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COMPUTER-AIDED FINAL DESIGN COST
ESTIMATING SYSTEM OVERVIEW

1 InTRODUCTION
Background

Construction is the process of converting labor, ma-
terial, and equipment into buildings. Cost estimating is
the process of estimating the cost of construction prior
to its accomplishment. The government estimate, which
is required for all new Military Construction projects
and for modifications over $25,000, is a detailed esti-
mate prepared after design is completed. This estimate
serves three main purposes:

1. To determine the fair and reasonable cost to the
Government for performing the work by construction
contract

2. To evaluate bids and identify possible bidding
errors

3. To aid in determining intermediate progress pay-
ments to the construction contractor

To meet these objectives, an estimate must be com-
plete (i.e., include all construction tasks required to
construct the building), accurate (i.e., free of arithme-
tic errors), and presented in sufficient detail and in a
format that clearly indicates the thoughts and judg-
ments of the estimator. Developing an estimate which
meets these criteria requires the estimator to perform
a number of routine tasks as well as exercise profes-
sional judgment. Computer assistance with routine cal-
culations, storage, and retrieval of cost estimating data
would free the estimator to concentrate more on the
professional judgment aspects of cost estimating.

Objective and Scope

The objective of this study is to develop a computer-
aided cost estimating system to help cost estimators
prepare detailed final design construction cost esti-
mates. It is not the intent of this work to completely
automate the preparation of cost estimates. because
the most important element of any estimate the pro-
fessional estimator’s experienced judgments about the

specific project under consideration—cannot be pro-
grammed. This report provides an overview of the
proposed system.

Approach

The repetitive nature of the construction tasks re-
quired to build typical Military Construction projects
provides the basis for the proposed computer-aided
final design cost estimating system which is described
in Chapter 2. A Task Cost Guide, a master list of com-
monly encountered construction tasks with unit costs,
will be developed based on this principle. The Task
Cost Guide will be organized by building systems and
subsystems to provide the degree of standardization
necessary to compare different project estimates and
to provide a vehicle for passing on the experience of
professional estimators. Chapter 3 presents proposed
data development and maintenance procedures for the
Task Cost Guide.

USE OF THE COMPUTER-AIDED COST
2 ESTIMATING SYSTEM

General

The computer-aided cost estimating system will be
used in four phases:

1. Quantity survey. The user performs the quantity
survey and transfers the results to the computer-aided
cost estimating system.

2. “First-pass cost estimate. The computer-aided
cost estimating system develops a “first-pass™ construc-
tion cost estimate from the user-supplied quantity sur-
vey and the computer-resident Task Cost Guide.

3. Cost engineering. The user performs a cost en-
gineering review and analysis of the most cost-signifi-
cant tasks. The adjustments made during cost engineer-
ing analysis will result in a final estimate that is tailored
to the anticipated project-specific conditions.

4. Final cost estimate. The computer-aided cost
estimating system produces the final cost estimate.

The following sections detail how the four phases
will be performed when the system is operational.




Quantity Survey

The user will perform the quantity survey (takeoff)
manually for each required construction task, using the
Task Cost Guide as a checklist to insure that all re-
quired construction tasks are included in the estimate.
The user will then input the results of the quantity
survey (i.e., required tasks with quantities) via remote
terminals (on-line mode) or keypunched cards (batch
mode ).

On-line input will be supported by allowing the user
to interactively scan the Task Cost Guide and post
task quantities against each required task. Interactive
scanning allows the user to look at only those portions
of the Task Cost Guide that are applicable to the
specific project under consideration. Input will be ac-
complished by typing the task identification number,
unit of measure, and required quantity on the remote
terminal keyboard for each required construction task.

Batch input will be provided for large volume input.
In this mode, the quantity surveyor will use a hard
copy of the Task Cost Guide to identify tasks and will
write the task number, unit of measure, and required
quantity for each required construction task on key-
punch forms. The cards will be keypunched and loaded
on the computer.

For tasks required in the project but not included in
the Task Cost Guide, the estimator may either (1) se-
lect a related task for development of the “first-pass™
cost estimate and adjust the related task as necessary
during the cost engineering phase, or (2) define a new
user task for this project estimate.

“First-Pass’’ Cost Estimate

The computer-aided cost estimating system will cal-
culate a “first-pass’ cost estimate based on the task
quantities from the quantity survey and task unit costs
from the Task Cost Guide. This “first-pass™ estimate
will be calculated by extending the task unit costs
times the quantities and summing over all tasks.

Several ways of presenting the “first-pass™ cost es-
timate to the cost estimator will be provided. The user
will be able to request cost reports formatted by de-
scending order of task cost. by building systems. and by
construction trade categories. The estimator will also
be able to specify the level of detail in which the task
costs are reported. The most detailed level of task cost
reporting will display the detailed derivation of the
task unit cost from its basic efements of task produc-

tivity, labor, material, and equipment requirements and
rates, and the total extended task cost. The summary
level of task cost reporting will display the task unit
cost by labor, material. and equipment unit cost com-
ponents, and the total extended task cost.

Cost Engineering

Cost engineering is the application of experienced
professional judgment to the analysis and estimation
of construction costs. The most reasonable way to
conduct this analysis is in the same terms as the con-
struction itself~is performed: i.e., through the analysis
of construction tasks that are defined in terms of the
basic construction elements of labor, material, and
equipment. Since construction projects consist of a
large number of tasks, detailed analysis and develop-
ment of task costs from scratch for each individual
task would be prohibitively expensive. Fortunately,
two factors make this unnecessary.

First, all tasks are not equally significant; minor
changes to tasks with small quantities and unit costs
will not have the same impact on the total estimated
cost of the project as minor changes to tasks with large
quantities and unit costs. The 80/20 rule. a rule of
thumb that has been found valid in a number of busi-
ness applications, describes this distribution of cost sig-
nificance. This rule, when applied to cost estimating,
states that 80 percent of the total estim-ted cost of a
typical project is accounted for by 20 percent of the
required tasks.

Second, the repetitive nature of construction allows
predefinition of tasks under the assumption of “nor-
mal” construction conditions and “average” costs for
labor, material, and equipment to a degree of “accur-
acy™ that is sufficient for the less significant tasks
within the total project. Since the 80 percent of tasks
that account for only 20 percent of the total cost will
typically include a relatively large number of tasks. the
minor errors will tend to balance out.

Hence, cost engineering refinement can be practiced
by analyzing and adjusting the most significant tasks
in the project. The “first-pass™ estimate provides the
necessary perspe«tive for determining the significance
of each indivicaal task to the total estimated project
cost. Using the appropriate presentations of the “first-
pass” estimate. the cost estimator can review the de-
tailed development of the task unit cost for the most
significant tasks: these tasks might. for example. be de-
fined as those costing over $5.000 or 2 percent of the
total estimated project cost.
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This review will acquaint the estimator with the as-
sumptions used in developing the “first-pass” task
costs. To tailor the “first-pass” estimate to a project-
specific final estimate, the estimator must know these
assumptions and be able to change any or all of them.
The system will allow the estimator to adjust the task
productivity and the labor, material, and equipment
requirements from “normal” construction conditions
to the appropriate values under the anticipated project-
specific conditions. The estimator will also be able to
review and adjust labor, material, and equipment rates.
For instance, the estimator could replace the “average”™
regional rate of high cost/quantity materials with direct
vendor quotes.

This same analysis can be applied to any task whose
unit cost the estimator feels may be wrong. Additional
tasks of lesser cost significance can also be analyzed if
time permits.

The computer-aided system will support the cost
engineering review and data adjustment interactively,
allowing the user to control the information and level
of detail that is displayed. The system will also provide
the estimator with immediate feedback on the results
of adjustments by recalculating and displaying the new
total estimated cost.

Final Cost Estimate

The final estimate is the estimate of the total pro-
ject cost after all cost engineering is completed. The
computer-aided cost estimating system will allow the
estimator to structure the cost estimate by prime and
subcontractor work, and will have provisions for in-
cluding cost estimates for general conditions, overhead.
and profit. This structuring of the estimate will fa-
cilitate evaluation of contractors’ bids.

DATA DEVELOPMENT,
ORGANIZATION, AND
3 MAINTENANCE

Data Development

The Task Cost Guide will be compaosed of construc-
tion tasks defined in terms of the labor. material. and
equipment required to perform the construction opera-
tion. Figure | shows an example task definition. For
this example, it was estimated that under “normal”
construction conditions, a roofing crew of seven roof-

ers would place 13.0 squares of hot asphalt membrane
roofing per hour and would require a roofing hoist
and kettle 100 percent of the placement time. It was
also assumed that 1.11 squares of felt and 351b (16
kg) of asphalt are required for each “in-place™ square
of roof covering. This means that on the average, 0.11
squares or 11 percent of felt per square of roof cover-
ing are lost through cutting waste, etc., and that the
asphalt is sprayed at a nominal rate of 351b (16 kg) per
square.

The Task Cost Guide will contain task unit costs
calculated as shown in Figure 2. For this example. the
labor, material, and equipment rates shown were as-
sumed to represent reasonable “‘average™ rates for the
geographical region of interest. The calculation is a
straightforward extension of requirements and rates.
The resultant task unit cost is $10.92 per square of
asphalt felt membrane; this total is composed ot $5.10
labor unit cost. $5.30 material unit cost. and $0.52
equipment unit cost.

Based on the intendad use of the Task Cost Guide
(calculation of a “first-pass™ estimate). the 80/20 rule.
and existing commercial task cost guides. it is esti-
mated that approximately 15,000 construction tasks
will provide reasonable coverage of the most common-
ly encountered tasks for Military Construction pro-
jects. (Means' includes over 17.000 unit prices. Dodge?
has approximately 10.000. and the Building Cost File?
contains approximately 15,000 construction items.)

It 1s further estimated that approximately 200 labor,
15,000 material. and 1000 equipment items will sup-
port the 15000 construction tasks. Labor. material.
and equipment rates can be determined for as many
geographical regions as desired to provide for the cal-
culation of regionalized Task Cost Guides.

Corps of Engineers cost estimators should be actively
involved in identifying and defining the construction
tasks for the Task Cost Guide to insure that the ap-
propriate tasks. defined in accordance with Corps Guide
Specifications. are included. Determination of the la-
bor, material. and equipment rates. while time con-
suming. is relatively routine.

‘Bmhlmy Construction Cost Data, 34th annual edition (Rob-
ert Snow Means Company. Inc., 1976).

zl)ndur Manual tor Butlding Construction Pricing and Sched
wling, 11th annual editon (Dodge Building Cost Services,
1976).

*Building Cost File. 1976 Unit Prices Central Edition. Sth
annual edition (Construction Pubhshing Company. Inc.. 1976).
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Data Organization

The Task Cost Guide will be organized in accor-
dance with the UNIFORMAT, which is a structure
that breaks buildings into major systems, systems into
subsystems, etc. The UNIFORMAT will provide the
estimator with a uniform format for preparing and
checking final design estimates. In addition to provid-
ing uniformity and supporting the quantity survey by
providing a checklist to insure that all the tasks re-
quired to construct a system are included in the project
estimate, the systems approach is highly compatible
with construction network scheduling and with mea-
surement of job progress for intermediate payment.
The UNIFORMAT also supports accumulation of his-
torical costs of past projects on a building systems
basis for use in preparing future project estimates.

Table 1 shows the 16 UNIFORMAT systems. Table
2 shows how the Roofing system is divided into seven
subsystems, which are further subdivided. The task de-
fined in the previous section—asphalt felt membrane—
would appear under Membrane Roofing within the
Roof Coverings subsystem of the Roofing system.

Data Maintenance

Centralized maintenance of the Task Cost Guide is
proposed to insure orderly evolution of the system.
Monitoring the Corpswide use of the Task Cost Guide
will indicate which tasks have become obsolete and
should be dropped and what new tasks are required.
Economy of effort can also be realized by centralizing
some of the data maintenance. Centralized maintenance
of labor rates is not proposed, since there are relatively
few labor items and individual Corps Districts have
the rate information readily available through their
Davis-Bacon wage surveys. Centrally maintaining the
material rates for one base location in the country-
for example, Washington, DC—is proposed. Translat-
ing the base location rates to other geographical re-
gions by using location adjustment indices will save
effort and provide sufficiently accurate rates for the
less significant tasks.

The central office should continually update the
“average’ material rates for the base location to main-
tain the degree of accuracy necessary for the “first-
pass” estimate. The “‘average™ material rate should be
determined from three to five direct vendor quotes.
Assuming 15,000 material items and 250 workdays per
year, semiannual updating would require that an aver-
age of 120 material items be updated daily. It is esti-

10

Table 1
UNIFORMAT Systems

BUILDING:

01 — SUBSTRUCTURE

02 — STRUCTURAL FRAME

03 — ROOFING

04 - EXTERIOR WALLS

05 — INTERIOR WALLS

06 — INTERIOR FINISHES

07 — SPECIALTIES

08 — PLUMBING

09 - HVAC

10 - SPECIAL MECHANICAL SYSTEMS
11 - ELECTRICAL

12 — SPECIAL ELECTRICAL SYSTEMS
13 — EQUIPMENT AND CONVEYING

SITEWORK:

14 — SITE PREPARATION
15 — SITE IMPROVEMENTS
16 — SITE UTILITIES

Table 2
UNIFORMAT Roofing System

03 ROOFING

1

ROOF COVERINGS

1 MEMBRANE ROOFING

2 SHINGLES & ROOFING TILE

3 PREFORMED ROOFING PANELS

TRAFFIC TOPPING & PAVING

1 ELASTIC SHEET SURFACE MEMBRANES

2 FLUID APPLIED SURFACE MEMBRANES

3 WATERPROOFING MEMBRANES BELOW
PAVING

4 SLATTED ROOF DECKS & WALKWAYS

ROOF INSULATION & BARRIERS

1 VAPOR BARRIERS

2 ROOF & DECK INSULATION

FLASHINGS & TRIM

1 ROLLED TYPE

2 PREFORMED TYPE

3 EXPANSION JOINTS & COVERS

GUTTERS & DOWNSPOUTS

1 GUTTERS

2 DOWNSPOUTS

3 ACCESSORIES

MISC. ROOF SPECIALTIES

1 SNOWGUARDS

2 ROOF RAILINGS

ROOF OPENINGS

1 SKYLIGHTS

2 HATCHES

3 GRAVITY ROOF VENTILATORS
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mated that this method of maintaining material rates
will require approximately 2 man-years of effort per
year. This maintenance could be accomplished by in-
house central office effort or by contract effort.

The location adjustment indices should be developed
and maintained by material categories. The 15,000 ma-
terial items should be categorized into approximately
S0 categories, with a lead material item identified for
each category. Location adjustment indices for each
material category would be determined by dividing the
“average” lead material rate for the project location by
the “average” lead material rate for the base location.
Each District could maintain as many sets of location
adjustment indices as desired by updating the 50 lead
material rates as required.

Maintenance of equipment rates in a similar manner
is proposed. The central office should determine base
location rates semiannually for the 1000 equipment
items in accordance with the procedures contained in
the Construction Equipment Cost Guide.® Location
adjustment indices based on equipment-related costs
such as fuel and tire costs should be developed by each
District as required.

4 concLusIONS

The proposed computer-aided final design cost esti-
mating system described in this report will ficlp cost

‘E. Neely, Construction Equipment Cost Guide, Technical
Report P-52/ADA016788 (U. S. Army Construction Engineer-

ing Research Laboratory, 1975).

estimators prepare detailed final design construction
cost estimates by freeing them from routine tasks, thus
allowing them to concentrate on the professional as-
pects of cost estimating. The system takes advantage
of the repetitive nature of construction tasks and the
80/20 rule of cost distribution. The system will sup-
port good cost engineering practices by generating a
“first-pass” estimate that includes the documentation
of imbedded assumptions, and by providing the esti-
mator with the capability to change any or all assump-
tions. The Task Cost Guide can be maintained with
current regionalized costs through centralized updat-
ing of base location rates and location adjustment
indices.

REFERENCES

Building Construction Cost Data, 34th annual edition
(Robert Snow Means Company, Inc., 1976).

Building Cost File: 1976 Unit Prices Central Edition,
Sth annual edition (Construction Publishing Com-
pany Inc., 1976).

Dodge Manual for Building Construction Pricing and
Scheduling, 11th annual edition (Dodge Building
Cost Services, 1976).

Neely, E., Construction Equipment Cost Guide, Tech-
nical Report P-52/ADA016788 (U.S. Army Con-
struction Engineering Research Laboratory. 1975).
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Los Argeles

ATTN Library
San Francisco

ATIN: Chief, Enqr Div
Sacramento

ATTHN: Chief, SPKCO-C

ATTN: iibrary, Room &307
Far Last

ATTN: Chief, Engr Div
Portland

ATTN: Library
Walla Walla

ATTIN: Library

ATTN: Chief, Engr Div
Alaska

ATTN: Library

ATTN:  NPADE-R
Seattle

ATTN: Chief, NPSCO

ATTN:  Chief, EN-DB

US Army Engineer Division

turope

ATTN: Technical Library
New Enqland

ATIN:  Library

ATIN:  Chipf, NEDED-C
North Atlant i

ATIN: Library

ATTN: Chief, NADEN
South Atlanti

ATTN: Chief, SADCO

ATTN: Library
Huntsville

ATIN: Library (2)
Lower !Mississippt Valley

ATIN: Library
Ohto River

ATTN: Chiet, Engr Div

ATIN: Library

FAM

US Army Engineer Division

North Central

ATIN: Labrary
Missaury River

ATIN: Library (7)

ATTH Chiet, tngr Uiv
Southwestern

ATIN:  Library

ATIN:  Chief, SWOCO-CA
Pacific Ocean

ATIN:  Chief, ingr Diy

ATIN:  FMRS Eranch
fiurth Pacify

ATIN: Chief, Lugr Uiv

facilities Engineer

Carlisle Barracks, PA 17012
Ft Campbell, vy 42073
FORSEOM

Ft Devens, MA (11433

Ft McPherson, GA 3033

Ft Sam Houston, TX 7#234

ft Carson, (0 809171

Tt Lewis, WA 98433
DSCPER

West Point, NY 1099€
USATCFE

Ft tustis, VA 23604
USALC (2)

Ft Benning, GA 31909
USAAVNC

Ft Rucker, Al 3636!
CACAFL (3)

Tt Leavenworth, K5 66027
AMC

Dugway, UT 24022
ACC

Ft Huachuca, AZ #5613
TRADOC

Ft Dix, NY 08630

Ft Monroe, VA 23651

Ft Lee, VA Z3t01

ft Gordon, GA 3090%

Ft McClellan, AL 36201

Ft ¥knox, %Y 4012)

Ft Leanard Wood, MO 65473

ft Chaffee, AR 72905

Ft Sill, OK 73503

Ft Sam Houston, TX 78234

Ft Bliss, TX 79116

us

HQ, 5th Inf Div & Ft Polk, LA 71459
HO, 7th Inf Div & Ft Ord, CA 93941

HO, 24th Inf & Ft Stewart, GA 31313
Hu, 1st Inf Div & Ft Riley, kS 66442

AF /RDXT
WASH DC 20330

AF/PREEC
Bolling AFB, DC 20332

AF Civil Engr Center/XRL
Tyndall AfE, FL 32401

Littie Rock AFB
ATTN:  314/DEEE (Mr. Gillham)

AFwl /DED
Kirtland AFE, NM £7117

Port Hueneme, CA 93043
ATIN: Library (Code LOKA)
ATIN: Moreeli Library

Washinaton, OC
TIN:

Ruildina Research Advisory Loard
ATTN:  Transportation Research Board

ATIN: Library of Conaress (V)

ATTN: Ffederal Aviation Administration
ATTN:  Dept of Transportation Library

pDefense Documentation Center (12)

fngineerinas Societies Librarvy
New York, Ny 1001

US Army/FESA
Bldg 358
Ft Belvoir, VA 22060

Each US Army Engr Div
ATTN: Chief of Estimating (¢

Each US Army Engr Dist
ATTN: Chief of Estimating ()




