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INFLUENCE OF NEIGHBOURING STRUCTURES ON THE DEEP FOUNDATIONS

L'INFLUENCE DES CONSTRUCTIONS VOISINES SUR FONDATIONS PROFONDES 

BJ1MHHME COCEÆHMX COOPyWEHMfi HA TJiyBOKME «WHÆAMEHTbl

R . C Z A R N O T A -B O J A R S K I,  P ro f.

B . R Y M S Z A , D r .S c .,  W arsaw  T e c h n ic a l  U n iv e r s i t y  (P o la n d )

SUMMARY.  The paper  di scusses hi t her t o unsol ved quest i on per t ai ni ng t o hor i zont al  pr essur es 
caused by t he l oad of  nei ghbour i ng f oundat i ons,  t r ansmi t t ed t o t he st r uct ur e l i mi t i ng soi l  
hal f - spaee.  I n anal ysi ng met hods descr i bed I n t ext books,  t he paper  poi nt s out  t o gr eat  di ­
ver genci es I n appr oaches and r esul t s.  Expl ai ni ng why compar at i ve r el at i ons / based on t he 
Bouef l l nesq' B sol ut i on/  ar e dependent  on t he l ocat i on of  t he l oad,  t he paper  al so poi nt s t o 
a dependence of  st r esses i n soi l  on physi cal  and mechani cal  f eat ur es and t he val ue and t ype 
of  def or mat i on of  t he st r uct ur e.  The compl l at or y I deol ogi cal  schema,  r esul t i ng f r om t heor e­
t i cal  consi der at i ons and model  r esear ch,  appr oaches t he qual i t at i ve si de of  t he pr obl em I n 
f l at  st r ai n.

1. I NTRODUCTI ON

I n desi gni ng st r uct ur es f ounded at  gr eat  

dept hs i n over  bui l t  ar ea,  account  shoul d 

be t aken of  t he nei ghbour i ng f oundat i ons. As 

t he pr obl em of  st r ess di st r i but i on i n one­

si ded l i mi t ed soi l  hal f - space so f ar  r emai ns 

unsol ved,  var i ous si mpl i f i ed met hods ar e ap­

pl i ed I n pr act i ce. Thi s quest i on i s next  di s 

cussed on t he basi s of  a cont i nuous ver t i cal  

st r uct ur e wi t h a l i near  l oad P. Exami ned ar e 

hor i zont al  pr essur es r esul t i ng f r om l oad P,  

t r ansmi t t ed t o t he r i gi d st r uct ur e,  i n t he 

f or m of  a uni t  ear t h pr essur e ^xp=Aep = ^ x *

2. ANALI TI CAL METHODS

I n anal yzi ng met hods of  def i ni ng hor i zont al  

pr essur es, t he paper  does not  t ake l nt b acco­

unt  t he cl assi cal  Coul omb met hod,  I n whi ch 

t he l oad P I s i ncl uded I n t he wei ght  of  t he 

sl i di ng wedge.

2. 1. Boussl nesq' s Sol ut i on 

Lat er al  pr essur es( Pi g. i , l i ne l ) ar e somet i ­

mes cal cul at ed by appl yi ng t he f or mul a:
2 2 °

_ 2P cos t  si n

TTZ

The Boussl nesq' s sol ut i on

2 P x
2  M

ot  t ake ac ­

count  of  t he pr oper t i es of  soi l . Besi des, t he

1t (x2+ z2 ) 
n does not

basi c pr ovi si ons of  t he t heor y di scussed 

ar e not  f ul f i l l ed I n t hi s case.  The paper  

poi nt s out  t hat  hor i zont al  soi l  st r ai n I n 

t he sur f ace of  t he wal l  OM( bence st r ess)  ar e 

det er mi ned by t he r i gi di t y of  t he st r uot ur e 

and t hat  r adi al  st r esses may occur  onl y I n 

t he zone of  t he cyl i ndr i cal  sur f ace UCDB.

2. 2. Adj ust meni  of  t he Boussl nesq' s Sol ut i on 

Tschebot ar l of f  r ecommends appl i cat i on of  t he 

Wel skopf ' 6 model ( g . P. Tschebot ar l of f  195i ) . 

Assumi ng t hat  i n cont i nuous soi l  medi um at  

a gi ven poi nt  M of  t he el ast i c hal f - space 

t her e woul d occur  l at er al  di spl acement A( P, E,  

r , j t i , t | j >0,  t he r i gi di t y of  t he st r uct ur e 

count er bal ances t he i mpact  of  a sl mmet r l cal -  

l y l ocat ed l oad P’ , wi t h Ay=A( p)  +A P ’ = 0.  

Hor i zont al  pr essur es r epr esent ed by t he l i ­

nes 1, 1’ ar e cal cul at ed on t he basi s of  t he 

f or mul a:  „

+16’ 2* xB=
4 P x

or ( x

Z

I 2YZ (2)
^  + z- T

Though much mor e r easonabl e I n compar i son 

wi t h Eq. ( l ) ,  t hi s appr oach does not  const i ­

t ut e a pr oper  sol ut i on.  Regar dl ess of  a 

f ai l ur e t o meet  t he boundar y condi t i ons 
( see § 2. l ) , l t  shoul d be st r essed t hat  I n
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f ace of  t he I mpossi bi l i t y of  st r ess di st r i ­

but i on on t he whol e cyl i ndr i cal  sur f ace ACE 

( nod- exl st ence of  t he AM zone) , r adi al  st r ess 

concent r at i on wi l l  occur  on t he MCE sur f ace,  

mai nl y i n t he UC zone»di mi ni shi ng I n t he 

di r ect i on of  UDE.  I t  shoul d t her ef or e be 

assumed t hat  I ni t i al  st r esses ar e 

whi l e t hei r  pr opor t i onal  di f f er ences

i consi der ed on t he sur f ace 

of  t he wal l ,  woul d I ncr ease t oget her  wi t h 

a decr ease of  t he angl e + .

FI G. l .  DI STRI BUTI ON OF HOI t l ZONTAL PRESSURES 

ACCORDI NG TO THE FORMULAS OF :

1-  Boussi nesq,  2-  Ter zaghi ,  3-  FrBl i l i ch ; 
^, 5-  cal cul at i on schemat a

The obvi ous f act  t hat  t r ansi t i ons of  st r ess 

i ncr ease whi l e t he di st ance Xp= x of  t he 

l oad P f r om t he st r uct ur e di mi ni shes i s con­

f i r med by a compar at i ve anal ysi s of  t he de­

pendences (i ) , (3) . The f or mul a (3) def i nes 

hor i zont al  pr essur es when l oad P act s on 

t he el ast i c symmet r i cal  wedge GMCD wi t h an 

apex angl e j 5 and 0 ^  i p ^  ^

6  = 2 P cos2^  si n2 ^ / \

x2 z (j j  + si n p )

Assumi ng t hat  st r esses occur  i n t he zone of
/—S

cyl i ndr i cal  sur f ace MD,  wi t h MCD < ACE,  we 

r ecei ve ( when JJ—  Jt,  6  x2—  6 ^ .

Hence t he assumpt i on t hat  a cl ose t heor et i ­

cal  r el at i onshi p,  account  bei ng t aken of

t he asymmet r i c wedge wi t h an angl e 0, 5^+x) ,  

woul d l ead t o def i ni ng i nt er medi at e pr essu-  

r es <6' xi <s' x 2. The st r esses 6  ^  . def i ned 

wi t h t aki ng i nt o account  nat ur al  l at er al  de­

f or mabi l i  t y of  soi l  medi um,  woul d be i ni  Hal  

st r esses i n cal cul at i ng l at er al  pr essur e

x W 1~= S' t t w on t he r i gi d st r uct ur e
xf f

A( X_0)= 0 , l i mi t i ng 6oi l  hal f - space.

2. 3. Ef f ect  of  Li near  Load accor di ng t o 
K . Ter zaghi

On t he basi s of  r esear ch by E. Ger ber ,  Ter za­

ghi  ( k. Ter zaghi  1953)  pr esent s t he f ol l ow­

i ng f or mul as concer ni ng l at er al  pr essur es 

( Fi g. 1, l i ne 2) :

*  '  5Tb I.2) 2 ' , 0r  m>  0 ’ 4 M

^  0, 4 ( a)

wher e:
□  = b ~ i ndex of  dept h,

-  r el at i ve di st ance of  t hem =

l oad P f r om t he st r uct ur e.  

The f or mul a ( 4a) i s equi val ent  t o Eq. (2) . Ac ­

cor di ng t o t he f or mul a (4b) , i t  shoul d be 

assumed t hat  wi t h x ^  0, 4h t he val ue and 

di st r i but i on of  pr essur es 6^  depend t o a 

l ow degr ee on t he l ocat i on of  t he l oad 

whi ch I s cont r ar y t o t he f i ndi ngs of  ot her  

aut hor s. For  exampl e, t her e i s ci t ed r esear ch 

by Dubr ova, whi ch pr oves t hat  changes i n t he 

val ue and uni t  ear t h pr essur e di st r i but i on 

i ncr ease when t he f or ce P=const  moves cl o­

ser  t o t he wal l  ( g. A. Dubr ova 1963) .

2. 4.  Fr Bhl i ch' s For mul a

I n desi gni ng under gr ound r ai l way i n Muni ch,  

wi t h 4̂5° + • Fr ohl l ch s f or mul a was

appl i ed ( H. Joas, J. Weber , E. Hei ne 197l ) :

3 P x2z2
xF (5 )

4(x 2+ z2) 2’ 5 
Pr essur e di st r i but i on i s pr esent ed i n Fi g. l  

by l i ne 3 whi ch pr act i cal l y i s t he same as 

t he cur ve 1 at  t he dept h z ^  0, 5h. I n t he 

upper  par t  &^  < <d̂ , whi ch cannot  be j ust i ­

f i ed i n t he l i ght  of  r emar ks made i n §§ 2. 1,

2. 2.  I t  i s st r essed t hat  t he r esul t s of  r e­

sear ch by var i ous aut hor s anal yzed i n § 2. 3

x)  Pr ov i ded " t hat  +40 , t he l i mi t i ng condi t i on

of  t he appl i c at i on of  Eq.  ( 5)  i s x  <<T(0 , 8t -1 , o)  h .
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unani mousl y shows t hat  wi t h x < ( 0, 7«- 0, 8) h 

r eal  r esul t ant  ear t h pr essur e û Exp= J ^ xdz=

= ®x > Ej<iB> Exp> consi der abl y exceeds cal cul ­
at i on val ues.

2. 5. Repl acement  Schemat a

Pr essur es ( Fi g. 1, l i ne 4) r esul t i ng f r om t he 

cal cul at i on schema HUt t e 1970 ar e def i ned 

by t he f ol l owi ng equat i on:

àxa = I pt an2 ^ 50 ~ T" )  = Ti c  Ka ^  

Thi s schema i s char act er i zed by t oo gr eat  

f r eedom of  choi ce ( ungr ounded r ef er ence t o 

Coul omb' s t heor y of  wedges) .  I n t he case of  

a r i gi d st r uct ur e, r at her  ¿xo= shoul d be

assumed, wi t h account  t aken of  t he coef f i dsi t  

of  ear t h pr essur e at  r est  K„ >K„ .
O 8

Regar dl ess of  consi der abl e di ver genci es I n 

val ues and pr essur es di st r i but i on,  t hat  i s 

i n t he val ue and l ocat i on of  r esul t ant  pr e­

ssur e,  t he r eser vat i on ar i ses t hat  wi t h 

x ^ Oj Ch t he r esul t  i s Ex= qpKAh~0, 6 P K g = 

= const .  Taki ng I nt o account  t he pr i nci pl e 

of  super posi t i on,  t hi s schcma does not  meet  

boundar y condi t i ons.  Gener al i zi ng t he cal ­

cul at i on schema appl i ed i n det er mi ni ng t he 

i nf l uence of  r ai l way l oadi ng ( ci vi l  Engi nee­

r i ng Handbook, 1940) ,  a const ant  val ue of  

pr essur es def i ned by Eq.  (e) shoul d be 

assumed, bel ow t he l evel  of  act i ng of  r epl a­

cement  l oad Qp (gj ( Fi g. 1, l i ne 5) . I n t hi s me­

t hod ar e no l i mi t at i ons as t o t he val ue
D

Bmi j j  and -ji- . Wi t h B«h,  t hi s met hod l eads t o 

er r oneous r esul t s.  The schema pr esent ed does 

not  meet  t he pr ovi si ons and boundar y condi ­

t i ons of  t he Coul omb t heor y, t o whi ch i t  ma­

kes a r ef er ence . ’.Vi t h x- >- 0, t he zone of  l oad 

q cause such ear t h pr essur e as one r esul t i ng 

f r om sur char ge of  t he whol e ar ea of  sl i di ng 

wedge. Thus t hi s met hod l eads t o t heor et i cal  

cont r adi ct i ons. l t  i s pr esent ed i n or der  t o 

i l l ust r at e di ver genci es i n appr oaches t o 

t he pr obl em bei ng di scussed.

3. COMPARATI VE ANALYSI S

I f  an eval uat i on of  t he met hods pr esent ed i s 

based on t he degr ee of  cor r el at i on of  cal ­

cul at i on («>x i , Exi ) and r eal ( dx , Ex^ val ues,  

t hen such an eval uat i on i s di f f i cul t  si nce 

t he scope of  exper i ment al  r esear ch i n t hi s

domai n i s nar r ow. I t  i s i mpossi bl e t o def i ne 

gener al  compar at i ve r el at i ons because par a­

mét r és det er mi ni ng pr oper t i es of  soi l  does 

not  appear  i n dependences based on Boussi -  

nesq’s sol ut i on (l ) + (5) ,  whi l e Eq . ^ i n t r o ­

duces dependence of  pr essur es é  on t he an­

gl e ^ . I t  I s emphasi zed t hat  quant i t é&i ve 

di ver genci es i n pr essur e di st r i but i on 6 .
X X

r epr esent ed i n Fi g. l  by l i nes 1- 5, whi ch i n 

t hei r  ext r emes exceed 300- 400%,  ar e var i abl e 

because t hey depend on t he d i s t a n c e  

x of  a l oad P f r om st r uct ur es.  As t he l i mi t ­

ed si ze of  t he paper  make i t  i mpossi bl e t o 

pr esent  a f ul l er  anal ysi s of  t hi s pr obl em,  

onl y cer t ai n gener al  r egul ar i t i es ar e di s­

cussed i n t he f ur t her  par t , wi t h r ef er ence t o 

t he r esul t s of  r esear ch conduct ed by Dubr ova 

(g .A.  Dubr ova 1963)  and Spangl er  ( G. P. Tsche-  

bot ar l of f  195l )  , and t o t he f or mul a (l ) .

I t  shoul d be assumed t hat  f or  smal l  di st an­

ces 0 < x i< 0 )3h pr essur e di st r i but i on i s si ­

mi l ar  t o t he di st r i but i on def i ned by Eq. ( l ) , 

wi t h r eal  val ues bei ng 2, 5* 3 t i mes bi gger  

t han cal cul at i on val ues. Taki ng f f ei skopf ’ s 

model , t he addi t i onal  di f f er ence( o, 5 +1 , 0 ^ ^  

can be expl ai ned by t he f act  of  assumi ng an 

i ncor r ect  compar at i ve val ue (see

§ 2, 2)  . I n pr i nci pl e bi gger  di ver genci es,

4- 5 t i mes,  shoul d be expect ed. That  t hey ar e 

smal l er  i s expl ai ned by t he f act  t hat  bi gger  

val ues >  <ox ar e obt ai ned f r om t he

Boussi nesq’i f or mul a wi t h cont i nuous soi l  

hal f - space. Wi t h x «  0, 5h,  we obt ai n

5 = as t *l e di 8* 8110® x  i ncr eases,
t hi s r at i o di mi ni shes.  Anal ysi ng t he r esul t s 

of  r esear ch by Spangl er . Tschebot ar i of f  poi nt e 

out  t hat  wi t h xs=0, 8 h exper i ment al l y det er ­

mi ned pr essur e di st r i but i on i s pr act i cal l y 

t he same as t he di st r i but i on def i ned by 

Eq. ( i ) , ( §  — l ) .  The r esul t s of  r esear ch by 

Dubr ova al so i ndi cat e t hat  wi t h t he I ncr ease 

of  t he di st ance x hor i zont al  pr essur es di ­

mi ni sh much f ast er  t han i t  woul d r esul t  f r om 

f or mul as based on Boussi nesq s t heor y. Mor e­

over  . exper i ment al l y def i ned di st r i but i on of  

pr essur es f or  x>0, 75h essent i al l y di f f er s 

f r om t he t heor et i cal  di st r i but i on r esul t i ng 
f r om Eq.  (l ) , wi t h Ex < .
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Pr ovi di ng f or  r i gi di t y of  t he st r uct ur e or  

saonst  , I t  shoul d he assumed t hat  t he di ­

ver gency I n oonpar at l ve r el at i ons g Tn=

= £ ( x, z) and % ( * )  r esul t s f r om t he

f act  t hat  Boussl nesq' s t heor y I ncor r ect l y 

def i nes t he st r ess condi t i on i n soi l  medi um.  

Thi s can he pr oved by compar i ng t he di agr ams 

£=f ( x)  and F (x) ( Fi g , 2a)  , wher e:

^ 2  2 2 Px z dz _ P h ^
Bx B =

o'
7X (:

x ^ y r <Jc(x2 + h2)

The di agr am £= f  (x)  i l l ust r at es t he var i abi ­

l i t y of  t he coef f i ci ent  of  cor r el at i on i n 

connect i on wi t h t he val ue of  r esul t ant  pr e­

ssur e ( di ver genci es concer ni ng a l ocat i on 

of  t he f or ce Ex ar e not  t aken i nt o account )  , 

The l i ne G whi ch def i nes t he var i abi l i t y of  

t he r el at i on E^ / E^g, det er mi ned on t he basi s 

of  t he r esul t s of  r esear ch by Ger ber . di f f er s 

consi der abl y f r om t he cur ve | (x) whi ch r ef er s 

t o r esear ch by Spangl er  and Dubr ova. l t  I s 

emphasi zed t hat  al t hough t he f or mul as ( 4a, b)  

const i t ut e appr oxi mat i on of  t he r esul t s of  

Ger ber ' s t est s,  t hey cor r espond t o t he va­

l ue -  2.  Anal ysi ng condi t i ons of  r eseai ch 

Ter zaghi  poi nt s out  t hat  t he val ues of  ear t h 

pr essur e obt ai ned by Ger ber  ar e smal l er  t han 

t he r eal  on es.  Hence E ^  . Quant i t at i ve

Fi xJ, (7J

ma x CEx )

FI G. 2. HYPOTHETI CAL DI AGRAMS OF:

a -  Coef f i ci ent  of  cor r el at i on £= f (x~ ) 
(dash l i ne - r el at i ng t o Ger ber ' s 
t est s;  dach- dot  l i ne -  Eq. 7) ,  

b -  I nf l uence of  di spl acement s of  t he 
st r uct ur e on t he k val ue

di ver genci es may al so r esul t  f r om di f f er ent  

soi l  condi t i ons;  t her ef or  Fi g . ' ¿a pr esent s a 

f ami l y of  cur ves ^ 4 ( x) ,  poi nt i ng t o a de­

pendence of  st r ess on por osi t y n,  t he angl e 

4»,et c.  The gener al i zed cur ve ^( x)  i l l ust r a­

t es t he qual i t at i ve aspect  of  t he pr obl em.  

Def i ni ng appr oxl mat l vel y val ues we assume 

t hat  i n model  r esear ch t her e occur s f r i ct i on 

bet ween gr ound and si de wal l s . whi ch di mi ni ­

shes t o a cer t ai n degr ee t he pr essur e on 

t he r et ai ni ng nai l .

4. I NFLUENCE OF DEFORMATI ON OF THE STRUCTURE

I t  was assumed I n t he hi t her t o consi der at ­

i ons t hat  pr essur es ar e t r ansmi t t ed on t he 

r i gi d st r uct ur e ( a = o)  . I t  i s obvi ous t hat  

I f  t her e ar e el ast i c def or mat i ons (or  di s ­

pl acement s i n t he case of  monol l t i c st r uct u­

r e) -  t he val ue and di st r i but i on of  ¿x wi l l  

change.  A number  of  aut hor s poi nt s t o t he 

I nt er dependence bet ween ear t h pr essur e and 

def or mat i ons of  t be st r uct ur e.  Al t hough t he 

r esul t ant  pr essur e Ex caused by t he l oad P 

di mi ni shes wi t h t he I ncr ease of  t he di spl a­

cement  A , t her e i s no cor r el at i on bet ween 

t he dependences Et / Et H=^ ( x. A)  and V  

/ ^  xB ( * i ) = ^ ( x •^  >*)  sl nce pr essur e di st r i ­
but i on depends on val ue and al so on t he 

ci nemat l cal  schema of  di spl acement s ( G. A.  

Duhr ova 1963) .

I t  r esul t s f r om Boussl nesq' s t heor y t hat  i n 

soi l  hal f - space nat ur al  l at er al  st r ai n ar e 

a di mi ni shi ng f unct i on of  t he di st ance r  

( wi t h z=const  -  t he di st ance x=xp; see Fi g. l ) . 

As r egar ds consi der at i ons pr esent ed i n § 2. 1,  

I t  can be assumed t hat  t he r e l a t i v e  

I nf l uence of  def or mat i on of  t he st r uct ur e 

a ( 6x , z) = A on t he pr essur es ^ x ( P’^>x *z)  = ̂ x 

and Ex ( p, A, x) = Ex i s t he gr eat er , t he gr eat s-  

i s t he l oad P ( Fi g. 2b) .

Assumi ng as a compar at i ve val ue max Ex 

( ear t h pr essur e f r om t he l oad P as cl ose as 

possi bl e t o t he r i gi d wal l *^) ,  I t  i s pr obab­

l e t hat  t he cour se of  t he l i ne kj = f ( x, Aj )

n)  The cour se of  t he l i ne G ( Fi g. 2a)  i ndi cat es  

max  E wi t h x =0, 2h, whi c h i s i n c ont r adi c t i on t o 

Dubr ova' s  t es t s  and Eq . ( 7) . Al t hough Fi g . 2 assumes

raax ^j cĈ  = * 0 wi t h x —►O because t heu max  6  
an<* nt axe = K 6  , t hi s  pr obl em r equi r es  

r esear ch.
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act ual l y depends not  onl y on t he si ze ana 

t he t ype of  de/ or mat l on of  t he st r uct ur e 

but  al so on soi l  pr oper t i es.

Payi ng at t ent i on t o t hi s aspect  of  t he pr ob­

l em al l ows t o see di f f i cul t i es.  These di f f i ­

cul t i es ar e f ur t her  compl i cat ed i n t he case 

of  a concent r at ed l oad,  I n t he condi t i ons 

of  spaci al  di st r i but i on of  pr essur es.

5.  CONCLUSI ONS

1.  The pr obl em of  pr essur es on a st r uct ur e 

l i mi t i ng soi l  medi um caused by t he l oad of  

nei ghbour i ng f oundat i ons so f ar  r emai ns 

t heor et i cal l y unsol ved. Repl acement  cal cul ­

at i on schemat a and empi r i cal  dependences 

ar e di f f er ent l y pr esent ed by var i ous aut h­

or s .

2. Compar at i ve r el at i ons i n connect i on wi t h 

Bousal nesq 3 t heor y may be di ver gent  becau­

se of  t he dependence of  st r ess on physi cal  

and mechani cal  soi l  f eat ur es.  Ther e i s t he 

need f or  br oad r esear ch under  var i ous soi l  

condi t i ons.  El ast oopt i cal  r esear oh woul d 

al so be hel pf ul  as i t  woul d al l ow f or  cor ­

r ect i ons of  t he pr ovi si ons concer ni ng 

st r ess di st r i but i on i n a one- si ded l i mi t ed 

soi l  medi um.  Compl ex r esear ch coul d pr ovi de 

a basi s f or  def i ni ng t he gener al  dependen­

ce i n whi ch t her e woul d be i ncl uded par a­

met er s char act er i si ng soi l  pr oper t i es.

3.  Apar t  f r om r heol ogl cal  st r ai n,  t he r i gi ­

di t y of  a st r uct ur e and t he st at i c schema 

of  def or mat i on exer t  consi der abl e i nf l uen­

ce on t he val ue and pr essur e di st r i but i on 

on t he st r uct ur e.
*  *  *

Thi s paper ,  I nt ended by aut hor s t o be 

pol emi cal ,  does not  f ul l y pr esent  t he pr o­

bl em,  poi nt i ng t o i mpor t ant  and hi t her t o 

unsol ved pr obl ems r el at i ng t o deep f ounda­

t i ons i n over  bui l t  ar ea.
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