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IMMEDIATE STRAINS OF CONCRETE UNDER AXIAL TENSION 

T. In tro d u c tio n

■The d e f o r n a b i l i ty  o f co n c re te  under te n s io n  as w e ll as i t s  s t r e n g th ,  

therm al c h a r a c t e r i s t i c s  and hum id ity , c o n d itio n  i t s  r e s is ta n c e  to  c rac

k ing . Among th e  f e a tu re s  o f d e fo rm a b il i ty , o f s p e c ia l  im portance i s  the 

u ltim a te  e lo n g a tio n  of th e  co n c re te  s u b je c t to  i t s  age a t  the  moment of 

t e s t in g .  L i te r a tu r e  [ 1 ,2 ,3 3  anâ CEB-FIP Model Code 1990 does h o t provide 

f u l l  and e x p l i c i t  in fo rm a tio n  concern ing  th e  p r o p e r t ie s  o f d e fo rm a b ility  

o f co n c re te  funder te n s io n )  w ith in  th e  p ro ce ss  of cu rin g . This f a c t  has 

induced th e  au th o r  o f th e  p re s e n t pap e r to  ta k e  up in v e s t ig a t io n s  of h is

own. These in v e s t ig a t io n s  c o n s t i tu te  a p a r t  o f th e  t e s t  programme d ea lin g
2 )w ith  th e  r e s is ta n c e  o f  co n c re te  to  sh rin k ag e  crack ing

2. The aims and range o f th e  a u th o r 's  own in v e s tig a tio n s

The aim of th e se  in v e s t ig a t io n s  was to  d e te m in e  the in f lu e n c e  o f the 

age o f co n c re te  on i t s  e lo n g a tio n  a t  v a r io u s  le v e ls  o f s t r e s s e s .  Another 

aim -  non in c lu d ed  in  th e  s u b je c t  m a tte r  t h i s  p ap e r -  was to  f in d  th e  mu

tu a l  r e la t io n s  between sh rin k ag e  s t r a i n s  and th e  e lo n g a tio n  of concrete  

under te n s io n . These r e la t io n s  c o n d itio n  th e  p o s s i b i l i t y  o f the occurren

ce o f sh rinkage  craks in  co n c re te  sam ples w ith o u t freedom of def : m auiorM .

The in v e s t ig a t io n s  com prised: the t e n s i l e  s t r e n g th  f c^_ft) , the u ltim a

te  e lo n g a tio n  ¿„(t) , th e  r e la t io n  6 - g  in  the course of te n s io n , 5  (£ ,tj 

f o r  co n c re te  1 ,5 ,7 ,1-1-,28,60 and 120 days o ld .

1) D octor Eng. S i le s ia n  T echn ica l U n iv e rs ity  
u l.P s tro w sk ie g o  5» 44—100 G liw ice , Poland

2) Zamorowski W., The sh rinkage  crack  r e s is ta n c e  of concre te  elements 
m aturing  w ith o u t freedom of d e fo rm a tio n ., D octoral d i s e r t a t io n ,  
G liw ice 1983



As th e  number o f  sam ples was r a th e r  la rg e  (12 sam ples f o r  each a g e ), 

they  were made o f s ix  h a tch e s  and th e n , d i s t r ib u t e d  s to c h a s t i c a l ly  ( a t  

random ), v iz .  2 sam ples f o r  each term  o f t e s t in g .  A d d itio n a lly  from each 

b a tc h , f iv e  cubes were made f o r  th e  purpose of determ in ing  t h e i r  compres

s iv e  s t r e n g th  a f t e r  28 days, f cu.

The com position  o f  th e  co n c re te  mix was as  fo llo w s: 243 kg P o rtla n d  

cement 35 , 2084 kg ag g reg ate  ( san d -g rav e1 mix and r i v e r  s a n d ), 174 1 wa

t e r .  The sam ples were ta k e n  ou t o f  t h e i r  moulds 24 hou rs a f t e r  th e y  had 

been c a s t ,  and th en  th ey  were s to re d  and te s t e d  a t  an am bient tem peratu

re  o f  2 0 il°C  and a r e l a t i v e  hum id ity  o f a i r  am ounting to  85-2%.

The defo rm ations o f co n c re te  in  t h i s  p ap e r do n o t concern i t s  resp e c

t iv e  components ( h in d e r  o r  a g g re g a te ) ,  h u t ex p re ss  i t s  average deforma

t io n s ,  masured along  a m easuring o a s is  o f  some d e f in i te  le n g th . S im ila r 

l y ,  th e  s t r e s s e s  do n o t concern  th e  components o f co n c re te  bu t a re  d e te r 

mined as  the  mean s t r e s s e s  over th e  c ro s s - s e c t io n  o f th e  sample. Thus, 

co n c re te  i s  co n s id erad  to  he a quasi-hom ogenous m a te r ia l .  These assump

t io n s  do n o t r e s u l t  from an u n d e re s tim a tio n  of th e  h e te ro g e n e ity  of 

th e  co n c re te  s t r u c tu r e  and th e  s to c h a s t ic  c h a ra c te r  o f th e  f i e l d s  o f de

fo rm a tio n , o r  th e  m ic r o s tr u c tu r a l  phenomena, h u t were due to  the n eces

s i t y  o f ap p ly in g  a v a ila b e  te ch n iq u e s  of in v e s t ig a t io n .

5. D e sc rip tio n  of th e  t e s t s

The d i r e c t  t e n s i l e  s t r e n g th  and d e fo rm a b ility  o f co n c re te  -were te s te d  

on sam ples p rov ided  w ith  heads shaped as  shown in  P ig .1. Along th e  le n g th  

of th e  sample th e re  may be d is t in g u is h e d  3 zones, v iz . the  head zone, in  

w ith  the  load  i s  t r a n s f e r r e d  from th e  chucks, th e  t r a n s i to r y  zone, where 

th e  s t r e s s e s  a re  e q u a lis e d , and th e  m easuring  zone, in  which th e  sample 

f a i l e d .  The fundam ental d im ensions o f  th e .sam p le  correspond  to  th e  gene

r a l  PILE: recom endations [ 5 ,  8 , 7]-

D eform ations were m easured by means of fram es, rods and two 1 ^ .m -dial 

gauges on a 400 mm b a s is .  The le n g th  of th e  m easuring s e c tio n  co rrespon

ded to  th e  s ix te e n —f o ld  d ia m e te r  o f th e  l a r g e s t  agg regate  g ra in s  and thus 

com prised the  components of c o n c re te . (S im u lta n e o u s ly  c e r ta in  a s s o c ia te d  

T h eo lo g ica l t e s t s  were c a r r ie d  o u t,  n o t d esc r ib e d  in  t h i s  p a p e r , which
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F ig .1. Shape and dim ensions o f a 
sample

1-concrete sample

2 - measurement frame

8 -shock absorbent pod

F ig .2. T e n s ile  t e s t in g  machine

excluded the p o s s i b i l i t y  o f app ly ing  

e l e c t r i c  re s is ta n c e  w ire s t r a i n  gau

g e s ] .  The re a d -o f f  deform ations were 

reco rd ed  f o r  s t r e s s e s  stepw ise redu

ced by 0 ,065 MPa ( i . e .  20 g rad u a tio n s 

on the  dynamometer gauge). 

Deform ations observed a t  the moment 

when th e  h ig h e s t s tre s s  values -  f c t  

were reached  in  the  c o n c re te , were 

co n sid ered  to  be the boundary e lon 

g a t io n  (u ltim a te  e lo n g a tio n ) .

The in v e s t ig a t io n s  were 

c a r r ie d  out w ith  sh o rt-te rm e d  

lo a d s  by means o f a m echanical, 

t e n s i l e  te s t in g  m achine, as 

re p re se n te d  in  F ig . 2. The fo rce  

was g en e ra ted  by means of a 

f in e - c o i le d  screw and measured 

in  s e r ie s  by means o f  an 

in s t a l l e d  bow-shaped dynamometer, 

a t  a co n s tan t r a te  o f increm ent 

o f  s t r e s s e s .  The a p p lied  r o l l e r -  

- ro p e  h o ld e rs , connected w ith  

rock ing  le v e r s ,  n o t only 

excluded th e  p o s s i b i l i t y  o f th e  

g e n e ra tio n  o f r e s t r a i n t  moments 

in  the  sample b u t a lso  f a c i l i 

t a te d  the  au tom atic  re g u la tio n  

of the  a x i a l i t y  o f the  load .

4. T est r e s u l t s

B efore th e  r e s u l t s  were p ro ce ssed , s t a t i s t i c a l  a n a ly s is  were c a r r ie d  

ou t on th e  s ig n i f ic a n c e  le v e l  0,01 , and i t  was checked w hether the 

ex p e rim en ta l m a te r ia l  was a homogeneous s e t .  By means o f D ixon 's t e s t  I 8j



extrem e v a lu e s  d isp la y in g  b lu n d e rs  were d isc a rd ed . The hom ogeneity o f the  

s e t  o f  t e s t  sam ples was checked maxing use o f th e  an a ly se  o f v a rian ce  

w ith  f  u . The ob ta in ed  value  o f s t a t i s t i c s  ?  = 1 ,06  , i f  compared 

w ith  ^0,001) 5; 24 = 2»90 , in d ic a te s  t h a t  th e re  was no a d d i t io n a l  f a c to r  

between the  s e t s  o f  samples made of th e  re s p e c tiv e  b a tch e s  o f co n c re te .

In  accordance w ith  the  purpose of th e se  in v e s t ig a t io n s  as much 

in fo rm atio n  concern ing  th e  sought r e l a t i o n  was to  be accum ulated as 

b o s s ib le . M athem atically  t h i s  problem was reduced to  the  se a rch  f o r  a 

fu n c tio n  o f s t a t i s t i c a l l y  tru s tw o r th y  answ ers. The a n a ly s is  o f v a rian ce  

and re g re s s io n  was a p p lie d , which has made i t  p o s s ib le  to  e s tim a te  the  

degree of s c a t t e r in g  and m atching of the  d a ta ,  th e  c o n tr ib u tio n  of the 

re s p e c tiv e  components o f th e  fu n c tio n  and a ls o  to  n e g le c t  in s ig n i f i c a n t  

components. The p ro c e ss  o f e v a lu a tin g  th e  fu n c tio n  c o n s is te d  of two s ta g e s  

F i r s t  an adequate shape of th e  fu n c tio n  was s e le c te d ,  and th en  by means 

o f the c o r r e la t io n  a n a ly s is  th e  num erical v a lu es  o f th e  param ete rs  were 

determ ined , a t  which th e  approxim ation  of the  g iven  fu n c tio n  was most 

fav o u ra b le . The num erical v a lu es  o f the  r e g re s s io n  c o e f f ic ie n t  were 

determ ined  making use o f th e  method o f l e a s t  sq u a res .

Table 1 co n ta in s  th e  more im portan t r e s u l t s  o f th e  c o r r e la t io n  an a ly 

s i s  o f s e le c te d  fu n c tio n s . D e ta ile d  r e s u l t s  o f th e  a n a ly s is  o f  th e se  

fu n c tio n s ,  a s  w ell as o f  fu n c tio n sn o t d e a l t  w ith  in  th e  p r e s e n t  p ap e r

h u t d ese rv in g  a t t e n t io n ,  may be found in  an o th e r  p ap e r of t h i s  same
2 )au th o r. Z2 

2 JO 

ID 
1,6  

V 
1.2 

ID 
Q8 
05 

0 A 
0.2
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' ~ “ F ig .3- The r e l a t i o n  6-g f o r  co n c re te  o f v ary in g  age
> C f .fo o tn o te  1



Pis» 3 re p re s e n ts  the  r e l a t i o n €>-1 f o r  concre te  ot various ages» 

E xperim ental d a ta  have n o t been p lo t t e d  in  th e  diagram  as th e re  are too  

many o f them (about 900). Diagrams of th e  ana ly sed  functions d is p la y -a  

d i s t i n c t  in f lu e n c e  o f the  age of concre te  on i t s  d efo rm ab ility  under 

te n s io n  ( th e  c o e f f ic ie n t  by t  i s  s i g n i f i c a n t ,  o f.T ab le  1).

The in tro d u c tio n  o f two v a r ia b le s  £ /  £ z and 6 / f ct p ro v id es a b a s is  

f o r  ren d e rin g  th e  " s t r e s s - s t r a i n "  r e l a t i o n  independent of th e  age o f 

c o n c re te .

Among th e  v a rio u s  ana ly sed  shapes o f th e  fu n c tio n s  meeting th e  imposed 

boundary c o n d itio n s , s p e c ia l  a t t e n t io n  i s  to  be p a id  to  the r e l a t i o n

TABLE 1
R esu lts  o f  the co r re la tio n  a n a ly s is
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S elec ted  form o f the 
equation o f  regression

The t e s t  value t ,  
fo r  the c o e f f i 
c ie n t  o f  regres
s io n

C oefficient o f  cor
re la tio n  R 
Test value F

6 = a1 £ +a2 &2+ag £, -fiT

t n = 78 ,56  
t 2 = 32,18 
t 8 3 38 ,04

*0 ,01 ,863  = 2,58

g 3 0 ,98  
F = 6132,4

?0 ,01 ,3 |863  = 3,80

—  = a ^  ♦ O - a ^ )

t 1 = 107,90  

*0 ,01 ,865  = 2,58

R 3 0 ,89  
F 3 3240

F0 ,01,1,865 = 6,67

a . a2 
lz = ao + T  + p

t 0 * 32,10 
t 1 = 4 ,76  
t 2 = 3,12

t 0 , 01t52 = 2,68

R = 0,71 
F 3 27 ,2

F0 ,01,2,52 = 5,04

£z = al RZ + a3

t 1 = 3 ,77  
t 3 = 8,11

*0,01 » 53 = 2,67

R 3 0 ,82  
F = 52,8

* 0 ,01 ,2 ,53  = 5,03

iz a1 a2
s ;  = ao + T  + p?

t 0 = 23,67  
t 1 = 6,05  
t 2 = 4 ,79

* 0 ,01 ,52  s  2 ,67

R = 0,71  
F = 26 ,4

*0 .0 1 ,2 ,5 2  = 5 ,04
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J i g . 5- The in f lu e n c e  o f th e  age of 
concrete  on i t s  u ltim a te  
e lo n g a tio n

shown in  F ig .4. I n  the  

a u th o r 's  quoted p a p e r^  

i t  was proved th a t  the 

removal o f th e  v a r ia 

b le  t  in  such a r e l a 

t io n  does n o t g r e a t ly  

a f f e c t  the g en e ra l 

re g re s s io n  due to  the 

h igh  c o r r e la t io n  

between th e  v a r ia b le s  

and t  E8].
C  o

^  Cf. fo o tn o te  1
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F ig .5 i l lu s t r a t e s  the in luence o f  th a t age o f  concrete on i t s  ultim ate 

e lon gation . A rap id  growth o f the u ltim ate elon gation  may be observed in  

the i n i t i a l  period  o f curing. Easing on the represented curve of 

reg ressio n  i t  may be concluded th a t a f te r  seven days the te s te d  concrete 

disp layed  already about 83% of the boundary elon gation  o f  mature concrete, 

and a f te r  fourteen  days even 91%. As in v e st ig a t io n s  have shovn, the 

developm ent of the t e n s i le  stren gth  i s  d is tr ib u ted  over a much longer 

period  o f  tim e.

.  1 -  W- N iko fo* .
• 2 -  C. Ginzburg
- 3 -  R. Litwinawa
- 4 -  W.Stotnikow 

5 -  ft. Utwinowa
.  s - —

“ 7 -  A .Bo risov
- e- —-

 9 -  C  G m tbun j

— 10- 6 .  Motozonq 
— 11 - C. GmztMrq 
 12 - W Karyucwa

 6 . C is k re i i t i l

—  —  15 -  A. Szorkunow tS i 
1*13-by m 

- te s t*  by author

60 90 120 «0 270 360 11 days]

F ig .6. A com parison of t e s t  r e s u l t s  o f  s e v e ra l a u th o rs

F ig .6 shows the  o b ta in ed  curve o f changes in  e lo n g a tio n  aga inst the  

background of th e  r e s u l t s  o b ta in ed  by o th e r  re s e a rc h e rs . These r e s u l t s  

have been g a th e red  in  v a r io u s  la b o ra to r ie s  and concern v ario u s  kinds o f 

concre te  and shapes o f the  sam ples. Thus th e y  a re  n o t adequate to be used 

f o r  th e  purpose o f q u a n t i ta t iv e  com parison. I t  i s ,  however, to  he observed 

th a t  th e  o b ta in ed  curve confirm s th o se  experim en ta l r e s u l t s  in  which an 

in c re ase d  e lo n g a tio n  o f th e  co n c re te  w ith in  a p e r io d  o f up to  160 days 

occurred .

The r e l a t i o n  between th e  u ltim a te  e lo n g a tio n  and te n s i l e  s tren g th  i s

to  be seen  in  F ig . 7 . A s im ila r  r e l a t i o n ,  ta k in g  a lso  in to  account the  age

of th e  c o n c re te , has been co n sid ered  by the  au th o r in  h is  paper quoted

above ^  . Such a r e l a t i o n ,  as  w e ll a s  th e  dependence g iven  in  Fig. 4 make 
4) Cf. fo o tn o te  1
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F ig .7. The r e l a t i o n  between th e  u ltim a te  s t r a i n  and
th e  t e n s i l e  s t r e n g th  o f co n c re te  o f vary ing  age

i t  p o s s ib le  to  determ ine a l l  th e  d e fo n n a tio n a l c h a r a c t e r i s t i c s  o f the 

co n c re te  un d er te n s io n  (boundary e lo n g a tio n , th e  r e l a t i o n  6 - 0 )  m erely  

on th e  b a s is  o f t e s t  r e s u l t s  concern ing  i t s  t e n s i l e  s tr e n g th .

The in f lu e n c e  o f th e  age 

of co n c re te  on th e  value  cf

\  &x105=3,096.680?i-5,305i,
\  T C t

the r a t i o  &z/ - ct  i s 

ex p ressed  by th e  curve 

shown in  F ig .8. T his r a t i o  

i s  th e  r e c ip ro c a l  o f the 

c o e f f ic ie n t  of d e fo rm a b ility  

o f co n c re te  under te n s io n  

c a lc u la te d  as th e  tan g en t 

o f th e  ang le  o f  in c l in a t io n
3 7 14 28 50 120 tidaysi 0f  th e  se c a n t p a s s in g  th rough

F ig .8. The in f lu e n c e  o f th e  age of co n c re te
on the  v a lue  o f £.„/f c t

th e  p o in ts  6 = 0  ana 6 =

= f„£  . As may be g a th ered  

from th e  diagram , th e  value 

o f £ „ /f c t  soon s t a b i l i z e s  approaching  some c o n s ta n t value c h a r a c t e r i s t i c  

f o r  m ature c o n c re te , w hile  the  va lue  of t  i s  g rov ing . The d i s t i n c t l y  non- 

—l in e a r  shape o f t h i s  r a t i o  in  th e  i n i t i a l  p e r io d  of tim e confirm s the



d iffe r e n t  development o f  both, these q u a n tit ie s  during the f i r s t  days o f  

curing.

5. Conclusions

In  th e  course o f in v e s t ig a t io n s  a d i s t i n c t  in f lu e n c e  o f  th e  age o f  

co n c re te  on i t s  d e f o l ia t io n s  under te n s io n  has been observed. A p a r tic u 

larly ra p id  in c re a se  of th e  u ltim a te  e lo n g a tio n  was found during  the f i r s t  

week o f cu rin g . Due to  th e  in tr o d u c tio n  o f the  v a r ia b le s  t  /  t  z and 

6 / i c .j. , the r e l a t i o n  " s t r e s s - s t r a in "  became independent o f the age of 

co n c re te . The r e la t io n s  found f o r  the  te s te d  concre te  have made i t  

p o s s ib le  to  determ ine a l l  th e  s t r a i n  c h a r a c t e r i s t i c s  o f t h i s  m ateria l 

(under a x ia l  te n s io n ]  , b as in g  on i t s  t e n s i l e  s tr e n g th  only .
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ODKSZTAŁCENIA DORAŹNE BETONU ROZCIĄGANEGO OSIOWO 

S treszczen ie

Badano wpływ wieka betonu na Jego wydłużenie przy różnych poziomach 
naprężeń. Przedstawiono wyniki badać z a leż n o śc i "naprężenia-odksz- 
ta łcen la"  w różnym wieku betonu. Pokazano zmiany w ydłużalności gra
n icz n e j w cz a s ie  dojrzewania betonu. Otrzymaną funkcję r e g r e s j i  po
równano z wynikami badań obcych.

• MrHOBEHHŁEE £EOORiAmra EETOHA IM  
OCEBOM PACIHBEHM

Pe3BMe

lIconeflOBajiocB BjiKSHKe B cspacsf, OeToaa Ha ero ae$opuaiuin .npa oceBou 
pacTRsesaa. UpeacTaBaesa aaarpaiiMa 6 -  t  m npeaeaŁHas pacrHKi:- 
moctb £Jih pa3xnqHoro B03pacTa OeTona. OnpeaejieHHae CTaTKCTn«iecKxe 
3aBHCHMocrn cpasBKBa jihcb c pesyjiBiaTauH apyrax aBTopoB.


