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3% nroved Method f o r  t h e  O b s e r v a t i o n  of  S e t t l e m e n t  

Number and t y p e  of e l e v a t i o n  markers  

I n  t h e  c a s e  of  s t r u c t u r e s  which a r e  more o r  l e s s  

r i g i d  ( b r i d g e  p i e r s ,  s i l o s  of  modera te  h e i g h t )  it i s  s u f -  

f i c i e n t  t o  have one e l e v a t i o n  marker  a t  each  c o r n e r .  I n  

h i g h  b u i l d i n g s  and i n d u s t r i a l  s t r u c t u r e s  which a r e  c o n s t -  

r u c t e d  around a  framework of  g i r d e r s ,  on t h e  o t h e r  hand,  

one must have a n  e l e v a t i o n  marker  f o r  e v e r y  20 t o  30 m2 of 

a r e a ,  f o r  o n l y  i n  t h i s  way d o e s  one g e t  a  c l e a r  concep t  of t h e  

magni tude  and d i s t r i b u t i o n  of t h e  v a r i a t i o n s  i n  s e t t l e m e n t .  

E x p e r i e n c e  h a s  shown t h a t  e l e v a t i o n  m a r k e r s  

which c o n s i s t  of round i r o n  b o l t s  a r e  e i t h e r  damaged o r  

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

S t r u c t u r e s  i n s p e c t e d  by many a u t h o r s  a f t e r  c o n s t r u c t i o n  

was comple te  showed t h a t  o f  t w e n t y  o r i g i n a l  e l e v a t i o n  

i n d i c a t o r s ,  o n l y  a  few, i f  any ,  remained,  I n  o r d e r  t o  

e l i m i n a t e  t h i s  d a n g e r ,  t h e  a u t h o r  u s e s  e l e v a t i o n  markers  

which ,  by v i r t u e  of  t h e i r  s h a p e ,  draw t h e  a t t e n t i o n  of  

w o r k e r s  e n t r u s t e d  w i t h  t h e  d i s m a n t l i n g  and c l e a n i n g ,  have 

no p r o j e c t i n g  p a r t s ,  and a r e  p r o t e c t e d  a g a i n s t  w i l f u l  

damage by means of  a  cap  which can  o n l y  be unscrewed w i t h  

a  key. 

They a r e  made of g a l v a n i z e d  i r o n  p i p i n g  1 4  t o  

16 cm. l o n g  ( F i g .  l ) ,  t h e  o u t e r  end o f  which i s  p r o v i d e d  



- 2 -  

w i t h  a  b r a s s  s o c k e t .  The open ing  o f  t h e  s o c k e t  i s  f u r -  

n i s h e d  w i t h  a  screw cap which can  o n l y  be  removed w i t h  

t h e  a i d  of  a  key. I n  o r d e r  t o  u n d e r t a k e  t h e  l e v e l l i n g ,  

one  r e p l a c e s  t h e  screw cap  w i t h  a  t u r n e d  b o l t  ( F i g .  2 )  

which ,  i n  t u r n ,  i s  a g a i n  r e p l a c e d  by t h e  screw cap  when 

t h e  l e v e l l i n g  h a s  been completed.  

I n  o r d e r  t o  i n s t a l l  t h e  e l e v a t i o n  markers  i n  

a  h o r i z o n t a l  p o s i t i o n ,  a  l o n g e r  b o l t  i s  screwed i n t o  

t h e  s o c k e t  ( F i g .  3 )  and t h e  p o s i t i o n  of  t h e  b o l t  i s  

checked w i t h  t h e  a i d  o f  a  bubb le  t u b e  l e v e l ,  While t h e  

e l e v a t i o n  marker  i s  b e i n g  cemented i n  w i t h  q u i c k - s e t t i n g  

cement t h e  p i p e  s o c k e t  i s  f i r m l y  h e l d  i n  t h e  h o r i z o n t a l  

p o s i t i o n  by means o f  a  wedge, 

P o s i t i o n  l e v e l l i n g  

I n  l e v e l l i n g  e l e v a t i o n  m a r k e r s ,  one must coun t  

on a n  e r r o r  of  a t  l e a s t  l m m ,  When l e v e l l i n g  i n  e x c a v a t i o n s ,  

t h e  e r r o r s  a r e  o f t e n  even g r e a t e r  and t h e  method i s  t ime-  

consuming, I n  o r d e r  t o  r e d u c e  t h e  margin  of e r r o r  and t o  

s i m p l i f y  t h e  measur ing ,  t h e  a u t h o r  u s e s  t h e  d e v i c e  shown 

i n  F i g ,  4a  t o  4 c ,  It c o n s i s t s  of two s t a n d  p i p e s  1 and 2 

( F i g  h a )  connected  by means of a  f l e x i b l e  t u b e  and s u s -  

pended,  by means of h a n g e r s ,  on t h e  b o l t s  s e r v i n g  a s  

e l e v a t i o n  markers ,  The sys tem i s  f i l l e d  w i t h  w a t e r ,  The 

upper  ends  of t h e  g l a s s  t u b e s  a r e  p rov ided  w i t h  s o l d e r e d  



- > ' -  
b r a s s  c a p s ,  When t h e  s t a n d  p i p e  i s  suspended ,  t h e  d i s t a n c e  

between t h e  up-oer s i d e  o f  t h e  b o l t  and  t h e  p o l i s h e d  t o p  of' 

t h e  b r a s s  cap  i s  c o n s t a n t  a t  Z, f o r  e a c h  p i p e  ( F i g ,  4 a ) ,  

The v e r t i c a l  d i s t a n c e  Z1 o r  Z 2  between t h i s  upper  edge and 

t h e  f r e e  l e v e l  i s  measured w i t h  t h e  a i d  of t h e  mic romete r  

screw ( F i g s ,  4b and 4 c ) ,  g r a d u a t e d  i n , O l  m m , ,  and t h e  

p o i n t e d  r u l e  a t t a c h e d  t o  t h e  screw,  I n  o r d e r  t o  be a b l e  

t o  u s e  t h e  d e v i c e  d e s c r i b e d ,  t h e  e l e v a t i o n  m a r k e r s  must 

be d e a l t  w i t h  i n  g r o u p s  a t  a p p r o x i m a t e l y  t h e  same e l e v a t i o n ,  

A t  t h e  boundary  between each  two g r o u p s ,  two marker s  a r e  

f i t t e d  one o v e r  t h e  o t h e r  t o  one and t h e  same r i g i d  s t r u c t u r a l  

member ( e , g ,  a  c e l l a r  w a l l ) ;  t h e s e  m a r k e r s  make i t  p o s s i b l e  t o  

p roceed  from one g r o u p  t o  a n o t h e r ,  

The main f i x e d  p o i n t  

There  a r e  two p o s s i b l e  ways of  e s t a b l i s h i n g  t h e  

main f i x e d  p o i n t :  e i t h e r  i t  i s  a  poin t ,  i n  t h e  s i d e  w a l l  of  a n  

a d . j a c e n t  o l d e r  s t r u c t u r e  which h a s  c o m p l e t e l y  s e t t l e d  and i s  

a t  l e a s t  50 m ,  d i s t a n t  f rom t h e  s t r u c t u r e  b e i n g  i n s p e c t e d  o r  

t h e  main f i x e d  p o i n t  i s  l o c a t e d  a t  t h e  bot tom of  one of  t h e  t e s t  

b o r e  h o l e s  b. ground d e p t h  gauge)  p r o v i d e d  t h a t  t h e  t o r e  h o l e s  

have  r e a c h e d  a  l s y e r  which can  be  no f u r t h e r  compressed ,  

I n  t h e  f i r s t  c a s e ,  i t  i s  v e r y  o f t e n  p o s s i b l e  t o  l o c a t e  

t h e  main f i x e d  p o i n t  i n  such  a  way t h a t  t h e  measurement f rom 

t h e  s t r u c t u r e  t o  t h e  main f i x e d  p o i n t  can  a l s o  be  made w i t h  t h e  



t . u b n l a r  ! e v e l ,  a l t h o u g h  a n  i n t e r m e d i a t e  f i x e d  p o i n t  may 

sometimes be  n e c e s s a r y .  Under a11  c i r c u m s t a n c e s ,  i t  i s  n e c e s s a r y  

t h a t  t h e r e  be  one  e l e v a t i o n  marker  on t h e  o u t s i d e  o f  t h e  new 

s t r u c t u r e  above s t r e e t  l e v e l  arid a  second i n  the sarne r . : ' ~ l l  

s e c t i o n  on t h e  i - ! s i d e  o f  t h e  b u i l d i n g  a b o u t  1 no above  t h e  

c e l l a r  f l o o r ,  If t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t h e s e  

t r ~ o  3 o i n t s  amounts t o  some m e t e r s ,  s l lbsequent  measurements  

~170111 d  be t a k e n  a t  l e a s t  t w i c e  d u r i n g  cons t : . uc t ion  b e c . t ~ : s ~  t h e  

l a y e r s  of  m o r t a r  inay underyo conside:aabl-e compress ion  a s  t h e  

l o a d  which t h e y  c a r r y  i s  i n c r e a s e d .  The measur ing  i s  done by 

rneans o f  a s l i d e  gauge p r o v i d e d  w i t h  a  v e r n i e r  (reacil:ig 1/10 mm,  ) , 

The i n i t i a l  l e v e l l i n g  o f  t h e  i n s i d e  m a r k e r s  s h o u l d  be t a k e n  even 

b e f o r e  t h e  c e l l a r  f l o o r  i s  f i n i s h e d .  

I n  t h e  e ~ r e n t  t h a t  t h e  e l e v a t i o n  f i x e d  p o i n t  i s  l o c a t e d  

i n s i d e  t h e  b u i l d i n g  i n  a  b o r e  h o l e ,  one  f o l l o w s  t h e  same p ro -  

c e d u r e  a s  t h a t  used i n  makine t h e  p o u n d  d e p t h  gauge  a l r e a d y  

d e s c r i b e d  (1). Tlle f i x e d  p o i n t  i s  formed by a  p o i n t e r  a t t a c h e d  

t.0 t h e  u o p e r  end o f  t h e  r o d  of  t h e  gallge. I t  i s  i n s e r t e d  

s l i g h t l y  below t h e  c e l l a r  f l o o r  i n  a s u p p o r t i n g  p i p e ,  t h e  u p p e r  

end of  which i s  covered ,  I n  o r d e r  t o  measnre ,  w i t h  t h e  a i d  of 

t h e  t u b u l - i r  l e v e l ,  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t h e  f i x e d  

p o i n t  and t h e  e l e v a t i o n  marker s  i n  t L e  ground f l o o r  o f  t h e  k u i l -  

d i n g  one p r o c e e d s  a c c o r d i n g  t o  F i g ,  5 ,  The c o v e r  i s  removed and 

a t  t h e  f i x e d  p o i n t  i s  p l a c e d  a  l e v e l l i n g  s t a f f  ~ ~ i t h  a rnetal  t:sse, 

t h e  upper  end of  which c a r r i e s  a peg ,  T..e t i i f f e r e n c e  i n  e l e v a t i o n  



between t h e  s t a f f  peg and t h e  a d j a c e n t  marker i s  determined w i t h  

t h e  aSd of t h e  t u b u l a r  l e v e l .  

I n  t h e  c a s e  of very l o n g  b r i d g e s ,  i t  i s  recommended 

t h a t  a  permanent p ipe  l i n e  be l a i d  between both s i d e s  of t h e  

b r idge  road ;  t h i s  p ipe  l i n e  i s  f u r n i s h e d  w i t h  a  s t a n d  p ipe  i n  

t h e  a x i s  of  each b r idge  p i e r ,  i n  accordance w i t h  F i g s ,  4b and 

kc. When a  b r idge  i s  c o n s t r u c t e d  i n  t h i s  way, t h e  i n s p e c t o r  

need on ly  t a k e  r ead ings  wi th  t h e  a i d  of a  micrometer screw, I n  

t a k i n g  t u b u l a r  l e v e l  measurements of  a  s i m i l a r  t y p e  on t h e  

Reichsbruecke a t  Vienna, t h e  a u t h o r ' s  a s s i s t a n t s  were a b l e  t o  

e s t a b l i s h  t h e  f a c t  t h a t  v i b r a t i o n  due t o  t r a f f i c  has  no e f f e c t  

on t h e  degree  of accuracy  of t h e  micrometer r ead ings ,  

The a p p l i c a t i o n  of t h e  method o u t l i n e d  to .  o b s e r v a t i o n s  

o f t h e  movement of  r e t a i n i n g  w a l l s  was d i s c u s s e d  by t h e  a u t h o r  

a t  t h e  convent ion on t h e  b u i l d i n g  of dams a c r o s s  v a l l e y s  h e l d  a t  

Stockholm i n  1933. 

The r e s u l t s  of o b s e r v a t i o n s  

The r e s u l t s  of  obse rva t ions  a r e  t o  be g iven  numer ica l ly  

bo th  acco rd ing  t o  l o c a l  d i s t r i b u t i o n  and a l s o  acco rd ing  t o  t h e  

t ime  a t  which they  were made. 

The l o c a l  d i s t r i b u t i o n  i s  shown most c l e a r l y  by curves  

f o r  t h e  same amount of s e t t l e m e n t .  S ince  t h e  p l a c e  a t  which t h e  

g r e a t e s t  degree  of s e t t l e m e n t  occurs  o c c a s i o n a l l y  changes i n  t h e  

course  of t ime ,  it i s  g e n e r a l l y  neces sa ry  t o  draw up s e t t l e m e n t  



p l a n s  f o r  two o r  t h r e e  d i f f e r e n t  s t a g e s  of t h e  s e t t l e m e n t  

a c t i o n ,  I n  p l o t t i n g  t h e  course  of t h e  s e t t l e m e n t  i n  r e l a t i o n  

t o  t ime ,  i t  i s  recommended t h a t  t h e  i n c r e a s e  i n  r e l a t i o n  t o  

t ime  of t h e  ground p r e s s u r e s  o r  t h e  p i l e  l o a d i n g s  be recorded  

above t h e  h o r i z o n t a l  ( t i m e )  a x i s  and t h e  i n c r e a s e  i n  t h e  s e t t l e -  

ment of r e p r e s e n t a t i v e  p o i n t s  of t h e  s t r u c t u r e  be recorded below 

t h i s  a x i s .  One should a l s o  append t h e  fo l lowing :  a  s i m p l i f i e d  

ground p l a n ,  a  c h a r a c t e r i s t i c  c r o s s  s e c t i o n ,  d a t a  on 1-oad p e r  

u n i t  of s u r f a c e  a r e a  of t h e  main p a r t  of t h e  s t r u c t u r e ,  p o s i t i o n  

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

Example of s e t t l e m e n t  o b s e r v a t i o n  made by t h e  method desc r ibed  
, , above. 

i'i new s t r u c t u r e  i s  about 37 rn, long  and 12 m ,  wide,  

The bottom of t h e  c e l l a r  i s  about 1 m ,  below ground l e v e l  i n  t h e  

l e f t  h a l f  of t h e  b u i l d i n g  and about 2 , 4  m .  below ground l e v e l  i n  

t h e  r i g h t  h a l f ,  The b u i l d i n g  i s  a  f i v e - s t o r e y  b r i c k  s t r u c t u r e  

w i t h  r e i n f o r c e d  c o n c r e t e  f l anged  g i r d e r s  and r e i n f o r c e d  c o n c r e t e  

i n s e r t e d  c e i l i n g s  and i s  d iv ided  i n t o  two equa l  s e c t i o n s  by an 

expansion j o i n t .  ( F i g .  7 dot-and-dash l i n e ) ,  I n  o r d e r  t o  e s t -  

a b l i s h  t h e  n a t u r e  of t h e  ground, f o u r  d r i l l  h o l e s  and f o u r  t r i a l  

s h a f t s  were rnade. The r e s u l t s  of t h e  e x p l o r a t o r y  work a r e  g iven  

i n  t h e  r e l i e f  p r o f i l e  ( F i g .  6 ) .  Because of t h e  inadequa te  bea r ing  

c a p a c i t y  of t h e  a r t i f i c i a l  embankment, i t  was decided t h a t  t h e  

founda t ion  i n  t h e  embankment should be l a i d  on t a p e r i n g  p i l e s  i n  

t h e  S t e r n  - Z e i s s l  system, which had been rammed i n t o  t h e  g r a v e l  



t o  a  d e p t h  o f  1 t o  1 , 5  m ,  The p i l e s  were  l o a d e d  w i t h  25 t o n s  

a p i e c e  and t h e  load  t e s t  made on one o f  thern ( F i g ,  7 a ,  p i l e P )  

showed a  s i n k i n g  o f  a b o u t  0 , l  cm, u n d e r  a  l o a d  o f  25 t o n s ,  

S i n c e  t h e  l e f t  end o f  t h e  s t r u c t u r e  w a s . b u i l t  on 

n a t u r a l l y  d e p o s i t e d  s o l i d  g r a v e l  and t h e  upper  p a r t ,  on t h e  

o t h e r  hand,  on a n  embankment a b o u t  5 t o  6 m ,  h i g h ,  t h e  p i l e s  

u n d e r  t h e  l e f t  s e c t i o n  of  t h e  b u i l d i n g  a r e  from 1 t o  l , 5  m ,  

l o n g  a s  opposed t o  t h o s e  u n d e r  t h e  r i g h t  s i d e  which a r e  6 t o  

7 m ,  l o n g ,  For  t h i s  r e a s o n ,  t h e  f o l l o w i n g  d a t a  a r e  wor th  

knowing: 

Idhat i s  t h e  r e l a t i o n s h i p  between t h e  s i n k i n g  of  t h e  

p i l e  f o u n d a t i o n  and t h a t  o f  t h e  s i n g l e  p i l e  under  l o a d ,  and what 

e f f e c t  d o e s  t h e  d i f f e r e n c e  i n  f o u n d a t i o n  o f  t h e  two p a r t s  o f  t h e  

s t r u c t u r e  have on t h e  s e t t l e m e n t ?  The answer t o  t h i s  q u e s t i o n  

may be found i n  c u r v e s  f o r  t h e  same p o s i t i o n  a t  two s t a g e s  o f  

c o n s t r u c t i o n ,  which a r e  g i v e n  i n  F i g s ,  7a  and 7b ,  The e l e v a t i o n  

m a r k e r s  a r e  i n d i c a t e d  by t h e  l e t t e r s  H 1  t o  H1g and t h e  d r i l l  

h o l e s  and s h a f t s  by s m a l l  c i r c l e s  and t r i a n g l e s ,  r e s p e c t i v e l y ,  

F i g ,  @ g i v e s  t h e  c u r v e  f o r  t h e  i n c r e a s e  i n  t h e  l o a d  on t h e  p i l e s  

i n  r e l a t i o n  t o  t i m e ,  and t h e  r e l e v a n t  s e t t l e m e n t  o f  r e p r e s e n t a t i v e  

p o i n t s  i n  t h e  s t r u c t u r e ,  From t h e  s e t t l e m e n t  d i a g r a m s ,  one can  

e s t a b l i s h  t h e  f o l l o w i n g  f a c t s :  t h e  d i f f e r e n c e  i n  t h e  d e p t h  o f  

t h e  f o u n d a t i o n  does  n o t  e f f e c t  t h e  s e t t l e m e n t  d iag ram,  f o r  t h e  

d i f f e r e n c e s  i n  t h e  s e t t l e m e n t  a r e  s u b s t a n t i a l l y  g r e a t e r  i n  t h e  



s e c t i o n s  h a v i n g  t h e  same f o u n d a t i o n  t h a n  t h e  d i f r e r e n c e s  between 

t h e  a v e r a g e  s e t t l e m e n t  of  tile s e c t i , > n s  h a v i n g  d i ' f e r e n t  f o u n d a t i o n s ,  

The t i m e  c u r v e  f o r  t h e  s e t t l e m e n t  v a r i e s  somewhat f o r  d i f f e r e n t  

s e c t i o n s  o f  t h e  s t r u c t u r e ,  Consequen t ly  t h e  s e t t l e m e n t  d i a ~ r a m s  

f o r  t h e  two s t a c e s  o f  c o n s t r u c t i o n  sho:v'n i n  F i g ,  7  d i f f e r  con- 

s i d e r a b l y  i n  s p i t e  o f  u n i f o r m  < - ~ p p l i c a t i o n  of  t h e  l o a d ,  P a r t -  

i c u l a r l y  no tewor thy  i s  t l i e  d e l a y  i n  s e t t h e n t  " p o i n t  H3 ( F i g ,  

8 ) .  S i m i l a r  changes  i n  t h e  c o u r s e  of t h e  c u r v e  f o r  t h e  sarne p o s i t i o n  

i n  r e l a t i o n  t o  t i m e  were found by t h e  a u t h o r  i n  se t t l e r r i en t  t i iagrams 

made s e v e r a l  d e c a d e s  a f t e r  t h e  s t r u c t u r e  was comple ted ,  T h i s  

d i s p l a c e m e n t  of  t h e  c e n t r e  o f  g r a v i t y  o f  t h e  s e t t l e m e n t  a c t i o p  i n  

r e l a t i o n  t o  t i m e  i s  p robab ly  caused  by v a r i a t i o n s  i n  t h e  d e g r e e  o f  

p e r m e a b i l i t y  which ,  i n  t u r n ,  r e s u l t s  i n  a  v a r y i n g  speed i n  t h e t i m e  

c u r v e  o f  $he c o n s o l i d a t i o n  p r o c e s s ,  

I n  t h e  f i r s t  s t a ; e  of  c o n s t r u c t i o n  ( F i g ,  7 a )  t h e  g r e a t e s t  

s e t t l e r n e n t  t o o k  p l a c e  a t  t h e  p o i n t  a t  which t h e  c o n c r e t e  mixe r  and 

t h e  h o i s t  were l o c a t e d  [H17) and n i g h t  p e r h a p s  be a t t r i b u t e d  t o  

v i b r a t i o n ,  L a t e r  o n ,  t h e  "deep spot1 '  moved toward  t h e  p o i n t  lI3 

w i t h  t h e  d e l a y e d  s e t t l e r n e n t ,  It i s  q u i t e  i r i f o r m ~ t i v e  t o  compare 

t h e  r e s u l t  o f  t h e  t r i a l  l o a d i n g  9" p i l e  P and t l - e  s i n k i i  g which  t h e  

s a n e  p i l e ,  under  t h e  same l o a d ,  underwent  a s  one of  g r o u p  of  

p i l e s  ( F i g .  9 ) ,  The bend i n  t h e  l o w e r  s e t t l . e m e n t  c u r v e  seerns t o  

i n d i c a t e  t h a t  t h e  p i l e ,  d f t e r  s i n k i n g  a b o u t  F' mm,, t r a n s f e r r e d  p a r t  

o f  i t s  supp lementa ry  l o a d  t o  a  more e f f i c i e n t  n e i g h b o u r i n g  p i l e ,  

The F i g u r e  shows t h a t  t h e  s e t t l e m e n t  o f  a  s t r u c t u r e ,  even one w i t h  

s t a t i o n a r y  p i l e  f o u n d a t i o n s ,  can  be c o n s i d e r a b l y  more e x t e n : - i v e  
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t h a n  one  woilld e x p e c t .  I n  any c a s e ,  a  p a r t  o f  t h e  d i f f e r e n c e  i s  

due t o  t h e  f a c t  t h a t  t h e  c r i a l  l o 3 d i n g  ( u p p e r  c u r v e )  l a s t e d  o n l y  

two d a y s  w h i l e  t h e  l o a d  due t o  c o n s t r u c t i o n  was ap ; ) l i ed  o v e r  a  

pe: i o d  o f  t h r e e  n o n t h s ,  

Eecause o f  t h e  s t r u c t u r e ' s  s l i g h t  d e g r e e  of  movement, 

i t  would h k r d l y  have been p o s s i l l e  t o  o b t a i n  a  s i m i l a r . l y  c l e a r  

p i c t i m e  of tkie d e t a i l s  o f  t h e  set t l -er ; .ent  a c t i o n  o f  t h e  ground f l o o r  

t 'y t a k i n g  t h e  l e v e l ,  l~leasurernent o r  t h e  s e t t l e t i e n t  o f  20 t o  3b 

e l e v a t i o n  marker s  r e q u i r e s  no more t h a n  a  d a y ,  

S e t t l e m e n t  a c t i o n s  of t h e  o r d e r  of magni tude  of t h o s e  

shown i n  F i g ,  7 would  ha^-e t o  be r e q a r d e d  a s  u n a v o i d a b l e  i n  t h e  

c a s e  of h i < h  b u i l d i n g s ,  and a s  a  r u l e  t h e y  a r e  considerably 

g r e a t e r ,  The v a r i a t i o n s  i n  s e t t l e m e n t  a r e ,  i n  o u r  e x p e r i e n c e ,  

normal  and have no a p p a r e n t  e f f e c t  on t h e  c o n s t r u c t i o n ,  The 

upper  limits of s e t t l e m e n t  v a r i a t i o n s  which h i g h  b u i l d i n g s  o f  

v a r i o u s  t y p e s  of  c o n s t r u c t i o n  c a n  endure  w i t h o u t  s u f f e r i n g  any  

dama,qe i s  s t i l l  n o t  known and can  o n l y  be e s t i m a t e d  e m p i r i c a l l y  

on t h e  b a s i s  of  o b s e r v a t i o n s  s u c h  a s  t h e s e o  Likewise, f o r  example,  

t c  p r a c t i c e  med ic ine  s u c e s s f u l l y ,  one must s t u d y  n o t  o n l y  t h o s e  

who a r e  s i c k  b u t  a l s o  t h o s e  who a r e  h e a l t h y ,  

O b s e r v a t i o n s  based  on ground d e p t h  gauges ,  

I n  t h e  e v e n t  t h a t  one wan t s  t o  t a k e  i n t o  a c c o u n t  n o t  

o n l y  t h e  amount b u t  a l s o  t h e  l o c a t i o n  o f  s e t t l e m e n t  movements, 

d e p t h  gauges  a r e  i n s e r t e d  a t  v a r i o u s  d e p t h s  below t h e  f o u n d a t i . o n s ,  

O b s e r v a t i o n s  can  be  made w i t h  t h e  a i d  o f  Z e i s s  t i m e  c l o c k s ,  t h e  



p o i n t e r s  o f  which r e s t  on t h e  upwer end o f  t h e  r o d ,  A s  a n  

example o f  t h e  v a l u e  o f  t h e  i n f o r m a t i o n  g a i n e d  from t h e s e  d e p t h  

g a u g e s ,  we might  ment ion  t h e  f o l l o w i n g :  a  p r a c t i c a l l y  r i g i d  

s t r u c t u r e  w i t h  a  h o r i z o n t a l  p r o j e c t i o n  o f  a b o u t  40 x 4 0  m. r e s t s  

on a  l a y e r  of r a t h e r  s o f t  c l a y  mixed w i t h  sand d e n o s i t s  which i s  

a b o u t  7 m ,  deep ,  and which  i n  t u r n  r e s t s  on a  s t r o n g  l a y e r  o f  , 

honogeneous s t i f f  c l a y ,  The s t r i l c t u r e ,  by v i r t u e  o f  i t s  own 

2 w e i g h t ,  e x e r t s  a  p r e s s u r e  o f  a b o u t  1 kg/cm . Under t h i s  l o a d ,  

no n o t i c e a b l e  s i n k i n g  o c c u r r e d ,  Many months a f t e r  t h e  b u i l d i n g  

was f i n i s h e d ,  t h e  l o a d  on t h e  b u i l d i n g  ground had i n c r e a s e d  a s  

shown i n  F i g .  1 0 ,  S i n c e  we had i n s e r t e d  s e v e r a l  e l e v a t i o n  marker s  

a n d ,  a t  a  d e p t h  of em, below t h e  f o u n d a t i o n ,  i , e ,  below t h e  t o p  

o f  t h e  l a y e r  o f  s t i f f  c l a y ,  a ground d e p t h  gauge  s e v e r a l  months 

b e f o r e  t h e  supp lementa ry  l o a d  was a p p l i e d ,  we were  a b l e  t o  measure  

t h e  e f f e c t  o f  t h e  i n c r e a s e  i n  l o a d ,  The o b s e r v a t i o n s  gave t h e  

r e s u l t  shown g r a p h i c a l l y  i n  F i g ,  10, A s  t h e  l o a d  i n c r e a s e d ,  t h e  

s t r u c t u r e  a t  f i r s t  remained s t e a d y  f o r  a few months,  Then a  

s e t t l e m e n t  i n t o  t h e  s o f t  underground l a y e r  which was a b o u t  7 m ,  

t h i c k  t o o k  p l a c e  and ,  a t  t h e  end of  s e v e r a l  more months ,  t h e  

s t i f f  c l a y  which was a t  a  d e p t h  o f  more t h a n  €! m, a l s o  began t o  

move, About h a l f  t h e  t o t a l  s e t t l e m e n t  o c c u r e d  i n  t h e  s t i f f  c l a y ,  

The p h a s e  d i f f e r e n c e  between t h e  l o a d i n g  and t h e  s e t t l e m e n t  h a s  o f t e n  

been obse rved  by t h e  a u t h o r  i n  t h e  c a s e  o f  f o u n d a t i o n s  on c l a y ,  

It i s  wor thy  of  n o t e  i n  t h e  p r e s e n t  c a s e  t h a t  t h e  a p p a r e n t l y  s t i f f  

c l a y  which i s  r e g a r d e d  a s  a  good s t r u c t u r a l  b a s e  i s  f a r  f rom p r o v i d i n g  
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a f i r m  f o u n d a t i o n ,  The example shows t h a t  when p l a n n i n g  t h e  

u n d e r p i n n i n g  o f  a  b u i l d i n g  i n  d o u b t f u l  c a s e s  one must supplement  

t h e  r e a d i n g s  of  s i m n l e  e l e v a t i o n  m a r k e r s  by r e a d i n g s  on t h e  

ground d e p t h  gauges i n  o r d e r  t o  f i n d  o u t  i n  t h i s  way t h e  t r u e  

l o c a t i o n  of  t h e  movements, O the rwise  t h e r e  i s  danger  o f  b u i l d i n g  

t h e  s t r u c t u r e  on a  b a s e  l a y e r  which i s  a l s o  raoving, The a u t h o r  

~ l s o  knows of  s e v e r a l  c a s e s  where t h e  l o c a t i o n  of  t h e  movement 

was many m e t e r s  below t h e  l e v e l  o f  t h e  masonry members b u i l t  

d u r i n g  t h e  c o u r s e  of t h e  u n d e r p i n n i n g ,  I n  such  c a s e s  t h e  e f f e c t  

o f  t h e  u n d e r p i n n i n g  i s  c o m p l e t e l y  l o s t ,  

Economical s i g n i f i c a n c e  o f  s e t t l e m e n t  o b s e r v a t i o n s .  

S i n c e  t h e  o b s e r v a t i o n s  men t ioned  above i n v o l v e  a 

c e r t : ~ i n  s l i g h t  e x p e n d i t u r e ,  t h e  q u e s t i o n  a r i s e e r  t o  whom a r e  

t h e  r - e s u l t s  u s e f u l ?  The answer  is:  t o  t h e  b u i l d e r s ,  t h e  con- 

t r a c t o r s ,  t h e  i n s p e c t o r s  and t h e  community. 

The owner of a  b u i l d i n t ; ,  'ho h a s  t h e  r e s u l t s  of  

p e r t i n e n t  and a d e q u a t e  s e t t l e m e n t  o b s e r v a t i o n s  a t  h i s  d i s p o s a l  

h a s ,  i n  t h e  e v e n t  of any s u b s e q u e n t  damsge t o  t h e  neighbour- ing 

a r e a  due t o  c o r ~ s t r u c t i o n ,  i r r e f u t a b l e  b a s i s  t o  s u b s t a n t i a t e  h i s  

c l a i m s .  P.?erely by r e v e a l i n g  t h e  m e a s u r i n g  o f  h i s  e l e v a t i o n  m a r k e r s  

he  i s  i n  a  p o s i t i o n  t o  p rove  w h e t h e r  o r  n o t  c o n s t r u c t i o n  h a s  

c a u s e d  a  f u r t h e r  s e t t l e m e n t  o f  h i s  p r o p e r t y ,  Al so  i f  he  w a n t s  

t o  i n c r e a s e  t h e  we igh t  of  h i s  b u i l d i n g  by a d d i n g  a n o t h e r  s t o r e y ,  

o r  w a n t s  t o  i n c r e a s e  t h e  r e a l  w e i g h t  o r  t o  r e p l a c e  t h e  s t r u c t u r e .  

by a  new and h e a v i e r  one ,  t h e  e f f e c t  o f  t h e  proposed change can  
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be e s t i m a t e d  on t h e  b a s i s  of t h e  o b s e r v a t i o n s  on t h e  s e t t l e m e n t  

o f  t h e  o l d  s t r u c t u r e ,  T h e h o w l e d g e  of  t h e  behav iour  o f  t h e  

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

s t r u c t u r e  i n  t h e  even t  t h a t  i t  i s  t o  be s o l d ,  

I f ,  when t i l e  s u b s o i l  c o n s i s t s  of  c l a y ,  c r a c k s  a p p e a r  

s e v e r a l  y e a r s  a f t e r  t h e  s t r u c t u r e  i s  b u i l t ,  t h e  e x t e n t  of f u t l i ~ ~ e  

clamage t o  t h e  b u i l d i n g  can  o n l y  be e s t i m a t e d  when t h e  movements 

o f  t h e  s t r u c t u r e  have  been n o t e d  d u r i n g  and a f t e r  c o n s t r u c t i o n  a t  

d e f i n i t e  i n t e r v a l s  of  t i m e ,  Before  t h e  f i r s t  c r a c k  a p p e a r s ,  i t  

i s  v e r y  o f t e n  l e s s  c o s t l y  and more e p f e c t i v d  t o  t a k e  u n d e r p i n n i n g  

p r e c a u t i o n s  t h a n  a t  a n  advanced s t a g e  of  s e t t l e m e n t ,  The a u t h o r  

was a b l e  t o  show r e p e a t e d l y  t h a t  f o r  want o f  knowledge a s  t o  t h e  

p r e v i o u s  h i s t o r y  of t h e  movements, t h e  u n d e r p i n n i n g  of a  b u i l d i n g  

was u n d e r t a k e n  a t  a  t i m e  when t h e  s e t t l e m e n t  which cou ld  be 

expected  was o n l y  a  srfiall f r a c t i o n  of  t h a t  which had a l re : idy  t a k e n  

p l a c e .  Over and above t h a t ,  t h e  1;nowledj;e of t h e  p rev io l l s  movement 

makes i t  e a s i e r  t o  d i s c o v e r  i t s  c a u s e  and t h u s  t o  s o l v e  t h e  problem 

o f  u n d e r p i n n i n g ,  

The advan tage  t o  be ga ined  by t h e  b u i l d e r s  from o b s e r v a t i o n s  

o f  s e t t l e i ~ e n t  a r e  s o  c l e a r  t h a t  t h e  t e c h n i c a l  i n s p e c t o r s  shou ld  be 

e x p e c t e d  t o  u n d e r ~ a k e  such o b s e r v a t i o n s  i n  t l l e  i n t e r e s t s  of  t h e i r  

employers ,  

A f t e r  s e v e r a l  y e a r ' s  e x p e r i e n c e  i n  s e  l ement  obse rva -  

t i o n s ,  t h e  c o n t r a c t o r  and  t h e  t r a i n e d  e n g i n e e r  a t t a i n  u s e f u l  k n ~ w -  

l e d g e  which w i l l  e n a b l e  them t o  e s t i m a t e  t h e  amount by which a new 

s t r u c t u r e  i s  l i a b l e  t o  s e t t l e ,  The e m p i r i c a l  c o n s l c l e r s t i o n s  a r e  of 
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p a r t i c u l a r .  v a l u e  i n  c a s e s  where ,  f o r  ex:;rnp.Le, one p a r a t  o f  a new 

s t r u c t u r e  i s  t o  k,e b u i l t  on t h i c k  sand  and t h e  o t h e r  on s t i f f  

c l a y ,  If t h e  e n g i n e e r  o n l y  kno::~s from e x p e r i e n c e  t h a t  i n  n e i t h e r  

a  comple te  f o u n d a t i o n  on sand n o r  one on c l a y  h a s  s t r u c t u r a l  

damage o c c u r e d ,  t h e r e  i s  a lways  t h e  p o s s i b i l i t y  i n  t h e  c a s e  o f  a 

new s t r u c t u r e  chat .  d i f f e r e n c e s  i n  s e t t l e m e n t  amount ing  t o  s e v e r a l  

c e n t i m e t e r s  w i l l  o c c u r  i n  t h e  i n t e r ~ n e d i d t e  r e g i o n ,  

The o b s e r v a t i o n  o f  t h e  comple ted  s t r u c t u r e  i s  p a r t i c -  

i ~ l r ~ l y  i m p o r t a n t  t o  bui ld i lyg  c o n t r a c t o r s  who u s e  " s p e c i a l  ? i l e s V ,  

2kie s t a t e r n e n t  t h a t  f o u n d a t i o n s  b u i l t  accord i : ?g  t o  s :>ec ia l  niethods 

i c i i l  n o t  s i n k  h a s  been  b e l i e v e d  by no one f o r  s e v e r a l  y e a r s  and t h e  

man w i t h  g r e a t e r  e x p e r i e n c e  h a s  a n  a t lvantage  o v e r  his c o m p e t i t o r s , ,  

I n c r e a s i n g  i n s i g h t  i n t o  t h e  amount,  t h e ' e x t e n t  and t h e  g e n e r a l  

p r o g r e s s  o f  t h e  phenomena o f  s e t t l e r n e n t ,  r a t h e r  t h a n  a s s u r a n c e s  

o f  riuinerical d a t a ,  w i l l  be r e q u i r e d ,  

F i n a l l y ,  t h e  cornmunity i t s e l f  w i l l  g a i n  from o k s e r v a t i o n s  

o f  t n e  phenomena o f  s e t t l e m e n t o  Every y e a r ,  i n  e v e r y  c o u n t r y ,  a  

l o t  o f  c a p i t a l  i s  was ted  bectluse of  i n s u f f i c i e n t  o r  v e r y  e x y e n s i v e  

u n d e r p i n n i n g ,  The o f f i c i a l  r e g u i a t i o n s ,  which a r e  i n t e n d e d  t o  guard  

a g a i n s t  such  w a s t e  and g u a r a n t e e  t h e  f i r m n e s s  of f o u n d a t i o n s ,  a r e  

i n a d e q u a t e  i n  compar ison  t o  t h o s e  r e l a t i n g  t o  t h e  c o n e t r u c t i o n  o f  

h i g h  b u i l d i n g s  and L r i d g e s ,  One of  t h e  most i m p o r t s n t  p r o p e r t i e s  

of  many f o u n d a t i o n s ,  namely,  t h a t  t h e  i n c r e a s e  i n  changes  due t.0 

s e t t l e r n e n t  t a k e s  p l a c e  o v e r  a  2 e r i o d  of  f o u r  d e c a d e s  a t  a n  a lmos t  

u n i f o r m  r a t e  o f  p r o g r e s s ,  was o n l y  d i s c o v e r e d  i n  t h e  l : 3 s t  few 

y e a r s !  The same i s  t r u e  of e t t , l e r a e n t  which t a k e s  p l a c e  i n  tl.1:~. 



f i r s t  few rnonths o r  y e a r s  a f t e r  t h e  l o a d  i s  a p p l i e d ,  I n  o r d e r  

t o  rriake r e s e a r c h  on s o i l  mechanics of u s e  t o  t h e  c o n s t r u c t i o n  

i n d u s t r y  and p r o v i d e  t h e  b a s i s  f o r  irnprovernent i n  . - . e g u l a t i o n s  

c o n c e r n i n g  e x c a v a t i o n ,  i t  i s  n e c e s s a r y  a t  l e a s t  i n  u r b a n  a r e a s  

and i n  t h e  c o n s t r u c t i o n  o f  klighways i n  t i l e  p r o ~ r i n c e s ,  t o  have  

a c l e a r  p i c t u r e  of t h e  e x t e n t  and t h e  c o u r s e  i n  r e l a t i o n  t o  t i s . e  

o f  s e t t l e m e n t ,  Theory a l o n e  d o e s  n o t  p e r m i t  u s  t o  c l o s e  t h e  

wide  gaps  i n  o u r  knowledge t o  any s : j t i s f a c t o r y  d e g r e e ,  

T11e above  information shows t h a t  p a r t i e s  engqged i n  

c o n s t r u c t i o n  work can  make v a l u a b l e  ; ~ n d  w i d e s p r e a d  u s e  of  t h e  

r e s u l t s  of  c a r e f u l  s e t t l e m e n t  o b s e r v a t i o n s ,  The ; ; r ea te s t  v a l u e  

i s  t o  t h e  b u i l d e r s ,  Yet it i s  t h e s e  v e r y  b u i l d e r s  who, E.ecause 

of  t h e i r  l a c k  o f  s c i e n t i f i c  knowledge, a r e  l e a s t  w i l l i n , :  t o  b e a r  

t h e  c o s t  of  such  o b s e r v a t i o n s ,  F o r  a n  a v e r a g e  h i g h  b i l i l d i n g  w i t h  
2  

a  f l o o r  s p a c e  of 400 m ,  t h e  c o s t ,  f r e e l y  c a l c u l a t e d ,  i s  sornewhat 

a s  f o l l o w s :  

20 f i x e d  p o i n t s ,  d e l i v e r y  &: i n s e r t i o n  40 RM 

4 measurernents b e f o r e  conip le t ion  o f  t h e  
b u i l d i n 6  and 6 measurernents u n t i l  
e q u i l i b r i u m  i s  a c h i e v e d ,  i n c l u d i n g  
1 0  d s y T s  work on tl!e p s r t  of  a  t e c h -  
n i c a ;  a s s i s t a n t  @ 1 0  RF'I 1 0 0  RM 

C o m p i l a t i o n  of  t h e  r e s u l t s ,  6 d a y s  @10 60 Rrjl 

T o t a l  200 RM, 

The c o s t  t h e r e f o r e  amounts t o ,  a t  m o s t ,  50 p f u  p e r  

md of t h e  a r e a ,  'Che r e s u l t s  o f  t h e  o b s e r v a t i o n s  a s s u r e  t h e  b u i l d e r s  

o f  a  v a l u a b l e  document i n  t h e  e v e n t  o f  f u t u r e  l a w s u i t s  o v e r  damage 

t o  h i s  p r o p e r t y  on t h e  p a r t  o f  n e i g h b o u r s  and i n  t h e  e v e n t  o f  
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proposed  s t r u c t u r a l  changes ,  The cornnu i i t y  o b t a i n s  d a t a  of  

i n c a l c u l a b l e  v a l u e  f o r  t h e  s e t t i n g  up  of  r e g u l a t i o n s  c o n c e r n i n 7  

t h e  f o u n d a t i o n s  of  h i g h  b u i l d i n g s  i n  t h e  u r b a n  a r e a .  C o r s e -  

quent . ly  i t  would be  j u s t i f i a b l e  f o r  t h e  co~nrnunity t o  l e v y  a  

s m a l l  t a x  of  a b o u t  50 pf ,/m2 of a r e a  on e v e r y  new b u i l d i n g  i n  

c o n j u n c t i o n  w i t h  t h e  b u i l d i n g  pe rmi t  a n d ,  w i t h  t h e  p r o c e e d s ,  

t o  employ some a s s i s t a n t s  f o r  t h e  e x c l u s i v e  p u r p o s e  of making 

s e t t l e m e n t  o b s e r v a t i o n s , ,  

R e f e r e n c e  

1. T e r z a g h i ,  '?The b e a r i n g  c a p a c i t y  o f  p i l e  f o u n d a t i o n s t r ,  
Bautechn,  1 9 3 0 ,  no ,  3 1  and 34 ,  
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