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Chapter l - ENGIi lEERING T)OCU:.;ENTCITION 

1.1 Introduction 

I;l4GSET (CtAGnitude of SETt l  einent) i s  a conlputer program fo r  

cal culating the magni tude o f  sett lement o f  a 1nu1 ti.-layered so i l  
p rof i le  containing granular and/or cohesive so i l  layers .  

Se t t l  eaent calculations in cohesive 1 ayers a re  based on 

T e r z a ~ h i  3 om-ddimensional consol idation theory. The i n i t i a l  geo- 

s t a t i c  e f fec t ive  s t r e s s  i s  calculated by the program fo r  each layer ,  
input option; a re  provided so t h a t  i n i t i a l  s t a t e s  of e f fec t ive  

s t r e s s  caused by external loadings may be added to o r  replace the 

i n i t i a l  ins i tu  effect ive s t r e s s .  An individual his tory of effec- 

t i v e  s t r e s s  iucrements can be input f o r  each layer  in the so i l  

p r o f i l e  o r  one effect ive s t r e s s  his tory can be i n p u t  for  the en t i re  

soi l  p rof i le .  klhen a  single e f f ec t ive  s t r e s s  his tory ef fec ts  the 

e n t i r e  so i l  p ro f i l e ,  any s t r e s s  d i s t r ibu t ion  w i t h  depth can be 

specif ied.  The deforii~ation cha rac te r i s t i c s  of cohe.sive s o i l s  a re  

input as curves of void r a t i o  o r  s t r a i n  plotted against  e f fec t ive  

s t r e s s .  

Settlement calculations in granu7ar so i l  layers a re  based on 
empirical correlat ions t o - s t a t i c  o r  dynamic penetration f i e l d  t e s t s .  

The methods of Meyerhof and Dqppolonia use data from the Standard 

Penetrati  on T e s t b l  owcount. Schmertmann k nntethod uses data from 

the  s t a t i c  cone penetrometer. . 

Settlements a re  rlot calculated fo r  any layer designated as 
incompressible. This f a c i l i t y  may be par t icu lar ly  useful i f  i t  i s  

desired t o  use an independent method to  cal culate  sand sett lements.  

Tile s o i  1 prof i le  geoilietry tiiay be specif ied i n  terllls o f  depths 
o r  elevations.  Ttie program accepts any s e t  of consi&tent uni ts .  



1.2  Soil Profi le  

The multi-layered so i l  p ro f i l e  i s  defined by the user. The 

so i l  p ro f i l e  consis ts  of  ( i i )  contiguous layers. The layers defining 

the so i l  p rof i le  may be e i t h e r  granular, cohesive, o r  incompressible. 
No calculat ions a re  performed in a layer  tha t  i s  specified incom- 

pressi  bl e. 

The defini t ion of the ( n )  so i l  layers may or  may n o t  coincide 

with the natural geotechnical s t r a t i f i c a t i o n .  The individual layers 

should be selected in such a way tha t  the so i l  properties a t  one 

"average" point in the layer can be assumed to  govern the settlement 

contribution 6f the layer. For example, a thick compressible stratum 

 ill usually be subdivided into several sma'i l e r  layers fo r  calcula- 

t ion  purposes, 

The so i l  p rof i le  geometry i s  specified in terms sf depths o r  

el evations. The program performs a1 l f nternal calculations in terms 

of depths. T h e  program will convert depths or  elevations t o  a 
specif ied datum i f  a benchmark elevation and an elevation difference 

a r e  provided, 

1.3 Settlement in Cohesive Soi ls  

The prediction of consolidation settlement in the cohesive so i l  
layers requires a knowledge of the deformation relationships and t he  

ef fec t ive  s t r e s s  history.  The defornlation relationships a re  given 
by e i the r  void ra t io-ef fec t ive  s t r e s s  curves or  s t ra in-ef fec t ive  
s t r e s s  curves. These curves a r e  usually developed from oedometer 
t e s t s .  ?he e f fec t ive  s t r e s s  his tory  i s  related t o  the manner in 
krhich the so i l  i s  loaded, i . e .  the load history.  

1,3.1 Load Nistory 

The load his tory contributing to  the settieinent f o l l o i ~ s  the 
sequence of construction operat ions 01- natural phenoheila brhich con- 

t r i b u t e  to  t h e  consol idation s e t t i  ement. Some of the construction 
opt'rations which make u p  a load his tory a re  as fo!lovis: 



1) Unloading of the so i l  due to  excavation, 

4- 2) Temporary and/or permanent changes in gi-ound water con- 

h 
2 dit ions.  

3) Loading due t o  the  construction of the s t ructure.  This 

i s  the addition of the s t ruc tura l  dead load. 

4) Loading and unloading due to  variations i n  the l i v e  'load 
. during~tth'e useful l i f e  of the s t ructure.  

5 )  Effects of adjacent construction. 

Each applied load (o r  unload) iniposes an effect ive s t r e s s  

d i s t r i h t i o n  6 n  the s o i l .  For example, an ef fec t ive  s t r e s s  ( a ' )  

prof i le  i s  shown in Figure 1. The natural ( i n s i t u )  e f fec t ive  

s t r e s s  d is t r ibut ion  i s  shown by curve (1) .  I f  the f i r s t  s t ep  i n  

the 'construction sequence i s  an excavation the effect ive s t r e s s  

d is t r ibut ion  curve changes from (1) to  (21, A building loading 

fur ther  changes the effect ive s t r e s s  d is t r ibut ion  from curve ( 2 )  

to  curve (3) .  

The consolidation settlement i s  governed by tile e f f ec t ive  

s t r e s s  history.  This history,  in  turn ,  i s  governed' Gy t h o  load 
history.  For the example shown i n  Figure 1, the in s i tu  e f f ec t ive  

s t r e s s  fo r  the ( i t h )  layer i s  a t  the  point ( a ) ,  The change in 
e f fec t ive  s t r e s s  due to  excavation changes the ( i t h f  layer e f fec-  
t ive  s t r e s s  t o  point ( b ) ,  producing an increinent of e f fec t ive  

s t r e s s  of ( - A O ~ ) ,  where the minus ( - 1  sign i s  fo r  unloading. The 
subsequent foundation loading changes the ( i t h )  layer  e f fec t ive  
s t r e s s  t o  point ( c ) ,  producing a n  increment s f  ef fec t ive  s t r e s s  

(do;). i t  i s  these increments of e f f ec t ive  s t r e s s  which produce 

the settlement contribution of the ( i t h )  layer.  

1 . 3 . 2  Specifying the Effective Stress  tiistory 

The ef fec t ive  s t r e s s  history fo r  the so i l  p rof i le  must be 

established for  the calculation of sett lements in the cohesive 

so i l  layers.  This history i s  i n p u t  t o  the progt-airl by specifying 



F i g u r e  1 

EFFECTIVE STRESS HISTO?Y 



a  s e r i e s  of e f fec t ive  s t r e s s  increments in each cohesive soi l  

1 ayer. 

The ef fec t ive  s t r e s s  increments a re  specified in the fo l -  

Ipwing notation. The index ( S )  r e fe r s  t o  a cohesive layer  number 

where ( i )  can range i n  value from one (1) t o  (::). The index (3 )  
r e fe r s  to  the e f fec t ive  s t r e s s  his tory point. There a re  (!.:I 

,s* ) increments of 'effective s t r e s s  where (.!=I, 2 ,  . . .... . Thus, 
I ( . i s  the e f fec t ive  s t r e s s  fo r  the ( i t h )  layer a t  the end of 
9 

the ( j t h )  e f fec t ive  s t r e s s  increment ( A D :  <- ) .  
*. 3 ., 

A geperaf I-elationsh.r'p fo r  the e f fec t ive  s t r e s s  incren~ent 

(no: i) i s ,  
c4 9 

The ins i tu  effect ive s t r e s s  f o r  t.he ( i t h )  l ayer  i s  ( a '  - 1 .  
0 , 7, 

This value may be e i the r  specified or  calculated by  the program, . 

The ef fec t ive  s t r e s s  increments should be specified t o  

represent an "'average" value in each cohesive layer tha t  i s  

assumed t o  govern the settlement contribution o f  the layer .  

There a re  three ways in which the e f fec t ive  s t r e s s  history 

can be i n p u t  t o  the program. They are  as follows: 

1) The ef fec t ive  s t r e s s  his tory i s  specified f o r  each 
cohesive layer. The ef fec t ive  s t r e s s  increments 

(do '  . )  a re  input by layer.  There are ( r : )  values of i 9 -2 

e f fec t ive  s t r e s s  input f o r  each cohesive layer .  

2 )  The ef fec t ive  s t r e s s  his tory i s  uniform w i t h  depth. One 

s e t  of (m) ef fec t ive  s t r e s s  increment values (AG'.) i s  
G 

i n p u t  which appl i es  t o  a l l  cohesive layers .  The prograin 

ca lcu la tes  the e f fec t ive  s t r e s s  incre:nents (50. . )  for  
J ,  3 

each cohesive layer a s ,  



3 )  The effective stress history is specified with a layer 
dependent stress distribution function (f/: One set of 

t 1 
i effectivd stt-esi increment values ( I - . )  is input. 

.3 
Also, the stress distribution function va lue  (f:) is input 

b 

for each cohesive lzyer. The program calculates the 

effective stress increments ( A  . for each cohesive 
J, 

l ayer as ,; 

1.3.3 Deformation Relationships 

The program assumes that the deformation of t h e  cohesive soil 

layers is governed by an effective stress-strain relationship. 

This relationship may be specified by a strain-effective stress 

curve or a void ratio-effective stress curve. These curves are 
simplified as a series of straight l i n e  segments on a semi- 
logarithmic plot. 

The void ratio-effective stress re1 ationship s h o ~ ~  in Figure 

2 pertains to the example previously given for the effective 

stress history provided in Figure 1. 



Log Effective Stress ( : : I )  

FIGURE 2 

E X A H P i E  VOID RATIO-EFFECTIVE ST2ESS REiATIO?/SHI P 

in Figure 2 ,  the s t a t e s  of e f fec t ive  s t r e s s  represented by (a;) 

, and  (0;) are  the s t a t e s  of s t r e s s  shown by points ( a ) ,  ( b ) ,  

and ( c )  respectively in Figure 1. 

The deformation, as  characterized by the void r a t i o  ( e l  has 

the following history.  

1) Star t ing  from (e,, gi), the so i l  expands to  a point 

( eb ,  0 6 ) .  The net change in void r a t i o  due to  excava- 

t ion i s  [neb) .  

2 )  Subsequent to  excavation the foundat ion 1 oading t races  

the curve from (eb ,  0;) to  (e,, G : ) ,  resul t ing in a net 



compression of (iec) a 

3 )  The net change in void ratio due to the construction 

sequence ( ~ e )  is, 

Some characteristics of thk void ratio-effective stress - 
curve shown in Figure 2 ~ihich are characteristic of a more gen- 
eral relationship are as follows: 

1) If a laboratory curve is developed by loading only, a 
unique curve called the "primary loading envelope" -is 

formed. 

2 )  The primary loading envelope can be formed by several 
straight line segnents. Each line segment is called a 
"'primary loading segment"', 

3) The unloading path has a slope which may be different 
than the primary loading segment from whic3 it developed. 

4) The slope of all the unloading paths developed from the 

same primary loading segment wil l be the same. The un- 
loading slopes, however, will be different For different 

primary loading segments. 

5)  A reloading will follow the unloading path until the 
primary loading envelope is reached. This envelope will 
be followed thereafter. 

The slope of the void ratio-effective stress curve is mea- 
sured by the compression index ( C c )  and the expansion index (CeIe 

Following the rules given above, the compression index applies to 

the primary loading envelope, while the expansion index appl ies 

to the unloading and reloading curves. In the reloading case, 
the applicability of (C ) is only in the  region whei-5 the  e f f e c -  

e 
t h e  stress is less than the effective stress for unloading. 
Beyond that point the compression index ( C c )  applies. 



Using Figure 2 as an exanlple, the compression index (C,) for 

( 0 '  > 0 ' )  is, a 

e = ea - Cc logl,(08/o;). ( 5  1 

The expansion index (C,) for (0' < 0;) i s ,  

In any one of the paths of Figure 2, a strain increment can 

be defined. The strain increment developed from the initial un- 

loading due to excavaticn (brb) is 

She strain increment developed due to the final loading ( A E ~ )  is. 

In addition it is convenient to calculate the constrained 

compressibil ity (my)- This is useful for input to programs which 
calculate the progress of settlement. Again referring to Figures 
1 and 2, the constrained compressibility (rnvb) for unloading is, 

and the constrained compressibility for loading is, 

m = A&,/A~;. v c (10) 

Generalizing the above, a notation can be established for a 

general void ra tio-effective stress relationship consisting of an 

arbitrary number of primary loading segments, as shopin in Figure 
3 ,  



F I G U R E  3 

A R B I T R A R Y  VOID RATIO-EFFECTIVE STRESS RELATIOFISHIP 

Let the extremities o f  the priniary l ine  seg v n t s  .... be indexed 

by ( k )  where there a r e  ( p )  points defining the curve. T h u s  ( k  = 1, 

2 ,  3, . . . p ) .  The priiiiary loading segment between ( 4 )  and (h+i) i s  

indexed ( k j 0  Thus as  shown in Figure 3 t h t r e  are  5 points a n d  4 

1 ines. 



From the viewpoint of notation, the e f fec t ive  s t r e s s  (a,'. .) -. ,i 
i s  the ( k t h )  end of a primary loading segnent for  t h e  void ra t io-  

e f fec t ive  stress relationship fo r  the  ( i t h )  layer.  The v o i d  

r a t i o  (ek, i )  i s  s imilar ly defined. 

Figure 4 presents an arb i f ra ry  primary loading se~;ient k i i t n  

zn unl oad-re1 oad l ine. 

FIGURE 4 

SEGIlIEIiT OF VOID RATIO-EFFECTIVE STRESS CLlRVE 



This segment goes from point ( k )  to point (k+1) .  The unloading 

point i s  indexed ( u ) .  Tile compression index (C ) . of the ( 4 t h )  c i r ,  i 
line of the (ith) layer is defined as, 

'e 

where (ei) is the.resu1ting void ratio, and the arbiirsry effec- 

tive stress (0;) is, 

The expansion index (Ce)k,i assaci-ated with the (kth) line of tne  

(ith) layer is defined as, 

where, 

As an example of the use of equations (11) and(12) consider 
.. - the folloi.iing four examples shoivn on Figure-4. 

1) Let the effective stress history advance from 
I 

G I , i  3 u i  4,;" Then, 

2 )  Let the effective stress history be, Q;, + 0.l 
t 

Y-,:: -& u2,-1- 
Then the void ratio increment ( b e . )  must be calculated 

Z 
in two parts. First, 



Then, 

And the void r a t i o  increment f o r  the e f fec t ive  s t r e s s  

history i s ,  

where the addition above i s  algebraic.  

3)  For a reloading ef fec t ive  s t r e s s  his tory oh . -+ a '  
,Z 3 , i '  

-. -- 

4 )  Let the e f fec t ive  s t r e s s  h i s t o r y  be, a; . - c f 

, z Z , L  * + O G -  

The void r a t i o  increment (bei) i s  c a k u l a t - e r i n  ttw parts .  

F i r s t ,  

Then, 

The net  void r a t io  increment (bei) i s ,  
* 

where the addition i s  algebraic.  

in the general notation developed nbose the s t r a i n  incre~nent 

f o r  t he  ( j t h )  l o a d  k - i d _  r%; 2 ,  - ,  and t ; , e  ( L t h )  2 a: 2 ) -  ( r  
<7 9 " 

i s ,  



In the example given above and shown on Figure 4, the strain 

increments for the four e f f e c t i v e  stress history cases are as 
follows: 

1) For the history, a '  I a , ;  " '4%; the strain increment is, 

2) For the history a;  - o '  
u,i  'z,i the strain increment 9 i 

is the sum of  the strain increments a l o n g  the loadinq 

. and unloading branches. Thus, 

and 

where ( A E . )  is the net strain increment over the full 
Z 

load history. 

3)  For the history, a;si -+ o;,~' then, 

4) For the history, ' 8 I 
'2,i -f a u , i  '4>iS the strain increment 

is again decofnposed into two separate cal cula lions, 



and, 

The ne t  strain increment is, 

It is noted that in cases (1) thru (4) above there could be 

two definftions cf the strain, These involve the establishment o f  

the initial bise used in the strain calculation. I~LGSET consis- 

tently breaks all calculations in accordance with the slope of the 

void ratio-effective stress lines. When a decomposition takes 

place, the initial value used in the strain calculations is ad- 

justed to account f o r  the change in slope. This is opposed to a 

calcu3ation which uszs an absolute initial void ratio, 

Using the general notation the constrained compressibility 

' m v ' j , i  for the (jth) load history increment and the (ith) layer 

is, 

If the deformation relationships are given as strain- 

effective stress curves, the strain calculations are simplified. 

The characteristics o f  the strain-effective stress curves are the 

same as the characteristics stated earlier for the v o i d  ratic- 

effective stress curve. 

The strain-effective stress relationship shown in Figure 5 

pertains to the exaixple previously given for the effective stress 

iiistory provided in Figure 1. The relationship betwen the 
strain-effective stress i n  Figure 5 and the void ratio-effective 

stress curve in Figure 2 can be seen by comparing t i l e  two curves. 



The s t a t e s  of e f fec t ive  s t r e s s  ( c ' ) ,  ( o b ) ,  and (0 , )  a r e  the same a 
on both curves. The s t r a ins  ( c , ) ,  ( E ~ ) ,  and ( E ~ )  correspond t o  
the void r a t ios  (e , ) .  ( eb)  and ( e c )  The two curves have the 
same generai.shape whec t h ?  s t r z in  i s  plotted decreasing in t h e  

upward direct ion.  

EXAMPLE STHAIC-EFFECTIVE STRESS RELATIOi iSHIP  

T h e  slope o f  the s t i -a in-effect i i fe  s t r e s s  curve i s  nleasui-ed - - 

by t h e  s t r a in  cornpt-ession index (Cc,) and the s t r a i n  expansion 

index ( C e E ) .  . - 



Using Figure 5 as a n  example, the s t ra in  compression index 

( tCE) fo r  (0' > 0 ; ) .  i s i  

The expansion index (C,,) f a r  ( o '  < 0;) i s ,  

The s t r a i n  compression index ( C c , )  and the s t r a i n  expansion ' 

index ( C  ) a re  related to  the conlpression index ( C c )  and the ex- 
ec  < 

pansion index (C ) of the  void ra t io-ef fec t ive  s t r e s s  curve. e  
Referring again t o  Figure 2 and Figure 5 ,  for  t h e  seginent of t h e  

curve ( o '  < 0 '  < 0 ; )  these relat ionships a re ,  a  

and, 

Note tha t  by def in i t ion  the slopes (Cc), (C,)3 ( C C E ) .  and 

( C  ) a re  a l l  posit ive.  e E 

The s t r a i n  increment calcuiat ions follow the same procedures 

used with the void r a t io -e f fec t ive  s t r e s s  curve. For example, t h e  
s t r a i n  increment ( A E ~ )  caused by the unloading due t o  excavation 

i s ,  

- 
- - 

T h e  s t r a i n  increment developed due to  the final loading ( L C ~ )  i s ,  



1.3-4 

The deformation r ~ l a t i o n s h i p s  a re  input t o  the program in 

the form of void rat io-effect ive s t r e s s  curves o r  s t ra in-ef fec t ive  

s t r e s s  curves. T k r e  i s  one curve For each cohesive soil l ayer .  . 

Two options a re  available For specifying the  deformation 

curves. I n  each option a primary loading envef ope of the deforma- 

t ion curve i s  defined by a sequence of points and f ines  as shoxn 

in Figure 6. The point of lowest e f fec t ive  stress i s  point (1) 

with t h e  remainder o f  t h e  points numbered sequent ial ly  in the 

order of increasing effect ive s t r e s s .  The primary loading seg- 
ments a re  a l so  numbered sequentially w i t h  the 1,ine number equal 

t o  the  loi . iestpoint nunber associated w i t h  the  l i n e .  



The remaining information defining t h e  deforxation curve i s  

spec i f i ed  a t  the points a n d  l i nes  of the primary loading envelope. 

T h k  information i s  given by one o f  the following procedures. 

Pricedure 1: a )  The ef fec t ive  s t r e s s  coordinates (u;:,~) a t  t he  

point numbers of t h e  primary lozding envdope 

are  given. 

b )  A reference coor-dinate (e. C: .) or ( r  
/:,<' , .. . ¶ .  7: % 2: 

3.' ) a t  a poiilt n-n:be~- on t h ?  i a -  l o a d i n g  , 2 
envelope i s  speci f  -i ed, 



c )  The s lopes  (Cc, Ce) on (Ccc,, C ) of each l i n e  e c 
on the curve a r e  spec i f i sd .  

Prccecur-2 Z :  a )  Cgor-c!iraies ( ? .  u' .) 0:- (5- 
z , , i ' k k , z  u .) a r e  <,is k 1 2  

spec i f i ed  a t  each point  number of the p r i m a r y  " 

1 oading envelope. 

u,:' stl,i .) a r e  b )  Coordinates (e  o .) o r  (iU,;, v ~ , ~  

Specif ied  a t  a point  along t he  unloading path o f  

each primary loading Sine. 

c )  The slopes ( C c 9  C e )  o r  ( C c - .  C ) a r e  ca lcu la ted  
c e c  

by the program. 

1.4  Set t lements  in Granular S o i l s  

Three methods a r e  ava i l ab le  in t h e  program f o r  e s t i n - *  ~ ~ ~ i n g  t h e  

se t t l ement  of granular  l ayers .  Two of the  methods use d a t a  ob-  

ta ined from t h e  Standard Penetra t ion Test  (SPT)  and one uses d a t a  

from the  s t a t i c  cone penetrometer. The d e t a i l s  of these  methods 

' ~ i i l  be presented in the  sec t ions  t o  follow. 

This method i s  based on an empirical co r r e l a t i on  with the  SPT 

blowcount. Meyerhof (1965) gave the  following equations f o r  t he  

se t t l ement  of spread foot ings  an sands and g r z v e l ,  

f o r  B s 4 f t  (28a)  

5 = se t t lement  magnitude - inches 

Co = foundation ezbedment cor rec t ion  f a c t o r  
a 



N = Standard Penetration Test blowcount 

q = foundation pressure - tons/ft2 

B = f cc t i r . 2  ;&iid:h - f e e t  

The foundation embedment correction fac tdr  (CD) appl ied t o  

Eteyerhof's equation i s ,  

where, 

D = difference in el evation bet~ieen the ground surface 

surface and the foundation elevation. 

The program controls the fac tor  (CD) SO tha t  i t  will not be l e s s  

than 0.5.  

9,4.2 B'Appolonia's Method 

D'Appoioniais method (D'A.ppolonia, 1970) empl oys an enp!rica! 

cor re la t ion ,  developed from f i e l d  case s tudies ,  re la t ing  sand 

nodul us t o  the SPT bl owcount. F o o t i n g  s e t t l  e~nents Bre than 

estimated using e l a s t i c  theory. 

DYppoloniak settlement equation i s ,  

where, 

S = settlement magnitude 

Uo = foundation embedment cot-rection fac tor  

U 1  = stratum thickness correction fac tor  
q = average applied foundation pressure 

B = snlallest footing dimension 

I.? = ~ o d u i u s  o f  compressibil i ty,  i4 = ( 1 - )  nnere E 

i s  the modulus e l a s t i c i t y  and v i s  Poisson" r a t i o  



Values o f  M, Uo, and U, are obtained from the correlations 

presented in Figure 11. eecause D'Appol onia ' s  cot-t-eia t i o n  bet!.!p.n 

mod;lus end .CPT bic*iou:it was d2ve:opej :or footiilg fouad3;icns on 
< 

sand, there are restrictions on f ts use. The corrklation should 

D 
not be applied to raft foundations or to s i l ts  and sandy si l ts .  

9.4.3 SchmeF.tmannls Method 

Schmertmann's (1970) method for the calculation of settl e ~ e n t  

beneath foundations on coarse silts to medium sand uses the static. 

cone-bearing capacit~t to estimate insitu co:npressibility. Strains 
and settlernsnts are the11 calculated utilizjng this information. 

.. - - - 
Essentially, the settlement calculations by this nethod ara 

an integration of strains. It is formulated as, 

s here^ 

Ci = foundation embedment correction factor 

bp = p - where (p) is the foundation pressure and (p,) . 

is the overburden pressure at the foundation level 
B = footing width 

E = modulus of elasticity af  t h e  (eth) sand layer 

1 = strain iofluence factor 
Z 

The embedment correction factor is? 

However, in accord w i t h  ? l a s t : r i : ~ ,  C: should e q ~ i a i  or xcc,:: 0 . 5 .  

The summation in equation (31a)  includes only the sand layers 
~ i t h i n  the depth of influence o f  the footing. 



The modulus of e l a s t i c i t y  o f  :he sand l aye r s  ( E  ) rem3ins t o  S 
be defined. Schmertnrann proposed a sinlpfc correlation fo r  design 

in commcn g r a n l l a r  s o i l s ,  

where (qc) i s  the . s t a t i c  cane- bearing capacity. 

Because the correlation with ( E )  i s  empirical and i s  based on 

( q c )  as obtained from the use of the Delft s t a t i c  c3ne equipment, 

i t  i s  desirable  tha t  the qc p rof i le  input to  the prograa be 

obtained with'sirniiar equipment. 

I t  i s  possible,  b u t  with reduced accuracy, t o  use th i s  

settlement calculation procedure in conjunction ~ i t h  standard 

penetration t e s t  data. Schmertmann suggests the fo110i;ing ap- 

proximate correlat ion,  usual 'ly conservative, beh ieen  1; in bl oi.ts/ 

foot  and qc in kg/cm2. The ra t ios  shown in t h p  following tab le  
a re  only valid fo r  the units given above, 

Sojl Type 

Si 1 t s  , sandy s i l  t s ,  sl i ghtly 2.0 
cohesive s i l t -sand mixture 

Clean, f ine  to  medium sands and 3.5 
sl ightfy s i l t y  sands 

Coarse sand and sands with 5.6  
l i t t l e  gravel 

Sandy gravels and  gravel 6.0 

These convei-sions a re  only recommended as a  tczporai-y e x p -  

dient  unt i l  cone data can be used d i r ec t ly .  



1.4.4 s t r a i n  Influence Factor 

From the theory of e l a s t i c i t y ,  model s tudi?s ,  and experi- 

mental and coinputer sinulations r e s u l t s ,  i t  i s  c i f 3 ? -  t h a t  the 

vert ical  strain under shallow foundations over  ho~ogeneaus, f ree  
draining s o i l s  proceeds f rom a l o w  value inmediately under a 
footing t o  a maximum a t  a s igni f icant  depth below the footing 

and thereaf te r  diminishes wi th  depth. This i s  ccnsiderably 

d i f fe rent  from w h i t  would be expected when assuming a ver t ical  

s t r a i n  d is t r ibut ion  similar t o  the d is t r iba t ion  of increase i n  

ver t ical  s t r e s s .  Such an assumption i s  l i ke ly  to  be incorrec t .  

The curves in Figure 7 shox the d is t r ibut ion  of ver t ica l  

s t r a i n  below the center of a loaded area over a homogeneous 

s o i l .  The curves a ,  b ,  and c shown l"n Figure 7 a re  from theo- 

r e t i ca l  r e su l t s  using Poissonk.  r a t i o  ( v )  of 0.4 and 0.5 a n d  on 

the  resul t s  o f  D '  Appol onia (1968). 

Considering the Snformation avai'lable fo r  the ver t ical  

s t r a i n  d is t r ibut ion ,  Schmertmann (1970) proposed tha t  f o r  

practical work, a  simple piecewise l  inear  d is t r ibut ion  f o r  

ver t ical  s t r a i n  can be used. This approxinate d is t r ibut ion  i s  

shown as curve f in Figure 7. Wlmes ( 1 9 7 4 )  used the d i s t r i -  

bution shown in curve g t o  represent the s t r a i n  d is t r ibut ion .  

Rote tha t  the d is t r ibut ions  i n  curves f and g represent a 
ver t ical  s t r a i n  influence fac tor  ( I z )  and no: ver t ical  s t r a i n  

i t s e l f .  From the theory of e l a s t i c i t y ,  t h e  s t r a i n  influence 

f ac to r  (IZ] i s  related to  ver t ical  s t r a i n  ( E ~ )  i))l the re la t ion-  

shjp,  

where ( p )  i s  the  footing pressure a n d  ( E l  the ri~olu:  115 of e las -  
t i c i  t y .  



'.'e!-rical S t r a i n  Itiflue~ice Factor 1- 
L 

FIGURE 7 

VERTICAL STRAIN I;dFLUE?!CE FUiicSTI0i.l 

She sett lement calculat ions involving a  layered system 

require some assumptions regarding the d is t r ibut ion  of ver t ical  

s t r a in  under a footing. The following section describes the 

methods used by the pi-ogrzm l o  compute sett lements when the so i l  

p ro f i l e  cons is t s  of a ]?yered system within t h e  depth of influence 

of the footing. 

1 .4 .5  Layered Systei~ls 

Eeyerhof's method assumes homogeneous material and D'Appo- 

i o n i a ' s  method i s  s t r i c t l y  applicable only fo r  homogeneous, iso- 

t ropic ,  and e l a s t i c  mater ials .  However, b o t h  methods can give 



accurate resul t s  fo r  s 
layers  of d i f fe rent  blors.counts, provided that  a t-epresentstive 

average blowcount can be selected. This avet-age blowcount i s  

obta ined using the vert ical  s t r a i n  influence Tactcr ( I , )  t o  vteight 

the blowcount i n  each sznd layer  over the depth o f  ' influence o f  

the footing. The aver-age iqeighted b1ou;count (R) is calculated by, 

d 
0 

 here ( N ~ )  i s a t h e  SPT bloi.;caunt in the ( e t h )  sand layer.  

The integrat ions arid sunination conta-i'nzd i n  equation 34 i s  

calculated by MAGSET only for  granular layers  within the footing 

depth of influence. Mon-granular layers  are  excluded. Thus the 

average weighted blawcount (g )  obtained frcnr equation (30 )  i s  an 

average f o r  the sand layers only. When t h i s  value i s  used in the 

Meyerhof and  D~ppoolonia relat ionships the  r e su l t  i s  the s e t t l e -  

ment t h a t  would occur in a homogeneous s a n d  ~ i t h  a bloncount o f  

(N). If  non-granular layers  are  present k~i thin the: depth o f  in- 
fluence, t h i s  set t Ien?nt  nust be reduced by the r a t i o  between the  

s t r a i n  within the sand layers and the to t a l  s t r a in  within the 

depth of influence t o  obtain the s e t t l e ~ e n t  i n  the sand layers 

on1 y ,  

The d is t r ibut ion  of the s t r a i n  influence factor  a n d  the 

depth of influence can be completely specified. The depth of 
influence can be extended beyond a  depth of twice the footing 

width o r  i t  can be truncated i f  a  r ig id  boundary layer  i s  present, 

I n  the case of a r ig id  boundary layer  no vert ical  s t r a i n s  occur  

beyond the boundary. 



1.5 Units  

Any c o n s i s t a n t  set  o f  u n i t s  may be used. All i npu t  da t a  must 

be s p e c l f i e d  i n  t e r n s  of t h e s e  units* However, EIeyerhof's equa- 

tjon i s  an empir ica l  r e l a t i o n s h i p  t h a t  i s  u n i t s  dependent.  There- 
f o r e  i f  I-leyerhof 's method i s  used two  convers ion  f a c t o r s  must be 

inpu t  which w i l l  conve r t  t he  u s e r s  u n i t s  i n t o  t h e  u n i t s  neces sa ry  

f o r  ?{eyerhaf 3 equa t ion .  
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Chapter 2 - DATA IXPUT 

@ Bats is input  t o  MAGSET i n  t h e  order  presented below. 

2 .1  Problem Control Card 

The problem cont ro l  card reads the  probiem number, t h e  number 

of  layers ,  and t h e  mu1 t i p 1  e problem i n d i c a t o r .  

The READ v a r i a b l e s  a re ,  

T h e  FORr-IAT i s ,  

The v a r i a b l e s  a r e  defingd in Table 2 .1 .  

4 ~ -  TABLE 2.1 
S s. 

P R O B L E M  CONTROL CARD 

Probl en number. 

Number of l a y e r s  i n  t h e  s o i l  

p r o f i l e .  !.taximum v a l u e  9"s 15. 

Mu1 t i p l e  problem i n d i c a t o r ,  

i f  c u r r e n t  problem 

i s  n o t  t h e  l a s t  one i n  t h e  d a t a  

f 0 i f  curl-ent p r o b l m  i s  t h e  

l a s t  one in a d a t a  se t .  



Rote:  All en t r ies  a re  r ight  jus t i f ied  integers.  
.- 

2 .2  T i t l e  Card 

Ti t le  or  description o f  the problem. May be up t o  80 alpha- 

nunieric c h a r a c t e r s  which will be echo printed t o  o u t p u t .  

The READ v a r i a b l e  is;- 

The FOR!jAT i s ,  

The variable i s  d e f i n e d  in Table 2.2.  

TABLE 2 . 2  

T I T L E  CARD 

t ion of the problem. Ciay be 
u p  t o  characters in length. 

2.3 Problem Option Card 

This card s e t s  t h e  o p t i o n s  for  the current problem. 

The  READ var iables  a re ,  

!OPT(I), I = %,& 

The FORiv1AT i s ,  



The variables a r ?  deficzd in Table 2.3. 

TABLE 2 . 3  

OPTION CARD 
i 

= 1 units t o  be printed in outpur 

w i l l  be specified 

= 2 no uni ts  will be printed in _c___ 

--- Insi tu  e f fec t ive  s t r e s s  indicator 

= I the ins i tu  e f fec t ive  s t resses  

are  calculated a t  the layer  

midpoifits by the  pi-ogram using 

the uni t  weights o f  t h e  so i l  

layers and the u n S t  weight o f  

= 2 the ins i tu  e f f ec t ive  s t r e s s  

i s  input a t  each layer.  

= 3 the ins i tu  e f fec t ive  s t r e s s  

i s  input a t  each layer  and 

added to  t h e  i n s i tu  e f fec t ive  

s t r e s s  calculated by the pro-  

Effective s t r e s s  h i s t o t - y  s p e c i i i  



= 1 an effective 

i s  input for each clay layer. 

= 2 one effective stress history 

is input that is valid for a1 1 

= 3 one effective stress history 

is input that i s  valid for a l l  

clay layers in the soil profile. 

A stress distribution function 
w i l l  be input for each layer. 

The effective stress history 

for each layer is deterinined by 

mu1 tiplying the lajfer's dis- 

tribution function by the stress 

history of the profile. 

Deformation curve type 

= 0 if there are no clay layers 

in the soil stratum. 

= 1 strain-effective stress curves 
I 

= 2 void ratio-effective stress 1 

Deformation curve specification- : 

= 0 if there are no clay layers i n  

the soil stratum. ! 
! 

i = 1 deforn~ation curves are input , 
I using coordinate points of void i 
I 

ratio or s t r a i n  vet-ius effec- 

tive stress. Slopes betiieen 



= 2 deformation curyes are input 

using slopes, effective stress 

values and a reference coor- 

Sand settl ernent method indicator 1 
= O if there 2re no sand layers 

in the soil s t ra tum.  

= 1 Meyerhof's method. 

= 2 D'Appolonials method. 

= 3 Schmertmann's method. 

= 4 all three of the above methods 

wi?? be used to calculate sand 
1 ayer settl ements. I 

I 
Vertical strain i~~fluence functioni i 
= 0 if there are no sand layers 

in the soil stratum. -. . 

= I curve; in Figure 7 ivi1 l be 

used in the calculation of an 

average b l  ovicount and/or the 

strain calculations. 

I i 

= 2 curve F in Figure 7 will be 

used in the calculation of an 

average blowcount and/or the 

strain calculations. 

= 3 a vet-tical strain' irifl  uence 

function !tii7 1 be input. 1 



Datum conversion o p t i o n  

= 1 depths o r  elevations input  

will not be converted t o  a spe- - 
c i f ied  datum. 

= 2 depths or  elevations i n p u t  

will be converted t o  a  speci- 

.. - 

2.4 U n i t s  Card 
____cc_____---- 

T h i s  card specif ies  the length and force uni ts  of t h e  input 

d a t a .  i t  i s  input only i f  IOPT(1) =_L----- 

The READ variable i s ,  

The FORMAT i s ,  

The u n i t s  d e s i g n a t i o n  is c o n t r o l i e d  i n  accordance w i t h  t h e  
* 

column contro'i given i n  T a b l e  2:4. 



TABLE 2.4 

UNITS CARD 

L e n g t h  units.  The ent ry  shou ld  

be centered w i t h i n -  the  specifjed 

f i e l d  f o r  pre4entabi l i ty  of out- 

Force uni ts .  The entry should 

be centered within the  specified 

f ie ld  f o r  presentabil i  t y  o f  out- 

MAGSET-II does not distinguish uni ts  in the calculat ions.  - 
The i n p u t  units a re  only printed in the output t o  indicate  which 

s e t  of- consistent uni ts  were used for  the input data.  
&be 

I 

L 2.5 Ground Water Data 

This card inputs t h e  uni t  w e i g h t  o f  water and the ground 

water position, 

The R E A D  variables are ,  

GW, GGIELEV . 

The FORMAT i s ,  

$24 
T h e  variables a re  d e f i n e d  i n  T a b l e  2 . 5 .  



TABLE 2 . 5  

GROUPiD WATER DATA 

U n i t  weight o f  water. 

Depth o r  elevation of the  ground 

This sequence of cards def ines  the  posi t ion o f  t h e  l aye r  

in te r faces .  There a r e  NLAYER + 1 of these cards .  

The READ var iab les  a r e ,  

Read i n  a DO loop w i t h  a  range from 1 t o  1ILAYER + 1- 

The FORMAT i s ,  

T h e  va r iab les  a r e  defined i n  Table 2.6. 



TABLE 2 .6  

LAYER IiiTERFACE CARDS 

Layer i n t e r f ace  number. Right  

j u s t i f i e d  integer. - 

Depth or elevation to the top o f  

+ 1, the depth or elevation t o  
the bottom of the last layer i n  

- .- --.-- 

-- - 

Interface positions must be input in numerical order or an 
----------; 

error+?essage w~ 3 1 be printed and execution terminated. 

2.7 Soil Properties Cards 

This sequence of cards inputs the typa and u n i . t  rieights of 

t h e  soil in each layer of the soil pro~file. There is one card 
per layer. 

The READ variables are, 

Read in a DO l oop  w i t h  a range from 1 to NLAYER. 

The FORMT is, 

The variables are defined in Table 2.7. 



SOIL PROPERTIES CARD . 

layer number. R igh t  j u s t i f i e d  

Soil type for the  ( L t h )  layer ,  

R l g h t  j u s t i i i e d  integer ,  

= 3 incompressible 

Total uni t  weight of so i l  i n  the  

Soil property cards must be input i n  numerical order  

from 1 through N L A Y E R  or an e r ro r  message will be printed and 

execution rr i l  l be terminated, 

2.8 Datum Conversion Card 

T h i s  card inputs the information needed toeconvert  the input 

depths or elevations t o  elevations of a spec i f i ed  datum. I t  i s  
input only i f  IOPT(8) = 2 .  

The READ variables a re ,  

The FORXAT i s ,  



The variables a re  defined i n  Table 2.8. 

TABLE 2.8 

DATUM CONVERSION CARD .,, 

the  d a t u m  elevaticn and the top 

of the f i r s t  layer  i n  t h e  soi l  

stratum. This valze is negative 

i f  the datum e l e v a t i o n  i s  above 

the top of the f i r s t  layer  and 

posi t ive i f  i t  i s  below ;he t o p  

of the f i r s t  layer.  

2 . 9  l n s i tu  Effective Stress  Cards 

This sequence of cards inputs the ins i tu  e f f ec t ive  s t r e s s  a t  

the midpoint or an "avel-age" point in each layer.  These cards are 
input only  i f  IOPT(2) = 2 o r  3. 

The READ varia bl es are,  

Read in a DO loop with the range 1 through CLAYER. 

The FOR?.IAT i s ,  

The v a r i a b l e s  a re  defined in T a b l e  2 .9 .  



TABLE 2.9 

INSITU EFFECTIVE STRESS CA2DS 

Layer number. Right just if ied 

The input in s i tu  effective stress 

lns i tu  s t r ~ q s  r a i d  mtrc - -. --- --. - .,,.;t be i n p u t  in numerical order f r o m  1 

through message i q i l l  be o r i n t ~ d  2nd  yor rut ion 

2.10 Effective Stress  Increments - individual S o i l  Layers 

These cards input a  his tory o f  ef fec t ive  s t r e s s  increments 

fo r  each clay layer i n  the so i l  stratum. These cards a re  i n p u t  

only i f  IOPT(3) = 1, 

The READ variables a re ,  

L ,  SIG:.:A(L,NS), es 

The FOR!-lAT i s ,  

The variables a re  defined in Table 2 .10 .  



TABLE 2.10 

EFFECTIVE STRESS INCREMENT - INDIVICgAL SOIL LAYERS 

t h e  number of a clay l  ayer in .the 

soi l  stratum. Right j u s t i f i e d  

The ( N S t h )  e f fec t ive  s t r e s s  i n c r e -  

ment in the (Lthf layer .  

Last increment indicator.  

i f  there  a re  more 

ef fec t ive  s t r e s s  increnents to  

be input f c r  the ( L t h )  l ayer ,  

f 0 i f  t h i s  e f fec t ive  s t r e s s  in- 

crement i s  the l a s t  one in the 

The ef fec t ive  s t r e s s  increments for  a clay layer e re  input 

sequentially while the clay layer  number remains constant.  Then 
the e f fec t ive  s t r e s s  increments fo r  the next clay layer  a r e  input. 

The clay layers must be input sequentially.  

The  max imum number of  e f fec t ive  s t r e s s  increnents f o r  a  given 

clay layer i s  ten (10).  All the clay layers  i n  the so i l  stratum 

must have the same number of increments or  an er ror  message w i l l  

be printed a n d  execution will be terminated. In soms cases i t  

may be necessary to  divide a  natural e f fec t ive  s t \ -ess  increr~~ent  

in t3  c i~e  6:- ;.,;re secjments so tha t  eve)-b1 so 1 ; ; j  c $ -  s, l "  ,,., r ' 6 have a i l  

equal number o f  increments. 



2.11 Effective Stress Increments - Complete Soil Profile 
These cards input a history of effective stress increments 

which apply to all the clay layers in the soil profile. The 
effective stress history may apply uniformly across all the 

layers in the profile. The effective stress history can also 
be proportioned by inputting a 1 ayer dependent stress distri bu- 

tion function to eitablish a different effective stress history 

for each layer. These cards are input only if IOPT(3) = 2 or 3. 

The READ variables are, 

The FORMAT is, 

The variables are defined in Table 2.11. 

EFFECTIVE STRESS INCREMENTS - t0:iPLETE SOIL PROFILE 

B a s t  increment i n d i c a t o r .  

if there are more 

effective stress increnents to 

f 0 if t h e  effective itt-ess in- 



The ef fec t ive  s t r e s s  increments a re  input sequentially. The 
maximum tlumber o f  ef fec t ive  s t r e s s  incrcn:ents i s  ten (10) .  An 

e r ro r  message will be printed i f  e i the r  of the above conditions 

a re  violated and execution will be terminated. 

These cards input the value of the s t r e s s  d i s t r ibu t ion  func- 

t ion (fi) in each clay layer o f  the so i l  stratum. These caris 
a re  i n p u t  only i f  IOPT(3) = 3.  

The READ variables a re ,  

The FORPNY i s ,  

I 

The READ variables a re  defined in Table 2.12.  

TABLE 2.12 

STRESS DISTRIBUTICFJ FUNCTIOII CARDS 

-?- I he r -  - 3ne card for rhc ! i  c i z y  ia,er-. T h e  clay layers nibst 
be input sequentially or an er ror  message wi l l  be printed and 

execution w i  1 7  be terminated, 



2.13 Deformation Curve - coordinate Point Cards - 
These cards define the cohesive soi i  deformation curves by 

inputting a se r ies  of  coordinate points in terins of void r a t i o  
or  s t r a i n  versus e f fec t ive  s t r e s s .  These cards a re  i n p v t  only 

i f  IOPT(5) = 1, 

One curve is input fo r  each clay layer i n  the s o i i  profi l  
Figure 8 shows a typical deforniation curve fo r  a clay layer 

which i s  defined i n  terms of coordinate points. Oefornation 
curves a r e  i n p u t  for  each clay layer  i n  the order vhich they 

occur i n  the so i l  p rof i le .  The following s e t  of ca rds  is  inpu 

fo r  each deformation curve: 

2.13a Deformation Curve - First Coordinate P o i n t  Card 

The READ variables for  t h e  f i r s t  card defining the deforaa- 
&ion curve i s ,  

ILAYER, LINEPT(1, IPT), E(I ,IPT) , SIGi*iAP[I .IPT) 

The FORKAT i s ,  

The variables are  defined in Table 2.13. 



FIGURE 8 

TYPICAL DEFORIATION C U R V E  FOR THE I t n  LAYER 



TABLE 2.13 

Clay layer n u ~ b o r .  

The f i r s t  p o i n t  .n :he deforma- 

This va lue  must be equal t o  1. 

Right ju s t i f i ed  integer. 

The v o i d  r a t io  or s t r a in  coor- 

dinate a t  the f i r s ?  m i n t  on the 

deformation curve f o r  the ( I t h J  

The ef fec t ive  s t ress  coordinate 

a t  the f i r s t  point on the defor- 

The f i r s t  point must define the point of I;h?s: ef fec t ive  

s t r e s s  o n  the deformation curve. 

2. %3b 

The subsequent points on the deformation curve f o r  the ( i t h )  

layer a r e  now d e f i n e d  by the folloiiing car-ds. 

The. READ variables a re ,  

ILAYER, LIEJEPT(I,IPT), E(I,IPT),  S!G::A?(i ,:PT), 

%R(I,IPT-I), SIGR(I,IPT-I), LP 

The FORMAT i s ,  



The READ variables a re  defined in Table 2.14. 

TABLE 2.14 

Coordinate p o i n t  on the deforna- 

%ion curve f o r  the ( I t h )  layer .  

Right ju s t i f i ed  integer.  

The void r a t i o  sr s t r a i n  a t  t h e  
coordinate point LINEPT(1, IPT). 

The e f f e c t i v e  s t r e s s  a t  the co- 
6 
t 
L 

The  void r a t i o  or s t r a i n  coor- 

dinate  which will be used t o  c a l -  

cu la te  the expansion slope fo r  

the 1 ine  segnlent (I-I!:EPT(I, IPY) 

-1) on the deformation curve fo r  

The ef fec t ive  stress coordinate 

which will  be used to  ca lcu la te  
the expansion slope f o r  the l i n e  

segment (LIN€PT(I, IPT)-I) on the 
deformation curve f o r  the ( I t h )  



Last point indicator.  A non-zero 

d i g i t  i s  i n p u t  on the las t  point 

card  of' the  deformation curve f o r  

the ( I t h )  layer. Right justi- 
f ied integer,  . 

The  points on the deformation curve must be input in order of 

increasing ef fec t ive  s t r e s s .  The deformation curve sets must be 

i n  the order of the cohesive layers  i n  the so i l  p rof i le ,  I f  t h i s  

ord2r i s  not followed, a n  e r ro r  message will be printed and 

execution terminated. 

The conpression and expansion s!opes a re  calculated from t h e  

coordinates E, ER, SIGMAP, and SIGR. The  coordinates E and SIGFlAP 

define the primary loading envelope in addition t o  t h e  slopes. 

The coordinates E R  and SIGR a re  only used t o  define the expansion 

slope. 

2.14 Deformation Curves - Slopes and Reference Cards  

These cards define the deformation curves by the i n p u t  of 

e f fec t ive  s t r e s s  values, s lopes,  and a reference coordinate. They 
a r e  input only i f  IOPT(5) = 2. 

One deformation curve i s  input f o r  each clay layer i n  the 

so i l  p ro f i l e  by three s e t s  o f  cards. The sequence o f  cards i s  

repeated f o r  each deformation curve in the order of the c lay  

layers in the so i l  p rof i le .  Figure 9 shows a typical deforma- 

t ion curve fo r  a c lay layer defined by ef fec t ive  s t r e s s  values,  

slopes,  and a reference s t r e s s .  The data i s  input i n  the folloiv- 

ing manner. 



Log E f f e c t i v e  Stress ( - I )  

F I G U R E  9 

TYPICAL DEFOR;i?TIOII CURVE FOR THE i t h  L A Y E R  



2.14a Effective Stress  Cards - 
The f i r s t  s e t  of cards input the e f fec t ive  s t r e s s  values on 

the  defoi-matiotl curve. The primary loading envelope of the curve 
is numbered sequentially i n  order of increasing effect ive stress. 
The point of ?o::est e f fec t i i fe  stress i s  point 1. 

The READ variables of the e f fec t ive  stress da-ta cards are,  

I L A Y E R ,  LIEIEPT(1 , i P T ) ,  SIGI.IAP(I,IPT], L P  

The variables are  defined in Table 2 .15.  
-. 

TABLE 2.15 

EFFECTIVE STRESS CARDS 

Point number on the deformation 

curve fo r  the ( I t h )  layer.  R i g h t  

j u s t i f i e d  integer ,  

The e f fec t ive  s t r e s s  v a l u e  a t  

pciPnt IFT on the  deformation 

curve f o r  the ( I t h )  layer,  

Last point indicator.  A non-zero 

d i g i t  i s  input on the l a s t  point 

of the deformation curve fo r  the 

( i t h )  layer .  R i g h t  j u s t i f i ed  



I f  the e f fec t ive  s t r e s s  p o i n t s  a r e  not i n p u t  in orLer of - 
increasing ef fec t ive  s t r e s s  an e r ro r  message w i l l  be prinred and 

execution t e r m i ~ ~ a  t ed .  
- 3  

2 - 1 4 b  Reference Coordinate Ca rd  

This card inputs a reference coordinate on the deformation 

curve, f o r  the ( I t h )  layer. The reference coordinate must be a t  
a point numbel- on the deformation curve and the reference effec-  

t i v e  s t r e s s  must be equal t o  the e f fec t ive  s t r e s s  a t  t h a t  point. . 

The READ variables a re ,  

The FORMAT i s ,  

The variables a re  defined in T a b l e  2.16.  

TABLE 2.16 

REFERENCE COORDINATE CARD 

Clay layer  number, R i g h t  j u s t i -  

Point on the def~rmat ion  curve 

fo r  the ( I t h )  layer  tha t  i s  t o  

be used as the reference point. 

Void ratio or s t r a in  at t h e  re- 



2 . 1 4 ~  Compression and Expansion Slope Cards 
.- 

The next set of cards inputs the cornpressioti and expansion 

slope of each l i n e  on the deformation curve. There is one card 

per  l ine. 

The READ variables are, 

ILAYER, M, C C ( 1  ,M), CE(1 ,F1) 

The FORMAT is, 

L 

"The READ variables are defined -in Table 2-17, 

', 
TABLE 2 - 1 7  

G0MPRESSIO;I Ar4D EXPANSION SLOPE CARDS 

Clay layer nuiiiber. Right just7"- 

fied integer. 

Line number on the deformation 

curve for the (Eth) layer, 

Compression slope of the (Mth) 

ljne on - '-tormation curve f c r  
the (Ith) layer. I f  the curves 

are void ratio-effective stress 

curves, this value is the con!- 

pression index C I f  the curves 
C' . 

are st)-aln-effective stress I 
curves, this value is the s t r a in  

compression index C a 



on the deformation curve fo r  the 

( I t h )  layer. I f  the curves a r e  
void rat io-effect ive s t r e s s  curves 
this  value i s  the expansion index 

C,. i f  the curves a re  s t r a in -  
I 

ef fec t ive  s t r e s s  curves th is  value 

The 1 ine nun~bers must be i n  order beginning u i t n  i or an 

e r ro r  message will be printed and e x e c ~ t i o n  rwii~ina'.ed. 

2.15 Penetration\Resistance Cards 

These cards input the penetration resis tance of the sand 

layers i n  the so i l  stratum. They are  input only i f  iOPT(6) + 0. 
There i s  one card per sand layer.  

The R E A D  variables a re ,  

The FOR/{AT i s ,  

The R E A O  var iables  a re  defined in Table 2.18. 



TABLE 2:15 - 
PENET2ATIOII RESl STAllCE CARDS 

Sand layer number. R i g h t  j u s t i -  

f i e d  integer. * . 

The s t a n d a r d  penetration t e s t  

These cards must be i n p u t  i n  t h e  order of t h e  sand layers  i n  

the so i l  p r o f i l e  o r  an e r ro r  message will be printed and execution 

w i l t  be terminated. 

2 .16 Footing Data - Card 

This c a r d  inputs t h e  footing width, footing pressure, and 

the depth o r  elevation of t h e  footing. T h i s  card i s  i n p u t  only  

i-F IOPT(6) # 0. 

The READ variables a re ,  

FP, FB, FDEPTH 

The FOR14191 i s ,  



The READ va r iab les  a r e  de f ined  i n  Tab12 2.19. 

TABLE 2.19 

FOOTING DATA CARDS 

1 FP 0 / The average f o o t i r g  pressure  
used t o  cal cul a t e  s e t t l  exent 
i n  the  sand l aye r s .  

FB The foot ing x i d t h  t o  be used i n  

t h e  sand s e t t l e n e n t  c a l cu l a t i ons .  

FDEPTH The depth o r  elealation of the  

2 .17  S t r a in  InfS uence Function Cards 

This card inpu ts  t he  s t r a i n  inf luence function (IZ) t o  be 
used f o r  the  sand se t t l ement  c a l cu l a t i ons .  I t  i s  inpu t  only i f  

IOPT(7) = 3. This funct idn i s  defined by two ' I i~o , s  a s  shown i n  

Figure 18. 

The s t r a i n  inf luence Sines a r e  def ine?  by t h e  i npu t  of t he  

i Z  values coincident  with z/B values a t  t h r ee  d i s t i n c t  points  on 

these  l i n e s .  The f i r s t  point  de f ines  a c e s rd ina t e  on l i n e  1, 

The z/B value a t  this coord ina te  point  t -eprzsmts t h e  depth below 

t h e  foundation a t  which the  summation of t h e  s t r z i n  in f luence  

funct ion,  I begins. The second point  r e2resen t s  t h e  coordinate  z ' 
r - a t  t h e  ir~.;c-:ction of l i n e s  1 and 2 .  T t - 2  : 2 v??.,s a t  t h i s  C O -  

ord ina te  point i s  a l s o  t h e  depth below the  founl;tion a t  which 

the  s t r a i n  influence func t ion ,  IZ, i s  a inanivua. The t h i r d  point  
def ines  a  coordinate on l ine  2 .  The z / B  vslue  a t  - t h i s  coardinate  
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Vertical S t r a i n  influence F a c t o r ,  i Z  

Figure 10 

E x a m p l e  Vertical S t t - a  i n  Influence Function 



T A O L E  2.21 

2.18 Meyerhof's Conversion Factors Card 

Meyerhof's method i s  an empirical r e?e t ions i ip  t h 2 :  i s  units 
dependent. MAGSET assulnes any consis tent  se t  of i i n i  t s .  There- 

fore ,  when Meyerhof's method i s  used the w i t s  o f  the input d a t a  

must convert t o  the uni ts  necessary fo r  9?e;.erhofis equat ion .  



Th is  card inputs the conve:--ion factors  f o  the  length u n i t s  -id 

the force units.  This card i s  input only i f  IOPT(6) = k or 4 .  

Table 2.22 contains a l i s t  of comnonly used uni ts  and  the 
conversion fac tor  to  convert in to  units of  f ee t  and tons w h i c h  

a re  the uni ts  used by I.ieyerhofk equation. 

TABLE 2.22a 

LENGTF( C0::'IERSION FACTORS 

I f e e t  

TABLE 2 . 2 2 b  

FORCE C0;;VERSION FACTORS 

t ons  

k i p s  

pounds 

grams / kilograms 1 0.00110231 

stones 



The READ variables for  l4eyerhof's conversion fac tors  a r e ,  

The FORMAT i s ,  

The READ variables a re  defined i n  Table 2.23. 

TABLE 2.23 

M E Y E R H O F  T SON\'ERS ION FACTORS 

iength convei-sion Factor, This 

value i s  used t o  convert the 

length uni t  o f  the input data 

t o  uni ts  of f ee t .  

Force conversion f ac to r .  T h i s  

value i s  used to  ccnvert the 

force u n i t  of the  input d a t a  

2 .99  D1Appolonia3 Parameters Card 

This card inputs the parameters i n  D'Appoionials equation. 

This card i s  input only i f  IOPT(6) = 2 o r  4. These Parameters . - -  - 

may be selected from the re la t ions  g i v e n  in Figure 11. 

The compressibil i ty modulus M may be specified in two w a y s .  

in :he f i r s t  case the relat ionship betv~een the molul us a n d  t h ~  - 

standard penetration t e s t  (SPT)  blowcount (N) i s  specif ied by a 
s t r a igh t  l i ne  relat ionship.  An intercept  a n d  slope coincident 



with the users knowledge of  the s t r e s s  history of the sand i s  

input. lihen the average k~eighted blo~rcount i s  computed by the 
program th i s  relat ionship i s  used t o  calculate  a compressibility 

modul us. 

The  second way to  specify the compressibii i ry modulus  i s  to 
i n p u t  a value. T h i s  case ex i s t s  when the average blowcount i s  
known o r  assumed. The input value fo r  the msdulus i s  then used 
d i r e c t l y  i n  DIAppolonia's equation and the b 1 0 : ~ ~ o ~ n t s  i n p u t  t o  

the program are  ignored. 

The READavzriables f o r  D'Appoloniags ~qu?t :on a re ,  

UO, UI, Eb!OD, EINTCP, ESLOPE 

The FORMAT i s ,  

The READ variables a re  defined i n  T a b l e  2 .24 .  



0 60 7 0  8 8  
A V E R A G E  M E A S U R E D  S P T  

COR9ELATI ON OF MODULUS VS , BLOWCOUNT 

H / B  R A T I O  

LEGEND 

bley@rhoF, '1965 
(Back Figzred) 

- . -  B = F o o t i n g  ~ i d t h  

DbB R A T I O  

1 NFLUEifCE FACTORS 

Figure 11 

D "APPOLOtJIA PARA!-IETERS 



TABLE 2.24 

Embedment correction. 

Stratum thickness correction. 

(1.1). Leave th i s  fie?-d blank i f  

EINTCP and ESLOPE are  s p e c i f i e d .  

blodul US intercept  i n  re la t ion  

between compressibility  adu us 

and  (SPT)  blowcount ( N ) .  Leave 
t h i s  f i e l d  blank i f  EXOD i s  sge- 

Slope  sf the rnoduli-is--bl owcount 

correlat ion.  Leave th i s  f i e l d  

blank i f  EFIOD i s  specif ied.  





Chapter 3 - SAMPLE PR0GLEI":S 

This chapter describes seven sample problems f o r  MAGSET-11, 

Version 1. The t e s t  problems i l l u s t r a t e  the capab i l i t i e s  of the 

" software and demonstrate the data input. In addi t ion,  the t e s t  

prsbl ems extensively exercise the program" code. 

The coded f n p u t  fo r  a l l  the t e s t  p r o b l e ~ s  i s  shown in Figure 

13. The output i s  shown in Figure 20. 
I 

3, % SampS e  Probf em Number One 

Sample problem 1 has a soi l  p rof i le  consiting of clay and 

sand layers  as  shown in Figure 1 2 .  I t  i s  desired to  determine 

the magnitude sf the consolidation settlements of the three clay 

layers.  No sand sett lemsnts will be computed. 

The e f fec t ive  s t r e s s  history i s  due t o  the following con- 

s t ruct ion sequence: 

1) Unloading due t o  excavation 

2 )  Preloading 

3) Removal of par t  of the preload 

4) Foundation loading 

The ins i tu  e f fec t ive  s t r e s s  and the e f fec t ive  s t r e s s  incre- 

ments a t  the center of the clay layers  a re  given in Table 3.1. 

The c lay  layers have  idealized void ra t io-ef fec t ive  s t r e s s  

curves as shown in Figure 13. The deformation curves were input 
us ing  coordinate points. The coordinates a re  given i n  Table 3.2. 

Units a r e  specif ied in f e e t  and tons. 

T h e  i n s i tu  e f fec i iv?  s t r e s i  f o r  layer  nunher 2 i s  s h o w  as 

zero in the output because layer 2 i s  designated as inconlpressible 

and no in s i tu  e f f ec t ive  s t r e s s  i s  required. 



DEPTII 
0 

@ CLAY 

@ SAND (Incompressible) yt = 0-05 

@ CLAY 

Figure 1 2  
S o i l  P r o f i l e  - Saalple Problem 1 



F i g u r e  13a 

Deformation Curve for  Layer 1 



V o i d  R a t i o  

Figure  :3b 

Defci-i';a';ion Curve f o r  Layet- 3 





TABLE 3 . 2  

TABLE 3.2 

COORDI  !:ATE PO I NTS O l i  THE DEFORMAT IOiI CLIRVE 



3.2 Saiiipl e Problem I'J~rnber Two - 

San~ple problerr: 2 analyzes the settlement o f  the soil  p ro f i l e  

beneath the  center of the footing shoi.;n in Figure 14. An a d j a -  

cent Footing i s  a l so  s'novtn. "The cor?sol idat.ion settlentent w i i !  

be ca lcu la ted  f o r  the clay layers.  !-~cyerhof 3 smetk8~d will be 

us2d t o  cotspute settlenlents i n  the sartd layers, 

A foundation bressure o f  2.2 k i p z / f t 2  will be oppiied t o  b o t h  

footings in jncrenents of . 7 ,  .75 and - 7 5  k i p s / f t e 2  The  e f fec t ive  

s t r e s s  tiistory fo r  t h e  c lay  layers 9 ' 1 1  t h e  saiT p ro f i l e  i s  

specified by using s t r e s s  d is t r ibut ion  functions. The stress 
dis t r ibt j t icn functions were indep2ndent'fy de teun~ i~ed  by :.'c-5 ~ e .  - 
%a?t -dgs  s2thod. The  contribution o f  the insin Foo t ing  and t h e  
additfonai s t r e s s  imposed beneath the  center o f  the  cflain foot ins  

by t h e  adjacent footing e:ere added t o  determine the percentcge o f  

the  footing load a t t h e  center o f  each layer ,  The sli*c?ss incl-e- 

ments fo r  t he  s t r a tum a n d  t h e  s t r e s s  d i s t r i b u t i o n  functions dre 

given i n  Table 3.3. 

Ins: t u  effective s t r e s s  va l  ues were cal culaied-  by the prog:-afi; 
a t  the midpoint o f  each layer.  

The  d e f o r ~ a t i o n  curves For the  c lay l aye r s  are specified 

u s i n g  e f fec t ive  s t r e s s  values, slopes,  and reference p o i n t s .  The 
deformation curves at-e given a s  strain-c.ffectiue str*ess cirrves- 
A1 7 the  curves a r e  speciffed with the refet-e11cc coordinate a t  
the precansot idat ion pressure e:i t h  $be sl opes speci F i  ed amve 

and be'lc\+l the  precorisolidaticrl pressure, These vziues a re  given 
in Tabfe 3 ,4 ,  

The s a n d  set t lements  a re  calcul a t c d  tising Eicyer7l?of's method. 

T h e  penetration data i s  given i n  Tab l e  3 .5 .  The s t i - a ? ~  inf?sence 
function gfven in curve " 9 "  in Figure 7 i s  tisetl to  ca l cu l s tn  the? 

,z12 s t r a i n  weighted bl~i \~count .  A f o ~ r ~ d a t i c i t l  j~rcssul-c o f -  4 . 5  / ; ips /  L 

and foundation width OF 2C.O f t  \$ere uscti t o  c i ~ l c ~ t t a t ?  san2 
s e t t l e n ~ e i ~ t s .  



_^__ _-- Laver Elevation 

2 Brown S i  l t Cl ay 

G r a y  S i  1 ty C i  ay an d  Rock Fragments 

Figure 14 

P l a n  a n d  P r o f i l e  - Sample  Prcblez 2 



TABLE 3.3a 

STRESS I NCREClENTS FOR STRATUI; 

Increment Nuniber E f f e c t i v e  Stress Increment  

(kip/ft2) . 
e. 

1 0.7 

2; 0.75 

3 0.75 

SABLE 3.3b * 

STRESS DISTRIBUTION FUNCTIOi4 

Layer Number Stress Distribution Value 

TABLE 3.4a  

DEFOR1.IATION CURVE DATA - EFFECT2 VE STRESS POI!:TS 

Layer P o i n t  E f f e c t i v e  Str2ss 

0.1 

5 , 4  

10. 0 



TABLE 3.4b 

DEFORI*:ATION CURVE DATA - REFEREI:CE POIiiiS 

R e f e r e n c e  R e f e r e n c e  
Layer  P o i n t  Stt-ain E f f e c t i v e  Stress 

TABLE 3 . 4 ~  

DEFORMATION C U R V E  DATA - SLOPES 

L a y e r  Compression S l o p e  Expansion S l o p e  

. TABLE 3 .5  

SOIL PROPERTIES - SAMPLE PROBLEM 3 

S t a t S c  Gone 
T o t a l  U n i t  S,P.T, P e n e t r a t i o n  

Layer S o i l  Type lireight ( k i p s / f t 3 )  51 owcount Res-istance 
( k i p s / f t z )  

1 Sand 0.115 10.0 
2 

80.0 
Sand 0.115 12,O 96.0 I 

3 s a n d  0.1154 15.0 120.0 



The input elevations a re  converted to  datum elevations u s i n g  

a benchmark elevation of 1030.0 f t  and an elevation difference o f  

0.0 , f t .  
1' 

Sample problem 3 analyzes the settlement of the sand prof i le  

shown i n  Figure 15;. The settlements a re  coxputed using al 1 thr?e 

sand sett lement methods : Meyerhof, D' Appoi onia , 2nd Schmsrtmann. 

The so i l  properties a r e  given in Table 3.5. 

The s t r a i n  influence function, curve "g," i s  used i a  the 
I 

s t r a i n  and s t r a i n  weighted blowcount calculat ions.  

The in tercept  and slope f o r  O'Appolonia8s r e l a t ion  between 
3 compressibil i ty modulus and blowcount a r e  input a s  533.0 kips/f i -  

2 a n d  2 2 . 2  k ips / f t  , respectively.  

/ The sett lements were calculated using a footing width of  
2 10.0 f t  and a footing pressure of 3.0 k ips / f t  . 

f Caution should be exercised when conlparing t h e - r e s u l t s  of 

'a I{eyerhof, D' Appol onia and Schmertnlann on a sing1 e probl en. The 

methods a re  based on d i f f e ren t  enpi r ical  carrel  a t ions.  In addi- 
t i on ,  the following should be considered pr ior  to  ~ a k i n g  compzri- 
sons: 

(1) Each of the methods u t i l i z e s  d i f f e ren t  f ac to r s  to  
account f o r  the e f f ec t s  of embedzent. 

( 2 )   he q,/El cor re la t ions  bubi ished by Schiizrtmann are  a 
tempting vehicle to  jump between s t a t i c  cone penetra- 

t ion and S.P.T. blowcount. However, t he  author pre- 
sented this re la t ion  as  a ten~porary expedient which i s  

conservative pihen converting f ro3  ii t o  q and i t  shou;d c 
50 used  judiciously.  - 
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Plan and Profile - S a n ~ p i e  Probler l  3 

l y  Loa 
Sand 



(3 )  The concept of a s t r a in  function i s  used d i f f e ren t ly  

by the methods. Meyerhof? and D%ppoloniai s methods 

were developed f o r  homogeneous granular soi  1 profil  es.  

These methods use the s t r a in  funct ion concept t o  a r r i v e  

a t  an average s t r a i n  weighted blowcount of a n  "ideal" 

homogeneous so i l  p rof i le ,  The settlements for  Weyer- 

hof 's  and DD"Appolonia9 methods are  then obtained using 
' t h i s  average s t r a i n  weighted blowcount. 

Schmertmannk method uses the function t o  obtain the . 
magnitude of settlement by a n  integration of s t r a ins .  

6 

3.4 Sample Problem Number Four 

Sample problem 4 i s  identical t o  sample problem 3 except the 

s t r a i n  influence function, curve ""f ," was used i n  t h e  s t r a i n  and 

s t r a i n  weighted $1 owcoun"taca1 cul ations.  

em Number Five 

This problem is  an example problem given in the reference by 

Sc hmertmann 6 1970). The compress i bl e s t r a  turn eons i4tk of sand 

layers  as shown in Figure 16. Settlements a r e  ca7culated using 
Schmertmannk method and the s t r a i n  influence funct ion,  curve ""f ."' 

The so i l  properties a re  given i n  Table 3.6. 

The settlements were calculated using a Foundation pressure 
2 of 1.82 kgfcm and a foundation width of 260.0 cm. The r e s u l t s  

of this problem do not include the e f fec t s  o f  creep w h i c h  were 

ca? cul a ted by Schmertmann (1970). 
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? A B L E  3.6 - 

SOIL PROPERTIES - SAPlPLE PRO3LEF: 5 

. ' To ta l  Unit Static Ccne Penetration 
Layer Soil Type ideight (kg/cm3) Resistance (kg/cm2) 

1 Incompress i bl e 
2 Sand 
3 Sand " 

4 Sand 

5 Sand 

6 Sand 
7 sank 

8 Incompressible 

3.6 Sample Problem Number Six 

Sample problem 6 analyzes the same soil pro f i l e  as sample 

problem 5 (Figure 1 6 ) .  Settlements are calculatei using 
D'kppoionia's method with an input strain influenbL function. 

The foundation pressure and foundation width from s m p l  e prabl em 
5 ai-e used. 

The slope of D'Appoionia's compressibiiiiy relation is input 
as 10.0 with an intercept of 250.0. 

The strain influence function input is froa the example 
strain influence function in Section 2.17 (Table 2.20). 

A ratio of qc/N of 4.0 was used to convert tbe static cone 
pecetration resistance in s a ~ q i e  problem 5 :o standard penetra- 

tion test biowcounts. The significant digits beycnd the decimal 
point shown in Table 3.7 are retained for this reason. 



TABLE 3.7 

Layer S, P.7. Blowcount 

Sample problem 7 analyzes the consolidation sett lement of a  

clay layer tha t  i s  18.0 f t .  thick. The problem modeled by 
dividing the 18.0 f t .  thick stratum into four layers each 4.5 f t .  

thick. 

The ef fec t ive  s t r e s s  history iras determined with the aid of 

a computer program which calculates  the t i n e  dependent diss ipat ion 

of excess pore pressure. From th i s  solution the e f f ec t ive  s t r e s s  

increments in each layer were determined a t  d i sc re t e  t i ne  values. 

Table 3.8 gives the ins i tu  e f fec t ive  s t r e s s  and the e f fec t ive  - - 
s t r e s s  increments in each .I 3yer. 

The void ra t io-ef fec t ive  s t r e s s  curve sho:;il i n  Figure 17 

i s  an idealized curve tha t  i s  used t o  compute sett lements in the 

s lay  layers,  

Units  a re  i n  f e e t  and  kips. 

The i n p u t  depths were converted t o  datum elevations.  The 
datum elevation fo r  the problem i s  41.16. She benchmark i s  

located 22.73 f e e t  above the ground surface.  



TABLE 3.8 -- 
EFFECTIVE STRESS HISTORY - SAi-:?LE PROBLEr.1 7 

Stress 
Increment (do1) Layer 1 Layer 2 Layer 3.  Layer 4 
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Chapter.4 - OUTPUT 

The output from a' successfill ly executed MGSET problem i s  

printed under several headings. The information under these 

headings may vary. sl ighi ly  depending on the- piobiem options ' 

chosen. A br ief  description o f  the inforiitGion printed under 
these headings i s  given below. 

Printed under t h i s  heading are  the program header, t i t l e ,  
and uni ts .  

4 .2  Soil Prof i le  Description - 
The so i l  p ro f i l e  description p r in t s  the layer number, layer  

type, in te r face  depths or elevations,  d a t u m  elevat ions,  1 ayer 
thickness,  and the to ta l  u n i t  weights of the s o i l s -  Also under 
t h i s  headingare the gro3nd water information, the u n l t  vreight of 

water, the depth or e le ia t ion  of the ground water tab le ,  and the 
datum elevation of the  round water. 

Under t h i s  heading a re  the input and calculated ins i tu  effec-  
t i v e  s t r e s ses  i n  each ieyer and . the ins i tu  e f fec t ive  s t r e s s  used 

by the program. 

4 .4  Clay Settlement D'ata 

This section contains the e f fec t ive  s t r e s s  histot-y and defor- 
mation curve data.  Th? input e f f ec t ive  s t r e s s  i n c k ~ ~ l e n t s  and the 

e f f ec t ive  s t r e s s  his tory a re  printed. The input data used to  
specify the deformation curves i s  printed along with any data 



calculated that defines the deformation curve. If  void rat io-  

e f fec t ive  s t ress  curves are  input the con~pression and expansion 
' 

r" 
indexes, Cc and  t e ,  a re  output along with the s t r a i n  compression I 
and s t r a i n  expansion indexes, Ccc and C e c a  I f  s t ra in-ef fec t ive  

s t r e s s  curves are input only the s t r a i n  compressiok and s t r a i n  
expansion slopes are output. 

i 

4.5 Sand Settlement Data 

This section contains the data used in the sand settlement * 

calculations.  I t  includ?s calcu7ation methods, foundation d a t a ,  

the  penetratibn resistance f o r  each sand layer ,  and the s t r a i n  

inf7 uence function used. I t  a7 so includes information which i s  
method dependenhsch a s  DD'Appsl onia 's  parameters a n d  i*:eyerhof" P 

conversion factors .  

4. S 

The clay settlement contributions contain the settlement in 

each layer due t o  each ef i2c i ive  s t r e s s  increment, the  to ta l  c lay 

settlement i n  each layer ,  the sett lement in the c l ay -p ro f i l e  due . 

t o  each effect ive s t r e s s  increment, and ti12 t o t a l  clay sett lement,  

4.9 Clay Compressibilities 

The coeff ic ient  o f  constrained ccnpress jb i l i ty  (mv) i n  each 
layer  fo r  each ef fec t ive  s t r e s s  increment i s  printed. The column 
header E l  defines the void r a t i o  o r  s t r a i n  value a t  the be~ inn ing  

OF t h e  e - f x t  ; l ~ e  s t r e s s  increnec, dependit-: t h e  forn of  t h e  

deformat i~n  curves input, The column header € 2  defines the  void 
r a t i o  or s t r a i n  a t  the end of t h e  e f f ec t ive  s t r e s s  increment. 

The column header DELTA E i s  the  value E2 - E l .  



4.8 Sand Settlenlents 

The settlements i n  each sand layer ar. printed by method. 

The to ta l  sand settlement over the sand p r o f i l e  is  printed along 

with the t o t a l  clay settlement and to t a l  e r o f i l e  settlement. 

Various checks a re  made on the input data. I f  any o f  these 

checks f a i l  an  e r ror  message i s  printed and the program terminates 

execution. She er ror  messages have been worded t o  be reasonably - 
. self explanatory. Houierer, i f  confusion resul i s ,  r e fe r  back to  

Chapters 1 and 2 under the appropriate sections.  
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ONE F O R C E  U N I T  E G U A L S  - 5 C 0 0  TO'! S 

Ef.lF:'rEDREr-if C Q I < K C C T I O N  U U  - - ,Q7PO 
L A Y E R  THICKNESS C O H R E C T J U N  u a  =  SO 
MODULUS I N T E  R C E P T  = 5 3 : % , 0 0 0 0  
MODULUS SLOPE = 2 2 - 2 8 C 9  

THERE A R E  NO LLAY L A Y E R S  I N  TPS SOii P 2 O F I L i  

THE S T R A  l N  HEISHTED A V E R A S E  DLOWCOlJ!JT = 1 4 . 2 8 6 6  

L A V E R  

I 0 ,OUOO 0,0000 0 ,  O C O O  %i gut-e 
2 e Q i 2 7  
3 

- 0 1 3 4  0 2 5  0 
-0408 

OUTPU 
- 0 4 3 P  

a 064  ' SAisIPLE PR 
T O T A L  SAND L. - 

' SETILE! .~ENT -0535 -0555 
- 0 8 9 0  



"4%38*l f  * * : f l C f  $*+****% 

'. S P E G I F I C A T I C R S  F O R  * 
P 2 O B L Z M  NO- 4 -i. .c 

.a. --O****S*D**II**+***:: 4. 

C 

*el%** .=j- 1 TLE $:**<:* 

S A M P L t  P R O B h f  f-f : ;UPHk9 FOU3 

&&I* -...,.--* ~ ~ 1 7 s  *B*O* 

e t EFJGTH F L q C E  
F E E T  K I P S  

_ A Y E R  SQI & I N B E K F Q C E  E;h T U M  UhlI h 
!Urft iEft  T Y P E  E&C\%ATj ! lN CLkVAT fQ94S T k I C K - J E S S  b!& 1 GH I- 

U N l  T 6EIGHY 690UNU WATER GR 3 UI'ID h'A T'E R 
OF H A T E R  Lb-htEL D9 VU:! E L  E V A  $1  Op.4 

s ~ O ( l ~ ~ * 1 S & * ~ ~ $ * ~ ~ % ~ 2 : g 6 ~ * $  

INSITU E F F E C T I V E  S T R E S S  * 
r11000** * l$*31*%$c** *@**Q$ 

L A Y E R  I N P U T  
N U P O E R  VALUE 

]I * %on0 
2 * 0 500 
3 -0.250 1.. eH11)  OUTPUT 

SAPlPLE PRO8LET.I 4 

* * @ * *  FOUNnAT f 0 4  D A T A  ***+* 
FCUT I:JC ~ r ~ f )  r r " ~ r  , e n , .  - - ..- 



*$'*** K E Y E K H O F  UNITS C O > ~ V C I < S I  0% F~CT I - J~ ;  *II::*~ 
UVE LEP~:TX UikJ1T E Q U A L S  2 , 0 0 0 0  F E ?  r 
O ~ E  F O R G E  Uhl  T EQUALS -5O?3 T 9 . J  S 

THERc A R E  C L A Y  L A Y E R S  I N  THE SDlL PR O F I L E  

L A Y E R  

E!4dEDiEENT CGttKECP IgN UO - - *970Q 
L A Y E R  THICKNESS GDKRECTICIN Ul = la6500 
M C O l l L U S  I N T E R C E P T  = 5 3 3 - 0 0 0 0  
MGUULUS SLCYE = 2 ? 0 2 0 0 0  

****:* S T R A  IiV 1YFLUfNCE FU"Jc  a 

THE S T H A I N  IEdT-LUEIiCE FUPICTIUN U S E U  I S  CUR'IE F 

T i jE  5 T R 0 1 W l i E I  GHTEO A V E R A G E  4LO2i:Ollil r = 14. 7 3 0 0  

O , C C O C  F i g u r e  2C 
. a 0 7 0  
,0565 OUTPUT 



4 -C 

8 N A G S E  r - 1  A .- 
4 i: 

* HAGIJITUCE O F  SETTLfYER;T OF t 

* A IJIULfI-L62YEHEI: S O I L  SYSTEP * * f 

8 * * $ $ % 8 9 1 f f  4 f  s 4 f  f f * j : $ : f I i C , f  $;**8*=: 

* 
*.-LO. -rn&*$%f % + * e * * l e f l * *  

E C I F I S 4 T I C t * : S  F G R  * 
P R O B L E M  QC,, 5 * 

P f  t t * *10S$d&%00e*e* (  

**a*>: T I  T L ~  *$:*** 

P AMI'LLC P R O B L E b t  NUrJk3EK F I V Z  

* * + * $ * * f t * * * *  . 

$!h P R O F I L E  @ 

: a C R 1 P I ' I B F d  aC- 
7 -.i=*=&$+*****f * 

' K S O I L  
Z K  $WE 

I I N C Q P P  

Z S A N D  

3 S A N D  

SAND 

SAND 

2 S4NB 

7 S A & G  

3 I k4CORP 

; f f  f I I O X f O 1 * + t * $ * * * * I I f  .:4 

J , C P r ' l  t F F E C T I V E  STRESS * 
; i  f l t%=t* f  f * f * * * * * * * + * :  --.. 

L A Y E R  I fdPUT 
NUEBER VALUE 

GROUND X A T E R  :;ROlJ:~lit K.9 i F k  
L tV i r 'L  C 4 T U N  i 2 L i Y A T I O : d  

f O O O B G C  - 
F I G U R E  202 

OUTPUT 

SAf,IPLE PROBLEM 5 

C f a t G ~ ~ a r  E C  I:d S I T U  
V A L U E  S T R t S S  



"*+*+ F O U : $ f l A T I U N  0 4 T 4  
FCCT  r r l G  F O O T I N G  F G O T  IS!'; 

NLL'TH P R t S S U i < C  CEPTH 

I**** P k & t T i ( A T i f ] i \ l  R E $ j S  T s ' j C t  *++::* 
L A Y  E R S P T  s n r  r c c n ~  
r \ l U f Q B f R  B L 0 :.% C G a :i J " E h E T S A f  lU:d S E S  ISIA'JC? 

T H E R E  A R E  N U  C L A Y  L A Y E R S  I N  THE S O I L  P Z O F I L E  

L A Y E R  
EJUI'IDEK 



< : * C I * * C * * * * & * * f  +*** 
P ? C I F I G A T I G N S  FUR * 

PROBLEM NCm 6 * 
*$****1*****+****** 

/ E l i  S O 1  L IN T E q F A C t  L\ A T u ,p -- 
4 B t R  H Y P E  DEPTH t L E V A Y l O N S  T E l G i i : t l E S %  

saao 
6 5 0 - 0 0  

1 S A N E  
T Z O - O Q  

UNIT  XElGHT GRUUND HATER I;ROU>rD >:ATE*< 
OF R A T ? ! {  L k V t L  D A T U M  t t E V A T I f l p !  

-$%t:$::<r*15:*88-?=**%3 *$-**I:: 

i S l  F U  E F F E C T I V E  STRESS * 
: + * 8 ( % 8 0 1 t t * @ * * S * * $ * % * *  

CALCULATED 
VALUE 

OUTPUT 



+@***  FOljv[!dT VAT81 "\*<:+Q 

F O G ?  I N G  F U O I  I!*IG 60C)b l 'if; 
id I DTH ~ R E S S U R E  DEP rtc 

***** P t N k T R A T I D y  R E S I ~ T A . : C E  t c = e e  
L A Y  k!? S p T  5 T l " t T I C  CC!UE 
"l[l fVbkf? " c L O k c & U N I  Pc ' d f  I;?$ T lfl:J ; iE5 1 S T ~ A : . J C ~  

C G B Y D I  N A T E  

T H E R E  A R E  N O  C L A Y  L A Y E R S  

Figure : 



T O T A L  S A N G  
S E T  TLECz,t';Nl 

Figure  20f  

OUTPUT 

SA;,;PLE PROBLEr I  





3 0 3 f f  E F F k C r  I V t  S T R E S S  H I S T C R Y  f *$t* 

b A Y f 9  NO. P T -  NO, S f  R E S S  I t JCKEfZk rJT  S T ' i f  S S  V,9LUCS 

+*x:a* R F F E K E N C ~  P O I N  1 s as*%+ 
PU I I i T  E l -FCC?  I V 5  
rdurr\ E ~ X  V O ~ O  R A T I O  S T X I ' S ;  

, 8100  '2,0000 Figure 2C 
- 8  100 5 : O O O O  OUTPUT 

-**+ E F F E C T I V E  S T R E S S  V A L U E S  A T  P O I : J T S  nra THE D L ~ ~ ~ Z : ~ A T I O : I  cun!/Fs a * $ * * ,  
L A Y E R  P O  I NT E F F E C T  I V E  

\ NUt?UEK I $ U : : B t R  ST;< E S S 



O C Q  
O C O  
C d a? 
0 0 ca 

Q e o  
0 

>- 
a d .  
a 

k- 4 

4r w ii. 
. +n ru  

O r - - *  
-It 2 it. 
41. 8 it 
4k U 4t 
0 9 
0 C- 3 t  
* Z *  
b Lbl* 
$> 8 .lt * uJ .u  
-2- ."J JI. 
x- I-- $8 
it P- .It 
3* W ac 
4 I  v) d& 



T U T A L  C L A Y  SEJ T L E V E N T  

Figut-e 209 

OUTPUT 
SAMPLE PROBLEfl 7 

f E R  STRESS 31 V D E L T A  E C - I 



THLLRC A R e  :10 Sr+Nrl t A Y e 2 S  I:J THE S O I L  P K O F I L E  

Figure 209 

OUTPUT 

SAtlPLE PROBLEI4 7 



Chapter 5 - PROGRAM STATISTICS 

8 
i MAGSET-11, Version 1, was developed t o  r u n  on. any computer 

&I bfhich has an A i i S I  FORTRAIf I\' compiler. The program cons i s t s  o f  a 
ma i n  r ou t i ne  and twenty-seven subroutines.  The subroutine ca1 l ing 

sequence is  shown i n  Figure 21. The functions of t he  main rou t ine  

and t he  subroutines a r e  d e t a i l  ed in the  reference documt?ntation 

(Partyka , 1976).  

The f i e l d  length requirements f o r  loading and executing the  

compiled program a r e  shown i n  Table 5.1. 

TABLE 5 .1  

FIELD LENGTH REQUIEiWE!iTS TO LOAD AND E X E C U T E  

Compi 1 e r  F i e l d  Length 

RUN 

FTN 
MN F 

FORTRAN T V  G ( T B M )  

35, words 

45 ,  6008 words 

33 ,7008 words 

122,000 bytes 

The sample problems were r u n  a t  t h e  Universi ty of Colorado 

Computing Center, using t he  KRONOS 2 .1  operat ing system on a CDC 

6400 computer. The load and execution time data f o r  the compiled 

programs a r e  given in Table 5 . 2 .  



TABLE 5.2 

LOAD A!iD EXECUTIO;; TI/dE I N  SECONDS 

SAMPLE PROBLEMS 

RUN 
FTN ; 



F 
A R E A S  

DAPPL 

INPUT1 - ERROR 

II'iPUT2 - ERROR 

IfiPUT3 - ERROR 

INPUT4 P214VDS , 

INPUTS - SLOPES 

INSITU 

LAYID y LOAD 

NEYER U N L O A D  

NBFIR 

PRINT 

PROF1 t 

SCHt4ER 

SETESH - E R R O R  

SETTLC 

SPECS 

SPECS1 

FIGURE 21 

SUGROUTI!iE CALLING SEQUEiACE - 










