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Development of pressure and deformation at a quai wall in the Hamburg harbour

Développement de la pression et la déformation d’un quai au port de Hambourg

W. Rodatz -  Institut für Grundbau und Bodenmechanik, TU Braunschweig, Germany

G. Maybaum -  Prof. Rodatz und Partner, Beratende Ingenieure für Geotechnik, Braunschweig, Germany

A B STR A C T: B ecause  o f  the  fu rther deepening o f  the  harbo r basins specially in the  G erm an seaports the  retaining wall construction  will 

gain im portance in fu ture. T he larger height o f  the  co nstructions and the  application  o f  fundam entally  o th er construction  m ethodolog ies 
raise th e  question  w hether the  cu rren t design co d es and designing rules still deliver a co rrec t descrip tion  o f  th e  stru c tu re  loading. T herefore  

m easurem ents and calcu lations have been carried  o u t at th e  O 'S w ald k a i at the  H am burg  harbour since 1992 by th e  In stitu te  fo r soil 
m echanics and foundation  engineering  o f  the  T echnical U niversity  o f  B raunschw eig  (IG B -T U B S ) required  by th e  R iver and H arbour 
adm inistration, H am burg

1 IN T R O D U C T IO N

B ecause o f  th e  fu rther deepening o f  th e  harbor basins specially 

in the G erm an  seaports the  retain ing  wall construction  will gain 
im portance in fu ture. T he h igher su rface ju m p s and fo r the  

driving unfavorable g round  cond itions in the  H am burg  harbor 
will rep lace th e  fo r decades prevailing sheet pile wall 

construction  m ethod. T he larger height o f  the  constructions and 
the application  o f  fundam entally  o th er construction  

m ethodologies raise  th e  question  w hether the  cu rren t design 
codes and designing ru les still deliver a  co rrec t descrip tion  o f  the 

structu re loading.
T he m ost decisive d ifferences a t th e  com parison  o f  retaining 

wall- and sheet pile wall co nstruction  are  in the  developm ent o f  
the earth  pressures. D uring  th e  driving w o rk  o f  th e  sheet pile 

wall in the  w a te r  no earth  p ressu re  occurs. F inally th ro u g h  the  
sluicing o f  th e  back-pack ing  m aterial ap pear horizontal stresses 

w hose size can  n o t be  ind icated  exactly. U nder the  assum ption  o f  
relieving w all d isp lacem ents one  can  p roceed  th a t a fter the  
backfilling o r  back-pack ing  nearly  th e  active earth  p ressu re  has 

adjusted.

C onsidering  th e  retain ing  w all w hich is co n stru c ted  on  a  on- 
land co nstruction  site, th e re  is first o f  all a  prim ary sta te  o f  stress, 

the ea rth  p ressu re  at rest, w hose  size can  only be estim ated. T he 
slot is excava ted  w ith  a g ripper and sup p o rted  th ro u g h  a  fluid. 

Thereby, th e  prim ary sta te  o f  stress is transform ed  in to  one the  
fluid p ressu re  co rrespond ing  condition. B y concreting  in th e  slot 

horizontal stresses em erge  w hich co rre sp o n d  to  the  concreting  
pressure and lie ov er the  stresses fo rced  by th e  fluid because o f  

the larger unit w eigh t o f  the  unse t concrete. W ith  th e  follow ing 
driving o f  th e  cast-in -p lace pile a  fu rther increase o f  the  stresses 
is expected  (R o d a tz , 1992).

T he developm ent o f  th e  stresses behind a  quay wall 
construction , how ever, d o es no t only depend  on  th e  construction  

m ethod, bu t also on  the  possib le displacem ents. So th e  question  
raises w hether a  retaining w all p resen ts a  sim ilar flexible system  

as the  sheet pile wall to  allow  th e  necessary  m ovem ent fo r the  

creation  o f  the  active ea rth  pressure.
B asically  w ith  these  constructions, w hich  differ in geom etry , 

constructiv ity  and m ethodoligy  clearly  from  th e  curren t m ethods 

a new  w ay  o f  co nstructing  is fo llow ed  up. T hat is w hy the  
Institu te  o f  F o u ndation  and Soil M echanics o f  the  T echnical 

U niversity  o f  B raunschw eig  (IG B -T U B S ) conducted  this 
m easuring and investigating  p rog ram  in th "  H am burg  harbor.

2 P R O JE C T  D IS C R E T IO N

T o accep t fu rther traffic in th e  H am burg  free po rt the 
expansion o f  the  O 'S w ald k a i w as designed fo r additional berths.

T he loading and un loading p roced u re  should be  conducted  w ith 

bo th  trad itional cranes and con tainer loading bridges. F o r the  
conduction  a jo in t v en tu re  o f  th e  en terprises G K T  Spezialtiefbau,
H .C . H agem ann  and D y ck erh o ff and W idm ann IN C  in 1992 w as 
authorised . T he m ain step  a t the  O 'S w aldkai w est w as the 
building o f  an approx. 130 m long quay wall as a  retain ing  wall 

co nstruction  (B o ttg e r  et al. 1992)
W ith  th e  different and fo r the  m ost part o f  each o ther 

independent m easuring  system s in form ations abou t th e  stress and 
deform ation  should be  gained. T hereby  th e  m easurem ents w ere  
accom plished on  bo th  the  load  side, w hich m eans in th e  soil and 

also on  th e  resistance side, w hich  m eans in the  reinforced 
co n cre te  structu re. T he electric devices w ere  installed in five 

dep th  positions in th e  area  o f  the  retaining wall and at th ree  

p laces in th e  area  o f  the  quay plate.
T he devices w ere  custom ary , but ad justed  to  the  special 

conditions, m easuring  system s w ith  electric d a ta  tak e r capability. 

T he developm ent o f  ex tensive earth  p ressu re  cushions and their 
technical concep tion  is described in M aybaum  (1996).

3 C U R R E N T  D E S IG N  C O N C E P T

U sually th e  investigation  o f  th e  loads affecting  quay w all are 
based  on  an analytical calculation, w hich  leans on  th e  soil 

param eters, angle o f  internal friction  and cohesion. T he sequence 

o f  th e  calculation  and the  obeied  boundary  conditions are
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F igure  2 M ain  m easurem ent segm ent

described in th e  "R ecom m endations o f  the  C om m ittee  fo r 

W aterfron t S truc tu res , h a rbo rs and w aterw ays". In  H am burg  the  
general design  cod es a re  com pleted  w ith  the  specim en o f  the  

R iver and H arb o u r adm in istration  in details expanded  and 
explained. In  th e  developm ent o f  th e  m easuring  co ncep t and  the  

establishm ent o f  th e  design  assum ptions fo r th e  retain ing  w all at 
th e  O 'S w ald k a i th e  experiences and know how  o f  th e  calculation  

o f  quay wall in th e  sheet pile co nstruction  m ethod  w ere  
approp ria te ly  considered.

T he safety- and m easuring  concep t rests on th e  in troduc tion  o f  
reduced  soil p a ram eters w hich m ust fulfill th e  dem ands o f  global 
safety in th e  stability  analysis. T h e  earth  sta tic  calculation  gives 

only th e  loads, w hich  are  to  be  considered  in th e  sta tic  
calculation  o f  th e  building. E ssential shortcom ing  o f  the  

analytical calcu lation  exists in th e  insufficient considera tion  o f  the 
in terac tion  betw een  soil and  building. T he stress- and 

deform ation  fields ad justing  at quay w all co n structions can  not 
g e t th e  necessary  d eg ree  o f  adm ittance in th e  jud g m en t o f  th e  
stability.

In  soil m echanics it is usually  p roceed ed  on  th e  assum ption  

th a t in th e  active limit s ta te  th e  determ ining earth  p ressures 
concern ing  th e  theo ry  o f  C oulom b adjust as the  sm allest possible 

loads. T he com parison  o f  wall deform ation  and ea rth  p ressu re  

show s a m ove d irection  from  th e  soil con tinuously  decreasing  
earth  pressures.

Investigations o f  B reym ann (1983) have show n, how ever, tha t 

sm aller horizon tal stresses are  m easured . All accom plished 
a ttem p ts show ed  that first o f  all in dependence  on  th e  strain  a  so- 

called po in t o f  failure is reached , at w hich  th e  pertinent 
coeffic ient o f  active earth  p ressu re  rem ains clearly  below  th e  k ^  
-value. F irs t w ith  increasing  values th e  curve  approaches 

asym pto tically  from  below  th e  C oulom b 's borderline.

4  F IN IT E  E L E M E N T  M O D E L L

T he calcu lations w ere  accom plished w ith  th e  F in ite  elem ent 

p rog ram  A N S Y S . T he S truc tu ra l m odel d iv ides in to  th e  th ree  
p arts  m aterial m odélisation , geo m etric  m odélisation  and o rd er o f  

th e  co nstruction  events.

F o r th e  soil th e  co nstitu tive  equation  o f  D ru ck er- P rag er w ith 

expansions fo r th e  reg istra tion  o f  th e  stiffness loss and the

iso trop ic  change o f  the  yielding cross section  w as used. The 
param eters angle o f  shearing  friction  cp’ and cohesion  c ' are  to  be 
tak en  from  the  design profile.

In  shear te s ts  on  cohesive and non-cohesive  soil th e  appearing 
shearing stress rises first a t increase o f  th e  deform ation  and then 
falls after reaching a m axim um  value again. F o r non-cohesive soil 

th is behav ior can  be described w ith  the  help o f  th e  so-called rest 
o f  th e  angle o f  internal friction. B ecause  o f  construction  

m anagem ent and hydraulic dem and o f  the  soil u nderneath  the 
basin o f  the  habor the  structu ral changes besides th e  loss o f 

cohesion  and resistence to  friction  (final s treng th ) are  to  be 
considered , too . T hey have been reco rded  as reductions o f  the 
stiffness in th e  calculation. T he fou r decisive influences are: 

w ash -o u t th ro u g h  berth - and cast o f f  o f  ships
• L oosen ing  o f  th e  soil during  th e  excava tion  period

• D istu rbance o f  the  equilibrium  th ro u g h  th e  curren t circulation 
o f  the  wall

• L iquefaction  o f  th e  soil due  to  w ave p ropagation
W hile th e  loosening o f  soil infront o f  th e  retain ing  wall 

th ro u g h  a  m ulti bucket d redger, as it w as used  here, large 
dynam ic loads ap pear in th e  basin o f  the  h abor C onstan t burdens 

also effect the  soils underneath  the  basin o f  th e  hab o r w hich  have 
their reason  in th e  vertical curren t c irculation  o f  th e  wall during 

th e  changes o f  th e  tides In  add ition  to  th a t po re  w a te r  pressure 
g rad ien t from  natural o r  d u e  to  a vessel w ave p ro p ag a tio n  exists 

w hich  can  p ro v o k e  a liquefaction o f  th e  soil in th e  area  o f  the 
su rface (M agda, 1993).

H ow ever, th e  exten t o f  the  fou r nam ed effects in th e  soil 
m echanical sense p rovoked  p aram eter changes can, if  a t all, be 
estim ated  only rough  fo r each  single case. A s part o f  th e  check of 

the  calculation  it is tried  to  quantify  th e  influences o f  final 
streng th  and stiffness loss th rough  p aram eter variations and final 

value com parison  in th e ir entirety.

5 S T R E S S E S  IN  T H E  SO IL

T he developm ent o f  th e  w a te r  p ressu re  distribution  resulted 

on  th e  basis o f  th e  determ ination  o f  th e  free g ro u n d w ate r  level in 
o pen  levels u nder accep tance  o f  a linear hydrosta tic  increase 

A dditinionaly 13 earth  p ressu re  cushions w ere  installed to  record 
th e  to ta l stresses. F o r the  judgm en t o f  th e  prim ary stage  o f  stress 

in th e  soil five earth  p ressu re  cushions w ere  inserted  in drillings 
approx. 50 cm  from  th e  retain ing  wall already befo re  the
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beginning o f  th e  construction . T he constan t tidal ranges led to  a 
quick stabilization  o f  the  m easured  values, so th a t already after a 

short tim e sta tem ents could  be  m ade fo r th e  earth  p ressu re  at 

rest
D uring  th e  m anufactu re o f  th e  retaining wall th e  s ta te  o f  stress 

in the  soil are  subject to  an enduring  change. F irst o f  all th e  slot 

is excavated  w ith  a g ripper and kep t open  th rough  th e  support 
liquid T he prim ary horizontal stresses w hich em erged  from  the  

product o f  vertical stresses and kg -value, are  now  in equilibrium  
with the  liquid p ressu re  w hich  rises w ith  th e  dep th  linearly and 
totals a t th e  w allbase to  approx. 250 kN /m 2 A lready during  the 

inserting o f  th e  reinforcem ent in the  slo t filled w ith the  support 

liquid all gages w ere  activated . T he m easuring  resu lts show ed 
that the  horizontal stresses o f  th e  co n cre te  b rough t in w ith  the  

trem ie m ethod  reach  only abo u t 60%  the  hydrosta tic  pressure.
T he in-situ pile fo rm ed  by driving w ere  co n structed  after 

com pletion the  retain ing  wall. W ith th e  inserting  o f  th e  concre te  

volum e in th e  im pending soil an increase o f  the  horizontal 
stresses has been  expected . O n th e  basis o f  th e  m easured  resu lts 

no considerab le  increase, how ever, derives from  the  stress 
niveau. In fact the  to ta l stresses rise quickly, bu t they  depend  to  

the g rea test part on  a tem porary  increase in the  po re  w ater 
pressure. All in all it can  be said th a t the  d istu rbance  o f  the  
horizontal sta te  o f  stress w as far sm aller than  assum ed th rough  
the co nstruction  o f  retain ing  wall and piles.

A fter th e  construction  o f  a  fo rm ation  on  th e  b o tto m  ed g e  o f  

the quay p la te  at N N  + 3 ,5m  and the  exposing  o f  th e  pile heads 
first a co n cre te  u nderneath  has been b rough t in place. S ince the  

concrete  o f  the  quai plate  is first in th e  h arden -ou t condition , it 
has been in troduced  in th e  F E M  - com pu ta tion  in th is calculation 
step alm ost stiffiiessless to  g uaran tee  an in troduc tion  o f  the  
forces resu lting  from  co n cre te  dead w eigh t in the  soil.

T he changes due to  th e  fu rther co nstruction  steps, particularly  

the excavating , are  related  to  the  poin t in tim e after com pletion  
o f  all co n cre te  parts  and th e  soil backfill. T he  calculated  and 

m easured deform ation  presen t th e  d ifference o f  the 
displacem ents com pared  to  th is state.

T he m athem atical em erging horizon ta l stresses after 
excavating are  dep icted  in p ic tu re  4.

F irst considering  th e  land side it has obviously occu rred  a 
reduction  o f  th e  active earth  p ressu res particularly  in th e  field 

area. T he abso lu te  stresses to ta l to  65 kN /m 2 in th e  prim ary case 
and 30 kN /m 2 fo r th e  com pleted  excavation . T he earth  p ressure 

reduction  is lim ited in th e  a rea  o f  th e  pile foo t because  o f  the 
here existing load in troduction . F u rthe rm ore  a  stress 

concen tration  is recognized  on  th e  passive side in th e  area  o f  the  

harbor basin surface.
I f  th e  calcu lated  and m easured  deform ation  curves fo r the

F igure 4. H orizo n ta l stresses after excavating

F igu re  5. E arth - and w ate r p ressu re  due  to  th e  tide

co nstruction  end phase are  com pared  w ith  each o th er the  
influence o f  th e  fixed su p p o rt is clearly  overestim ated . T he 

considered  final stiffness even ts due  to  excessive shearing 
dem and do  no t enough  to  receive a  realistic p ic tu re  o f  th e  stress - 
deform ation  behav ior o f  the  retain ing  wall and soil in the  fixing 
area. T herefo re  in the  fo llow ing calculation  steps a  p rogressing  

stiffness loss o f  th e  m iddle sand to  25%  and o f  th e  retain ing  wall 

stiffness to  55%  has been assum ed.
D ue to  the  tides a  reciprocal load  o f  th e  wall adjusts. A t high 

tid e  the  excess w a te r  p ressu re  em erge on  th e  river side, at low  
tide  the  excess w a te r  p ressu re  on  th e  land side. In  the  earth  static 
calculation  only th e  change o f  the  unit w eigh t o f  the  soil 
im pending behind th e  wall front is considered . B ecause  o f  the  

linear connection  betw een  unit w eight and  effective stresses 
la rger earth  p ressu res em erge  m athem atically  from  low  tide  than  
from  high tide. In co n trast to  th a t th e  m easured  values o f  the  

effective stresses show ed  a clear reduction  at low  tide T o  be 
able to  describe the  consequences o f  the  wall load, 

sim ultaneously the  excess w ate r p ressu res m ust be considered  
G et th e  effective stresses o f  a dep th  position  p lo tted  along w ith 

th e  excess w ater p ressures, one  can  see th a t th e  increase o f  the  
land side excess w a te r  p ressu res leads to  reductions o f  th e  earth  
p ressu res in equal order.

6 D E FO R M A T IO N S

In the  m ain m easuring  section  o f  th e  retaining w all tw o  

inclinom eter tubes have been installed. T he bo th  tubes have been 
led con tinuously  in the  in terio r reinforcem ent cage parallel to  the  

longitudinal reinforcem ent. O ne w as facing the  w a te r  side the  
o th e r th e  land side. T he d istance o f  th e  m easuring  axes w ere  

approxim ately  1,0 m. B o th  tubes served sim ultaneously fo r the  
im port o f  a sliding m icrom eter. W ith the  exp lo ita tion  o f  the 

differential equation  o f  the  beam  the  m easurem ents o f  
inclinom eter and sliding m icrom eter can be transfered  in one 
another. U sing th e  exam ple o f  th is m easuring  - and  investigation  
prog ram  it can  be d em onstra ted  that the  above described  
p rocesses guaran tee  reliable m easurem ents w ith  an overall go o d  
com patibility  and correlation . T he com parison  o f  th e  m easured  
and calculated  deform ations show s the  continuously  increasing 
agreem ents o f  th e  m axim um  deflection  and th e  cu rv a tu re  in the  

field and foo t area.

7 A N C H O R  FO R C E S

T he horizon tal loads from  earth  and w ate r p ressu re  at the  
O 'S w aldkai should be  transfered  m ainly ov er inclined tube 

injected piles. A fter the  quay p late and the  quay head have been 

concre ted  and hardened  o u t, the  anchors are  exam ined first and 
then  stressed. T he co nstruction  step  w ith  the  sequence o f  
supe rs tru c tu re  com pletion  and p restressing  o f  th e  anchors 

co rre sponded  w ith  th e  usual habits.
T he goal o f  each anchor p restressing  is th e  reduction  o f  the 

deform ation  and a load red istribu tion  from  the  field area to  the

121K/1Î
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supports. T he reduction  o f  th e  horizon tal stresses in th e  soil 

im pending in fron t o f  the  wall p roceeds w ith  an increase o f  the  
earth  p ressu res behind the  wall. In  th e  num erical analysis it 

becam e obvious, how ever, that a la rge  part o f  th e  anchor fo rces 
had been  in troduced  in th e  quay p late T he com pressive strain  in 

th e  rein forced  co n cre te  s tru c tu re  are  to  be  u n d ersto o d  like the 
p restressing  o f  an elastic spring. T hey con trib u te  neither to  the  

red irec tion  o f  th e  stresses in the  soil nor to  the  reduction  the 
general deform ation . In F E  p aram eter stud ies it cou ld  be show n 

that th e  increase o f  the  anchor fo rces due  to  th e  excavation  

rem ained alm ost constan t and unaffected  by th e  chosen  
prestressing

8 C O N C L U SIO N S

T he determ ination  o f  the  earth  p ressu re  on the  basis o f  the  
C o u lo m b 's  theo ry  w ith the  expanded estim ates w as to  som e 
ex ten t co rrec t fo r all co nstruction  phases, as far as excess w ate r 

p ressu res w ere  no t considered . T he reduction  o f  th e  earth  

p ressu re  at rest to  th e  active earth  p ressu re  could  be p roved 
m easured  - and calculated  wise. O n the  design o f  th e  retaining 

wall fo r increased active earth  p ressure , as recom m ended  in the  
E A U , E  144, can  be  d ispensed accordingly.

In  th e  design relevant case  th e  excess w a te r  p ressu res on the  
land side lead to  a reduction  o f  the  earth  p ressu re  loads in alm ost 
th e  sam e order. T he m issing reg istra tion  o f  th is in teraction  o f  

buildings and co nstruction  sites in th e  curren t co d es leads to  a 

considerab le overestim ation  o f  the  loads affecting  on  the 
retain ing  wall T he stresses determ ined  by th is m easuring  and 

investigation  p rog ram  do  no t even have h a lf  o f  th e  desinged 
values. It is suggested  fo r fu tu re  calcu lations accord ing  to  the  

E A U , R19-1 to  reduce  the  assum ing excess w ate r p ressu res fo r 
th e  load  case 2 and 3 in their m axim um  values. Since in this 

existing  case  a  reduction  o f  approx. 50%  the  resu lts o f  the 
m easurem ent and calculation  reflects, a  reduction  fac to r o f  e.g.

0 9  (L C  2) o r  0 ,8  (L C  3) is pu t up fo r discussion.
A s th e  check  and particu larly  the  p aram eter stud ies show  the 

determ ination  o f  th e  fo rces acting  on  a section  accord ing  to  the  

theo ry  I. o rd e r  and th e  form ulation  o f  ideal bending stiffness fo r 

th e  condition  II w as appropriate . H ow ever, th e  m om ents, 
especially in the  field area , w ere  farely  overestim ated  because  o f  

the  in general to o  high applied  loads. It is p rop o sed , th a t the 
dem and o f  the  E A U , E  77, th e  m om ent reduction  o f  th ick  

retain ing  w alls no t to  tak e  in to  accoun t, to  m odify accordingly
T he retain ing  wall a t the  O 'S w ald k a i has been assum ed as a 

free supported  co nstruction  in th e  sta tic  calculation. T he 
m easured  defo rm ations show  th a t th is form ulation  w as right 

because  th e  crea tion  o f  a  fixation in th e  soil has alm ost not 

occurred . F o r analytical calcu lations becom es the  determ ination  
o f  the  effective (p art-)  earth  resistence is p ro p o sed  accord ing  to  
th e  E A U , E  174 due to  conservative estim ation  o f  th e  expected  

displacem ents.
T he crea tion  o f  a bending restic ted  fram e c o m er a t the  

passage  from  th e  retaining wall to  th e  quay plate  is statically  only 

lim ited effective Is considered  that beside th e  reduction  o f  the  
field m om ents also  a reduction  o f  th e  quay head displacem ent is 
caused , how ever th is type  o f  co nstruction  can  be  recom m ended  

at m onolith ic buildings m ade o u t o f  rein forced  co n cre te  w here  it 

is no t to o  g rea t additional expense.
T he prestressing  fo rces and especially th e  p restressing  tim e o f  

th e  horizon tally  stiffening anchors o f  the  co nstruction  should  be 
subjected  to  a critical test.

T h e  accom plished  stud ies show ed  th a t th e re  has to  be 
expected  also w ith  clearly sm aller p restressing  fo rces no change 

o f  th e  load  carry ing behav ior o f  th e  general system . In con trast to  
th e  curren t recom m ended  estim ates one  should  consider the  

in troduc tion  o f  pile fo rces particularly  from  th e  first pile row  

lying d irectly  behind the  quay wall construction
F o r th e  quay wall at th e  O 'S w ald k a i no ind ication  o f  

individual o verloaded  co nstruction  parts em erge  from  all the  
investigations T h e  quay  wall is m ore than  sufficient designed and 

classified as stable.

B ö ttg er, H ., H  P  D ucker 1992 U m struk tu rie rung  O 'Sw aldkai.

H ansa  8, 804-810  

B reym ann, H. 1983. E xperim entelle B estim m ung des 

S eitendruck-verhaltens kohäsionsloser B öden  in der 

E ntspannungsphase. T U  G raz  (A )

D ücker, H. P. 1992. K aim auerbau  in H am burg , N eu e  K onzepte 

gesucht. H ansa  7, 704-710  

M agda, W. 1993. S tabilitä tsbed ingungen  von  sandigen B öden  in 

d er N ähe einer K aim auer in Spundw andbauw eise. Institu t 

für G rundbau , B odenm echanik  und E nerg iew asserbau  der 

U niversitä t H annover. H eft 36 

M aybaum , G ., J. G atterm ann  & , W . R o d a tz  1995. P re ssu re  and 

deform ation  m easurem ents at tw o  retain ig  w alls a t th e  port o f 

H am burg. F ield m easurem ents in geom echanics, B ergam o  (I), 

10.-12. April, S E G D itoriali P adova, 191-300 

M aybaum  G. 1996. E rddrucken tw ick lung  a u f  eine in 

Schlitzw andbau w eise hergestellte  K aim auer. Institu t für 

G rundbau  und  B odenm echnaik , T U  B raunschw eig , H eft 52 

R o d a tz , W. 1992. N otw endigkeit und Ziel baubeg leitender 

M essungen. H ansa  7, 722-725

REFERENCES

1334


