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Engineering, design, and produc-
ing companies can benefit by the
judicious use of computers. Com-
puter programs, prepared in ad-
vance, can be used to carry large
work loads and to free valuable em-
ployees for their more productive
tasks. There is, however, an under-
standable reluctance to use comput-
ers, especially for the first time. This
stems from a lack of information
about the steps and costs necessary
to develop and use a computer pro-
gram. This paper presents an outline
of the steps and sources of cost in
program development and use.

A program developed for a pre-
stressed concrete manufacturing cor-
poration forms the basis for these
remarks. The program calculated the
properties and load capacities of
prestressed concrete single tee beams
according to existing codes and ac-
cording to two proposed codes. Sev-
eral thousand beams with a wide
range of dimensions and steel con-
figurations were computed. The
equations, the parameters, and the
material specifications were all care-
fully selected.

Program development begins when
the problem to be solved and the
mathematical techniques have been
selected. Development involves five
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major steps.

1. Organizing the problem.

2. Writing a source program.

3. Compiling a machine language

from the source program.

4. Checking the computer pro-

gram against hand calculations.

5. Correcting, recompiling and re-

checking the computer program.

The problem is organized by lay-
ing out the municipal input, the
equations, and the output in the
order in which they are used or ob-
tained. This step is done for hand
calculations although it may be
rather informal. Thus it is always
necessary to organize the problem
whether for machine or hand com-
putations.

A simple flow diagram as shown in -
Fig. No. 1 is a valuable aid in or-
ganizing. The flow diagram clarifies
the role and effects of decisions,
features which are likely to be over-
looked. The decisions appear as
branches in the flow diagram. The
first decision in Fig. No. 1 is based
on U, the effective per cent steel. If
U is greater than 0.3 the calculations
for that beam are terminated. This
result is printed and the beam di-
mensions are revised to new values.

After the problem is organized, a
source program is written. The
source program is a series of state-
ments which specify the sequence
of actions which the computer is to
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INPUT VALUES

‘ ECCENTRICITY AT MIDDLE,
.STRESSES BEFORE AND AFTER CREEP,
MAXIMUM APPLIED LGAD,

EFFECTIVE % STEEL.

(U >0.3) (U=<0.3)

ULTIMATE MOMENT

CRACKING MOMENT

(My < 1.2 Me) (My 2:1.2 Me)

ULTIMATE LOAD

CAMBER UNLOADED
NUMBER OF HOLD-DOWNS

l MAXIMUM SHEAR

\ PRINT VALUES

1
‘ ADVANCE BEAM DIMENSIONS

TO NEW VALUES

Fig. 1—Flow diagram.
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P=(AS*WN)/12./B/D$
FSU=(—0.5*P*FSP+FCP)*FSP/FCP$
U=(P*FSU)/FCP$

IF (U-0.3) 24, 24, 83$

24 UU=1.4*D*U$

83 PRINT, H, B, X, WN$

GO TO 87%

Fig. 2—A sample of FORTRAN statements.

perform. There is no universal for-
mat for these statements and the
format used must correspond to the
computer (and compiler) which will
be employed.

The source statements have the
general form of instructions or alge-
braic equations. A sample of FOR-
TRAN statements is shown in Fig.
No. 2. The statement which reads

IF (U-0.3) 24, 24, 83
corresponds to the decision based on
effective per cent steel.

Skill in writing source programs
is easily acquired by engineers.
Courses in programming are avail-
able at schools and are also offered
by computer manufacturers.

The completed source program is
used just once by the computer to
generate a set of detailed instruc-
tions called the object program. The
process is called compilation. The
object program is punched in cards
or placed on tape by the computer.
This is the program which can be

stored and subsequently loaded into
the computer whenever the calcula-
tions are needed.

If there were no possibility of
errors, the program would be de-
veloped at this point. In practice it
is necessary to use the computer pro-
gram and compare the results with
hand computation. The calculations
should be chosen to test every pos-
sible path through the program (as
shown in the flow diagram). In a
sizeable program, errors will be
made so that the source program
must be corrected and a new object
program compiled.

The activities and cost for the
single tee program are shown in
Table No. 1. The times listed are
for a moderately experienced pro-
gramer without detailed knowledge
of prestressed design. The monetary
values are for a minimum capacity
IBM 1620 with punched tape input.
(A higher capacity IBM 1620 with
card input would increase cost per
hour to about $50. The compiling
and loading times would be re-
duced while the time to calculate
and print each case would remain
the same.)

There may be a tendency to avoid
the use of large, high speed com-
puters because of their high hourly
cost. Computer costs are compared
in Table No. 2. The IBM 7090 is
much larger and faster than the

ACTIVITY

Organize problem
Write source program

Load and check computer program

Correct program
Calculate desired cases

Compile into computer language program

(Obtain test cases
with desk calculator)

COST

3 man days
5.5 man days
1 hr. ($30)

5 min. load 4 15 sec. cal.
($2.50) ($0.125)

5 man days.

5 min. load 15 sec./case
($2.50) + ($0.125/case)

Table 1—Sources of Cost.
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COMPUTER TIME AND COST

ACTIVITY IBM 1620
Compile 1 hr.
($30)
Load program 5 min.
(%$2.50)
Load data 30 sec.
(%0.25)
Calculate one beam 15 sec.
(%0.125)

IBM 7090 + IBM 1401
1 min. 15 sec.
($10.40) + ($0.21)

3 sec. 15 sec.
($0.52) (%0.21)
Negligible Negligible
0.14 sec. 1 sec.
($0.024) ($0.018)

Table 2—Comparison of computer costs.

1620. The 7090 is used with a high
speed printer, the 1401, and provides
the best economy for all operations.

The computer cost for calculating
and printing a single beam is attrac-
tive, It is very attractive if several
calculations are made while the pro-
gram is loaded. There is, however,
an investment in program develop-
ment before this low cost can be
realized. The investment for devel-
opment can be avoided by using
computer programs offered by engi-
neering and consultant firms, De-
scriptions of these programs are
available and have been published
in some cases so that the designer-
user need not lose touch with the
problem. In comparing the fees
charged for program use and the
tabulated values in this paper, it
should be recalled that the present
calculations are relatively simple
and straight forward. A program
which selects a “best” design will
necessarily require considerably
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more development and computer
time.

After the program is developed,
the engineer plays two important
monitoring roles. First, he makes
sure the program (and its incorpo-
rated techniques) is used within its
limitations. Secondly, he should in-
spect important numerical results
with the same critical attitude used
for hand calculations.

In conclusion, the same technical
skills which are required to organize
hand calculations are also sufficient
for program organization. The per-
son with these technical skills easily
learns the source program format.
The choice between hand and com-
puter calculations then hinges on
the balance between the investment
to develop a program and the bene-
fits accruing from fast and inexpen-
sive solutions. The decision is simpli-
fied when the use of an existing
program is purchased since the cost
of development is included.
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