Terms and Conditions of Use:

this document downloaded from
|I| 1 All of the information, data and computer software
[ (“information”) presented on this web site is for general

vulcanhammer.net o) il o 1 w55 o
information only. While every effort will be made to insure

Since ‘I 997 YOU r com plei-e i its accuracy, this information should not be used or relied on
4

for any specific application without independent, competent

online resource for | professional examination and verification of its accuracy,
. . s | suitability and applicability by a licensed professional. Anyone
InfO rmafion geofecn ICGI i making use of this information does so at his or her own risk
g ’ { and assumes any and all liability resulting from such use.
englnee”ng Clnd deep | The entire risk as to quality or usability of the information
y X " contained within is with the reader. In no event will this web
foundahons. " page or webmaster be held liable, nor does this web page
. or its webmaster provide insurance against liability, for

The Wave EqUCﬂ'IOl'I Page for any damages including lost profits, lost savings or any
PIIII‘I other incidental or consequential damages arising from
g Bl the use or inability to use the information contained

r within.

Online books on all aspects of
. . . . This site is not an official site of Prentice-Hall,
soil mechamcs, foundations and ~ Pile Buck, the University of Tennessee at

marine construction i | AL Chattanooga, or  Vulcan  Foundation
Tt i  Equipment. All references fo sources of

_soﬁtwure, equipment, parts, service

Free general engineering and
geotechnical software

ELRES

T — i — —
el -
L § s o

77

= ©

i

)

- s
Ex

. . hrl.ﬂ
: ‘rh*ﬂ,':’#.’lh-

g

g

oo B

%
—
:



http://www.vulcanhammer.org/
http://www.vulcanhammer.net

‘ s IR s 2
e TUCEETE L 5 "

) '()OZJI”: i —_
FREPAMING AGENCY

U. S. Ay Zneimeer District.

RUY ~ORST

Douglas Spauiding March 1568 OPER
A, PURFO3E CF PROVRAM
The program finds vertical siresses for applied structural loadings. Either

the Boussinesq or Westergaard method of solution may be used. Either solution
method assumes that the foundation material is homogeneous linearly elastic
material and that superposition is valid.

B, PROGRAK SRECIPICATIONS *

Timesharing Program.

C. RETHODS

westergaard or Boussinesq
rectangular loaded area.

solution method
Embankments can

of calculating stress under a
be handled ailso.

D. EQUIFrMENT DET AILS

Low speed terminal, Central processor.

. IkPUT-0OUTPUT
irput mav be entered interactively from terwminal or yead {rom & previously
prepered dota fale.
Qutput may come directly back to terminal or be stored 1In a file 1o be listed
jater.
¥ RCDIT i oN AL RERAP RS T T
Froevam is available through the CCRPS on WES G-635, CSC Ha6000 at Mzcon, GA,

andé Boeing Computer Services.




4

. V412755 FILE - CUNDIT 8:63 PAGE 1

GRS 323033333332 323.2 8333233 EERRC RS

Cx *
Cx CUNDITIONS OF USE %
Cx *

CXXXXXXXXX%x*XXX*XXXXXXXXKXXXXKXXXX**KXXXXXXXXX*XXXXXXXXXXXXX*XXYXXXXXXXXX*XX¥X%
Cx

b

(of 3 THE FOLLOWING CONDITIONS REGULATE THE USE OF COMPUTER PROGRAMS x
Cx DEVELOPED BY THE CORPS OF ENGINEERS, DEPARTMENT OF THE ARMY¥ X
Cx* %
Cx 1. THE COMPUTER PROGRAMS ARE FURNISHED BY THE GOVERHMENT AND X
Cx MAKES NO WARRANTIES, EXPRESS OR IMPLIED, CONHCERHNIHG THE *
Cx ACCURACY, COMPLETENESS, RELIABILITY, USABILITY, OR SUITABILITY *
Cx FOR ANY PARTICULAR PURPOSE OF THE IMFORMATIOHN OR DATA CONTAIHED ¥
Cx* IN THE PROGRAMS, OR FURHISHED IN COUMNECTION THEREWITH, AHD THE ¥
Cx UNITED STATES SHALL BE UNDER NO LIABILITY WHATSOEVER TO0 AHY ¥
Cx* SUCH INDIVIDUAL OR GROUP ENTITY BY REASON OF ANY USE MADE *
Cx% THEREOF. X
Cx . . *
Cx 2. THE PROGRAMS BELOHG TQ THE FEDERAL GOVERHIMEHNT. THEREFORE, *
Cx* THE RECIPIENT AGREES NOT TO ASSERT ANY PROPRIETARY RIGHTS X
Cx PROGRAMS AHD ALL DOCUMENTS RELATED THERETO, INCLUDING ALL *
C¥ COPIES AND VERSIONS IH POSSESSION THEREOF, WILL BE DISCONTINUED *
Cx FROM USE OR DESTROYED UPON REQUEST BY THE GOVERHNMENT. ¥*
C¥ *
Cx 3. THE PROGRAMS ARE TO BE USED ONLY IN THE PUBLIC INTEREST #*
Cx* AND/OR THE ADVAHCEMENT OF SCIENCE AND WILL NOT BE USED BY THE *
Cx RECIPIENT TO GAIN UNFAIR ADVANTAGE OVER AHY CLIENT OR *
Cx COMPETITOR. WHEREAS THE RECIPIENT MAY CHARGE CLIENTS FOR THE %
Cx ORDINARY COSTS OF APPLYING THESE PROGRANMS, THE RECIPIEHT AGREES *
Cx HOT TO LEVY A CHARGE, ROYALTY OR PROPRIETARY USAGE FEE UPOH ANY *
Cx* CLIENT FOR THE DEVELOPMENT OR USE OF ANY PROGRAM RECEIVED, OR *
C¥% FOR ANY MODIFICATION OF SUCH PROGRAM BY THE RECIPIENT. OHNHLY b
Cx MINOR OR TEMPORARY MODIFICATIOHS WILL BE IMADE TO THE PROGRAMS *
Cx (E.G., HECESSARY CORRECTIONS OR CHAHGES IN THE FORMAT OF IHPUT *
Cx OR OQUTPUT) WITHOUT WRITTEN APPROVAL FROM THE GOVERHMENT. THE %
Cx PROGRAMS WILL NOT BE FURNISHED BY THE RECIPIENT TO ANY THIRD *
Cx PARTY UHDER ANY CIRCUMSTANCE. HOWEVER, INFORINATION OH THE X
Cx SOURCE OF THE PROGRAMS WILL BE FURNISHED TO AUYOHE REQUESTING *
Cx* SUCH INFORMATION. X
Cx* - x
Cx* 4, ALL DOCUMENTS AND REPORTS CONVEYING IHFORMATION OBTAINED AS X
Cx A RESULT OF THE USE OF THE PROGRAM(S) BY THE RECIPIEHT WILL *
Cx ACKNOULEDGE THE CORPS 0OF EMGINEERS, DEPARTHENT OF THE ARMY, AS *
Cx THE ORIGIN OF THE PROGRAM(CS) AND FOR AMY ASSISTANCE RECEIVED IN *
Cx THEIR APPLICATIOCN. X
Cx *
R i I 1133313833 33333312331333333331313333333331338331333 31T I3t II1I I




3
i
H
{
!

1-1

1-2

T

CHAPTER 1
GENERAL
IDENTIFICATION
TITLE: Vertical Stresses Beneath Embankment and Footing Loadings
REFERENCE FILE NO.: 741-GI-F5010
DATE COMPLETED: March 1968
DESCRIPTION

The program computes the vertical stresses induced in a semi

inifinite mass by a group of uniformly loaded rectangular areas. Under
one program optiomn the vertical foundation stresses caused by an
embankment loading are approximated by assuming that the embankment is
composed of a series of uniformly loaded rectangular areas lying on the
top of one another. The program can handle up to 100 footing loads. The
vertical stresses may be calculated by either Boussinesq or Westergaard
solutions for vertical stresses.

1-3

ENVIRONMENT

SECURITY CLASSIFICATION: Unclassified

PROGRAM LANGUAGE: FORTRAN II

COMPUTER MAKE AND MODEL: G-635, CDC CYBER 175
Timesharing terminal

Program is part of the CORPS Library.

PROGRAMMER: Douglas Spaulding, FM&S Branch, St. Paul District



CHAPTER 2
PROBLEM SOLUTION

‘ 2-1  PROBLEM DESCRIPTION .
The design of buildings and earth structures often involves

making an estimate of the amount of settlement which will occur
during the life of the structure. The nature of foundation settle-
ment is closely related to the properties and stress history of the
foundation soil. Although many theories have been advanced as to

the mechanism of soil compression, each must make some assessment

of the foundation stress conditicns induced by the applied structural
loadings. One of the more prevalent theories of soil compressicn
assumes one dimensional soii cc”Pression in which the foundation soil
~is assumed to be homogeneous as far as stress strain characteristics
are concerned. To use this one dimensional theory, the vertical
stresses induced by the structural loads at various points in the
foundation soil are required to make an assessment of the settlement.
The purpcse of this computer sclution is to provide a means of obtain-
ing these vertical stresses for a variety of structural loadings,
without resorting to the tedious and time consuming use of manual
methods such as influence charts.

- 2-2  DESCRIPTION OF COMPUTER SOLUTION

The basis c¢f the computer solution for vertical stresses within
foundations is an equation which gives the vertical stress at a given
depth beneath the corner of a uniformly loaded rectangular area. Thais
equation can take two forms cercznding upon whether the Boussinesq or
the Yestergaard solution is used. The difference between these sciution
is descr1bed in Section 2-3. Figure 2-1 shows the variables involved
in these equatioens.

Both of these solutions assume that the foundation material can
be represented as a homogeneous linearly elastic material. The
Boussinesa sclution assunes Ilct the foundation material is isotronic
while the llestergaard soiuticn assumes that no lateral displacements
take place within th2 Youndation. The linearity of the material implies
that superposition is valid. In practice superposition allows the
equations of Figure 2-1 to be usad to determine stresses at other
points bLesides undey the corne f the loaded area. This is accompiished
by adding and subtracting the ects of loadings on a group of Tour
larger fictitious areas to obtain the offect of the area in question.
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The computer solution categorizes the load from a uniformly
loaded rectangular area in to qne of the three groups shown in
f Figure 2-2. This figure is a plan view showing the re]a+1onsh1p of
. the rectangular loaded areas to the point where the stress is
required (Pt. P.). These three groups-are used to determine which
method of super position should be used to calculate the stress at
point P. Case No. 1 represents Pt. P. lying directly under the
loaded rectangle. Case No. 2 represents a situation where pcint P
does not lie under the rectangular area but within a band width
formed by extending the lines forming the sidez of the rectangular
loaded area in either the X or Y direction. (ase No. 3 represents
the condition where the point P does not lie uuder the rectangle
nor within the band described for Figure No. 2. The computer
solution categorizes the relationship of the loaded area and point
P by constructing a series of four triangular areas. Each triangle
has one.side of the rectangular loaded area as a base and point P
as the third corner. Figure 2-3 shows this construction for the
case where Pt. P. Ties under the loaded rectangular area (Case MNo. 1)
and the construction when Pt. P. lies outside the loaded area (Case
: No. 2 or No. 3).

If the sum of the areas formed by the triangles A-B-P, B-C-P,
C-D-P, and D~A-P is equal to the area of the rectangular loaded area
A-B-C-D, then the computer solution assumes a Case No. 1 condition.

If the sum of the area of these four triangles is greater than the

arca of the rectangle, the computer solution assumes a Case Ngo. 2

or Case No. 3 condition. To differentiate between = Case Mo. 2 or

Case No. 3 condition the computer solution calculated the perpendicular
distances from Pt. P to the various sides (or extension of sides) of
the rectanguiariy loaded areas. These distances are equal to the tri-
angular areas previously calculated divided by the respective bases

of the triangle (the sides of the rectangular loaded area). This
procedure is illustrated in Figure 2-4 for both 2 Case No. 2 situaticr
and a Case MNo. 3 condition. :

7

If the relationship between the rectangular loaded area and the
Point P is a Case No. 2 condition as in Fiqure 2-4a, then both B(1)
and D(3) will be less than the length of side No. 4. Similarly if
the Point P lies on the other side of the rectanguiar area, then
D(2) and D(4) would both be Tess than the length of side Ho. 3. As
can be seen from Figure 2-34b. 17 the criteria stated above is not
satisfied (D(1) or O(3) areazter in length than side ho: 4) then the
configuration is a type flo. 3 condition. 1t should be noted that the
methods of categorizing the confiquration of the rectangle and Pt. P
are independent of the orientation of the coordinate system used.
This allows calculation of stresscs from rectanglies which have sides
that are not parallel to the X or Y axis. :
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Once the computer solution categorizes the rectangle as a Case
No. 1, No. 2, or No. 3 condition, it uses the principle of super-
position to ca]cu]ata stress caused at Point P by the uniformly loaded
rectangle. Depending on the option which the user selects, this stress
is calculated by either the Boussinesg or Westergaard equat1ons (Figure
2-1). The method of super position used for both equations is the same.
It should be remembered that the formulas shown in Figure 2-1 are valid
for Points directlv beneath the corner of a uniformly loaded rectangular
area. Figure 2-5 indicaies tne methods for Cases 1, 2, and 3 whereby
a series of four rectangular areas each with a corner at Point P may
be superimposed to obtain the stress at a depth below Point P. The
dimensions of these rectangles is obtained from the distances D(1),

D(2), D(3), and D(4) previously calculated and illustrated in Figure
oo

-

After the stress at Point P and depth is determined for the first
rectangular uniformly loaded aresa, the procedure is repeated for the
second area. This proccedure is repeated for all areas in the input
configuration.. The output stress value for Point P is the sum of the
stresses induced at P by each of the areas in the input configuration.
The location or depth of Point P is then varied in accordance with the
stress distribution specitiad in the input.

For an embankment loading the computer solution assumes that the
embankment is composed of @ series o7 rectangular uniformly loaded areas
stacked on top cof cne anothar. The irnput for this option consists of
the Tines forming the embankment cross section and the length of the
embankinent, rigure 2-5 sncws the civision of an embankment cross section

into rectangular arzas. Thz computer so1av1on performs this division
in such a manner that the thicknzss of layver (rectangular loaded area)
is less than or equal to a values spec ificd in the input. The uniform
Joad for each layer is calcuizated by multiplying the unit weight of
the soil by the thickness o7 zach layer. After the division of the
embaanLnt into a series of unitormly loz ded rectangular areas, the
computer soluticn computes ine stress at a specified point in the
foundation. Tha m2thods ussd in this calculation are identical with
those described ebove for a sincle rectanguiar uniformly loaded area.

2-3  THEORETICAL LIMITATICLS ARD SOURCES OF ERROR

As stated in section 2-2,
involves the assumptiions that the
isotropic and linsarly ejastic.
not truo for most soiis. i
that for many years “9 soluti

f the compuber solution

n soil is homogeneous,
ely, these assumptions are
he assumptions are made is

]
28]

2 1ezson

ion cculd be cbtained without these simpli-
fying assumptions. ‘ithin racent years a mefhod of analysis involving
the use of finit~ elements has made it theoretically possible to avoid
many of the assumotions wnich were nrevi ous]y mandatory. The use of
the Finite tlement mezthod, hOJever, reauires a knowiedge of the stress-
strain characteristics of the scil involved. At the present time

7?7
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this knowledge is largely incomplete and for many situations the methods
used by the computer solution describad in section 2-2 will provide
reasonably accurate results. It is not the purpose of this text to
present a “State of the Art" discussion on the analysis of stresses in
earth masses. The user should review his particular problem and decide
whether the offect of the assumptions involved in this program justify

a more sophisticated analysis.

As stated previously, the program user has an option as to whether
to use the Boussinesq or the Westergaard solution. The Westergaard
solution assumes that the €lastic Toundation material is sandwiched
between numerous closely-spaced, horizontal, thin sheets of an inelastic
material which permit downward deformation, but which prevent lateral
deformations. This solution would approximate a foundation profile of
interbedded sand and compressible clay strata. The Boussinesqg solution
assumes that the soil is isotropic and free to deform in all directions.
This condition would approximate a large deposit of saturated clay. The
effect of the lWestergaard solution as ccmpared to the Boussinesqg solution
is to decrease the stresses dirsctly below the loaded area and to increase
the stresses at large distances from the loading.

In most cases the number of Tayers used to approximate an embank-
ment loading has 1little eifect on the final solution. Figure 2-7 shows
the variation of the computer solution versus the number of layers used
to approximate a typicai embankment. It should be noted that for the
embankment shown 'ncr8351ng the number of Tayers past ten does not
significantly affec accuracy of the solution. The number of layers
used to approximate a particular o*bankment loading is left to the
discretion of tha program usar. er becoming familiar with the program
he should have little trouble choos.ng a reasonable value for the number
of layers to use.

mw

The Boussinesa and Westercaard ecuations for a rectangular loading
both involve a normal ioading being applied to the semi infinite mass.
As shown in Figure 2-8a, the normal lcading assumption requires that
the shzaring stress be zero aleng Plane A-A.  In the case of rectangular
loaded areas such as footing locads, this condition is met. However,
when embankment loeds are approximated by rectangular areas, the question
arises as to whatiher shear siress2s should be tacitly assumed to develep
within the embankment or whether the entire embankmant load should be
considered as norm21 loading acting at the ground surface. As jilustrated
in Figure 2-8b, the decisicn as to whether to use a normal loading
assumption invoives the cnoice of 21 cor Z2 as the distance frem the
bottom of the rectangular area io Point P. If Z1 is.used in the stress
cguations, the tacit assumption will be that there is no shear stress
actinc along Plane B-3. I7 Z2 is usad the tacit assumption is that a
semi infinite half space exists b5elcw the bottom of the rectanguliar area
rather than an embanimernt of limitzd extant. Since neither of these
assumrptions s va]}d the resulting vertical stresses at Point P are in
error to some degree. The megnitude of the error in most cases, however,
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is probably less than that incurred in other phases of a settlement
analysis. The machine solution for an embankment yields stress values
calculated by using both Z1 and Z2. The values using Z1 are listed
under the heading "NORMAL LOADING" and the values using Z2 are Tisted
for lack of a better title under the heading "ELASTIC SOLUTION." The
differences between these values is usually not great and the user may

- choose the one he feels is most appropriate.-
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CHAPTER 2 ’ =

COMPUTER PROGRAM/OPERATIONAL DOCUMENTATION
3-1 INPUT REQUIREMENTS AND OPTIONS

The input data may be categorized in three groups of data. The first
group consists of five cards containing alphanumeric data describing the
particular run. The second data group describes the embankment and/or
footing loads and the third data group defines the type and location of
desired stress distributions. The number of cards in the second and third
data group vary with the complexity of the problem and the amount of output
required. The followina is a detailed desarintion of the input data:

Each line of data should be preceded by a line number if information is
put into a data file.

A. Header Lines HDR (I,J) (ALPHA)

Five header lines are required at the beginning of the data deck.
These cards may be used to describe pertinent information about the loading
configuration to be analyzed. This information will be printed on the
output sheet and will serve to identify the output. If less than five
cards are used to identify the project, blank lines must be included to
complete the required five cards. The information on the header cards may
be up to 60 characters maximum.

100 TESZT DATH

110 THO SOUARE FOOTIMGE

o0 UMIT LOAD = 1000 FP2F

120 = HOFIZOMTHEL AMD 1 %ERTICAL DISTRIEUTION
140 J8M. 137E. DLAL I

B. Loading Conficuration Cards

The type and number of lines in this group vary depending upon
whether strasses frem footing loads, an embankment loading or both footing
and an embankment load are being analvzed. The type of loadings js specified
by the variable KOLE describesd below.

The first data line in this group requires the following data:
Ttem 1 KODE (FLOAT PT.)

KODE is a variable which indicates what type of loading
configuration is to be used in the analysis. If KODE is
coded as 1, only unitorm rectancular loads are to be used
in the analysis. If the value of KODE is input as 2 only
an embenkment load is to be used. If the variable KORE 1s
entered as 3 then both uniformly loaded reactangular areas
and an embankment loads are to be used in the analysis.

3-1
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‘Ttem 2 NAREA (FIX. PT.)

NAREA is the variable indicating the number of rectanqular
uniformiv lozded areas (fcotings) to be entered. NAREA
should be entered for KODE =1 and KQDE=3 loading conditions
but may be la7t blank for KODE=2 (embankment only) loading
conditions. The maximum ailowable value of NAREA is 100.

An example of this_ line would be as follows:

1501 & ' ' .

It

The nextline of the input data describes the location and loading

for an individual rectanguiar Joadad arsa. There will be linesof these Tards
for each rectanguiar area in the loacing configuration. When stresses from
only™an embankment loading are to be calculated (KODE=2) this .line should
not be included in the inputi data. The following variables are required

on this

Item 1 0(I) (FLOAT. PT.)

Q(1) is the magnitude of the uniform load on the Ith
rectangular area. The units of Q(I) is LOAD/UNIT AREA.

Any system ot weignts and Tengths may be used as long as al]
input data i3 1in the szme units.

Item 2 ZLAY(I) (FLCAT. P1.)

is the vertical distance from the
ing to the verticail reference plane.
z1 reference plane is the base of

the lowest t n the input configuration. If KODE=3
the vertical re: ce niane i1s the lowest point in the
embankment. {ii0 fugting rc/ be input Tower than the
lowest peint in ithe embznimant. )

base of thne

The positive ZLAY(I
t D
If #0DE=1 ik o

Item 3 XC{1,1) (FLDAT. PT.)

of the X coordinate of the
ngular area. The dimensions
T

compatible with the

XC{1,1) is tha varizble nane
first corner o7 the 1%ih rect
of XC(1,1) may be in any uni
remainder o7 the input data.

.
A
t

Item 4 YC(1,1) (FLDAT. PT.)

variable name of the Y coordinate of

The variabla iz the vaj
T th2 Ith rectangular area.

the first corner o

-2 {(‘/
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Ttems 5-10- XC(2-4,1), YC(2-4,I)

The remaining three pair of X and Y coordinates which deiine
the corners of the Ith rectangular area,

Z2 7 The sides of the area do not have to be parailel

to the X and Y axis but the corner points should be input

in either clockwise or counter clockwise order around the

perimeter of the rectangular area.

An example of this .1ine would be as follows:

s 10000 .0 ==0.0 15,0 -Z0.0 25,0 —1 0.1 e J 110, 0
v

1 i
170 1000, 0 0,0 10,0 SO 0.0 15,40 S0.0 =5 n‘ 10,0 =500

g\ Following the lines describing the loaded rectangular areas

(if any) is a set of lines describing the shape and weight of the embank-
ment loading. These lines will be necassary only under the option where
KODE is input as £ or 3. The first line required to describe the embankment
consists of the Tollowing input variables:

Item 1 NCOR (FIX. PT.)

NCOR 1is the number of pairs of X and Y coordinates used to
describe the cross section of the embankment loading. The
maximum allowable value of HCOR is 25.

Item 2 GAMMA  (FLOAT. PT.)

—
=
g}
<
o
=3
-t
o
o
-3
[

GAMMA 1s the unit weight of the embankment
Till in units of weignt and length compatible with the
cther input data.

Item 3 THICK (FLOAT. PT.)

THICK is the input variable which determines the number
of layers used to approximate the embankment loadings as
shown in rigure 2-6. THICK represents the maximum allowable
thickness of any layer used in the approximation of the

. embankment loading.

3-3 -
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Ttem 4 YMAX (FLOAT. PT.)

(‘ The value of YMAX is the longitudinal distance from the
cross section to the end of the embankment in the positive
Y direction. YMAX should in all cases be greater than or
equal to zero, since the cross section (X-Z plane) defining
- the embankment loading is assumed to be at Y=0.

Item 5 YMIN (FLOAT. PT.)

The value of YMIN is the longitudinal distance from the

cross section to the end of the embankment in the negative

Y direction. VYMIN should in all cases be less than or

equal to zero since the cross section (X-Z plane).defining .
the embankment loading is assumed to be at Y=0.

An example of this line is as follows:

The remaining cards r=guired to describe the embankment Toading
consist of a series of lines cach deTining a pair of corner points (¥,Z)
of the embankment cross cection. The number of these lines will correspond
to the value of NCCR descripad abo These coraer point lines should Ge
input in the same sequence as they cpouwr in tne ambankment c:“”s section.
In other vords the inpui sequence shouid be the same as one uld ¥ind by
proceeding around the vnr1wouer of the embankment cross svctwon in either
a clockwise or counter clockwise direction. The lines required for each
corner point will nave a format described as follows:

ﬂ:
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Ttem 1 X(I) (FLOAT. PT.)

X(1) is the X coordinate of a corner (break pt.) in the
shape of the embankment cross section.

~ Item 2 . Z(I) (FLOAT. PT.)
Z(1) is the Z coordinate of a corner (break pt.) in the
- shape of the embankment cross section. The Z coordinates

are referenced to the lowest Z coordinate which has a
value of zero.

A typical example of this line is shown belows

€. Stress Distribution Data

This section of data defines the output required for the loading
conditions described in seciion B above. The output may be in two forms
depending on the needs oi the user. Tne first type of output consists of
a vertical siress d1st“’“ut10n vhicn will print cut values of vertical
stresses along a verticai line in the X-Y-Z plane. For the vertical stress
distribution the values of X and Y will remain constant. Stress values
will be calculated at prescribed increments between prescribed 1imits along
the vertical line. The <econd type o7 output option consists of a ﬂOY]ZOﬂtu]
stress distribution wnerein values of stress are calcuiated at increasing
values of X along a prescribed line in the X-Y plane at a constant depth
(Z is constant). The orientation of the line in the X-Y plane is defined
by 1npuzt1rg a stope and intercept. There is no 1imit as to the number
calculaticn points on a given distribution nor how many distributions
may be run for a given loading coniiguration.

The information for a single stress distribution is contained on
two lines. The input variables on the first 1lineare:

Item 1 NDIST (FIN. PT.)

MDIST is an cption variable which defines whether a vertical
or horizontal stress distribution is required. If NDIST is
coded as 1 a verticai distribution will be assumed and if
NDIST 1is coded as 2 & horizontal distritution will be
calculated. UDIST also serves to indicate when all the stress
distributions for a given loading condition are completed.

A value of 1IDIST “ﬂJc] to zero will cause new header cards

and loading conf1our tion to be read in. If no new loading
configuration fo]]ows DIST=0, the program will exit after
reading seven blank cards.
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Item 2 - NWEST (FIS. PT.)

NWEST is an option variable which determines whether the
Westergaard or Boussinesq solution will be used to determine
the vertical stresses. If NWEST=0, the Westergaard solution
will be used and if NWEST=1 the Boussinesq solution will be
calculated. :

Item 3 ~ AMU
The value of AMU represents the value of Poissons ratio to
be used in the Westergaard solution. If a Boussinesq solution
is to be used (NWEST=1) the value of AMU may be Tleft blank.

An example of this 1ineis as follows:

o
[y

]
fia
—

The second 1ine used to define the stress distributicn should not
be included if MDIST=0. The card includes the following data:

Ttem 1 AINTL (FLOAT. PT.)

AINTL is the starting point coordinate for either a vertical
or horizontal distribution. If a vertical distribution is
required (i!DIST=1) the value of AINTL represents the initial
(smallest) depth within the range of the distribution. For
this case AINTL must be positive. In the case of a horizental
distribution AINTL represents the smallest (initial)

X coordinate oF the horizontal distribution. For a horizontal
distribution AINTL may be positive or negative.

Item 2 FIMAL (FLOAT. PT.)

FINAL represents the endina point coordinate for either a
vertical or horizontal distributicen. IT a vertical distri-
bution is required (i:DIST=1) the value of FINAL represents

the final (largest) depth within the ranage of the distribution.
For this case FINAL must be positive. In the case of a
horizental distribution FINAL represents the Jargest X
coordinate of the horizontai distributicn. For this case

FINAL may be positive or negative.
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Trem 3 DELTA (FLOAT. PT.) - -

,
s

The value of DELTA represents the distance between calculation
points for both a horizontal and vertical stress distribution.
DELTA shoula always be positive.

Item 4 XP (FLOAT. PT.)

XP represents the X coordinate for the location of a vertical
stress distribution. If a horizontal distribution is being
run the value of XP may be left blank.

Item 5 YP (FLOAT. PT.)

YP represents the Y coordinate for the location of a
vertical stress distribution. If a horizontal distribution
is being run the value of YP may be left blank.

Item 6 7P (FLOAT. PT.)

The value of ZP represents the constant depth at which a
horizontal distribution is to be run. ZP should be positive
and referenced to tne lowest point in the embankment or
footing configuration. If a vertical distribution is being
run the value of ZP may be left blank.

Item 7 S1p  (FLOAT. PT.)

SLP is the slope in the X-Y plane of the Tine along which
a horizontal disiribution is to be run. If a vertical
distribution is to be run than the value of SLP may be
left blank.

Item 8 BLINE (FLOAT. PT.)

BLINE is the Y intercept of the line in the X-Y plane along
which a horizontal stress distribution is to be run. The
value of BLIKE may be left blank if a vertical distribution
is being run. ‘



3 -2 EXAMPLE CODING AND OUTPUT

_ (f- This section contains examples of coding for two typical problems.
Output from the two examples may be found directly after each problem.
The first problem consists of a loading configuration involving two
uniformly loaded footings. The second problem consists of an embank-
ment loading and uniform loads on two footings. The following examples
contain diagrams of the input configuration, example coding sheets,
listings of the input data and output corresponding to the input data.
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g vou WisH TO RUN FROGRAM FROM EXISTING DATH FItE?
=MHO ’ T
oo vOou WANT OUTPUT WRITTEN TO AN OUTPUT FILEY

=YEX

FILE DESCRIPTION <47 CHARARCTERS MAXds TYPE 7 FOR INMFO OM FORM
=FFEI7

IHPUT 5 HERDER LINEZ=

=TE=T DIATH

=TWO SRURREE FOOTIHGE

=UHIT LOAD = 1000 PEF i

=2 HORIZOMTAL AMD 1 NVERTICAL DIZTRIEBUTION

=lAM. 1372, D.H.Z.

KODE « HREER

=1.:c

GCTr s ZLAY (I s MOl I a0l s T2 s MO 2y I o W02 T 2 MO (3Ba I o YO (Sa Ta s KO CHs I 2 YC

3 I

=1000. 0 0. 0s =30, 0 15, e =30, 0a 25, I —10, 03235, 0s 10, 02 15, 0

BClr s ZLAY T s @S0l a T s Tl s T s MO 2y T o W0 (S0 T a ML C3a T2 o WO (Za T2 0 B0 (48 T2 o V'O

(a1
=000, 0 0L O 10, 0 1S, 020, 0 15, e 30, 035, 01 0. 0325, 0
HMOIET MWEZTs AMU

=10, 0 f
HIMTL«RIMHALsDELTHy EF s vFPe P« ZLF« ELINHE
== 0 0 S0 0a 20 . De 0. O 0, DaZ0. 0e—=1, 025,00 b

HOIZTs HWEZTs AMU

=g« 1s0.4

AIMTLsFIHALs DELTRY 5Py "P« ZF» SLFs ELIHE
== 0 00, 0 10,0 0, O 3 0a 200 0 0, B 25, 0

HOTIETs HWEZTs AMU
=1a1.0.0

AINTLsFIMALsDELTAs SF v ¥Fs ZF« SLPs ELINE
=10, O 20, 010, D20, 025, O Do O 0, Qa0 0

HOT=ZTs HWEETs AMU



TE=T DHTH

TWO =RUARE FOOTIMGE

HMIT LORD = 1000 FEF

2 HORIZOMTAL AMD 1 YERTICAL DIESTREIEBEUTION
JAM. 19FEs DOALE, :

BOUEEIME=D ZO0LUTION

YERTICAL ETREEE DIEZTRIEBUTION AT
s-COORDIMATE = o, 00 Y-COORDIMATE = co. 0

ELASTIC =0LUTION - MORMAL LOARDIMG
LEFTHCZ YERTICAL ETREEEE VERTICAL STREEE

1a,0n

FOaz.87% TOZ.Eve

=0, 00 Zd 5, a2 2450368

S0. 0N 195,771 ) s 1980771
HUMEBER DOF AREAS UZED IH CHLCULATION = c

HOTE-RLL £ WARLUEZ ARE FEFEREMCED TO THE LOWEZT FARRT OF THE IHFUT.
COMFIGUERT ION. ‘

FEADY
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LIST FFRIT

TEST DATA .

TWO SRUARE FOOTIMGS

UMIT LORD = 1000 PSF

& HORIZOMTAL AMD 1 WERTICAL DISTRIEUTION

JAM. 1972s T.A.Z. ﬂ
EOUSSIMESR SOLUTION i

HORIZOMTAL STRESS DISTRIEUTION AT DEFTHOZY =  20.00

ELASTIC =0LUTION HORMAL LOADIMG
Y—-COORDIMATE #—-COORDIHATE YERTICAHL ZTREEZE VERTICHL =TREZE

45,00 ' -0, 00

oS an .
S, 00 0,00

HUMEER OF AREAT USED IM CRLCULATION = c

HOTE-ALL Z “YALUES ARE REFEREMCED TO THE LOWEET PARET OF -THE IMFUT
COMFIGUREATION. ‘ ;

TEET DIRTH

TWO ZRUARRE FOOTIMGE -
UMIT LORD = 1000 FIF

Z2 HORIZOMTHL AMD 1 VERTICAL DIEZTRIEUTION

JAMH. 1%7V2s TLH.LE.

BOUZEIMEZC =0LUTION ‘

HORIZOMTAL =TREZ: DIZTEIEUTION AT LDERPTHOZ) = ci. an
S ELAZTIC =00LUTION HOEMARL LOADIMNG
W—COORDIMATE H—COORDINATE YERTICAL STREZE YERTICAL STRESS

25,00 —40. an S B0 Qe 309
SS. 00 —30. 00 o4, 128 odd.10E
2S00 —E0., an 245, 382 5. 952
25, 00 -1, .00 SRS RLE T
25, 0 n 123,220 ~ 125,520
25,00 10, a0 ZET.S1E ZeF. Pl
2S00 20, 00 245, FEE FADLHES
25,00 20,00 I o ==
25,00 40,00 ELPREIUE EERREE

i

o
i

HUMEER OF AREAT UEZED IM CRLCULATION

HOTE-ALL Z YALUEZ ARE REFEREHCED TO THE LOWEEST FAET OF THE IHPUT.
COHFIGUREARTION.
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; 3 -3 PROGRAM GLOSSARY

(E@i The following is a glossary of all the significant variables in the

< program. The user is urged to read Chapter 2 in order to understand
some of the terminology used in the glossary. The variables defined as
arrays are dimensioned to the same value as they have in the program.
Input variables are indicated by an asterisk. Further definition of
these variables may be found in section 4-1.

A(4) Area of a triang]e formed by two corners of a
rectangular area and point P.
AINF ‘ Influence value for a rectangular area.
{
AINFI Influence value for 'a superimposed rectangular

area used to obtain AINF (Four values of AINFI are
summed algebraically to obtain AINF).

AINTL - Starting coordinate for either a horizontal or
vertical stress distribution*

AM Ratio of length of a side of a super1mposed
rectangle to the dept tof point P.

AMS AM to the second power.

AMU Poissons ratio* ‘

<;~ AN . Ratio of length of a side of a superimposed

rectangle to the depth of point P.

ANS AN to the second power.

AREAT Area of rectangle found by multiplying adjacent

sides of the rectangle.

AREA2 Sum of the area of four triangles in the X-Y
plane each formed by connecting two adjacent corners
of rectangle with point P.

B(25) Y intercept in the equation describing the a line
in the perimeter of the embankment cross section.

BLINE Y intercept of the 1ine in the X-Y plane for a
horizontal stress distribution.*

CHECK Absolute value of the difference in X coordinates
of two adjacent points on the perimeter of an
embankment cross section.




CHEK]

CHEK?2

D(4)

DELTA

DELTZ

DELXP

DIAG(4)

FACT

FINAL

GAMA
HDR(5,13)

IFLAG

KODE

KOUNT-

Absolute value of the difference in X coordinates
between XTEST and a corner point on the embankment
cross section.

Absolute value of the difference in X coordinates
between XTEST and a corner point on the embankment
cross section adjacent to the corner point used for
CHEKT. ;

Perpendicular distance in the X-Y plane from a side
of the ]oaded area to the stress point XP, YP.

Distance increment of a stress distribution
(Horizontal or vertical)* i

Thickness of layers used to approximate the embank-
ment between two corner points of the embankment
which are adjacent in the vertical direction.

" Distance increment of a horizontal stress distribution.

The distance in the X-Y plane from a corner of a
rectangular area to the stress point.

A variable with a value of either +1.0 or -1.0,
used to control whether superimposed rectangu]ar
areas are added or substracted. .

The coordinates of the final point on a horizontal
or vertical stress distribution*

Unit weight of embankment fi11%*

Alphanumeric variable used to read and print header
cards®

Variable used to direct program to return to proper
area in the program after calculating an influence
value. IFLAG's value depends upon whether a case
No. 1, 2 or 3 condition is being analyzed.

An option variable defining whether a horizontal
or vertical stress distribution is to be run*

A variable which indicates whether stresses have
been calculated for both "normal loading" and
"elastic solution".

2 -t G



NAREA

NCOR

NDET

NDIST

NL

NLAYR

NSTRT

NWEST

Pl

Q{700)

RATID(4)

SIDE(4)
SIGHZ

For input purposes this is the number of rectangular

uniformly loaded areas to be input. If an embankment
1pading is involved, the value of NAREA is increased

to include the number of layers (rectangles) used to

approximate the embankment loading.*

The number of pairs of coordinates used to describe
an embankment cross section*

A code variable used to indicate which superposition
case should be used to caiculate the influence value
of a particular rectangular area.

A code variable used to 1ndicéte whether a vertical
or horizontal stress distribution is to be calculated*

A counter used in the division of an embankment
section into layers. NL is used to determine when the

"X coordinates of both sides of the rectangular area

have been found.

The number of Tayers between two ascending Z values
of the embankment cross section.

The subscript of the first rectangular area used to
describe an embankment cross section. The subscripts
which are less than NSTRT for various variables
relating to the rectangular areas are used for footing
lpads, if any are being used.

An option variable used to indicate whether the
Boussinesq or Hestergaard solution shou]d be used to
calculate the stress values*

The trigonometric value equal to 3.14159265

The magnitude of a uniform load acting on a rectangular
area. For rectangles used to approximate embankment
Ipadings Q(I) is calculated by the program.*

The ratio of the length of a side of a superimposed
rectangular area to the depth of the point P.

The length of a side of a rectangular loaded area.

The vertical stress at a po1nt within the semi infinite
mass calculated by the "NORMAL LOADING" approximaticn.

VN
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R

SIGZE
SICZI

SLP

SLOPE(25)
THICK

THIC2
X(25)

XC(4,100)

XFNL
XLARG

XMAX
XMIN

XP

XSMAL

XTEST

The vertical stress at a point within the semi infinite
mass calculated for the “ELASTIC SOLUTION" approximation

The value of vertical stress at a polnt induced by a
particular rectangular area

The slope of a line in the X-Y plane which describes
the 1ine along which a hor1zonta] distribution is to
be run

The slope of a 1ine forming the per1meter of the cross
section of an embankment

The maximum thickness of a 1ayer used to approximate
the embankment*

The floating point equivalent of NLAYR

The X coordinate of a break point in the perimeter of

- an embankment loading*

The X coordinate of a corner point of a loaded
rectangular area. For footing loads these values
are input, for embankment loadings the program
generates these values*

The last coordinate of a horizontal ﬁtress distribution

The Tength of a side of a superimposed rectangular
area for Case No. 2 or Case No. 3

The maximum algetraic X value of a rectangle used to
approximate an embankment loading

The minimum algebraic X value of a rectangle used to
approximate an embankment loading

The X coordinate of a point where the vertical stress -
is required. For horizontal distributions this is
calculated from stress distribution information*

The length of a side of a superimposed rectangular

.. area Tor Case No. 2 or Case No. 3

A trial value for the intersection of the midpoint of
a layer and the boundary of an embankment cross section
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YC(4,100)

YLARG
YMAX
YMIN

YP

YSHAL
Z(25)

Z¢(100)
XCOMP
XCOR(25)
ZFNL

ZLAY(100)

Zp

ZSAVE

2707

The Y coordinate of a corner point of a loaded
rectangular area. For footing loads these values
are input, for embankment loadings the program
generates these values )

The length of a side of a superimposea‘rectangular
area

The maximum Y coordinate of an embankment in a
direction perpendicular to the cross section*

The minimum Y coordinate of an embankment in a
direction perpendicular to the cross section*

The Y coordinate of a point where stresses are
required. For vertical distributions this value
is input. For horizontal distributions this
value is calculated*

 The length of a side of a superimposed rectangular area

The Z coordinate of a corner point of an embankment
cross se ctions®

The midpoint Z coordinate of a layer used to approximate
an embankment cross section

A variable used in the ordering of Z coordinates of

the embznkment section from smallest to largest

An array representing the Z coordinates of the embankment
section ordered from smallest to largest

The terminal Z coordinate of a vertical stress distribution

The distance from the bottom of a rectangular area to
the reference point. For footings this is an input
value for embankment loadings this is calculated*

The depth of the point at which the stress is to be
calculated relative to the reference point. For
horizontal distributions this is an input value for
vertical distributions it is generated within the
program*

A variable used in the ordering of the Z coordinates of
an embankment section from smallest to largest

The total vertical df;tance from the base of a rectangular
area to the stress point. (ZTOT=ZLAY(I)+ZP)
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