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the settlement ratios for the subsoil conditions on w hich these 

build ing? ore founded. F in a lly , K le in  reports the in fluence 

o f roughness at the p ile  shaft and volume displacement on the 

load ca p a c ity . He also reaches conclusions to estimate the 

skin fr ic t io n  for w h ich he proposes a form ula.

1 .7 . -  LA D A N Y I (Canada), proposes a theory to  estimate the 

bearing capac ity  facto r N c in  sensitive clays taking in to  con

sideration the stress- strain behavior o f the c la y , namely: he 

considers im portant to take in to  consideration the peak and re 

sidual shear strength values o f the s o il. He finds from the re 

sults o f th is theory in  sensitive c lay  interesting conclusions.

He proposes to reduce the value o f N c  os a function o f the 

ra tio  o f residual shear strength to the peak va lue , and also 

considering the s tra in - strain characteristics o f the s o il. To 

app ly this theory, i t  w i l l  be necessary to determine the shear-  

strain behavior and u ltim ate  shear strength properties o f the 

soil in  good undisturbed b lock samples o f the c la y .

1. 8 . -  GRESILLON, FORAY, PENCH A N D  TERRIEZ (France), 

propose a se m i-e m p irica l method to ca lcu la te  the u ltim ate  

load o f a p ile  in  uniform  sand deposits. They based the ir c a l

cu la tions on observational results o f model test piles,, and on 

the basis that beyond certa in  depth no fu rther increase takes 

place on the u ltim ate  po in t resistance, also on the basis that 

the skin fr ic t io n  for un it surface reaches a lim itin g  value for 

im portant depths. They take in to  account the com pressib ility 

o f the soil on the basis o f the re la tive  dens ity . They recom

mend from the ir investiga tions, to  use Figs. 1 and 2 in the ir 

paper, to  find  in a uniform  sand, the re la tio n  between re la tive  

density, the angle of in te rna l fr ic t io n  and soil density , reach- 

ing to a c r it ic a l con fin ing  pressure considered in the ir c a lcu 

la tion  to determine the po in t bearing capac ity  o f p iles in sand.

1. 9 . - TO H EN G  A N D  PANET (Frcnoe), repo rt the results o f r  

tesl in  a group o f p fles. The tests consisted in  pushing a group 

o f 5 model p iles  from sand of the Lo ire , and measuring in d i

v id u a lly  the po in t resistance o f each p ile  as a function  of the 

depth o f penetra tion . The penetration o f the group was per

formed at constant rate o f ve rtic a l d isplacem ent. The authors 

reached interesting conclusions, stating that the spacement of 

the p iles on the ir ind iv idua l loads is im portant except when 

the p ile  diameter exceeds seven diameters. For close spacing 

the group acts as a single element o f larger d iam eter, i t  is 

also concluded that for spacing below 7 diameters the point 

resistance is greater than tha t obtained for an isolated p ile .

1 .1 0 .-  SHERMAN (U . S. A . ) .  The author reports the in ve s ti

gation  performed on instrumented p iles used to support two 

m ono lith ic  foundations. The m onoliths were supported on ba t

tered p iles driven through a stratum about 4 m th ick  in fine

to medium sand, the end bearing was obtained in s tif f  c lay 

interbedded w ith  very dense s ilt  and fine  sand strata, in which 

they reached a penetration o f 6 m. The observational results 

showed that p ra c tic a lly  a ll the net load was carried by the 

p iles, a small frac tion  on the order o f 5% was carried at the 

soil surface. Furthermore, i t  was found that the loads on the 

piles did not show a planar d is tribu tion  as usually assumed in 

design. The load on the p iles showed higher at the outer p iles 

than those a t the cen te r. Undoubtedly, this p ile  load d is tr i

bution was obtained because o f the m ono lith ic  r ig id  action  of 

the foundation .

i .  I I . -  G R IG O R IAN  A N D  IV A N O V , (USSR). The authors 

performed extensive fie ld  investigations o f p iles driven in  

loess soils, reaching the conclusion that the best method to 

insta ll p iles in loessial soils is to  je t down tube- like  concrete 

p ile s . The General Reporter recommends to see the figures 

included in  the paper showing the p ile  design.

1 .1 2 .-  BUTTERFIELD A N D  JO H N STO N  (England), report the 

results o f f ie ld  tests on a model p ile  10 ans in diameter and 4 
m long, driven in  London C lay ove rla id  by 2 m gravel pre

viously excavated in a trench 2 x 2 m. The p iles and soil 

were instrumented to measure the stresses induced when load

ing the p iles . The measurements were performed during con

tinuously jack ing the p iles in to  the so il, and also extracting  

them. The in te rp re ta tion  o f the ir results was performed on the 

basis o f the undrained shear strength p ro file  o f the s o il. How

ever, they had to take in to  account small angles o f in te rna l 

fr ic tio n  in  the ir in te rp re ta tion . The shear stresses and to ta l 

rad ia l stresses during the process o f the tests were measured.

1 . 1 3 . - BEG EM ANN, H .K .S . (H o lland). The author reports 

the results o f loading and pu lling  qu ick tests performed on I -  • 

oeam p i l e s . P ie  a u t h o r  r e a c h e d  t h e  c o n c lu s io n  
t h a t  t h e  f r i c t i o n a l  f a r c e  upon lo a d in g  an d  
p u l l i n g  o f a  s i n g l e  p i l e  i s  ap p rc a g n & T a iy  “equ 
a l ,  an d  no r e c o v e r y  ox t h e  lo a d s  w as o b se rv e d  
a f t e r  tw o m onths r e s t  p e r io d .T h e  r e s u l t s  a r e  

•com pared  w i th  t h e  p e n e t r a t i o n  co n e  d e v ic e ,
' t f i e r e  t h e  co n e  a n d  f r i c t i o n a l  r e s i s t a n c e  w ere 
d e te rm in e d  s e p a r a t e l y . F i n a l l y , t h e  a u t h o r  o f 
f e r s  i n  h i s  p a p e r  a  num ber o f  re m a rk s  f o r  t h e  
i n t e r p r e t a t i o n  an d  th e  u se  o f  t h i s  ty p e  <£ 
p i l e .

1 .1 4 .-  C H IN  A N D  V A IL  (M alaysia ), report a set o f simple 

t e s t s  p e r fo rm e d  on p r e c a s t  c o n c r e t e  p i l e s  o f  
50 t o  90 f e e t  lo n g  d r iv e n  i n  a l lu v iu m  s o i l s
o f  h ig h  c o m p r e s s i b i l i t y .T h e y  p e r fo rm e d  pulling 
an d  l o a d in g  c a r r y i n g  c a p a c i t y  t e s t s . ¥ i o m  the 
p u l l i n g  t e s t  t h e y  d e te rm in e  t h e  s k in  friction, 
g r om -fcaais l e f t  t o  r e s t  up t o  116 d a y s  after 
d r i v i n g . no  h a r d e n in g  e f f e c t s  w ere  d i s c o v e r e d . 
They r e a c h e d  i n t e r e s t i n g  c o n c lu s io n s  f  o r t K a  
ty p e  o f  t e s t s , a n d  e s t a b l i s h  th e  l o a d - s e t t  leni
e n t  b e h a v io r  o b s e rv e d  i n  t h e  p i l e s  u n d e r  t e n s -  i 

_ io n  a n d  c o m p re s s io n .
1 . 1 5 . — GREGESS-BiN ,  AAS A N D  D IB IA G IO  (NorwayJ. I he 

authors report interesting results o f an investigation  performed 

in re inforced concrete p iles driven in  homogeneous loose 

sand. The p iles were contiroated in 8 m long sections instru

mented and ca lib ra ted  before d r iv in g . The sections were con 

nected to make 16 m long p il ts .  The authors were able to 

measure the skin fr ic tio n  and to ta l load ca pac ity . From their 

observations, they found that considerable negative skin f r ic 

tion  developed after p ile  d riv in g . The load transfer at the 

upper part o f the p iles was sm all. The bearing capacity  was 

found to increase lin e a rly  w ith  the p ile  length embedment in 

the homogeneous loose sand deposit. They report na s ign i

fica n t d iffe rence in the bearing capac ity  for a cy lin d rica l 

and cone p ile  o f equal length and t ip  d iam eter.

1 .1 6 .-  TROGOL, E . (Turkey), reports tests on natural size 

p iles 52 .8  cms d iam eter, and 28 to 30 m length driven in to  

the sea bottom . The subsoil consisted o f an upper stratum o f 

soft, organic and h igh ly  p lastic  silts and clays 6 m th ic k , fo l

lowed by a series o f deposits o f low p la s tic ity  s ilty ,  sandy 

s ilt and gravel underla in by a deep bed o f s t if f  c lay  w ith  

dense sand-g rave l lenses. Some p iles were le ft w ith  the ir
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'goint one meter above the hard stratum and others perm itted 
■Co penet r at e i nt o i t . Pul l i ng t es t s  wer e car r i - !  
ed out  i n t he f i r s t  pi l es  t o det er mi ne,  ski n-  
f r i ct i on. The aut hor  f i nds  good agr eement  of  
t he meas ur ed pul l i ng f or ce wi t h cal cul at i ons  
f r om a f or mul a he pr oposes . Hew ever . t he poi nt  
bdar i ng capaci t y val ues  f ound wer e not  i n good 
agr eement  wi t h comput ed val ues  us i ng di f f e-  
r ent  concept s  of  t he bear i ng capaci t y f act or s  
The di s cr epanci es  ar e at t r i but ed t o t he ne 
ces s i t y of  ass es s i ng mor e accur at e i nves t i ga 
t i ons  of  t he soi l  mechani cal  pr oper t i es  t o 
be ~used i n t he cal cul at i ons .

1 .1 7 .-  SHIVASTAVA, S. P. (Ind ia ), reports a theoretica l 

'analysis o f a p ile  group subjected to ve rtica l and la tera l 

loads, assuming the piles forming a structural frame and eva 

luating the stress- displacement behavior using M in d lin 's  solu

tion for a po in t load acting in  the isotropic in f in ite  e lastic 

so lid . The modulus o f e la s tic ity  o f the soil was assumed in 

creasing lin e a rly  w ith  depth. From fie ld  tests on one instru

mented p ile  o f a group o f 9 p iles, the author compares results 

w ith  the theore tica l ana lysis. The author repor ts comparable 

results, when the soil parameters are properly assessed, and 

whgn the loqd itppoged qij. the p iles induce stresses in the 

g r o u n d  n o t  l a r g e r  t h a n  o n e  t h i r d  o f  t h e  u l b i -  
m a te  v a l u e s «

1 .1 8 . - BROMS A N D  HILL (Swe'den)r  The authors report an 

interesting investigation on long Raymond step- taper piles 

made o f corrugated steel, constructed in sections 3 .6  m long 

welded together. The p iles were driven w ith  a mandrel w ith  

.the same shape o f the she ll. The p iles had to support Tower 

foundations w ith  very c r it ic a l t i l t in g  spec ifica tions( 1/ 1000). 

^i he subs oi l  condi t i ons  cons i s t ed of  seai es  of  
depos i t s  of  f i ne non- cohes i ve mat er i al s  wi t h 
s t andar d penet r at i on r es i s t ance i ncr eas i ng 
wi t h dept h. At  t he upper  par t  of  t he depos i t
to about  10m dept h up t o 50 bl ows/ f t  wer e obt 
ai ned,  f r om 10 t o 40m, t he mi ni mum s t andar d pe
net r at i on was  of  50 bl ows / f t , i ncr eas i ng con-  

■s l der abl y af t er  40m dept h. The t es t  pi l es  wer e 
i ns t r ument ed t o i nves t i gat e poi nt  r es i s t ance 
and ski n f r i ct i on. Pr e- dr i l l i ng was  us ed t o 
i ns t al l  t he pi l es  us i ng ci r cul at i ng wat er  and 
bent oni t e s l ur r y. The aut hor s  r eached t he con
cl us i on t hat  a ver y smal l  ver t i cal  di s pl ace 
ment  mobi l i zed t he" s Mn  f r i ct i on,  i n cont r as t  
wi t h cons i der abl y l ar ger  di s pl acement s  neces 
sar y t o mobi l i ze t he mHTri i Bum poi nt  st ance,  
t he pi l es  i ns t al l ed uni n^ bent oni t e s l ur r y as  
a ci r cul at i ng f l ui d s howed an appr eci abl e r e 
duct i on i n t he s k i n  f r i ct i on r es)  a t a n n B ,

2 . BEHAVIOR OF LATERAL LOAD O N  PILES, STATIC A N D  

D YN AM IC

2 . 1 . -  ADAMS A N D  RDHAKRISHNA (Conadq). The authors 

report tests to  investigate the la tera l soil stress d is tribu tion , 

deflections and coe ffic ien ts  o f subgrade reaction for r ig id  pier 

foundations subjected to overturning moments. The tests were 

performed w ith  instrumented model piers up to 4 inches d ia 

meter and 20 inches long, embedded in  uniform s ilica  sand in 

the loose and dense states, respective ly . A  fie ld  test was 

performed on a three fee t diameter instrumented p ier in the 

same manner as the model tests. The authors found from their 

experiments that the e lastic  theory using the numerical me

thod o f "c o e ff ic ie n t o f subgrade re a c tio n ** overestimates the 

la tera l displacements and ro ta tion  o f the p ie r. O n the other 

hand, the ultim ate capac ity  induced by the overturning mo
ment was found in reasonable agreement w ith  the earth pres

sure theory. A  method to pred ic t deflections below ultim ate
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conditions is ind icated considering the soil mass as a layered 

system, and g iv ing  to each layer its corresponding modulus o f 

reaction  based on the geom etrical dimensions o f the p ier and 

stress level expected, considering non- lin e a rity  in  soil be

hav io r.

2 . 2 . - FRANKE, E. (G erm any).The author states that in  order 

to  obtain re liab le  results on the behavior o f la te ra lly  loaded 

p iles, the best procedure !s to perform natural scale tests in 

s itu . He suggests to perform tests in  three p iles embedded at 

d iffe re n t lengths in  the soil mass. This procedure w i l l  perm it 

to  know the c r it ic a l embedment, and the p ile  con figura tion 

under the la tera l loading conditions app lied  at the p ile  head.

The p iles should be instrumented and the la tera l displace -  

ments and rota tion  at the p ile  cap are measured as the load is 

app lied . The p ile  load should not be greater than 1.5 o f the 

expected w orking la tera l load. The test is performed w ith  

static loading and a lte rna ting  or repeating loads as the case 

may be. The tests should include the time element to de te r

mine the creep e ffe c t under sustained load ing . From the 

analysis o f the tests results, d iffe re n tia tio n  may be made, and 

t h e o r e t i c a l  c a l c u l a t i o n s  a r e  p e r f o r a t e d  a d j u s 
t i n g  t h e  f o u n d a t i o n  m o d u l i  f o r  t h e  s o i l  l a y e r s  
e n c o u n t e r e d  u p t i 1 a g r e e m e n t  i s  m e t  w i t h  t h e  

« n f i g u r a t i o n  P i l e  c u r v e  o b s e r v e d  i n  t h e  p i l e  
t e s t s . T h e  m e th o d  i s  i l l u s t r a t e d  i n  t h e  p a p e r .

2 . 3 . -  KHADILKAR A N D  COLLABORATORS (Ind ia ), report a 
t h e o r e t i c a l  i n v e s t i g a t i o n  f o r  p i l e s  s u b j e c t e d  
t o  l a t e r a l  l o a d s  w i t h  d i f f e r e n t  e m b e d m e n ts  i n  
a  s t i f f  s t r a t u m  u n d e r l y i n g  a n  u p p e r  s o f t  s o i l  
d e p o s i t . D i m e n s i o n l e s s  p a r a m e t e r s  E ire u s e d  
changmg me ra tio  ot p ile  stittness and soil r ig id ity ,  also the

re la tive  r ig id ity  o f the two soil média where the piles are su£ 

p o s e d  t o  l»e d r i v e n . T h e  a n a l y s i s  i s  b a s e d  on 

t h e  t h e o r y  o f  " c o e f f i c i e n t s  o f  s u b g r a d e  r e a c 
t i o n "  u s i n g  t h e  o r t h o d o x  d i f f e r e n t i a l  e q u a t i o n  
o f  b e n d i n g  o f  b e a m s  o n  e l a s t i c  s u p p o r t s .

2 . 4 . -  PRAKASH, S. (Ind ia ). The author reports a dynamic 

investigation on a Franki p ile  40 cms diameter and 28 m long, 

d riven  through a deposîï o f c lay  w ith  a tnickness o f 23 m, and 

average unconfined compressive strength ot 0 .3 2  K g /cm  .

The t ip  o f the p ile  was driven in to  a dense sand stratum. The 

p ile  w a i toraed to  v ib ra te  w ith  an o s c illa to r. The dynamic 

response o f the p ile  was recorded at the p ile  head. The 

author reports the amplitudes obtained against the frequency

o f v ib ra tion  imposed to the p ile .  Using the e las tic  beam ^

theory and the concept o f the modulus o f subgrade reaction , m 

he develops a theory to ca lcu la te  the behavior o f the p ile  

under such conditions, determ ining the v ib ra tion  mode shapes 

o f the p ile .

2 . 5 . - AGARW AL, S. L. (Ind ia ), reports the results o f a 

study o f dynamic la te ra lly  loaded small model p iles . The 

p iles were embedded in modelled and real c la y . From theo

re tica l considerations using W ink le r's  spring beam theory and 

in troducing damping, theore tica l results were obtained and 

compared w ith  the results obtained from the tests. The author 

reports fa ir  agreement between theory and results obtained 

from model tests.

2 . 6 . -  BOTEA, E. A N D  COLLABORATORS (Romania). The 

authors report extensive test results carried on instrumented 

p iles up to 1 .27  m d iam eter. The piles were placed in a s ilt 
and c layey s ilt deposit and also in series o f deposits o f fine

and medium sand. The results o f the tests are compared w ith
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soi l  modul us  i ncr eas i ng l i near l y wi t h dept h;  
t he aut hor s  f ound r easonabl e good agr eement  
bet ween meas ur ement s  and comput at i ons , t hus  
conf i r mi ng t he val i di t y of  t he ass umpt i ons  
made. They f ound-  al s o t hat  t he val ue of  t he 
"coef f i ci ent  of  subgr ade r eact i on"us ed dec-  
cr eas es  as  t he pi l e def l ect i on i ncr eas es  
due t o t he non l i near  behavi or  of  t he soi l  
and concr et e of  t he pi l e.  The aut hor  r epor t  
t hat  t he val ues  of  t he "coef f i ci ent  of  sub-  
^r ade r eact i on"  agr ee cl ose wi t h t hose r e^ 

commended by Terzaghi (1955). F in a lly , they propose an 

em pirica l method to ca lcu la te  the conventional depth o f em

bedment o f the p ile . Tables are proposed w ith  ten ta tive  

values for the embedment in loose, medium and dense sands 

for d iffe re n t values o f the moment o f in e rtia  o f the p ile .

2 . 7 . - OTEO, C . (Spain). The author reports the results of 

an investigation performed on model p iles 0 .8  cm diameter 

and 28 cms long. The model p iles were placed in groups o f 

3 x 3  p iles w ith  d iffe re n t spacinqs in loose to dense sand. The 
pi l e gr oups wer e suDj ect ed t o al t er nat i ve l a
t er al  f or ces  up t o sever al  cycl es . They obs er - ’ 
ved t hat  when t he soi l  was  i n a l oose st at e,  
a depr ess i on at  t he sur f ace was  f or med, and 
set t l ement  of  t he pi l e gr oup t ook pl ace. The 
aut hor s  pr opose a set  of  pr act i cal  r ul es  f or  
t he des i gn of  such s t r uct ur es , bas ed al so on 
obser vat i ons  per f or med i n connect i on wi t h va 
r i ous  dol phi nes  cons t r uct ed i n t he har bor  of  
T.a Cor una.  Spai n.
3 .: LARGE DIAMETER SPECIAL PILES, CAISSONS

3 J . -  BOLOGNESI A N D  MORETTO (A rgentina). The 
aucnor s  des cr i De an i nt er es t i ng cons t r uct i on 
met hod of  l ar ge di amet er  cai ssons  t o suppor t  
br i dge pi er s  at  t he Par ana Ri ver , t o i ncease 
t he bear i ng capaci t y and r educe set t l ement s .
To achi eve t hi s  pur pos e, t hey used gr aut i ng 
under  hi gh pr es s ur es  at  t he base of  t he pi er .  
The shaf t  of  t he pi er  i s  cons t r uct ed us i ng a 
r ei nf or ci ng shel l  l ower ed by bor i ng t hr ough 
i t . The pr el oadi ng cel l  wi t h t he f or m of  a ba-  
squet  f i l l ed wi t h coar s e gr avel ,  i s  l owe
r ed at  t he t i me t he r ei nf or ci ng s t eel  i s  
pl aced. Af t er  conf i ni ng pr oper l y t h e  cel l , t he 
gr avel  bas quet  i s  gr out ed under  hi gh j xes su-  
r es , t hus  pr el oadi ng and compact i ng t he soi l  
at  t he bear i ng s t r at um. Ther eaf t er , t he cor e o f  
t h e  pi l e i s  f i l l ed wi t h concr et e. The aut hor s  
| obt ai ned i mpor t ant  r es ul t s  showi ng t hat  
us i ng t hi s  cons t r uct i on met hod hi gher  bear i ng 
capaci t y may be obt ai ned. and t he set t l s nent  
o f  t he pi er  suppor t ed on t he bear i ng s t r at um 
'i s  m i n i m i  y. ad.
3 .2 .  -  D lA M A N T I, R. ( I ta ly ) .  The author describes a de

ta iled  method to insta ll large diameter p iles, from 1 to 1.8 

m d iam eter. The large diameter p iles were constructed un

der water for the supports o f the bridge tower a t the Parana 

River in A rgen tina . The subsoil conditions are water la id  

medium and fine sands increasing the ir density w ith  depth. 

The casing was placed w ith  precast concrete elements 7 m 

long driven w ith  a casing machine and using bentonite 

slurry mud to reduce side fr ic t io n .  A t the bottom a steel 

cage w ith  gravel was lowered to be used as a preloading 

c e ll,  thereafter the ce ll was grouted under high pressure.

The space between soil and casing was also grouted to deve

lop side fr ic t io n  before subjecting the base to high pressures. 

The authors report very satisfactory results as the bearing 

capacity  o f the caisson was increased, and the settlements 

reduced .

3 . 3 . -  G O LO M BEK, S. (B raz il). The author describes the 

construction o f unusually long piles o f 1.5 m diameter and 70 

m long used for bridge supports. They were achieved d riv ing  

a reinforced steel casing w ith  a thickness o f 1 /4 "  at the upper 

part and 1 /2 "  in the lower pa rt. The d riv ing  was performed 

using in the upper part earth augers assisted by hammers up to 

the Delmag D - 22, to introduce the piles throughout a series 

o f deposits 20 m th ick  o f loose to dense sand interbedded w ith  

th in  c lay  strata. The sand increased its density w ith  depth. 

The d riv ing  fo llow ed in to  a 40 m th ick  deposit o f very soft o r

ganic s ilty  c lay  w ith  fine  sand overly ing weathered sandstone. 

In the weathered sandstone, the casing was excavated d r ill in g  

about 15 m u n til reaching sound rock at a depth o f 70 m. The 

s ta b ility  o f the hole was achieved using bentonite s lurry. The 

author expla ins in the paper a il the handicaps tha t had to be 

overcome in the construction o f this unusual very d e e D

■ foundation.

3 . 4 . - REESE, O 'N E ILL  A N D  TO U M A , (U .S .A .) .  The

authors report an interesting study o f  load transfer in  bored 

p iles o f 75 - 90 cms diameter and 13 to 20 m long. The p iles ■ 

were.constructed in a s tif f  c lay  deposit underla in by a w ater

bear i ng sand s t r at um. The pi l es  wer e i ns t al l ed'  
"by t he s l ur r y met hod, dr i l l i ng and cas i ng t hr 

ough t he s t i f f  cl ay and t hen usi ng f l ui d ben
t oni t e t o s t abi l i ze t he hol e i n t he wat er  bear 
i ng sand. The bent oni t e s l ur r y was  kept  t o ab
out  2m above t he gr ound sur f ace t o obt ai n suf 
f i ci ent  pr essur e t o avoi d cavi ng. The concr et e 
was  pl aced by t he "Tr emi e" met hod. The f i ni shed 
pi l e was  ext ended t o cer t ai n hei ght  a b we  t he . 
gr ound sur f ace t o as sur e t hat  t he pi l e up t o 
t he r equi r ed el evat i on was  no mor e cont ami na 
t ed wi t h bent oni t e i n i t s  upper  por t i on. The 
measur ement s  on t hi s  i ns t r ument ed pi l e s howed 
i nt er es t i ng concl us i ons . The aut hor s  f ound t hat  
t he s i de f r i ct i on f or  t he bor ed pi l es  i n st i f f  
cl ay i ns t al l ed by t he s l ur r y met hod, i s  compa
r abl e wi t h t hose cas t  by t he dr y t echni que.
They s t at e t hat  by exami nat i on of  t he nat er i al  
at  t he i nt er f ace of  soi l  and pi l e s howed a  st a
b i l i z e d  coat i ng of  sand, t hus  t he nat ur al  
s t r e n g t h  of  t he soi l  at  t he pi l e shaf t  pr evai -  
l ed. Smal l  di s pl acement s  on t he or der  of 0. 4 
t o 0. 5cm mobi l i zed t he s hear  s t r engt h i n t he 
s t i f f  c l a y ,a n d  an t h e  o r d e r  o f  0 .5  t o  1 .0cm  
i n  t h e  s a n a  d e p o s i t s .T h e  a u th o r s  r e a c h e d  t h e  
c o n c lu s io n  t h a t  I n  b o r e d , p i l e s  u s i n g  t h e  s l u 
r r y  d is p la c e m e n t  m e th o d  t h e  p o i n t  r e s í s t a n o s  
I s  g r e a t l y  r e d u c e d  b e c a u s e  o f  t h e  e n t r a p n a n t  
ncf s o f t  m a t e r i a l  a t  t h e  t i p  o f  t he p i l e .  I

i .  ANCHORED PLATES A N D  PILES

1 4 . 1. - MEYERHOF, G . G . (Canada). The author reports the 

results o f an extensive investiga tion  on model and fie ld  tests 

o f shallow and deep anchored plates and p iles performed in 

clays and sands. The anchors were subjected to inc lined  p u l

ling  loads varying from the ve rtica l to the horizonta l position. 

The author proposes a theory, and formulae based on u p lif t  

coe ffic ien ts  to estimate the u ltim ate  pu lling  capacity  o f these 

elements, for c lay  and sand soils. The investiga tion showed 

that the u p lif t  coe ffic ien ts  change w ith  the in c lin a tio n  o f the 

p u llin g  load increasing to a maximum value when the pu ll is 

exerted in the horizonta l d ire c tio n . The in c lin a tio n  o f the 

p u ll becomes less im portant w ith  the anchor depth . Most in 

teresting conclusion stated by the author is tha t: "fo r sim ilar

soil conditions and g iven pu ll in c l in a t io n -------the correspond

ing u p lif t  capacity increases as the in c lin a tio n  o f the anchor 
plates or p ile  increases from the ve rtica l d ire c t io n ^
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4 . 2 . -  NUNES, A . J . A N D  COLLABORATORS (B ro z il) ,re 

port the use of pre—stressed anchorages suc
cessfully used in numerous jobs,either in 
rook or soils.The authors reach interesting 
conclusions,and propose recommendations for 
the proper behavior under the pulling loads, 
in connection with methods of construction.
4 . 3 . -  HARMA A N D  SPARLES (England), describe the test re 

sults o f c ircu la r anchored plates tested in the laboratory in  

homogeneous norm ally consolidated sand. The authors propo

se an interesting method to obtain more p u llin g  force and less 

ve rtica l displacements. They achieve these results pre-stress 

!ng strongly the sand between a deep dead anchor plate and 

another surface plate jacked down strongly against the soil sun 

face, and fixed  strongly to the lower p late by means o f a r i 

g id steel shaft. This e ffe c t produces high la tera l compression 

on the surrounding soil form ing a h igh ly  compressed sand c y -  

lin d e r. They find  that the p re - loading has a s ign ifican t e f

fe c t on the u ltim ate  pu lling  force and v e rtica l displacements
n f  t hp n n r h n r s- __I n t hei r  i n y p st i gni-in n , t h ey  h n v p n l sn  i n r  111 -

ded the re laxa tion  tha t may be expected after p re - stressing 

the sand cy linde r between both plates.

4-.4.P0DSIADL0.H.(Poland)presents a method to de
termine the u ltim ate  bearing capac ity  o f anchor plates in 

groups. The author investigated the in fluence o f spacing and 

depth, and developed a theory to ca lcu la te  the e ffo rt to mo

b iliz e  the u ltim ate  pu lling  forces. He proposes a formula 

based on the w eight o f soil above the p late and depth at 

which the plates are buried , the geometry o f the p la te , and 

the angle of internal friction in cohesion- 
less sails.To verify the formula proposed, 
the author performed model tests in which 
fairly good agreement was obtained*
5 .  F IL E  DBTYUG.PHTHFRATION TESTS

5. I . -  (England;, reports an extensive study

from results obtained in the use o f resonant p ile  d riv ing  ham

mers. Several jobs were selected by the author to perform 

this investigation in subsoil conditions from sand to g rave lly  

soils and c lays. The results were studied in  con junction  w ith  

parameters o f shear strength, re la tive  density and rate o f pe

ne tra tion . The author reaches interesting conclusions from 

this s ta tis tica l study, stating that the performance o f the 

machine is closely related to the nature o f the soil conditions; 

re la tive  density, d iam eter, w e igh t and length o f p ile .  He 

concludes that w e ll graded sand close to  its maximum re la 

tive  density is very hard to penetrate. O n the other hand, 

the piles may be driven w ith  the resonant p ile  d river w ith  re 

la tive  easiness in sand or g ra ve lly  soils w ith  loose to medium 

density. The author proposes lim itin g  values o f grain size 

and un ifo rm ity  coe ffic ients  in cohesionless soils. For p ile  

diameter spacings o f 3D, no special d iff ic u lt ie s  may be en 

countered. He concludes that the resonant p ile  d riv ing  ham

mers offer more advantages than other v ib ra to ry  hammers in 

cohesive granular soils, but the ir e ffic ie n c y  is seriously re 

duced in  s tif f  clays and w e ll graded sand o f high re la tive  

density .

5 . 2 . -  GRUTEMAN, BARTOLOMEY A N D  COLLABORATORS 

(USSR). The authors have performed tests to investigate the 

bearing capacity o f p iles in  re la tion  w ith  penetration tests.
Test p iles up to 27 .3  sms diameter were used, as w e ll as

fie ld  driven p iles o f 30 x 30 cms cross section and lengths up 

to 6 and 8 m. The authors using a special device were able 

to investigate separately skin fr ic t io n  and po in t bearing and 

reached interesting conclusions from the ir results. The 

authors propose formulae and coe ffic ien ts  to be used in them 

to account for deviations obtained from the sta tic penetration 

tests, and for d iffe re n t types o f soils where the test p iles were 

investiga ted .

The authors propose a formula for the bearing capacity  o f a 

strip p ile  foundation based on u ltim ate  settlements, taking 

in to  consideration the soil density, inc lud ing  also in  the theo 

re tica l analysis the creep phenomena. From p ile  tests, they 

determine the proper parameters for s im ilar subsoil type con

d itions and d iffe ren t p ile  lengths. To ca lcu la te  settlements 

o f this type o f foundations, they use the tw o - dimensional 

primary consolidation theory, and propose tables to ca lcu la te  

settlements in saturated soils.

5 .3 . - TRO FIM ENKO V. J u .G .  A N D  COLLABORATORS 

(USSR) . The authors report tests performed on d iffe re n t

■ ypes o f p iled  foundations. They exp la in  methods developed

co s o lv e  e i t h e r  e m p i r i c a l l y  o r  t h e o r e t i c a l l y  
th e  p ro b le m s  on s k in  f r i c t i o n  a n d  p o i n t  b e a 
r i n g  c a p a c i t y  f ro m  t h e  s tu d y  o f  a  l a r g e  num
b e r  o f  f i e l d  t e s t s . T h e  a u t h o r s  i n v e s t i g a t e d  
s k i n  f r i c t i o n  a n d  p o i n t  b e a r i n g  c a p a c i t y  i n  
r e l a t i o n  w i th  t h e  r e s u l t s  o f  c o n e  p e n e t r a t i o n  
t e s t s ; t h e y  fo u n d  i m p o r t a n t  d e v i a t i o n s , c o n s e 
q u e n t l y ,  t h e y  p r o p o s e  a  l o a d  c a p a c i t y  fo rm u la  
b a s e d  o n  t h e  c o n e  p e n e t r a t i o n  t e s t  i n f o r m a t i 
on u s in g  v a r i a b l e  c o r r e c t i o n  f a c t o r s  t o  th e  
p o i n t  co n e  r e s i s t a n c e  a n d  t o  th e  s h a f t  f r l o -  
t i o n , o b t a i n e d  b y  m eans o f  t h i s  p e n e t r a t i o n  
t e s t  d e v ic e .W ith  t h i s  im p ro v e m e n t , th e y  f i n d  
b e t t e r  a g re e m e n t w i th  f i e l d  l o a d i n g  t e s t s .

The a u t h o r s  p ro p o s e  a  dynam ic f o r m u la  i n c l u 
d in g  a  num ber o f  f a c t o r s  a n d  c o e f f i c i e n t s  t o  
t a k e  i n t o  c o n s i d e r a t i o n  a l l  p o s s i b l e  i n f l u e n 
c e s  a f f e c t i n g  d r i v i n g .  The a u t h o r s  r e p o r t  t e s t i  
f o r  p i l e s  w i th  e n l a r g e d  p o i n t s  t o  i n c r e a s e  
p o i n t  b e a r in g  i n  v e a k  s o i l s , p r o p o s i n g  a  f o r 
m u la f o r  t h i s  t y p e  o f  p i l e s , a l s o  i n  c a s e  o f  
* a p e s  p i l e s .

The authors ipm erfgated the behavior o f bored pfles in claye'J 

co llapsib le  and weak soils w ith  enlarged bases. Investiga

tions were performed ins ta lling  loading ce lls  to measure d is

placement along the p ile  leng th . In loess deposits, the tests 

were performed under natural moisture soil conditions and 

also w ith  saturated s o il. They reached interesting conc lu 

sions in  th is  type o f soils, stating tha t fr ic t io n  forces may 

develop already under settlements on the order o f 0 .2  - 0 .1  

cm . They conclude these displacements are com patib le w ith  

the e lastic  compression o f the soil and p ile  shaft. They pro

pose a formula affected by em pirica l coe ffic ien ts  to  c a lcu 

late the load capacity  o f bored p iles . They found the pro

posed formula corresponds close ly to  the test results.

5 . 4 . - W ISEM AN, ZE1TLEN A N D  COLLABORATORS 

(Israe l), report the test results o f a study performed during 

the ins ta lla tion  o f a great number o f p iles o f various lengths 

from 18 to 35 m, some driven to end bearing in  sand, others 

in to a s t if f  p re - consolidated c la y . The piles were used for 

p ier construction and driven from a dredge line  a t 12 m 

depth below the sea le ve l. The piles were je tted  and driven 
to end bearing using d iffe re n t types o f hammers. The
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heaviest hammer used was the Delmag 44, w ith  w h ich they 
w e re  a b l e  t o  r e a c h  t h e  h i g h e s t  p e n e t r a t i o n .
T h e  p a p e r  d e s c r i b e s  t h e  e x p e r i e n c e  g a i n e d  i n  
t h e  p e r f o r m a n c e  o f  t h e  d i f f e r e n t  h a m m e rs  u s e d .  
T h e  a u t h o r s  c o m p a r e d  t h e  n u m e r o u s  l o a d i n g  
p i l e  t e s t s  w i t h  t h e  d y n a m ic  f o r m u l a e  t h e y  
p r o p o s e . T h e y  i n d i c a t e  i n  t h e i r  c o n c l u s i o n s  
t h a t  i n v a r i a b l y  t h e  f a i l u r e  l o a d s  o b t a i n e d  
f r o m  t h e  d y p mni n f o r m u la e  o y e r e s ^  m a ta d  i n  
a b o u t  $0% t h e  p i l e  l o a d s  i n  c o m p a r i s o n  w i t h  
r e s u l t s  o b t a i n e d  f r o m  t h e  l o a d i n g  p i l e  t e s t ' s .

5 .5 .  -  YO SHINARI A N D  SAKGUCHI (Japan), report a study 

on a great number o f d riven p iles . The authors found that the 

po in t resistance is a function  o f the method to ins ta ll the p ile .  

They also conclude that the po in t bearing capac ity  o f a p ile  

may be estimated from the (N ) values o f the soil surrounding 

the p ile  t ip .  The authors propose a formula for p rac tica l use 

to estimate the bearing ca p a c ity .

6 . EARTH PRESSURE O N  RIGID F O U N D A T IO N  WALLS

6 . 1. -  C ZA R N O TA  A N D  RYMSA (Poland), discuss the use of

d if f e r e n t  form ulae th a t  have Deen applied . In 

the p a s t  t o  c a lc u la t e  th e  h o r iz o n ta l s t r e s 
s e s  induced by s t r ip  fo o t in g s  lo a d s  on r ig id  

r e ta in in g  v a i l s  o f deep fo u n d ation s.T h e au
th o r s  oompared t h e i r  r e s u l t s  w ith  model r e -  

searoh.T hey reached  th e  c o n c lu sio n  th a t  th e  

s t r e s s e s  on a r ig id  « a l l  s tr u c tu r e  l im it in g  

a s o i l  medium because o f  n e ig h b o rin g  founda
t io n s  remain so  f a r  t h e o r e t ic a l ly  un so lved .
The h o r iz o n ta l  s t r e s s e s  depend on the mecha
n ic a l  p r o p e r t ie s  o f  th e  s o i l  m edium .Therefore, 
there i s  need o f more com prehensive research  

under d i f f e r e n t  s o i l  c o n d it io n s  t o  f in d  b e tte r  

c o r r e la t io n s , in  canneotion  w ith  th e  proper  

s o i l  param eters.

6.2.-JOSKE AND ERZEDECKI,(Poland).The auth ors  

rep o rt a  th e o r e t io a l  a n a ly s is  to  f in d  th e  

p o s s i b i l i t y  at oar r e la t in g  a k in em atioa l s o 
lu t io n  to  th a t  o f  th e  Baoklne assum ption fo r  

th e  p r e ssu re s  e x er ted  a  r e ta in in g  w a lls ,o n  

th e  b a s is  th a t  th e  s o i l  s u f f e r s  n e g l ig ib le  

changes in  volume during the m otion of th e

reta in ing  w a l l . From the ir theore tica l considerations, they 

ca lcu la te  the pressure d is tribu tion  on the w a ll,  and find  s im i

la r results from large scale model tests. They conclude that 

the solution basefd on k inem atica l considerations gives smaller 

pressures on the w a ll than those obtained using the Rankine 

Theory. A pparen tly , the w a ll f r ic t io n  was not included in  

the ir theore tica l assumptions.

7. SETTLEMENT OF BUILDINGS O N  PILE FO U N D ATIO N S

7 .1 . -  V A N  PER VEEN A N D  HORVAT (H o lland ), report in 

teresting observations and loading tests measurements for the 

foundation o f a b u ild in g . The results obtained from end bear

ing loading tests driven in to  sand deposits ove rla in  by soft 

soil are compared w ith  penetration tests results. For many 

years in H o lland , great p rac tica l experience has been gained 

in  the use o f the cone penetration test w ith  very satisfactory 

results to decide on side skin fr ic t io n , and po in t bearing 

capac ity  to be assigned to the p iles . The authors state, how

ever, that using the cone penetration tests, the predicted 

settlements have not s t ill come to the po in t o f ob ta in ing  satis

fac to ry  results. Settlement estimates usually have to be 

acertained by the experience o f the foundation engineer . The 

authors state in  the ir conclusions to have ob ta ined , however, 

to le rab le  settlements for the structure. Most o f the se ttle 
m ent occured during the construction pe rio d . For the b u ild 

ing investigated, the observed settlements showed two times 

larger than those obtained on single p iles for equal loads.

The authors report interesting results on coated p iles w ith  a 1 

cm th ick  bitumen layer, obta in ing a considerably reduction in 

the negative skin fr ic t io n  in the upper soft and compressible 

soil layers ove rly ing  the bearing stratum.

7 . 2 . -  D IA Z , B. E. (B raz il). The author offers an interesting 

numerical method that may be used in  a computer program, tc 

solve the problem o f ve rtica l and horizonta l displacements, 

and soil reactions o f p ile  groups. The method is based on 

e la s tic ity  considerations o f the s o il. The group o f p iles are 

assumed fixed  at the ir heads w ith  a r ig id  slab.

7 . 3 . -  HLAVACEK A N D  PETRASCK (C zechoslovakia),report 

settlement observations for several bu ild ings . Their results 

g ive  measured settlements versus ca lcu la ted  settlements. A 

Table w ith  conclusions is given showing the average settle

ment ra tios for the subsoil conditions on w hich these buildings 

are founded.

COMMENTS AHD CONCLDSIDIIS

f o u n d  a  g r e a t  s t e p  f o r w a r d  i n  t h e  u n d e r s t a n 
d i n g  o f  t h e  b e h a v i o r  o f  d e e p  f o u n d a t i o n s  s i n 
c e  t h e  l a s t  I n t e r n a t i o n a l  C o n f e r e n c e .T h e  e n 
g i n e e r i n g  p r o f e s s i o n  a p p e a r s  t o  h a v e  b e e n  
a w a re  i n  t h e  l a s t  y e a r s  t o  i n v e s t i g a t e  t h e  
a n s w e r s  t o  t h e s e  p r o b l e m s ,  m o s t l y  u n d e r  f i e l d  
c o n d i t i o n s .  F i e l d  i n v e s t i g a t i o n s  a r e  e x p e n s i v e ,  
b u t  t h e  r e w a r d  i s  a l w a y s  p r o f i t a b l e  b e c a u s e  o f 
t h e  k n o w le d g e  a c q u i r e d , a n d  t h e  a b i l i t y  t o  d i a 
g n o s e  t h e  p r o b le m s  b e t t e r . T h i s  e f f o r t  i s  t r a n 
s l a t e d  i n  e c o n o m y ,m o s t ly  i n  l a r g e  a n d  m ed iu m  
s i z e  j o b s . T h e r e f o r e , p r o p e r  i n v e s t i g a t i o n s  o n  
t h e  s o i l  m e c h a n ic a l  p r o p e r t i e s  i n  c o n j u n c t i o n  
w i t h  w e l l  p l a n n e d  p r o g r a m s  o f  t e s t s  i n  t h e  f i 
e l d  s h o u l d  b e  c o n t i n u e d  a n d  h i g h l y  e n c o u r a g e d .

T he l a b o r a t o r y  i n v e s t i g a t i o n s  c a r r i e d  on i n  s  
s m a l l  a n d  m e d iu m  s i z e  m o d e l  p i l e s , p i l e  g r o u p s  
a n d  p i e r - l i k e  s t r u c t u r e s  a r e  i m p o r t a n t , s i n c e  
t h e  a c a d e m ic  w o rk  i s  a l w a y s  i n s t r u c t i v e  t o  d i s 
cover under ideal conditions, the trend o f the behavior to be 

expected in  the f ie ld , and be able to  have the basis to c a li

brate theories and laboratory find ings w ith  f ie ld  behavior.

Most p ro fitab le  is when comparisons are performed fo llow ing 

as close as possible, those aspects o f behavior that may fo l

low s im ilitude laws between model and prototype. The time 

element is extrem ely im portant to consider in  cases o f imper

vious soils; the granulometry and grains shape, re la tive  den

sity and un iform ity  in  case o f cohesionless so ils. The mass 

forces are im portant when corre la ting  model tests w ith  f ie ld  

cond itions.

The papers dealing w ith  fr ic t io n  have y ie lded  interesting con

clusions. In genera l, i t  has been found that negative skin 

fr ic t io n  may be estimated w ith  reasonable accuracy for single 

p ile  tests; however, the main concern has been to reduce these 

forces to gain economy in p ile  foundation design. This phe

nomenon is present when po in t bearing piles are driven through 

consolidating soft layers. It is agreed, in genera l, that the 

use o f coatings w ith  bitumen or ben ton ite , reduces the nega
tiv e  skin fr ic t io n  considerably; however, no established va
lues can be g iven  because o f the d iffe re n t methods employed.
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So f a r  i t  a p p e a r s  t h a t  t h e  r e d u c t i o n  i n  n e g a 
t i v e  a k in  f r i c t i o n  i s  a  m a t t e r  o f  s p e c i f i c  i n 

v e s t i g a t i o n s ,  and. p r o c e d u r e s  a c c o r d i n g  t o  t h e  
i n d i v i d u a l  e x p e r i e n c e  g a i n e d  i n  n a t u r a l  p i l e  
t e s t s  f r o m  o b s e r v a t i o n s  p e r f o r m e d  b y  i n v e s t i 
g a t o r s  i n  d i f f e r e n t  c o u n t r i e s . L a b o r a t o i y  i n 
v e s t i g a t i o n s  w i t h  d i f f e r e n t  c o a t i n g  m a t e r i a l s  
a n d  a p p l i c a t i o n  t e c h n i q u e s  a p p e a r  t o  b e  n e c e s 
s a r y  t o  e s t a b l i s h  d e f i n i t e  c o r r e l a t i o n s  w i t h  
f i e l d  t e s t s , t o  d e t e r m i n e  i n  a d v a n c e  b y  m e a n s  
o f  l a b o r a t o r y  t e s t s , t h e  a k i n  f r i c t i o n  a n g l e  
b e tw e e n  t h e  p i l e  c o a t i n g  a n d  s o i l . T h e  r e f o r e ,  
f o r e c a s t i n g  a t  lo w  c a s t  t h e  a p p r o x i m a t e  n e 
g a t i v e  s k i n  f r i c t i o n  f o r c e s  i n  u s u a l  f o u n 

d a t i o n  d e s i g n  p r a c t i c e , a n d  v e r i f y i n g  t h e  d e 

s i g n  b y  c o n v e n t i o n a l  n a t u r a l  s i z e  p i l e  t e s t .  
Very im portant is the general agreement that when d riv ing  pile 

groups, the soil mass heaves corresponding to a frac tion  o f the 

volume displaced by the p iles, and high excess pore water 

pressures are induced w ith in  the soil mass o f the groups. H ow  

ever, the excess pore water pressures appear to dissipate rapid 

ly , and the ground surface has the tendency to regain its in i — 

t i f l l  e leva tion , therefore setting on the p iles negative skin 

fr ic tio n  forces im mediately a fte r p ile  d r iv in g , as reported by 

o b s e r v a t i o n s  p e r f o r m e d  by  BRCMS a n d  H IL L , 
GREGESSEN a n d  COIL ABO RATORS, a n d  TORSTSTSSON 
a n d  VAN DER TEEN a n d  H O R V A T .O b se rv a tio n s  h a v e  
sh ow n  a l s o  t h a t  h e a v e  i s  c o n s i d e r a b l y  r e d u 
c e d  i f  t h e  p i l e s  a x e  d r i v e n  b e f o r e  t h e  e x c a -  ■ 
v a t i o n  i s  p e r f o r m e d .T h e  G e n e r a l  R e p o r t e r  c o n 
s i d e r s  t h a t  t h e s e  p h e n o m e n o lo g i c a l  o b s e r v a 
t i o n s  a r e  i m p o r t a n t  t o  c o n s i d e r  i n  f o u n d a t i 
on  d e s i g n  p r a c t i c e .

N u m e ro u s  t e s t s  on  m o d e l  p i l e  g r o u p s  h a v e  b e a i  
p e r f o r m e d  b y  a u t h o r s  i n  d i f f e r e n t  c o u n t r i e s ,  
f i n d i n g  t h a t  w hen t h e  g r o u p s  a r e  c a p p e d  b y  a  
r i g i d  f o u n d a t i o n , t h e  p i l e  l o a d s  a r e  h i g h e r  
a t  t h e  e d g e s  t h a n  a t  t h e  c a n t e r  o f  t h e  g r o u p s .  
T h i s  f a c t  i s  s u s t a i n e d  b y  f i e l d  i n v e s t i g a t i 
o n s  p e r f o r m e d  by  SHERMAN ax n a t u r a l  s i z e  p i l e  
g r o u p s  l o a d e d  w i t h  a  r i g i d  f o u n d a t i o n .
In gefrenal, it  is  agreed (hat to  determine the po in t bearing re 

sistance, the com pressib ility o f the soil has to be taken in to 

account. This has been done for the time being, re la ting  the 

angle o f in ternal fr ic t io n  w ith  the re la tive  density in  the soil 

mass affected by the stresses induced under the p ile  points. 

LAD A N YI proposes in case o f sensitive clays to reduce the 

(N c) bearing capacity  facto r taking in to  consideration the ra 

tio  o f residual to peak strengths. Also i t  is recommended to 

learn more accura te ly  on the m echanical soil properties under 

the p ile  points, to be able to obtain by means o f the usual 

bearing capacity  formulae more accurate values for the po in t 

resistance.

General agreement is obtained tha t small v e rtica l d isp lace

ments m obilize skin fr ic t io n  along the p ile  shaft, in contrast 

w ith the ve rtica l displacement necessary to m ob ilize  the point 

bearing resistance. Nevertheless, the General Reporter's 

opinion in th is matter is that this phenomenon depends h igh ly  

on the com pressib ility and strength o f the po in t bearing stratum.

The USSR investigators: GRUTEM AN, TROFIM ENKOV and 

COLLABORATORS found that the standard cone penetration 

tests have to be ca lib rated w ith  parameters perta in ing to the 

d iffe ren t types o f soils, to  obtain more accurate results when 

assigning the po in t bearing capa c ity , and the la tera l skin fr ic  

tion  capacity to the real loads carried by natural size p ile  
foundations.

in large diameter p re - bored p iles , the use o f grouting under 

high pressure to enlarge the base and compact the soil a t the 

bearing stratum has proved satisfactory to increase po in t bear

ing capac ity  and reduce ve rtica l displacements. The special 

technique described by BO LO G N ESI, MORETTO and 

D IA M A N T I may be used in  p re - bored p iles or p iers. In pre 

bored p iles, when using the slurry displacement method, the 

po in t resistance is grea tly  reduced because o f the soft m ateria l 

trapped at the bottom o f the ho le , as reported by REESE and 

COLLABORATORS. Therefore, in  these cases, the method pro 

posed above o f p re -  loading the base by grouting under pres

sure provides a solution to th is  problem .

Extensive tests are reported on model p ile  groups and single 

p iles subjected to la tera l loadings. In genera l, i t  is agreed 

that when la tera l displacements are not large, the theore tica l 

methods o f subgrade reaction  may g ive satisfactory results, and 

when the foundation moduli are properly assessed. These re 

sults have been confirmed in BOTEA'S paper, where he found 

good .agreement testing a na tura l size p ile  driyen in  fine  and

■ medium sand. He assumed the soil modulus vary ing  lin e a rly

w ith  depth.On the o th er  h end, ADAMS and. RDHAK- -  

RISHUA rep o rt from, model t e s t s  t j ia t  u s in g  th e  

" c o e f f ic ie n t  o f  subgrade r e a c t io n " ,th e  l a t e 
r a l  d isp lacem en ts and r o ta t io n s  may be over
estim a ted . To overcome t h i s  a c t io n ,th e y  propo
se  t o  con a ider each la y er  c o n tr ib u t in g  t o  the  

la t e r a l  p ie r  or p i l e  w ith  i t s  proper moduli.
' FRANCE su g g e s ts  th a t  in  order t o  ob ta in , pro

per r e s u l t s  In  p i l e s  su b jected  t o  la t e r a l  lo 
ads and t o  determ ined p rop er ly  th e  s o i l  foun
d a tio n  m o d u li,n a tu ra l s i z e  p i le  t e s t s  should  

be performed w ith  a t  l e a s t  th r e e  p i l e s  w ith  

d if f e r e n t  embedment lengths.F rom  tb e  p i l e s  

¡d e f le c t io n  c o n fig u r a tio n  ob ta in ed  in  th e  t e s t s ,  
one may in v e s t ig a t e  th e  r e a l  average founda- 

't ia o  m oduli f o r  the d i f f e r e n t  s tr a ta  where 

Ithe p i l e s  are embedded.The General Reporter  

f in d s  n eo essa ry  t o  c la r i f y  d isc r e p a n c ie s  in  

the d e f in i t io n  o f  the " c o e f f ic ie n t  o f subgra- 

>de r e a c tio n " , in  c o n tr a st  w ith  th e  u n it  s o i l  

[foundation m od u lu s,s in ce  the l a t e r a l  load ing  

d is tr ib u t io n  in  ttaB p i l e  sh a ft ,a n d  induced  

s t r e s s e s  d is t r ib u t io n  in  the s o i l  mass should  

be con sid ered  when one r e f e r s  t o  th e  u n it  fou 
nd ation  modulus.

D y n am ic  t e s t s  h a v e  b e e n  m a d e  on  a c t u a l  s i z e  ^ 
p i l e s  a s  t h o s e  r e p o r t e d  b y  PRA K A SH ,in o r d e r  > 
t o  l e a r n  on  t h e  b e h a v i o r  o f  p i l e s  w h en  s u b -  c 
j a c t e d  t o  v i b r a t i o n  a n d  a l t e r n a t i n g  l o a d s  a t  
t h e  p i l e  h e a d , a n d  f r c m  t h e r e  e s t a b l i s h i n g  
t h e o r i e s  l e a r n  o n  t h e  m o d e s  o f  v i b r a t i o n  o f  
t h e  p i l e s  s u b j e c t e d  t o  t h e  d y n a m ic  l o a d  a c t i 
on  a t  t h e i r  h e a d .
G reat interest has been g iven to problems concerning the u l

tim ate loads o f anchored p iles and plates, mostly by means of 

model tests using p lates. Interesting conclusions are reported 

in the authors' papers. More in fo rm ation , however, appears 

to be necessary to learn on the lo a d - displacement characteris 

tics o f anchors used in  d iffe re n t soil cond itions.

Pile d riv ing  equipment has been always the concern o f the 

p rac tica l construction engineer to obtain more e ffic ie n cy  and 

save time during p ile  d r iv in g . The reports ind ica te  that single 

and v ib ra to ry  hammers are s till useful and e ff ic ie n t.  N eve r

theless, in  sand and g rave lly  soils, je ttin g  may be necessary 

to speed up the work and be able to reach the necessary p ile  

depth . O n th is subject, an extensive study was presented by 

FAWCETT on resonant p ile  d riv ing  hammers, w hich are special 

ly useful for ce rta in  lim itin g  values o f gra in  size in  cohesion-

102



S 
y ¡

S
'

less soils where grea t e ffic ie n c y  may be achieved; however, 

t h e  e f f i c i e n c y  r e d u c e s  i n  c o m p a c t  v e i l  g ra d e d ,  
c o h e s i o n l e s s  s o i l s  a n d  s t i f f  c l a y s *

The earfti pressure on deep r ig id  foundation w a lls  appears to 

be s t ill in the lig h t o f discussion and research, to  ca lib ra te  

theories and improve p rac tica l em p irica l ru les. The horizon 

ta l pressures obtained in model tests under these cond itions, 

appear to be smaller than those obtained by the RANKINE 

Theory. C ZAR N O TA and RYMSA propose to study th is pro

blem learning more on the stress- s tra in - time m echanical 

characteristics o f the soils pushing against a r ig id  non- y ie ld  

ing w a ll as ind icated by the ir model tests; obviously also the 

f r ic t io n  angle between w a ll and soil should be considered.

Concerning settlements forecasts, the standard cone penetra

tio n  tests s t ill do no g ive  re lia b le  em p irica l corre la tions to 

ascertain w ith  reasonable accuracy the settlement to be e x 

pected in  d iffe re n t types o f soils, as stated by V A N  DER 

V £ f N  and HORVAT. Therefore, i t  appears that the on ly  

means to ca lcu la te  and forecast settlements and t i lt in g  o f 

stryptures under eccen tric  loadings is by learning w ith  more 
' ’K~i 

p r e c is io n ,th e  c o m p r e s s ib ility  p r o p e r tie s  of 

th e  s o i l  la y e r s  a f f e c te d  tiy Hie estim ated, 
s t r e s s  induced in  th e  s a i l  mass vhore t he 
p i l e s  are embedded,and in  the s o i l  mass where 

the p i l e s  t r a n s fe r  t h e ir  p o in t  loads.T he Gene
r a l  Reporter sh ou ld  add th a t th e  se tt le m e n t  

g iv en  by one s in g le  p i l e  t e s t e d  under th e  same 

working load a s th e  ones used in  a p i l e  group, 
does n o t n e c e s s a r i ly  c a ip ly  w ith  t h e  use of an 

e s ta b lis h e d  e f f i c ie n c y  f a c t o r .S o i l  p ro p er tie s  

under d i f f e r e n t  s u b s o il  c o n d it io n s  may in v a l i 

d a te  t h i s  p r a o t ic e .  ■

F in a lly ,T R Q F IM E N K O V  r e p o r t s  t h e  w o rk  p e r f o r 
m ed a n d  u n d e r  v a y  on  d e e p  f o u n d a t i o n s  i n  t h e  
U S S R .T h e  u s e  o f  p i l e f o u n d a t i o n s  i n  m o s t  c a s e s  
o f  f o u n d a t i o n  p r o b le m s  h a s  b e e n  a c h i e v e d  m o re  
e c o n o m i c a l l y  a g a i n s t  o t h e r  t y p e  o f  f o u n d a t io n s  . 

Msthods have been developed to solve e ithe r e m p ir ica lly  or 

th e o re tica lly  the problems on skin fr ic t io n  and po in t bearing 

capacity  from large number o f tests and fie ld  cases. The in 

vestigations have been carried out by the Soviet research o r

ganizations o f specialists sponsored by the government. Prac 

tica l rules have been set fo rth , com patib le w ith  practice  and 

have been formulated in Build ing Codes and Standards. The 

use o f specia lly designed boring machines have perm itted to 

ins ta ll large diameter bored p iles, en larg ing the bearing base 

up to  3 .7  m diameter, and reaching depths up to 28m. Most 

interesting is the work mentioned, using thyxo trop ic  jackets 

to insta ll large caissons reducing side fr ic t io n  during ins ta l

la tio n , and ach iev ing w aterp roo fing ,

PROPOSED SUBJECTS FOR PANEL DISCUSSIONS

1 . -  Coatings to reduce negative skin f r ic t io n .  Typ ica l labo

ratory tests to determine the angle o f in terna l fr ic t io n  be

tween soil and p ile  coa ting . In case p iles coated before 

d r iv in g , to what extent is the coating preserved during 

d r iv in g .

2. -  The necessity o f determ ining by means o f laboratory tests.

the shear strength and re la tive  density re lated w ith  the 

soil com pressibility under the p ile  tips, to learn more a c 

cura te ly  on the bearing capac ity  factors for po in t bearing 

piles or piers in soils where the penetration standard d e -

SESSION 3

vices may g ive e rra tic  values.

3 . - The necessity o f ca lib ra tin g  the cone or standard penetra

tion  test device by means o f correcting factors for d iffe re n t 

soil types.

i4 . -  The d iffe rence o f the "c o e ffic ie n t o f subgrade rea c tio n ", 

against the u n it foundation modulus should be c la r if ie d  for 

future use in the lite ra tu re , and p rac tica l app lica tion  in 

foundation design.

5 . -  In case o f environm ental forces lik e : high w inds, ea rth 

quakes and ground surface subsidence, what would be the 

general recommendations for add itiona l soil testing and 

theories to be able to foresee in  the foundation design the 

in fluence  o f these forces in  the deform ational behavior of 

deep foundations.
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