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Effect of Duration of Stress Application on Soil Deformation 

Under Repeated Loading

Effet de la durée d ’application des contraintes sur la déformation d ’un sol soumis à des char­

gements répétés

by H . B. S e e d , A ssociate P rofessor o f  Civil Engineering, U niversity  o f  C aliforn ia, Berkeley 

and

C . K . C h a n , A ssistan t R esearch E ngineer, In stitu te  o f  T ra n sp o rta tio n  and  Traffic Engineering, U niversity  o f 

C alifornia, Berkeley

Summary

Test d a ta  are presented  to show  the effect o f du ra tions of 

stress applications ranging from  one th ird  second to tw enty mi­

nutes on the deform ation  of a  silty sand subjected to  repeated 

loading ; sim ilar results for du ra tions o f stress app lication  rang­
ing from  one th ird  second to  twelve hours are presented for a 

silty clay. It is show n th a t fo r the silty sand with in tervals between 

stress applications up  to  tw o m inutes, increased du ra tions of 
stress app lication  resu lt in increased deform ation . On the o ther 

hand, fo r the silty clay, increased du ra tions o f stress application  

m ay resu lt in increased o r decreased deform ations depending 

on the in terval betw een applications. D eform ations occuring in 

both sands and clays under repeated  stress applications a re  show n 
to be influenced by phenom ena occurring  during  in tervals 

betw een stress applications ; for the silty clay these include creep 

effects, th ixo tropy , stiffening due to  repeated  loading and p ro ­

bable loss o f resistance due to  separation  of clay particles during 
unloaded periods. It is concluded th a t it is necessary to consider 

the overall function  and traffic pa tte rn  fo r a pavem ent if data 

from  repeated  load  tests are to  be used to  ob tain  satisfactory  

estim ates o f p ro b ab le  pavem ent deflections.

In  re ce n t y ears  c o n s id e ra b le  a tte n tio n  h as  b een  g iv en  to  

soil b e h a v io r  u n d e r  re p ea te d  lo ad in g  c o n d itio n s . Su ch  s tu d ies  

a re  p a r tic u la r ly  im p o r ta n t  in  c o n n ec tio n  w ith  th e  design  

o f  p a v e m e n ts  b u t th ey  a lso  se rv e  to  c la rify  th e  n a tu re  o f  

p h e n o m e n a  a ffec ting  th e  o v e ra ll d e fo rm a tio n  c h a ra c te ris tic s  

o f  soils.

F ro m  a p ra tic a l s ta n d p o in t,  p av em en ts  m a y  be su b je c ted  

to  re p ea te d  stress  a p p lic a tio n s  o f  v a ry in g  m ag n itu d es , d u ra ­

tio n s  a n d  freq u en c ie s  a n d  a  sa tis fa c to ry  desig n  p ro c e d u re  

req u ire s  th a t  th e  re su ltin g  d e fo rm a tio n s  sh o u ld  n o t  exceed  a  

to le rab le  lim it. T h e  in fluence o f  such  fa c to rs  as stre ss  in te n s ity , 

freq u en cy  o f  stre ss  a p p lic a tio n  a n d  stre ss  h is to ry  a n d  th e ir  

p ra c tic a l sign ifican ce  h a v e  been  desc rib ed  in p re v io u s  p u b li­

c a tio n s  fro m  th e  Soil M ech an ics  L a b o ra to ry ,  U n iv e rs ity  o f  

C a lifo rn ia  [1, 2, 3, 4, 5], H o w ev e r, little  a tte n tio n  h as  been  

g iven  p re v io u s ly  to  th e  p o ss ib le  in fluence o f  th e  d u ra tio n  o f 

stress a p p lic a tio n  o n  so il b e h av io r.

F o r  h ig h w a y  p a v em en ts , d u ra tio n s  o f  stre ss  a p p lic a tio n  

are  n o t  lik e ly  to  v a ry  a p p re c ia b ly  (u su a lly  so m e  f ra c tio n  

o f  a  seco n d ) w hen  traffic  is c o n s ta n tly  in  m o tio n . H o w ev e r, a t  

in te rsec tio n s  su b s ta n tia lly  lo n g er p e r io d s  o f  stre ss  a p p lic a tio n

Sommaire

Les résulta ts des essais, qui sont présentés ici, m ontren t l’effet, 
su r la déform ation  d ’un sable silteux soum is à des chargem ents 

répétés, de con tra in tes appliquées pendan t une durée varian t de 
un tiers de seconde à 20 m inutes ; des résu lta ts analogues re la­

tifs à des durées d ’application  varian t de 1/3 de seconde à 12 heures 
sont présentés pour une argile silteuse. Ils m on tren t que p o u r un 

sable silteux et p o u r des in tervalles de tem ps en tre  les app lica­

tions des con tra in tes au plus égaux à 2 m inutes, un accroissem ent 
de la durée d ’application  de ces con tra in tes p rodu it un accroisse­

m ent de la déform ation . Par con tre , p o u r une argile silteuse, un 

accroissem ent de la durée d ’app lication  des con tra in tes peu t p ro ­

duire une augm entation  ou une d im inution des déform ations 
selon la valeur de l’in tervalle  de tem ps séparan t les applications 

de ces contra in tes. Pour des sables ou des argiles soum is à des 

applications répétées de con tra in tes, les déform ations sont 

influencées pa r les phénom ènes p renan t naissance pen d an t les 

in tervalles de tem ps séparan t les applications des con tra in tes ; 

p o u r l’argile silteuse, ces phénom ènes com prennent les effets du  
fluage, la th ixo trop ie, le com pactage dû au chargem ent répété 
et la perte  de résistance probab le  due à la séparation  des parti­

cules d ’argile p endan t les périodes de non-chargem ent. En 

conclusion, il est nécessaire de considérer les conditions d ’utili­

sa tion  de la chaussée et le type du trafic tou tes les fois que l’on 

veut ob ten ir une estim ation  satisfaisante des déform ation  verti­

cales p robables de cette chaussée, en u tilisant les résulta ts des tests 
à chargem ent répété.

(u p  to  sev e ra l m in u te s)  a re  d e v e lo p ed  w hile  in  p a rk in g  a rea s  

th e  d u ra tio n  o f  stre ss  a p p lic a tio n  m a y  a p p ro a c h  sev e ra l 

d ay s. T h e  p re sen t p a p e r  p re sen ts  th e  re su lts  o f  s tu d ies c o n d u c ­

ted  to  d e te rm in e  th e  in fluence o f  d u ra tio n s  o f  s tre ss  a p p lic a tio n  

ra n g in g  fro m  1/3 seco n d  to  12 h o u rs .

D u r in g  th e  p a s t few  y ears  a p p a ra tu s  a n d  tec h n iq u es  h a v e  

been d e v e lo p ed  a t th e  U n iv e rs ity  o f  C a lifo rn ia  fo r  tes tin g  

sp ec im en s o f  so il, re p re se n tin g  e lem en ts  o f  a  h ig h w ay  sub- 

g ra d e , u n d e r  tr ia x ia l stre ss  c o n d itio n s  w ith  re p e a te d  ax ia l 

stre ss  a p p lic a tio n s  [6], S pec im ens a re  p laced  in tr ia x ia l c o m ­

p re ssio n  cells a n d  su b je c ted  to  a  co n fin in g  p re ssu re  o f  th e  

d es ired  m a g n itu d e , as fo r  a  n o rm a l ty p e  o f  u n c o n so lid a ted -  

u n d ra in e d  tes t ; b u t  in stead  o f  slo w ly  in c reas in g  th e  ax ia l 

stre ss  unt i l  th e  sp ec im en  fails, a  c o n s ta n t  a x ia l stre ss  is re p ea ­

ted ly  a p p lied  a n d  re m o v ed , a n d  th e  p ro g ress iv e  in crease  in 

d e fo rm a tio n  o f  th e  sp ec im en s w ith  increase  in  n u m b e r  o f  

stre ss  a p p lic a tio n s  is re co rd e d . S u itab le  c o n tro ls  a re  p ro v id e d  

to  p e rm it v a r ia tio n s  in in te n s ity , d u ra tio n  a n d  freq u e n c y  

o f  stre ss  a p p lic a tio n  in  d iffe ren t tests.

Tests on silty  sand— T h e  re su lts  o f  a  series o f  tes ts  on  

sp ec im en s o f  s ilty  sa n d  su b je c ted  to  stress  re p e titio n s  o f
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c o n s ta n t  in te n s ity  b u t  w ith  d iffe ren t in te rv a ls  be tw een  a p p lic a ­

tio n s  a n d  d iffe ren t d u ra tio n s  o f  stre ss  a p p lic a tio n  a re  p re sen te d  

in  F ig . 1. T h e  ap p lie d  stress  w as a b o u t  70 p e r  c en t o f  th a t  

re q u ire d  to  cau se  fa ilu re  in  a  n o rm a l s tre n g th  tes t. F ig . 1 (a) 

sh o w s th e  d e fo rm a tio n s  p ro d u c e d  b y  s tre ss  a p p lic a tio n s  

h a v in g  d u ra tio n s  o f  1/3 sec ., 2 m in s .  a n d  20 m in s . fo r  a  c o n s ­

ta n t  in te rv a l o f  1/3 sec., be tw een  a p p lic a tio n s . F ig s. 1 (b) 

a n d  1 (c) sh o w  s im ila r d a ta  fo r  tests c o n d u c te d  w ith  in te rv a ls  

be tw een  successive  stress  a p p lic a tio n s  o f  2 m in s . a n d  20 m ins.

A s m ig h t be e x p ec ted , th e  re su lts  sh o w  th a t  a n  in c rease  in  

d u ra tio n  o f  stre ss  a p p lic a tio n  lead s to  g re a te r  d e fo rm a tio n s  

o f  th e  sam p les. H o w ev e r, it w ill be seen  th a t  th e  in fluence  o f  

th e  d u ra tio n  o f  stre ss  a p p lic a tio n  o n  th e  d e fo rm a tio n s  o f  th e  

sam p les  v a ries c o n s id e ra b ly  d e p en d in g  o n  th e  in te rv a l b e t­

w een  a p p lic a tio n s . W h en  th e  in te rv a l b e tw een  a p p lic a tio n s  is 

o n ly  0-33 sec. a n  in crease  in  d u ra tio n  o f  stress a p p lic a tio n  

fro m  0-33 sec. to  2 m in s . h a s  a n  e n o rm o u s  affect o n  th e  

re su ltin g  d e fo rm a tio n s . H o w ev e r, th e  effect o f  th e  sam e

v a r ia tio n  in  d u ra tio n  o f  stre ss  a p p lic a tio n  is m a rk e d ly  red u ced  

w h en  th e  in te rv a l be tw een  a p p lic a tio n s  is in c re ased  to  2 m in s . 

a n d  becom es v e ry  sm all w h en  th e  in te rv a l be tw een  a p p lic a tio n s  

is 20 m in u te s .

In  view  o f  th e  fa c t th a t  th e  s tre n g th  a n d  d e fo rm a tio n  

c h a ra c te ris tic s  o f  sa n d s  a re  c u s to m a rily  c o n s id e re d  to  be  

e sse n tia lly  p h y sica l in  n a tu re , it is so m ew h a t su rp ris in g  th a t  

th e  in te rv a l be tw een  lo a d  a p p lic a tio n s , w h en  th e  sa n d  is 

a p p a re n tly  u n stre ssed , w o u ld  h a v e  a n y  a p p re c ia b le  in fluence  

o n  th e  resu lts . H o w ev e r, a  c o m p a ris o n  o f  th e  d a ta  in  th ese  

figures show s th a t  so m e  p h e n o m e n o n  o c cu rin g  d u rr in g  th is 

u n lo a d e d  p e r io d  is a p p a re n tly  la rg e ly  re sp o n s ib le  fo r  th e  

d ifferences in  re su lts  o b ta in e d .

T h u s , fo r  e x am p le , a  c o m p a r is o n  o f  th e  te s t d a ta  fo r  spec­

im en s su b je c te d  to  stress  a p p lic a tio n s  o f  th e  sam e  d u ra tio n  

b u t  w ith  d iffe ren t in te rv a ls  be tw een  a p p lic a tio n s  is p re sen te d  

in  F ig . 2. W h en  th e  d u ra tio n  o f  s tre ss  a p p lic a tio n  is sh o rt ,  

a n  in c rease  in  th e  in te rv a l b e tw een  a p p lic a tio n s  c a n  lea d  to

Num ber o f  Stress Applications

Num ber o f  Stress Applications

Fig. 1 Effect o f D ura tion  o f Stress A pplication  on D efo rm ation  

D eform ation  of Silty Sand.

Effet de la durée d ’application  de la  co n tra in te  su r la 

déform ation  d ’un sable silteux.

Number o f  Stress Applications

Fig. 2 Effect o f In terva l Between Stress A pplications on  D efo r­

m ation  o f Silty Sand.

Effet de l’in tervalle  de tem ps entre  les applications des 

con tra in tes, su r la déform ation  d ’un sable silteux.

v e ry  la rg e  in creases in  d e fo rm a tio n  o f  th e  sam p le s. F o r  

stre ss  a p p lic a tio n s  o f  lo n g e r  d u ra tio n , th e  sam e  ty p e  o f  

effect b u t  o f  m u ch  sm a lle r  m a g n itu d e  is o b se rv ed . S ince th e  

stress  in te n s ity  a n d  p e r io d  o f  a p p lic a tio n  a re  id en tica l in  

th ese  cases, th e  d ifferences m u s t n ecessa rily  re su lt f ro m  chan g es 

o c cu rin g  in  th e  in te rv a ls  b e tw een  stress  ap p lic a tio n s .

D ifferences in  re b o u n d  w ith  tim e  w o u ld  te n d  to  re su lt in  

sm a lle r d e fo rm a tio n s  w ith  lo n g er in te rv a ls  be tw een  stress  

a p p lic a tio n s  —  th e  rev erse  o f  th a t  o b se rv ed  in  th e  tests. 

T h u s  th e  c au se  o f  th e  effect is n o t  im m e d ia te ly  a p p a re n t. I t  

a p p e a rs  p o ss ib le  th a t  a d so rb e d  w a te r  lay e rs  o n  th e  su rface  

o f  sa n d  p a rtic le s  m a y  in flu en ce  th e  d e fo rm a tio n  c h a ra c te ris tic s  

o f  th ese  so ils a s  th e y  d o  fo r  c lay s. T h u s , fo r  ex am p le , a p p lica -
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tio n  o f  a  d e v ia to r  stress m a y  re su lt in  h igh  stress in ten sitie s  

a t  p o in ts  o f  c o n ta c t  be tw een  p a rtic le s , c au s in g  a d so rb e d  

w a te r  film s to  be  d isp laced  a n d  re su ltin g  in e ssen tia lly  t ru e  

m in e ra l c o n ta c t  b e tw een  p a rtic le s . Such  c o n ta c t w o u ld  

p ro d u c e  h ig h  fr ic tio n a l re s is tan ce  to  re la tiv e  d isp lacem en t. 

W h en  th e  s tre ss  is re m o v e d , th e  d isp laced  w a te r  film  m a y  

re q u ire  tim e  to  reg a in  its  o rig in a l c o n d itio n , so  th a t  if  a  

seco n d  stress  a p p lic a tio n  is a p p lied  a f te r  a  v e ry  sh o r t  in te rv a l, 

h ig h  fr ic tio n a l re s is tan c e  w ill im m ed ia te ly  be  d ev elo p ed . O n  

th e  o th e r  h a n d , a  lo n g  in te rv a l be tw een  stress  a p p lic a tio n s  

w o u ld  p e rm it m o re  co m p le te  re -e s ta b lish m e n t o f  th e  w a te r  

film  a n d  a  so m e w h a t re d u ce d  fr ic tio n a l re sis tan ce , le ad in g  to  

re la tiv e ly  la rg e r d e fo rm a tio n s  su ch  as th o se  o b se rv ed  in  th e  

tests . C lea rly  in te rv a ls  b e tw een  stress  a p p lic a tio n s  ex ceed in g  

th a t  re q u ire d  fo r  e ssen tia lly  c o m p le te  re -d e v e lo p m e n t o f  th e  

m o is tu re  film  w o u ld  h a v e  little  in fluence o n  th e  re su lts , 

su g g estin g  th a t  th e  effect o f  in te rv a l be tw een  a p p lic a tio n s  

w o u ld  d ecrease  w ith  in c re as in g  m a g n itu d e  o f  th e  in te rv a ls .

In  a d d it io n  to  i llu s tra tin g  th e  c o m p le x  effect o f  d u ra tio n  o f  

stre ss  a p p lic a tio n  o n  th e  d e fo rm a tio n  o f  sa n d s  u n d e r  re p ea te d  

lo ad in g  a n d  its  d e p en d e n ce  o n  freq u e n c y  o f  stre ss  a p p lic a tio n , 

it is b e liev ed  th a t  th ese  re su lts  p ro v id e  ev id en ce  o f  th e  p ro b a ­

b ility  o f  a  stre ss  h is to ry  effect in  sa n d  w h ich  m u st be  c o n s­

id ered  w h en  d ea lin g  w ith  sh o r t te rm  p e r io d s  o f  stre ss  a p p l­

ica tio n .

Tests on compacted silty  clay— C o n s id e ra tio n  o f  th e  n a tu re  o f  

c la y  so ils w o u ld  in d ic a te  th a t  th e  in flu en ce  o f  d u ra tio n  o f  

s tress a p p lic a tio n  o n  th e  d e fo rm a tio n s  o c cu rin g  d u rin g  

re p ea te d  lo a d in g  w o u ld  be  m o re  c o m p lica te d  th a n  fo r  san d s . 

T h is  is i llu s tra te d  b y  th e  te s t d a ta  p re sen te d  in  F ig . 3, o b ta i­

n ed  in  a  series o f  tes ts o n  a  c o m p a c te d  silty  c lay . S am p les w ere 

p re p a re d  by  k n e a d in g  c o m p a c tio n  a n d  s to re d  a t c o n s ta n t  

c o m p o s itio n  fo r  a  p e r io d  o f  2 w eeks p r io r  to  te s t. T h e  effects 

o f  v a r ia tio n s  in d u ra tio n  o f  stre ss  a p p lic a tio n  fo r  c o n s ta n t  

in te rv a ls  b e tw een  a p p lic a tio n s  o f  1/3 sec., 2 m in . a n d  1 2hours 

a re  sh o w n  in  th e  figure.

I t  w ill be  seen  th a t  fo r  a  sh o r t  in te rv a l b e tw een  stress 

a p p lic a tio n s  (sa y  1/3 sec.) th e  re su lts  a re  q u ite  d iffe ren t 

fro m  th o se  o b ta in e d  in  te s ts  o n  sa n d , b u t  fo r  lo n g  in te rv a ls  

be tw een  a p p lic a tio n s  th e  n a tu re  o f  th e  effect o f  d u ra tio n  is 

q u ite  s im ila r. F u r th e rm o re  it m a y  be n o te d  fro m  F ig . 4 

w here  th e  sam e  d a ta  is r e p lo t te d  to  sh o w  th e  in flu en ce  o f  

in te rv a l be tw een  stress  a p p lic a tio n  fo r  d u ra tio n s  o f  stre ss  

a p p lic a tio n  o f  0-33 sec. a n d  12 h o u rs , th a t  th e  effect o f  th e  

in te rv a l be tw een  a p p lic a tio n s  rev erses  its e lf  c o m p le te ly  a s  th e  

d u ra tio n  o f  stre ss  a p p lic a tio n  in creases . F o r  stress  a p p lic a tio n s  

o f  sh o r t  d u ra tio n , a n  in c reased  in te rv a l b e tw een  a p p lic a tio n s  

causes a  re d u c tio n  in  d e fo rm a tio n  ; fo r  stre ss  a p p lic a tio n s  o f  

lo n g  d u ra tio n , a n  in creased  in te rv a l be tw een  a p p lic a tio n s  

causes a n  in c rease  in  d e fo rm a tio n .

C o n s id e ra tio n  o f  th e  n a tu re  o f  c o m p a c te d  c la y s  rev ea ls  

th a t  th e  v a r ia tio n s  in  effects o f  d iffe ren t c o m b in a tio n s  o f  

d u ra tio n  a n d  freq u e n c y  o f  stre ss  a p p lic a tio n s  a re  lik e ly  to  

b e  in fluenced  b y  v a r io u s  p h e n o m e n a  in c lu d in g  :

( 1) a n  in c rease  in  d e fo rm a tio n  w ith  tim e  u n d e r  lo a d  d u e  

to  c reep  e f fe c ts ;

(2) a n  in crease  in  re s is tan ce  to  d e fo rm a tio n  w ith  tim e  d u e  

to  th ix o tro p y . C o m p a c te d  c lay s  h a v e  been  sh o w n  to  possess 

su b s ta n tia l th ix o tro p ic  c h a ra c te ris tic s  [7]. T h u s  as th e  in te rv a l 

betw een  stress  a p p lic a tio n s  (o r  in  so m e cases th e  d u ra tio n  

o f  stress a p p lic a tio n )  in creases , th e  c la y  w ill reg a in  so m e o f  

th e  th ix o tro p ic  s tre n g th  lo s t d u rin g  d e fo rm a tio n  u n d e r  the  

first stress a p p lic a tio n , a n d  if  it h a d  n o t  a cq u ired  its m ax im u m  

th ix o tro p ic  s tre n g th  a t  th e  s ta r t  o f  th e  te s t, c o n tin u e  to  

increase  d u e  to  n o rm a l th ix o tro p ic  cau ses ;

(3) a n  in c rease  in  re s is tan ce  to  d e fo rm a tio n  d u e  to  chan g es 

in  s tru c tu re  in d u ced  by  su s ta in ed  o r  re p ea te d  stress  a p p lic a ­

tio n s . T h ere  is som e re a so n  to  believe th a t  s tiffen ing  o f  th e  

c lay  in d u ced  b y  lo ad in g  is d u e  to  e x tru s io n  o f  a d so rb ed

Number of Stress Applications

Number o f Stress Applications

Number o f Stress Applications

Fig . 3 Effect o f Durat ion  o f Stress App licat ion  on Deform ation 
o f Silt y  Clay.

Effet  de la durée d’app lication de la contrainte sur la 
déform ation d’une argile silteuse.

w a te r  f ro m  be tw een  c la y  p a rtic le s  re su ltin g  in  a  sm all decrease  

in  sp ac in g  a t  p o in ts  o f  c lo se  p ro x im ity  a n d  a  c o n se q u e n t 

in crease  in s tre n g th  [3] ;

(4) a  p o ss ib le  re -s e p a ra tio n  o f  c lay  p a rtic le s  to  so m e e x te n t  

d u r in g  p e rio d s  o f  u n lo a d in g  re su ltin g  in  a  d ec reased  resis­

tan c e  to  d e fo rm a tio n . T h e  p h e n o m e n o n  w o u ld  be  s im ila r to  

th a t  desc rib ed  in c o n n e c tio n  w ith  sands.

D iffe ren t c o m b in a tio n s  o f  th ese  effects, a n d  p o ss ib ly  

o th e rs , c o u ld  w ell a c c o u n t fo r  th e  c o m p lica te d  effects o f  

d u ra tio n  a n d  freq u e n c y  o f  stress a p p lic a tio n  o n  th e  d e fo r­

m a tio n  o f  c lay s. F o r  ex am p le , if  th e  in te rv a l be tw een  stress
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Fig. 4 Effect o f In terva l Between Stress A pplications on D efo r­
m ation  o f Silty Clay.

Effet de l’in tervalle  de tem ps en tre  les applications des 

contra in tes, su r la déform ation  d ’une argile silteuse.

applications is short, item  (4) above w ould have little influence 

on the results and deform ations w ould depend m ain ly  on 

the com bined effects o f creep, th ixo tropy  and  stiffening due 

to  stress applications. T hus for stress applications o f sho rt 

du ra tio n , creep w ould be sm all, resulting in a low initial 

defo rm ation , bu t the ra te  o f th ixo trop ic  streng th  regain 

w ith num ber o f stress applications w ould also be sm all, 

resulting  in a considerable increase in deform ation  as the 

num ber o f app lications increased. O n the o ther hand , for 

stress applications o f long du ra tion , creep deform ations 

under the first stress app lication  w ould be large, b u t there 

w ould be tim e for substan tial th ixo trop ic  strength  regain so 

th a t the increase in deform ation  w ith num ber o f applications 

m igh t be quite small. Such effects w ould explain  the p a tte rn  

o f  test da ta  show n in Fig. 3 (a).

F o r long in tervals between stress applications the effects 

o f th ixo trop ic  strength  regain w ould be m inim ized since all 

specim ens w ould have opp o rtu n ity  to develop resistance to 

defo rm ation  by this phenom enon. F o r the sam e reason all 

specim ens w ould have o p p o rtu n ity  fo r re-separation  of 

particles between stress applications. T hus the deform ation  

p a tte rn  m ight well be dom inated  by the effects o f creep, 

resulting  in greater deform ations fo r longer du ra tions of 

stress application  (see Fig. 3 (c)).

Follow ing the sam e reasoning, in  cases w here the d u ra tion  

o f stress- applications was m ain ta ined  constan t, creep effects 

and  stiffening effects due to  stress applications w ould tend  to  

be sim ilar for all cases and  the influence o f different in tervals 

betw een applications m ight well be governed largely by

th ix o tro p y  and  re-separation  o f particles in  in tervals between 

stress applications. F o r sho rt du ra tions o f stress application  

the effect o f  th ix o tro p y  w ould appear to  govern the defor­

m ation  characteristics so th a t sho rt in tervals between stress 

applications (high frequencies) perm it little chance fo r strength  

regain and produce the larger deform ations (Fig. 4 (a)). F o r 

long dura tions o f stress application  all sam ples have o p p o r­

tun ity  for th ixo trop ic  strength  regain so th a t the re-separation  

o f particles during  in tervals betw een stress app lication  w ould 

tend  to  con tro l the deform ation  pattern . T hus long intervals 

between stress applications w ould lead to  greater separa tion  

o f particles and  larger deform ations (Fig. 4 (b)).

It is hoped th a t this b rief p resen ta tion  and  discussion o f 

test d a ta  concerning the effects o f  du ra tio n  and  frequency 

o f stress app lication  on soil deform ations will serve to  illus­

tra te  the com plex na tu re  o f the problem  and  the phenom ena 

involved. Even fo r sands tim e effects can  have a  substan tia l 

influence on  deform ations. In  Fig. 5 is show n a com pilation  

o f da ta  w hich m ight be applicable to  a lightly  travelled  h igh­

w ay, an  in tersection  and  a  park ing  area, together w ith da ta  

th a t m ight be ob tained  in  a test using relatively  high frequency 

stress applications. I t  is ap p aren t th a t da ta  for an y  p a rticu la r 

situa tion  are  n o t read ily  transferab le  to  o ther situations and  

th a t da ta  ob tained  in v ib ra to ry  type  studies w ould  give an  

unduly  safe p icture o f the deform ations th a t m ight u ltim ately  

occur. The test da ta  fo r clays presented earlier confirm s the 

need fo r great care in transla ting  deform ations m easured 

fo r any  p a rticu la r frequency and  du ra tio n  o f loading to  

those occuring  under different conditions.

Conclusions

O n the basis o f the da ta  presen ted  in  the paper, the follow ing 

conclusions m ay  be draw n :

(1) T he effect o f du ra tio n  o f stress app lica tion  on  the 

defo rm ation  o f  soils subjected  to  repeated  load ing  varies 

widely, bo th  fo r sands and  clays, depending on  the in terval 

betw een stress applications.

(2) D efo rm ations occurring  in  b o th  sands and  clays under 

repeated  stress app lications are  influenced b y  phenom ena 

occurring  during in tervals betw een stress applications.

(3) F o r  the silty  sand  investigated  w ith in tervals betw een 

stress applications up  to  2 m inutes, increased dura tions o f 

stress app lication  resulted in  increased d e fo rm a tio n ; fo r

Number o f Stress Applications

Fig. 5 D eform ations o f Silty Sand fo r V arious D u ra tio n s and 

Frequencies o f R epeated  Stress A pplications. 

D éfo rm ations d ’un sable silteux p o u r des applications 
répétées de con tra in tes, de durées et de fréquences 
variées.
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th e  c o m p a c te d  s ilty  c la y  w ith  in te rv a ls  be tw een  stre ss  a p p li-  [2] 

c a tio n s  u p  to  2 m in u te s , in c reased  d u ra tio n  o f  stre ss  a p p lic a ­

tio n  re su lted  in  in c reased  o r  d ec reased  d e fo rm a tio n s  d e p e n d ­

ing  o n  th e  in te rv a l.
[3]

(4) T h e  d e fo rm a tio n s  o f  c lay s u n d e r  re p ea te d  lo ad in g  a re  

in fluenced  by  a  v a r ie ty  o f  p h e n o m e n a  in c lu d in g  c reep  effects, 

th ix o tro p y , s tiffen ing  d u e  to  re p ea te d  stress  a p p lic a tio n s  

a n d  p ro b a b ly , loss o f  re s is tan ce  d u e  to  se p a ra tio n  o f  c la y  [4] 

p a rtic le s  d u rin g  u n lo a d e d  p e rio d s .

(5) F ro m  a  p ra c tic a l s ta n d p o in t  in  th e  use  o f  d a ta  o b ta in e d  

u n d e r  c o n d itio n s  o f  re p ea te d  s tre ss  fo r  th e  design  o f  p a v e ­

m en ts , it is n ece ssa ry  to  c o n sid e r th e  o v e ra ll fu n c tio n  a n d  ^  

traffic  p a tte rn  fo r  th e  p a v e m e n t in  o rd e r  to  a r r iv e  a t  sa tis fac ­

to ry  e s tim a te s  o f  p ro b a b le  deflections.

[6]
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