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Abstract

The objective of this research was to examine the maturation of early-aged cement paste through the survey of the evolutions of the total
lateral pressure exerted by cement paste against formworks and of the pore water pressure. The experimental device was specially developed
for this purpose. Three types of cement paste mixtures with a water/cement (W/C) ratio of 0.30, 0.36 and 0.45, respectively, have been tested.
In addition, temperature and setting kinetics were also examined. The results have shown that the kinetics of the pore water pressure and the
total lateral pressure were strongly affected by the W/C ratio, the vibration and the level of stress, to which the fresh cement paste is
subjected. The confrontation of these results with the theory currently available as regards setting of cement makes it possible to identify the

physicomechanical phenomena, which occur within formworks.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

During the last couple of years, significant improvements
have been carried out to both rheological and mechanical
characteristics of cement-based materials, particularly of
concrete. These improvements have been made, thanks to
the addition of admixture and/or fines, like superplasticizers,
air-entraining agents and fillers, to the ordinary water—
cement—aggregates mixture. Several types of concrete, such
as self-compacting concrete, fiber-reinforced concrete and
high-strength concrete, are currently at the builders’ disposal.

This new generation of concrete has been created to
satisfy the needs of civil engineering companies to face new
architectural requirements and the constraints of shorter
deadlines.

From an architectural point of view, the builders are
brought to build structures with ever more complex geom-
etry and greater height. They also have to meet strict
requirements on the quality of the facings, as well as on
the color homogeneity or on the surface appearance.

Regarding time constraint, keeping the deadline implies a
quick rotation of the formworks and, sometimes, the use of
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up to 20-m-high formworks filled in one pour only at a very
high pouring rate.

All these constraints require a better knowledge of the
various phenomena, which occur in the cement-based mate-
rials and at the interface of the formwork, in particular,
under the conditions of high pressure related to the depth of
poured material.

Within this context, the objective of this research is to
characterize fresh cement paste in order to:

—Establish a relationship between the intrinsic properties of
the cement-based mixtures and the fresh concrete pressure
exerted on the surface of the formwork,

—Explain the process of maturation of cement-based mate-
rials between casting and striking phases of the form.

As far as these subjects are concerned, the research,
conducted to examine cement-based materials before setting,
mainly concerns three domains: the process of hydration of
the cement [1], the rheology [2] and the characterization
of the stress and strain of the cement pastes and the
mortars [3-5].

These studies demonstrate that many parameters have a
significant impact on hydration, rheology and shrinkage.
The main parameters are the following: the test conditions
(temperature, hygroscopy, air velocity, pouring method,
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etc.), the physicochemical characteristics of the materials
(fineness of cement and aggregate grains, admixture type,
level of C3S in cement, etc.) and the mix design (water
content, paste/aggregate volume ratio, etc.).

The level of the pressure exerted by the freshly mixed
concrete just after casting depends on several parameters
[6]. The height of concreting, the unit weight and the casting
conditions are the main ones. The pouring rate and the
method of vibration of the mixture (frequency, duration and
depth penetration of the vibrating needle into the mixture),
in particular, greatly affect the shape of the load diagram of
the pressure exerted by concrete against a formwork. The
friction between fresh concrete and formwork has also a
significant influence and produces a decrease in the maxi-
mum total lateral pressure [7].

The process of maturation of cement-based materials is
currently approached in a roundabout way through the
evaluation of setting tests conducted on cement pastes.
The setting times are assessed using either a Vicat (ASTM
C191) or Gillmore (ASTM C266) needle [8]. Another
convenient method for monitoring hydration kinetics is via
the measurement of chemical shrinkage [9,12].

Therefore, to address the kinetics of evolution of the total
lateral pressures exerted by a cement-based material on
great height formworks, an experimental program has been
developed here. To understand the influence of the various
components on the concrete pressure better, the study
conducted by the authors on water—cement mixtures is first
described. The present work, thus, contributes to improve
our understanding of the physicomechanical mechanism
sequencing, which accompanies the setting of a cement-
based material under constraint within a formwork.

2. Experimental method and materials
2.1. Experimental setup and measurements

All the phenomena occurring within formworks are
reproduced using an experimental setup made up of a
“tubular glass” column. The form is 1100 mm deep, 5.3
mm thick and has a diameter of 110 mm. The column is
connected to two special pressure measuring (Fig. 1C and
D) devices positioned at a height of 50 mm (Fig. 1).

To simulate the equivalent hydrostatic pressure of fresh
cement paste at heights of 5 and 10 m, an equivalent
pressure is applied on the surface of the material inside the
column (Fig. 1A). This pressure is supplied by an air
actuator. The force is controlled by a force transducer
fixed between the air actuator and the surface of the
material.

Temperature measurement, pore water pressure and
total lateral pressure measurements are carried out 1 m
deep under the top surface of the material. Three thermo-
couples are installed to measure the temperature in the
heart of the mixture. Two types of pressure transducers,

‘\ A - Air actuator.

B - Tubular column.

C - Pore water pressure transducer.

D - Total lateral pressure transducer.

Fig. 1. View of the setup device.

specially designed for this study, make it possible to
follow up pore water pressure and total lateral pressure
variations. These transducers are connected to a data
acquisition device. Simultaneously, a characterization of
the setting of cement paste using the Vicat test method is
performed.

2.1.1. The total lateral pressure transducer

The measurement of the lateral pressure is generally
carried out using diaphragm pressure transducers touching
the material. Under the pressure of the fluid or gas materials,
the membrane deforms and produces a variation in both the
sensor wire resistance and the output voltage. This mea-
surement method does not suit hardening materials, like
cement paste, in the setting process. When a material is
setting, the deformation of the transducer diaphragm due to
the flow of freshly mixed paste, indeed, is not reversible,
although no pressure is applied by the transducer anymore.
(Fig. 2a).
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(a) the measurement problem of the total pressure

Cement paste

exerted by a cement paste during its setting

(b) the operation of the device is based on the

vertical position control of the membrane.

Pressure transducer
Cement paste

(c;) The first cell is provided with an absolute

Compressed air

Cement paste

Cell 1

Compressed air

pressure transducer connected to a distributor of

compressed air

Pressure transducer

Displacement transducer

(cp) The second cell is equipped with an
inductive standard displacement transducer

interdependent on a latex membrane

Fig. 2. Design of the total lateral pressure measurement device.

Consequently, an original device allowing for the mea-
surement of the lateral pressure exerted by a hardening
cement-based material has been developed (Fig. 2). The
transducer operating principle is based on the implementa-
tion of a controlled air backpressure, which is continuously
balanced with the pressure exerted by the tested medium
(Fig. 2b).

The device is composed of two interconnected mea-
suring chambers (Fig. 2c). The first chamber is equipped
with an absolute pressure transducer connected to a
compressed air control valve. The second chamber is

equipped with an inductive standard displacement trans-
ducer attached to a thin elastometric latex membrane. The
other side of the membrane is in direct contact with the
material tested.

During the test, the pressure in both chambers is
controlled so that the membrane is kept in a vertical
position. This position, indeed, is indicative of the pres-
sure equilibrium on both sides of the membrane. Conse-
quently, the pressure exerted by the material on the
formwork is equal to the pressure measured in the
chambers.
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2.1.2. The pore water pressure transducer

Measurement is carried out by adapting, the triaxial test,
a method usually used in soil mechanics. Because this test
is difficult to conduct on fluid materials, like fresh cement
paste, a specific measurement system has been developed.
(Fig. 3).

The system consists of a pressure transducer mounted on
the formwork through the “deaerator block™ filled with oil
(Fig. 3). To separate the cement paste from the measurement
system, a water-filtering device (compacted fiber cotton) is
used.

The balance of the pressures of both the water repellent
oil in the chamber and the water found in the paste is
achieved by transfer of pressure through the filter. The
tests carried out show that the response of our measuring
apparatus to the variations of pore water pressure is
instantaneous.

The transducer measures relative pressures; this is why
it is unsuited to the measurement of strong depressions
higher than the atmospheric pressure ( = 100 kPa). More-
over, the exchanges of air between the mix and the
deaerator block may induce errors on the measurement
of the peak of depression. Therefore, measurements carried
out in a depression state have above all a qualitative rather
than a quantitative value.

2.2. Materials

It is futile to try to understand the behavior of fresh
concrete while ignoring that of the paste that goes into it.
For this reason, the present research is limited to the study
of cement pastes. The tests have been carried out on
cement pastes having a water/cement (W/C) mass ratio
of 0.30, 0.36 and 0.45, respectively (Table 1).

Portland cement (CPA-CEM 1-32.5 R EC NF) contains
75% clinker, 24% limestone and 1% filler. The specific
Blaine surface is 3950 cm?/g. The time, at which setting
begins, is 2 h and 25 min (145 min). The cement density is
3050 kg/m’.

According to standard NF EN 196-1, the mixing is
prepared in a traditional 20-1 mixer.

Pressure transducer (5) mounted on the formwork

through the "de-aerator block" (3) filled with oil (6). (4),

is a drain.

To separate the cement paste from the measurement system, a

water filtering device (compacted fiber cotton) is used (1 and 2).

Table 1

Cement paste mix composition

Test Mix w C w/C oo p
number (/m%) (kg/m?) (kg/m®)
1 Py, 478 1593 0.30 0.52 2070
2 Pis

3 P10

4 Poi v 523 1454 0.36 0.48 1977
5 Pys w

6 Paio @)

7 P21 (v

8 P2—5 (nv)

9 P210 (v

10 P34 579 1285 0.45 0.42 1864
11 P3_5

12 P3.10

Pi-j (v or nv)- Ptype of the mix-height of the cement paste in meters (vibrated and nonvibrated)-

Because concrete is composed of many materials with
different densities, the characterization of the mixtures by
the voluminal ratios is necessary. Frequently, the solid
volume fraction (Eq. (1)) is used:

V. V. 1
o= == 7 (1)
Vt_Va Vs+Vw 1+&X—
Pw S

where V; represents the total volume, ¥ the solid volume,
the air volume, V,, the water volume, p, the density of the
solids (cement), p,, the density of water and W/S the water/
solid mass ratio. The mix compositions of the cement pastes
studied are presented in Table 1. The air content of com-
pacted fresh cement paste is roughly equal to 1.5% of the
total volume.

2.3. Testing procedure

All the systems of measurement with compacted natural
fibers and the “air fitting/deaerator block” are saturated
before starting any acquisition. Immediately after the mixing
of the cement—water mixture, the cement paste is poured

Fig. 3. Design of the pore water pressure measurement device.
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into the tubular column at the rate of two 50-cm-thick
layers. Each layer is vibrated for 15 s. For the consideration
of the impact of the vibration on the kinetics of evolution of
the pressures, some mixtures not subjected to vibration have
also been prepared.

The temperature of the laboratory test chamber is 20 & 2
°C, the relative humidity is 50 + 6%. Moreover, 0.5 | of the
mixture tested is sampled before each test to determine
setting time through the Vicat test.

3. Experimental results

The results are presented in the form of diagrams, which
describe the temporal evolution of the following parameters:
pore water pressure, total lateral pressure, temperature,
autogenous shrinkage and penetration of Vicat needle,
respectively.

3.1. Evolution of the different pressures

At the initial state, pore water pressures and total lateral
pressures measured are rigorously identical and are equal
to the theoretical hydrostatic pressure Uy=pgz (with p,
unit weight of the mix; g, gravity; and z, height of the
mixture). Then, the kinetics of the recorded pressures
presents three distinct phases (Figs. 4 and 5).

As shown in Fig. 4, the total lateral pressures and the
pore water pressures first decrease slowly from the initial
state until they cancel each other out completely in C
(interval AC). During this step, the kinetics of decrease
varies and two different slopes can be observed (interval
AB and interval BC). For one constant W/C ratio and
whatever the height of the cement paste, the (BC) step

2145

always occurs almost at the same moment (Fig. 5a, b
and c). The instant of cancellation of the total lateral
pressure and the pore water pressure (point C) corre-
sponds to the moment when the material can recover its
own weight. The cancellation time is strongly influenced
by the W/C ratio and the depth of the cement paste
inside the formwork. Table 2, which summarizes the
results, shows that the higher the water content is, the
more delayed the time of cancellation is. Thus, for a W/
C ratio varying from 0.30 to 0.45, the cancellation of
the total and interstitial pressures is put back by 1.73
h for a 5-m depth. The delay increases with the depth of
cement paste. For a depth varying from 1 to 10 m and a
W/C ratio equal to 0.30, cancellation time is put back
by 1.04 h.

During the second step, the pore water pressure con-
tinues to decrease and becomes negative (interval CD),
while the total lateral pressure remains null. The maxi-
mum level of interstitial depression is strongly influenced
by the W/C ratio and the depth of cement paste. Unfor-
tunately, as mentioned above, the unsuitable system of
measurement does not allow us to draw conclusions on
the exact influence of these parameters. Nevertheless, we
observe that the amplitude of the depression increases
with the depth of cement paste. Moreover, an increasing
W/C ratio generates a delay in reaching the instant where
the maximum value of the depression. During the last
step (DE), the pore water pressure is null. The cancella-
tion instant is reached either very abruptly or after a
plateau.

The diagram of the evolution of the pore water pressure
(Fig. 6a, b and c) according to the depth of cement paste
deduced from Fig. 5a, b and c, presents, at the initial
moment, a hydrostatic profile of pressure along the whole

250

150 + —[- - - - - %

100 +

50 +

e T e

S50+ - --- -1 __

-100

12

Time (hours)

Fig. 4. Diagram of the evolution of pore water pressure and total lateral pressure.
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Fig. 5. The pore water pressure kinetics of the fresh cement paste with W/C equal to 0.30 (a), 0.36 (b) and 0.45 (c).

height of the column. The pore water pressure profile
remains quasi-linear during the first 3 h and fall until
cancellation. The kinetics of the decrease is accelerated
during the test. This process is much slower for pastes
with higher water content. During the first 3 h, the profile
decreases quasi-linearly. Depending on the mix design, an
interstitial depression profile is thereafter observed.

3.2. The influence of vibration

The influence of vibration on the kinetics of the pressures
for P,; (W/C=0.36) pastes is studied. In the absence of
vibration, the progress of the different steps is slowed down
(Fig. 7). This slowing down is all the more significant
because the material depth increases. For a P,_; paste, the
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Table 2
Comparison of the results

Type of the test Pressure  Temperature Time of setting

Number of  Mix W/C T e T T8
the test

1 Py, 0.3 2.64 - 225  4.00
2 Pis 2.85 -

3 P10 3.68 9.33

4 Pyiy 036 3.20 - 525  6.42
5 P2_5 ) 378 -

6 Pa.10 o) 3.97 9.83

7 Pyt 036 3.14 -

8 P2-5 (nv) - -

9 Ps.10 av) 5.46 -

10 Ps 0.45 456 11.16 655 827
11 Pis 458 12.16

12 Ps.10 427 11.16

? Tc: time corresponding to the first cancellation of the pore water
pressure and the total lateral pressure.

® T\ the time when the maximal temperature is recorded.

¢ To: the initial setting time (Vicat test).

4 T% the final setting time (Vicat test).

vibration does not affect the length of the steps, whereas, for a
P,.o mixture, the absence of vibration generates a 90-min
delay for reaching the point where the pressures cancel each
other out.

3.3. Evolution of the temperature

During the first 3 h, a low thermal activity is observed.
This stage is followed by a sharp increase in the tempera-
ture. The maximum temperature is reached within an
interval ranging between 9 and 12 h depending on the
mixture studied (Fig. 8).

For a constant depth of cement paste, the increase in the
W/C ratio from 0.30 to 0.45 causes a reduction of 3 °C in
the maximum temperature. This temperature is reached
after 9.1 h for a W/C equal to 0.30 and 11 h for a W/C
equal to 0.45.

Regarding depth, there is no difference whether the
depth is 1 or 10 m. For a 5-m-deep paste, on the other
hand, a different kinetics is observed. In this case, it
appears that the starting temperature is slightly lower than
for the other tests with other depths. This difference can be
explained by the existence of differences in the initial
conditions, which undergo some variations as regards
hygroscopy, air velocity and environmental temperature.

3.4. Setting time test with the Vicat needle

The setting time tests are carried out on the samples of
cement pastes P; to P; using the Vicat method. The
penetration depth of the Vicat needle is measured and
the initial setting time is reached when the penetration of
the needle is 36 + 1 mm, according to the NF EN 196-3
code.

As illustrated in Fig. 9, the increase in the W/C produces a
delay of the cement paste setting. The initial setting time is
2.25 h for Py paste, 5.25 h for P, and 6.55 h for Pj,
respectively.

The end of setting time is reached when the end of
setting time needle does not go in more than 0.5 mm deep.
The ends of setting times here are 4 h for P, paste, 6.42
h for P, and 8.27 h for P, respectively.

4. Discussion

The purpose of this study is to understand the
evolution of the pressures by analyzing the transforma-
tion process of the cement pastes from the fluid to the
rigidified state inside formworks using the results ob-
tained experimentally, which describe the typical evolu-
tion parameters of cement paste (setting, shrinkage and
temperature).

The comparison of the times obtained in Table 2 at all
key stages clearly shows the difficulty to establish a simple
relationship between the values achieved using the four
different experimental techniques.

This difficulty is due to the complexity of cement
pastes, whose behavior at this stage induces phenomena,
which can be coupled or uncoupled depending on the
maturing stage, on the one hand, and to the measurement
techniques employed, on the other hand:

—Concerning the complexity of cement pastes: over the
period within the range of the initial moment and 3 h,
a significant variation of the pore water pressure and of
the volume (shrinkage) is observed when the thermal
activity seems null. The strain vs. time diagram (Fig.
10) [4,11] show that the absolute amount of autoge-
nous shrinkage tends to increase, and the shrinkage
tends to start at earlier ages, as the W/C ratio
decreases. This observation, largely checked using a
lineic method of the shrinkage measurement, is some-
times contradicted by the results obtained using a
volumic method of measurement. This is due to the
difficulty in the implementing of a special procedure to
avoid artificially high values caused by imbibition of
“bleeding” water. After 3 h, the thermal action directly
related to the cement hydration reactions is activated at
the same time as pressure evolution and cefment paste
deformations.

—Concerning the measurement techniques: all the tests
are conducted to quantify the different types of physical
and mechanical phenomena: the pressure (for the inter-
nal and external state of stress), the temperature (for
the hydration activity), the shear strength (deduced
from the Vicat test, which makes it possible to estimate
the rigidifying state of the paste) and finally, the
variations of the volume (determine through the autog-
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Fig. 6. The pore water pressure profile of fresh cement paste with W/C equal to 0.30 (a), 0.36 (b) and 0.45 (c).

enous shrinkage test). Moreover, both shrinkage and
Vicat needle measurements are carried out at a very
low state of stress (quasi-null) compared to the other
tests (pressure and temperature within the formwork)
carried out under higher pressures (25, 100 and 200
kPa).

Therefore, considering these remarks, a sequence of the
phenomena begins to emerge, which leads to a state of
structure of the cement paste within the formwork. The main
steps observed are discussed below.

Initially, we have a medium, which undergoes three
successive phases, composed of water, air and cement in



N.R. Andriamanantsilavo, S. Amziane / Cement and Concrete Research 34 (2004) 2141-2152

Pore water pressure (kPa)
200

150 — -t

-100

2149

=— P 2-1nv (I m, without vibration)
©- P 2-1v (1 m, with vibration)

P 2-5nv (5 m, without vibration)
©+ P 2-5v (5 m, with vibration)

P 2-10nv (10 m, without vibration)
4P 2-1 O‘V (10 m \V‘itl’l Vibrati(‘)n)

Time (hours)

Fig. 7. Effect of the vibration on the evolution of the pore water pressure.

suspension. The mixture is subjected to hydraulic, chem-
ical and mechanical forces due to the mixing. The paste, at
this moment, is in a disorganized state. Solid particles are
suspended in the liquid phase, which bears all forces fully.
The pore water pressure Uy is then equal to the total lateral
pressure (Uy= pgz).

The presence of air and water creates a capillary
network and, consequently, generates suction (capillary
tension), which places the liquid phase in a depression
state. For that reason, the evolution of the measured pore
water pressure is directly a function of the level of tension/
pressure deficiency in the capillaries. Unfortunately, for
lack of appropriate measuring device, actual suction phe-
nomenon recording is beyond the scope of this study. On
that subject, the classical theories found in the literature
about the capillary principle reveal that the tension, U, is a

Température (°C)

function of the air pressure, U, (dry air+water vapour) and
of the water pressure, U,, (Fig. 11). By neglecting the
osmotic suction and the adsorption phenomenon of water
on the solid particles, suction is equal (Eq. (2)) to:

Us = U, — Uy (2)

The tension can also be determined as a function of the
capillary pore radius [Jurin’s law (Eq. (3)) for cylindrical
pores]:

Us=2xa xcost) x r! (3)

where ¢ is the superficial tensile stress of the water/air

interface, 60 is the wetting angle and r is the pore radius.
The relative humidity (RH) in the pores is a significant

parameter which affects the level of the suction and then

50

1 m - W/C=0,45
5m - W/C=0,45
10 m - W/C=0,30
4 10 m - W/C=0,36
10 m - W/C=0,45

10
Time (hours)

Fig. 8. Evolution of the temperature of the cement paste in the formwork.
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Fig. 9. Evolution of the depth penetration of the Vicat needle.

the decrease of pore water pressure. Thus, the authors in
Ref. [10] demonstrate that the initial rise observed in RH
does not reach 100% because of the RH decrease caused
by the dissolved ions (Ca” ", Na', etc.) present in the
cement pore solution. The RH initially recorded stabilize
in the pore solution around 97 £ 2%. For example, accord-
ing to the theoretical Kelvin law (Eq. (4)), a fall of the
relative humidity of 2%, i.e., 98% RH, for instance,
involves a suction force of 2.8 MPa.

—In(RH)RT

Us:Ua_Uw:O-cap:
aM

(4)

where RH (%) is the relative humidity, M is the molar
mass of water (M=18.016 g mol ~ 1, g is the acceleration

16 :

due to the gravity (g=9.81 m s~ ?), R is the universal gas
constant (R=8.3143 J. mol ~' K~ '), T is the thermody-
namic temperature in Kelvin degrees, and o.,, is the
capillary stress (MPa; (Eq. (5)) or suction. At 20 °C:

In(RH)RT
Ocap = — 7,
aM
“1n(0.98 x 8.3143 x (20 + 273))
—_10 MP
x 981 x 18.016 [MPa]
— 2.8 MPa (5)

In addition to the capillary forces mentioned before and
under the impulse of gravity, as well as the attractive forces of

12 W/C=0,23 (lineic) [4]
W/C=0,3 (lineic) [4]
W/C=0,4 (lineic) [4]
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Fig. 10. Evolution of the autogenous shrinkage of the fresh cement paste.
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Fig. 11. The water—air menisci in the pore fluid.

Van der Waals and the electrostatic forces, the solid particles
get nearer (the pore radius decreases). Consequently, the
tension increases whereas the total lateral pressure, U,
decreases.

In the present study, two parameters result in the varia-
tion of the suction:

—The vibration, which is used to reduce the volume of
air bubbles trapped in the paste, and, thus, the capillary
pores radius. The finer porosity of the mixture gener-
ates a quick appearance of high capillary depressions.
Consequently, the pore water pressure decreases quickly
for the vibrated mixtures (Fig. 8).

—The increase in the depth of cement, which results in
higher compression rates for the paste. Because of the
presence of air within the material, the cement grains get
nearer under the action of compression and consequently,
the capillary pores begin to shrink. This phenomenon
accelerates the fall of the pore water pressures in the
paste. An increase in the depth of cement paste, on the
other hand, does not put back the moment where the pore
water pressures cancel each other out radically, as shown
in Fig. 6a, b and c.

Subsequently, when the level of depression, Us, reaches
the value of the initial pore water pressure, U, the cement
paste is mechanically balanced with its own weight. At this
moment, the cancellation of the total lateral pressure is
achieved.

Once mechanical stability is acquired, an abrupt accel-
eration of the interstitial depression is recorded. As
previously mentioned, the peak of actual interstitial de-
pression (Table 3) is undoubtedly higher than the one
experimentally measured for lack of appropriate measure-
ment device.

Moreover, the evolution of the depression in the liquid
phase is at the origin of the compression of the solid
phase, which accounts for the autogenous shrinkage ob-
served during the period ranging between 0 and 3 h [4,11].
The hydration activation simultaneously with the evolution
of the depression state demonstrate the matching of both
phenomena after 3 h.

5. Conclusion

The results based on the tests of characterization carried
out on the cement paste combine with the tests conducted in
1- to 10-m formworks make it possible to draw the follow-
ing conclusions:

—For the cement paste, the profiles of the pore water
pressures and the total lateral pressures are hydrostatic,
from the initial state until cancellation. During this period,
the kinetics of evolution of both pressures is perfectly
identical. Once the total lateral pressure is null, the pore
water pressure passes to a depression state.

—The autogenous shrinkage test shows that the contraction
of the paste is activated from the beginning because of the
formation of the interstitial depression state related to the
capillarity phenomenon.

—The W/C mass ratios, the depth of the poured cement
pastes and the vibration have a considerable impact on the
kinetics of the pressures. These parameters have a partic-
ular influence on the compactness of the material and,
consequently, on the size of the capillaries and on the
depression level. The absence of vibration, for instance,
for a cement paste depth of 10 m, with a W/C=0.36,
produces a 1.30-h delay on the cancellation of the total
lateral pressure.

Table 3
The maximum depression level
W/C h=1m h=5m h=10 m

Test Tpi(h) Puax’(kPa) Test Tp*(h) Puax’ (kPa) Test Tp*(h) Puax® (kPa)
0.30 P, 2.94 —8.21 Pys 3.69 —31.92 Pi1o 472 —24.00
0.36 Pai ) 3.75 —18.53 Pas ) 5.07 —46.08 Pa10 (v) 5.28 -528

Pot v 3.84 —9.75 Pas v) - P2.10 (av) 7.16 —32.16
0.45 Ps, 5.05 —7.73 Pis 4.82 —10.85 Ps.10 4.72 —22.08

? Tp: the time of the peak depression.
> Pyax : the maximal depression recorded.
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—The hydraulic stresses affect essentially the behavior of the
cement paste during the first 3 h of its maturation. The
thermochemical stresses, which appear later, will only
increase this impact.
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