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Panel discussion: An overview of the Imperial College-JLEP ‘Link’ project 

Débat de spécialistes: Une vue d’ensemble du projet ‘Link’ d’Imperial College-JLEP

J. R. Standing, R.J.Nyren & J. B. Burland -  Imperial College, London, UK 

G.Viggiani -  Università di Roma ‘Tor Vergata', Italy

A BST R A C T : This no te p ro v id es so m e d etails o f  a co llab o rativ e research p ro ject betw een Im p erial C o lleg e, ind ustry  and  the go v ernm ent, 

aim ed  at m easuring  gro und  and  build ing  resp o nse to  tunnelling . M o nito ring  has been carried  o ut in p arallel w ith tunnelling  and  excav atio n 

w o rks fo r the Ju b ilee  Lin e Extensio n  Pro jec t in Lo nd o n. The sco p e o f  the p ro jec t is d escribed  and  exam p les fro m  tw o  o ut o f  the nearly  

thirty  lo catio ns m o nito red  are p ro v id ed  to  illustrate the quality  o f  the data.

R ESU M E: L ’ article d o nne d es d étails d ’ un p ro jet de recherche co m m un regro up ant Im p erial C o lleg e, l ’ ind ustrie et le go uv ernem ent. Ce 

p ro jet a po ur but de m esurer l ’ im p act du creusem ent d ’ un tunnel sur le terrain et les bâtim ents. La su rv eillance a été effec tu ée pend ant 

les p hases de creusem ent du tunnel et d ’ excav atio n de l ’ extensio n de la Ju b ilee  Line à Lo nd res. Le but du p ro jet y  est d écrit et d eux 

exem p les issus d es no m breux sites instrum entés so nt fo urnis afin  d ’ illustrer la qualité d es d o nnées.

1 IN TR O D U C TIO N

D uring  the p lanning  stag es o f  the Ju b ilee  Line Extensio n  Pro jec t 

( JL EP )  and  the subsequent p arliam entary  hearing s, it w as 

reco g nised  that there w as a lack o f  w ell-d o cum ented  case stud ies 

d etailing  gro und  and  build ing  resp o nse to  underground  

excav atio n  w o rks.

The p lanned  JL EP  p ro v id ed  an id eal o p p o rtunity  to im p ro ve 

kno w led g e w ithin ind ustry  o n this key  su b ject that is beco m ing  

m o re relev ant w ith increasing  urban d ev elo p m ent. The tunnels 

w ere to  p ass thro ugh d ifferent so il strata, beneath a w id e range o f  

structures rep resenting  a v ariety  o f  structural fo rm s and  

fo und atio n typ es. A d d itio nally , d ifferent m etho d s o f  tunnelling  

w ere cho sen to  su it the gro und  co nd itio ns and  p ro tectiv e 

m easures, so m etim es no v el, w ere im p lem ented  in o rd er to  

m inim ise m o v em ents in certain areas. A  sum m ary  o f  the v ario us 

asp ects o f  the w o rks carried  o ut alo ng  the ro ute o f  the JL EP  are 

g iv en in a sp ecial sup p lem ent to  W o rld  Tunnelling  (W allis,

1994) , d etails are also  g iv en alo ng  w ith a d escrip tio n o f  the 

gro und  co nd itio ns alo ng  the ro ute by  Linney  and  Page (1996).

The Link research p ro ject w as co nceiv ed  to  cap italise o n this 

o p p o rtunity . Its o b jec tiv es are to  p ro v id e a series o f  case stud ies 

co v ering  m atters such as the su bsid ence tro ugh, the so il-structure 

interactio n and  stiffness in relatio n to  o v erly ing  structures, tim e 

effec ts, d am ag e, p ro tectiv e m easures and  rem ed ial m easures. 

D etails o f  the incep tio n, o b jec tiv es, fund ing  and  m anag em ent o f  

the L in k p ro ject are g iv en by Burland  et al. (1996).

2 SC O PE O F T H E P R O JEC T

The Link p ro jec t is fund ed  by  the go v ernm ent (EP SR C  and  D o E) 

and by  v ario us ind ustrial sp o nso rs, the m ain o ne being  Lo nd o n 

Und ergro und  Lim ited  thro ugh JL EP . The research w o rk w as 

carried  o ut fro m  Im p erial C o lleg e and  the p ro ject m anaged  by 

C IR IA .

Prio r to  the m ain w o rks co m m encing , a num ber o f  build ings 

alo ng  the ro ute w ere selected  fo r stud y. The range o f  structural 

fo rm s and  fo und atio n ty p es is co m p rehensiv e, includ ing  sto ne- 

clad  b rick m aso nry  bu ild ing s, o ften o f  histo ric  im p o rtance, steel 

fram e and  m o re m o d em  reinfo rced  co ncrete fram e structures and 

lo w -rise ho using . The range o f  fo und atio n typ es w as equally  

v aried , w ith 'shallo w ' strip  and  pad fo o ting s, rafts and  p iles.

Pro tectiv e m easures w ere ad opted  fo r a num ber o f  these 

structures, such as p erm eatio n gro uting , co m p ensatio n gro uting  

and und erp inning . The effec tiv eness o f  these m easures co uld  

therefo re be assessed . Tho se build ings that had  no  treatm ent

w ere c lassed  as 'alp ha' bu ild ing s by  the research team . These 

allo w ed  the resp o nse o f  the structure alo ne to  be m o nito red , 

w hich is im p o rtant fo r inv estig ating  the effec ts o f  facto rs such as 

so il-stru ctu re interactio n and  the build ing  stiffness.

Tw o  g reenfield  co ntro l sites w ere also  set up and  m o nito red  in 

p arallel w ith the build ing  m o nito ring . A ltho ugh funded  

ind ep end ently  by  EP SR C  and  LU L, the co ntro l sites fo rm  an 

essential integ ral part o f  the o v erall Link p ro ject. They  act as a 

reference in term s o f  ho w  the gro und  behav es in the absence o f  

o v erly ing  structures.

The m ain intentio n o f  the research p ro ject is to  p ro d uce a 

series o f  co m p rehensiv e d o cum ents rep resenting  a series o f  case 

stud ies fo r the d ifferent bu ild ings and  the co nstructio n activ ities 

and  the p ro tectiv e m easures related  to  them . It sho uld  be no ted  

that altho ug h ano ther o f  the p rim ary  aim s w as to  reco rd  instances 

o f  d am ag e and  the effec tiv eness o f  rem ed ial m easures, in the 

ev ent there has been little rep o rted  d am age and  so  inv o lv em ent 

w ith this activ ity  has been m inim al.

3 IN ST R U M EN T A T IO N  A N D  M O N ITO RIN G

The p rim ary  m etho d  o f  build ing  m o nito ring  has been by  p recise 

lev elling  using  B R E  so ckets and  p ro ced ures set out in BR E 

D ig est 386. In m any  cases m easurem ents o f  v ertical 

d isp lacem ents hav e been augm ented  by p recise tap ing 

m easurem ents carried  o ut using  the sam e p o ints used  fo r 

lev elling , this is co nsid ered  to  be a new  d ev elo p m ent. H o rizo ntal 

m o v em ent betw een p o ints is therefo re also  o btained . The 

accu racy  o f  bo th o f  these m etho d s o f  m o nito ring  is ty p ically  ±  0 . 2  

m m .

Three d im ensio nal m o nito ring  o f  the build ing  facad es is 

ano ther key  activ ity  carried  o ut by  the team . A  to tal statio n is 

used  fo r this m o nito ring , sights are m ad e fro m  m o re than one 

surv ey  statio n o nto  a num ber o f  retro -reflectiv e prism  targets 

fixed  at d ifferent lev els acro ss the facad e. This activ ity  allo w s 

ho rizo ntal m o v em ents bo th in-p lane and  o ut-o f-p lane as w ell as 

v ertical d isp lacem ents to  be m easured . The accu racy  fro m  this 

m etho d  o f  m o nito ring  is ty p ically  ±  1 to  2  m m .

In tw o  o f  the buiid ings, sub-surface instrum entatio n, 

co m p rising  ro d  extenso m eters and  electro lev el inclino m eters, w as 

installed  in bo reho les. These allo w  v ertical and  ho rizo ntal 

m o v em ents to  be m easured  in the gro und  beneath the structures 

and  aro und  the co nstructed  tunnels. C o nstructio n jo in ts and  

existing  and  new  cracks w ithin the build ings w ere m o nito red  

using  a m echanical D em ec gauge.

Extensiv e instrum entatio n w as installed  at the tw o  g reenfield
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Fig u re 1 - Plan o f  the Treasu ry  Bu ild ing

Distance from side o f building (m)

Fig u re 2 - V ertical d isp lacem ent p ro file at the Treasury  Bu ild ing  

(w estbo und  tunnel - H o rse Guard s Ro ad  sid e)

Offset from westbound tunnel 
centre line (m)

Fig u re 4  - V ertical d isp lacem ent p ro file fo r w estbo und  tunnel at 

St. Jam es's Park

co ntro l sites m o stly  in lines transv erse to  the ax is o f  the tunnels to  

be co nstru cted . Shallo w  surface m o nito ring  p o ints enabled  three 

d im ensio nal m o v em ents to  be estab lished , using  p recise lev elling , 

m icro m eter stick m easurem ents and  co llim atio n. These

m easurem ents w ere backed -up  by to tal statio n m o nito ring  to  the 

sam e p o ints. The subsurface instrum entatio n co m p rised  rod 

extenso m eters and  electro lev el inclino m eters fo r d eterm ining  

v ertical and  ho rizo ntal d isp lacem ents and  p iezo m eters and  spad e 

cells. The instrum ents extend  fro m  the near surface to  belo w  

tunnel inv ert lev el w ith their d ensity  increased  aro und  the tunnels. 

D etails o f  the instrum entatio n and  m o nito ring  at the co ntro l sites 

is g iv en by Stand ing  et al. (1996).

4  EX A M P L ES FR O M  TH E LIN K  T EA M  M O N ITO RIN G

Tw o  o f  the sites m o nito red  by  the research team  are no w  briefly  

d escribed  and  so m e p recise lev elling  results fro m  the w o rk 

sho w n.

The Treasu ry  is a m assiv e sto ne-clad  m aso nry  structure w ith 

fo ur sto rey s abo v e gro und  and  tw o  basem ent lev els. The 

fo und atio ns co nsist o f  strip s and  pad s co nnected  by  an 

unreinfo rced  co ncrete slab  fo und ed  in the Terrace G rav els w hich 

o v erlie Lo nd o n C lay . The build ing  is sho w n in p lan in Figure 1 

w ith the p o sitio n o f  the tunnels m arked . Prec ise  lev elling  and  

tap ing  w ere carried  o ut in the sub-basem ent. The m easurem ents 

sho w n in Fig u re 2 are fro m  the lev elling  alo ng  the H o rse Guard s 

Ro ad  sid e o f  the build ing  (see Fig u re 1), i.e. ro ughly  transv erse to  

the tunnels, d uring  the p assag e o f  the w estbo und  tunnel. N o  

p ro tectiv e m easures w ere im p lem ented  at this tim e, altho ugh 

subsequently  TA M s w ere installed  beneath the build ing  and  

m o v em ents co rrected  bo th p rio r to  and  d uring  the p assag e o f  the 

seco nd  eastbo und  tunnel.

St. Jam es's Park g reenfield  co ntro l site is in the c lo se v icinity  

o f  the sid e o f  the Treasu ry  d iscussed  abo v e. A  p lan o f  the site is 

sho w n in Fig u re 3 w ith the lines o f  instrum entatio n m arked . The 

results sho w n in Fig u re 4 are fro m  the p recise lev elling  carried  

out o n the shallo w  su rface settlem ent p o ints d uring the p assag e o f  

the w estbo und  tunnel.

The resu lts fro m  the Treasury  and  St. Jam es's Park co ntro l site 

can be co m p ared  as they  are in the c lo se p ro xim ity  o f  each o ther 

and  the w estbo und  tunnel is co nsid ered  in bo th. The quality  o f  

the m o nito ring  can be assessed  fro m  the d ata sets sho w ing  the 

d ev elo p m ent o f  the settlem ent p ro files. The m agnitud es o f  

m o v em ents at the Treasu ry  are less than tho se at St. Jam es's Park 

and  the p ro file  is flatter, bo th asp ects reflecting  the influence o f  

the bu ild ing .

C o m p rehensiv e d o cum ents are no w  being  p repared  fo r each o f  

the bu ild ing s that w as m o nito red  by  the research team . The 

rep o rts d escrib e the structures and  gro und  co nd itio ns, p resent the 

resu lts fro m  the m o nito ring  and  relate the o bserv ed  m o v em ents 

w ith the co nstru ctio n activ ities that to o k p lace.
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