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Session 4/27

Settlements and Permissible Bearing Pressures

Tassements et contraintes admissibles

by  E.  S c h u l t z e ,  Dr .  i ng. ,  Pr of essor ,  Techni sche Hoc hs c hul e Aa c h e n  ( Ai x- l a- Chapel l e) ,  Ge r ma n y

Su mma r y

Apar t  Fr om saf et y agai nst  f oundat i on f ai l ure,  t he per mi ssi bl e 

bear i ng pr essur e under  bui l di ngs and st r uct ur es depends on t he per 

mi ssi bl e set t l ement .  Whi l e a number  of  f or mul ae ar e avai l abl e f or  

t he f i rst  case,  a si mpl e expr essi on sui t abl e f or  act ual  pract i ce,  i s sti l l  

l acki ng f or  det er mi ni ng t he bear i ng pr essur e i f  t he amount  of  t ol er 

abl e set t l ement  of  a si ngl e f oundat i on i s known.  Such an equat i on i s 

der i ved f r om Simpson’s f or mul a by  an appr oxi mat e i nt egr at i on of  t he 

l oad ar ea under  a r i gi d f oundat i on.  However ,  si nce t he set t l ement  

depends upon t he f oundat i on wi dt h,  i t  i s not  suf f i ci ent  t o ascer t ai n 

onl y t he bear i ng pr essur e i n or der  t o cal cul at e t he di mensi ons of  a 

f oundat i on under  a gi ven l oad.  Ther ef or e,  a f or mul a i s pr esent ed 

whi ch per mi t s t he cal cul at i on of  t he wi dt h of  a f oundat i on f or  a 

gi ven l oad and a def i ni t e set t l ement .

So mma i r e

En  dehor s de l a sécur i t é de l a f ondat i on vi s-à-vi s de l a r upt ur e,  

l a capaci t é por t ant e admi ssi bl e sous l es bât i ment s et  ouvr ages dépend 

du t assement  admi ssi bl e.  Al or s que l ’on di spose de nombr euses f or 

mul es pour  l e pr emi er  cal cul ,  on manque  encor e d ’une expr essi on 

si mpl e et  pr at i que donnant  l a capaci t é por t ant e uni t ai r e,  connai ssant  

l a gr andeur  du t assement  admi ssi bl e d ’une f ondat i on i sol ée.  Un e  

t el l e équat i on est  dér i vée de l a For mul e de Simpson par  une i nt é

gr at i on appr ochée de l a sur f ace de r épar t i t i on des pr essi ons sous une 

f ondat i on r i gi de.  Cependant ,  pui sque l e t assement  dépend de l a l ar 

geur  de l a f ondat i on,  i l  ne suf f i t  pas de vér i f i er  l a capaci t é por t ant e 

uni t ai r e pour  f i xer  l es di mensi ons d ’une f ondat i on sous une char ge 

donnée.  Aussi  l ’aut eur  pr opose une f or mul e per met t ant  de cal cul er  

l a l ar geur  d ’une f ondat i on pour  une char ge donnée et  un  t assement  

déf i ni .

General Case

Assumptions. A  r i gi d f oundat i on of  wi dt h b and  l engt h a 
i s l oaded wi t h pL =  P/a per  met r e r un.  Af t er  deduct i ng t he 

wei ght  of  t he excavat ed soi l ,  t he net  l oad/ ? =  px-yx t ■ b ( Fi g.  1)  

i s act i ng o n  t he subsoi l .  Th e  me a n  pr essur e p0 = p/b i s t hen 

act i ng o n  t he base ( dept h /).  Th e  “ sof t ”  l ayer ,  whi c h i s t he 

seat  of  set t l ement ,  i s at  a dept h zx t o z3. I t s uni t  wei ght  i s y, 
and  i t s t hi ckness i s h =  z3 —  zx. I t s compr essi bi l i t y i s ei t her  

gi ven by  t he f or mul a

E = const . . . . . .  ( 1)

or  by  t he equat i on

E = vp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 2)

wher e E =  modu l us  of  el ast i ci t y of  t he soi l  ( k g/ c m2)

v =  nondi mens i onal  f act or  ( “ st i f f ness coef f i ci ent ” ) 

p =  ver t i cal  nor mal  st r ess at  dept h z ( kg/ cma).

Th e  uni t  wei ght s yx, y2, et c.  of  t he l ayer s abov e ar e r ecal 

cul at ed on t he basi s of  t he uni t  wei ght  y by  i nt r oduci ng an 

equi val ent  hei ght  h{, 
wher e

E yi - hk
hi =  n  ( 3)

V
and

k = 1,2, 3,  et c.

Th u s  t he equi val ent  f oundat i on dept h =  t + A,  —  Zhk.
Th e n  t he pr essur e i n t he “ sof t ”  l ayer  i s

(а) due t o t he wei ght  of  t he soi l

tfo =  y  (/,- +  z ) . . . . . . . . . . . . . . . . .  ( 4)

(б ) due t o t he wei ght  of  t he st r uct ur e

= i-P o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 5)

wher e i = i nf l uence val ue f or  t he st r ess i n t he soi l  accor di ng 

t o t he usual  equat i ons (Boussinesq, Fröhlich, Wester- 
gaard, et c. )  f or  t he char act er i st i c poi nt  K accor di ng t o 

Voitus van Hamme ( 1938)  and  Marivoet ( 1948) .

Approximate computation with E = const. Wh e n  assi gni ng 

t o t he “ sof t ”  l ayer  a me a n  modu l us  of  el ast i ci t y E, we  obt ai n:  

dp
¿7 = E

s = uni t  set t l ement  of  a l ayer  of  t hi ckness dz

ds = — dp 
E

s =  4r / > +  C  
E

I t  c an be s h o wn  t hat  f or  p = t he i nt egr at i on const ant  

C =  0,  so t hat
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s =
ip o

E
Th e  t ot al  set t l ement  f or  a t hi ckness of  t he l ayer  h = z3 —  zx

i s:

S =

Th e  i nt egr at i on i s ver y s i mpl e i f, accor di ng t o Simpson's 
f or mul a,  t he l oad ar ea i i s r epl aced by  a par abol a passi ng 

t hr ough t he poi nt s ixpa ( upper  edge) ,  i2p0 ( i n t he mi ddl e of  

t he l ayer ) ,  a n d  i3p0 ( l ower  edge) .  I f  t he or i gi nal  f unct i on has 

n o  poi nt  of  i nf l ect i on,  t hi s i nt egr at i on pr ocedur e i s i n mos t  

cases f ai r l y accur at e.  Howev er ,  t he pr essur e di st r i but i on i has 

a poi nt  of  i nf l ect i on i n t he vi ci ni t y of  t he f oundat i on whi ch,  

i f  t he sof t  l ayer  i s at  a hi gh l evel ,  i s i ncl uded i n t he l oad ar ea.  

Bu t  t he i nf l ect i on i s so smal l  t hat ,  consi der i ng t he r el at i ve i n

accur acy  of  set t l ement  c omput at i ons  i t  i s qui t e per mi ssi bl e t o 

subst i t ut e a par abol a al so i n t hi s i nst ance.

Th e  i nt egr at i on f or mul a i s:
Zl

’ Zl  +  ^3
(z)  dz = — 

o
i ( zj )  +  Ai +  i ( *>)

wher e i ( z)  ar e t he exact  val ues of  t he f unct i on at  t he poi nt s 

z =  Zi ,  z2, a n d  z3. I n t he pr esent  case we  obt ai n f or  t he set t l e

me n t  wh e n  us i ng z = nb, t hat  i s,  by  expr essi ng i n t er ms of  b 
because i n t he c o mmo n  Tabl es  i i s gi ven as a f unct i on of  n:

Fig. 1 M ethod o f  C om puting the Settlem ent o f  a R igid Foundation  

M éthode de calcul pour le tassem ent d ’une fon dation  rigide

bPo (/ i  +  4/ ¡s +  i3) , (6)

wher e t he val ues i (n) ma y  be t aken f r om t he usual  Tabl es.  

Fur t her mor e,  t he per mi ssi bl e bear i ng pr essur e i s

6*Sper m E 1
Po\ = - - - - ;- -

(«3 — « 1)6  *i  +  4i 2 +  i3
an d  t he l oad p i s

— 6. Sper m F. 1 
P =  - - -

(7)

(8)
“3 —  ni h +  4i 2 +  i3

t hat  i s,  i n t hi s appr ox i mat e c omput at i on t he per mi ssi bl e l oad p 
does not  depend u p o n  t he f oundat i on wi dt h b. Th e  l at t er  c an 

be det er mi ned mer el y  o n  t he basi s of  t he saf et y agai nst  soi l  

f ai l ur e.  I n a f i rst  appr ox i mat i on t he k n o wn  r esul t  i s conf i r med 

t hat  qui t e of t en n o  not i ceabl e decr ease of  t he set t l ement  i s 

obt ai ned by  an i ncr ease of  t he f oundat i on wi dt h.

Equat i ons  6 t o 8 ma y  be used f or  t he eval uat i on of  t est  l oads 

a n d  set t l ement  obser vat i ons i f  me a n  condi t i ons ar e t o be r e

vi ewed.  Th e y  ar e si mpl i f i ed i f  t he “ sof t ”  l ayer  i s at  t he f oun 

dat i on base ( zj  =  0 , z3 = h):
Nb b

S =  (1 +  4/ . \ 72 +  In )  =  —  Pa - f l  CN )  ,

wher e h = Nb.

P o :
6*Sper m E 1 *Szui  E

Nb

—  6*5per m E
1 +  4 if! 12 +  În 

1

f*(N)

N 1 +  4/^v/  2 +  ¡n 

Th e  f unct i ons:

N(\ +  4/ .v/  2 +  ¡n)

= S„i-E-ft (N)

(6a)

(6b)

(8a)

a n d  / 2 (N) =
1

/ ,< «)-  6 - - - -  A m

ar e eval uat ed i n t he f ol l owi ng Tabl e f or  N = 2, 3, 4,  wher e t he 

concent r at i on f act or  of  t he st r ess di st r i but i on accor di ng t o 

Fröhlich v =  3 (Boussinesq) wa s  used,  a n d  t he coef f i ci ent s of  

Jelinek ( 1951)  wer e t aken as i ni t i al  val ues of  i at  t he char ac 

t er i st i c poi nt .

Tabl e 1 fx(N) =
N( 1 +4/ ^ , 2 +/ ; y)

f or  t he char act er i st i c poi nt  K

N
alb

1 1. 5 2 3 5 10 oo

2

3

4

0. 727

0. 843

0. 967

0. 818

0. 947

1. 057

0. 888

1. 032

1. 144

0. 964

1. 126

1. 250

1. 036

1. 237

1. 395

1. 081

1. 321

1. 505

1. 087

1. 356

1. 575

a = l engt h of  f oundat i on b = wi dt h of  f oundat i on

Tabl e 2 A W
6

~ N(l+4iKll+iK)

N
alb

1 1. 5 2 3 5 10 OO

2

3

4

1. 376

1. 186

1. 034

1. 222

1. 056

0. 946

1. 126

0. 969

0. 874

1. 037

0. 888

0. 800

0. 966

0. 808

0. 717

0. 925

0. 757

0. 664

0. 920

0. 737

0. 635

455



Th e  conver gence f or  i ncr easi ng N i s not  par t i cul ar l y good,  

as E does  not  i ncr ease wi t h an i ncr ease of  t he dept h.  Ther ef or e,  

i f  t he “ sof t ”  l ayer  i s ver y t hi ck,  one mus t  not  i n t hi s case,  

c ompu t e  t he set t l ement  onl y up  t o a dept h of  2 b (N = 2) ,  as 

i s of t en r ec ommended.  I n v i ew of  t he f act ,  however ,  t hat  t he 

dept h Nb i s gi ven by  t he dept h of  bor ehol es whi ch,  i n mos t  

i nst ances,  does not  exceed a ma x i mu m of  3 b ( acc.  t o D I N  

1054,  Dr af t  1951,  par agr aph 3. 22) ,  t he appr ox i mat e me t h o d  

usi ng a const ant  E i s not  wel l  sui t ed f or  a mo r e  accur at e c o m

put at i on of  t he set t l ement .

dp
More accurate computation with E =  vp. Us i n g —— =  vp

ds
we  obt ai n accor di ng t o Terzaghi and  Marivoet ( 1948)

t A('+£)
d z

or  by  subst i t ut i ng equat i on ( 4) :

Zi
S =  —  f i n ( l  +  -  IPq )

v j  \  y ( t i  +  z ) J
dz

6v

+  41n  | 1 -

I n

HPo
y fa +  z2)

(1+ )
\ Yiti + zù)

)  + l n ^ l  +

+

hPo
r  0 i  +  Z;y)

s  = -
Nb
6v

+  I n ^1 +

ln('+7ir)+41n( 

)]

y (ti +  Nb/2) +

In  Po

y (U + Nb) ,

+  I n 1 +

l n (  .
\  y (i

f i +  kbP° ) 
I  y 0 i  +  2b)J

+  4 I n 1 1 +i l  +  h P ° )
\ ^  y(ti + b)J

( 9b)

wher e ib = val ue at  dept h b 
i2b =  val ue at  dept h 2 b.

Th e  pr ocedur e i s si mi l ar  i n t he case of  N =  3,  et c.  Fo r  t he 

gover ni ng poi nt  AT of  a r i gi d f oundat i on,  t he val ues of  i r e

qui r ed u p  t o =  4 ar e gi ven i n t he f ol l owi ng Tabl e:

Tabl e 3 I nf l uence val ues a n d  i f or  t he char act er i st i c

poi nt  at  v = 3 acc.  t o Jelinek ( 1951)

n
alb

1 1. 5 2 3 5 10 oo

1 0. 269 0. 330 0. 375 0. 423 0. 465 0. 490 0. 490

1. 5 0. 159 0. 205 0. 243 0. 284 0. 330 0. 365 0. 375

2 0. 105 0. 135 0. 165 0. 200 0. 247 0. 282 0. 300

3 0. 050 0. 074 0. 092 0. 117 0. 154 0. 183 0. 212

4 0. 031 0. 045 0. 056 0. 075 0. 105 0. 130 0. 162

y (ti +  z)

Ac c or di ng t o sect i on 1. 2 we  obt ai n by  Simpson's f or mul a:  

(n3 — KO b

(9)

By  i nt er changi ng t he quant i t i es v a n d  S i n equat i ons 9,  9 (a) 
a n d  9( 6) ,  we  obt ai n t he equat i ons f or  v wi t h meas ur ed S, whi c h 

ma y  be used f or  t he eval uat i on of  t est  l oadi ngs.

Evaluation for a Strip Foundation

I n f ol l owi ng t he Tabl es pr epar ed by  Marivoet ( 1948) ,  we  use 

( Fi g.  2) :

Fo r  ever y “ sof t ”  l ayer  t he equat i on mu s t  be used wi t h a 

f act or  v,  and  t he r esul t s ( set t l ement s of  t he i ndi vi dual  l ayer s)  

mu s t  be added  u p  p0 can n o  l onger  be expr essed expl i ci t l y.  Al l  

t he same,  t he equat i on gi ves an oppor t uni t y  of  c omput i ng 

qui ck l y  t he t ot al  set t l ement s,  a nd  f or  ever y “ sof t ”  l ayer  i t  i s 

onl y  necessar y t o r ead of f  3 val ues of  i f r om t he Tabl es.  I n 

t hi s case i t  i s al so best  t o r et ai n v =  3 because,  accor di ng t o 

Jelinek ( 1951) ,  i t  i s easi l y possi bl e t o t ake i nt o consi der at i on 

a hi gher  concent r at i on f act or ,  t he i nf l uence of  t he f oundat i on 

dept h t as wel l  as t he t hi ckness of  t he sof t  l ayer  h o n  t he pr es 

sur e di st r i but i on by  r eadi ng of f  t he / - val ues f or  a dept h K • Z 
i nst ead of  z. Th e  val ues k ar e gi ven by  Jelinek ( 1951) .

Fo r  t he c o mmo n  case ( Fi g.  2)  zx = 0,  z 3 =  h = Nb t he 

set t l ement  i s:

y, = 1,6 tlm3

_ - s L
IP.

(9a) y/ / - v / / / y , / , . y / À  ’

I n t he case of  i ncr easi ng N, t he r esul t s conver ge mu c h  bet t er  

t han accor di ng t o equat i on 6 (a). I f ,  as of t en done  i n t he case 

of  a t hi cker  “ sof t ”  l ayer ,  N = 2 is used as suf f i ci ent  appr ox i 

mat i on (cf. Marivoet, 1948) ,  t he set t l ement  i s:

2b

Y7,V777777777777777777,

Fig. 2 D étails o f  the Spécial C ase Investigated  

D éta ils  du cas faisant objet de recherches

y1 = 1. 6 t / m3 y = 1. 0 t / m3

N = 2
p0 =  1 . . .  5 . . .  10 . . .  20 . . .  50 . . .  100 t / m2

t = 1 . . . 2. . . 3. . . 4 m

v =  5. . .  10. . .  20. . .  50. . .  100. . .  500

b =  0. 5. . . 1. 0. . . 2. 0. . . 5 . 0 m 

*Szui  = 2 . . . 3 . . . 4 . . . 5  c m

a = o o  ( st r i p f oundat i on) .
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Fo r  c omput i ng Fi gs.  5 t o 8,  equat i on 9( 6)  i s as f ol l ows:  

b
Vi  3 \  1.61 J \  1. 6/  + b /

+  m( i  +  -  ° -3̂  y  
\  1. 6/  +  2b )

+

( 10)

Fo r  ever y val ue of  /, a gr aph i s pr epar ed wi t h t he absci ssa 

p0, t he or di nat e vS, and  t he par amet er  b. By  i nt er pol at i on 

we  obt ai n t he f ol l owi ng Tabl es:

Table 4 Bearing pressures p0 (kg/cm2) for a foundation depth 

/ = 1 m, S (cm), b (m), v (n.d.)

Table 6 Bearing pressures p0 (kg/cm2) for a foundation depth 

/ = 3 m

5 2 cm cm
b

V
0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5 0.1 _ _ 0.2

10 0.2 0.1 — — 0.4 0.2 — —

20 0.5 0.3 0.1 — 0.9 0.4 0.2 —

50 1.8 0.7 0.3 0.2 3.6 1.2 0.5 0.2

100 6.6 1.9 0.8 0.3 — 3.8 1.4 0.5

500 — — — 2.9 — — — 6.0

S 2 cm 3 cm
b

v 0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5

10

20

50

100

500

0.2 — — — 

0.7 0.3 0.2 — 

2.6 0.8 0.4 0.2

— — 7.2 1.7

0.1 — — — 

0.3 0.2 — — 

1.4 0.5 0.3 0.1 

7.8 1.7 0.7 0.3

— — — 3.6

S' 4 cm cm
b

v 0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5 0.2 0.1 0.3 0.2 _ _

10 0.5 0.3 0.1 — 0.7 0.3 0.2 —

20 1.2 0.5 0.3 0.1 1.8 0.7 0.3 0.2

50 6.6 1.9 0.8 0.3 — 2.7 1.1 0.4

100 — 7.0 2.1 0.8 — — 3.2 1.0

500

S cm cm
b

v 0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5

10 0.2
— — 0.1

0.3 0.1
— —

20 0.5 0.2 0.1 — 0.7 0.3 0.2 —

50 2.6 0.8 0.4 0.2 4.5 1.2 0.5 0.2

100 — 3.1 1.1 0.4 — 5.5 1.5 0.5

500 — — — 6.8 — — — —

Table 5 Bearing pressures pa (kg/cm2) for a foundation depth 

/ = 2 m

S cm 3 cm
b

V
0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5 _ _ _ _ 0.1

10 0.2 — — — 0.2 0.1 — —

20 0.3 0.2 — — 0.6 0.3 0.1 —

50 1.2 0.5 0.3 0.1 2.4 0.9 0.4 0.2

100 4.5 1.3 0.6 0.3 — 2.8 1.0 0.4

500 — — — 2.3 — — — 4.8

Table 7 Bearing pressures p„ (kg/cm2) for a foundation depth 

/ = 4 m

S 2 cm 3 cm
b

v 0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5 0.1 0.2 0.1 _ _
10 0.2 0.1 — — 0.4 0.2 0.1 —

20 0.6 0.3 0.2 — 1.1 0.5 0.2 0.1

50 2.3 0.9 0.4 0.2 4.5 1.5 0.7 0.3

100 8.5 2.4 1.0 0.4 — 4.9 1.7 0.6

500 — — — 3.4 — — - 7.2

S' 4 cm 5 cm
b

v 0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5 0.2 0.1 _ _ 0.3 0.2 _ _

10 0.6 0.3 0.2 — 0.9 0.4 0.2 —

20 1.6 0.7 0.3 0.2 2.3 0.9 0.4 0.2

50 8.5 2.4 1.0 0.4 — 3.5 1.3 0.5

100 — 9.1 2.7 0.9 — — 3.9 1.2

500

S 4 cm 5 cm
b

V  N y
0.5 1.0 2.0 5.0 0.5 1.0 2.0 5.0

5 0.2 _ _ _ 0.2 0.1 _

10 0.3 0.2 — — 0.4 0.2 0.1 —

20 0.8 0.3 0.2 — 1.2 0.5 0.3 0.1

50 4.5 1.3 0.6 0.3 7.9 2.0 0.8 0.3

100 — 5.2 1.6 0.6 — 9.0 2.3 0.8

500 9.1 ---

Ac c or di ng t o Fi gs.  1 a n d  2,  t he pr essur es p0 ar e additional 
t o t he wei ght  of  t he exi st i ng over bur den yx t. Accor di ngl y,  t he 

permissible bear i ng pr essur es a mo u n t  t o p0 +  yx t, i f  t he wei ght  

of  t he excavat i on ma y  be deduc t ed i n t he case i n quest i on.  I t  

i s best ,  t o deduc t  yx t f r om t he sel f  wei ght  of  t he f oundat i on 

r i ght  f r om t he st ar t .

I f  i t  i s desi r ed not  t o exceed a cer t ai n set t l ement ,  t he bear i ng 

pr essur es mus t  decr ease as t he wi dt h i ncr eases.

By  mul t i pl yi ng b and  p0 t he per mi ssi bl e l i ne l oads p ma y  be 

der i ved f r om Tabl es  4 and  5.

Po =pl b N  =  2

457



Wh e r e  t he “ sof t ”  l ayer  i s pr act i cal l y of  infinite t hi ckness,  t he 

necessar y f oundat i on wi dt h i s obt ai ned by  an  i nvest i gat i on of  

t he bear i ng capaci t y.  I f ,  i n such a case,  equat i ons 9,  9 (a), or  

9(b) s h o w t oo l ar ge a set t l ement  S, t he l at t er  c annot  be r e

duc ed by  a n  i ncr ease of  t he f oundat i on wi dt h.  I n t hat  case 

i t  wi l l  be necessar y t o i ncr ease t he dept h of  t he f oundat i on.  

Wh e r e  t he “ sof t ”  l ayer  i s of  limited ext ent ,  i t  i s possi bl e,  o n  

t he ot her  hand,  t o r educe t he set t l ement  by  an  i ncr ease of  b.

I nf l uence o f  Ad j ac en t  Fo u n d a t i o ns

I n or der  t o est i mat e t he i nf l uence of  adj acent  f oundat i ons,  

t he l at t er  ar e r epl aced by  i ndi vi dual  l oads or  by  i nf i ni t el y l ong,

Fig. 3 Influence L ine for the Settlem ents o f  an Infinitely T hick Soft 

Layer D u e to C oncentrated L oads A ccordin g to Boussinesq  

L igne d ’influence pour les tassem ents d’une couche m olle  de pro

fondeur indéterm inée par suite de charges iso lées, d ’après Bous
sinesq

accor di ng t o equat i on 9( 6)  we  obt ai n:  

b
S =

3v

+  l n ( 1 +

[ In ( l  +  ^ ) + 4 1 n ( l  +  - ^ - )  
j  \  ybtij \ yb(ti + b)J

('
h (b)p

yb (ti +  2b) =  / i ( 6 ) ( 9c)

I t  wi l l  t hen be seen t hat ,  wi t h a const ant  f oundat i on l oad,  t he 

set t l ement  increases wi t h t he f oundat i on wi dt h.  Accor di ngl y,  

t he decr ease of  t he bear i ng pr essur e does  not  of f set  t he u n 

f avour abl e i nf l uence of  t he f oundat i on wi dt h i f  t her e i s a t hi ck 

“ sof t ”  l ayer ,  wher e t he z one of  i nf l uence of  t he bear i ng pr es 

sur e i ncr eases wi t h b. I t  i s,  of  cour se,  di f f er ent  i f  t he t hi ckness 

of  t he “ sof t ”  l ayer  i s l ess t han N ■ b. In t he l at t er  case,  t her e

f or e,  a decr ease of  t he set t l ement s ma y  be expect ed wi t h an 

i ncr easi ng wi dt h.

Ac c or di ng t o equat i on 9 we  obt ai n:

S = -
6v

I n (1+ %) + 41n i1\  ybiti + Zi)} \

h P

yb(ti + z 2)

+  l n ( l  +  - .  )
\  yb(ti + z2) J = h(b) ( 9d)

Fig. 4 Influence Line for the V alues i at a D epth  z  D u e  to Concentrated  

P oint and L ine L oads at a D istance r o r x  

L igne d ’influence pour les valeurs (/') à la profondeur (z) par 

suite de charges isolées à une distance (r), respectivem ent de 

charges linéaires indéterm inées à une distance (r) ou  (z)

p 0 (kg/ cm2)

Fig. 5 G raph for D eterm ining the Bearing Pressure at a G iven v, S  and  

b  for a Foundation  D epth  /  =  1 m

T ableau déterm inant la pression d ’appui, (v), (5 )  e t (b) étant 

donnés, pour une profondeur de fon dation  (j) so it 1 m
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Fig. 6

Po (kg/cm2)

Graph for D eterm ining the Bearing Pressure at a G iven v, S  and  

b for a Fou ndation  D epth  /  =  2 m

T ableau déterm inant les pressions d ’appui, (v), (S )  et (b) étant 

donnés, pour une profondeur de fon dation  (!) so it 2 m

r esp. ,  semi - i nf i ni t el y l ong l i ne l oads.  Ac cor di ng t o Boussinesq, 
wi t h a l ayer  of  const ant  E and  i nf i ni t e ext ent ,  t he set t l ement  

of  a sur f ace poi nt ,  due t o a si ngl e l oad Pa t  a di st ance r, i s 

f or  m (Poisson’s coef f i ci ent )  =  °o ( Fi g.  3) :

P
= ( 11)rnE E

Th e  i nf l uence l i ne c an al so be expr essed by  

SrE 1

V=~ r  = - ^

I n ma n y  cases t hi s equat i on wi l l  be qui t e sat i sf act or y f or

est i mat i ng t he i nf l uence of  adj acent  f oundat i ons.  I t  gi ves l ess 

f avour abl e val ues t han t he mo r e  accur at e comput at i on.

Th e  l et t er  i s car r i ed out  i n t he s a me  wa y  as f or  t he sel f  wei ght  

of  t he f oundat i on,  t hat  i s,  by  usi ng eq.  6- 9.  I t  i s onl y  neces 

sar y t o i ncr ease t he val ue of  i at  t he upper  edge,  i n t he cent r e,  

a n d  at  t he l ower  edge of  t he “ sof t ”  l ayer  by  t he amoun t s  

cor r espondi ng t o t he i ndi vi dual  l oads P f r om t he adj acent  

f oundat i ons.  I n mos t  cases a pl ot  as i n Fi g.  4 i s used f or  t hese 

val ues i, si nce i t  i s easy t o appl y.

Wh e r e  t he val ues i ar e not  t oo smal l ,  i t  i s bet t er  not  t o r el at e 

t he di st ance r t o t he gover ni ng poi nt  K, but  t o t he cent r al  

poi nt  M of  t he f oundat i on;  ot her wi se t he l oad ar eas of  t he

2 or  4 poi nt s K of  a  f oundat i on wi l l  di f f er  i n si ze,  al t hough 

t he cor r espondi ng di f f er ence i n set t l ement  ( i ncl i nat i on of  t he 

f oundat i on)  wi l l  be onl y smal l .

Conc l us i ons

Th e  equat i ons f or  t he t ot al  set t l ement  S ( eqs.  6,  6 a,  9,  9 a,

9 b)  i nt egr at ed accor di ng t o Simpson’s r ul e,  per mi t  a consi der 

abl e si mpl i f i cat i on of  set t l ement  cal cul at i ons because i t  i s suf f i -

Po (kg/cm2)

Fig. 7 Graph for D eterm ining the Bearing Pressure at a G iven v, 5  and b 
for a Foundation  D epth  o f  t =  3 m

T ableau déterm inant la pression d ’appui, (v), (S )  et (b) étant d on 

nés, pour une profondeur de fon dation  de (r) so it 3 m
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ci ent  t o k n o w t he pr essur e due t o t he l oad of  a st r uct ur e at  

onl y  t hr ee poi nt s of  t he “ sof t ”  l ayer :  at  t he upper  edge,  i n 

t he cent r e of  t he l ayer ,  and  at  t he l ower  edge.

Th e  s ame  equat i ons,  expr essed i n t er ms of  E, or  v,  ma y  be 

used f or  a r api d det er mi nat i on f r om t he t est  l oads of  t he me a n  

r i gi di t y of  t hat  s t r at um whi c h i s t he seat  of  set t l ement .

Equat i ons  7 a n d  7 a per mi t  a di r ect ,  and  equat i ons 9,  9 a,  

a n d  9 b per mi t  an  i ndi r ect  det er mi nat i on— by  me a n s  of  Fi gs. 5-  

8— of  t he per mi ssi bl e bear i ng pr essur e f or  a gi ven set t l ement .

Fi nal l y usi ng equat i ons 8 and  8 a,  we  obt ai n di r ect l y t he 

magni t ude of  t he per mi ssi bl e f oundat i on l oad at  a gi ven set t l e

ment ;  t hi s l oad i s i n t he case of  E = const ,  i ndependent  of  

t he wi dt h b and,  f or  E = vp a n d  an  i nf i ni t el y t hi ck st r at um,  

decr eases wi t h t he wi dt h b. I n case of  a s t r at um of  l i mi t ed 

ext ent ,  i t  i s possi bl e t o c o mp u t e  t he f oundat i on wi dt h b f or  

a gi ven set t l ement  accor di ng t o equat i on 9 c.

I  wi sh t o t hank  cand.  i ng.  Reimer ( Techni sche Hoc hs c hul e 

Ai x- l a- Chapel l e,  Aac hen)  f or  c omput i ng  t he numer i al  val ues 

of  Tabl es  1 t o 7 and  gr aphs  5 t o 9.
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Fig. 8 Graph for D eterm ining the Bearing Pressure at a G iven v, S  and b 

for a Fou ndation  D epth  r =  4 m

Tableau déterm inant la pression d ’appui, (v), (5 )  e t (b) étant d on 

nés, pour une profondeur de fon dation  (i) so it 4 m
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