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1. 1 NTRODUCTI ON

Managenment of the construction portion of a project is one of the nost
chal | engi ng managenment assignments in the industrial world. Upon contract
award and in a short period of tine, the field manager nmust finalize the
prelimnary plans devel oped during the pre-bid or proposal phase, order
material s and construction equi pment, erect construction support
facilities, and recruit and nobilize a construction force. Then, while
fighting the vagaries of weather, material deliveries, regulations, |oca
politics, changes, and other intervening factors, the manager must guide
the efforts of an unpredictable | abor force towards a conpletion date. O
course, the objective is to conplete the project under budget and on
schedul e whil e surpassing the quality requirenents of the specifications.

Meeting such a chall enge woul d be inpossible without a plan and a contro
system construction does not just happen. The Construction |Industry
Institute (Cll) publication, Contractor Planning for Fixed-Price
Construction provides a nodel planning process for a fixed-price
construction project. The ClIl publication, Mdel Planning and Controlling
System for Engi neering, Procurement, and Construction of Industria
Projects, describes the process for the EPC project. The resultant plans
fromthis process, collectively referred to as the Project Execution Plan,
provide the basis for control. It is then a matter of structuring contro
activities so that actual performance can be conpared to planned
performance in a format which provides a valid, timely picture of project
status while also isolating problem areas requiring particul ar nanagenent
attention.

This publication deals with the cost and schedule control of a

construction project. It is based in large part on the research report
identified as Reference 1, although the CIl Cost/Schedul e Task Force has
i ncluded additional material. The report deals primarily with these

controls as applied to fixed-price projects with engineering essentially
conplete, since their control is considered to be the nost chall enging.
However, variations for other types of contracts are provided.

Chapters 2 through 5 of this publication provide basic gui dance and
techni ques for establishing baselines for control, measuring work progress,
and reporting and analyzing. Chapter 6 then addresses the in-process
managenment of the project when the realities of the workplace dictate
detail ed short-range planning and the nanagenment of variances.

Nunerous acronyns are utilized in this publication. Although each is
defined when first used, a summary listing with equivalent full titles is
provided in the Appendi x.



2. GENERAL

Project Formats

Construction can be acconplished under several basic contracting formats.
These formats create different contractual relationships and reporting
responsibilities, and thus affect the project controls function.

Single General or Prime Contractor (GC). Under this form the
contract for construction is between the owner and one contractor who
has full responsibility for acconplishing the construction. The GC
normal Iy has the option to use any conbination of direct-hire and
subcontracting desired, although the owner nay establish Mnority
Busi ness Enterprise or Whnmen Busi ness Enterprise (MBE/WBE) goal s or
reserve the right to approve all subcontractors and major vendors.
The contract can be either fixed-price (lunp sum unit price, or
conbi nati on thereof) or reinmbursable. Special features such as a
guar ant eed maxi num cost and incentive features such as target cost or
wor k- hours wi th shared savi ngs/penalties, mlestone bonus/penalties,
or other perfornmance bonuses al so may be included. The GC will be
responsi bl e for establishing and operating the project controls
system Under both forms, the owner can be expected to require

subm ssion of a schedule for the project and there nmust be sone

agr eed- upon nechani sm establ i shed for progress paynments. |[|f fixed-
price, the information provided the owner is normally linmted to that
needed to verify physical conpletion and schedul e status.

Multiple Primes. This format is quite comopn on | arge projects that
are managed by a constructi on manager (CM, with the CM function being
handl ed by the owner or sone agency under contract to the owner. The
project is divided into major conmponents such as site preparation
foundati ons, structural steel, and nmajor piping, and separate
contracts are awarded for each conponent. The contracts may be

bet ween the owner and the contractors or between the CM and the
contractors. The adnministration of these contracts is essentially the
same as for the GC format except that the individual contractors
report directly to the CM Nornmally, the CMw Il establish the
overall project controls systemand require the individual contractors
either to operate within that system which is operated as a network
or to provide information to the CMs project control staff in
specified formats.



Turnkey. This format refers to a project wherein total nanagenment of
engi neering, procurenent, and construction is given to one firmby the
owner. That firmmay choose to handle all functions using its own
resources or nmay subcontract portions of the total to the others.

Sone turnkey projects are totally reinbursable. Ohers have certain
portions rei mbursabl e, usually engineering and procurenent, wth
construction negotiated on a fixed-price basis after engineering
definition is conplete enough to permt this. The turnkey contractor
will establish and nmaintain a project controls operation that
integrates all activities.

Omner as Ceneral Contractor. COccasionally an owner will maintain a
proj ect managenent staff that directly nanages conpany projects by
usi ng sone conbinati on of direct-hire and subcontracting. |I|ncluded
will be an owner-operated project controls system

The ClII publication, Inpact of Various Construction Contract Types and
Cl auses on Project Perfornmance, provides additional information on
contracting formats.

Contracting Party Viewpoints and Interests

Each of the contracting parties - owner, engineer, CM prinme contractors,
and subcontractors - are interested in project controls. In establishing
any project controls system the following interests nust be accounted for

Omner. The owner seeks assurance that the project will be delivered
on schedul e, wthin budget, and be of the desired quality. The owner
al so has the right to know what is being paid for with each request
for payment. Thus, the project control system nust be designed to
provide the owner with the planned schedul e and regul ar updates of
actual schedul e performance. |If the contract is fixed-price, an

agr eed- upon nechani sm nust be established for neasurement of work in
pl ace so that invoices for periodic paynents are non-controversi al
Under the fixed-price node, the owner should not request detail ed
contractor cost information except as required to validate periodic
payments. |f the contract is reinbursable, the contractor must share
all schedul e, cost, and work-hour information with the owner. In
fact, the owner may provide part of the staff for the project controls
operation. On all contracts, the owner should receive sumrary cost
and schedul e information on the project for historical purposes. This
can include workhour expenditures.



On nost contracts the owner will establish scheduling guidance. The
si mpl est guidance is the required date for conpletion and required
contractor nobilization date. More likely, additional guidance in the
formof a summary schedule or listing of milestone dates will be
provided to correspond with expected delivery dates of owner-furnished
items, coordination points with other contractors or operations, or
key dates in start-up sequences. In sone cases the owner will dictate
a detailed schedul e and perhaps the code of accounts.

For tax, regulatory, or other |egal purposes, the owner may require
accunul ation of project cost data in a specific format. An exanple is
that required by the Federal Energy Regul atory Comm ssion (FERC) on
energy projects. Such reporting requirenments nust be described in
detail in the contract documents so that the contractor can set up the
project controls systemto acconmpdate them and, in the case of a
fixed-price contract, properly account for this additional effort in
the contract pricing.

The owner may nmaintain a staff on site to protect owner interests
and to expedite any owner review or approval responsibilities.

Engi neer. The invol venent and interest of the engineer in project
controls will be related to the level of conpletion of the design at
the tinme construction comrences. |f engineering and construction are
over | appi ng, the engineering activities nmust be closely linked with
construction and procurenent and becone part of the Control Schedul e.
Ooviously, if design drawi ngs and specifications are conplete for the
contract, engineering work will not be part of the schedule. For
further information see the CIl publication, Project Control for

Engi neeri ng.

CM The CMis an agent of the owner, thus his interests will be the
same as that of the owner for each of the contract forns.

General or Prime Contractor. Every contractor is interested in
detailed control of the contract, whatever the contract form On a
fixed-price contract, such control best assures realization of profit
and achi evenrent of the benefits of any included incentive provisions
of the contract. On all contracts, the contractor wants to accumnul ate
as much information as possible for inclusion in the historica

dat abase so that subsequent projects can have the benefit of nore
conpl ete planning data. Finally, a contractor wants to perform wel
since this is the best way to i npress owners and assure continued

wor k.

Subcontractors. Their interests are the sane as those of the prine
contractor.



Project Control Organi zation and Operations

Project controls is a major function on a construction project that is
equal with engi neering, business nanagenment, procurenment, and quality
control. As the eyes and ears of managenent, it should be placed
organi zationally to respond directly to the field project manager. By no
means should it be an el ement under accounting or data processing. Placing
it under project engineering, while not illogical, is not recomended
because that operation already has enough responsibilities to fully absorb
the attention of the project engineer. This approach also opens the
possibility of restricting or prohibiting the flow of control informtion
to other interested parties. The project controls staff functions nost
ef fectively when in an i ndependent node.

A conmputer systemw ll be required to support project controls on all but
the small est of projects. This system should be operationally independent
of other systems, such as accounting and payroll, since the systemneeds to
be available at all tinmes. It cannot afford to wait out the production of
the payroll. Fortunately, with the capabilities of nodern mcro and
m ni conmput er systens and associ ated project controls software, the
i ndependence of project controls is affordable and easy to achieve. While
the project controls system should be operationally independent of the
accounting system it is desirable to |link the two since nuch of the raw
i nput data is used in both systems. This |inking should be designed so
that data input is needed only once.

Project controls personnel should be individuals famliar with field
operations. Project controls work provi des experience in cost, schedule,
and materi al s managenent, and is a logical step on the career |adder for
proj ect managenent .

The project controls function is a key el enment of proactive project
managenment. As such, its staff should be represented in all work planning.
It is the guardian of the Control Budget and Control Schedule, thus it nust
be organi zed to advise and assist in any matter involving either. On a
routi ne basis, the project controls staff will prepare status reports for
both contractor and owner. The staff also will continually nonitor project
status for the purposes of identifying unfavorable conditions or trends,
preparing appropriate reconmendati ons for project managenment to control or
el i mi nate negative deviations in cost or schedule, or to capitalize on
favorabl e trends.



3. BASELI NES FOR CONTROL

Ref erences 2 and 3 explain the use of both a Cost Breakdown Structure
(CBS) and a Work Breakdown Structure (WBS) in the planning and controlling
of construction. The CBS is a breakdown of all cost elements within a
total project, both direct and indirect. The WBS is a part of the CBS, but
i ncl udes only those CBS el enents agai nst which progress is tracked.

Once engi neering design is conplete, major equiprment and bulk materia
quantities will have been established so cost control in the field
concentrates on control of field | abor unit costs, |abor productivity, and
overheads. Schedule control, however, considers all material itenms since
their timely delivery is essential to avoid schedul e del ays and
productivity problenms associated with material shortages.

Budget s

Cost Control vs. Cost Accounting. Cost control is obviously inportant on
any project. It is appropriate here to distinguish between cost accounting
and cost control. Cost accounting is concerned with tracking receipts and

expendi tures of inportance to good bookkeepi ng and accepted accounting
practice. The structure for such accounting nmust be in accordance with
accepted rul es of accounting and serve whatever requirements there may be
that relate to contract paynent provisions, taxation, regulation, or
project capitalization. Cost accounting also will reflect the pricing of
a contract which may differ significantly fromits costing (because of
unbal anci ng and the tracking of indirect accounts such as profit and

di stributables). Field construction managers are concerned with cost -
what specific operations should and do cost. The structure they will use
for this control is the CBS, one |evel of which will contain the Contro
Accounts. These are the accounts against which actual costs are collected
and conpared to those budgeted. They are often at a nore summary | eve
than the crew reporting level. The CBS seldomw |l have the same structure
as that used for cost accounting.

Cost control should be approached as an application of Pareto's Law,
which essentially states that 80 percent of the outcone of a project is
determ ned by only 20 percent of the included el enents. Thus in
establishing a cost control system the idea is to isolate and control in
detail those elements with the greatest potential inpact on final cost,
with only summary | evel control on the renaining elenments. The greatest
variable in the final cost of a construction project is usually the |abor
cost. Mst of the other cost elenents in the project (materials,
equi prent, and over head)



can be predicted or established with reasonable accuracy if the project is
properly planned and estimated. Labor cost is a function of worker hourly
cost, worker productivity, and use of overtime. The hourly rates are
relatively easy to predict; it is productivity that is the real variable.

Thus, a contractor will want to nonitor worker hours expended and
productivity as major elenments in the cost control program O course,
quantity control will be an included element as a basis for progress

reporting as well as estimate verification.

Budget Baselines. The budget baselines for a project are generated
t hrough the estimating process. Wether or not the design docunents are
conpl ete, planners nmust develop a cost estimate for the project. |If the
project has yet to be fully defined, this estimate is approxi mate and
subj ect to sonme variation. As the project becomes better defined, the
estimtes are updated to reflect the new informtion.

For a fixed-price project, good estimating is critical because the
esti mate establishes the costs of all direct work as well as the tota
contract price which incorporates all elenents of direct cost plus field
over head, contingency, general overhead, and a reasonable profit. The
estimate al so provides all quantity, cost, and productivity targets to be
used for detailed control. As explained in Reference 2, the estimte will
have been prepared using the sane WBS as that used for the Contro
Schedule. This directly enabl es the production of quantity, cost, and
productivity targets for each control work package.

Schedul es

Steps in Schedul e Devel opnent. Reference 2, in its description of the
pl anni ng sequence for a fixed-price construction contract, explains the
devel opnent of the WBS and the Initial Control Schedule. The technique is
applicable to any contractual formand is sunarized as foll ows:

Expand the WBS for Scheduling. This involves dividing up the project
into controllable parts suitable for schedule control; these parts are
converted into schedule activities, where one or nore activities
conpri se one el ement of the WBS. The |evel of detail possible is
strictly a function of the |evel of project definition at the tine it
is developed. |If the contract is of a reinbursable formand the
project only partially defined, the WBS will be sumrary in level; if
conpl ete plans and specifications are available, it can be detail ed.

Devel op the Logic Diagram |If the project definition is conplete
enough to pernmit devel opnment of a detailed WBS, it is then possible to
devel op a schedule in Critical Path Method (CPM format. The first
step in doing this is to develop the logic diagram This is done by



taking the schedule activities and arraying themin Arrow Di agram
Met hod (ADM or Precedence Di agram Method (PDM format to show their
sequenci ng and rel ationships. On larger projects, separate logic

di agrams for each area or system should be devel oped, anal yzed

i ndividually, and then tied together. The |ogic diagram contains no
dur ati ons.

Assign Durations to Activities. Each of the activities (and
constraints on a PDM di agram) are assigned a duration. The duration
may be a product of the estimating process or may be devel oped through
consensus anong the project team planners.

Assign Constraining Dates or M| estones. On npst contracts, a
contractor's schedule will be influenced by activities under the
control of others. Typical exanples are delivery of draw ngs,
delivery of owner furnished equi pnent, or conpletion of work by other
contractors. Reference 3 provides details on the establishnent of

t hese dates on an engi neeri ng- procurenent-constructi on project.

Normal Iy, the contract docunments will provide dates relating to these
activities so that the contractor can assign those dates as
constraining events in the schedule. O course, the contractor nmay
find that lead tinmes for purchase of contractor-furnished materials or
other conditions will establish additional constraining dates.

Enter Resource Requirenments. The key resource requirenents,
particularly labor, critical materials, and najor itens of
construction equi pment, should be | oaded into each schedule activity
so that resource | oading curves can be generated as a second product
of the CPM schedule. Mst CPM prograns can "resource level" within
available float to mnimze resource requirement peaks and vall eys.

Enter Resource Constraints. |If linits are expected on the
availability of l|abor, construction equi pnent, or other resource at
any one time, these limts are entered into the programso that they
can be considered by the CPM program when anal yzi ng the schedul e.

Such constraints may force extension of some activity durations beyond
those entered nmanual ly, and may force extension of the entire project.

Cal cul ate Dates and Tinmes. Once durations, logic relationships, and
constraints have been assigned, the early and | ate dates and fl oat
durations may be calculated to create the CPM schedul e.

Al t hough the schedul e may have been devel oped utilizing CPM nost
construction personnel do not use the |ogic diagramformat of the schedul e
thereafter as a control document. Instead, they will print out the
schedule in either time-scaled |ogic diagramformt, an equival ent
barchart, or a tabular listing. Mst nodern project control conputer
programs can do this automatically. This approach utilizes the principles
of CPM for schedul e devel opment while al so exploiting the easier
readabil ity advantage of barcharts.



In devel opi ng the | ogic diagramand the schedul e, schedul e planners are
cautioned agai nst excessive detail. It requires the human nind and eye to
verify schedule logic; the computer cannot do it. Thus, keep the detail to
that which can be truly verified. As suggested previously, break the
project into parts and devel op a logic diagramfor each part. Then, tie
these together. 1In doing so, however, be extrenely careful to not
i ntroduce false logic through these ties.

Once the schedul e has been refined to the point that it neets al
objectives, it becomes the Original Control Schedule for the project
(sometinmes referred to as the Baseline Schedul e).

Hard and Soft Logic. |In developing a critical path schedule, it is easy
for a planner to constrain a project through introduction of arbitrary

l ogic. For exanple, assume that four identical foundations (A B, C and
D) are to be built. The planner may show them as being built in sequence,
A through D, on the CPM \While that is perfectly |ogical, perhaps the
field personnel would find it easier to build C first, B second, D third,
and A fourth. What the planner has done is apply hard logic to a soft

| ogic situation. Such actions conproni se the value of CPM

Pl anners must learn to handle soft logic itens at a summary | evel so that
field planners have the flexibility to do the work in the nost efficient
manner at that time. |n the exanple above, instead of four activities with
| abel s A through D on them a single activity of "Four foundations,

Area ___ " should be used. The field planners could then determnine the
exact sequence when devel opi ng their working schedul e.

Hard logic is defined as that which covers work involving well-defined
activities that have fixed relationships. Soft |ogic covers work whose
conponent activities are | ess defined and whose rel ationships are
conditional. A typical hard logic itemis the form ng, reinforcing,
pl aci ng, and finishing of concrete. Another is equipnment assenbly.
Typical soft logic itens are electrical tray and conduit installation,
pi pi ng system erection, and wire pulling.

Integration of Procurement and Subcontracting. A project schedul e should
include all activities which may influence the project conpletion date.
Since procurement activity definitely is a determ nant of when work
i nvol ving those materials or equi pnent can be acconplished, procurenent
| ead times should be shown as schedule activities that begin when a
requi sition or purchase order is first initiated and terminate at delivery
to the site. This delivery date is an event in the schedul e which becones
a constraint for any activities requiring the materials or equipnent on the
pur chase order.



Subcontractors are work activities equal with activities performed by the
direct-hire work forces of the general contractor and will appear as
separate activities on the project's Control Schedule. On the nore
conplicated subcontracts, particularly those involving several interface
points with other project activities, the general contractor will require
t he subcontractor to devel op and present a detailed schedule for
i ncorporation in the master Control Schedule. The general contractor nust
allow time for the solicitation-bidding-award-nobilization times for the
subcontracts when devel opi ng the overall schedul e.

Schedul e Levels. The various participants in a construction contract have
different levels of interest in the scheduling of the project. The owner
and the contractor's honme office are interested in summary | evel schedul es.
Project |evel personnel are interested in nore detail. Thus, there are
various schedule levels. While there is no universal agreenent as to the
nunber of schedule levels and their format, the follow ng are
representative.

Level O This is the total project and is, in effect, a single bar
spanning the time fromstart to finish.

Level 1 This schedul es the project by its major conponents. For
exanpl e, a Level 1 schedule for a process plant may be
di vided into process area, storage and handling area, site
and services, and utilities. It is shown in barchart format
and may include key m | estones.

Level 2 Each of the Level 1 conponents is further subdivided. For
exanple, utility systems are broken down into water,
electrical, gas, and sanitary. |n nost cases, this schedule

| evel can be shown only in barchart format, although a
barchart with key constraints may be possible. M/ estones
are nornmally included.

Level 3 The subdi vi sion continues. This is probably the first |eve
that a meani ngful |ogic diagramcan be developed. It is
al so a good level for the project's overall Control Schedul e
because it is neither too nuch of a sumary nor too
det ai | ed.

Level s 4-X The subdivision continues to the | evel of detail needed by
the user. \Wen operating at these nore detailed | evels, the
pl anner generally works with I ess than the total schedul e.
In nost cases, these "l ook-ahead" schedul es span periods of
from 30-180 days. The user may utilize either barchart or
CPM format for these schedul es.

Figure 1 provides extracts fromsix levels of details of a process plant.
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DESCRIPTION | LEVEL

Total Project Project 0
Process . Interconnecting
Area Unit Off-Sites Facilities ‘
Category Piping A Piping Piping 2
Sub-Category Hydrocarbon Instr:inrwent Steam 3
Group Line No. Line No. Line No. 4
Sub-Group 150 150 150 5
{Task)
Figure 1. Piping Work Breakdown Structure

To illustrate how a planner noves fromthe control to the detailed |evel
reference is nmade to Figure 2. This figure is called a Control Account
Baseline. It is a docunent which takes a Control Schedul e work package (in
this case Service Water Piping) and plans it out in detail. Note how the

pi pi ng systemis broken down into the work tasks required for its
conpletion (large pipe, valves, etc.). These are then scheduled in
barchart format. As is so often the case, these tasks are overl appi ng and
there is sone flexibility in their sequencing (soft logic). Use of the
barchart format with float shown for each bar gives the field the
flexibility it needs for acconplishing the work. Also, note fromthe other
i nformati on included on the baseline that the docunment provides the basis
for earned val ue control (see Chapter 4) and progress paynments.
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Control Account Baseline Project Date Rev.

- ; - Total Control
Account Code Description . . .
W-H
TwIFToToTols) Service Water Piping wr
\ ) Latest 1985 1986
Weight Activity UMT fgimae [DJT JTF Il Alm T T T ATl ToNTD
0.25 | Large Hangers £A 100 *— skl ol X T Ll D]
0.30 | Large Pipe LF 2000 X -%—--u-- -3
T
0.10 | Large Valves tA 10 ;' ’%-----—-o—l
0.15 { Large Pipe Weld | £EA 150 :- .p -%-—-u-- .-:
0.20 | small Pipe LF }500 Ceob e de ol —— —:
ABC1234) e e I-q-—IKKRzabzl
.o '
. 1
EFG723d]» o L;—IEYWM%l
Total Control Item UiM | Oty , . B Total
Control Large Pipe e oo - 380 | 660] s10] s60] 660 230
1.00 w-H 380 [l hissof2ri0]27 703000 C”m“l't““’@
% wfo3s|osz] oo 9z]oo Cumﬁ““Vﬂ
Figure 2. Control Account Baseline
Control vs. Working Schedul e. A number of schedules will be utilized

over the life of the project. Wen the project is first planned, the
Original Control Schedule is devel oped. Wen an owner-approved change is
recei ved whi ch changes the schedule, the Original Control Schedule is
nodified to create the Current Control Schedule. (A copy of the Oiginal
Control Schedule will be maintained for historical purposes.) The Current
Control Schedul e subsequently will be nodified with each owner approved
change. Reporting of ahead or behind status is always based on a
conparison to this Current Control Schedule. Sone owners may al so require
reporting of ahead or behind status against the Oiginal Control Schedule
as well. None of the Control Schedul es are changed to accommodate
variances in field performance by the constructors - a Control Schedul e
remai ns a reference baseline.
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Recogni zing the field performance probably will differ fromthat planned,
the project control engineer also will maintain working schedules. One of
these is a Look-Ahead Schedule of fromthree to six nonths duration. It is
based initially on the Oiginal Control Schedule, but is nodified at |east
nonthly to reflect actual past performance and a nore current | ook at the
future. Thus it can differ significantly fromthe Current Contro
Schedul e, although the latter schedule remains the objective. Another
wor ki ng schedul e is what night be called Plan of the Wek, described in
Chapter 6. Wborking schedules are at levels nore detailed than that of the
Control Schedul e.

O her Schedul es. A nunber of satellite schedules will be utilized in
support of the Control Schedule. Typical schedules are those for
subcontracting, rigging, equipnent purchase, and material purchase. These
are nornmally maintained in tabular form

Code Structures

As described previously, various frameworks are established for contro
of the project. Wthin these franeworks a great deal of data will be
recei ved, stored, and processed, usually with the help of a conputer that
has dat abase nanagenment capability. This requires the establishment of a
coding structure that is standard for the project. Several account
structures actually are required, and are used in various conbinations to
achieve the control integration needed. One describes the WBS and CBS and
shoul d be hierarchical in format to permt expansion to various |evels of
detail and the summarization of data at any |level. Another structure
cat al ogs generic activities or functions (such as placing concrete, slab on
grade, with a crane and bucket). This is used in the catal oging of data in
the historical database, for estimate breakdowns, and for recovery of data
fromthe project for addition to the historical database. A third
structure is used for the resources of construction - personnel, materials,
and equi pnent - and finds application in resource |oading of schedul es,
requi sitioning, and reporting. Still other structures are used to code
drawi ngs, specifications, and purchase orders.

13



4. STATUS EVALUATI ON AND CONTROL

Measuring Work Progress

The work tasks required to conplete a construction project vary from
those required to clear and grade a site to the start-up and turnover of
the conpleted facility. During the course of the project, those executing
the construction will need to report periodically on the progress of each
task. Six nethods are described below for neasuring this progress. Al
may find use on a given project.

The U.S. Departments of Defense (DOD) and Energy (DOE) have established
what is known as the Cost and Schedul e Control Systenms Criteria (C SCSC)
for control of selected federal projects. Wiile intended prinmarily for
hi gh- val ue, cost-rei nbursabl e research and devel opment projects, it my be
applied to selected construction projects. This systemis described in
detail in Reference 5. Included within C/ SCSC are various nethods for
measuring status; also, several terns are presented which have found sone
conmon usage within the construction industry. Certain useful features of
C/ SCSC have been incorporated within the system described in this
publicati on.

Method 1: Units Conpleted. This method is applicable to those tasks
whi ch invol ve repeated production of easily measured pieces of work, each
pi ece requiring approximtely the sane ampunt of effort. Usually there is
no included m x of subtasks; if there is a nmix, these are acconplished
si mul taneously and one of the subtasks can be used as the reference task.

Wre pulling is a task whose acconplishnment is easily nmeasured in terns
of units of length of wire pulled and a task for which the Units Conpl eted
method is applicable. For exanple, if 10,000 LF of wire is to be pulled
and 4,000 LF has been pulled, the percent conplete is found by dividing
4,000 LF by 10,000 LF to show 40 percent conplete.

Pl aci ng and finishing of a reinforced concrete slab is a type of work
with multiple tasks handl ed simultaneously (placing and finishing), but
progress may be reported on the basis of volume of concrete placed and
finished or upon area of finished surface.
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Met hod 2: Increnental Ml estone. This nethod is applicable to any
control account which includes subtasks that nust be handled in sequence.
For exanple, the installation of a major vessel in an industrial facility
i ncl udes the sequential tasks or operations |isted below. Conpletion of
any subtask or operation is considered to be a nilestone, which when
conpl eted represents a certain percentage of the total installation. The
percent age chosen to represent each mlestone is nornmally based on the
nunber of work-hours estimated to be required to that point in relation to
the total. 1In the listing below, the attainment of each nil estone has been
judged to be equivalent to having conpleted the percentage |listed of the
total installation:

Recei ved and i nspected 15%

Setting conplete 35%
Al ignnment conpl ete 50%
Internals installed 75%
Testing conpl ete 90%
Accept ed by owner 100%

Method 3: Start/Finish. This method is applicable to those tasks which
lack readily definable internediate mlestones and/or the effort/tine
required is difficult to estimate. MIlwight work is often in this
category. For exanple, alignment of a major fan and notor may take froma
few hours to a few days dependi ng upon the situation. Wrkers know when
this work starts and when it is finished, but never know the percentage
conpletion in between. O her exanples include planning activities,
flushing and cl eaning, testing, and major rigging operations.

Wth the Start/Finish approach, one arbitrarily assigns a percent
conplete to the start of a task with 100 percent being recorded when it is
finished. A starting percentage of 50 percent is equivalent to a task
conpleted at a constant rate over tinme and is reasonable for fairly short
duration, |ower value tasks. For |onger or higher value tasks, a
contractor woul d probably have to use something | ess (20-30 percent),
primarily because an owner will hesitate to recogni ze too much conpl etion
in advance since it directly affects progress paynents. For very short
tasks, the start finish percentages are usually O percent/ 100 percent.

Met hod 4: Supervisor Opinion. This is a subjective approach and shoul d
be used only for relatively mnor tasks where devel opnment of a nore
di screte nethod cannot be used. Painting, dewatering, constructing support
facilities, installing architectural trim and | andscapi ng are candi dates
for this approach

Met hod 5: Cost Ratio. This nethod is applicable to tasks such as project
managenment, quality assurance, contract administration, and project
controls. These tasks involve a long period of time or are continuous over
the Iife of a project, and are estinmated and budgeted on bul k all ocati ons
of dollars and work-hours rather than on the basis of production.
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Wth this method, percent conplete is found as foll ows:

Percent Conplete = Actual cost or work-hours to date

Forecast at conpletion

Met hod 6: Weighted or Equivalent Units. This method is applicable where
the task being controlled is a major effort involving a |ong period of tine
and is conposed of two or nore overl appi ng subtasks, each with a different
unit of work measurenent.

Structural steel erection provides a good exanple for application of this
met hod. Structural steel normally is estimted and controlled using tons

of steel conmponents as the unit of neasure. As illustrated in the listing
bel ow of subtasks included in steel erection, however, each subtask has a
different unit of measure. 1In such a case, each subtask is weighted

according to the estimated | evel of effort (usually work-hours) that will
be dedicated to that subtask. As quantities of work are conpleted for each
subt ask, these quantities are converted into equivalent tons and the

percent conplete calculated as illustrated. The weighting may be changed
during the course of a task's conpletion to reflect quantity or unit rate
variances within subtasks. |If this is done, it is inmportant that the

earned val ues be recal culated for all subtasks (see follow ng section for
ear ned val ue princi pl es).

Quan Equi v Quantity Ear ned
W . Subt ask UM Tot al Steel Ton To-date Tons*
0.02 Run foundation bolts each 200 10. 4 200 10. 4
0.02 Shi m % 100 10. 4 100 10. 4
0. 05 Shakeout % 100 26.0 100 26.0
0. 06 Col umtms each 84 31.2 74 27.5
0.10 Beans each 859 52.0 0 0.0
0.11 Cross- braces each 837 57.2 0 0.0
0. 20 Grts & sag rods bay 38 104.0 0 0.0
0. 09 Plumb & align % 100 46. 8 5 2.3
0.30 Connecti ons each 2977 156. 0 74 3.9
0. 05 Punchl i st % 100 26.0 0 0.0
1.00 STEEL TON 520.0 80.5

* Earned tons to date = (Quantity to date)(Rel ative wei ght) (520 tons)

(Total quantity)

Percent conplete = 80.5 tons = 15.5%

520 tons
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A variation of this approach utilizes equivalent units for each subtask.
In the exanpl e above, each subtask item would be given a unit of neasure
that is an equivalent ton. For exanple, each beam woul d have an equi val ent
ton equal to:

Beam Equi val ent Ton = (.11 weighting factor) (520 tons) = . 0666

(859 beans)

Ear ned Val ue - CGenera

As noted in the previous discussion, there can be nmany types of work and
nunerous ways of measuring progress on work. Having outlined nethods for
determ ning progress on a single type of work, the next challenge is to
devel op a nethod both for determ ning overall percent conplete of a
conbi nati on of unlike work tasks or a conplete project, and for perform ng
ot her eval uations of status. A systemfor acconplishing these is called
Earned Val ue, although the terns Achi eved Val ue and Acconplished Val ue
occasi onal ly are used.

Earned Value is keyed to the budget, which is expressed in both workhours
and dol lars (work-hours and dollars are the only common denom nators for
the many accounts within a project). Earned value can be applied to both
direct and indirect accounts. However, nost contractors use it only on
t hose accounts that are utilized in progress control. Work-hour budgets
are used as the basis. Some governnent contracts require its use on al
accounts and the use of dollar budgets as the basis (see Reference 5).

O the two systens for earned val ue application, one utilizes a fixed
budget approach, the other a variable budget approach
Earned Val ue - Fixed Budget System

Applicability. Wth this system it is assumed that a fixed contro
budget has been established for the project, and that budget has been
di stributed anmong the project's included accounts. Such is the situation
with fixed-price or target price contracts.

The System To use the systemfor a single account, a direct

rel ati onship is established between percent conplete of an account and the
budget for that account. This relationship is expressed in this equation

Earned Val ue = (Percent conplete) x (Budget for that account)
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As seen in this equation, a budgeted anmount is "earned" as a task is
conpleted up to the total amount in that account. One cannot earn nore
t han has been budgeted. For exanple, assume that $10,000 and 60 workhours
have been budgeted for a given account, and that account is now 25 percent
conpl ete as neasured by one of the methods previously described. That
nmeans that $2,500 and 15 work-hours have been earned to date.

Since progress in all accounts can be reduced to earned work-hours (EW)
and dollars as explained, this provides a nmethod for summarizing nultiple
accounts and cal cul ati ng overall progress. The fornmula for this is:

(Earned work-hours/dollars all accounts)
Percent Conplete =

(Budget ed wor k-hours/dollars all accounts)

Cost and Schedul e Performance. The concepts discussed thus far provide
a system for determ ning percent conplete of single work tasks or
conbi nati ons of tasks. The next challenge is to analyze the results for
t he purpose of determ ning how well work is proceeding as conpared to what
was planned. Fortunately, the earned value systemlends itself well to
this chal |l enge.

Only budgeted and earned work-hours and dollars have been identified to
this point. To these nust be added actual work-hours or dollars. These
three categories provide the conbinations needed for analysis. This can be
nost easily explained if one defines each of these terns in the foll ow ng
way

0 Budgeted work-hours or dollars to date represent what you plan to
do. Under C/SCSC this is called Budgeted Cost for Wirk Schedul ed
(BCWS) .

o Earned work-hours or dollars to date represent what you did. Under
C/SCSC this is called Budgeted Cost for Work Perforned (BCWP).

o Actual work-hours or dollars to date represent what you have paid
for. Under C/SCSC this is called Actual Cost of Wrk Performed

(ACWP) .
Per f or mance agai nst schedule is then sinply a conparison of what you
pl anned to do agai nst what you did. |In other words, conpare budgeted and
earned work-hours. |f budgeted work-hours are | ess than earned, it means

you did nore than planned and may be ahead of schedule. The reverse would
probably mean you are behind schedul e.

Per f or mance agai nst budget is measured by conparing what you did to what

you have paid for. To do this, conpare earned to actual work-hours or
cost. If you paid for nore than you did, you have overrun the budget.
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The above can be expressed in the formulas bel ow.

Schedule Variance (SV) = (Earned work-hours or dollars) — (Budgeted work-hours or dollars)
= BCWP — BCWS

Schedule Performance Index (SPI) = (Earned work-hours or dollars to date)

(Budgeted work-hours or dollars to date)
BCWP
BCWS

Cost Variance (CV) = (Earned work-hours or dollars) — (Actual work-hours or dollars)
= BCWP — ACWP

Cost Performance Index (CPl) = (Earned work-hours or dollars to date)

(Actual work-hours or dollars to date)
BCWP
ACWP

It should be noted that a positive variance and an index of 1.0 or
greater is favorable performance

Productivity Analysis. Project managers are always interested in know ng
how wel | actual productivity conpares with that used in planning and
budgeting the work. While a conparison of earned to actual work-hours
under the fixed-budget system may appear to provi de an eval uati on of
productivity, it does so only if actual quantities of work exactly equa
t hose budgeted for. This is not necessarily true, and therefore another
mechani smis needed to evaluate productivity. It utilizes Credit Work-

Hour s.

Credit Work-Hours (CWH), |ike Earned Work-Hours (EWH), are derived
quantities. CWH provides a vehicle for handling work quantity variations
bet ween budgeted and actual wi thout distorting crew productivity figures.
CWH is equal to the budgeted productivity work-hour unit rate (WHunit) for
a given task multiplied by the nunber of units conpleted. Since the actua
units of work in a work package may vary fromthe budgeted (esti mated)
nunber of units, CM may vary either way from EWH in a given work package.
CWH are equal to EWH only if budgeted and actual quantities of work are
equal . A productivity index may be cal culated for a single work package or
a conbi nati on of work packages (or the total project) using this formula:

(Sum of Credit Work-Hours)
Productivity Index (Pl) =

(Sum of Actual Work-Hours)
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Exanpl e Usi ng Fi xed-Budget System On a fixed-price project, a work
package was estimated to include 200 units of work. Wrk was budgeted at
4 WHunit. It was later |learned that there were 240 units of work because
of an estimating error. At the end of the |latest reporting period, work
was 50 percent conplete (120 units) and 432 WH had been paid. 1Is this
package overrunni ng or underrunning cost and is productivity better or
wor se t han pl anned?

Wor k- hour budget = (200 units) x (4WH unit) = 800 work-hours
Ear ned wor k-hours = (50% conpl et e) x(800 wor k-hours) = 400
CPl = 400 EWH / 432 AWH = 0.93 OVERRUNNI NG COST! !

CWH (120 units) x (4WHunit) = 1.11 PRODUCTI VI TY
Pl = - = e BETTER THAN
AWH 432 AWH PLANNED! !

Cautionary Notes. The Fixed-Budget System depends for its accuracy in
summary | evel percent conplete cal cul ations upon the distribution of the
total budget anong included accounts in proportion to the work-hours
i nvol ved. Should the initial distribution prove faulty as a result of
significant work quantity variations or unrealistic productivity
assunptions, the contractor should redistribute the total avail abl e budget
to properly reflect currently recogni zed work requirenents. O course, the
contractor cannot exceed the total avail abl e budget (including approved
changes) in this redistribution, and in the case of an underbudgeted
project, each account will be proportionately underbudgeted. Ideally, a
contractor will have established a contingency account during project
pl anni ng and budgeting from which coverage can be drawn for underbudgeted
accounts or to which budgets can be transferred from overbudgeted accounts.

A precautionary note on summati on of earned work-hours (or dollars) is
appropriate under this system It is entirely possible for the EWH in an
account to be reduced fromthat credited in a prior reporting period. This
is possible in at least two ways: (1) if some in-place work is subsequently
rejected and nust be redone; or (2) if suddenly it is discovered that the
quantity of work included is greater than budgeted and this variation is
not due to an approved change. For this reason, it is inmportant when
setting up databases and algorithnms for nmanipulating this data that EWH not
be sunmed by addi ng those earned during the current period to those
accunul ated during prior periods. Instead, calcul ations should be nade for
each account based on percent conplete tines budget and the totals
generated by added the EWH of all accounts to date in which hours or
dol I ars have been earned.
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Earned Val ue - Variabl e Budget System

Applicability. This systemis particularly suited for a project which is
initiated on the basis of inconplete definition and which has its budget
subj ect to considerable variation as a consequence. Thus, whereas the
Fi xed- Budget System was constrained by a fixed budget for the tota
project, this systemcan take advantage of floating budgets. Mst cost-
rei mbursabl e work woul d be controlled using the Variabl e Budget System

The System Each identified work package in the project is assigned a
budget (work-hours or dollars) based on the best available work quantity
information at that point in tine. As each work package is fully defined,
its budget is adjusted to reflect final work quantities. O course, the
Control Budget for the project is adjusted each tinme an included package is
changed. These budgets are referred to as the Quantity Adjusted Budgets

(QAB) .

Cost and Schedul e Performance. The methods for cal cul ati on of Percent
Conplete, SV, SPI, CV and CPl as described under the Fixed-Budget System
are fully applicable to this system Earned work-hours may be cal cul at ed
by multiplying percent conplete by the QAB, or for those activities tracked
under the Units Conpl eted nethod, by multiplying the units conpleted by the
budgeted unit rate.

Productivity Analysis. Under this system the CPl provides a direct
eval uation of productivity performance since the QAB automatically accounts
for quantity variations. There is no need for a separate calculation of a
productivity index using Credit Work-Hours.

Cautionary Notes. Reinbursable projects in which construction comrences
bef ore conpl ete design drawi ngs are available will tend to experience
significant rework as a consequence of design change. Such rework
i ncreases the budgets of involved work packages. When deternining percent
conplete, it would be wong to include the reworked portion of these
budgets or those hours earned when doing the replaced work in the
cal cul ati ons even though these are paid for by the client. To avoid this,
it is necessary to purge such hours fromthe accounts as rework occurs.
MABs and actual hours wasted as a result of rework should be transferred to
separate accounts outside the basic control structure so that the accounts
may | ater show the extent and cost of rework

As with the Fixed Budget System it is inportant when setting up
dat abases and al gorithms for manipul ating data that EWH not be sunmed by
addi ng those earned during the current period to those accunul ated during
prior periods. Instead, calculations should be made for each account and
the totals generated by adding the EWH of all accounts to date in which
hours or dollars have been earned.
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Choosing a System Fixed or Variable

The choice of a systemto be used on a project is dictated in sone cases
by the project itself, in other cases by an option. On a project started
on the basis of inconplete designs, the variable system should be used
since it is the only one responsive to the inevitable quantity variations
that come as the project is fully defined. On well-defined projects, a
choice is made on the basis of characteristics desired in the contro
system

The Fi xed Budget System has these characteristics:

o Provides a direct evaluation of cost and schedul e perfornance;
requi res supplenentary system for productivity eval uation

o Mre sinplified bookkeeping; |ess potential for operator-caused
errors.

o The fixed budgets provide a constant target for nanagenment to see.
This is ideal for fixed-price work or other work with target
budget s.

o Under this system the CPI and Pl are not necessarily the sane.
Havi ng the two separate indices provides nore tools for analysis.

o Performance data is susceptible to distortions if the project
budget is not realistically distributed.

The Vari abl e Budget System has these characteristics:

o Provides direct evaluation of productivity and schedul e performance
(CPlI and Pl are the same when using work-hours; al so when using
cost if there is no wage rate variance); requires supplenentary
system for evaluation of cost performance if operating against a
fixed or target budget.

o Provides a noving budget that varies directly with actua
quantities of work and budgeted productivity rates for included
tasks. This is ideal for projects with open budgets. For fixed or
target budget projects, a contingency account would be required to
bal ance additi ons and deletions in the work accounts.

0 Requires nore operator attention to database managenent because of
continual ly changi ng baseline informtion.
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C/ SCSC vs. Met hods Proposed

Under C/ SCSC, the CBS and WBS are one and the sane and all accounts are
based on dollars, not work-hours. Also, the overall cost and schedul e
status cal cul ati ons conbi ne both work and overhead accounts. This approach
is well suited for conplicated cost-rei nbursable projects typical of many
governmental R&D contracts, but is not well suited for industrial or
buil di ng construction, particularly if fixed-price.

Use of dollars instead of work-hours as the basis tends to create a |ess
responsi ve system for progress control because sone cost data has built-in
| ags - the exact costs of sone cost el enents are not known until invoices
are received. Also, inclusion of overhead accounts in progress
cal cul ations distorts the true picture of progress - one can be spendi ng
consi derabl e nmoney in overhead accounts while acconplishing little in the
field. The construction field manager is concerned primarily with schedul e
performance and | abor cost on a day-to-day basis. Wrk-hours are | ogged
daily or weekly via time cards along with work quantities. Wth only this
i nformation, the project control engineer is able to provide the nanager
with what is needed nost for responsive managenent - continuous, tinely
status informati on on percent conpletion, schedul e performance, |abor
productivity, and | abor cost. Certainly overall cost is inportant, and al
costs eventually will be collected against the CBS and reflected in nonthly
proj ect reports.
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5. REPORTI NG AND ANALYSI S

Wrk & Cost Status

Havi ng established the basis for control of the project, controllers are
in a position to exercise that control. They will do this by receiving
reports of actual progress and costs, and by conparing these to the plan
via various reports.

Work Status. On the Control Account Baseline (Figure 2, Chapter 3), the
progress neasurenment nethod is established under the Unit of Measure (UM
colum for each task. Tasks can then be rolled up using earned value to
show t he overall percent conplete of the control account. Figure 3 is a
representation of a reporting format using the Service Water Piping of
Figure 2 as an exanple (Note: Figures 3-11 are at the end of this chapter).
The many control accounts, in turn, can be summarized at various |evels or
for the whol e project using earned val ue.

Cost Status. As nentioned previously, the contractor will be interested
in the work-hour statistics for the project as a major cost tracking too
and will utilize the CPI and CV as indicators.

Cost in terns of dollars also will be statused. Al costs will be

charged to one account or other on the CBS. However, all costs
attributable to a WBS work account are sel dom charged al ong with the |abor
and major material items in that account. To do so involves excessive
paperwor k and does not significantly contribute to control. Instead, itens
such as construction equi pment and tools, materials, and supplies expended
ininstalling permanent materials nore often are charged to project-w de
accounts.

Tabul ar reports are appropriate for sunmarizing cost status in various
ways. Typical summaries would be:

o A cost summary that shows for each account the original contro
wor khours or dollars, current control work-hours or dollars, this
peri od workhours or dollars, job-to-date work-hours or dollars,
remai ning to conplete work-hours or dollars, forecast at conpletion
wor k- hours or dollars, and vari ance.

o A labor rate report that shows for each craft and for each contro
account the original control figures for dollars, work-hours, and
dol l ars per work-hour; and then provides for each category the
current control, experience this period, job-to-date experience,
forecast at conpletion, and variances.
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Contro!l Account Baseline

Project

Date

Rev.

Account Code

LsIwl pJofo]o[q]

Description

Service Water Piping

This Period

To Date

Week Ending

Weight Activity UM | imate e T3 30 1727
0.25 Large Hangers EA 100 y 5 Isz 5 35 > 50
0.30 Large Pipe LF 2000 59 50
0.10 Large Valves EA 10
0.15 Large Pipe Weld EA 150
0.20 Small Pipe LF 1500
Total Control Item U/mM Control |25 75 /175 90

Control Large Pipe LF Quantity
.00 2000 25|/100|/175 /265

Field Engineer

Figure 3. Monthly Quantity Report

(Note: This figure relates directly to Figure 2, Control Account Baseline)

Example Calculations, week ending 1/27:

Report shows:

15 large hangers installed that week for total of 50 to date

50 LF of large pipe installed that week for a total of 50 LF to date

Control item is Large Pipe; all items are converted to equivalent feet of that.

Large hangers =

15 each

100 total

50 LF

Large pipe =

Total equivaient feet this period

(.25 weight)(2000 LF contro!l quantity) =

(.30 weight)(2000 LF control guantity) =

2000 total

25

75 equiv. feet

15 equiv. feet




o A gquantity and work-hour report which shows the original contro
work quantities, work-hours and the work-hours per unit of work
for each control account; and then provides conparable information
under the headi ngs of current control, current period, job-to-
date, and forecast at conpletion. This same report can show the
ear ned work-hours this period, earned work-hours to date, and the
| abor CPI.

Schedul e Status. A visual display of schedule status is best presented
on a barchart representation of the schedule. A sanple of an excellent
format for sumary | evel reporting to managenment is shown in Figure 4

Anal ysi s, Trendi ng, and Forecasting

VWhile it is inportant to know the exact status of a project at any point
intine, it is equally inmportant to analyze the situation so that
appropriate corrective action can be taken if needed. The follow ng
di scussi on provi des exanpl e ways for anal yzing, trending, and forecasting.

The Cost and Schedul e Performance Curves. A good format for quickly
showi ng the cost and schedule status of the project is shown in Figure 5.
On this graph are plotted the planned budget cumul ative expenditure curves
(in terms of either dollars or work-hours) plus the cunul ative actual and
the cunul ative earned to the date of the report. One can quickly see the
cost variance and approxi mately how nuch the project may be behind or ahead
of schedul e.

I ndex Tracking. Figure 6 is an exanple graph for tracking indices of the
types described in Chapter 4. Figure 6 tracks the Productivity Index.
Note on this graph the use of a "Cumul ative Plan" curve, which does not
coincide with the 1.0 datumline. This curve recognizes that productivity
for this work usually can be expected to be |lower during the early stages
of a project, reach a peak about nm dway, and then decrease toward cl oseout
(actual shape nmust be based on experience). Having done this, the actua
productivity plot can be nore neaningfully evaluated. As shown on the
exanpl e chart, a productivity index of 1.06, which one normally assunes is
favorable, is actually |ow conpared to what it should be for that point in
tinme.
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$ or Work-Hours

Sy CV = Cost Varitance

A T= Time Variance

SV = Schedule Variance

Productivity

Time

Figure 5. Cost and Schedule Performance Graph
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Figure 6. Productivity Profile

28



O her Tracking. Figure 7 is an interesting variation of Figure 6. Note
how the vertical axis is work-hours per percent conplete. As a result, the
Cunmul ative Plan Curve is an inverted inmage of the projected curve in Figure
6. This graph also includes the Plan for Period and Actual Period plots to
give it nore usability. Note how the point identified as "(1)" shows that
actual period perfornmance equal s that of planned performance. Wen one
| ooks at the actual cumul ative performance, however, it can be seen that
the project still has a probl em because of the poor perfornmance of prior

peri ods. Therefore, performance rmust becone better than planned if the
project is to recover

Work-Hour(s)/
% Complete

2000 — *

A

1900 T\ Actual

N Cumulative
1800 — <\

- Y Plan /
1700 — “~M—— Actual Period for Period l

1 ]
1600 — I
1500 — I
/
1400 — /
/
1300 7 Estimated //
\ Work-Hour(s)
1200 X a
o..\ /
1100 — '\ F 4
1000 — “)/ \\ // Cumulative
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Figure 7. Work-Hour Productivity Trend Chart
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Figure 10 is representative of a format for tracking bulk quantity itens,
for example wire pulling and term nations. The two solid curves shown
represent the plan. By superinmposing actual performance thereon (dashed
curves), the situation and trends are readily shown.

A
100
I
75 = |
Wire Pulling
%
Compi. 50 =
Terminations
25—
}
.* Actual
oo
: |
4
Time
Now

Figure 10. Bulk Quantity Curves

Anal ysi s Techni ques. Each report itemhas significance in itself, but it
usual |y takes a conbination of itens for the total situation to be shown.
For exanple, |abor cost performance (CPl less than 1.0) is certainly a
problem but the CPI does not point to the cause of that problem- it could
be any conbi nation of |ow productivity, bad quantity estimte, excessive
manni ng, or higher crew wages. Thus, report data nmust be available in each
of those areas to enable the manager to isolate the problem and take
remedi al action.

Figure 11 is an analysis tree involving just two report itens - SPlI and

Total Float. Note the many possible conbinations here. Oher analysis
trees using other report itenms are readily devel oped.
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SPI) 1.0 — AHEAD OF SCHEDULE ON CRITICAL PATH;
MORE WORK BEING DONE THAN PLANNED

TFYO SPt = 1.0— AHEAD OF SCHEDULE ON CRITICAL PATH; SOME
SHORTFALL IN WORK ON NON-CRITICAL ACTIVITIES
SPI{1.0 — AHEAD OF SCHEDULE ON CRITICAL PATH,;

SIGNIFICANT SHORTFALL IN WORK ON
NON-CRITICAL ACTIVITIES

—SP1) 1.0 — CRITICAL PATH ON SCHEDULE; MORE WORK BEING
DONE ON NON-CRITICAL ACTIVITIES THAN PLANNED

TF = 0——5Pl = 1.0~ CRITICAL PATH ON SCHEDULE; TOTAL WORK
VOLUME IS AS PLANNED

~=SPH (1.0 — CRITICAL PATH ON SCHEDULE; SHORTFALL IN WORK
ON NON-CRITICAL ACTIVITIES
—SP1) 1.0 —  CRITICAL PATH ACTIVITIES BEHIND SCHEDULE;

TOTAL WORK MORE THAN PLANNED INDICATING
EXCESS ATTENTION TO NON-CRITICAL ACTIVITIES

TP {0 ——4—SPt = 1.0-— CRITICAL PATH ACTIVITIES BEHIND SCHEDULE;
TOTAL WORK VOLUME AS PLANNED MEANING TOO
MUCH ATTENTION TO NON-CRITICAL ACTIVITIES

—SPI{1.0 — CRITICAL PATH ACTIVITIES BEHIND SCHEDULE;
TOTAL WORK LESS THAN PLANNED; NEED MORE
OVERALL EFFORT

Figure 11. Analysis Tree — Total Float and SP!I

Forecasti ng

Sophi sticated forecasting techni ques are expl ained i n nanagenent science
texts, but few constructors are confortable with them One thing is
certain, no two nethods, sophisticated or otherw se, produce the sane
answer. Three basic approaches are provi ded here.

Method 1: This nethod is useful for forecasting costs and work- hours.

It assunmes that work fromthis point forward will progress
at planned rates whether or not these rates have prevail ed
to this point. In fornula form it is:

FAC = (ACWP) + (BAC - BCWP)

where: FAC = Forecast At Conpletion ($ or WH)
ACW = Actual Cost of Work Perfornmed to Date ($ or WH)
BAC = Current Budget at Conpletion ($ or W)
BCWP = Budget ed Cost of Work Perfornmed to

Date ($ or WH)
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Met hod 2: This nethod assunes that the rate of progress prevailing to
date will continue to prevail. This is found through this
formul a:

FAC = (BAC) / (CPI)

where: CPl = Cost Performance | ndex
O her terns as above

Method 3: This method utilizes curves such as several of those
i ncl uded herein and is useful for forecasting any piece of
data represented by those curves. The forecaster sinply
makes the best extrapol ation possible using the typica
shapes of such curves and other information that may be
available to the forecaster to make the projection.

It is recormended that no single forecasting nethod be used. Rather
i nclude a forecast by each of the above nmethods because these provide a
range of possibilities.

M scel | aneous Reports

A nunmber of other reports may be products of the project controls effort.
Exanpl es are:

Requi si tion/ Purchase Order Status. A summary of active requisitions
and purchase orders of major itenms to include enphasis on any
vari ances between requested and projected delivery dates.

Materials Status. A report showi ng quantities on hand, on requisition,
and other data relating to materials which are not stocked on an

i nventory level basis. This is particularly useful for weekly

pl anni ng neeti ngs.

Materials Exception Report. A listing of items which were reported to
be in stock and avail able for issue, but which were not found at the
time they were needed.

Vendor Drawi ng Status. A summary of vendor draw ngs due from
engi neering and their status with respect to plan.

Subcontract Status. A summary of planned and actual activity relating
to the process of seeking and contracting with subcontractors.

Fabrication Status. A summary of planned and actual status of
fabrication activity both off- and on-site.
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Construction Equi pment Status. A listing of major itens of
construction equi pment and their status.

Critical Itens Report. A listing of potentially adverse situations
and all critical materials, equipnent, or personnel whose availability
when needed is currently uncertain. Includes a sunmary of expediting
action taken or planned.

Quality Trends. A summary of statistics relating to quality such as
cost of rework due to quality problens, defects and deviations noted,
and ot hers.

Overhead Trends. A summary of planned vs. actual data relating to
overhead. Can be presented in ternms of cost or nunbers of people, for
exanple, and is usually related to tinme.

Unschedul ed Work. A summary of type of activity, nunber of workhours
expended, and costs associated with unschedul ed work.

Proj ect Denographics. Summaries, in either tabular or graphic form
whi ch show total project and individual craft population statistics
(both estimated and actual) for each work day.

Labor Statistics. Summaries by craft to show crew mix ratios (e.qg.
hel per, journeyman, foreman), planned and actual conposite wage rates,
absent eei sm and turnover rates, late starts and early quits, and
others during a reporting period.
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6. | N- PROCESS MANAGEMENT

The Team Appr oach

Successful coordination of the many parties involved in a construction
project requires a team approach to nmanagenment. During the nobilization
stage of a project and thereafter as new participants are added, the team
at nosphere is established and strengthened through neetings. The first
neetings are primarily for the purpose of assuring that all participants
understand the contract and their roles, authorities, and coordinating
responsibilities. It is during these nmeetings that problem areas are
anticipated and solutions are offered. These neetings are a feature of
proactive managenent and enphasi ze participation by all players.

Thr oughout the project's life, periodic and special neetings are held to

revi ew status and plan ahead. Wekly nmeetings will be required to plan
work for the com ng week. The Look-Ahead Schedule will be reviewed at
| east monthly. Special nmeetings will be called to resolve crises.

Mat eri al s Managenent

An i nmportant component of the total managenent systemutilized on a
project is the Materials Managenent System (MVS). Materials managenment is
concerned with the total process of materials identification, ordering,
vendor docunents, fabrication, expediting, delivery, receipt and
i nspection, storage, and issue. As a consequence, the players in the
process are many: engi neers, purchasing agents, expeditors, quality
i nspectors, project control engineers, warehouse personnel, and foremnen.

Wth so many players in the M5, it is essential that their activities be
coordi nated and tracked. Thus, one individual on the staff should be
designated as Materials Coordinator. This individual is to be the single
source of information on all materials activity, and thus will serve as the
eyes and ears of the project manager on this subject. The Materials
Coordinator will require and maintain a variety of reports that provide the
up-to-date status of all materials, and will be a key participant in al
weekly planning neetings. The Materials Coordinator is |ogically assigned
as a menber of the Project Controls staff since materials tracking should
be part of the project's integrated control system which is managed by
that staff.
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Pl an of the Wek

The Look- Ahead Schedul e described in Chapter 3 is based on the best
pl anning information available at the time, but still contains
uncertainties such as crew, materials, and equi pnment availability. The
next step is to validate this schedule. To do this, each of the work
packages in at |least the first nonth of the Look-Ahead Schedul e are
examined in detail. For each work package, the crew, materials, specia
tool s, and equi pnment requirements are identified for each estimted day of
duration. This is done by the foreman nost closely associated with that
work. A listing of the material itenms and special tools is given to
Materials Control, which is required to identify those itenms on hand or to
provide information on their projected availability. This will produce a
cat al og of near-term work packages for which materials are expected to be
avai |l abl e. Then during the weekly planning nmeetings, the various foremen
and superintendents review those work packages whi ch have the potential for
starting. While keeping in mnd the need to conformto the Look-Ahead
Schedul e as cl osely as possible, they bal ance crew, tools, and equi prent
availability with materials availability and produce the Plan of the Wek
Once this is agreed to, Materials Control is requested to put the materials
and tools for each work package on hold until authorized for release by the
responsi ble foreman. Materials Control may be requested to pre-position
items for crews each work day.

The above process has a nunmber of advantages. First, it will stinmulate
any expediting action needed to make materials available. Second, it
provi des the best assurance of avoiding |lost tine through non-availability
of tools, equipnent, and materials. Finally, it is an excellent
partici pati ve managenment technique that involves the field production
personnel in the detailed planning of their work. This effectively comits
themto the plan and is the best assurance that it will be carried out.

Owner Changes

On any project, the contractor should expect to receive owner-approved
changes. Any fixed-price construction contract should contain a Changes
Cl ause which establishes the owner's rights to make changes and the
mechani sm for accommodating them Since any change whet her additive or
deductive constitutes a change in the scope of work, a change in the budget
and/ or schedule normally will be required. On a fixed-price contract, the
amount of budget and schedul e change is usually negotiated between owner
and contractor based on a proposal subnmitted by the contractor. Once the
budget and schedul e changes are approved, the Current Control Budget and
Current Control Schedule are revised to reflect them

36



On a fixed-price contract, some changes to the scope of work may not he
consi dered as changes within the neaning of the Changes C ause. A classic
exanple is a piece of work overl ooked by the contractor when bidding on the
contract. Such work was part of the scope of work fromthe owner's
viewpoint, even if not included in the contractor's plan and budget. Such
changes nmust be reflected in the contractor's schedule. As for budgets,
the contractor may want to redistribute avail able budgets to cover the
omtted work. A contingency all owance included in the budget for this
purpose is helpful in this case. 1In any event, the contractor can expect
no nmoney or time extension fromthe owner in this situation

Budget Variance Managenent

The total budget for the project will be distributed over the CBS.
Actual costs then will be recorded agai nst these accounts so that cost
control is possible, account by account. However, as pointed out in
Chapter 5, the dollar figures only indicate whether an account is over, on
or bel ow budget; it does not identify the source of any problemif there is
one. |In fact, as also pointed out in Chapter 5, a favorable variance in an
account cannot be assumed to nmean that all is well within the account - an
unf avorabl e situation may be masked by a favorable one. For exanple, the
costs in a work account are a function of the anpbunt of work, the costs of
materi al s and equi pnment, the wage scal es of the workers, and worker
productivity. A bad quantity estimate, higher than anticipated wage
scal es, higher materials costs, and poor productivity are all suspect in
case of cost overruns. Thus, real budget control includes the use of
i ndi ces, factors, and various charts of the type illustrated in Chapter 5
as tracking tools.

Schedul e Vari ance Managenent

It is highly unlikely that actual progress will exactly mrror that
pl anned on the Current Control Schedule. Despite this fact, and as
expl ained in Chapter 3, the Current Control Schedule will remain the
schedul e goal for the project. |If things are proceedi ng ahead of schedul e,
there is no problemunless one is forced into a holding pattern while
awai ting material delivery or conpletion of work by others. Such a
di sruption with the attendant |ayoff and rehiring of personnel wll affect
wor ker noral e and productivity, and should be avoi ded through better
| eveling of work |l eading to the constraining dates.
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Fal | i ng behind schedule is another matter, particularly if it involves
critical path activities, since the conpletion of the project by the target
dat e becones jeopardized. Managers then |ook for a neans to conpress the
schedul e. Schedul e conpressi on can be achi eved by several nethods,

i ncluding the follow ng:

Revi se schedule logic. A conplete review of the project's |logic may
reveal sonme artificial constraints, faulty logic, or excessive
durations that had been included, which if corrected, could permt
reschedul ing of remaining work within remaining tine.

Wor k met hods anal ysis. Through tine-|apse photography or other

met hods, study existing crew conpositions and methods for
acconpl i shing work for discovering nore efficient, |less time-consum ng
nmet hods using ot her equi prent, different crew conpositions, revised
work | ayout, or better work sequencing. For exanple, a night crew

m ght be established to preposition all materials for a day crew so
that the day crew does not consune so much tine in materials handling.

Multiple shifting. |f adequate skills are available, work may be
schedul ed over multiple shifts. This nmay cause some reduction in
overal |l productivity because of overlap and coordination probl ens
bet ween shifts.

Overtime. Work selective overtime. This has the disadvantages of
hi gher wage rates and potentially | owered productivity on an extended
basi s.

Materials substitution. |If delays are being caused by |ack of
specified materials, it may be possible to substitute an acceptabl e,
readily available item

Bonus incentive program Establish a one-tine crew bonus for achieving
a mlestone date.

Val ue engi neering. Although value engineering is primarily associ ated
with the design engineering phase of a project, there may be sone
potential during the construction phase for changing the design of
some project component which has yet to be constructed, the new design
requiring less time for construction. For exanple, a cast-in-place
wal | m ght be changed to tilt up.

Constructability studies. These studies also have their greatest

i nfluence if conducted during design engineering, but still have
potential during construction. For exanple, an item schedul ed for
field erection/assenbly m ght be handl ed using off-site prefabrication
with only final installation required at the site.
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Addi ti onal suggestions are contained in the forthconming CIl publication,
Schedul e Conpr essi on.

If critical path activities are on schedule but there is | ess overal
wor k bei ng done than scheduled (i.e., not enough work is being done on
noncritical activities), the field managers nust hire additional crews or
t ake whatever other action is appropriate to bring the |evel of non-
critical work up to plan. Should this condition be allowed to continue,
some non-critical activities will probably beconme critical and will only
add to the schedul e nanagenment probl em

Conti ngency Managenent

The construction planners hopefully have included within the project
budget an amount for contingency, which will have been cal cul ated using
nodern ri sk managenent techni ques. Such an amount is to cover known itens
of risk (knowns), potential items (known unknowns), and unforeseen itens
(unknown unknowns). It is appropriate to have both a budget and a schedul e
conti ngency account.

Assigning responsibility for the usage of contingency funds nust be
established at the outset. Wth the anobunt of actual contingency spendi ng
a maj or concern, the nmovenent of funds nmust be explicitly identified and
control l ed throughout the Iife of the project. Control is further enhanced
by limting the nunber of persons with spending authority and the anopunt
that each is allowed to spend. |In addition, it is beneficial to allow
those with spending authority to have an input in the establishment of
funds.

As for budget, a contractor may choose to nmaintain a bul k contingency
account from which funds are w thdrawn on an as-needed basis. The
di sadvantage is that all available funds nay be withdrawn to support
probl em accounts early in the project; these accounts then show no variance
in final accounting, while |later accounts, |acking any backup, will show
all the variance. It is better if the contingency account is allocated by
peri od across the project based on relative risk. This pronotes closer
managenment of contingency. Figure 12 provides an innovative format for
managenment of contingency when this is done. Note that for each reporting
peri od, the overruns (+) or underruns (-) are item zed along with the
al l ocated contingency for that period. When these are netted out, the
overall overrun/underrun situation for the period is cal cul ated and shown.
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REPORT NO. . PROJECT
REPORT DATE Contingency Account AFE NO.

Variance Register JOB NO.

- 4+ ;
Report Description Cost {22 Period

Report No. Date (All Costs Shown in 1,G007s) Forecast Change

1 7/31/87 NET FORECAST CHANGE . ..... ... | ... | ..... + 9.8
A) Target Cost Subcontracts: Onsites
1. Additional Scaffolding Costs +

1. Electrical Labor Escalation + 18.4
B) Target Materials: Onsites

1. Complete Tower Account —

2. Piping, Requalify Welders +

3. Miscellaneous +
C) Planned Contingency Reduction —

2 8/31/87 NET FORECAST CHANGE .......... | ...... ...+ 10.0
A) Increased Cost Contractor Strike + 2

B) Provide Power to Control Room +

) Planned Contingency Reduction -1

3 9/30/87 NET FORECAST CHANGE . ......... | ...... .. — 422
A) Capitalized Strike Cost for Nov. +
B) Drawing Escalation +
C) Miscellaneous Offsite Electrical +
D} Planned Contingency Reduction —

Figure 12. Contingency Account Variance Register

As for schedule, the contingency time is best distributed to provide
flexibility preceding each key nmilestone in the project, particularly if
those m | estones have bonuses or penalties associated with their
achi evenent. Managenent of schedul e contingency is handl ed through
conparison of critical path total float to contingency. Schedule
contingency is a critical path activity.

As the project progresses and funds deplete, forecasts nust be updated.
A Contingency Status Graph can be drawn to depict planned and actua
spendi ng of contingency funds. Wen conparing the differences,
consi derati on shoul d be given to any project changes that have shifted the
rate of contingency spending. The changed rates could either place a
greater ampunt of risk in the early stages (producing an inplied
contingency deficit) or in a |later phase, which would indicate a surplus.
In either case it is nmanagenent's responsibility to be aware of these
potential changes and to make all owances for them Managi ng contingency
funds is a vital phase in a project's quest for cost control. As the
i mpact of construction risks increases, so nmust the anmount of control over
conti ngency.

More on the subject is contained in a forthcoming CIl publication,
Construction Project R sk and Contingency.
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7. SUMVARY

The potential for the success of a construction project is largely
dependent upon the quality of the project controls system and staff
assigned be cause that function is really the eyes and ears of managenent.
Lacking this function or operating with a substandard systemis equival ent
to operating in the blind.

Project controls is concerned with cost, schedule, and materials control
These areas are extrenely interrelated, and therefore the system nust be
designed to assure full accountability for their interrelationships. As is
so often stated, there nmust be integrated project control

Cost control is not cost accounting. The Cost Breakdown Structure
provi des the basic structure for cost control and establishes the Control
Budget; its structure differs significantly fromthe structure for cost
accounting. It is designed to catal og budgeted and actual expenditures for
purposes of identifying cost problens, establishing cost trends during the
course of the project, and to provide val uabl e cost data for the planning
of future projects. Since the major cost variable on a construction project
is |abor productivity, a major conmponent of the cost control subsystemis
the tracking of work-hours in parallel with quantity tracking.

Schedul e control requires the establishment of a Control Schedul e at the
outset of construction. This is the reference docunent for schedul e
pl anning and is nodified only as a result of owner-approved changes.
Wor ki ng Schedul es reflect the realities of progress to date and the plan
for the short term |In all cases, the Wrking Schedul es shoul d be pl anned
to keep the project as close to the Control Schedul e as possible. The
desi gn of schedul es should be such that they are realistic and a positive
pl anning tool. Control Schedul es which are too detail ed soon |ose their
useful ness because they invariably contain arbitrary or false |ogic and
field personnel no | onger have confidence in them A sure sign of schedule
pl anni ng failure occurs when project control engineers can be found
spending all their time updating schedules while the field personnel are
pl anning their work as best they know how and sinply reporting the results.

Materials control is one of the included functions of a Materials
Managenment Program Since materials deliveries directly affect the ability
to schedul e work, materials tracking should be a subsystemw thin the
project controls systemand tied to the scheduling system The source of
materials tracking information will come from procurenment and expediting
personnel, and positive coordination and cooperation with those personne
nmust be established and maintai ned throughout the project's life.
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The Project Controls Section nmust be staffed by personnel know edgeabl e

about field operations. It should not be treated as an accounting or data
processing activity, and should report directly to the field project
manager. |t should not share a conputer systemw th another function if

that sharing in any way denies the availability of the conputer or printers
to project controls. The project control engineers nmust be able to access
dat abases and prepare reports for managenent at all tines and on short

noti ce.

Finally, the system nust be designed to neet specific contractua
requi rements plus the traditional needs of the contracting parties.
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BAC

FERC

SPI

APPENDI X

ACRONYMS USED

Actual Cost of Work Performed

Arrow Di agram Met hod (of CPM Schedul i ng)
Budget at Conpl etion

Budget ed Cost of Work Perforned
Budget ed Cost of Work Schedul ed

Cost Breakdown Structure

Constructi on Manager or Construction Managenent
Cost Performance | ndex

Critical Path Method (of Scheduling)
Cost/ Schedul e Control System Criteria
Cost Vari ance

Credit Work-Hours

Depart ment of Defense

Depart ment of Energy

Each

Estimate at Conpl etion

Engi neering, Procurenment, and Construction
Ear ned Wor k- Hours

Federal Energy Regul atory Commi ssion
General Contractor

Li near Feet

M nority Business Enterprise

Mat eri al s Managenent System

Precedence Di agram Met hod (of CPM Schedul i ng)
Productivity | ndex

Quantity Adjusted Budget

Schedul e Performance | ndex

Schedul e Vari ance

Unit of Measure

Worman Busi ness Enterprise

Wor k Breakdown Structure

Wor k- Hour
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