From Slide Ruleto Computer: Forgetting how it isused to be done.
By Henry Petroski (notes on the article)

| was advised dong with al the other freshmen to get, right &t the start, a good dide rule with dl the scaes|
would ever need.
What our engineering indructors were interested in teaching us was not al the grand things that our various

models of rules could do, but their common limitations. We were expected to know that we could only report
answers accurate to three Sgnificant digits from our rules.

Thereault of acalculation could not have a greater accuracy than the least accurately known input number.
We dso learned how to estimate the order of magnitude of our answers.
Aslate as 1967 Keuffd & Esser did not predict the demise of the dide rule within five years.

In 1968 “if this hand-sze calculator ever becomes commercid, the conventiona dide rule will become a
museum piece.” 1n 1968: “Only the digital readout till poses a problem, since at present there are no low-cost
miniature devices available”

In 1974 there were price breskthroughs with the Commodore modd SR-1400, a “37 —key advanced math, true
scientific caculator”.

We faculty were thus faced with the question of whether students with eectronic dide rules had an unfair
advantage on quizzes and examinations over those with the traditiond dip sticks.

By 1976 Keuffdl & Esser consgned to the Smithsonian Ingtitution the machine it once used to carve the scales
into itswooden dide rules,

By the mid-1970' s cd culator manufacturers were making fifty million units a year, and soon just about
everyone, including engineers who went through school in the old days, had a caculator.

A decade after the calculator displaced the dide rule, we are beginning to ask these questions (and we are ill
asking them), but we are asking them not about the calculator but about the persona computer.

Some structurd failures have been attributed to the use of and misuse of the computer.

Each revison of one part of a structure could affect the stressesin every other part. If that were the case, the
entire dress andlysis would have to be repeeted. 1n the days of manua cdculation with the dide rule, such a
process would be limited by the sheer time it would consume, and structures would be generdly over designed
from the start and built that way.

The computer can be used to analyze structures that engineers of dide rule erafound too complex

Since the engineer himsdf presumably has no fed for the Sructure he is designing, he is not likely to notice
anything suspicious about any numbers the computer produces for the design.

While the computer works very quickly as afile clerk, it cannot work very quickly whenit is asked to andyze
certain engineering problems.

The computer does not work with ideas but with numbers, and it can only solve asingle problem at atime.

The computer is both ablessing and a curse for it makes possible cal culations once beyond the reach of human
endurance while a the same time aso making them virtualy beyond the hope of human verification.

Unfortunately, nuclear plants and other complex structures cannot be designed without the aid of computers and
complex programs that work the problems assigned them. The andysis of the many piping systemsin nuclear
plants seems to be especialy prone to gremlins, and one computer program used for calculating the stressesin
pipes was reportedly using thewrong value of 2. Another incident with a piping program occurred severd
years ago when an incorrect Sgn was discovered in one of the instructions to the computer.  Since the computer



results had been employed to declare severd nuclear plants earthquake-proof, al those plants had to be
rechecked with the corrected computer program. This took months to do.

Even if acomputer program isnot in error, it can be improperly employed. The two and a haf acres of roof
covering the Hartford Civic Center collapsed under snow and ice in January 1978; only hours after severd
thousand fans hed filed out following a basketbal game.

Apparently, the origind designers were so confident of their own oversmplified computer modd (and thet they
had asked of it the proper questions) that when workmen questions the large sag noticed in the new roof they
were assured that it was behaving asit was supposed to.

Because the computer can make so many calculations so quickly, there is atendency now to use it to design
gructuresin which every part is of minimum weight and strength thereby producing the most economica
gructure. This degree of optimization was not practica to expect when hand cal culations were the norm, and
designers generdly settled for an admittedly over designed and thus a somewhat extravagant, if probably extra-
safe, structure.

The Electric Power Research Indtitute (EPRI) has been sponsoring a program to test the ability of structura
anays's computer software to predict the behavior of large tranamisson towers. A full-size giant tower has
been constructed and the actud structure can be subjected to carefully controlled |oads as the reaction of its
various membersisrecorded. The results of such real-world tests were compared with computer predictions of
the tower’ s behavior, and the computer software did not fare too well.

It is only the factor of safety that is gpplied to transmissions towers that appears to have prevented any number
of them from collgpsing across the countryside.

Thus, while the computer can be an amost indispensable partner in the design process, it can aso be a source of
overconfidence on the part of its human bosses. When the computer is relied upon for the design of innovative
gructures for which thereis little experience of success, let done falure, then it isaslikdy, perhaps more

likely, for the computer to mistaken asit was for a human engineer in the days of the dide rule.

Canadian Concrete Code Committee — “changes have occurred so rapidly that the profession has yet to assess
and dlow for theimplications of these changes” In the design office the reduction in computation time will

free the engineer to spend more time in creative thought — or it will alow him to complete more work with less
cregtive thought than today. Because the computer analysisis available it will be used. Because the answers
are 0 precise that is atendency to believer them implicitly.

The American Society of Civil Engineers—“ Should the computer be registered?’

Computers, while really no more than el aborate dectronic dide rules and computation pads, enable anyone,
professond engineer or not, to come up with adesign for anything from a building to a sawer system that looks
mighty impressive to the untrained eye. Isit becoming easy to take on design work outside of the engineer’s

area of expertise sSmply because of software page is available? How can civil engineers guarantee the accuracy
of the computer program that the engineer is quaified to useit properly?

Thisis one of the mogt Significant developments in the history of structurd engineering



