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sn o p sis

The f i r s t  par t  of  t he paper  di s c us s es  s t r uc t ur es  oper at i ng near  t he sur f ace of  a base 
/ anc hor  pl at es ,  sheet  pi l e wal l s ,  pi l es / ,  t ak i ng i nt o account  t hat  t he anchor  and sheet  
pi l e br eak  t he el as t i c  hal f - s pac e and t hat  i n dr i v i ng t he pi l e t he soi l  i s  pus hed of  and 
sol i di f i ed.  To al l ow f or  t he br eak,  di s t r i but ed doubl e f or ces  ar e used.

I n t he s econd par t  a met hod i s  pr opos ed f or  anal y s i ng an ar ched s t r uc t ur e deepl y  i m
bedded i n a non- r ook y  gr ound oper at i ng i n t he el as t i c  and t he el as t i c - pl as t i c  st ages.  The 
soi l  i s  r egar ded as el as t i c  l ay er  / t wo- di mens i onal  pr obl em/ ,  ass umi ng zer o di s pl ac ement s  
al ong t he l ower  boundar y  of  t he l ayer .  I n t he el as t i c  s t age t he s ol ut i on i s  gi v en i n t he 
f or a of  r eady  des i gn expr ess i ons .  I n t he el as t i c - pl as t i c  s t age t he as s oc i at ed f eat ur es  
of  s t r uc t ur e des i gn ar e demonst r at ed.

I n anal y s i ng soi l - embedded s t r uc t ur es  
i t  i s  as s umed t hat  t he soi l  oper at es  b b  an 
el as t i c  hal f - space.  The f i r s t  par t  of  t he 
paper  ( M. I . Gor bunov - Possadov ,  A. B. Ogr ano-  
▼i ch,  L. N. Bepnl kov )  di s c us s es  s t r uc t ur es  
oper at i ng near  t he sur f ace of  a base ( an
chor  pl at es ,  sheet  pi l e wal l s ,  pi l es) .  
Al l owance i s  made f or  t he f ac t s  t hat  t he 
anchor s  and t he sheet  pi l e br eak  t he el as 
t i c  hal f - s pac e and t hat  when t he pi l e i s 
dr i v en i n,  t he soi l  i s pus hed of  and sol i 
di f i ed.  I n t he s econd par t  S. S. Dav y dov  
pr opos es  a met hod f or  anal y s i ng an ar ched 
s t r uc t ur e deepl y  embedded i n a nonr oc k y  
gr ound and oper at i ng i n t he el as t i c  and 
el as t i c - pl as t i c  st ages.  When a s t r uc t ur e 
oper at es  I ns i de t he soi l  ( sheet  pi l a wal l s ,  
pi l es ,  anchor  pl at es ,  et c . )  t he ut i l i sat i ai  
of  a model  of  an el as t i c  hal f - s pac e i n 
s t r engt h and s t r ai n anal y s i s  y i el ds  r esul t s  
c l os el y  appr ox i mat i ng ac t ual  condi t i ons ,  
s i nce t he appear anc e of  pl as t i c  s t r ai ns  
wi t h i n t he soi l  i s  i mpeded by  t he addi t i on 
of  i t s  own wei ght ,  t he soi l  i s  sol i di f i ed 
by  t hi s  wei ght ,  and t he bear i ng ar eas  of  
t he s t r uc t ur es  ar e not  so l ar ge ( Gor bunov-  
- Possadov ,  1967) «

I n t hi s  case t he advant age of  t he mo 
del  of  an el as t i c  hal f - s pac e ov er  t he 
■ i nki er  hy pot hes i s  i s t hat  i t  t akes  i nt o 
account  not  onl y  t he di s t r i but i v e abi l i t y  
of  t he soi l ,  but  al so t he dec r eas e i n t he 
r es i s t anc e t o base s t r ai ns  near  t he sur f aca.

The f i r s t  at t empt s  t o ass a model  of  
an el as t i c  hal f - s paoe f or  anal y s i s  of  
s t r uc t ur es  near  t he sur f ace of  t he gr ound 
wer e made i n anal y s i ng pi l es  f or  a hor i -

sont al  l oad ( Zhemochk i n,  1948)  and f or  a 
sheet  pi l e wal l  ( Kr achmer ,  1956) ,  al so f or  
a r ec t angul ar  anohor  pl at e ( Dougl as  and 
Davi s ,  19^ 4) .  These aut hor s ,  however ,  di d 
not  al l ow f or  t he br eak  i n t he c ont i nui t y  
of  t hs base ( an openi ng)  c aus ed by  t he 
s t r uc t ur e body.  Ac c or di ng t o t hese sol u 
t i ons,  t her ef or e,  i n t he upper  por t i on of  
t he s t r uot ur e t he soi l  was  s ubj ec t ed t o 
c ompr es s i on i n f r ont  of  t he s t r uc t ur e and 
t o t ens i on behi nd i t .  I n t he l ower  por t i on 
of  t he s t r uc t ur e t he s i t uat i on was  r ever sed 
( see di agr am I n f i g.  1( a) ;  t ens i l e s t r esses 
ar e r egar ded as  pos i t i ve) .  I n ac t ual  f act  
soi l  i s not  subj ec t ed t o t ens i on;  f or  t hi s  
r eas on t he r es i s t ance of  soi l  t o di s pl ac e 
ment  os  ov er s t at ed when us i ng a di agr am of  
a c ont i nuous  el as t i c  hal f - space.

Fl g. 1.  Di agr am f or  anal y s i ng a s t r uc t ur e 
oper at i ng wi t hi n an el as t i c  hal f - spacei  
( a)  wi t hout  and ( b)  wi t h al l owanc e f or  a 
br eak  i n cont i nui t y .
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A cor r ec t  s ol ut i on oan be obt ai ned by 
us i ng a di agr am ac c or di ng t o whi c h t he 
s t r uc t ur e i s  i ns er t ed i n t he s l ot  i n t he 
el aet i o hal f - s pac e ( f i g.  1( b) ) .  I n t hi s  
oase t he soi l  wi l l  onl y  be s ubj ec t ed t o 
c ompr es s i on on t hat  s i de of  t he s t r uc t ur e 
t o whi c h i t  i s  di spl aced.  On t he ot her  
s i de t her e wi l l  be ei t her  no soi l  pr es s ur e 
on t he «al l  ( i n t he case of  c ohes i ve 
soi l s ) ,  or  ac t i ve pr es s ur e wi l l  mani f es t  
i t sel f ,  or  el se pr es s ur e wi l l  ar i se f r om 
t he heapi ng of  t he gr ound,  i . e.  f r on i t s  
el as t i c  di s pl acement  t owar d t he s t r uc t ur e 
by gr av i t y .

As pr opos ed by 11. 1. Gor bunov - Pos s adov  
( Ogr anov i oh and Gor bunov - Possadov ,  1966;  
Gor bunov - Possadov ,  1967) ,  t he ef f ec t  of  t he 
openi ng i n whi c h t he s t r uc t ur e i s  i ns er t ed 
i s  obt ai ned by  us i ng t he doubl e f or ces  
di s t r i but ed c ont i nuous l y  al ong t he s t r uc 
t ur e body« We wi l l  r ecal l  t hat  a doubl e 
f or ce D,  i s a l oad obt ai ned i n t he l i mi t  
f r om t wo equal  and oppos i t e poi nt  f or ces,
P,  on y hei r  unl i mi t ed mut ual  appr oac h and 
when t he pr oduc t  D -  Pa  ( wher e a  i s  t he 
di s t ance bet ween t he poi nt s )  i s  cons t ant .  
The f or ces  ar e di r ec t ed al ong t he l i ne 
pas s i ng t hr ough t he poi nt s  of  t hei r  appl i 
cat i on.  I f ,  f or  i ns t ance,  t he f or ces  P ar e 
di r ec t ed al ong t he x - &x i s ,  t he s ol ut i on 
f or  t he doubl e f or ce D i s obt ai ned f r om 
t he s ol ut i on f or  P by  di f f er ent i at i on wi t h 
r espec t  t o x  ( Ti moshenko and Goodi er , 1951) .  
I t  wi l l  be shown bel ow t hat  c ont i nuous l y  
di s t r i but ed f or ce coupl es  br eak  a hal f 
pl ane or  hal f - s pac e and f or m an openi ng.

A sol ut i on f or  a v er t i cal  and a hor i 
zont al  f or ces  appl i ed i ns i de a hal f - pl ane 
i s  gi v en by £. Uel an ( Uel an,  1932) .  As  r e 
gar ds  t he hor i z ont al  f or ce,  however ,  t hi s  
sol ut i on i s  i n er r or .  I n t he f or mul a f or  
hor i zont al  s t r esses  t he t er m

t 2 + 6dx  + 6d2

shoul d be r apl ac ed by

T 2  -  4dx  -  2d2 
„ 4

Besi des,  B. Uel an di d not  s uppl y  a f or 
mul a f or  di spl acement s .  A c or r ec t i on of  
Uel an' s  f or mul as  f or  s t r esses  and t he deduc 
t i on of  di s pl acement  f or mul as  have been 
made by  us  ( Gor bunov- Possadov ,  Shekht er ,  
Kof man,  1954;  Gor bunov - Possadov ,  1964) .

A sol ut i on f or  a poi nt  f or ce i n an 
el as t i c  hal f - s paee was  obt ai ned by  R. I t i nd-  
l i n,  1936;  Ui ndl l n and Chen,  1950) .  The 
same aut hor  suppl i ed t he expr es s i ons  f or  
k er nel s  f or  f or c e coupl es  i n an el as t i c  
hal f - s pac e t hr ough t he Gal er k l n vec t or .

Anal ys i s  of  a aheet  pi l e wal l  has  been 
per f or med by  us  i n t wo ver s i ons i  f or  a r i 
gi d wal l  ( Ogr anov l ch and Gor bunov - Possadov ,
1966)  and f or  a f l ex i bl e wal l  ( Ogr anov l ch,
1967) .  We r es t r i c t ed our s el ves  t o a scheme 
wher e a poi nt  hor i z ont al  f or c e P and a mo 

ment  M ar e appl i ed at  t he upper  por t i on of  
t he wal l  coi nc i di ng wi t h t he f r ee sur f ace 
of  t he gr ound.  The heapi ng of  t he gr ound 
I s  t ak en i nt o account  as a uni f or ml y  di s 
t r i but ed l oad on t he sur f ace of  t he hal f 
pl ane t o one s i de of  t he wal l .

l ow we wi l l  s t at e br i ef l y  a mor e gene 
r al  c ase of  a f l ex i bl e wal l  ( f i g. 2) .  We 
wi l l  assume t hat  t he gr ound i s  dens e cl ay,  
t he wei ght  of  t he mound i s  I ns uf f i c i ent  
f or  c l os i ng up t he openi ng,  and compl et e 
c l os i ng up of  t he openi ng i s not  achi eved 
( we have al so i nv es t i gat ed ot her  cases  
wher e t he openi ng c l oses  up but  a br eak  i n 
t he s t r esses  occur s  Just  t he same) .

Pi g. 2.  Anal y s i s  of  a f l ex i bl e sheet  pi l e 
wal l .

The wal l  t hi c k nes s  i s  as s umed t o be 
negl i gi bl y  smal l ,  al t hough,  as  wi l l  be 
s hown bel ow,  i t  i s  qui t e pos s i bl e t o make 
al l owanc e f or  t he wal l  t hi ckness .  The ef f ect  
of  t he zone of  l i mi t i ng s t at e of  t he gr ound 
at  t he t op of  t he wal l  i s  al so i gnor ed;  
t he er r or  i nt r oduc ed by  t hi s  as s umpt i on i s 
par t l y  smoot hed out  by  t he abov e- ment i oned 
i nc r eas e i n t he def or mat i on of  t he medi um 
at  i t s  sur f ace as i n t he s ol ut i ons  of  Ue 
l an and Ui ndl l n.

The boundar y  condi t i ons  on t he sur f ace 
of  t he gr ound ar e s at i s f i ed aut omat i c al l y  
by  us i ng Uel an' s  sol ut i on.  The boundar y  
condi t i ons  t o t he r i ght  ( y ■ +0)  and l ef t  
( y “  - 0)  of  t he wal l  ( f i g. 2)  wi l l  be di f f er 
ent .  Assume t hat  t he poi nt  at  whi c h t he 

r eac t i on pr es s ur es  pass  over  f r om one s i de 
of  t he wal l  t o t he ot her  and wher e t he 
wi dt h of  t he openi ng i s z er o i s  l ocat ed 
at  a dept h nh,  wher e h  i s  t he dept h of  t he 
embeddi ng of  t he wal l ,  ‘¿‘hen t he boundar y  
condi t i ons  f or  a s moot h wal l  wi l l  be:
at x  ^  nh, y -  +0 , ey-  0 , Zry .

y ■ - 0 , Y -  ▼, Txy * 0

at 1 i  nh y ■ +0, Y -  ▼. Tgy ■ 0

y -  - 0 , -  o, ĵ ry " 0

Her e 7 and v  ar e t he def l ec t i on and 
di spl ac ement  of  t he soi l ,  r espec t i vel y .  
Si nce i n a t wo- di mens i onal  pr obl em di s 
pl ac ement s  ar e det er mi ned t o wi t h i n t he 
addi t i v e cons t ant ,  i t  I s  c onv ent i onal l y  
as s umed t hat  t he l ower  end of  t he wal l

434



SOIL EMBEDDED STRUCTURES

suf f er s  no di spl acement .
We wi l l  now use r educed c oor di nat es  

/  -  x / h ? » y / h.  To f ul f i l  t he boundar y  
condi t i ons  ( 1)  we appl y  t o a cont i nuous  
hal f - pl ane,  al ong t he x- ax i s .  over  a seg
ment  0 « ^  1,  f i c t i t i ous  l oads  i n t he 
f or m of  usual  hor i z ont al  f or ces  di s t r i 
but ed as oor di ng t o t he l aw

? w , t  <*>

and of  hor i z ont al  doubl e f or ces

(3)

The sol ut i on can be made mor e pr ec i se 
by i nt r oduc i ng a f i c t i t i ous  l oad f r om t he 
ver t i cal  s el f - bal anc ed f or ces.

The power  of  t he pol y nomi al s  ( 2)  and 
( 3)  depends  on t he des i r ed accur acy.  I n 
our  sol ut i on,  m was  t aken as 4.

The unknown coef f i c i ent  qi  and di  
shoul d be so det er mi ned t hat  t he boundar y  
c ondi t i ons  wi l l  be bes t  sat i s f i ed ( I ) .

Ac c or di ng t o l l el an' s sol ut i on t he ho 
r i zont al  s t r esses  f r om l oadi ng by  f or ces
( 2)  hav e a di s c ont i nui t y  al ong t he x- ax i s ;  
t her ef or e,  i f  t he di r ec t i on f r om r i ght  t o 
l ef t  i s  c ons i der ed pos i t i v e f or  t hese 
f or ces,  t he s t r esses  ar e det er mi ned by  t he 
equat i on

ï i * > i ( 4)

( Compr ess i ve s t r esses  ar e t ak en as  pos i 
t i ve,  t ens i l e as negat i ve) .

The hor i z ont al  s t r esses  f r om t he di s 
t r i but ed doubl e f or ces  ar e det er mi ned by  
i nt egr at i ng t he s t r ess  f or mul a f or  doubl e 
f or ces  0 di s t r i but ed ac c or di ng t o t he l aw
( 3)  al ong t he v er t i cal  ax i s  of  t he sheet  
pi l e wal l .  I n addi t i on,  account  i s t aken 
of  t he " el as t i c "  pr es s ur e of  t he soi l  due 
t o i t s  own wei ght  and t hat  of  t he mound,  
by  mul t i pl y i ng t he c or r es pondi ng ver t i cal  
s t r esses  by t he c oef f i c i ent  of  l at er al  
pr es s ur e i^ = V/(1— Vj  , wher e V i s 
Poi s son' s  r at i o of  t he soi l .

The di s t r i but ed doubl e f or ces  do not  
cause any  t angent i al  s t r esses  al ong t he 
sur f ace of  t he sheet  pi l e.  I n det er mi ni ng 
hor i zont al  di spl ac ement  use i s made of  t he 
f act  t hat  doubl e f or ces  pr oduc e a br eak  
i n di s pl ac ement s  whi c h i s det er mi ned by 
t he equat i on

Mi )  - r h( 1- t 2) 4-
V<S ho r  2E h

( 5 )

The t angent i al  s t r esses  t o ei t her  
s i de of  t he sheet  pi l e ar e t hus  det er mi ned 
by i nt egr at i ng,  over  t he l engt h of  t he 
sheet  pi l e,  of  t he f or mul a f or  t angent i al  
s t r esses  due t o hor i z ont al  f or ces  di s t r i 
but ed ac c or di ng t o t he l aw ( 2) .  Hor i zont al  
di s pl ac ement s  ar e det er mi ned by i nt egr at 
i ng t he f or mul a f or  t hese di s pl acement s

due t o t he doubl e f or ces  ( 3) ,  addi ng t he 
di s pl ac ement s  due t o t he di s t r i but ed ho 
r i zont al  f or ces.

The di spl ac ement  ( def l ec t i on)  of  t he 
wal l  i s  des c r i bed by t he convent i onal  di f 
f er ent i al  equat i on:

= o  (6)

wher e U * i s  t he cy l i ndr i cal  r i gi di t y  of  
t he wal l .

The val ue &?(£,) i s det er mi ned i n 
equat i on ( 6)  at  t he upper  and l ower  por 
t i ons  of  t he sheet  pi l e,  al l owi ng f or  al l  
t he above- ' l i st ed f eat ur es .

By  i nt egr at i ng equat i on ( 6)  f our  t i 
mes  i n s uc c es s i on we obt ai n t he val ues  of  
di s pl ac ement s  and subs t i t ut e i t  i n t he bo 
undar y  condi t i ons  ( I ) .

Thus,  al l  boundar y  c ondi t i ons  ar e ex 
pr es s ed t hr ough t he unknown par amet er s  qj  
and d^ .  These par amet er s  ar e so det er mi 
ned t hat  t he boundar y  c ondi t i ons  ar e ex 
pr es s ed t o t he best  adv ant age i n t he sense 
of  t he l eas t  squar es.  To t hi s  end we use 
t he met hod sugges t ed by  one of  t he pr esent  
aut hor s  f or  any  boundar y  condi t i ons  ( Gor -  
bunov - Possadov ,  Shekht er ,  Kof man,  1954) .

Thi s  met hod i mposes,  not  t he condi 
t i on of  t he mi ni mum f or  each i nt egr al  
( t aken s epar at el y  al ong t he boundar y )  over  
t he squar es  of  dev i at i on of  t he gi v en mag 
ni t ude,  i nc l uded i n t he boundar y  c ondi 
t i ons,  f r om i t s  t r ue val ue,  but  t he c on 
di t i on of  t he mi ni mum of  t he sum of  al l  
t hese i nt egr al s .  Bes i des,  dependi ng on 
one' s  wi sh,  each of  t he s epar at e c ondi 
t i ons  c an be as s i gned a hi gher  or  l ower  
r el at i v e v al ue by  i nt r oduc i ng t he c or r es 
pondi ng wei ght s .  The v al ue of  t he wei ght  
f or  each of  t he condi t i ons  may  al so be v a 
r i abl e over  t he l engt h of  t he segment  al ong 
whi c h t he boundar y  c ondi t i on i s i mposed.  
Thi s  i s par t i c ul ar l y  i mpor t ant ,  because i n 
our  pr obl em a number  of  i nt egr ands  conver t  
t o i nf i ni t y  at  £ = 1;  t he wei ght  f unc t i on 
was  t ak en as f ( ^  ) » • Subsequent l y
t he pr obl em i s sol ved wi t h t he ai d of  t he 
t heor y  of  t he condi t i onal  Lagr ange ext r eme,  
by  addi ng t hose condi t i ons  whi c h s houl d be 
f ul f i l l ed accur at el y :  t he equi l i br i um con
di t i on,  t he c ondi t i on t hat  t he hor i zont al  
s t r esses  at  poi nt  n  shoul d be zer o,  and 
t he c ondi t i on t hat  t he w’. ; i : ,h of  t he open
i ng at  t he l ower  end of  cue sheet  pi l e 
s houl d al so be zer o.

Tak i ng par t i al  der i v at i v es  f r om t hi s  
sum over  t he unk nown c oef f i c i ent s  qi  and 
d^ and equat i ng t hese der i v at i v es  t o zer o 
we obt ai n a s y s t em of  s i mul t aneous  equa
t i ons  f or  det er mi ni ng t he unknowns.  We ha 
ve t o pr eas s i gn t he val ue of  n and,  by  sol 
v i ng a number  of  sys t ems  f or  di f f er ent  va 
l ues  of  n,  t o choose t he one at  whi c h t he 
wi dt h of  t he openi ng at  t he poi nt  ^ » n I s 
zer o,  negat i v e v al ues  of  t he wi dt h bei ng 
absent .  When t ak i ng i nt o account  t he 
t hi ckness  of  t he sheet  pi l e t he wi dt h of  
t he openi ng at  t he poi nt  ^  « n  s houl d be
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equal  t o t hl a t hi ckness.  The wor k  l a per 
f or med on el ec t r oni c  comput er s .

The anal ys i s  s houl d be made f or  t he 
eua of  bot h l oads,  F and l i , s i mul t aneous l y ,  
al nce t he l aw of  i ndependent  ac t i on of  t he 
f or ces  I s not  f ul f i l l ed any  l onger  when 
t he openi ng I s t aken I nt o account .

I f  onl y  a s y s t em of  di s t r i but ed v er 
t i cal  and hor i z ont al  f or ces  i s appl i ed t o 
a segment ,  we achi eve t he ef f ec t  of  t ak i ng 
i nt o account ,  t he appear anc e of  a hai r  cr ack 
I n t he base wi t hout  a s t r uc t ur e I ns er t ed 
i n i t .

M

t he openi ng ac c or di ng t o pol ynomi al  l aws 
For  smal l  dept hs  of  pl at e embeddi ng use 
i s  made of  Mel an' s  f or mul as ,  f or  l ar ge 
dept hs  s i mi l ar  f or mul as  f or  a c ont i nuous  
hal f - pl ane ( Ti moshenko and Goodyear ,  1951)  
ar e used.  For  t he case of  a pl at e embedded 
at  a dept h equal  t o hal f - wi dt h of  t he 
pl at e t he r esul t s  of  t he sol ut i on t hr ough 
f our t h- power  pol y nomi al s  ar e gi v en i n 
f i g. 4.

Fi g. 3.  Resul t s  of  anal y s i s  o1 a r i gi d wal l :
( a)  cur ve of  hor i zont al  pr es s ur es  

on t he wal l ;
( b)  cur ve of  bendi ng moment s

Fi g. 3 shows t he r esul t s  of  an anal y 
s i s  of  a r i gi d wal l  s ubj ec t ed t o t he ac 
t i on of  a f or ce F » 5 t / m at  t he sur f ace 
of  t he gr ound No mound i s  pr esent .  The 
dept h of  embeddi ng h •  2m,  t he uni t  
wei ght  of  soi l  ¡f m 1. 6 t / nP,  .  0. 54.  I t  
was  es t abl i s hed by  t r i al  and er r or  t hat  
n -  0, 71.  The moment s  ar e r ef er r ed t o a 
sec t i on 0. 4 a  wi de.

The sol ut i on f o anc hor  el at es  was  
per f or med by L. N. Repni kov .  I r  a pl at e i s 
embedded par al l el  t o t he hor i z ont al  sur 
f ace of  t he gr ound,  has  t he shape of  an 
el ongat ed r ec t angl e and i s bei ng pul l ed 
by  a v er t i cal  symmet r i cal  l oad,  anal y s i s  
i s  made i n condi t i ons  of  a t wo- di mens i onal  
pr obl em of  t he t heor y  of  el as t i c i t y .  For  
smoot h r i gi d pl at e t he condi t i ons  ar e i m
pos ed t hat  v er t i cal  di s pl ac ement s  at  t he 
upper  boundar y  be cons t ant ,  and no v er t i 
cal  nor mal  s t r esses  be pr esent  at  t he l ow
er  boundar y ;  bes i des,  t her e s houl d be no 
t angent i al  s t r esses  t o ei t her  s i de of  t he 
sl ot .  The summar y  ar ea of  t he di agr am of  
nor mal  s t r esses  at  t he upper  boundar y  of  
t he sl ot  shoul d be equal  t o t he pul l i ng 
f or ce.  To f ul f i l  t hese boundar y  c ondi 
t i ons,  f i c t i t i ous  l oads  f r om v er t i c al  and 
hor i zont al  f or ces,  as wel l  as f r om v er t i 
cal  doubl e f or ces,  ar e di s t r i but ed al ong

Fi g. 4.  Anal y s i s  of  an anchor  pl at e i s  con 
di t i ons  of  pl ane s t r ai n ( Poi sson' s  r at i o 
of  t he soi l  V ■ 1/ 3) :  ( a)  l ayout  di agr am;
I  -  at  a dept h equal  t o hal f - wi dt h;  I I  -  
at  a dept h equal  t o quar t er - wi dt h.  For  
case I  t he wi dt h of  t he s l ot  i s shown i n 
f r ac t i ons  P/ E;  ( b)  di agr ams  of  r eac t i ve 
pr es s ur es  f or  cases  I  and I I  i n f r ac t i ons  
of  t hei r  mean val ue,  pm; ( c)  di agr ams  of  
s t r esses  i n f r ac t i ons  of  p» f or  cases  I  
and I I  at  t he l ower  s i de or  t he sl ot ,  ser 
v i ng as c r i t er i a of  t he ac c ur ac y  of  t he 
sol ut i on.

Two cases  of  embeddi ng ar e di scussed:  
I  -  at  a dept h equal  t o quar t er - wi dt h of  
t he pl at e and I I  -  at  a dept h equal  t o 
hal f - wi dt h of  t he pl at e ( f i g. 4a) .  I t  can 
be s een f r om f i g. 4b t hat  t he c l os er  t he 
pl at e t o t he sur f ace,  t he mor e t he r eac 
t i ve pr es s ur es  conc ent r at e t owar ds  t he 
edges  of  t he pl at e.  Fi gur e 4c shows t he 
des i gn v al ues  of  t he ver t i cal  s t r esses  
al ong t he l ower  boundar y  of  t he sl ot .
Thei r  t r ue val ue i s zer o,  t her ef or e t he 
di agr ams  ser ve as t he ev al uat i on of  t he 
gener al  ac c ur ac y  of  t he sol ut i on.

I n s ol v i ng a t hr ee- di mens i onal  pr ob 
l em on pul l i ng a r ound hor i z ont al  anchor  
use i s  made of  l i i ndl i n' s f or mul a f or  
smal l  dept hs  of  embeddi ng and of  Kel v i n' s  
f or mul a f or  l ar ge dept hs  ( Ti moshenko and 
Goodi er ,  1951) .

Anal y s i s  of  r ound- s ec t l on dr i ven 
pi l ea f or  a v er t i cal  l oad i s made wi t h
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t he ai d of  l l i ndl l n' a s ol ut i ons  f or  s  c on 
t i nuous  hal f - space,  but  as  r egar ds  t he 
hal f - space ocoupl ed by  t he pi l e we appl y  a 
f l ot l t l ous  l oad whi c h pr ov i des  t he nec es s a 
r y boundar y  c ondi t i ons  on t he sur f ace of  t he 
pi l e.  7or  dr i v en pl i es ,  t hese condi t i ons  
ar et

( 1)  Under  t he as s umpt i on of  compl et e 
adhes i on bet ween t he pi l es  and soi l

a)  equal i t y  of  di s pl ac ement s  of  
any  poi nt  of  t he sur f ace and end- f ace of  
t he pi l e t o t he di s pl ac ement s  of  t he cont ao- ? 
t i ng poi nt  of  t he base ( Wp ■ Wp ) ,  and

b)  di spl ac ement  of  soi l  par t i c l es  
whi c h bef or e t he dr i v i ng of  t he pi l e,  had 
been l oc at ed at  t he ax i s  at  a di s t ance 
equal  t o t he pi l e r adi us  ( U -  rc ) .

( 2)  I f  I n sol v i ng t he pr obl em ac c or d 
i ng t o t he f i r s t  v er s i on of  t he boundar y  
c ondi t i ons  t he i nequal i t y  Tr t >  6 r tgy> +  C  

( wher e y  -  f r i c t i on angl e and c adhes i on 
bet ween t he pi l e and soi l ,  or  bet ween t he 
soi l  Jacket  and t he soi l )  obt ai ns  at  i ndi 
v i dual  ar eas  of  t he pi l e sur f ace,  i n r e 
f i ned c al c ul at i ons  one s houl d t ake i nt o 
account  t he s l i ppi ng of  t he pi l e r el at i ve 
t o t he soi l  at  t hes e por t i ons ,  and t he con
di t i on Wp — s houl d be r epl ac ed her e by  
t he condi t i ons  tg</> +C - A t  
t he ot her  por t i ons  t he c ondi t i on Wp ■ Wa 
r emai ns  val i d.  The pr ec i s e pos i t i on of  t he 
boundar i es  of  t he ar eas  i s  f ound by  s uc c es s 
i ve appr ox i mat i ons .  Wi t h t hi s  f or mul at i on 
of  t he pr obl ea t he r el at i ons hi p bet ween t he 
l oad on t he pi l e and i t s  s ubs i dence ceases  
t o be l i near  ( Gor bunov - Pos s adov  and Si v t so-  

va,  1966) .
When s ol v i ng t he pr obl em i n any  of  

t hese f or mul at i ons  we appl y ,  al ong t he en 
t i r e l engt h of  t he pi l e,  a f r i c t i t i ous  v er 
t i cal  l oad di s t r i but ed ac c or di ng t o t he po 
l ynomi al  l aw wi t h unk nown coef f i c i ent s ,  s i 
mi l ar l y  t o t he manner  t he hor i z ont al  l oad 
was  appl i ed i n anal y s i ng t he Bheet  pi l e 
wal l .  I n sddi t l ons ,  a l oad of  unk nown i n 
t ens i t y  q di s t r i but ed uni f or ml y  over  t he 
sur f ace ar ea of  t he end- f ac e i s  appl i ed at  
t he poi nt  of  t he pi l e.

Thi s  s ol ut i on of  t he pr obl em mak es  i t  
pos s i bl e t o es t abl i s h separ at el y  whi c h par t  
of  t he ex t er nal  l oad i s  t r ansmi t t ed t o t he 
soi l  by  t he sur f ace of  t he pi l e and whi c h 
by i t s  poi nt .

A second boundar y  condi t i ons  on t he 
sur f ace i s  t he cons t ant  val ue of  t he hor i 
zont al  di s pl ac ement  of  t he soi l .  For  dr i v en 
pi l es  one s houl d make al l owance f or  t he 
f ac t  t hat  pi l e dr i v i ng i s ac c ompani ed by  t he 
di spl ac ement  of  t he soi l  away  f r om t he ax i s  
of  t he c y l i ndr i cal  v ol ume f i l l ed by  t he pi l e 
af t er  t he c ompl et i on of  t he dr i v i ng,  t owar ds 
i t s  sur f ace.  Thi s  ef f ec t  can be obt ai ned by  
us i ng a cy l i ndr i cal  v ec t or  f i e l d of  r adi al  
doubl e f or ces.  Thi s  f i el d cannot  be uni f or a,  
becaus e ot her wi s e a br eak  i n t he c ont i nui t y  
of  t he medi um woul d occur  at  t he boundar y  of  
t he poi nt  bei ng di spl aced.  To av oi d a br eak,  
t he doubl e f or ces  at  t he cy l i nder  sur f ace 
shoul d vani sh.  As a f i r s t  appr ox i mat i on we 
us ed t he di s t r i but i on of  doubl e f or ces  of  
c ons t ant  i nt ens i t y  al ong t he v er t i oa l ^ h i oh ,

however ,  obeyed t he t r i angl e l aw ( wi t h a 
zer o or di nat e at  t he edge)  al ong t he hor i 
zont al  ( Gor bunov- Possadov ,  1966) .  Tent a 
t i ve c al c ul at i ons  showed t hat  t r ans i t i on 
f r om a t hr ee- di mens i onal  ax l s y mmet r l c al  
pr obl em t o t he condi t i ons  of  pl ane s t r ai n 
i s pos s i bl e by us i ng t he s t r esses  f r om 
doubl e f or ces  i n t he c ont i nuous  pl ane of  
S. P. Ti mos henk o as  s t ar t i ng f or mul as  ( Ti mo
shenko and Goodyear ,  1951) .  I t  was  f ound 
t hat  i n t hi s  case t he di s pl ac ement  of  t he 
soi l  par t i c l es  whi c h had pr ev i ous l y  been 
l oc at ed near  t he cy l i nder  edge was  equal  
t o one t hi r d of  i t s  r adi us.  An accur at e 
l aw of  t he di s t r i but i on of  doubl e f or ces  
c an be obt ai ned by pr oc eedi ng f r om t he 
r equi r ement  of  t he mi ni mum di spl ac ement  
of  t he ex t r eme poi nt s ,  whi c h i s  as s oc i at ed 
wi t h t he c ondi t i on of  t he mi ni mum of  wor k  
of  t he whol e b o I I  mas s i f  dur i ng di s pl ac e 
ment s .  Thus,  t he pr ec i se val ue of  t he di s 
pl ac ement  of  t he ex t r eme poi nt s  shoul d be 
l ess  t han one- t hi r d of  t he r adi us ,  t hi s  be
i ng i n agr eement  wi t h t he ex per i ment al  dat a 
on t he t hi c kness  of  t he soi l  Jacket .

I t  i s  not  nec es s ar y  t o sol ve t he pr ob 
l em I n t hi s  r i gor ous  f or mul at i on f or  t ak i ng 
i nt o account  t he s ol i di f i c at i on of  t he soi l  
as s oc i at ed wi t h t he dr i v i ng of  t he pi l es,  
and t he c or r es pondi ng i nc r ease i n f r i c t i on 
al ong t he sur f ace of  t he pi l es  i n t he gr oup.  
I t  i s qui t e per mi s s i bl e t o use t he Sai nt -  
Venant  pr i nc i pl e f or  r epl ac i ng t he cy l i n 
dr i cal  v ec t or  f i el d by  a s y s t em of  pai r s  
of  mut ual l y  per pendi c ul ar  c ont i nuous l y  di s 
t r i but ed al ong t he pi l e axi s ,  pr ov i ded t hat  
t he i nt ens i t y  of  t hese f or ces  i s equal  t o 
t he sum of  v ol umet r i c  doubl e f or ces  at  
each c r oas  s ec t i on of  t he pi l e.

Now we pr oceed t o anal y s i ng an ar ched 
s t r uc t ur e daapl y embedded i n  a non- r ocky  or  
hal f - r ock  gr ound oper at i ng i n an el as t i c  
and el as t l o- pl as t i o St age

A monol i t hi c  or  as s embl ed monol i t h 
l i ke s t r uc t ur e er ec t ed i n a sof t  soi l  I s  
ohar aot er i sed by t he f ol l owi ng f eat ur es :  
r ei nf or c ement  of  t he r oof  whi c h al ways  has 
c ur v i l i near  out l i nes ;  r i gi d wal l s ,  whose 
s t r ai ns  may be negl ec t ed!  t he pr esenoe of  
a t r ough whi c h may be f l at  ( i t s wei ght  t oge 
t her  wi t h pr epar at i on count er  bal ances  t he 
pr essur e f r om t he s i de of  t he pi t  f oot )  , or  
nay be as s umed t o have t he shape of  an i n 
ver t ed ar ch.

8uoh a s t r uc t ur e us ual l y  oons i s t s  of  
t he f ol l owi ng bas i c  el ement s :  t he upper  el as-  
t i o ar c h ( I I ) ,  t he l at er al  r i gi d wal l s  ( I ) ,  
and t he l ower  f l at  ( I V)  or  ar ched t r ough 
( I I I )  ( f i g. 5) •

437



Fi g.  6.  Compr es s ed l ay er  of  an ar c hed 
s t r uc t ur e wi t h a l ar ge and a smal l  spans.

wi t h a l ar ge span f or ms a c ompr es s ed l ayer  
of  c ons i der abl e t hi ckness ,  H- | ( h and H-j  T , 
t he s t r uc t ur e wi t h a smal l  span -  a t hi nner  
l ayer ,  Ho ^  and H2 y .  As s i gni ng a phys i cal  
meani ng t i  t he Wi ni l er  hy pot hes i s  and com
par i ng i t  wi t h Hooke' s  l aw,  we get

GORBUNOV, DAVYDOV, O G R A N O VICH and REPNIKOV

Fi g. 5.  El ement s  of  e s t r uc t ur e i n a non-  
r oc k y  gr ound.

By deep embeddi ng we mean such embedd 
i ng wher e t he r ock  pr es s ur e on t he s t r uc 
t ur e does  not  depend on i t  any  l onger .  Aq-  
cor di ng t o K. Ter t s agi  t hi s  wi l l  t ake pl ace 
at  ( f i g. 5) :

H  5^  5  a, 

a,= a + h c t g ^ S 0- ? / ! ) ( 7)

wher e H -  i s  t he t hi ckness  of  t he gr ound 
above t he pi t ,  Of -  t he s i ze of  t he j a 
cket i ng.

An under gr ound s t r uc t ur e i nv ol v es  i n 
i t s  wor k  a c er t ai n par t  of ' t he sur r oundi ng 
gr ound,  r es ul t i ng i n t he f or mat i on of  a 
c ompr es s ed l ayer  of  gr ound whos e t hi ck nes s  
i s  det er mi ned by t he met hods  of  soi l  mec ha 
ni cs.

I n 1934- 35 t he aut hor  f or  t he f i r s t  
t i me s ugges t ed and publ i s hed a met hod f or  
anal ys i s  of  an under gr ound s t r uc t ur e as a 
s t at i c al l y  i ndet er mi nat e s y s t em oper at i ng 
i n an el as t i c  medi um,  obey i ng t he Wi nk l er  
hypot hes i s .  Thi s  met hod has  gai ned wi de 
accept ance,  howev er  i t  was  bas ed on i nde 
t er mi nancy  dependi ng on t he beddi ng v al ue 
of  t he gr ound.

I ndeed,  l et  us assume t hat  t wo monol i 
t hi c  s t r uc t ur es ,  one wi t h a l ar ge span and 
t he ot her  wi t h a smal l  one ar e er ec t ed i n

6=Ky > 6= E e  = E jj-=K y ( B)

As a r esul t  we f i nd t he beddi ng val ue:

K = E / H  ( 9)

For  our  cases  we obt ai n:

Kf = E 0/ H t )  K2= E 0/ H 2 >  K ,  ( 10 )

Tak i ng i n t o  ac c ount  t hat  t he s oi l  i s  
t he s ame i n  bo t h  c as es  and has  a modul us  
o f  de f o r ma t i on  o f  Eo* 1 and Eoy > we see t hat  
t he bedd i ng  v a l ue  depends  on  t he s t r uc t ur e 
and i s  not  ob j ec t i v e c har ac t e r i s t i c  of  t he 
soi l .

For  t hi s  r eas on met hods  of  anal ys i ng 
whi c h ar e bas ed on t he us e of  t he beddi ng 
v al ue cannot  ev al uat e t he s t r es s es  and de 
f or med s t at e of  t he syst em.

I n 1939 a met hod was  publ i s hed whi c h 
us ed t he t heor y  of  el as t i c i t y  i n anal ys i s  
of  under gr ound s t r uc t ur es ,  t hi s  el i mi nat 
i ng t he abov e- ment i oned i ndet er mi nacy .  Si 
mul t aneous l y  a s ol ut i on f or  an el as t i c  l ay 
er  was  gi v en whi c h was  f r ee f r om t he ssump-  
t i on pr ev i ous l y  i nt r oduc ed by  Mel an.

Ac c or di ng t o t he aut hor ' s  sol ut i on 
( Davydov,  1950)  t he di s pl ac ement s  of  t he 
el as t i c  l ayer ,  i n condi t i ons  of  a t wo-  
di mens i onal  pr obl em,  mul t i pl i ed by

ar e equal  t o ( f i g. 7) :  i ' v->

y  =  T+ f ! ( 1 1 )

Fi g. 7.  Set t l ement s  of  t he sur f ac e of  an 
el as t i c  l ay er

wher e

<12>
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O - W l - ^ H W - p

Tf =  c t h (a c H ) 'l < * = — [
n-7T

(1 3 )

(1 4 )

(1 5 )

Tabl es  of  s et t l ement s  of  an el as t i o 
l ay er  cal c ul at ed by  f or mul a ( 11)  at  1  ■ 10 
c and H *  BoC = c,  2c,  3c,  4c,  and 5c hays  
been compi l ed.  Pr ev i ous l y  ( Mel an,  1919)  
t he pr obl em of  t he el as t i c  l ayer  had been 
s ol ved under  t he as s umpt i on t hat  at  t he 
bas i c  of  t he l ayer  t he shear  s t r esses  ar e 
zer o,  i . e.

y = H , Xy=Yx=0
( 16)

Thi s  as s umpt i on enabl ed Hel an t o r e 
pl ace t he el as t i c  l ay er  by  a pl at e count er 
bal anc ed by  t wo f or ces  and t hus made i t  
i mpos s i bl e t o t ake i nt o account  t he spec i 
f i c  f eat ur es  of  t he el as t i c  l ayer .  I n t he 
aut hor ' s  sol ut i on t her e i s no such as s ump
t i on,  and t he di spl acement s  al ong t he l ower  
and l at er al  boundar i es  of  t he l ayer  ar e 
t ak en t o be zer o.  Compar i ng bot h sol ut i ons  
f or  t he case H = c and 1  ■ 1oc we wi l l  f i nd 
t he set t l ement s  of  t he sur f ace of  t he el as 
t i c  l ayer  whi c h ar e shown i n f i g. 7.  The 
di f f er enc e i n set t l ement s  i s  cons i der abl e 
and exceeds  25% f or  t hei r  max i mum val ues.  
Set t l ement s  af t er  Mel an ar e nat ur al l y  al 
way s  gr eat er  t han t he ac t ual  set t l ement s  of  
t he sur f ace of  t he el as t i c  l ayer .

The hei ght  of  t he el as t i c  l ayer  H wi l l  
be f ound f r om t he c ondi t i on

6const 1, 2( 5" ( 17)

i . e.  t hat  t he s t r eseesat  t he f oot  of  t he 
el as t i c  l ay er  at  y  -  H caused by  t he 
s t r uc t ur e shoul d not  exceed t he s t r esses  at  
t hi s  poi nt  whi c h ac t ed bef or e t he s t r uc t ur e 
had been er ect ed,  by  mor e t han 20%.

I n t he el as t i c  s t age of  oper at i on t he 
bas i c  s y s t em of  a monol i t hi c  under gr ound 
s t r uc t ur e ac c or di ng t o t he aut hor ' s  sol u 
t i on i s such as  shown i n f i g. 8.

Mei art's 

Author’s

Pi g. 8.  Set t l ement  of  t he sur f ace of  an 
el as t i c  l ay er  mul t i pl i ed by

The v er t i cal  and hor i zont al  r ook  pr es 
sur es,  as ws l l  as t he pr essur e f r om t he 
s i de of  t he pi t  f oot ,  i s det er mi ned by  me 
t hods  of  r ock  mechani cs .

The hor i z on t a l  c omponent s  of  t he v o l u 
met r i c  f or c es  of  t he soi l  wh i c h  ac t  on t he 
wal l  ar e c a l c u l a t ed  by  t he f o r mul a

; - ° vo ïH y ( 18)

wher e Hy i s t he di s t ance of  t he c r oss  sec 
t i on f r om t he t op of  t he soi l  pr essur e 
ar ch.  The r esul t ant  of  t hese f or ces  -  
c ount er bal anc es  par t  of  t he s t r uc t ur e 
t hr ust .

The el as t i c  ef f ec t  of  sof t  soi l  on t he 
wal l  i s r epl aced by  poi nt  f or ces,  t he num
ber  of  whi c h al ong each pl ane of  t he wal l  
shoul d be t ak en at  l eas t  as 4 as I ndi cat ed 
by i nves t i gat i ons .  I n pr ac t i ce,  a f ai r l y  
accur at e s ol ut i on can be obt ai ned wi t h 5 
f or ces  Xi  and Yj . .  Thi s  f i gur e i s assumed 
i n f ur t her  cal cul at i ons .

The bas i c  syst em,  when eymmet r i cal  r e 
l at i ve t o t he ver t i cal  ax i s  ( t he bas i o case) ,  
wi l l  have 17 unknowns  -  4 s t r esses  Mh and 

10 f or ces  of  soi l  c ount er t hr us t  X  and 
Yl i t he f or ce of  f r i c t i on al ong t he r oot  

X and 2 -  di spl acement  at  t he poi nt  of  em
beddi ng -  y>a and yo . I n t he absence of  
symmet r y  t he s ys t em has  32 unknowns.  A 
wal l  I  embedded i n sever al  di f f er ent  soi l s  
i s  made suf f i c i ent l y  r i gi d and i t s  own 
s t r ai ns  may  be negl ec t ed*  Al l  t he unknowns  
of  a symmet r i cal  s ys t em can be expr essed 
as  a f unc t i on of  t he r ot at i on angl e 
( Davydov,  1950) .  We have ( f i g. 9) :

<a3 -  Q3 ■ o ( 19)

Fi g. 9.  Bas i c  s y s t em of  monol i t hi c  under 
gr ound s t r uc t ur e

The s t r esses  i n t he el as t i c  cent r e of  t he 
upper  ar ch wi l l  be:

H2=H°z + A 2%  ( 20)

For  t he l ower  ar ch we obt ai n:

4 3 9
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M ? = M ~ + A ' y 0 -t ( 21 )

Her *  Mi  and H-j  -  moment  and t hr us t  f or  
an ar ch wi t h embedded abut ment s ;

Ai  -  c oef f i c i ent s  dependi ng on t he 
geomet r i cal  di mens i ons  of  t he s t r uc t ur e.

The s t r esse f r om t he el as t i c  c ount er -  
t hr us t  of  t he gr ound al ong t he l at er al  sur 
f ace of  t he wal l  ar e f ound f r oa t he sol u 
t i on of  s i mul t aneous  equat i ons  of  t he t ype

aKS Xs+ a*<, V  ■ " 'a * 'x , + (K -0 ,5 )cyy = 0  ( 22 )

Uni t  di s pl ac ement s  ar e det er mi ned f r om 
t he ezpr ess i oni

aKy =  % i  ( 23)

wher e yxi -  t abul at ed ss t t l ement s  of  t he 
sur f ace of  t he el as t i c  l ayer .

By sol v i ng t her e s i mul t aneous  e q u a t i o n  
we obt ai n

Xi =  Xi /?yy 0 ( 24)

wher e Xt ■ numer i c al  coef f i c i ent .
The el as t i c  count er - t hr us t  al ong t he 

f oot  of  t he wal l  i s  f ound f r om t he s ol ut i on 
of  t he s ys t ea

a,sY,fO,Xf - - '  a „X -  X~(«-o,S)c,tf=0

- y s - Y t - Y , - Y , - y , ^ ~ o  ( 25)

The l as t  gi v en equat i on i s a s uppl ement ar y  
one.  Uni t  di s pl ac ement s  ar e al s o det er mi ned 
f r om ( 23) .

Sol v i ng t hi s  s i mul t aneous  equat i on we 
obt ai n:

( 26)

Her e and ^  •  numer i c al  coef f i c i ent ,

wher e q2 » ver t i c al  component  of  al l  k nown 
f or ces,

U ■ c oef f i c i ent  of  f r i c t i on bet ween 
t he soi l  and t he wal l .

The f or ce of  f r i c t i on al ong t he f oot  of  
t he wal l  i s equal  t o

x - f x r hc ( 27)

hor i z ont al  component  of  al l  
k nown f or ce.

Thus , t he s ol ut i on of  t he s y s t em i s  r e 
duc ed t o t he det er mi nat i on of  one unk nown-  
t he angl e of  r ot at i on of  t he wal l  - j p0 
whi c h we f i nd f r om t he c ondi t i on

ZM = 0
Sol v i ng t ni s  equat i on we obt ai n

wher e

2 M Z  +  h O w  _______

+J J,o(hxhy+ 2  A ( 20)

( 2 9 )

M ■ moment  of  al l  k nown f or ces  r el at i ve 
w t o embeddi ng,  

c<i and Kt m numer i cal  coef f i c i ent s .
The v al ues  of  t he coef f i c i ent s  

and I>i  have been c al c ul at ed by  t he aut hor  
and ar e t abul at ed ( Davydov,  1950) .  A di a 
g r am of  t he count er - t hr us t  of  a soi l  oper a 
t i ng i n t he el as t i o s t age i s shown i n f i g.  
10.

Fi g. 10.  Di agr am of  el as t i c  c ount er - t hr us t  
of  soi l

I n t he e l as t i c - pl as t i c  s t age of  soi l  
oper at i on whi c h dev el ops  i n t i me,  di agr ams  
of  soi l  count er - t hr us t  ac t i ng on t he wal l  
wi l l  change t hei r  shape.

Thi s  wi l l  t ake pl ac e at  c ons i der abl e 
pr es s ur es  of  t he wal l  on t he soi l ,  B^  and 
By,  c aus i ng s t r uc t ur al  changes  i n t he soi l ,  
as  a r esul t  of  whi c h pl as t i c  s t r ai ns  dev e 
l op.  We wi l l  denot e by  Bb and BT t he l i mi 
t i ng v al ues  of  t hese pr es s ur es  whi c h c or 
r es pond t o t he l i near l y  def or med s t at e of  
t he soi l .  The bas i c  s y s t em of  t he s t r uc t ur e 
( f i g. 9)  r et ai ns  i t s  nat ur e.

Fi g. 11.  Di agr ams  of  el as t i c - pl as t i c  c ount er 
t hr us t :  ( a)  wi t hout  and ( b)  wi t h al l owanc e 
f or  soi l  s ol i di f i c at i on

Dependi ng on t he di f f er enc e i n pr es s ur es

( 3 0 )
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Dl agr aa of  el as t i c - pl as t i c  count er - t hr us t  
of  t he soi l  wi l l  t ake t he shape di s pl ayed 
i n f i g. 1 1 ( a) .  I n t hi s  case t he f or ces  Xi  
and Yj  whi c h ar e i n t he pl as t i c  zone,  wi l l  
be known and t he c or r es pondi ng equat i ons  of  
t he f or a ( 22,  25)  wi l l  conver t  i nt o i den 
t i t i es.

Sol v i ng t he r emai ni ng equat i ons  we wi l l  
f i nd f or ces  I i  and Ti  of  t he el as t i c  zone 
of  soi l  oper at i on.

Fr om t he equi l i br i um equat i on Uj .  we 
f i nd t he angl e of  r ot at i on of  t he wal l  and 
c al c ul at e al l  s t r esses  of  our  bas i c  s t r c-  
t ur e syst em.  I f  we t ake i nt o account  soi l  
s ol i di f i c at i on i n t he cour se of  devel opment  
of  pl as t i c  def or mat i on we wi l l  obt ai n t he 
soi l  c ount er - t hr us t  di agr ams  gi v en i n f i g.  
11( b) .

Hav i ng Pr andt l ' s  di agr am f or  a gi v en 
soi l  and al l owi ng f or  i t s  sol i di f i cat i on,  
we f i nd Rhsir and Ryitr c or r es pondi ng 
t o wal l  s t r ai ns  at  i t s  angl e of  r ot at i on of
y0 . I n t hi s  case t he v al ues  of  t he s t r es s 

es,  I i  and Y^,  whi c h ar e i n t he pl as t i c  zone,  
wi l l  change,  but  t he gener al  pr i nc i pl e of  
t he pr obl em s ol ut i on r emai ns.

Ot her  v al ues  of  r ock  pr es s ur e wi l l  al so 
c or r es pond t o t he el as t i c - pl as t i c  s t age of  
s t r uc t ur e oper at i on.  The ver t i cal  and hor i 
z ont al  pr es s ur es  of  t he soi l  on t he s t r uc 
t ur e shoul d i n t hi s  case be mul t i pl i ed by 
t he coef f i c i ent  ( Davydov,  1954)

n = - £ “ *- ( 31)

Her e

L  —  Smai. • L  = a '
"max p  > * fh ( 32)

wher e §  » l i mi t i ng set t l ement  of  under -  
max gr ound s t r uc t ur e 
p  •  l oos eni ng coef f i c i ent  of  sof t

soi l
f  -  soi l  har dnes s  coef f i c i ent  af -  
h t er  Pr ot ody ak onov  ( Davydov,

1950)
af ■ di mens i on shown i n f i g . 5.
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