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SYNOPSI S

Wi t hi n t he  s cope  of  a  ge ne r a l  r e s ea r ch wor k 48 s e t t l ement  me a s ur eme nt s  at  bui l di ng a nd i ndus t r i a l  
cons t r uc t i ons  have  be e n eva l ua t ed wi t h r ega r d t o a n i mpr ovement  of  t he  pr e di c t i on of  s e t t l ement  f or  
s and.  Par t i a l l y,  me a s ur e ment s  wer e  e f f e c t e d f or  t hi s  pur pos e ,  pa Tt i a l l y,  me a s ur e me nt s  a l r e a dy 
e xi s t i ng wer e  compi l ed whi ch e i t he r  ha d be e n put  at  di s pos a l  by ot he r  aut hor i t i e s  or  ha d bee n t aken 
f r om l i t e r a t ur e .

By t he  meas ur ement s ,  pr i ma r i l y t he c ompr e s s i bi l i t y of  t he s oi l  wi t hi n aTt d a f t e i  t he  bui l di ng t i me was  
de t e r mi ne d i n f or m of  pr es s ur e - s e t t l eme nt  cur ves .  Fr om t hi s ,  t he modul us  of  sUl j gTfi . de r ea c t i on and - 
f or  a  known l a ye r  t hi c knes s  -  an i deal  modul us  of  c ompr e s s i bi l i t y ar e  r es ul t i ng.  The  l a t t e r  i s  
r e l a t e d t o t he  r e s ul t s  of  t he s t a nda r d pene t r a t i on t es t s  r es p.  t he s t a t i c  s oundi ng t es t s , t o t he f oun ­
da t i on wi dt hs  as  wel l  as  t o t he  de pt h of  f ounda t i ons  be l ow gr ound l evel .  By mea ns  of  mul t i - cor r el a. -  
t i ons  f or mul as  wer e  de ve l opped f or  t he c a l c ul a t i on of  s e t t l ement .  Fr om t hi s ,  t he  i nf l uenc e  of  t he 
f ounda t i on wi dt h t o s e t t l ement  i s  a ppe a r i ng wi t h pa r t i c ul a r  al ar l t j r ,  t ha t  i s  t ha  s e t t l ement  i s  i n ­
c r e a s i ng a ppr oxi ma t e l y wi t h t he  r oot  of  t he  f ounda t i on wi dt h.  ¡The r es ul t s  of  t he  wor k a r e  aompar ed 
wi t h known me t hods  t o de t e r mi ne  t he  s e t t l eme nt s  by means  of  s oundi ng t es t s .

1.  INTRODUCTION

As  you know,  s e t t l e ment  ca l cul a t i ons  f or  con­
s t r uc t i ons  on s and a c c or di ng t o t he me t hods  
us ual  f or  c l ay s oi l s  -  i n t he Fe de r a l  Republ i c  
of  Ge r ma ny e. g.  a cc or di ng t o DI N 4019 -  ar e 
l e a di ng t o uns a t i s f a c t or y r es ul t s ,  be caus e  t he 
s oi l  l aw of  s and cannot  be gr i pped by t he c om­
pr e s s i on t es t s  nor ma l l y us e d f or  s e t t l ement  c a l ­
cul a t i ons .  The  c ompr e s s i bi l i t y of  s and does  not  
onl y depend on t he ve r t i ca l «pr es s ur e ,  but  a l s o 
on t he l a t e r a l  pr es s ur e  whi c h i s  i nf l ue nce d by 
t he f ounda t i on wi dt h,  t he f ounda t i on dept h,  t he 
cons t r uc t i on l engt h and t he cont ac t  pr es s ur e .  
Though f or mul a t i ons  exi s t  t o obt a i n on t he  bas i s  
of  t r i axi a l  pr e s s ur e  t es t s  a  be t t e r  ma t hemat i c a l  
i nt e r r e l a t i ons hi p f or  t he  c ompr e s s i bi l i t y of  
s and ( e. g.  Br i nch Ha ns e n 1966,  Kê r i s e l / Qua t r e  
4968),  t hes e owi ng t o t he i r  di f f i cul t  pe r f or ­
mance  di d not  f i nd acces s  t o pr ac t i c e  yet .  
Ther ef or e ,  f or  qui t e  a  t i me a l r ea dy anot he r  
cour s e  has  bee n a dopt ed by f ul l y r e f r a i ni ng 
f r om compr es s i on t e s t s  r es p.  t r i axi a l  t es t s  and 
ca l c ul a t i ng s e t t l ement s  of  s uch bui l di ngs  on t he 
bas i s  of  t he r es ul t s  of  pe ne t r a t i on and s t a t i c  
s oundi ng t es t s  ( Bui s man 1944> Ter za ghi / Pe ck J194S,  
Meye r hof  1956 and 1965,  Schmer t ma nn 1970,  de Beer  
1965,  Baz ar aa  1967 ) .  The r es ul t s  of  t hes e  i n ­
ve s t i ga t i ons  ar e  s c a t t e r i ng ( f i g.  4 ).

Ri s e  t o t ake up t hi s  que s t i on a ga i n was  gi ve n by 
an ext e ns i ve  t e s t i ng pr ogr a m f or  t he  e va l ua t i on 
of  s e t t l e ment  obs er vat i ons ;  at  cons t r uc t i ons  on 
va r i ous  s oi l s ,  i n r ecent  ye ar s  ha vi ng been 
ca r r i ed t hr ough i n Aac he n ( Sher i f  1972) .  Fr om 
t hi s  pr ogr am,  i n t he  f ol l owi ng 43 cons t r uc t i ons  
on s aad wi U be c i t e d f or  whi c h s uf f i c i ent  s et t l e* 
ment  ODs e r va t i ons , but  a l s o pe ne t r a t i on or  s t a t i c  
s oundi ng t es t s  a r e  at  di s pos a l  i n a s uf f i c i ent  
number .

2.  EVALUATI ON METHODS

Whe n eva l ua t i ng t he  48 obj ec t s  f or  whi c h s e t t l e ­
ment  obs er vat i ons  ar e  a t  hand -  pa r t l y f r om our  
own pr oj ec t s ,  pa r t l y f r om l i t e r a t ur e  ( t abl e)  -  
t he me t hods  hi t he r t o us ual  wer e  f ol l owed up as  
wi de l y as  pos s i bl e .  For  t he ca l c ul a t i on of  
s e t t l ement s  i n t he e l a s t i c - i s ot r opi c  ha l f - s pac e  
t he equa t i on appl i es :

s = • f n ( d / B,  L/ B,  v ) ( 1)
s

I n t hi s  ar e

B ( cm)  = wi dt h of  f ounda t i on 
L ( cm)  = l engt h of  f ounda t i on 
d ( cm)  = t hi cknes s  of  t he compr es s i bl e  

S l ayer  i  2 B
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s ( cm)  = t he me a n s e t t l ement  unde r  t he  f ounda ­
t i on cons i de r e d f or  i t s  f i nal  s t at e.
As  f a r  as  a t i me- s e t t l e ment  cur ve i s  
exi s t i ng,  t he  f i na l  s e t t l ement  can be 
e xt e r pol a t ed f r om t he  hype r bol i c  cour s e 
of  . t he t i me- s e t t l ement  cu«rve ( f i g.  1)  
( Sher i f  1970) .
Namel y,  t he t i me- s e. t t l ement  cur ves  wer e  
s howi ng t hat  i n cas e  pS  s ands ,  t oo,  
s e t t l ement s  ha d not  a l ways  s ubs i ded 
upon t e r mi nat i on of  t he  bui l di ng t i me.

p [ kg/ cm2]

l a r ge r  compr e s s i bl e  l ayer s  was  neve r  s ubs t i t ut ed 
l a r ge r  t han 2,  as  a c c or di ng t o exper i ence  no 
es s ent i a l  i nf l uence  of  t he c ons t r uc t i on can be 
expect ed any mor e  unde r ne a t h t hi s  dept h . ^Ther e ­
f or e,  t he f ol l owi ng cons i der a t i ons  e i t her  appl y 
t o d / B = 2 or ,  i n cas e  t he compr es s i bl e  l ayer  i s  
s mal f er ,  t o a r a t i o whi ch i s  c or r e s pondi ngl y 
smal l er . -

Fi g.  2:  Scheme  of  t he  e va l ua t i on of  s e t t l ement  
obs e r vat i ons

Fi g.  1:  Ext r a pol a t i on of  t he end- s e t t l ement  of  
f oundat i ons

p ( kg/ cm ) = me a n cont ac t  pr es s ur e  unde r  t he
f ounda t i on cons i de r ed wi t hout  r e duc t i on 
of  t he e xcava t e d ma t e r i a l  y. t .  The 
e va l ua t i on of  s e t t l ement  obs er va t i ons  
has  s hown t ha t  t he r e duc t i on of  y. t  
t he or e t i c a l l y t o be  expe c t e d does  not  
make  i t s e l f  f el t  a t  t he  meas ur e ment  of  
s e t t l ement s .  Ther ef or e ,  t he f ol l owi ng 
i nves t i ga t i ons  a l ways  a ppl y t o t he f ul l  
mea n cont ac t  pr es s ur e .

f  = i nf l uence  f a c t or  f or  t he s e t t l ement s
( f i g.  2)  a c c or di ng t o t he us ual  t abl es  
f or  t he e l a s t i c - i s ot r opi c  ha l f - s pace  
( e. g.  St e i nbr e nne r  1934,  Ka ny 1959 e t c) by 
a  Poi s s on' s  r a t i o v = 0.  The  f ac t or  i s  
dependi ng on t he r a t i o ds / B whi c h f or

3-  LAW FOR THE COMPRESSI BI LI TY OF SAND
2

The qua nt i t y E ( kg/ cm ) = modul us  of  c ompr e s s i ­
bi l i t y oc c ur r i ng i n t he que s t i on whi c h i s  
us ua l l y t akj en f r om t he  compr es s i on t es t  c a n f or  
s and no mor e  be won i n t hi s  way.  Ther ef or e ,  
a f t e r  s ever a l  t es t s  t he f ol l owi ng s t a t i s t i ca l  
f or mul a t i on i s  i nt r oduc e d whi ch i n t he  es s ent i a l  
i nt r oduces  as  a  me as ur e  f or  t he c ompr es s i bi l i t y 
of  s and t he numbe r  of  bl ows  N of  t he s t anda r d 
pe ne t r a t i on t es t  i ns t e a d of  t he r es ul t s  of  t he 
compr es s i on t es t s .

Ea = k ^ N 2 - ( B/ B1) 3. ( p/ p i ) 4 - ( l +k5 - t / B)  ( 2)  

I n t hi s  a r e

N = numbe r  of  bl ows  of  t he s t andar d pe ne t r o ­
me t e r  f or  a pe ne t r a t i on of  30 cm.  For  con­
s t r uc t i ons  f or  whi ch no s t anda r d penet r at i on
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t es t s ,  but  s t a t i c  s oundi ng t es t s  wer e 
exi s t i ng,  t he  number  of  bl ows  N was  e s t i ­
ma t e d f r om t he poi nt  r e s i s t a nce  of  t he 
s t a t i c  pe ne t r ome t e r  a c c or di ng t o Schmer t -  
ma nn ( 1970)  ( t abl e  col umn a) .  . Rel evant  
i s  t he ar i t hmet i c  me a n of  t he bl ows  on 
t he  l aye r  t hi cknes s  dB dr awn on.  I n cas e 
of  s ever a l  l ayer s  a r e  f ound above t he 
dept h ds , t he me a n va l ue  of  N i s  f or med 
unde r  cons i de r a t i on of  t he wei ght s  f  
( f i g.  2)  of  t he var i ous  l ayer s .  Her eby,  
you ar e pr oce e di ng on t he a s s umpt i on t hat  
a ppr oxi ma t e l y t he compr e s s i bi l i t y Eg and 
t he numbe r  of  bl ows  N l i ne a r l y depend on 
eac h ot her ,  t hus  t hat  ko at  l eas t  a ppr o ­
xi ma t e l y i s  equal  t o 1 ([see as  wel l  f i g.  
4) .  You t hen obt a i n f or  t he me a n val ue  

f  -  f  , n- 1n n 
N = f n/ E

N

B1 = 
P-l =

numbe r  of  t he l aye r  c onc er ned ( f i g.  2)
uni t  of  wi dt h (1 cm)
uni t  of  cont ac t  pr e s s ur e  (1 kg/ c m2 )

The c or r e l a t i on coe f f i c i ent  i s  r  = 0, 938,  t hus  
r e l a t i ve l y hi gh.  Wi t h r egar d t o t he  r e s ul t  i t  i a 
i nt e r e s t i ng t hat  a c c or di ng t o t hi s  equa t i on t he 
s e t t l ement  i s  i nc r e a s i ng l i nea r l y wi t h t he con­
t ac t  pr es s ur e  p,  t hus  t hat  t he  cons t r uc t i ons  
s how a  cons t ant  modul us  of  s ubgr ade  r ea c t i on 
kg = p/ s .  Thi s  has  be e n pr oved by s e t t l e ment  
obs e r vat i ons  f or  qui t e  a number  of  cons t r uc t i ons  
wi t h r e ga r d t o t he va r i abl e  l oad p wi t hi n t he 
bui l di ng t i me ( Schul t ze 1962 and 1963) .

5.  PRACTI CAL APPLI CATI ON

I n or de r  t o s i mpl i f y s e t t l ement  c a l c ul a t i on wi t h 
eq.  ( 6) ,  t he pa r a me t e r  ( s e t t l ement  coef f i c i ent )  
s . .
- --- —---- -  (1 + 0, 4 t / B)  was  pl ot t e d as  a f unct i on

of  t he wi dt h B f or  va r i ous  s i de  r at i os  L/ B and 
ds / B = 2 ( f i g.  3) .  At  a  s mal l e r  l a ye r  t hi cknes s  
s e t t l ement s  have  t o be mul t i pl i e d by t he  gi ven 
r educt i on f ac t or s .

4.  DETERMI NATI ON OF THE CONSTANTS 

You obt a i n f r om eq.  ( l )  by t r ans f or ma t i on 

p . B
E f n ( ds / B,  L/ B,  v) ( 3 )

Thi s  f i c t i t i ous  va l ue  of  Es can be ca l cul a t ed 
f r om t he di mens i ons  of  t he  f oot i ngs ,  t he gi ven 
cont ac t  pr e s s ur e  and t he  me a s ur e d s e t t l ement .
I n eq.  ( 2)  i t  can t he n be  s ubs t i t ut e d as  a  known 
quant i t y.  By t hi s ,  t he  qua nt i t y E pr ac t i c a l l y 
i s  e l i mi nat ed.  Equa t i on ( 2)  can t hen be  wr i t t en 
i n t he l ogar i t hmi c  f or m 

E

l 0e  ( 1+kj l - t / B)  = l 0S k 1+k2 l og N+k3 l og

+ • l og ( p/ p1 ) ( 4)

For  t he de t e r mi na t i on of  t hee f i ue  cons t ant s ,  48 
pa i r s  of  va l ue s  ar e  at  di s pos a l  s o t ha t  k^ t o kc 
can be de t e r mi ne d by means  of  a  mul t i - cor r e l a-  
t i on.  Her e  i t  was  pr oc e ede d i n a  wa y t ha t  f or  
t he pa r a me t e r  ktj by wa y of  t r i al  va l ue s  be t ween 

0, 34 a nd 0, 46 wer e  i nt r oduced.  By means  of  t he 
c a l c ul a t i on pr ogr a m BMD 02R of  t he  Comput a t i on 
Cent e r  of  t he  TH Aa c he n cor r e l a t i ons  wer e  made  
and t ha t  pa r a me t e r  kg chos en whi ch s uppl i e s  t he 
l a r ges t  cor r e l a t i on coe f f i c i ent .  The f i nal  r e ­
s ul t  was  k 1 = 1, 71 kg/ c m2 , k2 = 0, 87,  kj  = 0, 50^ 
k^ = 0,  kc  = 0, 4,  s o t hat  t he  f i nal  equat i on 
f or  t he  ca l cul a t i on of  s e t t l ement s  i s  r eadi ng as  
f ol l ows  :

f n ( ds / B’ L/ B)  = ( 1. 71 t  0, 55)  • N0 ’ 87 •

■ \lb/ b1 • ( 1 + 0, 4 t / B)  ( 5)

or :

s ( cm)
p ( kg/ cm ) . f

1, 71 ( kg/ c m2 ).  N° ’ 87 . ^ B/ B1'

r 9 1

m m
\

ds=2B

1 2 5 100

~ l h
0,5

Q 91

J . Y 

0 y

3.69 
3,73 

3.¿8

[ O. r

3.65 

3fc3

0.85

0,55

0,39

reduction factors tor ds/B <2

Fi g.  3:  Se t t l ement  ca l cul a t i on wi t h he l p of
t he bl ows  of  t he s t anda r d pe ne t r a t i on 
t es t

( 1  +  0 , 4  t / B)
B ( cm) ( 6)

(VO.At/B)

s = [cm )

H = (bl ows per 30cm ) 
p = [kg/ctn*] 

t = Ian)
B = |cm)

B [cm]

sooo am  

breadth of foundation
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6.  COMPABI SON WI TH THE RESULTS OF OTHER METHODS 7.  ACCURACY OF THE SETTLEMENT CALCULATI ON

As  moa t  me t hods  a r e  wor ki ng wi t h a  l i ne a o depe n­
dence  EB on B,  t hus  wi t h a f a c t or  k2 -  1. 0,  an 
equat i on,  was  e s t abl i s hed f or  t hi s  cas e,  as  wel l  
by me ans  of  a mul t i - cor r e l a t i on.  You t hen obt a i n

s ( cm)  -  T ( Wo r n 2 ) ■ f  _ j- - - - - - - b( ob) ( f )

1 , 14( kg/ cm ) *N*yB/ B1 ( l +0, 4t / B)

The cor r e l a t i on f a c t or  di mi ni s he s  by t hi s  a l t e r a ­
t i on of  f a c t or  k^ f r om r  = 0, 938 t o r  = 0, 873»
By t hi s  f or mul a t i on i t  i s  pos s i bl e  t o pl ot  t he 
va r i ous  s ugges t i ons  i n a  combi ne d f or m i n whi ch 
s • N/ p i s  chos en as  ve r t i ca l  axi s  (fi g. .  4) * The 
di agr am r evea l s  a  ve r y good conf or mi t y of  t he 
me t hod her e  de ve l opped ( cur ves  7 -  10)  wi t h t he 
f or mul a t i ons  5 a nd 6 by Te r za ghi / Pe c k ( 1948) .  
Me ye r hof  ( 1956 and 1965)  wi t h t he cor r ec t i ons  
a c c or di ng t o Baza r a a  ( 1967 ) • Mor eover ,  t he 
eq.  ( 6)  a nd ( 7)  a r e  pe r mi t t i ng a r e f i nement  of  
t hes e  s ugge s t i ons  wi t h r e ga r d t o t he  i nf l uence  
of  t he s i de  r a t i o L/ B.  The ot he r  s ugge s t i ons  1 
t o 4 ar e out  of  pl ace.

To obt a i n a  gener a l  vi e w of  t he  ac c ur a cy 
a t t a i ned wi t h eq.  ( 6) ,  t he 48 me as ur e me nt s  of  
s e t t l ement  t he  i nves t i ga t i ons  ar e  ba s i ng upon 
wer e  chec ked one  by one  a nd c ompar e d wi t h t he 
obs e r ved amount s  ( f i g.  5) .  The cor r e l a t i on f ac ­
t or  i s  r  = 0, 789,  t he ca l cul a t ed s e t t l e ment s  
ne a r l y wi t hout  exc e pt i on l i e  wi t hi n a  r ange  of  
± 40 % of  t he me as ur e s  va l ues .  Such r e l a t i ve  
a cc ur a c y i s  about  cor r e s pondi ng t o t ha t  you ob ­
t a i n f or  cohes i ve  s oi l s  wi t h us ua l  compr e s s i on 
t es t s .  Howe ve r  t he  s e t t l ement  f or  s and i s  ve r y 
l ower  and t he r e f or e  t he abs ol ut e  a c c ur a c y i s  
hi gher .

Number of samples n =18 

Correlation coefficient r =0  769
s ,= (1 ,0 *a 3 3 )s 2

Terzaghi / Peck 11918), Meyerhof (1956)

Meyerhof 11965) = ©  < 2/3 

(J)=Sch m ertm an n  (1970) N = 5 qs 

( D =  Buisman (19U.) ,  Oe Beer (1965) (N=5qs  , p = 2 k g / c m  

( ! > © w i t h  correction due to Bai& raa 11967) , f -  2 t/m3 

© = (2 )w ith  correction due to Bazaraa(19S7) ( j  -  2 t/m 3 

' D — jjjj), new results from  the eva luation  of settlement 

ob servations

F ig . 4 : Com parison betw een  th e new r e s u l t s  from  

th e  e v a lu a t io n  o f  s e tt le m e n t  o b s e rv a ­

t i o n s  f o r  sand and o th e r  m ethods

Pi g.  5:

SUMMARY

C om parison  betw een  c a l c u la t e d  and 

m easured s e tt le m e n ts

By e v a lu a t in g  th e se tt le m e n t  o b s e r v a t io n s  a t  48 

s t r u c t u r e s  on  sand f o r  w hich a t  th e same tim e 

sou n d in g  t e s t s  a re  e x i s t i n g ,  th e  p o s s i b i l i t y  r e ­

s u l t e d  to  c a l c u la t e  th e  s e t t le m e n ts  as a fu n c t io n  

o f  th e  number o f  b low s o f  th e  s ta n d a rd  p e n e tr a t io r i  

t e s t  in s t e a d  o f  co m p re ss io n  t e s t s  w hich f o r  sand 

s o i l s  r e p r e se n t  no s u f f i c i e n t  m od el. An e q u a tio n  

was d e r iv e d  in  w hich a p a rt from  th e mean number ofl 

b low s o f  th e p e n e tr a t io n  t e s t s  f o r  a dep th  ds /B  =

2 th e re  a re  s t i l l  o c c u r r in g  th e  u nred uced  mean 

c o n ta c t  p r e ss u re  p as w e ll  as th e  fo u n d a tio n

measured settlement s 2 1cm]

•  S ta n d a rd  P e n e tra tio n  Test , Aachen 

°  S t a t ic  Cone lest , M u h s  (1961)

»  S ta n d a rd  Penetration Test , 0 'A p p o lo n ia  and others 11968 ) 

a  S ta t ic  Cone Test , S c h m e rtm a n n  (1970 )

*  other s t ru c tu re s  (see  Tab le)
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T a b le«  L is t  o f  d a ta  f o r  th e  in v e s t ig a t e d  s t r u c t u r e s

.

No?
P B l / b t / B ds / B

qs
a = qs / N N s

me nt i on of  s omcen I
kg/ cm̂ m ( 1) ( 1) ( 1) kg/ cm̂ 1 ( 1) cm

1 2, 99 2, 55 4, 20 0, 37 2 - _ 37 1 , 09 I ns t i t ut  f ür  Gr undbau
2 1, 84 1, 70 > 10 0, 94 2 - - 43 1,92 und Bodenmechani k,
3 2, 90 17,60 4, 80 0,60 0, 80 - - 18 2, 55 TH Aac he n

4 2, 62 16,00 2,69 0, 45 0, 75 - - 15 2,33
5 ■2, 56 14,20 1, 00 0,25 2 - - 30 1 . 86
6 1, 91 23,00 1,17 0, 13' 2 150- 200 7 30 1,52
7 2, 35 1 , 80 1, 00 1, 67 2 150- 200 7 30 0,34 Muhs  ( 1961 )
8 2, 35 1, 35 1 , 00 2, 22 2 150- 200 7 30 0, 39
9 2, 90 2, 20 1, 00 1,36 2 150- 200 7 30 1, 05

10 1, 82 22, 40 1, 49 0,13 2 150- 200 7 30 1, 84
11 1, 99 4, 50 1, 27 0, 67 2 150- aOO 7 30 0, 39
12 0, 83 15,00 4, 86 0,20 2 150- 200 7 30 0, 54
13 2, 55 1,60 7, 90 0,24 2 150- 200 7 30 0, 93
14 2, 55 1, 15 11,00 0,24 2 150- 200 7 30 1, 00.
15 3, 00 0, 80 23,00 0,29 2 150-200 7 30 0, 58
16 2, 10 1, 80 13, 40 0, 12 2 I 5O- 2OO 7 30 1, 69
17 1,70 23, 60 1,10 0, 13 2 I 5O- 2OO 30 1, 17
18 1, 56 21, 70 1, 00 0, 14 2 I 5O- 2OO 7 30 2, 08
19 3, 10 3, 30 1, 73 0, 91 2 225 7 33 1, 10
20 3,10 3, 30 1, 73 0, 91 2 225 7 33 1, 22
21 3, 10 3,60 1, 75 0,83 2 225 7 33 1, 27
22 3, 10 3, 60 1, 75 0, 83 2 225 7 33 1, 36
23 3, 10 4, 50 1, 51 0,67 2 225 7 . 33. 1 . A3.
24 1, 76 36,00 1, 00 0, 00 0, 32 - 7. 18 1, 80 Ba ke r  i 1965^
25 2, 18 2, 60 8, 80 0,77 2 40 4 10 3, 25 de Beer / Mar t e na  ( 3956)
26 1, 90 8,60 1. 74 0,29 2 190 4 45 1,10 de Bee r  ( 1y57)
27 1,32 3,00 1, 6 1, 00 2 - - 20 0, 34
28 1,32 3, 00 1, 6 0,50 2 - - 20 0, 58 D' Appol oni a /
29 1, 57 4, 00 1, 6 1, 00 2 - - 20 Ç,6é D*Appol oni a / Br i s s e t t e
30 1, 57 4,00 1, 6 0,50 2 - - 20 0, 73 ( 1968 )
31 1, 82 4, 90 1, 6 1, 00 2 - - 20 0, 80
32 1, 82 4, 90 1, 6 0,50 2 - - 20 : 0, 97
33 2,06 5, 80 1, 6 1, 00 2 - - 20 0, 95
34 2,06 5, 80 1, 6 0,50 2 - - 20 1,01
35 2, 31 6, 70 1, 6 1, 00 2 - - 20 1 *02
36 2, 31 6, 70 1, 6 0,50 2 - - 20 1, 24
37 2, 24 1,00 1, 0 0, 00 2 135 3, 5 39 0,36
38 2, 24 0,50 4, 0 0, 00 2 100 3, 5 29 0 , 4.0 Sohmer t mönn (1970)
39 3, 36 0,50 4, 0 0, 00 2 100 3, 5 29 0,67
40 5, 75 1,00 1, 0 0,50 2 180 3, 5 51 0, 44
41 5, 75 0, 50 4, 0 0,50 2 150 3, 5 43 0,42
42 3, 47 1,00 1, 0 0,50 2 70 3, 5 20 0, 55
43 1, 31 0,60 1, 0 0,55 2 18 3, 5 5 0, 69
44 2, 30 0,60 1, 0 1,50 2 22 3, 5 6 1, 27
45 1, 36 0,90 1, 0 0,30 2 20 3, 5 6 0, 76
46 1, 15 0, 90 1, 0 1, 00 2 23 3, 5 7 0,64
47 2, 02 1, 20 1,0 0,17 2 27 3, 5 8 1, 30
48 2,74 1, 20 1, 0 0,75 2 32 3, 5 9 1, 27
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dept h t ,  t he  f ounda t i on wi dt h B,  t he t hi cknes s
of  t he gompr e s s i bl e  l ayer  ds and t he l engt h of
t he f oot i ng.  The  ac c ur a cy a t t a i ne d i s  ± 40 %.
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