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Abstract. The results of experimental investigation of plasticising, air-entraining and viscosity-modifying admixtures
with different chemical composition influence on rheological properties and dilatancy of cement slurries are presented in
the article. Rheological properties of cement slurries were tested by a rotation viscometer with coaxial cylinder, at
different gradients of velocity. Dilatancy of cement slurries was determined by the distortion of the rheological curve
and index of dilatancy D was calculated according to proposed methods. The results of investigation show that the
properties of liquid disperse medium of structural system influence slightly the dilatancy of cement slurries. Plasticising
admixtures with a different chemical composition slightly increases but air-entraining and viscosity-modifying admix-

tures slightly reduces the dilatancy of cement slurries.

Keywords: cement slurry, chemical admixtures, rheology, yield stress, viscosity, dilatancy, viscometer.

1. Introduction

Cement slurries are among the so-called structural
systems that have certain rheological properties. Accord-
ing to the shape of the rheological curve structural sys-
tems are divided into some groups: Newtonian fluid,
pseudoplastic fluid, dilatantic fluid, Bingham fluid, plas-
tically dilatantic body and pseudoplastic body [1, 2].
Graphical expression of shear rate dependency upon shear

stress \7/ is called flow curve (Fig 1).

)|
w

0 Ty T

Fig 1. Flow curves of different structural systems: 1 —
Newtonian fluid; 2 — pseudoplastic fluid; 3 — dilatantic
fluid; 4 — Bingham fluid; 5 — plastically dilatantic body;
6 — pseudoplastic body

Cement slurries and concrete mixtures are usually
defined as Bingham fluids (systems); they have two main
rheological characteristics — yield stress T~ and plastic
viscosity N [3-5].

The dilatant behaviour increases the viscosity of
cement slurries with the increasing shear stress. The di-
latancy has negative influence on cement slurries and
concrete mixtures pumping by concrete pumps. Various
chemical admixtures were tested to change rheological
properties and to reduce dilatancy of cement slurries for
improving concrete pumping.

2. Literature review

Chemical admixtures are often used for modifica-
tion of rheologic properties of fresh concrete. Plasticiz-
ing and superplasticising admixtures with different chemi-
cal composition are used for changing rheologic proper-
ties of concrete mixtures [6, 7]. Chemical composition
of admixture influences the plasticising effect of admix-
tures [8, 9]. Rheologic properties of concrete mixtures
are influenced by air-entraining admixtures that are used
for increasing freezing-thawing resistance of hardened
concrete. The use of viscosity-enhancing admixtures in-
creases the homogeneity of cement slurries and concrete
mixtures and leads to a greater uniformity of hardened
properties. These admixtures greatly influence the thix-
otropy of concrete mixtures [10, 11]. Viscosity-enhanc-
ing admixtures are used for increasing flowability of
concrete using concrete pumps.

For testing the rheologic properties of cement slur-
ries and concrete mixtures different viscometers are ap-
plied [12-14]. Comparing results obtained by viscom-
eters with coaxial cylinders of different dimensions, the



228 G. Skripkianas, M. Dauksys / JOURNAL OF CIVIL ENGINEERING AND MANAGEMENT — 2004, Vol X, No 3, 227-233

influence of geometrical dimensions on the results of
rheologic properties testing was observed [15]. Fresh
concrete rheologic properties tested with different type
viscometers show some differences in viscosity testing
results [16]. Therefore some investigators propose to use
the relative plastic viscosity instead of plastic viscosity
for comparing the results obtained with different viscom-
eters [17]. The proposed relative plastic viscosity of fresh
concrete is the ratio of viscosity of concrete mixture to
the viscosity of mortar or matrix. It eliminates the influ-
ence of geometrical parameters of equipment on test re-
sults.

New testing methods show the influence of mixing
on the rheologic properties of cement slurries [18]. The
hysteresis loop was observed from shear-induced struc-
tural breakdown in cement paste. Plastic viscosity in this
investigation was determined using the slope of the hys-
teresis down curve on the range of shear rates in some
limits. It was determined in this investigation that mix-
tures obtained in high shear mixer are more flowable.

Cement slurries and concrete mixture testing results
demonstrate that Bingham model is not correct for de-
scribing the cement slurries flow. Flow curves of cement
slurries are not straight lines like in the Bingham model
but with the increasing of shear stress they became the
distort lines [19-21]. The distortion of flow curve indi-
cates the dilatancy of cement slurries, ie the viscosity of
system is increasing with the shear stress increase. There
are no characteristics for quantitative estimation of dila-
tancy of mixtures.

The first investigation into dilatancy phenomenon
was carried out by O. Reynolds. According to the au-
thor, the increase of system viscosity can be explained
by the increase of disperse system volume after the
change of solid particles volume displacement caused by
the movement of particles to each other. The disperse
system volume increase causes the relative decrease of
disperse medium volume and the increase of system vis-
cosity [22]. In Fig 2 spheric solid particles have the
pyramidic volume distribution (left) and the cubic one
(right). Solid pyramidic particles distribution take up a
minimum volume. After affect of shear force the volume
distribution of solid particles can be changed to cubic
distribution that will increase the volume occupied by
solid particles by 1,41 time.

Fig 2. Volume change of spheric particles system caused
by shear force (pyramidic distribution on the left; cubic
distribution on the right)

F. S. Kaplan, J. E. Pivinskij and A. N. Saprykin
investigate rheological properties and dilatancy of quartz
glass suspensions [23]. They have noted that dilatancy is
observed in high-concentration disperse systems and pro-
posed a rheological equation for dilatant fluids:

1=ng". (1

where T — shear stress; \7/ — shear rate; N — plastic
viscosity; n — degree of dilatancy.

For Newtonian fluid n = 1, for dilatant fluid n > 1,
for pseudoplastic fluid n < 1. This investigation shows a
great influence of liquid phase pH on dilatancy of sus-
pension [23]. The degree of dilatancy depends on solid
particles concentration, shape and dimensions of particles,
viscosity and composition of disperse medium [23].

In the investigation the superplasticisers effects on
viscosity and yield stress of cement mixtures K. Asaga
and D. M. Roy found that dilatant behaviour is observed
in all cases with sulphonated naphthalene and melamine
formaline condensates admixtures concentrations higher
than 0,75 % [6]. Investigation of superplasticised cement
pastes containing mineral additives carried out by F.
Curcio and B. A. DeAngelis show that dilatant behaviour
is strongly dependent on the water/binder ratio, on the
level of cement replacement by mineral additives and on
the fineness of the latter. Dilatancy is caused by angular
and platelike particles [24].

Ch. Hu and F. de Larrard determined that dilatancy
is related to the tested material and testing method. Any
relationship does not exist between the dilatancy and the
Bingham characteristics — yield stress and plastic vis-
cosity [14]. V. Ukraincik defined that the phenomena of
shear thickening and thinning obtained on flow curves
can partly be explained as being due to dilatancy and to
related changes in the fluid phase to pore air ratio in
fresh concrete. Shear-box tests with simple shear have
shown the proportionality of the dilatancy to the square
of shear stress [25].

3. Experimental procedure

The experimental investigation was carried out to
determine the dilatancy of cement slurries and influence
of chemical admixtures on it. Plasticising, air-entraining
and viscosity-modifying admixtures were tested. Yield
stress and viscosity of cement slurries were determined
and dilatancy was estimated by the distortion of flow
curve.

Cement slurries were mixed by hands for 5 min.
All slurries were prepared with the same W/C ratio
(0,55). Plasticising admixtures were mixed with water,
used for slurries preparing. Air-entraining admixtures
were added separately after slurries mixing. Total amount
of admixtures was in the range from 0,2 to 1,0 % of
cement mass.

In this investigation Portland cement CEM 1 42.5
produced by the AB “Akmenés cementas” was used.
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Water requirement for normal consistency of cement
slurry was 27,5 %, the specific surface of cement
particles 353 m?/kg, the cement particles density
3110 kg/m3.

Plasticising admixtures used: plasticiser SMR based
on lignosulphonates, solution density 1,14 kg/l;
superplasticiser Glenium 127 based on polycarboxyl poly-
mers, the solution density 1,10 kg/l. Air-entraining ad-
mixture Amex SB 22 (LP) made of liquid surface ten-
sion increasing materials, was used, the solution density
1,01 kg/l. Starvis 2006 L was used as viscosity-modify-
ing admixture (synthetic polymers with a big molecular
mass, the solution density 1,01 kg/l).

Rheologic properties of cement slurries were tested
with rotational viscometer BCH-3 (Fig 3).

r ‘r—'ﬁh_'l E
= B NS =1 1
= -~
-t P
s =t 4
e ."/ 7~
bt |,
) ]
1 ]
1. -1
-1 o
| 40
44

Fig 3. Scheme of rotational viscometer with coaxial cyl-
inders: 1 — cylinder connected with measuring scale; 2 —
internal (rotating) cylinder; 3 — external (fixed) cylinder;
4 — cement slurry

The cement slurry was poured into the cylindrical
vessel (3) (external cylinder) fixed to the viscometer.
Internal cylinder (2) was rotated in the external cylinder
with the slurry. The friction between the rotating inter-
nal cylinder and the cylinder, which is inside it (1) and
connected to the measuring scale turns internal cylinder
(1) connected to the measuring scale due to cement slurry
(4) inside friction.

Viscosity of cement slurry was estimated using dif-
ferent internal cylinder rotation rates (600, 400, 300, 200
1/min). Shear force F (mN) which turns cylinder con-
nected to the measuring scale, was calculated by the
measuring scale readings using the calibration line. Such
lines were evaluated experimentally and depend on the
elasticity of the springs in the device. A more elastic
spring is suitable for measuring viscosity of cement slur-
ries with low W/C ratio, when there are bigger shear
stresses. _

Shear rate y for the different rotation rate of the
cylinder (2) was calculated by the equation (2):

- 2nk |]]i -1
i=—q— S 2
S

where r — radius of the cylinder connected to the mea-
suring scale, m; n; — rotation rate of the internal cylin-
der (i=14), 1/s; dg — distance between (1) and (2)
cylinders, m.

Shear stress of cement slurry 1 for different shear
rates was calculated by equation (3):

F
T =—"1—,
' 2n [h
where F — shear force calculated by the readings in
measuring scale using calibration line, mN; r and h —
radius and height of the cylinder connected to the mea-
suring scale, m.

Viscosity of cement slurries N for the different shear
rates was calculated by the (4) equation:

Pa, 3)

_ti~To
ni=——=-,
Yi
where Tg — yield stress, determined by \_/—T curve —
point were the curve cross the T axis.

Pals, (4)

4. Experimental results

Flow curves of cement slurries (W/C ratio 0,55)
without and with chemical admixtures dosage 0,2 % of
the cement mass are presented in Fig 4.

Fig 4 curves in show that the superplasticizer based
on polycarboxyl polymers the biggest reduction effect
on yield stress of cement slurries (about 65 % in com-
parison with cement slurry without admixture) produces
when used in the dosage 0,2 % of cement mass.
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Fig 4. Flow curves of cement slurries with chemical ad-
mixtures dosage 0,2 % of the cement mass: 1 — without
admixture; 2 — with plasticiser (lignosulphonates); 3 — with
superplasticiser (polycarboxyl polymers); 4 — with air-en-
training admixture; 5 — with viscosity-modifying admix-
ture (synthetic polymers with big molecular mass)

Less efficient in yield stress reduction is a plasticiser
on the base of lignosulphonates (about 30 % in com-
parison with cement slurry without admixture). Air-en-
training admixture opposite to plasticising admixtures
increases the yield stress of cement slurry. Viscosity-
modifying admixture increases the yield stress of cement
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Table 1. Yield stress and viscosity of cement slurries

Composition of cement slurry amﬁieﬁ/ﬂ Viscosity 205 S;fsar rate y4,21)/s 30 T, Pa
W/C = 0,55 without admixture n;,Pald 0,0245 0,0256 0,0296 0,0363 12,00
0,20 % 0,0180 0,0242 0,0285 0,0300 8,33
W/C=0,55 0,40 % . Pa 0,0155 0,0225 0,0257 0,0282 6,67
with plasticiser 0,60 % i, Fa 0,0147 0,0213 0,0253 0,0276 5,74
1,00 % 0,0128 0,0201 0,0229 0,0249 4,81
W/C = 0.55 0,20 % 0,0129 0,0208 0,0250 0,0298 3,93
with superplz’tsticser 0,40 % N, Pas 0,0109 0,0174 0,0235 0,0274 3,04
0,60 % v 0,0091 0,0170 0,0210 0,0251 2,32
1,00 % 0,0070 0,0143 0,0180 0,0220 1,43
W/C = 0.55 0,20 % 0,0289 0,0243 0,0281 0,0360 14,14
with air-entrainin:g admixture 0,40 % n;,Pald 0,0240 0,0267 0,0309 0,0365 11,44
0,60 % v 0,0219 0,0232 0,0262 0,0330 9,70
1,00 % 0,0252 0,0233 0,0247 0,0331 12,08
W/C = 0.55 0,20 % 0,0232 0,0255 0,0290 0,0314 16,40
with Viscosity-modif,ying admixture 0,40 % n;, Pald 0,0246 0,0264 0,0291 0,0326 17,85
0,60 % v 0,0224 0,0257 0,0265 0,0301 17,65
1,00 % 0,0218 0,0246 0,0262 0,0296 16,25

slurry more than air-entraining admixture. Yield stress
increasing makes mixtures more stable, ie reduces sedi-
mentation of aggregates and water bleeding in mixtures.
Superplasticiser and plasticiser insignificantly reduce vis-
cosity of cement slurry (Table 1). Air-entraining admix-
ture increases the viscosity of cement slurry (Table 1).

700 7
600
500
400
300
200
100

AN A AV

0 10 20 30 40
Shear stress, Pa

Shear rate, I/s

Fig 5. Flow curves of cement slurries with chemical ad-
mixtures dosage of 0,4 % of cement mass: 1 — without
admixture; 2 — with plasticiser (lignosulphonates); 3 — with
superplasticiser (polycarboxyl polymers); 4 — with air-en-
training admixture; 5 — with viscosity-modifying admix-
ture (synthetic polymers with a big molecular mass)

The dependence of shear rate on the shear stress
for the cement slurries without and with chemical ad-
mixtures dosage of 0,4 % of the cement mass are pre-
sented in Fig 5. Superplasticiser and plasticiser in the
dosage of 0,4 % of the cement mass reduces yield stress
of cement slurry more efficient than in a less dosage
(about 45 % and 75 % correspondingly) (Fig 5) and re-
duces viscosity of cement slurry more than in the less
dosage (Table 1). Dosage of air-entraining admixture of
0,4 % of the cement mass has no effect on the yield stress
and viscosity of cement slurry compared with cement

slurry with no admixture. An increase of viscosity-modi-
fying admixture dosage to of 0,4 % of cement mass more
increases the yield stress of cement slurry than less dos-
ages of this admixture (Fig 5).

Flow curves of cement slurries with chemical ad-
mixtures dosages of 0,6 % and 1,0 % of mass cement
are presented in the Figs 6 and 7.

Shear rate, I/s

0 10 20 30 40
Shear stress, Pa

Fig 6. Flow curves of cement slurries with chemical ad-
mixtures dosage of 0,6 % of cement mass: 1 — without
admixture; 2 — with plasticiser (lignosulphonates); 3 — with
superplasticiser (polycarboxyl polymers); 4 — with air-en-
training admixture; 5 — with viscosity-modifying admix-
ture (synthetic polymers with a big molecular mass)

Figs 6 and 7 show that with an increase of plasticiser
and superplasticiser dosage yield stress of cement slurry
decreases. Effect of big dosages (0,6 and 1,0 % of the
cement mass) of air-entraining and viscosity-modifying
admixtures on yield stress and viscosity of cement slur-
ries is similar to the effect of 0,4 % dosage of these
admixtures.

Plasticisers and superplasticisers change the dilatancy
of cement slurry. This can be seen b increasing the dis-
tortion of the flow curves (Figs 4-7). Viscosity-modify-
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Fig 7. Flow curves of cement slurries with chemical ad-
mixtures of 1,0 % of cement mass: 1 — without admix-
ture; 2 — with plasticiser (lignosulphonates); 3 — with a
superplasticiser (polycarboxyl polymers); 4 — with air-en-
training admixture; 5 — with viscosity-modifying admix-
ture (synthetic polymers with a big molecular mass)

ing admixture has the opposite effect on the cement slurry
dilatancy. The flow curves of cement slurry with this
admixture are similar to the straight lines.

The influence of dosage of different chemical ad-
mixtures on yield stress of cement slurry with W/C ratio
0,55 is presented in Fig 8.

20 4

17,5 - > /-
. T

Yield stress, Pa

0 02 04 o056 08 1 12

Dosage of admixture, %

Fig 8. Influence of dosage of chemical admixtures on yield
stress of cement slurry: 1 — with plasticiser (lignosulpho-
nates); 2 — with superplasticiser (polycarboxyl polymers);
3 — with air-entraining admixture; 4 — with viscosity-modi-
fying admixture (synthetic polymers with a big molecular
mass)

The results plotted in Fig 8 show that a super-
plasticiser on the base of polycarboxyl polymers more
effectively by reduces the yield stress of cement slurry
with increasing the admixture dosage. Big dosages (1,0 %
and more) of this admixture reduce yield stress of ce-
ment slurry almost to zero. The effect of a plasticiser on
the base of lignosulphonates dosage is the same like a
superplasticiser but with a less reduction of yield stress
of cement slurry. Small dosages (up to 0,2 % of cement
mass) of these admixtures more effective by reduce yield
stress of cement slurry than the largest dosages. An air-
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entraining admixture has no significant effect on yield
stress of cement slurry, but small dosages of this admix-
ture (0,2 %) show little increase in cement slurry yield
stress. Viscosity-modifying admixture on the base of syn-
thetic polymers with a big molecular mass increases the
yield stress of cement slurry in dosages up to 0,4 % and
keep it stable in dosages above 0,4 % of the cement
mass.

The influence of dosage of different admixtures on
viscosity of cement slurry tested at 205 1/s shear rate is
presented in Fig 9.

0,035 -
i

Viscosity, Pa-s

0“ T T T T T =
0 02 04 o056 08 1 12

Dosage of admixture, %

Fig 9. Influence of dosage of chemical admixtures on vis-
cosity of cement slurry tested at 205 1/s shear rate: 1 —
with plasticiser (lignosulphonates); 2 — with superplasticiser
(polycarboxyl polymers); 3 — with air-entraining admix-
ture; 4 — with viscosity-modifying admixture (synthetic
polymers with a big molecular mass)

A superplasticizer on the base of polycarboxyl poly-
mers and plasticizer on the base of lignosulphonates re-
duces the viscosity of cement slurry in the small range
with increasing the admixture dosage. Superplasticizers
are more efficient in reduction of viscosity of cement
slurry than plasticizers. An air-entraining admixture neg-
ligibly increases the cement slurry viscosity in the range
of dosage up to 0,2 % from the cement mass and has no
effect on viscosity with later increasing the dosage. Vis-
cosity-modifying admixture has no significant effect on
viscosity of cement slurry in the range of all used dos-
ages.

For the evaluation of dilatancy of cement slurries
the index D was proposed. Index of dilatancy D was
calculated by the equation (5):

An Pals
D =_| )
AT Pa ©)

where An - the change of the viscosity (Pa's) of ce-
ment slurry at shear rates 630 1/s and 205 1/s:
AN =Ngzp ~N2os, Pals, (6)

AT is the change of the shear stress (Pa) of cement slurry
at shear rates 630 1/s and 205 1/s:

AT = Tg0 ~ Toos, Pa. (7
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The dilatancy index D for the cement slurries with
different quantity of the admixtures is presented in
Table 2.

Table 2. Index of dilatancy D of cement slurries with different
admixture

Composition of cement Dosgge of Dx107,
admixture,
slurry o Pald/Pa
Ww/C=0,55
without admixture B 0,660
0,20 % 0,787
Ww/C=0,55 0,40 % 0,870
with plasticiser 0,60 % 0,898
1,00 % 0,926
_ 0,20 % 1,049
With\gge;p?e;:tsiciser 0,40 % 1,098
0,60 % 1,149
1,00 % 1,209
Ww/C=0,55 0,20 % 0,424
with air-entraining 0,40 % 0,692
admixture 0,60 % 0,680
1,00 % 0,504
W/C=0,55 0,20 % 0,546
with viscosity-modifying 0,40 % 0,517
admixture 0,60 % 0,536
1,00 % 0,551
1,4 7
1,2
1
©
o
% 08
©
o
E 061
o
0,4
0,2
0 A -
1 2 3 4 5

Fig 10. Index of dilatancy D of cement slurries with 1,0 %
of admixtures: 1 — without admixture; 2 — with plasticiser
(lignosulphonates); 3 — with superplasticiser (polycarboxyl
polymers); 4 — with air-entraining admixture; 5 — with
viscosity-modifying admixture (synthetic polymers with a
big molecular mass)

Fig 10 presents the index of dilatancy of the ce-
ment slurries with 1,0 % of admixtures. It shows that the
dilatancy of cement slurry is higher with different chemi-
cal composition plasticising admixtures, compared with
the cement slurry without an admixture. The dilatancy
of the cement slurry is much higher with a superplasticiser
based on polycarboxyl polymers. The air-entraining and
viscosity-modifying admixtures are slightly decreasing the
cement slurries dilatancy in comparison to the cement
slurry with no admixture.

Chemical admixtures (except for air-entraining and
viscosity-modifying admixtures) which are used in prac-
tice at the moment, are changing rheologic properties of
concrete mixture but they are not improving mixtures
flowing in the conditions of increasing shear stress be-
cause of its higher dilatancy and so they are not useful
for concrete mixture transportation with concrete pumps.

5. Conclusions

1. Cement slurries and concrete mixtures are dila-
tant fluids. The dilatancy of concrete mixtures must be
taken in to account in case of usage concrete pumps.

2. Plasticising admixtures with different chemical
composition decrease the yield stress and viscosity of
cement slurry but they increase the dilatancy of cement
slurry.

3. Superplasticisers based on polycarboxyl poly-
mers effective by decrease the yield stress, but signifi-
cantly increase the cement slurry dilatancy.

4. Air-entraining admixtures result in little reduc-
tion of dilatancy of cement slurry and are useful for
pumpable concrete.

5. A viscosity-modifying admixture increases the
yield stress and stability of cement slurry but has no sig-
nificant dilatancy reduction effect.

6. The dilatancy of cement slurry and concrete
mixture can be estimated by index of dilatancy D, ie
ratio of change of viscosity to change of shear stress at
different shear rates.
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