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1. I n t r o d u c t io n

When a n a ly z in g  e v e ry  i n v e s t i g a t i o n  on th e  s t r a i n  o f  c o n c re te  su b je c te d  

to  lo n g - te rm  o p e ra t io n  o f  s t r e s s e s ,  th e r e  a r i s e s  th e  problem  o f evalua ting  

th e  p a r t i c i p a t i o n  o f  s h r in k a g e  s t r a i n s .  The f r e q u e n t ly  u sed  method of sepa­

r a t i n g  th e  c re e p  s t r a i n s  c o n s i s t s  o f  s u b t r a c t in g  th e  sh r in k a g e  s t r a in s  mea­

s u re d  in  tw in  e x p e r im e n ta l  e le m e n ts  n o t s u b je c te d  to  e x te r n a l  lo a d s . The 

b a s i s  f o r  t h i s  i s  th e  a ssu m p tio n  o f  a d d i t i v i t y  o f  c reep  and sh r in k a g e  

s t r a i n s ,  im p lie d  by th e  co n cep t o f independence  o f th e s e  phenomena. T h is 

as 'sum ption  i s  c r i t i c i z e d  by m ost o f  a u th o r s .  S o v ie t  re s e a rc h e s  in trcoduC ed 

th e  co n cep t o f  th e  s o - c a l l e d  " s t r e s s  sh r in k a g e "  (see  item  2 .1), suppoosed ly  

caused  by f a s t e r  d ry in g  o f  lo a d e d  c o n c re te .  I n  t u r n ,  a c c o rd in g  to  tithe p r e -  

v e i l i n g  o p in io n  o f r e s e a r c h e r s  in  th e  W est, th e  d ry in g  o f co n c re te  : in c r e a ­

se s  th e  c re e p  by th e  q u a n t i ty  c a l l e d  " th e  c reep  a t  d ry in g " (s e e  item a 2 .2 ) .

W ith r e f e r e n c e  t o  th e  above th e r e  a re  two q u e s t io n s :  w h eth er thes i n t e r ­

dependence o f  c re e p  and  sh r in k a g e  a c tu a l ly  ta k e s  p la c e ,  and on what; i t  de­

p e n d s , and a ls o  w h e th e r  th e  e f f e c t  o f  t h i s  p o s s ib le  in t e r a c t io n  i s  m easu­

r a b le  and s i g n i f i c a n t .  I n  th e  p r e s e n t  p a p e r ,  on th e  b a s i s  o f  t e s t i n g  o f  

th e  e x p e r im e n ta l  e le m e n ts ,  th e  a u th o r s  a t te m p t to  answ er o n ly  th e  l a t t e r  

q u e s t io n .

2. S ta t e  o f  a r t  r e p o r t

2 .1 .  E f f e c t  o f lo n g - te rm  lo a d s  on d ry in g  and sh r in k a g e  o f  c o n c re te

The dependence o f d ry in g  and sh r in k a g e  o f  c o n c re te  on lo n g - te rm  lo a d s  

h a t  n o t  b een  much in v e s t i g a te d .  The r e s u l t s  o b ta in e d  from  an in s u f f i c i e n t

1) A s s o c .P ro f e s s o r  D o c to r S i l e s i a n  T e c h n ic a l U n iv e r s i ty  
u l .P s tro w s k ie g o  5 i 44—1100 G liw ic e , P o lan d

2) D o c to r Eng. S i l e s i a n  T e c h n ic a l  U n iv e r s i ty



number o f  i n v e s t i g a t i o n s  do n o t  w a r ra n t e x te n s iv e  e x p la n a t io n  o f  t h i s  

p rob lem  -  th e  more s o ,  a s . t h e  o p in io n s  o f  th e  v a r io u s  a u th o r s  on th e  

s u b je c t  a re  d i f f e r e n t .

AlEKSANDROV/SKI [ 1 ']  e x p la in e d  t h a t  lo n g - te rm  lo a d  c a u se s  th e  changes 

o f  th e  d im en sio n s  o f  c o n c re te  p o r e s ,  th u s  ch ang ing  th e  c o n d i t io n s  o f 

i t s  d ry in g  w hich sh o u ld  a f f e c t  th e  s h r in k a g e .

MEIER and NILSON [2J e x p la in e d  th e  dependence o f  s h r in k a g e  on lo n g -  

- te rm  lo a d s  a s  f o l lo w s :  i n  th e  ca se  when a  c o n c re te  specim en  i s  s u b je c ­

te d  t o  th e  a c t i o n  o f  e x te r n a l  lo a d s ,  th e n  a p a r t  from  th e  im m ediate 

s t r a i n s  w hich a re  fo l lo w e d  by c re e p  s t r a i n s ,  th e  lo a d  a l s o  c a u se s  a 

change i n  th e  w a te r  v ap o u r p r e s s u r e  in  th e  c o n c re te .  T h is  change r e s u l t s ,  

i n  t u r n ,  i n  a p ro c e s s  a im ing  a t  l e v e l l i n g  th e  w a te r  v ap o u r p r e s s u re  

in s id e  th e  c o n c re te  to  th e  w a te r  v ap o u r p r e s s u r e  o f  th e  su r ro u n d in g  

en v iro n m e n t, a s  a r e s u l t  o f  w hich m o is tu re  s t r a i n s  a re  c r e a te d .  S im ila r  

o p in io n s  on t h i s  s u b je c t  v.ere o f f e r e d  by ROSS, SEED, LA VIS and HAMILTON ' 

a c c . to  [  3 j .

I n t e r e s t i n g  in v e s t i g a t i o n s  on th e  d ry in g  o f e le m e n ts  u n d e r lo s e  

(com pressed  o r  s t r e t c h e d )  and lo a d - f r e e  w ere made by ALEKSANLROV.'SEI 

( 4 ,  5 ] . H is r e s u l t s  w ould p ro v e  e . g . ,  t h a t  te n s io n e d  specim ens d ry  up 

more q u ic k ly  th a n  th e  spec im ens n o t  lo a d e d  w ith  t h i s  e f f e c t  b e in g  n o re  

e v id e n t  a t  h ig h e r  s t r e s s e s  and p o s s ib ly  ( a c c .  to  th e  a u th o r  o f  th e s e  

i n v e s t i g a t i o n s )  a t  s m a l le r  d im en sio n s  o f th e  c r o s s - s e c t io n  o f  th e  s p e c i­

men. The r e s u l t s  o f  th e s e  t e s t s  do n o t  p e rm it  a d i r e c t  com parison  o f  th e  

q u a n t i ty  o f  s h r in k a g e  in  lo ad ed  and lo a d - f r e e  c o n c re te  a s  th e  q u a n t i ty  

o f  c re e p  i s  n o t known. Such co m p ariso n s g iv e n  in  in v e s t i g a t i o n s  [ 4 ,  5 )  

a re  n o t a c c u ra te  (comp, item  2 . 2 )  s in c e  th e  a u th o r  assum ed t h a t  th e  creep  

o f  th e  d ry in g  specim ens i s  e q u a l to  th e  c re e p  o f  th e  in s u la t e d  r e f e r e n c e  

sp ec im en s , and on t h i s  b a s i s  e v a lu a te d  th e  c re e p  s t r a i n  ( th e  same in  

a c c u ra c y  i s  found  in  th e  work o f  KITZEL [6 ] ). I n  a more r e c e n t  work 

ALEKSANDROV,'SKI h a s  shown t h a t  th e  q u a n t i ty  o f  sh r in k a g e  in  lo a d e d  c o n c re ­

t e  may be e s t im a te d  on th e  b a s i s  o f th e  dependence betw een  th e  amount o f 

w a te r  e v a p o ra te d  from  th e  c o n c re te  and th e  v a lu e  o f  t h i s  c. r in k a g e . Such 

a dependence was p r e s e n te d  by AEEKSAEDROii’SKI in  p a p e rs  [ 1 ,  ? ] .  As a r e ­

s u l t ,  t h i s  p e r m it te d ,  in  an  i n d i r e c t  way, a  com parison  o f  th e  d is c u s s e d
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q u a n t i t i e s  o f  sh r in k a g e  [ 1 ] .  I n  t h i s  way, th e  a u th o r  d em o n s tra ted  t h a t  

th e  sh r in k a g e  o f  an e lem en t u n d e r lo a d  i s  g r e a t e r  th a n  th e  sh r in k a g e  o f  

an  e lem en t w ith o u t lo a d . The d i f f e r e n c e  betw een  th e s e  two v a lu e s  was 

c a l l e d  " th e  s t r e s s  s h r in k a g e " . A cco rd ing  t o  ALEKSAKDROWSKI [ 1 ,  4 ,  5 3  and 

MITZEL [ 6 ] ,  th e  e x is te n c e  o f  t h i s  d i f f e r e n c e  shows t h a t  sh r in k a g e  and 

c re e p  a re  n o t  a d d i t iv e  v a lu e s . I n  t h e i r  o p in io n , th e  c a lc u la te d  v a lu e  o f 

c re e p  e . g . ,  f o r  t e n s io n ,  a s  th e  sum o f  th e  s t r a i n s  m easured ( i n  a lo ad ed  

and d ry in g  sp e c im e n ) and o f  th e  s h r in k a g e  s t r a i n s  ( i n  a d ry in g  com parison - 

-sp e c im e n  w ith o u t lo a d )  i s  bu rd en ed  w ith  an  e r r o r  e q u a l to  th e  v a lu e  o f 

" th e  s t r e s s  s h r in k a g e " ,  F i g .1.
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F ig . 1

The a u th o r s  o f  o th e r  s tu d ie s  MAMILLAK, MAHEI, ¡SEVILLE ac c . to  [ 8 ]  , 

a s  opposed to  ALEKSAKDROWSKI [ 4 ] ,  d id  n o t  f in d  any e s s e n t i a l  d if f e re n c e  

betw een  th e  lo s s  o f m o is tu re  in  th e  specim ens s u b je c te d  to  lo n g - te rm  , 

co m p ressiv e  lo a d s  and in  lo a d - f r e e  sp ec im en s. HAESEK [.8J e x p re sse d  an 

o p in io n  t h a t  th e  m ethods o f  m easu rin g  m o is tu re  lo s s e s  (m easurem ents o f 

w e ig h t)  in  th e  abo v e-m en tio n ed  i n v e s t i g a t i o n s  w ere n o t  v e ry  a c c u ra te .  

CEE-FIE M odel Code 1990 (B u ll .N o  190a) does n o t  c o n ta in  any r e l a t i o n s  

d e s c r ib in g  th e  e f f e c t  o f  lo a d s  on th e  d ry in g  and sh r in k a g e  o f  c o n c re te .

m easured s tra in  of lo ad ed

(te n s io n e d ) specim en

sum m ing defin ition

s tr e s s  s h rin k a g e  acc to 

A leksandrow ski

to ta l c re e p  with c o n sid e -

time

s h r inkage of n o t 
lo a d e d  specim en

a c tu a l  s h r in k a g e  in a

lo a d e d  specim en a cc  
to  Aleksandrowski

/ ration of th e  e ffe c t of 
A leksandrow ski

2 .2 .  C reep a t  d ry in g

Some r e s e a r c h e r s ,  l i k e  e . g . ,  VOGT T 9 J « PICKET [ 1 0 ] ,  HAliSEN £ 8 ],



SEVILLE [ 1 1 ] ,  BROOKS L 12],  ILISTOH [1 3 ] and o th ers  make use o f  the n o tio n  

o f  th e  s o - c a l le d  "creep a t  drying" . T h is i s  the q u a n tity  by w hich the  

creep  r e s u l t in g  from th e d rying  o f  c o n c r e te , i s  in c r e a s e d , J i g . 2.

a)
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b)

A ccord ing  to  th e s e  a u th o r s ,  t o t a l  c re e p  i s  th e  sum o f  th e  c re e p  o f  th e  

e le m e n t p r o t e c te d  a g a in s t  th e  l o s s  o f  m o is tu re  ( i n s u l a t e d ) ,  and th e  c reep  

a t  d ry in g , a s s o c ia te d  w ith  th e  l o s s  o f  m o is tu r e ,  f i g . 2 a .  The c re e p  o f  th e  

in s u l a t e d  e lem en t i s  c a l l e d  th e  s p e c i f i c  c re e p  o r  b a s ic  c re e p . F o r  th e  

te n s io n e d  e le m e n ts , f i g . 2 b ,  th e  sum o f  th e  s t r a i n s  m easured  i n  a lo a d e d  

and d ry in g  specim en and th e  s h r in k a g e  s t r a i n s  i n  a  d ry in g  r e f e r e n c e  sp e ­

cim en w ith o u t lo a d  r e p r e s e n t s  t o t a l  c re e p .

VOGT [ 9 ]  e x p la in e d  in  t h i s  th e o r y ,  t h a t  s h r in k a g e  in f lu e n c e s  th e  c re e p  

a s  a r e s u l t  o f  i n t e r n a l  s t r e s s e ^  w hich i t  c a u se s . As a r e s u l t  o f  th e  

d ry in g  o f  th e  c o n c re te  e le m e n t, n o n -u n ifo rm  f i e l d s  o f  m o is tu re  and s h r in ­

kage s t r a i n s  a r e  c r e a te d  in  i t .  These a re  th e  cau se  o f  th e  fo rm a tio n  o f  

i n t e r n a l  s h r in k a g e  s t r e s s e s  o f  n o n -u n ifo rm  d i s t r i b u t i o n  i n  th e  a r e a  o f

I



th e  specim en  s e c t io n .  The t e n s i l e  s t r e s s e s  a r e  c r e a te d  more q u ic k ly  in  

th e  d ry in g , e x te r n a l  l a y e r s ,  w h ile  th e  com pressive  ones -  in  th e  deep e r 

l a y e r s .  These s t r e s s e s  a re  summed up w ith  th e  s t r e s s e s  r e s u l t i n g  from 

th e  e x te r n a l  lo a d . As a r e s u l t ,  th e  d i s t r i b u t i o n , o f  s t r e s s  changed on 

a c c o u n t o f  d ry in g  i s  r u l i n g  th e  c re e p .

PICKET [101  su g g e s te d  t h a t  th e  c a u se s  o f  th e  in c r e a s e d  c re e p  in  th e  

d ry in g  specim en  in  com parison  w ith  th e  specim en  p r o te c te d  a g a in s t  lo s s  

o f  m o is tu re  a re  n o t to  be found  o n ly  in  th e  in c r e a s e  o f  s t r e s s e s ,  b u t 

a l s o  i n  th e  p o s s i b i l i t y  e f  ex c e e d in g  th e  l i n e a r i t y  o f  c re e p  a s  a r e s u l t  

o f  th e  in c r e a s e  o f  th e s e  s t r e s s e s .

L 'kermITE [ 1 4 ]  s u g g e s te d  th e  l i n k in g  o f  sh r in k a g e  and c re e p  by 

e q u a tio n :

2 .1  7oP -  *  (1 + a4 - f ; } *

w here : -q0̂  i s  th e  t o t a l  d e la y e d  s t r a i n ,  ¿ - c r e e p  w ith o u t s h r in k a g e ,

ai  c o n s ta n t  s p e c i f i c  to th e  g iv e n  c o n c r e te ,  t h e o r e t i c a l  sh r in k ag e

a t  r e l a t i v e  m o is tu re  e q u a l to  z e ro ,  jUa  sh r in k a g e  a t  a c tu a l  m o is tu re .

CEB-FIP Model Code 1990 ( B u l l .  No 1 9 0 a) in c lu d e s  th e  e f f e c t  o f th e  

c o n c re te  d ry in g  c o n d i t io n s  on th e  q u a n t i ty  o f  c re e p : how ever, th e  r e l a ­

t i o n s h i p s  g iv e n  r e f e r  i n  p r i n c i p l e  to  com pressed  c o n c re te  o n ly .

J .  F o rm u la tio n  o f  th e  p ro b lem , aim  o f  own in v e s t ig a t io n s

Summing up th e  rev iew  o f  l i t e r a t u r e ,  i t  may be s t a t e d  t h a t  th e  op in ion  

o f  th e  r e s e a r c h e r s  a s  to , th e  in f lu e n c e  o f  lo n g - te rm  lo a d s  on th e  d ry in g  

and s h r in k a g e  o f  c o n c r e te ,  and hence a s  to  th e  e x is te n c e  o f  th e  s o - c a l le d  

" s t r e s s  sh r in k a g e "  a r e  n o t u n iv o c a l .  T hus, i t  sh o u ld  be b e l ie v e d  t h a t  the 

prob lem  h as  n o t  been  s o lv e d . An i n s u f f i c i e n t  number o f  in v e s t i g a t i o n s  and 

a s s o c ia te d  w ith  i t ,  d i f f e r e n c e s  o f  o p in io n s  prom pted  th e ,  co n d u c tin g  of 

e x p e r im e n ts  in  t h i s  f i e l d .

H owever, i t  may be assum ed t h a t  th e r e  i s  a  u n ifo rm ity  o f  view s on the 

s o - c a l l e d  " c re e p  a t  d ry in g " . A cco rd in g  t o  th e  a u th o r s  o f  th e  a r t i c l e ,  the 

e x is te n c e  o f  an e x c e s s  o f  c re e p  cau sed  by th e  d ry in g  o f  c o n c re te  does not 

n e g a te  th e  p r i n c i p l e  o f  a d d i t i v i t y  o f  s h r in k a g e  and c re e p  o f  c o n c re te  fo r  

a p ro p er ly  conducted t e s t .  T h is i s  an experim ent in  which th e  specim ens
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u n d er lo a d  and r e f e r e n c e  specim ens a r e  i n  th e  same th e rm a l-m o is tu re  con­

d i t i o n s .  T h is  m ean s , among o th e r s ,  t h a t  th e  in s u la t e d  lo a d e d  specim en 

can n o t be th e  com parison  specim en  ( u s e f u l  f o r  th e  c a l c u l a t i o n  o f th e  

sh r in k a g e  s t r a i n s ) f o r  th e  d ry in g  specim en u n d er lo a d . The in s u l a t e d  sp e ­

cim en i s  i n  d i f f e r e n t  th e rm a l-m o is tu re  c o n d i t io n s  th a n  th e  specim en  w hich 

h a s  n o t  been  in s u l a t e d  so  t h i s  i s  an  a d d i t io n a l  f a c t o r  in tro d u c e d  in  

th e  e x p e rim e n t. The a u th o r s  o f  th e  a r t i c l e  made th e  fo l lo w in g  h y p o th e s is :

11 The c re e p  o f  te n s io n e d  c o n c re te  may be p re s e n te d  a s  an  a lg e b r a ic  sum 

o f  s t r a i n s  m easured  on th e  same sp e c im e n s , lo a d e d  and lo ad  f r e e  w hich a re  

in  th e  same th e rm a l-m o is tu re  c o n d i t io n s  (b o th  e n v iro n m e n ta l ana  th o se  

in s id e  th e  sp ec im en f.

To v e r i f y  t h i s  h y p o th e s is ,  th e  p rob lem  o f  th e  s o - c a l l e d  " s t r e s s  s h r in ­

k age"  had  t o  be s o lv e d . I n  o th e r  w o rd s , i t  sh o u ld  have been  fo u n d  w h e th e r 

th e r e  e x i s t s  a n  in f lu e n c e  o f  lo n g - te rm  lo a d s  on th e  d ry in g  and sh r in k a g e  

o f  c o n c re te .  Lack o f  su ch  hn  an  in f lu e n c e  fa v o u r s  th e  assum ing  o f  t h i s  

h y p o th e s is ,  w h ile  i t s  e x is te n c e  w ould s u g g e s ts  r e j e c t i n g  i t .  The a u th o r s  

o f  th e  a r t i c l e  c a r r i e d  o u t th e  i n v e s t i g a t i o n s  d e s c r ib e d  f u r t h e r  on and 

th e s e  p e r m it te d  th e  s o l u t i o n  o f  th e  p rob lem  in  th e  ca se  o f  a x i a l l y  t e n s i o ­

ned  c o n c re te .

4 . M ethod, p la n  and d e s c r ip t i o n  o f  own in v e s t i g a t i o n s

A d i r e c t  m easurem ent o f  th e  s h r in k a g e  o f  c o n c re te  e le m e n ts  s u b je c te d  

to  th e  o p e ra t io n  o f  lo n g - te rm  lo a d s  i s  n o t p o s s ib l e .  I n  view  o f  t h i s ,  i t  

h a s  b een  assum ed t h a t  i t  i s  p o s s ib le  t o  co n c lu d e  ab o u t th e  q u a n t i ty  and 

p ro g r e s s  o f  th e  m o is tu re  s h r in k a g e  on th e  b a s i s  o f  th e  changes o f  th e  

c o n c re te  m o is tu re  [ 1 ,  7 ,  11 J ; and th e  m o is tu re  o f  th e  c o n c re te  may be 

a s s e s s e d  by means o f  i t s  e l e c t r i c  c o n d u c t iv i t y  ¡(11, 1 5 , 16J. The h ig h  

m u tu a l c o r r e l a t i o n  o f  th e s e  phenomena h a s  n o t  been  q u e s t io n e d .

P ig . 3. Scheme o f  th e  m e a su rin g  d e v ic e

The i n v e s t i g a t i o n s  

co n ce rn ed  th e  c o n c re te  o f 

th e  c o m p o s itio n : 243 kg 

o f  P o r t la n d  cem ent " 3 5 " . 

20S4 kg s a n d - g ra v e l  m ix , 

174 kg o f  w a te r . The sh a ­

pe o f  th e  e x p e r im e n ta l



e lem en t i s  p r e s e n te d  in  P i g . 3 . On a c c o u n t o f  th e  sm a ll d im ensions of th e  

c r o s s - s e c t io n  (100x100 mm) and a r e l a t i v e l y  lo n g  t e s t i n g  t im e , i t  has 

b een  assum ed t h a t  a t  each  p o in t  o f th e  m easurem ent a r e a  th e  m o istu re  i s  

th e  same [1 7 J .  The specim ens w ere shaped  a f t e r  one day and n e x t sto red  

and t e s t e d  a t  th e  te m p e ra tu re  20^1°C.

Two s e r i e s  o f  speci­

mens w ere p la n n e d , each 

o f  w hich was d iv id ed  in to  

two g ro u p s ( T ab le  1) -  

lo ad ed  specim ens in  c re e p -  

- t e s t i n g  m ach ines and 

lo a d - f r e e .  The s e le c t io n  

o f  specim ens was a random 

one. I n  " a "  s e r i e s  the 

s t r e s s  was m a in ta in e d  f o r  28 days a t  th e  r e l a t i v e  l e v e l  6  ( t  ) / f ct ni t ) =

= 0 ,6  and f o r  th e  n e x t 304 days r> = 0 ,6  f ^ ^  = 0 ,8  MPa ( a t  r e l a t i v e  a i r  

h u m id ity  RH = 7C>ilO%). The im m ediate  mean t e n s i l e  s t r e n g th  f c t m ^  had 

been d e te rm in ed  e a r l i e r  on o th e r  e le m e n ts  o f  th e  same shape [1 8 J . In "b "  

s e r i e s ,  a p r a c t i c a l l y  c o n s ta n t  p r im a ry  le n g th  o f  th e  e lem en ts  was fo rced  

in d u c in g  in  t h i s  way th e  s h r in k a g e  s t r e s s e s  ■€>-b s ( t )  u n t i l  th e  f r a c tu re  o f  

th e  c o n c re te  a t  RH = 85% L l8 j .

The in v e s t i g a t i o n s  o f  th e  c o n c re te  m o is tu re  w ere b ased  on th e  method 

o f  m easu rin g  th e  e l e c t r i c  c o n d u c t iv i ty  a c c . to  th e  scheme shown in  f ig .  3. 

A l te r n a t in g  c u r r e n t  su p p ly  (5 0  Hz) was u sed  w hich e x c lu d e s  th e  p o s s i b i l i ­

t y  o f  c r e a t in g  th e  phenomena o f  e l e c t r o l y s i s  ana p o l a r i z a t i o n .  C o rro s io n - 

- r e s i s t a n t  ca rb o n  e le c t r o d e s  (E ) o f  s t a b l e  c h a r a c t e r i s t i c s  w ere used.

The e le c t r o d e s  o f  c y l in d e r  shape ( <S7 mm , 1 = 10 mm) w ere p la c e d  in  th e  

l o n g i tu d in a l  a x is  o f  th e  e le m e n t, 150 mm from  each  o th e r .  The power le a d  

was g lu e d  ( t o  th e  op en in g  d r i l l e d  in  th e  e le c t r o d e )  by means o f a s p e c ia l  

c o n d u c tin g  g lu e .

The m easurem ent c o n s i s te d  in  f o r c ig  in  th e  c i r c u i t  o f  th e  c u r re n t in ­

t e n s i t y  o f  c o n s ta n t  v a lu e  and r e g i s t e r i n g  o f  th e  v o lta g e  drop U 

betw een  th e  e l e c t r o d e s .  The v o l ta g e s  0 ^ ( t ) — f o r  th e  lo a d - f r e e  elem ents 

and T J* (t) -  f o r  th e  loaded  o n es, changing in  the course o f  th e  d ry ing  o f
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c o n c re te ,  w ere m easu red . The r a t i o  o f  th e s e  q u a n t i t i e s  t o  th e  c o rre sp o n ­

d in g  t o  them  i n i t i a l  v o l ta g e s  ) /Up » ^ ( " t j /U p  was th e  "basis f o r

th e  com parison  o f  th e  p ro c e s s e s  o f  d ry in g  o f  b o th  g ro u p s  o f  e le m e n ts .

The m easurem ent v a lu e s  from  th e  t e s t i n g  o f  th e  g ro u p s o f spec im ens lo ad ed  

and lo a d - f r e e  i n  " a "  s e r i e s  w ere a s  fo l lo w s :  th e  mean p rim a ry  v o lta g e  

from  b o th  g ro u p s Dp = 0 ,1 3 0  V a t  c u r r e n t  i n t e n s i t y  J  = 0 ,0 5  mA (w ith  

th e  man v a lu e s  i n  g ro u p s  n o t  d i f f e r i n g  m uch). The av e ra g e  t e n s i l e  

s t r e n g th  = 1 .7 9  ® a .

To a v o id  s h u n t in g  o f  th e  e l e c t r i c a l  i n s t a l l a t i o n  th e  system  was in s u ­

l a t e d  from  th e  h a n d le  o f  th e  c r e e p - t e s t i n g  m achine in  w hich th e  t e s t s  

w ere made. I t  was a l s o  found  t h a t  th e r e  i s  no d i r e c t e d  r e l a t i o n s h i p  

betw een  th e  e l e c t r i c  c o n d u c t iv i ty  o f  th e  c o n c re te  and  th e  v a lu e  o f  t e n s i ­

l e  s t r e s s e s  ( a n  a d d i t io n a l  s e p ie s  o f  e le m e n ts  underw en t im m ediate t e s t s ) .

The s t r a i n s  w ere m easu red  by means o f  f r a m e s , ro d s  and d i a l  i n d i c a to r s  

1 on a b ase  o f  400 mm in  le n g th .  F o r  th e  m easurem en ts o f  f r e e  s h r in ­

kage ZB , e le m e n ts  o f  th e  same shape w ere u sed  w hich w ere p la c e d  in  a 

T h e o lo g ic a l cham ber o f  th e  same h e ig h t  a s  th e  e le m e n ts  in  th e  c re e p -  

- t e s t i n g  m ach in es . A d e t a i l e d  d e s c r ip t i o n  o f  th e  i n v e s t i g a t i o n s  can be 

fo u n d  in  p a p e r  [1 8 ].

5« T e s t r e s u l t s

On e la b o r a t in g  th e  r e s u l t s  o b ta in e d ,  s t a t i s t i c a l  a n a ly s e s  a t  s i g n i f i ­

cance l e v e l  0 ,01  have b een  assum ed. M aking use  o f  v a r ia n c e  a n a ly s i s  to  

th e  v a lu e  f^® ( accom panying t e s t s ) ,  i t  h a s  b een  found  t h a t  th e  e x p e r i ­

m e n ta l m a te r i a l  in  each  s e r i e s  i s  a hom ogeneous s e t .  I t  h a s  a l s o  been 

check ed , by means o f  D ixon t e s t  [l93>  w h e th e r  th e  ex trem e v a lu e s  o f  th e  

r e s u l t s  a re  n o t b u rd en ed  w ith  g ro s s  e r r o r s .  The g ra p h ic  i n t e r p r e t a t i o n  

o f th e  r e s u l t s  o f  " a "  s e r i e s  i s  g iv e n  in  f i g . 4 ,  5 and 6. The b roken  l i n e s  

in  th e s e  f i g u r e s  co n n e c t th e  mean v a lu e s  o b ta in e d  from  th e  c a lc u l a t i o n s .

The d iag ram s from f i g . 4  p r e s e n t  th e  c o u rse  o f v a r i a t i o n s  ( i n  lo g a ­

r i th m ic  s c a le  ) o f  th e  q u a n t i ty  /U^ and o f th e  s h r in k a g e  s t r a i n s  £ =, 

depend ing  on th e  tim e  f o r  th e  lo a d —f r e e  e le m e n ts . The v a lu e  o f  th e  r a t i o  

Uj^/Up in c r e a s e s  w ith  t im e , w ith  grow ing  i n t e n s i t y  in  th e  co u rse  o f  th e  

d ry in g  o f  c o n c re te .  I n  th e  l a s t  p e r io d  o f  t im e , when th e  in c re m e n ts  o f

-  1 2 0  -



~  1 2 1  -

3

©XJ

©
.0
«o
§
a©a
©Q

in
bO•H

X5
a©
©bO©
■H
-aCO

©bo©

a

<H

<H¡a

,4-
bC

•H
a

th
e 

va
lu

e 
of 

th
e 

Uk
/U

p 
ra

ti
o 

in 
lo

ad
-f

re
e 

sh
ri

nk
ag

e 
of 

co
n

cr
et

e



sh r in k a g e  a re  s m a l l ,  th e  v a lu e  o f  th é  r a t i o  I n c r e a s e s  v io l e n t l y .

T h is  d e n o te s  a r a p id  d rop  o f  th e  e l e c t r i c  c o n d u c t iv i ty  o f  c o n c re te  in  

t h i s  p e r io d ,  and a t  th e  same tim e  a n  in c r e a s e  o f  s e n s i t i v i t y  in  th e  mea­

s u r in g  m ethod u sed .

The d i r e c t  dependence betw een  th e  r a t i o  U^/Up and th e  s h r in k a g e  o f 

l o a d - f r e e  c o n c re te  i s  i l l u s t r a t e d  i n  f i g . 5 . The p l o t s  i n  th o s e  f i g u r e s  

show t h a t ,  o f  th e  two q u a n t i t i e s  g iv e n , more s e n s i t i v e  to  d ry in g  i s  th e  

r a t i o  ^ ¿ / tJ  ' (w ith  th e  e x c e p t io n  o f  th e  i n i t i a l  p e r i o d ) .  I n  f i g . 6 th e
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F ig .S .  E f f e c t  o f  th e  c o n c re te  age on Cv/U v a lu e  f o r  th e  spec im ens 
cu red  u n d e r  lo a d  * p

dependence o f  th e  r a t i o n  TJv/U* on th e  age o f  c o n c re te  f o r  th e  specim ensk p
c u re d  u n d e r lo a d  i s  p r e s e n te d .  The com pared mean v a lu e s  o f  th e  r a t i o s :  

Ulr/U_ -  f o r  th e  l o a d - f r e e  sp ec im en s , and U?/U* -  f o r  th e  specim ens underIV P “ IV p
lo a d  do n o t  d i f f e r  s i g n i f i c a n t l y .  The v e r i f i c a t i o n  made by means o f  th e  

t e s t  o f  th e  h y p o th e s e s  c o n c e rn in g  th e  mean v a lu e s  ( s e v e n  in d e p e n d e n t 

c a se s  f o r  d i f f e r e n t  t  ) i n  no ca se  j u s t i f i e d  th e  r e j e c t i o n  o f  th e  ze ro



h y p o th e s is  a b o u t th e  e q u a l i t y  o f  th e  two m eans. The o b se rv ed  s n a i l  m utual 

d e v ia t io n s  ( t o  b o th  s i d e s )  o f  th e  v a lu e s  s tu d ie d  sh o u ld  be r e la te d  to  

th e  n a tu r a l  d i s p e r s io n  o f  e x p e r im e n ta l d a ta .  A q u a l i t a t i v e l y  id e n t ic a l  

r e s u l t  was o b ta in e d  on th e  b a s i s  o f an  a n a ly s i s  o f  th e  "b" s e r ie s .

B ecause o f  th e  s h o r t  p e r io d  o f  i n v e s t i g a t i n g  th e  specim ens from t h i s  

s e r i e s  -  ab o u t 6 weeks -  t i l l  th e  tim e  o f  c ra c k in g ,  th e  r e s u l t s  o f  th e s e  

t e s t s  a r e  n o t g iv e n  in  t h i s  a r t i c l e .

The r e s u l t s  o b ta in e d  mean t h a t  no e f f e c t  o f  lo n g - te rm  te n s io n s  on th e  

•changes o f  th e  q u a n t i t i e s  and , d i r e c t l y  r e l a te d  to  th e

e l e c t r i c  c o n d u c t iv i ty  o f  th e  c o n c r e te ,  h a s  been  a s c e r ta in e d .  On th e  

b a s i s  o f  t h i s  i t  h a s  been  assumed t h a t  th e  in f lu e n c e  u n d er d is c u s s io n  

does n o t  e x i s t  o r  i s  n e g l i g i b l e .  As i t  h a s  a lr e a d y  b een  m entioned, th e  

ch an g es in  th e  e l e c t r i c  c o n d u c t iv i ty  o f  c o n c re te  and o f  i t s  (m o is tu re )  

s h r in k a g e  a re  c lo s e ly  r e l a t e d  to  th e  changes in  th e  h u m id ity  of t h i s  ma­

t e r i a l ;  th u s ,  i t  sh o u ld  he assum ed t h a t  no such in f lu e n c e  e x is ts  in  th e

c o n c re te  in v e s t i g a t e d  -  a l s o  w ith  r e f e r e n c e  to  th e  d ry in g  and sh r in k a g e .

The c o n c lu s io n s  o f  ALEKSAliDROWSKI w hich a re  c o n tr a ry  to  the  above t e s t  

r e s u l t s  £ 1 ,  4 ,  5 J  a re  c o n t r o v e r s i a l .  As i t  h as  b een  shown in  c h a p te r  2 .1 ,
Irtlf •

th e  t e s t  r e s u l t s  o f  t h i s  a u th o r  do n o t  p e rm it  d i r e c t  com parisons o f  th e  

sh r in k a g e  o f  lo a d e d  and lo a d - f r e e  c o n c re te  s in c e  th e  v a lu e  o f  creep  a t  

d ry in g  i s  unknown ( th e  c reep  o f  th e  i n s u la t e d  r e f e r e n c e  specimens i s  n o t 

e q u a l to  th e  c re e p  o f n o t - in s u l a t e d  sp ec im en s) . T h is  i s  th e  cause o f 

e r r o r  in  th e  com parisons c a r r i e d  o u t i n  p a p e r  [ 4 , 5 ] .  I n  tu r n ,  the  

r e s u l t s  d e m o n s tra t in g  a h ig h e r  lo s s  o f  m o is tu re  by th e  specim ens u nder 

lo a d  in  com parison  w ith  lo a d - f r e e  ones may have depended , p e rh ap s , on th e  

d i f f e r e n t  d ry in g  c o n d i t io n s  f o r  b o th  g roups o f  specim ens ( in te r f e r e n c e s  

cau sed  by th e  p re s e n c e  o f  re in fo rc e m e n t and d i f f e r e n t  sh ap es of specim ens)

w hich  a re  n o t  g iv e n  by ALEKSARDROfiSEI.

6 . C o n c lu s io n

W ith th e  a ssu m p tio n s  m ade, th e  co n d u c ted  in v e s t i g a t i o n s  d id  n o t demon­

s t r a t e  a  s i g n i f i c a n t  in f lu e n c e  o f th e  t e n s i l e  s t r e s s e s  i n  co n cre te  on 

i t s  s h r in k a g e  s t r a i n s .  T hus, in  th e  e x p e r im e n ta l c o n d it io n s  d e sc r ib e d , 

th ere  i s  no b a s is  f o r  r e j e c t in g  the t h e s i s  o f  th e  a d d it iv i t y  of the c re e p
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and s h r in k a g e  s t r a i n s .

I n  te c h n ic a l  a p p l i c a t i o n s ,  a s  w e ll  a s  s c i e n t i f i c  in v e s t i g a t i o n s  in  

w hich  th e  c o n d i t io n s  a r e  n o t  much d i f f e r e n t  from  th e  e x p e r im e n ta l c o n d i­

t i o n s  q u o ted  i n  th e  a r t i c l e ,  th e  a u th o r s  s u g g e s t th e  assum ing  a s  t r u e ,  

th e  fo l lo w in g  theorem :

The c re e p  o f  c o n c re te  a t  t e n s io n  may by p re s e n te d  a s  an  a lg e b r a ic  sum 

o f  th e  s t r a i n s  m easu red  on th e  same sp ec im en s , lo a d e d  and l o a d - f r e e ,  

s to r e d  i n  th e  same th e r m ic -  m o is tu re  c o n d i t io n s .
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ZAGADNIENIE ADDTTIWNOŚCI PEŁZANIA I  SKDRCZO W HETONIE ROZCIĄGANI»

S tr e s z c z e n ie

Omówiono badania wpływu d łu gotrw ałych  rozciągań  na w ysychanie t  skur­
cz beton u . W ilgotność betonu ocen ian o  na podstaw ie pomiarów w ie lk o ś­
c i  e le k tr y c z n y c h . K ie stw ierd zon o  is to tn y c h  ró żn ic  m iędzy wysychaniem  
próbek obciążonych  i  n ie  ob ciążon ych . W opisanych  warunkach n ie  b y ło  
podstaw do odrzucen ia  z a ło ż e n ia  o addytyw ności od k sz ta łceń  p e łza n ia  
i  sk u rczu .

IIPOEJIEMA AOTTHBHOCTH DCBISnECTH H yCAZIKIT 
B PACTflrilBAEMOM EETOHE

Pe3BMe

O O o y sa a e T C E  n c c j ie n o B a n k e  b j ih r h k h  m iH T e jiŁ H o ro  pacT SK eH H H  Ha B H C uxaH «e 

u yc asicy C ero a a . B jiaraocT t óeToua oueraiBaeTCH Ha 0CH0B8HHSt HSMepeHHH 
ajieKTpHveoKHx napaMeTpoB. He oóaapyHeHO cymecTBeHHinc pa3HHvali Mensy 
BHCbixaHHeM HarpyaeKHbDC h He HarpyKeHHNx oCpa3uoB.

B OIlilCaHHŁDC yOJiOBHHX He (5HJ10 OCHOBaHHH 0TKa3hIBaTBCH o t  n p esn o cu -  
jiok 06 aaaaTKBHOCTH setbopMazyiii noasynecTH u ycasK H .


