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NEW APPROACHES TO PROBLEMS OF BEARING CAPACITY AND SETTLEMENT OF PILES

NOUVEAUX ACCES AUX PROBLEMES DE LA PORTANCE ET DU TASSEMENT DES PIEUX 

ilOBbüi IIOJXOÆ K flPOBJlEMAM HECyiUEM CTIOCOBHOCTM H OCA/JKM CBAM

B . C E R N A K , In g . ,  A .D V O R A K , D r. In g . C S c.,

J . H L A V A C E K , In g . ,  K . K L E IN ,  In g . C S c ., J .  P E T R A S E K , In g . (C z e c h o s lo v a k ia )

SYNOPSI S.  Fi ve aut hor s who have been,  deal i ng wi t h t he pr obl ems of  behavi our  of  pi l es pr e­
sent  i n t hi s paper  t hei r  r epor t s  about  some aspect s of  t hei r  r esear ch.  B.  f i er nak i nf or ms 
about  t he t est s  wi t h t he f i l t er cake and t he consol i dat ed mat er i al  of  suspensi on at  pi l i ng 
and poi nt s out  t he deci si ve ef f ect ^of  t he f i l t r at i on t i me of  suspensi on on t he val ues of  
t he sk i n f r i c t i on of  pi l es.  A.  Dvor ak deal s wi t h t he advant age« of  dynami c t est s of  pi l es,  
compar es t hem wi t h t he st at i c ones and emphasi zes t hei r  si gni f i cance f or  t he est i mat i on of  
t he qual i t y and t he bear i ng capaci t y of  pi l es.  J.  Hl av i cek and J.  Pet r agek pr esent  t he dat a 
of  a l ong- t er m measur ement  of  set t l ement s of  bui l di ngs f ounded on pi l es and dr aw at t ent i on 
t o t he mut ual  i nt er act i on bet ween t he pi l e f oundat i on and t he const r uct i ve qual i t i es of  t he 
r espect i ve super st r uct ur e and t o t he r ef l exi on of  t hi s i nt er act i on i n t he measur ed val ues.  
K.  Kl ei n summar i zes t he r esul t s  of  shear  t est s  wi t h speci mens and pi l es of  var i ous r ough­
nesses of  t he sur f ace.  He suggest s a desi gn of  anal ysi s t hat  det er mi nes t he ski n f r i c t i on 
r esi st ance of  pi l es wi t h r espect  t o t hi s phenomenon.

EFFECT OF SUSPENSI ON ON SKI N FRI CTI ON 

I N SANDS / B.  AeRNI k /

A ser i es of  f i el d and l abor at or y t est s , car ­

r i ed out  i n t he l ast  t wel ve year s,  i mpl i ed 

t hat  t he excavat i ng of  whol es and concr et i ng 

of  pi l es i n sands wi t h t he use of  suspensi on 

mani f est  t hemsel ves,  i n compar i son wi t h t he 

t he use of  a casi ng,  by a mi nor  l ooseni ng of  

sands and on t he ot her  hand by changes i n 

t he ski n f r i c t i on ef f ect ed by  t he f i l t er ca­

ke.  The expl oi t at i on of  t hese t est s r esul t s 

i n di f f er ent  hydr ogeol ogi cal  and t echnol ogi ­

cal  condi t i ons r equi r es of t en a det ai l ed e-  

val uat i on of  ef f ect s of  t he f i l t r at i on t i me 

and of  t he pr essur e of  t he suspensi on.

Ther ef or e t est s wer e made t o st at e mechani ­

cal  pr oper t i es of  t he f i l t er cake and of  t he 

concr et e- f i l t er cake- sand i nt er f ace.  A sus ­

pensi on of  act i vat ed bent oni t e wi t h
2

st r enght  of  85 mp/ cm / I  mi n and wi t h t he 

f i l t er abi l i t y  of  17 ml / 30  mi n/ 1 kp/ cm̂  was 

used.  As a f i l t er  ser ved a 2 mm dawn sand

/ I D = 0, 70,  k = I , 1. 10 cm/ sec , /

FI LTERCAKE

The ef f ect  of  f i l t r at i on t i me / t  = 1- 256 h/  

and of  suspensi on pr essur e / p=0, 02- l , 0kp/ cmf  

was i nvest i gat ed on a c i r cul ar  f i l t er  020cm.  

The f i l t er cake was t aken of f  i n l ayer s pa -  

r al l el  t o t he sur f ace of  t he f i l t er .  The di ­

st ance bet ween each l ayer  and t he f i l t er  and 

t he aver age wat er  cont ent  wer e est abl i shed 

by a cal cul at i on.  A l i near  cour se of  wat er  

cont ent  i n t he f i l t er cake was f ound i n al l  

cases / Bi g.  1.  -  l ef t / .  The cor r el at i on be ­

t ween t he wat er  cont ent  and t he undr ai ned 

st r enght  of  t he suspensi on mat er i al ,  pr epa­

r ed i n oedomet er s by di f f er ent  consol i dat i ng 

st r esses,  was est abl i shed i n or der  t o st at e 

a basi s f or  t he eval uat i on of  t he st r enght  of  

t he f i l t er cake det er mi ned by  i t s wat er  con­

t ent .  The shear  st r enght  of  t he consol i dat ed 

suspensi on was speci f i ed by  a l abor at or y va­

ne t est .  The cour se of  t he st r enght  of  t he 

f i l t er cake / Fi g.  1.  -  r i ght /  i ndi cat es t hat  

t he f i l t er  cake changes i t s pr oper t i es  ac-
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cor di ng t o t he di s t ance f r om t he f i l t er  

f r om pr oper t i es  of  a pl as t i c  c l ay  t o pr oper ­

t i es  of  a suspens i on.  The s t r enght  of  t he

PI G.  1.  WATER CONTENT AND SHEAR STRENGHT OF 
FI LTERCAKE

f i l t er cake at  t he f i l t er  dec r eases  ex pr ess i ­

vel y  wi t h dec r eas i ng pr es s ur e of  t he s us pen ­

s i on.

At  c onc r et i ng of  pi l es  a par t  of  t he f i l t er -

cake i s pr es s ed t oget her  wi t h t he suspens i on 
by  t he r i s i ng conc r et e mi x  f r om t he bot t om

t o t he sur f ace.  Thus  t he t hi ckness  of  t he 

f i l t er cake bet ween t he sand and t he pi l e c or ­

r esponds  t o t he di s t ance bet ween t he movement  

boundar y  of  c er t ai n s t r enght  and t he f i l t er .  

The t es t  s howed t hat  t hi s  di s t ance i s pr opor ­

t i onal  t o t he squar e r oot  of  t he f i l t r at i on 

t i me / f or  p  = const . / .  Wi t h t he i nc r eas i ng 

t hi ckness  of  t he f i l t er cake i nc r ease i t s  av e ­

r age wat er  cont ent  and c ompr essabi l i t y  and 

dec r eases  i t s  aver age st r enght .

SHEAR TESTS OP SPECI MENS 

By  means  of  an ar r angement  t hat  al l owed t o 

Hake spec i mens  of  conc r et e- s and i nt er f ace and 

conc r et e- f i l t er c ak e- s and i nt er f ace under  con*-  

di t i ons  s i mi l ar  t o t he f i el d ones  c ompar at i ­

ve shear  t es t s  wer e car r i ed out .  The cont ac t  

ar ea had a di mens i on 15 i  44  cm.  The spec i ­

mens  wi t h t he f i l t er c ak e wer e made under  t he 

pr essur e of  0, 25 k p/ c m̂ . Af t er  a c ons ol i da ­

t i on under  nor mal  l oad t he shear  l oad was

gr adat ed unt i l  f ai l ur e occur ed.  The max i mum 

ak i n f r i c t i on of  spec i mens  wi t h conc r et e-  

- sand i nt er f ace / t  = 0/  and al so conc r et e-  

f i l t er cake- sand i nt er f ace / t  = 18/  i nc r eased 

pr opor t i onal l y  wi t h t he nor mal  l oad and we ­

r e pl ac ed al ong t he l i ne / a/  / Fi g.  2. / .  I n 

t hese cases  an expr ess i ve ef f ec t  of  t he f i l ­

t er cake on t he i nt ens i t y  of  f r i c t i on was  not  

obser ved.  But  i n t he case of  spec i men t =168 

a dec r ease of  t he angl e of  f r i c t i on was  s t a ­

t ed.  I t  dec r eases  f r om 5~= 33°  t o i = 14° .

0 2 6 10 

NORMAL LOAD (M P /M 2 )

FI G.  2.  MAXI MUM SKI N FRI CTI ON OF SPECI MENS 
AND STRf NQHT CF NORMALLY CONSOLI DATED MATE­

RI AL OF SUSPENSI ON VS.  NORMAL LOAD

Tes t s  of  nor mal l y  consol i dat ed suspens i on 

mat er i al  wer e made i n a di r ec t  shear  box  ma ­

chi ne.  The es t abl i shed l i ne of  s t r enght  / b/  

wi t h an angl e of  14°  ver i f i ed t he pr es ump ­

t i on t hat  t he max i mum Bk i n f r i c t i on of  t he 

spec i men t  = 168 i s gi v en by  t he s t r enght  of  

t he consol i dat ed f i l t er cake.  Then t he hi gh 

val ues  of  max .  s k i n f r i c t i on at  t he s pec i men 

t  = 18 ar e expl ai nabl e onl y  by  an unev ennes s  

of  t he conc r et e- s and i nt er f ace.  A 3t r enght en<-  

i ng of  t he f i l t er cake by  t he cement  mi l k  

/ Wei ss  1965/  was  not  obser ved;  pr obabl y  i n

consequence of  hi gher  pr essur e of  t he suspen-
2

s i on / 0 ,25 i n cont r .  t o appr ox.  0, 02 k p / c m/.

The s uspens i on i nf l uences  al so t he r at e 

of  t he mobi l i s at i on of  t he sk i n f r i c t i on i . e.  

t he r at e of  t he i nc r ease of  t he uni t  sk i n 

f r i c t i on wi t h t he i nc r ease of  di spl acement s  

/ Fi g.  3. / .  I n t he ar eas  of  mi nor  di s pl ac e ­

ment s  / t o about  0, 5 mm/  t he s k i n f r i c t i on i nt -  

c r eases  mor e qui ck l y  at  spec i mens  ef f ec t ed
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by  a s uspens i on /  t  = 1,  t  = 18/ .  I n t he a-  

r eaa of  mor e subs t ant i al  di spl acement s  t he 

sk i n f r i c t i on i nc r eases  mor e qui ck l y  at  t he 

spec i mens  wi t h a di r ec t  conc r et e- s and c on ­

t ac t  / t  s 0/ .  Thi s  f ac t  i s i n agr eement  wi t h 

t he r esul t s  of  f i el d t es t s  /  TER- GALUSTOV et  

al  1961/  as wel l  as wi t h t he r esul t s  of  mo ­

del  pi l e t es t s  / FARMER et  al  1970/ .  I t  i s

expl ai ned by  an addi t i onal  c ohes i on of  t he

PI G.  J.  SHEAR TESTS OP SPECI MEN OP CONCRETE 
- SAND I NTERFACE AND SPECI MENS OP CONCRETE 

- FI LTERCAKE- SAND I NTERFACE

sand i n t he c l ose sur r oundi ng of  t he pi l e 

sur f ace.  Howev er  t he r esul t s  of  s hear  t es t s  

/ Fi g.  3. / i ndi cat e t hat  bot h t he r at e of  t he 

mobi l i s at i on of  t he s k i n f r i c t i on and t he 

max i mum val ues  of  t he s k i n f r i c t i on dec r ease 

i n consequence of  i nc r eas i ng f i l t r at i on t i me 

of  t he suspens i on.

APPLI CATI ONS OF RESULTS 

Dur i ng t he c ons ol i dat i on t her e oc cur r ed a 

v er t i cal  di spl acement  f r om 0 ,15 mm at  t he 

s pec i men t  = 0 t o 10 ,23 mm at  t he s pec i men 

t  = 168. / Fi g.  3. /  At  t he s pec i men t  = 0,  

s t r ai ned by  shear ,  an i nc r ease of  v ol ume oc ­

cur r ed,  whi l e t he s pec i men wi t h a f i l t er cake 

s howed a c ont r ac t anc e. The mor e expr ess i ve 

dec r ease of  t he v ol ume at  t he spec i men t =18

i n cont r as t  t o t he s pec i men t  = 168 was  c au ­

sed by  t he c ons ol i dat i on t he f i l t er cake

bet ween t he unevennes s es  of  t he c onc r et e at  

t he hor i z ont al  di spl acement  of  t he s pec i men 

t  = 18.  Bot h t he consol i dat i on of  t he f i l ­

t er cake and t he c ont r ac t ance at  t he s t r ai n ­

i ng by  shear  r esul t  i n t he dec r ease of  nor ­

mal  s t r esses  on t he pi l e sur f ace.  Ther ef or e 

at  f i el d pi l i ng t her e can be expec t ed a mor e 

expr ess i ve dec r ease of  t he sk i n f r i c t i on and 

of  t he r at e of  t he mobi l i s at i on of  t he sk i n 

f r i c t i on wi t h an i nc r eas i ng f i l t r at i on t i me,  

as t he t es t s  r esul t s  of  spec i mens  at  nor mal  

cons t ant  l oad showed.  Thus  one of  t he f unda ­

ment al  r equi r ement s  at  pi l i ng by  t he us e of  

t he s us pens i on mus t  be t o r educe t he f i l t r a ­

t i on t i me t o t he ut mos t  i n such pos i t i ons  

of  sands  t hat  r equi r e a hi gh l evel  of  l oad 

t r ansf er .

DXHAMI O TESTS OF PI LES / A. DVOJUK/

Dynami c  t es t  i s  a non- des t r uc t i ve met hod 

wi t h i n t he r ange of  el as t i c i t y .  The t es t ed 

pi l e i s  set  i nt o v i br at i ons  by  means  of  a • 

smal l  hammer .  The I nduced v i br at i ons  ar e r e ­

c or ded by  a v i br ogr aph.  I n t he r ecor d t wo 

k i nds  of  v i br at i ons  c an be obser ved:  / a/  v i ­

br at i ons  of  t he pi l e as  a r i gi d body,  embed­

ded i nt o t he f oundat i on s oi l  and / b/  v i br a ­

t i ons  i ns i de t he pi l e as  i n t he sl i m,  c on ­

f i ned body  / r od/ .  Vi br at i ons  of  t he f i r s t  

gr oup have mos t l y  gr eat er  di spl ac ement  am­

pl i t udes ,  l ower  f r equenc i es  and appear  i n 

t he v i br ogr am as  bas i c  waves ,  wher eas  t he 

v i br at i ons  i ns i de t he pi l e wi t h smal l er  di s ­

p l acement s  and hi gher  f r equenc i es  show t he 

c har ac t er  of  secondar y  osc i l l at i ons .  As  a 

r ul e a smal l  di spl acement  ampl i t ude and a 

hi gh f r equenc y  of  v i br at i ons  i ndi cat e an un ­

di s t ur bed pi l e wi t h a s t i f f  embedment .  Lar ­

ge ampl i t ude and l ow f r equency  ar e t he mar k  

of  a sof t  embedment  of  t he pi l e or  of  i tB  

s ubs t anc i al  nec k i ng or  even i nt er r upt i on.

An unf av our abl e i ndi c at i on c an al so be ob ­

t ai ned i n cases  when conc r et e of  cas t - i n-  

pl ace pi l e has  a l ow s t r enght .  I n or der  t o 

det er mi ne t he i nf l uence of  t he s t r enght  of  

t he c onc r et e i t  i s  adv i sabl e t o exami ne i t s 

qual i t y  by  anot her  non- des t r uc t i v e met hod 

e.  g.  us i ng t he SCHMI DT -  hammer .
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BESOLTS OF DYNAMI C TESTS 

The dynami c  t es t  was  devel oped by  t he au ­

t hor  some year s  ago owi ng t o t he nec ess i t y  

t o qui ck l y  i nves t i gat e a gr eat er  number  of  

cas t - i n- pl ace conc r et e pi l es  as at  t he t i me 

onl y  met hod avai l abl e was  t he expens i ve and 

s l ow s t at i c  l oadi ng t est .  The dynami c  t es t  

di s t i nc l y  di spl ays  heav i er  f aul t s  of  a pi l e.  

On t he ot her  hand a smal l  nec k i ng e.  g.  

f r om 0 55 "t o 0 4- 5/ 50 cm cannot  be det er mi ned 

but  s uc h a dec r ease of  t he sec t i on i s not  

danger ous .  I t  i s  obv i ous  t hat  a dynami c  t es t  

enabl es-  a c ompar i s on of  pi l es  and r el at i ve 

ev al uat i on of  t hei r  qual i t y  as i s al so shown 

i n Fi g.  1.  and 2.  The r esul t s  wer e ver i f i ed 

by excavat i ons  of  some pi l es  af t er  dynami c  

t est s .

0 40

P 5 E

y\ULcm

BOMp

FI G.  1.  a -  an undi s t ur bed pi l e wi t h geol o ­
gi cal  sect i on.  1 -  f i l l .  2 -  or gani c  l oam.
3 -  l oess- l oam.  4  -  gr avel  wi t h sandy  l oam.  
Di mens i ons  i n cm.  b -  l oad P vs  di spl acement  
y  gr aph of  t he s t at i c  t es t .

FI G.  2.  a -  a pi l e wi t h  di s c ont i nui t i es  G 
/ ungr out ed gr avel / ,  b  -  v i br ogr am of  t he dy ­
nami c  t est .  Geol ogy  and di mens i ons  as  i n 
Fi g.  1.

COHBELATI ON BETWEEN STATI C AND DYNAMI C TESTS 

Thi s  r el at i on i s  of  essent i al  i mpor t ance f or  

t he appr ec i at i on of  t he qual i t y  of  pi l es.

For  t hi s  pur pos e a l ot  of  par al l el  s t at i c  

and dynami c  t es t s  was  per f or med.  The dynami c  

t es t  mus t  pr ecede t he s t at i c  one as at  s t a ­

t i c  l oadi ng up  t o t he bear i ng c apac i t y  t he 

soi . 2 i s c ompr es s ed and t he s t i f f ness  of  t he 

embedment  i s i nc r eased.  At  pi l es ,  pr oduced 

i n conf or mabl e geol ogi cal  condi t i ons ,  t he r e ­

l at i on of  bot h t es t s  i s qui t e sat i s f ac t or y .  

Pi l es  wi t h  mor e f avour abl e I ndi cat i ons  at  

dynami c  t es t  al so pr es ent  a gr eat er  bear i ng 

c apac i t y  / DVOf i &K 1969/ .  Dy nami c  t es t s  of  p i ­

l es,  exami ned al so by  a s t at i c  l oad,  ar e 

us ed as cal i br at i on t es t s  and ot her  pi l es  

ar e appr ec i at ed ac c or di ng t o t hi s  one.  I t  i s 

pos s i bl e t o I nv es t i gat e t he f oundat i on s y s ­

t em on a l ar ge scal e and us ual l y  15 % of  p i ­

l es  ar e dynami c al l y  checked.  The di s pl ac e ­

ment  ampl i t ude or  t he f r equenc y  of  v i br at i ons  

c an be us ed as a c r i t er i on.  Ac c or di ng t o pr e ­

sent  exper l enc l es  an ex ponent i al  r el at i on 

c an be es t abl i shed bet ween t he di spl acement  

ampl i t ude and t he bear i ng c apac i t y  of  a pi l e.  

Si nce at  a dynami c  t es t  onl y  el as t i c  def or ­

mat i ons  t ak e pl ac e I t  i s  nec es s ar y  t o c ompa ­

r e onl y  pi l es  t hat  ar e manuf ac t ur ed under  

s i mi l ar  geol ogi cal  condi t i ons  and by  an i den ­

t i c al  met hod.  An  i ns t r uc t i ve f i gur e can be 

obt ai ned i f  t he di spl acement  ampl i t udes  of  

t he par t i c ul ar  pi l es  ar e compi l ed gr aphi cal l y  

as  a s pec t r um of  t hei r  r esp.  f r equenc i es .

Suc h an i l l us t r at i on i s gi v en i n Fi g.  3.
vo 200

^ 3 =
1»
1

¡34C

1

2 1
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1
1 ..
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FI G.  3.  PARALLEL STATI C AMD DYNAMI C TESTS 
a -  l oad P vs  di spl acement  y  gr aphs  of  t he 
s t at i c  t es t s ,  b -  di spl ac ement  ampl i t udes  A 
as  a s pec t r um of  f r equenc i es  f o.
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The pi l es ,  manuf ac t ur ed by  CALWELD machi ne,  
bad a l enght  f r om 11 t o 13 m and wer e embed ­

ded 6 -  7 m i nt o sandy  mar l s  wi t h  sands t one 
at  t he base.  The upper  l ay er  c ons i s t ed of  
l oess,  sand and sandy  gr avel .  The di amet er  
of  pi l es  2 and 3 was  82 cm,  of  4  and 5 i t  
was  102 cm.  The gr aph of  s t at i c  l oadi ng 
t es t s  and t he s pec t r um of  di spl acement  amp­
l i t udes  of  dynami c  t es t s  pr esent  a f ai r  c or ­
r el at i on.  Fi l e 4  i s of  t he bes t  qual i t y ,  2 
of  t he l owest .

FUHTHEH DEVELOPMENT 0? THE DYNAMI C METHOD 

A gr eat  number  of  par al l el  s t at i c  and dy na ­

mi c  t es t s  of  pi l es  and obser vat i ons  of  s et ­

t l ement  had r ecent l y  been per f or med.  The r e ­

sul t s  enabl e a di r ec t  es t i mat i on of  t he bea ­

r i ng capac i t y  of  a pi l e f r om t he dynami c  

t es t .  Thi s  f ac t  i s v er y  advant ageous  at  l ar -  

ge- di aoet er  pi l es  / e.  g.  BENOTO,  CALWELD,  

POCLAI N/  wher e t he s t at i c  l oadi ng t es t s  ar e 

r at her  expens i ve.

I n many  cases  r esul t s  of  dynami c  t es t s  en ­

abl ed t o di s c ov er  unex pec t ed damage of  pi l es  

e.  g.  di s t ur bance of  hammer ed pi l es  or  i n ­

t er r upt i on of  c as t - i n- pl ace pi l es  manuf ac t u ­

r ed by  Pr 6pac t  met hod / DVOf i i K 1963,  1969/ -  

Sat i s f ac t or y  r esul t s  wer e al so obt ai ned by  

t es t i ng t hex mi c al l y  s t r enght ened bodi es  i n 

l oess  / DVOf i i K 1970/ ,  f ur t her  wi t h pi l es  

s t r essed by  t ens i on and under gr ound wal l s .

THE SETTLEMENT OP PANEL BUI LDI NGS ON PI LES

/  j . h l av I Ce k , j . pb t b I Se k /

A gr eat  at t ent i on i s  pay ed i n r ecent  year s  

t o t he Ti ori UT’ i f or m s et t l ement  of  l ar ge pr e ­

cas t  conc r et e panel  bui l di ngs .  Wi t h t hi s  

pr obl em ar e v er y  c l osel y  c onnec t ed t he ques ­

t i ons  of  t he s t i f f nes  of  a cons t r uc t i on,  of  

t he s t i f f ness  of  f oundat i ons  and t he Ques ­

t i ons  of  a mut ual  i nt er ac t i on bet ween f oun ­

dat i ons  and t he r espec t i v e super s t r uc t ur e.

A c er t ai n ans wer  t o t hes e ques t i ons  c an be 

gi ven by  t he meas ur ement  of  ac t ual  s et t l e ­

ment s  .

That  i s why  we meas ur ed dur i ng t he y ear s  

1968 -  1971 t he set t l ement s  of  some hi gh -  

r i se appar t ment  bui l di ngs  i n t hr ee l ocal i ­

t i es  wi t h v ar i ous  geol ogi cal  condi t i ons  i n 

t he subgr ound.  The r esul t s  of  t he meas ur e ­

ment s  of  al l  i nves t i gat ed s t r uc t ur es  i n ad ­

d i t i on wi t h  a des c r i pt i on of  t hei r  c ons t r uc ­

t i on and r espec t i ve subgr ound ar e pr es ent ed 

i n t he t abl e.

The pi l es  at  Pet r Sal ka and Koi i ce wer e em­

bedded i nt o a sandy  gr avel ,  t he pi l es  at  Di l -  

br avka had char ak t er i s t i c s  of  f r i c t i on pi l es.  

The bui l di ng of  t he t ype T 06 had l oad bear ­

i ng c r oss  wal l s  t hat  wer e l ayd on a monol i ­

t hi c  f oot i ng di s t r i but i ng t he l oad t o t he 

pi l es .  Some i nves t i gat ed s t r uc t ur es  f or med 

s i ngl e di l at abl e uni t s  / Pet r zal ka,  Eogi ce D2/  

t he ot her  ones cons i s t ed of  t wo or  mor e di ­

l at abl e uni t s .  The phys i cal  and mechani cal  

pr oper t i es  of  soi l s  wer e det er mi ned by  geo ­

l ogi cal  i nves t i gat i ons  of  r emoul ded sampl es,  

t ak en dur i ng t he bor i ng of  pi l es.  I n t wo l o­

cal i t i es  pr ess i omet r i c  t es t s  ac c or di ng t o 

MENAHDE wer e made i n soi l s  above t he t i ps  of
p

pi l es  / Pet r zal ka:  p^  a 5, 0 -  8 , 0 k p/ c m ,

Ep = 22 -  51, 0 k p/ c m2 } Di i br avka: p,  = 4, 0 -

6, 5 k p/ c m2 , Ep = 12, 0 -  40, 0 k p/ c m . The r e ­

s i s t ance on t he penet r at i ve t i p m a t h a k  had a 

val ue 15 -  20 k p/ c m̂  / Pet r zal ka/ .  Loadi ng 

t es t s  of  s i ngl e pi l es  wer e made i n a c l ose 

di s t ance of  i nves t i gat ed s t r uc t ur es .  The pr e~ 

sent ed v al ues  wer e meas ur ed af t er  t he f i n i ­

shi ng of  t he bui l di ngs .  The i nc l i nat i on and 

angul ar  def or mat i on,  t he mut ual  i nf l unce of  

di l at abl e uni t s  and t he r at e of  set t l ement  

wer e as c er t ai ned i n addi t i on t o a cur r ent  

geodet i c  eval uat i on.  Then t he modul us  of  set -  

l ement  / BABI TCHEV,  J USHI N 1970/  was  cal cul a ­

t ed i n Mp/ c m / i .  e.  t he aver age l oad i n a 

s i ngl e pi l e t hat  i s necessar y  i n or der  t o 

pr ess  t he pi l e f oundat i on i n a dept h of  1cm/  

and t he set t l ement  r at i o t oo / i .  e.  t he r a ­

t i o bet ween a set t l ement  of  a pi l e under  t he 

s t r uc t ur e and a set t l ement  of  a s i ngl e t es t  

pi l e/ .  The set t l ement  was  c al cul at ed accor d­

i ng t o t he Cz echos l ovak  s t andar ds  and ac c or d ­

i ng -.0 var i ous  aut hor s  / BOWLES 1968,  BARTO-  

LOMEJ  1970/ .  The l ower  set t l ement  at  KoSi ce 

was  c aused by  t he mi nor  t hi ckness  of  t he l oa ­

my  sandy  gr avel  l ayer .

Ac c or di ng t o t he meas ur ed set t l ement s  we can 

make f ol l owi ng conc l us i ons :

1.  The aver age set t l ement  of  i nves t i gat ed 

s t r uc t ur es  r eac hed f r om 3, 3 t o 19,2 % of  t he 

l i mi t ed val ues  of  aver age set t l ement  gi . ven
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TECHNI CAL DATA AND SETTLEMENTS OF PANEL BUI LDI NGS FOUNDED ON VI BROORI LLED PI LES OF Vl Jl S SYSTEM j j  37 CM

Dat a St r uct ur e Pet r zal ka KoSi ce D 2 KoSi ce T 8 Dúbr avka S Dúbr BVka N Dúbr avka 01C Dúbt avka 01A

Number  of  St or eys 1 12 14 8 4 4 9 9

Lenght  of  Pi l es ■ 6, 0 -  6, 5 6, 5 - 7 , 0 5, 5 -  6, 0 5, 5 - 6 , 0 4, 2 -  5, 5 4 , 5 - 5 , 5 5, 0 -  6, 0

Number  of  Pi l es 1 152 132 165 94 94 275 275

Load t n 1 Pi l e “ p 44, 2 38, 6 41, 0 28, 6 28, 6 27, 8 27, 8

Sandy Loas, Loaay Sand, Loamy Sand, Bl ack Sand, Gr ani t i c Sandy Loan. Gr ani t i c Sandy Cl ay

Soi l  Descr i pt i on Gr avai ,  Sand Loamy Gr avai , Loany Sandy Cl ay »I t h Fr agment s 0 6at , wi t h Fr agment s,  Gr ani t i c

wi t h Bml der s  Neocan« Cl ay Gr avel Gr ani t i c Congl omer at e Cong I oni e r at e wi t h Fr agm.

s P/ a? 2, 71 2 , B 2, 24 2, 6? 2, 73 2, 69 2, 69

w X 20, 66 16, 18 22, 45 13, 92 14, 65 11, 62 18, 43

v
* 14, 70 13, 36 15,  «5 15, 99 21, 26 16, 73 17, 15

' c
1 0, 947 0, 781 0, 391 0, 641 0, 611 0, 459 0, 494

D 10 f fn 0, 656 0, 138 - 0, 056 0, 011 0, 018 0, 018

Measur ed Set t l ement cm 0, 538 1, 731 0, 392 0, 413 0, 393 0, 455 0, 768

Pr edi ct ed Set t l ement cm 0, 58 0* 53 0, 40 0, 91 0, 91 0, 94 0, 99

I ncl i nat i on of  

Longi t udi nal  Vai l s «A- I d- 4 0, 16 -  0, 43 0, 18 -  0, 36 0, 0 -  0, 06 0, 04 0, 08 -  0, 16 0, 19 -  0, 42 0 , 3 1 - 1 , 0

Cr oss Wal l s 0, 12 -  0, 25 0, 76 -  1, 86 0, 0 -  0, 24 0, 80 0, 26 0 , 67 - 1 , 67 0, 17 - 2, 76

Max.  Angul ar  Déf or mat i on ef  
Longi t udi nal  Wel l s » . ^- 4 0, 70 -  0, 84 0, 50 -  1, 71 0 , 50-  1, 0 - 0, 17 0, 29 -  0, 57 0, 33 -  1, 23

Cr oss f al l s 0, 19 -  2, 36 m 0^50 to 3, 98 0, 50 -  1, 83 0, 50 -  2, 33

Set t l ement  Modul us Mp/ cm 18, 2 75, 2 65, 6 69, 2 51, 8 30, 7

Set t l ement  Rat l e 1 1, 92 13, 62 5, 02 3, 25 2, 89 4, 50 7, 60

by t be Czechosl ovak st andar ds.

2.  The max i mum nonuni f or m set t l ement  of  bot h 

l ongi t udi nal  and cr oss  wal l s  r eached I n t he 

f i r s t  case f r om 3 »2 t o 45, 7 % of  l i mi t ed v a ­

l ues  and i n t he l at t er  one f r om 13, 3 t o 75, 5%.  

The nonuni f or m set t l ement  of  panel  bui l di ngs  

i s cons i der ed as dec i s i ve f or  t hei r  di men ­

si oni ng.

3.  The cr oss  f oot i ngs  amount  usual l y  gr eat er  

i nc l i nat i ons  and r el at i ve def l ec t i on t han 

t he l ongi t udi nal  ones.

4.  The consol i dat i on of  t he subgr ound i s  gi ­

ven by t he r at e of  t he set t l ement  of  t he 

bui l di ng af t er  i t s  beei ng i nhabi t ed.  The c on ­

sol i dat i on at  Pet r zal ka and KoSi ce / T 8/  was  

mi ni mal ,  at  Dúbr avka and Koêi c e / D 2/  i t  r ea­

ched gr eat er  val ues  / 0, 19 -  0, 40 mm mont hl y  

dur i ng e per i od of  11 mont hs/ 1

THE EFFECT OF SUBFACE ROUGHNESS OF FI LES ON 

THEI R BEARI NG CAPACI TY I N CQHESI ONLESS SOUS 

/ K • K1 i l *!TW /

The bear i ng oapac i t y  of  a pi l e i n c ohes i on-  

l ess  soi l s  depends  chi ef l y  on t he dens i t y  of  

t he soi l  and on i t s  cons t r uc t i on met hod.  The 

l oadi ng of  a pi l e mobi l i zes  by  di spl acement s  

t he shear  s t r enght  i n t he adj acent  soi l  whi l a 

t he v ol umi nal  changes  r esul t  i n i t .  Al r eady  

J OHN I 960,  FEDA 1963 and BROMS,  SI LBERMAN 

1964 r ef er ed t o t he s i gni f i cance of  t hese v o ­

l umi nal  changes.  Thi s  paper  pr esent s  an i n ­

v es t i gat i on of  t he ef f ec t  of  a sur f ace r ough ­

ness of  a pi l e on t he v al ues  of  vol umi nal  

changes  of  t he soi l  i n t he s ur r oundi ng of  a 

pi l e and by  t hat  on i t s  bear i ng capaci t y .  

EXPERI MENTAL MEASUREMENT

Fi el d t es t s  wer e made i n a sat ur at ed medi um 

sand / I D = 0, 55 -  0, 65/  on pi l es  wi t h di f f e ­

r ent  sur f ace r oughness .  The r esul t s  of  t hese 

t es t s  s howed t hat  by  a mechani cal  r oughi ng 

of  25 -  50 % of  t he pi l e sur f ace i nc r eased
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t he bear i ng capac i t y  of  t he pr ecas t  pi l es  

t hr ee t i mes  at  l oadi ng by  a ver t i c al  or  ob ­

l i que t ens i l e l oad.  I n t he case of  v i br o 

pi l es  / dr i v en and c as t - i n- pl ace di spl acement  

pi l es ,  5 m l ong/  i nc r eased t he bear i ng ca ­

pac i t y  f i ve t i mes  i n cont r as t  t o pr ecas t  p i ­

l es  wi t h a s moot h c onc r et e sur f ace,  made i n 

a new s t eel  sof f i t .  The meas ur ement  of  di s ­

pl ac ement s  of  t he s and i n t he sur r oundi ng 

of  t he pi l e dur i ng t he l oadi ng t es t  s howed 

t hat  t he ar eas  of  t he same ver t i cal  di s pl a ­

cement s  / meas ur ed i n t he adj acent  soi l  t o 

t he di s t ance of  3 m/  wer e al ong t he t ot al  

l enght  pr ac t i c al l y  par al l el  wi t h  t he pi l e 

sur f ace and t he di s pl acement s  dec r eas ed hy -  

per bol i c al l y  i n t he di r ec t i on f r om t he cen­

t r e of  t he pi l e.  The t es t s  wi t h model  pi l es  

/ 80 cm l ong and 3, 6 cm i n di amet er /  wi t h  a 

s moot h s t eel  sur f ace and a r ough one / pas t ed 

sand/  s howed t hat  t he r at i o of  t he sk i n 

f r i c t i on r es i s t ance amount s  2, 3 -  3, 5 / I D =

0, 35 -  0, 60/  at  pi l es  f or c ed i nt o t he sand 

and t hen l oaded by  a t ens i l e or  compr ess i ve 

l oad and 6, 1 -  13»0 / I D ■ 0, 6 -  0, 72/  at  p i ­

l es shower ed by  sand.

I n a di r ec t  s near  box  mac hi ne t es t s  wer e ma ­

de wi t h cons t ant  l oadi ng / N = cons t . /  and 

wi t h pr ac t i cal l y  cons t ant  v ol ume of  t he sand 

sampl e / V = const . / .  Spec i mens  wi t h  di f f e ­

r ent  sur f aces  wer e put  i n t he l ower  j aw of  

t he shear  machi ne.  At  t he t es t  N = const ,  

t he r at i o of  t g  $' /  t g f or  t he t ot al  ex t ent  

of  I j  was  1, 4- 9 -  1* 70 f or  t he s and and t he 

s moot h concr et e,  1, 9 -  2, 35 f or  t he smoot h 

s t eel  and 0, 94 -  1, 03 f or  t he s t eel  wi t h 

pas t ed sand.  At  t he t es t  V = const ,  t he r a ­

t i o of  t he s k i n f r i c t i on r es i s t ance amount ed 

<•-,5 f or  I p = 0, 39 and 9 f or  I D = 0, 72 f or  

s t eel  wi t h  pas t ed sand and s moot h concr et e.  

DI SKDSSI ON OF TESTS BESULTS 

The mec hani s m of  t he def or mat i on and t he di s ­

t ur bance of  t he soi l  s ur r oundi ng t he pi l e 

l oaded by  a t ens i l e l oad al l ows  wi t h  a cer ­

t ai n appr ox i mat i on t o nar r ow t he pr obl em of  

t he l oad t r ans f er  f r om t he pi l e sur f ace t o 

t he soi l  t o a ques t i on of  or i gi nal  nor mal  

s t r ess  6  / upr i ght  t o t he s ur f ace/  and i t s

change A <6 t hat  r esul t s  dur i ng t he l oadi ng of  

t he pi l e i n consequence of  t he vol umi nal  

change at  t he cont ac t  pi l e- soi l  and i n t he 

s ur r oundi ng soi l .  These changes  can be ap ­

pr ox i mat el y  s t udi ed by  a di r ec t  shear  t est ,  

wher e t he shear  ar ea i s par al l el  wi t h t he 

pi l e sur f ace.

A s i gni f i cant  di f f er ence bet ween t he bear ­

i ng capac i t i es  of  pi l es  wi t h a smoot h s ur ­

f ace and t he r ough one r esul t s  i n c ons e ­

quence of  t he abi l i t y  t o t r ans f er  s uch a 

shear  s t r ess  at  t he cont ac t  r ough sur f ace -  

soi l  t hat  devel ops  an i nc r ease of  t he soi l  

vol ume i n a c l ose pi l e s ur r oundi ng / Fi g.  1. /

Q.
JC
Q
3

6
6
N♦

N

FI G.  1.  BBSUI / TS OF DI RECT SHEAR BOX TESTS 

As  t he i nc r ease of  soi l  vol ume i s  l i mi t ed by 

t he pr esence of  adj acent  soi l ,  t he or i gi ­

nal  at  t he pi l e sur f ace i nc r eases  and by  

t hat  al so i t s  bear i ng capac i t y .  The ar ea of  

di l at ancy  i n t he s ur r oundi ng of  t he pi l e i s 

l i mi t ed by  t he ax i al  symet r y  of  t hi s  pheno ­

menon.  I n t he case of  a s moot h sur f ace t he 

cont ac t  pi l e- soi l  i s abl e t o t r ans f er  onl y 

s uch a shear  s t r ess  t hat  does not  mobi l i ze,  

i n t he moment  of  i t s  max i mum val ue,  t he i n ­

c r ease of  adj acent  soi l  v ol ume as a r ul e.  

/ Fi g.  1.  -  i n our  case 6 5 %^ of  t he s ur r ound ­

i ng s and. /  The f ac t  t hat  t he cont i nui t y  of  

t he medi um conser ves  i t sel f  causes  t hat  t he 

or i gi nal  on t he pi l e sur f ace r emai ns  ap ­

pr ox i mat el y  t he same or  t hat  i t  decr eases .  

The di f f er ence bet ween t he bear i ng c apac i ­

\ USPLACEf i CNT OF JAW (mm)

WI TH f ASTED SAND

STEEL
■*' ■

^ - ^ AREA OF SUBSTA NCI AL DLATANCY 
- OF SAND

AREA OF CONTRACTANCY OR 

MI NOR 0LATANCY OF SAND

= 20 Up
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I
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t i es  of  pi l es  wi t h a smoot h sur f ace and a 

r ougn one,  exper i ment al ;  s t at ed,  was  t her e ­

f or e cons i der abl y  gr eat er  t han t he di f f e ­

r ence es t abl i shed on t he commonl y  us ed pr e ­

sumpt i on t hat  i t  i s  gi v en onl y  by  t he 

change of  t gf t  at  t he pr es er v i ng of  t he or i ­

gi nal  cons t ant  S’ on t he pi l e sur f ace.

DESI GN OF ANALYSI S

Ve sugges t  t o anal yse t he sk i n f r i c t i on r e ­

s i s t ance of  dr i ven and cas t - i n- pl ace di s ­

pl acement  pi l es  i n sands  of  a l enght  t o ap ­

pr ox.  6 m by  means  of  t hi s  f or mul a:

' Cj s K . j f . h  . t g S’

wher e f or  pi l es  wi t h a smoot h sur f ace 

K = 0, 5 -  1, 0}  I D=0, 33 -  1, 0» 0, 7 «t»1 } 

f or  pi l es  wi t h a r ough sur f ace 

K a l . o -  2, 0j  I p *  0* 33 -  1, 0;  i f -  0 , 7 5 1 1 ; 

f or  dr i v en and cas t - i n- pl ace di spl acement  pi ­

l es  or  dr i v en pi l es  wi t h  c ont empor ar y  i nj ec ­

t i on 0, 7 ♦  0, 9 . t g2 (45°  +<t >' / 2 ; (T= 4?'  - 

At  t he anal ys i s  of  pi l es  l oaded by  a t ens i l e 

l oad i t  i s nec essar y  t o dec r ease t he cal c u ­

l at ed val ues  of  s k i n f r i c t i on r es i s t ance by

15 -  30 %.

CONCLUSI ONS

1.  The i nt ens i t y  of  t he change of  or i gi nal  

nor mal  s t r ess  on t ne pi l e sur f ace and t he 

bear i ng capac i t y  c onnec t ed wi t h i t  depends  

on t he r oughness  of  t he pi l e sur f ace t hat  

i nf l uences  t he vol umi nal  changes  of  t he soi l  

i n t he s ur r oundi ng of  pi l es.

2.  The des i gned anal ys i s  of  s k i n f r i c t i on 

r es i s t ance t akes  i nt o account  t he changes

of  or i gi nal  dur i ng t he l oadi ng of  t he pi l e 

and i t  i s i n agr eement  wi t h t he r esul t s  of  

f i el d t es t s.

BOWLES,  J.  E.  / 1968/ ,  Foundat i on anal ys i s  

and des i gn,  McGr aw- Hi l l ,  New Yor k.

BROMS,  B.  B. ,  SI LBERMAN,  J.  0. ,  / 1 9 6 V,  Sk i n 

f r i c t i on r es i s t ance f or  pi l es  i n cohes i on-  

l ess  soi l s ,  Sol s - Soi l s ,  n 10,  Par i s .

DVOSi K,  A. ,  / 1963/ ,  Tes t i ng of  pi l es  by  dy ­

nami c  met hod,  Pr oc eedi ngs  2nd As i an r eg.  

conf .  on soi l  mech.  and f ound,  eng. ,  Tokyo.  

DVOf i i t K,  A. ,  / 1969/ ,  Dynami c  t es t s  of  pi l es  

and t he v er i f i c at i on of  r esul t s  by  s t at i c  

l oadi ng t es t s ,  Ac t a t echni ca Acad.  Sc i ent .  

Hungar i cae, . Tomus  64,  Budapest .

DVOf i l K,  A. ,  / I 970/ ,  To t he t heor y  of  dynami c  

t es t s  of  pi l es ,  Pr oc eedi ngs  of  t he 2nd s emi ­

nar  on soi l  mech.  and f ound,  eng, ,  Lod£.  

FAHMER,  I .  W. ,  BUCELEY,  P.  J.  C.  and SLI WI N-  

SKI ,  Z. ,  / 1970/  The ef f ec t  of  bent oni t e on 

t he s k i n f r i c t i on of  cas t - i n- pl ace pi l es ,  

Pr oc eedi ngs  of  t he Conf er enc e on Behav i our  

of  Pi l es ,  London.

FEDA,  J . , / 1963/ ,  Sk i n f r i c t i on of  pi l es  due 

t o di l at ancy ,  Pr oceedi ngs  of  t he Budapes t  

conf .  on soi l  mech.  and f ound,  eng. , Budapes t .  

JOHN,  X. , / 1960/ ,  Bor ed c as t - i n- pl ace pi l es  

i n Sout h Cal i f or ni a,  Di e Baut ac l mi k ,  n 5,

/ i n Gennan/ .

TEB- GALUSTOV, 0.  A. ,  VOHOBKOV, L.  N.  and 

I VANOV,  0.  J. ,  Sk i n f r i c t i on of  cas t - i n- pl a ­

ce pi l es  aade under  c l ay  suspens i on,  Founda ­

t i ons  and Soi l  Mechani cs ,  n  4,  1961,  Moscow,  

/ i n f l uaei an/ .

WEI SS,  F . , / 1965/ ,  Wal l  f r i c t i on on concr et e 

cas t - i n- pl ace wal l s  made under  bent oni t e 

suspens i on i n cont r ac t or  ar r angement ,  Di e 

Baut echni k ,  n  8,  / i n Ger man/ .

HE F .  E E E N C E S  :

BABI TCHEV,  Z. V. ,  JTJSHI N,  A. I . ,  / 1970/ ,  Mut u ­

al  i nt er ac t i on bet ween pi l e f oundat i ons  and 

super s t r uc t ur e of  panel  bui l di ngs ,  Founda ­

t i ons  and Soi l  Mechani cs ,  n 6,  Moscow,  / i n 

Huss i an/ .

BABTOLOMEJ,  A. A.  / I 970/ ,  Set t l ement  c al c ul a ­

t i on of  pi l e f oundat i ons ,  Foundat i ons  and 

Soi l  Mechani cs ,  n 5,  Moscow,  / i n Russ i an/ .

74


