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1 Introduction

Purpose

The purpose of this report is to provide
guidance and recommended procedures for
estimating the costs associated with the
preparation of design drawings by architect—
engineer (A-E) contractors using computer—
aided design and drafting (CADD) technology.
The report addresses the following key areas:

a. The costs associated with the devel—-
opment of CADD products.

b. How CADD costs are typically addressed
in an A-E contract.

c. Current practices for estimating the
costs associated with the develop—ment
of CADD products.

d. The validity of using .old rules of thumb.
for estimating A—l CADD design costs.

e The process of verifying A-E CADD cost
estimates.

1 A consistent approach to making cost
estimates and suggested ways to improve
procedures and reduce A-F CADD costs
will be proposed.

Chapter 1 Introduction

Applicability

This report is applicable to all Department
of Defense (DoD) contracting, project
management, and technical design personnel
involved in the acquisition of the services of
A=K contractors to pre—pare and deliver
CADD—-generated design products. The report
would also be useful to all A=k contractors
who are involved with the development of
CADD—generated design products for DoD
organizations.

Background

Most current Government design proj—ects
require A-I contractors to use CADD systems
in performing their work and to deliver elec—
tronic CADD files as part of their deliverables.
Istimating design costs for such projects has
posed problems both to the A-E design
contractors and to the Government project
managers.

Government project managers and Con-
tracting Officers are often uncertain about how
to estimate CADD costs for design projects.
They do not follow a con—sistent methodology
in preparing their initial project cost
estimates. As a result, cost estimates for the
prepara—tion of CADD generated products
made within a single agency usually vary a
great deal, with some landing below the actual
resulting costs, and others landing beyond.



A-E design contractors also seem to be
uncertain about how to estimate their CADD
costs. Differences between the opera—tions of
different designers and differ—ences within a
single contracting firm from one project to the
next have resulted in varied and seemingly
inconsistent pro—posals to the Government.

Because of these inconsistencies, it is often
difficult for Government project managers and
Contracting Officers to evaluate the proposals
they receive and to compare them with one
another. They have difficulty determining
whether the costs for CADD work included in
proposals are reasonable, insufficient, or
excessive,

Report Development Process

Research

The research, interviews, and basic
preparation of this report was accom—plished
by Systems Management Consul-tants, Inc.
(SMC), 14109 Woodward, P.0. Box 23145,
Overland Park, Kansas 66223, through Contract
No. DACW39-94-M-6453 with the Tri—Service
CADD/Geographic Information System (GIS)
Technology Center, U.S. Army Engineer
Waterways Experiment Station (WES), 3909 Halls
Ferry Road, Vicksburg, M5 39180-6199.

Interviews with Government
representatives

SMC representatives, Messrs. Michael P.
[ngardia, P.E., and John I. Hill, American
Institute of Architects (A.LA.), interviewed
representatives of the Tri—Service Technology
Center (TSTC): U.S. Army Engineer District
(USAED), Vicksburg: USAED, Mobile; USAED,
Little Rock; and USAED, Kansas City.

Discussions during the interviews ranged
over many subjects, including:

a. Types of design projects contracted to

A-F's at each office.

b. Current requirements for A—E CADD
products and electronic CADD file
deliverables.

c¢. The CADD standards for required A-E
electronic CADD file deliverables.

d. The procedures for implementing A-E
electronic CADD file deliverable
requirements.

e. The procedures for handling the A-FE's
electronic CADD file deliverables.

1. The Government representative’s
recommendations for estimating costs
for development of CADD products by A-
I contractors.

Interviews with A-E design contractors

SMC representatives Ingardia and Hill
interviewed representatives of Michael
Baker, Jr., Inc., Jackson, M5, and Sverdrup
Civil, Inc., St. Louis, MO.

Discussions during these meetings touched
on:

a. Local project experiences with U.S. Army
Corps of Engineers (USACE) and other

DoD and Government clients.

b. A-E design contractors organization of
their own CADD operations.

Chapter 1 Introduction



c. CADD standards, libraries, menu
structures, etc., used by A-E design
contractors.

d. kExperiences in providing CADD products
to meet different client CADD standards
and requirements.

e. Project CADD costs and cost esti-mating
procedures used by the A-E design
contractors.

I Procedures for performing project CADD
work to the required CADD standard.

2. Problems encountered during the
development of CADD products.

Review of applicable publications

SMC representatives Ingardia and Hill
reviewed a number of related publica—tions,
which included:

a Draft Tri—Service A—FE CADD Deliverables
Standards. (TSTC in preparation).

b. Draft Tri—Service Architectural, Engi—
neering, and Construction (A/E/C) CADD

Standards, Report 1, Standards Manual.
(TSTC in preparation).

c. Design Services Fee Structure Survey.

(Practice Management Associates, Lid.
1994a).

d. .CADD Applications and User Survey.
(Practice Management Associates, Lid.
1994b).

e. CADD Risk Management for Design Firms,
(Systems Management Consultants 1993).

I Contracting for CADD Work: A Guide for
Design Professionals, (Systems
Management Consultants 1994).

A-E Contracting Process

Chapter 1 Introduction

To acquire the services of A-F firms,
Government agencies are required to fol-low
the procedures defined in the Federal
Acquisition Regulations (FAR's), Part 6.
Additional requirements for the Depart—ment
of Defense (DoD) are included in Part 236 of
the DoD FAR supplement (DFAR’s). In 1972,
Congress enacted Public Law 92-592 (called
Brooks Bill) which defines A-E services, states
how prospective contract awards are to be
announced, and clarifies the procedures for
selecting A-F's and negotiating their contracts.

There are two broad categories of contract
types used by the Government, fixed—price and
cost-reimbursement. Several variations of
both contract types are available for use by
Government agencies.

The cost-reimbursement contract provides
for reimbursing the contractor for all (or, on
occasion, a portion of) allowable and allocable
costs incurred in the performance of the
contract to the extent specified in the
contract. The cost-reimbursement contract
includes an estimate of total cost for the
purpose of obligating funds and establishing a
cost ceiling which the contractor may not
exceed without prior approval of the
Government Contracting Officer. The
contractor agrees, but does not guar—antee, to
do his best to complete the specified product
within the cost ceiling.

The fixed—price contract includes a price
celling limiting the financial obligation of the
Government to the contractor for satisfactory
completion of the contract, and the contractor
guaran—tees completion of the specified
product. A-E design contracts are typically
either the negotiated firm fixed—price or the
indefinite delivery order type.

[n the negotiated firm fixed—price contract,
the A-E contractor agrees to accept all risks
and provide the specified product for the
stated fixed price. The A-E assumes full
responsibility in the form of profits or losses,



for all costs under or over the firm fixed
price, which are incurred during the process
of com-pleting the work specified under the
contract. No adjustment in the price will be
made unless the contract scope of work is
changed by the Government and the contract
is modified by the Government Contracting
Officer.

Indefinite delivery order contracts are used
where there will be a recuring demand for
certain types of design work, but the timing
and/or full extent of the demand are not
certain. In other words, the general types of
design work that will be required are known,
but the full scope and the specific project
details are not known at the time of contract
award. The contract establishes fixed hourly
rates for the disciplines of design personnel
and other design related items which are
required. The contract also contains detailed
administrative and techni—cal contract
provisions for the development and delivery of
the types of design work to be accomplished
under the contract. A maximum cost and
time limit, which cannot be exceeded, are
included in the contract. The Government

assigns work to the A-F contractor through
the award of indivi-dual delivery orders.

U.S. Army Corps of Engineers guidance and
regulations which are applicable to A-E
contracting include:

Engineer Circular, EC 715-1-87,
Negotiation of Architect-Engineer
Services.

Engineer Regulation, ER 715-1-15, Time
Standards for Architect—Engineer
Contracts

Engineer Regulation, ER-715-1-16,
Selection of Firms for Architect—
Engineer Contracts.

Guidance and recommended procedures for
the preparation of Commerce Business Daily
(CBD) announcements and contact provisions
for use in acquiring the ser—vices of A-F firms
to prepare and deliver CADD generated
products are included in Part 1.1 of the Tri—
Service Standards, entitled .A-FE CADD
Deliverables Standards..

Chapter 1 Introduction



2 CADD Services

Cost Factors

Using a CADD system to produce project
drawings may cost an A-E design contractor
less than preparing the drawings by hand, but
at times could cost more. In either case,
using a CADD system to produce proj—ect
drawings represents a definite cost. The A-E
design contractor’s costs to pro—duce CADD
drawings fall into two general categories, firm-
wide and project—specific costs.

Firm-Wide Costs

These are the A-I design contractor’s costs
which can most fairly be allocated over the
contractor’s entire operation. These costs
include:

a. Acquiring hardware and software. A
sizeableinitial investment is required to
purchase and install the CADD computer
hardware and software. Thetypeand
guantity of computer hardware depend
upon the number of employees using the
CADD system (i.e., hardware and software)
and the type of CADD work to be per-
formed. Computer hardware may con-sist
of workstations with a UNIX operating
system, or stand-alone or networked
personal computers (PC's) with MS-DOS,
Windows (e.g., 3.1 or 95), or Windows NT
operating system, or combinations of all.
Basic CADD software (e.g., AutoCAD
(Autodesk) and MicroStation (Bentley))
pro-vides fundamental drafting and design
capabilities. More special-ized types of
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design work may require the use of CADD
application soft-ware. The CADD
application software operates “ on-top-of,”
or in con-junction with, the basic CADD
soft-ware package to perform a specific
function. Additional hardware and
softwareis required to perform other
functions such as scanning, digitizing,
plotting, and communi-cations. Database,
spreadshest, word processing, and
document management software may also
be needed.

. Upgrading and maintaining the sys-tem.

Upgrades of CADD, database, operating
system, and other support software are
developed periodically by the product
manufacturers. Faster and more productive
hardware is also devel oped each year.
Typi-caly, software is upgraded annually.
Because of the cost, hard-ware is usually
upgraded incremen-tally and not all at one
time.

. Administering and managing the system.

A trained operator or technician is required
to manage the operation of work-stations
and networked PC's. Typical dutiesinclude
loading and configuring the software,
performing component upgrades of the
hardware, and performing routine backup
and archiving operations.

. Supplies and other operating costs.

Supplies (e.g., paper, plotting film,



replacement cartridges, diskettes, etc.) arerequired. recover during the course of the project. These

e. Developing procedures and local software
tool's such as menus, macros, user
commands, and libra-ries. The
devdlopment of Standard Operating
Procedures (SOP); cus-tomized menus;
macros; user com-mands; and font, line
type/style, symbol, and detail libraries will
have an initia cost, but will en-hance
efficiency and productivity in the long run.

f. Maintaining and upgrading proce-dures
and local softwaretools. The
identification and development of better
and more efficient procedures and local
software tools will have aninitial cost but
will enhance effi-ciency and productivity in
thelong run. Local softwaretools such as
custom menus, macros, user commands,
and libraries must be upgraded when-ever
the software is upgraded.

g. Training CADD staff when the systemis
first acquired. All employeeswho will be
using the CADD system must receive
training in, at least the fundamental
operations of, the CADD and appurtenant
software.

h. Maintaining the skills of the CADD staff
through ongoing professional
development. Updatetraining is necessary
for the staff to stay abreast of new
devdlopmentsin the CADD software and to
become more proficient in theuse of the
CADD software.

Project-Specific Costs

Project-specific costs can be allo-cated to the
work performed on a specific project. The costs
represent tasks and activities that may or may not
be speci-fically included in a project's scope of
work but which must be performed in order to
complete the project. They do repre-sent costs to
the contractor which the contractor will try to
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costs include:

a. Developing a detailed plan to in-clude the

schedule, staffing, and costs necessary to
produce the CADD products. Thisis
developed after a clear understanding of the
project scope of work has been achieved.
Ad-ditional software (e.g., CADD ap-
plication software), hardware, and/or
employees/consultants might be required to
satisfy the contract requirements. The
scheduleincluded in the project scope of
work may re-quire overtime, or variations
in work schedules (e.g., working in shifts if
the quantity of hardware and softwareis
insufficient).

. Preparing to produce the CADD work: If

the client requires the use of anew CADD
specification/standard, the following costs
may beincurred. This should be aninitial
one-time“ start-up” type cost.

(1) Evauatingtheclient's CADD
specification/standard.

(2) Negotiating any necessary modi-
fications to the CADD
specification/standard with the client.

(3) Modifying thefirm's standard
production procedures as required to
perform the project work. Such
modifications might include writing
new Menus, macros, user commands, or
devd-oping new library material.

(4) Training the CADD staff to usethe
modified tools or procedures.

. Producing CADD drawings and products

for the project.

(1) Receiving eectronic data and other
material from the client or from other
outside parties and readying the
material for use. Stepsin this process

Chapter 2 CADD Services Cost Factors



might include receiving the material,

importing it into the contrac-tor's own
CADD system, reviewing its contents,
and modifying the material if required.

(2) Running any required design cal-
culations with the appropriate design
software and importing this
information into the CADD drawing
system.

(3) Preparing the CADD drawings.

(4) Preparing the document packages for
the required CADD submittals.

(5) Receiving the client's review com-
ments and making necessary
modifications to the work.

(6) Costs for supplies, materials, and
services such as plotting and printing.

CADD Standards

The CADD standards that A-E contractors are
required to follow in producing their CADD
products may have an impact on the costs and the
amount of timeit takes to produce project
drawings. If thereis no required CADD standard,
the A-E contrac-tor will follow his firm's
preestablished procedures and standards in
performing the project CADD work.

Working for a client that has a CADD
Standard different from the one currently being
used changes the A-E design con-tractor's picture
significantly. Pre-paring a Contractor's CADD
staff to usethe client's CADD standard is like
retooling afactory to make a special production
run.

Even when the client's CADD standard is no
more complex than the Contractor's nor-mal
standard, the contractor must devote significant
effort to evaluating the client's CADD standard
and modifying his own normal proceduresto let
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his staff work to the client's standard. The Con-
tractor's CADD staff must learn the new
procedures and then pass through alearn-ing
curve as they become accustomed to the new
procedures and regain their normal level of
productivity. If the project is of small scale or
short duration, the Con-tractor's CADD staff may
not regain its previous levd of productivity.

Typical practice

A typical A-E design contractor may be
required to prepare CADD products to a number
of different CADD standards for different clients
and on different proj-ects. Sometimes aclient's
contract contains no specific requirement and the
contractor can follow his firm's own in-house
CADD standard, maximizing the productivity of
his CADD staff. More fre-quently, though, the
Contractor's clients will have their own CADD
standards and will require the contractor to follow
them.

Some A-E design contractors do most of their
work for asingleclient likeasin-glelarge
company, alocal government organization, a state
government organi-zation, or a Federal
Government organiza-tion. Some of these single
clients still do not require their A-E design
contrac-tors to submit dectronic files, and some
who do have a CADD file ddivery require-ment
leave the CADD standard up to the con-tractor.
For example, the staff at the Michad Baker, Jr.,
Inc., officein Jackson, MS, reported that they do a
sub-stantial amount of work for the Missis-sippi
State Department of Transportation and that this
client does not yet require the submittal of CADD
files. Few private clients adopt the same CADD
standard. The CADD standards of public clients
tend to vary by jurisdiction.

Many national organizations and client
agencies have adopted national CADD stan-dards
that are nominally uniform and con-sistent, but
local practice varies greatly. Contractors report
encountering significant variations within asingle
business or agency. Whatever the official national



policy may be, there are likely to be many local
differences.

SMC's interviews with the selected A-E design
contractor and Government person-nel indicate
these differences. Cur-rently, CADD standards
may vary signifi-cantly between the district offices
of the Corps of Engineers, as well as among the
individual offices of the other DoD agencies. EM
1110-1-1807, “ Standards Manual for U.S. Army
Corps of Engineers Computer-Aided Design and
Drafting (CADD) Systems’ (Headquarters,
Department of the Army 1990), was published to
provide a standard format for the development of
CADD products within the USACE. Some of the
USAED's have deve -oped their own customized
CADD standards which use a combination of
parts of EM 1110-1-1807, some pre-CADD,
hand-drafting standards, and locally developed
CADD standards. Some may also use CADD
standards which were originally developed in
other dis-tricts (for exam-ple, the USAED, Kansas
City, staff reported that portions of their standard
carry over from an old USAED, $t. Louis,
standard that existed when the USAED, Kansas
City, received its first CADD system).

Interviews indicated that there have been
variations in the requirements to use a specific
CADD standard within each Dis-trict. Project
Managers seem to have con-siderable latitudein
how they implement CADD standards. In some
cases, a Project Manager takes a consistent
approach to CADD standards which showsin all
of that Project Manager's projects. In some cases,
the Project Manager takes a flex-ible approach
and makes decisions on proj-ect CADD standards
based on the nature of the project and the
capability or capacity of the A-E design
contractor.

Project CADD standards have typically tended
to be more strict in situations when:

a. Projectsarelargeand last over along
period of time.

b. Other parties will be using the eectronic
CADD filesdirectly.

c. Projects are being designed by large
corporate A-E design contractors who have
significant CADD capabilities.

Project CADD standards have typically tended
to beless strict in situations when:

a. Projectsaresmall or short term.

b. Projectsinvolve repairs, renova-tion, and
remodeling.

c. Projects are designed by small local
consulting firms.

d. Projectswill go directly from design to
construction and nobody on the team really
knows how the elec-tronic CADD files will
be used.

In some cases, there have been no CADD
ddivery requirements at all, or the Con-tractors
have been permitted to submit dectronic filesin
the formats of CADD systems other than the one
that is the Corps of Engineers' official standard.

In these cases, the Project Manager's prior-ity was
on the technical accuracy of the design
information contained in the elec-tronic CADD
files that the contractor delivers.

Tri-Service A/E/C CADD standards

The Tri-Service CADD/GIS Technology
Center isdrafting CADD standards for use by all
Army, Navy, and Air Force (or Tri-Service)
components. A portion of this standard has
already been released for review in draft form
under the name Tri-Service Architectural,
Engineering, and Construction (A/E/C)
Computer-Aided Design and Drafting (CADD)
Sandards, Report 1, Sandards Manual (TSTC
in preparation). The draft document in-cludes
material on required dectronic file parameters and
onfilelayering. Thedraft standard provides for
Tri-Service components receiving eectronic files

Chapter 2 CADD Services Cost Factors



in either Intergraph MicroStation or Autodesk
AutoCAD format.

The Tri-Service A/E/C CADD Standard is
comprehensive, and it's initial implemen-tation
will result in short-term Govern-ment and A-E
contractor “ start-up” costs. Once implemented,
however, a consistent Tri-Service A/E/C CADD
Standard will save costs for both the A-E
contractor and for the Government client agency
that hires the contractor, simply by reducing the
number of standards that the contractor must
learn. Reducing the number of dif-ferent CADD
standards that a contractor must meet working on
different projects reduces that contractor's cost.

Fewer CADD standards to meet means fewer
CADD standards to evaluate and fewer CADD
standards to tool up for and follow. The A-E
design contractor's CADD staff will soon become
proficient in using the CADD standard and will be
ableto achieve a higher level of productivity and
quality.

Theideaof asingle CADD standard to be
uniformly implemented by all the serviceshas a
great deal of appeal. A single CADD standard
that would be used by all Govern-ment elementsis
even more appealing.

Planning

CADD costs can be reduced if the Govern-
ment Project Manager and the appropriate
Government technical personnd taketimeto
discuss the CADD requirements with the
contractor in detail and answer the A-E design
contractor's questions before the project work
begins. This can assurethat all parties understand
what is expected, thereby reducing false starts and
the need for expensive backtracking. Exchanging
samplefiles before project work begins can
ensure that the Project Manager's agency and the
end user will be able to use the files submitted at
the end of the proj-ect as expected without
expensive and time-consuming modification.
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Government-Furnished
Material

CADD costs can be reduced if the Govern-
ment will provide the contractor with seed
files/prototype drawings, symbol and detail cell
libraries, font and linetype/ stylelibraries, and
workspaces config-ured in accordance with the
Govern-ment’s CADD standard. Thelessthe A-E
design contractor must develop from scratch, the
lower his proposal and costs to the Government
will be.

Government-provided information on existing
conditions (e.g., as-built draw-ings) can also affect
project CADD costs. This material can reduce or
increase proj-ect CADD costs, depending on the
guality of the material and how easily is can be
used. Typically, the moreinformation and data
the Government can provide the A-E contractor,
the lower the A-E costs to the Government will be.

Procedures

Complex project procedures will in-crease
CADD costs. A project schedulethat is unclear or
is not observed can lead to delays, false starts, and
frustration. Interim submittals that are required to
include more than the Project Manager will
require (for example, arequirement for interim
submittals of CADD files when the Project
Manager intends to review the submittal from
blueprints) add to the Contractor's efforts and to
his costs.

Acceptance of Electronic Files

The A-E design contractor's CADD costs
increase if heis required to maintain and support
the project CADD files for an extended period
after making the last submittal while waiting for
final accep-tance of the design and files. If the
Con-tractor knows that acceptance of these
eectronic files will be delayed for a significant



time after submittal, his proposal will include
money to cover his potential cost exposure.

As-Built Drawings

The A-E design contractor's CADD costs
increase if heisrequired to develop dectronic as-
built drawings at the end of project construction.
However, dec-tronic files of as-built drawings
will probably be more useful than design or bid
drawings to the end user in his ongoing use of the
facility. Paying the Contractor to develop as-built
drawings may be a good investment, since the
Contractor who already knows his way around the
project CADD files can update the bid drawings
more efficiently than anyone else. An agreement
to develop as-built drawings should be specifically
written into the designer's contract and should
clearly assign responsibility for gathering as-built
information at the job site and conveying it to the
Contractor.

Professional Liability

The A-E design contractor's CADD costs
increase if heis required to assume more than the
customary professional liabil-ity. CADD costs do
not increase if the Contractor is assured that the
dectronic files he ddivers are received, reviewed,
and accepted in atimely manner by the
Government and then managed and handled in a
manner that protect the Contractor from additional
professional liahility.

Storage/Archiving

The A-E design contractor's CADD costs
increase if heisrequired to store or archive the
project CADD files after proj-ect completion.
Such a requirement means that the Contractor
must initially pre-pare the files for storagein the
archive and document the archived material. He
must then store thefiles in a protected
environment, maintain them by recopying them
annually, and upgrade them to track changesin
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hardware, software, and oper-ating systems. A
Contractor who is faced with a requirement to
storefiles for extended periods after the end of the
project will include these costs in his proposal.

Electronic CADD Media
Deliverables

Why are A-E contractors required to deliver
their designsin CADD dectronic mediaformat?
What does the Government intend to do with the
design data it receives from the Contractors? The
inter-views indicated that many contractor and
Government staff have not fully under-stood the
answers to these questions.

In some instances, such as mapping and survey
work, the dectronic files the Con-tractor ddlivers
are ddivered in turn to the end users who begin to
use them almost immediately. In these cases, the
purpose of the requirement for eectronic file
ddivery is clear, and thereislittle argument about
the need to make the dec-tronic ddlivery or follow
the client's CADD Standard for the work.

In the past, Project Managers for civil and
architectural projects havetypically had different
priorities. They are pri-marily concerned with the
technical correctness and accuracy of the drawings
they receive and if they clearly show how to
construct the project being designed. They may
tend to beless concerned about the eectronic
CADD filesthe contractor delivers, particularly if
they do not understand how the files will be used
inthe future.

Theinterviews indicated that the primary goal
of the Government Project Managers managing
civil and architectural design work has been to
receive drawings from the A-E design contractors
that are technically correct and that will permit
them to get the design project constructed on time
and within budget. They may not find that the
CADD files are very useful to them in their own
work, and they may not have a clear
understanding about how the eectronic files will
be used in the future.
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Theinterviewed Government Project
Managers indicated that they are under pressure to
completetheir projects on time, within budget,
and within their own internal time budget. They
must carefully monitor their time and cannot
spend in-appropriate amounts of time on anything
that does not visibly contribute to what they see as
their main goal — getting the project completed or
constructed.

For such a Project Manager, theideal CADD
Standard is simple and sdlf-explanatory. Itisa
packet of documents, or preferably eectronic files,
that the Project Manager can pass directly to the
A-E design contractor without having to discuss it
in detail with the Contractor, or even absorb it
himself. He wants the Contractor to absorb the
information on his own and complete the project
design work in an expeditious manner without
requiring alot of guidance from the Government
Project Manager or the Govern-ment’ s technical
personndl.

Theinterviews indicated that at the end of the
project design, the A-E design contractor typically
ddivers the repro-ducible project drawings and
eectronic CADD files to the Government Project
Man-ager. For aconstruction project, the project
drawings are reproduced into sets of half-size or
full-size prints for distribution to potential
bidders. The dectronic CADD files may be
placed in storage (in a desk drawer, file cabinet, or
someplace more secure) where they remain unless
they are needed for devel-oping amendments,
modifications, or as-builts to the project drawings.
The dectronic files may not always be checked for
conformacy to the Government’ s requirements.

Uses of the delivered CADD files

How does the Government plan to usethe
eectronic CADD files that the Contractor is
required to deliver? There are many possible uses
for thisinformation. Some of the obvious desired
uses include;

a. Uses by the Government Design and
Construction Office:
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(1) Preparing contract modifications.

(2) Staking out the job site during
construction.

(3) Preparing as-built drawings at theend
of construction.

(4) Preparing drawings for future phases of
construction.

(5) Passing to other specialty con-tractors
for postconstruction contracts such as
landscaping or signage.

(6) Long-term archiving.

b. Uses by the project end user, Govern-ment
Operations/Maintenance, or Facility
Management Officer:

(1) Space planning use by the end user.
(2) Furniture planning.
(3) Ongoing facility management.

(4) Planning documents for future work on
the facility.

(5) Long-term archive,
(6) Master Planning.
(7) Development of GIS maps.

The project team (A-E and Government)
should know how the electronic CADD files will
be used by the Government in the fu-ture. This
determination should be made by the Government
prior to initiation of the A-E contract. This
knowledge will provide the project team with a
sense of purpose for the dectronic CADD file
ddivery requirement, provide moreincen-tiveto
coordinate the development of the CADD
products more carefully, and ensure that the
eectronic CADD files will be compatible with
Government’s CADD, GIS, or Computer-Aided
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Facilities Management (CAFM) Systems. With
this incentive, the Government's Project Managers
will be more likdly to:

a. Review therequired CADD Standard
before the drawing work begins and decide
how the standard should be applied to the
project work.

b. Decide how the CADD Standard will be
implemented to meet the project's needs.

c. Exchangetest files with the A-E design
contractor before the drawing work is
underway and verify that the Contractor's
files can be read and that they will servethe
desired purpose.

d. Review thefilesthat the contractor delivers
with the project submittals to verify the
technical accuracy of the design
information and to verify that thefiles
themselves meet the CADD Standard.

e. Securethefiles and protect them from
unauthorized modification.

f. Storethefilesin an environment that will
slow deterioration and maintain them while
they arein storage.

Handling of the electronic CADD files
received by the Government client

The eectronic files that the Govern-ment
reguires its A-E design contractors to submit with
their design work are valu-able documents. They
can be used in many more different ways than
could the trac-ings that contractors were formerly
required to submit, but they can be mis-used in
nearly as many ways. The nature of electronic
files means that they can be easily modified
without leaving atrace, that they will deteriorate if
left alone for an extended period, and that a
person calling one up from adisk or tape cannot
tel if it isold or current, original or modified,
correct or wrong.
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There are serious deficiencies in the current
practices for handling electronic files. These
problems make it difficult to assure that when they
are eventually needed, the stored files will contain
the expected information in the correct form or
that the information in the files can actually be
used as had been intended.

File security

Theinterviews indicated that there are
currently no consistent policies, stan-dards, or
procedures for receiving, stor-ing, and handling
eectronic CADD files and other digital mediathe
Government receives fromit's Contractors, and
that many of thesefiles have not been managed in
asecure manner. Thefiles have been stored in a
variety of ways, including:

a. Ondisk in an active € ectronic database.

b. Inan areacontrolled by the CADD system
manager.

c. On taperacks in spaces that may or may
not be secured.

d. Infile cabinets near the Government
Project Manager's desk.

e. Inthe Government Project Manager's desk
drawer.

Electronic files have been stored in a variety of
ways within asingle office, primarily at the
discretion of the Govern-ment Project Manager.

In many cases, the Project Manager's records of
where proj-ect dectronic files have been stored are
sketchy and the information has been kept
primarily in the Project Manager's head. This
means in many cases this means that the eectronic
files have been unavail-ablein the Project
Manager's absence.

There are also inconsistent policies on

handling dectronic files. Theinconsis-tencies
occur in the areas of:
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a. Who is permitted to have access to the
files.

b. How thefiles are distributed after their are
received.

c. How files are modified after they are
received.

d. Who is authorized to modify thefiles.
e. How versions of thefiles are controlled.

(1) Wherearetheoriginal files asthey
were received from the contractor?

(2) Whereare copies of theoriginal files
located and how have they been
modified since they were made?

(3) Will the changes made to differ-ent
scattered versions of thefiles ever be
reconciled?

(4) Whereisthemost current ver-sion of
each file?

f. Who isresponsible and liablefor the
information on the e ectronic file?

Technical obsolescence of electronic files

Many Government offices and project end
users may believe that the eectronic files they
receive from their A-E design contractors will
serve as long-term archives of the design
documents of their projects. They put thefiles
into storage expecting that several years later they
will be ableto retrieve the files and be able to use
them. This hopeis not redlistic.

Electronic files that are in storage can become
technically obsolete in several ways:

a. Hardware - The hardware on which the
fileswere originally created can be replaced
by updated hardware systems and the
person who originally stored the files may
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discover that he no longer has hardware
required to read them. It is nearly
impossibleto find a computer today that
will read floppy disks that were made on an
old Lanier, Wang, or Z-80 system.

. Storage media - The storage mediafor

computer data have changed a great deal
over the years and many people have
discovered that the information they
archived onto an old storage medium
cannot be read on current input devices. It
is difficult to find computer hardware that
will still read perforated tape or punched
Hoallerith cards. Floppy disks (8-in.) area
curiosity, and it is becoming difficult to
find a new computer that has a 5-1/4-in.
drive. Archived datathat were stored in
these formats may become impossibleto
read. Inthe sameway, the 3-1/2-in. floppy
that is so common today may become
obsoletein just afew years.

. Operating system - Computer oper-ating

systems have changed signif-icantly over
the years and data that were stored under an
obsol ete oper-ating system or an early
version of a current operating system may
no longer be accessible. Datathat were
recorded under C/PM is probably
inaccessible today. There may once have
been an upgrade or conversion tool
available back when applica-tions migrated
from C/PM to DOS or other systems, but it
would be very difficult to locate these
utilitiestoday. Inthe sameway, DOS will
probably be replaced in the market before
much longer. Infact, several sdlf-
proclaimed replacement sys-tems are
contending for a share of the market and
experts have pre-dicted that Microsoft's
Chicago or Windows95 system will replace
DOS.

. CADD basic and application software -

Application programs, including CADD
systems and design programs, are revised
and upgraded frequently. Minor upgrades
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may be released several times each year and
major upgrades may occur every year or
two. Some upgrades work transparently
and afile that was made under the pre-
vious version of the operating system can
be called up directly from the new version.
Other upgrades are more complex and
involve modifica-tions to the format of the
datafiles that the program creates. This
means that files created under the pre-vious
version of the program must be converted
before they will run under the upgraded
system.

Sometimes the conversion requires the user to
undertake a specific conversion process.
Sometimes the conversion runs automatically
whenever the user loads an old fileinto the
upgraded program and a display box appears to
inform the user of the conversion. Sometimes,
though, the user does not even know that the
conver-sionistaking place. In either case, a
conversion occurs and the structure of the data file
is modified.

This poses no problem if the data files are
active and thefiles are converted with each
upgrade. It isaproblem, though, when adatafile
is severa ver-sions old and the utilities to make
the intermediate upgrade steps are no longer
readily available.
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Natural deterioration of electronic files

Most contemporary computer files are stored
on magnetic storage media as pat-terns of
eectrical charges. These dec-trical charges can
be damaged in a number of ways through physical
harm to the stor-age medium (by someone
labeling afloppy disk by pressing down hard with
aball-point pen, for example) or by contact with
magnetic or eectrical fidds (accidental contact
with amagnet, for instance). In addition, the
eectronic file simply dis-sipates with time.

Magnetic storage mediatypically carry a
1-year warranty. Anyone who saves elec-tronic
files must expect that they will start to deteriorate
sometime after that year ends. An old audio tape
that has lost some of its electronic charge can still
be played acceptably well in your stereo. A
CADD drawing, on the other hand, cannot lose
any of its charge and still remain useful (after all,
which 3 percent of your drawing data can you do
without?).

Thelife of dectronic files on tape or disk can
be prolonged by storing them in a environment
with controlled temperature and humidity. For
real security, though, archived eectronic files
should be copied onto new tape or disks annually.
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3 CADD Services Cost
Estimating Methods

The Contractor can recover project spe-cific
payroll costs by simply charging the appropriate
staff timeto the project. Project specific costs for
materials and services (off-site plotting, for
example) can be recovered as reimbursable
expenses wherever they are permitted in the
design contract.

Recovering firm-wide CADD costs that are not
project specificis more diffi-cult. Thetwo basic
approaches for doing thisis by the hourly rate or
firm-wide overhead rate.

Many Government Project Managers spend
little time estimating the cost of prepar-ing project
CADD files. They prepare these estimates
without devoting enough attention to fine-grain
details. Typica CADD cost estimates are based
on approxi-mate sheet counts, previous
experience, old rules of thumb, and afeding for
what fedsright for overall project costs (of which
CADD production costs are actually only asmall
portion).

Hourly Rate

The A-E design contractor can chargea
specific hourly rate for using his CADD system on
aproject. The Contractor can charge this hourly
rate for every hour a staff member spends using a
CADD system to produce project work. The
purpose of thisrateisto offset the appropriate
portion of the Contractor's firm-wide CADD
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costs. The FAR specifies that the rate charged can
only offset the actual costs incurred and that the
rateis subject to audit.

The hourly rate method was most popular
during the early days of CADD when CADD
system prices and the resulting firm-wide costs
were quite high and when the CADD system was
used on only some of the proj-ectsinthe A-E
design contractor's office. In such situations, only
those projects on which the CADD system was
used were required to pay a share of the firm-wide
CADD costs. Thedrawback to this approach is
the high cost of administering the system. The
Contractor must calculate the cost initially and
then recalculateit periodically. The Contractor
must jus-tify the cost to the Government client and
submit to an audit of the cost. The Con-tractor
must gather utilization data and prepare invoices
for each project.

Firm-Wide Overhead

Alternatively, the Contractor can include firm-
wide CADD costs in the firm's overhead and thus
spread them evenly over all projects within the
firm. This approach is more popular today now
that CADD systems are less expensive and A-E
design contractors use CADD on almost all
projectsin the office. Questions about the
fairness of charging a specific proj-ect for a share
of the CADD system are seldom a significant
issue. Avoiding the cost of maintaining a
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utilization-logging and billing system is a popular
feature of this option.

The FAR allows the A-E design contrac-tor to
use either of these two cost-recovery methods, but
requires the contractor to use a single method for
all work it performs on projects that have any
federal funding. FAR does not permit the
contractor to alternate charging methods on
different projects.

Current Practice

Many A-E design contractors still levy an
hourly CADD chargerate. These Con-tractors
tend to be firms that have had CADD systems for
several years and that originally installed the more
expensive CADD systems (the old VA X-based
Inter-graph system, for example). It is diffi-cult
for these firms to switch their cost-recovery
methods because contracts for ongoing long-term
projects that began with an hourly charge rate
cannot easily be modified. The CADD
Applications and User Survey of the
Professional Services Management Journal
(1994b) indicates that among the responding
firms that charge an hourly rate for CADD use,
the median hourly rateis $20 and the mean rateis
$22.

Consulting firms that installed their CADD
systems more recently and installed |ower-cost
CADD systems (generally PC-based systems)
tend to include their firm-wide CADD costsin
their overhead. Thesefirms were ableto start
their CADD operations with their CADD costs in
overhead and they are not forced to close out older
projects with contracts that included an hourly
CADD charge.

Thehourly CADD chargeis not a popular
method of billing. Contractors generally find it
cumbersome and expensive to admin-ister. They
also find it atroublesome issue during
negotiations with clients. Corps project staff
indicated during the interviews that they do not
like to see the CADD cost shown as a separate
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hourly rate. They would rather seeit included in
the Contractor's overhead.

Thetrend among A-E design contractors
nationally seems to be toward including CADD
costsin firm overhead. Contractors who arejust
beginning to do CADD work almost all adopt this
approach. The Con-tractors who have been
levying an hourly CADD charge tend to be
reducing their charge rate (as they adopt less
expensive CADD systems and as their firm-wide
CADD costs decrease) or to be dropping the
charge entirdly and shifting the costsinto
overhead.

Estimating Costs for CADD
Services

The interviews indicated that most current
estimates of CADD product deve-opment costs
are not being made by people who have direct
CADD experience. This applies equally both to
the estimates made by Contractors and to the
estimates made by Government Project Managers.

Typically, aprincipal or project man-ager
devdops the A-E contractors CADD cost
estimate, and a Government Project Manager
deveops the Government’s CADD cost estimate.
These people do not have hands-on CADD
experience and typically they do not under stand
what it costs to produce CADD work. In
particular, they do not generally understand the
project-specific CADD costs that are not
connected with actually producing the project
drawings.

Thetypical person who now prepares CADD
cost estimates — either the estimates included in
the proposals the Government receives or the
estimates the Government uses to evaluate these
proposals — began estimating project document
production costs before CADD systems were a
factor. These cost estimators developed their fed
for production costs during the days of hand-
drafting and they prepare their current estimates
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for CADD costs based on rules of thumb that
originated back in hand-drafting days.

A typical cost estimate for CADD work
is based on an hours-per-sheet number which
originated for hand drafting and which may have
been altered slightly to account for CADD
systems. For example, the estimator may
calculate costs on the basis of X drawing sheetsin
the project times Y hand-drafter hours per sheet
times a 75-percent continguency factor to ac-count
for an CADD's estimated 25-percent increasein
productivity.

Such rule-of-thumb estimates may be helpful
in the early stages of a project, but they omit some
important factors.

a. They do not account for differencesin the
complexity of the project CADD
specification/standard, or “ learn-ing curve.”
Some standards are harder to meset than
others, and the cost of meeting them will
differ accordingly. It is noted that the
Government may expect the Contractor to
“ absorb” these costsif the setup costs are
a one-time occurrence and the Contractor
will be accomplishing a considerable
amount of work for the Government client.

b. They do not account for the prepro-duction
timerequired to set up to perform the
project CADD work. These coststend to
berdatively indepen-dent of project size,
so they can be a much bigger factor for a
small proj-ect. However, these costs are
nor-mally included in the Contractor's
overhead.

c. They do not account for a CADD sys-tem's
ability to reuse common mate-rial from one
drawing sheet to ancther. This capability
can repre-sent significant savings on a proj-
ect that includes alot of repetition or
similarity (or is similar to an earlier
project).

Validity of old rules of thumb
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As CADD systems become more powerful and
as A-E design contractors automate their work
more fully, it becomes more difficult to use the old
rules of thumb.

a. Drafting hours per drawing sheet. For
years of production, cost esti-mates have
been made on the basis of the number of
drafting hours re-quired per drawing shet.
As CADD systems become more common
and as contractors become more skilled at
using them, the old hours-per-shest rule of
thumb becomes less and less useful.

(1) Inthepre-CADD eraeach drawing
sheet had to beindividually hand
drawn. During thistime, many A-E
design contractors kept detailed records
of how many hours were spent drawing
each sheet. Asaresult, a Contractor
with many years of experience doing a
certain kind of design work could look
at anew project and have avery good
idea of how many drafting hours would
be required to prepare each drawing
sheset.

(2) Wel-managed CADD systems let the
user develop graphic mate-rial for one
drawing and then reuse it on other
drawingsin the set (and even saveit for
reuse on the next similar project). An
accurate cost estimate for proj-ect
CADD work must include an
evaluation of which material can be
developed once for the proj-ect and
reused on several draw-ings. It must
also include an analysis of what
material from previous projects can be
used on the current project, either as-is
or with minor editing.

Making an accurate CADD cost estimate on the
basis of drafting hours per sheet does not
necessarily yied accurate results. Instead of using
this rule of thumb, the estimator must evaluate the
required sheets individually for the specific project
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and look for ways the CADD system can be used
to enhance productivity on each sheet.

b. Ratio of professional staff to tech-nical
staff. Inthe days of hand drafting, many A-
E design contrac-tors (particularly
engineers) included many nonprofessional,
technical staff members on their project
teams. Thesetechnical staffersincluded
detailers, drafters, tracers, etc., who pro-
duced many of the project drawings.
Project production work required afairly
predictable ratio of profes-sional staff
payroll hoursto tech-nical staff payroll
hours. For draw-ing production work, the
ratio of professional to technical hours
might range between 1:3 and 1.5.

(1) CADD implementation is changing this
ratio. CADD systems allow the
professional staff to do more of the
drawing production work themselves.
The profes-sional staff uses design
soft-ware that produces graphics as it
performs calculations. The graphics,
which drafters once might have had to
draw from scratch, emerge from the
design software in a compl ete enough
state that a drafter only needsto
perform a small amount of clean-up
work.

(2) Easy-to-use computer drawing tools
often make it easier for the professional
to do some of the drawing work
himself than to prepare complex
instructions for the drafter and then
super-vise the drafter's work.
Windows-based systems and systems
that include a Graphic User Interface
reguire even less user training.

The professional staff member can organize a
drawing set and call up a sig-nificant amount of
material from existing libraries rather than having
drafters develop it from scratch.
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The staffing mix in many consulting firmsis
changing significantly and nowadays it often
includes many more professional's than
technicians. Con-sulting offices which have
automated their operations tend to report that:

They have fewer technicians on staff than
they did previously.

They expect to have even fewer tech-
niciansin the future.

Thetechnicians they will kegp must have
discipline-based knowledge and skills that
extend beyond simple drafting.

As aresult, an accurate CADD cost esti-mate
may show an unexpectedly high ratio of
professional hours to technical hours, considerably
higher than would have been found during the
hand-drafting era.

A person who is making a CADD cost esti-
mate must be prepared to set the old rule of thumb
aside and look at the specific project situation.
The estimator must evaluate all project cost
factors and develop atotal project CADD cost.
Thevalidity or attractiveness of an estimate or
proposal can be evaluated only by look-ing at the
total cost.

c. Ratio of design time to drawing pro-
duction time. During the hand-drafting era,
design work and the production of contract
drawings tended to be separate efforts. The
design team first made sketches and
calculations, then made design decisions,
and then passed the work on to the
production staff to produce the contract
drawings. This process tended to result ina
distinct design phase that was followed by
adistinct contract drawing production
phase, and estimators allocated standard
percentages of the design feeto each phase.
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Recent CADD systems advances have blurred
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the line between design and con-tract drawing
production. Designers now perform part of their
work directly on the CADD systems. Production
staff may help them produce complex design
models. Designers use calculation-driven design
software that generates graphic computer models.
At the end of the design process, the designers
have often produced a sophisticated computer
model of the design which can provide a
significant head-start to the drawing production
effort. The production staff may discover that
much of their start-up work has al-ready been
donefor them automatically during the “ design”
phase and that their part of the work in the

“ drawing produc-tion” phase does not take as
long.

Old assumptions about the expected ratio
between design time and production time do not
necessarily continueto hold true. Here, too, the
person estimating CADD costs must be ready to
ignorethe old rule of thumb and look at the
specific project. The estimator must look at the
total costs for the design and production phases
and evaluate validity or attrac-tiveness of the
estimate or proposal in terms of this total cost.

Changes in overhead costs and payroll
multipliers

In examining proposals from A-E design
contractors, Government Project Managers tend to
evaluate the Contractor's over-head as a
percentage of payroll costs. Many client agencies
haveinformal or formal written guiddlines on
maximum permissible overhead rates based on the
percentage of payroll costs. If the Con-tractor's
proposed overhead rate is higher than the
guideline, the proposal will be rejected or at least
guestioned. Some Government client agencies
(pri-marily at the state level) operate under legal
reguirements that a Contractor's overhead rate
shall not exceed a specified percentage of payroll.
Caps on overhead rates are specifically prohibited
inthe USACE.

In most cases, these guidelines and rules of
thumb were developed for a hand-drafting
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technology and the legislated overhead caps
obviously do not allow for advanced technology.
These overhead guiddines were developed when
the A-E design contractor's practice was much
more labor intensive than today and while capital
costs were relatively low.

They were developed during a time when
design calculations and contract drawings were
produced by hand; when the designer's capital
equipment included ordinary office furniture,
typewriters, mechani-cal calculators, and perhaps
an ammonia-based blue-print machine; when
office-space amenities were limited to steam
radiators and strip fluorescent lights. Labor costs
represented a high percentage of the Contractor's
total cost, while capital and operating costs
represented alow percentage.

The situation has changed since these
guidelines were developed. The A-E design
contractors' labor mix has changed, as was
described above. Contractors now use more
professional staff members and less tech-nical
staff and everyone on the Contrac-tors' staff is
under great pressure to show more productivity.

Capital costsareincreasing. Con-tractors are
increasing their produc-tivity and reducing pay-
roll costs by investing in sophisticated automated
tools such as advanced communication systems,
word processing systems, CADD systems, and
automated design software. Thesetools increase
overhead costs while allowing the contractor to
reduce payroll costs.

Space costs areincreasing. Accom-modating
the automated tools just men-tioned requires
office space with better environmental controls,
better lighting, more highly articulated power
distribu-tion, and with sophisticated cabling for
telephone and other data systems. Such space
costs significantly more than did space with steam
radiators and strip fluorescent lights.

Contractors have adopted these auto-mated
systems partly because of general changesin the
way their professions are practiced. They have
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also incorporated these systems into their
practices be-cause their clients have required that
they ddiver their contract documents in electronic
format — as word processing files, CADD files,
designfiles, etc.

Because of these changes, atypical
Contractor's payroll costs have remained steady or
decreased, while at the same time, overhead costs
have gone up. Many Contractors find themsdlves
having trouble mesting their clients' guidelines for
overhead as a percentage of payroll costs. Asa
result, some Contractors have resorted to methods
such as:

a. Levying an hourly chargefor CADD usage
to show CADD costs as a separ-ate item
that is not included in the general firm-wide
overhead rate.

b. Performing work in labor-intensive,
nonautomated walys so as to increase the
ratio of payroll costs to over-head costs.

Thefirst expedient is an accounting decision
that does not significantly affect total project cost
(though it does incur the additional costs of
administer-ing the system, as was described
above). The second dodge decreases staff produc-
tivity and increases overall project costs (though it
does keep the firm's overhead percentage within
the client's guiddlines).

Hard guiddines on overhead rates as a
percentage of payroll costs can be coun-
terproductive and actually increase proj-ect costs.
The nature of automated productivity tools and
client require-ments that Contractors must use
these tools tend to increase the Contractor's
overhead as a percentage of payroll and at the
same time reduce overall project costs. Client
agencies must recognize this change as they
evaluate proposals.

Trends
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Estimating CADD costs on a basis of drawing
hours per sheet works well enough for preliminary
estimates, provided that the person making the
estimate keeps track of changes in productivity.
This method works less wdll for making detailed
esti-mates when the CADD operation has access
to an extensive, well-organized library and the
CADD production staff makes care-ful use of
reference files and of material that can be used
more than once.

Theratio of professional staff hoursto
technical staff hours spent producing project
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CADD work will increase as profes-sional staff
produce more of the finished CADD work
themselves and as the number of technicians on
consulting firm staffs decrease.

As Contractors use expensive automated
systems to increase their productivity, their
operations will become more capital-intensive.
Theratio of overhead to payroll costs will
increase.
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4 Recommendations

Payment for CADD Services

Isis recommended that al firm-wide CADD
costs beincluded in the A-E con-tractor’s
overhead rate and not included in a separate
hourly ratejust for CADD related work. Project-
specific CADD costs specifically related to
manhours for drafting and design of project fea-
tures should simply be the length of timeit takes
the appropriate member of the A-E contractor’s
staff to actually perform the work using the
CADD system. Other project-specific CADD
costs (e.g., scan-ning, electronic ddliverable
media, etc.) should beitemized by the A-E
contractor on his proposal.

Suggested Estimating
Procedures

Rules of thumb and the estimator's past
experience with drafting-by-hand proce-dures are
sufficient for making prelimi-nary order of
magnitude estimates of CADD services costs.
However, in order to obtain the more accurate
level of detail required to negotiate contract and
ddiv-ery order costs, the estimator must work at a
higher levd of detail. It is recom-mended that the
Government and A-E con-tractor estimator
evaluate the following factors during the
preparation of the cost estimate. In addition, both
the appropriate Government and A-E contractor
personnd should develop a clear under-standing
of thefollowing factors prior to the Government’s
submitting a RFP to the A-E contractor.
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The CADD Standard

Evaluate the CADD Standard required for the
project. Determine whether the re-quired standard
includes everything that is needed for the project
at hand. If the CADD standard is new, determine
how simi-lar the project CADD standard isto the
other standards already being used.

For small or specialized types of design
projects, the CADD Standard could betailored to
the project. Determine which portions of the
whole CADD Standard document are required for
the project and agree not to use the portions that
do not apply. Decide how to handle project issues
that are not included (or arejust not clear) in the
CADD Standard. Confirm these understandings
with all parties to the project — the Government
design/ construction office, the A-E design con-
tractor, and the project end user. Theidedl
situation would be for the Govern-ment to prepare
asummary of thejob-specific CADD Standards to
be used by the A-E contractor and to provide the
summary as a part of the GFM’s. The summary
could either (a) include the actual CADD Stan-
dards which are relevent to the design project, (b)
reference the portions of the Government’s
general CADD Standard which are applicableto
the design project, or (c) include a combination of
both.

If the CADD Standard is new, estimate how
much time the A-E contractor will need to tool up
to usethe standard. Tooling up to usethe
standard involves the following considerations.
These considerations do not apply when the
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project CADD Standard has been in common use
prior to the proj-ect. They do apply when the
project CADD Standard is hew or is significantly
changed from previous standards.

a. How much timewill be required to study
and absorb the standard?

b. How much timewill be required to de-
velop menus and user commands and to
develop new dectronic libraries? This
requirement can be diminated if the
Government provides e ec-tronic seed
files/prototype draw-ings which are
configured for the CADD Standard to the
A-E contractor.

¢. How much time will be required to train the
Contractor's CADD staff and how much
time will they need to pass through the
learning curve and regain their previous
level of productivity?

d. Estimatethe staff productivity differences
between following the project CADD
Standard and following other current or
other previous standards. This will
probably be a percentage factor.

Government-furnished materials (GFM’s)

Electronic cell libraries. Examinethe electronic
symbol and detail cdll libra-riesto be delivered to
the Contractor. Determine how much of it will
really apply to the project (and how much of it is
just standard library material that is of no
immediate use for the specific project). Also,
determineif the detail libraries are configured to
therequired CADD Stan-dard, and whether the
Contractor must redraw or modify them to comply
with the standard. Estimate how much timethe
con-tractor will save using this material.

Electronic seed files/prototype

drawings/wor kspaces. Does the Govern-ment
have dectronic seed files, proto-type drawings,
and/or workspaces which are configured to the
required CADD Stan-dard to provideto the A-E
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contractor? This material can save a considerable
amount of the Contractor’stime.

I nfor mation on existing conditions. Evaluate
the content and quality of the data and material to
be provided to the contractor. Estimate how much
time and effort recelving this material will save
the Contractor. Estimate how hard it will be for
the Contractor to use the material. Isthe
electronic datain aformat readily accessibleto the
CADD software to be used?

Estimate the time and cost required to convert
hard copy (paper or vellum) draw-ings to an
electronic format compatible with the CADD
software to be used on the contract. Also
determineif the drawings will berequiredina
raster or vector eectronic format, and estimate the
cost of producing the type required.

Drawings the Contractor will deliver to the
Government

Estimate the number of drawing sheets that
will beincluded inthe set. Organizethelist of
required sheets by discipline. Evaluate the density
and complexity of each sheet or sheet type.
Identify any special conditions that will require
more or less than an ordinary levd of effort.

Data structure. Evaluatethe project directory
and file structure. Evaluate the data structure
required by the design contract or sketch out an
approximate data structure. Estimate how
referencefiles can be used to save the Contractor
time.

Reused material. Determine how much
material can be developed for one drawing and
then reused on other drawings with only minor
changes. Estimate how reusing this material can
impact the cost of pro-ducing other project
drawings.

Reference files. Thereferencefiletools
included in current CADD systems give the user
significantly improved capability to layer CADD
drawings and to develop graphics such as drawing
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borders, title blocks, and project base conditions
as referencefiles and include them in many
composite project drawings. Esti-mate how the
Contractor can use referencefile capabilities to
savetime.

Rules of thumb. Beready to question old
cost-estimating rules of thumb and look instead to
total cost.

a. Referencefiles and the ability to use the
same material several placesin a set of
drawings may invalidate earlier estimates
based on the required number of drawing
hours per sheet.

b. Changesinthe Contractors staffing mix
and the new ways professional staff can use
a CADD system to create a greater portion
of the finished drawings will change the
traditional ratio of professional staff hours
to technical staff hours.

. Increasesin staff productivity and increased
capital costs for automated equipment
increase over-head costs as a percentage of

payroll.

Interim submittals

Determine how many eectronic ddiv-eries the
Contractor is required to make. Each required
interim el ectronic sub-mittal represents a cost.
Determine when each interim eectronic delivery
must be made. Determine what must be included
in each eectronic delivery — which drawings
must be included and what information must be
included on each drawing? Estimate the cost of
making each e ectronic ddivery — assembling the
files, verifying their contents, writing them to disk
or tape, administering the transmittal and delivery.

Final delivery

Determine what the Contractor must in-clude
in the project ddlivery at the end of the design
process. Estimate the cost of preparing this

ddivery — assembling thefiles, verifying their
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contents, writing them to disk or tape,
administering the transmittal and ddlivery.

As-built drawings

Determine whether the A-E design con-tractor
is required to develop as-built drawings at the end
of construction and, if so, whether heis
responsible for gathering as-built information
from the construction site. Estimate the cost of
modifying the CADD files to reflect changes made
during the construction process.

Archiving

Determine whether the A-E design con-tractor
is required to archive the project CADD files after
the project isfinished. Estimatetheinitial cost of
archiving the material and the periodic cost of
main-taining the archive.

Suggestions For Reducing
CADD Costs

Project team communication

Facilitate direct contact between the A-E
design contractor, the appropriate technical staff,
and the end user of the design project wherever
possible. When all communications between the
Govern-ment, the A-E contractor technical staff,
and the end user go only through the Government
and A-E contractor project managers,
communications involve extra steps, take longer,
and are subject to confusion. The Contractor may
never really know what the end user wants. Also,
the Contractor’ s technical staff may not have
access to the knowledge and exper-ience
possessed by the Government’ s tech-nical staff
which could reduce project design costs and
improve the finished project design. If a
Contractor suspects that his access to the end user
or Govern-ment’ s technical staff will be limited,
his proposal may include fee allowances to cover
the cost of making changes and back-tracking and
time allowances to cover delays.
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The best way to establish lines of com-
munication and to ensure that all parties have a
clear understanding of the project scopeisto hold
amesting at the project siteto include the
Government and A-E project managers, the
appropriate Govern-ment and A-E technical staff,
and repre-sentatives of the end user attending. |If
possible, this meeting should be held prior to the
Government’ s submitting the RFP to the A-E
contractor. Lines of com-munication haveto be
established and clearly understood by all parties.
For instance, all communications and deci-sions
which could impact the A-E contrac-tor’ s design
cost, the project construc-tion cost, or project
design schedule must be coordinated through the
Government and A-E contract managers.
Communications and decisions on technical
issues, such as foundation design for a building,
should be coordinated between the appropriate
technical staff. Communications and decisions
concerning color schemes for buildings, and
similar issues, should be coordinated between the
appropriate technical staff and representatives of
the end user.

Ultimate file use

Determine how the required electronic CADD
files areto be stored, archived, and used in the
future by the Government. Do this before the
project SOW is prepared and convey the
information to the A-E design contractor as early
in the project as possible. This knowledge will
provide a context within which to approach many
of the CADD-related questions that are cer-tain to
arise during the project.

Delivery requirements in contract
language

Include a clear and compl ete descrip-tion of the
eectronic CADD ddivery requirementsin the
language of the con-tract. If the contract describes
the CADD requirement in just a sentence or two,
the contractor is |eft to guess what the final
requirement will be. The contractor who is forced
to make such a guess will try to protect himself
with a higher proposal.
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Standards, entitled “ A-E CADD Ddiverables
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Clear, uniform, and easy to understand
CADD Standard

Use aclear, uniform CADD Standard.
Implement it as broadly as possible. The
Contractor who can complete a project for one
Tri-Service component and then start another
project for a different component that uses the
same CADD Standard can do his work with
confidence and with increased productivity. The
ultimate adoption and use of the Tri-Service
A/E/C CADD Stan-dards (TSTC in preparation)
being devel-oped at the TSTC by the DoD will
providethis.

Keep the project CADD Standard as sim-ple as
it can be and still accomplish the project's goals.
Meet with the contractor at the start of the project
and determine which portions of the overall
CADD Stan-dard apply to the specific project and
which do not apply. Develop a subset of the
official CADD Standard that describes how
CADD work will be approached for the specific
project.

For example, a Project Manager and A-E
design contractor might agree to simplify the level
names for asimple project or for the simple
portions of alarger, more com-plex project. In
such a situation, consi-der grouping project data
on asinglelevd with the four-character BASIC
level name (as described in the draft Tri-Service
A/E/C CADD Standards (TSTC in preparation)).
Organize the datainto multiple layers that use the
9-character STANDARD format or the 13-
character USER-DEFINED format only when the
project or project segment is complex enough to
warrant the effort.

For small or specialized types of design
projects, the CADD Standard could betailored to
the project. Theideal situation would be for the
Government to prepare a summary of the job-
specific CADD Standards to be used by the A-E
contractor and to provide the summary as a part of
the GFM’s. The summary could either (@) in-
clude the actual CADD Standards which are
relevent to the design project, (b) refer-encethe
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portions of the Government’s gen-eral CADD
Standard which are applicable to the design
project, or (c) include a com-bination of both.

Government-furnished electronic data

Provide the Contractor with eectronic tools
that will expedite his work.

a. Library material.

(1) Provide seed file or prototype drawings
with cdll libraries of symbols and
details, font libra-ries, line type/style
libra-ries, and level/layer schemas that
are configured for the Government’s
CADD Standard. Provide eectronic
workspaces with custom menu
structures and user commands that will
automate layering and simplify access
tothelibraries. The TSTCisde
veloping these products for use with
the Tri-Service A/E/C CADD
Sandards (TSTC in prepara-tion).
The use of this eec-tronic material,
along with any additional
customization which may be necessary
for the partic-ular Government
organization’' s requirements, can be
used to save the A-E design
contractor’ s time (and consequently
reducetheir fees). In addition, pro-
viding this material can improvethe
quality of thefiles that the contractors
eventually ddliver to the Government
by making it easier for their CADD
staff to follow the CADD Standards
and by ensuring uniformity of
implementation of the CADD
Standards.

(2) Provide standard electronic
construction details (e.g., fire hydrants,
man-holes, etc., configured to the
CADD stan-dards) for the items of
con-struction which are always in-
stalled or constructed the same way (or
which may require only minor
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modifications) to the A-E contractor.

Chapter 4 Recommendations

However, requiring the A-E contractor
to use old electronic details and to
modify them to conform to the CADD
Stan-dards may cost more than allow-
ing the contractor to redraw them from
scratch, or over a scanned raster image
of the detail.

b. Project-specific data.

)

)

3)

Provide the A-E design contrac-tor
with any existing project data that
might be helpful. This might include
base material, data on existing site
condi-tions, information from pre-
vious project phases, etc. Before
ddivering this data to the contractor,
the material must be reviewed to verify
that the eectronic files are com-plete,
readable, and usable. Veify, too, that
theinforma-tion included in thefilesis
accurate. Be prepared (if accu-racy of
thedatais acritical issue) to certify the
accuracy of the data or pay the
contractor to verify the data.

If possible, provide the A-E contractor
with a copy of the plans and
specifications for a previously
completed design project that is similar
to the oneto be designed. However,
make sureit is clearly stated on the
plans and specifications or in the
design contract SOW that the
information is provided “ For
Information Only” and is not to be used
verbatim by the A-E contractor.

Hard-copy, or paper, drawings
depicting as-built and existing
conditions can be provided to the A-E
contractor to provide background
information for usein the design
process. For the portions of the design
where the general locations of existing
and proposed features are to be shown
(e.g., general plans), the drawings can
be scanned and in-corporated into the
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project drawings. Aeria photographs
are very useful for this purpose also.

Project meetings

Project meetings should be held at key
milestones during the life of each project.

Aninitial project meeting should be held prior
to the development of the A-E's proposal (i.e.,
preproposal conference). CADD related issues
(e.g., the CADD stan-dard, CADD ddliverables
requirements, Government furnished eectronic
and hard copy data, and futute uses of the data)
should be discussed at thistime. Include
representatives from the end user, the Government
project manager, the appro-priate Government
technical experts (as applicable), the A-E design
contractor project manager, and the appropriate
A-E technical experts (as applicable) at the
meeting. Clarify expectations of all involved.
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Define specific responsibilities. Define the project
schedule and the procedures to be followed.

Electronic file testing

Exchange and test sample electronic files.
Test the dectronic files to be ddivered from the
Government to the Con-tractor beforethe RFP is
submitted to the A-E contractor. Test thefilesto
be ddlivered to the Government by the Con-tractor
before serious CADD production work begins.
Veify that thefiles: (a) contain the required
information, (b) are donein the correct format,
(c) follow the project CADD Standards, and (d)
can be used for the purposes intended.

Interim electronic format submittals

Determine how many interim submittals the
Contractor is required to make in electronic
CADD format. What is the valueto the
Government of theseinterim elec-tronic
submittals? Reduce the number of required
el ectronic submittals to the minimum number that
will givethe Govern-ent this desired value.
Reduce the portion of each interim submittal that
must be made in eectronic format to the minimum
that will give the Government thisvalue. The
fewer times the Contractor must submit electronic
files and the less material the Contractor must
submit in €ectronic format, the lower the Con-
tractor's CADD costs will be.

Professional liability

Resolve professional liability ques-ions before
thework begins. A Contractor who fedls
uncertain about his exposure and fed's he must
protect himself will add money to his proposal.

Checklist and Sample Spread-
sheet for Preparing Estimates

A checklist and sample spreadshest for
guidancein preparing cost estimates for A-E
CADD services areincluded in Appen-dices B1
and C1, respectively.
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Appendix A
Glossary

ACEC
A-E
A/E/C
AlA.

Application

AutoCAD

CADD
CBD
CO
COR

Database

DoD
GFM
GIS

FAR
File

American Consulting Engineers Council
Architect-engineer firm

Architectural, Engineering, and Construction
American Institute of Architects

Software designed to meet software specific needs and perform specific tasks, unlike system
software which runs other software

CADD software program developed by Autodesk, Inc., registered and trademarked by
Autodesk, Inc.

Computer-aided design and drafting

Commer ce Business Daily

Contracting Officer

Contracting Officer’ s Representative

A collection of dectronic information organized for easy retrieval. Databases are organized
into a hierarchy of files having a predetermined structure and organization that can be
communicated, interpreted, or processed by a specific program

Department of Defense

Government Furnished Materials

Geographic Information System

Federal Acquisition Regulations
A group of related information
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File format

MicroStation

MS-DOS

Operating

PC

RFP

Scanner

Software

SF

SMC

TSTC

UNIX

USACE

USAED

Windows

A2

A defined digital organization and arrangement that determines how a computer filewill be
written and displayed on screen or in print

The CADD software program developed by Bentley, Inc., registered and trademarked by
Bentley, Inc. It isused, and marketed, by Intergraph, Inc., asthe* basic’ CADD program (or
CADD engine) for many of it's CADD application and GIS software products.

Microsoft Disk Operating System, a registered trademark of the Microsoft Corporation.
Software that allows application programs to interact with the computer’ s hardware and
translates the user’ s commands

A computer software program that provides commands and functions used by System
other computer programs to communicate with the computer hardware equipment

Personal computer with an Intdl, or Intel-compatible, central processing unit. Normally
contains a 486 or pentium central processing unit for CADD applications

Request for proposal

An dectronic device that converts an image from paper into araster image stored in an
electronic computer file

An dectronic digital program that contains instructions used to perform certain tasks on a
computer or to manage a computer’ s operation

Standard Form

Systems Management Consultants
Standard Operating Procedures
Scope of Work or Statement of Work
Tri-Service Technology Center

The operating system and family of related utilities originally developed by AT& T Bell
Laboratories

United States Army Corps of Engineers

U.S. Army Engineer District

Windows operating system software, a registered trademark of the Microsoft Corporation.
Software that provides a graphical interface, allowing application programs to interact with
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Windows NT

Workstation

the computer hardware and translates the user’ s commands. Windows, version 3.1 and
beow, requires MS-DOS to operate

Windows New Technology operating system, aregistered trademark of the Microsoft
Corporation. Software that allows application programs to interact with the PC or
workstation hardware, translates the user’ s commands, and does not require MS-DOS to
operate

A terminal that contains an internal central processing unit and can operate in a stand-alone
mode or as part of a network
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Appendix B
Check List

Cost Estimating for A-E CADD Services Check List

Review the project Scope of Work.

A. What work is the design contractor required to perform?

B. What parts of thework must be submitted as eectronic CADD files?
Review the CADD Standard that is required for the project CADD work.

A. Isthisanew CADD Standard, onethat has not been required for previous
design contracts? If not, goto Item 1.

B. If thisisanew CADD Standard, estimate how much time the design
contractor will need to tool up to use the new Standard.

1. How much time will the contractor need to study and absorb the
new standard?

2. How much timewill the contractor need to develop menus and user
commands and to develop new library materials and seed files?

3. How much timewill the contractor need to train his CADD staff to
use the new Standard and how much time will the staff need to pass through the
learning curve and regain their previous leve of productivity?

Review dectronic data the Government will furnish to the design contractor.

A. Seadfilesand cdl libraries. Examine the material to be ddlivered and
estimate how much time the contractor will save by using this material.

B. Information on existing conditions. Evaluate the content, format, and
guality of the material to be provided.
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B2

1. Estimate how much time the contractor will save by using the

material.

2. Estimate how much timeit will take the contractor to sort out the
material and useit.

3. Determine whether the Government will certify the accuracy of the
material provided.

4. If not, estimate how long it will take the contractor to verify the
information contained in the Government-furnished material.

Evaluate the drawings that the design contractor will furnish to the Government

A. Estimate the number of drawing sheets that will beincluded in the set.
B. Organizethelist of required sheets by discipline.

C. Evaluatethe density and complexity of each sheet or sheet type.

D. Identify any special conditions that will require more or less than an
ordinary levd of effort.

E. Data Structure
1. Evauatethe project directory and file structure.

2. Evaluatethe data structure required by the design contract or
sketch out an approximate data structure.

3. Estimate how reference files can be used to save the contractor

time.
F. Reused Material

1. Determine how much material can be developed for one drawing
and then reused on other drawings with only minor changes.

2. Estimate how reusing this material can impact the cost of
producing other project drawings.

G. Estimate how the contractor can use reference file capabilities to savetime.
Interim submittals

A. Determine how many eectronic ddiveries the contractor is required to

make.
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B. Determine when each interim eectronic delivery must be made.

C. Determine what must beincluded in each eectronic delivery — which
drawings must be included and what information must be included in each drawing?

D. Estimatethe cost of making each eectronic ddivery — assembling the
files, verifying their contents, writing them to disk or tape, administering the transmittal
and ddivery.

VI. Estimate the cost of making the final ddlivery. What will it cost to:
A. Assembletherequired files.
B. Veify the contents of thefiles.
C. Writethefilesto disk or tape.
D. Administer the transmittal and delivery of thefiles.
VII. Estimate the cost of preparing as-built drawings. What will it cost to:

A. Maintain the dectronic files of the design drawings until the end of
construction? What if thereis adéday in funding and construction does not begin
immediately after the design phase?

B. Gather information from the construction site?

C. Maketherequired changes to the design drawings?

VIII.  Estimatethe cost of archiving the CADD files. What will it cost to:

A. Initially archivethe project files?

B. Maintain the archivefor the required period?
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Appendix C
Sample Spreadsheet

NOTE: The sample spreadsheet isincluded to provide a generic example of one way to set up an

el ectronic spreadshest to estimate costs that are specific to the development of CADD gen-erated
products. The sample spreadsheet should not be construed to be comprehensive enough to cover all
project specific parameters. The sample spreadsheet does not take into account the different diciplines of
the A-E contractor’s staff that will be doing the actual CADD work. Actual cost estimates should include
estimates for the number of hours that each dicipline will spend performing the items of work.

An éectronic copy of this spreadsheet in a Microsoft Excd (Version 5.0) can be obtained fromthe
TSTC'sinternet homepage at http://mr2.wes.army.mil.
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Appendix C - Sample Spreadsheet (with sample values)

HRYITEM NET HRS DESCRIPTION
1 THE CADD STANDARD
a Does the project have anew CADD Standard? If no, enter 0 and moveto

Item 2. If yes, moveto the next item (Item 1b).
b. How many hours will it take the Contractor to:
8 i Study and absorb the new Standard.
8 ii. Develop new menus and user commands.
8 iii. Develop new library materials and seed files.
iv. Train the CADD staff to use the new standard.
4 # of CADD staff
8 hours per person
32 32 total hours

V. Takethe CADD staff through the learning curve and regain
their previous level of productivity?

4 # of CADD staff
16 hours per person
64 64 total hours
120 SUBTOTAL HOURS
2. GOVERNMENT-FURNISHED MATERIAL

a Seed Files and Cdll Libraries. Answer one of thetwo lines. How many
hours will it take the Contractor to:

i Develop the material and set up to use.

24 ii. Receive the material from the Government and set up to use.
b. Project base data. Answer one of the two lines. How many hours will it
take the Contractor to:

i Develop the material and set up to use.

32 ii. Receive the material from the Government and set up to use.
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iii. Does the Government certify the accuracy of the Government-
Furnished Material?

If yes, movetoitem 3.

120 If no, how many hours will it take the Contractor to verify the
data contained in the Government-Furnished Materia? Verify
whether these are considered CADD hours or something else.
176 SUBTOTAL HOURS
3. THE CONTRACTOR'S DRAWINGS. How many drawings must the Contractor
prepare? Divide these into groups of similar drawings.
a Group A.
22 i How many drawings are in the Group?
28 ii. How many hours does it take to prepare each drawing?
616 Total Drawing Hours
-32 iii. How many hours can be saved by inserting seed file and library
material ?
-36 iv. How many hours can be saved by reusing material from one
drawing to the next?
-12 V. How many hours can be saved by using referencefile
capability?
536 Subtotal for Group
b. Group B.
22 i How many drawings are in the Group?
28 ii. How many hours does it take to prepare each drawing?
616 Total Drawing Hours
-32 iii. How many hours can be saved by inserting seed file and library
material ?
-36 iv. How many hours can be saved by reusing material from one
drawing to the next?
-12 V. How many hours can be saved by using referencefile
capability?
536 Subtotal for Group
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22
28

616

-12

536

1,608

12

16

39

12

16
36

C4

C. Group C

i How many drawings are in the Group?
ii. How many hours does it take to prepare each drawing?
Total Drawing Hours

iii. How many hours can be saved by inserting seed file and library
material ?

iv. How many hours can be saved by reusing material from one
drawing to the next?

V. How many hours can be saved by using referencefile
capability?
Subtotal for Group
ADD MORE GROUPS AS REQUIRED
SUBTOTAL HOURS
4. INTERIM SUBMITTALS
a How many interim submittalsis the Contractor required to make?
b. How many long will it take the Contractor to make the first interim
submittal?
How many hours will it take to:
i Assemblethefiles.
ii. Verify file contents.
iii. Writethefilesto disk or tape.
iv. Administer the transmittal and delivery.

Subtotal for Submittal

C. How long will it take the Contractor to make the second interim
submittal? How many hours will it take to:

i Assemblethefiles.

ii. Verify file contents.

iii. Writethefilesto disk or tape.

iv. Administer the transmittal and delivery.

Subtotal for Submittal
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d. How long will it take the Contractor to make thethird interim
submittal? How many hours will it take to:

4 i Assemblethefiles.

12 ii. Verify file contents.

4 iii. Writethefilesto disk or tape.

16 iv. Administer the transmittal and delivery.
36 Subtotal for Submittal

ADD MORE SUBMITTALS AS REQUIRED

108 SUBTOTAL HOURS
5. FINAL SUBMITTAL. How long will it take the Contractor to make the final
submittal? How many hours will it take to:
4 a Assemblethefiles.
12 b. Verify file contents.
4 C. Writethefilesto disk or tape.
16 d. Administer the transmittal and delivery.
36 SUBTOTAL HOURS
6. AS-BUILT DRAWINGS
a Is the Contractor required to prepare as-built drawings?

If no, enter 0 and movetoitem7.

If yes, moveto the next item.

b. How many hours will it take the Contractor to:

80 i Archivethe files for the design drawings until the end of
construction.

360 ii. Gather as-built information during construction on the job
site, if required.

32 iii. Receive and evaluate the as-built information.

80 iv. Make required changes to the design drawings.

24 V. Prepare and makethe CADD file delivery.
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24

72

Co6

576

SUBTOTAL HOURS

7. CADD FILE ARCHIVES
a Is the Contractor required to archive the project CADD files?
If no, enter 0 and move to the bottom of the sheet.
If yes, moveto the next item.
b. How many hours will it take the Contractor to:
i Initially archivethefiles.
ii. Maintain the archive for the required period.

96 SUBTOTAL HOURS

SUBTOTALS
120 1. THE CADD STANDARD
176 2. GOVERNMENT-FURNISHED MATERIAL
1608 3. THE CONTRACTOR'S DRAWINGS
108 4. INTERIM SUBMITTALS
36 5. FINAL SUBMITTAL
576 6. AS-BUILT DRAWINGS
96 7. CADD FILE ARCHIVES
2,720 TOTAL HOURS
$25 AVERAGE HOURLY RATE FOR DISCIPLINE (eg., draftsman)
$ 68,000 TOTAL DIRECT PAYROLL COST FOR THE PRODUCTION OF CADD PRODUCTS.
$ 34,000 150% OVERHEAD (If not included in the negotiated hourly rate).
$ 6,800 10% PROFIT (If not included in the negotiated hourly rate).
$108,800 TOTAL DIRECT PAYROLL COST FOR THE PRODUCTION OF CADD PRODUCTS

(WITH OVERHEAD AND PROFIT).
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