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Table n° 1

: : : f - ;
f Concrete i %\ ars : U, i A 1077 /day !
; Quartzite i 50 P 3sgs 5650 :
: ;100 i 3ger G 10000 ;
: Porphyry : 50 f 3706 f 7000 H
; ;100 o376 12200 ;
: ;150 o320 16400 ;
3 Expanded clay ; 50 : 3755 5000 :
; ;100 N ¥ CL R 8650 :
; i 150 fosss 12000 :
: Siliceous H f f H
: concrete | 64 H 3500 & 8000 .
* Siliceous P50 i 3180 i 4600 :
H limestone i H ; , H
: conerete: 100 . 3200 . 9300 H
: L 150 : 3180 i 22000 X
H : H H H

If ve attempt to explain further the constant A, we can
try, as did VEERTMAN for metals, to include the dependance of

stress and temperature in creep by the equation

74 G UB/KT
at = ¢¢ e

If we apply this equation to results obtained on
[
K
constant to 0.820, Ve have checked that this value could fTulfil

porphyry concrete {Figure 6) we obtain a coefficient guite
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the expression of A for all the other concretes and it follows
that if %ﬁ is a constant, « varies like T.

I1 we try to check reversibility of the creep of dry
concrete with temperature, does concrcte treated at a certain
temperature reveal different creep if we lower the temperature ?
Pest - picces heated at 150, 250, 400 and 500°C have bcen loaded
and measured for creep at temperatures below their test temperatures,
The results (Figurc 7) show that the velocities of creep arc lover,
although stress applied is the same, Since the activation cnergy is
constant, we can ask oursclves why the action of lowering the
temperature after the changing to a certain state lowers the velo-
city of deformation . It is probable that the number of bonds liable
to be activated has decrecased,

We have just examined the case of creep in concrete
dricd at 105°C, Let us now investigote results obtained at 20°C
on concrete cured at 98% relative hunidity, where desorption has
been obtained by placing loaded and unloaded samples in enclosures
at different hygrometrics,

The loss of water in the samples has been measured
during the whole test periods We saw at the beginning of this
paper that for a certain time the shrinkage and the shortenings
under load are proportional until shrinkage begins negligible
comparcd with the measurcd shortenings, Ve also notice that the
slope of shoritenings, comparcd with og t is the same as that of
previous shortenings if we subtract shrinkage. In short this mcans
that shrionkage is dircetly linked to desorption and to freec cnergy
of water whilst crecp depends on the 5¥ress applied and the slope
of strain as a function of log t varies with the state of hygro-
metrie equilibrium applied, If we cxamine the results obtainced on
porphyry concrete for hygrometries of 60, 30, 10 et 0,07 % relative

humidity (Figuro 8), we find that the crcep slopes vary with %
o
with a maximum around % = 0,6, a minimum at % = 0,1 and a now

inerecase for p ~ 0,07, ° ©

Py
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If we remember the desorption curves shown with the
revious paper, we noticce that the steepest desorption slope occurs
P paper, P ¥ P

before % = 0.1, that is to say that the water affecting the pores
o
has been desorbed up to a certain peint and o certain number of

nolecular water layers and that after the deereasce in the creep
velocity caused by this change of configuration, the desorption
of fixed layers with highest cnergies brings about an increasc in
the creeop slope.

If we comparc these results with those obtained with
the action of temperature as well as that of partial vapour
pressurc, we obscrve that the crecp slope variation (dotted 1ino)

instea L increasing as before ccrcascs from £ .
ad o reasing as be s de SC g - 0.1 on, This

would scem to indicatc the higher guentitics of water, desorbed
(et. Topic 3) wnder the influence of temperaturc, help to set up
Tragiles hydrates bonds, These fragiles hydrates, responsible for
the inercasce of crecp in relation to desorption, would be transfor.
rned or decomposcd under the influence of heat which would lead in
the latter case to o decrcasc of crecp,

Ye have briefly investigated the behaviour at high
tenperaturce of dricd concreite and wet concrete in relation to
water desorptions There now renains a casce intcresting for massive
construction : the behaviour of scalced conecrctc in relation to
tenperature.

Conerete test ~ samples curcd at 98% relative hunidity
were shut in boxes made of thin sheets of copper solderced and
proof against water vapour lcaks, Thesc test - picces were put to

creep busts at 20, 50, 70, 95°C and, whatcever the temperaturce, give
2 1, that is to say saturntion, The shortcnings mcasured can be

called creep, since there is no shrinkage, I we trace the varia-
tion of strains in rclation to log %, we discover straight lines
again,

The variation of the slope of thesce straight lines
in rclation to tenperaturc lead to an exponential curve in the

oppositc dircetion to thot of dricd conercie (Figure 9),
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The curve of dricd concrete lcads to an activation
energy revealing the viscous flow of conercte, while the curve
of scaled concrete follows an cxponential low of the same kind
as that representing the viscosity of water in relation to
temperature. I we plot on the Graph,{10) the variation of the
crcep slopes in relation to the viscosity of water at test
temperature, we find points spread on the straight lines for
cach sitrass applicd. Ve have treated the results obtained by
HANNANT /6/ in the somce way and plotted them on the same groph,
The concretes arc not the same; the cement proportions arc
different and HANNANT's concrete contains plastocrete, We con
however discern good corrclation between these various results,
Without lelting ourselves be teumpited by too casy o conclusion,
ve can c¢stimate by intuition that in a saturated cenvironment the
water filws trapped in the sitructurce overgoing no desorption
stress are of priwme importance in the mechaniom of creep, Ve lack
time Yo go into detail; let us say however that the calcuvlations
undertaken to cvoluate activation cnergy in the creep process
load to lower values than thosce found for the activation process
of dricd conecrcic, There is another point that we must aloo
mentiony this is the apparcent abscncce of the transformation of
hydrates at tost temperaturcs. Ve have carried out supplementary
investigations, using snell samples of purce cement past cured
at 98% rclative hunidity, then heaied to different temperaturcs
in saturated cnviromment, Besorption tests undertaken ofter
heating, that is to say the weasurcment of the loss of water
according to the hygronetiry at 20°C have rovenled that the
samples undergo the scme kind of desorption as the sanples
not subjccted to tenperaturc. Ve nay thercefore draw the conelu-
sion for the nonent that the action of desorption alone at 20°C
or that of temperature in saturnted environnent does not bring
about scrious modification of the cement hydrates, while the
combined action of tenperature and desorption leads to transfor-

nations,
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20°¢ - HR: 30%
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