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ABSTRACT 

The effect of admixtures of severa l  types on the volume 

change character is t ics  of portland cement pastes is reported. 

Samples were  cut in the fo rm  of wafers and dried s tep  by 

s tep through severa l  humidities down to 40 per cent; other 

samples  were  dr ied to the d-dried state.  Large f i r s t  drying 

shrinkages were  obtained with extra  dosages of calc lum 

lignosulphonate, hydroxy carboxylic acids ,  and triethanola- 

mine. Below 40 per cent RH al l  samples  showed s im i l a r  

behavior with further drying o r  rewetting. It i s  suggested 

that the effect of admixture i s  mainly one of degree of 

dispersion in t e r m s  of alignment of shee t s  and displacement 

of ends of sheets.  

On examine l'effet de plusieurs  genres dladjuvants s u r  les 

caract6rist iques de changement de  volume des pstes d e  

ciment portland. Des Cchantillons taillCs sous forme de  

gaufrettes sont s6chCs graduellement > des  taux d'humiditi! 

diminuant jusqul'a 40 pour cent; d 'autres Cchantillons sont 

s CchCs > llCtat I'd-dried". Des doses supplCmentaires de 

lignosulfonate de  calcium, dQacides hydroxycarboxyliques e t  

de trikthanolamine produisent un premier  re t ra i t  au  s Cchage 

considkrable. Au-dessous de 40 pour cent dthumiditC relative 

tous les  Cchantillons ont un comportement semblable lorsque 

le  s6chage s e  poursuit ou qu t i l  y a rkhumidification. Les 

auteurs sugg;rent que l'effet dtadjuvants e n  e s t  sur tout  un d& 

de dispersion e n  te rmes  dtalignement des  feuilles e t  d e  

dCplacement du bout des  feuilles. 
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Volume change o r  drying shrinkage is  one of the leas t  understood 

problems of concrete technology. Research  continues to  provide information 

of value in this a r e a ,  but i t  has  done little to inc rease  basic knowledge. 

Some admixtures  a r e  known to increase  drying shr inkage and c r e e p  when 

presen t  in cer ta in  quantities (1  - 6),  a fact  that somet imes  appearS to  be a 

fur ther  complication. I t  may well, however,  help c lar i fy  the over -a l l  drying 

shrinkage mechanism. The present  paper presents  the resul ts  of studies of 

drying shrinkage a s  a function of relat ive humidity, r a t e  of drying, type of 

cement ,  water  to cement ra t io  and admixture content; and draws conclusions 

with regard  to the underlying reasons  for shrinkage. 

Exper imental  

Apparatus 

A high vacuum apparatus consisting of th ree  specia l  ce l ls ,  each 

capable of containing th ree  samples ,  permit ted  study of nine s a m p l e s  at a 

time. The cel ls  w e r e  equipped with optical  windows to allow measurement  

of length change by means of optical extensometers  on which the samples  

w e r e  mounted (7). Water vapor p r e s s u r e  was controlled by a wa te r  source 

a t  controlled temperature  and was fu r the r  measured by a gauge. 

Materials  

Samples w e r e  cut in thin wafers  1. 2 mm thick, 1 cm wide, and 

3 c m  long f r o m  two Type I cements of total  alkali 0. 8 and 1. 3 per  cent. 

Samples w e r e  made a t  water-cement  r a t i o z o f  0.5 and 0. 8 and cured for 

over a year ;  a number of them contained admixtures. In  general ,  two doses 

of admixture w e r e  prepared,  N re fe r r ing  to the recommended dosage and 

some multiple of i t  that might correspond to dosages f o r  cer ta in  f ield 

situations (Table  1). The actual  values a r e  given in Appendix A. Admix- 

tu res  included: two f r o m  the se t - re ta rd ing  water-reducing c lass ,  i. e. 

calcium lignosulphonate and a sa l t  of a hydroxy carboxylic acid; two f rom 

the a i r -entra ining c lass ,  i. e. sa l t  of a sulphonated hydrocarbon and a 

neutralized vinsol res in;  a commercia l  silicone; and a commercia l  tr ietha- 

nolamine. The calcium lignosulphonate preparat ion consisted of 0.4 per 

cent sugars  and 4 per cent reducing bodies. 

::: Referred to a s  w/c 
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TABLE I. SHRINKAGE DATA 

* Higher  Alkali  Cement  

Ad mix tu re  

Type  

Standard 

Standard 

Silicone N 

Silicone N 

Silicone 2N 

Silicone 2N 

Vinsol Res in  N 

Vinsol Res in  N 

Vinsol Res in  4N 

Vinsol Res in  4N 

Vinsol Res in  4N 

Lignosulphonate N 

Lignosulphonate N 

Lignos ulphonate 3N 

Lignosulphonate 3N 

Lignosulphonate 2N* 

Lignosulphonate 3N* 

Lignosulphonate 4N* 

Lignosulphonate 3N 

Lignos ulphonate 3N 

Lignosulphonate N 

Standard* 

H-Carboxyl ic  Acid N 

H- Carboxylic Acid N 

H- Carboxylic Acid 2N 

H-Carboxylic Acid 2N 

H- Carboxylic Acid 2N 

S-Hydrocarbon N 

S-Hydrocarbon N 

S-Hydrocarbon 4N 

S-Hydrocarbon 4N 

Trie thanolarnine  N 

Trie thanolarnine  N 

Tr ie thanolamine 2. 5N 

Trie thanolarnine  2. 5N 

W / C  

0 .5  

0. 8 

0 . 5  

0. 8 

0. 5 

0. 8 

0 .5  

0. 8 

0 . 5  

0. 8 

0 . 8  

0 .5  

0 . 8  

0 . 5  

0 . 8  

0. 8 

0. 8 

0. 8 

0. 8 

0 . 8  

0. 8 

0 . 8  

0 . 5  

0. 8 

0 . 5  

0. 8 

0. 8 

0. 5 

0. 8 

0 .5  

0. 8 

0 . 5  

0 . 8  

0 . 5  

0 . 8  

C 
M ~ / G M  

5 2 

6 3 

48  

60 

4 8 

6 5 

46 

6 1 

44 

5 1 

52 

67 

5 6 

7 0 

4 7 

5 4 

56 

4 8  

6 3 

5 8 

62 

7 9 

5 1 

4 5 

6 5 

7 8 

7 5 

7 5 

9 1 

Shr inkage 

7 0  

R H 1 0 0 3 4 0  

0. 30 Slow 

0 . 4 4  Slow 

0. 35 Slow 

0 .46  Slow 

0 . 3 3  Slow 

RH 15 + 0  

0 . 8 3  

0 .94 

0. 85 

0. 88 

0. 84 

1 R R  

0. 05  

0. 16 

0. 09 

0. 1 8  

0. 07 

0.12 

0. 07 

0. 16 

0. 60 

0. 36 Slow 0.81 

0. 30 Slow 

0.40 Slow 

0 . 3 3  Slow 

0 .44  Slow 

0. 52 F a s t  

0. 34 Slow 

0. 50 Slow 

0.64 Slow 

0 .94  Slow 

0.42 F a s t  

0 .46  F a s t  

0. 54 F a s t  

0 .95  F a s t  

0. 87 F a s t  

0.49 F a s t  

0.32 F a s t  

0 . 3 3  F a s t  

0. 54 F a s t  

0 .46 F a s t  

0. 61 Slow 

0.72 F a s t  

0 . 3 3  F a s t  

0.47 Slow 

0. 31 F a s t  

0.47 Slow 

0. 65 F a s t  

0. 59 F a s t  

0 .71  F a s t  

0. 80 F a s t  

0 .83  

0 .92 

0. 82 

0 .93  

0. 80 

0.92 

1.07 

1 .05 

0 .93 

0.86 

0.99 

0. 85 

0. 83  

0 .92 

0 .93  
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Procedures  

( a )  Drying. Two methods of drying w e r e  used; one, r e fe r red  t o  as 

slow, involved exposing samples  to 11 different  humidit ies f r o m  100 to 

15  p e r  cent RH for  a total  period of s ix  months. The second, r e f e r r e d  to 

a s  f a s t ,  was  performed by exposing the samples  d i rec t ly  to 40 p e r  cent 
.*, 

RH:" With fas t  drying f o r  a s  l i t t le  a s  four  days shr inkage values w e r e  

s i m i l a r  to those obtained by slow drying. 

(b)  Surface A r e a  Measurements .  The samples  w e r e  conditioned to 

11 p e r  cent RH fo r  approximately one week,  evacuated for  s e v e r a l  hours ,  

0 
and finally d r i ed  a t  110 C f o r  3 hours.  The surface  a r e a  was obtained by 

means of nitrogen adsorption measurements ,  using Numinco apparatus.  

(c)  Other  Measurements .  Samples conditioned to 1 5  per  cent R H  were  

0 
d r i e d  by heating to 100 C f o r  about 8 hours  under vacuum. Shrinkage 

during drying was  measured,  a s  was length change on some samples  during 

rewett ing f r o m  15  pe r  cent to 100 p e r  cent  RH and p a r t i a l  second drying. 

Results  

Typical  shrinkage curves  for  s a m p l e s  dr ied  s t e p  by s t ep  by the 

slow method a r e  presented in  Figure  1. They include resu l t s  f o r  a n  

admixture-f ree  sample  and f o r  samples  containing admixtures.  Shrinkage 

on drying f r o m  100 to 40 p e r  cent RH i s  l e a s t  fo r  the admix tu re - f ree  sample. 

(Between 40 and 15  pe r  cent RH the shr inkage r a t e  i s  relat ively low. ) The 

curve  for  the admix tu re - f ree  sample  p repared  a t  a wa te r -cement  r a t i o  

of 0. 5 i s  presented in F i g u r e  2. On rewett ing f r o m  1 5  pe r  cent RH a t  

approximately one month p e r  point the curve  i s  not total ly r evers ib le .  

After  exposure f o r  eight months the length remains  0. 0 5  per  cent  below 

the initial value. Second drying to 15  p e r  cent shows a dec rease  i n  length 

re la t ive  to this point on f i r s t  drying,  and drying to 0 p e r  cent RH produces 

a fur ther  shr inkage of 0. 83 p e r  cent. Resul ts  obtained for  a n o r m a l  dosage 

of a c o m m e r c i a l  si l icone admixture  at  a water-cement  ra t io  of 0. 5 a r e  

shown in Figure  3. F i r s t  drying shr inkage of 0. 35 p e r  cent i s  slight1 y 

m o r e  than fo r  the s tandard,  0. 30 p e r  cent ,  and i r r e v e r s i b l e  shr inkage i s  

0 .09  pe r  cent. Results  for  the vinsol r e s i n  a t  n o r m a l  dosage a r e  presented 

'"elative humidity 
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FIG. 1 

Drying shrinkage ve r sus  

re la t ive  humidity, different 

admixtures  

0 . 6 4  
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FIG. 3 

Length change ve r sus  

relat ive humidity, cement 

w/c 0.488, si l icone 
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FIG. 2 

Length change ve r sus  

re la t ive  humidity, cement 

w/c 0. 500, standard 
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0 . 0 8  - 
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W 

0 
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FIG. 4 

Length change versus  

re la t ive  humidity,  cement 

w/c 0.487, v insol  r e s in  
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in Figure  4. These  a r e  s i m i l a r  to previous values,  0.07 per  cent i r r e v e r -  

s ib le  shr inkage,  and a l a r g e r  decrease  in length at 15 per  cent on second 

drying relat ive to f i r s t  drying. A shrinkage of 0.83 p e r  cent on drying 

f r o m  15 to  0 p e r  cent RH i s  again recorded.  

Resul ts  for  the admixture-free samples  and f o r  those with three 

t imes  normal  dosage of calcium lignosulphonate mix prepared at a water-  

cement ra t io  of 0. 8 a r e  shown on F igure  5. Shrinkage on drying f o r  the 

I I I I I I 
- 

S  S T A N D A R D  - 
- L  L I G N O S U L P H O N A T E  
- 
- 

*a-a-e - 
S  0 . 8 1  

- 

- 4 
- - 

- .I.A* - 
- - 

- - 

- - 

- - 

- - 

- - 
- - 

I I I I I I I I I 

FIG. 5 

Shrinkage and expansion 

v e r s u s  relat ive humidity 

100 to 40 per  cent RH range i s  0.44 per  cent for the standard and 0.94 for 

the calcium lignosulphonate sample. Residual shr inkages  after  rewetting 

a r e  0.16 and 0.60 per  cent, respectively. Shrinkages for the s a m e  samples  

following drying f r o m  15 to 0 a r e  s imi la r :  0. 94 and 0.92 per  cent,  respec-  

tively. 

Al l  samples  a r e  l isted in Table 1 ,  with admixture  content, water-  

cement ra t io  and various measured shrinkages. The average shrinkage 

on drying f r o m  100 to 40 p e r  cent RH f o r  a water-cement  ra t io  of 0. 5 is 

0.33 per cent (not including the higher than normal  dosages and the  t r ie-  

thanolamine samples).  On the s a m e  b a s i s ,  the average  for the 0. 8 water- 

cement ra t io  samples  is 0.47 per cent. This inc reased  shrinkage with 

increased water-cement ra t io  has  been repor ted previously (8). A s  may 

be observed,  th ree  t imes  the nor ma1 dosage of ca lc ium lignos ulphonate 

inc reases  shrinkage t o  0.64 and 0.94 p e r  cent for  the 0.5 and 0.8 water-  

cement ra t ios ,  respectively. F o r  samples  made f r o m  the higher alkali 

cement,  however, such inc rease  is  not observed even at four t i m e s  the 

normal  dosage of admixture. 
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Litt le o r  no shrinkage inc rease  was observed with any of the vinsol 

r e s i n  o r  s ulphonated hydrocarbon a i r  -entraining agents,  although four 

t imes  the normal  dosage was used. Samples containing hydroxy carboxylic 

acid showed an inc rease  to 0. 54 p e r  cent over the average of 0.47 per  cent 

for  water-cement ra t io  of 0.8 at a normal  dosage and 0.61 p e r  cent fo r  

twlce the normal  dosage. A shrinkage of 0.72 p e r  cent was recorded at  

the fas t  r a t e  of drylng. [In another instance,  0. 8 w/c, four t imes  normal  

dosage of vinsol r e s i n  showed an increase  to 0. 52 per cent f r o m  0.44 p e r  

cent for  f as t  ve r sus  slow drying). At a water-cement ra t io  of 0. 5 shrinkage 

increased f r o m  0.33 to 0.46 per  cent with twice normal  dosage of hydroxy 

carboxylic acid. 

Samples containing triethanolamine showed increased shrinkage a t  

normal  and 2. 5 t imes  normal  dosage,  0.65 and 0.71 p e r  cent,  respectively,  

at  w/c ra t ios  of 0. 5 and 0.59 p e r  cent ,  and 0.80 p e r  cent a t  a w/c ra t io  of 

0.8. 

Drying samples  f r o m  15  to 0 pe r  cent RH resulted i n  a significant 

variation i n  shrinkage with w/c only; the average fo r  a w/c ra t io  of 0.5 

was 0.84 per  cent and fo r  one of 0. 8, 0.94 per  cent. This i s  independent 

of the effect of admixture and any shrinkage that occurred on f i r s t  drying 

f r o m  100 to 40 per  cent RH. F o r  example,  with the sample  containing 

three  t imes normal  dosage of ca lc ium lignosulphonate p repared  a t  w/c 

ra t io  of 0.8, where  a f i r s t  drying shrinkage of 0.94 per  cent was recorded 

on drying f r o m  100 to 40 per  cent RH, the shrinkage on drying f r o m  15  to 

0 p e r  cent RH was 0. 92 per  cent. This indicates that differences existing 

in the samples  due to admixture do not pe rs i s t  once they have dried to 

40 per  cent RH. F igure  5 confirms this; af ter  f i r s t  drying to  53 per  cent 

RH, the curves  a r e  s imi la r  fo r  drying shrinkage below 53 p e r  cent down 

to 15 per  cent, and fo r  rewetting. Thus i r revers ib le  shrinkage of 0.60 

per  cent was obtained fo r  the calc ium lignosulphonate sample.  

Included in  Table 1 i s  the surface  a r e a  of each sample  obtained by 

nitrogen adsorption: samples  w e r e  conditioned f i r s t  to 11 p e r  cent RH and 

then by means of drying procedures described in  the experimental  section. 
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Figure  6 presents  the plot of shrinkage f r o m  100 to 50 p e r  cent RH versus  

surface  a r e a ,  tending to indicate that the g rea te r  the surface  a r e a  the  

l a r g e r  the shrinkage. 

Discussion 

FIG. 6 
Shrinkage versus  surface  

a r e a  f o r  several  admixtures 

Most of the resu l t s  indicate that ve ry  large  differences in shrinkage 

behavior of cement paste samples  can be obtained on f i r s t  drying to 40 per  

cent RH with the addltion of cer ta in  amounts of different admixtures. Be- 

havior subsequent to f i r s t  drying is  s i m i l a r ,  indicating that the difference 

in drying shrinkage i s  not associated s o  much with a proper ty  of the morpho- 

logy o r  chemical  composition of the mater ia l  a s  with i t s  degree of dispersion. 

This concept has  been discussed more specifically in a paper re la ted  to 

c reep  f 9 ) ,  where  i t  is 'suggested that ce r ta in  "creep s i t e s"  exist. When 

individual shee t s  condense into layered mater ia l ,  layer ing is  incomplete, 

leaving gaps o r  open ends between sheets  which come together on drying. 

The admixtures ,  i t  i s  thought, enhance th is  situation. Helium flow analysis 

on the 0. 8 w/c sample of high dosage of calcium lignosulphonate indicates 

that there  i s  no difference between this sample  and samples  without admix- 

tu re  after  drying to 11 per  cent RH. 

The surface  a r e a  studies show a rough corre la t ion with f i r s t  

drying shrinkage; but the dispersed s ta te  exists  before drying, and drying 

causes  a coming together of sheets  and thus a decrease  in surface a rea .  

Measurement of surface  a r e a  by nitrogen adsorption requ i res  drying,  so  
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that  the measuremen t  r e p r e s e n t s  r e s i d u a l  s u r f a c e  a r e a  and not ini t ial  s u r f a c e  

a r e a .  It i s  expected that the g r e a t e r  the shr inkage  the g r e a t e r  the reduct ion  

in  a r e a ;  that  t he re  would be be t t e r  co r re l a t ion  i f  the a r e a  could be m e a s u r e d  

in the wet  s ta te .  Never the less ,  s a m p l e s  that  produced v e r y  h igh  shr inkage  

had significantly higher su r face  a r e a s .  

Recent  work  by Morgan (4,  5 ) ,  who obtained high c r e e p  r a t e s  wlth 

ca lc ium lignosulphonate and t r ie thanolamine  addit ions,  h a s  conf i rmed s o m e  

of these  cons idera t ions .  

Conclusions 

1. L a r g e  f i r s t  dry ing  shr inkages  may be obtained with e x t r a  dosages  

of ca lc ium lignosulphonate, hydroxy - carboxylic ac ids  o r  t r ie thanolamine  

(even n o r m a l  dosage  fo r  the l a t t e r ) .  

2. On f i r s t  drying,  l a r g e  sh r inkage  occur s  down to 40 p e r  cent RH; 

beyond th is ,  a l l  the samples  indicate s i m i l a r  behavior,  a s  i n  the following 

c a s e :  

- drying f r o m  40 to 15  p e r  cent  RH, 

- rewett ing to 100 p e r  cent  RH, 

- hel ium flow and densi ty m e a s u r e m e n t s  f r o m  11 to 0 p e r  cent  RH,  

- drying f r o m  1 5  to 0 p e r  cent  RH for  a l l  s amples  of the s a m e  

wa te r  - cemen t  ra t io ,  r e g a r d l e s s  of admix tu re  content .  

The  fac t  that  these  r e s u l t s  can  be obtained by m e r e  drying to 40 pe r  cent  

RH sugges ts  that  the effect  of admix tu re  i s  mainly one of d e g r e e  of d i s p e r -  

s ion  in  t e r m s  of the al ignment of s h e e t s  and d isp lacement  of ends  of shee t s .  

This  concept has  been d i scussed  previously in t e r m s  of c reep .  Recent  w o r k  

h a s  c l ea r ly  shown inc reased  c r e e p  through the use  of a d m i x t u r e s  of c a l c i u m  

lignos ulphonate and t r  iethanolamine.  

3.  Higher a lka l i  cemen t  r educes  the effect of admixture  on shr inkage ,  

but probably a l so  r educes  the effect  of admix tu re  on the p rope r ty  fo r  which 

i t  w a s  intended ( r e t a rda t ion  of s e t ) .  

4. T h e r e  i s  indicat ion of a r e l a t ion  between su r face  a r e a  de termined 

by n i t rogen adsorpt ion  and f i r s t  dry ing  shrinkage.  



Vo l .  5, No. 1 
R. F. Feldman, E.  G. Swenson 

5. Shrinkage determined by means of s tep  by s t ep  drying over a period 

of s i x  months i s  not d i s s i m i l a r  to that determined over  a period of four 

days on exposure  to 40 pe r  cent RH. 

6. Rewetting for eight months at  c lose  to 100 per cent RH produced 

ve ry  slow re-expansion but i r r e v e r s i b l e  shrinkage w a s  the net resul t .  
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Appendix A 

Normal  Dosages f o r  Various Admix tu res  

T r  iethanolamine 0.2 p e r  cen t  

Sulphonated hydrocarbon 0.0005 ml/gm 

Vinsol r e s i n  0.00069 ml/!grn 

Hydroxy carboxyl ic  acid 0.0021 ml/gm 

Lignosol  0 .25  p e r  c e n t  

Silicone 0.10 p e r  c e n t  


