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SYNOPSI S The pr obl em of  adapt at i on of  " anci ent  bui l di ng -  f oundat i on -  soi l  base"  syst em
t o new r api dl y al t er i ng envi r onment  of  cont empor ar y t owns i s consi der ed i n gener al  t er ms and i s 
based on exampl es i n t he Eur opean par t  of  Russi a.  Essent i al  f eat ur es of  soi l  condi t i ons and 
t hei r  pr esent  changes ar e descr i bed.  The desi gn of  bui l di ngs and f oundat i ons r ef l ect i ng t he pecu­
l i ar i t i es of  t he Russi an nat i onal  bui l di ng t r adi t i on i 6 pr esent ed.  The met hods f or  savi ng st r uc­
t ur es and si t es appl i ed i n t he Sovi et  Uni on ar e anal ysed.  The def or mat i on hi st or y of  t he l eani ng 
t ower  of  t he Nevyansk t own i n t he Ur al s i s gi ven as an exampl e.

1.  ESSENTI AL FEATURES OF BASES AND FOUNDATI ONS 
OF ANCI ENT BUI LDI NGS

Geot echni cal  condi t i ons of  t he Russi an pl ai n 
have some char act er i st i c f eat ur es.  Soi l  bases 
ar e mai nl y composed of  sof t  soi l s.  Weak soi l s 
ar e most  common.  Ther e ar e,  however ,  some 
ar eas cover ed wi t h gl aci al  mor ai ne and compo­
sed of  exposur es of  hor i zont al  l ayer s of  pa­
l aeozoi c r ocks.  Gr oundwat er  l i es near  t he sur ­
f ace.  Soi l s get  f r ozen t o a consi der abl e 
dept h.  Tect oni c mot i ons ar e sl ow.  Sei smi c ac­
t i vi t y does not  exceed magni t ude 6.  These con­
di t i ons gr eat l y di f f er  f r om t hose of  t he By­
zant i ne Empi r e,  t he Bal kans and I t al y wher e 
some model s of  monument al  st r uct ur es wer e bor ­
r owed by Ki ev Russi a and t he Empi r e of  Pet er  
t he Gr eat .  Our  own Russi an ar chi t ect ur al  t r a­
di t i on i s pr eser ved i n wooden st r uct ur es t o 
t hi s day.  They ar e r at her  l i ght  and havi ng t he 
hei ght  up t o 50 met r es r esi st  non- uni f or m 
set t l ement s ver y wel l  owi ng t o t hei r  st r uct ur e 
bei ng made of  some pr ef abr i cat ed f r amewor ks.  
But  t hey easi l y cat ch f i r e.  That  i s why si nce 
t he Xt h cent ur y monument al  st r uct ur es i n Rus­
si a have been made of  st one.  Adapt at i on of  
" st andar d desi gns"  t o l ocal  condi t i ons was de­

vel opi ng al ong t wo mai n l i nes.  Fi r st ,  t he ar ­
chi t ect ur e of  bui l di ngs was changed t o a cer ­
t ai n degr ee.  Secondl y,  t he desi gn of  bui l di ngs 
and t hei r  f oundat i ons was adapt ed t o l ocal  
gr ound condi t i ons.  Tr yi ng t o pr eser ve some 
const r uct i ve f eat ur es of  bui l di ngs whi ch ar e 
par t i cul ar l yessent i al  f or  r el i gi ous st r uct ur es 
bui l der s chose t he way of  l and- r ecl amat i on and 
i ncr easi ng st r uct ur e r i gi di t y.

Dur i ng ei ght  cent ur i es l and- i mpr ovement  was 
most l y car r i ed out  by means of  soi l  sol i di f i ­
cat i on wi t h pi l es 1- 1. 5 met r e l ong.  Over  t he 
heads of  pi l es r ubbl e or  f i el d st one was l ai d 
i n t r enches whi ch wer e f i l l ed wi t h whi t e l i me.  
A st r i p f oundat i on was made at  t he dept h of
1. 5- 2 met r es t hat  ei l i mi nat ed soi l  f r eezi ng 
under  i t  and pr ovi ded l ong- t er m conser vat i on

of  pi l es i n gr oundwat er .  I n t he Xl Xt h cent ur y 
under  st r i p f oundat i ons wooden sl eeper s wer e 
l ai d i nst ead of  pi l es whi ch r edi st r i but ed 
l oads i n het er ogeneous weak soi l s and' pr even­
t ed t hem f r om non- uni f or m set t l ement s.

The l at t er  exer t  ext r emel y di st r uct i ve i nf l u­
ence on t he r el i gi ous memor i al s because of  
t hei r  uni t  r i gi di t y pr ovi di ng hor i zont al  f or ce 
r esi st ance i n t he vaul t s and act ual l y el i mi na­
t i ng non- uni f or m set t l ement .  Thi s f act  causes 
st at i c undet er mi nabi l i t y and unal t er abi l i t y of  
t he " anci ent  bui l di ng -  soi l  base"  syst em.  For  
t he pr eser vat i on of  t he unal t er abi l i t y of  t hi s 
syst em a r el i abl e st abl e base i s necessar y.

Soi l  condi t i ons of  st r uct ur es wer e gener al l y 
t aken i nt o account .  Mar gi n of  saf et y was not  
pr ovi ded f or .  The New Her usal em Monast er y of  
t he XVI I t h cent ur y near  Moscow may be a good 
exampl e of i t .

The f l oor  of  t he under gr ound chur ch whi ch was 
a copy of  t he Jer usal em pr ot ol ype i s si t uat ed 
onl y 40 cm above t he gr oundwat er  l evel .  Gr o­
undwat er  i s i n sands and i t s l evel  i s det er mi ­
ned by t he I st r a Ri ver .  Thi s i s r esponsi bl e 
f or  nor mal  moi st ur e r egi me i n t he bui l di ng.  I n 
t he monast er y ensembl e t her e i s a cyl i ndr i cal  
r of unda of  22 m di amet r e and 40 met r es hi gh 
bui l t  above a smal l  chapel  ( " kuvukl eya" ) .  The 
r ot unda r i ng f oundat i on exer t s aver age pr essu­
r e on t he gr ound whi ch i s gr eat er  t han t he de­
si gn one f or  soi l  base.  Onl y wi t h due consi de­
r at i on t o combi ned behavi our  of  t he f oundat i on 
of  t he heavy r ot unda and t he smal l  chapel  si ­
t uat ed i n t he cent r e of  t he r i ng f oundat i on 
t he desi gn pr essur e car r i ed by t he gr ound ap­
pear s t o be hi gher  t han t he pr essur e of  t he 
t wo bui l di ngs.

Undamped set t l ement s of  many st r uct ur es t aki ng 
pl ace f or  cent ur i es and t he damage of  t he un­
compl et ed Assumpt i on Cat hedr al  of  t he Kr eml i n 
i n May of  14-74 dur i ng a weak ear t hquake ar e a 
si gn of  t he absence of  mar gi n of  saf et y.  Some­
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t i mes t he bear i ng capaci t y of  a f oundat i on and 
gr ound was over est i mat ed ( sect i on 5) « The ab­
sence of  mar gi n of  saf et y r esul t ed i n set t l e­
ment s whi ch di d not  cease dur i ng t hr ee of  f our  
hundr ed year s ( f or  exampl e t he Pot eshni y Pal a­
ce i n Moscow bui l t  on made gr ound) .  Rupt ur es 
of  massi ve wai l s of  t he Tr oi t se- Ser gi yev Mo­
nast er y near  Moscow at t ai ned sever al  deci met ­
r es dur i ng t he l ast  f our  cent ur i es.  I t s wal l s 
wer e er ect ed on cl ay soi l s.

Cont empor ar y i nt ensi ve al t er at i ons of  gr ound 
condi t i ons have r esul t ed i n i ncr easi ng def or ­
mat i ons obser ved ear l i er  and new ones.  Ther e­
f or e soi l  and f oundat i on engi neer i ng act i vi t i es 
ar e necessar y when t he " ol d bui l di ng -  f ounda­
t i on -  base"  syst em i s concer ned.

2.  THE MAI N WAYS OF SAVI NG ANCI ENT BUI LDI NGS 
I N ALTERI NG CONDI TI ONS OF CONTEMPORARY TOWNS

I n cont empor ar y t owns t he changes of  soi l  con­
di t i ons ar e t he f ol l owi ng:  1)  l ower i ng t he 
gr oundwat er  t abl e,  accopani ed by pi l e decay 
and sand compact i on;  2)  soi l  compact i on as a 
r esul t  of  heavy l oads exer t ed by new heavy 
bui l di ngs;  3)  dynami c l oads caused by t r af f i c;  
4)  act i vi zi ng t he physi cal  and chemi cal  i nt er ­
nal  er osi on.

I n addi t i on t o t he changes caused by t he con­
st r uct i on act i vi t i es of  t he XXt h cent ur y t her e 
ar e al so changes whi ch have been pi l i ng up du­
r i ng t he hi st or y of  t hese bui l di ngs.  Such i s 
l evel  r i si ng of  made gr ound ( cul t ur al  st r at um)  
whi ch cover s t he bui l di ng pl i nt h and gi ves r i ­
se t o over moi st eni ng of  wal l s et c.  The si t e 
l ower i ng caused by neot ect oni c pr ocess occur s 
not  so of t en.  For  i nst ance t he si nki ng of  t he 
Mi r ozhsky Monast er y t er r i t or y i n Pskov at  t he 
r at e of  2- 3 mm a year  dur i ng i t s ei ght  cent ur y 
exi st ence r esul t ed i n f r equent  i nundat i ons by 
t he Vel i kaya Ri ver  f l oods.

I n our  ef f or t s t o save bui l di ngs we gener al l y 
have no i nt ent i on t o save f oundat i ons whi ch 
ar e ar chael ogi cal  val ues as wel l .  The mai n 
t r ends of  bui l di ng pr ot ect i on ar e as f ol l ows:

1)  r ai si ng and shi f t i ng t hem f r om t he ar eas 
wi t h adver se condi t i ons t o new pl aces;  t hi s 
met hod i s val i d f or  t he r est or at i on of  t he ar ­
chi t ect ur e and t emper at ur e and moi st ur e con­
t ent  r egi me of  bui l di ngs some par t  of  whi ch i s 
conceal ed by t he cul t ur al  st r at um ( sect i on J) ;

2)  i sol at i on of  t he base of  an ol s bui l di ng 
f r om act i ve zones of  new st r uct ur es f or  el i mi ­
nat i ng t hei r  st at i c and dynami c i nf l uence on 
t he monument  ( sect i on 4) ;

3)  chemi cal  st abi l i zat i on of  soi l s and f ounda­
t i ons,  pi l e i nser t i on i nt o t he base,  appl i ca­
t i on of  cast - i n- pl ace bor ed pi l es,  st r engt hen­
i ng of  over gr ound st r uct ur es.

Some met hods of  savi ng bui l di ngs ar e consi de­
r ed bel ow.

3.  RAI SI NG AND SHI FTI NG OF BUI LDI NGS

I n t he l ast  cent ur y f ew- st or eyed dwel l i ng hou­
ses,  cul t ur al  and educat i onal  bui l di ngs and 
t r adi ng cent r es wer e er ect ed.  Nowadays i n t he 
cent r es of  many t owns t her e ar e a l ot  of  bui l d­

i ngs of  t hi s ki nd.  Thi s l eads,  however ,  t o i r ­
r at i onal  ut i l i zat i on of  t own t er r i t or i es.

As a r esul t  of  t he gr owt h of  t owns t he pr obl em 
of  wi deni ng t hor oughf ar es and i ncr easi ng t he 
number  of  st or eys becomes ver y t opi cal .

Then wi deni ng t hor oughf ar es i t  i s r easonabl e t o 
shi f t  good sound bui l di ngs and t o r ai se t hem 
f or  bui l di ng addi t i onal  st or eys under  t hem.  The 
f r ame f or  shi f t i ng st one houses havi ng no bui l d 
i ng f r amewor k must  consi st  of  wal l beams dr i ven 
i nt o t he chi ef  wal l s.  At  t hat  t he wal l beams of  
t he wal l s par al l el  t o t he movement  di r ect i on 
ar e dr i ven one l ayer  bel ow wal l beams whi ch ar e 
t r ansver se t o t he wal l  movement  di r ect i on.  Be­
si des,  i s t he bui l di ng i s t he bui l di ng i s 
shi f t ed obl i quel y or  wi t h a t ur n speci al  cushi ­
ons ar e i nser t ed under  t he l ower  wal l beams.  Un­
der  t he wal l beams or  cushi ons t r acks ar e l ai d 
wi t h r ol l er s pl aced on t hem.  The same f r ame i s 
used f or  shi f t i ng and r ai si ng.  The l i f t i ng of  
t he bui l di ng i s car r i ed out  by hydr aul i c j acks 
of  t he " Per pet uum"  syst em.  When t he bui l di ng i s 
l i f t ed by j acks t hey ar e pr ovi ded wi t h cages 
made of  1, 2x1, 2 met r e met al  beams l ocat ed under  
t hem.  Such di ment i ons of  t he cages add t o t he 
st abi l i t y of  bui l di ng.  St eady l i f t i ng i s achi e­
ved by means of  aut onomous syst em of  wat er  l e­
vel l i ng.  The di st ance bet ween t he hydr aul i c 
j acks whose car r yi ng capaci t y i s up t o 3 000 kN 
may var y f r om 6 t o 10 met r es.

The r ai si ng desi gn t akes i nt o account  t he f unc­
t i on of  t he bui l di ng.  Besi des,  i t s l ay- out  and 
ar chi t ect ur e may be i mpr oved.  The cost  of  t he 
saved bui l di ng i s summed up wi t h t he cost  of  
r ai si ng.

Addi t i onal  expendi t ur e on l i f t i ng by hydr aul i c 
j acks wi t h cent r al i zed f eedi ng syst em equal s or  
onl y sl i ght l y exceeds t he cost  t he r oof  al one.  
When a bui l di ng i s bei ng r ai sed t he t enant s do 
not  move out .  Thi s pr act i ce i n t he USSR has 
pr oved cor r ect .  The cost  of  t he shi f t i ng and 
subsequent  r ai si ng does not  exceed 50 per  cent  
of  t he est i mat ed cost  of  an or di nar y bui l di ng.

I n our  opi ni on f ew- st or eyed bui l di ngs may be 
r ai sed up t o 20 met r es and 4-^6 addi t i onal  st o­
r eys may be bui l t  under  t hem.  Under  f avour abl e 
t er r i t or i al  condi t i ons t he r ai sed bui l di ngs 
may be pl aced on st yl obat e.  I n t hi s case t he 
r ai sed bui l di ng i s pr opped up wi t h col umns.

A bui l di ng may be r ai sed wi t hout  shi f t i ng,  
t hen addi t i onal  st or eys,  pavement s and t r ans­
por t  passages ar e const r uct ed under  i t .  Thi s 
does not  r equi r e addi t i onal  expendi t ur e on 
st r engt heni ng f oundat i ons because when a bui l d­
i ng i s r ai sed t he f oundat i on i s f ur t her  f or ced 
i nt o t he gr ound whi ch r esul t s i n i ncr easi ng 
bear i ng capaci t y of  t he subsoi l .

4.  PERFORMANCE OF NEW BUI LDI NGS NEAR OLD ONES 
DURI NG TOWN RECONSTRUCTI ON

I nspect i on of  many bui l di ngs er ect ed i n Leni n­
gr ad on a t hi ck l ayer  of  weak soi l s bef or e t he 
begi nni ng of  t he XXt h cent ur y has shi wn t hat  
i n t he wal l  br i ckwor k t her e ar e some f i ssur es 
whi ch pr opagat e much mor e i n t he but t s of  
bui l di ngs wher e t hey bor der  on adj acent  houses.  
Thi s wal l  demage i s t he gr eat er ,  t he mor e st o­
r eys t he new bui l di ng has.  Basi des,  t he amount
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of nat ur al  bui l di ng set t l ement , non- uni f or m 
set t l ement  pr ogr ess,  t he const r uct i on hi st or y 
whi ch i nf l uences t he base consol i dat i on and t he 
wal l s and t he f oundat i on ar e of  consi der abl e 
i mpor t ance.  The appl i cat i on of  r ei nf or ced conc­
r et e,  st eel  f r amewor k i n t he br i ckwor k,  devi ­
si on of  a bui l di ng by set t l ement  seams i nt o 
bl ocks whi ch was of t en t he case i n t he second 
hal f  of  t he cur r ent  cent ur y has posi t i vel y i n-  
f l yenced t he behavi our  of  t he st r uct ur e.

Exper i ence shows t hat  i f  t he nat ur al  set t l ement  
of  a bui l di ng exceeds 10-15 cm t he i nf l uence 
zone of  t he adj acent  bui l di ng ext ends f or  20-  
30 met r es dependi ng on t he dept h of  weak soi l s,  
but  t he most  danger ous ar e addi t i onal  set t l e­
ment s whi ch occur  i n t he i mmedi at e 5- 6 met r e 
pr oxi mi t y t o t he new bui l di ngs.

I n f oundat i on desi gn t he Const r uct i onal  St an­
dar ds and Rul es of  t he USSR ( 1975)  and ot her  
count r i es ( Bazant ,  1979)  r egui r e est i mat i ng t he 
f oundat i on def or mat i on.  Basi des,  t he f ol l owi ng 
condi t i on must  be sat i sf i ed:

ul t (1 )
wher e S i s pr edi ct ed base set t l ement ,
S ■> t  i s ul t i mat e def or mat i on ( def i ned by 
t He st andar ds or  est i mat es wi t h t he al l ow­
ance f or  t he mat er i al s, st r uct ur e and f unc­
t i on of  t he bui l di ng.

I f  t her e ar e some ol d bui l di ngs whose st r uct ur e 
i s not  supposed t o be damaged when const r uct i ng 
new bui l di ngs on adj oi ni ng pl ot s of  l and,  t he 
condi t i on becomes:

Sadd 3 ' ul t  ^
wher e Sadd i s addi t i onal  set t l ement  of  t he 
adj oi ni ng const r uct i on si t e,  S' ul t  i s ul t i ­
mat e addi t i onal  set t l ement  of  t he ol d 
bui l di ng.

I t  i s di f f i cul t  t o det er mi ne S'  ul t  as t he 
st r uct ur e of  ol d bui l di ngs has some degr ee of  
decay.  That  i s why S ul t  i s def i ned empi r i cal l y 
f r om t he r esul t s of  i n- si t u measur ement s and 
obser vat i ons.  Tabl e I * gi ves t he val ues based 
on t he i nvest i gat i on of  bui l di ng exper i ence i n 
Leni ngr ad compar ed wi t h ul t i mat e f oundat i on i n 
def or mat i ons of  i sol at ed houses.

These dat a i ndi cat e t hat  i n t he case of  adj a­
cent  bui l di ngs t he r equi r ement s as r egar ds t o 
t hei r  bases and f oundat i ons shoul d be mor e r i ­
gi d t han t hose t o i sol at ed bui l di ngs.  Hence 
t hei r  per f or mance cal l s f or  addi t i onal  expendi ­
t ur e.

Pi l e appl i cat i on when const r uct i ng new bui l d­
i ngs near  ol d ones i s ver y expensi ve as t hei r  
dr i vi ng i s out  of  t he quest i on.

Consequent l y we may obt ai n t he best  r esul t s t a­
ki ng-  si mul t aneousl y some of  t he measur es con­
nect ed wi t h t he l ay- out  of  t he bui l di ng,  i t s 
ar chi t ect ur e and st r uct ur e ( i ncl udi ng under ­
gr ound st r uct ur e) ,  or gani zat i on and t echnol ogy 
of  t he bui l di ng pr ocess.  When det er mi ni ng what  
measur es ar e t o be chosen we must  be gui ded by 
t he ant i ci pat ed val ue of  medi um set t l ement  of  
t he f oundat i on of  t he bui l di ng desi gned.  I f
S 4- 5 cm si mpl e measur ed f or  cont r ol l i ng 
soi l  base ar e suf f i ci ent  when const r uct i on wor k 
i s under  way.  When S 5- 10 cm si mpl e t echno­
l ogi cal  pr ocedur es may be appl i ed i ncl udi ng t he 
use of  cant i l ever  beams i n t he zone of  adj oi ­
ni ng whose span may equal  2- 6 met r es,  soi l  st a­
bi l i zat i on or  pr event i ve st r engt heni ng t he 
st r uct ur es of  ol d bui l di ngs.  I f  set t l ement  
exceeds 10 cm pi l e appl i cat i on and deep sup­
por t s r est i ng on dense subsoi l  i ncl udi ng di a­
phr agm wal l s i s i nevi t abl e. The usage of  such 
f oundat i ons,  however ,  demands due pr ecaut i ons 
v/ hen pr eci se geodet i cal  measur ement s of  t he 
set t l ement  of  t he exi st i ng bui l di ngs ar e t aken.

5.  DEFORMATI ON OF THE STRUCTURES AND FOUNDA­
TI ONS OF THE NEVYANSK TOWER

The Nevyansk t ower  i s a uni que monument  of  ar ­
chi t ect ur e of  t he XVI I I t h cent ur y.  I t  i s wel l -  
known i n our  par t s as a Leani ng Tower  wi t h ap­
par ent  west er n i ncl i nat i on.  Ther e ar e t wo hy­
pot heses concer ni ng t he cause of  i t s i ncl i ned 
st at e:

1)  t he def or mat i on of  t he weak subsoi l ;
2)  t he i ncl i ned t ower  posi t i on was meant  v/ hen 
i t  was under  const r uct i on.
The t ower  ( f i g.  1)  54 met r es hi gh was bui l t  not  
ear l i er  t han 1725 and not  l at er  t han 1742.  I t  
was made of  br i ck and has a squar e cr oss sec­

TABLE I

Admi ssi bl e Ul t i mat e Def or mat i ons of  Ol d Bui l di ngs

The ki nd of
f oundat i on
def or mat i on

I sol at ed houses 
wi t hout  st eel

wi t h st one wal l s 
r ei nf or cement

Ol d houses wi t h 
r ei nf or cement ,

st one wal l s wi t hout  st eel  
par t l y decayed

Accor di ng t o t he 
USSR Const r uct i on Accor di ng t o 
St andar d and Ru-  Z. Bazant  

l es ( 3)

I  degr ee of  
decay

I I  degr ee of  
decay

I I I  degr ee of  
decay

Aver age
set t l ement 10 10 5 4 3

sl ope 0, 050 0, 0013 0, 003 0,0015 0, 001

I  degr ee -  t her e ar e no f i ssur es;  I I  degr ee -  t her e ar e some f i ssur es i n separ at i ng wal l s;  
I I I  degr ee -  t her e ar e some f i ssur es i n bear i ng wal l s

• Cont r i but ed by Pr of .  B. I .  Dal mat ov and ass.  pr of .  A. A.  Sobeni na
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t i on of  9x2 met r es up t o t he hei ght  of  24 met ­
r es,  and f ur t her  i t  i s oct ahedr al .  The t ower  i s 
cr owned wi t h a oct ahedr al  t ent  8. 8 met r es hi gh.  
A br i ck t wo- st or eyed annex 6. 5 hi gh wi t h a 
por ch adj oi ns i t  i n t he sout h- east .  The t ot al  
mass of  t he t ower  i s about  30 000 kN,  t he 
cent r e of  gr avi t y i s at  t he hei ght  of  14 met r es 
f r om t he hei ght  mar k of  t he f oundat i on.  The 
l at t er  i s a st r i p f oundat i on about  2. 5 met r es 
wi de made of  r ubbl e.

The geot echni cal  sur vey whi ch i nvol ved bor i ng 
ni ne bor ehol es about  20 met r es deep,  sampl i ng,  
pr obi ng and pr essur emet er  t est s has r eveal ed 
t hat  t he si t e consi st s of  al l uvi al  and al l uvi -  
al - di l uvi al  l oams of  t ough and pl ast i c consi s­
t ency.  The soi l  compr essi bi l i t y i s def i ned by 
t he modul us of  def or mat i on equal  t o 3- 10 kMPa,  
cohesi on r anges f r om 0, 024 t o 0, 30 MPa and t he 
angl e of  i nt er nal  f r i ct i on i s about  25- 28 deg­
r ees.  The l oams ar e cover ed by a l ayer  of  made 
gr ound t he f oot i ng of  whi ch wi t hi n t he bounds 
of  t he t ower  out l i ne i s at  t he dept h of  6- 8 
met r es.  The gr oundwat er  havi ng hydr aul i c con­
nect i on wi t h t he nei ghbour i ng pond i s at  t he 
dept h of  3, 0- 3, 1 met r es f r om t he sur f ace.

Fr om t he dat a of  geodesi c obser vat i on whi ch 
have been made si nce 1962 t he t ower  set t l ement

1)  made gr ound
2)  al l uvi al - di l uvi al  quat er nar y l oam

occur s at  t he r at e of  about  0. 9 mm a year .  The 
devi at i on of  t he t ower  t op f r om t he base cent r e 
equal s 1800 mm.  The devi at i on of  t he t ower  
st em i s al so pr oved by t he f act  t hat  t he f l oor s 
of  t he st or eys,  t he vaul t  st r i nger s over  t he 
aper t ur es have di f f er ent  i ncl i nat i ons.

The def or mat i on nat ur e t est i f i es t o t he i ncl i ­

ne f or mat i on and ef f or t s of  i t s el i mi nat i on ma­
de dur i ng t he t ower  er ect i on.

We t ake t he vi ew t hat  t he most  pr obabl e r eason 
of  t he t ower  i ncl i nat i on i s unf avour abl e geo­
t echni cal  condi t i ons of  t he const r uct i on si t e.  
The st r at i f i cat i on di r ect i on and t he soi l  bed­
di ng dept h i ndi cat e t hat  t he t ower  was most  
l i kel y bui l t  near  a f or mer  r i ver - bed whi ch was 
l at er  f i l l ed i n.  The t ower  i ncl i ne on t he whol e 
cor r esponds t o t he i ncl i ne di r ect i on of  t he na­
t ur al  soi l  and i s account ed f or  by t he det er i o-  
t at i on of  soi l  char act er i st i cs i n t he dr ect i on 
of  t he r i ver - bed whi ch i s qui t e nat ur al  under  
t he condi t i ons.

So t he l oam moi st ur e cont ent  at  t he dept h of  
6- 7 met r es i ncr eases i n t he di r ect i on of  t he 
i ncl i ne i n t he r ange of  0, 22- 0, 29 per  cent  and 
l oam compr essi bi l i t y i ncr eases accor di ngl y.

Ther e i s no i mmedi at e t hr eat  of  t he t ower  col ­
l apse i n i t s pr esent  st at e.  The 0. 9 met r e di s­
pl acement  of  t he cent r e of  gr avi t y wi t h r es­
pect  t o t he t ower  base has not  r esul t ed i n 
t ensi l e st r ess i n t he br i ckwor k and under  t he 
f oundat i on base.  Mor eover ,  accor di ng t o t he 
obser vat i on dat a pr ogr essi ve i ncr ease of  t he 
t ower  i ncl i nat i on r at e does not  occur .  Soi l  
set t l ement  whi ch i s goi ng on at  pr esent  i s due 
t o r at her  weak soi l  base,  t he consol i dat i on of  
r at her  weak soi l  base r ef er r ed t o as " ol d age 
set t l ement " .

Fur t her  bui l t - up of  t he t ower  st abi l i t y and 
t he set t l ement  st abi l i zat i on i s connect ed wi t h 
t he el i mi nat i on of  t he unf avour abl e f act or s 
whi ch at t end i t s mai nt enance.  These f act or s 
ar e supposed t o be el i mi nat ed when t he t ower  i s 
r est or ed.  The f ol l owi ng measur es ar e pr oposed:
1)  t he l ower i ng of  a r at her  hi gh vi br at i on l e­
vel  pr oduced by r ai l way t r anspor t ;  b)  el i mi na­
t i on of  t he danger  of  i nt er nal  er osi on by ces­
sat i on of  gr oundwat er  pumpi ng out  of  t he near by 
sump;  c)  pr event i on of  t he t ower  pl i nt h decay 
by 1 met r e sur f ace l evel  l ower i ng near  t he t o­
wer  and ar r angi ng over gr ound wat er  r unof f ;
d)  el i mi nat i on of  f i ssur es i n t he annex and 
por ch whi ch occur r ed dur i ng non- uni f or m def or ­
mat i on of  t he separ at e el ement s of  t he t ower .
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