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G e o te c h n ic a l m o n ito rin g  o f u rb a n  b u ild in g  re c o n s tru c tio n  d u rin g  th e  u n d e rg ro u n d  

c o n s tru c tio n

G e o te c h n iq u e  m o n ito rin g  d e  re c o n s tru c tio n  d e  la  te rra in  b a ti a  l’o c c a s io n  d e  a s s im ila tio n  d ’e s p a c e  

s o u te rra in

V . A . I l y ic h e v ,  P . A . K o n o v a lo v  &  N . S . N i k i f o r o v a  -  NIIOSP, Moscow, Russia

A B S T R A C T : T he  re co n structio n  o f  the  h isto rica l ce nte r in v o lv in g  unde rground space  u tiliz a tio n  has bee n ta k in g  pla ce  in  M o sco w  

d u rin g  la st ye a rs. In  th is  co nne ction  som e  prob le m s o f  h is to ric a l m onum e nts sa fe ty a ppe a re d. G e o m o n ito rin g  a t the  co n stru c tio n  o f  

u nde rground structure s a nd re construction  o f  h is to rica l b u ild in g s  can so lve  the se  proble m s. T he  e ffe c tive  re sults o f  g e o m o n ito rin g  

pe rform a nce  in  M o s c o w  ha ve  been re porte d in  the  pa pe r a nd illu s tra te d  b y  the  e xa m ple s o f  the  tra d in g  a nd re cre a tiona l c o m p le x  « O k-  

h otny  R ya d»  on M a n e z h n y  S qua re , the  O ld  G o stin y  D vo r,  the  tra d in g  ce nte r « B e rlin s k y  D orn» , a d m in is tra tive  b u ild in g s  w ith  unde r­

ground p a rk in g  lo ts  loca te d a t 6 /8 , M a rose ika  S tree t.

R E S U M E : L a  re co n structio n  du ce nte r h isto riq u e  e t l ’u tilis a tio n  a ve c se la  l ’ espace soute rra in  on é té  re a liz e s a M o sc o w  pe nda nt 

P annees de rnie rs. D a ns ces c o n d itio n s  la  p rob le m  de  la  sé curité  des m onum e nts h istorique s o n t a ppa ru. C e tte  p rob lè m e  é ta it ré solu pa r 

le m o n ito rin g  à c o n stru c tio n  les bâ tim e nts soute rra in  e t re construction  les e d ifice s  h istorique s.  D a ns ce tte  a rtic le  des pre a ve s de  suc­

cess du m o n ito rin g  a  M o s c o w  sont donne e s. I ls  sont illustré e s pa r e xe m ple s des com ple xe s dive rs.

1 I N T R O D U C T IO N

1.1 Relevance o f  the Problem

R e con struction  o f  w h o le  a rch ite ctura l e nse m ble s o f  the  c ity  and 

separa te  b u ild in g s  is b e ing  pe rform e d in  M o sco w .  T h is  in vo lve s  

unde rground de ve lopm e n t: co n stru c tio n  o f  unde rground p a rking  

lots and store s o r de e pe ning o f  e x is tin g  basem ents. R e construc ­

tio n  is be ing  ca rrie d  o u t in  tig h t u rba n housing  e nvironm e nt. T he  

p rob le m  o f  e x is tin g  b u ild in g s  pre se rva tion  em erges. M a n y  o f  

these  b u ild in g s  a re  h isto ric a l m onum e nts. G e ote chnica l m o n ito r ­

ing  is a to o l to  be  used fo r  s o lv in g  th is prob le m .

1.2 Geotechnical Monitoring

G e ote chnica l m o n ito rin g  pe rfo rm e d  d u rin g  co n stru ctio n  o r re ­

co n stru ctio n  o f  b u ild in g s  in v o lv in g  unde rground co n stru c tio n  in  

tig h t urba n housin g  e n v iro n m e n t is a co m p le x  syste m  o f  m o n i­

to rin g  o f  the  c o n d itio n  o f  a constructe d  o r re constructe d b u ild in g  

a long  w ith  bases a nd fo u n d a tio n s o f  n e ig h b o rin g  b u ild in g s  and 

so il mass, e va lu a tio n  o f  m o n ito rin g  re sults a nd fore ca st o f  post­

co n stru ctio n  cha nge s in  th e ir c o n d itio n  fo r one -ye a r te rm  a nd the  

fo llo w in g  p e riod  o f  ope ra tion .  G e ote chnica l m o n ito rin g  include s  

the  fo llo w in g  u n its : c a lcu la tio n ,  m e a sure m e nt, research a nd de ­

ve lo pm e nt, a n a lytica l,  e co lo g ica l a nd c on tro l units.

W e  ca rry  o u t ge o te chnica l m o n ito rin g  a t M o sco w  co n stru ctio n  

sites: the  tra d in g  a nd re cre a tion a l co m p le x  (T R C )  « O kh o tn y  

R ya d»  on M a ne z hna ya  S qua re , the  O ld  G o stin y  D vo r,  the  tra d ­

ing  ce nte r « B e rlin  H ouse » , « R om a nov D vo r» ,  a d m in istra tive  

b u ild in g s  w ith  an u n d e rground  p a rk in g  lo t loca te d a t 6 /8 , M a ro ­

se ika  S tre e t, e tc.

2 I N F O R M A T I O N  A B O U T  T H E  O B JE C T S  O F  R E S E A R C H

2.1 Trading and Recreational Complex (TRC) «Okhotny Ryad»

A  de e pe ne d b u ild in g  h a v in g  1 2 2 .0  m  le ve l o f  a de e p pa rt,  130 .0  

m  le ve l o f  a s h a llo w  pa rt a nd 1 3 8 .0 . .. 1 4 0 .0  m  le ve l o f  the  sur­

fa ce  has been constructe d  on M a ne z hna ya  S qua re  in  M o sco w .  37  

m  deep « d ia phra gm  w a ll»  serves as an e n closing  structure . 

O pe n-type  co n stru ctio n  b rought the  p rob le m  o f  p re se rva tion  o f  

n e ig h b o rin g  h is to rica l b u ild in g s : the  C e n tra l E x h ib itio n  H a ll

( constructe d  in  1 8 1 7 ), the  C h u rch  o f  S t. T a tya na  the  M a rty r 

(1 8 3 3  - 1 8 3 6 ), the  o ld  b u ild in g  o f  M o s co w  S ta te  U n iv e rs ity  

(1 7 8 6  - 1 7 9 3 ), A ll-R u s s ia n  JS C  V A O  In to u ris t ( 1 9 3 4 ) ,  the  N a ­

tio n a l H o te l (1 9 0 1  - 1 9 0 3 r.r. ) ,  the  S ta te  D u m a  b u ild in g  (1 9 3 2  - 

1 9 3 6 ), the  M o sc o w  H o te l ( 1 9 3 5  - 1 9 3 6 ), the  fo rm e r V . I .  L e n in  

M u se um  (1 8 9 2 ) ,  the  S ta te  H is to ric a l M u se um  ( S H M )  (1 8 7 4  - 

1 8 8 4 r.r.) ,  the  C o m e r A rse na l T o w e r (1 4 9 2 ) ,  the  K re m lin  W a ll 

( its  se ction up to  the  T ro its k y  T o w e r)  ( 1 4 8 5  -  1 4 9 5 ), A rse na l 

b u ild in g  (1 7 0 1  - 1 7 3 6 ). M o s t o f  the se  b u ild in g s  w e re  in  unsa tis ­

fa c to ry  c o n d itio n  a nd ha d conside ra b le  se ttle m e nt va lue s due  to a 

long  p e riod  o f  ope ra tion .  S om e  b u ild in g s  w e re  re constructe d  d u r ­

in g  de e pe ne d fa c ility  co n struc tio n  ( the  N a tio n a l H o te l,  the  H is ­

to ric a l M use um , the  C h u rch  o f  S t. T a tya n a  the  M a rty r,  A ll-  

R ussia n JS C  V A O  In to u ris t) .  A lm o s t a ll b u ild in g s  ha ve  loa d-  

be a ring  b ric k  w a lls ,  2 .2 . . .7 .4  m  deep s trip  o r iso la te d  founda ­

tions.  T he  M o sc o w  H o te l is a n e xce p tion .  I t  w a s constructe d  on

16.4  m  dee p crossing-sla bs fou n d a tion s,  sla b fou n d a tion s,  co ­

lu m n a r fou n d a tio n s a nd 10 .4  d ro p  sha fts. G ro u n d  w a te r was 

found  a t 2 -1 3  m de pth from  the  surfa ce . T he  g round  is form e d  

( fro m  to p  to  b o ttom )  by 2 . . . 7  m  th ic k  la ye r o f  f ill- u p  so il,  sands 

o f  d iffe re n t sizes, loa m s, cla ys a nd lo w e r -  lim e stone s. F ounda ­

tion s  o f  m a ny b u ild in g s  a re  ove rloa de d . T he  pre ssure  unde r 

fou n d a tio n s is m ore  tha n tw ic e  h ig h e r tha n the  de sign s o il re sis ­

ta nce  va lue .

F ou n d a tion  p it e xca va tio n  w a s pe rfo rm e d  th ro u g h  a « d ia phra gm  

w a ll»  in sta lla tio n  w ith  the  he lp o f  spe cia l structure s m a de  o f  

flo o r sla bs o f  the  s h a llo w  pa rt.

2 .2  Old Gostiny Dvor

T h is  b u ild in g  is a m o num e nt o f  h is to ry  a nd a rch ite ctu re  d a ting  

ba ck to  the  X I X  ce n tury.  I t is a tra pe z ium -sha pe d 2 -3 -s torie d  

b ric k  b u ild in g  w ith  6 0 0  m  lo n g  w a lls .  B e fore  re co n structio n ,  se t­

tle m e nt o f  the  b u ild in g  a m ounte d  to  1 0 . ..  1 0 0  m. D u rin g  re con ­

s tru c tio n  one  s to ry  w a s o v e rb u ilt,  ba se m e nts w e re  m a de  4  m 

deeper, the  c ou rty a rd  w a s cove re d w ith  a tra n s lu ce n t cove r and 

an unde rground store y wa s b u ilt  in side  the  ya rd. V a rio u s  soil 

be ddings, in c lu d in g  up  to  6  m  th ic k  f ill- u p  s o il la ye r w ith  o rga n ic  

im p u ritie s  a rc a v a ila b le  in  the  c on stru ction  area. B e fore  re con ­

s tru ction  the  O ld  G o s lin v  D v o r had 2 -3  in  s trip  founda tions. U n ­

de rground w a te r is fo und  at 4 -5  in  de pth. T he n 1 1 -15  in  long
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root p ile s w e re  co n s lruc lcd .  Base  lo a d in g  incre a se  o u tstrippe d  

p ile  in s ta lla tio n  w orks.

2 .3  Administrative building located at 6/8, Maroseika Street

F ive  b u ild in g s  d a ting  ba ck to the  X I X  ce n tury  re la te  to the  z one  

alT ected by the  3 -s lo rie d  b u ild in g  w ith  a I - s to rie d  unde rground  

p a rk in g  lot. T hre e  o f  these  b u ild in g s  are  m onum e nts o f  a rch ite c ­

ture . T h e  site  is fo rm e d  by a 1-6 in th ic k  la ye r o f  f ill- u p  so il,  u n ­

de r w h ic h  the re  is a 1 -1 .5  m th ic k  la ye r o f  sands. L o w e r the re  are  

2 -4  m th ic k  la ye rs o l' h ig h - p la s tic ity  a nd lo w -p la s tic ity  loam s. 

U nd e rground  w a te r m a y be found  at 0 .5 -2  m  de pth.

F ound a tion  p it wa s shore d w ith  the  he lp o f  h o riz o n ta l struts 

m a de  o f  pipe s.

2 .4  Trading Center «Berlinsky Dom»

T he  b u ild in g  o f  the  tra d in g  ce nte r « B e rlin s k y  D om »  loca te d at 

the  crossing  o f  K u z ne ts ky  M o st S tre e t a nd P e trovka  S tre e t in 

M o sc o w  is b e ing  constructe d . T he  b u ild in g  w ill ha ve  thre e  u n ­

de rg round  a nd thre e  o ve rgro u n d  floors.  Its co n struc tio n  was 

sta rte d in  O ctobe r,  19 9 8 , a nd in  spring ,  19 9 9 . the  site  wa s con ­

se rve d a lte r the  c o n s tru c tio n  o f  the  firs t unde rground flo o r.  A lte r  

a ye a r a nd a h a lf  the  c o n s tru c tio n  o f  the  b u ild in g  wa s resta rte d. 

F ive  b u ild in g s  got in to  the  z one  a ffe cte d b y  the  constructe d  

b u ild in g  h a v in g  an unde rground  pa rt. A m o n g  the m  the  M o sp ro -  

je c t-3  b u ild in g  a nd the  S ta le  M u n ic ip a l Inspe ction  b u ild in g  w e re  

a ffe cte d  m ost o f  a ll. T he  M o sp ro je c l-3  b u ild in g  is loca te d ha rd 

by « B e rlin s k y  D om » .

D e sign le ve l o f  the  b o ttom  unde rground  flo o r is 9 .6  m  a nd the  

le ve l o f  the  b o ttom  o f  the  « d ia phra gm  w a ll»  -  17.0  m.

F o u n d a tio n  p it wa s e xca va te d th roug h  spe cia l w in d o w s  in  flo o r 

structure s o f  the  top  floor.

3. G E O T E C H N IC A L  S I T U A T IO N  A N A L Y S I S

3 .1 . Surrounding Buildings Location with Respect to the Facility 
with Underground Structure

C o n sid e rin g  the  s u rro u n d in g  b u ild in g s  lo ca tio n  w ith  re spe ct to  

the  constructe d  fa c ility  h a v in g  an unde rground pa rt, it is possib le  

to say tha t the  ra tio  be tw e e n the  d ista nce  be tw e e n the m  a nd the  

fo u n d a tio n  p it de pth  va rie s fro m  0  to  3 .9  a nd a m ounts to:

•  0  -  fo r the  O ld  G o s lin y  D v o r a nd « B e rlin s ky  D om »  

(ne a r M o sp ro je c l-3 ) ;

•  1 .0 -3 .0  -  fo r the  b u ild in g  loca te d a i 6 /8 , M a rose ika  

S tre e t;

•  2 .1 -3 .0  -  fo r the  T R C  « O k h o tn y  R ya d» .

3 .2  Existing Buildings Condition

A c c o rd in g  lo  [ I J  the  s u rro u n d in g  b u ild in g s ' structure s re la te  lo  

I I I - V  ca te gory, i.e . the y are in  unsa tis fa cto ry o r e m e rge ncy con ­

d itio n .  M a n y  b u ild in g s  ha ve  been re constructe d a nd floo rs  w e re  

a dde d to  the m . T h e ir fou n d a tio n s bases are  ove rloa de d, i.e . the  

pre ssure  on fou n d a tion  beds is m ore  tha n tw ice  h ig h e r tha n de ­

s ign re sista nce  o f  soils.

3 .3  Foundation Pit Excavation Method

A ll de e pe ne d b u ild in g s  a re  e re cte d by the  « dia phra gm  w a ll»  

m e thod. B u t the  fo llo w in g  thre e  fou n d a tio n  p it e xca va tion  w a ys 

m a y be sing le d  out:

•  w ith  a nchor- fa ste ne d « d ia phra gm  w a ll»  ( 1 ) ;

•  « d ia phra gm  w a ll»  fa ste ne d w ith  the  h e lp  o f  struts 

m a de  o f  pipe s (2 ) ;

•  s o il e xca va tion  a nd re m ova l th ro u g h  the  w in d o w s  

in  llo o r structure s o f  the  top  flo o r (3 ) .

3 .4  Existing Buildings Deformations

S p e cific a tio n s  o f  the  b u ild in g s  re la tin g  to  the  zone  a ffe cte d  by 

de epened fa c ilitie s  at va rious M o sc o w  site s, fo u n d a tion  p it e xca ­

va tion  m e thod a nd b u ild in g s ' d e form a tio n s  a re  pre se nte d in fa ­

ble  I .

Ta b le  I E x is t in g  b u i ld in g s 'd e fo r m a t io n s  d u r in g  d e e p e n e d  fa c i l i t ie s  c o n ­

s t r u c t io n

f a c i l i t y  S p e c if ic a t io n s

C o n ­

d i t io n

c a te ­

g o ry

M l  * fo u n d  S . * * *  p * * * * ,  

p i t  e x -  m m  I /m  

c a v a ­

t io n

m e th o d * *

TRC «Okhotny Ryad»: 

T h e  M o s c o w  H o te l I I I 2  I 1 5 +  1... 5 x 1 0  s

T h e  N a t io n a l  M o te l I V 2  4 1 4 + 2 .. . 3 x 1 0 J

T h e  H is to r ic a l  M u s e u m I V 3 9 1 6 +  1. 2 x 1 0 J

The Old Gosliny Dvor I V 0 1 4 9 +  1.. . 2 x 1 0 ' J

6/8. Maroseika Street: 

4 , P e t r o v e r ig s k y  L a n e I I I 3 0 2 7 +  1 ... 3 x 1 0 ' 4

I , P e t r o v e r ig s k y  L a n e II 0  9 2 2 +  1.. . 3 x 1 0 ’

8. Maroseika Street I I I 1 0 2 18 +  1. . 6 x 1 0 '

6. Maroseika Street I I I 2 .0 2 3 + 2 .. 3 x 1 0 J

B a th  H o u s e I V 1 0 2 4 2 -

«Berlinsky Dom» 

M o s p r o je c l- 3 I I I 0 3 11 -

* L  -  d is ta n c e  b e tw e e n  a b u i ld in g  a n d  a d e e p e n e d  fa c i l i t y ,

11 -  d e p th  o l  a d e e p e n e d  fa c i l i t y  

* *  I -  a n c h o r  fa s te n in g  o f  a « d ia p h ra g m  w a l l» ,

2  -  fa s te n in g  w i t h  s t ru ts  m a d e  o f  p ip e s ,

3 -  e x c a v a t io n  th ro u g h  w in d o w s  in  f lo o r  s t ru c tu re s  o f  th e  to p  l lo o r ,  

* * * S  -  m a x im a l s e t t le m e n t  o f  th e  b u i ld in g ,

• * * * p  - fo u n d a t io n  c u rv a tu re  in  th e  le n g th  d im e n s io n

S e ttle m e nts o f  e x is tin g  b u ild in g s  a m ounte d  lo  2 -4 9  inm .  M a x i­

m a l se ule m e nt va lue s v a ry in g  fro m  4 2  lo  4 9  m m  a nd L /H  va lue  

v a ry in g  fro m  0  to  1.0 w e re  s p e c ific  fo r  the  b u ild in g s  in  e m e r­

ge ncy c o n d itio n  re la tin g  lo  V  ca te gory. S e ttle m e nt o f  the  b u ild ­

ings re la tin g  to  I I I  c o n d itio n  ca te gory w ith  L / H  e qua l lo  0 -1 .0  

va rie d  fro m  1 1 to  18 m m . S e ttle m e nt o f  the  b u ild in g s  re la tin g  to

II  c o n d itio n  ca te gory w ith  L /H  e qua l lo  0 -1 .0  m a de  2 m m . S e t­

tle m e nt o f  the  b u ild in g s  re la ting  to  I I I ,  I V  c o n d itio n  ca te gory 

w ith  L / I I  e qua l lo  2 .0 -3 .9  va rie d  from  3 lo  7 m m . P e rfo rm e d  

a na lysis a llo w e d  us lo  ind ica te  a p p rox im a te  va lue s o f  fu tu re  set­

tle m e nt o f  the  e x is tin g  b u ild in g s  de pe nd ing  upon  th e ir structure  

c o n d itio n  ca te gory a nd th e ir close ne ss lo  a de e pe ne d fa c ility .  

T h is  da ta  is pre se nte d in  fa b le  2.

T a b le  2 . M a x im a l  s e t t le m e n t  o f  th e  b u i ld in g s  s u r r o u n d in g  a d e e p e n e d  

fa c i l i t y  c o n s tru c te d .  S . m m

L /H  *

B u i ld in g  c o n d i t io n  c a te g o ry

II I I I I V

0 . . .  1 0 <  3 10  2 0 4 0  5 0

2 .0  .3  0 3 . 7 4

> 3 .0 6

* L  -  d is ta n c e  b e tw e e n  a b u i ld in g  a n d  a d e e p e n e d  f a c i l i t y ,  

H  -  d e p th  o f  a d e e p e n e d  fa c i l i t y

A re  the se  se ule m e nt va lue s da nge rous fo r the  b u ild in g s  re la tin g

lo  the  z one  a ffe cte d by a de e pe ne d fa c ility ?  M a x im u m  p e rm issi­

b le  se ttle m e nt va lue s lo r  n e w ly  constructe d  b u ild in g s  meet 
norm s |2 |.  H ow e ve r, these norm s ca nnot be  a p p lie d  to  the  fo l ­

lo w in g  k ind s o f  b u ild in g s :

•  b u ild in g s  ope ra te d fo r a long  tim e  re la tin g  lo  111 o r IV  

ca te gory o f  structure  c o n d itio n ;

•  b u ild in g s  based on ove rloa de d  founda tions (p  >  R , p -  
pre ssure  unde r fou n d a tio n  base, R  -  de sign re sista nce  

o f  base so ils) ;

•  b u ild in g s  unde r re construction ;

•  m onum e nts o f  h is to ry  a nd a rch ite ctu re  w h ic h  should  

not ge l cra cks.

1 3 4 8



U su a lly  it is m u ltis to ry  b ric k  b u ild in g s  w ith  loa d be a ring w a lls .  

A s a ru le ,  th is  k in d  o f  b u ild in g s  surround the  fa c ilitie s  w ith  

deepened pa rts constructe d  in  lig h t urba n co nstruction  e n v iro n ­

m e nt. D u rin g  fo u n d a tio n  p it e xca va tion  e x is tin g  ne ig h b o rin g  

b u ild in g s  re a ct to se ttle m e nts d iffe re n ce  v a ria b ility .  T he re fore , 

we  ha ve  suggested an a d d itio n a l c rite rio n  fo r e va lua tion  o f  safe  

co n d itio n  o f  such b u ild in g s  -  fou n d a tio n  surfa ce  curva ture  p, 

I /m ,  ch a ra c te riz in g  se ttle m e nt d iffe re n ce  v a ria b ility  (T a b le  3 ). 

A c co rd in g  to  C o n stru c tio n  R ule s a nd R e gula tions [2 J, the  fo l­

lo w in g  c o n d itio n  shou ld  be m e t:

S(.v) < 1SJ ( I )

here S (x )  -  m a xim u m  se ttle m e nt o f  a b u ild in g ,  cm ; [S ] -  

m a xim a l pe rm issib le  se ttle m e nt lo r (his k in d  o f  b u ild in g s ,  cm.

W e  sugge st to  in tro d u ce  the  va lue  p (.x) -  Sw (,\), I /m .

s- S (x+ 2Av) -  2S (x+ A t ) + S (a )  ( J )

(A *)2

Table 3 Curvature ol'the foundations o f existing buildings during deep­

ened facilities construction, p. I /m

Building's condition category Cracks emergence

L/H * II - III IV

0 . 4.0 + n** x ( 10 1 

10 J)

+ n** x I0 J Yes

or-j

p

±n**  x 10" No

*1. -  distance between a building a a deepened facility, 

H -  depth of a deepened facility,

* * n  = 1-6

A n a ly z in g  T able  3 , it is possib le  to note  tha t cra cks in  the  s truc ­

tures o f  the  m u ltis to ry  b ric k  b u ild in g s  w ith  loa d be a ring w a lls  

tha t ha ve  been ope ra te d fo r a long  lim e  do not em e rge , p rovide d  

tha t these  b u ild in g s ' fou n d a tio n s curva ture  does not e xce e d n x 

1 0 '\  I /m .  T he  va lu e  p =  n x 1 0 '5. 1/m is re com m e nde d as a 

m a xim u m  p e rm issib le  d e fo rm a tio n  va lue  fo r e x is tin g  b u ild in g s  

in the  areas o f  h is to rica l b u ild in g s  re la tin g  lo  the  zone s a ffe cte d  

by de epened fa c ilitie s .

4. C O N C L U S IO N S

1. T he  re sults o f  ge o le chn ica l m o n ito rin g  o f  M o sco w  fa c ilitie s  

w ith  de epened pa rts a nd o f  n e ig h b o rin g  b u ild in g s  are pre se nte d 

in  the  a rticle .

2. Ba se d on obse rva tions a na lysis, a pprox im a te  va lue s o f  b u ild ­

in gs’ se ttle m e nt re s u ltin g  fro m  a de e pened fa c ility  c onstruction  

d e pe nding  upon the  c o n d itio n  o f  th e ir structure s w ith  re la tion

lo  close ne ss lo  a de epened fa c ility  and fo unda tion  p it e xca va ­

tio n  m e thod a re  spe cifie d .

3. F ound a tion  surfa ce  cu rva tu re  is suggested as a c rite rio n  lo r e x ­

is tin g  b u ild in g s  d e fo rm a tio n  e va lu a tio n  d u rin g  co n struc tio n  o r 

re construction  in v o lv in g  unde rground de ve lopm e nt.
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