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S YN OP S IS :  Ste e l I- beam pile s , e mbe dde d in  ha r de ning  s lurry we re  w ide ly  a pplie d  in  the  Be r linois e  s uppor t o f excava tions  o n  the  Wa r s a w  Unde rground  

cons tr uc tion s ites . Be caus e  this  m e thod o f  fo un da t ion  was  a ne w  one , inve s tiga tions  we re  c onducte d to de te rmine  be a r ing c apac ity  o f  s uch pile s , as  w e ll as  

the  po s s ib ilit y  o f  futur e  recovery o f  s tee l be ams  fr om harde ne d s lurry. T he  influe nc e  o f  anti- adhe s ive  coats  o n  the  bond characte r is tics  o f  pile s  was  also tes ted. 

T he  tes ts  indica te d, that these  coats  we re  n o t  ne ce s s ary, i f  the  b ond  be twe e n a p ile  and s lurry w ould be  des troyed me c ha nica lly  pr ior  to extraction..

IN T R O D U C T IO N

A fe w s e ctions  o f  Wa r s a w  Me tr o  we re  cons tructe d in  e xcavations  s uppor te d  

b y  t e mpor a ry  Be r lino is e  s tructure . In  the  outs ide  o f the  conge s te d are a s teel 

I- be am pile s  o f  this  s tructure  we re  dr ive n (Ko e m e r  1984) b ut  s uch me thod  

pr ove d use le s s  in  the  c ity, c los e ly  to e x is ting b uild ing s  be caus e  o f  vibra tion. 

T ha n, a  ha r de ning  s lur ry was  w ide ly  imple me nte d  to found pile s  in  the  

ground. I- beams  o f  400- 500 m m  de pth we re  place d into  bore hole s  of.500- 700  

m m  d ia  (Klos ilis k i e t  a l. 1987). Dur ing  the  proce s s  o f  bor ing , the  ha r de ning  

s lur ry was  pour e d into  a  ho le  w he n the  g round wate r  le ve l was  achie ve d. T he  

s lur ry prote cte d the  s ta bility  o f  a ho le  u n t il it  was  unde r  bor ing  (We lzie n  

1985). A  ty pic a l de pth o f hole s  was  fr om 15 to 2 0  m . In to  c omple te d hole  

fille d  w ith  the  s lur ry an I- be am pile  was  place d and fixe d at top. Aft e r  3- 5 

days , the  s lur ry harde ne d and b ond  a  pile  w ith  the  g round. F o r  e m be dding  o f 

I- be am pile s  the  ha r de ning  s lurry o f  de s igne d 28- day compre s s ive  s trength 

0.5- 1.0 MP a  was  us e d. It  was  a mix tur e  o f  wate r , be ntonite , c e m e nt  and 

m o d ify in g  subs tance s . As  a mo difie r , the  age nt ca lle d Rotarmix- 1 was  m a in ly  

a pplie d  (Ra fa ls k i 1986). It  ac tivate d par ticle s  o f  be ntonite , reduce d the  

vis cos ity  o f  the  s lurry and re tarded its  s e tting.

T his  a pp lic a t ion  o f  the  ha r de ning  s lur ry prove d ve ry us e ful. Ste e l I- beam pile s  

we re  place d in  the  g r ound w itho ut  nois e  and vibr a t ion, the y we re  w e ll inte ­

grate d w ith  the  g round and the  ha r de ning  s lurry c ould be  dug  e as ily dur ing  

the  proce s s  o f  e xcava tion.

As  the  b ond  be twe e n a pile  and harde ne d s lur ry was  greate r  in  c ompar is on  

w ith  a  d r ive n pile , the  pr oble m o f future  recove ry o f pile s  from the  ground  

was  dis cus s e d. T o  re duce  the  bond, anti- adhe s ive  coats  we re  propos e d, but  

the  us e  o f  these  agents  c o uld  influe nc e  on the  load  capac ity  o f pile s . T he  

pr oble m be came  im por t ant  in  a  case  o f  anchore d Be r linois e  s tructure  be caus e  

pile s  we re  loade d  ax ia lly .

T o  s olve  these  que s tions , laboratory and fie ld inve s tiga tions  was  conducte d  

(Ja nkow s ki e t  al. 1989). T he  a im o f the  inve s t iga t ion was :

- to de te rmine  the  influe nc e  o f  anti- adhe s ive s  on the  bond be twe e n a pile  

and harde ne d s lurry,

- to op t imize  the  s tructure  o f a p ile  taking  into  a ccount its  load  capac ity  and  

the  future  recovery.

L A B O R A T O R Y  T ES T S

T he  labor a tor y tests  conce rne d the  influe nce  o f anti- adhe s ive  coats  o n  the  

bond  s tre ngth be twe e n s tee l bars  and harde ne d s lurry. T he  conce ntr ic  p ullo ut  

tes t was  s e le cte d to de te rmine  the  s trength. T he  te s ting pr ogr am cons is te d o f  

45 p u llo u t  s pe c ime ns  (F ig. 1).

y  8 0  m m

F ig . 1. P ullou t  s pe c ime n w ith  a bar  e mbe dde d in the  harde ne d s lurry

T he  fo llo w in g  anti- adhe s ive s  were  se lected for  tests:

* Se parbe t (a n  age nt us e d fo r  coa t ing  o f  s tee l formworks ),

* e ngine  o il,
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* c up  grease ,

* o il pa int ,

* par a ffin.

T he  s teel bars  had a d iame te r  o f 16 m m  and a le ngth o f 20 0  m m . T he y we re  

d iv ide d  into  tw o groups : rus ty and s mooth one s , and uncoa te d or  coate d by  

anti- adhe s ive s . T ota lly , 12 series  o f  3- 5 bars  we re  pre pare d.

T he  de s igne d 28  day compre s s ive  s tre ngth o f the  s lurry was  0,5- 1,0 MP a . T he  

s lurry was  obta ine d by  m ix in g  o f  wate r , Rotarmix- 1, be ntonite  "Ze bie c " and 

P or tland c e me nt 35. T he  s lurry was  pour e d in forms , the n bars  we re  place d  

ve r t ica lly  and fixe d. T he  e mbe dme nt  le ng th o f bars  was  80  m m . Addit iona lly , 

s pe cime ns  we re  done  to control a compre s s ive  s tre ngth o f the  s lurry. T he  

p u llo u l and s lurry s pe c ime ns  we re  le ft  at te mpe rature  18 ± 2 degre e  C  and  

hu mid ity  not  less  than 95 pe rce nt. Afte r  28 days  p ullo ut  tests  we re  pe r forme d  

and the  s lur ry s pe c ime ns  we re  compre s s e d. AU s pe c ime ns  we re  loade d w ith  

a spe ed o f 2 m m / m in. T he  compre s s ive  s tre ngth o f  s lurry s pe c ime n was  o f

0.61 to 0 .72  MP a . T he  results  o f p u llo u t  tests  are  g ive n in  T able  1.

T a b le  1. Ba r  s pe c ime n tes t results

Sur face  

o f  bars

Anti- adhe s ive Bo nd

stress

(kPa)

rus ty 164

rus ty Se parbe t 139

rus ty e ngine  o il 155

rus ty c up  grease 52

rus ty o il pa int 133

rus ty pa r a ffin 74

s mooth 152

s mooth Se parbe t 117

s mooth e ngine  o il 94

s mooth c up grease 49

s mooth o il pa int 122

s mooth pa r a ffin 68

T he  load- s lip curve s  are s hown in  F ig.2  (s mooth bars ) and F ig .3  (rus ty one s ).

F ig. 2. Bo nd  s tress ve rs us  t ime  r e la t ions hip fo r  s pe c ime ns  w ith  s mooth  

bars

T he  pe rce ntage  b ond  o f  s pe c ime ns  w ith  bars  coate d by  anti- adhe s ive s  in  c o m ­

pa r is on w ith  uncoa te d one s  are  pre s e nte d in  T a ble  2.

F ig . 3. Bo n d  stress ve rs us  t ime  r e la t ions hip fo r  s pe c ime ns  w ith  rus ty bars  

T a b le  2 . Pe rce ntage  b ond  o f  s pe c ime ns  w ith  bars  coate d by

anti- adhe s ive s  in  c ompa r is on w ith  uncoa te d ones

Anti- adhe s ive

Ba r

rus ty s mooth

Se parbe t 85 87

e ngine  o il 95 62

c up grease 32 32

o il pa in t 81 80

pa r a ffin 45 45

T he  load- s lip curve s  s howe d a rapid rise  to the  pe ak va lue  and the n the  

adhe s ive  b ond  was  broke n fo r  bo th groups  o f  s pe c ime ns : w ith  s mooth and  

rus ty bars . T he  anti- adhe s ive s  coats  r e duce d the  bond to 32- 95% o f uncoa te d  

one s . T he  m o s t c ons ide rable  r e duc tion was  obs e rve d fo r  s pe c ime ns  cove re d 

by c up  grease  (3 2 %) and pa r a ffin  (45 %). Othe r  anti- adhe s ive s  re duce d the  

b ond  to 60- 95% r e la t ive ly  to s pe c ime ns  w ith  uncoa te d bars . T he  bond va lue s  

o f s pe c ime ns  w ith  rus ty bars  pr ove d o bvious ly  gre ate r  than tha t  w ith  s mooth  

bars  b ut  diffe re nce s  we re  c ons ide rable  for  in d iv idu a l anti- adhe s ive s  (T able  2).

On  the  bas is  o f these  tes ts , pa r a ffin was  s e lected for  fur the r  fie ld  inve s t iga ­

t ions .

F IE L D  T E S T S

T e s t  P r o g r a m

T he  pr ogr a m inc lude d  te c hno log ic a l tr ia ls  and s ta tical lo a d ing  tes ts  on 6 pile s  

o f  va r ious  le ng th and s tructural de ta ils . A ll pile s  cons is te d o f a n 4 5 0  m m  

I- beam e mbe dde d in  650 to 7 0 0  m m  dia . bore hole . T w o  le ngths  o f  the  pile s  

we re  se lected:

- 15 m  - a  t yp ic a l le ng th  o f  s oldie r  pile s  us e d at Wa r s a w  Me tr o  s ites ,

- pile s  8 m  de e p w ith  4  m  be a r ing  le ngth, r e pre s e nting ty pic a l condit ions  o f 

s uppor t  afte r  fu ll de pth e xcava tion.

T he  s hor t pile s  we re  founde d in  s t iff to hard mor a ine  clays , the  lo n g  one s  

pe ne trate d 6  m  into  a s and laye r .

T hre e  k inds  o f  pile s  we re  tes ted:

a ) p ile s  fu lly  e mbe dde d in  a harde ne d s lurry,

b) pile s  coate d w ith  1 to 2  m m  pa r a ffin ,

c ) p ile  fu lly  coate d as a bove , w ith  a base  o f 500x 300 m m  s tee l pla te  12 m m  

th ick; the  bas e  was  conne c te d a t the  e nd o f I- be am by  a p in  w h ic h was  

c ut  dur ing  the  pile  e xtraction.
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T w o  proce dure s  o f  p ile  lo a d ing  tes ts  were  planne d:

- c ompr e s s ive  loa d ing s  u p  to fa ilure , and afte rwards  s ta tical p u llin g ,

- p u llo u t  lo a d in g  tests.

In  tota l, 6  p ile s  we re  cons tructe d: tw o 15 m  and fo ur  8 m  le ngth. One  o f  the  

pile s  h ad  the  de tachable  base . T he  loa d ing  tes ts  inc lude d  5 compre s s ive  and 

6 p u llo u t  tests .

S ite  C o n d it io n s

T he  s ubs oil c ondit ions  at the  tes t loc a t ion  are s how n in  F ig. 4 . Be low  1 to 1.2 

m  fill (w ith  s lag, br icks  and r ubbis h), the  s ubs oil cons is te d o f Qua r te ma r y  

laye rs  o f  ove r cons olida te d g la c ia l clays : s t iff s andy c lay  to 4.1 m de pth, ve ry 

s t iff s andy c lay to 6.5 m  and hard gre y c lay to 9.5 m . T he y  we re  unde r la in  

b y  de ns e  m e d iu m  sands .

Soil

P ro fil

S tiff
sandy
Clay

Pile No.

1 , 2 3 , 4 , 5 , 6

Very s tiff  

sanay Clay 7- 6,5 €

Hard !£

Clay -9,5

Dense

medium

Sand

A t/œ //
- I 4 5 0 - ^ ^ :

B ackfill

Pile Na ;

1 , 3 -  uncoated 

2,4,6 -  coated

5 -  coated, with base

F ig . 4. Subs o il pr ofile  and s che me s  o f  tes t pile s

F ig . 5 . Load- s e ttle me nt curve s  o f  compre s s e d pile s

T he  coate d p ile  No. 2  at the  load  o f  4 5 0  k N  s e ttled 1.8 m m  and afte r  

u nlo a d in g  recove re d to 0 .6  m m . In  the  s e cond phas e  it  s e ttle d line a r ly  up  to 

56 0  kN . T he  s e t tle me nt curve  be nt  a t  62 0  k N  and unde r  670 k N  the  pile  

cont inue d  s e t tling w itho ut  s ta b iliza t ion. T he  highe s t  mome nta r y  load  reache d 

72 0  k N  at the  s e t tle me nt o f  22  m m . T he  s ta bilize d force  was  4 8 0  k N .

T he  load- pe r formance  o f  bo th pile s  was  diffe re nt. T he  c oa t ing  reduce d 

m a x im a l re s is tance  fr om 1680 to a bout 70 0  k N  i.e . to 4 0 %. T he  uncoa te d pile  

fa ile d  s udde nly w ith  a loud  nois e , w h ile  in  the  case  o f  coate d p ile  a plas tic  

s he a r ing o f  the  pa r a ffin  occurre d.

P ile s  8  m  lo n g . T he  pile s  had be a r ing  le ngth o f  a bout 4  m . T he  uncoate d pile  

No. 3 s e ttle d line a r ly  up  to 100 k N , the  bond fa ile d  s udde nly a t 308 k N  and  

the  pile  pe ne trate d w ith s lig h t ly  de cre as ing force . T he  coate d p ile  No. 4  be gan  

to s e ttle  c ont inuous ly  unde r  the  loa d  o f 100 kN. It  s tabilize d at the  load  o f 85 

k N  and the  5 .4  m m  s e ttle me nt. T he  m a x im a l re s is tance  was  a bout 23 0  kN.

Co n s t r u c t io n  o f  T e s t P ile s

T he  s che me s  o f te s t pile s  are  s how n in  F ig. 4 . T he  ha r de ning  s lurry o f  

de s igne d compre s s ive  s tre ngth 0 .5  MP a  us e d in  the  pile s  had de ns ity  1.2 to 

1.37 g /cm3. Sample s  o f the  s lurry had 28- day s tre ngth o f 0.47  to 0 .70  MP a , 

ave rage  0 .5 83  MP a . T he  coa t ing  o f the  fo ur  pile s  was  ma de  at the  tes t s ite. 

T he  I- beams  we re  pa inte d w ith  ho t  p a r a ffin  us ing  a brus h.

Co m p r e s s iv e  L o a d in g  T e s ts

An  us ua l proce dure  o f  lo a d ing  was  us e d. T he  pile s  we re  loade d by a 

hy dr a ulic  ja c k  b o m  a ga ins t a  s tee l r e ac tion frame , w hic h  was  tie d d ow n  with  

ground anchors . Ap p lie d  loads  we re  che cke d by  a hy dr a ulic  dyna mome te r  o f  

50 0  k N  capac ity . P ile  move me nts  we re  me as ure d by  d ia l gauge s , read to 0.01  

m m , and che cke d by  le ve lling . T he  loads  we re  applie d in  s tages  and  

m a inta ine d  u n t il the  re s ulting mo ve me nt  o f  a pile  s ubs tant ia lly  ceased.

T he  load- s e ttle me nt curve s  o f the  pile s  are  s how n in  F ig. 5.

P ile s  IS  m  lo n g . T he  uncoate d p ile  No. 1 in  the  fir s t  phas e  unde r  the  load  o f  

500 k N  s e ttled o nly  1.1 m m , and recovere d to 0.1 m m  afte r  un loa ding . In  the  

s e cond phas e  the  p ile  at 1540 k N settled 6.6 m m . Dur ing  incre as ing the  load  

to the  ne x t s tage , the  bond o f the  pile  was  s udde nly  she are d at the  load  o f  

1680 kN. T he  p ile  s e ttled 23 m m  w h ile  the  force  fe ll do w n  to 660 kN. 

Dur in g  the  s ubs e que nt inte ns ive  o il pu m p ing  to the  ja c k  the  force  reached 

te mpor a r ily  o nly  1050 kN , and it  s tabilize d at 967  k N  afte r  the  p um ping  had  

be e n s toppe d.

T he  s e cond coate d pile  No. 5 , ha ving  a de tachable  base , at the  load  o f 100 

k N  s e ttle d o nly  0 .6  m m . At  150 k N  the  p ile  s e ttled 2.5 m m  and be gan to 

creep. It  s tabilize d a t 141 kN . Aft e r  lo a d ing  to 180 k N  the  pile  s e ttle me nt  

s ta bilize d a t  the  force  o f  154 kN , and afte r  lo ad ing  to 20 0  - at o nly  122 kN. 

Dur ing  inte ns ive  o il p u m pin g  the  force  reache d 485 k N  and the  pile  s tabilize d  

a t  the  force  o f  41 4  kN and rathe r  mode ra te  s e t tle me nt o f 52  m m . T he  use  o f 

a  base  pla te  incre as e d the  ultima te  loa d  capac ity  o f the  p ile  ove r  tw ofo ld, 

c o mpa r ing  w ith  the  p ile  No. 4.

Dis c us s ion  o f  th e  r e s ults . T he  m a in  obje c t  o f  the  compre s s ive  tests  was  to 

inve s tiga te  the  loa d  pe r for mance  o f pile s  e mbe dde d in  a harde ne d s lurry. T he  

te s t have  s how n that:

- the  be ha vio ur  o f  a coate d and uncoa te d pile  are qua lita t ive ly  diffe re nt,

- the  de tachable  bas e  e ffe c t ive ly  increase s  the  compre s s ive  pile  be ar ing  

capac ity .

T he  b oth uncoa te d pile s  No. 1 and 2  s hown s ma ll s e ttle me nts  and they 

q u ic k ly  s ta bilize d u p  to the  m o m e nt  o f bond fa ilure . Dis c o unt ing  the  s ma ll 

re s is tance  o f the  p ile  t ips , the  u n it  s he ar ing res is tance  o f the  pile s  amounte d:

- for  p ile  No. 1 t =  75 kP a  = 0 .1 26  R 28,

- fo r  p ile  No. 3 t  =  4 9  kP a  = 0 .104  R 28,

whe re  R j,  is  an ave rage  28 day compre s s ive  s tre ngth o f harde ne d s lurry  

s ample s  o f  the  pile . Aft e r  the  bond fa ilure , howe ve r , the  pe ne tra t ion res is tance  

c ons ide rably decreased (to a bout 7 0 % o f the  m a x ima l value s ).

T he  pa r a ffin  coa t ing  cons ide rably  re duce d ax ia l be a r ing capac it ie s  o f  the  

pile s . F o r  the  15 m  p ile  No. 2 it  a mounte d o nly  4 0 % o f the  capac ity  o f the  

pile  No. 1. For  the  pile s  No. 3 and 4  the  ratio was  a bout 5 0 %. T he  a ddit iona l 

base  o f  the  coate d p ile  No. 5 change d its  pe r formance . T he  m a x im a l load  as 

w e ll as  the  fina l s tabilize d force  we re  1.5 time s  o f  these  fo r  the  pile  No. 3.

200 400 600 800

Load, kN 

1000 1200 1400 1600

0 L=15m 

coated

L=15m 1 

uncoated
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T he  w a y  o f lo a d ing  was  s im ila r  as in  compre s s ion. T he  m a in  diffe re nce  was  

in  the  e xe r ting o f  p u llin g  force . A  pile  he ad was  tied with s tee l ropes  to a 

be am w h ic h acted as  a  s ingle - arm le ve r . One  e nd o f the  be am was  s uppor te d 

o n  a cross - beam la y ing  on the  g round surface . T he  othe r  e nd was  b o m  on a 

hy dr a ulic  ja c k , b y  w h ic h the  be am was  pus he d u p, p u llin g  the  tes ted pile . T he  

loads  we re  a pplie d  in s tages  in  10 to 15 m in  t ime  inte rvals  up  to the mome nt  

o f  "flo w in g " o f  a  pile  unde r  cons tant load. Cons ide r ing  the  purpos e  o f  the  

tes ts  it  was  n o t  ne ce s s ary to w a il for  full s ta biliza t ion o f pile  move me nts . 

Afte r  la rge  u p lif t  o f  a pile  its  m a x ima l short- te rm pullo ut  res is tance  were  

de te rmine d.

T he  pile s  No. 1, 2 , 3, 4  and 5 had been 2 to 3 we e ks  e ar lie r  pus he d dow n  

dur ing  compre s s ive  tes t loadings . T he  pile  No. 6 was  not pr e vious ly  loade d. 

T he  load- uplift  curve s  are  s hown in F ig. 6.

Pul lout  Loading Test s

Fig. 6. Load- uplift  curve s  o f te ns ion pile s

T he  m a x im a l u n it  s he ar ing res is tances  o f  the  pile s  we re  the  fo llow ing:

- p ile  No. 1 (15 m , uncoa te d) t = 14.1 kPa,

- p ile  No. 2  (15  m , coate d) t =  12.2 kPa,

- p ile  No. 3 (8 m , uncoa te d) t = 7 .6  kPa,

- p ile  No. 4  (8 m , coate d) t = 6.2 kPa,

- p ile  No. 5 (8 m , coate d, w ith  base ) t = 7 .4  kPa,

- p ile  No . 6 (8 m , coate d, no t  loade d e ar lie r ) t = 22.8 kPa.

T he  m a in  obje c t  o f  the  p u llo u t  tests  was  to pre dic t pr obable  forces  ne ede d for

w ithd r a w ing  o f  the  pile s . In  pa r ticula r , the  tests  s hould s olve  the  proble m: is

a p a r a ffin  o r  a nothe r  anti- adhe s ive  necessary for  re trieve  o f  the  pile s . Fr om

the  tes t re s ults  s ome  obs e rva tions  has  be e n made :

- due  to de s tr oying  o f  the  bond be twe e n the  pile  and harde ne d s lur ry dur ing  

c ompr e s s ive  tes ts , the  u n it  re s is tance  o f the  p ullo ut  pile s  we re  several 

t ime s  s ma lle r  t han that in  compre s s ion test o f the  s ame  pile :

- u n it  p u llin g  r es is tances  o f uncoa le d pile s  afte r  the  bond fa ilure  we re  c los e  

to that o f  the  coate d pile s ;

- u n it  p u llin g  res is tances  o f the  s hor t pile s  were  in ave rage  o nly  a bout a h a lf 

o f  the  re s is tance  o f  the  long  pile s .

T he  obta ine d re sults  pr ove d tha t  afte r  s he ar ing o f the  bond o f  pile s , the  

p u llo u t  res is tances  we re  s m a ll e nough that it  w o uld  be  pos s ible  to w ithdr aw  

the  pile s  w itho ut  us e  o f  a ny anti- adhe s ive s . T he  r e duc tion o f  the  res is tance  

o n the  c onta c t  pile - harde ne d s lurry ma y  be  a ttr ibute d to brake  do w n  o f the  

s tructure  o f  ce me nt- be ntonite  s lurry ma te r ia l. T he  d was  caus e d by  pile  

move me nts :  a t  fir s t  downw ar ds  and than upwards . T ha t  was  c onfirme d by 

m u c h  highe r  re s is tance  o f  the  p ile  No. 6, w h ic h had n o t  be e n loade d in  

c ompr e s s ion. T he  p u llo u t  re s is tance  o f the  p ile  No. 5 was  s ligh t ly  increas e d 

b y  the  base . Howe ve r , the  bas e  cons ide rably  incre as e d the  be a r ing  o f this  pile  

in  compre s s ion.

C O N C L U S IO N S

T he  us e  o f  s oldie r  pile s  e mbe dde d in  ha r de ning  s lurry prove d on War s aw

Me tr o  s ites  to be  a n e ffe ctive  and cos t advantage ous  me thod. It  e nable d safe

c ons tr uc tion o f  e x cava tion s uppor ts .

T he  c onc lus ions  fr om  the  te s t r esults  we re  as fo llows :

1. T he  ha r de ning  s lur ry ensures  s tability  o f  p ile  bore hole s  e ve n in  adverse  

c ondit ions  as  w e ll as  r e liable  c onne c tion o f s tee l pile  w ith  s ur rounding  

s oil.

2 . T he  s he ar ing pe r for mance  o f the  pile - harde ne d s lur ry conne c tion was  

t yp ic a lly  br it t le . Aft e r  re aching o f  a pe ak va lue  the  re s is tance  dr a ma t ic a lly  

de cre as e d to a re s idua l va lue , as lo w  as a bout  5 0 % o f  the  pe ak va lue .

3. T he  harde ne d s lurry o f  the  compre s s ive  s tre ngth R 2! = 0 .5 - 1  MP a  give s  

s uffic ie n t  a x ia l be a r ing  capac ity  o f pile s . Due  to br it t le  characte r  o f 

s he a r ing fa ilur e  o f  the  ma te r ia l it  is  pos s ible  to p u ll out  a  p ile  by a crane  

or  a pile  d r iv ing  fr ame  afte r  the  bond be twe e n a p ile  and harde ne d s lurry  

is  me c ha nic a lly  des troyed.

4 . T he  u n it  bond re s is tance  be twe e n the  harde ne d s lurry and the  pile s  was  50  

to 75 k P a  (e qua l to 0.1 - 0 .125  R 2I). T he s e  va lue s  r eache d o n ly  4 0  to 5 0 % 

o f  the  labor a tor y  bond to s te e l bars .

5. Aft e r  s he ar ing be twe e n the  p ile  and s ur rounding  harde ne d s lurry dur ing  

pus h- in and de s tr oying the  bond, the  r e s idual un it  s kin  re s is tance  o f  the  

p u llo u t  non- coated pile s  decreas e d to 8 - 14 kPa , i.e . to the  va lue s  clos e  

to the  s kin re s is tance  o f  the  pa r a ffin  coale d pile s  (6 - 12 kPa) w hic h  had  

be e n pus he d do w n  e arlie r .

6. T he  pa r a ffin  c oa t ing  reduce d the  p ile  be a r ing capac ity  by  30  to 5 0 %. It 

als o change d the  load- s e ltle me nt pe r for mance  o f  a pile .

T he  o bta ine d tes ts  results  a nd  prac tica l e xpe r ie nce  pr ove d that us ing  o f  anti­

adhe s ive  coatings  is  n o t  ne ce s s ary fo r  p ile  w ithdr aw ing  in  orde r  to be  reused.

Re fe r e nce s

Janko w s ki, P ., Klos ir ts ki, B. and Ra fa ls ki, L. (1989). T es ts  o f be a r ing  

capac ity  o f s teel p ile s  e mbe dde d in  ha r de ning  s lurry. Proceedings of Road 
and Bridge Research Institute No. 1- 2:77- 114 ( In  P olis h)

Klos ir ts ki, B. and Ra fa ls k i, L. (1987). Ex pe r ie nce  o f  the  ha r de ning  s lurry 

a pplic a t ions . Proceedings of the VIII National Conference on Soil 
Mechanics and Foundations, Wr oc la w , Vo l. 2 , pp . 649- 654 (In  P olis h)

Ko e m e r , R .M . (1984). Construction and geotechnical methods in foundation 
engineering. Me  Gr a w - Hill Bo o k  Co mp an y , Ne w  Yo r k

Ra fa ls k i, L. (19 86). Ha r de ning  s lur ry m o d ifie d  by  Rotarmix- 1. Proceedings 
of Road and Bridge Research Institute No. 3:116- 117

We lz ie n, K. (1985). Er fa hr unge n be i de r  He rs te llung  von Fe r t ig te ils chlitz 

w a nde n m it  s e lbs tharde ne r  Sus pe ns ion. Bauplanung Bautechnik No. 2:57-  

59

918


