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1 IN T R O D U C T IO N

F o llo w in g  the  successfu l one-day  S ym posium  in N ew  D elhi ju s t 

befo re  the  sta rt o f  the  13th In ternational C onference, p lans w ere 

m ad e  fo r a  second  S ym posium . T h is w as held  a t C ity  U niversity , 

L ondon , in A pril 1996. A  to tal o f  116 refereed  papers w ere 

accep ted  from  23 co un tries, and these w ere pub lished  in the 

P ro ceed in g s o f  th e  S ym posium  by B alkem a (M air and  T aylor, 

1996), to g e th er w ith  the  session  reports and som e w ritten  

d iscu ssio n  con tribu tions. T he S ym posium  w as attended  by 235 

deleg a tes  from  27 countries. T he first tw o days w ere ded ica ted  to

5 se ss io n  repo rts  and d iscu ssio n  sessions, and the th ird  day  w as 

sp e n t v is itin g  co n stru c tio n  sites o f  the  Jub ilee  L ine E xtension  

project in L ondon. T w o papers sum m arizing  aspects o f  the  Jub ilee 

L ine  E x ten sio n  P ro jec t w ere inc luded  in  the S ym posium  

P roceedings. B rie f  sum m aries o f  the  5 session  repo rts are g iven  in 

th e  fo llo w in g  sections.

2 B R A C E D  E X C A V A T IO N S  A N D  SH A FTS

T he session  repo rt (K usakabe, 1996) g rouped  the 31 papers in th is 

se ss ion  as fo llow s:

1. F ailu re  o r  n ear fa ilu re  case records and failure m echan ism s.

2. D eta iled  m o n ito rin g  data.

3. P roposals fo r design .

4. U se  o f  F E M  analysis.

5. P ro jec t descrip tions.

6. M isce llan eo u s topics.

S ix  p ap ers w ere g rouped  u nder ca tegory  (1). T w o o f  these 

described  cases o f  com plete  w all failure; th ree  reported  excessive 

deform ations o f  e ither the w all o r the bo ttom  o f  the excavation , or 

both. O ne pap er concerned  failure m echan ism s o f  braced  w alls in 

laboratory m odel tests. It w as concluded that m ore case records are 

needed in residual soils and very  soft clays (the latter in conjunction 

w ith  so il im p ro v em en t m ethods). T he recen t availab ility  o f  FEM  

codes a llow ed  sop h is tica ted  analys is to be undertaken , bu t the 

lev e ls  o f  site  in vestiga tion  and laboratory  testing  shou ld  be o f  

com parable  sophistication . M ore research w as needed in the area o f  

th ree-d im en sio n a l excav a tio n  behav io u r such as rec tangular shaft 

excava tions.

3 C O N S T R U C T IO N  A S P E C T S  O F B O R E D  T U N N E L S

T he session  repo rt (N egro , 1996) g rouped  the 17 papers in to  three 

categories:

1. C ase  h isto ries.

2. S um m aries o f  local experiences.

3. N ew  techniques and developm ents. It w as concluded that m any 

o f  the papers illustrated certain  construction  featu res that affect the 

geo tech n ica l p erfo rm ance o f  bored  tunnels. T here w as a  need to 

understand  m ore c learly  how  g round  loads are transferred  to the 

tunnel lin ing  bo th  in the  sho rt and long term , tak ing  into account

the d iffe ren t w ays the  lin ing  w as built. M ore advan tage  should  be 

taken o f  m o d em  m o n ito ring  system s, curren tly  availab le  in sh ie ld  

m achines, to assess the  response o f  the ground and thereby achieve 

better con tro l.

4 G R O U N D  T R E A T M E N T

T he sess ion  repo rt (Sh irlaw , 1996) d iv ided  the  15 papers into the 

fo llow ing  topics:

1. C om p en sa tio n  grou ting .

2. Jet g routing .

3. P erm eation  grou ting .

4. G round  freezing.

5. P re-lin ing/bolting . M ost o f  the papers concerned topics 1-3, w ith 

alm ost h a lf  dealing  w ith  top ic  1. A ll o f  the papers on  topic 1 w ere 

case stud ies o f  the  use o f  frac tu re g rou ting  for com pensation  

g ro u tin g . It w as concluded  th a t the g rou t ‘effic ien cy ’ (defined  as 

the ratio  o f  vo lum e o f  ground loss to the volum e o f  g rou t in jected) 

w as typ ica lly  betw een  0.25 and 0.4. D ifferences in the prim ary  

con trac tu a l resp o n sib ility  for various aspects o f  com pensation  

g rou ting  (g rou ting  and  m onito ring  operations) w ere h ighlighted .

T h e  th ree  p apers o n  je t  g rou ting  p resen ted  w idely  con trasting  

case h istories. In  one o f  the  case h isto ries the com m on  prob lem  o f  

heave in soft clay w as overcom e by a  com bination  o f  pre-treatm ent 

o f  the overly in g  fills and  p recu tting , the la tter invo lv ing  an  initial 

phase o f  je ttin g  w ith  w ate r instead  o f  grout.

5 M O D E L L IN G  A N D  PR E D IC T IO N  F O R  B O R E D  T U N N E L S

T he session  report (L eca , 1996) noted that a lm ost one th ird  o f  the 

papers p resen ted  to the se ss ion  w ere related  to the num erical 

analysis (principally  finite e lem ent analysis) o f  case studies. Three 

construction  techniques w ere m ostly  considered: sh ie ld  tunnelling , 

the  N ew  A ustrian  T unne llin g  M ethod  (N A T M ) and tunnelling  in 

grou ted  soil. M ost analyses w ere  undertaken  w ith  a tw o- 

d im en sio n a l m odel, even though  the th ree-d im ensional nature o f  

the  g round  response  to tunnelling  had been clearly  recognised . 

E ith er a  stress release techn ique (sim ilar to the “convergence- 

con finem en t" m ethod) w as used , o r so il d isp lacem en ts w ere 

im posed  a round  the tunnel boundary  (particu larly  in analyses o f  

g round  m o v em en ts occurring  into the tail void).

It w as concluded that both  num erical and physical m odelling can 

be o f  benefit in analysing  specific  aspects o f  tunnelling , for 

e x am p le  the  in fluence  on  the se ttlem en t d istribu tion  o f  a layered 

soil profile o r a structure. Further research w as required to im prove 

th e  rep resen ta tio n  o f  such  aspects as soil an iso tropy , tim e 

dependen t effec ts and th ree-d im ensional geom etry.

6 S E T T L E M E N T  E FF E C T S  O F B O R E D  T U N N E L S

T he se ss ion  repo rt (M air, 1996) rev iew ed  35 papers concerning 

se ttlem en t effec ts o f  bored  tunnels. M any o f  the papers on open
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face tunnelling  described  case histories o f  tunnels in L ondon  C lay. 

F o r these  the  vo lum e loss w as genera lly  betw een  1% and 2% , 

a lth o u g h  in one  case a va lue  o f  around 3%  w as observed. 

C onstruction  w ith  sp rayed  concre te  lin ings (N A T M ) w as found to 

be effec tive  in con tro llin g  g round  m ovem ents. S ign ifican t post- 

co nstruction  se ttlem en ts  m ay occur above tunnels in clays, but 

o ften  w ith  only  very  sm all increases in deflec tion  ratio  and 

h o rizo n ta l strain . L arge se ttlem en ts could  occur above tunnels in 

unusua l g round  such  as gypsum -bearing  or co llapsib le  soils.

It w as conc lu d ed  that c losed  face tunnelling  techn iques (slurry 

or earth  p ressure balance shields) offered potential for a high degree 

o f  settlem ent contro l, and vo lum e losses w ere often as low  as 0.5% . 

P ro v id e d  face p ressu res w ere c lose ly  con tro lled , the principal 

cau ses o f  g round  m ovem en t w ere the sh ie ld  passage  and the tail 

void. A n add itional cause could be g routing  o f  the tail void causing 

excess pore p ressu res in the ground . T here  w as o ften  a s ign ifican t 

learn ing  cu rv e  in ach iev ing  ap propria te  contro l o f  face p ressure, 

p a rticu larly  in the  case  o f  earth  p ressu re  balance  shields.

T h e  im portance  o f  so il-struc tu re  in teraction  and the ro le  o f  

build ing  stiffness w as dem onstrated  in a  num ber o f  papers. D espite 

the im portance o f  po tential effects on structures, serv ices and  o ther 

tunnels in the u rban  env ironm ent, it w as no ticeab le  that o f  the  116 

p ap ers  sub m itted  to  the  S ym posium , there w ere  very  few  case 

records o f  the detailed  perfo rm ance o f  structu res, serv ices o r o ther 

tunnels w h en  affected  by tunnelling .
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