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INTRODUCTION 

Computers bring out the best and worst in people because there is a large 

range of thought and feeling about them, what they can do, what they can't do, 

how they do it, and what they do it with. My background is primarily in 

consulting, and in that capacity I have spent 10 years working with people either 

getting actual drawings out the door or helping them install the computer systems 

that can. My purpose is to provide you with a brief overview of where we are; 

i.e., state of the art information on hardware and software. There are over 400 

companies making computer systems today: - all different price ranges, speeds, 

quality, etc. It is just a phenomonal and an exciting field to be in. What was 

true yesterday may not be true tomorrow and it is up to you to research and find 

out about it. 

I am going to talk about profitability and productivity in terms of using 

computer systems. Let me start with a little background. Where did we start? I 

started with the slide rule, log tables, and different mathematical formulas, 

etc. In that same time frame the first computers were being put together at the 

University of Pennsylvania. The new dawn came in 1972 when HP came out with its 

electronic slide rule, the HP-35, My parents were interested in furthering my 

education so they spent $400 for this calculator. A few years later the price 

was $150 and now you can get it for $10, It is simply amazing how rapidly the 

market changes. This was the start of one type of revolution - the calculators 

and the basic chips that go into this kind of machine. In 1972 our company 

started with the WANG 2200 computer system from Dr. Wang (who is right up the 

road a little bit from where we are). This was one of the first BASIC,language 

mini-computers. We wrote engineering software for the Wang 2200 because there 

wasn't anything available in 1972 when it first came out. Suprisingly enough, 
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that machine still works in our office after ten years. However, 

it seems that nobody wants to use it anymore because we have other 

machines that are faster, better, and solve hiaaer nroblems. 

COMPUTER PARAMETERS 

Basically, what we look for and the things that you should be looking at 

with regard to computer systems relate to the following: 

1) Number crunching -- computers obviously have the ability to do complex 
calculations. That is what they are really built for and this is where 
most of the use and progress in terms of structural engineering 
software has been. We find that many programs today are doing things 
that by hand we wouldn't even dream of doing. 

2) Storing data -- Most systems are strong in retrieving the data from 
disks, diskettes, tapes, etc. 

3) Driving peripherals 
plotters, graphics, 
system. 

Various kinds of disk 
CRT's, and other pieces can be 

drives, printers, 
attached to the 

4) Controlling intruments 
or R & D types of things. 

These are related to failure investigations 

The computer system today can do so much more than we can. 

But there are things a computer can't do. These considerations revolve 

around the application of ingenuity in solving a problem. Just how do I want it 

to solve the problem, where do I want it to lead, and what does the result mean. 

In many cases there are hundreds of different paths to solve any particular 

problem. This is where human reasoning comes in, It is human imagination and 

creativity that will make this computer system into a tool that you can use. A 

tool that will become part of your office just as the slide rule was ten years 

ago and what the computer aided drafting machine might be ten years from now. 

COMPUTER APPLICATIONS 

As a consulting engineer the major emphasis revolves around having the 

computer do structural analysis and design calculations for us, we have a 25 man 

firm which includes 15 professional engineers. We have six terminals available 

either on the Wl\NG system or the personal computer systems in the office. At any 

time, one of us can walk up to a machine and run an analysis or go through a 

design process. The machine does the numbers and the engineer provides the 

concept and the ideas that he wants to test as the solution. 

In addition to engineering applications we are doing word processing. 
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Everyone should be aware of what computers can offer in terms of word processing, 

spec writing, proposals, etc. Our word processing software ended all repetitive 

typing and proof reading in our office. Accounting is another big area for 

computer usage in a consulting firm. Probably the most time consuming aspect of 

an engineering office in relationship to office management functions is the 

posting of time cards and expense information into a job record so that the 

client can be billed. Obviously, billing is necessary for us to be paid. 

Another application for a computer system is for data processing (in terms 

of marketing and data base management). Questions such as for what clients have 

we done what jobs and where we have done a certain type of building can be easily 

answered. For example, a surveying office that we work with bas all of their 

surveys and places where they have done surveys on the computer system so if they 

are proposing to work for somebody, they can look at what benchmarks they have 

and what reference points are already set. They can come back with a much more 

precise answer regarding what it would take to do that particular job. 

The last item to mention is the automated drafting function. Many firms, the 

larger firms in particular, are starting to get into this primarily due to 

governmental pressure. A rather large firm in Houston had to buy a certain 

computer aided drafting system because they are going to do work for the Air 

Force in San Antonio. There was no choice. They had to buy this particular 

system and that was it because the government mandated it. Fortunately, the 

project was big enough that they could put the $200,000 price tag into the 

project cost. Not many of us can do that. We are starting to see the 

computerized, automated drafting function move into the smaller firms but the 

transition will be fairly slow. Then, as hardware prices once again take another 

cycle downward, software will be available that will justify this economic 

investment for a f-irm of five to ten people. 

COMPUTER HARDWARE TERMS 

More specifically, regarding hardware I know I might be using terms that may 

be new to a few people. Obviously, the key thing I am going to be discussing 

hardware-wise revolves around the Central Processing Unit. There are, as I said, 

400 firms making "CPU's" right now, ranging from the popular ones such as the 
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Apple and IBM to such up and comers as Pixel, Plexus, Apollo, and many others. 

Mass storage corresponds to the magnetic storage medium of the system, be it 

a flexible disk, a hard disk, or tape drive. There are systems available which 

allow you to put millions of characters of information on 5-1/4" surfaces. Also 

coming are 3-1/2" diameter surfaces which make the system small enough to fit on 

a desktop and still be extremely powerful. 

The CRT, the display message center, is the heart of any computer system. 

This is where you are going to know what's going on and where you are going to 

tell the machine what you want done. Probably the key thing happening here is 

the influence of graphics on the CRT. Graphics will make the system easier to 

understand. Even the answers are more informative by using graphics. 

Memory is in the central processing unit and the place where programs are 

executed. Recently memory has dropped 

bought our WANG system, an 8K memory board 

in price dramatically, When we first 

was about $2,500, Now I can buy 128K 

memory boards ·for $500, There has also been a dramatic shift in the memory 

available on the machines. Most of the personal computers that you see coming out 

today start at 128K or 256K; in fact, some of the HP systems start at 512K. 

This is phenomenal compared to ten years ago when 4K was a big deal. 

There are great differences in keyboards as well, Obviously, for an 

engineering function you want a numeric keypad so you can key in joint, load, and 

member numbers quickly and easily. Some of the systems such as Apple II do not 

have a numeric keyboard. You have to use the upper row of keys on the typewriter 

for the numbers. There are great differences in the keyboard with regard to how 

they feel and operate. 

Printers range over the price spectrum from $250 up to thousands of dollars 

depending on quality, speed, and accessories that you might want for your 

computer system, 

COMPUTER TRENDS 

At this time I would like to discuss some trends with computers. One trend 

is that computer hardware costs are going down, and a decline of 20% a year is 

not unbelievable. Manufacturers are not changing their prices but rather they 

are putting in things that last year were options or extras to the systems. I 

think that pricing has bottomed out for business professional systems. There 
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is tremendous competition on the home/hobby level at this time. In the home 

machines, four of the five major manufacturers lost money last year, sG----they 

won't survive very long or they will be raising their prices. 

The other side of the graph is labor and this corresponds to the software. 

The cost of producing and maintaining software is very labor intensive. I know 

that our programming people want to get paid more every year. Therefore, the 

software costs will continue to increase in specialized areas such as structural 

engineering. If you are looking at word processing, there is a wide open market 

and the prices are coming down. Database management information systems also 

have a wide open range of applications and, therefore, the prices are coming 

down. On the specialized side, whether you are a doctor or a lawyer or an 

engineer, the software costs aren't going to come down. Prices will increase in 

proportion to labor costs involved. 

Another thing that is happening is the computer need explosion. As Forbes, 

Business Week, and others have predicted, by 1985 there will be fivefold increase 

in computer units sold, taking the market from roughly a billion dollars to five 

billion per year over the next three years. The phenomonal growth in this market 

bas one very confusing aspect, namely, you don't know who to believe anymore with 

regard to what is going on. 

The start of the personal computer revolution (and I am going to orient 

myself to the personal business level machine and the software available for it) 

began with Apple. The interesting part of this is that the people who started 

Apple initially worked for Hewlett-Packard so we could all be talking about 

Hewlett-Packard machines if the people at HP had said "that sounds like a good 

idea." Apple really started the revolution in 1977. The IBM people legitimized 

it by bringing out their PC. The marketing expertise of IBM, bas made this 

market what it is today, more so than anything Apple or any of the other 

competitors have done, IBM is selling almost 800,000 units in 1983, But even at 

those production levels, they are talking about a four to six week delay in 

getting machines to people. The demand has been outstanding and it has created a 

whole series of compatible types of machines (clones) Compact, Franklin, 

Eagle, Corona, etc. Even older companies such as Digital, Wang, Altos, HP, and 
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others are emulating what IBM does. So, IBM has legitimized the personal computer 

and has brought software as well as a lot of good things to the marketplace. 

Everybody is waiting to see what they do next, In my opinion, the PCJr. is 

really not a business/professional type machine we would want in our office, 

however, it is an interesting machine. 

One of the other major manufacturers, particularly in engineering, is 

Hewlett-Packard. The HP-86 system has been around for two or three years. It 

has matured to having a fair amount of software available for it, It is a good 

unit as are the other ones. You can't really knock the hardware. There is a lot 

of sameness, if you will, about the systems. They are using the same hard disks 

or they are using the same chips from Motorola, Intel or whoever, The difference 

comes from how the operating systems work, The speed with which a machine runs is 

not necessarily in the chips or the disks or the printers that are used on it. 

There are many variables involved. 

Business Week has predicted the following sales figures for 1984: IBM at 2 

million units, DEC with 300,000 units, HP with 300,000 units, Wang at 100,000 

units - the figures are phenomenal. One of the reasons for this awakening demand 

is that there are advantages to owning a system, the major one being 

convenience. When I worked for the State of Wisconsin, and I believe this is 

applicable to most large groups and organizations, we felt it was easier for us 

to get our own system, do our own thing internally and fix our turnaround to 

something we controlled rather than working through a third party. In addition, 

the fact that a company may not need to hire or replace a person also affects the 

value. Another reason to purchase a system is the expensive cost of time 

sharing. Even beyond that, the IRS has certain tax advantages that make it more 

equitable to invest in hardware and software. 

invest in a system. 

So, there are many reasons to 

COMPUTER CONSIDERATIONS 

mind: 

When deciding to purchase a system these are some considerations to keep in 

1) Expandability - Expandability is a key concept because typically when 
people buy a system, and as they mature with it they want to have more 
disk capacity and more memory. Various aspects come in to play so it's 
a good idea to ask yourself -- "what is the future of this system" or 
"how expandable do I want this system to be". Initially, you will pay 
more for a system that allows you to expand. 
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2) Modularity - This refers to the ability to interface a variety of 
peripheral (modules) with your system. For example if you buy an 
HP-150 with the thermal printer built into it and you decide you really 
need a faster printer, you can't replace your printer with something 
faster. There is only one speed to the printer so you have to buy a 
separate unit. You should have bought a separate unit to begin with so 
that you could sell it later and get the higher speed one with a 
minimal investment. This same idea applies to disks. If the disks are 
built in (such as an Apple III or a Lisa) and you decide that you need 
more disk capacity, you are stuck. When you do get the 1.0 megabyte 
disk, the floppies will be unused. Some modularity should be 
considered. Again, an all-in-one-unit, a portable unit such as the 
Kaypro or Compacq is not bad -- depending on what you want to do. 

3) Compatibility - This is an important consideration particularly when 
you are talking about software. Compatibility of software means that 
the dBase II I bought for my Digital Rainbow will work when I buy a 
Digital Mic,ro-vax. However, the price of software for general 
applications is not that critical so if you spend $500 on Lotus for 
your HP-150 and then you need the version for your IBM PC, you are out 
$500 which i.s not as great an amount. If you are paying $8,000 or 
$10,000 for a Finite Element Analysis program compatibility is an 
important question and should be considered. Related to hardware 
compatibility becomes "Can that printer plug into this other system 
that I may buy in the future?" 

SOFTWARE CONSIDERATIONS 

The critical item here is software. This is what I am going to spend most 

of my time discussing. In terms of software the main concept revolves around a 

proven package. You don't want to be a guinea pig in any software that you are 

using. The ability to use a program to run your problem and to verify that the 

system does what you want is the key factor. Most firms supply demo disks to 

prospective buyers because they understand the "touch and feel" aspect is 

important to prove that the system will do what you want it to do. Also, you 

will learn how fast it solves the problem. In terms of providing a proper 

solution, the software should ask the questions in a logical sequence. So you 

Should be aware of these considerations when purchasing software. 

Testing the program will give you a feel for what installation and support 

procedures are. Does the vendor have an 800 number? Are there support personnel 

available? And other related questions are very important considerations. 

Another item to consider are enhancements. Are there changes being made 

that will make the software more powerful or that will keep it up with the latest 

techniques. For instance, if the AISC code changes are the programs modified to 

reflect those changes? This is a very important question to ask the software 

people that you are going to be dealing with. 
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Is the software transportable? For instance, as you enhance or upgrade your 

machine will the software still work or do you need to buy another version of 

it? Also, what are the policies across hardware manufacturers, i.e., if I buy a 

program for an IBM PC, is there a similar program for those of us in the office 

who have an HP-86 at their disposal. Do I have to retrain people to use the 

different machines or is there a consistency in that software so that when you 

sit down at any machine you will be familiar with the questions and your respones 

to the system. Obviously, transportability is an interest;i.ng concept. 

Another key consideration is ease of operation. If I have to spend ten 

minutes getting the program up and running to solve a simple steel beam, then the 

system is useless. Some programs are written to be all encompassing and 

therefore require a waste of time answering questions which do not apply to the 

solution. On the other hand, there may be need for an all encompassing program. 

So ease of operation is important and something that should be considered as you 

look at systems. 

SUPPLIER CONSIDERATIONS 

With regard to both hardware and the software, a key consideration is the 

strength of the distributor. In other words, will the company that you are going 

to work with be here five years from now? I think you can pick which ones are 

going to be around for sure in terms of hardware but what about in terms of 

softwace? If you are dealing with a one man operation the odds of him being here 

five years from now to support your software are pretty slim. If you are dealing 

with a 15 man organization that has been around for ten years, then you have a 

shot at it at least. Still, there are no guarantees in this busipess. 

Typically, the firms that have been around longer will charge more for their 

software. This is how they survive and maintain their profitability. If support 

is not a concern and if you want to take a little more risk and pay a little less 

money, that is another route to take. You pay your money and take your chances 

all the way across the line. 

Both your choices of a hardware and software company should have a proven 

record of success. What technical expertise is behind their systems? What are 

they doing to make sure that they are going to be there when you need service in 
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a year or three, or when you need a new system? If they have been around for a 

while, they should have a user base that you can talk to. You should ask the 

company to provide you with a reference list of users, which is something you 

should check out, However, I find it hard to believe that it is economic for 

anyone to spend 200 hours researching a $3,000 computer system and software when 

that time is worth $4,000, You are better off to take a flyer in some cases and 

see what happens rather than spend the $4,000 in administrative overhead, 

Also, consider where the maintenance is coming from for the hardware, Is 

there a four hour response for on-site service or do I have to mail it back to 

the manufacturer? The level' of expertise and support that you can expect from 

the manufacturer or vendor is dependent upon the particular piece of hardware or 

software. 

INTEGRATED SYSTEM CONSIDERATIONS 

Of course, as we mentioned previously data processing and word processing 

can be integrated, We use the word "can" as this is not necessarily the best 

solution. There are occasions where it makes sense to put all the accounting, 

the word processing, and the engineering on one system and get a larger system 

with multiple terminals. On other occasions; for reasons of security, backups, 

or use (depending on the applications, etc,), it would be better to split the 

system onto discrete machines. Today's market indicates that these are going to 

cost you about the same either way, Typical systems are going to cost $3,000 to 

$4,000 or up to $8,000 per terminal whether it is a discrete system, such as an 

IBM or an HP, or whether it is a multiple terminal system like the WANG 2200 or 

DEC PDP/11, Again, there is a wide range of choices. 

In terms of accounting, a computerized system can coordinate the confusion 

on the accountant's desk and turn it into an organized display, Everybody is 

happy because the project reports are on time rather than three or four weeks 

late, and your firm is getting its billing out on time. Beautiful things happen 

when you automate the accounting functions in an engineering firm. 

Word processing can also be a big part of computer system justification. The 

system takes the repetitive manual typing of proposals, specs and other things 

and puts it on the CRT for review and editing purposes. Then print it off on a 

daisy wheel printer so that you have the typed copy coming back quickly and 
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correctly. One of the other developments I saw while in Las Vegas for a computer 

dealer show was multiple speed printers. These printers will go 400 characters 

per second in draft mode so that you can get a rough copy very quickly. They also 

will slow down to 40 or 50 characters per second and do a near letter quality in 

typewriter style. This way you have the best of both worlds in one printer. 

Getting back to what we started with -- the profitability and productivity 

of a computer system. In terms of structural engineering, even projects of 

minimal complexity justify a computer system. A project is typically not going 

to be just one run, as much as we would like it to be. Therefore, having it on 

the machine make.s that second, third or fourth run much quicker and easier to 

deal with. Even with a small structure it makes sense to use the machine. 

The design of structural elements, beams, columns, prestressed beams, post 

tensioned slabs, and whatever, makes sense on a small computer system. The 

machine gives the ability to do ten different elements in the same time that it 

would have taken to do one by hand or on a calculator. You get a professional 

looking printout that I can show to other people. One of the key things I 

learned about the business of engineering was that I would always guess wrong 

about the right answer. You spend all this time computing and doing the numbers 

that you were taught in college. The project engineer says "Naw, that should be 

a Wl2x50." There was always an information gap there that I never understood 

until I finally started to use the computer system and do a range of answers. I 

felt a lot better by coming in with more positive reasoning than just my hunch. 

One of the other uses that we tend to overlook is the ability to create load 

tables. with the computer system. We can create our own tables that relate to 

specific products with specific designs that we are using everyday. That is a 

good application for the computer because you are dealing with repetitious 

calculations and taking them away from time wasting, error prone hand calcs. 

SYSTEM COST CONSIDERATIONS 

Obviously, the question of money comes into all of this. What is the 

investment in this system? Depending on your perspective, it could be a little, 

it could be a lot, it could be major or minor, it could spread out over a 
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few years, or it could be all done in one payment. Different things come into 

play when you talk about the investment. 

When thinking in terms of money the first item to discuss is hardware 

costs. Whether you are going to purchase or lease the system is an important 

question. In most leases you will get the tax advantages from the IRS passed 

through. There are other definite advantages to leasing. We find about 50% of 

our sales are going to leasing companies, using leasing money from local banks or 

national concerns such as u.s. Leasing. People are writing 60 month leases for 

computer systems at a rate of 2 to 3% per monthi therefore, take the $10,000 

system that you really need for the office and break it down to a $200 to $300 

cost per month over a five year time frame. This figure is more manageable. To 

purchase or lease have come into consideration as probably the number one aspect 

of the hardware. 

When you do spend that $10,000 as one payment, it is capital you are 

removing from the firm since you are buying an asset for the firm. There is a 

cost associated with that capital. As engineers we do not think of the economic 

costs, the opportunity cost, if that $10,000 was put into a money market fund at 

11% it would represent $1,100 that is lost. The machine has to be able to 

overcome that cost of capital involved in its purchase. 

In some cases as you buy bigger equipment, you have to modify the site, put 

in air conditioning, put in special electrical circuits for special grounding, 

and maybe go into humidifying the room to cut down on the static electricity. 

There is a wide range of site preparations that may be done and may be necessary. 

Also, one should consider the cost of consultants, management personnel, and 

staff, etc. As I said, if I spent 50 hours researching this computer system 

(just obtaining literature and reading requires many hours) and my six partners 

and I spend another 10 hours apiece at board meetings deciding what we want to 

do, we've just taken the cost of the system from $4,000 on up to $10,000 or 

$12,000 by the time we ac·tually make the decision. Many of us overlook the cost 

of research and management involved in just making the decision to purchase the 

hardware. 

From the software standpoint, the cost of application software is the major 

factor. If that is the route you are going, the cost of modification should be a 
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consideration. Will the provider of that software modify it? Will he make it 

fit to your particular needs and recommendations? or, are you going to have to 

modify your mode of operation to work with that system? 

An alternative is in-house written software. In-house software development 

brings with it many other responsibilities that we probably do not think of 

immediately. For example, the maintenance of a piece of software and the 

documentation of the software are all things that will come if it is purchased 

from outside the office. If it is written internally and then the programmer 

leaves the firm or is too busy to provide support then we have invested in a 

piece of software that will not bring the expected return. Software must be 

maintained and explained to the users if they are going to be using it on a daily 

basis. 

The cost of training is also an important consideration. What does it take 

to get up to speed with that piece of software? This relates to the ease of use 

of the machine with that software. 

Furthermore, consider the cost of data collection, particularly related to 

accounting functions. Somebody has to put all the job cost information, time 

card information, open jobs, open invoices, etc., onto the system before it 

becomes usable in any way, shape or form. We should consider what that cost is. 

Some firms will do' that for free as they include it in the software price, and 

other firms are going to charge separately for that service, These are all things 

you have to consider as you're purchasing the computer system. 

OTHER COST CONSIDERATIONS 

Other items for review include documentation for the system. How do I get 

the software to operate in my office? If I'm buying softwarei are we getting 

manuals and will I have to do other things to document how to use the system in 

my office? Also consider the cost of software management. There obviously is a 

management function involved in any system. Knowing when to say it's a software 

problem, knowing when to say i~s a hardware problem, and knowing who to call 

requires expertise. Just managing system usage promotes some costs whether it be 

a $3,000 Apple system or a $100,000 VAX. 

Your system will have some one-time startup costs you should consider. What 

is the operating system going to cost and what will it take to get it up and 
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running? What other communications equipment do I need (such as telephone lines 

or moderns)? If we are putting terminals around the office, do I get cables 

included, or buy them? 

Management becomes involved during the initial start-up and during the 

training sessions, Also, what does it cost to disrupt the organization and put 

this system in? One of the biggest things, particularly with drafting systems, 

is that as soon as one comes in every client that comes in the door gets a walk 

through to look at the graphics system. Furthermore, every employee has to go 

over and see what's being drawn, particularly if it is a fast plotter. This is 

true in our office and it's true in every office, As soon as the plotter comes 

alive, the productivity of the drafting room drops to zero as they all come over 

and observe what the plotter is doing, 

There are also ongoing costs. What is the maintenance cost of the hardware 

system? What is the maintenance cost of the software? This varies with what 

support level you are looking for. Another cost is utilities, which also comes 

into play and should be considered, Some systems when they are turned on will 

take 4,000 or 5,000 watts, while other systems such as an HP85 only require 25 

watts, There is a big difference in what the utility costs are when we have the 

big system turned on all the time. The cost of supplies should be considered, 

Paper, discs, plotter pens, and all kinds of things are not a part of our 

standard office supplies. Perhaps we need special filing cabinets to keep the 

materials in. It is possible that a special area to keep accounting records 

secure such as fireproof rooms or fireproof safes, etc., come into play, Coming 

back to the planning and management of that system, there should be one person 

who will keep up to date on the latest operating system and will keep us up to 

date on what software additions are available and whether or not the firm should 

have them. Which hardware upgrades are available and whether or not the firm 

should have them must be evaluated, There are many different things that revolve 

around each aspect of an ongoing system. 

So, you can see from these major categories that there are many things to 

think about in the selection of a computer system. Yet, not any of them are 

overwhelming when approached systematically, It is something that we must do to 

stay efficient and profitable, 



98 BOSTON SOCIETY OF CIVIL ENGINEERS SECTION, ASCE 

PROFITABILITY ASPEcrS 

. Profitability, as it is defined by economists, is the net income for the 

firm divided by the total assets. When you invest in a computer system you are 

increasing the assets of the firm so the denominator is going up. To maintain 

the same level of profitability, the net income also has to go up. The net 

income is revenue less expenses, Therefore, the firm has to increase income or 

reduce expenses to be as profitable after the computer system is installed as it 

was before the computer. 

To increase revenues one must do more marketing by going after larger 

projects, winning more bids, etc. The other option is to decrease costs, 

Typically in the engineering firm the major cost that we are dealing with is 

labor. Therefore, for the equation to work out, the computer system either has 

to improve revenue by getting jobs or allowing more jobs per minute, or I have to 

eliminate personnel to maintain the same profitability and to stay competitive. 

As an engineer, I really hate the latter alternative. It is important for us to 

realize that when a computer system comes in, we have to go out and promote. We 

have to do some very serious marketing to make this investment pay off in any 

environment, whether it is a small computer system or a major investment. 

Some of the problems that a system may present include basically four 

items. These represent the traps the typical firm will fall into when using 

computers, By falling into these traps, you will have eliminated the gain in 

profitability and, in turn, the revenue you were planning on. 

Trap number one is the iteration trap. This is reflected in the fact that 

the computer system allows the user to run 20 or 30 frames through it when you 

might have been done in one or two cycles. You have probably not gained a whole 

lot by doing those additional 28 runs if you came in with good judgements to 

begin with, One of our rules in the office is if you don't know the answer, 

don't use the computer. Otherwise, you are just going to waste a lot of time 

getting down to the solution, A better way is to make that first guess 

reasonable and get it within 20 to 30 percent, Then you need only two cycles to 

be at a good solution rather than wasting 20 or 30 cycles through the system, So 

always watch out for the iteration trap. 

Trap number two concerns being overwhelmed by data. Far instance, in 
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designing a crane building, you will have dead, live, and wind load combinations. 

You are also dealing with horizontal loads from the crane, the impact loads, 

wheel loads on the girders, and all kinds of combinations. If you try to analyze 

all the combinations at one time, you're going to be very confused by the 

output. The procedure we find to be effective is to go on a unit load basis with 

all the different loads and look at what effects the structure the most. Then we 

combine those cases into the combination so as not to lose the feel for what's 

happening to the structure. In this way, we prevent the tendancy to become 

overwhelmed by data in the analysis. 

Trap number three is the overanalysis trap which is probably the most common 

trap to fall into. A computer system will do 13 significant digit calculations 

and will carry them out with more precision than is practical. It seems 

ridiculous to worry about one half of one percent overstress when we know the 

loads or materials properties are not that precise. So, it is easy to 

overanalyze with a computer system, which will decrease profit, increase 

expenses, and waste time. 

Trap number four is the "shouldn't have used the computer" trap. Again, 

this is fairly common as we forget about using all previous analysis and design 

aids such as tables, charts, etc. We have a steel beam design program that we 

wrote but it only makes sense to use that program when you are working with a 

strange loading or a strange bracing on that particular beam. If there is a 

uniform load on the beam, then we shouldn't use the machine because the A.I.S.c. 

Manual will give the answer directly. There are numerous occasions when the 

C.R.S.I. or A.I.s.c. Manuals or other design aids make more sense to use rather 

than wasting time and effort on the computer. This is one of the concepts you 

learn as you become experienced with a system. Working with a system will 

educate the user with regard to the various traps that should be avoided. 

Computers can generate tremendous amounts of information and they can do 

many good things for us. It's a matter of "how do you spell relief?" Is it 

through the computer system and all the output data or is it using your 

engineering judgment? Our belief is that engineering judgment is the better way 

of going and we use the computer system as the tool to get us there. The result 

is that the microcomputer and the mini-computer can increase profits and 

productivity. 
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DIFFERENCES OF COMPUTER SYSTEMS 

Two of the concepts we've been discussing are the mini and microcomputer 

systems. Actually, there are very few differences between computer systems 

anymore because they are all using the same technology and many of the same 

chips. The biggest difference revolves around the marketing and packaging of the 

system. Is it a desk top, a floor unit, a rack mount, etc.? Economics greatly 

affects the cost of the machine and how easy it is to repair. Today, we are 

beginning to see "throw it away when I'm done" systems. For instance, the 

keyboard on an HP-150 costs about $11 to make; therefore, they are not going to 

spend any time repairing it. They are going to throw them in the garbage and 

send you a new one. On other systems you may be working with more complicated 

communications between the keyboard and the terminal so they may try to repair 

it. 

Marketing differences reflect varying levels of support. If you buy a PC at 

a store, you should expect that you are going to have to take it back to the 

store to get it fixed. You're going to have to put it in the car and haul it 

around, taking your time and money to get it to them for repairs. If you buy a 

different type of system, such as a Digital Rainbow, you can get an on-site 

service contract which dictates that they will come to your office within four 

hours to fix it. What is the value of having that response time and your 

investment protected? This is something for you to evaluate. Support is a key 

difference between the types of machines that are in use. 

The manner in which a computer is marketed varies from manufacturer to 

manufacturer. Personal/business computers are generally sold going through 

retail channels. In a store environment don't expect the salesperson to know a 

great deal about your needs. Generally, one cannot be very technical in a retail 

store because they cannot afford the time and effort to answer a lot of 

sophisticated questions. However, if you're dealing with the manufacturer's 

salesperson (the guy in the 3-piece suit), you can expect him to either know the 

answers or to be able to get the answers in a reasonably short time. You are 

paying for that service because his machine is going to be higher priced than the 

one that is in the store. 

COMPUTER SPEED RELATIONSHIPS 

Another concept I want to discuss is speed. There is tremendous capability 
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with almost every computer system but to make use of this power requires speed, 

The operating system in combination with the architecture of the machine will 

make a big difference in how that machine operates. For instance, a typical 8 

bit machine (such as Apple IIe or Apple II+) will take almost an hour to solve a 

40 joint two-dimensional frame. If you put that same problem on a Wang personal 

computer, the time will drop to eight minutes. That's 52 minutes saved. The 

fact that you have to wait that extra hour will make a difference in the value of 

the machine for the office. The Wang 2200 system will do the same problem in 

four minutes. 

While speed can vary dramatically, the price variation generally is fairly 

small, You'll probably spend $2,800 to $3,200 including dual disk drives and 

printer for an Apple IIe system, The Wang personal computer is around $4,400 and 

the Wang 2200 sells for about $10,000, 

used to be in system costs. 

There's not as much variation as there 

Regressing a moment to our frame analysis example where the program ran for 

an hour on the Apple, eight minutes on the Wang PC, and four minutes on the Wang 

2200; the IBM PC takes 26 minutes to solve that same problem. The HP-9816, which 

is a Motorola chip based 16 bit machine, takes ten minutes to solve it, The Radio 

Shack Model II will take about 30 minutes. Differences in price, performance, 

and support can be important. 

The "right" machine for you is dependent upon the types of solutions you 

want, If you want discrete two-dimensional analysis, an 8 bit machine will 

probably do the job at a rate of 40 to 50 joints an hour. If you want to run 

three-dimensional problems, an 8 bit machine will solve only 15 joints an hour; 

therefore, this system may not be "right" for you, Even a 16 bit machine may not 

be appropriate considering these will solve only 30 to 40 joints of a space frame 

per hour, That's why there is a place for mini-computers and main-frame systems 

in the world. There will always be a place for bigger, faster computers for 

major number-crunching projects, 

The main frames started out in 1946 and have continued to grow in power, 

size, and speed while becoming less expensive. 

100,000,.000 instructions per second through 

The talk about processing 

those machines, is simply 

unbelievable, Also, it is said that they can run 10 sets of those. hundred 
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million items simultaneously to get a billion items processed in a second. 

The mini-computers are going the same route as the main frames. We started 

out with the the WANG 2200, a small mini. Now, we have the Supermini {WANG VS, 

Digital VAX and PDP-11, and the Data General Nova). There is a whole new 

generation coming. 

On a smaller scale the hobbyist machines, such as Heathkit, are now growing 

into micros. The new buzz word now is supermicro where you are· hearing names 

like Pixel, Plexus, Altos, Apollo, etc. I'm not sure what a micro is, and 

therefore I'm not sure what a supermicro is but it must mean something to these 

firms. Apparently, the difference revolves around speed, support, expansion, and 

marketing. 

The 32 bit machines are starting to become an economic reality for the 

engineering firm. The HP 9000, the IBM 9000, the Wang VS, and various other 

brands are the start of this generation. These are all going to be in the 

$25,000 to $30,000 bracket but you can expect the prices are going to drop over 

the next two years. Here again is an increase in speed. 

joints an hour as one does on a Wang personal computer, 

Instead of solving 80 

I can now solve 300 

joints in an hour on my desktop. This means structural software will provide you 

with the results you are looking for, at a rate of 150 to 200 joints an hour for 

three-dimensional analysis. 

Finite Element analysis is another step up and we will have to wait to get 

that much power on the desktop economically. There are some microcomputer 

programs that do Finite Element analysis and if you only need to do 100 nodes 

this is probably acceptable. 

COMPUTER INFORMATION RESOURCES 

One of the best software books that is available right now is put together 

by the American Consulting Engineers Council and is called Major Software Sources 

for Consulting Engineers. It lists approximately 400 different sources for 

software. It also lists what machines are compatible with a particular 

program. There is an abstract of each company and the software. The book is an 

excellent reference guide. So, I recommend it to you. 
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How current is this book? Since it is computer generated, I would say that 

it is fairly current as they have already issued three or four volumes. I 

believe it is issued quarterly. 

There are numerous other sources and directories available. If you walk 

into a computer store you will find an Apple directory that lists all the 

software available for Apple. There is an IBM directory and a book called the 

Source (another book that comes out periodically) • If it's current, it's good. 

There was a time when we had three or four years to rest up from a major 

change in our software. Now, we may have six months breathing room before going 

to the next step, the next machine, the next generation 

transition. 

CONCLUSION 

it is a fast paced 

In summary, I would like to reiterate several concepts that we have covered. 

First, I want to make sure that you understand that support is the key to a 

successful installation. The support of the software, the support of the 

hardware, whether i.t' s in-house, whether it's software you purchase. In other 

words, the who, what, why, when, and how of maintenance is a very key factor 

regarding your system. 

The next aspect that we should think about in a computer installation and 

use are the legal implications. Who is responsible for the results? As an 

engineer using software, you may believe the software house is responsible but 

that's not true. Since you are stamping the drawings and doing the engineering 

calcs, it is your responsibility. At this time, the courts have not had any 

cases presented to them to test this. 

Which brings me to the next point, which is that anybody who says their 

software has no bugs is a fool. Every piece of software has bugs in it. You may 

not be able to find them or they may be very small, very isolated bugs. our 

programs on the Wang have been in existence for almost 10 years and we currently 

have 800 installations. Three weeks ago a user found a way to end up with 

answers that were absolutely ridiculous for his problem. It was a particular set 

of input that led to this bug. It wasn't something that he did wrong as an 

operator, although I believe that 99 percent of the "bugs" are operator errors 
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which stem from not reading the manual or not working with the software 

properly. In terms of ethical and legal considerations, there is a paper out 

that was published a few years ago by ASCE entitled "Ethical Considerations in 

Computer Practices." It is being updated by the Computer Practices Committee, as 

is the computer pricing guide. 

In conclusion, what is the best system for an engineer? The choice is based 

on your applications: what you want to do, how much money you have to spend, how 

valuable that system can be in your office, what kind of growth you are looking 

for, and what kind of support and maintenance you want on that system. The 

decision may include such minor things as color. Do you want to have the status 

of a name brand or are you willing to take a chance on somebody who has a good 

product but may not have the reputation yet? Is the salesman going to make a 

difference to you? In general, the hardware may be much the same, and in a lot 

of cases the software is going to look very similar. So. it's a matter of who are 

you going to be more comfortable with and that will be the right system for your 

office. 
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Thank you for your attention. We will go to questions and comments at this time. 

Q: IS THERE ANY SOFTWARE FOR BRIDGE DESIGN AND ANALYSIS? ECOM does have a 
program for bridge analysis on the Wang 2200 that we're testing in three sites, 
Illinois, Louisiana and Indiana. All indications are that it is a useful 
program. Over the next year you will see a lot of programs coming out for bridge 
design, bridge analysis, bridge economics, and other related topics because of 
the need to replace bridges, the gas tax, etc. Right now the best program I know 
of for bridge analysis and design is the US Steel program, SIMON. It is going to 
take a while to market software with any quality or stature and hopefully, we 
have one that,is not too far away. 

Q: WHY IS THERE SUCH A WIDE VARIANCE IN SOLUTION SPEED? The application run on 
all the systems was the same: ECOM'S General Frame Analysis Program. We put in 
the same structure, same number of joints (35 joints), same number of members, 
the same loads and combinations, etc., and just let the machine solve away. The 
difference in speed is a function of the operating system. The Wang P.C. is 
using the same chip that IBM uses and basically the same MS/DOS operating system 
that IBM uses. Whatever Wang did to make their machine run three times faster 
than the IBM P.C., it was successful. If I knew their secrets, I'd be in the 
hardware business. For some reason, Wang came up with a winner. Unfortunately, 
Wang is probably one of the worst marketing organizations in the world for 
computer systems. They have great hardware and their growth has been primarily 
oriented around that fact. If they did an effective job of telling the world 
about their systems Wang would be growing at an even faster rate than they are 
today. 

Most manufacturers have chosen to be relatively compatible with IBM so that they 
are not bucking the trend. Digital learned the hard way. They tried to go with 
CP/M as its main operating system on the Rainbow and PRO Basic on the 300 series 
system. The PRO 350 have been stones; nobody is selling them. On the Rainbow, 
DEC found that with CP/M the system was selling ok. As soon as they announced 
the MS/DOS operating system on it (compatible to IBM), sales accelerated. 

Q: COULD YOU PLEASE TELL ME THE DIFFERENCE BETWEEN A MIRCO AND A MINI COMPUTER? 
I use those words interchangeably because I don't think there is a difference 
between them anymore. There used to be a difference in t.erms of the size of the 
CPU and the chips used but now not even that is true. Another old ·dividing line 
related to the number of terminals present on the system. If it had multiple 
terminals it was a mini; if it had only one terminal that was a micro. However, 
even that is gone today so the definition is wide open. One difference may be 
the price and how you are buying it. If you're buying it in a store, it's 
probably a micro; if you're buying it from the manufacturer, its probably a mini. 

Q: HOW DO I FIND THE BEST SYSTEM? There are two computer rules that come to 
mind: Rule No. 1 is to find the software first and buy whatever hardware it runs 
on; and Rule No. 2 is to see Rule No. 1. Find the software that you want, 
whether it is Finite Element analysis, space frame structural analysis, concrete 
beam design, post-tensioned slabs or whatever first. It doesn't matter what 
hardware system the software runs on, the hardware is not going to be that much 
different in price over what system you might think would be .the best. For 
instance, Victor is in the press about their financial troubles. The Victor is 
an excellent machine. If you are willing to take the risk that one year from now 
there might not be service on it, it is probably a great investment. But does it 
have the right software to do what you want to do? What do you want it to do, 
what do you need it to do, and what different aspects of support do you require 
for that system must be considered and evaluated. Find the software first and 
you'll find some hardware that will be acceptable. 
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Q: WILL COMPUTERS REPLACE ENGINEERS AND LOWER THE DEMAND FOR ENGINEERS? There 
is no doubt that our economy is changing to an information oriented economy; a 
data processing economy if you will, and away from the manufacturing base of the 
past. I think that structural engineers are not going to fall in demand. There 
will always be a demand for good engineering people and with the aid of a 
computer system that engineer can do a great deal more. I worry about the 
draftsman as that's where the decline will occur. As machines are linked the 
next step in the evolution will be that the machine can take my solution and make 
the drawings. For example, metal building manufacturers have super systems that 
make building drawings come out on their automated drafting systems easily and 
efficiently. I would be more worried about the future if I was a draftsman than 
an engineer. The engineer is going to be needed, no doubt about it. 

Q: WILL WE THROW OUT MIRCOCOMPUTERS IN THE MANNER THAT WE THREW OUT THE 
SLIDERULES A FEW YEARS AGO? As long as a tool is useful one will keep using it. 
The computer will continue to do its job for many years. It is you who decides 
when you want the latest tool or a faster tool. Yes, I believe that you will 
want to change machines every three or four years due to improvements in 
hardware, software, and price. The answer is yoJre.going to throw it away. If 
you can get five years out of it, that is a great deal. In terms of a 
justification or payback cycle, we tell our clients to use two years for a 
personal computer. Then, the third is free, and the fourth year is gravy. If 
you get five out of it that is great. For the bigger systems when you spend over 
$15,000, you want to get five years out of it to justify it. The computer 
decision is not a once-in-a-lifetime choice; it is similiar to buying a car only 
not as expensive any more. 

Q: WILL THE SOFTWARE REVOLUTION AND ARTIFICAL INTELLIGENCE BEGIN TO SUPERCEDE THE 
HARDWARE REVOLUTION? Five to ten years from now you will see analysis software 
feeding into design software which feeds into drafting software. I don't think 
that many. firms will be able to afford it in five years but maybe it will be 
affordable in ten years as the cost comes down. The hardware is here right now 
to communicate and make drawings. It is a matter of somebody sitting down and 
funding the software development. ECOM cannot afford to do that development 
because of our size. A small engineering firm needs to look at a very quick 
payback and resonable investments to stay in business. It is important that the 
software people you are dealing with are also living in that environment and 
understand your needs so that day to day improvements are made with an eye to the 
future. You should not be forced beyond your capabilities or funds. 

Q: AREN'T THERE ALREADY COMPANIES THAT HAVE ALL THE FUNCTIONS INTEGRATED AS WAS 
SHOWN IN AN E.N.R. ARTICLE? I remember the article you are referring to in 
"Engineering News Record." That article was somewhat misleading. s.o.M. has an 
outstanding program that will put a building into the cityscape and let you look 
at it from all different views and different angles. However, they are still 
doing design by hand in some cases. They have not integrated all the pieces 
together -- yet. Again, it is a matter of funding. The pizzaz of showing the 
owner his building in the cityscape is promotion and marketing. They are one of 
the firms that can afford to invest the time and effort to do work with it. 

Q: ARE WE GOING TO USE THE COMPUTER TO DO RUN AFTER RUN JUST BECAUSE WE HAVE 
TIME AVAILABLE? IS IT A GOOD TIME TO BE IN THE PAPER BUSINESS? There is no doubt 
that the paper or the phone business will be a good investment when related to 
computers. It does take a while for the average firm to really use their system 
efficiently on an everyday basis. The one thing that scares me 'about the 
computer revolution and all the paper it produces is the loss of feel for the 
structure and what you are doing. You put your numbers into a black box and the 
solution comes out the other end with 24"x 36"drawings numbered Sl through ss. 
You are not sure that the machine is doing what you want the way you want it 
done. That is a little scary and I am not sure how we as professional engineers 
are going to confirm the design. One way is to stop and look at the intermediate 
stages of a solution. We cannot let the black box do it all and see the end 
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result without evaluation. This is a major concern for our future. 

Some people are going exceed their limits of expertise or extend beyond their 
capabilities. There is a user of ours in Texas who recently bought our Space 
Frame Analysis Program. There is no way on earth he should be using it. He does 
not have the expertise to understand the required input much less the answers. 
This goes back to my earlier discussion regarding knowing the answers before you 
start working with the system. Getting a feel for the structure and knowing what 
the results should be must be a requirement for any engineering process. 

Q: ARE THE EDUCATORS DOING A GOOD JOB IN PREPARING GRADUATES TO DEAL WITH 
EXPERTISE, FEELING FOR THE ANSWER, AND THE COMPUTER? They are doing a better job 
than ten years ago, but it is still not great. Ten years ago when I came out of 
school I was unprepared. Having taken the advanced steel, the advanced concrete 
and the advanced structural analysis courses in school, I still had no feel for 
what was happening in that structure until I sat down and worked with an engineer 
who had the experience and the background to help me understand it. Educational 
institutions have not kept up with the pace of knowledge the profession requires 
nor the practical application of that knowledge. In the last couple of years 
more universities are buying software and putting in computer systems for the 
students .to use. The schools are starting to realize that once the students get 
out the door they are going to be using systems of some sort. Some colleges such 
as Penn State and Arizona State are setting up Software Centers to show the 
student (and the faculty, hopefully) what is available & in use today. After 
you've done two or three concrete beams by hand you should understand the calcs 
and time required. Going to the computer system and doing 15 or 20 beams gives 
you much better feel for what the shear requirements are, what size beam makes 
sense, and how much steel you need. Education is not doing the job it should; 
however, they are doing a better job than they were ten years ago. 

Q: CAN ONE OR SHOULD ONE REQUIRE ACCESS TO THE PROGRAMMING CODE BEFORE BUYING 
SOFTWARE? When you buy a piece of software, you should always run sample 
problems and compare the results to some other standard solution procedure such 
as on a time-sharing system. This should be done whether or not you have access 
to the source code. On some machines ECOM will provide the source code so the 
user can go in and look at the program. On other machines we will not because it 
is too easy to pirate. When a user obtains the source code from us, he can look 
at the program and nine times out of ten he can't figure it out. There are so 
many overlays of coding or interwoven variables in the program to make it fit in 
a 24k or 32k memory, that it is often difficult for us as the o~iginator to 
understand what is happening. Sometimes when we fix a bug, we find out that the 
variable is used in other places and we now have more bugs. 

The best source of information in terms of verifying whether ,a program does it 
right or not is looking at the manual. The manual associated with the program 
should reference the code provisions and solution methods being used and what 
assumptions are being made in that software. If the manual is poorly written, 
hard to follow, xeroxed on a liquid copy machine, and sticks together, I wouldn't 
advise getting involved with that program. If it is printed up or is a nice 
photocopy and has a decent flow to it, then that represents a company who has put 
time into the manual. This program should be considered. You get what you pay 
for in this market. Don't take anything for granted; test it by doing old 
problems and see what the results are. If the answers are not better than what 
you did by hand, you do not need that software. 

Q: HOW COMPATIBLE ARE THE VARIOUS OPERATING SYSTEMS? CAN I TAKE A PROGRAM FROM 
ONE MACHINE TO ANOTHER? There are advantages and disadvantages to every 
operating system. For instance, the Wang 2200 is very fast, but it also requires 
that its own BASIC-2 language be used. There is nothing else in the world that 
is compatible with it. On the other hand, the Apple is very generic and just 
about anything written for an Apple will transfer either directly with a diskette 
or through telephone communication lines to any other CP/M machine. The best way 
to proceed is to assume that there is no compatibility in terms of the software. 
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Each machine should be examined on its own available software. Do not buy future 
promises of compatibility. Our. software is available on 14 different machines 
and we have 14 different versions of software that make use of the advantages of 
each system. For example, graphics on the IBM are different than on the HP which 
are different than the graphics on the Wang, Apple, Radio Shack, etc. There is 
no commonality across those machines (despite what the hardware salesman told 
us). We made a corporate decision to go to the CP/M and MS/DOS Basic languages 
as a base to get to something that is more generic. Recently, we had the first 
direct compatibility ever when we took an IBM P.C. diskette and put it in the 
Wang P.C. and ran the program. That is the only time we have ever been able to 
do something like that. 

Everybody has different screen formatting, everybody has different diskette 
capacity, everybody has a few different operating commands, etc. so that we need 
to maintain 14 different versions and 14 machines for testing. The typical 
salesman doesn't know -that as he believes all CP/M's or MS/DOS's are the same. 
Do not buy a system and get caught·without software. It goes back again to our 
discussion on finding the right software. If you find the right software and it 
runs on a particular machine then you know it works. Do not expect it to 
transfer; it may, but don't expect it to happen. 

Q: IS THERE ANY SOFTWARE FOR THE DESIGN OF CONNECTIONS? It is much easier to 
put a note on a plan that says "connection design by fabricator". I save lots of 
time and have minimum risk. ECOM does have a program that designs a steel girder 
bolted connection. We use other utility type programs for welded connection 
design. Whether a software program will be developed or not is generally 
dependent upon a commonality of procedure and results. It is easy to do a steel 
beam because everybody uses the same code and the same procedures. On the other 
hand you can give a connection design problem to 45 different people and you get 
45 different solutions. Most of the time connections are a very individual 
design and there is not any commonality or routine other than code guidelines 
from which to create a marketable program. So, I do not see any connection 
design software being developed in the near future. I like having the fabricator 
design connections because he knows what makes the most sense based on his 
operation and costs. 

Thank you very much. 




