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The  Compre s s ibility  o f Loess  Soils
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La  Compre s s ibilité  des loess

L. V A R G A , d r . ,  As s is tant Profe s s or o f  Fo un d at io n  Eng ine e ring , Budape s t , Hungary

S U MMARY

On the basis o f a  great number of results obtained by various 

methods, the author concludes that the structure o f macroporous 
loess soils is disturbed in the course of sampling and prepara­
tion in the laboratory. I t may be supposed that the deform ation 
and strength characteristics o f loess soils when determined in the 
laboratory cannot represent, even approximately, the true pro­
perties of the soil.

t h e  l i t e r a t u r e  o f t e n  r e p o r t s  considerab le deviation  

betw een ca lcula ted  and  ac tually  m easured  settlem ents. Such 

deviations m ay  have several causes. Som e au th o rs  believe 

th a t differences betw een loads ra ted  fo r  s ta tic  com puta tions 

and those ac tually  existing a re  responsib le  fo r the  deviations; 

o thers ob ject to  the  m ethods o f  co m pu ta tion , w hile o the rs 

consider th a t th e  d a ta  o f  soil physics used as a  basis fo r  the  

com pu ta tions  is n o t reliab le  enough . C om pu ta tions  are  

genera lly  derived  from  th e  com pression  cu rve  o f  the  soil or, 

occasionally , o f  the  coefficient o f  com pressib ility . Several 

au th o rs  h ave  been  engaged in de term in ing  the  sources o f 

e r ro r  in confined com pression  tests, inc lud ing  the  void 

betw een sam ple and  oedom eter, the  inequalities o f  load  on 

the  com pressed  su rfaces o f  th e  sam ple, fric tion  betw een 

ring  and  sam ple, even the  unfavou rab le  geom etrical p ro p o r­

tions  o f  the  soil sam ple.

I t  has been repea ted ly  stated  th a t the  o edom eter te st lends 

itse lf w ell to  the  exam ination  o f  soft and  sa tu ra ted  soils, 

b u t is no t su itab le  fo r s tudy o f  lam inated , shaly, o r h a rd  soils. 

N o  do u b t has been  raised up  to  the  p resen t, how ever, as to 

its app licab ility  fo r  loess soils. F o r  the experim ental de te rm i­

n ation  o f  the  com pressib ility  o f these soils, confined  com ­

p ression  tests a re  genera lly  used. T h e  oedom eter test is also 

app lied , w ith  an  im plied accep tance o f  the  reliab ility  o f  com ­

p ression  tests, in investigations in to  th e  im p o rtan t p roblem  

of the  subsidence o f  loess soils. In  th is paper, experience 

gained during  p re lim inary  w ork  and  the  results o f  settlem ent 

m easurem ents taken  on  a  la rge  loess area  in H ungary  are  

discussed.

T HE INDICES  OF  T HE COMP RE S S IBILIT Y OF  SOILS

In  o rd e r  to  m ake the  com parison  o f  results sim pler, on ly  

the  coefficients o f  com pressib ility  deduced from  fu ll com ­

pression  curves a re  used. T h e  coefficient o f  com pressibility  

is expressed  b y  th e  inc lina tion  o f the  tangen t co rrespond ing  

to  the  orig inal dep th  o f  the  sam ple. T h e re  is no  doub t tha t th is 

m e thod  resu lts  in  an  increase in the m odulus o f  com pressi­

bility as a  function  o f  dep th . T h is  assum ption  is by no m eans 

co n trad ic to ry  to  em pirical facts  o r to  general opin ion , 

how ever. Som e au th o rs  p re fe r  to  consider the ch o rd  o f  the  

com pression  curve, determ ined  in one  o f  several w ays, m ore 

au tho rita tive  th a n  its tangen t. W e w ill no t go any  deeper in to  

th is p rob lem , since the  differences a re  com parative ly  sm all,

S OMMAIRE

En se basant sur de nombreux résultats obtenus à  l’aide de 
différentes méthodes, l ’auteur conclut que la structure des loess 

macroporeux se détériore au cours de l’échantillonnage et de la 
préparation en laboratoire. Il semble que les caractéristiques de 

déform ation et de résistance des loess, déterminées en laboratoire, 
ne représentent pas, même approximativement, les propriétés 

naturelles des sols.

and, as w ill be dem onstra ted , a re  com pletely  insignificant 

from  th e  v iew point o f  the  final results.

C om pression  m oduli determ ined  in  the  above w ay  a re  

com pared  w ith  Y oung’s m oduli gained  from  the defo rm ation  

curves o f  unconfined  com pression  tests as  w ell as  w ith  the 

resu lts o f com parative ly  large-scale fie ld-loading tests.

T EST  DATA AND RESULT S 

T h e  a rea  exam ined  consists o f a  com parative ly  th ick  and  

extensive n o n -p re -lo a d ed  hom ogenous loess layer crea ted  

by u n ifo rm  cond itions and  o f  un ifo rm  geological h istory . In 

o u r  com parative  investigations on ly  sam ples w ith  p lasticity

f i g .  I. Relation between the average initial void ratio of

the natural soil samples and depth.
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coe ffic ie nt o f  eom pre ss idii/ty

f ig .  2. Relation between the average values 
o f the coefficient o f compressibility and 

depth.

indices betw een 5 and  12 per ce n t w ere used. T h e  exam ina­

tions w ere  rou tine  tests ca re fu lly  conduc ted  under general 

la bo ra to ry  conditions, b u t w ithou t scho la rly  precision . A t 

the  tim e o f  th e  soil exp lo ration  g roundw ater w as 10 m etres 

below  th e  su rface. F ig . 1 illustrates the  re la tion  betw een the  

average initia l void ra tio  o f  the  n a tu ra l soil sam ples and 

depth. F igu res  n ea r the  poin ts  rep resen t the n u m b er o f  data  

averaged. F ig . 1 suppo rts  the  assum ption  th a t in  its na tu ra l 

s ta te  th e  soil is in a com pressed  cond ition , since a w eighted 

average line d raw n by  estim ation  th rough  th e  poin ts  is p rac ­

tically  identical w ith  th e  usual com pression  curves.

F ig . 2 illustrates the  relation  betw een the  average values 

o f  the  coefficient o f  com pressib ility  and depth . T h e  coeffi­

cien ts  w ere  m easured  on  sam ples in a na tu ra l s ta te  taken  

from  boreholes and  exp lo ration  pits. F igures n ea r the 

po in ts  ind icate the num ber o f d a ta  averaged. T h e  tw o 

s tra igh t lines w ere  d raw n on the  basis o f  the  coefficients 

com pu ted  by  the  m ethod  o f m inim ium  squares. T h e re  is a 

significant and  unequ ivocal deviation  betw een th e  tw o. 

I t is no tew orthy  tha t the  deviation  increases as a function  

o f  dep th . T h is m ay  indicate  an  increase in d istu rbance  w ith 

g rea te r dep th  o f  d rilling  and  sam pling.

F ig . 3 dem onstrates the  relation  betw een the  in itia l void

f i g . 4. Various  elas ticity indices o f samples taken from 
exploration pits as a function o f depth.

ra tios o f  sam ples and  dep th . Sam ples w ere in a  na tu ra l 

s ta te  as taken  fro m  boreholes and exp lo ra tion  pits. A  

deviation  betw een th e  results is conspicuous in  th is case also, 

bu t is n o t g rea t enough  to  explain  the  deviations found  in 

F ig . 2. In  F ig . 3 the  relationsh ips betw een th e  degree o f 

sa tu ra tion  and  the  dep th  a re  also show n.

F ig . 4  dem onstrates the  averages o f  th e  various elasticity  

indices o f  sam ples taken  from  exp lo ra tion  p its as a  function  

o f  dep th . T h e  figures n ea r the  poin ts  show  th e  n um ber o f 

d a ta  averaged . T h e  con tinuous line rep resen ts the  coeffi­

cien t o f  com pressib ility  de term ined  from  th e  com pression  

curve. T h e  do tted  line is the initia l tangen t o f  th e  defo rm a­

tion  cu rve  o f  th e  unconfined  com pression  test. T h e  broken  

line show s the  dep th  changes o f  th e  e lastic ity  m odulus com ­

pu ted  from  the  inc lina tion  o f  the  cho rd  o f the  hysteresis 

loops determ ined  befo re  the 2 p e r ce n t defo rm ation . It 

should  be no ted  th a t sam ples taken  from  the p its  w ere

a p p / te d  p re s s u re
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f i g . 3. Relation between the initial void ratios o f samples taken

from  boreholes and exploration pits and depth.

f i g .  5. Results of loading tests made, with load 

discs 29.5 cm in diameter.
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large and  p erm itted  both  confined and unconfined com ­

pression  tests to  be ca rried  o u t on m ateria l from  the  sam e 

sam ple.

F ig . 5 show s th e  resu lts  o f  load ing  tests m ade in fou r 

d ifferent exp lo ra tion  p its  w ith  load discs 29 .5  cm  in d ia­

m eter, a t  various depths. T h e  sam e figure show s the  averages 

o f com pression  m oduli com puted  from  test load ing  results. 

T hey w ere determ ined  by com puta tion  m ethods (T sytovich , 

1951 ) from  the  fo rm ula

K  =  ( A c t / A y )  • A B

w h e r e  A  a  a n d  A y  a r e  t h e  d if f e r e n c e s  o f  s t r e s s e s  a n d  s e t t le ­

m e n t s ,  r e s p e c t iv e ly ,  b e t w e e n  t h e  i n i t i a l  a n d  f i n a l  p o in t s  

o f  t h e  s e t t l e m e n t  c u r v e s .

F ig . 6 show s the  results o f load ing  tests m ade in  th e  p it 

a t tw o  d ifferent dep ths w ith a  rig id  load ing  sheet o f  5 ,000

ap p /z e tfp re s s u re

e/ept/> -  2m

av e rage  ra/ue  o f  eoe f f ic ie n t

o f  co m p re s s ib ility  - f t  ftp /cm 1

0  0 .5  t.O  f.5  2 .0  2 .5  ¿p/cm* J

d e p t/ i » 2 .5  m

av e rage  v a/ue  o f  eoe rf/c /e /rt

o f  com pre s s /6 /Z/iy  -  5 5 5  ¿p /c m *

1 1
f i g .  6 .  Results o f loading tests made in p i t  with ; 

rigid loading sheet of 71 X 71 =  5,000 sq.cm.

f i g .  7. Occurrence frequency of calculated/m easured settlement 

ratios.

sq .cm . (71 X 7 1 )  su rface area . It also show s the  average 

o f the  com pression  m oduli com pu ted  in the m an n er detailed 

ea rlie r. T h e  settlem ent o f buildings erec ted  on  the  te rr i­

to ry  m en tioned  had  been regu larly  m easured  d u ring  a 

longer period  o f  tim e. T h e  resu lts o f  these m easurem ents 

and th e ir  evaluation  a re  given by Egri and  R éthati (1 9 5 9 -

1960). F ig . 7 has been p repared  on the  basis o f  the  data  o f 

these tw o au thors. I t show s the  o ccu rrence  frequency  o f 

ca lcu la ted /m ea su red  settlem ent ra tios on th e  basis o f  a 

to tal o f  105 data. T h e  unw eighted  arithm etica l average o f 

the  ra tios is 4 .49 .

C O N C L U S IO N S

1. A verage com pression  m oduli com puted  from  loading  

tests execu ted  in boreholes a t depths from  2 to  6 m  are 

betw een 250  an d  400  k g /sq .cm . Load ing  tests m ade w ith 

rigid discs w ith  an  0 .5  sq.m . su rface  area  gave an average o f 

abou t 550 k g /sq .cm . It is rem arkab le  th a t under loading  

sheets o f  la rger dim ensions the  values o f  the  com pression  

m oduli w ere  h igher. F rom  experim ents m ade in the  labo ra­

to ry  on  sam ples from  the  sam e dep ths, com pression  m oduli 

o f 35 to  60 k g /sq .cm . could  be expected . T h e  difference 

betw een the  com pression  m oduli de term ined  by th e  tw o 

m ethods is considerable. It m ay n o t be chance , how ever, 

th a t th is difference show s good agreem ent w ith  the  average 

o f the quo tien t o f  ca lcu la ted  and  m easured  settlem ents.

2. T h e  resu lts  sum m arized  in F ig . 4  a re  in con trad ic tion  

to  the  basic  p rinc ip les o f  elem en tary  elasticity . R easonable 

exp lanations fo r  th is and  fo r the  statem ents m ade in the 

preced ing  p arag ra p h  can  only  be found if w e suppose th a t 

the soil sam ple in the  oedom eter is n o t un d er confined com ­

pression  stress. A s a consequence o f  com parative ly  large 

voids in  loess soils thé la teral bracing  supposed com pletely 

rigid is inefficient a t  the  beginning , until th e  large voids 

have n o t fully  collapsed, since la teral stresses are  not able to  

decrease the  vertical defo rm ation  to  a significant ex tent 

due to  the  possibility  o f  these voids closing. C onsequently , 

the  loess sam ple in  the  oedom eter is, a t the  beginning, 

alm ost en tirely  in a state  o f unconfined com pression . This 

is com plicated  by the d istu rb ing  effect exercised upon  the  

sam ple du rin g  the  course o f  sam pling  and p lacem ent in the 

oedom eter ring.

3. In  the  usual cou rse  o f  co re  sam pling , the  loess is sub­

jected  to com paratively  rude  m echanical effects. T hese effects 

m ay resu lt in changes (fissures) in the  s truc tu re  o f  the  

loess w hich  a re  n o t indicated  by significant changes in the 

void  ra tio  although  they have affected m ost o f the  strength  

o f  the  soil. Such a d e terio ra ted  loess sam ple could  be best 

com pared  to  a cracked egg shell; it seem s in tact, it shows 

no  loss in volum e b u t it is barely  able to  resist pressure.

4. T h a t w hich  w e exam ine under labo ra to ry  conditions 

canno t rep resen t the  ac tual physical p roperties o f  the  soil. 

I t  is not only  soil b u t it is also a p ro d u c t o f soil sam pling  

w hose p roperties show  significant differences from  the 

orig inal, und istu rbed  soil.

5. It is na tu ra l to  suppose, tha t such effects have a  signifi­

can t influence (giving a conservative but uneconom ical 

answ er) upo n  the  results o f  subsidence and  shear strength  

exam inations.

6. L abo ra to ry  tests m ade on sam ples taken  from  boreholes 

have n o t too  m uch  significance in  practice , since, as proved 

by Figs. 2  and  3, the  d istu rb ing  effect w ill only  be increased 

in the  course o f drilling.

7. C onsequently , in  the exam ination  o f  the streng th  

p roperties o f loess soils it is best to  use m ethods w hich  do 

not requ ire  sam pling.
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