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T he C h a irm a n

I declare open  the fifth session, w hich is a co n tinu ation  o f 

the fo u rth  session, and  I call on  the A ssistan t R eporter,

B. H ansen.

A ss is ta n t R e p o rte r

A t th is session the discussion o f session 4 will be continued , 

an d  as the  m ajority  o f  the con tribu tions th is m orn ing  were 

concerned  w ith bearing  capacity  problem s I  suppose th a t 

settlem ents will be the  m ain  to p ic  th is afternoon.

T he stan d a rd  p ro cedu re  o f  estim ating  the  settlem ents o f a 

fo u n d a tio n  can  be criticized o n  m any poin ts. F o r  exam ple, 

lab o ra to ry  sam ples a re  generally n o t und istu rbed , oedom eter 

tests do  n o t rep resen t the  sta te  o f  stress in natu re , and  the 

assum ed stress d istribu tion  an d  d ra inage cond itions a re  n o t 

in  accordance w ith the actual conditions, a lthoug h  m uch w ork 

has been done in  con tribu tions to  th is conference to  ob ta in  a 

b e tte r agreem ent on  th is po in t.

I t  is, therefo re, ra th e r surprising  to  no te  th a t the m ethods 

norm ally  ad o p ted  give reasonab le  agreem ent w ith the observed 

settlem ents, a t  least fo r norm ally  o r slightly over-consolidated 

clays. O n the o th e r h and , fo r heavily  over-consolidated clays 

the  deviations betw een calcu la ted  and  observed settlem ents are 

generally excessive, so th a t the calcu la tion  m ethod will have to  

be m odified.

In  D enm ark , w here such clays are  frequently  encoun tered  as 

stiff, glacial clays, the follow ing m ethod  is used: (1) the settle ­

m ents a re  com puted  from  the  re-com pression b ran ch  o f  the  

o edom eter curve ; (2) the  re-com pression b ranch  is m ade after 

p re-loading  and  un load ing  to  the  overburden  pressure. T his 

p rocedure  will norm ally  reduce the ra tio  betw een the  calculated 

an d  the  observed settlem ent from  5 o r 10 to  1 -5 o r 2.
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Som etim es m odel tests are  m ade  on  these d a y s  in o rd e r to  

check the  calcu lation  m ethods and  to  give a  m ore accurate  

estim ation  o f the  settlem ents. I f  m odel fou ndations a re  used 

w ith  d iam eters o f 30 to  50 cm , it has generally been fou nd  th a t 

settlem ent pred ictions a re  reasonably  accurate . I t  is also here 

necessary to  use the  re-com pression  branch  in o rd er to  elim inate 

bedding  effects due to  d istu rbances w hile p reparing  the  test site. 

T he calcu la ted  settlem ents m ay be 20 to  50 per cen t h igher th an  

th e  observed settlem ents.

I t  therefo re  seems possible to  o b ta in  in  m ost cases a  good 

estim ation  o f  the  settlem ent in  the  described way. In  o rd e r to  

ob ta in  a  be tte r und erstan d in g  o f  how  this is possib le it is 

p ro posed  to  discuss the  cu rren t m ethods o f  settlem ent calcu la ­

tions an d  the  theories o f  tw o- an d  th ree-d im ensional co n ­

so lidation . O th er p o in ts  o f in terest to  p ractical app lica tion  

a re  the  ac tua l stress d istribu tions an d  the  allow able settlem ent 

o f  the  superstructu re .

A . Kezdi (H ungary)

T h e  costs o f  reliable settlem ent calculations a re  so g reat th a t 

in  m ost p ractical cases they can n o t be  perfo rm ed— we are 

dependen t on  good  guesses. N evertheless, im provem ents in

Fig. 1

th e  m ethods o f ca lcu la tion  a re  very necessary in  o rd er to  assess 

the  im portance o f factors w hich affect the  value o f the  settle ­

m en t so th a t we can  m ake a  m uch be tte r guess.

Stresses in  the  soil are  com puted , fo r instance, on  the  basis 

o f  the  classical theory  o f elasticity, w hich is an  app rox im ation  

in  itself, b u t a t  least rea l bound ary  cond itions o f th e  given case 

have to  be considered. T hus, the  fact th a t forces are  acting in 

th e  in terio r o f the  sem i-infinite body, in th e  dep th  o f fo u n d a ­

tion , m ust n o t b e  d isregarded. Stresses benea th  a  circular, 

un iform ly  loaded  p late , em bedded in the  soil to  a  d ep th  t  

(F ig. 1) a re  to  be com puted  w ith the  follow ing fo rm u la:

„  = ____1 3 /» f l - 2 ^  /  1 1 1 , 1 \  , 1 z ,3 '

CT2 1 —/* 2 1  6 ]U 02 *01 *2 *1/ 6 6i?oi3

" (1)

w here f i  is P oisson’s ra tio .

F ig. 2 gives curves in  dim ensionless term s fo r qu ick  de term i ­

n a tio n  o f  these stresses. T he deeper the  fo u n d a tio n  body lies 

the  sm aller a re  the  stresses, and  th is affects considerably  th e  

value o f com puted  settlem ents as dem onstra ted  in  Fig. 3.

V p —-
0  0 2  0-4 0-6 0-d 10

H ere  the  settlem ents o f  a  c ircu lar p la te  a re  show n as a  func ­

tio n  o f  th e  dep th  o f fo u n d a tio n . T he curve designated  ‘usual 

m e th o d ’ has been calcu lated  w ith stresses com puted  w ith  

the  fo rm u la  valid  fo r surface load ing ; in  th e  case o f the

Depth of foundation m

F ig . 3

curve ‘new m e th o d ’, the  stresses have been com puted  w ith 

fo rm u la  1.

In  layered soils, w hen the  u p p er layer is th e  stiffer— this 

cond ition  being o ften  artificially achieved by rep lacing a
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certa in  th ickness o f  the soft layer w ith well com pacted  sand  

o r  g ravel— stresses on  th e  low er layer decrease. T here  are  

graphs and  tables fo r com puting  stresses acting in the  bound ary  

plane. T o  determ ine the  vertical stresses along  the w hole

cen tre  line in the  low er layer, how ever, the  use o f  a un ifo rm  

soil is recom m ended  by increasing the  th ickness o f the u p p er 

layer in  such a  w ay th a t the load  acting  on  th is elevated surface 

causes th e  sam e stress in a  un ifo rm  soil a t  a  depth  h ',  as the

load on  the  orig inal surface in the layered soil, on  the  b o u nd ary  

plane, a t  a  d ep th  h . T his princip le  is illustra ted  in  F ig. 4 ; 

Fig. 5 furn ishes curves fo r quick  determ ina tion  o f  the  equ iva ­

lent layer th ickness h '  as a  function  o f the ra tio  o f  Y oung’s 

m oduli.

A. W . Skempt on (U .K .)

I should  like to  am plify som e o f the rem arks concern ing  the 

settlem ent analysis o f  fou ndations on  clay w hich w ere m ade by 

the A ssistan t R eporter, an d  I shall be ta lk ing  only a b o u t those 

cases w here the  fo u ndation  is resting on  a  com paratively  th ick 

bed o f clay.

T he equations to  w hich I refer a r e :

F in a l s e t t l e m e n t  

(1) pco =  Pi +  Pc

(3) pco =  Poed

(5) p co =  p i + p . p oed

S e t t l e m e n t  a t  t im e  t 

(2) p , =  p i x U . p c

JP‘  =  u -Poed • • • • ( a )

I Pi =  Pi + U (Poed~Pi ) --- (b)
(6) Pi =  Pi + U .j x .p ned

T he app lica tion  o f  a  lo ad  from  the  fo u n d atio n  first o f  all 

causes defo rm ations w hich we can  consider as tak ing  place a t 

con s tan t volum e, it being g ran ted  th a t th e  clay is sa tu ra ted ; 

an d  the  vertical defo rm ation  is know n as the  im m ediate settle ­

m en t p i.  B u t the  sam e stresses w hich have caused  th a t defo r ­

m ation  set up  pore  pressures in the  clay, an d  in the  course o f 

tim e these p o re  pressures g radually  d issipate, causing  a  co rre ­

spond ing  g radual increase in  the  effective stresses an d  a  

co rrespond ing  com pression  o r volum e decrease in the clay, 

w hich leads to  the  well know n long-term  settlem ent p c. T here 

can  be no  question  th a t equatio n  1 is the  co rrect expression fo r 

the  final settlem ent o f a  fo u n d a tio n  on  clay and  th a t a t  any 

given tim e a fte r construc tion  the  settlem ent expression is given 

by eq u a tio n  2, w ith  the  conso lidation  com ponen t m ultip lied  

by the  degree o f  conso lidation , w hich can  be o b ta ined  from  the  

theory  o f conso lidation  in  its various form s. T here  is also, o f  

course, the  secondary tim e effect, b u t I  will n o t discuss th a t now.

U n fo rtu n a te ly , how ever, b o th  term s in  these equations 

present certa in  difficulties. T h e  im m ediate settlem ent te rm  

requires, above all, th e  reliab le m easurem en t o f  the  Y oung’s 

m odulus o f  the  clay, and , as I  th ink  we a re  all qu ite  well aw are, 

th a t can  in m any cases be a  difficult m a tte r to  achieve w ith any 

accuracy. H ow ever, I th ink  it is tru e  to  say th a t un til such 

tim e as w e can  o b ta in  a  reliable m easure o f  E  w e shall n o t be 

able to  get a  reliable estim ate  o f  the  im m ediate settlem ent. 

T here  is no  sho rt-cu t.

C oncern ing  the  conso lidation  com ponen t, how ever, I  th in k  

th a t  in  general th e  position  is a t least as difficult. T h e  test 

w hich is usually  ca rried  o u t is the  oedom eter test, b u t th is does 

n o t directly give us a  m easure  o f  e ither the  conso lidation  settle ­

m en t o r  the  final settlem ent. O f course, th e  oedom eter test 

o rig inated , I  th in k  I  am  righ t in  saying, p rim arily  fo r solving the 

p rob lem  o f  the  layer o f  clay sandw iched betw een tw o beds o f 

san d ; b u t once we com e to  the  case o f  a  fo u n d a tio n  resting 

d irectly  on  clay, the oedom eter test is n o t directly applicab le in 

principle. H ow ever, it is the  test w hich we com m only carry  

ou t, an d  therefo re  it is obviously a  m a tte r  o f  the  u tm ost in terest 

to  know  to  w hat ex tent th is test as norm ally  in terp reted  gives 

us a  reliable estim ate  o f  the  settlem ent. W e have recently m ade 

a n  exam ination  o f  a  considerab le n um ber o f records, and  we find 

th a t as a  rough  app rox im ation— by no  m eans in all cases, b u t 

in the  m ajority  o f cases— the oedom eter test ju s t by itself does 

give a t  least a  guide as to  the final settlem ent; th a t is to  say, the 

oedom eter test appears to  m easure som eth ing  like the  sum  o f 

the  tw o com ponen ts p,- and  p c (equation  3). I t  is w rong, 

how ever, to  m ultip ly  th is by the  degree o f conso lidation  

(equation  4a) and  hope to  get anyth ing  approach ing  a reason ­

able tim e settlem ent curve. I f  you wish to  get a m ore reason ­

ab le tim e settlem ent curve you ough t to  m ake an  estim ate o f the 

im m ediate settlem ent, su b trac t it from  the oedom eter settle ­

m en t an d  apply  the degree o f conso lida tion  to  the  difference, 

as ind icated  by equatio n  4b. T his is, how ever, only a  rough 

and  ready m ethod , an d  it is n o t satisfactory  in principle.

I th ink  th a t in  due course we shall p robab ly  be carry ing  ou t 

settlem ent analyses fo r the  case I  am  considering by carrying 

ou t a  so r t o f  triax ia l test in  w hich we apply the principal 

stresses first o f  all u n d er un d ra in ed  conditions, and  then  allow  

the d issipation  o f po re  pressure  to  tak e  p lace; b u t we have n o t 

go t th a t fa r yet, and  perhaps it is best fo r the  present to  consider 

an  in term ediate  stage w hich is m ore prom ising  th an  the rough 

and  ready m ethod  expressed by equations 3 and  4b. T his new  

m ethod  is expressed by equations 5 and  6. So far as the im ­

m ediate settlem ent is concerned  we have to  face up  to  the 

necessity o f m easuring the Y o u n g ’s m odulus o f the clay as best 

we can — perhaps as a  m atte r o f experience one can  m ake su it ­

ab le corrections fo r sam ple d istu rbance; b u t I w ant to  direct 

a tten tio n  particu larly  to  the m ethod o f ob ta in ing  the consolida ­

t io n  com ponent.
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A s I have m entioned , the  conso lidation  com ponen t is a d irect 

consequence o f the  d issipation  o f the p o re  pressures w hich are  

set up  by the fou ndation  stresses, and  these p o re  pressures will 

be very different, even fo r the  sam e stresses, in d ifferent clays. 

In  norm ally  consolidated  clays there will be ra th e r h igh pore  

pressures; w hilst they will be m uch sm aller in over-consolidated  

clays. O n the  o ther hand , the  oedom eter test always sets up  a 

po re  pressure in  the clay exactly  equal to  the  applied increm ent 

o f  load. In  o th e r w ords, the  oedom eter test does n o t dif­

feren tiate  betw een the  clays; consequently , we have to  apply 

a  correc tion  to  the oedom eter test. T his will depend, as I  have 

ind icated , on  the s truc tu re  o f  the  clay— on  its geological h istory  

— and  there  is evidence th a t fo r norm ally  conso lidated  clays 

th is  m ultip ly ing  fac to r is n o t very far sh o rt o f  un ity— perhaps 

a b o u t 0-9. O n the o ther h and , fo r the over-consolidated  clays 

— fo r w hich we have m ost d a ta  on  L on d o n  clay— this m ulti ­

plying fac to r is know n to  be m ore in the  reg ion o f  0-5. L. 

B jerrum  and  I  have been w orking  on  th is p rob lem  and  we have 

developed an  approx im ate  theory  w hich does re la te  th is fac to r 

to  the p o re  pressure coefficient, A ,  w hich is I th in k  to  be 

expected. T his is a  fairly prom ising line o f app roach , a t  least 

fo r the  next few years un til a  m ore  logical system  o f  testing can 

be devised, an d  we shall shortly  be publishing a  p ap er on  the  

theory.

J. K . Al der man (U .K .)

1 w ish to  address my rem arks to  the  m ethod  o f  calcu la tion  

fo r the  term  called the  ‘ im m ediate se ttlem en t’ as given by A. W . 

Skem pton.

In  dealing w ith glacial deposits o f  e ither lake o r bou lder form  

it w as found th a t the  m ethod  given by A. W . S kem pton fo r 

estim ating  the  settlem ent o f a  s tru c tu re  a t any  tim e, t  (i.e. 

p ,  =  p i +  U (p c — P i)), could  n o t be used because the  im m ediate 

settlem ent, P i, was actually  g reater th a n  the  calcu lated  consoli ­

d a tio n  settlem ent, Pc. In  view o f th is w e have stud ied  the 

m ethod  fo r determ ining  the  im m ediate settlem ent.

R eferring  to  the equatio n

q n . B (  1 — fj.2) I p  

pi =  --------E -------

the  only soil p ro perty  in th is equatio n  is the  value o f  E  and  it 

is therefo re  assum ed th a t th is value is low er th an  in the  field, 

due to  d istu rbance during  sam pling. T his fac to r, how ever, is 

no t o f  im portance in  o u r glacial clay deposits as they are 

abso lu tely  insensitive and  have the  sam e value o f  E  in  the 

rem oulded  o r und istu rbed  state .

I t  is, therefo re, essential to  study  the  m ethod  fo r determ ining

E , w hich, as you will know , is ob tained  from  the  stress-s tra in  

curve derived from  the stan d ard  undra ined  triax ial com pression 

test. T his is a  s tra in  con tro l test an d  n o t a  stress con tro l test.

D oes th is apply  in  p rac tice?  V alues o f E  have been deter ­

m ined fo r d ifferent ra tes o f  load ing  and , as an  exam ple, fo r a  

ra te  o f  strain  o f  0-3 in. per m in. the  value o f  E  w as 23 ton./sq. ft. 

O n decreasing the  ra te  o f loading  to  0 0022 in. per m in. the  

value o f E  decreased to  13 ton /sq . ft., i.e. 100 p er cent reduction  

in  E  is ob tained  sim ply by decreasing the ra te  o f  loading.

In  view o f  these facts it is as well to  consider w hether the  

stra in  con tro l m ethod  is applicable to  field load ing  conditions. 

W e have, therefore, carried  o u t tests using stress con tro l 

m ethods by applying direct loads to  sam ples p laced  in the 

triax ial cell, and  it was fou nd  th a t the  E  value o b ta ined  differed 

greatly  from  the  stan d a rd  m ethod . T his is dem onstra ted  by 

the  s tress-s tra in  curve show n in Fig. 6.

F o r  L on d o n  clay the ra tio  between the  E  value ob ta ined  by 

d irect loading  (stress contro l) and  the E  value ob ta ined  in the  

stan d a rd  triax ial test (stra in  con tro l) was 7, and  fo r glacial clays 

the ra tio  w as 3. F u rth e rm o re , if th is d irect load  w as applied  for

a  period  o f tim e th ere  w as im m ediately a sm all deflection and  

then  a  gradual m ovem ent w ith tim e, so th a t there  was a  tendency 

for a  reduction  in the  E  value. T his, I feel qu ite  certa in , is 

associated w ith the shear creep m ovem ent and  as such is con ­

nected  w ith the viscous flow effect in clays.

I t  can  be seen from  these tests th a t the im m ediate settlem ent 

is very sm all an d  o ften  negligible, b u t associated  w ith th is m ove ­

m ent there is a  shear creep in the  clay w hose m agnitude is a

F ig . 6

function  o f tim e: therefo re, in any settlem ent calcu lations vve 

have to  consider bo th  the shear creep m ovem ent and  the  pure  

com pression  effect, bo th  o f  w hich a re  functions o f  tim e. A 

theo ry  fo r the above phenom ena is n o t a t present availab le bu t 

it is possible th a t the theory  given by T -K . T an  th is m orning  

could  be developed to  p roduce  a  m ethod  fo r determ ining  bo th  

the  shear creep and  the  p u re  com pression a t any given time.

H . Gr asshoff (G erm any)

I shou ld  like to  m ake som e rem arks on  p o in t (a) o f the p ro ­

posals fo r d iscussion w hich J. B rinch H ansen  has sta ted  in  his 

G enera l R ep o rt— nam ely, the  influence o f  the  rigidity o f  the 

sup erstruc tu re  o n  the  pressure d istribu tion .

F o r  several years a  C om m ittee o f the  G erm an  Society o f  Soil 

M echanics and  F o u n d a tio n  E ngineering has existed, u nder the 

guidance o f E. Schultze, to  investigate all these questions by 

m eans o f  extensive team  w ork. Som e recent results o f  th is 

w ork  will be announced .

I t  is a  rem ark ab le  fact th a t D . Kr smanovic (3a/18) has 

com e to  nearly  the  sam e results in his determ ina tion  o f  an  elastic 

fou ndation  beam  w ith th ree  sym m etrical loads as we have done, 

nam ely, th a t the curves o f  soil p ressure under a  perfectly 

flexible and  a  rigid superstructu re  do  n o t essentially  deviate. 

D . K rsm an o v ii has evaluated  som e g reater differences th an  I 

have ; th is m ay be because o f his selection o f  a  fou ndation  beam  

w ith cantilevers and  his d ividing the  beam  in to  m ore sections 

th an  I have done. In  the derivation  o f  the bending  m om ents 

o f  the  beam  it is very im p o rtan t to  decide w hether the  colum ns 

a re  stiffly fixed w ith the  beam  o r n o t, because thereby  the 

d istribu tion  o f the  m om ents changes very m uch.

D . K rsm anov ic  and  m yself have m ade the investigations 

on  a  slender beam . I t  w ould be in teresting  to  know  w hether 

the  results change u n d er an  extended p late. I f  a  p la te  is stiff 

in  the  d irection  o f one axis it m ay be evaluated  in the  so-called 

characteristic  cross-section as a  p lane problem .

F o r  the  dim ensions in p lan  o f the p la te  w hich a re  to  be seen 

in  Fig. 7 I have evaluated  several exam ples, the p ro p o rtio n  

o f  the  sides being 1 :2 ; 1: H ;  1 :1 ; 1 :1 /10  and  1:1/20.

Fig. 8 show s the  results o f  a  flexible sup erstruc tu re : only 

one-half o f the  sym m etrical loaded  beam  is show n. T h e

1 6 0
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u p p er curves ind icate the  soil p ressure d is tribu tion ; the  lower 

ones th e  bending  m om ents. T h e  resu lts a re  very in teresting ; 

only  sm all differences occur in  the  soil pressure  curves, in  the 

curves o f the  bend ing  m om en t th ere  a re  practically  no  differ­

ences. U n d e r a  rig id  sup erstruc tu re  I  have fou nd  sim ilar 

resu lts . T he co m p u ta tio n  o f  beam s and  p lates will be  sim plified 

very m uch  by these results.

I  have also  exam ined  th e  influence o f  the  th ickness o f  the  

consolidated  layer o n  th e  d istribu tion  o f  soil pressure  an d  the  

bending  m om ents. Besides the  infin ite perfectly  elastic  half ­

space I  have investigated  layers w ith  thicknesses ten , six and  

tw o tim es larger th a n  th e  w idth  o f the  beam .

Fig. 9 show s th e  resu lts o f  these co m p u ta tio n s: here  also 

the  curves do  n o t  differ appreciab ly . T h e  exam ples show n 

refer to  flexible superstructu res b u t sim ilar resu lts cou ld  be 

show n fo r rig id  ones. In  the  calcu la tion  o f fo u n d a tio n  p lates 

the  th ickness o f  th e  layer can  norm ally  be neglected if  it is 

th icker th an  the  doub le  w idth  o f the  beam .

All m athem atical investigations concern ing  fo u ndation  plates 

only give a  safe p ractical value if the  resu lts a re  exam ined by 

tests. A s large-scale m odel tests ap p ea r to  be  im possible, a  

co n tro l o f  the  m athem atical resu lts by pho toelastic  m odel tests 

is m eanw hile p lanned  by th e  G erm an  C om m ittee.

In  reply to  the  rem arks m ade  by J. F e ld  on  m y paper, I  agree 

w ith  his op in ion  th a t w e shou ld  n o t refine th e  theoretica l com ­

p u ta tio n  to  to o  g reat an  extent. O n the  o th e r h an d , it is 

definitely n o t econom ical, as A . B. Vesic has a lready  sta ted , to  

over-sim plify th e  assum ptions o f  soil pressure  d istribu tion . 

T here  a re  even cases w here the  prim itive assum ption  o f  u n i ­

fo rm  d istribu tion  o f soil p ressure leads to  resu lts w hich a re  less 

conservative th a n  a  m o re  com prehensive calcu la tion . Even 

th e  sm allest increase o f  the  safety fac to r o r  o f  the  efficiency 

w ould  justify  the  use o f  m ore accurate  m ethods o f  calculation.

S. Chamecki (Brazil)

V ery in teresting  and  valuable papers w ere p resented  ab o u t 

the  influence o f  s truc tu ra l rigidity on  fo u n d a tio n  settlem ents.

In  all o f  th e  papers the  au th o rs  have p o in ted  o u t the  diffi­

culties in  tak ing  in to  accoun t the rea l elastic behav iour o f  the

£
( a )  - j — s i

Pa

S fl

EfflP b

S c

P c

( C ) _L£d_ I
Fig . 10

s tru c tu re  in  connection  w ith the  actual Theological constan ts 

o f  the  soil.

I  beg to  s ta te  th a t I  believe th a t all the  difficulties m ay be 

overcom e by using, w hat I  called the  ‘coefficients o f  lo ad  tran s ­

ference’ in  m y w ork  en titled  S truc tu ra l R ig id ity  in  C alculating 

Settlem ents, pub lished  in  Jan u ary  1956 as P ro c e e d in g  P a p e r  

N o . 8 6 5  o f  th e  A m e r ic a n  S o c i e t y  o f  C iv i l  E n g in e e r s .

L et us consider the  sim ple exam ple o f  a  tw o-span  con tinuous 

beam  resting  on  a  fo u n d a tio n  soil con ta in ing  a  com pressive 

clay layer responsible fo r the settlem ents.

L et us assum e th a t the  real settlem ents o f  o u r beam  a re  A a ,

Ab and  A c  (F ig. 11a), th a t  will now  be considered  separate ly  

in o rd e r to  determ ine th e ir influence o n  the  reactions o f  the  

supports.

I f  su p p o rt A  undergoes a  settlem ent o f  u n it value, it will 

create  a t  A ,  B  a n d  C  th e  respective vertical reactions Qaa> 
Qab a n d  Q a c , the  sum  o f  w hich m ust be zero  to  satisfy the  

cond ition  o f  sta tic  equilibrium .

T hus, the  reac tio n  o f  the  su p p o rt A  undergo ing  u n it settle ­

m en t is equal an d  opposite  to  the  sum  o f th e  reactions c reated  

a t  th e  o th e r supports . In  o th e r w ords: su p p o rt A ,  w hen 

settling a  u n it quan tity , is relieved o f  Q AA  w hich is transferred  

to  the  o th e r supports.

T herefo re  we have nam ed  these term s Q  ‘coefficients o f  lo ad  

transference’ betw een the  sup ports , th e  first index ind icating  

the  su p p o rt th a t  settles a  un it value, a n d  the  second the  one th a t  

receives th e  transferred  load.

As th e  su p p o rt A  undergoes a  to ta l settlem ent A a , in stead  o f 

a  un it one, the  resu lting  reactions in  A ,  B  a n d  C a re , respectively 

(Fig. 11c):

~Qaa-^a Qab-^b Qac-A(

(a)

A
.Æ"

J r
Aa

B____

~9~Ab
c

■ jV

T

r L

Qcc‘̂ cj

Fig. 11

In  the  sam e way, in  F ig. l i d  an d  e, the  reac tions created  

by the separate  settlem ents A  B an d  A c  appear.

R epresenting  by R0a the  reac tion  o f  the  su p p o rt A  due to  the  

load , we have, in  o u r beam , considering  the  settlem ents:

Ra =  Roa~ Qaa-^a+ Qba-Ab— Qca- ĉ

and , in  the  sam e w ay :

Pb = Rob+ Qab-̂ a~ Qbb-Ab+ Qcb'^c

Pc  =  R oc ~ Qa c -Aa +  Qb c -Ab ~  Qcc-Ac

T herefore, considering  th e  rig id ity  o f  the  struc tu re , we now  

have th e  reactions o f  the  supports  given as functions o f  the  

unkn o w n  settlem ents.

T h e  reactions R o  a re  know n an d  the  ‘coefficients o f  load  

tran sfe ren ce’ Q  a re  elastic constan ts  o f th e  w hole s tru c tu re  

w hich can  easily be  calcu la ted  by the  com m on analy tical p ro ­

cesses o f  statically indeterm inate  structures. A s we have  seen, 

they a re  th e  reactions o f the  su p ports  due to  settlem ents o f  u n it 

value an d  can  easily be supplied by the  stru c tu ra l engineer by 

a  sm all extension o f his n o rm al task  o f  perfo rm ing  the  analysis 

o f the  structure.
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R n (t )  Pa  ( t /m 2) <%+£r„ ( t /m 2) A n  (cm )

F ig . 16

In  o rd er to  avo id  the  ted ious so lu tion  o f  a  laborious set o f  

sim ultaneous equatio ns we substitu te  fo r it, as is show n in  the  

m en tioned  paper, a  sequence o f sim ple operations reaching  the  

final resu lt by successive approx im ations w hich can  be  done, in 

o rd inary  cases, in  only tw o steps.

T o  conclude, let m e show  briefly those  operations th a t do  n o t 

differ from  the  ro u tin e  used  in  Soil M echanics, tak ing  in to  

accou n t the  real cond itions o f  the  underly ing  soil.

A fter having  o b ta ined  the  co lum n load  c h a rt together w ith 

th e  ‘coefficients o f  lo ad  transference’, th e  geotechnical survey 

w ith  the  results o f  the  conso lida tion  test an d  the  design o f the  

fo u n d a tio n  (Fig. 12) we p erfo rm  the  follow ing opera tions:

(1) due to  the  co lum n loads R o ,  w ithou t consideration  o f 

the  s truc tu ra l rigid ity, we calcu late  the  settlem ents A 0  

(F ig. 13);

(2) using those  values we calcu late  the  new  colum n loads R j ,  

w ith  the a id  o f the  ‘coefficients o f lo ad  transference’ ;

(3) due to  those co lum n loads we o b ta in  the  new  settlem ents 

A j  (F ig. 14), th is step  rep resen ting  th e  first co rrection  due to  

th e  rig id ity  o f  the struc tu re ;

(4) considering  th a t  the  successive approx im ations oscillate 

a ro u n d  an d  get nearer the final resu lt, we m ake a  second co r ­

rec tion  calcu la ting  the  new  co lum n loads Rjj tak ing  the  average 

settlem ents i ( A 0  +  A ] )  (Fig. 15).

In  m ost p ractical cases th ere  will be no  need o f fu r th e r co r ­

rec tions, as we can  see in F ig. 16.

T h a t so lu tion  given to  the  p rob lem  o f in terac tion  betw een 

stru c tu re  and  fo u ndation  soil is consistent, in  all respects, w ith 

w hat is o rth o d o x  in  b o th  s truc tu ra l an d  fo u n d a tio n  engineering. 

Y et the  re la tions established by m eans o f the  ‘coefficients o f 

load  tran sfe ren ce’ will h o ld  even in  the  case o f evo lu tion  and  

m odification  o f  the  assum ptions and  processes fo r calculating 

soil deform ations.

A s I  believe th a t the m ethod  m ay be applied  to  any type o f 

fram e-structu re  w ith  any  type o f fo u n d atio n  resting on  any  soil,

I  do  suggest th a t H . Gr asshoff (3a/9) should  try  to  use it fo r 

th e  so lu tion  o f the general and  actual case th a t lies betw een the  

lim iting cases solved by h im , an d  th a t K. E. Egor ov, P. G. 
Kuzmin an d  B. P. Popov (3a/7) shou ld  try  to  use it in o rd er to  

com pare  the results w ith  th e  m easured  differential settlem ents 

perfo rm ed  by them  in  the ir country .

D . Kr smanovic (Y ugoslavia)

C ette  co n trib u tio n  exam ine, confo rm ém ent à  la  p ro position  

du  A ssistan t R ap p o rteu r, l’influence de  la  rig id ité  de  la  super ­

s truc tu re  ( S / J  su r la  rép artitio n  des pressions sous la  p o u tre  de 

fo n dation  con tinu e (S,), e t ceci p o u r les constructions traitées 

dans le ra p p o rt sous 3a/18.

Si nous considérons un iquem ent l’influence de  la  rig id ité  de 

la sup erstruc tu re  su r la  rép artitio n  sous la  p o u tre  de fon dation , 

nous consta tons q ue  cette  influence (q u and  les au tres p a ra ­

m ètres qui influent la  rép artitio n  so n t constan ts) peu t être  

différente dans l’o rd re  de g ran d eu r en  fonction  du  m ode de

chargem ent de  la  construction . T and is que l’influence de la  

rig id ité  de la  superstruc tu re  est très p e tite  dans certa ins cas, elle 

est dans d ’au tres cas très im portan te .

Les influences so n t petites q u an d  les différences de tassem ent 

des divers appu is —  lo rsq u ’on  tra ite  séparém ent le systèm e S ,  

chargé d ’un  certa in  chargem ent (7 ^ = 0 ) —  so n t égales à  zéro  

ou  q u an d  elles son t m inim ales (chargem ent favorable). D an s 

ces cas la  pose de la  su p erstruc tu re  avec u n  chargem ent co rre ­

sp o n d an t su r le systèm e S ,  ne  p ro voque  pas de changem ent

L=13 00rr\ Es =const - 1000 k g / c m ^

B = 6  00 m  E ¡f210000 k g / c m 2

H=0 59 m  r =0-108

h ¥

F ig . 17 P o u tre  co n tin u e  1-5 +  5 0 +  5 0 + 1-5 
L ignes de  rép a rtitio n s  p o u r  d ivers ra p p o rts  e n tre  les fo rces SU e t S b  

ES =  1,200 t

R é p a r t i t io n s ^  =  1 :2 :1 ;  SU =  300 t ;  5 c = 6 0 0 1

R ép artitio n s  p '  S a ’ S b ' S a  =  1 :0 -8 1 :1  ; ¿'.¿ =  427 t ;  Sfl =  3 4 6 t

C o n tin u o u s  b eam  1-5 +  5 -0 + 5  0 + 1-5 
D is tr ib u tio n  curves fo r  v a rio u s  ra tio s  o f  fo rces S a  a n d  S b  

Z S =  1,200 t

D is tr ib u tio n s  p  S a ' . S b - S a  =  1 : 2 : 1 ; SU =  300 t  ; 5 b  =  600 t

D is tr ib u tio n s  p ' Sa -Sb :Sa =  1 :0 -8 1 :1  ; SU =  427 t ;  Sb  =  346 t

dans la  rép artitio n  des pressions, e t de  ce fait, n e  p ro voque  pas 

n o n  plus de changem en t dans les tensions de la  construction .

D an s le second cas, q u an d  les différences d ’affaissem ent des 

appuis son t im portan tes •— considéran t séparém ent le systèm e 

S ,  sous certa in  chargem ent (chargem ent défavorable) —  les 

influences de la  pose de la  superstruc tu re  son t im portan tes et 

p ro voquen t des changem ents dans la  rép artitio n  des pressions 

e t dans les tensions de la  construc tion  entière.

P o u r illustrer l’influence de  la  rig id ité  de la  sup erstruc tu re  

su r la rép artitio n  des pressions, observons prem ièrem ent deux
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= 11 -74

Ik =11-74

L =13-00 m 

B = 6-00 m 

h= 1055m

Es = IPOO kg/cm2 

E = 210,000 kg/cm2 

I, -- 0 -W m 4

Fig. 18 Poutre continue 1-5 +  5 0 +  5 0 + 1  -5 
Lignes de répartitions pour divers rapports entre les forces Sa et Sb 

et valeurs J k = 0, Jk  =  11 -74 m4 

E S  =  1,200 t

Continuous beam 1-5 +  5 0 + 5  0+ 1-5  
Distribution curves for various ratios of forces Sa  and Sb and values 

Jh =  0 , J k =  11 -74 m4 

¿£ = 1 ,2 0 0  t

et I k  égal à  l’infini so n t données p o u r  la  p o u tre  de fo n dation  

con tinue exam inée e t rep résen tée  p a r  la  Fig. 17, sous cond ition  

que la  som m e des forces S  so it to u jo u rs  constan te . L a  ligne

Fig. 19 Poutre continue 1 -5 +  5-0 +  5-0+1 -5 
Moments fléchissants en fonction de la rigidité du système Sk.

/i =  const.

Continuous beam 1-5+ 5-0 + 5-0+ 1-5  
Bending moments as a function of the rigidity o f the system Sk.

I i  =  const.

forces S A : S B : S A =  1 :0 -81 :1 . D an s ce cas les differences dans 

les affaissem ents des appuis A  e t B  son t égales à  zéro.

D an s  le prem ier cas, la  pose de la  sup erstruc tu re  rig ide su r le 

systèm  I ,  égal zéro  e t avec le ra p p o rt S A : S B : S A =  1 :2 :1  in ­

fluera beaucoup la rép artitio n  e t elle passera  de la  rép artitio n  p  

à  celle de p ' .  M ais dans le second chargem ent, la  pose d ’une 

sup erstruc tu re  rig ide avec le ra p p o rt des forces S A : S B : S A =  

1 :0-81:1  ne  p ro v o q u era  aucun  changem ent dans la  rép artition

Tableau 1

Poutre continue 1-50+ 5-00+5-00+1-5. Valeurs des moments fléchissants pour les cas quand 4 = 0  et /*=  co 

Continuous beam 1 -50 +  5 -00 +  5 -00 + 1  -50. Value of the bending moments for lk  =  0  and Ik  =  °o

cas extrêm es 7* égal à  zéro  e t 7* égal à  l’infini, e t ensuite  les cas 

avec les valeurs finies I k .

Les rép artitio n  de chargem ent p o u r  deux cas 7* égal à  zéro

¡Sa Jsfl J SA ¡Se

p  rep résen te la  rép artitio n  sous la  p o u tre  chargée des forces

S  avec ra p p o rt en tre  S A : S B : S A =  1 : 2 : 1, si 7fc est égal à  zéro.

L a  différence d ’affaissem ent des appu is A  e t  B  s e  m onte  dans 

ce cas à  4-21 m m  (voir F ig . 3, C o n trib u tio n  3a/18).

D an s le cas q u an d  I k  est égal à  l’infini, nous avons o b ten u  la 

rép artitio n  p '  qui effectivem ent correspo nd  au  ra p p o rt en tre  les

¿ = 1 3 -0 0  m 
5 = 6 - 0 0  m 
h = 0-59 m

R i g i d i t é

M a n i è r e

d u

c h a r g e n t .

M o m e n t s  d a n s  l e  s y s t .  S t S k  tm

R e m a r q u e s

A M ‘ bM‘ A M a ‘ bMJ A M p k B M p k

I k  =  0

1 : 2 : 1 118-96 342-61 — 114-60 — —
Syst. S i  charge 

défavorab lem en t

1 : 0-81 : 1 191-00 134-04 — — —
Syst. S i  charge 
favorab lem ent

/fc-00

1 : 2 : 1 191-00 134-04 — — — 635-00
Syst. S k  charge 

défavorab lem en t

1 : 0-81 : 1 191-00 134-04 — — — —
Syst. S i  et S k  charge 

favorab lem en t

£■(, =  210-000 kg /cm 2 
E s =  1 -000 kg /cm 2 
7, =  0-108 m4
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T a b le a u  2

Poutre continue 1-504-5-00+ 5-00 +  1-50 
Valeurs des moments fléchissants pour divers rapport entre les forces 5 ^  et S b  en fonction des changements

de rigidité du système Si

Continuous beam 1-50 +  5-00 +  5-00+1-50 
Value of the bending moments for various ratios between forces 5^  and S b  as a function of changes in

the rigidity of system S t

B  =  6 00 m

R a p p o r t s

d e s

f o r c e s

I k
m *

a m , bMi A M a ‘ = A M p < bMo! =  bMp < A M p k JjMpfe

1 : 3 : 1 0-00 129-050 585-120 0 0 0 0 491-510

1 : 0-901 : 1* 11-740 196-886 186-037 0 000 43-398 0-000 867-906

1 : 2 : 1 0-00 114-940 520-360 0-000 334-590 0-000

1 : 0-865 : 1 11 -740 198-970 169-760 0-000 29-780 0-000 594-555

1 : 1 : 1 0-00 191-574 95-560 0-000 78-190 0-000

1 : 0-805 : 1* 11 -740 202-444 142-653 0-000 6-950 0-000 138-975

1 : 0-5 : 1 0-00 222-859 131-910 0-000 126-935 0-000 —

1 : 0-759 : 1* 11 -740 205-223 120-955 0-000 11-275 0-000 125-490

£■(, =  210-000 kg/cm 2 
E s =  1,000 kg /cm 2 
I t  =  0-587 m 4

* F o r c e s  d a n s  le s  p i l i e r s .

des pressions. Celle-ci res te ra  telle q u ’elle é ta it q u an d  I k é ta it 

égal à  zéro  (répartition  p ' ) .

Les valeurs des m om ents fléchissants dans les systèm es S ,  e t 

S k  sous les appuis et dans les différents cas (conform ém ent aux 

signes dans 3a/18) son t données au  T ab leau  1.

Fig. 20 Poutre continue 1-5 +  5 0+ 5-0+ 1-5  
Tassement relatif des appuis en fonction de la rigidité du système S*.

I t  =  const.

Continuous beam 1-5 +  5-0+5 0+1-5 
Relative settlement o f the supports as a function of the rigidity of the 

system Sk . I t  =  const.

P o u r les cas q u an d  I k a  une  valeur finie, les différences dans 

les rép artitio n s p o u r u n  cas exam iné so n t indiquées à  la 

Fig. 18, to u t en changem ent I k  de  zéro  à  une  valeur détérm inée 

(Jk = \ \ - 1 A  m 4) e t / ,  re s tan t constan t. Les rép artitio n s son t

données p o u r différents cas de ra p p o rt en tre  les forces 

e t S B . O n  p eu t co n s ta te r que les différences d ans les ré p a rti ­

tions peuvent ê tre  très grandes q uand  les ra p p o rts  des forces S  

so n t défavorables.

N o u s avons aussi calculé p o u r  tous ces cas les valeurs des 

m om en ts fléchissants au  dessous des appuis d u  systèm e S ,  

ainsi que les valeurs des m om ents M J ,  M p ‘ e t M pk . Ces 

valeurs so n t indiquées su r le T ab leau  2.

Les changem ents des valeurs des m om en ts M „‘ e t M p ‘ en 

fon c tion  des changem ents de  rig id ité  d u  systèm e S k  e t des 

ra p p o rts  des forces S  son t représen tés p a r  la Fig. 19 p o u r  les 

cas donnés.

F ig . 20 m o n tre  les différences de tassem ent des appu is A  e t B  

d épen dan t des valeurs I k , m ais p o u r u n e  valeu r constan te  de

C o n c lu s io n  —  L ’influence de la  rig id ité  de  la  superstruc tu re  

su r la  ré p a rtitio n  des pressions p eu t varie r dans une  g rande 

m esure q u an d  o n  la  considère en  fon ction  d u  chargem ent. 

E n  ta n t q u e  la  construc tion  est chargée avec u n  ra p p o rt fav o r ­

ab le  en tre  les forces extérieures les influences so n t petites et 

v ic e  v e r sa .

G . F . S o w e r s  (U .S .A .)

T h e  p ro b lem  o f  the  allow able differential settlem ent o f 

struc tu res has been u n d e r study  a t  th e  G eorg ia  In s titu te  o f  

T echnology. T he resu lts o f  p a r t  o f  the w ork  can  be given here.

T heoretical studies w ere m ade o f  the  am o u n t o f  differential 

settlem ent requ ired  to  p ro d u ce  s tru c tu ra l failu re in  typical 

m ulti-sto ried  rig id  fram e build ings. I t  w as assum ed th a t  the  

buildings w ere loaded  to  the  full design live an d  d ead  loads, 

and  th en  differential settlem ent occurred  instan taneously . T he 

deform ations req u ired  to  p ro duce  stru c tu ra l failu re a re  as 

follow s: 0-002 (} o f 1 p e r cent) o f  th e  co lum n spacing fo r steel 

fram e; 0-0025 ( i  o f  1 p e r cent) o f  the  co lum n  spacing fo r 

concrete  fram e.

I f  the  settlem ent should  tak e  place slowly the structu res 

w ould ad just them selves plastically. In  such cases som ew hat 

g rea te r deform ations w ould  be req u ired  fo r failure.

T hese values a re  w ith in  th e  range given in  P aper 3 a /3 1 by

D . E. P o l s h i n  an d  R . A . T o k a r .

O. M o r e t t o  (A rgentina)

Sm all, light build ings fou nded  on  certa in  types o f  clays, 

called e ither swelling o r active clays, are  frequently  dam aged

s a s .

Riaidite de lo construction Sk
F 0-000 0-2935 0-567 1-174 ! 2-935 5-263 11-740

73 ; t +3-309 +2-626 +2-163 +1-630 +0-927 +0-5 66 i +0-293

1-2-1 o +2-262 +1-601 +1-495 +1-117 +0-635 +0-403 +0-201

P1’1 +0-529 +0-421 +0-350 +0-261 +0-146 +0-094 +0-047

VO-5-1 -0-656 -0-663 -0-567 -0-424 -0-241 -0-153 -0 076

L =13-00 m Eb = 210-000  kg/cm? 

B = 6 - 0 0 m E t = 1-000  kg/cm 2 

h = 1 -0 5 5  m
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by cracking  o f walls an d  by uplifting  an d  cracking  o f floors. 

T his dam age resu lts as a  consequence o f  the  d istu rbance  p ro ­

duced , by the  co n s truc tion  o f build ings, on  the  n a tu ra l cyclical 

up  a n d  dow n m ovem ent o f  the  e a r th  surface. I t  is m ost 

conspicuous in  a rid  an d  sem i-arid  reg ions, w here  usually  it 

results in  an  uplifting  o f  th e  build ing , p ro voked  by swelling 

forces th a t in  these reg ions m ay acqu ire  considerable  values. 

T he m echanism  o f th is p h eno m eno n  is well know n. I t  has 

been described in  m any  papers, including  one by m yself 

p resen ted  a t the  B razilian  C onference on  Soil M echanics and  

F o u n d a tio n  E ngineering  held  in  P o rto  A legre in  1954.

N orm ally , a t  first, th e  soil expands an d  the  build ing  is lifted  

a n d  stretched . L ate r, w ith  seasonal changes, th e  soil m ay 

sh rink  an d  swell a lternate ly  to  a  ce rta in  dep th  below  surface. 

W ith  these shrinkages an d  swellings the  build ing  m oves up  and  

dow n in  a  n on -un ifo rm  fash ion , an d  walls a re  d isto rted  and  

stretched , as well as floors. C racks resu lting  in  walls have a  

very d istinc t p a tte rn , com prising  th e  no rm al 45 degree crack  

a n d  also  h o rizo n ta l an d  vertical cracks.

Solu tions p ro p o sed  to  solve th is p ro b lem  are  n o t m any. 

T hey a re  review ed in P ap er 3a/36  by J. A . J. Sal as an d  J. M .

Fig. 21

S e r r a t o s a  an d  a re  based  on  one o f the  follow ing tw o lines o f 

thought.

(1) O ne line o f th o u g h t avoids the  p rob lem  o f swelling clays 

com pletely by placing th e  w hole build ing  in  the  a ir so th a t  no  

sw elling stresses w ill ac t o n  it.

(2) T he o th e r line o f th o u g h t m eets th e  p rob lem  by m aking  

a  s tru c tu re  strong  enough  to  resist d isto rtions. T o  tak e  care 

o f  floor dam age th is so lu tion  has to  be  p ro v ided  w ith  an  

adequately  re info rced  floor slab.

B o th  so lu tions a re  very expensive an d  can  be used only 

exceptionally, on  e ither very unu su a l soils o r  on  expensive 

houses.

D u e  to  these circum stances a n  in term ed iate  so lu tion  was 

devised a n d  has been used fo r som e tim e now  in  A rgentina, 

giving satisfactory  results. T his so lu tion  takes care  o f  w all 

cracking  by placing all walls, including partitions, on  reinfo rced  

concrete  beam s, susta ined  on  colum ns o r bo red  piles o f suffi­

c ient length. T h e  beam s a re  sep ara ted  from  the  g ro und  by 

cham bers o f expansion  w hich p erm it swelling o f  the  clay w ith ­

ou t lifting th e  walls, as ind icated  in  Fig. 21. Since these 

beam s are  p laced  at o r n ea r g ro und  level the  stre tch ing  effort

p ro d u ced  by soil expansion is sm all, an d  w hatever m ay com e 

is resisted  by  the  beam  itself.

T h e  floors a re  designed follow ing an o th e r line o f  though t. 

A s you  all know , expansion  o f active clays is a  spo rad ic  event; 

it m ay or m ay n o t tak e  place, depending on  fac tors w hich we 

do  n o t as yet u nderstand . B ecause o f th is, a  calcu la ted  risk  

can  be tak en  w ith  floors, given th a t any so lu tion  th a t will surely 

tak e  care  o f floors is usually  to o  expensive an d  o u t o f  the  

question . Besides, a  floor fa ilu re  is usually  m uch less serious 

th a n  a  w all crack , a t least from  the  psychological p o in t o f  view! 

W e also  discovered th a t  the  nu m b er o f  floor failures is very 

sharp ly  reduced  if the  floor is in tegrated  w ith  a  slab o f  ra th e r 

p o o r  concrete, re info rced  only w ith  the  purpose  o f  avoid ing  the  

cracks opening  and  eventually  leading to  the  b reak-up  o f the  

floor. T he floor m akes w ith the  re info rced  slab a  very flexible 

stru c tu re  capab le  o f  susta in ing  ra th e r  b ig  deflections w ithou t 

break ing  ap a rt, th an k s to  the  ties p rov ided  by the  reinforcem ent.

T he so lu tion  as described is frequently  cheaper th an  a  norm al 

w all foo ting  fo u n d a tio n  an d  occasionally only a  little  m ore  

expensive.

H . B. S u t h e r l a n d  (U .K .)

J. F eld  has discussed the  question  o f  the  no rm al design 

assum ption  o f  un ifo rm  p ressure  d is tr ib u tio n  u n d e r iso la ted  

footings. I  shou ld  like to  describe briefly the  m easurem ents o f 

p ressure d is tr ib u tio n  w hich a re  a t p resen t being m ade u n d er 

tw o o f  the  foo tings o f  the  new  engineering extension  w hich is 

being b u ilt a t  the  U niversity  o f  G lasgow .

T h e  footings are  ad jacen t to  each o th e r an d  their design loads 

a re  230 an d  30 ton . T h e  subsoil is a  very stiff b ou lder clay 

w hich extends to  a  considerable dep th , the  perm issible bearing  

capacity  o f w hich has been taken  as 3 to n /sq . ft.

A t the  larger foo ting , 16 p re-cast concrete  blocks 2 ft. 6 in. 

squ are  w ere p laced  close to  each  o th e r to  fo rm  fo u r row s each 

o f  fo u r blocks. O n  each  o f  these 16 blocks is a  cylindrical 

v ib ra ting  w ire load  gauge. T hese gauges carry  the  reinfo rced  

concrete  foo ting  w hich is 9 ft. squ are  and  2 ft. 6 in. th ick . The 

d istribu tion  o f  co lum n  lo ad  can  therefo re  be m easured  a t 

16 po in ts  below  the  foo ting . T he co lum n  transm itting  the 

lo ad  to  the  foo ting  is a  bu ilt-up  steel section encased in  concrete. 

A  tem porary  hinge p o in t has been p rov ided  a t th e  base o f  the  

co lum n to  elim inate the  transm ission  o f bending  to  the  foo ting.

T h e  co lum n lo ad  is also  being m easured  by v ib ra ting  w ire 

stra in  gauges a ttach ed  to  the  flanges o f  the  steel. T he co lum n 

lo ad  can  therefo re  be  checked against the  sum  o f  th e  loads 

reg istered  o n  the  16 cy lindrical gauges u n d e r th e  foo ting.

C onstru c tio n  o f  th e  build ing  is still p roceeding, b u t the 

m easurem ents m ade to  d a te  show  the  edge pressures to  be a b o u t 

tw ice the  pressure  a t  th e  cen tre  o f  the  foo ting. T he pressure 

d istribu tion  takes the  fo rm  to  be expected theoretically  fo r a 

rig id  type foo ting  on  a  clay soil.

L . M e n a r d  (F rance)

M onsieur le président, m essieurs, à  la  suite  de diverses in ter ­

ventions relatives aux  m esures de sol in  s i tu  il convient de 

signaler to u t l 'in té rê t de  la  m éthod e de R . Haefel i e t H . B. 

Fehl mann (2/4) concernan t la  m esure de la  com pressibilité du  

sol en  p ro fondeu r, m éthod e qu i consiste  à  in te rp ré te r à  l’aide 

de form ules de B oussinesq l’enfoncem ent de la  po in te  d ’un  

pénétrom ètre . E n  fait, les équations de B oussinesq ne son t 

rigoureusem ent applicables q u ’a u  seul calcul des con tra in tes 

e t défo rm ations p ro d u ites p a r u n e  charge, à  la  surface du  sol. 

A ussi, nous perm ettons-nous de  signaler que l’analyse de ce 

type d ’essai serait facilité p a r l’u tilisa tion  d irecte des form ules 

de M indlin  qu i son t u ne  généralisation  des form ules de 

B oussinesq p o u r les essais de chargem ent en  p ro fondeur.

Concrete

beam

Air space (expansion chamber)

Columns or bored piles

Pre-cast
elements
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Il est d ’ailleurs dém ontré  dans le tra ité  de m écanique des sols 

de  A . C aq u o t et J. K érisel que dans le cas d ’une  charge u n i ­

form e appliquée su r une  aire circulaire, le coefficient de réduc ­

tio n  à  a p p o rte r aux résu lta ts de Boussinesq, varie  de  1 à  0-50 

environ , au  fu r et à  m esure que la p ro fo n d eu r augm ente.

Je  saisis l’occasion de cette  in terven tion  relative à  des essais 

de com pressibilité U n s i t u '  p o u r com plé ter m a brève in ter ­

v en tion  au  cours de la  tro isièm e séance.

C on tra irem en t à  l’appareil de K og ler, e t je  pense que 

W . A ichh orn  est en tièrem ent d ’accord  à  ce sujet, le pressio- 

m ètre  est constitué  de tro is  cellules superposées, d ilatables 

rad ia lem en t e t gonflées à  la  m êm e p ression ; on  o b tien t ainsi 

des surfaces isostatiques rigoureusem ent cylindriques en  regard  

de la cellule m édiane de m esure e t il est ainsi possible de m esurer 

avec précision  les augm entations de d iam ètre  correspondan tes.

D es essais o n t m on tré  que si l’on  utilisa it une seule cellule sur 

tro is , on  é ta it condu it aux  résu lta ts les plus fan taisistes au  po in t 

que l’on  ob ten a it des résu lta ts de com pressibilité de 2 à  6 fois 

supérieurs à  ceux obtenus à  l’aide du  p ressiom ètre ou  p a r  des 

essais classiques.

Il a  été objecté que la  pression  natu relle  du  te rra in  su r la 

pa ro i devait condu ire  à  une d im inu tion  im p o rtan te  du  d iam ètre 

du  sondage après les opérations du  forage. O r, des essais 

systém atiques o n t m on tré  que cette  d im inu tion  de d iam ètre  •— 

qui est de  l’o rd re  de 1 p o u r cen t p o u r  les arg iles raides e t de 

8 p o u r cen t p o u r les argiles m olles et les sables —  n ’in tervenait 

en rien  dans les m esures pressiom étriques.

W Æ //Æ r n m m .

---- _3

-------- — »

Fig. 22

N o tre  in ten tion  au  cours de ce congrès n ’é ta it que de  signaler, 

sans plus, l’existence de ce nouvel appareil de  sol. E n  fait, des 

m illiers d ’essais o n t été réalisés a u  cours de  ces dern iers m ois 

p a r  nos expérim entateurs su r p lus de  c inquan te  sites différents 

e t accom pagnés de m esures de com para ison  à  l’oedom ètre, 

l’appareil triax ial au  seissom ètre e t à  l’appareil de m odule  de 

réaction .

Ces résu lta ts nous p erm etten t d ’ad o p te r systém atiquem ent le 

p ressiom ètre p o u r  les m esures de la résistance au  cisaillem ent 

e t de  la  com pressibilité. U n  ra p p o rt com ple t sera soum is au  

p ro ch a in  congrès.

A  la  suite  de l’in terven tion  de Y. T c h e n g  e t A . L a z a r d  

j ’aim erais seulem ent vous p résenter u n  résu lta t souvent ob tenu  

dans les sables com pactés : U n  essai p ressiom étrique effectué à 

faib le p ro fo n d eu r constitue  u ne  expérience de  butée. O r, dans 

les sables qui, au  triax ial o n t une  cohésion nulle  on  trouve 

parfo is des résistances de bu tée  po u v an t ê tre  de  l’o rd re  de 

100 t /m 2. Ce résu lta t ne  peu t s’expliquer que p a r  l’existence 

d ’une pseudo cohésion  due à  l’enchevêtrem ent des grains. 

C ette  pseudo cohésion qu i peu t a tte ind re  1 k g /cm 2 d isparait au  

m o ind re  rem aniem ent de l’échantillon.

J .  E . J e n n i n g s  (U nion  o f South  A frica)

M . S. Y oussef an d  o thers w ho have co n trib u ted  papers on  

heaving fou ndations will be in terested  in  recent developm ents 

in  S ou th  A frica w hich show  th a t it m ay be possible to  estim ate 

heave from  a  slightly m odified conso lidation  theory.

C onsidering  heave as a  process o f  change in  effective stress 

in  the  soil, the  p ro b lem  m ay be represen ted  in  F ig. 23 as a
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process o f chang ing  the  negative p o re  p ressure  in the  soil from  

the  curve A B a C  to  the  curve A B b D ,  i.e. from  the  cond itions as 

they exist in  the  g ro und  in n a tu re  to  the  cond itions w hich resu lt 

a fte r the  surface ev ap o ra tio n  has been elim inated  and  a  new  

equ ilib rium  m oistu re  regim e is established.

T h e  study  o f  th is effective stress change m ay be done  in  the  

n o rm a l oedom eter by considering  the  change from  applied  

pressure  a = c d  to  effective pressure  <j' =  b d in  Fig. 23. F ig . 24

Fig. 23 Pore pressure changes due to wetting up of a desiccated clay 
under surface coverage 

Changements dans les pressions interstitielles causée par le 
mouillage d’une argile desséchée sous une couverture en 
surface

show s th e  resu lts o f  such a  doub le  oedom eter test. T h e  dashed  

curves rep resen t th e  com pression  u n d e r app lied  pressures on  a  

sam ple o f  soil a t  its n a tu ra l w ater co n ten t w hile th e  con tinuous 

line rep resen ts th e  com pression  o f  an  iden tical sam ple u n d e r 

effective stresses only, i.e. w hen the  negative p o re  p ressures in  

the  soil a re  com pletely  relieved by soaking  th e  sam ple  in  w ater 

fo r a  sufficiently long tim e. A n  im p o rtan t fac t is th e  co inci ­

dence o f  the  s tra igh t C c sections o f these curves an d  ad justm en t

Fig. 24 Oedometer curves for estimating heave of desiccated clay 

Courbes oedomètriques pour estimer le soulèvement d’une 
argile desséchée

o f slightly dissim ilar curves is necessary in  m ost cases to  take  

accou n t o f  n a tu ra l v aria tio n s in  the  soil.

F o r  free heave conditions, i.e. w ith no  surface loading , the 

m ovem ents a re  calcu lated  from  the  vo id  ra tio  changes from  

p o in t A  to  po in t B . W here the  soil is loaded  by a  structu re , the  

m ovem ents a re  calcu la ted  from  po in t A  to  p o in t C .

T his m ethod  takes accou n t o f  su rcharge, overburden , degree 

o f  desiccation an d  clay activ ity  in  a  single opera tion . C om ­



p ariso n  o f  resu lts o f  p red ic tions and  field observations has given 

very satisfactory  results up  to  date.

F u r th e r  details o f  th is m ethod  together w ith  o th er aspects o f 

heaving a re  being dealt w ith  a t  a  sym posium  to  be held  in  

Jo h an n esb u rg  in Septem ber an d  will be  published  in the  T ra n s ­

a c t io n s  o f  th e  S o u th  A fr ic a n  I n s t i tu t io n  o f  C iv i l  E n g in e e r s .

L . E. C o l l i n s  (U n ion  o f S ou th  A frica)

T here  are  som e po in ts th a t I shou ld  like to  m en tion  in  co n ­

nection  w ith P aper 3a/36 by J. A . J. S a l a s  an d  J. M . S e r r a t o s a  

and  w ith the  com m ents o f O. M o re tto .

F req u en t observations ca rried  o u t to  determ ine the  m ove ­

m ents o f a  sm all single-storey brick  house  founded  on  expansive 

soil in V ereeniging, S outh  A frica, over the  p as t six years have 

show n th a t the  tim e-heav e  p a tte rn  is as fo llo w s:

(1) A  ‘gen era l’ heave occurs w hich, w hen p lo tted  against 

tim e, gives rise to  a  ‘log is tic ’ type o f curve w ith a  slope w hich 

increases fo r a b o u t tw o years an d  th en  decreases again, 

apparen tly  tend ing  to  an  asym pto te  a t  a b o u t 8 cm : a fte r a b o u t 

five years, the  average heave w as 7 cm.

(2) Superim posed on  th e  general curve is a  seasonal fluctua ­

tio n  show ing sharp  increases in  heave w hich seem to  correla te  

well w ith  th e  ra in fa ll w hich norm ally  occurs in  sum m er. T he 

am plitud e  o f  the  seasonal v a ria tion  is in itially  a b o u t 1 cm  b u t 

it decreases w ith  tim e.

(3) T h e  difference betw een th e  average m ovem ents o f 

observed  po in ts on  the  periphery  o f  the  house  an d  those  o f  

p o in ts  n ea r th e  cen tre  o f  th e  house  show  th a t a  ‘d o m in g ’ 

o f  a b o u t 1 cm  has so  fa r  o ccu rred : th is value is still increasing.

(4) O bservations o n  th e  m ovem ents o f  th e  soil a t  d ifferent 

dep ths ind icate th a t  by  fa r the  g reatest heave has tak en  place 

in  th e  u p p e r p o rtio n  o f  the  expansive soil profile. T he dam age 

to  th e  bu ild ing  is fairly  severe, b u t n o t sufficient to  m ak e  it 

un inhab itab le .

O n  th is  house, as on  m any  o thers bu ilt on  expansive soil in 

S ou th  A frica, th e  c rack ing  p a tte rn  indicates th a t  ‘hogg ing’ as 

well as ‘sagging’ deflections have tak en  place, so  it is necessary 

to  tak e  b o th  possibilities in to  accou n t w hen designing buildings 

w ith  re info rced  walls on  expansive soils.

P resen t m ethods o f  re in fo rced  b rick  design used  in  S outh  

A frica a re  n o t aim ed a t  p reventing  crack ing  b u t ra th e r  a t 

m inim izing it in  a n  econom ical way.

T hese observations a re  dealt w ith  m ore  fully  in  a  p ap e r to  be 

published  in  the  Septem ber T r a n sa c t io n s  o f  th e  S o u th  A fr ic a n  

I n s t i tu t io n  o f  C iv il  E n g in e e r s .

O. M o re tto  said  th a t one  o f  the  so lu tions o f  founding  bu ild ­

ings on  expansive clays w as to  avo id  th e  expansive n a tu re  o f the 

clay by  found ing  a t considerab le dep th , a n d  th a t th is m ethod  

tended  to  be som ew hat expensive. In  p ractice  one does n o t 

avoid  th e  p ro b lem  o f the  expansive na tu re  o f  the  clay. O ne has 

to  deal w ith  it in ra th e r a  com plicated  w ay, because considerab le 

tensile stresses can  occur in  such a  pile as a  resu lt o f  the shear 

forces exerted on  the  p ile  by the  expanding  clay. In  S outh  

A frica  cases have occurred  w here the  piles have been broken  

in  tension  by these forces. A s regards the  m a tte r  o f  expense, 

there  a re  few d a ta , b u t som e fairly  reliable figures indicate th a t 

the  cost need  n o t exceed 12 p e r cen t o f the  to ta l cost o f  the 

bu ild ing  w hich, w hen balanced  against the  savings in fu tu re  

m ain tenance , is n o t exorb itan t.

I. M . L i t v i n o v  (U .S .S .R .)

In  the U .S .S .R . there  have been developed and  in troduced  

in build ing  p ractice two m ethods o f therm al conso lidation  fo r 

use on  perm eable clayey soils.

T he first m ethod , due to  O stashov, consists o f forcing h o t a ir

a t  a  tem pera tu re  o f  600° to  800° C. th ro u g h  b o re  holes in to  the  

soil. T he second m ethod , developed by myself, depends on  the 

burn ing  u n d er pressure in the  soil itself o f  various fuels.

B o th  m ethods are  recom m ended a lthoug h  th e  second is co n ­

sidered to  be m ore effective a n d  econom ical; it enables large 

volum es o f soil to  be  trea ted  a t  the  sam e tim e.

In  the  second m ethod  the  hea ting  o f  the  soil m ass to  tem pera ­

tu res  o f  betw een 800° and  1,000° C. is achieved by the pen e tra ­

tio n  o f  h o t a ir  o r  incandescent p ro ducts o f  com bustion  in to  the 

voids o f  the  soil. In  o rd er to  facilita te  th is pen e tra tio n  the  

p ressure  o f  the  h o t gases is kep t above th a t  o f  the a tm osphere  

by pum ping  cold  a ir  in to  th e  b o re  holes.

T h e  tem pera tu re  o f  the  p ro d u c ts  o f  com bustio n  in  the  second 

m ethod  m ust n o t exceed the  fusion  tem pera tu re  o f  th e  soil to  

be consolidated  : th is is easily ensured  by regula ting  the  am o u n t 

o f cold  a ir supplied . T he am o u n t o f  fuel is determ ined  acco rd ­

ing to  the  perm eability  o f  the  soil.

E ach  b o re  hole, 4 in. in d iam eter an d  30 to  35 ft. deep, p ro ­

duces a  brick-like m ass 7 to  10 ft. in  d iam eter and  30 to  35 ft. 

deep. T h e  bu rn ing  o f th e  b o re  holes is carried  o u t sim ul­

taneously  in groups o f  10 to  20 and  m ore.

T hese m ethods o f therm al soil conso lidation  are  being applied  

in the  U .S .S .R . o n  m any sites in  the  construc tion  o f fou ndations 

fo r new  buildings, in  underp in n ing  existing build ings w hich 

show  unequ al settlem ent to  a  dangerous degree an d  in  som e 

o th er cases.

I. O r d e m i r  (T urkey)

In  connection  w ith  J. A . O s t e r b e r g ’s  very useful p ap er 

(3a/28), I  shou ld  like to  in fo rm  th e  conference th a t we have 

sim ilar co n trib u tio n s w hich have n o t yet been  published , bu t 

p rep ara tio n s  a re  being m ade  fo r th e ir pub lica tion  in  th e  very 

n ea r fu ture .

A s p a r t  o f  a  thesis p resen ted  to  th e  T echnical U niversity  o f 

Is tan b u l in  1955, 1 calcu la ted  g raphs to  give the  pressure  areas 

fo r trapezo ida l an d  trian g u la r co n tac t pressures u n d e r strip  

foundations. T hese g raphs give th e  values o f  pressure  areas 

betw een tw o a rb itra ry  levels.

D u rin g  m y stay a t  M IT , U .S .A ., I  h ad  occasion to  p repare  

fu rth e r g raphs fo r s trip  an d  circu lar foundations. N ow  there  

a re  pressure  area  g raphs fo r 21 different cases, w hich facilitate 

the  com pu ta tions in  the  settlem ent analysis considerably .

A . B e l e s  (R um ania)

L e problèm e de la  réa lisa tion  de rideaux  sou terra in s étanches 

se pose très souvent aux  ingénieurs e t de  nom breuses m éthodes 

o n t été im aginées à  cet effet.

A  n o tre  connaissance la  so lu tion  que nous voudrions exposer 

n ’a  pas encore été appliquée m ais, p a r  les résu lta ts favorables 

ob tenus, p a r  sa  sim plicité d ’exécution e t p a r son économ ie elle 

m érite  d ’ê tre  relevée.

Il s ’ag it d ’une construc tion  située dans une  localité balnéaire

—  O cna Sibiului en  R oum an ie  —  su r l’em placem ent d ’anciennes 

salines exploitées du  tem ps des R om ains. D an s les anciennes 

explo itations, des lacs d ’eau  salée s’é ta ien t form és, jo u issan t 

dans le pays d ’une g rande renom m ée p o u r  leu r action  

curative.

A u  b o rd  d ’un  de ces lacs, u n  groupe de constructions a  été 

co n stru it en  1905. Il com pren ait 3 édifices d o n t u n  le principal, 

é ta it l’hô te l ay an t u n  rez  de chaussée, 3 étages e t com bles. Il 

é ta it relié aux  deux au tres ay an t seu lem ent u n  rez  de chausée et 

destiné l’u n  a u  re s ta u ra n t et l’au tre  à  l’adm in istra tion  e t aux 

bains chauds.

L ’hô te l a  été fondé su r u n  rad ie r en  bé ton  arm é, fo rm é de 

cloisons étanches de  2 m ètres de hau teur.

A près u n  certa in  tem ps l’hô te l a  com m encé à se tasser e t à

169



p résen ter des fissures peu  im portan tes d ’ailleurs e t qu i é ta ien t 

réparées chaqu e  année.

A u  raccordem ent de  co u lo ir se p ro d u is iren t des crevasses 

p lus im portan tes qu i m arq u a ien t l’affaissem ent de l’hôtel.

V ers 1948, les crevasses devenan t p lus inquiétan tes, nous 

avons é té appelé p o u r exam iner la  situa tion . Les recherches 

en treprises ind iquèren t un  tassem ent de  80 cm  su r la  façade 

d o n n a n t vers le lac e t u ne  déviation  p a r  ra p p o rt à  la  verticale 

de  40 cm  au  niveau de la  corniche.

Fig. 25

L ’étude du  sous sol m o n tra  que l’édifice reposa it su r le m assif 

d e  sel qu i en to u ra it le lac  d o n t le n iveau supérieur p résen tait, 

d u  cô té  du  lac, une  a rrê te  située à, env iron , 6 m ètres sous le 

n iveau  d u  te rra in , tand is q u ’à  l’au tre  extrém ité d u  bâtim en t, le 

sel se tro u v a it à  quelques 12 m ètres de p ro fondeu r.

U n e  n ap p e  d ’eau  douce qui se tro u v a it à  env iron  2 m ètres de 

p ro fo n d eu r e t qu i s’écou lait des collines du  voisinage pro d u isa it 

la  d isso lu tion  d u  m assif de  sel, d isso lu tion  p lus accentuée au

a tte ignan t le degré de sa tu ra tio n  m axim um  n ’a u ra  plus d ’action  

su r le m assif de sel, e t p a r  suite  les tassem ents devaien t s’arrê te r.

V u les possib ilités d o n t nous disposions à  cette  époqu e  la 

so lu tion  recom m andab le  é ta it la  c réation , à  l’a ide de forages 

encastrés dans le sel e t injectés de cim ent, d ’un  voile étanche. 

L a  so lu tion  fu t a jou rnée  ju sq u ’en  1954, quan d , les tassem ents 

ay an t p ris  u n e  allu re rap ide , de fortes crevasses se p ro du is iren t.

C ependan t, ay an t eu  l’occasion de faire  certaines rép ara tio n s  

aux  sous-sols d ’une  usine  de cellulose, e t ay an t observé que le
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te rra in s  argileux im bibés de lessive de  b isu lph ite  de  soude se 

révélaien t im perm éables, je  m e décidai, avec m o n  collègue et 

co llab o ra teu r l’ingénieur J. S tanculesco, d ’exam iner la  possi ­

b ilité  d ’u tiliser u n  m élange d ’arg ile e t de  lessive de b isu lph ite  de 

soude p o u r  réa liser l’é tanchem ent das te rra in s perm éables. D es 

é tudes de  lab o ra to ires continuées p en d a n t u n e  année , nous 

m o n trè ren t q u ’u n  m élange d ’arg ile fine, bien broyée e t de lessive
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Fissuration du bâfim en/ 

Fig. 28

niveau de  l’a rrê te  du  m assif, ce qui expliquait l’inclinaison de la 

construction .

D es forages effectués ind iquèren t que le te rra in  é ta it form é 

p a r  des couches très irrégulières com posées de sab le, de gravier 

e t  d ’arg ile, e t d o n n a n t des zones de perm éabilité  très variables.

L e n iveau  d u  lac  se tro u v an t à  env iron  2 m ètres au  dessus 

de la  crê te  du  m assif de sel et la  n ap p e  d ’eau  sou terra in e  é tan t 

très riche, n i son  rab a ttem en t, n i sa suppression  n ’é ta ien t 

possib le.

L a  seule so lu tion , à  n o tre  avis, é ta it de créer p o u r  l’eau  une 

zone de repos p a r  l’exécution d ’u n  voile é tanche au to u r du  

bâtim en t. L ’eau  im m obilisée dans l’enceinte ainsi form ée

de b isu lph ite  de  soude add itionnée d ’eau  d o n n a it un  m até riau  

très facilem ent in jectable, é tanche e t rés is tan t à  l’en tra inem ent 

p a r  les co u ran ts  d ’eau , m êm e salée.

V u les résu lta ts favorables ob tenus a u  lab o ra to ire  e t le coû t 

réd u it nous décidâm es d ’em ployer ce m atérieau  com m e m oyen 

d ’étanchem ent.

Les trav au x  fu ren t com m encés en  au to m n e  1955 p a r 

l’exécution de  forages disposés en  qu inconce e t p én é tran t 

solidem ent dans le m assif de  sel. A u  fu r e t à  m esure de leur 

exécution les forages fu ren t rem plis d u  m élange p réparé  au  

p réalab le  e t p a r  m atage, com prim é dans le sol.

L e p ro je t p révoyait l’exécu tion  d ’un  voile co n tinu  a u to u r  de
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M âtaqe d ire c t avec m outon  
/o u ra t

(procédé adopté)

Fig. 29

Mâtage sur bouchon 0's dois
Mâtage su r tig e  rig id e .

l’hô tel, m ais u n e  p a rtie  seu lem ent fu t réalisée. D ès que la  

ro u te  de  l’eau  vers le lac  fu t barrée , les tassem ents se réduisiren t, 

p o u r  cesser ensu ite  com plètem ent. D an s les dern iers m ois u n  

n ivellem ent de  précision  n ’ind iqua  p lus de tassem ents p e r ­

ceptibles.

P en d an t l’o p éra tion  on  p u t co n s ta te r une  g rande  pén é tra tio n  

d u  m até riau  injecté d ans les différentes couches rencontrées e t 

la  réa lisa tion  d ’un  étanchem en t com ple t de  la  zone injectée. 

E n  ce qu i concerne les m atériaux  utilisés nous rem arq uons que 

l’arg ile é ta it d u  type utilisé su r les chan tie rs d ’exp lo ita tion  du  

pétro le  e t la  lessive de  b isu lphite  de  soude é ta it u n  déchet 

résu ltan t de la  fab rica tion  de  la  cellulose; tous deux so n t d ’u n  

co û t très réduit.

Je  cro is avo ir ind iqué u n e  m éthod e  économ ique facile à  

réaliser e t très sim ple p o u r  l’exécu tion  de voiles é tanches e t 

j ’espère que  le m até riau  ind iqué c i-avan t sera  utilisé, après 

expérim entation , p o u r  la  réa lisa tion  de voiles é tanches sou ter ­

ra in s e t aussi p o u r  d ’au tres ouvrages.

A . R . Jumikis (U .S .A .)

T h e  b u lk  o f  P ap er 3a/30, ‘D an g er o f  F ro s t H eaving  on  

Skating-rink  F o u n d a tio n ’, by R . Piet kowski deals w ith  therm al 

calcu la tions; it  con tain s very little  a b o u t th e  danger o f  fro st 

heaving m en tioned  in  the  title. F ro m  practical experience an d  

from  theoretical considerations th e  non-un ifo rm  heaves are  

m ore dangerous th a n  th e  u n ifo rm  ones. T h e  au th o r, cal ­

cu lating  heaving as 4-4 cm , apparen tly  assum ed a  un ifo rm  

heaving th ro u g h o u t th e  en tire  freezing area. I f  th e  a rea  is 

large in  ex ten t an d  the soil is o f  non-un ifo rm  stru c tu re  and  

tex ture, th en  differential heaves m ay occur w hich w ould  cause 

troub le  n o t so  m uch to  the  ska ting  surface itself (unevennesses 

can  be som ew hat co rrected  by sp read ing  an d  freezing m ore 

w ater on  the  surface) b u t ra th e r to  the  freezing coils a n d  the  

layers w here  th e  coils a re  installed.

A t the  end  o f  the  p ap er the  au th o r w rites :

. . . T ak in g  in to  co n sid e ra tio n  th a t  cap illa ry  suction  o f  w ate r w ill n o t 
a p p e a r  in  clay  in  any  rem ark ab le  degree ow ing to  its  very  sm all p e r ­
m eability , w e shall o b ta in  a fro st heaving  o f  th e  soil. T his heaving can  
be ev a lu a ted  as . . . 4-4 cm . T h e  p h en o m en o n  o f  f ro s t heav ing  lim ited  
only  to  th is figure w ould  n o t p re sen t a  m enace to  the sk a tin g -rin k  fo u n d a ­
tio n , b u t th e  soil th ere  w as n o t u n ifo rm . I f  any  w ate r suction  co u ld  tak e  
place, th e  freezing process w o u ld  b e  slow er, b u t heaving  w ould  increase.

T here  a re  a  few com m ents I  shou ld  like to  con trib u te  in 

connection  w ith  th e  above quo ta tio n .

(a) T h e  au th o r does n o t give any  relative c rite ria  as to  w hen 

the  heaving is dangerous an d  w hen n o t, o r  w hat is the  m agni ­

tude o f  perm issible heaving. I t  is difficult to  see why the  cal ­

cu la ted  4-4 cm  (n o t q u ite  2 in.) heave w ould  n o t p resen t a 

m enace to  th e  fo u n d a tio n . O n  highw ays, a  2-in. un ifo rm  

heave w ould  n o t be  considered  dangerous to  h igh-speed traffic, 

w hereas a  2-in. differential heave m ay be d isastrous. N ow , if  

the  freezing coils a re  m ade  an d  insta lled so as to  allow , say, a

10 cm  dislocation , w ould  such a  heave be dangerous to  the  

ice-skaters ?

(b) A s to  th e  au th o r’s sta tem en t th a t  capillary  suc tion  o f 

w ater will n o t ap p ea r in  clay in  any  rem ark ab le  degree ow ing 

to  its very sm all perm eability , I  sho u ld  like to  indicate th a t 

a lth o u g h  the  process o f  soil m o istu re  m igration  is slow , a  con ­

siderab le am o u n t o f  soil m o istu re  can  flow  upw ards during  a  

relatively  long  perio d  o f  tim e u n d e r a  therm al po ten tia l (a  

ska ting-rink  w ould  p ro b ab ly  be in  op era tio n  from  D ecem ber 

th ro u g h  F eb ruary , o r  even all the year rou nd). H ow ever, it 

is in  th e  slow  process o f  soil m oistu re  flow, w hich is o ften  

overlooked  a n d  fo rgo tten , w here the  danger o f  dam age to  

highw ays, runw ays, an d  skating-rinks lies.

(c) T h e  a u th o r does n o t ind icate th e  position  o f  th e  g round  

w ater table. I f  th ere  is no  g ro und  w ater p resen t o r it is in ­

accessible, o r  the  soil m oistu re  transfer m echanism  is ineffective, 

th en  th e  m igration  o f  soil m oistu re  to  the  cold  fron t is a  dry ing  

process o f  the  soil, an d  usually  no  fro st heave troub les a re  

experienced. H ow ever, if  g ro und  w ater is present, then , 

depending  u p o n  the  m ethod  an d  ra te  o f freezing, th e  follow ing 

can  happen . U p o n  quick  freezing, no  ice segregation takes 

p lace: u p o n  slow  freezing, o r repeated  freezing an d  thaw ing, 

considerable ice segregation takes place, resu lting  in  m oistu re  

re -d is tribu tion  (ice layers in  soil m ay u n d e r som e circum ­

stances also ac t as a n  insu lator). H eaving, how ever, is co n ­

siderab le in  b o th  instances, an d  if, in  a  large skating-rink , 

differences in  soil types, tex ture, o th e r soil p roperties and  

varying clim atic cond itions a re  encoun tered , d ifferential heaves 

m ay occur. D ifferential heaves a re  causing pipes an d  coils to  

break , an d  can  im pair traffic a n d /o r  skating. T h e  m agnitudes 

o f  the  heaves depend  u p o n  the  d ep th  o f  the  g ro und  w ater table 

from  w hich w ater is supplied  to  the  grow ing ice lenses.

T he p resen ta tion  o f  the  therm al calcula tions fo r a  dry  layered 

fo u n d a tio n  system  w here the freezing coils a re  insta lled  are  

c lear an d  appealing  and  m ay be o f  considerab le p ractical value 

to  those  engaged in  th is k ind  o f  construction .

B. J. Pr ugh (U.S.A.)

P ap er 3a/39, F o u n d a tio n  o f  the H am p to n  R o ad s T unnel, by 

S. St euer man an d  G . J. Mur phy , gives an  excellent descrip tion 

o f  a n  adequ ate  subaqueous foundation . T h is w as accom plished
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by densification o f the loose sa tu ra ted  sands u n d e r the  tunnel 

p o rta ls  by m eans o f  v ibroflo tation .

W hile densification by v ib ro flo ta tion  p rov ided  a  com pact 

sand  w ith  a n  average relative density  o f  approxim ately  85 per 

cent, it sim ultaneously  c reated , especially a t  the  so u th  po rta l, 

a n  unusual dew atering p roblem . E ven w ithou t v ib ro flo ta tion  

th e  dew atering p rob lem  w as a  serious one. A n  artificial island, 

c rea ted  by hydraulically  p laced  loose coarse sand, in  an  exposed 

p o sition  in  practically  the  cen tre  o f  C hesapeake Bay, w as to  be 

excavated, by the  open  cu t m ethod , 38 ft. below  w ater level. 

C o n stru c tio n  o r w orking  a rea  w as lim ited an d  p ro tec tion  

against s to rm  an d  wave ac tion  was p rov ided  by a  single con ­

c re te  b reakw ater an d  large-size rip -rap .

B oring  investigations o f the  hydraulically  p laced  coarse sand 

fill revealed th a t  th e  perm eability  w as in  the  range o f 1,300 to

1,600 m icrons p e r sec w ith  open  w ater som e 40 ft. from  the 

edge o f th e  excavation. F low  nets construc ted  in  a  m odel 

flum e revealed th a t a  conven tional w ellpoint dew atering  system , 

w ith  the  screen sections located  below  subgrade and  inside the  

sheeting line, w ould  p rov ide  a  su itab le  d raw dow n curve w ith  a 

fac to r o f  safety if in terlocking  steel sheet piling w as installed.

T he co n trac to r, how ever, elected to  use vertical steel ‘H ’ 

beam s w ith  ho rizo n ta l w ood p lan k  lagging. T h e  densification 

by v ib ro flo ta tion  p ro duced  an  artificial vertical p lug  o f com ­

p ac ted  sand  o f  low  perm eability  exactly w here th e  w ellpoint 

screen sections shou ld  have a  soil o f  high  perm eability .

Placing the  w ellpoint screen sections below  the  vibrofloated  

a rea  in  the  loose san d  elim inated  th e  disadvan tage. F lum e 

m odels revealed th a t in  th is case th e  d raw dow n curve in ter ­

cep ted  th e  line o f  sheeting above subgrade.

A n  im pervious b lanket on  th e  outside o f  the  island  w ould 

have greatly  lengthened  the  u p p e r b o u nd ary  o f  th e  flow lines. 

T he econom ical p lacing an d  m ain tain ing  o f such a  b lanket in  

the  face o f w ave and  sto rm  action  w as questioned , as well as 

its effectiveness a fte r storm s.

T he so lu tion  w as in  a  continuously  opera ting  tw o-stage well ­

p o in t system  w ith  the  to p  stage designed to  pene tra te  and  

depress th e  u p p er b o u nd ary  lim it and  also  to  carry  40 p e r cen t 

o f  the  to ta l vo lum e o f w ater pum ped . Y ou  will n o te  from  

Fig. 30 th a t  u n d e r the  to p  stage o f w ellpoints, the  actual flow 

pa th s  w idened.

In  actual o p era tion  the  upper stage pum ped  500 gal. per m in.

p e r ft. o f  d raw dow n against the  525 gal. p e r m in. com pu ted  

from  the  flow nets. W hen  b o th  stages w ere in  op era tio n  th e  

flow gradually  shifted  to  th e  low er set-up w ith  p a r t  o f  th e  up p er 

stage going dry. Investigation  revealed very steep w ater 

g rad ien ts an d  silting u p  o f  th e  to p  o f  th e  ou tside island  slopes 

due  to  the  con tinuous large quan tities o f  w ater being pum ped .

F ro m  th e  actual d raw dow n curves, ind iv idual w ellpoint 

tests and  to ta l volum e pum ped , th e  actual perm eability  o f  the  

loose san d  w as com puted  a t  1400 m icrons p e r second a n d  o f 

th e  v ibrofloated  densified sand , 1000 m icrons p e r second.

In  conclusion: w hen designing densified areas by v ib ro flo ta ­

tion , due consideration  shou ld  be given to  dew atering problem s 

in  ad jacen t areas.

P. J. A l l e y  (N ew  Z ealand)

W ith  th e  old m ethods o f  trea tm en t o f fou ndations being 

gradually  rep laced  by new , it is refreshing to  see th a t  som e o f 

th e  o ld  m ethods give good  results. T he Fellenius slip circle 

fo r fou ndations an d  T erzaghi’s fo rm u la  fo r se ttlem en t are  

instances o f  this.

A  certa in  o il com pany  p ro posed  to  erect an  oil ta n k  a t  a  

p lace called L y tte lton , in  N ew  Z ealand , an d  com plete subsoil 

investigations w ere carried  ou t. T he subsoil consisted  o f 20 ft. 

o f  reclaim ed silts overlying h a rb o u r silty clay and  clays to  a  

dep th  o f 80 ft. T he value o f  stress w as 2 to  3 lb ./sq . in. As 

th e  s tra ta  varied  greatly  it w as fo u n d  exped ien t to  use the 

n a tu ra l w ater con ten ts and  liqu id  lim it to  derive the  settlem ent. 

T he Fellenius m ethod  was used to  a rrive  a t the  stab ility  by 

tak ing  a  fo o t stress th ro u g h  the  cen tre  o f  the  tank . T h e  tan k  

was 78 ft. in  d iam eter an d  it was h oped  to  find how  m uch w ater 

could  be  placed in  the  tan k  safely. C alcu lations show ed th a t 

only 20 ft. o f  w ater could  be p u t in  the tan k  fo r a  s ta rt. T he 

ta n k  w as filled to  20 ft., an d  there  w as a  settlem ent o f  a b o u t

8 in. F ro m  th a t stage onw ards the  com pany did  n o t believe 

the  predictions o f th e  engineer w ho was em ployed, so  they 

th o u g h t they  w ould  fill up  the  ta n k  to  30 f t . ; they did  so and  

no th in g  happened , except th a t a  b it m ore  settlem ent to o k  place. 

T hey th en  w ent on  to  33 ft. w hen suddenly  the  tan k  tilted— so 

they rap id ly  em ptied it and  th o u g h t b e tte r o f soil m echanics 

afterw ards! T h e  settlem ent a fte r one  year w as 18 in. T he 

fac to r o f safety used w as 1-5.
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V. G . B e r e z a n t z e v  (U .S .S .R .)

E xperim ental investigations o f  the  bearing  capacity  o f  sand  

show  th a t w ith  d ep th  ra tio s o f m ore th a n  1 to  1-5 b u t less th a n

3 in m edium  an d  dense sands there  is considerable settlem ent 

o f  the  fo u n d a tio n  before fa ilu re  w ith  upheaval. T his settle ­

m ent is n o t dangerous p rov ided  it is determ ined  beforehand  

a n d  allow ance is m ade  in  th e  design o r construc tion . In  the  

presen t case the  lo ad  causing fa ilu re  w ith  upheaval is o f  little  

p ractical in terest in  fo u n d a tio n  design: how ever, in  such co n ­

d itions one can  observe a  p a rticu la r lo ad  th e  increase o f  w hich 

leads to  m ore  in tensive settlem ent. T h is  p a rticu la r load  co rre ­

sponds to  th e  m om en t w hen  the  g radually  developing plastic  

zones reach  the  level o f  fo u n d a tio n  base. In -so -far as fu rth e r 

increase o f  lo ad  causes d efo rm ation  an d  th e  g radual develop ­

m en t o f  p lastic  zones in  the  overburden , th is load  can  be term ed 

the  critical load . T his critical load  is considerably  g rea te r th an  

the  value  o f  the  first c ritica l lo ad  de term ined  by the  usual 

m ethods know n  in  soil m echanics. W ith  a  d ep th  ra tio  3 to  4 

th e re  a re  no  characteristic  p o in ts  on  the  settlem ent curve.

T hus, fou ndations o f different dep ths can  be classified in to  

th ree  groups. F irs t, shallow  fo u n d a tio n s w here the  increase o f 

se ttlem ent is sudden  and  is follow ed by failure w ith upheaval. 

T h a t is fo r a  dep th  ra tio  lying betw een 0 an d  1 to  1 -5. Secondly, 

deep  fou ndations w here th e  increase o f  settlem ent is n o t fo l ­

low ed by failu re w ith upheaval, b u t is characterized  by g radual 

d e fo rm atio n  o f overburden . T h a t is fo r the  d ep th  ra tio  lying 

betw een 1 to  1-5 an d  3 to  4. T hird ly , very deep foundations, 

•with th e  d ep th  ra tio  m ore th an  3 o r 4, w here settlem ent increases 

g radually  b u t is non-linear.

F o r  the  first g ro up  th e  m ain  po in t is the  de term ina tion  o f 

lim it load  by the m ethod  o f  lim it equilib rium  theory . F o r  the 

second g ro up  it is necessary to  determ ine the  critical load  w hen 

the p lastic  zones reach  the  base level an d  also to  determ ine the 

a m o u n t o f  settlem ent. F o r  the  th ird  g roup , the  m ain  p o in t is 

the  de te rm ina tion  o f  the  am o u n t o f settlem ent. W ith  such an  

app ro ach  to  its evaluation  it is possib le to  assum e considerab ly  

greater values fo r soil bearing  capacity. T h e  m ost im p o rtan t 

p ro b lem  in  fu tu re  theoretica l investigations is th e  developm ent 

o f m ethods fo r the determ ina tion  o f settlem ent values w ith  n o n ­

lin ea r re la tionsh ip  betw een load  and  deform ation .

R . V. Whit ma n (U .S .A .)

T he question  o f  the  p ro p e r m eans fo r the  determ ina tion  o f  a  

m odulus o f d efo rm ation  was ra ised  a t th is a fte rn o o n ’s session, 

as it h a d  been earlier in  sessions 1 and  2. In  th is respect, one 

o f  the  m ost im p o rtan t com m ents m ade by m any o f  the  speakers 

is, I  believe, the  necessity  fo r som e degree o f  pre-stress o r  pre- 

load ing  to  be given to  the  sam ple if  a  correc t o r  p ro p e r determ i ­

n a tio n  o f th is m odu lus o f  defo rm ation  is to  be  ob tained .

I should  like to  m ention  tw o instances in w hich it has proved  

possible to  correla te  a  m odulus o f  defo rm ation  ob tained  from  a  

triax ial o r  an  oedom eter test w ith  m easurem ents o f  the  seismic 

wave velocity. T he first o f  these exam ples involved a  un ifo rm  

deposit o f  silt a t  a  m oisture  co n ten t below  the  shrinkage lim it. 

In  this instance the  seism ic velocity w as determ ined b o th  by the 

usual geophysical sou nd ing  m ethods and  also  by the  observation  

o f tim e lags in  th e  transm ission  o f som e large in tensity  pressure 

waves resu lting  from  blasting. I  m ight add  th a t these blasting 

waves w ere transm itted  dow nw ards th ro u g h  the  soil in  w hat 

m ight be  called  a  one-d im ensional p a tte rn . In  th is case it 

proved  possib le to  o b ta in  a  goo d  co rre la tio n  betw een the 

observed seism ic velocity an d  th e  velocity com puted  from  the  

results o f  oedom eter tests using  th e  slope o f  th e  p re-loading  

curve; in  o th e r w ords, using a  m odulus o f defo rm ation  ob ta ined  

a f te r  a  p re-load ing  h ad  been applied  to  th e  sam ple and  rem oved.

A n o th er instance o f  such co rre la tion  involved a  d ry  sand

w ith very un ifo rm  ro u n d ed  soil particles. In  th is case the  

seism ic velocity was determ ined  in  a  lab o ra to ry  experim ent 

u p o n  a  long sam ple w here it was possible to  observe the  tim e 

lag fo r transm ission  o f  the  wave from  one end  o f  the  sam ple to  

an o th e r (see P aper lb /15 ). O nce again  it p ro ved  possib le to  

co rre la te  th is velocity w ith the  value calculated from  a m odulus 

o f  d efo rm ation  ob ta ined  in a  triax ial test. O nce again  a  co n ­

siderable degree o f pre-loading— several cycles o f it, as a m a tte r  

o f  fact— h ad  been applied  to  the  sam ple.

T he fac t th a t this co rre la tion  could  be o b ta ined  w ith  the  

m odulus o f defo rm ation  w hich resu lted  a fte r the  p re-loading  

o r  pre-stressing is to  m e a  dem o n stra tio n  o f the necessity  o f  

using  som e so rt o f  pre-stress.

I t  has been suggested th a t the  low  values o f the m odulus o f 

d efo rm ation  ob ta ined  in  lab o ra to ry  tests w ithou t p re-loading  

m ay be the resu lt o f  sam ple d istu rbance. I th ink  th a t perhaps 

there  is a  pa rticu lar k ind  o f sam ple d istu rbance p resen t; nam ely , 

the  soil a t  the  tw o ends o f  the  sam ple, w hether it be  a  triax ia l 

sam ple o r an  oedom eter sam ple, has a  looser struc tu re  th a n  the  

m ain  bulk  o f the sam ple. I f  one is dealing w ith  an  artificially 

p rep ared  sam ple, th e  u p p er layer w here th e  com paction  has 

ceased will n o t possess the  dense p roperties o f the rem ainder 

o f  the  sam ple. I f  one is dealing w ith a  sam ple o f n a tu ra l soil, 

I  believe th a t the  significant d istu rbance occurs righ t a t  those 

end  surfaces w here the  sam ple has been trim m ed before placing 

it in  the  testing m achine. I f  th is is tru e— th a t the  d istu rbances 

a re  o f  th is p a rticu la r type, so th a t it m akes no  difference w hether 

one sta rts  w ith a  bore tube sam ple o r a  sam ple cu t from  a  chunk  

— it m eans th a t the  e rro rs  a re  alm ost unavo idab le  if one 

a ttem p ts to  m easure a  m odulus o f  defo rm ation  during  the  first 

loading ; hence som e degree o f pre-stress o r p re-loading  m ust 

b e  used. T he choice o f  the  p ro p e r m agnitude fo r the  pre- 

load ing  is a question  th a t needs considerab le fu rth e r study.

O. M o r e t t o  (A rgentina)

L . E . Collins o f S ou th  A frica has m isunderstood  w hat I  said 

in  re la tion  to  the  type o f fou ndation  to  be used to  avoid  swelling 

pressures. I  d id  n o t say th a t one uses deep fo u ndations; I  said 

th a t one places the build ing  in  the air. T h e  g ro u n d  floor is 

p laced  on  the  a ir so th a t there is no  con tac t betw een the build ­

ing an d  th e  g ro und  except th rough  the  colum ns w hich con ­

cen tra te  loads a t  certa in  po in ts on  the  ground.

In  the p ap er w hich I  p resen ted  to  the  conference in  B razil, 

an d  w hich I  m en tioned  in  m y co n tribu tion , I m ade a  critical 

study  o f those  solu tions w hich p re tend  to  solve the  p rob lem  by 

tak ing  the  fou ndations to  a  relatively deep layer. I  also h ad  

exactly  the  sam e experience as L. E . Collins o f seeing piles 

bro ken  by extension due to  the  pressure o f the  soil u n d e r the 

beam s w hich susta ined  the building. T h a t experience was the 

one w hich gave m e the  idea o f placing an  a ir cham ber u n d er 

the beam s.

E. d e  B e e r  (Belgium)

P o u r la  définition de la  m arge de sécurité , il fau t d istinguer 

en tre  le p roblèm e de l’équilibre lim ite de ru p tu re  e t celui de 

l’équilib re lim ite de  déform ation . Je  cro is que le prob lèm e 

posé p a r  le ra p p o rt général concerne essentiellem ent le p rob lèm e 

de l’équ ilib re  lim ite de ru p tu re .

Si on  se lim ite à  ce dern ie r problèm e, il nous sem ble q u ’il est 

préférab le  d ’in tro du ire  la  n o tio n  du  calcul à  la  ru p tu re  telle 

q u ’elle est en  tra in  de se généraliser dans les ouvrages en  béton  

e t  en  b é ton  p récon tra in t.

E n  principle, il y a  deux possibilités d ’in tro du ire  u n e  m arge 

de sécurité, no tam m en t, so it p a r  ra p p o rt aux  forces résistantes, 

so it p a r  ra p p o rt  aux  forces agissantes.

Les forces résistantes son t des fonctions de la cohésion et de
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l ’angle de fro ttem ent. M ais ces fonction  son t souvent lo in  

d ’être  linéaires. A insi, dans de nom breux  cas, ils son t une 

fonctions exponentielle de  l’angle <f>. E n  ap p liq u an t u n  co- 

ëfficient de sécurité à la  cohésion  ou  à  tan  </>, on  o b tien t une 

m arge de sécurité qui est fonction  de la  valeur abso lue de ces 

grandeurs. C ’est pou rq u o i, je  pu is difficilem ent m e ra llier à  

une  généralisation de la  m éthode consis tan t à  ap p liqu er un  

coefficient de sécurité 5  à la  cohésion et à  tan  <f>, p a r  exemple, 

dans les cas d ’ouvrages de soutènem ent.

Les g randeurs C  e t <j> à  in tro du ire  dans les calculs, doivent 

ê tre  déduites d ’études statistiques et de p ro bab ilité  com m e 

A. L azard  l’a  exposé.

E n  ce qui concerne la  m arge de sécurité de l’ouvrage lui- 

m êm e, ellepeut ê tre  déterm inée p a r le ra p p o rt de la  valeur des 

forces sollicitantes p ro v o q u an t l’é ta t de ru p tu re  p a r  ra p p o rt à 

la  valeur m axim um  qui d o it ê tre  prise en  considération  p o u r  la 

construction .

C om m e je  l’ai d it a u  débu t, la  question  du  problèm e des 

déform ations do it ê tre  réso lu  séparém ent.

A . Bel es (R um ania)

E n  re la tio n  avec la  com m unication  de I. M . L itv inov de 

l’U R SS, concernan t le tra item en t therm ique des terra ins, je  m e 

perm ets de signaler au  congrès que nous avons développé en 

R oum anie , une  m éthod e sim ple e t économ ique de  tra item en t 

therm ique  du  sol qui fera  l’ob ject d ’une com m unication  à  

l’occasion des discussions de la  IX ème séance, 6 èm e section 

technique.

P. Habib (F rance)

D an s les discussions des com m unications de la  section 3a, 

l’accent a  été m is à p lusieurs reprises sur l’influence de la rig id ité

Fig . 31 D y n am o m ètre  à  fric tion  

F r ic tio n  d y n am o m eter

de la s tru c tu re  sur la rép artitio n  des con tra in tes sous la  fo n d a ­

tion . A vec les instrum ents de m esure de con tra in tes dans le 

sol, les vérifications directes son t difficiles à o b ten ir ca r la  m ise 

en œ uvre e t l’u tilisa tion  de ces appareils son t délicates. A ussi 

je  voudrais signaler un  d ispositif de m esure de con tra in tes que 

nous avons eu l’occasion de m ettre  au  po in t p o u r des m odèles 

rédu its de  grandes dim ensions et qui sem ble directem ent 

utilisab le p o u r  les fondations.

L e princip le de cet appare il est celui du  dynam om ètre à 

friction . T ro is lam es m étalliques fines so n t em pilées les unes 

su r les au tres: l’effort p o u r faire glisser la  lam e in term édiaire  est 

fonction  linéaire de la  charge norm ale  que sup porte  le 

dispositif.

D e  nom breux  essais p répara to ires nous o n t condu its à  lui 

d o nner les dim ensions suivantes:

longueur active 60 cm

largeur 6 m m  (p o u r éviter les effets de voûte)

épaisseur to ta le  6 /10 m m

L a  lam e cen tra le  en  acier coulisse avec des m ouvem ents de 

va-et-v ient dans le sens de la  longueur. L ’ensem ble est lubrifié 

avec de la graisse silicone e t est p lacé dans une  enveloppe en 

m atière  p lastique fine p o u r  assurer u ne  étanchéité  suffisante. 

A  chaque extrém ité u n  b lindage de garde ab rite  le d ispositif de 

trac tio n  et de m esure.

Les résu lta ts que nous avons obtenus o n t été très satisfaisants 

dans les sables m ais com m e nos essais n ’o n t pas d u ré  plus de dix 

jo u rs , nous cra ignons, avec le d ispositif orig inal, q u ’une légère 

corro sion  m odifie le coefficient de  fro ttem en t de la  lam e 

centrale . N ous réalisons actuellem ent le m êm e appareil, en 

acier inoxydable tra ité  en  surface, p o u r  le p lacer sous des 

fondations.

Je  pense que ce dispositif, p a r sa sim plicité, peu t ren d re  de 

g rands services p o u r  la  déterm ina tion  des charges effectivem ent 

appliquées su r le sol.

A . D v o r a k  (C zechoslovakia)

I should  like to  refer briefly to  the  co n trib u tio n  by R . V. 

W hitm an  (U .S .A .), concern ing  the  seismic estim ation  o f defo r ­

m atio n  m odulus in  soils.

I f  the  seism ic velocity in  cohesionless soil such as san d  is 

m easured  we m ay ob ta in  very g rea t differences depending  up o n  

the  am o u n t o f  w ater in  the  voids o f  the  soil. In  w ater-satu ra ted  

sands the velocity o f seism ic waves is m uch h igher th a n  in  dry  

sand, w hereas th e  sta tic  com pressibility  is th e  sam e. In  a  

construc tion  we have to  deal w ith  sta tic  loads and  th is fac t m ust 

be  considered.

In  clays sa tu ra ted  w ith  w ater the  velocity o f seism ic waves is 

very great, fo r w ith  such instan taneous m icro-stresses th e  soil 

has th e  p roperties o f  a  m edium  w ith  a  m odulus o f  elasticity 

m any tim es h igher th a n  in  slow sta tic  tests.

P. E . R a e s  (Belgium)

M onsieur le P résident, M essieurs: Ce m atin  m on  collègue,

E. de  Beer, a  présen té quelques observations au  sujet de m a 

co n trib u tio n  à  n o tre  congrès. C ette  con trib u tio n  est fo rt 

m odeste; elle consiste  à  d ire  que, depuis que nous disposons 

d ’excellentes form ules de  fon dation , découvertes p a r de brillan ts 

m athém aticiens d o n t il est inutile que je  vous rappelle  les nom s, 

il est superflu de se servir encore de form ules simplifiées sujettes 

à  de nom breuses erreurs. P arm i ces form ules sim plifiées j ’ai 

cité celle d ’A ndersen  qui a  p u  ren d re  certa ins services en  son 

tem ps et qu i est basée su r une  ligne de glissem ent com posée de 

deux arcs de cercles.

Q uand  on  se donne la peine d ’exam iner de quelle façon  cette  

form ule a  été établie, on  est u n  peu  é tonné  de co n s ta te r que, 

p en d an t dix ans au  m oins, personne  n ’a it rem arq ué  q u ’elle 

é ta it n o n  seu lem ent en tachée d ’erreurs d ’hypothèse, m ais aussi 

d ’erreurs de  calcul e t de sta tique élém entaire.

Ce m atin , E . de Beer, que je  n ’ai pas cité dans m on  artic le, 

a  défendu cette  form ule d o n t il n ’est pas l’au teu r, m ais q u ’il a  

in tro du ite  dans le d iagram m e q u ’il a  co n s tru it pa tiem m ent avec 

le ta len t q u ’on  lui reco n n aît e t la  g rande puissance de travail 

qu i le caractérise. Il é ta it arrivé  à  diviser le sol en  deux 

secteurs. L ’un  d ’eux é ta it réservé à la form ule de B uism an, qui 

suppose que la  ligne de  glissem ent est une sp irale logarithm ique 

pro longée p a r  deux dro ites, e t u n  au tre  à  la form ule d ’A ndersen , 

adop tée to u t sim plem ent parce  q u ’elle d o n n a it des résu lta ts 

situés ‘on  the  safe s id e ’ p a r  ra p p o rt à  la prem ière expression.
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Plus ta rd , co n s ta tan t que les courbes de  B uism an et d ’A ndersen  

se coupa ien t dans le d iagram m e su ivan t u n  angle, il in te rca la  

un  tro isièm e secteur qui reflète la  form ule de M izuno. F in a le ­

m ent, le sol dev ra it donc  se co m p o rte r dans u n  secteur su ivant 

B uism an, dans u n  au tre  su ivant M izuno et dans u n  tro isièm e 

su ivan t A ndersen .

E videm m ent, com m e E . de B eer est u n  excellent expéri ­

m en ta teu r, il a  com paré  son  diagram m e aux  résu lta ts des essais 

con n u s, e t il a  a ttr ib u é  à  la  fo rm ule  d ’A ndersen  le secteur où, 

p a r hasa rd , elle se co m p o rta it assez bien, ce qu i n e  signifie 

n a tu re llem en t pas que  cette  fo rm u le  so it exacte.

N o tre  collègue a  p ré ten d u  ce m atin  que l’exem ple tra ité  dans 

m o n  exposé est inadm issible parce que les terres y so n t su p ­

posées non-pesantes et, d ’au tre  p a r t,  q u ’il n ’est pas exact que 

la  fo rm u le  d ’A ndersen  d onne  to u jo u rs  des résu lta ts tro p  faibles. 

P u isqu ’on  a  b ien  vou lu  a ttire r  v o tre  a tten tio n  su r m on  article 

que beaucoup d ’en tre  vous n ’o n t certa inem ent pas rem arqué, 

j e  vous recom m ande de le lire, e t  vous verrez que je  n ’ai rien  

affirm é de sem blable. J ’ai sim plem ent écrit que, en  ra iso n n an t 

com m e A ndersen , on  p o u v a i t  o b ten ir u n  résu lta t beaucoup  tro p  

faible, com m e le p ro uve  l’exem ple en  question. M o n  b u t é ta it 

de  dém o n tre r que les form ules basées su r des lignes de glisse­

m en t a rb itra ires so n t nécessairem ent fausses e t q u ’il est inutile 

d ’en  fa ire  u n e  so rte  de  sandw ich  com pliqué a lo rs  que nous 

possédons des form ules m athém atiques rem arquables.

C e que  E. de B eer n ’a  pas dit, c ’est que  la  p lus grosse erreur, 

q u ’il n ’a  p as  relevée e t que je  suis b ien  forcé de  souligner 

m ain ten an t, se tro u v e  dans l’équatio n  de m o m en t écrite p a r  

A ndersen . E n  effet, si on  se réfère à  m a F ig . 1, que E . de 

B eer a  eu  l’am abilité  de  rep ro d u ire  a u  verso  du  tab leau , on  

■ constate que, p o u r élim iner les tensions norm ales ag issant sur 

l’a rc  A E ,  le p o in t C  a  é té  choisi com m e cen tre  des m om ents, 

ta n d is  que, p o u r  élim iner celles ag issant su r E D ',  le cen tre  est 

situé en  C '.  Je  n ’ai jam ais vu  ailleurs u n e  équatio n  d ’équilibre 

où  les m om en ts des diverses forces son t p ris  au to u r de centres 

différents, sau f si ces centres so n t situés su r une  parallèle  à  la 

résu ltan te  de  transla tion . O r, q u an d  on  calcule les réactions 

R  e t R '  qu i résu lten t des con tra in tes (inexactes) supposées p a r 

A ndersen , o n  consta te  q u ’elles so n t fo rtem ent inclinées dans le 

m êm e sens su r la  d irection  C C ' . Si l’o n  p re n d  C  p o u r  centre 

du  m om en t de  R ,  le m om en t de R '  d o it donc  ê tre  pris égalem ent 

au to u r de  C  et, en  le p re n an t a u to u r de C ',  o n  com m et une 

■ erreur qu i n ’est au tre  que le m om en t d u  vecteur R '  appliqué 

en  C , a u to u r de  C ',  e t qu i devient énorm e q u an d  la  p ro fo n d eu r 

C C ’ augm ente. Il en  résu lte  en tre  au tres que, p o u r  une  la rgeur 

B  nulle, c’est-à-d ire p o u r u n  m assif sans épaisseur (et donc  fo rt 

économ ique) on  o b tien t une  force p o rta n te  aussi g rande  que 

l’on  veut, à  cond ition  de descendre la  fo n d a tio n  à  u n e  p ro ­

fo n d eu r suffisante. O n  peu t difficilem ent p ré tend re  qu ’il s’agit 

là  d ’u n  résu lta t tro p  faible.

Si on  cherche, p a r  contre, la  largeur B  du  m assif en  fonction  

de la  p ro fo n d eu r D ,  p o u r  une  charge de ru p tu re  u n ita ire  con ­

s tan te , on  trouve  u n e  courbe qui présen te  u n  m axim um  de D ,  

de so rte  que, p o u r une  p ro fo n d eu r donnée, on  o b tien t deux 

valeurs de  B  différentes. E n  conclusion, je  d irai que la form ule 

d ’A ndersen  ne m érite  v ra im ent pas d ’ê tre  défendue.

J. A. J. Salas (Spain)

W e have h eard  today  a b o u t tw o différent classes o f heaving, 

th a t caused  by fro st an d  th a t caused by the  swelling o f clay. 

A lthough  différent in  orig in  they  a re  sim ilar in  the ir effects on 

structu res, and , as A . R . Jum ikis has po in ted  ou t, in  th is 

session, the  im p o rtan t th ing  fo r the engineer is, in général, n o t 

the to ta l heaving b u t the differential one.

A  very in teresting  discussion has been co n tribu ted  to  th is 

session by the  S ou th  A frican  delegates. I  w ould like to  know  

if  it is possible to  p red ic t w ith  the  new m ethod  o f  calcu la tion  

th a t  J. E. Jennings has annou nced  the  p ro b ab le  m agn itude o f 

the  possib le differential heaving. W ith o u t th is estim ate  the 

resu lts o f  the  calcu lations will have a  very lim ited practical 

value. F u rth e rm o re , even if  we know  the  p ro b ab le  m agnitude 

o f  the  differential heaving, its influence on  th e  stru c tu re  rem ains 

to  be estim ated . T his is a  very difficult p ro b lem  as has been 

dem onstra ted  by th e  num erous con tribu tions on  th is p a rticu la r 

p o in t; it is n o t a  p ro b lem  o f  elasticity b u t o f  p lasticity , involving 

the  creep o f the build ing m aterials.

I f  th ere  is no  m ore  conclusive d a ta  ab o u t th is question  o f  the 

effect o f  the  differential heaving on  buildings, I th ink  th a t  a  m ore  

sound  app ro ach  to  the  p rob lem  is th a t w hich I  have p ro posed  

in  the  p ap er w hich I  have p resen ted  to  the  conference. I  m ust 

add  th a t  th e  fo rm u la  developed in  m y p ap e r was insp ired  by 

the  S outh  A frican  form ula.

The Chairm an

I now  call on  the A ssistan t R ep o rte r to  sum  up  the  discus ­

s ion  th a t has taken  place.

A ssistant R eporter

I  have only a  few rem arks to  m ake. T h e  discussion th is 

a fte rno on  has covered a  very w ide range o f  problem s so  th a t  I 

th in k  you  will agree w ith  m e th a t it w ould be qu ite  im possible 

fo r m e to  give a  general sum m ary. I am  very m uch afra id  th a t 

th e  only co n trib u tio n  I  could  m ake  to  such a  sum m ary  w ould 

consist o f  a  reference to  the  G eneral R ep o rt o f  th is  an d  the  

follow ing conference.

T he conference ad jou rned  till T hursday , 15 A ugust, a t

10 a.m .

E. d e  B e e r  an d  J. W a l l a y s  (Belgium)

In  his reply, P. E . R aes drew  a tten tio n  to  two im perfections 

o f  the  m eth o d  o f A ndersen  w hich h e  h ad  n o t m entioned  in  his 

paper. F irs t, h e  show ed th a t th e  equatio n  o f  the  m om en t 

equilib rium  has been  w ritten  by tak ing  tw o different poles. 

W hen  fou ndations very near to  the  surface, o r  on  the surface, 

a re  considered, w hich a re  the  only cases o f  p ractical interest, 

th is im perfection  decreases rap id ly  o r even disappears. F u r th e r ­

m ore, it can  be show n th a t the  e rro r arising  from  considering  

tw o poles gives fo r th e  bearing  capacity  a  calcu la ted  value Q c 

w hich is g rea ter th a n  th e  exact value Q e. T hus th is im per ­

fection  po in ts again  to  the  fac t th a t the  m eth o d  o f A ndersen  

will ten d  to  give to o  h igh values, and  sup ports  the  reasoning  

ind icated  in  the  prev ious discussion.

Secondly, it is sta ted  th a t fo r B = zero, the  bearing  capacity  

becom es in fin ite ; b u t w hen B  is zero , th e  d ep th  fac to r

Po _  y D  _  D  
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becom es infinite. W e have a lready show n th a t in  th is case the 

m ethod  o f  A ndersen  gives N q =-q, an d  th is has no  longer any 

p ractical m eaning.

T h e  tw o new objections w hich have been p u t fo rw ard  do n o t 

im prove the  reasoning  m ade  in  o u r  previous discussion w hich 

indicates why in  th e  ran ge  o f  the  low  values o f  (P o ly B ) the 

m ethod  o f  A ndersen  gives resu lts w hich do  n o t differ m uch 

from  those found m any years la te r by M eyerhof an d  C a q u o t-  

K erisel.
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