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ABSTRACT 

The N 2  BET s u r f a c e  a r e a  (SA) of b o t t l e  hydrated por t l and  cement i s  
g r e a t l y  reduced i f  exposed t o  changing r e l a t i v e  humidi t ies .  The 

maximum SA l o s s ,  from 83 m2/g, occurred on exposure t o  between 40 and 
60% RH. In  a d d i t i o n ,  t h e  number and r a t e  of humidity changes appear 
t o  a f f e c t  t h e  va lue  of t h e  SA, which i n c r e a s e s  only  when exposed t o  

r e l a t i v e  humid i t i e s  i n  excess  of 75%. The phenomenon cannot be 
expla ined by t h e  usua l  causes  of aging o f  h igh s p e c i f i c  SA s o l i d s .  
I t  i s  proposed t h a t  t h e  s o l i d ,  deformed by non-uniform mois ture  
d i s t r i b u t i o n  dur ing changing humidity cond i t ions ,  breaks  and makes 
i n t e r p a r t i c l e  bonds. A unique f e a t u r e  of cement p a s t e  is  t h a t  t h e s e  
bonds can e a s i l y  form and remain i n t a c t  even a f t e r  t h e  mois ture  
g rad ien t  vanishes .  

In t roduc t ion  

Hunt, Tomes and Blaine (1) r epor ted  i n  1960 t h a t  t h e  BET n i t r o g e n  su r face  

a r e a  (SA) of hydrated cement p a s t e  depends t o  a g r e a t  ex ten t  on t h e  

r e l a t i v e  humidity (RH) a t  which t h e  specimens a r e  s t o r e d  p r i o r  t o  t e s t i n g .  
General ly ,  t h e r e  i s  a decrease  i n  SA, wi th  t h e  g r e a t e s t  l o s s  occurr ing a t  an 
in te rmedia te  r e l a t i v e  humidity of 40%. 

The phenomenon, which has  become known a s  aging, was s tud ied  by Col l epa rd i  

(2 ) ,  Bye and Chigbo ( 3 ) ,  and P a r r o t t ,  Hansen and Berger (4), bu t  no agreement 
concerning i t s  cause  was reached. Because s u r f a c e  a r e a  i s  one of t h e  most 

c h a r a c t e r i s t i c  phys ica l  p r o p e r t i e s  of d i s p e r s e  systems, an a l t e r a t i o n  of i t s  
va lue  i s  i n d i c a t i v e  o f  s i g n i f i c a n t  changes i n  t h e  mic ros t ruc tu re ,  with a 

p o t e n t i a l  bear ing on such important macroscopic phenomena a s  c reep  and drying 
shrinkage.  For t h e s e  reasons  an extension of t h e  i n v e s t i g a t i o n  of SA l o s s  

seems u s e f u l .  

4 9 
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Method 

The SA of t he  specimens was determined by t he  volumetric method i n  a 
NUMINCO Model MIC 103 apparatus. Pr ior  t o  measurement a specimen a t  room 
temperature was pumped through a l iqu id  nitrogen t r a p  u n t i l  t he  res idua l  
pressure was l e s s  than 1 x 10-I Pa. In some cases, where so indicated and 
a f t e r  determination of SA, specimens were heated t o  80 and t o  llO°C, 
respect ively,  during evacuation p r i o r  t o  repeat ing t he  measurement t o  assess  
t he  e f f ec t  of t he  preparatory treatment on SA. 

The leve l  of t he  l iqu id  nitrogen surrounding t he  specimen bulb was 
maintained (automatically) a t  a constant height (+1 mm). 

The SA was calculated from f i v e  adsorption poin ts  with a cor re la t ion  
coef f ic ien t  >0.9999. 

Saturated so lu t ions  of K B r ,  NaC1, NaN02, NaBr, K2C03, CaC12 and L i C l  a s  
well a s  anhydrous Mg(C104)2 provided constant humidity i n  g l a s s  des icca tors  
i n  which t he  specimens were s tored .  The so lu t ions  were s t i r r e d  with magnetic 
s t i r r e r s  f o r  1 min i n  every 6-min period i n  order t o  minimize heating e f fec t s .  

Materials 

Type 10 normal portland cement was used t h a t  had been b o t t l e  hydrated 
(150 g cement i n  750 m l  water) i n  continuous ro t a t i on  f o r  288 days. Specimens 
f o r  s torage were obtained by withdrawing a dose of constant volume from the  
well-mixed suspension with a spec ia l  p ipe t t e .  I t  was centr i fuged f o r  8 min 
and t he  c l e a r  l iqu id  decanted, yielding a s l u r r y  weighing approximately 11 g. 

Procedure 

F i r s t  Series:  The sequence of t he  experimental procedure i s  shown i n  Fig. 1. 

Point AO: A specimen of t he  thoroughly mixed, centrifuged s l u r r y  was 
t ransfer red  i n  a gloved box t o  a vacuum apparatus f o r  drying. The atmosphere 
i n  t he  gloved box was maintained moisture- and C02-free with anhydrous 
Mg (C104) 2 and Indicarb. 

The sample was pumped a t  room temperature through a l iqu id  N 2  t r a p  f o r  
28 days, during which time weight l o s s  was l e s s  than 3 x gg-l day-'. 
Final degassing t o  1 x 10-I Pa was accomplished by pumping, s t i l l  a t  room 
temperature, i n  t he  surface area apparatus. (In some instances,  where 
indicated,  t he  specimen was heated t o  80 o r  100°c during t he  l a s t  drying 
s t ep . )  The described drying procedure was followed rout ine ly  with every 
specimen invest igated i n  t he  pro jec t .  The surface a rea  of t he  o r ig ina l  pas te  
i s  label led AO. 
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Point Al: A t  t he  beginning of t he  

experiment, on 0 day, a thoroughly 
mixed, centrifuged s lu r ry  was placed i n  
each of t he  e igh t  conditioning 
d e s i c c a t o r s  which were then pumped 
down t o  30 KPa pressure. Humidities i n  
t he  des icca tors  were 0, 11, 32, 42, 57, 
66, 75 and 85%. Conditioning las ted  
f o r  a minimum of 133 days, during which 
period t he  desiccators  were l e f t  
undisturbed i n  an air-conditioned room. 
A t  the  end of t he  s torage period 1.5 g 
samples were removed and prepared f o r  
surface area determination. 

Points  A2 and A3: The remainder of 
t he  pas te  i n  t he  e igh t  des icca tors  was 
a t  t h i s  s tage (205 days a f t e r  0 day) 
divided i n t o  two port ions;  one was 
t ransfer red  t o  one leve l  higher humidity 
and t he  other  port ion t o  one leve l  lower 
humidity. After 124 days of s torage the 
specimens were dr ied and SA values 
obtained. The SA values of t he  
specimens conditioned a t  these 
humidities were A2 and A3, respect ively.  

Points  A4 and AS: On day 426 t he  
specimens l e f t  i n  t he  des icca tors  were 

1 > returned f o r  224 days t o  t he  humidities 
0 133  205 3 2 9  4 2 6  6 5 0  d a y s  a t  which they had been o r i g i i ~ a l l y  

conditioned. A4 and A5 a r e  t he  SA 
values of those samples exposed t o  

FIG. 1 higher and lower humidities,  
respect ively.  Thus A l ,  A4 and A5 were 

Sequence of experimental obtained a t  t he  same r e l a t i v e  humidity. 
procedures followed i n  I t  should be noted t h a t  specimens, once 
F i r s t  Ser ies .  Numbers i n  vacuum dr ied  f o r  SA determination, were 
boxes ind ica te  RH not replaced i n  s torage unless  

spec i f i c a l l y  s t a t ed .  The e n t i r e  cycle  
required 650 days. 

Gravimetric Ser ies :  Companion specimens t o  those i n  t he  F i r s t  Ser ies  were 
placed, on 0 day, i n  a second s e t  of e igh t  des icca tors  maintained a t  t he  same 
humidity l eve l s  a s  those chosen f o r  t he  other  s e r i e s ,  These specimens were 
weighed per iod ica l ly  t o  monitor t he  progress of equi l ib ra t ion  of t he  samples 
i n  t he  F i r s t  Ser ies .  By following t h i s  procedure i t  was not necessary t o  
open t he  des icca tors  of t he  F i r s t  Ser ies .  

The r a t e  of weight change a f t e r  28 days of s torage was between 
70 and 5 x gg-l day-l;  t h i s  decreased t o  between 4 and 0.7 x gg-l 
daye1 a t  t he  end of t he  conditioning period. 

Second Ser ies :  In a few cases t he  specimens conditioned a t  0, 11, 32 and 

42% RH were d-dried (7  x Pa water vapor pressure) and following SA 
determination (Al) were divided i n t o  two pa r t s ;  one port ion was re-exposed t o  
100% RH and t he  other  t o  t he  humidity a t  which t he  companion A 1  was obtained. 

Carbonation: The C02 content of t he  o r ig ina l  s tock,  bottle-hydrated paste ,  
was 0.616, a value t h a t  increased t o  only 0.96% a f t e r  it was handled s i x  
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times, indicating 
100 . I 1 1 I 1 1 I I I the effectiveness 

of the precautions 

90 - taken to avoid 

carbonation. 

80 - - D R I E D  A T  R O O M  TEMP Results 
--- D R I E D  A T  80°C 
....... D R I E D  A T  llO°C Point A0 

70 - 
or The SA value of 

the original paste - 
on 0 day was 
83.0 m2 g-l. In 

- the course of the 

study the 
- determination was 

repeated several 
times. The good - 
reproducibility 

indicated that no 
20 - - further change 

(such as hydration) 

10 - - affecting SA took 
place on storing 

I I I I I I I I I 
the paste in water. 

0 
o 1 0  20 30 40 50 60 70 30 90 100 Point A1 

R E L A T I V E  H U M I D I T Y .  % The SA values 

of specimens 

FIG. 2 conditioned at 
various humidities 

N2 BET surface area of cement paste stored at various are shown in 

humidities (Al) and dried prior to SA determination of Fig. 2. Drastic 
20, 80 or llO°C decrease in SA is 

particularly 
noticeable at 
intermediate 

humidities. After conditioning at 42% RH SA was less than 25% ofthe original 
value of samples initially conditioned at 100% RH. 

These results are in general agreement with those of Hunt et al. (I), 
although there are significant differences: in the study by Hunt et al. 

conditioning was not done above 80% RH and the shape of the curve in the 
80 to 100% RH region (showing only small changes in SA) was not recorded. 

Because of the larger number of RH levels in the present study, the curve is 

generally better defined. At very low humidities Hunt et al. obtained SA 

values greater than those of the original wet paste, probably the result of 
high drying rates, the effects of which have been well documented (5). In a 
recent study Parrott et al. (4) observed low SA values not much larger than 
those obtained at 40% RH following storage at below 40% RH. 

The SA of the A1 points in Fig. 2 for specimens conditioned at various 
humidities and dried at temperatures of 20, 80 and 110°C prior to SA 
determination are similar in shape, indicating that the observed features are 

not affected by the rigidly held water. Elevation of the temperature from 
20 to llO°C resulted in 20% higher A1 values. Whether or not chemically 

bound water was also removed in this process cannot be ascertained. The 

results once again underline the need for standardizing every aspect of the 
SA determination if quantitative comparisoll is contemplated. 
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Points A2 t o  A5 

The SA values of t he  specimens a t  t he  previous s tages of t he  conditioning 
cycle, A2 t o  AS, a r e  shown i n  Figs. 3 and 4. The following observations were 
made : 

1) A s  A2 and A3 a r e  i n  every case l e s s  than t he  respect ive A1 values, it i s  

c l ea r  t h a t  SA loss  occurred with changes i n  humidity t o  e i t h e r  higher o r  
lower leve ls .  

2) For samples o r ig ina l l y  conditioned a t  32, 42, 75 and 85% RH, A2 = A3; f o r  
those conditioned a t  57 and 66% RH, A2 > A3; and f o r  those conditioned a t  
11% RH, A2 < A3. 

3) In the  range from 11 t o  66% RH completion of t he  humidity cycle  by 
re-establ ishing t he  RH of point A 1  resu l ted  i n  a fu r the r  decrease i n  SA: 
A2 > A4 and A3 > AS. 

4) A t  11% RH A4 < AS; between 32 and 57% RH A4 = AS; and a t  66% RH A4 > AS. 

5) In the  cycles  or ig ina t ing  a t  75 and 85% RH A4 >> A? and A5 >> A3; 
A4 >> A5 even A4 > A l .  

6) The cycles  commencing a t  32 and 42% RH appear t o  be uniquely symmetrical 
inasmuch a s  changes i n  r e l a t i v e  humidity r e s u l t  i n  s imi la r  SA losses ,  
i r respec t ive  of d i rec t ion .  

7) P lo ts  of SA values, A 1  t o  AS, a s  a funct ion of r e l a t i v e  humidity (Fig. S), 
show t h a t  changing humidities below 66% RH r e s u l t  i n  a converging t o  a common 
low value t h a t  occurs between 42 and 57% RH. 

Second Ser ies  

The r e s u l t s  shown i n  Fig. 6 ind ica te  t he  following: 

1) SA l o s t  on exposure t o  low humidities can be recovered only by exposure 
t o  very high humidities.  

2) A s  expected, t he  extent of recovery i s  inversely proportional t o  t he  
magnitude of the  SA lo s s  (see Fig. 6, p lo t  a t  lower r i g h t ) .  

Discussion 

The good agreement between t he  r e s u l t s  of previous s tud ies  (1,4) and t he  
present work leaves l i t t l e  doubt t h a t  N 2  BET surface area loss  on s torage a t  
varying humidities i s  a r e a l i t y .  Surface area reduction was a l so  observed 
using water a s  absorbate (6),  and t he  phenomenon cannot be considered a s  an 
a r t e f ac t  of nitrogen adsorption. Despite t he  la rge  discrepancies between N2 
and H20 BET area i n  numerical values they appear t o  be qua l i t a t i ve ly  s imilar .  
Furthermore, t he  a rea  a t  52% RH was only ha l f  of t h a t  a t  sa tura t ion  when 
examined by t he  small-angle X-ray s ca t t e r i ng  method (7) ,  requir ing no 
adsorbate. I t  suggests t h a t  t he  r e s u l t s  r e f l e c t  r e a l  physical changes. 

Rate and Frequency Dependence 

The r e s u l t s  ind ica te  t h a t  SA i s  a f fec ted  not only by t he  absolute  leve l  of 
humidity during s torage but a l so  by t he  number and r a t e  of changes i n  
r e l a t i v e  humidity. Hunt e t  a l .  (1) observed t h a t  crushed specimens undergo 
smaller SA decrease than do 12 mm diameter cyl inders  because t he  former 
specimens dry f a s t e r .  An important element of t he  solvent replacement 

technique (5) was t he  very high drying r a t e  t h a t  resu l ted  i n  N2 SA values 
comparable t o  those obtained with water a s  adsorbent. 

I t  seems qu i t e  possible  t h a t  t he  SA values below 42% RH i n  t he  F i r s t  
Ser ies  would, a f t e r  a number of RH changes, decrease t o  l e s s  than 10 m 2  g-l. 
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In t h i s  region t he  
specimens 
experience t he  

highest r a t e  of 
drying i f  t he  moist 
samples a r e  placed 
i n  t he  respect ive 
desiccators ,  
minimizing t he  
e f f e c t s  of SA loss .  
Several subsequent 
conditioning s t eps  
a r e  probably 
required t o  reduce 
SA t o  i t s  f i n a l  low 
value, a t  which 
s tage t he  A 1  versus 
RH curve would 
c lose ly  resemble 
t h a t  of Par ro t t  
e t  a l .  (4).  

The r a t e  of 
drying above 47% RH 

I I I I I I I I I a l so  a f f e c t s  t he  
0 
o 10 20  30 40 50 60 7 0  8 0  90 100 ult imate value of 

drying shrinkage 
R E L A T I V E  H U M I D I T Y ,  % 

(8) and creep 
FIG. 5 

A 1  . . . A5 values a s  a funct ion of RH 

(9-11). ~ r y i n ~  a t  
rapid r a t e s  induces 
s t r e s se s  of 
magnitude 
proportional t o  
r a t e  of drying. 

Cady e t  a l .  (12) observed t r ans i en t  decrease of t he  t e n s i l e  s t rength  of cement 
mortar br iquets  on drying, and Litvan (13) has reported s imi la r  t r ans i en t  
reduction of Young's modulus of hardened cement paste .  Repeated wetting and 
drying cycles appear t o  a f f e c t  creep of cement pas te  (9,lO) and t he  volume 
changes of Ca(011)2 compacts (14). 

40 t o  60% RH Range 

The grea tes t  decrease i n  SA occurs a t  o r  i n  t he  v i c i n i t y  of 40% RH. 
A r e l a t i v e  pressure of 0.4 is  of grea t  s ignif icance i n  several  a reas  of 
surface chemistry. In hundreds of adsorption isotherms, including hardened 
cement paste ,  t h i s  i s  t he  inception point  of the  hys t e r e s i s  loop (15,16); 
below t h i s  pressure micropore f i l l i n g  and above it cap i l l a ry  f i l l i n g  occur. 
For t h i s  reason 0.4 r e l a t i v e  pressure was chosen a s  t he  reference s t a t e  fo r  

surface a rea  determination by t he  a-method (17). 

I t  i s  a l so  known t h a t  when dry cement pas te  i s  wetted, 65 t o  70% of t he  

expansion takes place below 50% RH; and t h a t  when d-dried and exposed t o  

higher humidities a po ten t ia l  f o r  i r r eve r s ib l e  shrinkage develops (18). 

Creep r a t e  increases  rap id ly  a t  humidities above 42% RH (19); t he  
compressive s t rength  of cement mortar and t he  e l a s t i c  modulus of cement pas te  
(20), i f  conditioned a t  40 t o  50% RH, a r e  a t  t h e i r  lowest l eve l .  The 
coef f ic ien t  of thermal expansion of cement pas te  i s  maximum a t  40% RH (14). 

In f i r s t -dry ing  shrinkage 47% RH was found t o  be a most s i gn i f i c an t  
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FIG. 6 

SA regeneration after conditioning. 
100% RH ( ~ 0 ~ )  

Sequence of procedure 100% RH (AO) + X% RH (Al) + 0% 
RH ( ~ 0 ~ )  

Top graphs: SA at various stages of conditioning. 
Bottom, left: A1 and ~ l l  vs RH. 
Right : AO' as a function of RH of A1 conditioning step. 

condition; and Helmuth and Turk drew attention to the link between shrinkage 
and SA loss (8). Feldman showed (21) that, on rewetting, tile layers of the 
cement paste open up significantly only after 42% RH. Shrinkage of lime 
compacts following carbonation (22) and conditioning at various humidities 
(14) is maximum at 50% RH. 

Reversibilitv 

Whereas changing humidities during storage, either increasing or decreasing, 
result in lower surface area values, the trend is reversed on exposure to very 
high RH, at least to 75% (Fig. 4). Recovery of the SA loss on resaturationin 

water has been reported previously (4,7). The reversible portion of drying 

shrinkage manifested itself only on rewetting (8). 
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Possible Causes of Aging 

A time-dependent a l t e r a t i o n  of high spec i f i c  surface area so l i d s  i s  a well 

known phenomenon (23) a t t r i bu t ed  t o  several  causes. I t  w i l l  be examined f o r  

relevance t o  t he  present  case of cement paste .  F i r s t ,  however, t he  possibi-  

l i t y  t h a t  t he  observations can be accounted f o r  by assuming continued 
hydration has t o  be considered. Obviously, t he  formation of new compounds 
could a l t e r  surface area.  This hypothesis must be re jec ted ,  however, because 
t he  b o t t l e  hydrated cement used was well hydrated on 0 day. I t  may be 

mentioned t h a t  hydration, except a t  high temperatures and f o r  an i n i t i a l  
period (24), normally leads t o  an increase and not a decrease of SA (25). 

Surface area l o s s  of high spec i f i c  SA so l i d s  i s  o f ten  a r e s u l t  of enhanced 
so lub i l i t y .  Such s o l i d s  a r e  known t o  decrease t h e i r  surface f r e e  energy 
through d isso lu t ion  and prec ip i ta t ion .  This mechanism must a l s o  be ruled out 

f o r  cement pastes  f o r  t he  following reasons: 

1) SA decrease occurs a t  humidities below 40% RH, yet adsorbed water i n  t h i s  
region r e j e c t s  so lu tes  (26). 

2) There i s  l e a s t  l o s s  of SA a t  high humidities,  when t he  conditions f o r  
t h i s  mechanism would be t he  most favorable. 

3) On the  bas i s  of t he  mechanism, SA decreases during prolonged exposure t o  
constant humidity, so t h a t  i n s e n s i t i v i t y  t o  RH changes would be expected. 
The contrary has been observed. 

Si l iceous surfaces a r e  known t o  undergo gradual dehydration of t he  SiOH 
groups leading t o  t he  formation of Si-0-Si bridges, a process accompanied by 
surface a rea  reduction (27). Polymerization of surface s i l ano l  groups a s  one 

cause of aging was suggested by Collepardi (28), who a l s o  reported t h a t  from 
t h e  r a t e  of SA decrease a t  d i f f e r en t  temperatures t he  ac t i va t i on  energy i s  
10 t o  12 kcal/mol. This value i s  i n  t he  same range as  t he  ac t i va t i on  energy 
of t he  s i l ano l  condensation reac t ion  determined by Kiselev (29). 

In support of t he  s i l ano l  polymerization theory i s  t he  well-established 
f a c t  t h a t  rehydration of dehydrated s i l i c a ,  a s  f o r  SA change, i s  a function of 
r e l a t i v e  humidity and w i l l  occur only i f  l i qu id  water i s  present i n  t he  
c a p i l l a r i e s  (30). With t h i s  mechanism the  d i f f i c u l t y  i s  t h a t  t he  e f fec t  of 
a l t e rna t i ng  humidities cannot be explained. Recrys ta l l i za t ion  of one o r  more 
cons t i tuen ts  on a la rge  sca le  can be ruled out on t he  bas i s  of Collepardi 's  
work, which could not de tec t  i n  t h e  X-ray diffractograms of calcium s i l i c a  

hydrates any change due t o  aging (28). 

Collapse of t he  layered s t ruc tu re  of t he  s i l i c a t e  hydrates on drying does 
not explain SA reduction adequately because t he  phenomenon i s  observed a l s o  
a t  r e l a t i v e l y  high humidities,  and even on wetting (see po in ts  A 1  and A2 i n  
Fig. 4) .  For t he  same reason t he  suggestion t h a t  ge l  p a r t i c l e s  a r e  brought 
c loser  together  during desorption and t h a t  contact po in ts  a r e  created under 
pressure (31) cannot be accepted a s  t he  f u l l  explanation. 

The most important cha rac t e r i s t i c s  of t he  SA loss  phenomenon t h a t  must be 
accounted f o r  a re :  1) t he  a rea  reduction i t s e l f ,  2) t he  s e n s i t i v i t y  of 
t he  phenomenon t o  t he  number and 3) t he  r a t e  of humidity changes. There i s  

l i t t l e  doubt t h a t  f i r s t  drying shrinkage (8) i s  an important f ac to r  i n  t he  
i n i t i a l  phases of conditioning, but it cannot account f o r  a l l  t he  f indings.  

The observations l i s t e d  above ind ica te ,  however, t he  operation of a time- 
dependent process g r ea t l y  a f f ec t i ng  t he  behaviour of t he  paste .  Under 
changing humidity conditions two such processes can be i den t i f i ed :  moisture 

t r ans f e r ,  and volume change of t he  so l i d .  Time dependence of volume change 
i n  response t o  RH change has not ,  t o  t he  authors '  knowledge, been reported i n  
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t he  l i t e r a t u r e .  I t  seems, therefore,  reasonable t o  assume t h a t  t he  r a t e -  
cont ro l l ing  process influencing t he  events is  t he  t r ans f e r  of moisture. 

This hypothesis implies t h a t  decrease i n  SA follows from the  exis tence of 
moisture gradient ,  r e su l t i ng  i n  tu rn  i n  non-uniform volume changes throughout 
t he  paste .  Such a condition deforms t he  so l i d  network, breaking some bonds 
and creat ing new contact points ,  t he  formation of which was suggested by 
Powers (31). The mechanism i s  a common occurrence with a l l  types of porous 
so l i d s .  The unique fea ture  of hydrated cement pas te  i s  t h a t  bonds betweenthe 
surfaces of s i l i c a t e  p a r t i c l e s  form r ead i ly  when they a r e  brought i n t o  close 
proximity, a s  evidenced by t he  grea t  s t rength  of cold (32) and hot (33) 
compacted cement. 

Loss of SA can a r i s e  from reduced a c c e s s i b i l i t y  of regions o r  reduction of 
t he  area of t he  p a r t i c l e s  involved. Gregg and Langford found (34) s i l i c a  
deformable under compaction and suggested t h a t  t he  p a r t i c l e s  r e t a i n  t h e i r  
a l t e r ed  shape even a f t e r  t he  newly formed junctions open up t o  accommodate 
r e l a t i v e  movement of t he  p a r t i c l e s  when s t r e s s  condit ions continue t o  change. 
I f  t r ue ,  t h i s  mechanism implies t he  occurrence of area l o s s  whenever s t r e s s ,  
i . e . ,  wetting o r  drying, deforms t he  pas te .  

Because t he  gradient i s  a function of t he  r a t e  of wetting and drying t he  
l o s s  of SA i s ,  understandably, a l s o  a f fec ted .  I n t e rpa r t i c l e  bonds, which 
appear t o  be involved i n  t he  changes brought about by moisture change i n  
disperse systems such a s  concrete,  a r e  most important. The mechanical 
p roper t ies  of such so l i d s  a r e  determined more by t he  s t rength  of t he  contacts  
between t he  p a r t i c l e s  than by t he  s t rength  of t he  p a r t i c l e s  themselves (35). 
I t  i s  thus t o  be expected t h a t  a phenomenon r e su l t i ng  i n  diminution of SAalso 
a f f e c t s  creep and drying shrinkage phenomena. Although the  cause of SA loss  
i s  not c l ea r ,  there  i s  l i t t l e  doubt t h a t  c a l l i ng  t he  phenomenon "aging" i s  
incor rec t .  The process i s  not dependent on time but on change of moisture 
content and t he  r a t e  of t h i s  process. 

This paper i s  a contr ibut ion from the  Division of Building Research, 
National Research Council of Canada, and i s  published with t h e  approval of 
t he  d i r ec to r  of t he  Division. 
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