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COMPUTER-AIDED FINAL DESIGN COST specific project under consideration-cannot be pro-
ESTIMATING SYSTEM OVERVIEW grammed. This report provides an overview of t h e

proposed system.

1 INTRODUCTION Approach

• Bad ground The repetitive nature of the construct ion tasks re-
quired to build typical Military Construction projects

• provides the basis for the proposed computer -aidedConstruction is the process of converting labor, ma- 
final design cost estimating system which is describedterial, and equipment into buildings. Cost estimating is
in Chapter 2. A Task Cost Guide, a master list of corn-the process of estimating the cost of construction prior 
monly encountered construction tasks with unit costs .to its accomplishment. The government estimate , which 
will be developed based on this principle. The Taskis required for all new Military Construction projects 
Cost Guide will be organized by building systems andand for modifications over $25,000, is a detailed esti-
subsystems to provide the degree of standardizationmate prepared after design is comp leted. This est ima te necessary to compare different project estimates andserves three main purposes: 
to provide a vehicle for passing on the experience of
professional estimators . Chapter 3 presents proposed1. To determine the fair and reasonable cost to the
data development and maintenance procedures for theGovernment for performing the ~uik by construction Task Cost Guide.contract

2. To evaluate bids and identify possible bidding
errors

USE OF THE COMPUTER-AIDED COST2 ESTIMATING SYSTEM3. To aid in determining intermediate progress pay-
ments to the construction contractor

General

S To meet these objectives, an estimate must be corn- The computer-aided cost estimating system will be
plete (i.e., include all construction tasks required to used in four phases:
construct the building), accurate (i.e.. free of arithme-
tic errors), and presented in sufficient detail and in a I. Quantity survey. The user performs the quantity
format that clearly indicates the thoughts and judg- survey and transfers the results to the computer-aided
ments of the estimator. Developing an estimate which cost estimating system.
meets these criteria requires the estimator to perform
a number of routine tasks as well as exercise profes- 2. “First-pass cost estimate. l’he computer-a ided
sional judgment. Computer assistance with routine cal- cost estimating system develops a “first-pass” construc-
culations, storage , and retrieval of cost estimating data tion cost estimate from the user-supp lied quantity sur-
would free the estimator to concentrate more on the vey and the computer-resident Task Cost Guide .
professional judgment asp ects of cost estimating.

3. Cost engineering. The user per forms a cost en-
gineering review and ana lysis of the most cost-signill-

Objective and Scope cant tasks . The adjustments made during cost engineer.
ing analysis will result in a final estImate that is tailored

The objective of this study is to develop a computer- to the antici pated project-sp ecit ic conditions.
aided cost estimating system to help cost estimators
prepare detailed final design construction cost esti - 4. Final cost estimate. [he ~omputer-aided cost
mates. It is not the inteni of t his w(’rk to comp letely estimating system produces t i te final cost est imate.
automate the preparation of cost estimates. because
t he most unporlarlt element of any estimate t t Ic pro The following SCLt IOI1S detail how the four phases
fessional estimator ’s e~ pcrienced judgments j bout tl~ ~ill he pert~ rined when 11w system is operational

S



• -U —— —-
~~~~

•—-- .

Quantity Survey tivity, labor , materia l, and equipment requirements and
rates , and t he total extended task cost. The summary

T he user will perform the quantity survey (takeoff ) level of task cost reporting will display the task unit
manually for eac h required construction task , using the cost by labor , material , and equipment unit cost corn-

• Task Cost Guide as a checklist to insure that all re- portents , and the tota l extended task cost
quired construction tasks are included in the est imate .
The user will then input the results of the quantity Cost Engineering
survey (i.e.. required tasks with quantities ) via remote
termina ls (on-line mode) or keypunched cards (hatch Cost engineering is tire application of experienced
mode ). proless iot ial judgment to the anal sis and estimat ion

• ot construction costs. The most reasonable wa~ to
On-line input wi ll be supported by allowing t h e  use r conduct this analysis is in the sante terms as the ~OIi-

to interactive ly scan the Task Cost Guide and post structi on itse i~~is performed: i.e.. through the analysis
task quantities against each required task , Interactive ut eonstructio tasks t hat are defined in terms of the
scanning allows the riser to look at only those portions basic construction elements of labor , materia l, and
of t he Task Cost Gj ide that are applicable to the equipment. Since construction projects consist of a
specific project tinder consideration. Input will be ac- large number of tasks , detailed analysis and develop-
complished by typing t he task identification number . nrent of task costs from scratc h for each individual
unit of measure , and required quantity on t he remote task would be prohibitively expensive . Fortunately.
terminal keyboard for each required construction task . two f actors ma ke this unnecessar y.

Batch input wi ll be provided for large volume input . First , all tas ks are not equally significant: minor
In tin s mode, the quantity surveyor will use a hard changes to tasks with small quantities and unit costs
copy of ’ the Tas k (‘ost Guide to identify tasks and will will not have the same impact on the total estimated
write tire tas k number , unit of measure , and required cost of the project as minor changes to tasks with large
quantity fur eac h required construction task on key- quantities and unit cost S . The 80/20 rule , a rule of
punch forms. The cards will be keypunched and loaded thumb tl~at has been found valid in a number of hirsi-
on t he co m puter . ness applications, describes this distribution of cost sig-

nificance . This rule, when app lied to cost estimating.
For tasks required in the project hut not included in slates t hat 80 percent of the total estirn -te d cost of a

the Task Cost Guide , the estimator may either (I ) SC typ ical project is accounted for by 20 percent of the
lect a related task for development of the “first-pass ” required tas ks.
cost estimate and adjust t he related task as necessary
during the cost en~ neering phase . or ( 2) define a new Second. the repetitive nature of construction a llows
use r task for this project estimate. prede tinition of tas ks under the assumption of “nor-

mal” construction conditions and “average ” costs for
“First-Pass” Cost Estimate labor . material , and equipment to a degree of “ recur-

acy ’ that is sufficient for the less significant tasks
The computer-aided cos t estimating system will ca l- within the total project . Since the 80 percent of tasks

culate a “first-pass” cost estimate based on the task that account for only 20 percent of the total cost will
quantities from the quantity survey and task unit costs typica lly include a relatively large number of tas ks, the
front t he Task Cost Guide , this “first-pass ” estimate m inor errors wi ll tend to balance out.
will be calculated by e”.tending the task unit costs
times tire quantitie s and sun1rnin~ over all tasks. h ence , cost engineering refinement can be practice d

In ami.dyiiiig and adjusting t he most significant tasks
Several wayS of ’ presenting t h e  “f irst-pass ” ~ i~ st es- in the proje ct. The “f irst-pass ” estimate provides t he

tinlate to the cost es t mi ir at tm r will he provided. Tile use r t lec.~ssary perspe . u s e  for determining the significance
will he able to request cost repolts formatted in dc of each indivi~~ial task to t he total estimated protect
scendingorder of t isk cost , by bui lding syste ms. and h~ cos t , Using t h e  appropriate presentations of tIre “first-
construction trade categories. TIte estimator will also pass ” estimate , t ire cost estimator can review the de-
be able to speci t y the Ic el I det iii in wit ich t lie task tailed development of the task urn t cost for t lie most
costs are reported. The most detailed leve l of task cos t s ignificant tasks ’, these tasks might. tot e~atnp lc - he de-
reporting will disp lay the det a iled derivation of the lined as those costing river $5 ,000 or percent of the
tas k unit cost tro rt i its basic ele m ents of ta sk produc- tota l estimated project cost.

6 



This review will acquaint the estimator wit h time as- ers would place 13.0 squares of irot asphalt mmremrr brane
sumptions used in developing t ire “first-pass ” tas k roof ing per hour and would require a roofing hoist
costs. To tailor the “first-pass” estimate to a project- and kett le 100 percent ot tire placement time. It s~as
specific fi n a l esti m ate , t ime estimator m ust know these also assu m ed tira t I .11  square s of f e lt and 35 lb t In
assumptions and he able to c h a n ge arty or all of them. kg) of asp halt ire required for each “in-p lace ” square
T he system wil l allow time estimator to adjust tire task of roof covering. Th is means that on the average. 0. 11
product ivrty and tire labor, material , and equipment squares on II perc eTrt of felt per square of roof cos el -

requirements front “normal” construction conditions ing are lost tirroug li cutting waste , etc., and t lrat t ire
to the appropriate values under time anticipated project- asphalt is sprayed at a nominal rate of ’ 35 lb (16 kg) per
specific conditions. The estimator will also be able to square.
review and adjust labor , materia l, and equipm ent rates ,

• For irrstance . t l rc est imator could replace the “average ” TIre Task Cost Guide will contain task unit costs
• regional rate of high cost/quantity materials with direct calcu lated as shown in Figure 2. For tf tms exanrp !e. tire

vendor quotes. labor . nrateria l, and equipm ent rates st iown we re as-
sumed to represent reasonable “average ” rates si r  tire

This sam e anal ysis can be app lied to airy tas k wirose geographical re~ on of interest . TI re calculation is
unit cost t Ire estimator feels may be wrong. Additional straig htforward extension i i ! requ r rem i rents and ra tes ,

tasks of lesser cost signi ficance can also he analyzed if The resultant task unit cost is ‘s lo. 92 per squ are of
t im mre permits. asp h alt felt nrerrrbrane : this total is composed of S~ . I

labor unit cos t . S5.30 material unit cost • and ~~~~

The computer-aided syste m w ill support tire cost Cquipnlemlt unit cost -

engineering jevie w ,urrd data adju s tmr r emr t interactive ly.
allowing the rise r to control the imrformrra t ion and level Based on the rmi te mid-~d use of tire Task (‘ t i s t (,uidc
of detail t irat is displayed. The sys t em rr will also provide (calculation of .u “first-pass ” estim i rate I. t Ime ~O 20 r ile .
t he estimator wit h irtr miied iate feedback on tire res u l ts and ex rst ir rg co rm rrr rercia l tas k Cost grades, t is est i-
of ’ adjustments 1w recalculating and displaying t!re new mated that app ’oxmm rr a te iy 15.000 coi rstruct io r r t as ks

tot .ii estimated cur~I, 
will provide reusom rable coverage of tire irrost conrrrron-
ly encountered task s for Military Construction pro.

Final Cost Estimate jects. (Means ’ includes ove r I 7 .000 urrit prices. lIodge 2
h a s  approxi irrate ly 10.000 , and tire Buildiirg Cost File 3

The final est imi rate is tire estinrate of tIme total pro- contains approxinr~rte lv 15.000 com rst r ’ucti o n i t er mr s .
ject cost after all cost engineering is completed. Tire
computer-aide d cost estimating sy st e r rr will allow time It is furt h er estinr ated tirat ap pro smnu a rel~ 200 labor,
estin rator to structure t ime co s t e s tr mir at c by prim e and 15 ,000 materia l, and 1000 equipment mtemrrs will sup-
subcomrtract or wor k, and will h ave provisior rs for i t t -  port time 15,000 const ruct iomr tasks. Labor. t mt at er ial .
eluding cost esti m rr um fes for general condiiions . overlread. and equipment rates can he dete rn rmn ed to as mlranv
and profit. Th is str u cturing of t i r e esti m ate will hi- geo~~ap lrical re~~oris as desired to provmde tot the ci i
ci litate evaluation of contractors ’ bids. culation of reiziumialii.ed Task (‘ost Gu ides.

(‘orps oh l’ .n~~neers co’.t esti m rra t o rs sirould he acti v el y
involved itt idenm t i ly ing a rid dcli In t l g tire cor ms t r r z c t  u

tasks for t i e  [ask (‘o~t Guide t o  insure I hat ti re .up-
DATA DEVELO PMEN T , propriate tasks . defli med in .rcc orda mrce with (‘orps Guide
ORGA NI ZATION , AND Specifications , are irrcluded. Dete rm nm nat ro it of t i re i t -

3 MAINTENANCE hum , mr ra fer ial . ,um rd equipmrre mrt r,rt Cs while time con-
stint i mig. is re lat I vel v tout imr e -

Data Development 
_____________________

‘lire Task Cost Guide will he con upu sed ii ~o r r s t r r i c - ‘ Hro ’I, ’i ~ 
(~ u u s r , ,5 ru in Gist !) atu. 3 4 t t r  .itmiiui ,u t s’diiion r R t

tion tasks defined ut te rm im s of ’ t i re labor, material , arid ~~~~~~~~~~~~ ‘sh uns C o!ult’ .um ry . Ins . . l~i” sr .

equipment req Lured to  per for mu t lie corr St r u~ t k or opera - fl ~~~ iIjim ,a/ t s r  i n n .  t iii u s !  n h  (I s ’s /5 ii iii s / . \ hi d

— . • nu h,ru,’ . I t Ii .s n nta.s t s’ t i i i , mr r I iort ~ t i s i l d i ims ( ‘ ss t  ~ s ’rs mccs
lion. Figure I shows inn C \a t r t p le t . t s k  de f mn r r t i o n r .  I-or

t in s ex a mur p le. it was e ’ t m matcd t hu r  utrder ‘‘normal ’’ ~~‘sn i’ile / V (  ‘ m m , /So ( ‘e,, tra / / I s i s ,, ~itm
construction c~um rditi o ns . a roofing crew of seven roof- ,m titiuj l .‘ l i tmon  m ( ’ nslmr r si i o mm Prmbl islmmn ~i (s Inp i i n% • s i c . .  I’i~~~i.
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Data Organization
Table 1

The Task Cost Guide will be organized in accor- UNIFORMAT Systems

dance with the UNIFORMAT, which is a structure
. that breaks buildings into major systems , systems into BUILDING:

subsystems, etc. The UNIFORMAT will provide the — SUBSTRUCTURE
estimator with a uniform format for preparing and 02 — STRUCTURAL FRAME
checkin g final design estimates , In addition to provid- 03 — R O O F I N G

- ‘ - ing uniformity and supporting the quantity survey by 04 - E X T E R I OR WALLS
0 5 — INTERIOR WALLSproviding a checklist to insure that all the tasks re- 06 — INTERIOR FINISHES

quired to construct a system are included in the project 07 — SPECIALTIES
estimate , t he systems approach is highly compatible 08 - P L U M B I N G

with construction network scheduling and with mea- 09 HVAC
surement of job progress for intermediate payment. 10 - SPECIAL MECHANICAL SYSTEMS

11 — ELECTRICALThe UN1FORMAT also supports accumulation of his- 12 SPECIAL ELECTRICAL SYSTEMS
torical costs of past projects on a building systems 13 - EQUIPMENT AND CONVEYI NG
basis for use in preparing future project estimates.

SITEWORK :
Table I shows tine 16 UNIFORMAT systems. Table 14 — SITE PREPARATION

2 shows how the Roofing system is divided into seven 15 — SITE IMPROVEMENTS
subsystems , which are further subdivided. The task de- 16— SITE UTILITIES

fined in the previous section—asp halt felt membrane—
would appear under Membrane Roofing within the
Roof Coverings subsystem of the Roofing system.

Table 2
Data Maintenance UNIFORMAT Roofing System

Centralized maintenance of the Task Cost Guide is 03 ROOFING
proposed to insure orderly evolution of tine system. 1 ROOF COVERINGS
Monitoring the Corpswide use of the Task Cost Guide 1 MEMBRANE ROOFING

2 SHINGLES & ROOFING TILE
will indicate which tasks have become obsolete and 3 PREFORMED ROOFING PANELS
should be dropped and what new tasks are required. 2 TRAFFIC TOPPING & PAVING
Economy of effort can also b~ realized by centralizing 1 ELASTIC SHEET SURFACE MEMBRANES
some oft lne data maintenance . Centralized maintenance 2 FLUID APPLIED SURFACE MEMBRANES

of labor rates is not proposed , since t lrere are relatively 3 WATERPROOFING MEMBRANES BELOW
PAVING

few labor items and individual Corps Districts have 4 SLATTED ROOF DECKS & WAL KWAYS
the rate in formation readily available through their 3 ROOF INSULATION & BARRIERS
Davis-Bacon wage surveys. Centrally maintaining tire 1 VAPOR BARRIERS
material rates for one base location in the country— 2 ROOF & DECK INSULATION

- for example, Was hington. DC -- is proposed. Trans lat- 4 F LASHINGS & TRIM
ROLLED TYPEing the base location rates to other geographical re- 2 PREFORMED TYPE

gions by using location adj ustmnent indices will save 3 EXPANSION JOINTS & COVERS
effort and provide sufficient ly accurate rates for (lie S GUTTERS & DOWNSPOUTS
less significant tasks . 1 GUTTERS

2 DOWNSPOUTS
The central office should continually update t he 3 ACCESSORIES

“avera ge” mat erial rates for the base location to main- 6 MISC . ROOF SPECIALTIES
I SNOWGUARDSfain t he degree of accuracy necessary for tire “first’ 2 ROOF RAtL INGS

pass” estimate. Tire “average ” miuateria l rate sh ould he ROOF OPENINGS
determined from three t o  five direct vctrdor quotes. I SKYLIGHTS

Assuming 15 ,000 male rma l mm e m s and 250 workday s per 2 HATCHES

year . semiannual updating would require tir rit air aver- 3 GRAVITY ROOF VE NTIL ATORS

age of I 20 material itenrs be updated daily. ft is esti 

-
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mated that this method of maintairring mnaterial rates estimato’rs prepare detailed final design construction
will require approximately 2 nran-years of effort per cost estimates by freeing them from routine tasks , th us
year. This maintenance could be accomplished by in- allowing them to concentrate on the professional as-
house central office effort or by contract e ffort , pects of cost estimating . The system takes advantage

of the repetitive nature of construction tasks and tire
The location adjustment indices should be developed 80/20 rule of cost distribution. The system will sup-

and maintained by material categories. The 1 5,000 ma- port good cost engineering practice s by generating a
terial items should be categorized into approximately “fir st-pass ” estimate that includes the documentation
50 categories, with a lead material item identified for of imbedded assumptions , and by providing the esti-
each category. Location adjustment indices for each mator with tine capability to change any or all assump-
material category would be determined by dividing the tions. The Task Cost Guide can be maintained with
“average” lead material rate for the project location by current regionalized costs througlr centralized updat-
the “average” lead material rate for the base location. ing of base location rates and location adjustment
Each District could maintain as many sets of location indices,
adjustment indices as desired by updating tire 50 lead
material rates as required,

Maintenance of equipment rates in a similar manner REFERENCES
is proposed. The central office should determine base
location rates semiannually for the 1000 equipment
items in accor dance with tire procedures contained in Building Construction Cost Data , 34t h annual edition
the Construction Equipment Cost Guide.4 Location (Robert Snow Means Company, Inc., 1976).
adjustment indices based on equipment-related costs
such as fuel a’id tire costs should be developed by each Building (‘nsf File: 1976 Unit Pt ’k’es (‘entral Edition ,
District as required. 5th annual edition (Construction Publishing Com-

pany Inc., 19 76).• 4 CONCLUSIONS
Dodge Manual f o r  Building ( ‘onstr twtion Pricing and

The proposed comniputer.aided final design cost esti- Scheduling, 11 t li annual edition (Dodge Building
mating system described iii this report will ~,cIp cost Cost Services, 1976).

it:. Neely, Lum,,s lructmopn I q u i p, n i n (  (‘us: ( ;mude. Technical Neely, E., ( ‘onstruction Equipnzcut Cost Gwde , Tech—
Report P-52/A DA (t1 67 88 (U. S. Army Construction Eng ineer- nical Report P-52/ADA0 l6788 (U .S. Arnry Con-
ung Res earc h Laboratory, 1975 1. struction Engineering Researcir Laboratory. 1975).
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