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Construction of an underground station around an existing tunnel 
Construction d’une gare souterraine autour d’un tunnel existant

H. E. Brassinga & G. Hannink - Department ofGeotechnical Engineering, Gemeentewerken Rotterdam, Netherlands

A B ST R A C T: O n the sou th  ban k  o f  the  r iv e r  N ieu w e M a as, the  ex tension  o f  R o tte rd am ’s p re sen t c ity  cen tre  is be ing  carried  out. 

W ith in  10 years the  K op  v an  Z u id , a  fo rm e r h a rb o u r a rea , w ill be  transfo rm ed  in to  a p rim e  location  w ith  an  in ternationa l 

character. A  new  stop  o n  the  n o rth -so u th  U n d erg ro u n d  lin e , sta tion  W ilhelm inap le in , w ill be  located  a t the  K op  van  Z u id . T he 

building m ethod  o f  the  sta tion  is spectacu lar. T h e  co n tro l o f  g ro u n d w ater is o f  key  g eo techn ica l concern .

R E SU M E : S ur la rive  sud de  N ieuw e M a as, s ’o père  en  ce  m om en t l ’ex tension  du  cen tre -v ille  ac tuel de  R o tterdam . D ’ici à une 

d izaine d ’années, K op v an  Z u id , une  zone p o rtu a ire  su rannée  e t d esaffec tée , se se ra  m uée en  u n  em p lacem en t de  cho ix  à 

rayonnem ent m ondia l. U n e  nouvelle  s ta tion  d e  m étro , bap tisée  W ilhelm inap le in , assu re ra  u n e  excellen te  accessib ilité  à  K op van 

Z uid. La m éthode de  co nstruction  de  la s ta tion  e s t spectacu la ire . La d o m in a tio n  d ’eau x  so u te rra in es e s t d ’une  im portance  cap itale  

geo technique.

1 IN T R O D U C T IO N

The ex p an s io n  o f  the  p o rt o f  R o tte rd am  beg an  a t the  south  

bank o f  the  r iv e r  N ieuw e M aas a h undred  years ago . L ater, 

port ac tiv itie s  sh ifted  g rad u a lly  to the  w est. I t resu lted  in a 

decrease  o f  ac tiv ities o n  the  sou th  bank. T he d evelopm en t o f  

the K op  v an  Z u id , th e  c rea tio n  o f  an  u nd iv ided  c ity  w ith  its 

cen tre  o n  bo th  banks o f  the  r iv e r  N ieuw e M aas, w ill stim ulate  

rev ita lisa tio n  o f  the  abonded  h a rb o u r areas. By m id -1997, the 

R o tterdam  U n d erg ro u n d  w ill a lso  stop  a t the  K op van  Z uid: an 

ex isting  U n d erg ro u n d  line w ill be  ex tended  w ith  a  new  station .

T he rea lisa tio n  o f  th is new  W ilhelm inap le in  sta tion  is a  very  

com plica ted  o p e ra tio n  due  to  the  co nd itions and requ irem en ts 

that hav e  to  be  m et:

- the  s ta tio n  m u st b e  b u ilt a round  the  p resen t tunnel 

w ithou t d istu rb an ce  o f  the  tran sp o rt se rv ice  on  the  ex isting

- the  s ta tio n  w ill be  the  d eepest s ta tion  in the  N etherlands 

and has to  b e  rea lised  in a  bu ild ing  p it  w ith  d ifficu lt g eo tech ­

nical co n d itio n s, especia lly  concern ing  the low ering  o f  g ro u n d ­

w ater;

- the  s ta tio n  w ill be  in  a  g rad ien t o f  1 :26 , w h ich  fact not 

only req u ire s  a  w ell-co n sid ered  des ign  b u t also  causes vary ing  

build ing  co n d itio n s a t bo th  ends;

- the  ex ecu tio n  o f  the  sta tion  w ill take p lace  a t the sam e 

tim e as the  e rec tio n  o f  a la rg e  com plex  o f  bu ild ings alongside 

the tu n n e l, due to  w h ich  th ere  is a s trong  re la tio n  b etw een  both  

p ro jec ts.

T h e  d es ig n  o f  the  sta tion  as w ell as the  cho ice  o f  a bu ild ing  

m ethod  w ere  in fluenced  im portan tly  by  these  co nd itions and 

requ irem en ts . T h is  p a p e r d escribes the  geo techn ica l aspects o f  

the co n s tru c tio n  o f  th is W ilhelm inap le in  sta tion .

2 P R E S E N T  T U N N E L

T he tunnel o f  the  R o tte rd am  U n d erg round  runs fro m  the city- 

cen tre  to  the  so u th e rn  suburbs. D ue to the  deep  c rossing  o f  the 

riv er, the  tu n n e l lies a t a dep th  o f  app rox . 7 to 12 m  below  

sealevel (N A P ), ab o u t 10 to t 15 m  be lo w  stree tlevel. T he 

g rad ien t o f  the  tunnel is 1 :26 . T he p resen t tunnel, bu ilt in  the 

six ties , co n sists  o f  e lem en ts tha t w ere  im m ersed  u p o n  p iles 

w ith  ad ju s tab le  p ileheads and has no  fixed  connection  w ith  

these fo u n d a tio n  p iles. D ue to the  g ro u n d w ater p ressu re  against

the b o tto m , the  tunnel w ill flo a t i f  the g round  cov er is rem oved  

co m plete ly .

3 G R O U N D  A N D  G R O U N D W A T E R  C O N D IT IO N S

T h e  g ro u n d lev e l a t the  K op van  Z u id  is about 3 m  above 

sea level. B elow  the  g round  su rface  the subso il consists o f  3 to 

5 m  o f  sand fill resting  on  soft ho locene clay  and pea t layers to 

a  d ep th  o f  17 m  b elow  sealevel. B elow  th is level fine to ra ther 

c o arse  p le istocene  sand is found  up  to 30  to  35 m  below  seale­

vel. A t th is level a firm  lay er o f  loam , th a t is p art o f  the 

F o rm a tio n  o f  K ed ich em , fo rm s the  base o f  the  geohydro log ica l 

system . In  f ig u re  1 the  resu lt o f  a D u tch  C one P en e tra tio n  T est 

(D C P T ) is dep ic ted .

CONE RESISTANCE (MN/m2)

0 10 20 30

F ig u re  1: D u tch  C o n e  P en e tra tio n  T est a t the build ing  

location .
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T w o  w a te r  reg im es are  p resen t, the  firs t be ing  the  ph reatic  

w a te r  o f  w h ich  the  su rface  is abou t 2 m  above sealevel and  not 

in  h y d rau lic  co n tin u ity  w ith  the  u n d erly in g  p le istocene  sand in 

w h ich  the  second  reg im e  is found . T he u n derly ing  sand in  fact 

is a sem i-co n fin ed  aq u ife r  w h ich  receives its rech arg e  fro m  the 

r iv e r  N ieu w e  M aas. T he p iezo m etric  head  in  the p leistocene 

sand  is a little  b e lo w  sealevel.

4  D E S IG N

T h e new  s ta tio n  is in teg ra ted  w ith  the p resen t tunnel. F ig u re  2 

show s d e  g ro u n d  p lan  and  a long itud inal sec tion  o f  the sta tion  

and  th e  ad jacen t u n d e rg ro u n d  hall. D ue to  the  con d itio n  that 

the  se rv ice  on  the  U n d erg ro u n d  line goes o n  u n d istu rbed  

d u rin g  b u ild in g , the  s ta tion  is e rec ted  w ithou t d isru p tin g  w alls 

and  ro o fs lab  o f  the  ex is ting  tunnel. I t w as necessary  to avo id  

inadm iss ib le  fo rce s and  d isp lacem en ts in  the  ex is ting  structu re  

in  any  stage o f  the  bu ild ing  p rocess . E specia lly  the s tab ility  o f  

the  tunnel is a t stake  as a  d irec t consequence  o f  the  fo rm er 

b u ild in g  m ethod .

U p lif t o f  the  tunnel in  the  final stage  is p reven ted  by  a 2 .5  

m  th ick  co n cre te  roo fslab . By m eans o f  V -shaped  co lum ns 

b e tw een  ro o fs lab  and  in n e r w all o f  the  tunnel, p a rt o f  the 

w eig h t o f  th e  slab  can  be  used  as ba llast. In  o rd e r  to  keep  the 

ben d in g  m om en ts  and shear fo rces in  the  ex isting  structu re 

w ith in  accep tab le  lim its , the V -shaped  co lum ns w ill be p ro ­

v id ed  w ith  h y d rau lic  jack s . By tension ing  o r  d e tension ing  the 

ja c k s , the  flow  o f  fo rce s in the p resen t tunnel can  be  regu la ted . 

It is ex p ec ted  th a t the  jack in g  p ro ced u re  has to be repeated  a 

few  tim es b e fo re  the  eq u ilib riu m  in  the new  situa tion  w ill be 

reach ed . T h e  flo o rs lab  o f  the  sta tion  a t bo th  sides o f  the  tunnel 

w ill g e t a w a te rtig h t co n n ec tio n  w ith  the  b o ttom slab  o f  the 

tunnel. T en sio n  p iles m a in ta in  the  eq u ilib riu m  o f  the  new  

stru c tu re .

5 B U IL D IN G  M E T H O D

O ne o f  the  m o st d ifficu lt p ro b lem s to be  so lved  w as the  design  

o f  th e  bu ild in g  p it. In  o rd e r to  rea lise  a  su ffic ien t w ate rtig h t 

co n n ec tio n  b e tw een  o ld and new  structu re  it w as o f  u tm ost 

im portance  to  c rea te  a d ry  en v iro n m en t to  w o rk  in . A  dry  

bu ild in g  p it w as th e re fo re  a necessity . Several possib ilities fo r 

the  d es ig n  o f  the  bu ild in g  p it w ere  s tud ied  (F e ijen  &  H ann ink  

1993). S pecia l a tten tio n  w as p a id  to the  necessity  o f  c lo s ing  the 

vo id  u n d ern ea th  the  tunnel w h ich  is a lso  a consequence  o f  the 

im m ersed  tunnel techn ique o f  the  six ties w hen  h ydrau lic  sand- 

fill u n d e r  the  tunnel w as no t y e t com m on  use.

F in a lly  th e  ch o ice  w as m ade fo r  a c losed  bu ild ing  p it, 

co m b in ed  w ith  a  low ering  o f  the  p iezo m etric  head in the 

p le istocene  sand  lay e r  a lth o u g h  th is w ill cause  se ttlem en ts o f  

the  low est p a rts  o f  the  h o locene layers. T he d ew atering  is 

lim ited  to  a level th a t w as reached  in  ea rlie r  p ro jec ts. A t som e 

d istan ce  o f  the  bu ild in g  p it  p a r t  o f  the  w ate r w as recharged  

in to  th e  sand  to  p rev en t ex ceed ing  o f  the  allow ed  low ering .

T h e  F ig u re s  3 and  4  p resen t tw o  stages o f  the  build ing  

p ro cess .
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F ig u re  2: G ro u n d -p lan  (A ) and  long itud inal sec tion  (B) o f  

the  n ew  s ta tio n  w ith  the  p o sitio n  o f  the  deep- 

w ells.
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Tension piles
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F ig u re  3: E x cav a tio n  to  b o tto m  level o f  ex is ting  tunnel:

- com bi-w all d riv en  in

- ro o fs lab  fin ished

- ho rizo n ta l and vertica l trac ing  app lied

- tens ion  p iles  installed

- re in fo rc in g  b ars  g lu ed  in  boreho les

6  G R O U N D W A T E R  C O N T R O L

G ro u n d w ate r  co n tro l is one o f  the  m o st im portan t geo techn ica l 

aspects o f  the  co n stru c tio n . A  com plica ting  fac to r is the v ic i­

nity  o f  th e  r iv e r  N ieu w e M aas. T h e  fo llow ing  bou n d ary  co n d i­

tio n s had  to  b e  tak en  in to  acco u n t fo r the  d es ig n  o f  the d ew ate­

rin g  system :

- th e  req u ired  low erin g  o f  the p iezom etric  head  a t the b u il­

d ing  p it  to  12 .5  m  b e lo w  sealevel a t the n o rth ern  end  and  to

7 .5  m  b e lo w  sealevel a t the  sou th e rn  end;

F ig u re  4 : F in a l situation :

- b rack e ts , b o tto m  slab  and w all fin ished

- V -shaped  co lum ns p u t in  place

- in term ed ia te  floo r suspended  fro m  roofslab

- w alls  and  ro o fs lab  ex isting  tunnel rem oved

Tension piles^ Combi-wall ^

1362



- the  m ax im u m  allo w ab le  low ering  in  view  o f  possib le  

dam age o f  bu ild in g s in  the su rround ing ;

- the  req u ired  m ax im u m  dew aterin g  capacity  in  case o f  

h igh  w ate rlev e ls  o f  the  river.

T h e  av erag e  am o u n t o f  d ew atering  du ring  m ax im um  ex ca­

v ation  w as estim ated  to be 9 0 0  m V hour o f  w h ich  4 8 0  m 3/h o u r 

w as to  be  rech arg ed . H ig h  riv e r  w aterlevels requ ire  a dew ate ­

ring  cap ac ity  o f  1 .100  m 3/h o u r. R echarge  w ells w ere  p laced  in 

three lines a t 2 0 0  to  500  m  d istance  o f  the  bu ild ing  p it.

D ra in ag e  is p e rfo rm ed  by 18 deep -w ells a  2 5 0  m m  up  to 

35 m  b elow  g ro u n d  su rface , p laced  in b o re-ho les a  500  m m . 

T he w ells , w ith  p erfo ra tio n s b etw een  25 and 35 m , w ere 

p laced  o u tside  the  b u ild ing  p it, c lo se  to  the co m bi-w all. T he 

average  capac ity  o f  the  p u m ps in  the  d eep -w ells am ounted  to 

65 m V hour.

In  to ta l 14 rech arg e  w ells ss 160 m m  w ere  in sta lled , also  up 

to a d ep th  o f  35 m . T h e  p e rfo ra tio n s o f  the  recharge  w ells are 

likew ise b e tw een  25 and  35 m . T h e  average  capacity  o f  the 

rech arg e  w ells am oun ted  to  30 to  35 m V hour.

F ig u re  1 show s de  p o sitio n  o f  the deep -w ells w ith  respec t 

to the  bu ild in g  p it. D eep -w ells  and recharge  w ells perfo rm ed  

w ell d u rin g  the  p erio d  th a t d ry  co nd itions in  the b u ild ing  p it 

w ere req u ired . D e w atering  sta rted  in  S ep tem b er 1994 and w as 

stopped  in  M ay 1996. T h e  necessary  am oun t o f  dew atering  

w as in  av erag e  sm a lle r  th an  estim ated  (850  m V hour), and  the 

to tal am o u n t o f  rech arg e  in  average  la rg er (440 m V hour).

7 B U IL D IN G  P IT

F o r the  bu ild in g  p it  use  w as m ade o f  sheet p ile  w alls. D ue to 

the re ta in in g  h e ig h t and the  w ish  to use  the w all as a  founda­

tion  e lem en t, a  com bi-w all co nsisting  o f  open  tu b u la r p iles 0  

1219 to  1420 m m , w all th ickness 16 to  22  m m , up  to a m ax i­

m u m  d ep th  o f  28  m  b elow  sealevel and in term edia te  sheet p iles 

L arssen  IV S  u p  to  a d ep th  o f  18 m  below  sealevel, 1 m  into 

the p le isto cen e  sand , w as installed . T he am oun t o f  w ate r that 

com es th ro u g h  th e  sides o f  the  co m bi-w all fro m  ho locene clays 

and pea ts  is n eg ligab le  because  o f  the  low  p erm eab ility  o f  the 

h o locene layers.

T h e  b ig g es t p ro b lem  w as to  p rev en t w ate r en te rin g  the 

ex cav a tio n  a lo n g  the  line o f  the  tunnel w hich  e ffec tive ly  acts as 

a d ra in . T h e  p ro b lem  is increased  partly  because sand w as used  

as a  rep lacem en t o f  so ft layers u n d ern ea th  and above the 

tunnel, and  p a rtly  b ecause  in  the  1960’s use  o f  hyd rau lic  sand 

fill u n d e r the  tunnel a f te r  im m ers io n  w as no t co m m o n  practice , 

and conseq u en tly  th ere  w as a vo id  o f  som e cen tim etres below  

the  tunnel. T o  overco m e th is a  V H P  g rou ted  cu rta in  cu t-o ff  

w as m ad e  a t e ith e r  end  o f  the sta tion . T h is opera tio n  w as 

p e rfo rm ed  th ro u g h  vertica l ho les - trea ting  the soil be low  the 

tunnel invo lves d rillin g  th ro u g h  the  tunnel - restric tin g  w o rk  to 

w eekends w h en  on ly  one  o f  the  tu n n e l’s tw o track s are  needed . 

Je t g ro u t w o rk  w as sta rted  in  A pril 1994; the  b i-je t g rou ting  

p rocess w as used  to  trea t the  so il do w n  to  17.5 m  below  

sealevel w ith  tw o  row s o f  in terlock ing  co lum ns above the 

tunnel an d  one b elow  (F ig u res 5 and 6). D uring  the g rou ting  

p rocess also  the  vo id  u n d ern ea th  the  tunnel w as filled  w ith  

g ro u t o v e r  the  com p le te  leng th  o f  the sta tion . T he horizon ta l 

s tab ility  o f  the  j e t  g ro u ted  cu rta in s above the  tunnel against 

w a te r  p re ssu re  w as en su red  by a  so il m ass o n  the  inside face o f  

the  cu rta in s.

T o  ch eck  the  w aterth ig h tn ess o f  the je t  g rou ted  cu rta in  a 

test w as ca rr ie d  o u t a t the  n o rth ern  side in A ugust 1994. T w o 

p u m ps w ere  in sta lled  in  the  sand fill nex t to the  tunnel a t 14 m  

below  sealevel. O b serv a tio n  w ells inside and ou tside  the b u il­

d ing  p it  reco rd ed  th e  w aterlevel in  the  fill. T he resu lts show  

som e reac tio n  o f  the  g ro u n d w ater ou tside  the b u ild ing  p it 

ind ica ting  a h y d rau lic  resis tance  o f  the cu rta in  o f  1 to  2  days, 

w h ich  is equ a l to a perm eab ility  o f  1 a 2 x 10-5 m /s . T he

F ig u re  5: V iew  o f  the  j e t  g rou ted  cu rta in  a t the  no rth ern  

side  o f  the  sta tion .
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r .................
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I

Sandfill

VHP grout
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-

Tunnel —|

-------------- ---------------- -= *

Sandfill
I

-17.0 \ Holocene clay

Pleistocene sand

F ig u re  6: C ro ss-sec tio n  o f  the  je t  g rou ted  cu rta in  and the 

n o rth e rn  side  o f  the  bu ild in g  p it.

leakage co u ld  have  o th e r  causes th an  the  je t-g ro u ted  cu rtain , 

and  seem ed  to  be  m anagab le  by som e add itional pum ping  

inside th e  bu ild in g  p it.

T h e  je t  g ro u ted  cu rta in s functioned  w ell du ring  a num ber o f  

m o n th s, b u t in F eb ru ary  1995 leakage w as noticed  a t the 

n o rth e rn  side . T o  avo id  fu rth e r  dam ag e , the bu ild ing  p it w as 

tem p o rary  filled  w ith  w ater. T he cu rta in  w as re in fo rced  by 

insta lling  a  second  je t  g ro u ted  cu rta in  in  fro n t o f  the ex isting  

one . D u rin g  the  rep a ir p rocess the  U nderg round  line functio ­

ned n o rm ally . T he co n stru c tio n  o f  the second cu rta in  caused  a 

de lay  o f  ab o u t th ree  m onths in  the  bu ild ing  p rocess, b u t no 

fu rth e r  p ro b lem s d id  arise .

8 T E N S IO N  P IL E S

T ubex  ten sio n  p iles  w ith  g ro u t in jec tion , to be m ade fro m  the 

bo tto m  o f  the  bu ild ing  p it, w ere  fo reseen  in the design . The 

tens ion  load  am o u n ted  to abou t 600  k N /m  at each  p iling  row  at 

bo th  sides o f  the  tunnel. T he co n trac to r p roposed  as an  a lte rn a­

tive F ra n k i-p ile s  w ith  in jec tion  o f  a  cem en t-w ater-m ix  afte r­

w ards. In  stead  o f  g ro u t in jec tion  d u rin g  p enetra tion  o f  the 

T ubex  p ile s , f lu id a tio n  takes place at the  p ile  toe.

T h ree  load  tests o n  the F ran k i-p iles  w ere  ca rried  ou t in 

Jan u ary  1995. T h e  test p iles w ere  p art o f  the foundation  o f  the 

sta tion . T h e  level o f  the  p ile  toes w as 2 9 .5  m  below  sealevel; 

the d iam e te r  o f  the  p iles 4 0 6  m m , the top o f  the  p leistocene 

sand lay e r  a t the  tes t location  w as 17.5 m  below  sealevel. T he 

p iles w ere  m ade fro m  9 m  below  sealevel. U p  the  p leistocene 

sand  lay e r  a tube w as m ade a round  the p ile  to  elim inate  fric-
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Force (kN)

F ig u re  7: R esu lt o f  a  load  tes t o n  a F ra n k i tens ion  p ile.

tion  in  the  h o locene clay - and  p ea t layers. A fter in sta lla tion  o f  

the  p ile  abo u t 5 0 0  lite r g ro u t w as in jec ted , resu lting  in  an  ex tra  

th ickness o f  the p ile  o f  abo u t 30  m m . A  m ax im u m  tension  load 

o f  3500  k N  co u ld  be  execu ted  o n  the  p ile . T h e  load  w as 

increased  in  sev en  equal steps w h ich  w ere  m ain ta ined  during  

30  m inu tes o r  m o re  if  c reep  m ade th is necessa ry  (F ig u re  7).

T h e  u ltim ate  load  w as no t reach ed , b u t w as estim ated  a t 5000 , 

6 0 0 0  and  700 0  kN  by  ex trap o la tio n  (V an  d e r  V een  1953).

C o n e  P en e tra tio n  T ests show ed  afte rw ard s a t 1,5 m  d is ­

tan ce  o f  the  p ile  a  cone resis tance  in the p leistocene sand o f  

ab o u t 50  M P a , co n siderab ly  m o re  th an  the  o rig ina l 20  M P a. 

T h e  in crease  in  co n e  resis tance  m u st be the re su lt o f  the in jec­

tio n  o f  the  g ro u t a fte r  the in sta lla tio n  o f  the  p ile . T he average 

sh a ft fric tio n  a t the  estim ated  u ltim ate  load  am oun ts to 325 

k N /m 2, be in g  1 ,5%  o f  the  o rig ina l cone  resistance.

In  the  n a rro w  p a rt o f  the  bu ild ing  p it m icro  tens ion  piles 

w ere  used . A  tube  0  178 m m  is b ro u g h t to a dep th  o f  23 m  

below  sealevel by  in jec tion  o f  w ater. A fte r c lean ing  the tube a 

steel tube 0  114 n u n  is in sta lled  in side , and the  o rig ina l tube is 

p u lled  o u t in jec ting  g ro u t a t the  sam e tim e w ith  a p ressu re  o f  

20  b a r a t m ax im u m . A lso  on  these p iles th ree  load tests w ere  

c a rr ie d  ou t. T h e  m ax im u m  load  app lied  w as 1.2 F d, F d being 

the  d es ig n  load . A t th a t stage a shaft fric tio n  o f  240  k N /m 2 w as 

reached .

9  N E IG H B O U R IN G  B U IL D IN G S  A C T IV IT IE S

A t sh o rt d istan ce  o f  the  s ta tio n  o ffice-bu ild ings are  bu ilt w ith  a 

h e ig h t o f  m ax im u m  tw en ty  floo rs . In  R o tterdam  it is a w ell- 

k n o w n  p h en o m en o n  th a t h ig h -rise  and  there fo re  heavy  bu ild ­

ings, fo u n d ed  o n  p iles  in  the  p le istocene  sand layer a t abo u t 25 

m  b elow  sea lev e l, cau se  se ttlem ents due to  com press ion  o f  the 

lay e r  o f  lo am  at abou t 4 0  m  below  sealevel. T h is se ttlem ent 

n o t on ly  o ccu rs a t the  bu ild ing  itse lf, ne ighbouring  co n stru c­

tio n s a re  a ffec ted  as w ell. A s a nu m b er o f  h ig h  bu ild ings in 

R o tte rd am  w as co m p le ted  in  recen t y ears , a  g row ing  am oun t o f  

d a ta  o n  th is p h en o m en o n  is b ecom ing  availab le  now  

(H an n in k  1994). U sing  these  da ta , analysis o f  the se ttlem ent 

b e h av io u r o f  th e  U n d erg ro u n d  sta tion  W ilhelm inap le in  show ed 

a  d iffe ren tia l se ttlem en t in the  stru c tu re  that cou ld  n o t be taken  

w ith o u t d am ag e . M easu res to tack le  th is p ro b lem  becam e 

n ecessa ry . A  d ila ta tio n  jo in t be tw een  new  and o ld structu re  

w as co n s tru c ted  ad jacen t to  the  f lo o r o f  the ex isting  tunnel.

T h e  h ig h est o ffice -b u ild in g , the  W ilhelm ina  to w er, w as p ro ­

v id ed  w ith  tw o  basem en ts to  reduce  the  load  o n  the  subso il.

A  fu rth e r  co m p lica tio n  fo r  the  sta tion  w as th a t w o rk  w as 

tak in g  p lace  co n cu rren tly  w ith  p iling  fo r  the  new  o ffice -b u ild ­

ings. P iles  w ere  d riv en  w ith in  a m etre  o f  the  com bi-w all and 

o n ly  7  m  fro m  the  tunnel. M easu rem en ts tak en  d u rin g  d riv ing  

reco rd ed  in itia l d e fo rm atio n s o f  up  to  2 0  m m  in  the  tunnel. To 

m in im ise  th is , d r iv in g  o f  the  p recas t square  sec tion  p iles w as

sy m m etrica l u n d ertak en  on  e ith e r  side o f  the tunnel at the  sam e 

tim e. In  ad d itio n , a  row  o f  4 0 0  m m  d iam eter ho les w as d riven  

th ro u g h  the  H o lo cen e  a long  one  side o f  the com bi-w all. T he 

b o res, spaced  a t 800  m m  cen tres  (leav ing  4 0 0  m m  o f  soil 

b e tw een  each  h o le ), w ere  in tended  to  ab so rb  defo rm atio n s , and 

d e fo rm a tio n  m easu rem en ts show ed  that the ’tre n c h ’ se rved  its 

p u rpose .

10 M O N IT O R IN G

D ue to  the  co m p le tio n  o f  d ra in ag e  ac tiv ities the  tunnel w ill 

m ove u p w ard s. T he vertical d e fo rm atio n  am oun ted  to about 6 

m m  in  the  p erio d  M ay  1996 to  Ja nuary  1997 after s topp ing  the 

d ew ate rin g . T h e  co n stru c tio n  o f  the W ilhelm ina  to w er w ill 

cause  som e d o w n w ard s d e fo rm atio n  o f  the  tunnel. T h e  design  

o f  th e  s ta tio n  has b een  based  o n  a m ax im um  d iffe ren tia l se ttle ­

m en t o f  15 m m  be tw een  the  m idd le  w all and  the com bi-w all. 

T h e  e ffe c t o f  the  bu ild in g  o f  the to w er on  the  tunnel is neg li­

g ib le  so fa r, as the  to w er is a lm ost a t its m ax im um  heigh t. 

M easu rem en ts  w ill be  con tin u ed  a fte r  com p le tio n  o f  the  tow er. 

Jack -u p  fac ilitie s have  been  installed  in the  sta tion  hall and  in 

the  V -sh ap ed  su p p o rts , to  be  able to com pensate  the d e fo rm a­

tions.

11 C O N C L U S IO N S

1. D eep -w ell d ra in ag e  o f  the  p le istocene  sand p ro v ed  to  be 

a  goo d  m ethod  to  c rea te  d ry  co nd itions in the  bu ild ing  p it.

2 . T h e  je t  g ro u ted  cu rta in  c u t-o ff  appeared  to  be no t w ate r­

tig h t w h ich  caused  delay .

3 . Je t g ro u ted  cu rta in s  are  only  su itab le  to  p rev en t w ate r 

en te rin g  a  b u ild in g  p it i f  a  m ax im u m  o f  safety  is dem anded  in 

the  d es ig n  stage.

4 . S e ttlem en t p ro b lem s w ere  successfu lly  tack led  w ith  

p ro jec ts  a t sh o rt d is tan ce  w here  bu ild ing  p rocesses take 

co n cu rren tly  p lace .
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