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FOREWORD

This program represents our first effort in the application of data
processing to the analysis and design of spread footing foundations. As
such, it probably would be more accurate to describe this work as research
or, better still, experimentation. Although the program is in production
and giving satisfactory results, there is no procedure or method incorporated
in the program whereby the most economical design is always presented in the
output. At present the designer is cautioned to scrutinize the design given
in the output, An experienced designer can usually determine if an alternate
design would be more economical and can then analyze that design using the
program,

Actually the program was written as a routine and incorporated into
"The Analysis and Design of Multiple Column Piers for Highway Bridges"
computer program. That program has the capacity for spread footings but
not pile footings. But since the spread footing routine can also be used
for one~column piers (the "Pier Analysis" computer program does not have
capacity for one column piers), it was written and tested so that it could
also be used as a "stand-alone" program,

The program is written in Fortran IV F-level programming language.
Running time reqﬁirements are insignificant. Core storage requirements are
approximately 30 and the only I/0 devices required are a card reader and
printer. The program was written and tested in 1969.

Glenn H, Sikes
July, 1972
Atlanta, Georgia
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RESTRICTION

THIS VOLUME MAY BE REPRODUCED FOR USE SOLELY BY THE ORGANIZATION
TO WHOM IT WAS PRESENTED BY THE STATE HIGHWAY DEPARTMENT OF
GEORGIA. UNDER NO CIRCUMSTANCES IS THIS MANUAL, OR ANY PART
THEREOF, TO BE REPRODUCED FOR AND/OR DISTRIBUTED TO ANY OTHER
ORGANIZATICN WITHOUT THE EXPRESSED WRITTEN PERMISSION OF THE
STATE HIGHWAY DEPARTMENT OF GEORGIA,

DISCLAIMER

ALTHOUGH THIS PROGRAM HAS BEEN SUBJECTED TO MANY RIGOROUS TESTS -
ALL WITH EXCELLENT RESULTS - NO WARRANTY, EXPRESSED OR IMPLIED,
IS MADE BY THE STATE HIGHWAY DEPARTMENT OF GEORGIA AS TO THE
ACCURACY AND FUNCTIONING OF THE PROGRAM, NOR SHALI THE FACT OF
DISTRIBUTION CONSTITUTE ANY SUCH WARRANTY, AND NO RESPONSIBILITY
IS ASSUMED BY THE STATE HIGHWAY DEPARTMENT OF GEORGTIA IN ANY
CONNECTION THEREWITH.
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I, METHOD OF SOLUTION

FOOTING SOIL STRESSES

After computing the footing properties, area and moments of inertia,
the load cases are read and processed by the program, The processing of
each load case involves computing the stresses caused by the load case
using "uncracked" theory and, when there are temsion stresses, "cracked"
theory, i.e., no tension resisted by the soil.

Uncracked Section Analysis

The stresses for an uncracked section are computed by the following
formula:

Py Mx(Y) 4 oMy - footing corner stress.
f="p - Ix - Iy
where:
X = D/2
Y = B/2
Mx = My (input value) + Vi (T) = Moment at bottom of footing.
My = My (input value) + Vp (T) = Moment at bottom of footing.
P' = P (input value) + weight soil and footing.

A = B(D) = Area of footing.

]

Ix=D (B)3/12 = Moment of inertia about L-L axis.

1y B(D)3/12 = Moment of inertia about T-T axis.
Weight of footing = B(D)(T)(.150)

Weight of soil =[B(D) - (Bc)(Dc)](Ws) (Hs)

B, D and T are footing dimensions.

P, My, My, Vp, and VT are input values of P-load, moment
and shear. .-

Be and De are input column dimensions.

Ws and Hs are input values of soil weight and height.




Cracked Section Analysis

However, if the footing has a tension stress, the stresses will be
computed using cracked theory. This requires that the properties of the
cracked section be computed, The position of the neutral axis is assumed
from the previous uncracked or cracked analysis and the properties of the
gection are computed as shown on the following page.

The stresses are then computed using the general flexure formula:

1x ter
p Mx~My ("fzz) : My-Mix %‘y !
f= A + + I

= Ix-1XY Iy- i
Iy Ix

My = My-P(X)
|

Yy =Y+t ¥
‘ -
X =X%X

The process of computing the location of the neutral axis, properties
of the cracked section, and stresses is repeated until the stresses computed
are the same as the previously computed stresses, Usually four or five
iterations are required.




There are four possible locations of tae neutral axis (line of zero stress):
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Design Procedure

If the maximum soil stress exceeds the allowable soil stress in a design
problem, the footing width is incremented. The footing is incremented in the
direction of the moment which causes the greatest soil stress., However, if
the width ratio is exceeded or the increment is zero, the other width is incre-
mented, In the case of a square footing both widths are increased. This
continues until no load case will cause soil stresses greater than the allowable,

After computing the moment and shear in the footing (these are computed for
each load case), the program computes the required area of steel, concrete
compression stress, concrete diagonal tension shear stress and perimeter require-
ments, If the depth is inadequate in a design problem, the footing depth is
incremented and the whole procedure repeated (computing P-load and moments at
bottom of footing, soil stresses, moment and shear in footing, etc.) until the
depth is adequate. The maximum values of soil stress, moment and shear in the
footing, uplift, reinforcing steel, etc. are saved and listed in the output
along with the footing size.

The moment and.shear in the footing are computed as shown on the
following page.




Computations for moment and shear in footing:

Fi{ = Corner soll pressures.
S% and SE = Soil pressures along center line of footing.
T-4" 'Long. and Trans.
i
’ AN 45
Vi | MT! l
/
LA :
7 | % \J
F,, F Shear ol
3 Mbment and bond plane__4 L_. plane Fy, Fp -
Fy, 1 So Area contributing to longitudinal R
- - : . By shear.
= g
/ .
s
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\ I
/—nmn-—
Bl L _ _’ _ f_ P
Wsf = T(.150) + Hs(Ws) ~ \\ r T"fl_fq'ﬂﬁ___Area contribut} N
= Uniform weight of NF LU .| ing to trans- N
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Diagonal Tension Shear per Foot:

R pEesD + ofsD]+ ofsh + p§sh]s] + of s+ shf -

[(D’{w’g)}s% + D}‘(Btf):l WsE

T
V = 6 2 2
D3
= average transverse shear per foot on plane B'C', v (longitudinal shear) computed
similarly.
Bond Shear per Foot:
T T T
VB = ESO+ S3) - wsft]LT = transverse bond shear. V% computed similarly,
2

Moment per Foot:

T [§+ s5-s%) -
2

3

Wsf .
2 ](LT)2 - transverse moment, M" computed similarly.




Following is the procedure used to solve for reinforcing steel and stresses!

Solve the two following equations simultaneously:
(assume d by assuming the bar size, i.e., D and C are known)

Equation 1 - Balance areas. YB(X)2 =

(d-3) (as)£s = 120

(d-X) (As)n

Equation 2 - Find required As.

= 0

B Ny Eliminate As and solve for X.
I 2
; By
IR 12 09 7 (%)
|a: =] hd X — _—‘,
- o X (d-3) fs (d-X)n
ng; ‘ "" . ™
S ow B 3 B 2
I "g(fs)x - E(fs)(d)x - 12 (n)X + 12() (d)n
B
5 d Divide by ¢(£s)
3 .,2 _ 720D)n 720D (A o g
-3 - ey X YT B(Es
n=10, B= 12 in,, fs = 20.0 ksi,
As M e kip~fee§/foot, d = inches, X = inches
ooy | ———— b | |

L C = Clearance (varies depending on layer of steel)
3 2
F(x) = C.X" + CX" +C.X +Cy = 0; ¢y =1, Cy

Solve the equation F(x) by an iteration process using
Newton's method for solving polynomial equations.

bD(x) = D;Xz + DX + Dy = derivative of F(x)
D, = 3C D, = D =0
1 1> Pp = 2Cy Dy =Gy
Then: X = X . E(Xn) The first value of X is
n+1 n D(Xn) assumed to be %d,
$

This is solved by iteration until X is accurate to a hundredth

After X is found: 12 ¢

of an inch.
As = (q.5%yfg
( 3)

Stresses are computed as follows;
X . k
j = 1 - 3

= -3, C, = =3(M), C, = 3(M)d

N

fec = .l%gllﬂm__ﬁg = concrete stress, k =73 ,

B(k) (3) ()" ()

fv = E%%TTET = diagonal shear stress, Vd = diagonal tension shear, kips/ft.
7 .

fb = z%%gng) = bond stress, Zb = actwal perimeter. ¢b = bond shear, kips/ft.

}
- Vh
lor = Fha(i)d = required perimeter, fba = allowable bond stress.
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15.

Program Constants and Assumptions

Column is assumed to be symmetrically placed on the footing.

Concrete footing weighs 150 pounds per cubic foot,

Soil cannot resist tensiom.

Soil stresses are computed using moments, reactions at bottom of footing,

Weight of soil and footing is considered when computing soil stresses (additive)
and moments and shears (substractive, i.e., acts opposite soil stress) in the

footing,

Moment and shear on footing are computed as average values, i.e,, total amount
divided by appropriate width.

Clearance to footing reinforcement is assumed to be 3 inches.

When computing the required area of steel, the bottom row is assumed to be

#8 bars (d = 12(T)-3.5 inches) and the row above is assumed to contain #6 bars
(d = 12(T)~4.375 inches),

The critical planes for moment and shear are according to AASHO Specifications,
The reinforcement requirements are not altered if the footing width is greater
than the column width plus twice the effective depth of the footing. See
AASHO Art., 1.4.6 (F).

No compression reinforcement nor negative reinforcement in top of footing is
considered by the program.

The allowable stresses are as follows:

1

fs = 20,000 psi allowable reinforcing stress in tension,

fe = 1,200 psi allowable concrete stress in compression.

fv = 90 psi allowable concrete diagonal tension shear stress,
fb = 350 psi allowable concrete bond stress (#6 bottom bar).

The modular ratio (n) is assumed to be ten (10).

Footing widths are incremented in the direction of the moment that causes
the greatest soil stress,

When computing the diagonal tension shear, the critical plane is assumed to be
T-4" from column face, i.e., effective depth.




I1, PREPARING THE INPUT DATA

The input data for the Spread Footing Design and Analysis computer program
is entered on a special input data form., This form is shown on page 12, and
should be referred to during the following discussion. The data necessary to
analyze or design a spread footing is defined on one or more sheets of the
input form. Note that each sheet has provision for no more than one footing.
Usually only one sheet is required to enter all the data needed for processing
one footing. The form contains numerous headings and information to assist in
entering the input data, Note that the input form shows the implied position
of the decimal point. However, this position may be changed by inserting a
decimal in the desired card column. A negative value is denoted by placing
a minus sign immediately preceding the first significant digit of the data field.
All input data will be listed as part of the output data. Comparison of the
input form with the listed input data is recommended, Following is a discussion
of the input data requirements.

A, TIDENTIFICATION (* in c.c. 1),

The Identification consists of one line of input data per problem, i.e.,
additional lines are not allowed., The data in card columns 1 - 4 (*B08) is
for program identification purposes and is of no significance to the engineer.
Card columns 5-8 should be left blank since a unique Problem Number will be
assigned to the problem from the log book of computer runs. The remaining
portion of the line (c.c. 9-80) is used to enter the project number, county,
date, name and any other pertinent remarks for identification purposes.

The Identification must be the first line (card) of input data for each
problem (one footing analysis or design). All the information given in
the Identification will head the output listing. '

B, TFOOTING DATA (1 in c.c. 1)

The Footing Data consists of one line of input and is identified by
the digit "1" in card column one.

1. NLC (ec.c. 2,3) Form: =xx

Enter as NLC the number of load cases that are going to be defined in
the input., At least one load case is required and the maximum is
ninety-nine,

2, D (e.c. &-7) Form: xx.xx feet

This dimension is the width of the footing in an analysis problem
(i.e., footing size remains constant) or the minimum footing width
in a design problem (i.e., footing size can vary). It is the width
that is parallel to the L-L or X-X axis,




3. B (c.c. 8-11) Form: xx.xx feet

Enter as "B" the width of the footing parallel to the T-T or
Y-Y axis., This width is the actual width in an analysis problem and
the minimum width is a design problem.

NOTE: When entering minimum widths (B and D) in a design problem,
use reasonable widths, i.e., greater than column size,

4, T (ec.c. 12-15) Form: =xx.xx feet,

The actual or minimum thickness of the footing should be entered
in this data field depending on the problem type, analysis or design.

5. AD (c.c., 16-20) Form: xx.xxx feet,

This dimension is the increment by which the footing width
(D) is increased in a design problem. If the "D" width is not to
be increased in a design problem, enter a value of zero or leave
blank, If the problem is an analysis, enter zero or leave blank,

6. AB (c.c. 21-25) Form: =xx.xxx feet.

This dimension is the increment by which the program increases
"B" width in a design problem. If the "B" width is not to be
increased in a design problem, enter a value of zero or leave this
data field blank. A value of zero (or blank) ig used if the
problem is an analysis. '

NOTE: If a square footing is desired in a design problem, AB mJBt ba
given equal to AD and B must equal D, :

7. AT (c.c. 26-30) _ Form: =xx.xxx feet,

Enter in this data field the increment by which the program is
to increase the footing thickness in a design problem, If this
dimension is left blank or given a value of zero, the footing
thickness will not change from the input value (T).

8. D¢ (c.c. 31-35) Form: xx.xxx feet.

This dimension is the width of the column or wall parallel to
the footing dimension '"D",

9., Be (c.c. 36-40)

"Be'" is the width of the column or wall parallel to the
footing dimension "B",

NOTE: 1If the columm is round, the dimensions (Be and Dc) should be
for an equivalent square columm with the same area as the
round column,




B
10. R /p (c.c. 41-44) Form: x.xxx ratio,

Enter in this data field the maximum allowable ratio of the footing
width "B" to the footing width "D" for a design problem,
B

b

B/D = Rp is a design restraint in a

design problem,

If a square footing (B = D) is desired in a design problem, enter a
value of one (1.000) in this data field, In an analysis problem always
give a value of one (1.000), i.e., actual value not required but zero
unacceptable,

D
11. R /B (c.c. 45-48) Form: x.xxx ratio,

The maximum allowable ratio of the footing width "D" to the footing
width "B'" in a design problem should be entered in this data field.

D/ == R%f is a design restraint in a design
problem,

If a square footing (B = D) is desired in a design problem, enter
a value of one (1.000) in this data field, In an analysis problem always
give a value of one (1.000), i.e., actual value not required but zero
unacceptable.

B . -
NOTE: The purpose of the R‘s and R% ratios is to eliminate the

possibility of obtaining a strip footing (2 x 20, for example)
in a design problem.

C. LOAD CASES (2 in c.c. 1)

The Load Cases consist of a number of load combinations applied to the
footing. Each Load Case will consist of a concentrated load, two moments
about the axes of the footing and two shears at the top of the footing.
Any number of Load Cases (1-99) may be defined, However, the input form
only has capacity for nineteen Load Cases, Additional input sheets can be
used to enter the remaining Load Cases, i.e., those over nineteen, Note
that the Identification and Footing Data should not be defined on the
additional sheets, i.e., this data has already been defined on the first
sheet,

One Load Case is entered per line of the input form, The digit two (2)
in card column one is for Load Case identification. The program does not
have capacity for allowing overstress for the various group combinations
specified by the AASHO Specifications., Therefore, the magnitudes of the
Load Cases for groups with allowable overstress should be reduced appropriately.
The designer should be aware that the Load Cases are the footing design loads,
and that each case should contain the appropriate combination of dead load,
live load, wind, etc, Note that if group loading combinations of moments, etc.,
are reduced, the results will not be exactly correct because the weight of the
footing and soil is involved; close, but not exact. Another procedure would
be to make a problem for each group (one for group I loads, one for group III

loads, etc.) and then the soil weight can be modified, Then the largest
footing from the runs can be analyzed in each run, etc.

- 10 -




1. ID (e.c. 2-5) Form: xxxX

Enter the Load Case number or symbol in this data field, This data
is given in the output for each design feature (maximum moment, shear,
etc.). Therefore, the designer will know the controlling Load Cases
for all design features. Numeric or alphabetic characters are acceptable.

2, P (c.c. 6~12) Form: xxxx.xxx kips.

Enter the Load Case reaction in this data field, i.e., P-load. This
load is assumed to act at the centroid of the footing. The weight of the
footing and soil should not be included in this load, i.e,, the program
does that. The upward force of any buoyancy should be included in this
load.

3. M (c.c. 13-19) Form: xxxx.xxx kip-feet,

The moment about the IL-IL axis (or X axis) is entered in this data
field. This moment is assumed to be at the top of the footing.

4. Mp (c.c. 20-26) Form: xxxx.xxx kip-feet,

The moment about the T-T axis (or Y axis) is entered in this data field.
This moment is assumed to be at the top of the footing,

5. Vy, (c.c. 27-32) Form: xxx.xxx kips.

This data field is for entering the shear at the top of the footing
acting perpendicular to the L-L axis (or X axis).

6. Vp (c.c. 33-38) Form: xxx.xxxX kips.

Enter the shear at the top of the footing acting perpendicular to
the T-T axis (or Y axis) in this data field.

NOTE: Moment and Shear Sign Convention.
The signs of the moment and shear should be such that the

following is always true:
M, t Vg (T) 0

Mp + Vp (D)

VW

0

If either is not true reverse the sign of the moment and shear.
In essence, the moments at the bottom of the footing must be

zero or positive for the program to function properly. Reversing
any signs in no way affects the validity of the solution since
the footing is symmetrical.

- 11 -
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A,

III. OUTPUT DATA

The output data contains a listing of the input data. It is suggested that

this listing be compared with the input form to check for any errors in key-
punching, etc, The computed output data consists of the Footing Design Loads
and Footing Design Data.

FOOTING DESIGN LOADS,

The Footing Design Loads contain eight critical load conditions as follows:
MAX, CORNER PRESSURE

This load condition gives the maximum corner soil stress (all load cases
entered in the input data are considered)., The maximum value is given in
the "F1" column.

MAX, FT, MOMENT - LONG,
This load condition gives the maximum moment in the footing about the De

column face. The maximum longitudinal footing moment is given in the
"MT. /FT." column and is the maximum from considering all load cases.

MAX, D, T, SHEAR ~ LONG,
This load condition gives the maximum diagonal tension shear in the
footing on a plane at a distance (T-4") from the Dc column face. The

maximum footing shear value is given in the "V/FT." column and is computed
by considering all load cases.

MAX, BOND SHEAR - LONG,
This load condition gives the maximum shear in the footing about the

Dec column face. The maximum shear is given in the "VB/FT." column and is
the maximum from considering all load cases.

MAX, FT. MOMENT - TRAN,

The maximum footing moment about the Be column face from considering all
load cases is given in the"MT,/FT.” column of this load conditiom.

MAX, D, T, SHEAR - TRAN,
The maximum footing diagonal tension shear on a plane at a distance (T-4")
from the Bc column face, considering all load cases, is given in the "V/FT."
column of this load condition,

MAX, BOND SHEAR - TRAN,

The maximum footing shear at the Be column face, considering all load cases,
is given in the "VB/FT." column of this load condition.

- 13 -




8. MAX, UPLIFT PRESSURE

This load condition gives the maximum corner uplift (tension) soil
stress in the footing., Actually this is on ambiguous stress since the
soil is assumed to be unable to resist tension, It is computed by extending
the soil pressure plane to intersect footing corner 3. The purpose of this
stress is to assist the designer in determining whether negative reinforce-
ment in the top of the footing is required., This maximum uplift stress is
given in the "F3" colum. If the value is positive, there is no uplift,
i,e,, soil is in compression,

The following data is given for each load condition:

1, 1ID.

This column contains the identity of the load case that produced the
critical value for the load condition.

2, Fl, F2, F3, F4 Units: kips/sq. ft.

These columns contain the four corner soil stresses and include the
weight of the footing and overburden,

Corner Soil Stress | Mr | M
Fl C C Gives maximum soil stress.
F2 C T
F3 T T Gives minimum soil stress.
F4 T Cc

The above chart shows the type_of stress (tension or compression)
caused at the footing corners by the applied moments: My M.
3

3. MT,/FT. Units: kip-ft./ft,

This column contains the average moment in the footing (total moment
divided by total width) at the column face for the load conditions,

4. V/FT. Units: kips/ft.

This column contains the average diagonal tension shear at a distance
(T-4") from the column face for the load conditioms.

5. VB/FT,. Units: kips/ft.
This column contains the average bond shear in the footing (total

shear divided by total width) at the column face for the load conditions,

NOTE: The moment and shear in the footing are computed considering the weight
of the overburden and footing, i.e., acts opposite soil stress.
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B.

FOOTING DESIGN DATA

Footing Size

The dimensions of the footing are given in feet., If the problem is an

analysis, the dimensions are the input values, In a design problem, the size
given is the size found by the program that prevents the allowable soil stress
from being exceeded,

The following data is given for the transverse and longitudinal directions

of the footing. Transverse stresses are caused by transverse moments and the
reinforcing steel bars would be placed perpendicular to the transverse (T-T) axis.
Similarly, the longitudinal stresses are caused by longitudinal moments and the
reinforcing steel bars would be placed perpendicular to the longitudinal (L-L) axis.

1.

AS Units: sq. in/ft.

"AS" ig the area of steel required per foot for a maximum steel stress
of 20.0 ksi,

JD Units: inches,

This dimension is the distance from the resultant compressive concrete
force to the reinforcing steel tension force,

s Units: ksi.
This value for the reinforcing steel stress should always be 20,0 ksi,
Fc Units: ksi,

This value is the maximum concrete stress; and, in a design problem this
stress should not be greater than 1,200 ksi,

50 Units: 1in,/ft,

This value is the perimeter required to prevent the bond stress from
being exceeded.

VG Units: ksi.

This value is the maximum diagonal tension shear stress. In a design -
problem, this value should not be greater than 0,090 ksi,

- 15 -




IV, EXAMPLE PROBLEMS

Example Problem One:

Example problem one is test problem number 2 and is assigned a problem
number of "T2", The problem consists of analyzing a 6'-0" square by 2'-6" thick
footing with a 4'-0" square column for the following given load cases. No soil
overburden is present.

Load Cagse | P ] ML | MT | VL l VT
1 360.0 0.0 0.0 0.0 0.0
2 360.0 360.0 0.0 16.0 0.0
3 360.0 0.0 360,0 0.0 16.0
4 360.0 360.0 360.0 16.0 16.0

The input is shown on page 17 and the output is shown on page 18.

Example Problem Two:

Example problem two is test problem number 5 and is assigned a problem
number of '"54'", The problem consists of designing a footing for an allowable
soil pressure of 5 tons per square foot. Use a minimum footing size of
8'-0" x 6'-0" x 1'-0" and the column size is 3'~0" x 3'-0". The footing widths
are to be incremented by 6 inches and the thickness by 3 inches, Also restrict
each footing width to a maximum of 1.5 times the other width. No soil over-
burden is present. Following are the design loads:

Load Case | P ML ] MT | VL | VT
1 480.0 0.0 0.0 0.0 0.0
2 480.0 0.0 500.0 0.0 0.0
3 480.0 500.0 0.0 0.0 0.0
4 480.0 500.0 500.0 0.0 0.0

The input data is shown on page 19 and the output is shown on page 20.
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V, ERROR MESSAGES

If the program finds an error in the input data, the following message
is listed:

ERROR I PROB, NO, =xxxx

Where I ig the error number listed below and xxxx is the problem number given
in the Identification card,

Error Number (I) Cause of Error

1 First card of problem does not contain
*B11l in card columns 1-4,

2 Second Card of problem does not contain
the digit ome in c.c. 1.

3 D, B, Dc or Bc equals zero.

4 Load case card does not contain the
digit 2 in c.c. 1.

5 Program is in design loop., Review input
data, especially the width ratio restrictions.

6 Resultant P~load is off the footing. Soil
stresses cannot be computed, Increase size
of footing if problem is a design.
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VI, OPERATING PROCEDURE

The Spread Footing Design/Analysis computer program is written in
Fortran IV, F level, programming language, and consists of approximately
four hundred twenty-four program statements. This language was used
primarily to obtain computer independency. 1In addition, the program is
independent of any operating system. However, the program was compiled
and tested, and is currently being run under IBM's Disk Operating System
(D0S). The program has also been tested under IBM's 0S.

No instructions will be given on the procedure used to compile the
program since this would depend on the operating system. In any event,
anyone familiar with data processing should be able to compile the program.

KEY-PUNCH INSTRUCTIONS

The input data will consist of one or more input sheets per problem
with each line of the input data sheets representing a card. The numbers
of the card columns are given in the headings of the various types of
input lines for reference during and after punching. Note that the
position of the decimal that is sghown on the input form does not occupy
a card column and should not be punched, However, on occasions a decimal
will be entered in a card column and, in this instance, the decimal should
be punched. :

A1l blank data fields or card columns may be punched as zeros except
in the alphabetic fields. These data fields are read as alphabetic
characters and, therefore, a blank or zero would have a significant meaning,
In general, the input data should be punched exactly as given on input data
forms.

Only the lines that contain data entered by hand (data that is not a
part of the green ink of the input data form) should be punched. The input
data should be punched in the same sequence as given on the input data forms.
That is, the key-punch operator should punch the input data in the same
sequence that it is received, Any exception to this will be clearly noted
on the input forms by the Engineer.

COMPUTER OPERATOR INSTRUCTIONS

No instructions on the manual operation of the computer will be given
here. The computer operator is assumed to be fully versed on the computer
operation. Primarily, this discussion will present the characteristics of
the program which the computer operator is required to know in order to
process the program.
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The input data (cards) should be received from the key-punch section in
the correct sequence, i.e,, there should be no reason to rearrange the sequence
of the input data cards. All input data to the program is from punched cards,
and all output from the program is listed by the printer. No other I/0 devices
are used. The program has the ability to process one or several problems requiring
only one EXECute Control Card with the first problem, i.e., the program automatically
continues from one problem to another. The output form is automatically advanced
by the program before printing the output data of each problem, The output data
will consist of one or more sheets per problem. The running time required per
problem will vary depending on the amount and type of input data with the average
problem requiring approximately one-half minute. The input data cards should be
entered in the card reader device in the following order (example shown for DOS):

1. / / JOB SPRDFOOT (Job Control Card)

2. / / EXEC SPRDFOOT (Execute Control Card)

3. Input data for all problems (input data cards)
4, /* (End of Data Control Card)

5, /& (End of Job Control Card)

After completing the processing of all problems, separate the output data
of the various problems and return the output data along with the input data
forms to the Engineer, The first lines of output of each problem will contain:

GEORGIA DEPARTMENT OF TRANSPORTATION
HIGHWAY DIVISION - BRIDGE DESIGN OFFICE
THE ANALYSIS OR DESIGN OF SPREAD FOOTINGS PROB, NO, XXXX

where XXXX is the Problem Number which is given in card columns 5-8 of the
Identification card (first sheet of each problem), This will be of assistance
when separating the output data of the various problems.

The program has a procedure for checking the validity of the input data,
and will print an error message after detecting an error in the input data.
The error message will be given in the list of the output data of the problem
in error, After an error the rest of that problem's input data cards are read
out and the program proceeds to the next problem, Actually, the only way the
computer operator will know that an error has been detected is to observe the
output data. '

The procedure after an error message is to first, check the input data cards
of the problem in error for key~-punch errors, and second, check the sequence of
the input data cards, If the input data cards are found to be punched correctly
and in the proper sequence, return the output data with the error message and
input data forms to the Engineer; if not, make the appropriate correction and
rerun the problem from the beginning.
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