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h'es'Lergaard o r  Boczs in 'esq  s o l u t i o n  method of  c a l c u l a ? i n g  s t r e s s  under  a 
r e c t a n g u l a r  loaded area.  Embankn~ents can be hand led  a l s o .  
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The program f i n d s  v e r t i c a l  s r r e r s e s  f o r  a p p l i e d  s t r u c t u r a l  l o a d i n g s .  E i t h e r  
t h e  Bouss inesq o r  i i e sze rgaard  method of s o l u t i o n  nay  b e  u s e d .  E i t h e r  s o l u t i o n  
n~ethod assumes t h a r  t h e  r'oundari-on m a t e r i a l  i s  hontngttneous l i n e a r l y  e l a s t i c  
~ i a t e r i  a1 and t h a t  s u p e r p o s i t i o n  i s  v a l i d .  
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CHAPTER 1 

GENERAL 

I . I 1-1 IDENTIFICATION 
1 

J 

TITLE: v e r t i c a l  S t r e s s e s  Beneath  Embankment and Foot ing  Loadings  

'r 
REFERENCE FILE NO. : 741-GI-F5010 

DATE COMPLETED: March 1968 

1-2 DESCRIPTION 

The program computes t h e  v e r t i c a l  s t r e s s e s  induced i n  a s e m i  
i n i f i n i t e  mass by a group o f  un i fo rmly  l o a d e d  r e c t a n g u l a r  a r e a s .  Under 
one program o p t i o n  t h e  v e r t i c a l  f o u n d a t i o n  s t r e s s e s  caused by a n  
embankment l o a d i n g  a r e  approximated by assuming t h a t  t h e  embankment i s  
composed of a s e r i e s  of uniformly loaded  r e c t a n g u l a r  a r e a s  l y i n g  o n  t h e  
t o p  of one ano ther .  The program c a n  h a n d l e  up t o  100 f o o t i n g  l o a d s .  The 
v e r t i c a l  s t r e s s e s  may be c a l c u l a t e d  by e i t h e r  Boussinesq o r  Westergaard 
s o l u t i o n s  f o r  v e r t i c a l  s t r e s s e s .  

1- 3 ENVIRONMENT 

SECURITY CLASSIFICATION: U n c l a s s i f i e d  

PROGRAM LANGUAGE : FORTRAN I1 

COFPUTER MAKE AND MODEL: G-635, CDC CYBER 175 
Timeshar ing t e r m i n a l  
Program is  p a r t  of t h e  CORPS L i b r a r y .  

PROGRAMMER: Douglas Spau ld ing ,  EM&S Branch, S t .  P a u l  D i s t r i c t  



CHAPTER 2 

PROBLEM SOLUTION 

I 2-1 PROBLEM DESCRIPTION 

The design of buildings and ea r th  s t r uc tu r e s  of ten  involves 
making an estimate of the  amount of se t t lement  which wi l l  occur 
during the l i f e  of the s t ruc tu re .  The nature of foundation s e t t l e -  
ment is  c losely  re la ted  t o  the proper t ies  and s t r e s s  h i s to ry  of the 
foundation s o i l .  Although Rany theor ies  have been advanced a s  t o  
the  rf~echanism of so i l  ccmpression, each must make some assessnent 

1 

of the  foundation s t r e s s  condit icns induced by the applied s t r uc tu r a l  
loadings. One of the more preualent  theor ies  of s o i l  compressicn 
assumes one dimensional s o i l  ccmpression in which the  foundation s o i l  
is assumed t o , b e  homogeneous a s  fai- as s t r e s s  s t r a i n  c h a r a c t e r i s t i c s  
a r e  concerned. To use t h i s  c,?e dimensional theory,  the  ve r t i c a l  
s t r e s s e s  induced by the  s t r uc tu r a l  loads a t  various points  i n  the 
foundation so i l  are  required t o  make an assessnent of the  set t lement.  
The purpose of t h i s  coz?uter s ~ l u t i o n  i s  t o  provide a means of obtain- 
ing these ver t ica l  S ~ ~ - P S S ~ S  f ~ r  2 var ie ty  of s t r uc tu r a l  loadings,  
withost  resort ing t o  the t ea iocs  and time consuming use of manual 
methods such as  -influence char ts .  

2-2 D E S C R I P T I 0 ; i  OF CGi. lPUTER SOLUTION 

The basis  of the conputer so lu t ion  f o r  ve r t i c a l  s t r e s s e s  within 
foundations i s  an equation wliich gives the ve r t i c a l  s t r e s s  a t  a  given 
depth beneath the corner of a wiformly loaded rectangular  area .  Thjs 
equation csn take two forms de~znding  upon whether the  Boussinesq c r  
the  Mes tergaard solut ion i s  used. The di ffet-ence between these  so i  ut?ons 
i s  descril:ed in  Section 2-3. Fii;ure 2-1 sho:h/s the var iables  ii;l~oived 
i n  t l ~ e s c  equzticns. 

Both of these solut ions  assuxe t h a t  the f ~ u n d a t i o n  material  can 
be represented as a hts~ogencous 1 inear l  y e l a s t i c  na t e r i a l  . The 
Boussinesc! solution assuincs ttiat the  founc!ation !):aterial i s  i  sotropi  c 
\.;hi 1 e the '.ieste:l-gaard sol u t i z n  assi;n!ns t h a t  no 1 atei-a1 ciis;nl c;cu!;:ents 
take  plzce :ii thin t h - .  founriat- i~n.  l'he i i n ea r i t y  of the  ciatei-ial l;mpi i e s  
t h a t  s u p e r ~ ~ s i  t ioc  i s  val id .  Jn prac t i ce  superposit ion a l lons  t h e  
equaticns o f  Fiiyure 2-1 i;o he us?d to  detet-mine s t r e s s e s  a t  o ther  
points k s i d e s  unriel- the  cc rn? r  of the  ! oaded area .  TI]{ s i s  ?,ccc:::?i i  shed 
by sddin2 3cd subti-acting t h e  -2'fects of loadings on a group cf fsur 
l a r ~ e r  f i c t i t i o u s  areas to  obtain the e f f e c t  of the area in question.  





The computer solut ion categor izes  the load from a miformly 
loaded rectanqular  area  in t o  qne of the  three  groups sho!.rn i n  
Figure 2-2. This f igure  i s  a  plan view showing the  re la t ionsh ip  of 
the rectangular  loadzd areas t o  the point  where the s t r e s s  i s  
required ( P t .  P. ). These th ree  groups - a r e  used t o  determine which 
method of super posit ion should be used t o  ca lcu la te  the  s t r e s s  a t  
point P. Case No. 1 represents  P t .  P .  lying d i r e c t l y  under t h e  
loaded rectangle. Case No. 2 represents  a s i t ua t i on  where point  P 
does not 1 i e  under the  rec tangular  area but within a band width 
formed by extending the  l i n e s  forming the  side.; cf  the rec tangular  
loaded area in e i t h e r  the X o r  Y di rec t ion .  case'Yo. 3 represents  a 

the condition where the  point  P does not  l i e  l;:;/jer the rec tangle  
nor within the band described f o r  Figure No. 2.  The computer 
solut ion categorizes the re la t ionsh ip  of the  loaded area and point  
P by constructing a s e r i e s  of f ou r  t r i angu l a r  areas.  Each t r i a n g l e  
has oness ide  of the  rec tangular  loaded area as a base and point  P 
as the t h i r d  corner. Figure 2-3 shows t h i s  construction f o r  the  
case where P t .  P .  l i e s  under the  loaded rectangular  area (Case No. 1 )  
and the construction when P t .  P .  l i e s  outs ide  the loaded area (Case 
No. 2 o r  No. 3 ) .  

If  the sum of the areas  formed by the t r i ang les  A - B - P ,  B-C-P ,  
C-D-P, and 0-A-P i s  equal .to the area of the rectangular  loaded area 
A-B-C-D, then the computer solut ion assum2s a Case No. 1 condit ion.  
If the sum of the area of these tour  t r i ang l e s  i s  g rea te r  than the  
area of the rectzng-ie, the c~mpu te r  solut ion assmes  a Case No. 2 - 
o r  Case No. 3 condition. lo d i f f e r e n t i a t e  betv,een -.. Case No. 2 o r  
Case No. 3 ccndition the com~u te r  sol ut ion calcul3ted the  perpendicular 
distances frorn P t .  ? to the various s ides  ( o r  extension 0.f s i d s s )  of 
the rectanguia:-ly lozded areas .  These dis tances  a r e  equal to  the  t r i -  
angular areas pi-eviousl.:j ca lcula ted di vicied by the respective bases 
of the t r i ang le  ( t h e  s ides  of the  rectangulai- loaded a r ea ) .  This 
procedure i s  i l l u s t r a t e d  in Figur-e 2-4 f o r  both a Case F!G. 2 s i t u a t i ~ r  
and a Case !lo. 3 condj t ion .  

I f  the re la t ionsh ip  between t h ?  rectangular  'loaded area and the 
Point P i s  a  Case 69. 2 condition a s  in Figure 2-4a, then b o t h  3 ( 1 )  
and D ( 3 )  will be l e s s  than the  :e;;cjti: o f  s ide  lie. 4 .  S i i : l i l ~ i * l ~  i f  
the Point P l i e s  on the o ther  s i de  9 f  the rectangular  a rea ,  t!ien 
D ( 2 )  and ~ ( 4 )  :.iould b 3 t h  be l e s s  t h z r ;  t!:e lenqtti of s ide  i lo .  3. As 
can be seen from F i n ~ r e  2 - 4 b .  i f  ti12 c r i t e r i a  s t a ted  z b 3 u c  i s  not 
s a t i s f i ed  ( C ( 1  ) o r  3 ( 3 )  jrl-ezter in l e n g t n  t h a n  s ide  Iio: 4 )  t h e n  rhe 
configuration i; a iyj?e i!o. 3 condit ion.  i t  s t~ould be now6 t h a t  t h ?  
methods of catecjorizing the configuration of the rectangle and P t .  P 
dre indepecd~ni  of the o r ien ta t ion  of the coordinate systerl~ used. 
This a1lok:s calculzl,tion of s t r e s s c s  from rectangles ~hi ;c! i  have s ides  
t h a t  a r e  not para l le l  to the X o r  Y ax i s .  







b.) Ccidc tJ2.3 cond ,  t i o r ,  



Once the cogputer solut ion categorizes the  rectangle  as a Case 
No. 1 ,  No. 2, o r  Elo. 3 condition, i-i; uses the  p r inc ip le  of super- 

' ( .  posi t ion t o  ca lcu la te  s t r e s s  czused a t  Point  P by t h e  uniformly loaded 
rectangle.  Pepending on t he  option which the  user s e l e c t s ,  t h i s  s t r e s s  
is  calculated by eixher the  Boussinesq o r  ~ e s t e r g a a r d  equations (Figure 
2-1). The method of suger posi t ion used f o r  both equations i s  t he  same. 
I t  should be r e~exbe red  t h a t  the  formulas shown i n  Figure 2-1 a r e  va l id  
f o r  Points directl!/ beneath the  corner of a uniformly loaded rectangular  
area. Fiaure 2-5 inciicares tne nezhods f o r  Cases 1 ,  2 ,  and 3 whereby 
a s e r i e s  6f four  r e c t a ~ g u l a r  areas  each with a corner a t  Point P may' 
be superimposed t o  obtain the  s t r e s s  ax a depth below Point P. The 
dimensions of thest? rectangles is  obtained from the  distances D(1), 
D(2), D(3), and G(4) previously cal cu1 ated and i 11 us t ra ted  in - ~ i  gure 
2-4. 

After the  s t r e s s  a t  Point  ? and depth i s  determined f o r  the  f i r s t  
rectangular  uniforaly loaded ar?a,  t h e  procedure is  repeated f o r  the  
second area. This prccedure i s  repeated f o r  a l l  a reas  i n  the  inpu t  
configuration.: The o u t p u t  s t r e s s  value f o r  Point  P i s  the sum o f  t he  
s t r e s s e s  induced a t  P by each of the a reas  i n  the  input  configuration.  
The location o r  depth of Point P i s  then varied i n  accordance w i t h  t h e  
s t r e s s  d i s t r ibu t ion  sgeci f i o d  i n  t h e  input .  

For an embankrent loading t he  c o ~ p u t e r  so lu t ion  assumes t h a t  the  
embank~ent i s  coz?osea o f  2 s e r i e s  of rec tangular  uniformly loaded a reas  
stacked on top cf cn2 anothsr. The tnpu t  f o r  this cpt ion cons i s t s  of . . 
the l i ne s  forming t 5 2  e z z a > ~ a ? n t  cross sec t ion  and t he  length of the  
elr~bzni::zent, F ~ G I I I " ?  2-6 ~AG:.:s t!12 d j v i  ~i0!7 of an ernbanhitent cross sec t ion  
i n t g  rectangul a)- ?reas. c o ~ ~ 2 z t e r  so lu t ion  performs t h i s  d iv i s ion  
i n  such a manner t h a x  the thickness of 1 zyer ( rec tangula r  loaded a r e a )  
i s  l e s s  than o r  ec~ia l  t o  a .;alee s?ec i i i ed  i n  the  input.  The uniform 
702d f o r  each 12y2r i s  c a l c z l ~ t s d  by x~l l  t ip ly ing  the  u n i t  weight of 
the  s o i l  by the thici:ness o i  ? a c h  l ayer -  After  the  divis ion of the  
embankrcent i n to  a s e r i e s  of uni-l'otmly loaded rectangular  a reas ,  the  
c o ~ p u t e r  solut icn  ccai;utzs ti:? s t r e s s  a t  a spec i f i ed  point i n  the  - foundation. I h 2  zz t i~ods  u s ~ d  i n  t h j s  cal cul a t ion a r e  identi  cal with 
those d s s c r i b e ~  ?Love foi- a sjng!? rec tangular  uniformly loaded area .  

2-3 T~IEORETICAL LII.;ITATIC.::S A::D SDCRCES O F  E R R O R  

As s ta ted  i n  sec t i cn  2-2, t h e  basis  of the conputer solut ion 
. . involves t h e  ass::!::jeisns t h c t  t h e  f cgnA? t i~n  soi  1 i s  - homogeneous, 

isol.1-opic 2nd l  ififs;-?!~ eizsxSc. ilrifc!-tanatzly, these  assui;iptions a r e  . - 7 ,  riot t rue  f o r  most 5 3 ;  1 S. ; : ; u i - e a s o n .  t i ? z t  the  assun;~tiorls a r e  11iad2 i s 
t h a t  f o r  ;nany :ye~r-s co saluticin rc l ; id b2 ..Stained \/i thout  these s i x 1  i -  

. - ,,, , ;!e=;rs a cethod of analys is  involving fy i  ~ c j  a s sun~pt ic r ,~ .  !iitiiin * - ~ c ~ - ~  
the  use of f i n i t s  e ? e z m - ~ s  i2.s ~ 3 6 2  i t  ?i ;eoret ical ly possible - t o  avoid 
many of the asscxti :aris  vcfiich \;er? previously mandatory. lht?  use of 
the  F in i t e  El ~?!r,ent !;:~ti-;od, i-,o:.:s.:er, rqsli res  a knowi edge of the s t r e s s -  
st:-air1 c t i s r s c t e r i s t l : ~ ~  of tlk2 s o i l  invo?;fed. A t  the present  -time 







this  knowledge i s  l a rge ly  incomplete and f o r  many s i t ua t i ons  t he  methods 
(. used by the computer so lu t ion  d e s c r i k d  i n  sec t ion 2-2 wil l  provide 

reasonably accurate r e su l t s ,  I t  i s  no t  the purpose of t h i s  t e x t  t o  
present  a "S ta te  of the Arti' discussion on the  analys is  of s t r e s s e s  in  
e a r t h  rcasses. The user should review his p a r t i c u l a r  problem and decide 
whether the  c f f e c t  of the assumptions involved i n  t h i s  program j u s t i f y  
a more sophis t ica ted analysis .  

As s t a t e d  previously, t h e  program user has an option a s  t o  whether 
t o  use the  Eoussinesq o r  the Nestergaard solut ion.  The Westergaard 
solut ion assumes t h a t  the  e l  a s t i c  foundation material  i s  sandwiched 
between numerous closely-spaced, hor izonta l ,  thin sheets  of an i n e l a s t i c  
material  which permit downward deformation, but w n i  ch prevent 1 a t e r a l  
deforra t ions .  This so lu t ion  >~c~uld approxinate a foundation p r o f i l e  of 
interbedded sand and ccmpressible clay s t r a t a .  The Boussinesq solut ion 
assumes t h a t  the  s o i l  i s  i s o t r o p i c  2nd f r e e  t o  deform in a l l  d i r e c t i ons .  
This cofidition xould ap?rcr inate  a l a r g e  deposi t  of  sa tu ra ted  clay. Tile 
e f f e c t  of the W~?stergaard solut'on a s  cczpared to the  Boussinesq so lu t ion  
is  t o  decrease the s t r e s s e s  d i r e c t l y  below the  loaded area and t o  increase  
the  s t r e s s e s  a t  large  dis tances  fron t h e  loading. 

In most cases the nvizber o f  l aye r s  used t o  approximate an embank- 
ment loading has l i t t l e  ~ f - f i ? ~ t  on the f i n a l  solut ion.  Figure 2-7 shows 
the  var ia t ion of t h ?  computer sojut ion versus the number of l ayers  used 
t o  approximate a ty?iczl  e3bml:mnnt. I t  should be noted t h a t  f o r  the  
enbank r~n t  shown increzsino the n u d e r  of l ayers  pas t  ten does n o t  
s f  gnif j caf i t jy  2 f f  e c x h 2  ~ ~ c ~ j - a r t r  , Ub, O-F el-," L . . L  S O ?  ut jon.  The numbcr s f  l aye r s  
used t o  approxirztc 3 par t icul  at- e ~ b a n k ~ e n t  loading i s  l e f t  t o  the 
discretion of ih? prcgi-zm ussr. After becoming fami l i a r  with the program 
he should have 1 i t ' i le  ti-euble choosir;.; a reasonable value f o r  the  fiumber 
of layers  t o  use. 

The Eoussinesq and ::!estergaard equations f o r  a rectangu1,ar loading 
both involve a n o ~ m i  iozdiriq bein? ap?l ied t o  the semi i n f i n i t e  mass. 
As shc:tn ir: Figure 2-86, tile n o r m 1  ;caci-ing assuinption requires  t ha t  
the sh2aring s t r e s s  be zero a l c n ~  ?:ace A-A. In the  czse of rectzngular  
loaded areas such as  Tooting !cads, t h i s  condition i s  met. tlowever, 
when el?ban%ment 1026s a r e  a?p~-o;:!zated by rectangul a r  areas ,  the questior! 
a)- ises as to  ~!i;?tii21- shear sti-il-~s?s s h ~ u l d  tje t a c i t l y  assu~ned t o  d e v e l o ~  
withir: the enS~r ,kmnt  o r  !.:l;ether t h ?  2nti1-e emSanlal;?nt load should be 
consid2i-ed as nor!n.i l o ~ d i n 3  zctin; a t  t h e  ground surface.  As i i l u s t r a t e d  
i n  Fir;ure 2-35, the dec i  s ic?  a s  t3 ;.:i:~ther t o  use a normal loading 
assuzption invoivss tke choicc -,f Z; ci- 22 as t h : ~  distance frcin ti:? 
botton; of t h ~  rect;:;rjular a r ea  t . ~  ?s in% P. I f  Z l  i s  used in  the  s t r e s s  
equations, the t;lc,i t 2 s s c z ~ t i 0 n  :.!iil he t h a t  there i s  no shear s t r e s s  
act ing along P l a n e  E-3. I-i 22 i s  uszd t i l e  t a c i t  ctssuirlption i s  t h a t  a  
seiii i i ; f i r ; i te  h a l f  sg;lcc. e x i s t s  S?lc?r the  bottoni of t h e  rectnnguiar  area  
r a thc r  than an e;bznirn;er.t of 1i:zitcd extent .  Since nei ther  of these 
assci~:;tions i s  vslicl tt:e r e su l t i n?  *:ertir,al s t r e s s e s  a t  Foint  P are  in 
e r r o r  t o  some degree. The m q n i t u d e  of the e r r o r  in nlost ccses ,  however, 
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is probably l e s s  than t h a t  incurred i n  o ther  phases of a set t lement 
anzlysis .  The machsne solution f o r  an embankment y i e ld s  s t r e s s  values 
czl cul ated by using bo tn  Z1 anc 22. The val ues using Z1 a re  1 i s  ted 
under the  h z a d i n g  ."fiO?F1,~.L LOADI::GU and the values using 22 a re  l i s t e d  
f o r  lack of a be t t e r  t i t l e  under the  heading "ELASTIC SOLUTION." The 
di f ferences  between these  values i s  usually not g r ea t  and the  user may 
choose the one he f e e l s  is mDst appropriate.-  



COMPUTER PROGRA;4/OPERATIONAL DOCUlilENTATION 

3-1 INPUT 3EQUI REIvlENTS AND OPTIONS 

The input data may be categorized in t h r ee  groups of data .  The f i r s t  
group' cons i s t s  of f i v e  cards containing a1phanumer.i c  data  descr ib ing the  
pa r t i cu l a r  r u n .  The second data group descr ibes  the  embankment and/or 
footing loads and the t h i rd  data  group def ines  the  type and loca t ion  of 
desired s t r e s s  d i s t r ibu t ions .  The nuiilber of cards in  the  second and t h i r d  
data group vary with the  complexity of the  problem and the  amount of ou tpu t  
required. The followina i s  a de ta i l ed  descr io t ion o f  the  inpu t  , .  data :  - 
Each l i n e  o f  d a t a  shou ld  be preceded by a l i n e  number i f  i n f o r m a t i o n  i s  
p u t  i n t o  a d a t a  f i l e .  

A. Header L ines  HDR ( I  , J )  (ALPHA) 

Five header l i n e s  a r e  required a t  the  beginning of t h e  data  deck, 
These cards may be used t o  describe - per t inen t  information about t h e  loading 
configuration to  be anzlyzed. ih i s  irliormation wi l l  be pr in ted on t h e  
output  shee t  and wi l l  serve t o  iden t i fy  the  outnut. I f  l e s s  than f i v e  
cards a r e  used t o  iden t i fy  the p ro jec t ,  b l a n k l i n e s  must be included t o  
c o m ~ l e t e  the  required f i v e  czrds. T ~ P  infnrmation on the header cards may 
be up t o  60 c h a r a c t e r s  maximum. 

Loadi  n q  Confiouration Cirds 

The type and nunber of l i n e s  i n  t h i s  graup Iiary depending upon 
whether str.sses f  rzni foo t in r~  loads, ar! enbariknleni, :@ad' GU, o r  both foo t in?  
and an embankment load a re  being analyzed. The type of luaditigs i s  spec i f i ed  
by t h e  variable l<OL!E descrf bsd belob{. 

The f i r s t  data l i n e  in t h i s  group requires the  following data :  

I tem 1 KODE (FLOAT PT. ) 

KODE i s  a  v a r i ~ b l e  v;hich indicates  what type of loading 
configuration i s  to  be used in  the ana lys i s .  I f  K I D E  i s  
coded as 1 ,  only uniform rectansular  loads a r e  t o  be used 
in  the ailalysis. i f  ti12 value of KODE i s  input as 2 only 
zn emb~nkment load i s  t o  be used. I f  t he  va r iab le  KODE i s  
entered as 3 then h t h  unifornly loaded reactangular  areas  
and an er,:b3nkrr:ent loads a re  t o  be ~ s e d  in the  ana lys i s .  



NAREA i s  t 5 e  v a r i a b l e  i n d i c a t i n g  t h e  number o f  r e c t a n g u l a r  
uniCorr;li:/ l z z d e d  a r?as  ( f c o t i n g s )  t o  be en t e red .  NAREA 
should be snzered f o r  KDDE = I  and k:.cDE=3. loading c o n d i t i o n s  
b u t  may be 1 2 f t  blank f o r  E;8DE=2 (ernbankment o n l y )  loading  
condi t ions ,  The maximum a; lowable va lue  of  NAREA i s  100. 

An example o f  t h i s  :,line \+mu1 d be a s  f o l  1  ows : 

The n e x t l i n e  of th2 i n p u t  data d e s c r i b e s  t h e  l o c a t i o n  and load ing  
f o r  an ind iv idua l  rectzngu? a r  1 oatisd area.  There wi 11 be lines.-of these .cards 

. .  - f o r  each ---. r ec t angu la r  a r ea  ii-i xne !cadi  f i g  c o n f i g u r a t i o n .  When sf-resses  from 
only an ~zbanl:s:ent lozding 2:-e t o  be czi lcuiated ( K O D E = 2 )  t h i s  l i n e  should - 
n o t  b? included i n  t!1e inpu t  d a t 2 -  ;he f o l l o w i n g  v a r i a b l e s  a r e  r equ i r ed  
on t h i s  

Item 1 

Q(I) i s  t h l  - ~ g n i t u c ?  of t h e  uniform load  on t h e  I t h  
r e c t a n s u l c r  21-ez- Ti:? ~ l n i  ts ~f Q( I ) i s  LOAD/UNIT A R E A .  
Any s y s t e n  of ;-:eiqg.rts a n d  l e n g t h s  may be used a s  long a s  a l l  
i n p u t  da t a  is  i n  :k? szze u n i t s .  

Item 2 ZLAY (l  ) (FLDAT, PT, 

The p o s i t i v e  Z L A ? ; ( T )  ? S  tk:e v e r t i c a l  d i s t a n c e  froin the  
base of  t h ?  I t l i  i7o ; ing  t o  t!;e vei- t ical  r e f e rence  plane.  . , I f  ZODE=1 ;re v e r t i c z i  r?fet-2nce plane i s  t h e  base of 
t h e  1o:iest - f c o t i l  , , g  i n  t?e i n p u t  c o n f i g c r a t i o n .  I f  KODE=3 
t h e  : ~ e r t i c a l  r e f ? ! - f n c ?  37 2rie i s  t h f  1ov:est po in t  i n  the  
enibankxeat. (T;o f o c t i n g s  Fay be inpu t  lower than  t h e  
1ov:est p c i n t  i n  ti:? f-~:k.ani;ment. ) 

I t e m  3 

X C ( 1  , I )  i s  tb.3 \.:3?-i~5:e n ? x  of t h e  X coord ina t e  o f  the  
f i r s t  co rne r  o f  t h z  ILh r e c t a ~ q u l a r  a r e a .  The dimensions 
of  XC(1 , I )  m y  Se i a  zny u c i t s  c o r p a t i  b l e  with t h e  
rercaindei- of  ihs i r i g u t  d a t a ,  

Item 4 YC(7,I) (FLMT-  ?T, ) 

The va r i ?S ln  i s  t t ;~  q:2i-i?Sle name of t h e  Y c o o r d i n a t e  of 
t h e  f i r s t  cornel. of t!i? I t h  r e c t a n g u l a r  a r ea .  



The remainin3 th ree  pa i r  of X and Y coordinates which dei'ine 
the  corners of the I th  rectangular  area ,  ... 
*. - 
...- The s ides  of the area do not have t o  be pa r a l l e l  
t o  the  X and Y axis  b u t  the  corner points  should be input  
i n  e i t h e r  clock\.rise o r  counter cl-ockwise order around the  
perimeter of the  rectangular  area. 

An exainple of th is  - . l ine  vrould be as f o l  IONS: 

K 

- Fol lo:.!ir,g t h ?  l i n e s  descr j  bing the 1 oaded rectangular  areas 
( i f   an:^) i s  a s e t  s f  l i n e s  c%scribing the shape and weight of t he  eei;bar:k- - 
nent loading. ! b s e  l i n e s  \.!ill be ~~~~~~~~~y only under the cpt ion \.!here 
I<ODf i s  i n p ~ t  as  i o r  3. Ti:? f i r s t  l i n e  required to describe the  en;ban!:nent 
cons i s t s  of the  fo i  1 owing input variables:  

Item 1 NCOR (F IX .  PT. ) 

liCO2 i s  t h e  nu:tiber of pa i r s  of X and Y cocrdinates used t o  
describz t 5 e  cross section of the e!nbanl:ment loading. Ti-.? 
~~axirnum a! loi.:able value of :!LOR i s  25. 

Item 2 GAi%;;iA (FLOAT. PT. ) 

Thf  variab?:. SAI,1?4A i s  the i l n i  t weirj!it o f  the eii!bani:vent 
f i l l  i n  un. i  t s  o f  \:eio:it and length conipatible \!i t h  the 
c t he r  input  d a t a .  

TMIC!: i s  t n c  inpu-t var iable  which determines the  nurliber 
of l ayers  used t o  aopro::i~nate the  embankment loadings as  
si~ovin in  Fi:gu~-e 2-6.  THICK. represents the  maxiri?u:n a1 l0 i~2bl  e -- 
tl1icl;ness of any layer  used in the approxiniation of t h e  
cn;itanknient loading. 



I t e m  4 Yf'lAX (FLOAT. PT. ) 

The value of YMAX i s  the longitudinal  d is tance  from the  
cross section to  the end o f  the embankment in t he  pos i t i ve  
Y di rec t ion .  YMAX should in a l l  cases be g r ea t e r  than o r  
equal t o  zero, s ince  the cross sect ion (X-Z p lane)  def in inq 
the,  embankment loading i s  assumed t o  be a t  Y=O. 

Item 5 YMIN (FLOAT. PT. ) 

The value of Y M I N  i s  the  longitudinal  d is tance  from the  
cross  sect ion t o  the  end of the  embankment in t h e  negative 
Y d i rec t ion .  YMIN should i n  a l l  cases be l e s s  than o r  
equal t o  zero s ince  the  cross  sect ion (X-Z p lane) .def in ing . 
the embankment loading i s  assumed t o  be a t  Y=O. 

An example of t h i s  line i s  as follows: 

T h e  r-e!!iai ni ng cards raqui red t o  descri b e t h e  embanl::::~nt 1 oadi n? 
cons i s t  of a s e r i e s  of lines each def i i~ inq  a  pa i r  07 c01'::2r p ~ ) i , i t . ~  (:I,Z) 

-, of the enbank11:ent; c;-osz s e c t i o ~ .  I 112 n?;,:~er of t:'?e~+? lines w i  11 cori-cs!~orld 
T t to  t he  value ~f ?!CQZ dc-scri hzci abc\!e. ;;icse cor?er  ~ o i n t  lines sko~l l  d bs 

input -in tile sal;le S C . ~ ! - I C ~ ~ C ~  L S  tjiey ?,p?ear in the ?:::Sznkn?nt c:-;ss sec t i c r , .  
In other \.:orcis tke input sequence shouid be the sax?  as one :;auld f i nd  b:; 
proceeding around the prlr.in:eter of 'tile embankment. c ross  sec t ion  in e i  the r  
a clocl::~i se o r  counter clock:-/is? d i rec t ion .  T h s  lines required f o r  e a c h  
corner point wil l  haye a forglat described as fol lor .!~:  
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I t e m  1 X(1) (FLOAT. P T . )  

X(1) i s  t he  X coordinate of a  corner (break p t .  ) i n  the  
shape of t he  embanknent cross  sect ion.  

- Item 2 - Z(1) (FLOAT. PT. ) 

Z ( 1 )  i s  the  Z coordinate of a  corner (break p t .  ) in the  
shape of the  embankment cross  sect ion.  The Z coordinates 
dre  referenced t o  the  lowest Z coordinate which has a  
value of zero. 

A typical  example of tbis line is  shown below: 

C. S t ress  Dis t r ibut ion Data 

This sect ion of data d e f i ~ e s  - the  output  required f o r  the  'loading - 8 conditions described in sect ion 3 ,Love. = -  I ne output  nay b e  i n  ti!/o f o m s  
I' dependin? on tile needs of the user.  T h e  f i r s t  type  of output  cons i s t s  of 
i- a  ver t i ca l  s t r z s s  d i ~ t r i ~ u t i o n  brhic:: l:liil p r i n t  cu t  values of v e r t k c l  . . s t r e s s z s  aionc a  ve r t i c a i  1 i n e  i n  sr,? :;-'t-Z plane. For t h e  v e r t i c a l  s t r e s s  

d i s t r i bu t i on  the values of X and Y :,;ill remain constant .  S t r e s s  values 
\./i 11 bo cal cui aied a t  p ; -~ sc r i  bed i::cren~ents ber;a:een prescr-i bed 1 imi t s  a l  on2 

- .  
the  ve r t i ca l  1 ine. i ile cecond typ? of output zption cons i s t s  of a  hor izonta l  
s t r e s s  d i  s  t r ibut ion !:i!et-ein values L?T^ St ress  ? r e  ca lcula ted a t  increasing 
values of S along a  pr.esci-ibed l i n e  in the?  X-Y  p l a n e  a t  a  constant  dspth 
( Z  i.s constant) .  T k e  oi-ie3tation of the  l i n e  in the  X-Y plane i s  defined 

-, by in?u t t in?  a s lope and in tercept .  irlere i s  no 1 imi t  as t o  the number 
calcul a t i cn  p i n t s  on a  9iv211 dist.:-iijlit,ion nor ilo:.~ liianj, d i s t r i bu t i ons  
nay be run for  a giveri loading coniiguration.  

The information f ~ r  a  sinq7e s t r e s s  d is t i - ibut ion i s  contained on 
two lines. The i r ? ~ u t  var iables  on tfle f i r s t  line are :  

Item 1 i!DIST (FIN. PT. ) 

NDIST i s  an o?tion VCI-iable v:i~icli def ines  whether a  ve r t i c a l  
o r  horizontal  s t r e s s  d i s t r i bu t i on  i s  rzquired. I f  NDIST i s  
coded as 1  a  ver t ica ;  d i s t r i  bution 1:1i 11 be assu~r.=d and i f  
I.4DIST i s  coded as 2 a h9rizontal d i s t r i bu t i on  t.lill' be 
ca lcula ted.  XDIST 21 so serves t o  ind ica te  ?!hen a1 1  the  s t r e s s  
d- is t r ibut ions  fo r  a siven loadin9 condit ion a r e  coalpl e ted .  
A value of ;!DIST equal t a  zero \ .r i l l  cause new header cards 
a n d  lozding configurclizn to  be read in .  I f  no new loading 
configuration fol1o::s II[)IST=O, the proTrarn wi l l  e x i t  z f  t e r  
reading seven blank czrds. 



Item 2 : Nb!EST (FIS. PT. ) 

NWEST i s  an option var iab le  which determines whether the  
bles tergaard o r  Eoussi nesq sol  u t i  on wi 11 be used to  dztermi RE 
the ve r t i c a l  s t r e s s e s .  I f  N!.IEST=O, the !.Ies tergaard so1 u t ion 
wi l l  be used and i f  NYEST=1 the Ooussinesq so lu t ion  wi l l  be 
ca lcula ted.  

Item 3 AMU 

The value of AMU represents  the value of Poissons r a t i o  t o  
be used i n  the Westergaara solut ion.  I f  a  Boussinesq so lu t i on  
i s  t o  be used (E\;:;;'EST=l) the  value or' Ai.1U may be l e f t  blank. 

, 
An example of this 9.in.e is  a s  follows: 

The second l i n e  used to define the s t r e s s  d- is t r ibut icn  should r,ot 
be included i f  r,JnlST=O. The card i n c l ~ d 2 s  the fa1 loeii ng data:  

Item 1 A1I;ITL (FLOAT. PT. ) 

AINTL i s  the s t a r t i n g  point  coordinate f o r  e i t h e r  a ve r t i c a l  
o r  horizcnt?l  d i s t r i bu t i on .  I f  a  t;ertical d i s t r i b u t i on  i s  
required (i!DIST=l ) the val ue of AIXTL reel-esents the  in i  t i21  
( smal les t )  dep th  : i i t h i n  t h e  ranye o f  the  d i s t r i bu t i on .  For 
t h i s  case AIidTL inust 5e posi t ive .  In the case of a hor izcnta l  
d i s t r i bu t i on  AIijTL represents the small e s t  ( f  ni t i a l  ) 
X coordinate cP the horizcntal  d i s t r i bu t i on .  For a  hori zontsl  
d i s t r i bu t i on  AI?!TL mzy be posi t ive  or  negative. 

Item 2 FIilAL (FLOAT. PT. ) 

FINAL represents the ending point coordinate f o r  e i  -l;h?r 2 
ver t i ca l  oi- horizontal d i s t r i b v t i c n .  i f  a ve r t i c a l  di s t r i -  
bu t i o :~  i s  i-equi red (I:DIST=1 ) t i l e  \!ellie of FI r iAL  repres2n:s 
the f i na l  (largest) depth vri t h i n  t h ?  :-zn?e of the d i s t r i b u t i o n .  
For t h i s  czse FiWL nust  be q o s i  t i v e .  In t h ?  case o f  a 
horizcritai d i s t r i bu t i on  Fii.iF..L rep:-ese:lts the 1 a r ~ z s t  S 
coordinate of the hcrizontai  di s t r i 5 u t i c n .  For t h i s  case  
FINAL n;a;l be pos i t ive  o r  negative. 
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Item3 DELTA (FL3AT. PT:) * 

The va lue  of  DELTA r e p r e s e n t s  t h e  d i s t a n c e  between c a l c u l a t i o n  

C -. p o i n t s  f o r  both a  ho r i zon ta l  and v e r t i c a l  s t r e s s  d i s t r i b u t i o n ,  
DELTA shoul ci always be p o s i t i v e .  

Item 4 XP (FLOAT. PT.) 

XP r e p r e s e n t s  t h e  X coo rd ina t e  f o r  t h e  l o c a t i o n  o f  a  v e r t i c a l  
s t r e s s  d i s t r i b u t i o n .  If  a hor izonta l  d i s t r i b u t i o n  i s  being 
r u n  t h s  va lue  o f  XP may be l e f t  blank. 

Item 5 YP (FLOAT. PT.) 

YP rep resen t s  t h e  Y coo rd ina t e  f o r  t h e  l o c a t i o n  of a  
v e r t i c a l  s t r e s s  d i s t r i b u t i o n .  I f  a  ho r i zon ta l  d i s t r i b u t i o n  
i s  being run t h e  va lue  o f  YP may be l e f t  blank. 

Item 6 ZP (FLOAT. PT. ) 

The va lue  of  ZP r e p r e s e n t s  t he  c o n s t a n t  depth a t  which a  
ho r i zon ta l  d i s t r ' b u t i o n  i s  t o  be run. Z P  should be p o s i t i v e  
and re ferenced  t o  t h e  lok!est p o i n t  i n  t h e  embankment o r  
f o o t i n g  conf i cu ra t f cn .  I f  a  w r t i c a l  d i s t r i b u t i o n  i s  being 
run t h e  value of  ZP mjr be l e f t  blank. 

Item 7 SLP (FLOAT. PT.) 

SLP i s  t h e  s l c ~ e  i n  t he  X-Y plane sf t he  l i n e  a long  nhich 
a  hor izonta i  d i s t r i b u t i o n  i s  t o  be run. I f  a  v e r t i c a l  
d i s t r i b u t i o n  i s  t o  be run than t h e  va lue  of SLP may be 
l e f t  blank. 

Item 8 SLINE (FLOAT. PT.) 

BLINE Ss the  Y i n t e r c e p t  o f  t he  l i n e  i n  t h e  X - Y  plane  a long  
~rhicl i  a hor izonta l  s t r e s s  d i s t r i b u t i o n  i s  t o  be run. The 
value 'or' GLITiE may be l e f t  biank i f  a  v e r t i c a l  d i s L r i b u t i o n  
i s  being r u n .  



3 -2  EXANPLE C O D I N G  AND OUTPUT 

C - T h i s  s e c t i o n  c o n t a i n s  examples  o f  cod ing  f o r  two t y p i c a l  p r o b l e m s .  
Outpu t  f r cm t h e  two e x a ~ n p l e s  may be found  d i r e c t l y  a f t e r  e a c h  p rob lem.  
The f i r s t  problem c o n s i s t s  o f  a l o a d i n g  c o n f i g u r a t i o n  i n v o l v i n g  two 
u n i f o r m l y  loaded  f o o t i n g s .  The s e c o n d  problem c o n s i s t s  of an embank- 
ment l o a d i n g  and uni form l o a d s  on t ~ o  f o o t i n g s .  The f o l l o w i n g  examples  
c o n t a i n  d iagrams o f  t h e  i n p u t  c o n f i c y r a t i o n ,  example c o d i n g  s h e e t s ,  
l i s t i n g s  o f  t h e  i n p u t  d a t a  and o u t p u t  c o r r e s p o n d i n g  t o  t h e  i n p u t  d a t a .  





! -  i 

! c 
. - 

! 1 ( C  

r ' Z  ,. 
ir Y 

: , I : c W  

: . I ! .  
I . ,  

i f . :  I ;. f 
, ' 

! l l . ;  

' , 

3 

. . 

d r;;- , - r  , , ! I .  

- ,  

e- 

i 

i 
I cl 

!- I 
! 
i 

.--- 



-2 -c  

DO YOU WISH TO RUN PROSRRM FROM EXIST ING DHTR FILE? 
. . ,  .' =Pin I .  

DO YOU WANT UIJTPUT MRITTEN TO HN 01-ITPUT F I L E ?  
-'..JE.5' - 1 

F I L E  DESCRIPTION (47 CHARHCTERS MH).:)Y TYPE ?'FUR INFO ON FORM 
=7FR 17 
INPUT 5 HERDER LINE.?: 
=TEST IIHTH 
=TWU SQClARE FOOT I t-(r;:% 
=UNIT LOAD = 1 111 0 0 F:zF 
- -C -1 HORIZOWTHL AND 1 {,JERTICHL DIZTRIEUTION !' 
=JHN. 1'372 D . H. :3. 
KODE? PIAREA 
= I ,  2 

Fi I NTL ? E I Nt7L 7 DELTH I ::.{P 3 '.i'P? ZP 7 ZLP F EiL I PIE - - - '-. I:I? 2~1. I:I? 2~1. [I! 111. I:I? [I, 111: ZCI. [I? - I .  111, 25 .  [I 



. . 
TEST D A T f i  
TI.I.IO :zII!I-IfiFE I NG:? 
1-INIT LOAD = 1[1[10 P:z:F 
2 HOR I ZOlJTAL AND 1 G'ERT I il::AL D I STR I EUT I Obi / JHN. 1'37z9 D. A. :S. 

ELA:STIC :SOLlJT ION NORMAL LOADING 
'#:'EFT 1 IZAL :$TRE:$:Z ',,!EFT 1 IzAL STRESS 
--------------- --------------- 

7 [js. :379 7 2 . '-' 7 I 8 3  -. 
345. gE.2 3 4 5 .  '36,s 
1 9 ~ ~ .  7 7 1  < 

i 1 9 ~ ,  . 7 7  1 

P{IJp1E:ER OF AF.:EA:3 I-I:z:ED 1 f.4 CALCULAT 1 ON = 2 

PiOTE-ALL Z $,!ALIjE:5 ARE FEFEF:ENC:ED TO THE LO!I!EST PART OF THE INPUT! 
1I:OIiF I GI-IRAT I OH. 



TEXT LsFiTFf 
TWO SlT!IJHRE FOOT 1 NG:Z 
1-INIT LOAD = 101110 P:SF 
2. HORIZONTAL AND 1 '*!EETICAL DI:ZTpIEI jTIOt ' i  
.JAN. l'?7z7 11. A. 1:. 

ELH:ZT I C :SOLlJT I ON PiORP1AL LOAD I HIS 
Y-CuffRDINHTE X-CUORDIHHTE 'g,t'ERT I IZAL .':TRE:Z:Z '#)EFT 1 CHL :ZTRE:ZS ------------ ------------ --------------- --------------- 

45. [I [I - 2 [I . 111 [I 1 [I 111 , :3 6 1 1 [I [I :3 En 1 
1 ::: 4 . :z 2 [I 1 .=. ..q .=. .r. ,-, 2 5 . [I 111 [I . I' -. . .-'L * 

5 . 0 111 2 [I . [I 111 1 [I [I. ::;E, 1 1 [I [I a ::: E, 1 

PiOTE-ALL Z r:'ALUE:Z ARE F~EFERENCEII TO THE LO!I!EST PART OF . THE INPClTz 
CD1.iF I I?I..IRAT 101.4. 

::.::-C:OOED 1 p]ATE 
------------ 

- 4 111 . O I:! 
- ::: - 111 . [I 111 - - 
- 2 lj # 111 111 
- 1111. .O I:I 

I:( . 
1 [I . 111 [I 
2 111 . 111 111 
::: 111 . 111 [I 
4 111 , 15 

ELASTIC: :Z:OLI-IT I Opi  
'a,.'EF:T 1 lI:QL :Z:Tt?E:Z:Z 

1.IORPlAL LOHD I 1.jG 
I.jERT I C:HL :Z:TRE:ZS 

HOTE-FILL Z '<,!ALI_IE:Z: ARE f?EFEF:Et.iCED TO THE LOI!!E:ST F'ART OF THE II-IF'UT? 
CU1.iF IGURBT I OM. - 
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DO YolJ l j . 1 1 ~ ~  -TO RI-IN PROGRAM FROM EXISTINIF DHTA F I L E ?  - L 

=YE::: 
F I L E  DESCRIPTION (47 CHHRHCTERS MAXI 9 TYPE ? FOR INFO ON FORPI 
=NEIADHT 
DO YOU UANT OUTPUT WRITTEN TO HN OUTPUT F I L E ?  - 

- 

='.,.'E:S 
F I L E  DESC:RIPTION (47 CHARACTERS MAXI F TYPE ? FOR IPiFO ON FORM 
=A11132 

TEST DATA 
EMEANKMENT IjJITH 2 FOOTING LOHDS 
FOOT 1 N6 LuAD = 1 ci? [11:10 PSF? EMEK. I 1 P i I  T !I.IT. = 1 0 111 F'CF 
1 '*:'EFT 1 IzAL :ZTRE:I::Z D 1 :ZTR 1 E:UT 1 UP4 
:2 J R ~ ] .  1~3-.=~ I L ?  11. A.:!:. 

4 

?:'ERT 1 CAL :ZTRE:;:P II I :ZTR I E:I_IT I UP{ HT 
9 

::<-COnF.tDI HATE = 111 . %i'-CUIIlF.1D 1 PiATE = 0 . 
ELA:ST I C: ::OLllT I ON PiOFPlHL LOAD I NI3 

IIEPTH I::?::] ':!EF.:T 1 CAL :S,TRE:SS '.;EFT 1 C:AL :STF:E:S:Z 
- - - - - - - - - __ -__ -________ -  --__--_--_----- 

THE I PiF'I-IT 9 



3 -3 PROGRAM GLOSSARY 

C=5 The following i s  a g lossary of a11 the  s i gn i f i c an t  var iab les  i n  t h e  
program. The user i s  urged t o  read Chapter 2 i n  order t o  understand 
some of the terminology used i n  the  glossary.  The var iab les  defined a s  
arrays  a r e  dimensioned t o  t he  same value a s  they have i n  t he  program. 
Input variables a r e  indicated by an a s t e r i sk .  Further de f in i t i on  of 
these  var iables  may be found i n  sec t ion  4-1. 

A(4) Area of a t r i a n g l e  formed by two corners of a 
rectangular area and point  P.  

AINF 

AINFI 

AINTL 

Influence value f o r  a rectangular area.  
i 

Influence value f o r  a superimbosed rectangular  
area used t o  obtain AINF (Four values of AINFI a r e  
sumed a lgebra ica l ly  t o  obta in  AINF). 

S ta r t ing  coordinate f o r  e i t h e r  a horizontal o r  
ver t i ca l  s t r e s s  d i s t r i bu t i on*  

Ratio of length of a s i de  of a superimposed 
rectangle t o  the  dept t of point P.  

AMS AM t o  t he  second power. 

AMU Poissons ra t io*  

Ratio of length of a s i d e  of a superimposed 
rectangle t o  the  depth of point  P.  

ANS AN to  the  second power. 

Area of rectangle  found by multiplying adjacent 
s ides  of the  rectangle.  

AREA2 Sum of the area of four  t r i ang l e s  in  t he  X-Y 
plane each formed by connecting two adjacent corners 
of rectangle w i t h  point P .  

Y in te rcep t  in the equation describing the a l i n e  
i n  the perimeter of the embankment ,cross sect ion.  

B L I N E  Y in tercept  of the l i n e  in the X-Y plane f o r  a 
hol3izonta1 s t r e s s  d i s t r i bu t i on .  * 

Absolute value of the di f ference in X coordinates 
of two adjacent points on the perimeter of an 
embanl:nient cross sect ion.  



DELTA 

DELTZ 

DELXP 

DIAG (4) 

FACT 

FINAL - 

l FLAG 

Absolute value of the d i f fe rence  i n  X coordinates 
between XTEST and a corner point  on the embankment 
cmss sect ion.  

Absolute value of the d i f fe rence  i n  X ' h o r d i  nates  
between XTEST and a corner point  on the embankment 
cross  sec t ion  adjacent  t o  the corner point  used f o r  
CHEK1. 

Perpendicular d is tance  i n  the  X-Y plane from a s i d e  
o f  the  loaded area t o  t h e  s t r e s s  point XP, YP. 

Distance increment of a s t r e s s  d i s t r i bu t i on  
(Horizontal o r  ve r t i c a l  )* i 

Thickness of l ayers  used t o  approximate the  embank- 
ment between ~LJO corner points of the  embankment 
which  a r e  adjacent  i n  t h e  ve r t i c a l  d i rec t ion .  

' Distance increment of a horizontal  s t r e s s  d i s t r i bu t i on .  

The d i s tance  i n  the  X-Y plane from a corner of  a 
rec tangular  a rea  t o  the  s t r e s s  point.  

A va r iab le  w i t h  a value of e i t h e r  -1-1.0 o r  -1.0, 
used t o  control whether superimposed .rectangular 
arezs a r e  added o r  substracted.  

The coordinates of the f i na l  point  on a horizontal  
o r  v e r t i c a l  s t r e s s  d i s t r ibu t ion*  

U n i t  weight of embankment f i l l *  

Alphanumeric var iable  used t o  read and p r i n t  header 
cards* 

Variable used t o  d i r e c t  program to  return t o  proper 
area i n  the  program a f t e r  ca lcula t ing an influence 
value. IFLAG's value depends upon whether a case 
No. 7 ,  2 o r  3 cond i  t ion  i s  being analyzed. 

An option var iab le  defining whether a horizontal  
o r  ~ e r t i c a 7  s t r e s s  d i s t r i bu t i on  i s  to  be r u n *  

A var iable  which ind ica tes  whether s t r e s s e s  have 
b e ~ n  calcula ted for both "normal loading" and 
" e l a s t i c  solut ion" .  



NAREA 

NCOR 

NDET 

NLAY R 

IIZSTRT 

NWEST 

SIDE (4) 

ST GUZ 
.- 

For input  purposes t h i s  i s  the  number of rectangular  
uniformly loaded areas  t o  be input. I f  an embankment 
j ~ a d i n g  i s  involved, t h e  value of NAREA i s  increased 
to include the  number o f  l ayers  ( rec tangles)  used t o  
approximate t h e  embankment loading. * 

The number of p a i r s  of coordinates used t o  describe 
an embankment cross  s e c t i o n *  

A code var iab le  used t o  ind ica te  which superposit ion 
case  should be used t o  c a l cu l a t e  the  influence value 
of a pa r t i cu l a r  rec tangula r  area .  

A c ~ d e  var iab le  used t o  ind ica te  whether a ve r t i c a l  
or horizontal  s t r e s s  d i s t r i b u t i o n  is  t o  be calcula ted* 

A c ~ u n t e r  used i n  the  d iv i s ion  of an embankment 
sec t ion  i n t o  l ayers .  N L  i s  used t o  determine when t h e  
X t ~ o r d i n a t e s  of  both s i de s  of the rectangular  area 
have been found. 

The number a f  l aye r s  between two ascending Z values 
oT the  embankment cross  sect ion.  

The subscr ip t  of  t he  T i r s t  rec tangular  area used to  
descr ibe  an embanksent cross sect ion.  The subscr ip t s  
which a r e  l e s s  than NSTRT f o r  various var iables  
r e l a t i ng  t u  t h e  rectzngulai- areas  a r e  used f c r  footing 
loads, i f  any a r e  5eing used. 

An option var iab le  used to ind ica te  whether the  
B~nss inesq  or \/estergaard solut ion should be used t o  
calcn7ate t h e  s t r e s s  values* 

The trigonornett-ic val ue equal t o  3.141 59265 

The magnitude ~f a uniform load act ing on a rec tsngular  
area.  For rectangles gsed t o  approximate embankment 
loadings Q ( 1 )  is  calcula ted by the program.* 

The r a t i o  ~f the  length  of a s ide  of a superimposed 
rectangular  area  t o  t he  depth of the  point P .  

The length of a s i d e  of a rec tangular  loaded area .  

The ve r t i c a l  s t r e s s  a t  a point within the semi i n f i n i t e  
mass calculated by the "NORi4AL L O A D I N G "  approximation. 



' SIGZE The v e r t i c a l  s t r e s s  a t  a  point  w i  t h i n  the  semi i nf i n i  t e  
mass calcula ted f o r  t h e  "ELASTIC SOLUTION" approximation 

The value of ve r t i c a l  s t r e s s  a t  a  point  induced by a 
p a r t i c u l a r  rectangul a r  area .... - - 

SLP The s lope  of a l i n e  i n  the X-Y plane which descr ibes  
t h e  l i n e  along which a horizontal d i s t r i bu t i on  is  t o  
be r u n  

The s lope of a l i n e  forming the perimeter of t h e  cross  
sec t ion  of an embankment 

The maximum thickness of a l ayer  used t o  approximate 
t h e  embankment* - .  THICK 

The f l oa t i ng  pa in t  equivalent  of NLAYR 

The X coordinate of a break point  i n  the  perimeter of 
an embankment loading* 

The X coordinate of a corner point of a loaded 
rectangular  area. For foot ing 1 oads these val ues 
a r e  i n p u t ,  f o r  embankent loadings the  program 
generates these  values* 

XFNL The l a s t  coordinate o f  a horizontal < t r e s s  d i s t r i  bution 

XL ARG The length  of a s i de  of a superimposed rectangular  
area f o r  Case f{o. 2 o r  Case No. 3 

XMAX The maximum a l g e t r a i c  X value of a rectangle used t o  
approximate an embankment loading 

XMIN The minimum algebraic  X value of a rectangle used t o  
approximate an embankment 1 oading 

The X coordinate of a point  where the  ver t i ca l  s t r e s s  
i s  required.  For horizontal d i s t r i bu t i ons  t h i s  i s  
ca lcula ted from s t r e s s  d i s t r i bu t i on  information* 

XSMAL The length of a s i de  of a superimposed rectangular  
,. area  f o r  Case No. 2 o r  Case No. 3 

XTEST U- A t r i a l  value f o r  the in te r sec t ion  of the midpoint of 
a l aye r  and the boundary of an embankment cross  sec t iyn  



Y LARG 

< YMAX 

YMIN 

ZFNL 

ZLAY (1 00) 

ZSAVE 

ZTOT 

The Y coordinate of a corner point  of a loaded 
rectangul a r  area, f o r  footing 1 oads these  val ues 
a r e  input,  f o r  ~nbankment loadings t he  program 
generates these  values 

The length of a s i d e  of a superirnposed~rectangular 
area  

The maximum Y coordinate of ati embankment i n  a  
d i rec t ion  perpendicular  t o  the c ross  sect ion* 

The minimum Y c ~ o r d i n a t e  of an embankment i n  a  
d i rec t ion  perpendicular  t o  the  c ross  sect ion* 

The Y coordinate of a point.  where s t r e s s e s  a r e  
required. f o r  v e r t i c a l  d i s t r i b u t i o n s  t h i s  value 
is input. For horizontal  d i s t r i b u t i o n s  this 
vaf ue is cal  cu1 ated* 

: The length o f  a side of a superimposed rectangular  area 

The Z coordinate of a corner po in t  of an embankment 
cross s e  c t ions* 

The midpoint Z coordinate of a l aye r  used t o  approximate 
an embankment cross s ec t i on  

A var iable  used i n  t he  ordering of Z coordinates of 
the  embznkment sect ion from smal les t  t o  1 arges t  

An ar ray representing t h e  Z coordinates of the  embankment 
sect ion ordered f r m  smal les t  t o  l a r g e s t  

The terminal Z coordinate of a v e r t i c a l  s t r e s s  d i s t r i b u t i o n  

The distance from t h e  bottom of a rec tangular  area t o  
the  reference point.  For foot ings  t h i s  i s  an i n p u t  
value f o r  embankment I oadings t h i s  i s  calcula ted* 

The depth of the  point  a t  which the  s t r e s s  i s  t o  be 
calculated r e l a t i v e  t o  t he  reference point .  For 
horizontal d i s t r i bu t i ons  t h i s  i s  an input value f o r  
ve r t i ca l  d i s t r i b u t i ~ n s  i t  i s  generated within the  
p r o  g i-am* 

A variable used i n  t he  ordering of the Z coordinates of 
an embankment sec t ion  from smal les t  t o  l a r g e s t  

The t o t a l  ve r t i ca l  d i s tance  from the  base of a rec tangular  
area t o  t he  s t r e s s  poi n t -  (ZTOT=ZLAY ( I  )+ZP) 




