal wo‘rk vbieakdov\‘(n structure, wé have opted for
several hierarchical structures to represent thé various views that describe a project,
amongst and within which the user can make various associations. - This provides more
ﬂexibility in d¢scribing a pro'jebct, 'andu more closely mirrors ‘th_e way that practitioners
build a project. A number of attributes are required of the désign of the physical view
module, if it is to be truly useful. They deal with ﬂe)iibility, the transfer of experience,

inheritance and different levels-of detail.
2.2.1 Flexibility

Probably the most important attribute required by a parametric modeling system is
the need for flexibility. To accommodate the vast scope of construction projects, great
flexibility is demanded simply to address the many variations in management hierarchies,

construction methods and activity schemes. Flexibility must also be inherent in the
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system so as to not suppress a contractor's own ﬁnique ideologies and methods involved
in schedule and resource formulation. For example, if the user is a geﬁepal contractor, the
structure of the systerﬁ must accommodate the desire by manager‘nent‘v personnel ‘to
describe work done by their own forces invmore detail than subtrade work. Also, the
system should offer assistance in how to describe the physical view, but allow this
assistance to be overridden. The system must further be capable of handling a spectrum
of projects, from small to large, with the former requiring very flat views (i.e. not a deep
'hierarchy), and the opposite being the case for complex projects comprised of many

subprojects and multiple systems.
2.2.2 The Transfer of Experience and Knowledge

Another attribute desired deals with facilitating learning énd the transfer of
experience and knowledge. An ability to incorporate standards, at least in the context of
the individual firm, should be included in the system désign. These standards relate to
the consistent usé of fe@inology (e.g. ‘names of building eleménts), standard units of
measure, the ability to create templates of broject components as well as complete project
templates, and the ability to treat both quantitative and qualitative parameters to describe
. the features of a componenf.

Tied in with thé foregoing is the design of a user-interface that assists in quickly
- sketching out‘.the physical features of a project. The ability to import cdmpqnents from a
standard library of elements as welll as a library of phygical view templates is required.
Also required is access to an editable list of standard components and their associated

parameters. A "language" which the system understands and hence which provideé
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additional power to the user is essential. Included in this "language” is the pre-definition

of different classes of components, the use of which is optional.
2.2.3 Inheritance

"The notions of inheritance and aggregation must be included as they are'.ke.y to the
support of different project management functions. For example, one may plan at one
level, and control at a higher level. Thus, to create an as-built view of pfogress to d‘ate,
the requiremenf should exis;c té integrate over the components at one level to describe
performance at the higher level (e.g. roll up performance at the element level to the
system leVel). As part of this aggregation operaﬁon and others, the use of inheritance and
the consistent use of language 1s required, so that fhe system can extract meaning from

various user defined parameters.
- 2.2.4 Handling Varying Levels of Detail

A construétion projeét can be broken down into an infinite number of details,
from the excavation of the parkade to the number of SCrews needed to install each sheet
of drywall. However, tile resources required to develop the construction 'represeﬁtation of
a strategy and schedule, and to monitlor the progress of sﬁch a detailed project would be
ovemhelminé. The dilemma exists as to the level of detail required to encgpsulate all the
physipal aspécts of the project necessary to sup;)ort project management functions. Not
enough detail may render the parameter model incomplete and ineffective to perform the
necessary scheduling requirements, whereas too much detail will burden the project

management team with an overabundance of redundant and possibly useless information.
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As the scope of work differs on all construction projects, \varying level of details

rnay be required by different construction experts. Some may act strictly ae construction
managers and subcontract all work to other trades therefore only requiring a very basic
model with few cerrrponents while some may perform all work with their own in-house
crews therefore requirirlg a relatively detailed and robust parameter model. Regardless of |

the amount of detail required by the various construction firms it is always better to err on

the side of simplicity as too much detail may become peintless and result in little benefit.

23 Developing The Conceptual Framework

In developing the conceptual framework for the param_eter model, a number of
different perspectives along with requirements for each need to be considered as these
may vary depending on the composition of the construction team. First and foremost, the
perspective of the project manager was considered. His rﬁain concerns are to complete
the project in the most cost effective and timely manner pos‘sible:with.as few preblems as
possible. To help achieve this end result, the physical view of a project should have a
hierarchical breakdown which would organize data in a way that minimizes the data input
requirements, and at the same time provide a robust knowledge baee capable of linking
all data relating to the construction activities and pay irems. It rnus‘r also have the
versatility to create, manage and manipulate the information in a flexible format or
structure by the projecr manager. Further, information | must be transferable  bi-
directionally between all the disciplines making up the project management team. Wher1
considering the information needs of the other players in the management team, weight

must be placed not only on their requirements, but also on their potential expertise-
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A relating to construction. Those receiving information from the project manager; such as
" accountants, bookkeepers, etc., may not have thé in-depth level of knowledge to filter
through complex scheduling data. Therefore allowan‘ée must be made within the activity
and pay item modules to accommodate thé types of inférmation speciﬁcally required by
these other disciplines as well as in the presentation of the information to them.

The layout of the parametric modeling system shown in Figure 2.1 reflects the
global link of the physical view to other aspects of the project management system (Note:
Res()ur»ce assignment is part of the process or activity view of a project). From the
activity view, resource assignments can take place which will lead to planned
prodﬁc‘;ivity calculations and give the management team an overview of the project’s
scope, duration and material and equipment require’ments‘ allowing them to make the

appropriate decisions as to the construction requirements and revisions to the schedule.

Planned Productivity

offliim

7@,_

Actual Productivity \

= Management
A Decision

Estimated
Unit Costs

$ /
Actual Unit .
Costs

$

Figure 2.1 The Project Views
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Our concept of a physical' view éssentially consists of a multi-leveled tree
structured hierarchy that can be used to define a project in terms of its global projéct
parameters such as location sets and physical systems and components which make up
’the physical building blocks of the project. It would include a toolkit of flincfions for
- formulating and manipulating the struc£ure of the model as well as define the linkages
with other project views. A physic;ﬂ description window would function as the main user
interface to the parametric model with most of the functional featmeé accessed from this
window. This was decided upén to reduce much of tﬁe overhead and possibility of
reduﬁdant data béing created. In what follows, feature;s‘ of the physical view are
Idescribed, along with designs of the intel;face. The embhasis 1s on design features, the
reasons why, and how the systems would be used for various functions. Implementation.

is not part of the scope of the thesis.
2.3.1 The Parameter Model Defined

A hi.erarchical"tree structure was chosen as the means to define the parameter '
model to allow for both maximum efficiency and intuitiveness when entering and editing
data. The structure is essentially “open-ended” with few limitations on how the model
éhould .bel déﬁned. However, some organizational types of restrictions haVe ‘beer'l
established to prevent the user from going astray and help to guide him/her through the

model development process as well as meet the requirements of the software to properly

administer the information.
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Project: ' .
Towers Galore ) Parameter

’ I: ‘Parameter

Location Set

-Site

-Pl-Parkade Parameter

ISubprojectlI : ) . o Subproject 2 ‘

Location Set - ‘

Level 1 Parameter
Level 2
| System1__ - Parameter
| System 2° ‘
. Parameter 1 )
Element 1 : r—'-Parameter 2 : -units
Element 2 _ I_ Parameter 3 -quantity
: . -formula
Element 3

‘Figure 2.2 Hierarchical Layout For A Parametric Model

The pafamétcr'model ‘will essentially. define a project in térrhs of its physical
compénents aﬂd form the basic building blocks as represented in Figure 22 All iorojects E
will be characterized by a- mimber of specific fields to define the project’s global
-parameters ih;luding t\hé: projecft’s name, descripﬁon and location sets as Wéll as the same
for an}% subpfojects if they exi'st. Within each projectﬁand subproject, a lééatioh set will
require input to define the breakdoWh of common group‘ing of systems or “work
packages” such as superstructure, mec_hahical, electrical, etc. Within each system, a
.hierarchy of elements is used to deﬁhe, the"néxt sublevel of components or building
blocks of tha_t system. ‘An example bf this is the “supérstrﬁcturg” systém of the building - -

~ which can consist of walls, columns and slabs ‘(each. being defined as an element within

the superstructure). Each componént in the hierarchy can be described in terms of user-
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defined parameters which specifically define the quantitative properfies of each
component. The parameter level prqperties can be déscribed in terms of numerical
values, indexed quéntities and mathématical relgtionships .which link the different

parameters to each other.
2.3.2 Terminology Associated With The Model

| The following vocabulary has been adopted in order to help describe the
parametric model. Component refers to any physical object described. As mentioned
previously, all components (eler;lént, system, subproject, project) can have their own .
parameter sets. |
The typical layOut of the physical view or parameter model of a project, assuming
all levels §f the hierarchy-are used will consist of projects, subprojects, systems,
subsystems, elements and subelements. The PROJECT ievel constitutes the giobal levql
which essgntially contains all other sub-components,. namely, a collection of all
subprojects, systems and elements. It has a description assigned to it as well as user
defined attributes. - A SUBPROJECT will refer to a sélf contained entity within a
PROJECT, such as a high-rise building within a group of buildings forming the global
PROjECTQ Each subproject w111 be comprised of a location set whose purpose is to
categorize groups of locations which contain mutually similar parameters and properties
such as common levels within a high-rise building or equivalent sections in a segmented
bridge or highway project. SYSTEM or SUBSYSTEM refers‘ to a collection of building

components which constitute a physical system within a subproject or pfoject such as a

superstructure in the case of a high-rise building. An example of a SUBSYSTEM may be
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a building's HVAC units within a Mechanical SYSTEM. Each system or subsystem will
contain EI;EMENTS which are again a 10\.>ver level breakgl'o;zvn §f components within
sﬁch as slabs, walls apd columns, if the superstructure scenario is chosen. The
SUBELEMENT level will be made up 'speciﬁc classifications of elements (e.g. round
versus rectangular col'umns).‘ Each of the foregoing components can be described in
terms of quantitative and qualitative cie‘scriptors referred ‘to as PARAMETERS, which
. form a group of aﬁribﬁtes designed By the user to bést deﬁne the physical prbperties
desgribing the component being considered. |
As noted, -at the most fundament:al level of the model exists PARAMETERS,
which are used to specifically define the; basic ﬁroperties associated \;vith the project.
Ideally, the intention is to model a project using as few parameters as possible to define
~ the complete scope of work, as well as maintain the capability ‘to mathematically
interrelate the different parameters, Whille- allowing the model to feﬁne many parameter
values when the scope of work qhanges and one or several parameters are révised. For
example, a slab in a building could be defined using the parameters, debth, width, length,
reinforcement ratio, formwork surféce area and formworAk perimeter area (see Figure 2.3).
As slab dimensions depth, width and length are revised, the system will m;)dify the
values of the final three parameters through the inherent knowledge given by assigning
formulas to them. It is important that the level of information provivded within the
parameters reflect the appropriate property requirements to fully encompass thé entity but

not contain redundancies with each other.
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Element depth
\ (Slab)
Project — \
(Highrise) length width
Sub-Project Parameters
(Superstructure) (quantities, units
& formulas)

Concrete Volume = length x width x depth

Figure 2.3 The Components of A Parameter Model

A STANDARD COMPONENT will represent an object as simple as a .column
containing pararheters used to describe its geometric properties, to an entire building such
as a high-rise Which may actually be made up of a number of previously defined standard
' components, systems, subsystems a}nd elements such as the column just mentionéd.
Theré are essentially no restrictions as to wh,at deﬁnes a Sfandard Component other than
it should‘repres.ent the various common characteristics or “building blocks” which make
up an overall project. However, the suggested guideline is that a standard eomponent
should représent characteristics of a projéct which contain related properties and
mathematical representations common to many projects (i.e. a concrete slab in a high-rise
building has the parameters slab depth, length, width, etc.).

| The ability to apply a standard or bréviously defined component to a new project
model will considerably decrease the overhead required to create and link all the various
project pararnetei‘s and hierarchical - levels which define it. The use of | Standard

Components will be elaborated on later in this chapter.
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2.4  Interactions Between Components

In a parameter model, relationships will exist at a number of intrinsic levels
within an individual component, between different components, location ranges and
between the differént project views (acitivity view, resource view, pay item view, etc.).
For a given component, relationships will exist between its individual parameters. Fdr
»example, the geometric properties used to quantitatively describe a slab (e.g. iength,
width and depth) will be linked together via the concrete volume or formwork surface
area parameter which aré calculated based on the original descriptive'par‘anieters. »At the
next higher level, relationships will exist between compbnents such as elements and
subelements. This type of relationship can exist between all levels within the parameter
model (see Figure 2.3). Consider a; "typical floor" element within a highrise Building
which contains the subelements walls columns and slabs. The "floor to floor height"
parameter which is attached to the elemeﬁt typical floor will have a direct multi-leveled
relationship with the subelements walls and polumns. This parameter will be used
directly to establish their height a'nd in turn calculate the original concrete vélumes of
each subelement. As lwell, between fhe various individual components and location sets
exists a one to one type of relationéhip, for example between an element typical slab and
a group of typical floors (i.e. levels 2 - 15). Finally at the highest level, associations

between the different physical views will define the quantitative information used to link -

the physical attributes of the model with values associated with resource usage, pay items

and productivity (see Figure 2.4).
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Figure 2.4 Interaction of The Model With Resources & Pay Items

25 Creating The User Interface

The follpwing sections describe the ;/arious windows and user-interface designed
which will be used to create a paraméyter modél, link the model to othe'r’ project
management functiohs, and output the information assembléd and calculated by the
lsystem. Each section will explain the different fields in each window and their related
functions and interactionsb with other fields and windows in the module. The research
system developed at UBC, called REPCON has been adopted as the eventual
impleméntation environment for the physical view. The design of the physical view
presented herein is reflective of many of the slpeci.al modeling features found in REPCON

- plus aspects of its user intefface.
2.5.1 The REPCON Main Menu

The REPCON Main Menu (see Figure 2.5) is divided up into five separate areas,

grouped according to the different aspects required of construction management
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functions. The breai<down is as follows: System, Project, Planning & Scheduling, Cash
Flow & Resonrces and Control & Project Admin. The first four are directly related to t}ie
Parametric Modeling Module which is ferinally called the Physical Component
Breakdown ‘Structure (PCSB). (see column 2 in Figure 2.5). The System subgroup
contains submenus and commands which are used to administer the software setiip
requirements; file commands and global definitions W}iich can be accessed and used by
all projects within the system. It contains all functions globally related to all projects
being modeled and contains "Project Files" which is used to create new projects and load
current projects as well as the "Standards" sub-menu which is used to define all standards
globally accessible by the project curréntiy being worked on. The Standaird PCBS is of
interest to the parametric ‘model as it contains templates of all the typical standard
components which can be inserted into a model. The Project group is used to define the
global aspects of each individual project from the project inception where ihe initial
project properties such as location ranges and pay items, PCBS and pay item structures
are setup. Under the ';Project" heading is- PCBS which is used to access the Phyeical
Coml;onent Breakdown Structuie window where the actual model components are added
and defined. The Planning & Scheduling and Cash Flow & Resourcee groups are

essentially self explanatory. All the dialog boxes described below will be reached from

one of these aforementioned heading selections.
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REPCON
Main Menu
SYSTEM PROJECT [PLANNING &{ CASHFLOW | CONTROL &
SCHEDULING| & RESOURCES [PROJ. ADMIN | .
Program Files [Project Data  [Activities Resources Daily Site
Standards PCBS - {Execute Cash Flow Pay Item/Acct
Configuration {Calendar View Sched of Values |Appl For
Stnd Projects  [[Pay Item/Acct Batch Update Payment
Utilities Report ManagerfMacros Change Orders
Exit Select/Sort Reports Records
Reports Summary Sched
(C) Copyright Alan D. Russell 1985-1995

Figure 2.5 REPCON Main Menu

2.5.2 The Physical Component Breakdbwn Structure

We have adopted a physical component breakdown structure (PCBS) to describe
‘the physical view of a project. As indicated through the definitions previously giveii, we
suggest as a maximum a six level hierarchy as a standard.approach. (We believe that for
supporting project management functions, the user -should err on the side of simplicity in
describing the physical project within the system. Highly detailed descriptions' imply a
level of planning and control which is not reflective of day-to-day practice rior of the
quality of data available.) The levels correspond to Project,lv .Subproject, Systém,
Subsystem, Element and Subelement. Depending on the complex.itonf the‘proje.ct at
hand, the Subpr'ojectvlevel is optional. It applies when a project is comprised of a number
of distinct or self-contained physical components such as a parkade, tower A, tower B,
etc. Alternatively, for small projects, or if attention is restricted to a specific project
management function such as productivity measurement, a single level - e.g. Element,

could be used. The System level corresponds to the description of a subproject in terms

of the various physical systems that describe it, such as substructure, superstructure,
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enclosure,velectrical, and so forth. The Element level deals with the decomposition of the
System level into a number of co_mpoqehts. For é)fample, the Superstructure system may
be viewed as being comprised of slabs, walls, and ;olumns. What is important to note ié
that the physical view is restricted to physical cémponents, and is basically silent oﬁ
organizational issues (e.g. who is responsible fc‘)r different ‘components of the work) and
on process issués (e.g. how a system or element will be constructed).

Shown in Figure 2.6 is an overview of the Physical Component Breakdown
Structure (PCBS) screen. In terms of the bar menu'of operations, the Setup and Window
bar menu items are of interest here. The\ﬁrst, Setup, helps to define the basic structure of
the physical view. The user specifies the global project name and description including
the number of subprojects reqhired. This allows the basic tree structure to be
~ automatically ‘deﬁned. Then, using the Setup bar menu item, the user can import either
standard Subproject (including lower level) templates, or import standard templates at the
system level and lower. Setup helps to facilitate the efficient definition of the physical
view. Alternatively, the user .can establish the basic structure of the hierarchy as they see

fit, using the various keys available to define, insert and delete levels.
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PROJECT/PCBS|DEFINE/MODIFY PCBS & PARAMETERS C:\REP400\PROJOI\GALORE
Edit Window Setup eXit

Define/Modify PCBS & Parameters
Assign Parameter Values

4 Associate with Activities

Associate with Pay Items

<« | Associate with Quality Management

Associate with Changes

Associate with Records

|: 1 Site
2 P1-Parkade

=2 Subproject 1-Tower A
1 Location Set
SYSTEM-Superstructure
| ELEMENT-Slab
2 ELEMENT-Walls
3 ELEMENT-Columns

v —>

223
F3:Data Window Ctrl-F5:Ins template at sublevel Ctrl-F9:Ins template at same level

Fl:Help Esc:Exit F5:Insert new sublevel F8:Delete F9:Insert at same level

Figure 2.6 The Physical Component Breakdown Structure Window

As shown in the drop-down menu under the Window bar menu item in Figure 2.6,
the user can define a number of parameters for each component in the PCBS, assign
values to them, and make associations between components and activities (the process
view), between components and pay items (the cost view), between components and
quality management, between components and changes (change orders), and between
components and project records, which are comprised of photos, videos, drawings, and
correspondence. Thus, for example, to help in defining and assigning parameter values

for a component, the user may view different records. Lastly, the user may wish to write
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a memo detailing special features or issues of concern with one or more components. All
of the associations suppoﬁed are of the many-to-many type, and are accessible through all
of the views. For example, the user can associate components with activities through the

PCBS, or conversely, make the association through the activity or process view.
2.5.3 The Setup Window

The "Setup" menu heading can be used to start building the parametric model. It
- will notA be necessary to utilize tfle "Setup" option when creating a new parametric model
as the user can creafe a model strictly from the PCBS window by inserting the
appropriate levels and components. The setup window (see Figure 2.7) will however
allow the user to specify the various global project components and descriptions such as
the name and number of subprojects involved and the number of locations contained
‘within each subproject and then suggest to the user the mést efficient and effective
hierarchical structure to describe the physical layout of the project. Once created, the
hierarchy suggested by the module can be imKI.)lemented and modified according to any
specific needs or altogether discarded ‘i,f it is deemed unsuitable.

When "Setup” is selected from the ‘PCBS menu , the user will be prombted with
the Setup window shown in Figure 2.7. A gfobal project name and description will be
entered, followéd by'thé‘ number of squrojects involved. ‘The use of subprojects is
optional, as a project may consist of only one entity (i.e. a high-rise towef), thus making
the use of ;ubprojects redundant. Altematively, a number of subprojects may be_deﬁned
to more accurately describe the physical aspects of the project. For example, if thé user

specifies that the new project is to be based on one high-rise building and one parkade
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structure (possibly selected from the Standard Component List of subprojects), the setup
window will return two subprojects based on that data input. The first will be an high-
rise tower and the second will be a parkade structure, each with unspecified names,
descriptions and number of locations. These fields will be left up to the user to complete
as he/she feels appropriate. Other subprojects can also be added, deleted and modified if
necessary. When all the data requirements have been completed then the user will
confirm the data entered which will build the basic parametric model and take the user to
the PCBS window for further data input. This menu will only be accessible at the

preliminary stage of creating a new parametric model.

PROJECT/PCBS|DEFINE/MODIFY PCBS & PARAMETERS C:\REP400\PROJOI\GALORE
Edit Window Setup eXit
A

Setup (Parameter Model)

Project Name: Towers Galore

Description: ~ Two highrise towers with one parkade below both towers. Tower A
Resid/Office and Tower B just Residential . .

Subprojects: F8/F9  +/- Standard
No. Name Description Component Locations

1  Tower A 23 Storey Tower: Office and Resid  Highrise Twr 25
2 Parkade 4 Storey Underground Parkade =~ Typ Parkade 4

F8: Add Subproject F5: Delete Subproject  F10: Build Model

Figure 2.7 Setup New Project
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2.5.4 Define/Modify PCBS and Parameters

Figure 2.8 Define/Modify PCBS and Parameters Window depicts the screen used
for defining the parameters associated with the component type, Element, wﬁich belongs
to the Superstructure System. If a standard system or element template had been
imported, then, depending on how the standard héd been defined, one or more of the
parameters shown may have been predefined. Any number of parameters may be defined
against a compbnent, although it is expected that the nufnber will generally be small.

The major objective of creating the parametric model is to essentialfy give the
user a physical description of the préjebt which can be manipulated to suit the users
specific definitions of important aspects of the project. Once completed the physical
component breakdown structure would be considered a representation of the qualitative
properties of .the project being described. However, this qualitative information’has no
value to the project manager unless it can be mathematically linked wifh the quantitétive
information. The Define/Modify PCBS and Parameters window is where the real
capébility of the module Come_s iﬂto b.eing. Once the user has more or Jess completed
generating the hierarchical layout of the project énd has a reésohably robugt bhyéical

~ description, he/she will need to define or describe qué.ntitatively what each componént in

the model represents.
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PROJECT/PCBS|DEFINE/MODIFY PCBS & PARAMETERS C:\REP400\PROJOI\GALORE
Edit Window Report eXit
I\
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DEFINE/MODIFY PCBS & PARAMETERS
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F3:Data W Column Volume Vo
F1:Help

F1:Help M > < :Scroll Enter:Select Esc:Exit

Figure 2.8 Define/Modify PCBS and Parameters Window

The PCBS window will specify which parameters will be associated with the
current component selected. Parameters can be added to a component at any level in the
PCBS and any number of parameters can be assigned. Each parameter will contain a
number of specific fields used to define the various properties associated with it. The
parameter's "Description” field will provide two functions, namely it will define the name
of the parameter and also act as the description field to identify the function of the

parameter to the user. Both the "Unit Name" and "Abbrev Type" fields will assign the
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quantitative measures to the selected parameter from the default lists, for example L, A,
and V will represent length, area and volume measures respecfively, and m, mm and m2
Will represent metre, millimetre and square metre units respectively.

Going hand in hand with this is -the need for inheritance - e.g. parameter
definitions associated with the System level afe automatically available at the Element
'level, and are flagged as being inherited. Both quantitative and qualitative parameter
types need to be supported. Quantitativ¢ -parameters are described by a measure symbol
(e.g. L for length), and units of measure,' with the conversion of units being automatically
supported to permit operations to be conducted over a number of vparameters or elements
(a standard list of units of measure is supported to help avoid errors in defining units). -
For qualitativc parameters an index is used to quantify a qualitative value, with its value
expressed over the interval [0,1]. The'goal is to take into account qualitative measures
when estimating duration and productivity. Lastly, there is a need to be able to derive
parameter Q_alues from other parameters. Hence, the facility shou.ld exist to enter
functional relatiénships in the form of simplified formulas, as shown in Figure 2.10.

A "Formula" field will define the calculation fhatl takes place on the values of
other parameters to compute the value for the parameter at hand. The formula field is an |
optional field as a formula is not required for each parameter, however, each parameter
which has no formula assigned to it will still have the ability to reference another
parameter or pérameter formula. By selecting "F2: Add/Edit/Delete Formula" the user
will enter ‘the edit mode in the forrﬁula field and be able to enter formulae and access the

associated pop-up windows. Rather than allowing the user to enter a formula directly in
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from this window, more intuitiveness and flexibility could be built into the system by

allowing a specific formula edit window with related options.
2.5.5 Location Ranges

Once the parameters for an element are defined, then values can be assigned to
groups of locations as shown in Figure 2.9, with the locations in each group having

identical parameter values.

PROJECT/PCBS|DEFINE/MODIFY PCBS & PARAMETERS C:\REP400\PROJO1\GALORE
Edit Window Report eXit
A«
l—— Project-Towers Galore - Tower A

Location Set

L— 1
': 1 Site
2 P1-Parkade

ASSIGN LOCATION RANGES
PCBS Path: 2.3.2 Component Type: ELEMENT Name: Slab
Location Range Parameter Values
Start Finish
MAIN MAIN v
2 2 v

F2: Add/Edit/Delete Location F5: Assign Parameters  F10: Confirm

v —>
223
F3:Data Window Ctrl-F5:Ins template at sublevel Ctrl-F9:Ins template at same level

Fl:Help Esc:Exit F5:Insert new sublevel F8:Delete F9:In$e;t'ats;ame, level

Figure 2.9 Assigning Location Ranges
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This‘ ‘dialog'b‘ox will function to modify the location ranges to represent the
grouped segments of a project with common properties and aésign parameters to the
various location ranges speéiﬁed in 'the "Location Set" component of the different
subprojects (see Figure 2.9). For examplp, a high-rise building will be made uplof a
‘number of floors, some of which will be similar in nature. To optimize t_he users
efficiency, the module will ask for floors which contain the same parameters and
parameter . values to'be grouped as one. item in this window. Referring to Figure 2.9,
subprojéct Tower A consists of three location ranges which may use the same parameters
but contain different parameter values, namely Main, Level 2 and Level 3 - 15. .To add,
edit 6r delete location ranges, the user will select the F2 key and enter the appropriate
Location names in the start and- finish fields. The check marks shown in the adjacent
field will spécify whether there are parametér values assigned to the location range

(newly created ranges obvidusly will not have any values assigned to them).
2.5.6 Assigning Parameter Values To PCBS Components

All parameters must have numerical values, whether quantities or indexes,
assigned to them ip order for them to be uséful 1n the calculation of the various
scheduling‘ information and resource quantities required by the project manager and
| others. If thé example of a high-rise building is considered, the ﬂumerous levels of the
building will all contain slabs, however there may be several variations in the slabs'
dimensions.' These groupings of common variable quantities will be broken down into
location ranges for the purpose of minimizing the required data input by the ﬁsey.

Location ranges are defined as previously mentioned.
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PROJECT/PCBS|DEFINE/MODIFY PCBS & PARAMETERS C:\REP400\PROJOI\GALORE
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| e LOCation Range: 3-15
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Figure 2.10 Assigning Parameter Values To The PCBS Components

To assign values to the appropriate parameters, the user will access the Assign
Parameter Values window from the PCBS location range window (see Figure 2.10) by
selecting the F3 key, "Assign Parameter Values". This window will have one modifiable
field, namely the Value/Locn" field which will accept numerical values corresponding to
the appropriate parameter. Once the fields have been filled the user will “F10: Confirm”
the inputted values and be returned to the Location Ranges window. At this point either a
new location range will be selected or the modifications made will be once again

confirmed. Consideration was given to allow the user to have the option of assigning the
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previously entered parameter values to subsequent or multiple location ranges and have
the user modify only those values which may have changed. For example, often-
concurrent slabs may have the same length and width but a different slab depth.
However, it ié believed that this would lead the user to rely heavily on this option and
possibly make errors or unintentionally allow erroneous data to exist in the parameter
model; therefore this feature is not included invthe désign.

Once the parameters for aﬁ element are deﬁned, then values can be assigned to
groups of locations as shown in Figure 2.10, with the locations in each group having
~ identical parameter values. Later, when the; cost and process views have been defined,
associations can be made amongst them. For example, a single element may be’
associated with several activities, (e.g. slab may be associated with the form slabA and .
place slab activities) bqt with different parameters of the element being relevant to
- different activities (e.g. formwork surface area and formwork perimeter .area may be
relevant to form slab, and concrete volume may be relevant to place slab). The
assignment .0\f parameters and their respecfive Valﬁes to activities and c;)st items is central
to productivity measurement and the derivation of 'compréhensiVe productivity estimeit_ion

functions.
2.5.7 AsSociating Parameters With Activities

The window shown in Figure 2.11 allows the user to specify which activities are
associated with the physical component of interest. Eventually, the goal is to allow the

user to be able to express activity attributes (e.g. duration) in terms of physical

component parameters as well as other variables. A many-to-many relationship will exist
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allowing multiple activities to be assigned to a component or conversely one activity

assigned to many components.

PROJECT/PCBS|ASSOCIATE WITH ACTIVITY C:\REP400\PROJOI\GALORE
Edit Window Report eXit

ASSOCIATE WITH ACTIVITY

PCBS Path: 2.2.1 Units of Measure:
Description: ELEMENT-Slab [ ] Deleted by C/WO

Contract Quantity:

C/WO No.:

No. of Associated Activities: 1 -+
Code Description

4
G00200 Form/Place/Strip Slab

v
F3:Update Descriptions

Figure 2.11 Associate Components With Activities Window

2.6 Standards

It is fundamental to the parametric modeling module to maintain an ongoing
database of standards from which the user may select project, subproject, system,
subsystem, element or subelement components along with units which have at one time
or another been predefined. These database components will serve to allow the direct

installment of the component into the current model being developed or any previous

model being refined. By having this capability, previous knowledge and expertise which
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was used inthe development of past projects can be inherited and used in current and

future projects being modeled.
2.6.1 Standard Units

This dialog box will essentiélly contain a database of the units which may be
assigned to particular parameter value measures (see Figure 2.12). The function of the
standard units database is to give the user a list of specifically defined uﬁits from which
units can’ be assigned to a physical component's parameter. Furthermore, relationships
betwéen unifs can be specified, allowing convérsion of units to take plaée. For example, -
.the standard units will define one metre as containing 1000 millimetres, and the equation
will define the differences through arithmetic operators so other parts of the program will
be able to convert the units and maintain proper unit cc;nsistency. “Another example.may
be considered when looking at inverse productiv‘it-y measures such as’ man-hours per
cubic metre (mhr/m3). The user will enter a relationship equation which deﬁ‘nes
“Productivity Type 1 as time in man-hours (mhr) cﬁvided by volume in cubic metres
(m”3). It is essential that all units used by the parameter model be deﬁ;led and entered
into the "Standard Unit" database in order for the mod;ile to function correctly.

The Standard Units database will be accessed from the Main Menu by selecting
Standards under the SYSTEM subheading and then s;electing Standard-Units. Once the
user is viewing th¢ window, a scrollable list of existing standard units will .be.: seen giving
the user the‘option to add or edit any of the units. The user will then be able to define the
type of .i.mit, its measure, the baéic unit, and an equation field which will give the fnodule

the ability to'automatically convert the units (see Figure 2.12). Entering new standard
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units is relatively straight forward. The "Type" field will serve as both the unit name and
the descriptor field (although the program will internally use the index number to
reference the unit as there may be similar unit names). The "Measure" field will serve as
a variable label. The "Unit" field will display the quantitative value which the units are
based on, for example mm represents millimetre, hr represents hours and mhr/m3
represents man-hours per cubic metre. If the last example given is considered, mhr/m3
representing productivity (see Figure 2.12), is actually a combination of two other
existing units, namely manhours (mhr) divided by cubic metres (m3). In this way new

units can be created from the existing standard units.

SYSTEM/STANDARDS|STANDARD UNITS C:\REP400\PROJOI\GALORE
Add Edit Delete Sort By... Test Unit eXit
Index Type Measure Unit Equation
N 1 Linear 1 m '
2  Linear 1 mm  11*1000
3 Square A
4 Cubic Vv
F2: INSERT INDEX
1 Linear L m
| 2 Linear L. mm
a | 3 Square A m2
v 4 Cubic \% m3
{5 Index I fraction
1 6 Time T hr
¥ Time Tm mhr subtract
multiply
divide
power

Figure 2.12 Standard Units Window
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2.6.2 Standard Components

The Standard Components window (see Figure 2.13) can be acéessed from the
Standards option in the System sub-menu. .Th-e database of standard components is a
container for'components commonly found iﬁ various project_s. When accessed during
the creation of a new parameter model, the: various components can be utilized and
assigned to particular systems. When new components are created and saved in this
database, they Will-maintain all the properties of linked lower level components which
had been previously assigned to them (except for parameter values), includiﬁg the
parameter formulae, units, and internal links and as.sociations made during their creation.
The benefit of using these predefined components is considerable, and as the database of
standard components expands, one of the significant powers of the parametric modeling
module can be ﬁ;lly realized. Its at this time that the user begins to appreciate thé
benefits gained in time savings and overall accuracy and efficiency in the prelirriinary
estimating ahd scheduling of projects.

As stated ébove the user can access this module froﬁ the standards option under
System where a new component can be added or an existing component can be modified

or deleted. No components should be removed from this list as this may invalidate the

results of any previous parameter models in the system which use the component.

Furthermdre, if a component is to be-modified, it should probably be copied and given a
new name for the same reason. The typical way that this the Standard Component List
would be used is by being accessed from the Physical Component Breakdown Structure

(PCBS) window during the buildihg of a new parameter model. As new levels and

sublevels are added to the model, the user can at any time access the standard component
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list PCBS window by pressing the F2 key. Once in the window, an existing component
can be added to the current PCBS path by selecting the "F2: Add To PCBS" function.
Alternately a new component may be created or an existing component may be edited to
suit the users needs by selecting the appropriate component and function from the menu
bar. If a new component is created the name and description fields will be completed and

then the component can be added to the PCBS.

STANDARD/PCBS|DEFINE/MODIFY PCBS & PARAMETERS C:\REPCON4
Add  Delete Edit Move Contents Report eXit .
PCBS Templates Type
f Rectangular/Square Column Element
Wall Element
i Slab Element
Stair Element
Site Location Element Element
Typical Floor Location Element
Superstructure System System

PCBS Template: Slab

L Type: Element \V/

Fl:Help F2:List F10:Confirm Esc:Exit

Figure 2.13 Standard Component List Window

2.7  Project Reports and Output

Project reports and output may be viewed or printed in a number of different ways
in either tabular or graphical forms. These reports would be accessed directly from

within the PCBS window under the Reports submenu (see Figure 2.14). The project
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manager would have the ability to define most reports and output in a limited number of
user defined forms by specifying the profile content. Furthermore, customizable reports
could be defined to provide the user with the flexibility of arranging the information in

any format which would be most suitable for their specific requirements.

Physical Component Breakdown Structure
Edit Window  Report  Setup Impdrt Exit

PCBS & Parameters
Parameter Values
Associated Activities

— 3| [All of these will be viewed in the tree
structure shown with the appropriate
values as selected from the report menu
-PCBS as shown
-Parameter Values will show
all the parameters below the appropriate
1. PROJECT - Name e.g. Towers Galore| |tree item e.g. 2.2.1 ELEMENT (Slab) will
show the 7 associated parameters with it.
-Associated Parameters will
show the links to activities of the
1.1.2 PI - Parkade parameters maybe by listing the number
of links and have access to another

window or actually showing all the
2. SUBPROJECT 1 - Name e.g. Tower 4 |activities linked to the parameter

1.1 Location
1.1.1 Site

——2.1 Location Set

2.2 SYSTEM 1 - Name e.g. Superstructure
2.2.1 ELEMENT - Name e.g. Slab e
e Bottom
2.2.2 ELEMENT - Name e.g. Wall Selections change
2.2.3 ELEMENT - Name e.g. Columns when reports are

selected

F2: Print F7: Expand All F8/ F9: Expand/Collapse Branch F10: Done

Figure 2.14 The Physical View Of The Project

2.7.1 Calculating Output Data

The Calculate Global Values window (Figure 2.15) will allow the user to define
calculations for required output. These calculations will be different from the other
calculation window used to calculate formulas for the parametric model. These

calculations will be performed on the completed parametric model to give the user
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pertinent information that might be useful, such as the total volume of concrete for the
entire structure or just for the slabs, walls and columns individually. Numerous tests will
be performed when “F10: Confirm” is selected to ensure that valid results are calculated
from the following dialog box such as:

e a test to ensure that all appropriate parameters are used
e a test to check all the units.
e a test to check all the formulas function properly

e a test to ensure that there are no overlapping or repeated values used

Calculate Global Values
Add Edit Delete  Exit

Value Name: Concrete Volume
Type of Calculation: X Volume Summation

Number of Associated Components: 5

No. Parameter (P) Description = Measure  PCBS Path Component

1 Concrete Volume v 232 Slab

2 Concrete Volume v 233 Walls

3 Concrete Volume v 234 Columns

4  Concrete Volume v 325 Footings

5 Concrete Volume Vv 3.2.8 Misc Other

F2: inse;t Parameter F5: Find All Related Parameters  F10: Conﬁrm

Figure 2.15 Calculation Window For Output

2.7.2 Assigning Resources

In combination with the physical view, the assignment of resources to the process
view (i.e. assigning resources to activities), gives the capability of calculating resource

productivity, cumulative productivity and average productivity relating to the specific
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componenfs making up the parameter model. These productivity calculations can be
pérformed énce the associations} between the deﬁned activities and the physical
components have been established. As shown in :Figure 2.16, the planned productivity of
the aforementioned aétivity or activities can be gfaphically represented over the location
ranges of the parametric model. The graphs show both the éngoihg produétivity and the
cumulative productivity respectively with both their associated averages. Once qoét-
codéd payroll data is assembléd and actual productivity'is overlaid onto the planned
_ productivity, the progress éf the project asvwell as any potential pfoblem areas with the A

resource allocations and productivity can easily be identified and corrected.

Form/Place & Strip Slab Productivity
70.00

60.00 |
50.00
40.00 |
30.00 |
20.00 |
10.00 -

0.00

Productivity 2 4 6 8 10 12 14 16 18 20 22 24 26
(mhr/m*3) .

Location Range

Form/Place & Strip Slab: Cumulative Productivity
50.00 : ‘
45.00 : /”"\
40.00 + . g .
35.00 -
30.00
25.00
20.00 |
15.00 +
10.00 -
5.00 +
0.00 ; ; : ; ; ; ; ‘ : : ' ; it : T : ; : :
Productivity 2 4 6 8 - 10 12 14 16 18 20 22 24 26
(mhr/mA3)

Location Range

Figure 2.16 Planned Productivity Measure of Form/Place & Strip Slab
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‘ 2.7.3 Pay Item Data

The Pay Item Breakdown Structure (PBS) has been modeled similarly to .the

PCBS and provides for a tree structure hierarchy to be assembled to represent all pay item °
requirements. Each pay item can be mapped onto the Physical Component Breakdown
‘ Structure_; by associating the apprdpriate pay items with the relevant physical components.
Having the pay items linked with the physical description of the project will enable the
system to perform some very powerful functions. Firstly, the system will be able.to
calculate both planned‘ and actual unit costs for Speciﬁc projeci components based on the
materials used and resources allocated towards them. Secondly, comparisons can be
made between the plémned and actual productivity levels giving the oppqrtunity té locate
pfoblem areas and strategically improve productivity where possible. Furthermore, these
tools enable modiﬁcaﬁons to be made to thg physical quantities of the parameters to
represent any ongoing changes to the project afld au;[omatically have "up to the minute"
actual costs and actual productivity levels without disrupting any linkages or making any
" changes to the system. Provided that some consistency exist between the pay items
breakdown and the physical component breakdown, an exacf one to one relationship need

not exist between the two. -

2.8 Conclusion

The parametric modeling system proposed herein is designed to provide a
physical description of a project, and with associations to a defined list of activities,
resource assignments and pay item data, offering the benefits of increased efficiency and

the ability to more effectively plari, monitor and analyze a project from its conception
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through its completion. It should provide grea-ter insight into a contractor's methods of .
planning and scheduling a‘ project, tracking of unit cost and productivity rates and provide
more effective means of vaiue engineering and épst savings. The following chapters will
consider actual practiées. as they relate to. both the design concepts examined in this
parametric modeling system with pre-éonstru‘ction, construction and post-construction

project management functions.
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CHAPTER 3 - CASE STUDY - WHAT IS ACTUALLY DONE

3.1 Introduction

A case study was done using an actuai project and formwork contraétor, both
based in Vancouver, British Columbia. | The focus of the study centered arqund the
construction of the superstructure bf a residential concfete high-rise building. This type
of structure and scope of work p.rovides an ideal scenario for the type of modeling
described in this thesis. The objectives set for this case study were to examine the actﬁal
mgthods used by a construction company and establish the feasibility and réquirements to

adapt a parametric modeling system to suit the type of work they perform.

3.2 The Project

The project studied is a large, multi-use facility which consists of several towers.
‘For the purpose of this study, one tower forming approximately 20 % of the overall
project was focussed on, namely a 25 storey concreté residential structure (see Figure
3.1). As described later, the tower studiéd has a number of unique characteristics which
provide challenges as well as demonstrate the capabilities needed of a software system.

The tower being studied consists of 170 strata titled residéntial units each of
approximately 700 to 1000 square feet of Aliv‘ir’lg space. The constructio_n is that of a
standard concrete high-rise project in Vancouver with concrete flat plate slabs each
approximately 7000 square feet, cbncrete columns and a central core area furnishing

seismic provisions and containing two elevator shafts and scissor stairs (Figure 3.2).
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Figure 3.2 Layout of Typical Floor

The unique semi-elliptical shape of the building (see Figure 3.2) poses
consideréble constructability issues. The first issue which must be dgalt with is the layout
of the structural elements making up the building. As the slab is not a true ‘elliptical
shape (it is actually made up of 6 different radii each with its own unique center), the
additional complexity of laying it out and determining the placement of formwork for

walls, columns, and slab edge segments (88 segments in total), as well as for mechanical
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and electrical rough-in must be considered within the planning and scheduling of such a
slab. To overcome part of this additional work, custom steel forms were fabricated to
simplify the slab edge segment details. However, even the layout of these had to be

individually surveyed for each floor.

Figure 3.3 Typical FlyForm Table
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Another issue which had to be dealt with was the quality of work, because a
portion of each floor slab and slab edge is exposed. The flat plate slabs were constructed
using fly forms which are typically constructed of steel frames and form ply at the
beginning of a project and used throughout the construction of the typical floor and then

disassembled once complete (see Figure 3.3).

Figure 3.4 Rough Ceiling Finish

The form ply tends to delaminate and deteriorate after several uses resulting in
rough concrete surfaces which must be ground and parged if the form ply is not replaced
(Figure 3.4). The formwork contractor had to consider the effects of both cost and
scheduling to decide on the appropriate direction to take (i.e. grinding the concrete

surfaces after the forms are removed or replacing the form ply after every 10 - 12 uses).
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33 The Compahy

' The company studied is based in Vancouver, British Columbia and is well known
as a leading formwork contractor in the area. The company has been in business for
se;/eral years and was involved in the majority of the high-rise construction :p;ojegts
underway when this thesis was prepared. The company specializes in residential and
commercial concrete constructiqn‘ projects.  Although one of the larger formwork
contractors in the ldwer mainland, the company is a. family ownéd businessv which
employs approximately 300 full-time, on-site staff including carpenters, labourers and
foremen, and approximately 10 office personnel including management, secretaries and
estimators. The firm runs a "very lean operation", unlike other firms which tend to be
more top heavy in terms of management. The project studied employed aﬁproximately
150 of the company's staff on site at the peak period.

Th¢ company takes a simplistic approach to all aspects of its work, namely from
the initial estimating and planning through tracking bf its work and ﬁnally to analyzing
their comple;ted jobs. Rather than using sophisticated means and methods to plan and
estiméte_ W(;rk, they are rﬂore‘ of a "shoot from the hip" type of ‘company with mo'st of the
planning of jobs done in a group environment wifh the two partners and their_éupervisory
staff which will be running the job after each has completed their own cursory evaluation.
After beingi provided a schedule giving completion dates for various aspects of the job,
the firm's owners will decide how long the job should take (or the timeframe in which

they believe their men can complete the work),.and for the most part, has been found to

be relatively accurate. Furthermore, they tend to keep cost and profit information to
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themselves to prevent their "secrets from getting out", notr wanting to share their
" experience or have others know how much is being made. |

When considering new work, the company's estimates are based on its.past
historical information and experience with these rates and the insight of the owner's
experience. They derive an approxifnéte do‘llar figure of what the job should coét taking'
into consideration rough square footages a}ld an approximate duratioﬁ for the work and-
then work the data backwards based on their company's standard historical productivity

rates.

3.4  The Level of Detail Used

As indicated earlier, the company studied takes a rather unsophisticated approach
to the level of detail used in various aspects of its estimating, mohitoring of work and
p(')sf mortem review. An estimaté is fbrml‘llated relying on unit rates for the :basi;:
structural elefnents, namely, walis, columns and slabs. The cost and manpower
requirements for these elements are typically calculated based on the quanﬁty of that
particular element (i.e. columns) or the square footage of formwork contact area (i.e.
walls and slabg) with some variation (based somewhat on subj ectivé judgement) giveﬁ to
unique or special ci‘rcumstances‘. The typical unit rates the compény uses are believed to

have enough history behind them (including aspects of similar jobs in both size and

- complexity) that this simplistic approach is effective in their estimates.
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Figure 3.5 Slab Edge and Column Layout

A cohcrefte column is considered the ﬁost basic element of the structure in terms
of both estimating costs and scheduling the work. The company's philosophy essentially A
states that "a column is a column is a column". Thus, colurﬁns are counted and a cost,
timeframe and labour resource usage is assigned for the total number of columns in a
particular location. Thege is essentially no thought given to whether the column is round,

square, rectangular, architecturally finished, etc., or whether it is being free-formed, gang-

formed or constructed using some special forming material such as sonotube, unless there
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are extenuating circumstances (i.e. double lift column, a large number of special columns
on a particular project, etc.). This is surprising, because, for example, the material and
labour cost for using a sonotube to form a column would be considerably higher than that
of a gang-form. Firstly, the sonotube may only be used once and has a higher labour unit
rate than that of a gang-formed or prefabricated steel column which may also be reused a

number of times. Furthermore, the labour involved in placing, leveling, pouring and

stripping a sonotube column is also higher.
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Figure 3.7 Misaligned Door Frame

When considering walls, a slightly more detailed approach is taken in the estimate
by considering the various different dimensional parameters. To estimate walls, the
typical measurements are used: length, height and thickness of wall will give the
dimensional information required. However, as the values of these parameters increase,
their relationship to cost is not linear. On a typical "Vancouver Special" high-rise, the
parkade, typical floor and roof structure walls tend to have a basic configuration and are
formed up with standard gang panels, etc. (i.e. easy to form and therefore estimate). For

many of the newer projects in Vancouver, however, and particularly for the project
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studied, rﬁany of the structural elements, and particularly the walls are very "non-typical".
Given the radial nature of the project (see Figure 3.5 and Figure 3.6) and lbayo.u't most of
the elements, particularly a majority of the walls were curved, adding considerable cost
apd time to the layout, material and labour costs. The company, in estimating these walls
esséntially added a factor to the wall material and labour quantities based on some past
experience with the construction of curved walls. It waé noted, however, that these
adjustments were minimal and not to any degree o accuracy.

Greater consideration isv given to the two other wall pérametefs, na@ely wall.
thickness and wall height. Wall thickness is considered in sorﬁe situations. For example,
situations arise where walls are too thick to allow door frames to be set straight.and true
so they must be instailed afterwards. It was discussed that the beneﬁt on the productivity .
end sometimes outweigh the higher cost to set frames afterwards. Ev.eniif thé benefit
didn’t outweigh the costs, there may be cost and time savings gained afterwards of not
having to repair door frames. This was discussed at the planning stage; however, it was
not quantified or prigéd Aat the initial estimating stage.

In refere_nce to the study project and Figure 3.7, a number of suite entry door _
frames in thé building which had been cast into the core wallé (2' - 0" thick) needed (fo be
jack-hammered out and feplace_d (see Figure 3.8). This was because the core walls were
leveled once the core wall forms were "buttoned up”, whiéh led to the frame being
slightly out of skew. Additionally, a number of the frames bow'ed inward due to the

hydrostatic pressure of the concrete, and had to be jack-hammered out and replaced at the

formwork contractors cost.
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The finished height of a concrete wall may have significant cost and schedule
implications. Thus height dimensions are reviewed carefully. Typically as wall heights
exceed the standard 8' - 0" floor to floor height, the cost and schedule implications to
build them increases exponentially, for a number of reasons. First and foremost, labour

costs increase significantly as wall heights increase, as workers must now erect and "tear

down" scaffolding as well as operate in that same environment.

Figure 3.8 Door Frame Set in 2' - 0" Thick Concrete Wall
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Working on scaffolding or areas higher than 10' - 0" above the ground provides
workers with limited access to all areas and requires fall protection be worn (Figure 3.9),

reducing productivity and increasing the timeframe to complete the same quantity of

work.

Figure 3.9 Safety Requirements When Flying Tables

Slabs are probably the most carefully scrutinized structural elements considered
when producing the estimate and planning the schedule. Slabs are typically divided into

slab on grade, flat plate slabs, one way slabs and two way slabs and priced accordingly.




Figure 3.10 Typical Formwork

Still, the same properties of each are considered, namely square footage of the slab,
square footage of the formwork contact area, the number of soffits, configuration of the
slab and columns (complexity of layout), etc. Considering the study project, the
suspended slabs up to level 3 are radial, therefore based on past experience, additional
labour and material requirements had to be considered. Again, similar to walls, the
height of the soffit of a slab plays a significant role in estimating and planning a job. The
study project has standard height walls through the typical floors of the residential tower
(see Figure 3.1); however, the first three above ground floors and one parkade level are

double lifts (i.e. approximately 16 feet floor to floor height), adding significant costs and
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time. For high slab heights, the cost implications from a labour standpoint can Be
extraordinary, not to mention the additional material require:ments such as for scaffold
framing (3 frames high) which is usually rented,' arrd crane time as most of the formwork
can no longer be manhandled as for a t}rpical 8 foot lift. The cost of scaffold frgmes for
such a slab will further‘be increased as now these frémes are required for reshoring v‘vhich

is typically done using more cost effective means such as with timbers or "jacks".

The required level of finish of a concrete surface plays a big factor to which
serious consideration must be given. For example, the reveals and "ties holes” may have
to be matched up vertiéally and/or horizontally. Sometimes the finished surface of the
form is the finished surface of the concrete: réquiring the use of special material or
particular type of form oil which may have to be rolled on versus sprayed therefore
affecting productivity. Concrete finishing of slabs and pour joints need to be considered.
The firm has found that it ibs moré cost-effective to place sprayed foam in the plywood
joints once they start to spread slightly and then grind the soffit of the slabé gnd walls,
than it ié to re-cut material for the forms. Sonré foremen would rathér grind the slabs at; a
: lafer,date than rérrrove the concrete slurry left under the slab soffit imrrredia‘reiy after the
forms have been stripped (see Figure 3.11). This may not directly affect the productivity
aspect as much as the ovérall job cost. If pro.dUCtiVity is gained in formwork, it is usually
as a result of speed and efficiency and at the expense of quality. You lose the benefit of

the high quality which has to be brought up to par, resulting in concrete finishing costs

rising significantly.
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Figure 3.11 Typical Ceiling Grinder

3.5 Estimating A Project

The company to some extent uses a traditional approach to estimating; work out
quantities (i.e. square footage of contact soffits, volumes of concrete), then enter this
information into a spreadsheet program to achieve totals. The actual quantity takeoff is
done using a planimeter and scale. Based on these quantity values, unit rate adjustments
or "extra value charges" are made (e.g. for different types of slabs such as flat plate slabs
versus slab/slabband systems and/or for different thickness of concrete). Other items

considered are soffit heights (which are a significant factor), and flat soffit versus one
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way beams versus two way beams. Both standard and adjusted unit rates are based on

historical data which has been collected over the years.

Befofe ajobis estirﬁated, it will be assessed by doing a preliminary analysis on it
to see if they want fhe job. At this point the status of their manpower as well as
éompletions and start ups of othér'wérk already faken on will be considered, (i.e. find out
when this job will come on line in relation to other jobs). Other factors considergd are
current company ownev’d resoufce alloc;ations. For exampie, they will see which cranes
are available either as their own equipment or through rentals. Finally, ‘;he duration of the
job being considered is reviewed. Once all these factors have been assessed and the job
meets the co'mpany's‘ criteria, the firm will quantify it, tender the job, and then they enter
into negotiations to .take on the work. Based on the company's' track record and
reputation to date, they have been relatively successful at "getting to the table", possibly

more through negotiations rather than through the formal tendering process.

The final planning of the job (i.e. internal company negotiation between the firm's
owners and it's foremen deéiding how lohg they require to do the work; the foremen
always want a longer duration than the léwners) typically takgs. place the day before the
job closes. At this time the detailed scheduling and resource assign'inent for the job takes
place, with consideration being given to how many men they will have on the job, the
number of man-hours expected per area or scope of work and the number of crews that
will be assigned to the job. Further to this, the anticipated labour and material costs for

the job as well as other secondary costs such as engineering, etc. will be calculated and -

verified to cross check against the estimate.
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Labour budgets are set Based on how long it takes to construct various elements.

For example, if a typical high-rise flat plate slab can be poured every five days, 1.2 floors
(i.e. 6 floors will be poured in 5 weeks) will be poured every week, based on a six a day
work week with an average 10 hr workday and based on the expected number of workers.
This average 10 hour workday (8 hours regular time + 2 hours overtime) is typical for the
company énd is actually part of the unit cost when projecting estimates and schedules.
All the company's previéus historical data is also based on this same 6 day, 10 hour per
day work week and therefore the historical unit rate data already incorp‘orates the
overtime factor. Industry standard indices are not typically used. In terms of labour and
productivity rates, these will essentially be based on unit rates which are arrived at

through the company's own historical data.

At the end of each job, the data is looked at to see where shortfalls occurred,
namely, where they made money versus where they should have paid a little more
attention. This is done in a very broad sense by making comparisons to previous similar
projecté. Then the next estimate will ihcorporate some minor adjustments, based on
previous job experience. Historical data is_iooked at in a broad sense, i.e. general areas

are considered to see if they are "... selling themselves short".

3.6  Planning and Scheduling a Project

As previous noted, the firm's owners/estimators will come up with a draft
schedule based on completion dates provided by the general contractor, of when they
think the job will be done by, and then the field supervisory personnel are called in to see

what they think of the draft, to critique it; and adjustments are made as required.
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Figure 3.12 CPM Schedule Provided by the General Contractor

Consideration will be given to the available work area: they match their equipment to the
size of the job, look at how material will get loaded, examine how they will move from
one area to another, and then size the crews accordingly. Consider a large slab (e.g.
12,000 to 14,000 square feet‘),'more effective resource utilizatioh »could be realized by
breaking out fhe slab into two smaller areas of ?pproximately equal size and staggered
cycle times, without any significant effects to the schedule, rather than attempting to form
and place the entire area at oﬁe time with a larger crew. For exémple, by staggefiﬁg lthe

work cycles between the two areas by a couple of days (i.e. walls and columns of the
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second area will follow two days behind the walls and columns of ‘the ﬁfst area),
therefore taking 6 to 7 days to complete a floor as opposed to fwo_complefely sepafate
pours taking 8 - 9 days, and furthermore, completing the work at a much higher
productivity rate than either completing the ﬂoo.r in one or two individua] cycles. As
well, cost savings and producfivity increases would bé realiz_ed, firstly, as only half the
material would be required to complete the work, and secondly, as mater‘ial handling
distances would be clonsiderably reduced (only require to move men and material over to
fhe next area). This decision is left to the determination of each individual foreman.
They typically like to see slab sizes of between 7,000 SF to 10,000SF for a typical 4 to 5
day cycle, depending if the concrete is pumped or craﬁed and whether th¢ slab deck is -
formed or made up of tables. Free-forms (i.e. standard scaffolding, planks and form ply
similar to those used to form a parkade) are about 80 to‘SS% as efficient as with ‘ﬂy

_tables, again dependant on the difficulty of the deck. Typical .walls and columns

(standard 8'-0" high sections) essentially don't change in complexity or difficulty.

When planning rhanpower allowances, significant éonsiderétion is .given- to
cranage. A crane can typiéally service 20 -30 men. This also takes into account the type
of work which is beiﬁg done, for example, parkade structures which will maintain a
typical crew size of approximately 30 men versus typical floors of a highﬁse which only
supports 13 - 15 men, yet require a higher level of crane usage rate per unit.areé. Note
that a crane is typically available fqr _the duration of the project so the manpower
"~ allowance does not really fluctuate as the crew Vworks up a building. For example, for the

project studied, there were not 20 - 30 men working on the typical floors of the high-rise

tower. However, there were two to three crews (including the crew on the typical floor,
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totaling approximate]y 20 -30 men at one time) working within the crane's radius and
performing various tasks (such as pre-cast stairs, curbs and architectural features) on the
lower levelé surrounding the highrise tower, therefore the crane essentially serviced all
these rﬁen with the number of r'nen remaiﬁiﬁg approximately constant. As for the numbér
of workers on a typical slab, it is essentially left up to the foreman to assemble the crew

he wants to work with.

The company tries to maintain as large a ratio of field supervision to workers (i.e.
maximize the numbér of workers per .foreman) as possible. For e‘xample, at the study
project there are two labour foremen for the whole job (for fcheir own forces, not including
their subcontractors such as the stripping crews, etc.). There is sometimes.a diversified
type of crew used oxilla project, say one carpenter foreﬁlan, a few carpenters énd a éouple
of labourers, and at other times there is sirhply a foreman and carpenters on a crew, and
when needed, the foreman calls the labour foremen and requests some labourers to
perform certain work. It depends on how the crew is set up with each carpenter foreman
being given the flexibility to set up his crew ‘the way he feels most efﬁciept. This may
changé based on the particular scope of the work. For allnlaspects of the study project
(entire project), and due to its scale and complex scope, there were about 6 foremen (4
carpenter foremen and 2 labour foremen), outside of two general foremen (who oversaw
the entire project). The typical ratio of foremen to workers essentially mirrors the crane

ratio of 1: 25 to 30. Smaller jobs are not normally assigned a labour foreman.

Cycle time for a typidal floor is set-to a particular duration and then the plan to

meet the cycle is set, for example, the study project was set to a 5 day cycle. Sometimes
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the firm will take a cross section of the job and determine a fimeframe to complete that
scope of work. Typically a crew will be sized _:_to ﬁt the typical cycle time or timeframe
(see Figure 3.13). First a cycle t_ime will be éétablished and then a plan to meet the.

timeframe set.

1 Week Highrise Cycle. Crane/ |Foremen Carpenters{Labourer
. (Formwork Labour Requirements) | Rigger | - s
Day 1: Strip Walls & Fly Tables 2 1 5 5
Day 2: Layout, Slab Edge, M & E Rough-in 2 1 5 -5
Day 3: Layout, Slab Edge, M & E Rough-in 2 1 5 5
Day 4: Pour Concrete : 2 2 2 9.
Day 5: Vertical (Walls & Columns) 2 1 5 5

Figure 3.13 Typical Cycle From Formwork Contractor

Often, the timefr;clme for completion wil_lu be dictated by the general contractor. Concr_gte
strengths, etc. may be revised from the original des’ign strengths, for egampl.e, if a higher
strength mix is required to meet the cycle time and drop/strip forms earlier, and is
considered vand negotiated with the gene;al contractor (and the structural engineer .
involved). This is often done at tender timé (i.e. by having a clausevin the contract which

states that they need "workable concrete” to suit cycle time, weather conditions etc.).

3.7 Construction Methods'

There is a definite correlation between the construction methods and materials
used and the construction schedule, with one often dictating another. Both during the

estimating and scheduling phases is where most of the strategies for the project are:

established. For example, decisions as to whether walls and slabs are loose formed as
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opposed to flyformed or the use of gang panels are made. It is most often to their

advantage if the formwork can be made modular.

The interdependence between method and material can clearly be demdnstrated
by considering the use of steel forms around the radial slab edge of the project studied."
The company chose to use custom fabricated steel forms for the perimeter slab edge of all
the typical forms and roof slab in lieu of the standard wood forms constructed on site.
Although the cost of producing steel forms (which would only be appropriate for this
particular project), was higher than that of using standard bulkheads it was decided that
this method would be both more cost effective and benefit productivity over the duration. -
The decision to use these custom forms was made long after the job had started (le. it
was not part of the original plan). It was made shortly before the start up of the typical
floor forming with the final decision being left to both the tower foreman and site iayout
foreman. Firstly, the comp'lexity of the slab edge was considered as the slab edge was
pseudo-radial with most of the 90 odd segmented sections being different lengthé. It: .wés
‘determined that the potential for error was very high if each segment had to be formed up -
on every floor. Secondly, the allowable tolerance was considered. The buildfng énvelope
enclosure for the building consisted of a full height slab té slab ‘window wall system

| which dictated the 3/8" (+/- 3/16" either way) allowable tolerance in the variation of the-
slab ledge, which ‘is very tight when working with éoncrete (see Figure 3.14). Using
plywood, this level ‘of ‘tolerance would be very difficult to achie§e. The hydrostatic‘
pressure of the concrete on the bulkheads would cause them to expand slightly,
particularly at the intersections of the segments. This would typicalloncc1'1r during the

placement of the concrete as well as during the finishing which is typically done with a
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power trowel. With the use of steel forms, the td}_ergnce of thh‘the segment lengths and
their locationé as well as the verticality of the face of the slab edge could consistently be
maintained. Furthermore, they could minimize the potential for sighiﬁcant productivity
losses often encountered when remedial work is required. As well, this one set of ‘forrvns-
could be used through the entire project for all the typical floors, increasing produ!ctivity
though the benefits of the learﬁing curve (i.e. the forms bolt together like a mechano set)
as well as be éble to follow the numbering of the formwork sections and therefore

maintaining the correct slab segment configuration.
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Another exafnple noted by the contractor of increased productivity through the

use of different methodologies used on a different project is of interest here. For a project
being constructed in the ski resort of Whistlér, B.C, consideration vWE‘lS given to the use of
a new type of flyform S};st‘em. Instead of the typical truss system, they would use rollers
which are mounted onto the Vertica1 elements, (waIls .and co"lumns) and have beams that
run along these 6n rollers. The stringers actually travel out on thése rdllers which are
bolted to the columns and walls, therefore removing the need for reshoring of the deck.
This is more advantageous when you have a large flat deck to be formed be;ause as there
are no legs sticking down or reshore required other trades can immediately move into the
area and conf:inué the flow of work. The typical cycle time may not be reduced (due to
the time span required for allowable concrete strengths to be reached). However?
productivity is significantly increased as 1ess manpower is required per unit area of B
formwork. This is a perfect example of cost saving tﬁrough innovative. rﬁethods. The
company did not end up expending the capital to purchase the equipment. as thé
equipment would see limited use. The typical project the company constructs does not

justify using this system (typical slab size is to small to make it cost effective).

3.8  Factors Affecting Productivity and Resource Usage

‘When considering pfdductivity and resource usage a number of factors, some
obvious and others surprisingly inconspicuous, will need to be considered. Some of these
are evaluated and accounted for during the estimating and planning phases, while others

may not be considered for various reasons even though they may have some noticeable

cost or time repercussions. Either they are too difficult to accurately quantify or are
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considered not worthwhile quantifying with the current systems used by them. The cause

and effect of the following noted factors are based on seasoned knowledge gained over

several years of experience in the formwork industry.

3.8.1 Time of Year

The time of year is taken into consideratiqn but only Vto a limited extent. For
- example, placing footings in the winter Versﬁs summer, there are significant changés to
the productivity rates which are noticed; howevef, very little consideration is given to this
at the preplanning/tendering phase of the work. A certéiri timeframe is considered to do a
porﬁon of work regardless of what tiﬁe of year it is. The corﬂpaﬁy's view is that whe;[her
1it is wet or eﬁtremely hot you will gef a certain amount of production out of a worker and
it will not vary significantly, therefore not affecting productivity to any considerable
degree, unless extreme and/or long term weather patterns or conditions prevail such as

might be expected in an area such as Whistler.

3.8.2 - Location and Accessibility

Location and accessibility pl)ay a large role in the planning and scheduling of a
‘project. Not so much the geographical location (as most work is done localiy in town), -
but rather the immediate proximity of the project to the required amenities.and or
constraining factors. For example, if é ‘project is being constrﬁcted in the central
downtown core, a number of constraints impede the acceésibility to the site. Firstly, ona
major city artery or intersection there is very limited access and long delays .for material
and concreté deliveries due to constant traffic congestion. Overhead pdwer and trolley -

lines limit the number of pick locations for,the tower crane. Deliveries through the
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‘typical narrow lane ways cause both éxtensiVe delays for deliveries as welel as provide
accessibility problems for trucks which typically have. 5 large: turning radius.
Furthermore, most new cénstructjon in a downtown core takes place between eith’er large
‘or very old buildings immediately adjacent to the project, further reducing accessibility'
and posing potential problems with damage to the existing structures. Accessibility
problems as nofed above give rise to additional delivery freight costs, increased labour
costs (i.e. for overtime during lengthy concrete pours), reductions in productivity levels
and delays to the construction schedule. For example, it may be necessary that materials

be delivered to site in several smaller loads due to location constraints.

3.8.3 Scope of Project

In general, productivity rates and cost may fluctuate considerably as a functi;)n of
the scope of work of the project. For a number of reasons the scope of wbrk, and
particularly the design of the project will dictate the efficiency of personnel, efﬁciéncy of
material usage, purchasing power and the timeframe for various aspecté of the project. A
square building for exampie will allow for more economical and faster construction than
a rour'ldAbuilding of tﬁe same square footage, and further, allow for a steeper learrﬁng
curve. Furthermore, the amount of repetitiveness within the scope (i.e. repetitive cycles

)

or similar layouts and configurations) to a'large extent affects both productivity and
cost..."repetitiveness is where we make our money". Considering economies of scale,

suppliers will tend to provide better rates for material rentals and purchases if they are

promised a certain volume of material within a specified timeframe.
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With respect to the project sltudie‘d, the‘scop.e of work had both bositive and’
negaﬁve affects on productivity and économies of scale. Firstly, the intricacy/complexity
bf the project reduced the normal productivity rates, as the entire project is radial' in
design and included complicated deféiling. As a result, every time the crew moved intq a
new area, this necessitated a re-thinking of the methods used and the straiegies. In
. relation to material usage, this further increased costs and reduced productivity rates as
there was a considerable increase in both material waste and labour_ to cut and place.
material (i.e. rectangular material is required to fit to a circular pattern). The complex
curb and slab edge details further increased material waste. Furthermore, the ratio of
vertical elements to horizonfal elements was not as high as typically expected, therefore
slightly decreasing the overall productivity rate for the job (note that the company did
account for this in the estimate, and just noted this as an observation). However, the
sheer size of the project (i.e. the large slab and slabBand parkade providing approximately
1400 parking stalls) negated this reduction, and'then some. The scale 'of the entire project
contributed to significant productivity gains as a large worker base enabled the contractor
to use specialized crews for pgrforming' specific taéks (i.é. columns, walls, shoring,
decking, stripping, etc.). This allowed the average daily concrete volume placedvto reaclh
360 to 500 cubic meters, with some days reaching well over‘-lOOO meters. With a
standard crew configuration, it may have only been possible to achievé an 80 %
productivity rate of what was actually observed for this project. In terms of cost, the

sheer scale of the project provided a substantial cost savings in material rental and

purchases, which in turn was reflected in the estimate and bid.
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Often, insufficient consideration is given in a complex design to important details,

for example, slab edges or core layouts. As then is the case, the generel contractor rnay
request that some value engineering be perforrned. For example, a column shouldn't be
placed 6 inches away from a wall, rather, the two elernents should be connected or the
wall redesigned to eliminate the column. While it sounds simplistic, even the most

efficient and sophisticated designers have been known to provide such details.

3.8.4 Equipment Utilization and Material Handling

Material handling is a major factor in achieving high productivity rates. " The
crane is "key", and without efficient use of same it is virtually impossible to achieve any
satisfactory level of productivity. The crane must be constently operating. Some
foremen are very effective at working a crane, "...if it sits for rnore than 2 -5 minutes in a
day, the foreman is not doing his job". It was noted that at some of the company's
cornpetitors sites, the.c_:rane‘ would sit idle for 15 - 20 minutes. If a foreman is an efficient
organizer of the crane, the crane should always be doing something. Hand in hand with
this, freeing up crane time must be done efficiently, by planning material laydown ahead.
_.of time, therefore minimi'zing.the number of times material must be moved. Ona pereet
where the crane is always working, the contractor noted that they found ‘the over;rll
efficiency and nroductivity of a job is typically higher. Furthermore, there is a mentality
associated with this, namely, if the crane is always working, rnomentum is created and

carries on throughout the project, which in turn makes all the trades work more

efficiently. By implementing an effective material handling process, the compény has the
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ability to push all trades in the job through pushing their own work, thus setting the pace

.of the job.

" When looking at both manpower and the efficiency of the crane, the amount of
séwice which the crane is required to perform is critical, i.e. does the crane have too
much work to do. Typically the area within the swing of a crane allpws for
approximately 30 workers to be supported efficiently; for example, 15 workers on a
typical floor, with the balance doing pick up work around the tower. When'manf)ower is
. increased beyond this, an area will tend to become over congested, especially when other
tfades are brought within the same vicinity, and.the crane won't be able to efficiently
service these workers. As higher floors of a high-rise tower are reached, productivity
levels begin to decrease. This is a result of the increased time it takes ‘t(; .lift'the same
quantity of materials, therefore reducing the effectiveness of the workforce wilich loses
| their momentum and begin standing around more..."if you can't put material in front of

the guys, they will not be able to perform".

When selecting a crane for a job, a number of factors must be exarhined, :
particularly thé size and typé ’.of crane, which will afféct hoisting and slewing épeeds.
Typically, a larger crane Qill lower the level of labour productivity achievablé as it
doesn't swing as fast and has an incr.e_ased up and down travel time. Also, the height of a |
crane is very important, affecting hook time and travel time for tall buildings. Sometimes

it may be more effective to use two smaller cranes instead of one large crane. Although,

costs may increase by having to erect and tear down two cranes and pay for two operators




75
and riggers, there could be a signiﬁcant increase in productivity as more men can be

serviced.

3.8.5 Availability and Skill Level of Workers

The availability and skill level_ of workers plays a big‘.factor in the level of
productivity which can be achieved by a particular crew and 1s somewhat a function of
the prevailing market conditions (hot versus cold markets). During ‘ti_mes of ecqnoﬁic’
prosperify there is a considérable amoudt of c'ohstruction activity, and thefefore, a

requirement for a large number of workers to work in the industry. It is important to have

- workers which are loyal and dedicated to the company. Firstly, without a dedicated

workforcev combined with a high ddmand for workers, it may be difficult to assemble or
increase_the size of a large skilled workforce. Secondly, the workers who are hired will
tend to be leés'eXperienced (lower skill level), less moti\./ate;d and more transient with the
various companies in a region. This causes higher levels 'o'f At'umover, affecting
productivity, consistency of work and quality. "When it’s a buyers market from a
tradesperson point of view, and | they're not loyal to you, and you haven't created
something for them, they will go to the next sdBcontractor because they are paying
additional money to them under the table or a higher wage. During economic recessions,
the company went out of its way and todk several jobs at cost dr even slightly below cost
fo keep workers which were loyal to them and worked long hours during the construction

boom, on the payroll".

There is a cost as well as a long term benefit in keeping a crew of workers

employed. The benefits far outweigh the costs provided there is a reasonable amount of
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work available on a consistent basis. Once members of a "good crew" familiarize
themselves with each other and can maintain a high level of productivity, it is
advantageoﬁs that. they be kept together. Furthefmore, workers who are dedicated to the
company will work harder and tend to have more pride in workmanship which seems to

be harder to find in the industry especially during times of economic growth.

The foreman running the crew plays a definite factor in improving i)roductivity
rates. Some foremen are exceptional at operating a crane and ensuring it stays busy (the
foreman preplans and direéts the crane). This is directly considered when assigning a
project to a paﬁicular foreman.and crew. Some foremen are exceptional at verticél
construction, while others excel at constructing a large slab/slabband structure such as a
parkade. Every different crew has both their stfengths and weaknesses. To a point, crews.
are broken out by what there are‘ better at, for example, one crew may be more efficient
than another at constructing columns. For the project studied, thgre were essentialiy 4
different CIews. Each créw worked as a unit, and some modifications were made to unit

rates based on which crew was doing what kind of work.

3.8.6 Coordination of Other Trades On Site

The coordination of other trades plays a very crucial‘ factor in productivity, yet is
probably the one factor which is.mosf overlooked. During the construction of the
superstructure of a highrise building, thé key trades must be in tune with the cycle time
set by the fomWork contractor. This applies in particular to the ready mix supplier, the
reinforcing steel trade, and the electrical and mechanical contractors (which may include

the sheet metal for duct work). Once the rhythm is set, each of the foregoing trades must
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work closely with one another to ensure the tightly 'choreographed cycle time is
maintained. Iﬁ order for the cycle time to Work, it must be planned down to the hour,
especially on an accelerated schedule which is becoming the norm (i.. all jobs must be

done at the absolute fastest pace possible)..

The company involved in this case study had the ability to drive all the key trades
through driving their own work at a high rate. They set the pace of the project and all

other trades involved were "...along for the ride whether they liked it ér not". Most
trades benefit tremendously by keeping up this pace by increasing their own productivity
and completing their work earlier thén anticipated, enhancing profitability. However, this
is not always the case. For example, for a previously completed project, the reinforcing
subtrade was a union-based company and refused to keep up with the pace of the work,
which eventually affected the overall pace of the whole project and the other subtrades'

motivation levels. "The mentality of the workers plays a big factor in the pace of work"

both quantitatively and qualitatively.

Most trades typically involved in high-rise construction tend to be relatively
knowledgeable and aware of the importance of maintaining a flow. Even when
considering past work experience working with a particular trade and/or even individual
companies, it is still very difficult to estimate or plan for coordination issues which affect
productivity. If other trades are lagging behind or are no;c sophisticated enough for the
- job (i.e. layout, etc.) then the productivity of all other trades will be affected. It is vital to

keep the flow of work and productivity going and there must be a synchronicity between

all the trades involved.
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3.8.7 Overtime and Long Work Days

The typical work week for the company is made up of six, ten hdur long days
each with two 1/2 hour coffee breaks. On long weekends, they usually do no.t work in
order to give' the workérs a three ciay break, provided the project schédule allows it.
Surprisingly, they are amazed at seeing their workers go for 6 days a week and 10 hours a

day year after year. Workers "burning out" has not really affected them significantly.

-Over a weekly time period there isn't an affect either. "Workers are hourly and want the

hours to make the money,...they love driving their brand new trucks and Harley's". They
have observed that 10 hour days do not affect the men's productivity to any noticeable |
degree. However, once they .extend the wérk day and it approaches 12 to 14 hours, as
sometimes happens, there is a signiﬁcarit drop in Worker productivity. Hence, they try
not to eiceed alo0 hpur day. Another surprising féct is that many of the workers work a

number of years without a vacation time and then take a vacation which may last for 2 to

6-months. "This is their big vacation (more of a nationality type of thing)".

3.8.8 Changes, Errors and Deficiencies

Errérs can often be quite costly and significantly ifnpact a construction schedule.
Most often these result from inconsistencies Within fhe design or léck ‘of coordination
between the design drawings (i.e. architectural, structural, mechanical, electrical, etc.).
With the inéreasing complexity of various building components (i.e. architectural details,
electrical and mechanical systems, etc.), comes the greater potential for errors to occur.
However, occasionally errors afe made By the contractor resulting in significant loss of

productivity and schedule. These errors are usually made when a drawing or detail is
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misinterpreted, or simply read incorrectly or missed entirely. - The only way to really
avoid or at least minimize the risk of this occurriiig is to stay on top of all the drawings,

changes, etc.

Changes are usually motii/ated by either the owner or architect eind if incorporated
into the work early enough will génerally not affect productivity to any degree. For the
most part, and considering the status of the drawings on the project studied, most changes
to the.superstructure arose as a result of the incompleteness and inconsistencies in the
drawings ‘which were discovered during construction. ~ Although not causing a‘ny‘
significant delays or exorbitant costs, they did create a great deal of confusion and
anxiety for the layout crew, resulting in the requirement that an architect be ‘onsite full
time to clarify and make decisions reievant to the design of the superstructure (note that
the architect was required on site full time for the entire job, not jilst the high-rise
portion). It should be noted that the lack of timely responses to questions and the
tendency for the architect to make decisions also increased the level of frustration for the
genéral contractor and the subirades. Some changes requiréd that remedial work be done
which affected productivity significantly because previous work has to be removed prior
- to being redone. This essentially cut the productivity by 2/3 in the immediate areas
because the work heid to be removed and replaced (this same work was essentially done 3
times; done once, removedz then done again; reducing the areas productivity to 1/3).
Although, there were 1o significant impacts to the project schedule, there were issues
relating to costs which had to be resolved. The workers who take pride in their efforts
were irritated by this, theréfore, unconsciously working slower resulting in further losses

in productivity.
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Deficiencies may also result in cost and schedule implications, although, not
usually as significant as not;:d above. On the other hapd, deficiencies may result from
methods which increase produétivity. For example, the quality of concrete surfaces may
suffer as a result of increasing productivity levels. However; when balanced against the
‘required remedial work to achieve the required quality, it is often confirmed that
performing the remedial work is more advantageous in terms of time and cost. A good
example of this can be seen when consideriﬁg fly tables whjch typically are used on high-
rise construction. After several uses, the plywood decks which make up these forms
begin to delaminate and separate leaving a rough concrete surface which must be ground
at a later time. It has been foﬁpd that it is more cost and time efficient, and provides for
better productivity rates to construct slabs in this fashion rather than to either re-deck the

formwork surface or fix the surface at the locations where these deficiencies occur.

Typically, if speed is wanted then there will be deficiencies which will have to be
remediated afterwards. This decision is usually made on site by the foremen running the
particular job unless theré is a sﬁpulation of a certain Quality which is to be aéhieVed such
as a level of surface finish, reveals in the surface, etc. The foreman is sometimes dictated
j a timeframe with which the superstructure must be completéd and then he will make the
decisions as to how to get there. Other times he is told that particula; structural eiements
such as walls or columns require a certain level of finish. Consequently, appropriate time
and care must be taken in order that this criteria is reached, with other areas not requiring

the same level, leaving open the potential to "make up the time" (i.é. grind the slab after).

As far as productivity, simply put, "you give up quality for speed"”.
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3.8.9 Injury Rates and Site Safety

Injury rates and site safety play a much larger role in productivity rates that oﬁe
may think. Considering an example from a prévious j§b, a fatality had occurred as a
result of one of the senior long term workers falling a number of floors onto a concrete
slab.” This incident had a profound long lasting effect on the workers morale and
productivity le;vels. After the accident, the job. slowed down significantly, with a
reduction in worker productivity level to about 80% of the éxpect@d rates for
approximately 3 months. The monetary effect to the company based only on loss of
productivity was estimated to be Aapi)roximately $ 350,000 (based on 100 workers being

on the job at the time). A less serious accident such as a worker losing an eye, finger, etc.

will still affect productivity, however for a shorter period of time.




Figure 3.15 Fall Protection Harness

Safety is the primary and foremost concern of the company However, its
consideration has a direct affect on productivity by slowing down the pace of the job
which cannot simply be increased by adding workers (in many cases it would lead to
congestion further affecting productivity). This is considered an accepted cost of doing
business-the company would have it no other way even if safety was not a mandatory
requirement. However, the expectation of the marketplace is that the company maintain
the same competitive unit rates which existed prior to the introduction of new safety
regulation's, which reduce their productivity. Initially, when workers were required to

wear full time fall arrest equipment there was a lot of complaining, but the workers were
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safer (see Figure 3.15 and Figure 2.1). The company was not paid any more by the
general contractor despite losing productivity, but worker morale is now higher and the
company is saving money on WCB rates which can be extraordinarily high for a

company which promotes unsafe work practices.

Figure 3.16 Tie-Off Anchor in Ceiling

3.9  Monitoring an Existing Project Through Data Collection

Successfully monitoring of a project requires that appropriate and properly coded
data be collected on a regular basis. Various types of data are typically collected for both

quantitative and qualitative analysis. These include timecards, manpower counts,
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weather conditions, daily material quantities (particularly concrete volumes), daily

progress reports, as well as other site specific data.
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Figure 3.17 Daily Time Card

For the company being studied, some very basic information is used to monitor

the progress of the job. The schedule (provided by the general contractor; see Figure

3.12) is used to ensure the physical progress of the project is maintained at the
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appropriate "level, and to identify the company's m'an};ower réquifements needed. Other
inférmation whicl‘i’ is used to monitor progress is c:ompiled to form the company's cost
reports. This information, which is _essentiallir retrieved from timecard data (manhour
counts, see Figure 3.17) and rﬁateriai invoicing (,méteriél, cost), further in‘dic'afes how
vsuccessful the project is in 'te“rms‘.of its forécaSted cash ﬂIOWSV(i.e‘. the firm v;/'ants} to see if .
they are éxpending more labour than alloéated for a speciﬁc scope of work), The only
" computer- based system in use ‘by tﬁe vc':ompany is thé cost reportirig system which is done »
using a commercial -Spreadshéet program set u‘p. to perforni accounﬁng tasks. Other data
such as weather info‘rmati_dh '(temlj)crature, wind speed, precipitation) or daiiy progress

reports (including site organization, problemA areas, etc.) are typicaliy not.vdo'c‘gmente‘d on
a regﬁlar basis unless a botential. problem could déléy the schedule and/or create
additioﬂal costs, for example a period of several dz;ys bf high winds during Whigh the

tower crane cannot be used will be documentéd'(see Figufe 3.20).

By usi.ng’ a’spréadshee't program, the company is able to process the limitve.d site
data apd perfoyrrln a rough anélysis for cietermining the approximate productivify achieved.
Becauée payroll data is not cost-coded, it is not ‘deféiled enouéh to provide ‘an accurate
feﬂectibn of specific types of work. Whén the time sheet is entered; “the overall
productivity rates withip that cost period ;':1re calculatedv.. This infbrmaﬁon then provides

the company with an indication of where the job is heading in terms of cost and

~ productivity.
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WEEKLY TIMESHEET
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Figure 3.18 Weekly Timesheet
They take what has been done to date on the job and extrapolate it to the end of the job in

order to predict the likely outcome. It was noted by the individual interviewed that it

would be very useful to have this information graphically represented (i.e. cash flow

diagram) and would like to see such an approach incorporated into a piece of software.
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EXTRA WORK TIMESHEET . . ‘
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Figure 3.19 Extra Work Timesheet

Ideally, the timesheets should be documented in a manner that would provide a
detailed thirly, cost coded, per person breakdowp éf vx_/hat type of element was worked
on such és a column, straight wall, curved wall, etc. _Curreﬁtly, only the hours'worked by
each employee are documented (see Figure 3.18). Therefore, when planning a job,
additional detail would provide for a more accurate reflection of the historical data suph
as unit labour coéts for particular structural elements. The more information that couid be

.gathere:d, the more comfoftable they would be with the'bdecisions made. If they had.all

the information, they would consider it worthwhile to devote the time to manipulate it

and in the end see the payback.
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Figure 3.20 Daily Construction Record

Other factors which must also be considered when attempting to collect and/or

analyze data from an ongoing project include the confidence level in the information

recorded and in the payback achieved.. When considering the potential paYback, issues

1

such as the following have to be considered. If rainfall was'monitore'd, it would be"

questionable as to how useful this would be in terms of monitoring the workers daily

productivity levels. If an effect was noticed, the crew would simply have to work harder

that day to keep up with the schedule demands. However, if weather patterns were

followed a productivity rate might be established on a seasonal basis. For example,

building footings in the winter may have a significantly lower productivity rate than in
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summer which may be incorporated into an es';imatevor plan .base‘d on the initial project
schedule. The amount of time spent w01.11d be reflective of the type of information used,
for example, co#siderably less time v(./ould bé spent analyzing weather patt_erns than
would be reviewing a wall that was curved and 12 feet high versus a wall which was
straight and 12 feet high (lookirig at the material costs and labour costs,.the nuts 'and

bolts, but would also consider all the other factors). It must be established whether the

‘amount of time devoted to monitoring certain information will justify the payback in

terms of .useful data. Once the data has been collected and analyzed, the confidence level
must be considered. When questioning whether this entire process is worthwhile from an
economic standpoint, note the following example. _If a day is lost in the schedule, it
would t};pically i)e made up by adding extra manpower or overtin‘qe. Consider a sité with
iOO workers and 3 tower cranes. If one day was lost, or on the other hand, one day could
be saved, this would either décrease or increase the ‘company's profit respectively by
approximately $ 36,500 (based on 100 workers * $35/hour incl. burdeﬁ *10 hours + 3 *
$500/day crane time = $ 36,500“per day), probably a lot less that it would cost to compile
the data.and analyze. same for areas requiring improvement. T aké into cénsideration
losing a few weeks in the project schedule, nét unrealistic for a prpject duration of 1to2

years.

3.10 The Post Mortem

Once a p'roject has been completed, the owner and accounting staff perform and
initial analysis of the "bottom line" to establish if the job was successful. Then there is a

cursory review to try and establish the level of success of the job as well as the high and
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low points, nameiy, the areas in which the company excelled versué those where
problems occurred and time and productivity were lost. Ifa project doesn't go as well as
expecfed, they discuss the areas of difficulty with the supervisory stbaff working on the
project, review the daily construction records and examine the timesheets to try and
establish and isolate where and why the actual'problemloccurred in order to prevent it
from reoccurring as well as to try and improve the producétivity of the next job. Note that
a majority of this is done based on discussions with thé foremen, and from a qualitative

perspective (i.e. as very little data is collected, this review is more subjective).

On é less successful project, overruns and ﬁnderfuns ate looked at, Aégain
subjectively by using rough numbers based on timecard information and daily repoﬁs,
with the intent of establishing how the construction méthods used for each affected
productivity. It would further be ascertained if they achieve thé required productivity rate
ér not, and see what could have been doﬁe better. The individual methodologies would
be analyzed and possibly perform an analysis of a "what if" scenario to see what expected
productivity levels would have been realized had the work been done another wéy. By
performing such an analysis, if the same situation is encountered again on a future job,
the same mistakes or less efficient methods will not be repeated. If the productivity
achieved was less than des.ired, then the ’_s‘oﬁrce of the problem must be immediately

detected and a plan to correct the problem established.

As previously mentioned, the rough analysis is based on information derived from

the cost reports, but ideally the firm would like to have information based on a type of

work package. For example, the construction of simple curbs tend to be a very expensive
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piece of formwork in relation to the scope of the project. Ideally, the company would like
to have the ability to analyie the cost effectiveness and productivity variations for

different methodologies of constructing these. Anything that can be panelized,

~modularized, or made into a systeni of some sort will increase productivity and therefore

make money. These would be the first things that would be considered during the initial
planning phase and during the job. The fewer steps that have to be taken (i.e. make the
job as simple as possible) to complete a task, the léss labour that is required, the more

money that will be made and the lower the job could be bid for. A systematic analysis

‘would tell you this information as well as the efficiency at doing a task.

3.1 The Company Wish List

Most of the items relating to the wish list centered around having the ability to
manipulate data to achieve the desired goalé, namely, accurately calculate unit rates and
the results of the cause and effects of the data collected. If this is achievable without =

relying on a top heavy management staff, the company studied noted that they would

~expend the resources to collect the data.

Statistical data provided from dné or more outside sources would be \}ery useful.
Currently, the firm does not use "Means" data but would like tb use it as a guideline.
Means does not describe What kind of personnel they develop their productivity statistics
from (i.e. in terms of experience ratings, cross section of the workforce, etc.). Thei;

company has been very fortunate at keeping long term staff, by take good care of their

workers and provide a good working environment for them.
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* In terms of data collection, the lack of éffprt dedicated to this practice was due to

~ the overhead of collecting this vast amount of information without having the ability to

effectively use it. With this potential, the firm studied believes that, with more detail in

their estimates, such as accurate historical data, they would gain a better perspective of

exactly how much something would cost, how l'ong it would take to complete the work,

and therefore, be able to make money off it. Tt was noted that quantification of data is

very time consuming and they would like to have the capacity:to quantify "standard work

packages" complete with unit rates for the various scopes of work which would

automatically produce material -and resource duantities. Tracking data, for example,

worker hours and cost coding it by task is not done by the company studied; however,

they would like to see it happen as it would provide. the basis for generating productivity

rates that could be used to estimate future projects. _Y'It brécipitates all the way down to if
you are a little bit more accurate with your estimates based on historiéal data and
productivity ra;[es - ‘you make rhdre profit". Once a roﬁg‘h numbéf is available, it.can be
refined. Then actuél fesource usage values apd producti"i/it}{, rates‘could’ be provided for

use with the next estimate and "... having all this automated would be ideal". -

3.12 Conclusion

‘Although the firm studied may be very good at what they do, there appears to be a
number of areas with room for improvement. Significant benefit could be realized by
- implementing a coniput_er based System which models a project similarly to the way it is

constructed. The physical model's capability described in Chapter 2 would address many
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- of the issues noted as well as provide the firm studied and ones like it with many other

benefits as will 'be demonstrated in ihg next chapter.
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CHAPTER 4 - THE BENEFITS OF PARAMETRIC MODELING

4.1 Introduction

The level of architectural sophistication haé increased significantly since the days
of the "Vancouver Special” highrise‘ building, as have the expectations of the owners and
_ developers‘ who are now typically more knbwledgeable in construction. The marketplace
_dictates the priciﬁg énd bids of formwork contractors, and has little or ﬁo regard for a
company's reputation. The "bottom line" is what deéides which firm gets the job.
Provided with more detail, the contractor could more accurately recognize actual cost and
duration, and potentiaily éain an advantage over other contractors based on -this
knowledge. With the ability to model a project based on its physical characteristics, and
through the use of a standardized information base, a contractor could estimate, plan,
monitor, and finally analyze the completed work with greater efficiency and accuracy,
and perhaps explore more methods of conétruction.

The previous chapter showed the rather minimal methods used by the company to
monitor and improve‘on prqductivity._ In this chapter, we discuss how the cor;lpany
wopld benefit through the ifnplementation of the system described in Chapter 2. The
current software which the compahy uses does not provide thém with the ieVel of detail
required to model the intricate information as noted below. If the company management
could overcome their resistance to accepting an integrated computer system,. anci could be
convinced that it is economically viable to examine information at the level of detail

described in Chapter 2, they could benefit from the additional knowledge made readily

available to them.
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4.2 The Physical View

'The Physical Component Breakdown Structure (PCBS) proposed provides the
information required to estimate cost and duration, plan crew size, allocate resourées and
sequence the work. It could provide the type of company studied in Chapter 3 with a -
computer model which is especially suited to the modeling of the type of work which the
firm does, i.e. modular type of construction which involves a few key types of structural .
elements which are repeated many times.

The PCBS structure acts as a front end to a complete project rhanagemcnt system,
allowing for linkages to be formed between activity based information and es'tifnating or
quantitative ‘information (quantitative and qualitative properties of the pfoject). It
provides the user with a means of firstly quantifying time, cost or othe; value type of
data, then monitoring and tracking productivity rates and other as-built iﬁfOrmation at
different levels of detail. For example, productivity could be tracked in a numbef of
ways: by element type (walls, columns, slabs), by area (highrise typ‘ical floors, level 5,
columns on 1evel 5, etc.), or any combination of these, as deemed necessary. Uf)on
completion of a project, the firm would be ablé to more‘efﬁciently analyzé histqrical data

and apply the findings from it.

4.3 The Standard Element Database

The standardization of data will provide the firm with a number of benefits.
Firstly, the level of accuracy of the company's unit rate information will be higher and
more easily maintainable. This will improve the level of productivity of the estimators

and provide a higher level of comfort with the estimate. As each job is completed, as-
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" built data is compiled aﬁ‘d‘the estimates which follow bécome more accurate, therefore, a
lower contingency rate can be built into the estimates, further increasing the company's
competitive advantage. -

The Standard Element database will provide the type of company studied with the
ability to cofnpile all pertinent information relating to their scope of work into logical
structural components. These "standard éomponents", each representing a standard
building block of the s;cructure, can exist at a number éf different hierarchical levels.
Note that.certéin parameters are specified at different levels of the hierarchical structure
and their definition can be inherited downward. Considering the hierarchical levels of the

“project studied, a standard element could Be i}deAntiﬁed as a ”typical-ﬂoor”,' which is
- repeated 25 times, ana forms the basis for the modei of the highrise tower. Within each
typical ﬂoox, are columhs, walls and slabs each with their own intrinsic qualities. For
example, at the "typical-floor" level, certain properties such as height (i.e. 8' - 7 1/2" floor
to floor), will automatically be deduced and incorporated into the lower level corpponents

such as walls and columns.

4.4  The Benefits of Using the Knowledge Base

A number of benefits would be realized by the firm being studied and others like
it with the implementation of a robﬁst knowledge base. In addition to implementing the
standard component database, the system would brovide users with the ability to use data

which identifies the characteristics unique to their company's way of accomplishing their

work, including the specific traits of their workforce, and the methods that they use.
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With the implementation of a knowledge base, the "global" variations (i.e.
location, safety issues, etc.) which affect all jobs"to a.‘certain degree, would be monitored
and further be incorporated irito'the ﬁrrrl's unit rate values. For example, if éeen fit, the
company could collect data pertaining to. weather patterns, including seasonal changes in
weather, or extreme weather areas in different locations, i.e. Whistler versus Vancouver,
and have productivity rates automatically fine-tuned to accommodate their effects.
Furthermore, as location i)lays a signiﬁcant factor in_construction, a "lecation factor"
could be incorporated to adjust i‘or relative proximity to services, euppliers or high tr_éftic
areas such as a downtown core where traffic congestion may be ‘high (i.e. could base a
weighted indices orr the number of obstructions for simplicity, or on the amount of
expected traffic delay, etc.). Company specific "globel parameters" could be set which
directly relate to the performénce of manpower, equipment 'atnd Veirious methodologies
particular to the company.
A knowledge beise could provide a means for the ﬁrm to identify project specific
_ varieibles. The scope and scale of a project plays a significant role in determining
productivity rates and effective resource usage. Considering the study project (all facets
of it, not just the tower described in Chapter 3) which was essentially made up of 5
average sized projects, econorrlies of scale played a significant factor which could not be
neglected when pricing the job. »Further to this, it is importarit that the physical
characteristics of a project aiso be considered as part of theiknowledge base. Some
examples are the complexity of a preject's components such as the walls and slabs, slab

edges, layout configuration of columns and walls (i.e. are the structural components

linear or radial, complexity of slab edge, etc.), which could be most easily quantified
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either by means of ratios (ie. linear =0 to fully radial = 1) or by means of a qualitative |

“par_ameter (i.e. linear, part radial, very radial, fuily radiayli), What must be understood is

that all the above-_ndted parameter and index values would be approximations which

~ -would over time become more statistically accurate as the number of jobs entered into the -
knowledge base increases. Other areas which could be addressed as project parameters

“are: a ratio of vertical work to horizontal work (i.e. highrise versus parkade type

structuie), an indexed leeirning curve which‘may be prdject épeciﬁé, the availability of
si‘ie laydown/aé'.ceSs,rthé quantiﬁcation of quality such as level of finish '(inc‘luding
remedial work vrequired when"accelerating a job) may be quantified at the planning étages,
'and possibly .the "verticalness" of ‘a' project, i.e. eis the building goes up Verticaily,'the_

longer it takes to service the crew via the crane.

Specialized parameters may also be added to the various unique or standard

coinponents within a model. For exainple, walls which are higher than 8'-0" require
_ additional resource and manpbwe_r, and costs iand'time associated with these will increase
. exponentially as the wall héight increases, therefore, walis mny be given an additional
: paiameter whic}i in_cbrporaie an indéx anue or formulae in order that the effects are

recognized and accounted for. Tt is also possible to set limiting relationships to adjust for

these variations, (i.e. a conditional statement: if a wall > 8 feet then multiply by a formula

or value). This would be particularly useful when costs and/or productivity values do nof

increase or decrease linearly. Referencing the previous example, various safety indices

and costs may be accounted for directliy within ‘ihe wall heigiit, and also allowance should "

be 'included for fall protéction initiatives which must be implemented for any work

platform over 10 feet high. As new regulations and/or technologies arise they may be
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gasily incorporated into the system (safety related issues may be incorporated into unit
rates, type of work, and be related directly to standard cdmponents) or simply modify
valueé to predefermined indices.

Another area where potential ad\iantages could be realized, and which warrants
further exploration, is into the use of a barametric modeling system to. perfdrm value
engineering serQices. Tﬁis could provide significant benefits to the firm doing the work,
as well as the general contractor and their client. The client would obviously appreciate
this as he will save money and/or time, making everyone including the "géneral contractor,

the architect, the structural engineer as well as the firm itself look good. The would give

“the firm the capability to more acCure_ltely predict the effects of specifically value

eﬁgineered items for ‘"cost,A time and productivify before a;ny work has been done, therefore
allowing for a more educated analysis when comparing alternaie methods. For e*ample,
considering the project studied, an analyéis could have been made using the steel forms
for the highrise typical floor slab edge prior to any work being done, rather than having
the costly forms fabricated, and then reviewing the outcome ‘with "as-built" information.
This would have provided the firm with relatively accurate information and_ allowing for
an educated management decision to be made in choosing an optimal work plan. This
aspect of the software would make it easier to provide value engineering and cost savings
with the detailed data the program provides. Furthermore, is could prpvide a more
intuitive process of pricing and planning by effectively créating a "rhqck-up" computer

simulated model of a project, thereby opening the door to uncover possible value

- engineering not previously considered or revealed.
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| The firm will be able to quantify productivity at any level of the model (as well as
'fqr'costs, resource usage, etc.). This may be beneficial especially when in the negotiation
stages with the general contractor by providing "quick and dirty", yet accurate estimates
for specific job parameters, timeframés, érew sizes, duration, etc. This would ialso be
advanfageous to have more of a breakdowﬁ of productivity rates if a job which is out of
balance (for the type of work) than what they are used to seeing, i.e. a project with a large
underground parkade relative to the typical floors, or a large area of slabs and very few
walls of a specific type such as straight versus curved. In this caée, the unit rate used for
"walls" will not accurately reflect the truth.

By using the sophisticated information provided by a robust knowledge base as
described above, more educated managerial decisions could be rﬁade, which could
increase a company's profitability and provide them with a competitive edge. It .is
recommended that a qualitative méans of evaluation be used to quantify certain
parametefs,_ for example, if traffic congestion is considered, then tﬁe variables might be
defined .as low, medium, high, very higvh as opposed to a numeric value. The knowledge
- base and elements could élso function based on a number of s;tandard indiqes. and
relational limits which are set at the. start of the planning stage. For example, manpower
tesource would be limited to the nﬁmber of workers which coula be serviced in an area
(bésed on crane data and the 'size of the work area). A report could be printed which
would itemize all index and/or similar information for purposes of review at the
beginning of each project. At any stage of that same project the report could provide the
current index values calculated based on the as-built information to check against the

initial values used, and furthermore, at the end of a job to provide actual index values.
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Over time, these index values will become more accurate for different types of projects,

and could serve as a very valuable tool for estimating and planning future work. -

4.5 The Benefits of Standardized Data

As the construction methods/materi_als used clbsely relate to each other, one often
dictates the other based on schedule. The implementation of a physical view of a project
and its integration with .the process view will make it much easier to compare
productivity rates for a large scope of work at the planning stages for comparisons and
costs. Material takeoff will be a function of the model, therefore more closely reflect the
actual valﬁes, as wéll as include for other contingent quan;[ities suchr as guardrails or other
items. required for safety related issues.. Furthermore; the firm will ‘h.ave the ébility to
quantify quality issues and ideﬁtify strategies as to ‘hqw best achieve qualify standards
while minimizing cost and time. In the past, these issues were treated as being peripheral
to the work, for example, the firm studied how they had to be done, but they were never
really qgantiﬁed to any degree.

Another benefit 6f a physicai View‘lcombined ‘with a process view is that it can
identify schedule implications at the time of planning the job, such as when productivity
levels or resources are inconsistent or unrealistic based on past work. I_t may enable a
company to better optimize their crew configuration for a specific type of work or project
and make it easier to plan a crew size to meet the specified schedule. In terms of value
engineering their own work, théy will be givén the ability to isolate areas where it may be

advantageous to consider alternatives in methods and or materials, i.e. consider the steel

slab edge forms which were only decided on once a level was formed with the standard
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materials (form ply and brabing). Some methods may not appear cost and time effective
initiélly but when spanned over a long duration-théy are. The program will help identify
these. A "what-if" type of scenario could be run on the program and the potentiai side
effects could be seen without suffering the consequences of impleménting an unproven
method which may in the long term not be cost or time effective.

Although many of the items would épp_ear to have an effecf of increasing costs,
resulting in the firm >pricin‘vg itself, in fact, the opposite will occur. In reality, the actual
construction costs may go up, however, they will be a more accurate reflection of reality,
therefore requiring a significantly lower contingency (which is always uséd to make. up

for the unknown amounts now accounted for).

4.6 Monitoring The Progress

By using the parametric modeling system, monitoring the progress of a job may
be more of an exercise in reviewing the data. As-built data will provide-instantanequs
information regarding any problem areas and/or allow for the fine tﬁning to optimizé
produétivity. Based on the output reports, it would be possible to tell if the projected
productivity rates were better or worse than ant.icipated, and identify exactly where
problems are occurring. Furthermore, could identify why they are occurrjng, then more
easily come up with a solution; by isolating the actual physical elements which caused‘

the problems.

4.7 Conclusion

- ' ' - 3
By implementing the kind of physical model described in Chapter 2, firm's of the

type studied could significantly improve their practices, become more competitive and
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gain a stronger foofhold in their marketplace position relative to the competition. As they
will be working with more knowledge and more structured data, they will also have
greater insights in their cost accounting, risk assessment, methodologies for planning and

scheduling, and structure of their workforce, allowing them the opportunity to find more

efficient work methods and cost saving measures.
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CHAPTERSS - SUMMARY-AND CONCLUSIONS

5.1 Findings

This thesis has described sevéral of the features required of a computer-bésed
representation of the physical view of a project designed to support a range of project
management functions 'andv to assist in contributing to the gdal of computer-integrated
construction. This view is currently being implemented by others Within‘ a project
management system along with support systems for the éeneration.of preliminary plans
and schedules, the tracking and ’repbrting of productivity during construction aﬁd the
post-project derivation of productivity estimating functions.

Chapter 2 describes the conceptual framework and interface of a para.mefric;
modeling system designed to describe the physical descriptioﬁ of a project and génerate ‘
the type of informatiqn essential to the execution of various project management
~ functions. This physical description is Aestablished through the implementation of a
physical cofnponent breakdown struct_uré and proyides for a hierarchy of levels used to
paraineterize the building cofnpdnenté. . This ‘systiem has the ability to model a diversé
range of construction projects and the ability to accommodate the Vming levels of detéil
which may be required. ‘Central to the system is the ébility to inherit information from
different lgvels within the project model. As well, this system offers the user a
knowledge base to define and create standard components which facilitate the speedy
definition of the physical view of new projects.

The case study presented in Chapter 3 revealed many of the actual practices

_implemented during the planning, construction and post mortem analysis of a project. A
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number of areas were identified which affected productivity and costs, however, the
company participating in the case study tolok a rather unsophisticated approach towards
utilizing the available informaﬁon, because of limitations in the system.s currently being.
" used and lack of motivation to expeﬁd thé resources to collect this data. In-part, this lack
of motivation is a result of the inability to. efficiently transform the data into usable
information. Therefore, areas with the poténtial for improvements in productivity, cbst
savings and/or value engineering were not investigated to the to their full potential.

Through the implementation of a parametric modeling sys_terp along the lines
‘described in Chaptér 2, better insights into a number of areas of concern could be
achieved, as described in Chapter 4. A physicalvview facilitates the conversion of data
colle‘cted into tangible anci useful information for .decision making (e.g. planned versus
actual productivity). Thus, company'g like the one studied could better monitor a project
and identify areas where improvements to productivity and/or cost savings c;)uld be

made.

5.2 Future Research

Throughout the design and case study processes, various ideas materialized which
form a “wish list” for future work related to the scope of this thesis. Items included in
this list relate to the user interface and the functionality of the module. For éxafnple,
Standard compoﬁents, including all lower 1¢V€1 information and formulas shoﬁld be
automatically generated within a project and allow the user to have the option to breakout
relevant pqrtions to add to the Standard Component database. The ability to import

components,from-a standard library of elements as well as a library of physical view
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templates is required, as is the ability to impdrt breakdowns from software external to the -
project management system.

To further benefit tﬁe user, increasing the graphical capabilities of the deule
would be both more visually stimulating as well as provide the system with more
intuitiveness when viewing information. Being able to see the model as either a two or
three dimensional graphic and further being able to plot the information would give more
assurance that the model has been develpped cor'rectly and possibly give insight into
constructability concerns which may not otherwi‘se be‘apparént. In addition, by working
directly with the graphics shown on the screen, improvements to performance and
efficiency would result. For example;, it W'ould be beneficial to be able to drag and drop
the different parts of the Physicél Component Breakdown Structure, allowing the user to
regroup and reorganize data graphically. Thié would allow different views and scenarios
to be analyzed very quickly. As well, research is warranted into developing the potential
to create a physical description of the model by digitizing information directly from a set
of drawings, as is the ability to import CAD files directly into the system and have the |

system directly develop a physical model based on the projects' physical characteristics.

By foregoing a tighter integration between the physical and procéss views of a
project, eventually the system could automatically propose manpower, resource and
productivity rates based on past projects. Caution would have to be uséd in the
development of this aspect of the system.aﬁd possibly have limits to-restrict the user from
felying to heavily on the data and not checking the caléulated rates. Having the system -
suggest rates, calculations and other informétion Would_ be ideal provided they are not

directly incorporated into the system without authorization.
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