
Terms and Conditions of Use:

Visit our 
companion site

http://www.vulcanhammer.org

this document downloaded from

vulcanhammer.net
Since 1997, your complete 
online resource for 
information geotecnical 
engineering and deep 
foundations:
The Wave Equation Page for 
Piling

Online books on all aspects of 
soil mechanics, foundations and 
marine construction

Free general engineering and 
geotechnical software

And much more...

All of the information, data and computer software 
(“information”) presented on this web site is for general 
information only. While every effort will be made to insure 
its accuracy, this information should not be used or relied on 
for any specific application without independent, competent 
professional examination and verification of its accuracy, 
suitability and applicability by a licensed professional. Anyone 
making use of this information does so at his or her own risk 
and assumes any and all liability resulting from such use. 
The entire risk as to quality or usability of the information 
contained within is with the reader. In no event will this web 
page or webmaster be held liable, nor does this web page 

or its webmaster provide insurance against liability, for 
any damages including lost profits, lost savings or any 

other incidental or consequential damages arising from 
the use or inability to use the information contained 

within.

This site is not an official site of Prentice-Hall, 
Pile Buck, the University of Tennessee at 

Chattanooga, or Vulcan Foundation 
Equipment. All references to sources of 

software, equipment, parts, service 
or repairs do not constitute an 

endorsement.

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


INSTRUCTION REPORT K.80-5 

COMPUTER PROGRAMS FOR 
SETTLEMENT ANALYSIS 

Reed b. Mosher and N. Radhakrishnan 

Automatic Data Processing Center 
U. S. Army Engineer Waterways Experiment %$ion 

P. 0. Box 6311 Vicksburg, Miss. 39880 

October 1980 

Prepared for U, S. Army Engineer Division, Lower Mississippi Valley 

P. 0. Box 80, Vicksburg, Miss. 39%80 



Destroy this report when no longer needed. Do no t  return 

i t  to the originator. 

The f indings in this report ore not to be construed as an o f f i c ia l  
Department o f  the Army posit ion unless so designated 

by other authorized documents. 

This program i s  furnished by the Government and i s  accepted and used 

by the recipient with the express understanding ellat the Uni ted States 

Government makes no warranties, expressed or implied, concerning the 

accuracy, completeness, rel iabi l i ty, usability, or su i tab i l i t y  for any 

particular purpose o f  the information and data contained i n  th is pro- 
gleam or furnished in  connection therewith, and the Uni ted States shall  
be under no l i ab i l i t y  whatsoever to  any person by reason of. any use 

made thereof. The program belongs to the Government, Therefore, the 
recipient further agrees not to assefi any proprietary r igh ts  therein or to 
represent th is program to anyone as other than a Government program. 

The contents o f  th is report are not to be used for 
advertising, publication, or prorn~t ional  purposes. 
Ci tat ion of trade names does not consti tute an 
o f f i c ia l  endorsement or approval 04 the use of 

such commercial products. 



U n c u i f i ~ r l  
SECURITY CLASSIFICATION O F  THIS PAGE (When D n f a  Enfared )  

I n s t r u c t i o n  R e p o r t  K-80- 5 

4. T I T L E  (and Subl i f le)  5.  TYPE O F  REPORT L PER100 COVERED 

COMPUTER PROGRAMS FOR SETTLEXEIJT ANALYSIS 

N .  R a d h a k r i s h n a n  

PERFORMING OR 
A R E A  R WORK UNIT NUMBERS 

U. S. Army E n g i n e e r  Waterways  E x p e r i m e n t  S t a t i o n  

12. REPORT DATE 

R O F  P A G E S  

I I U n c l a s s i f i e d  

SCHEDULE 

-- 
ATEUENT (of thla  Roporl) 

Approved  f o r  p u b l i c  r e l e a s e ;  d i s t r i b u t i o n  u n l i m i t e d .  

-. s (Continuo on roveroe erdo i f  nocensary md IdenPIPy by block number) 

1 C o h e s i v e  s o i l s  Load t e s t s  ( F o u n d a t i o n s )  
1 Computer  p r o g r a m s  S e t t l e m e n t  

Embankments S e t t l e m e n t  a n a l y s i s  
F o u n d a t i o n  s e t t l e m e n t  Time s e t t l e m e n t  r e l a t i o n s h i p  

l a s  S p a u l d i n g ,  S t .  P a u l  D i s t r i c t ,  d e t e r m i n e s  v e r t i c a l  s t r e s s e s  b e n e a t h  f o o t i n g s  
a n d  einbanlcments. PlAGSETII was  w r i t t e n  by M e s s r s .  R .  L .  S c h i f f m a n ,  D. M .  Juben-  

FORM BD J m  73 1473 EDITIQM QF V NOW 6 5  IS OBSQLEYE U n c l a s s i f i e d  
-.-- --.-------- 

S C C U t ? i T I  CbASSIFICATrBfJ O F  THIS PAGE (Wm D e l e  Enlsrscf) 





PREFACE 

This report provides documentation of three computer programs for 

performing settlement analysis of foundations and embankments. The 

report was written as part of the normal operation of the joint U. S. 

Army Engineer Waterways Experiment Station (WES) and U. S. Army Engineer 

Division, Lower Mississippi Valley, Computer Center for Fiscal Years 

1978 and 1979. 

The three computer programs documented herein are IOOl6, MAGSET31 

and FD31. Program 10016, which was developed by Mr. Douglas Spaulding, 

Foundation, Materials, and Survey Branch, St. Paul District, determines 

vertical stresses beneath footings and embankments. MAGSETXI was 

written by Messrs. R. L. Schiffman, D. Me Jubenville, and V. Partyka of 

the University of Colorado to calculate the magnitudes of settlement of 

multilayered soil systems. Dr, Roy E. Olson, University of Texas, Austin, 

developed FD31 to determine time-settlement relationships for cohesive 

soils due to large uniformly distributed loads. 

The documentation was put together in s package, with example runs 

and comparisons with hand computations, by M r ,  Reed L. Mosher, Cornputer- 

Aided Design Group, Automatic Data Processing (ADP) Center, WE%, under 

the direct supervision of Dr. N ,  Radhakrishnan, Special Technical Assfs- 

%ant, ADP Center. This report was written by Mr, Mosher and Dr. Radha- 

krishnan. Mr. D. Lo Neumann was Chief of the ADP Center, 

COL J. L ,  Cannon, CE, and COL N, P. Conover, CE, were Directors of 

WES durfng the preparation of this report. Mr. F, R. Brown was Technical 

Director. 
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CONVERSION FACTORS,  INCH-POUND TO M E T R I C  (SL) 
UNITS O F  MEASUREMENT 

Inch-pound u n i t s  o f  measurement used i n  t h i s  r e p o r t  can b e  conver ted  t o  

m e t r i c  ( S I )  u n i t s  a s  fo l lows :  

Mu1 t i p  l y  By To Obta in  
P 

f e e t  0.3048 m e t r e s  

k i p s  (1000 I b  f o r c e )  4.448222 ki lonewtons  

k i p s  ( f o r c e )  p e r  s q u a r e  f o o t  47.88026 k i l o p a s c a l s  

pounds ( f o r c e )  p e r  s q u a r e  f o o t  47.88026 p a s c a l s  

pounds (mass) p e r  c u b i c  f o o t  16.01846 ki lograms  p e r  c u b i c  met re  

s q u a r e  f e e t  0.09290304 square m e t r e s  



PROGRAM LNFORMATION 

This settlement package described herein is operational on the U. S. 

Army Engineer Waterways Experiment station's Honeywell G-635 time- 

sharing system at Vicksburg, Miss., and on the Office of Personnel Man- 

agements~ Honeywell 6000 Series time-sharing system at Macon, Ga. The 

file names used for the programs are listed below with short descriptions 

of how to access each. It is assumed that the user knows how to sign on 

to the system he is using, 

I0016 

* FORT 
9k RUN WESLIB/CORPS/IOO~~,R 

WGSETII 

FORT 

* RUN WESEIB/COWS/IOO~O,R 

FD3E - 
* PORT 
* RUN WESLIB/CBRPS/I0011,R 



COMPUTER PROGRAMS FOR SETTLEMENT ANALYSIS 

PART I : INTRODUCTION 

Purpose  

1. A package of  t h r e e  programs f o r  performing s e t t l e m e n t  a n a l y s i s  

o f  f o u n d a t i o n s  and embankments i s  documented i n  t h i s  r e p o r t .  The pro- 

grams a r e  based on t h e o r i e s  and methods a c c e p t e d  by p r a c t i c i n g  e n g i n e e r s  

and p r e s e n t e d  i n  u n i v e r s i t i e s  throughout  t h e  United S t a t e s .  

2. The package c a n  b e  a  v e r y  powerful  and t ime  s a v i n g  a i d  t o  t h e  

f o u n d a t i o n  e n g i n e e r  i n  t h e  a n a l y s i s  o f  complex f o u n d a t i o n  systems.  With- 

o u t  t h e  u s e  of  t h e  computer,  s o l u t i o n s  t o  problems i n v o l v i n g  such  sys tems 

could  b e  l e n g t h y  and t e d i o u s  and l e a v e  room f o r  human e r r o r .  The pro- 

grams a l l o w  t h e  f o u n d a t i o n  e n g i n e e r  t o  be more c r e a t i v e  by p r o v i d i n g  

more t i m e  t o  e x p l o r e  i n n o v a t i v e  a l t e r n a t i v e s .  

Programs i n  t h e  Package - 

3. The package c o n s i s t s  of  t h r e e  s e p a r a t e  programs: IOOLQ, 

MAGSETXI, and FD3l. 10016 de te rmines  v e r t i c a l  stresses benea th  f o o t i n g s  

and embankments. It was developed by Douglas Spau ld ing  (1968) of t h e  

S t .  Paul D i s t r i c t .  UGSETII c a l c u l a t e s  t h e  magni tudes  of s e t t l e m e n t  

of m u l t i l a y e r e d  s o i l  sys tems.  It  w a s  w r i t t e n  by R. Lo S c h i f f m n ,  B. M, 

J u b e n v i l l e ,  and V. P a r t y k a  (1976) a t  t h e  U n i v e r s i t y  s f  Colorado. Addi- 

t i o n s  t o  t h e  program t o  compute t h e  d e g r e e  of c o n s o l i d a t i o n  have been 

nade. FD3l deve lops  t ime-se t t l ement  r e l a t i o n s h i p s  f o r  coticsive s o i l s  

due  t o  l a r g e  un i fo rmly  d i s t r i b u t e d  Loads. It  was w r i t t e n  by Roy Olson 

a t  t h e  U n i v e r s i t y  of Texas a t  Aust in .  

4 .  T h i s  r e p o r t  p rov ides  documentation f o r  t h e  t h r e e  computer 



programs used i n  t h e  package.  T h e o r i e s  on which t h e  programs a r e  b a s e d ,  

a l o n g  w i t h  c a p a b i l i t i e s  of t h e  programs,  are d i s c u s s e d .  I n p u t / o u t p u t  

f o r  t h e  programs i s  d i s c u s s e d  u s i n g  t h r e e  example problems.  One of  t h e  

example problems i s  t a k e n  f rom Eng inee r  Manual 1110-2-1904 ( H e a d q u a r t e r s ,  

Department  o f  t h e  Army, O f f i c e  o f  t h e  Chief  of  Eng inee r s  1 9 5 3 ) .  Docu- 

m e n t a t i o n  f o r  t h e  programs,  a s  p r o v i d e d  by t h e  o r i g i n a l  a u t h o r s ,  i s  r e f -  

e r e n c e d  i n  t h i s  r e p o r t .  O r i g i n a l  documen ta t ion  f o r t h e  programs can  be  

o b t a i n e d  from t h e  E n g i n e e r i n g  Computer Program L i b r a r y  (ECPL) a t  t h e  

U. S, Army E n g i n e e r  Waterways Experiment  S t a t i o n  (WES). 



PART 11: METHODS AND CAPABILITIES 

Program I0016 

5 .  Program I0016 can c a l c u l a t e  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 s  i n  

a  s o i l  p r o f i l e  based on e i t h e r  Boussinesq o r  Westergaard s o l u t i o n s .  

Both methods assume t h a t  t h e  s o i l  i s  homogeneous, i s o t r o p i c ,  and l i n e a r l y  

e l a s t i c .  Westergaard  f u r t h e r  assumes t h a t  t h e r e  a r e  no l a t e r a l  deforma- 

t i o n s .  These assumpt ions  do n o t  comple te ly  model a c t u a l  s o i l  behav io r ,  

b u t  w i t h o u t  t h e s e  assumpt ions  s o l u t i o n s  a r e  o n l y  p o s s i b l e  u s i n g  more 

s o p h i s t i c a t e d  t e c h n i q u e s .  I n  most c a s e s ,  t h e  r e s u l t s  o b t a i n e d  u s ing  

t h e s e  s i m p l i f i e d  assumpt ions  a r e  r easonab ly  a c c u r a t e  when compared t o  

f i e l d  o b s e r v a t i o n s  ( s e e  Spaulding 1 9 6 8 ) .  I0016 a l l o w s  t h e  u s e s  t o  

a n a l y z e  r e c t a n g u l a r  l o a d i n g s  and /o r  embankment l o a d i n g s  i n  a t h s e e -  

d i m e n s i o n a l  l a y o u t .  The ernbanlment l o a d i n g s  a re  a p p l i e d  by number of 

un i fo rm r e c t a n g u l a r  shaped l a y e r s  w i t h  t h e  wid th  d e c r e a s i n g  w i t h  h e i g h t .  

T h i s  a l l o w s  t h e  u s e r  t o  c o n s i d e r  problems i n v o l v i n g  time-dependent l o a d s  

due t o  c o n s t r u c t i o n ,  e t c .  The u s e r  has  t h e  o p t i o n  t o  choose  t h e  horizon- 

t a l  or v e r t i c a l  p l a n e  t o  be  i n v e s t i g a t e d ,  The c a p a b i l i t i e s  a r e  i l l u s -  

t r a t e d  b e s t  in t h e  example problems p r e s e n t e d  i n  P a r t  III. 

Program MAGSETEI 

6. Program MAGSETII u t i l i z e s  ~ e r z a g h i ' s  one-dimensional  c s n s o l i -  

d a t f o n  t h e o r y ,  s i m p l i f i e d  t o  a p p l y  t o  a two-dimensional  c o n d i t i o n ,  f o r  

e s t i m a t i n g  s e t t l e m e n t s  i n  c o h e s i v e  s o i l s .  The e f f e c t i v e  s t r e s s  h i s t o r y  

f o r  e a c h  l a y e r  o r  f o r  t h e  t o t a l  p r o f i l e  can be  i n p u t  t o  t h e  program. 

The program a p p l i e s  a  v e r t i c a l  s t r e s s  i n f l u e n c e  f a c t o r ,  due  t o  t h e  load-  

i n g ,  t o  t h e  e f f e c t i v e  stress h i s t o r y .  Under t h i s  e f f e c t i v e  s t r e s s  h i s -  

t o r y ,  some v e r y  complex l o a d i n g s  can be accounted f o r ,  such as: unload- 

i ng  due t o  e x c a v a t i o n ,  temporary and /o r  permanent changes  in wate r  t a b l e ,  

l i v e  l o a d s  a p p l i e d  t o  t h e  s t r u c t u r e ,  and l o a d i n g s  due t o  a d j a c e n t  s t r u c -  

t u r e s  o r  c o n s t r u c t i o n .  Granular  s o i l s  a r e  handled by e m p i r i c a l  c o r r e l a -  

t i o n s  t o  - a t i c  o r  dynamic p e n e t r a t i o n  f i e l d  t e s t s .  MAGSETII t a k e s  i n t o  



account strain influence with depth in granular soils. It has two 

built-in methods to account for strain influence (Figure I), or the 

user can enter a set of influence factors. Also, for granular soils, 

three methods are available for estimating settlements: Meyerhof's, 

~'~ppolonia's, and ~chmertmann's. The first two methods use data from 

a standard penetration test; Schmertrnann's method uses data from a static 

cone penetrometer test (see Schuffman, Jubenville, and Partyka 1976). 

VERTICAL STRAIN INFLUENCE FACTOR 12 

Figure 1. Strain influence in sands 

7. A subroutine to compute rate of settlement has been added, 

These computations are based on ~erzaghi's theory and methods described 

in EM 1110-2-1904. This addition gives the user the option to consider 

the effect of time-dependent loading on the rate of settlement, as 

outlined in EM 1110-2-1904. 

Prsram FB31 - 
b 

8, Settlement and time-settlement relationships for compressible 



m a t e r i a l s  a r e  computed i n  FD31 based on T e r z a g h i v s  one-dimensional  con- 

s o l i d a t i o n  theory .  The program i s  o n l y  v a l i d  f o r  one-dimensional  ana ly -  

s is .  The d i f f e r e n t i a l  e q u a t i o n s  d e r i v e d  from t h e  t h e o r y  a r e  so lved  by 

f i n i t e  d i f f e r e n c e  methods of a n a l y s i s .  (See Olson. )  FD31 p r o v i d e s  t h e  

u s e r  w i t h  a v e r y  v e r s a t i l e  t o o l  t o  compute s e t t l e m e n t  and r a t e  of  s e t t l e -  

ment f o r  c o h e s i v e  s o i l .  The program a l lows  f o r  a s t r a t i f i e d  s o i l  pro- 

f i l e ,  s u b j e c t  t o  time-dependent l o a d i n g s ;  s o i l s  t h a t  a r e  n o t  l i n e a r l y  

e l a s t i c ,  which may be s u b j e c t  t o  l a r g e  and nonuniform s t r a i n s ,  and whose 

c o e f f i c i e n t s  o f  p e r m e a b i l i t y  and c o m p r e s s i b i l i t y  may v a r y  w i t h  e f f e c t i v e  

s t r e s s e s ;  and s t r e s s  c o n d i t i o n s  t h a t  a r e  a l t e r e d  by a changing w a t e r  

t a b l e  and se t t l ement -dependen t  submergence of  the  s o i l .  

9. FD3P i s  a s p e c i a l i z e d  program. It is very s e n s i t i v e  t o  t h e  

d a t a  i n p u t ,  and t h e  u s e r  must be c a r e f u l  i n  c o r r e c t l y  modeling t h e  i n  

s i t u  s i t u a t i o n ,  I n p u t  d a t a  come from s t a n d a r d  l a b o r a t o r y  t e s t s  and 

f i e l d  o b s e r v a t i o n s .  The program d o e s  n o t  t a k e  i n t o  accoun t  t h e  i n f l u e n c e  

o f  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  w i t h  depth .  

Loads 

18 .  Geometric c o n f i g u r a t i o n s  p l a y  a n  i m p o r t a n t  p a r t  i n  t h e  c h o i c e  

of program. Two b a s i c  t y p e s  of l o a d i n g s  can be  handled.  These a r e :  

( a )  c o n c e n t r a t e d  l o a d s  and (b) un i fo rmly  d 2 s t r i b u t e d  l o a d s .  I f  t h e  

w i d t h  of  t h e  s t r u c t u r e  app ly ing  t h e  l o a d  a t  t h e  s u r f a c e  is  r e l a t i v e l y  

s m a l l  i n  comparison t o  t h e  d e p t h  of  t h e  c o m p r e s s i b l e  s o i l ,  t h e  l o a d  can  

be c o n s i d e r e d  t o  be c o n c e n t r a t e d .  Loading c o n d i t i o n s  which f a l l  under 

t h i s  c a t e g o r y  a r e :  s t r i p  f o o t i n g s ,  spread f o o t i n g s ,  some r a f t  founda- 

t i o n s ,  and a l s o  embankments i n  which t h e  b a s e  is r e l a t i v e l y  small i n  

comparison t o  t h e  compress ib le  s o i l  be ing c o n s i d e r e d .  I f  t h e  area be ing  

loaded  i s  wide compared t o  t h e  d e p t h  of t h e  compress ib%e s o i l ,  t h e  load  

should  b e  cons ide red  a s  uniformly d i s t r i b u t e d .  Loading c o n d i t i o n s  which 

f a l l  under  t h i s  c a t e g o r y  a r e :  f i l l s ,  embankments, and l a rge  excava t ions .  

%I. For a n a l y s i s  of c o n c e n t r a t e d  l o a d s ,  MGSETII  i s  t h e  primary 

program used.  It can h a n d l e  a  n u l t i l a y e r e d  s o i l  p r o f i l e  of c o h e s i v e  

a n d / o r  g r a n u l a r  m a t e r i a l ,  I t  can account  f o r  p r e l o a d i n g s  and un load ings .  



When e s t i m a t i n g  s e t t l e m e n t s  f o r  cohes ive  m a t e r i a l  under a concen t ra ted  

l o a d i n g ,  10016 i s  used t o  c a l c u l a t e  t h e  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  

beneath  t h e  p o i n t  b e i n g  i n v e s t i g a t e d .  The d a t a  from t h i s  program can 

be used d i r e c t l y  i n  MAGSETII. To a c h i e v e  t h e  b e s t  accuracy ,  l a r g e  l a y e r s  

of compress ib le  m a t e r i a l  a r e  subdivided i n t o  s e v e r a l  s m a l l e r  l a y e r s .  

12.  For a n a l y s i s  of l a r g e  uniformly d i s t r i b u t e d  l o a d s  on l a y e r s  

of c o m p r e s s i b l e  m a t e r i a l ,  FD31 is  used. I n  t h e  c a s e  where a  compress ib le  

s o i l  and a  g r a n u l a r  s o i l  a r e  i n  t h e  same p r o f i l e ,  t h e  s e t t l e m e n t  due t o  

t h e  g r a n u l a r  m a t e r i a l  would be  n e g l i g i b l e  i n  comparison w i t h  t h e  s e t t l e -  

ment of t h e  c o h e s i v e  s o i l .  



PART 111: EXAMPLE PROBLEMS ILLUSTRATING INPUT/OUTPUT FOR 
PROGRAMS 10016 AND MAGSETII 

13 .  I n  t h i s  P a r t ,  two example problems a r e  so lved  u s i n g  programs 

10016 and MAGSETII. I n p u t / o u t p u t  f o r  t h e  two programs i s  a l s o  d e s c r i b e d .  

R e s u l t s  of  problem 1 a r e  compared w i t h  hand s o l u t i o n s .  Problem 2 i s  

t a k e n  from EM 1110-2-1904, and t h ?  r e s u l t s  a r e  compared w i t h  v a l u e s  from 

t h a t  s o u r c e .  

Example P r o b l e ~ ~ L  - 
Program 1001 6 

1 4 ,  _ O l a n i z , a ~ i o n  of i n l ~ u t ,  The i n p u t  d a t a  a r e  c a t e g o r i z r d  i ~ t o  

t h r e e  groups  : l lcader l i n e s ,  l o a d i n g  c o n f i g u r a t i o n  d a t a ,  and s t r e s s  d l s -  

b r i b u t i o n  d a t a .  The f i r s t  ~f t h e s e  groups  c o ~ l s i s t s  of f i v e  l i n e s  of d a t a  

d e s c r i b i n g  t h e  p a r t i c u l a r  run .  The second group d e s c r i b e s  t h e  geometr ic  

c o n f i g u r a t i o n  and l o a d s  a p p l i e d  by embanlunents and /o r  f o o t i n g s ,  The 

t h i r d  group d e f i n e s  t h e  t y p e  of a n a l y s i s  (Boussinesq o r  Westergaard)  

and t h e  l o c a t i o n  and d i r e c t i o n  (whether d i s t r i b u t i o n  a l o n g  a v e r t i c a l  o r  

h o r i z o n t a l  p l a n e  is  d e s i r e d ) .  The amount of  d a t a  r e q u i r e d  f o r  t h e  

second and t h i r d  d a t a  groups  i s  dependent  on t h e  complexi ty  of t h e  

problem and t h e  o u t p u t  r e q u i r e d .  

15,  Mode o f  i n p u t .  I n p u t  t o  t h e  program can be e i t h e r  from t h e  

t e r m i n a l  o r  from a  d a t a  f i l e ,  (Example problem 1 was solved u s i n g  d a t a  

i n p u t  from t h e  t e r m i n a l ;  problem 2,  which i s  d i s c u s s e d  l a t e r  i n  this 

P a r t ,  was s o l v e d  by r e a d i n g  d a t a  a l r e a d y  s t o r e d  i n  a d a t a  f i l e . )  A l l  

i n p u t  i s  i n  f r e e  f i e l d .  Data i t ems  can  be  s e p a r a t e d  by a  b lank  space  

O K  a  conma, I f  i n f o r m a t i o n  i s  be ing  read  from a d a t a  f i l e ,  each l i n e  

of d a t a  must be  preceded by a l i n e  number. When o p e r a t i n g  from t h e  

t e r m i n a l ,  t h e  program can create f i l e s  t o  s a v e  t h e  inpub d a t a  and t h e  

o u t p u t .  D e t a i l e d  i n p u t  w i t h  d e f i n i t i o n s  of  i n p u t  v a r i a b l e s  f o r  program 

10816 i s  shown i n  l a t e r  pa ragraphs  of t h i s  P a r t  u s i n g  problem I a s  a n  

1 6 ,  Problem d e f i n i t i o n .  .- F i g u r e  2 shows a  p l a n  view of two r e c t a n -  

g u l a r  f o o t i n g s  l o a d i n g  t h e  soi .1  p r o f i l e  shown 111 Figtare 3 .  The p r o f i l e  



Figure  2.  P l a n  view o f  f o o t i n g s  

c o n s i s t s  of  L O  ft* o f  f i l l  m a t e r i a l  and 15-, 6,S-, and 20,5-ft  l a y e r s  

of c l a y  material w i t h  a  25-f t  l a y e r  of sand and g r a v e l  sandwiched be- 

tween t h e  l a s t  two c l a y  l a y e r s .  The w a t e r  t a b l e  i s  25 f t  below t h e  

su r f  a c e .  

1 7 .  The f o o t i n g s  a r e  p laced a f t e r  e x c a v a t i n g  1 0  f t  o f  m a t e r i a l .  

Then 90 f t  of new f i l l  m a t e r i a l  is  p laced  and compacted. A s  cons t ruc -  
2 t i o n  c o n t i n u e s ,  t h e  s t r u c t u r e  a p p l i e s  l o a d s  o f  2.0 and 2 , 5  k i p s / f t  , 

r e s p e c t i v e l y ,  to t h e  f o o t i n g s .  A t  t h e  end o f  c o n s t r u c t i o n ,  0.5 k i p / f t 2  

i s  r e l i e v e d  from t h e  f o o t i n g s .  Table  1 shows t h i s  in fo rmat ion  and t h e  

t imes  t h e s e  e v e n t s  occur .  

18. F i g u r e s  4-6 show vo id  r a t i o  v e r s u s  e f f e c t i v e  stress curves  

" A t a b l e  of f a c t o r s  f o r  c o n v e r t i n g  inch-pound u n i t s  o f  measurement 
t o  metric (SKI u n i t s  i s  p resen ted  on page 3 .  



LAMER 1 

LAYER 2 

LAYER 3 

BROWN 
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-y = 0.720 

--- - -  lQ6P.O 
GRAY - 
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'Y = 0.120 

SAND AND GRAVEL 

= 0.930 

Figure  3 ,  S o i l  p r o f i l e  f o r  example problem 1 



Table  1 

Loading Condi t ions  f o r  Example Problem 1 

Time I n t e r v a l  
Load Increment Lo ad days  

1 1 0  f t  of  f i l l  excavated 0  t o  50 

1 0  f t  of new f i l l  
2 

2-kips /Et  l o a d i n g  

2.  5-kips / f  tL l o a d i n g  
2 0.5-kip/f t unloading 

f o r  t h e  t h r e e  c l a y  l a y e r s  i n  t h e  s o i l  p r o f i l e .  Th i s  in fo rmat ion  i s  

g i v e n  I.n t a b u l a r  form i n  Tab le  2. Table  3 shows r e s u l t s  from s tandard  

p e n e t r a t i o n  t e s t s  f o r  t h e  sand l a y e r .  

19. For t h i s  example, t h e  s e t t l e m e n t  i s  e s t i m a t e d  under t h e  c e n t e r  

of  t h e  f o o t i n g .  Program 10016 i s  f i r s t  used t o  c a l c u l a t e  t h e  v e r t i c a l  

s t r e s s  i n f l u e n c e  f a c t o r s  benea th  t h e  c e n t e r  of t h e  f o o t i n g  f o r  t h e  cohe- 

s i v e  l a y e r s .  T h i s  w i l l  be done a t  t h e  midheight of each l a y e r .  

20. I n p u t .  Data r e q u i r e d  f o r  program 10016, a r ranged  by groups ,  

are shorn  below. 

a ,  Problem in fo rmat ion .  F i v e  header  l i n e s  a r e  r e q u i r e d  a t  t h e  - 
beg inn ing  of t h e  d a t a  e n t r y .  These l i n e s  may be used t o  
d e s c r i b e  p e r t i n e n t  in fo rmat ion  about  t h e  l o a d i n g  conf ig -  
u r a t i o n  t o  be analyzed.  Th i s  i n f o r m a t i o n  w i l l  be p r i n t e d  
on t h e  o u t p u t  s h e e t  and w i l l  s e r v e  t o  i d e n t i f y  t h e  o u t p u t .  
I f  fewer  than f i v e  l i n e s  are used t o  i d e n t i f y  t h e  p r o j e c t ,  
b l a n k  l i n e s  must be  inc luded  t o  complete t h e  r e q u i r e d  
f i v e  l i n e s ,  The in fo rmat ion  on t h e  header  l i n e s  may be 
up t o  60 c h a r a c t e r s  maximum. Data f o r  example 1 f o r  t h e  
f i v e  header  l i n e s  are a s  fo l lows :  

=SAMPLE PROBLEM FOR SE'I'TLEmNT 
=OCT 1378 
=VERTICAL STRESS DISTRIBUTION INFLUENCE FACTOR 
=UNIT LOAD OF 1 . 0  WITHOUT FORCE WIT 
=TWO IXECTMGULAR FOOTINGS 

b. Loading d a t a .  The type  and number of  l i n e s  i n  t h i s  group -- 
v a r y  depending upon whether s t r e s s e s  are from f o o t i n g  
l o a d s ,  a n  embankment l o a d ,  o r  bo th  f o o t i n g  and embankment 
l o a d s  a r e  being analyzed.  The type of Loading i s  s p e c i f i e d  
by t h e  v a r i a b l e  KODE d e s c r i b e d  below. 



1 Q 
BOG EFFECTIVE STRESS p , KIPS/FT~  

Figure  4 ,  Void r a t i o  versus  effective stress curve f o r  
layer  1. in F i g u r e  3 



Figure 5. Void ratio v e r s u s  effective stress curve 
for layer 2 in F i g u r e  3 



F i g u r e  6. Void r a t i o  v e r s u s  e f fec t ive  stress curve f o r  
layer 4 i n  F i g u r e  3 



Table  2 

Oedometer T e s t  R e s u l t s  f o r  Clay Layers i n  Example Problem 1 

Layer P o i n t  Void S t r e s s  Cv K 
No. No. 2 - - R a t i o  k i p s / f  t - C C~ 

c 2 - f t2 /day  f t /day 
1 1 0.900 0.2 

Table  3 

R e s u l t s  o f  S tandard  P e n e t r a t i o n  T e s t  o f  Layer -- 111- 
No. 3 (Sand and Gravel)  - 

Depth Correc ted- 
f t Blow Count 

93.5 t o  85 32 

85 t o  80 3 5 
80  t o  75  2 0 

75 t o  90 3 0 

70 t o  68.5  40 

* Average blow count - 33.3. 



( 1 )  The f i r s t  l i n e  i n  t h i s  g roup  i s  t h e  f o l l o w i n g :  

KODE , NA'REA 

( a )  I tem 1--KODE. KODE i s  a  v a r i a b l e  which i n d i c a t e s  
what type  of l o a d i n g  c o n f i g u r a t i o n  i s  t o  be used 
i n  t h e  a n a l y s i s .  I f  KODE i s  i n p u t  a s  1, on ly  
uniform r e c t a n g u l a r  l o a d s  a r e  t o  be used i n  t h e  
a n a l y s i s ,  I f  KODE i s  i n p u t  a s  2 ,  o n l y  a n  embank- 
ment l o a d  i s  t o  be used .  I f  KODE i s  e n t e r e d  a s  3 ,  
then  bo th  un i fo rmly  loaded  r e c t a n g u l a r  a r e a s  and 
embankment l o a d s  a r e  t o  be  used i n  t h e  a n a l y s i s .  
(For i n p u t  of embankment l o a d s ,  s e e  Appendix A.) 

(b )  I tem 2--NAREA. NAREA i s  t h e  v a r i a b l e  i n d i c a t i n g  
t h e  number of r e c t a n g u l a r  un i fo rmly  loaded a r e a s  
( f o o t i n g s )  t o  be e n t e r e d .  M A E A  should  be  e n t e r e d  
f o r  KODE = 1 and KODE = 3  l o a d i n g  c o n d i t i o n s  bu t  
may be  i n p u t  a s  z e r o  for KODE = 2 (embankment 
on ly )  l o a d i n g  c o n d i t i o n s .  The maximum a l l o w a b l e  
v a l u e  o f  NAREA is 100.  

I n p u t  f o r  example 1 f o r  t h i s  d a t a  l i n e  i s  a s  f o l l o w s :  

KODE , NAREA 
=l, 2  

(2)  The nex t  l i n e ( s )  of t h e  i n p u t  d a t a  d e s c r i b e s  t h e  l o c a -  
t i o n  and l o a d i n g  f o r  an  i n d i v i d u a l  r e c t a n g u l a r  loaded 
a r e a ( s ) ,  There w i l l  be owe l i n e  of t h i s  i n f o r m a t i o n  
f o r  - each r e c t a n g u l a r  a r e a  i n  t h e  l o a d i n g  conf igura -  
t i o n .  When s t r e s s e s  from a n  embankment l o a d i n g  o n l y  
a r e  t o  be c a l c u l a t e d  (KODE = 21, t h i s  l i n e  should  n o t  
b e  inc luded  i n  t h e  i n p u t  d a t a ,  The f o l l o w i n g  v a r i -  
a b l e s  a r e  r e q u i r e d  f o r  t h i s :  

( a )  - I tem 1--Q(I). Q(1) i s  t h e  magnitude of t h e  un i -  
form l o a d  on t h e  Bth r e c t a n g u l a r  a r e a .  I t  is i n  
u n i t s  of  EOAD/UNET AREA. Any u n i t s  f o r  weight . 
and l e n g t h  may be used as l o n g  a s  a l l  i n p u t  d a t a  
a r e  i n  t h e  same u n i t s .  

(b )  I tem 2--ZLAY(I)e P o s i t i v e  ZLAY(1) i s  t h e  v e r t i c a l  
d i s t a n c e  from t h e  base of t h e  I e h  f o o t i n g  t o  t h e  
v e r t i c a l  r e f e r e n c e  p l a n e  of t h e  lowes t  p o i n t  i n  
t h e  embankment. (No f o o t i n g s  may be i n p u t  lower 
than  t h e  lowest  p o i n t  i n  t h e  embankment.) 

(c)  Item 3--XC(l,I) .  XC(1,I) i s  t h e  v a r i a b l e  name of  - 
t h e  X c o o r d i n a t e  of t h e  f i r s t  c o r n e r  of t h e  I e h  
r e c t a n g u l a r  area.  The dimensions  of  XC(1,I) may 
be i n  any u n i t s  compat ib le  w i t h  t h e  remainder  of 
t h e  i n p u t  d a t a .  



(d )  I tem 4--YC(l,I).  YC(1,I) is  t h e  v a r i a b l e  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  c o r n e r  of  t h e  I t h  
r e c t a n g u l a r  a r e a .  

( e )  I tems 5-10--XC(2-4,I) and YC(2-4,I). These a r e  
t h e  remaining t h r e e  p a i r s  o f  X and Y c o o r d i n a t e s  
which d e f i n e  t h e  c o r n e r s  of t h e  I t h  r e c t a n g u l a r  
a r e a .  The s i d e s  of  t h e  a r e a  do n o t  have t o  be 
p a r a l l e l  t o  t h e  X and Y a x e s ,  but  t h e  c o r n e r  
p o i n t s  should  be i n p u t  i n  e i t h e r  c lockwise  o r  
coun te rc lockwise  o r d e r  around t h e  p e r i m e t e r  of 
t h e  r e c t a n g u l a r  a r e a .  

Without f o r c e  u n i t s  b e i n g  used as t h e  l o a d ,  t h i s  would 
y i e l d  a  f a c t o r  which cou ld  be m u l t i p l i e d  t imes  any 
l o a d  t o  g i v e  t h e  v e r t i c a l  stress a t  t h a t  p o i n t .  In- 
p u t  d a t a  f o r  example 1 f o r  t h e  two d a t a  l i n e s  ( r e c t a n -  
g u l a r  a r e a s  1 and 2, r e s p e c t i v e l y )  a re  a s  f o l l o w s :  

c .  S t r e s s  d i s t r i b u t i o n ,  T h i s  group of d a t a  d e f i n e s  t h e  out-  - 
put  r e q u i r e d  f o r  t h e  l o a d i n g  c o n d i t i o n s  d e s c r i b e d  i n  
subparagraph b above. The o u t p u t  may be  i n  two forms,  
depending on t h e  needs of t h e  u s e r .  The f i r s t  t y p e  of  
o u t p u t  c o n s i s t s  of  v a l u e s  of  v e r t i c a l  s t r e s s e s  p r i n t e d  
a l o n g  a  v e r t i c a l  l i n e  i n  t h e  X-Y-Z plane .  For t h i s  
d i s t r i b u t i o n ,  t h e  v a l u e s  of  X and Y w i l l  remain c o n s t a n t ,  
S t r e s s  v a l u e s  w i l l  be c a l c u l a t e d  a t  p r e s c r i b e d  increments  
between p r e s c r i b e d  l i m i t s  a l o n g  t h e  v e r t i c a l  l i n e .  The  
second t y p e  of o u t p u t  o p t i o n  c o n s i s t s  of  v a l u e s  of  v e r t i -  
c a l  s t r e s s e s  p r i n t e d  a t  i n c r e a s i n g  v a l u e s  of X a l o n g  a  
p r e s c r i b e d  l i n e  i n  t h e  X-Y plane  a t  a  c o n s t a n t  d e p t h  (Z 
i s  c o n s t a n t ) .  The o r i e n t a t i o n  of  t h e  l i n e  i n  t h e  X-Y 
p l a n e  is  d e f i n e d  by i n p u t t i n g  a s l o p e  and a n  i n t e r c e p t .  
There  i s  no l i m i t  a s  t o  t h e  number of c a l c u l a t i o n  p o i n t s  
on a  g iven  d i s t r i b u t i o n  o r  on how many d i s t r i b u t i o n s  may 
b e  run  f o r  a  g iven  l o a d i n g  c o n f i g u r a t i o n .  The in fosmzt ion  
f o r  a s i n g l e  s t r e s s  d i s t r i b u t i o n  i s  con ta ined  on two 
1 i n e s ,  

(1)  The i n p u t  v a r i a b l e s  on t h e  f i r s t  l i n e  a r e :  

( a )  I t e m  1--NDTST. NDIST i s  an o p t i o n  v a r i a b l e  which 
d e f i n e s  whether stress d i s t r i b u t i o n  i n  a  v e r t i c a l  



o r  h o r i z o n t a l  p l a n e  i s  r e q u i r e d .  I f  NDIST i s  
i n p u t  a s  1, a  v e r t i c a l  p l a n e  d i s t r i b u t i o n  w i l l  be 
assumed; i f  NDIST is  i n p u t  a s  2 ,  a  h o r i z o n t a l  
p l a n e  d i s t r i b u t i o n  is  c a l c u l a t e d .  NDIST a l s o  
s e r v e s  t o  i n d i c a t e  when a l l  t h e  s t r e s s  d i s t r i b u -  
t i o n s  f o r  a  g iven  l o a d i n g  c o n d i t i o n  a r e  completed.  
A v a l u e  of NDIST e q u a l  t o  z e r o  w i l l  c a u s e  new 
header  c a r d s  and l o a d i n g  d a t a  t o  be  r e a d  i n .  I f  
no new l o a d i n g  c o n f i g u r a t i o n  f o l l o w s  NDIST = 0, 
t h e  program w i l l  e x i t .  

(b)  I tem 2--NWEST. NGdEST i s  an o p t i o n  v a r i a b l e  which 
de te rmines  whether t h e  Westergaard  o r  Boussinesq 
s o l u t i o n  w i l l  b e  used t o  de te rmine  t h e  v e r t i c a l  
s t r e s s e s .  I f  NWEST = 0 ,  t h e  Westergaard s o l u t i o n  
w i l l  be  used;  i f  NWEST = 1, t h e  Boussinesq so lu -  
t i o n  w i l l  be  c a l c u l a t e d .  

( c )  I tem 3--AMU. AMU r e p r e s e n t s  t h e  v a l u e  of 
P o i s s o n ' s  r a t i o  t o  be  used i n  t h e  Westergaard 
s o l u t i o n .  I f  a  Bouss inesq s o l u t i o n  i s  t o  be used 
(NWEST = I), AMU i s  i n p u t  a s  ze ro ,  

I n p u t  f o r  example 1 f o r  t h i s  d a t a  group i s  a s  f o l l o w s :  

NDIST, NWEST, MU 
=2 1 0.0  

( 2 )  The second l i n e  i s  used t o  d e f i n e  t h e  s t r e s s  d i s t r i b u -  
t i o n  and should  n o t  be i n c l u d e d  i f  NDEST = 0. The 
c a r d  i n c l u d e s  t h e  f o l l o w i n g  d a t a :  

Repeat t h i s  ca rd  f o r  each d i s t r i b u t i o n  r e q u i r e d  
(NDIST t i m e s ) .  

( a )  I tem 1--AINTL. AINTL i s  t h e  s t a r t i n g  p o i n t  coor-  
d i n a t e  f o r  e i t h e r  a  v e r t i c a l  o r  a  h o r i z o n t a l  p l a n e  
d i s t r i b u t i o n .  I f  a  v e r t i c a l  p lane  d i s e r i b u t i o n  i s  
r e q u i r e d  (NDIST = 1 ) ,  t h e  v a l u e  of AINTL r e p r e -  
s e n t s  t h e  i n i t i a l  ( s m a l l e s t )  d e p t h  w i t h i n  t h e  
range  of t h e  d i s t r i b u t i o n .  For t h i s  c a s e ,  AINTL 
must be p o s i t i v e .  I n  t h e  c a s e  of  a  h o r i z o n t a l  
p l a n e  d i s t r i b u t i o n  (NDXST = 2 ) ,  AINTL r e p r e s e n t s  
t h e  s m a l l e s t  ( i n i t i a l )  X c o o r d i n a t e  o f  t h e  h o r i -  
z o n t a l  p lane  d i s t r i b u t i o n .  For a h o r i z o n t a l  
p l a n e  d i s t r i b u t i o n ,  AINTL may be p o s i t i v e  o r  
n e g a t i v e .  

(b)  I tem 2--FINAL, FINAL i s  t h e  ending p o i n t  coord i -  --- -- 
n a t e  f o r  e i t h e r  a  v e r t i c a l  o r  a h o r i z o n t a l  p lane  
d i s t r i b u t i o n .  I f  a  v e r t i c a l  p lane  d i s t r i b u t i o n  
i s  r e q u i r e d  (NDIST = l ) ,  t h e  v a l u e  of FINAL r e p r e -  
s e n t s  t h e  f i n a l  ( l a r g e s t )  dep th  w i t h i n  t h e  range  



Table 5 

Input/Output in the Conversational Mode for Program I0016 

(Example Problem 1) 

RUN WESLIB/CQWPS/IQB1G8R 
DO YOU WISH TO,RUN PROGRAM FROM E X I S T I N G  DATA F I L E ?  
0 N 
DQ YOU WANT OUTPUT WRITPEW TO AN OUTPUT F I L E ?  
at' 

INPUT 5 HEADER L IMES 
aSARPtE PROBLEM FOR SETTLEflENT 
aOCT 19?8 
*VERTICAL STWES$ DXSTRIBUTION INFLUENCE F86TOW 
oUNIQ LOAD OF d 8 WITHOUT FORCE U N I T  
.TWO RECTANGULAR FOOPIHCS 
KOBE, NAREA 
a 1  2 

SAMPLE BROBLEH FOR SETTtEfqENT PACKhOE 
0C"P 1978 
UEWTXCBL STRESS DISPWXBMPXON INFLUENCE F A ~ T B R  
U N I T  LORD OF' 1 . 8  UXTHOUT FORCE UNXPS 
TUO WECTANGULBR FOOTHBGS 

BOMSS1MESB SOLUTION 

W6WXZOHtAt STRESS DI%TREBUTTBW R B  BEPTWCZ) - 9.58 

ELASTIC SOLUTION NQWflBL LOADING 
Y-COORDINATE 
-_ -__ -__D_-_  

X-COOWDINBTE 
Pa-OO----BIO 

VERTICAL STRESS 
B - o D - P P O O e ' % . P P - B  

WERTECAL STRESS 
- - 0 0 9 ~ ' z a ~ ~ 0 ~ ~ ~ - 0  

1@@.@% 1@@. 80 8.882 8 . 8 8 2  

WUMBER OF ARERS USED ON CALCULATION 8 

NOTE-Rbb Z VALUES AWE REFEWEWCEB TO THE LOMEST PART OF THE XNPUT, 
GONFfGURRTION. 

(Continued) 





Table  5 

Input/Output i n  the Conversational Mode for Program I0016 

(Example Problem 1) 

RUN WESLIB/COWPS/IO@lG4R 
DO Y O U  UISH TO,RUN PROGWAPI FWOPl EXISTING DAT4 F I L E ?  . N 
DO YOU UAWP OUPPUt WRITTEN TO RN OUTPUT F ILE '?  
= y 
INPUT 5 HEADER L INES  
QSBRPLE PROBLEM FOR SETPLEflENT 
0BCT 1978 
aUEf f f lCAL  STRESS DISTRIBUTION INFLUENCE FACTOR 
D U N I T  LOAD OF i 8 WITHOUT FORCE UHIt 
.TWO RECTANGULAR FOQTINGS 
KBDE IVBWEf9 
a d  2 

SAflBLE PROBLER FOR SEPTLEfqENT PACKROE 
OCT 19'98 
uuvxca t  STRESS DHBTWXBUTXQN INFLUENCE FACTOR 
UNIT LOR8 OF 1 . 8  UXTHBUT FORCE UNITS 
PUO RECTANGULAR FOOTIN08 

WOWl2ONPAL STRESS BXSTRHBUT%BN B P  DEQT#(Z)  7.53 

ELASTIC 90 tUTIOW WORflAL tO8DXWC 
V-COORDINATE X-COORDINATE VERTICAL  STRESS WERTICAL STRESS 

NUflBER OF M E R S  USED HM C A L G U L ~ T I O N  = 2 

NOTE-ALL 2 UALUES ARE REFERENCED PO THE LOMEST BART OF THE INPUT, 
CONFICUWBPION. 

(Continued) 



Table 5 (Concluded) 

SARPLE PROBLEPl FOR SEVPLEflENP PACKAGE 
OCP 19'98 
VERTICAL STRESS DXSPRXBUPXQN XNFLUENCE FACTOR 
U N I T  &OFID OF 1 . 8  WITHOUT FORCE UNXTS 
TWO RECTANGULAR FOOTINGS 

BBUSSPNESQ SOLUTION 

HORXZOHTAL STRESS DHSfRIBUfXON AT DEPTW(Z1 - 19.25  

ELASTIC SBLUPXON NORMAL LOABXNC 
Y-COBWDINAPE X-CQOWDINfiPE 
P - - O - O - - - e P -  -sO--a--o-o- 

U E R f I C A t  STRESS 
- -sa - - -%-OQa- - - r  

VERTICAL STRESS -------.-------- 
be@. BB 188.88 8.589 8 .559  

MOPE-At& 2 VALUES AWE REFEREWCEB $0 THE LOWEST BART OF THE INPUT, 
CBWF%QURAPIOW. 

G E R T ~ E A C  STRESS D1BPRf BUT% ON INFLUENCE FACTOR 
UHPT LOAD OF 8.8 UXTHOUO FORCE UHXTS 
TUO REGPRMQUthR FOOTINGS 

ELhSP%C SOLUTXQW NORRAL LORDINO 
V-COORDINATE X-CQORB.INATE 
~ 0 0 ~ ~ ~ - ~ ~ ~ 0 0  OOQO-eDIPOOw 

UEWTXCRL STRESS 
-so---eobres1r-+m 

MERtICAh STRESS 
" - - ~ - O ~ B P B ~ ~ O O I  

688.843 I@@. 08 Q. 1183 8 .  $633 

MMRBEW OF AREAS USED IF4 CBtCULAPIQN 2 

NOTE-ALL Z VALUES ARE REFERENCED TO THE &QUEST P&RT OF THE ZNPUQ, 
CQNFIGUWRf%ON. 
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Program MAGSETIL 

23. O r g a n i z a t i o n  of i n p u t .  I n p u t  f o r  MAGSETII i s  broken down i n t o  

two b a s i c  a r e a s :  problem c o n t r o l  and d a t a  e n t r y ,  The f i r s t  governs  t h e  

e x e c u t i o n  of  t h e  program and a l l o w s  t h e  u s e r  t o  d e s c r i b e  what d a t a  and 

what form of  d a t a  a r e  t o  be e n t e r e d .  One more o p t i o n  t o  t h e  program has  

been added t o  pe r fo rm a r a t e  of  s e t t l e m e n t  a n a l y s i s .  

24. Mode o f  i n p u t .  I n p u t  t o  t h e  program c a n  be  e i t h e r  from t h e  

t e r m i n a l  o r  f rom a d a t a  f i l e .  A l l  i n p u t  is  i n  f r e e  f i e l d .  Data i t ems  

c a n  b e  s e p a r a t e d  by a b lank  o r  a  comma. I f  t h e  program i s  b e i n g  r u n  

f rom a  d a t a  f i l e ,  l i n e s  of t h e  d a t a  f i l e  must be preceded by a l i n e  

number, When t h e  program i s  r u n  from a  t e r m i n a l ,  i t  caw c r e a t e  f i l e s  t o  

s a v e  t h e  i n p u t  d a t a  and o u t p u t  from t h e  run, 

25 .  A f t e r  r e c e i v i n g  t h e  o u t p u t  from I0016, MAGSETXI s a n  be used 

t o  c a l c u l a t e  t h e  s e t t l e m e n t  and t h e  r a t e  o f  c o n s o l i d a t i o n .  I n p u t  f o r  

t h i s  program i s  shown i n  Tab les  7 and 8. 

26. Problem c o n t r o l  i n p u t .  The f i r s t  l i n e  i n  t h i s  s e c t i o n  g i v e s  

t h e  i n f o r m a t i o n  on one p a r t i c u l a r  r u n  and c o n t r o l s  whether o r  n o t  more 

t h a n  one problem i s  go ing  t o  be  run.  . % h e  n e x t  P i n e  i s  a t i t l e  d e s c r i p -  

t i o n  o f  the p a r t i c u l a r  problem. 

27, Data i n p u t .  The f i r s t  l i n e  i n  t h i s  s e c t i o n  g i v e s  t h e  problem 

o p t i o n s  f o r  t h e  o u t p u t  and d a t a  i n p u t  c o n t r o l ,  There  a r e  e i g h c  of  t h e s e  

o p t i o n s :  

a ,  U n i t  i n d i c a t o r .  This s p e c i f i e s  whether  t h e  u n i t s  a r e  t o  - 
b e  shown i n  t h e  o u t p u t ,  

b e  E f f e c t i v e  stress i n d i c a t o r .  Th i s  i n d i c a t e s  whether  t h e  - 
e f f e c t i v e  s t r e s s  is  t o  be c a l c u l a t e d  a t  m i d p o i n t s  o r  
i n p u t  a t  each s o i l  Payer o r  t o  combine t h e  c a l c u l a t e d  and 
t h e  i n p u t  e f f e c t i v e  s t r e s s .  

c .  E f f e c t i v e  s t r e s s  h i s t o r y  s p e c i f i c a t i o n s .  T h i s  i n d i c a t e s ,  - 
if c l a y  l a y e r s  a r e  p r e s e n t ,  whether t h e  e f f e c t i v e  s t r e s s  
h i s t o r y  i s  t o  be  i n p u t  f o r  each c l a y  l a y e r  o r  one  i s  t o  
b e  used f o r  a 1 1  c l a y  l a y e r s  o r  t h e  v e r t i c a l  stress d i s t r i -  
b u t i o n  f u n c t i o n  i s  t o  be m u l t i p l i e d  t ime  one e f f e c t i v e  
s t r e s s  h i s t o r y  f o r  a%k clay l a y e r s ,  

d ,  Deformation c u r v e  type .  T h i s  i n d i c a t e s ,  if c l a y  l aye r s  - 
a r e  p r e s e n t ,  whether t h e  de fo rmat ion  c u r v e  i s  a s t r a i n  
o r  a  vo id  r a t i o  v e r s u s  e f f e c t i v e  stress r e l a t i o n s h i p ,  



T a b l e  7 

Input in the Conversational Mode for Program MAGSETIT 

(Example Problem 1) 

INPUT WARE OF DATA FILE. HIT A CARRIAOE RETURN 
IF DATl 15 TO BE RE&D FRBR THE PERRINAL. 
a 

INPUT FILE HARE FOR DATA IN 8 CHARACTERS OR LESS 
W S T  A CARRIAGE RETURN IF YOU DO NO UANT TO SAVE P W ~ S  FILE 
-WEED1 PI 

INPUT A FILE NAflE FOR OUTPUT I W  8 CHARACTERS OR LESS 
HIT A CAWRIIGE RETURN IF BAT63 IS 90 BE PRINTED OH TERRXHaL 
BREEDOUT 

INPUT PWQBLEB CQWOWOL INFORBATION 
NPWOI - BROBLEN NUBBER 
NLAVEW - HURBEW OF SOIL LRVEWB IN PROFILE. R&Xe15 
NLAST - 8 IF CURRENT BWQBLEH ISN'T L M T  ONE 

O CURRENT PWOBLEB IS LISP ONE IN DAT6 SET 
0115.1 

' M t  PRQOLER OPTIONS 
IQPTtI) - UNITS INDSCATOR 

B - UNIT8 TO BE PRINTED HH OUTPUT 
a - UNITS UXkL NOT BE PRINTED 

XOPT(2) - XWBITU EFFECOIUE BTWESs INDXCATOW 
1 - XE9 CALCYLhTED AT HIDPOINTS 
2 - IEf3 INPUT AT EhCH LAVER 
3 - XES INPUT 89 EACH LAVER AND ADDED PO C&LC.IES 

IOPPt3) - EFFECTIVE STRESS WXBTORV SPECIFICATIONS 
@ - MO @LAY LAVERS 
8 - ESW INPUT FOR EACH CLAY LfiYER 
B - ONE ESH INPUT AND UseD eoR 6i.L LAVERS 
3 - ONE %OW INPUT hND USED FOR BLL CLAY LAYERS 

STRESS DHSTRIBUT%QH FUNCTION MILL BE fNBUT 
%OP0(4) - DEFORRATION CURVE TYPE 

@ - NO CL8Y LAVERS 
1 - StRhSN-EFFEGOXUE STRESS CURVES 
2 - VOID WATXB-EFFECTIVE STREDS CMRUEI 

96PS(5) - BEFORRLTlOM CURVE SPECPFXCATION 
Q - NO CLAY L&YERS 
a - ec Iwur USING WORD. PVS. OF VBPB WM O  OR 

STRAIN US. EFFECIXUE STRESS 
B - DC XNBU9 UBXNQ SEOPEB,EFF. STRESS VALUES AND A 

REFERENCE COORDXNATE 
IOPP(B) - BAWD 86tPLEflEMP RETHOB XHDXCBtOR 

Q - WQ SAND LAVERS 
1 - HEVEWHBFFbS REtMOB 
8 - Da&PPOtONg&rS HhPHOb 
3 - ALL OWREE REPHODS 

XOPV(9) - WEWTXGAL STRAIN INFLUENCE FUNCION 
8 - NO SRND LAVERS 
a - CURWE %t 
I - CURME E: 
3 - ULRTXGAL 82RLXH XWPLUERCE FUNCION UftL BE BHPUT 

POPTtIP - DBTUR CONWEW810R OPtPQN 

(Continued) 



Table 7 (Continued) 

INPUT TITLE 
T ITLE - BESCRIPPIOH OF PROBLER I N  66 CHARACTERS OR LESS 

SARPLE BROBLER FOR SETtLEflENT PACKfiGE 

XHPUP QRQUHD URBEW D M &  
QM - t N X t  ULIQH9 OF UATER 
QUEfEU - DEPTH OW ELEW. OF OWBUHD UhTEW SURFACE 

..8624,1@@.$ 

ENPUT LRVEW %HT%RC&CL PRFOWRATPON 
t - &&YEW IWBEWFICE NURDER 
DEPTH(&) - DEPTH OR ELBV. TO P8B OF t&VBR 

LAMER RUBBER I 
~1,1125.8 

LAVER HURBEW 2 
=2,11tC.@ 

LAVER NURBER 1 
~3,1181$.$ 

LAVER WURBER B 
e1o68.8 

(Continued) 

29 





Table 7 (Continued) 

INPUT BBFORRAPXOH CURVE COOWBINlTE BOINPB 
ILAVEW - CLAY LAYER NURbEW 
LXWEPP(X,IP?) - PIWSP POHNP ON be  0 i 
E(X,fPP) - WOXB R A l O  OR SPRAIN e80RB WP 1st PO ON DC 
GXQMP(H.XPP) - PFFECTHVE STRESS eoow AP is? PO OW DC 

~ 2 0 1 ,  .9@. .Be 

OHBU? DEFORMPXON CURVE - SUBSEQUENT COORD BtS 
%LAVER - CLhY L W g W  HURBEW 
LINEP99XeHBT) COOWD P? OW BC 
E(X.XPO) - VOID WRTJO OW STRAIN A? CQOWD Pt 
BPQRlPaX,XPT) - EFFECTIVE STRESS A t  COORD PO 
ER(%,XPPmI) a UOfB WAtOO OW SfRAXN COOWD PO BE USED 90 

CALCULRPE EXPANSION SLOPE 
STQWCI,IPP-I) EFfEePIVE SVRE88 TO BE USED TO ChLC 

EXPlNSION SLOPE 
LP - LAST POINT %Nbl~WOBI 

UIBB 

CALC 

(Continued) 

3 % 



Table 7 (Continued) 

INPUT DEFOR~ATION CURVE COORDINATE POINT8 
ILAVER - CLAY LAVER NUMBER 
LINEPT(X,IPT) FIRS?' POINT ON DC * 1 
ECI. I P T )  - VOID W h I O  OW STRAIN COORB-fit 189 PO ON BC 
SIQflAP(t,XPT) - EFFECTIVE STRESS COOWD A t  1st' PT ON DC 

aS.1 ,  ,$a, .&a 
INPUT DEFOWRATIOH CURVE - SUBSEQUENT COORB BPS 

ILRVER - CLAY LAYER HURBEW 
LINEPP(1,XPT) - COOWD BT ON DC 
E(1. I P T )  - UOIB RATIO OR § P R ~ ~ N  AT COORB PT 
%16f lAP(I , IPTl  - EFFECPXUE STRESS AT COORD P 
ER(X,IPT-l)  - VOID RATIO OR STRhIN COORD TO 

GALCULhTE MPBHSION SLOPE 
SPCR(I,IPV-11 - EFFECTIVE STRESS TO BE USED 

EXP6WSIOH SLOPE 
LP - L8SV POINT IWBICAOQR 

USED 

CALC 

8 - NOT LAST POINT 

56MB LAYER NURBER 4 
04,33.3,$.8 

INPUT FBQT1NO DATA 
FB - AV6 FOOTINQ PRESSURE 
6B - FOO'fIMG MIDOH 
FDEPPW - DEPTH OR ELEU OF FQOOIWa 

0L.@,%@.$e19S.8 

INPUT HEYERNOFF'S CONWEWSfON FACTORS 
CONVFP - LENGTH GONUEWSXON FACTOR 
CBNUTW - FORCE CONUEWSIOH FRCTOR 

0 %  .$08.5  

(Continued) 

3 2 



Table 7 (Concluded) 

iNBUY PWOQWBH CONTROL 
NWIST' - 8 NO RAPE OF CONSOLfD&TIOl4 X W  OUTPUT 

I HISTORY OF RBTE OF CONSOLXDATIOW I W  OUtPUT 
2 BEPTLEflEHtS AND BEQREE OF CONIOLXDATlOW B t  

THE END OF LOADXWQ INCWL#EWTS AND BPECPFHC 
TPflEI AFTER LOADPWD 

@a 

PWPMT CQEFFICHENP OF COWBOLIDATIQN 
L - %&YE@ HUflBER 
CV - COEFFlCIEW? OF ~OMSOtXbATION~SQ.ft./BAV) 
NPOP - B I F  POP X I  FREELY DWMNED 

a IF Toa 1s HOT FREELY BR~IMEB 
NBOT - 63 IF OOPPOR IS FREELM DRAINED 

i Pf POTTQH I8 HOT FREELY BRBXHED 

CM FOR LAYER HURBER 2 
@Ol$.27,O*P 

eu sow Laww NMRBLR 3 
.3,.?809*@ 

CU FOR LAVER HMRBER G 
4 * . 4 ? & @ , @  

TfRES FOR LOADXND %WGRLALHPI - THE PIRLtIN DAVI) FROH THE BLQXWHHNQ OF 
60N8PWUe018B TO ?WE M D  OF PWL LQhD PNCREREM 
tLOlI.3 f#CBERENP.STWh$S IHCWkRBWO t H  OPPXON 38 
RAX. RUfiBER I@ 

&Of@ XNCREAEHT IQ. 4 
=3@0. @ 



Table  8 

I n p u t  Data F i l e  f o r  Program MAGSETII 

(Example Problem 1) 

1 5 1  
SARPLE PROBLEM FOR SEfSLEPlENI PACKAGE 
1 1 3 2 1 1 1 2  

FEET KXPS 
8 .8624 188.8808 



e,  Deformation c u r v e  s p e c i f i c a t i o n s .  T h i s  i n d i c a t e s  i f  t h e  - 
deformat ion  c u r v e s  a r e  t o  be i n p u t  by c o o r d i n a t e  p o i n t s  
upon a  v o i d  r a t i o  o r  s t r a i n  v e r s u s  e f f e c t i v e  s t r e s s  cu rve  
w i t h  s l o p e s  t o  be  c a l c u l a t e d  between p o i n t s  e n t e r e d  o r  by 
e n t e r i n g  t h e  s l o p e s  and r e f e r e n c e  p o i n t s  on t h e  curve .  

f .  Sand s e t t l e m e n t  methods i n d i c a t o r .  I f  a  sand l a y e r  i s  - 
p r e s e n t ,  i t  i n d i c a t e s  t h e  method of a n a l y s i s  t h a t  needs  
t o  b e  employed by t h e  program f o r  e s t i m a t i n g  t h e  s e t t l e -  
ment of  t h e  sand l a y e r s ,  

g. V e r t i c a l  s t r a i n  i n f l u e n c e  f u n c t i o n s .  I f  sand l a y e r s  a r e  
p r e s e n t ,  i t  i n d i c a t e s  whether  one of t h e  b u i l t - i n  s t r a i n  
i n f l u e n c e  c u r v e s  i s  t o  be used o r  a  f u n c t i o n  i s  t o  be 
e n t e r e d  by t h e  u s e r .  

h. Datum convers ion  o p t i o n .  T h i s  is  used t o  s e l e c t  whether - 
t h e  d e p t h  or  e l e v a t i o n  is  t o  be conver ted  f o r  t h e  o u t p u t .  

28. Output.  The o u t p u t  from a s u c c e s s f u l l y  executed MAGSETEL 

problem i s  p r i n t e d  under  s e v e r a l  head ings ,  The i n f o r m a t i o n  under  t h e s e  

head ings  may v a r y  s l i g h t l y ,  depending on t h e  problem o p t i o n s  chosen.  A 

b r i e f  d e s c r i p t i o n  of  t h e  i n f o r m a t i o n  p r i n t e d  under  t h e s e  head ings  i s  

given below. 

a, Problem s p e c i f i c a t i o n s .  P r i n t e d  under  t h i s  head ing  a r e  - 
t h e  program header ,  t i  cle, and u n i t s .  

b. S o i l  p r o f i l e  d e s c r i p t i o n .  The s o i l  p r o f i l e  d e s c r f p t i o n  - 
p r i n t s  t h e  l a y e r  number, l a y e r  t y p e ,  i n t e r f a c e  d e p t h s  o r  
e l e v a t i o n s ,  datum e l e v a t i o n s ,  Payer  t h i c k n e s s ,  and t h e  
t o t a l  u n i t  w e i g h t s  o f  t h e  s o i l s .  Also under  t h i s  heading 
a r e  t h e  groundwater i n f o r m a t i o n ,  t h e  u n i t  weight  of w a t e r ,  
t h e  d e p t h  o r  e l e v a t i o n  of  t h e  groundwater t a b l e ,  and t h e  
datum e l e v a t i o n  of  t h e  groundwater.  

c .  I n  s i t u  e f f e c t i v e  stress. Under t h i s  head ing  a r e  t h e  - 
i n p u t  and in s i t u  e f f e c t i v e  s t r e s s e s  i n  each f a y e s  and 
the  i n  s i t u  e f f e c t i v e  stress used by t h e  program. 

d .  Clay s e t t l e m e n t  d a t a .  T h i s  s e c t i o n  c o n t a i n s  t h e  e f f e c -  - 
tPve  s t r e s s  h i s t o r y  and de format ion  c u r v e  d a t a .  The i n -  
p u t  e f f e c t i v e  s t r e s s  inc rements  and t h e  e f f e c t i v e  s t r e s s  
h i s t o r y  a r e  p r i n t e d .  The i n p u t  d a t a  used t o  s p e c i f y  t h e  
de fo rmat ion  c u r v e s  a r e  p r i n t e d  a l o n g  w i t h  a n y  d a t a  caLeu- 
l a t e d  t h a t  d e f i n e  t h e  de fo rmat ion  curve .  I f  v o i d  r a t i o  
v e r s u s  e f f e c t i v e  s t r e s s  c u r v e s  a r e  i n p u t ,  t h e  conlpress3on 
and expans ion  indexes Gc and Ge are  o u t p u t  a l o n g  with 
w i t h  s t r a i n  compress ion and s t r a i n  expansion i n d e x e s  

CcE 
and CeE . I f  s t r a i n  v e r s u s  e f f e c t i v e  s t r e s s  c u r v e s  a r e  
i n p u t ,  o n l y  t h e  s t r a i n  compress ion and s t r a i n  expans ion  
s l o p e s  a r e  o u t p u t .  



e. Sand s e t t l e m e n t  d a t a .  Th i s  s e c t i o n  c o n t a i n s  t h e  d a t a  - 
used i n  t h e  sand s e t t l e m e n t  c a l c u l a t i o n s .  It i n c l u d e s  
c a l c u l a t i o n  methods, f o u n d a t i o n  d a t a ,  t h e  p e n e t r a t i o n  
r e s i s t a n c e  f o r  each sand l a y e r ,  and t h e  s t r a i n  i n f l u e n c e  
f u n c t i o n  used. I t  a l s o  i n c l u d e s  in format ion  which i s  
method-dependent, such as D 1 ~ p p o l o n i a ' s  pa ramete rs  and 
Meyerhof's convers ion f a c t o r s .  

f .  Clay s e t t l e m e n t  c o n t r i b u t i o n s .  The c l a y  s e t t l e m e n t  con- - 
t r i b u t i o n s  c o n t a i n  t h e  s e t t l e m e n t  i n  each l a y e r  due t o  
each  e f f e c t i v e  s t r e s s  increment ,  t h e  t o t a l  c l a y  s e t t l e -  
ment i n  each l a y e r ,  t h e  s e t t l e m e n t  i n  t h e  c l a y  p r o f i l e  
due t o  each e f f e c t i v e  s t r e s s  increment ,  and t h e  t o t a l  
c l a y  s e t t l e m e n t .  

g. Clay c o m p r e s s i b i l i t i e s .  The c o e f f i c i e n t  o f  c o n s t r a i n e d  
c o m p r e s s i b i l i t y  m i n  each l a y e r  f o r  each e f f e c t i v e  v 
s t r e s s  increment i s  p r i n t e d .  The column header E l  d e f i n e s  
t h e  v o i d  r a t i o  o r  s t r a i n  v a l u e  a t  t h e  beginning of t h e  
e f f e c t i v e  s t r e s s  increment depending on t h e  form of t h e  
deformat ion curves  i n p u t .  The column header E2 d e f i n e s  
t h e  v o i d  r a t i o  o r  s t r a i n  a t  t h e  end o f  t h e  e f f e c t i v e  
stress increment.  The column header  DELTA E i s  t h e  v a l u e  
o f  E2 minus E l .  

h. Sand s e t t l e m e n t s .  The s e t t l e m e n t s  i n  each sand l a y e r  - 
a r e  pr inced under t h e  method of  a n a l y s i s .  The t o t a l  
sand s e t t l e m e n t  over  t h e  sand p r o f i l e  i s  p r i n t e d  a l o n g  
w i t h  t h e  t o t a l  c l a y  s e t t l e m e n t  and t o t a l  p r o f i l e  
s e t t l e m e n t ,  

i. E r r o r  messages. Various checks  are made on t h e  i n p u t  - 
d a t a .  I f  any of t h e s e  checks  f a i l ,  a n  e r r o r  message i s  
p r i n t e d  and t h e  program t e r m i n a t e s  execu t ion .  The e r r o r  
messages have been worded t o  be reasonab ly  s e l f -  
exp lana to ry .  I f  confus ion  r e s u l t s ,  however, r e f e r  t o  
Chapter 1 of Schiffman, J u b e n v i l l e ,  and Par tyka  (1976) 
under  t h e  a p p r o p r i a t e  s e c t i o n s .  Table  9 p r e s e n t s  t h e  
o u t p u t  of MAGSETII f o r  example problem I. 

. Degree of c o n s o l i d a t i o n .  The t i m e  ( i n  days ) ,  time f a c t o r  
(TV), and t h e  degree  of c o n s o l i d a t i o n  are o u t p u t  f o r  each 
s o i l  l a y e r  a t  each 1 0  p e r c e n t  increment  o r  a t  a s p e c i f i c  
t ime . 

Comparison w i t h  hand c a l c u l a t i o n s  - 
29. Example problem 1 was worked by hand u s i n g  conven t iona l  

methods. R e s u l t s  from program 10016, u s i n g  a Boussinesq s o l u t f o n ,  were 

compared t o  answers  from an i n f l u e n c e  c h a r t  f o r  v e r t i c a l  p r e s s u r e  f o r  

~ o u s s i n e s q ' s  equa t ion ,  commonly known as  ema ark's c h a r t  



Table  9 

O u t p u t  Data f o r  Program MAGSETII 

(Example Problem 1) 

ROCSET-I I 

8 PROQLEPIWO. 1 t 
8188388Ott8X8t88XOfB88 

88888 PXTLE 18808 
SAHPLE PROBLER FOR SEITLEWEHT PACKAGE 

88888 UNITS 88883 
LENGTH FORCE 

FEET LIPS .- - 
P8888tB8SXtt8tX8 
8 SOIL PROFILE 8 
8 DESCRIPTION P 
83888ltX8988X88P 

BflPUW ELEU6TIOM 0 $25.88 
BXFFEREMCE I M  ELEULTPON 8, 

LAYER SOIL IWTERFRCE DATUR UNIT 
HURBEW TYPE ELEVATION ELEUAPXONS THICKNESS MEIGHI 

125.8S l25.80 
S XHCOt4P PB.BQ 8.1880 

IIB.069 116.08 
a CLAV is.ea e i a “ ~  

2@@.8S iB0.08 
a CLRV a.50 O . P B ~  

03,s) 93.58 
4 SAND a§.@@ @.jl3@0 

658.5) 48.§@ 
5 C M V  2@.50 8.1309 

40.0@ 48.@@ 

UNIT IXIGNP OWOUIIB VRTER CROWD MOTEW 
OF MATEP LEVEL DATW E U U A T I W  

Cg . S624 9148.88) P @ @ . O l  

LAYER I[PIPUT CALCULlPED 
RURBEW VALUE VlaLUE 

88888D888888t8888EZBaD80 
8 CLRV SEPTLEflEtiP DATA 8 
88888888BU888t3818I8B8%D 

(Continued) 

3 7 



Table 9 (Continued) 

REEDOUT 

aosrs STRESS DISTRIDUTION FUnCPIOn $St88 
LAYER 
NURBER VALUE 
2 8.8860 
3 0.516B 
5 8.1830 

888St EFFECTIVE STRESS HISTORY 88888 
LWER no. PT. no. STRESS INCREHEHT STRESS VALUES 

DEFOWPJATION CURVES xnPuP BY 
9 COORDINATE POINT5 

LAYER POINT REBOUND REBOUND 
t4UWBEW MUNBER UOXB RATIO STRESS VOID t?AtllO STRTSS 

8888t SLOPES 091 THE DEFORRIWIOW CURVES 88888 
L ~ V P R  L X ~  ce CE cc CE 
BCUABER HURBER bbTRhXN) (SPRtIIi'i) 

(Continued) 

38 



Table 9 (Cont inued)  

aatttaatztatttttntatlttt 
8 BAND SEPTLEAeMT DATA t 

FOOTINQ FOOTING FOOTING 
UZDTH PRESSURE 

9 ELEVATION 

888911 PEIiEORATXOM RESIST6NCE SSBXS 
LAYER SPT SPATIC CONE 
NUFIBER BLOUCOUHT PENEVRATION RESPSTWNCE 

4 3 3 . 3  - 

r t n a r  stanrn nrtrruEatcE FUMTIQN zvrtar 

9% STWAIM INFLUENCE CUDPCPION USED XS CURVE S 

8 YO a - ~ . 9 . ~ + ~ 4 6  
8 YO 3 B,BP'B08 
3 90 4 8e94912 
4 90 B 8 .5 l@2B 
5 YO 6 -@.@9385 

$#WE@ WI§POW 1. 3 a 7 S  
II 90 a -e.e?lia 
2 TO 3 @. W e 8 4  
a Yo 4 @.1OPI%) 
4 YO 5 6. la59 
5 PO 6 -8.BS8S8 

LLIrER NIbPORV e.21743 
8 TO 2 -@ o @%4 
2 9 0  3 @*@42BI 
3 TO 4 8. (b680'P 
4 t o  5 el BVBIJ 
6 TO 6 -69.08.48'8 

L6YFR HISTORY (b. 83338 

88888 SEPTLEREWT U V  STRESS lMTEfW&rl& 88x88 
STRESS PW?EWVAL SETPLERENT 

OLER PROF 1 bL 

(Continued) 

a 9 



Table  9 (Continued) 

LAYER STRESS MU DELTA E E l  
REEDOU? 

€2 
16t26115 8/13/79 

S t P 8 I  SBTTLEflEN? I N  SAND LRVERS 8x888 
THE STRAIW UEIGHPED C\VERRCE BLOUCOUIIT = 

LAYER REYERWOF 
PUIriBER 
4 @.@09i3 

YOTAL SANB 
OEWLEMHT 8. 9@9@ 

TOTAL CLhV 
BE??LEREN? 1 eBi746 

TOTAL PROFILE 
SCTTLERAIT 1.6835 

8BXtZ~8~11881~8PtXB8~Stttt~t1Ott 
TIRE-SETTLEREN? RELlTIONSHIPS 
X 0 S 3 t t t t t S U O P O t t 8 O O t t t t X t 8 8 O O t t X  

LWYEW NO, 
a 
3 

SEPTLEREAIT PER LhWW I T  POIE INPUT 1WUT 

TIRES 
(DAYS 3 

SET?LEREWT DECREE OF COWSOLADPIOR 
(FEE? ) (UX) 

(Continued) 



Table  9 (Concluded) 

LAVER 3 
-Q.B366 
-Q.B173 
8.1031 
0.2@22 
8.2144 
8.2163 

TOTAL SEPOLEREMP OF BIOFXLE WO VIREO IHPMl 

5ETtLEBENt 
(FEET ) 
-8.8784 
-8.0215 

8.5568 
8.9682 
1,3878 
1.4198 
11.5407 
8.6QDP 
1.87W 



( F i g u r e  7).*  Table  1 0  shows t h e  r e s u l t s .  A s  can be seen,  t h e  computer 

and hand s o l u t i o n  a g r e e  v e r y  c l o s e l y .  

30. S e t t l e m e n t  i n  one of t h e  c l a y  l a y e r s  ( l a y e r  2 )  determined 

from MAGSETII was conipared t o  hand s o l u t i o n s  f o r  t h a t  l a y e r  u s i n g  

~ e r z a g h i ' s  t h e o r y .  Tab le  11 shows t h e s e  r e s u l t s .  The computer r e s u l t s  

compare w e l l  w i t h  t h e  hand s o l u t i o n s .  It must be remembered t h a t  t h e  

t h e o r y  is  s i m p l i f i e d  t o  a p p l y  t o  t h e  s o i l  and l o a d  c o n d i t i o n s ,  s o  t h e s e  

r e s u l t s  a r e  o n l y  a n  e s t i m a t e .  

31. Hand c a l c u l a t i o n  of  t h e  d e g r e e  of c o n s o l i d a t i o n  of  t h e  c l a y  

l a y e r s  was based on t h e  methods i n  EM 1110-2-1904 f o r  c l a y  m a t e r i a l .  

The r e s u l t s  a r e  p r e s e n t e d  i n  Table  12.  There  a r e  no n o t i c e a b l e  d i f f e r -  

e n c e s  i n  t h e  r e s u l t s  of  t h e  computer and hand c a l c u l a t i o n s .  

3 2 .  S e t t l e m e n t  due t o  t h e  compression of t h e  sand was c a l c u l a t e d  

by Meyerhof ' s  method u s i n g  a  v e r t i c a l  s t r a i n  i n f l u e n c e  f a c t o r .  The 

s e t t l e m e n t  produced by MAGSETII was 0.009 f t ,  whereas hand c a l c u l a t i o n s  

produced 0.007 f t ,  v a l u e s  which a r e  v e r y  c l o s e .  Again, i t  must be remem- 

be red  t h a t  t h e s e  a r e  o n l y  e s t i m a t e s  and hand c a l c u l a t i o n s  r e q u i r e  some 

i n t e r p o l a t i o n .  

Example Problem 2 

33. Example Problem 2  was t aken  f rom EM 1110-2-1904. A p l a n  view 

of  t h e  problem i s  shown i n  F i g u r e  8. Appendix A t o  EN 1110-2-1904, 

which d e s c r i b e s  t h e  problem and i n c l u d e s  hand computat ions ,  is  inc luded  

a s  F i g u r e  9. 

I n p u t / o u t p u t  

34. I n p u t  t o  .program I0016 i s  shown i n  Table  13 .  Output from t h e  

program is  shown i n  Tab le  1 4 .  Using t h e  stress in fo rmat ion  provided by 

program 10016, i n p u t  t o  program~MAGSETI1 was prepared and i s  shown i n  

T a b l e  15 .  Output from t h i s  program i s  i n c l u d e d  i n  Table  1 6 .  

- - 
* T h i s  c h a r t  is  from n o t e s  by P r o f .  Robert  DsAndrea t o  Course No. 

CE3040, " S o i l  Mechanics,"  Worcester  P o l y t e c h n i c  I n s t i t u t e ,  Worces ter ,  
Mass., 1975. 



SCALE OF DISTANCE, 08 = DEPTH Z 
A T  WHICH STRESS IS COMPUTED 

F i g u r e  7. ~ewnark's Bnfluence chart for vertical. pressure 
(influence value = 0.001) 



Table LO 

Comparison of I0016 and Hand Solutions for Vertical 

Stresses in Example Problem 1 

Depth Vertical Stress, kips/ft 
f t 

2 

- I0016 Solution Hand Solution 
7.50 0.882 
18.25 

0.880 
0.509 

56.75 
0.511 

0.103 0.115 

Table 11 

Comparison of MAGSETII and Hand Solutions for Settlement in 

Layer 2 of Example Problem 1 

Increment Settlement, ft 
No. MAGSETII Solution Hand Solution 

1 -0.10946 
2 

-0.109 
0.21768 

3 
0.215 

0.74912 
4 

0.756 
0.56025 

5 
0.560 

-0.09385 -0.093 

Table 12 

Comparison of MAGSETII and Hand Solutions for Rate of Settlement 

in Layer 2 of Example Problem 1 

MAGSETIL Solution Hand Solution 
Degree of 

Time Settlement 
Degree of 

Consolidation Settlement 
days f t 

Consolidation 
percent f t percent 

50 -0.0331 -2.5 
7 5 

-0.037 
0.000 

-3 
0.0 

200 
0.000 

0.4233 31.98 0 
300 

0.50 
0.8808 66.54 3 7 

350 
0.98 

1.0121 76.45 7 2 
400 

1.08 
1. LO28 83.31 81 

500 
1.21 

1,2138 
90 

91.69 
600 

1,25 
1.2691 95.87 1.29 9 4 

1000 1.32044 99.75 1.32 9 7 9 9 

--1__- 



F i g u r e  8, P l a n  view of problem 3 
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APPENDIX A 

ILLUSTRATIVE PROBLEM-SETTLEMENT ANALYSIS 

The T'rob1t.m. Detcrniinc the totnl set tlcment resulting from a buried rlny ~ ~ I , I I I I I ~ I  ond l I I p  
time-srttlemrnt rat0 for strrrcture supported by nine 4- b.v &foot footings Ioc~~tcd n t  an r l cv~ t t io~  
h fcct below the noturn1 ground surface. Tile foundation plan for the sfr,rlcture ond tile soil con- 
ditions bcncntlr the strr~rture are show11 on l'l~lte No. 1. The gross unit lond on osclr footillg is 
2 tons per scjrlnre foot. The c.onstruction ~.utc of 1o11d will be applied uniforrnlg in tile first 60 days 
and tllr rrtnniriing 25 ])erc,elit of [lie lond will I)c. applied uniformly during t l ~ e  nest 30 days. Tile 
nrno~rnt of ~ P ~ ) O I I I I ~ ,  r'esl~ltirig fro111 tlre escnvt~tion before tllc constrriclion locrd is upplird, is assr~llled 
to br tiegligible. C'o~rsolitlntio~t test cir1t11 for n ~.el>rrsc~~tutive snrl~plc of i l ~ c  cli~y sfr~ittir~i tire s l ~ ~ w l ~  
on Plates Nus. 2 cltid 8 on wlii(.li I I ~ C  plolted ~ ~ C S S I I I . ~ - V O ~ ~  rntio end time-settlc~nrnt dntn, wspec- 
tively, for fhr sulnple tested. E.unn~i~iut.io~i of tire cotisolidiitio~\ dlltli sho\~s: tile clny to I,e nor11inlly 
consolidn ted. 

Total Seltlemet~t.  Ilk order to delerl~rilrc Ille di:fer.c~rtictl s e t ~ l e n l e ~ ~ t  LO be expected bet\vec.rl 
fooii~\gs, the settleme~it must be con>pirted for severtrl  point^ s11(-11 ns A ,  B, I I I I ~  C, I'IUIB KO. 1. 
IJroccrd wit11 the anrilysis as follows: 

(1)  Construct the load-tlcl)tl~ dil~gl.tlril for' tlte CS~S(~II:: U V C I . L ~ I ~ . ~ O I I  I ' O I I ~ ~ ~ ~ U I I J ,  1'1ute KO. :j 
Si11c.c the (*lay strclturn is o111y 20 feet t1tic.k it is sufe to llssunlc tlii!t the jwrssu1.e dist~.ii)~ltiorr is 
u~~ifornl  from top to Iiottonr arid tlrat the ))rcssurc a t  tllr rliiddle of the str.iltuni (depth 25 [cut) 
rcpresrrrts the average pycssura in the strtltu~n. l ~ e t c t ~ n ~ i n e  p1 from t l ~ c  load-depth ditrgr*rn, Plate 
KO. 3, whivh a t  35 ice! is 1.15 tons per squnre foot. The overburden pressilrc, pl, is tile snrne for 
nl l  threc points A, R,  nnd C. 

(2) T l ~ c  PIPSSU~C due to tho added lond of the strut-ture may l)e determined eitircr cis point 
londs, since the dinrcnsioti-drptl~ ratlo is greater tl~rln 3, or as nren lot~ds. The oren load m ~ t h o d  
was selectrd for tlris ~)rol>lrm hrcnl~sc i t  is vnlid for 811 depths. I t  wns nssrtnwd that the Rouasin~sq 
solutio~i would b ~ s t  fit tile soil conditions encountered in this problem. Plate S o .  6, was con- 
strrlctrd ns drsrribrd in ptirn~rnph 41-03 and is utilized for determining the verticnl pressures at 
depths of 10 and 25 feet below the footings for each of the three points A, B, and C. Tile gross 
unit lond of the footings r n ~ ~ s t  be corrected for the weight of 5 feet of sand which was excavated, 
to obtain the net lond trpplied to the foundation. From Plate No. 3 the pressure due to 5 feet of 
sand is 0.31 ton per square foot. 

Hence: 
q=2.00-0.3 1 = 1.69 tons per square foot (net load). 

Make up overlays sf tho foundation plan shown on Plate No. I with ecale OQ equnl to 10 and 25 
feet for use with P l a b  No. 6. Using foundation plan with chart scale equal to 25 feet, place point 
A over the center of the chart. Count the number of inAuence areas on the chart which fall within 
the outlines of tllo individual footing areas. Silce all footings have identical unit londs, the in- 
fluence areas under all footings may be combined. A totnl of 25 influences is counted, Ench 
influence area is equal to 0.001 Q. Then for point A a t  a depth of 25 feet helow the booting the 
pressure due b the structure load p, is: 

pe=25X0.001 X 1.68=0.042 bm per q u a m  foot. 

A-l 

Figure 9. Appendix A t o  EM 1110-2-1904 (Sheet I of 9) 



GENERAL PLAN 
SWOWlNG STRUCTURE AND SOIL PROFILE 

Figure  9.  ( S h e e t  2 of 9 )  
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Repeat the above procedure for other pointa and depths. The weulta for this problem are 
tabulated ae  follow^: 

Number o j  influence 
Depth below footing Poinl PI 0rea8 lcnr per sq. Ji. 

10 A 81 0. 136 
10 B 72 . 122 
10 C 66 . 112 
25 A 43 .073 
25 ]B 33 ,056 
25 C 25 .042 

Construct s loaddepth diagram, Plate No. 6, using the above-computed values of pressures. 
(3) Using Plate No. 7, determine p, a t  the middle of the clay stratum which is located 20 feet 

below the bottom of the footing for points A, B, and C. Then, p2=p,-t-p, .  After obtaining p, 
determine values of the void ratios el and e2 corresponding to p, and p,, by use of the pressure-void 
ratio curve, Plate No. 2. The total settlement H m a y  be obtained by the relationship: 

Re~lults of the foregoing operations are surnmrnrized below. 

Point - 

Differential mttlement between points A snd B is 0.02 foot and between points A and C is 0.03 foot. 
Time-setdement rate. Using Plate No. 10, the time for 50 percent conrtolidation of the labor- 

story epeehen 1.25 inch05 in thicltness is found to be 8.1 minutes. The time for 50 percent con- 
solidation of the field strrntum is than found by the ?IM of tho relatiomhip: 

t i  
4~ (8.1 minutes) 

A-2 
j ' 2o r r ec~ ions  and/or d e l e t i o n s  mde June 1055 in accoxdmce with 

errata i5sue.i t o  dote.  

F igure  9.  (Sheet 3 of 9 )  

4 8 
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Using the relationship in equation (16) ns follows: 

compute the time for \vnrio~~s percents c*o~lnolidutiori, subs!iruting vslues of T, !ound in Table 1. 
Substituting, for 10 percent consolidation 

298,598 min. l l O f = :  
0.196 

X@.0077= 11,730 ~ n i n . = s  14 days 

Results of the computat.ions for the various percents rlf consolidation are, tabulated below. 

t., 
Minutes 

I I,  730 
47,836 

107,70S 
l!ll,  955 
298,597 
435,709 
613,934 
863,80 1 

1,291,893 
1,719,985 

Since the t h e  rate for construction is not uniform, i t  should be divided into convenient incre- 
ments such as 25 percent of the load. He is assumed that each 25 percene increment will then muse 
approximately 25 percent of the total consolidation, and the settlement resulting from each kcre- 
ment is assumed to start a t  the hnlf-time for the application of increment of load. To construct 8 

loading diagram as shown on Plate 13, divide the load application into four 25 percent increment& 
Draw a time-settlement curve for each increment, starting at  the half-time for each increment and 
using time values tg.bulsted above. The percents consolidntion will be divided by 4 in each cme. 
The the-settlement curve for construction loading is thew obtaihed by adding the ordineta of each 
increment time-settlement curve and drawing a smooth curve through the poinh so obtai.nd. 
Adjust the initial portion of the curve by s tar thg the curare a t  zero time and sabtlenaent, 

A 4  

Figure 9. (Skee t  4 of 9) 



Pressure In Tons Per Square Ft. 

Note: 
lnitiol thickness of sample 1.25 inches. 

PRESSURE - VOID RATIO CURVE 
FQW CLAY STRATUM BELOW 
STRUCTURE OM PLATE NO.! 

EHOONEEWINO MANUAL PART 6 X I X  CHAPTER 4 PLATE NO. i 
23 
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LOAD DEPTH DBlAGRAM 
OVERBURDEN PRESSURE 

ENQINEERIHG MASUAL PART C X i  X CHAPTER 4, P$_gg.$E NO. Z 

F i g u r e  9. (Shee t  6 of 9 )  



lNFLUENCE CHART FOR % 

Figure  9. (Sheet  7 of 9)  
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Table 1 3  

Input Data File for Program 20016 

(Example Problem 2) 

LIST RLMBS 

1088 JAN 22,8979 
i B i 8  SAMPLE PRQBLEPl 
1828 9 4 F T .  BY 4 P T .  FOOTINGS TITLE 
1838 RLM 
6848 COflBBRE TO EM$1$8-%-i984 
i@G@ f 9 (KODE, NAREA) 
d898 2 . 8 8  8 . 8  8 . 8  8 . 8  8 . 8  4 . 8  4.8 4 . 8  4 , 8  8 . 8  
1888 1 . 8 8  8 . 8  8 8 . 8  8 . 8  1 8 . 0  4 . 8  8 2 . 8  4.8 2 2 .  
1898 1 . 8 8  8 . 8  36.8 8 . 8  36,8 4 . 8  4 8 . 8  
di88 8 . 8 8  8 . 8  8 . 8  1 8 . 8  8 . 8  2 2 . 8  4 . 8  2 2 . 8  4 . 8  18 .8  
1118 %,@GI 8 , 8  18 .8  1 8 . 8  18 .8  2 2 . B  2 2 . 8  2 2 . 8  2 2 . 8  % 8 , 8  
f f 2 B  f . 0 8  8 . 8  3 6 . 8  1 8 . 8  36.8 2 2 . 8  4 8 . 8  2 2 . 0  4 8 . 8  2 8 . 8  
1138 i.88 8 . 8  8 . 8  3 6 . 8  8 . 8  4 8 . 8  4 . 8  4 8 . 8  4 . 8  3 6 . 8  
1148 1 . 8 8  8 . 8  18 .8  36.8 i 8 . 8  4 8 . 8  2 2 . 8  4 8 . 8  2 2 . 8  3 6 . 8  
$ I S @  1.88 8 . 8  3 6 . 8  3 6 . 8  36.8 4 8 . 8  4 8 . 8  48.8 4 8 . 8  36.8 
1168 2 i 8 . 8  NDlST. NWEST. AMU 
t i ? @  8 . 8  4 8 . 8  1 8 . 8  8 . 8  8 . 8  18 .8  8 . 8  8 . 8  
1171 2 % 8 . 8  
if8B 8 . 8  4 8 . 8  18 .8  8 , 8  8 . 8  1 8 . 8  8 . 8  28 .8  
aasi 2 i s . s  
1190 8 . 8  4 8 . 8  1 8 . 8  8 . 8  8 . 8  2 5 . 8  8 . 8  8 . 8  
iiS4 2 $ 8 . 8  
4288 8 . 8  4 8 . 8  18 .8  8 . 8  8 . 8  2 5 . 8  8 . 8  2 8 . 8  
1210 8 8 8.@-(STa>PTHE PROBLEM) 

AINTL, FINAL, DELTA, XP, YP. ZP, SLP, BLlNE 
'% 

Q(I),  ZLAY(l), XC(%I), YC(I,'i), X@(2,1), YC(2,1), 
xCl3,1), ve(3,1), Xc(4.l I, YC(4#'i J 



Table  1 4  

Output  Data F i l e  f o r  Program I0016 

(Example Problem 2 )  

JON 22.1979 
SOflPLE BROBLEN 
9 4FT BY 4FT. FOOTINGS 
RLfl 

BOUSSINESO SOLUTION 

HORIZONTAL STRESS DISTRIBUTION AT DEPTHCZ) a 18.00 

ELAS7IC SOLUTION HORRAL LOADING 
Y-COORDINATE X-COORDINATE VERTICAL STRESS VERTICAL STRESS ------------ ---..-------- -*---..--------- --------------- 

8 0 0.664 0.864 
0 .  18.80 0 837 8.837 
6 .  28.00 0.872 8.072 
6 .  30.88 0.037 8 837 
8 48 58 8.064 8.864 

NUMBER Of AREAS USED IN CALCULATION 9 

NOTE-ALL 2 VALUES ARE REFERENCED TO THE LOWEST PART OF THE INPUT, 
CONFICUAATION. 

JAN 22.1979 
SAflPLE PROBLEfl 
9 4FT. BY 4Ff. FOOTINGS 
RLPl 
: O ~ P ~ R E  TQ Ef'll110-2-1984 

BOUSSINESQ SOLUTION 

WORlZONTbL STRESS DISPRIQUTION AT BEPTH(Z1 10.80 

ELASTIC SOLUTION NORR@L LOADING 

Y-COOWDXNATE X-COORDINATE UERTICAL STRESS ..----------- "-me-"------ -..-------..----- VERTICAL STRESS 
- - 0 - - . . 0 0 ~ - " ~ ~ - -  

0.572 
8. $42 
0.082 
8.848 
8.07% 

NURBER O f  @REAS USED fW CALCULATION - 9 

NOTE-ALL 2 UhLUES ARE REFERENCED TO THE LOWEST BART OF THE INPUT, 
CONFIOURATXON. 

(Continued) 
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taro SECOND RUN-9a20 

Tab le  15 

I n p u t  Data F i l e  f o r  P r o g r a m  MAGSETII  

(Example Problem 2) 

9 155157 2/14/79 

! 2 0 (PROBLEM NO., NO. OF LAYER, RUN CONTROLI 
COFIP6tRlSxON T O  Ef l l i l 0 -2 -1904  PROBLEM ITITLEI 

1 5 2 1 3 a 2 llNPUTOPTIONS! 
FEET TONS (UNITS) 
0 . 0 3 1 3  I S .  0000 (GROUNO WATER DATA) 

1 3 0 0625 1 a 0 : 05as ( (SOIL PROPERTIES) 

8. B . ~OATUM CONVERSION) 

2675 l) (EFFECTIVE STRESS lNCRlMENTl 0 . 4 2 2 5  

2 2 d .  1208 6 . 5 0 0 0  1 .1588  0 . 2 4 8 0  
2 3 1 . 8 6 0 0  1 .8000  1 .1288  0 .50@0 " DEFORMATION 
2 4 0 . 9 5 0 8  2 . 8 0 0 0  1 . 8 6 0 0  1 . 0 0 0 8  $ CURVE 
2 5 8 . 9 2 0 0  4 .0800  0 . 9 5 0 0  2 . 0 0 0 0  1 
1 (CONSOLIDATION OPTION CONTROL) 

2 . 095  0 0 (CONSOLIDATION DATA) 
I i? 0 

COflPARIS10N PO E M i i l 6 - 2 - 1 9 0 4  PROBLEM 
1 1 3 2 1 0 0 %  
FEET PONS 



T a b l e  16  

Ou tpu t  Data F i l e  f o r  P rogram MAGSETII 

(Example P r o b l e m  2 )  

II 1  
X NRGNITUDE OF SETTLENENT OF X 
t A RULTI-LAYERED SOIL SYSTEM 1  
8 0  
ll~tllX88lt:8lllSOXX8lXXtll8lt8 

l t r X X t l a X 8 t a ~ ~ t t t P t a x :  
1  SPECIFICATIONS FOR8 
X PROBLEM NO. 1 
l l O l t X 8 f f t 8 l X l ~ l l l X B X t  

x t x t ~  TITLE z t z x r  
COWPARISION TO ER1118-2-1904 PROBLER 

P ~ B :  UMITS a x l t x  ~ - 

LENGTH FORCE 
FEET TON S 

X8fX%B181~801808 '  
X SOIL  PROFILE X 
r DESCRIPTION r  
O I X f X 8 t X X f l $ t 8 8 $  

DRTUN ELEVATION 0 .  
DIFFERENCE I N  ELEVATION . 8 .  

LAYER SOIL INTERFACE DASUR UNIT 
N U ~ B E R  TYPE DEPTH ELEUAPIONS THICKNESS UElGHr 

6 .  B. 
1 INCORP 1 5 . 0 8  8 . 8 6 8 5  

1 5 . 8 0  - 1 5 . 8 6  
t CLAY 2 8 . 0 0  % .  Q52S 

3 5 . 0 8  - 3 5 . 9 8  

UNIT  WEIGHT GROUND UATER GROUND WATER 
OF WATER LEVEL DATUfl kbEVATION 

@.@313 1 5 . 6 8  - 1 5 . 8 0  

x ~ x x : t t a t a x t x ~ : a z a t x x i r t ~ a ~ x  
8 I N S I T U  EFFECTIUE STRESS X 
X 8 1 ~ 8 0 1 t X 1 1 8 9 Q X X X X 1 B 8 i 8 X 8 1 1  

LAYER INPUT CfiLCULATED INSXTl l  
NURBER UALUE UALUE STRESS 

1 - 8 . 4 6 8 8  0 . 4 6 8 8  
2 1 . 1 4 9 s  1 . 1 4 9 5  

X81X0888008~XB8PXtXdBtll 
X CLAY SETTLEflENP DOTO 1  
8XX8X8XtX188818X88X88868  

EFPECTIUE STRESS INCREAENTS INPUT BY 
t A BISTRIBUQlON FUNCTION 

888XS STRESS INCREFiEwtS FOR STRATUfl l t t Q 8  
POIHT NURBER STRESS IMCREUEN? 

1 1 . 2 6 7 5  
a B 4825 

88818 STRESS DISTRIBUTION FUNCTION BPBtt 
LAYER 
MURDER UALUE 

B 0 .838% 

88888 EFFECTIVE STWEIS HISTORV QPZBI 
LWYEW NO 8 7 .  NO. STRESS IMCREREMT $TRESS VALUES 

(Cont inued)  
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Table  16 (Continued) 

DEFORMATION CURUES INPUT BY 
C COORDINATE POINTS 

l t l s t  COORDINATES OF POINTS ON THE DEFORRnTION CURVES r r r a s  
LFIYER POINT REBOUND REBOUND 
NUflBER NURIER UOID RATIO STRESS VOID RATIO STRESS 

X t l t l  SLOPES ON THE DEFORAATION CURVES l t t x l  
LAYER LINE C C CE 
NUMBER NUMBER 

CC CE 
(STRAIN) (STRAIN) 

Btl¶lOOXllX¶ttXltIXt¶lPD88ltlltll 
¶ CLnY SETTLEMENT CONTRIBIJTIONS 2 
X0Pl8SlXl~lll1t1D¶tXlX88~8BOXD8tt 

XUXUX SETTLEMENT BY LAVERS tDt8X 
LAYER STRESS INTERVFIL INCREflENTRL 
NURBER SETTLERENT 

2 t TO 2 
2 

0 06393 
2 TO 3 0.820'14 

B LAYER HXSTORY 0 .88467 

5Pncas I ~ I ~ W U H L  SETTLEMENT 
OUER PROFILE 

i TO 2 
2 PO 3 

6 .06393 
0 .88074 

$8118 SEPTLERENT BY STRESS INTEWUAL tP88D 
5PRESS XNPERUAL SETTLEMENT 

OUER PROFILE 
i TO 2 6 .06393 
2 PO 3 0 .88074 

LbYER STRESS MU DELTA E E 1 Ei? 2 i 70 2 0 86636 0 . % 0 6 5 1  1 .83789 1 .03138 
8 2 7 0  3 8 .8648% 0 08211 1 .83138 1.B2926 

THERE RRE NO SAND LIYERS I N  THE SOIL PROFILE 

~8l~~8~XXP81~t1tl%lPl8%t~Oltt8X%~X$ 
SDECREE OF CONSOL~DATIO!~$ 
~ t ~ ~ ~ ~ ~ ~ t a t : ~ t ~ ~ : : : : t : t : x s a ~ ~ ~ ~ ~ t s ~  

88PtCOEFFlClENP OF CO#SObID~PIONX~:t 
(CV) 

cu 
LdiVEff NO. $0 FT ./DAY 

2 @ .e959 

(Continued) 
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Table 1 6  (Continued) 

RLflUfl D * f ? ,  8 2/14/79 

DECREE OF CONSOLIDATION TIRE FACTOR DAYS 
u x TU 

LAYER 2 
5.09% 8.0020 
18.0QX 0.0979 
15.90% 8.0117 
20 00% 8.0315 
25.00% 0.8492 
30 90% 8 8788 
35.80% 8.0963 
48. 00X 6.1258 
45.08% 0.1593 
58.004 8.1966 
55.08% 0.2386 
68.80% 0.2863 
65 008 8.3404 
70 808 8.4028 
75 00X 8.4767 
88 00% 0.5671 
85 80% 0.6837 
90.00% 0.8480 
95.08% 1.1280 

88XX8088O88t888888P8888t88B8B88 
z w 
% f lACStP- I1  X 
% 8 
8 I IRCNl lUDE OF SETTLEflENT OF t 
H A flULTI-LRYBRED SOIL  SYSTER t 
8 X 
S 1 8 ~ 8 8 8 Q P 8 % 8 8 0 X 8 8 $ $ t X 8 I t X X X 8 B t t  

X t Z l % 8 X R t S t S t S P B % 8 1 4 l a  
8 SPECIFICAPIONS FOR8 
8 PWOBLER NO, 1 I 
8 8 % 8 8 t \ B I l t $ t t B 8 X 8 $ $ % 8  

n a a a t  TITLE 8 8 8 8 ~  
COAPARISION TO ERli10-2-l~04 PROBLEM 

a t m a  UNITS 8 1 8 1 a  
LENCPW FORCE 

FEET TON S 
8888888a8P888BBP 
8 SOIL  PROFILE 8 
8 DESCRIPTION B 
0 8 X t P 8 8 8 8 8 0 1 8 8 X t  

DATUA ELEURTION 0. 
DIFFERENCE I N  ELEUAPIOW 0. 

L W E R  SOIL INTERFRCE DATUR UNIT 
NUflBEA TYPE DEPTH &LEUATIONS THICKNESS UEICHT 

0. 0. 
1 INCOIIP 15.80 8 0625 

1S.BQ -15.8Q 
2 CL&Y 2Q. 88 0 .  B525 

36.0@ -35.88 

UNIT  WEIGHT CROUMB WATER GROUND WATER 
OF WATER LEUEL DATUA ELEVATION 

0 0313 15 80 -15 08 

~ t ~ u ~ t x n ~ ~ $ ~ t n ~ t a x x t a ~ ~ ~ a ~ a  
8 I N S I T U  EFFECTSUE STRESS t 
f$tBILt81%0~X8L8Xf$PHt88%tX 

L4VER INPUP CRLCULATED I N S I T U  
NUBBER U ~ L U E  VALUE STRESS -- . . .,A 

96 1.1486 

(Continued) 
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Table  16 (Continued) 

EFFECTIVE STRESS INCREMENTS INPUT BY 
A DISTRIBUTION FUNCTION 

t r t Z 8  STRESS INCREMENTS FOR STRATUI? ttttr 
POINT NUnBER STRESS INCffEnENT 

1 1 2675 
2 0 .4225 

S t d 8 X  STRESS D I S T R ~ B U P I O N  FUNCTION ttttt 
LAYER 
NUMBER VALUE 

2 0 .0290 

X 8 t X I  EFFECTIUE STRESS HISTORY ttt lt 
LAVER NO. PT NO. STRESS INCREflENT STRESS UALUES 

a 1 0 . 0 3 6 0  1.1863 
2 2 0 .0123 1 1985 

BEFORRATION CURVES INPUT DV + COORDINATE POINTS 

8x888  COORDINRTES OF POINTS ON THE DEFORNATION CURUES t t P t t  
LAYER POINT REBOUND REBOUND 
NURBER NURDER VOID RATIO STRESS VOID RATIO STRESS 

1 9 8 8 1  SLOPES ON THE DEFORMATION CURUES 8 8 8 t 8  
LAYER L IME CC CE CC 
NURBER NUflBER 

CE 
(STRAIN) (STRAIN) 

$8810  SETPLEflENT BY LAYERS 9 8 8 8 8  
LnvER STRESS INTERVAL INCRERENTAL 
NURBEW SETTLERENT 

2 1 TO 2 0.04902 
2 2 TO 3 
2 

0.01600 
LAYER HISTORY 0.86503 

PB8DO SETTLERENT BY STRESS I N t E R U b L  $8888  
STRESS IUTERUAL SET'PLEAENT 

OVER PROFILE 
1 TQ 2 8.84982 
B TO 4 0.81600 

(Continued) 
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Table 1 6  (Continued) 

9857- 8 8/14/79 PACE 9 

LAVER STRESS HU DELTA E E 1 E B  
2 1 TO 2 0.86668 8. 80580 1.83789 1.83289 
B 2 t o  3 8.06547 e.eels3 1 .03aso i .colas 

THERE ARE NO SAND LAVERS I N  THE SOIL  PROFILE 

X X t X f l t 8 t t t l t X t t 8 8 X P t ~ t O X t t t 8 P t 8 8 X t  
PDECREE OF CONSOLID~TIONt  
D P P t t t l t X t t B f t t t 8 8 f 8 t t t t X t t ~ O t t t t 8 t  

LfiYER NO. 
a 

DEGREE OF CONSOLIDt+PXON PIPlE FACTOR DAYS 
U X  TV 

LAYER 2 
5.098 8 .  803B 
10.88% 8.0079 
15.B0X 8.8177 
2%. 08% 8.8315 
85.808 8.0492 
38.801 0.0708 
35.608 0.8963 
48.808 0.1258 
45.008 0. 15g3 

t RAGSET-XI x 
t t 
X RAGNYTUDE OF SETVLEAENT OF 8 
I A RULTI-LWVERED SOIL  SYSTEfl t 
t X 
8DBB81XP81%t8~88X¶88BP88~88XS8Y 

t t t 8 B I X X X X Z X X 8 t Y X X % P t l  
t SPECIF ICAT~ONS FOR8 
8 PROBLEM NO 1 : 
8 8 X P t D t t 8 8 I B X 8 D 8 B I l 8 8 1  

8 t X D t  P l P L E  8 U X $ i  
CORPARISIOW YO PMill8-2-1004 PROBLEA 

t 8 t X E  UNITS XXtSX 
LENGTH FORCE 

FEET TON $ 
X l t X 8 X t X P X D $ P B P I  
¶ S O I L  PROFILE 8 
t DESCRIPTION r 
O%fBXXBPUtXJl1888 

DATUA ELEUflVION 0 
DIFFERENCE IN w iuat ton n 0 .  

(Continued) 
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Table 16 (Continued) 

RLnMn 9,573 8 8/14/79 

LAVER SOIL INTERFQCE DATUfl UNIT 
NUMBER TYPE DEPTH ELEVATIONS THICKNESS UEICHT 

UNIT  WEIGHT GROUND UQTER GROUND WATER 
OF WATER LEUEL DATUM ELEVATION 

0 0313 15 .88  -15 88 

X 8 t 8 X X X t 8 X t X t S t X t t f 8 t t t Z t I U  
X I N S I T U  EFFECPIUE STRESS O  
~ t l t X f X t % X U k t X X t L X t t I I : 0 : 8 X X I  

LAYER lNPUT CALCULATED XNSITU 
NUABER VALUE VALUE 

1 
STRESS 

a 
8 4688 0 4688 
1 1495 1 1495 

% l t P X x t a ~ 8 r x X l ~ ~ t s X X X X X I  
P CLAY SETPLERENT DATA I 
8 8 8 t t X I X t Q O t X X t X 8 t ¶ ~ P t S ~  

EFFECTIVE STRESS INCREMENTS INPUT BY 
9 A DISTRIBUTION FUNCTION 

88LQ8 STRESS INCREAENTS FOR STRATUM I t f t X  
POINT NURBER STRESS INCRERENT 

1 1 E67S 
a 0.4285 

8 X t X t  SPRESS DPSPRIBUTION FUNCTION UUf8X 
L W E R  
NUMBER 

2 

P t t I r  EFFECTIVE STRESS HISTORY SOUXP 
LAYER NO. P T .  NO. STRESS INCREMENT STRESS VALUES 

DEFORflATION CURUES INPUT BV 
9 COORDINATE POINTS 

t r x t a  COORDINOTES OF POINTS ON THE DEFORMION CURUES t s t t t  
LAYER POINT REBOUND REBOUND 
NURBEW NUFIBER VOID RAT10 STRESS UOID RQTIO STRESS 

X X t X x 0  SLOPES ON TUE DECORRATION CURUES l a a r t  
LAYER L I N E  
NUflBER NUflBER 

CC CE CC CE 
(STRAXN) (STRAIN)  

(Continued) 

6 4  



T a b l e  1 6  (Concluded) 

RLNRN 

t t t l 9  SETTLEMENT BY LIVERS tBttt 
LAYER STRESS INTERUAL INCREflENThL 
NUMBER SETTLEFlENT 

2 1 TO 2 0 03901 
8 2 TO 3 0.01279 
2 LAVER HISTORY B 05179 

O t t t t  SETTLENENT BY STRESS INTERVAL I4991  
STRESS INTERVAL SETTLENENP 

OVER PROFILE 
1 PO 2 0 83901 
2 TO 3 8 .01279 

TOTAL CLAV SETTLEREHT 0 .05179 

P t Z t O P X X 8 ¶ ~ t t X 0 8 t O t t 8 8 t t B t  
t CLAV COFlPRESSIBILITIES X 
8 B X O B t B t P t S t O X X t 1 0 8 8 t t t t L t  

LbVEW STRESS f lu DELTA E E 1 E2 
e i TO 2 e.essse e . e o 3 s 7  i ,03789 1 .O~~DI 
a 2 TO 3 e.esspa s . s o i ~  i . s 3 3 a i  1 .03261 

THERE ARE NO SAND LAYERS I N  THE BOIL PROFILE 

DECREE OF CONSOLIDflPXON T l8E FACTOR DAVS 
U% TU 



Comparison of results 

35. The stress induction and settlement results for example 

problem 2 from EM 1110-2-1904 are compared with the computer solutions 

in Tables 17 and 18. It appears that although EM 1110-2-1904 states 

that the values are calculated at 25 it below the footing, they really 

seem to be computed at 20 ft below the footing. The comparisons are 

very close. 

36. The time-settlement results are compared in Table 19. Again, 

the results are very close showing the validity of the programs used. 

Table 17 

Comparison of I0016 and EM 1110-2-1904 Solutions for 

Stress Induction in Example Problem 2 

Stress Induction 
I0016 Solution , 

Location 

A 

(Output x 1.69 tons/ftL) 
@ 25 ft @ 20 ft 

0.064 0.073 

EM 1110-2-1904 
Solution 

0.073 

Table 18 

Comparison of MAGSETII and EM 1110-2-1904 Solutions for 

Settlement in Example Problem 2 

Settlement, ft 
MAGSETII Solution EM 1110-2-1904 

Location @ 25 it @ 20 ft -- Solution - 



Table 1 9  

Comparison of MAGSETII and EM 1110-2-1904 S o l u t i o n s  f o r  Rate - 
of S e t t l e m e n t  i n  Example Problem 2 

Degree of, Time, d a y s  
C o n s o l i d a t i o n  MAGSETII EM 1110-2-1904 

p e r c e n t  S o l u t i o n  S o l u t i o n  

10 8.28 8.14 



PART IV: EXAMPLE PROBLEM ILLUSTRATING 
INPUT/ OUTPUT FOR PROGRAM FD31 

37.  T h i s  P a r t  c o n t a i n s  an  example problem solved u s i n g  Program 

FD31. Other examples s o l v e d  u s i n g  FD31 a r e  presented i n  Olson. 

Inpu t  

38. Data i n p u t  f a l l s  i n t o  t h r e e  c a t e g o r i e s :  (a)  i n p u t / o u t p u t  

c o n t r o l  pa ramete r s ,  (b)  raw d a t a ,  and ( c )  program c o n t r o l .  The i n p u t /  

o u t p u t  c o n t r o l  pa ramete r s  govern t h e  form i n  which d a t a  a r e  i n p u t  and 

t h e  amount of o u t p u t  and t y p e  of  ourpu t  t o  be p r i n t e d  o u t .  Raw d a t a  

c o n s i s t  of wa te r  t a b l e ,  d r a i n a g e  d a t a ,  e f f e c t i v e  we igh t s ,  l a y e r  d e p t h ,  

excess pore  p r e s s u r e s ,  embankment d e s c r i p t i o n  o r  l o a d  d e s c r i p t i o n ,  t ime 

t a b l e  of  c o n s t r u c t i o n  f o r  d e t a i l  o u t p u t ,  c o n s o l i d a t i o n  curve ,  and coef-  

f i c i e n t  of p e r m e a b i l i t y  and c o e f f i c i e n t  of c o n s o l i d a t i o n .  The program 

c o n t r o l  d a t a  c o n s i s t  of  pa ramete r s  c o n t r o l l i n g  t h e  accuracy  of computa- 

t i o n s  w i t h i n  a  program. 

39.  The example pro1)len s o i l  p r o f i l e  (Figure  10)  is  a s imple  one  

f ~ r  which Terzaghi's t h e o r y  i s  a p p l i c a b l e .  The  s o i l  system consist.c; of 

1 f t  of  incompress ib le  sand over  10 f t  of c l a y  over i n c o n p r e s s i b ~ ~  sand.  

APPLIED FILL 

CLAY 

\/"~,/p\~'v "\.\/'":-; F T  

F i g u r e  LO. S o i l  p r o f i l e  f o r  FD31 example problem 



3 
A l l  l a y e r s  a r e  s a t u r a t e d  axid have subrnerged'unit  we igh t s  of  50 l b / f t  . 
The c l a y  i s  l i n e a r l y  e l a s t i c  and t h e  c o n s o l i d a t i o n  c u r v e  p a s s e s  th rough  

- 2 2 
t h e  p o i n t s  (e, a )  = (2.0075,  0 l b / f t  ) and (1.9500, 2300 l b l f t  ). The 

L c l a y  h a s  a  c o n s t a n t  c o e f f i c i e n t  of c o r ~ s o l i d a t i o n  of 0.05 f t  / d a y ) .  Con- 

s o l i d a t i o n  r e s u l t s  f r o a  tlie a p p l i c a t i o n  of 20 E t  of f i l l  a t  t ime z e r o .  
2 

The f i l l  has  a t o t a l  u n i t  we igh t  of 112.4 l b / f t  and i s  a l s o  s a t u r a t e d .  

The wa te r  t a b l e  i s  30 f t  above t h e  o r i g i n a l  ground s u r f a c e .  

40. The complete  i n p u t  i s  shown i n  c o n v e r s a t i o n a l  mode i n  Tab le  20. 

Values of v a r i o u s  c o n t r o l  pa ramete r s  a r e  i n d i c a t e d  below w i t h  b r i e f  

e x p l a n a t i o n s :  

a .  101-109. lill 1 0  pa ramete r s  a r e  s e t  t o  1 f o r  t h i s  example - 
i n  o r d e r  t o  o b t a i n  maximum o u t p u t  i n f o r m a t i o n .  

b .  KODWT=C. The wa te r  t a b l e  w i l l  be  main ta ined  a t  a  c o n s t a n t  - 
e l e v a t i o n .  

c. TOPB=F. The upper  boundary of  n a t u r a l  s o i l  i s  f r e e l y  - 
d r a i n i n g .  

d .  BOTB=F. The bottom boundary i s  a l s o  f r e e l y  d r a i n i n g .  - 
e .  USEQO=T. The v a l u e  o f  t h i s  parameter  i s  n o t  r e l e v a n t  
7 

f o r  t h i s  problem and may be s e t  a t  e i t h e r  T  o r  F. 

f .  SANDPP=F. The v a l u e  of t h i s  parameter  i s  n o t  r e l e v a n t  - 
e i t h e r  b u t  shou ld  be  s e t  e q u a l  t o  e i t h e r  F o r  S. 

g. ALMX1=0.5. The v a l u e  of  t h i s  parameter  i s  i r r e l e v a n t  t o  
t h i s  problem because  t h e  l o a d i n g  i s  a  s i n g l e  s t e p  l o a d i n g .  

h. ALMX2=0.5. T h i s  is  t h e  upper l i m i t  on  a l l  v a l u e s  of  A ( I N )  - 
a t  t ime z e r o .  

i. ALMX3=20,5. T h i s  i s  t h e  upper  l i m i t  on v a l u e s  of  A(IN) a t  - 
t ime  TL(JLF1N); i , e . ,  t h e  l a s t  p o i n t  on t h e  l o a d i n g  curve .  

. CHGMIK=O.l. The v a l u e  of CMGMIN i s  i r r e l e v a n t  because  t h e  
c o e f f i c i e n t  of  c o n s o l i d a t i o n  i s  c o n s t a n t .  

k. CHGLIM=l. 0. The v a l u e  of t h i s  parameter  i s  i r r e l e v a n t  - 
because  s f  t h e  c o n s t a n t  c o e f f i c i e n t  of  c o n s o l i d a t i o n .  

1. FCV=l.O. The v a l u e  of  t h i s  parameter  i s  a l s o  i r r e l e v a n t  - 
because  of t h e  c o n s t a n t  c o e f f i c i e n t  o f  c o n s o l i d a t i o n .  

m .  TOL=O.l. The Gauss-Seidel  s u b r o u t i n e  w i l l  c o n t i n u e  i t e r a t -  - 
i n g  u n t i l  no e x c e s s  pore  p r e s s u r e  i n  t h e  sys tem changes  by 
more than  0 . 1  l b / f t 2  on t h e  l a s t  i t e r a t i o n .  

n. ITEbirX=100. I f  t h e  number of i t e r a t i o n s  i n  t h e  Gauss- - -.- 
S e i d e l  s u b r o u t i n e  r e a c h e s  100,  t h e  c a l c u l a t i o n s  w i l l  be  
a b o r t e d  and t h e  a n a l y s i s  s t o p s .  



Table 20 

Input in the Conversational. Mode for Program FD31 Example Problem 

I F  DHTH I 5  TD BE READ FROM H DkTR F I L E  
INPUT THE F I L E  PlAME 1:':3 C:HHPAl::TERS: MRX. 
H I  T 1::HF:R 1AGE FrETllRti I F  I HPUT 12: FROM TERN I HAL - - 
I F  DRTn I S  TO BE SRPED TO H DHTA F I L E  
I I {PUT THE F I L E  tJHME (8 1I:HAEnCTERS: MH;.::.) 
H I T  CARRIHlSE RETURN I F  FiO F I L E  I S  TO BE I.llRITTEPi. - - 
I F  OUTPUT I S  TO BE URITTEI i  TO H F I L E  
I tJPI jT THE F I L E  IIHP1E (8 1:HliFAC:TEES PtAS.::t 
H I T  C:HRRIfttE RETl1F:t.i I F  OUTPUT I::: TO COME TO TERMII1AL. - - 
Do '.{OD IjJ 1 :z:H TO HH%..'E RLL INPUT ECWOEII ? 1.:'1'..'1.1> 
=PI 
I f iPUT T I T L E  FOR THIS RUN 
=E::,::AblF'LE PR0E:LEI.I FOR SETTLEPlEPiT F'RC:t:AGE 

H:$::T:IGIJ '~:'RLUES OF 1 I F  !JlJTPI-IT 1::: DE::: IRED, OTHEF:GlI:TE 0. 
10 1 = F:ES 1 DI-IBL PORE F'F:E:Z:Z:URE:Z: fit.{D EFFEC:T It.,!E STRESS: 
102 = LORD H1:Z:TURY 
103 = UClTPClT TIPIES 
1 0 4  = E-P 12I-IF.5IE:S 
105 = INITIHL VHLUES OF cv 
I O B  = O FOR DHTA AT NIDHEIGHT OF LftYER:S AH11 HT INTEF:FHC:E:3 

BETUEEP4 LAYERS 
= 1 FOR DHTR AT HLL PiODEZ: 8PiD II'ITEF:P{DDE:5. 

I 0 7  = 1 I F  DHTH HRE TO E:E 01-ITFLIT OHLY HT T1PlE:S TO<:.JO) 
= O I F  DRTH FIRE TD E:E OLlTPClT HFTER EG'EF:'i' TIPlE TC:. 11.1 THI5: 

I::A:SEy 184  1s H U T D ~ ~ ~ ~ T I I ~ ~ ~ L L Y  :E:ET AT 6 
I 0 8  = 111 FOR Pi0 01-ITF'UT OF I::OI.iTPDL PAF'AP1ETEF:S 

= 1 FUR OLITFUT OF C:DPiTEOL Pi-rBAP1ETEF':S 
1 0 1  r II:I~P I it:>? 1049 1 0 5 ~  1i1E.g I11179 11:~:s 
=1 1 I 1 1  1 1  1 
ZI.?ITO=DEPTH FEOPl ORIGITJHL I4ROIJPiD :I:URFACE TO THE Ij!FITER TAE:LEr 

PO:; I T  1 'v'E JjOWPil,t!fiF.:D:s (FEET:! 
ZIJTF=PEPTH FRO1.1 H DATUM EI:TABL I :SHED RT THE ELEVAT IOI i  OF THE 

ORIl3II iHL CPQUfID SUHFAC:E TO THE FIPiHL IrlATEP TABLE9 
F'OS 1 T It.,$E DoI,JPil.trfiRD:~. (FEET) 

KOD!I!T=G PIEANS THE ELE'4ATIOI.i OF THE IJATEE TAE:LE 115: I:OP(:ZTHI.{T 
6: PIEFttiS THE ELE1:!ATIOIJ OF THE l!!RTER TAELE RIZ:ES FROM 
Elr!TKI TD ElJTF H:S A F:ESULT tJF l::OP{:sTEI,ICT I ON OPERWT I OP(:S 
D MEHNS THE ELEVAT1UN DF THE WATER TnE:LE DRUFS FPUM 

EIIJTU TO ELlTF IIJSTAHTL'I' HT TIPlE ZEF'U 
1:; MEHIJS THE ELE4..'HTION OF THE IjIHTER THBLE RLI?.IH'f:s 15: THE 

ELEi..'#T I OPi OF THE ClE I G  I P1AL GROt-lIiD :Z::UF:FHCE A:: THFtT 
:ZI-IRFftCE :::ETTLES R 1 SE:s. 

TDPE = I FOR Al.i 1t.IPERVIDU:I UPPER BQI-INDF(R'.( 
= F FOR 13 FPEEL't D R H I I I I P ~ I ~  I-IFPER E:DUP~DAR'~ 

POTF = I FOR HPi 11.1PEF"$IOUS LOGIER FOLIPiDHF'l.' 
= F FOR A FF'EEL'I' DEB I II IVIS LQlrlEF E:OUPiDGF:<i' 

IJ:I'E12 0= T I F  :s:THT 1 C: FORE PF:ES:Z:IJF:E:L RF:E ZEF:D AE:O?,?E THE I.I.IfiTEF: 
TAE:LE HT HLL TIPIEP 

= F I F  :STHTPP .:I ::I = 1::2 C 1) -PI,IT::+ +-rJe. 4 HT ALL T I  PIE:? 
:L:BfiTlF'F' = F IF fiLk :SAfID L&','EF:; DRA 1 P i  FF:EEL'( H u P I  J-JI.iTfiLL8f - - .? .-. I F  5:AI.ID LA'l.'EPZ: fiFE ::EHLED HDpIz"Jf{THLL'y' 
Z!I!TU 3 ZIj!TF r I:::QDI,I!T 9 TIZF'E. TOPE 9 E:OPBy I-IZEQ [I 9 :::A/{DF'F 
=-:~I:I.[I -:31:1.0 I: F F T F 

(Cont inued)  



Table 20 (Continued) 

= 1 . 111 [I 5 [I . [I 2 
INPUT HL ISAPlPP 9 Pi,? FOP LH'y'EF: 2 
= 1 (I . 111 5 111 . 0 1 1 
HLPl::.<l = P1A::~:~IPlC~PI ALPHA Dl-lF:ItJl? LOADIPllS OF' I,II.iLOADIt.IG 
ALI.l::(z :' I.lH::.< I PlLI1.1 ALPHR IlI jR I HI: H rJOt.{-il:Olj~:TF:~I-II::T IO1.i F'ER I OD E:::lI'EF'T 

FOFl TI::.GT.TLI::.JLFI~.{-I::* 
RLf.1::.::3 = PlH::.< 1 PlI,IM ALFHP-( HT TC=TL I::.-ILF 1 pi:! 
1::HGL 1 I.1 = PlfiX 1 tQI-II.9 HLLOI.IIRE:LE I::HHI.~I~E I 1.1 C':.' E::IF'F'E:S:SED A::: fl /?HT 
I:.HI~W 1 1.i = THE F'F'OGF:HPl 1.11 I L L  PiOT 1::ALl:ULRTE H!:'EFF1BE '*)HLI-IE: OF 

Ht.fF F:EC'.{I:LE I F  f'Hl?PlA::.::. LT. I:'HI:Pl IN .  F.:ELE14H1.fT Ot.+L',I.' FOF' 6 
'$HF.:IAEI_E F'PDPERT I E $  :SDLlJT IU1.i. 

TOL = MR)::IP1I_IP1 ALLOI.IIFIE:LE 1::Htit.iGE III F'OF:E F'PE:I:z.UF'E E:ETI!IEEr{ . I TEF:AT I O1.i:5. 
1 TEtsMX = PIA::.: I I.ll-lt4 I.iI_IPlEEf? UF I TEF'HT I OPi:: 11J ::OLt*,.'E 
DTP1LII.l = I-IFFEF: L I I I I  T 01.1 TP1 TIPlE D u R I t i l  R TIPIE DT 
FC:!,!=A F.:EDI,Il::T I 01.4 FHC:TOF: I-ISED WHEN I:HI~PIH;.::. I:T. [:HI_;L 1 f.1 
I::HISF'PI::,::=PIH::.:: 1 I.1IJt.l WLLOI.tIfiELE CHHM1T.E I 1.i EFFEC:'T I'a,!E :ZTRE:ZS 1 f.{ 
:SI,IE:F:OUT I I iE  1I:DIISOL 1.1.1 I THOUT I TERRT IIJG FIJRTHEF' 
F'F'L I p1=R p{UNEEH :5l-IC'H THAT THE F'F'OI:F:A~~ G!UI Ts: RIJ1.{1.{ 1 IJI: !I.IHE~.{ HLL 

'a.'fiLIJE:; OF F;'F P-(F:E LESS THP-(N THIS: ',)ALClE 
fi~pl:.:; 1 RLpl;.:? fipl~r:::3 
=.5 .5 2 O . O  
CHGN 1f.i I::HI~L 1 M FI:*.,! 
=. 1 1. 111 1. (1 

TDL r I TERM;.; r DTML I Pi 7 C:HCI'l::.:: r F'F'L I M  
=. 1 fr:ll:l 5.0 . 1 . 1 

C::ODPPR = I: I F  F:E:5:IDIJHL F'OF:E PRE::Sl-IRE:: fiEE ALL THE :S:fiPIE 
= V IF RE: I IIIJBL POF:E PF:E:S::z:UF:E5: HRE 1 F+F'I,IT 

HT EWI::H BEF'TH P40DE 
}:::RJJF'F'R 
= 1:: 
PPEFPr E.E5: ID l j f i L  POPE pFE:::5:lJF'E - - * - 1.I . 1.I 
t.(FL = I.(UPIEEF: fJF C:~H:~TF.:UC:TIBI.i :STA!?ESP PlA'I' E:E ZEF:D 
TFCBEI: I::.-IF> = T I  ME F I L L  COri5:TPI-tl::T I[ DI.1 E&GI N:: 9 DA'il:I: 
TFl:EI.iD I:JF) =T IME F f L L  1::01.{:3TF.:iJ[:f 10r.1 END:: 7 DH'r':;: 
TL i'.-lL) =T 1 NE l,~,l[-fEt.{ F 1 L L  ELE1>:'RT I OIi 15: DEF I PiEI!. DH'fS 
EFL 1c.JL::l =ELE1,>HTICII.i OF THE TOP OF THE F I L L  F'ELHTIVE TO THE TUP 

DF THE OF: 11: I IIBL I ~F :O IJ~~D  5:IJF:FHC:E 
GF i.JF::l =TCITHL 111.1 I T  IjIE IGHT BF F I LLy F'CF. 
IJFL 
= 1 
TF1::E:El:: TFFCPiD, IFF 1 
=o .  ~ I : I  1.1.. 112.4 
TL! E F L  1 - - 1:1 * 0 1:1 1:1 

TL r  EFL 2 - - - - l.l . 1.I 2 111 . 1:1 
T L ?  EFL :3 
= 5 [I I:\ 111 111 2 1:) . [I 
TL9 EFL 4 
= -. 1 . 111 [I . 111 (Continued) 



T a b l e  20 (Cont inued)  

TO i J 0 l  = T  I l lEZ FOR l~lH(l:.H CjUTPI-IT I S  DE:EIpED 
IU l iT  (JOJ =D FUP DETHILED OlJTPlJT AT TO (JOi  -I( FOE nai(E 
13TDAT&=D FOR DUTPIJT (1F DETHILED DHTH RT THE LHT a a > f i ~ ~ ~ ~  OF 

IllHEN HLL PP (1.) HFE LESS THRN PPL I N  
Tf3.1 IOlJT t 

I:'nDORD=(J FOR $'DID RHTIO DIfiGF.ApIS 
=:':.: FDF? $TF:AI;i nIAl:F.fiIq:5 

KODI/iT=H I !iTEF'f'ULRTE F' fiF: ITHPlEl' ICRLL'. FOE E-F. PELHT I 011 HI 
4. ll4TEEFOLHTE F' L06HF: I THPIIIIRLLY FOP: E-P E E L ~ T  la~( , - .+ Ip  

t::'ODIJRrl, C:uD I t l T  
=?r' 1.4 

FEZEFFECTIVE :STRE.':?, EP=VOID PHTIf3 Dp : I  1 0  2 
-.re -LS1:l13.0 .-, l;?ff01.1 
FEZEFFECT ItjE STRE::::, EF.=$'OI 11 ReT ID [IF sTF:fi 111, p 1  0 1 4 ~  3 
=-I .  U1:I 1:1. 00 
C;C:f?=:i'LOF'E OF E'EEOfJp+D I::),IF:?:'E 
= . 0 1:1 1 15 1:1 

C!2'CU=H L IIII T SVCH THHT HIIof' LHZ.EF. l , l f  T H  fi H II;HEP VRLLIE OF ( V  
:SHCII,ILn E:E fl SRttD Lfi'fEEF' 

C '.,.'.s 11 
= 1 1:1 13 . I:# 

(Con t inued )  

7 2 



Table  20 (Concluded) 

i iJIi:Pl:L::$ = I: FOF: C O I i ~ ~ ~ T f i j { T  rT:'.:' j iItD PC: '.,!ALI-IE'S - I 1  - v FOR C.'~J' i i I iD PK F lJ t l l~T IOI I :~ :  C]F EFFEC:TIts(E :Z:TpE:Z::; 
'v'F' = l:Oti'::T I F  ALL  Lfi'i'EF:' HFf'aJE }.:.~D:~:~I::L::I =C: 

= '.,!OF: I F  Rj('.{ Lfi'iEF: HRZ: ~ O D : ~ ~ I : ' L : : I = I , )  
*: *..L .JI:.',!) =EFFEI::T It,!E 5.TFE:S:S HT leIHIt:'H fl pa I r i f  at( THE F-s:',,! FI?' ' " 

T_LIE"-:'E I:Z I lEF I I+ED FOE: LR<I'EF' L AtiIt F 'OIt IT .-III'-.! ,F.IF::, 
I:?:'F ('C, ._II:.'.:":$ =1:OEFFIi_.XEt1T OF COIiPOLI DliT I O t i  i-tT THE li?:' F,uI t iT  

014 THE IIiPI_IT F'-Ct.:' C:I-IE!,!E OF LF('(EF' L I:'::I~.FT......IIA'.(::I 
F' 1.1_. ._llr'..!.:* = C  [JEFF 11:: I EflT OF F'EF'PIERE: I L  IT'( A T  THE ._112'~:' F'DItIT 014 THE 

11iF'tJT F'-PI::' C'UF."s..'E OF Lfi'i'EP L I:'FT. ....'Dp,'y') 
Lil'l'EF: 1 
= 1:. 
l:'.:'F'. F'1.F' 
= 2 !:I !:I , 111 2 111 [I [I 
LH'.I'EF: 2 
= 1:: 
t:'.,!P, F'1:'F' 
= * 111 7 111 5 

I n p u t  Data F i l e  f o r  Program FD31 ..----- 

(Example Proble1.1 1) -- 



o. DTMLIM=5.0. The  a n a l y s i s  w i l l  b e  a b o r t e d  i f  rile runni:lg - 
t i m e  f o r  any  one  v a l u e  of t ime ,  TC, r e a c h e s  5 seconds .  

e. CHGPMX=O.l. The e q u a t i o n  f o r  e f f e c t i v e  s t r e s s  a t  any  
node r e q u i r e s  as i n p u t  t h e  v a l u e  of s u r f a c e  s e t t l e m e n t ,  
b u t  t h i s  i s  t h e  s e t t l e m e n t  t o  be  c a l c u l a t e d .  The  s u b -  
r o u t i n e  w i l l  i t e r a t e  on t h e  e f f e c t i v e  s t r e s s e s  u n t i l  no  
e f f e c t i v e  stress changes  by more than  0.1 l b / f t 2  d u r i n g  
t h e  f i n a l  i t e r a t i o n .  

9. PPLLM-0.1. During t h e  rime p e r i o d  between TL(JLF1N-1) and 
TL(JLFIN), i f  a l l  t h e  e x c e s s  p o r e  p r e s s u r e s  have a b s o l u t e  
v a l u e s  s m a l l e r  t h a n  0 . 1  l b / f t 2 ,  t h e  run  w i l l  t e r m i n a t e .  

r .  KODPPR=C. The i n i t i a l  e x c e s s  pare  p r e s s u r e s ,  p r i o r  t o  - 
t h e  h e g i n n i n g  o f  t h e  a n a l y s i s ,  a r e  c o n s t a n t ;  i . e . ,  i n d e -  
penden t  of d e p t h .  

s. QTDATA=D. I f  t h e  run  i s  t e r m i n a t e d  because  all pore  prcs-  - 
s u r e s  have  a b s o l u t e  v a l u e s  s m a l l e r  t h a n  PPLIM, t h e n  de- 
t a i l e d  d a t a  will be o u t p u t  a t  t h e  f i n a l  t ime of a n a l y s i s .  

t .  KODORD=V. The c o n s o l i d a t i o n  c u r v e  is d e f i n e d  u s i n g  v o i d  - 
r a t i o s .  - 

u. KODINT=N. The l i n e a r  e-o curve is  assumed between - 
s p e c i f i c  p o i n t s  t h a t  d e f i n e  t h i s  c u r v e ,  

v. KODSP=C. The c o e f f i c i e n t  o f  c o n s o l i d a t i o n  i s  c o n s t a n t .  - 

Output  

41. The comple t e  o u t p u t  f i l e  i s  shown i n  Table 21. Note t h a t  

v a l u e s  less than z e r o  have been p r i n t e d  i n  t h e  f i l e  of echo p r i n e s  where 

no v a l u e  was d e f i n e d  o r f g i n a l l y ;  e . g . ,  when i n p u t  o f  a s e t  of  d a t a  i s  

t e r m i n a t e d  by u s e  of a v a l u e  -1.0 f o r  t h e  a p p r o p r i a t e  v a r i a b l e .  

Comparison with Hand Solri  t i o n s  
_ - - . l l l - - l _ _ _  

42.  With t h i s  s i m p l e  example,  a hand compar ison  can  e ~ ~ s i l y  be  

made ( T a b l e  2 2 ) .  Olson and T,ndd e x p l o r e  t h e  compar ison  of  classical ani; 

t h e  f i n i t e  d i f f e r e n c e  a n a l y s i s  i n  more d e t a i l .  



Table  21 

O u t p u t  Data F i l e  f o r  Program FD31 Example Problem 

CUP, PKP 
" - 8 5  .85 

EXAMPLE PROBLEfl FOR SETTLEHEN? PACKAGE 

TABLE 1 

ORIGINAL MUPlBER OF SUBNERGED 
LAYER THICKNESS NODES UNIT WEIGHT 
HO. FEET (PSF 
t 9.08 2 5 1  8 

TABLE 2 

D A T A  O W  M A ' f E R  T f i B L E  A N D  D R A I N f i e E  

THE UAOEW TABLE U l L L  WEPlAPW AT A CONSTANT ELEURPXOW UXVW 
ZUPO -a@.@ FEET*  

BOTH HORIZONTAL BOUNDQRXES AWE FREELY DRAIHINCe 

THE PROGRAR UXLL TREAT ANY LAVER AS FREELY DRRIHXNC Xf 
CUeCEo @,PBE 83 5Q.FT.BER DAY. 

STAT IC  PORE URTER PRESSURES aBOUE THE MeOEW PRBLE &RE ASSURED 
TO BE ZERO AT ALL  TIflES.  

ALL SRND LAVERS ARE ASSURED TO DRAIN FREELY HH OWE HORIZONTAL 
DIRECPXOM AND THUS MAUE ZERO EXCESS BORE PRESSURES AT 6LL TIRES*  

W B L E  3 

I W X T X A L  E X C E S S  P O R E  P R E S S U R E S  

LAYER 
NO. 

1 
1-2 
2 
2 

NODE 
NO. 

i 
2 
3 
4 
5 
6 
7 
8 
9 

i e 
a I 
i 2 

PORE PRESSURE 
( P S F )  
Pi. 
Pi. 
8 .  
8 ,  
5 .  
8 .  
0 * 
8 .  
8 ,  
8 .  
8 .  
0. 

( c o n t i n u e d )  



Table  21 (Cont inued)  

TClBtE 4 

L O A D  H I S I O R V  

F I L L  OQTAI. TIRE FILL TIRE FILL 
LAYER UNIT YEIOHI CONSIRUCTIQH BEGINS CONSTRUCTXQH ENDS 
NUfl8ER (PCF 3 (DAYS tDAYS) 

EflBAMKREN? 
TXFlE WEIGHT 

(DAYS 3 (Ft 
8. 0 .  
8 .  26-00 

5880. 263.80 

TABLE 5 

8.1 DhVS 
1 .B DAYS 
4 . Q  OFIVS 

18.8 DAYS 
40.8 DaVS 

168.8 DAYS 
408.0 DAYS 

. 1 8 0 @ * @ D n Y S  
20BB.B DAYS 

( C a n t i n u e d )  



Table 2 1  (Cont inued)  

TABLE 6 

E - P  C U R V E S  

EFFECT'IVE 
STRESS UOID 

LRYER (PSF) R A T I O  

SLOPE OF 
REBOUND 

E - LOG P 
LAYER CURVE 

VRLUES OF E ARE FOUND BY IWTEWPOLfiTINC 
E AND P NATUUALLV. 

T A B L E  'P 

EFFECTIVE GOEFP.OF COEFF *OF 
LAVER STRESS COWSOLID6TfOW PEWREABHLXTY 

NO. PSF SO. FTjDA'P FTJDRV 
1 NOT INPUT 0,2$E 03 @.2@% $3 
2 HOP INPUP 0.58E-81 @. WE-8 8 

(Continued) 

7 7 



Tab le  2 1  ( C o n t i n u e d )  

TABLE 9 

TABLE OF CONTROL PARAMETERS 

THE nexxnun WALUES OF ALPHA A R E  LIHITED TO 0.5 DU R I N G  toADxnc OR 
UNLOADINCI TO 0.5 FOR ANY NON-LOADING PERIOD EXCEPT THE LAST ONE 
AND TO BETUEEN 8.5  AND 2e.0 DURING THE LAST LOADING PERIOD. 

THE GAUS-SEXDEL ITERATIONS UILL CONTIMUE UNTIL NO PORE PRESSURE 
CHANGES 8 V  PlORE THAN 0.1e PSF FROfl ONE ITERfiTZON TO THE NEXT BUT 
THE ANALYSIS UILL TERflINATE IF 100 ITERATXONS ARE PERFORRED FOR 
hHV ONE SET OF PORE PRESSURE CALCULATIONS. 

IF THE TH TIHE USED BETWEEN ONE OUTPUT T r # E  A N D  THE HEX7 EXCEEDS 
5.0 SECONDS, THE ANALVSIS IS TERMINATED 6FTER OUTPUTTING THE DfiTf3. 

Sf4 SUBROUTINE CONSOL, THE PROCRAPl ITERATES OH THE EFFECTIUE STRESS 
EOUfiTIOH UNTIL MO VALUE OF P(1) CHANCES BY #ORE THAN 8.18 P5F. 
THE NUHBER OF SUCH ITERATIONS IS OUTPUT 6s CHCP. 

XF THE RAXIHUR FRACTIONfiL CHANGE IN ANY VALUE OF CV EXCEEDS i.O 
[OR 1 s  LESS THRN THE RECIPROCOL OF THIS NURBEW FOR DECREASING UhLUES 
OF CU) THEN THE PROCURB REDUCES THE TINE STEP TO 
D?*DYOB.QfCWCLlB/CWGflAX AND STARTS ON f i  NEM SET OF CRLCULfiPIONS. 
FOR THIS PROBLER FCUel.0 XS THE RAXINUR FRACTIONRL CHQNCE I M  CV 
IS LESS THQH 0.1 THEN THE RNnLYSXS DOES MOP CYCLE BACK- IF THE 
RAXIflUfl FRACTIONAL CHQNCE IS BETUEEN 8.1 AND 1.8 A SET OF AVERAGE 
CU VALUES AWE CGLGULRTED AND THE ChLCULATIONS ARE REPEATED* 

I N I T I A L  C O H D X T I O N S  

LfiYER NODE Z(1) 
Hoe NO. PSF 
i 1 $. 

1-2 2 1 008 
a 3 2.008 
2 4 3.080 
i! 5 4.088 
2 6 5.008 
2 '9 6.080 
I! 8 '9.088 
2 0 8.800 
2 18 9.000 
2 11 90*080 
2-3 12 i1.008 

SIGNSO( I I 
PSF 

STATPP( I ) PREPP( I )  
PSF P S F  

1872.88 8. 
1934.40 8. 
1996.88 04 
2859.80 8 .  
2121.60 0. 
2984.00 8. 
2246.48 0. 
E308e88 0 .  
2371.20 8 .  
2433 60 0. 
2496.88 0. 
2558.48 0. 

P(I1 S(I) 
PSF F T 
8. 8 .  

58.88 8. 
180.08 8. 
150.08 0. 
200.00 8. 
250.00 (9. 
388.00 e .  
358.68 0 .  
400.80 0. 
450.00 CP. 
580.00 0. 
550.00 0. 

NO, NO. FT. 
1 11 0.588 
2 a ;.set3 
2 3 2.586 
2 4 3.508 
2 5 4.580 
2 6 SaSCDB 
i? 7 6.500  
a @ 7 .5so  
e s 8 .580  
2 2s Q.500 
2 r n  ne.se0 

PSF 
25.08 1.808% 
75.08 2.805E 

125.00 2.0044 
175.08 t.8Q31 
225.08 2.8018 
275.80 2.8806 
325.00 Ieg9D4 
375 .68  ia9QDl 
425.00 1.9069 
475.80 1.9'356 
625 .88  1,9944 

(Con t inued )  

FT. FT. 
1.806 8.5058 
1.008 0.332'7 
1.808 5.3328 
1.800 8.3338 
i~QCP8 0.3331 
1.080 8.3333 
1.050 5.3334 
l.080 6.3335 
to6OB 8.3337 
1.BBB 0.3338 
1.000 6.3348 



T a b l e  2 1  (Cont inued)  

TABLE 11 

S O L U T I O N  I H F O R B A T I O N  

PIUE (DAYS) 0.1  
TIRE STEP(DAVS) 8 0 . 1  
LOAD 0 (PSF 2248.88 
ELEUATION OF WATER TABLE (FT.) - 38.0 
ELEVATION OF TOP OF FILL (FEET) s 19.99 
HUBPER OF ITERATIONS - 2 
UPPER L I H I T  ON ALPHA 0.500 

LAYER 
NO. 
I 

afixInui4 DEVELOPED GLPHA 
SICFU (PSF) * 
NO. OF CYCLES THRU COEFF = 
PPl TIRE (SECONDS) - 
CHCP (PSF) a 
RP 

NODE 
no. 

DEPTH 
FT. 

TOTAL 
STRESS 
PSF 

2872.5 
2984.9 

TOTAL 
PB 
BSF 

1872.5 
1934.9 
2992. l 
3059.5 
3121 e 9  
3184.3 
3246.7 
3389 1 
3371 - 5  
3433.9 
3499.3 

-2558.4 

EXCESS EFFe 
P P  STRE5S 
PSF PSF 

0. i008.Ct 
0. 1850.8 

995.0  185.0 
l Q 8 8 , 0  850.8 
9688.8 208.8  
i @ 0 8 * 8  258.8 
1608.8 388.8 
1088.0 350.8  
1808o0 408.8 
1808.8 450.0 
995.0 5635.8 

0 .  1558.8 

EFF, CV CUWEU 
DEPTH STRESS VOID SQeFVP SO.FT/ K PFI DZ 

Lo IN F f r  PSF R f i T I O  DAY DRY FTNDAY BtPHA PSF FTe 

LQYER COHPRESSIBN 
NO. ( INCHES) 

( C o n t i n u e d )  



T a b l e  2 1  ( C o n t i n u e d )  

TABLE 11 

S O L U T I O N  I H F O R U A T I O N  

TIflE (Df iYS) rn 1.0 
YIUE STEP( DAYS) 0 9 
LOAD Q (PSF) • 2248.08 
ELEUATION OF WATER TABLE (FT .1  m 38.8 
ELEVATION OF TOP OF F ILL  (FEET1 9 19.99 
NUHBER OF ITERATIONS 0 3 
UPPER t I n I r  ON ALPHA - 0.500 
RAXINJH DEVELOPED ALPHA 9 8.045 
SICFU (PSF) - 624.6 
NO. OF CYCLES THRU COEFF 1 
Tfl TIRE (SECONDS) w 8.271 
CHCP (PSF) 0 -0 808 
HP @ 1 

LAVER 
NO 
9 
i -a 
a 
2 
2 
2 
2 
2 
2 
a 
2 
a 

NODE DEPTH 
NO, FT, 

t 0.059 
2 1.009 
3 2.005 
4 3.005 
5 4,005 
6 5*@05 
7 6.985 
8 9.085 
0 8.005 
88 F1.085 
1 1  10.884 
12 11.008 

TOTAL 
STRESS 

PSF 
2872.6 
2985 + 8 
3097. i 
3209.5 
3321.9 
3434.3 
3546.7 
3659.1 
3751.5 
3883 9 
3996.3 
4108.4 

T OTAL 
PP 
PSF 

1872.6 
1935.0 
2949 2 
3058.3 
3121 a 9  

3184.3 
3z4cj.7 
3309 e 1 
3371.5 
3432.7 
3448.4 
2558.4 

EXCESS 
PP 
PSF 

8.  
8. 

952 1 
998.8 
1060.0 
1080,0 
1800.0 
1080.8 
1088.0 
998.8 
9 5 2 . 1  

0 ,  

EFF. 
STRESS 

PSF 
1088.0 
1058.0 
147.9 
P51.2 
208.8 
258.0 
308.8 
350.0 
4h38.0 
451.2  
547.9 
1550.0 

EFF. CU CUNEU 
DEPTH STRESS VOID SQ.FT/ SQ.FT/ # PB1 DZ 

LI %N FP* PSF RATIO DAY DAV FV/DAY ALPHfi P4F FTe 

eaYEa CORPRESSION 
NO. ( INCHES 1 

(Continued) 



T a b l e  2 1  ( C ~ n t i n u e d )  

TABLE 1 1  

TINE (DWS) 
T I R E  STEP(DAV5) - 
LOQD O ( P S F )  
ELEVATION OF UATER TRBtE (FP.) 
ELEVATION OF TOP OF FILL ( F E E T )  
HUflBER OF ITERATXONS 
UPPER LIttIT ON OLPHA - 
HAXXflUt9 DEVELOPED ALPHA 8 

SICFU (PSF) a 
NO, OF CYCLES THRU COEFF 0 

TR f I f l E  (SECOHDS) 

LAYER MODE 
NO. HO. 
1 1 

1-2 a 
2 3 
2 4 
2 S 
2 6 
2 7 

DEPTH 
FT.  
0.015 
1.015 
2.Bi0 
3,008 
4 888 
5.088 
6.088 
7.008 
8,888 
9.007 
18.586 
12.088 

TOTAL 
STRESS 
PSF 
2872.9 
2985.3 
3897 4 
3289.7 
3322. B 
3434.5 
3546.9 
3659.3 
3779.7 
3884 1 
3996.3 
4188.4 

TOTAL 
PP 
PSF 

187Z.9 
1935.3 
2665 .? 
2992.7 
3111.9 
3183.1 
3246.5 
3307.9 
3361 e 5 
3367 0 
3164.7 
2558 4 

EXCESS 
PP 
PSF 
0. 
0. 

668e3 
933.8 
909.8 
998.6 
999.7 
998 6 
989.8 
933bb 
668.3 
8. 

EFF ,-- CU GVNEU 
DEPTH STRESS UBXB SQ.FT/ SO.FT/ K 

R A T I O  DAY DAV FT/DAY 

2.8800Stdtt~f8~BXtB 8.20E 838 
1.989 8.8SBB 8.0588 8.50E-$1 
1.999 8.8508 0.0508 8.58E-81 
2.002 0.B588 8.8588 0.50E-81 
2.B82 8.8588 8.8500 0.50E-81 
3.801 0.0508 8.0588 8.58E-89 
1,999 0.BS08 0,85B@ 8.586-81 
1.998 0.9580 0.8508 8.50E-BI 
9.996 8.8508 8.%50@ 8r50E-Bi 
1.991 8.8588 0.0508 8*58E-0% 
1.978 8.0588 8.0588 0.5BE-81 

L&YER CORPRESSXOt-! 
NO* ( I N C H E S  

SETTLE- 
BENT 

FT 
@.@is 
8.816 
8.818 
0 a $88 
8 e 8838 
8,808 
B.088 
8,888 
8 .  $88 
8.089 
8.056 
8 .  

(Con t inued )  
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T a b l e  2 1  (Con t inued )  

S O L U T I O N  I N F O R f l Q T f O N  

TIHE (DAYS) 0 100.0 
TIRE STEP( DAVS) - 2 .  e 
LOAD Q (PSF 0 2248.80 
ELEUATION Of MATER TABLE (ft .) 38.0 
ELEVATION OF TOP OF FILL (FEET) * 19.96 
NUUBER OF ITERATIOHS 3 
UPPER L I n r t  ON ALPHA . 0.882 
nAxInun DEVELOPED ALPHA - 0.108 
SIGFM (PSF) - 626.7 
NO. OF CYCLES THRU COEFF a S on TrnE (SECONDS) 0.065 
CHCP (PSF) 8.0Q8 
RP 1 

LAVER 
KO. 
i 

1-2 
a 
a 
2 
a 
2 
i.2 
2 
a 
2 
2 

NODE 
NO. 
1 
a 
3 
4 
5 
6 
7 
8 
9 

18 
11 
1 a 

DEPTH 
FT.  

8.043 
1.043 
2.835 
3 030 
4.026 
5.823 
6.021 
1,019 
8.017 
9.813 

18,007 
11.880 

TOTAL 
STRESS 

PSF 
2874.1 
2987.1 
3099.0 
3211.1 
3323.2 
3435.5 
3547.9 
3660. Cj 
3772.2 
3884.4 
3996.5 
4108.4 

TOTAL 
PP 
P5 F 

1874.7 
1937.1 
2241.3 
2519.3 
2749.8 
2916.2 
3014.1 
3048.7 
2997.9 
2892.5 
2738.7 
2558.4 

EXCESS 
PP 
PSF 

8.  
0 .  

242.3 
458.2 
625.7 
730 r 7 
766.4 
730. 7 
625.7 
458.1 
242.3 

8. 

EFF.  CU CVNEU 
DEPTH STRESS VOID S Q . F P /  SQ.FT/ K 

L a  I N  FT. PSF RATS0 DAY DAY FT/DAY 

LAVER COHPRESSION 
NO. ( INCHES 

EFF. 
STRESS 

PSF 
1008.0 
1050.0 
857.7 
691.8 
574.3 
569 .3  
533.6 
619.3 
774.3 
991.9 

1257.7 
1550.0 

SETTLE- 
MENT 

F T  
0.043 
6.843 
0.835 
0.038 
8.026 
0 023 
8.021 
8.0  19 
8.817 
8.813 
0.087 
8. 

Pn DZ 
PSf  FT. 

1055.8 1.000 
953.8 0.9S3 
774.7 8.995 
633.8 8.996 
546.8 0.997 
526.5 0.998 
576.5 0.998 
696.8 0.997 
883.1 8a99bi 

1124.8 0.995 
1403.9 8.993 

( C o n t i n u e d )  
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Table 21 (Continued) 

TABLE 11 

S O t U T X O N  I N F O R n A t I O N  

tInE ~ D ~ Y S )  = ieee. e 
TIHE STEP(DAY5 1 23.8 
LOAD O LPSF) 0 2248.08 
ELEVhPlON OF URTER TABLE (FT. ) 38.0 
ELEVATION OF TOP OF FILL (FEET) 19.92 
HURBER OF IPEAATIONS - 3 
UPPER ~xnxt OM ALPM 4.314 
PIfiXIflUfl DEVELOPED ALPHA # 1.128 
SICFU (PSFI  s 629.2 
NO* OF CYCLES OHRU COEFF * 1 I 
OR TIRE (SECONDS) 0,154 
CHCP (BSF ) rn -8.BBO 
POP 0 1 

NO. NO. 
II 1 

9 -2 i? 

DEPTH 
FB, 
8.083 
9.883 
2.075 
3.866 
4.858 
S.BS% 
6.041 
7.033 
8.825 
9.019 
PB.008 
11.008 

TOTAL 
STRESS 
PSF 

2877.2 
2.989 6 
3181.5 
3283.3 
3325.2 
3437.1 
3549.0 
3660 e 9 
3772.8 
3884 6 
3996 5 
4988.4 

TOTAL 
P P 
PSF 

1877.2 
8939.6 
2084e2 
2868.6 
2132.4 
2195.6 
2257.8 
2319.3 
2379.9 
8439 e 8 
2499.2 
2558.4 

EXCESS 
P P 
PSF 
8 .  
0. 
2.8 
5.3 
"t.2 
8.4 
8.9 
8 . 4  
7.8 
6.2 
2.7 
8.  

EFF* 
STRESS 
PSF 

800@,@ 
8858.a 
1897.2 
9344.7 
11192.8 
1241.6 
4291  a l l  

9341.6 
1392.9 
9444.8 
%4S)'B,3 
8550,B 

SETTLE- 
P)ENP 
&P 

8.883 
8.883 
8.875 
8 e 068 
8 .  058 
8.858 
B.841 
8.833 
@a825 
0.817 
0. %ti8 
8. 

EFF CU CWNEM 
DEPTH STRESS VOID SQ.FYP SB,FTP K BP) 82 

L o  IN FP. PSF RABHO DAY DRY FP/UAV ALPHA PSF BT* 

LAYER COHPRESSIOH 
NO 1 ( INCHES 1 

( C o n t i n u e d )  
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Table 21 (Concluded) 

TABLE 12 

5 U D I P I A R Y  O F  T I P I E  S E ' P t L E f l E N ?  D 6 k - i - A  

TIRE 
( DeYS 

0.1 
1 .B 
4.0 

1e.0 
48.8 
100.0 
488 0 
lf288.0 
208%. 0 

SETTLEflENT 
(FEET) 
8.00848 
8).8@915 
8.81140 
8.01517 
0 02757 
8.04267 
8.87417 
8 88287 
8.88331 

DECREE OF 
CONSOLIDf3TIOH 

(PERCENT 1 
10.1 
11.8 
13.7 



Table 22 

Comparison of FD31 and Hand S o l u t i o n s  f o r  - 

S e t t l e m e n t ,  f t  

Hand S o l u t i o n  
0.08331 

Time 
d a y s  * 

0.1 

1 . 0  

4.0 

10.0  

40.0 

100.0 

400. o 
1000.0 

2000.0 

Degree of C o n s o l i d a t i o n  
- p e r c e n t  
FD31 S o l u t i o n  _Hand S o l u t i o n  

1 0 . 1  
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APPENDIX A: INPUT FOR EMBANKMENT LOADS--PROGRAM I0016 

I ,  This  appendix  describes t h e  a d d i t i o n a l  i n p u t  da ta  f o r  program 

I0016 t h a t  a r e  r e q u i r e d  t o  a n a l y z e  t h e  v e r t i c a l  stress i n  t h e  founda t ion  

benea th  a n  embankment. Fol lowing t h e  l i n e s  d e s c r i b i n g  t h e  loaded rec-  

t a n g u l a r  a r e s  ( i f  any) is  a s e t  of  l i n e s  d e s c r i b i n g  t h e  shape and weight 

of t h e  embankment l o a d i n g  ( s e e  F i g u r e s  A 1  and A2) .  These l i n e s  w i l l  be 

n e c e s s a r y  o n l y  under t h e  o p t i o n  where KODE is i n p u t  a s  2 or 3. The f i r s t  

l i n e  r e q u i r e d  t o  d e s c r i b e  t h e  embankment c o n s i s t s  of t h e  f o l l o w i n g  i n p u t  

v a r i a b l e s  ( s e e  l i n e  430 i n  Tab le  A l ) :  

NCOR. NCOR i s  t h e  number o f  p a i r s  of X and Y c o o r d i n a t e s  20 - 
used t o  d e s c r i b e  t h e  c r o s s  s e c t i o n  of  t h e  embankment Load- 
ing .  The maximum a l l o w a b l e  v a l u e  of NCOR is  25. 

b. GAMMA. The v a r i a b l e  GMIMA i s  t h e  u n i t  weight  of  the embank- - 
ment f i l l  i n  u n i t s  of weight  and l e n g t h  compat ib le  w i t h  
t h e  o t h e r  i n p u t  d a t a .  

c. THICK. T H I C K  i s  t h e  i n p u t  v a r i a b l e  whkch d e t e r m i n e s  t h e  - 
number 02 l a y e r s  used t o  approximate  t h e  embankmene Poad- 
i n g s .  THICK r e p r e s e n t s  che maximum al lowable t h i c k n e s s  of 
any l a y e r  used i n  eke  approx imat ion  of  t h e  embankment 
l o a d i n g  . 

d. YMAX. The v a l u e  of  Y W  i s  t h e  l o n g i t u d i n a l  d i s t a n c e  from - - 
t h e  c r o s s  s e c t i o n  t o  t h e  end of  t h e  embankment i n  t h e  
p o s i t i v e  Y d i r e c t i o n .  Y W  should  i n  a l l  c a s e s  be g r e a t e r  
t h a n  o r  e q u a l  t o  zero, s i n c e  t h e  c r o s s  s e c t i o n  (X-Z plane)  
d e f i n i n g  t h e  embankment l o a d i n g  i s  assumed t o  be a t  X = 0, 

e.  YFIIN. The v a l u e  of  Y M I N  i s  t h e  l o n g i t u d i n a l  d i s t a n c e  from - - 
t h e  c r o s s  s e c t i o n  t o  t h e  end of  t h e  embankment i n  t h e  nega- 
t i v e  Y d i r e c t i o n .  Y M l N  shou ld  i n  all c a s e s  be less t h a n  o r  
e q u a l  t o  z e r o  s i n c e  t h e  c r o s s  s e c t i o n  (X-Z p l a n e )  d e f i n i n g  
t h e  embankment l o a d i n g  is assumed t o  be a t  Y = 0. 

2. The remaining c a r d s  r e q u i r e d  co d e s c r i b e  t h e  e m b a n b e n t  loading 

c o n s i s t  o f  a s e r i e s  ~f l i n e s  each d e f i n i n g  a  p a i r  o f  c o r n e r  p o i n t s  ( X , Z )  

o f  t h e  embankment c r o s s  s e c t i o n .  The number of  t h e s e  l i n e s  w i l l  c o r r e -  

spond t o  t h e  v a l u e  of NCOR d e s c r i b e d  above.  These c o r n e r  p o i n t  l i n e s  

shou ld  b e  i n p u t  i n  t h e  same sequence as they  a p p e a r  i n  t h e  embankment 

cross s e c t i o n  ( s e e  F i g u r e  A2) .  I n  o ther  words, t h e  i n p u t  sequence should  

be t h e  same as would be  found by p roceed ing  around t h e  p e r i m e t e r  o f  the  

embankment c r o s s  s e c t i o n  i n  e i t he r  a c lockwise  o r  a counterclockwise 







Table  kl 

Input for I0016 

( C o n t i n u e d )  

A4 



T a b l e  A l  (Concluded) 

DO 'i'Ol-1 U I  :Ski TD PI-111 PF'UGPhM FF.OE1 E>:ISTIEt6 IIAYH F I L E ?  
r'r.'E : 
F I L E  DET'I?RIF'TIOII %I47 CHfiF.'PI::TERS Me:<) 9 f 'i'PE ? FOF. I t l F O  01.1 FQF.'p! 
=IIEI*IDFIT 
110 i'OL1 !rrHIiP OUTPLIT WF I TTEIJ TO Art Dl-ITPClT FILE.? 
=';E :: 
F I LE DEICE I F T  I U I I  (-17 tT.HfiFhC.TERS F1R::.::> 9 TYPE ? FOF. It(FO 1]1.+ FfJF.b1 
=fil-l6$ 



direction.  The l i n e s  required for each corner point w i l l  have a format 

described a s  fol lows (sef l i n e s  440-470 i n  Table A l ) :  

X ( 1 ) .  X(X) is the X coordinate of  a corner (break point) a- - 
i n  the shape of  the embankment cross  sect ion.  

' - b. - Z(1). Z(1) i s  the Z coordinate of a corner (break point) 
i n  the shape of the embankment cross sect ion .  The 2 coor- 
dinates are  referenced to the lowest 2 coordinate which  
has a value of zero. 
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