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Abstract: 
Different rheological methods for yield stress estimation of cement pastes during initial hydration were used and results were 

compared. These methods include measuring of the hysteresis loop, flow curves (recalculated to the same time of hydration) 

and large amplitude oscillating strain (LAOS). Experiments were performed with four Ordinary Portland Cements from one 

manufacturer, produced at different factories and one polycarboxylate acid based superplasticiser (SP). The yield stress values 

obtained by constructing flow curves is the only method which gives information about the evolution of the rheological prop- 

erties, reflecting structure evolution of cements pastes. It was shown that the yield stress values established by the LAOS 

method and that calculated from the flow curves are similar while the values found from the downward part of the hysteresis 

loops are much lower. Differences in the yield stress values obtained by various methods are related to the different states of 

the material corresponding to the kinetics of hydration. The hysteresis loops provide information about thixotropic charac- 

teristics of the material including characteristic times of rebuilding and the rate of yield stress evolution of cements. The rhe- 

ological properties are very sensitive to the chemical and physical differences of the cements and could be used for their char- 

acterization. 
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1 INTRODUCTION 
 

The fresh state of cement paste is becoming increasingly 

important in advancing new applications of cementi- 

tious materials such as self-compacting and high perfor- 

manceconcrete intheconstruction industry. Allconcrete 

processes require an understanding at paste level where 

microstructuralchangeswithinthecementpasteoccurs, 

influencing both the level of fluidity and rate of solidifi- 

cation. Both of these factors are the subject of the rheo- 

logical studies and in principle, can be quantified by a set 

of standard rheological equations and appropriate para- 

meters. Rheology has been the tool used over the years 

by many researchers to characterize the technological 

properties of cementitious materials. Cement paste can 

be treated as a colloidal material with flow properties 

demonstrating numerous non-Newtonian effects inclu- 

dingshearratedependenceoftheapparentviscosityand 

the existence of a yield stress [1 – 3]. Temperature is also 

a factor strongly influencing the rheological properties 

 
andkinetics of theirevolution [4]. Cementpastes are ‘liv- 

ing’ systems with continuously changing structure and 

consequently, their rheological properties. The progres- 

sion of cement paste hydration causes the properties of 

cement paste to evolve from viscous fluid to solid mate- 

rial [5]. This transformation of cement from fluid to a sol- 

id material is referred to by [4] as setting, attributing the 

yielding of calcium silicate hydrate (C-S-H) as its main 

contributing factor. 

The dependency of cement paste rheological para- 

meter evolution on the hydration kinetics of cement 

was described in Quanji [6] and its rate is dictated by 

the main compounds of the cement clinker. One can 

find many examples of experimental observations of 

changes in the rheological properties of cement paste 

during the dormant phase of hydration [5 – 7]. This pro- 

cess starts a few seconds after the end of mixing and 

affects the development of the yield stress [7, 8]. Gen- 

erally speaking, the yield stress is considered as the 

strength of the interparticle attractive forces responsi- 
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ble for coagulation, while the viscosity is related to the 

volumeofsolidparticlesandtheirpackingdensitywith- 

in the paste. The instability of cement over time makes 

it difficultandevenuncertain todetermineaconsistent 

set of rheological parameters and characterizing these 

materials. However the necessity of the choice of such 

parameters is dictated by the standardization and tech- 

nological needs because it is always important to know 

which material we are dealing with and their techno- 

logical possibilities during real processing operations. 

The main purpose of this research was to compare 

different methods for the determination of the yield 

stress as the principle rheological characteristic of 

cement compositions. Four cements with and without 

addition of a commercial superplasticiser were used. 

 

 
2 METHODS FOR THE DETERMINATION OF 
YIELD STRESS 

 
Formally, the yield stress sy is the boundary between 

two states of a material: at stresses below sy material 

is solid-like, does not flow, and its structure remains 

untouched by deformation. The yield stress is a thresh- 

old of the strength of this structure and at stresses ex- 

ceeding sy due to breakup of interparticle bonds, mate- 

rial can flow taking on a predetermined form. This for- 

mal definition, however, meets with some difficulties 

when used for experimental estimation of this charac- 

teristic value. Firstly, the uncertainty of extrapolation 

of experimental data to the threshold stress and the 

choice of the extrapolation procedure (and the appro- 

priate rheological equation) is crucial. Secondly, the 

effect of thixotropy, general for all multi-component 

materials [6] and on cement in particular [2] requires a 

certainaccuracyinpreparingthesampleandconsisten- 

cy in the testing protocol. Thirdly, the above discussed 

instability of cement overtime and inevitable continu- 

ous evolution of its properties. Any proposed protocol 

for measuring the yield stress should therefore take 

into account these factors and limitations. 

Two modes of rheological measurement have to be 

considered: Dynamic mode (oscillating deformations) 

and shear mode (continuous shearing with constant 

shear rate or shear rate sweeps). According to Nachbaur 

et al. [11], the fundamental information concerning the 

development of the microstructure and the internal 

forces responsible for the cement paste mechanical pro- 

perties are better investigated when using the dynamic 

mode rheology. When measurements are done within 

the linear viscoelasticity domain (LVD) this will prevent 

the breakdown of the sample microstructure. However, 

this method is still affected by various challenges [12]. 

In fact, thesamplecansetduringthetestbeforethetrue 

 
yield value has been reached, since the applied stresses 

are very small. Therefore, the yield stress value appears 

to be overestimated with this test. Many researchers 

[13 – 15] used the shear mode rheology to follow the evo- 

lution of the rheological properties related to the 

microstructure of cement transformation. They studied 

the early stage of hydration and showed that, the shear 

mode deformation doesn’t necessarily suppress the 

hydration of cement paste and does not always break 

the structure down [16]. In fact both processes, simulta- 

neous structural breakdown and build-up of structure 

of cement paste during shearing takes place [17 – 21]. 

This is typical for thixotropic materials [2]. 

Based on these studies, the hysteresis loop tech- 

nique is sometimes adopted to measure the yield stress 

as well as the viscosity of cement paste [21, 22]. Al- 

though this way of measuring the yield stress looks 

rather attractive, it provides values which are much 

affected by the constitutive model and instrument 

used, as well as by the time of measurement and the 

shear rate range used to fit the model [23]. The follow- 

ing three procedures were used in this study and the 

results were compared. In all cases the initial step was 

mixing (see below). Then each of the following proto- 

cols was used. 

The first method is based on measuring the hys- 

teresis loop. Sample was put to rest just after mixing. 

Four resting times were considered between 0 – 15 min- 

utes since the internal forces in the paste reached their 

equilibrium after 15 min. Each resting time correspond- 

ed to its specific sample [24]. The sample was then 

placed on the rheometer and twenty viscosity points 

were considered with 10 for the up curve and 10 for the 

down curve. The complete measuring cycle time was 

300 s as in Banfill et al. [18]. The up curve was done in 

the interval of 0 – 100 1/s and the down curve from 

100 – 0 1/s. The viscosity ramp was therefore 100/150 

1/s for both up-and-down curves. The experimental 

data related to the downward branch of the loop (i.e. 

the flow curve of the material with ‘broken’ structure) 

were extrapolated to zero shear rate, by using rheolog- 

ical models. As discussed above, measured rheological 

properties of cement paste are sensitive to the shear 

history of the sample. By considering the downward 

section of the flow curve, the structure of the material 

that was destroyed during the up curve was allowed to 

restructure during the down curve [25]. The shear stress 

value obtained by extrapolation is considered to be the 

true yield stress of the material. The yields stress values 

obtained by this method is designated as sy,hl . 

The second method of determining the yield stress 

isbasedonusingflowcurvescorrespondingtodifferent 

periods of agglomeration. The protocol for these mea- 

surements is as follows. The viscosity evolution is fol- 
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lowed in time for different constant shear rates. In this 

way, a set of kinetic curves is obtained. Points from all 

curves corresponding to the same periods of time are 

then extracted from the kinetic curves. This provides 

shear rate dependencies of the apparent viscosity for 

differentperiodsofsetting. Finally, alltheseflowcurves 

are fitted with a suitable rheological model for visco- 

plastic materials that allows for determining the yield 

stress as a function of the time of agglomeration. It is 

important to emphasize that this is the only method 

allowing one to follow the time evolution of the yield 

stress. In these experiments, it is assumed that shearing 

by itself does not influence the kinetics of setting and 

thereby the yield stress values. This however may be not 

true. The yields stress values obtained by this method 

are designated as sy, fc . 

The third experimental protocol was based on 

using the amplitude sweep during oscillating measure- 

ments. The basic principle of oscillatory measurements 

are described in Nachbaur et al. [11], and the concept of 

non-linearity in these experiments in [12]. The testing 

was done as follows: After mixing the sample was put 

to rest for three minutes and thereafter the second 

intensive mixing was carried out for 1 minute and the 

measurementwasexecuted. Thentheamplitudesweep 

was carried out from 0.01 to 1 % at constant frequency 

of 1 Hz with an amplitude rate of g = 12 · 10-5 e0.015T (T is 

related to the hydration time). The yield stress was as- 

sumed as the stress amplitude at the end of linearity at 

the amplitude dependence of the storage modulus. The 

yield stress values obtained by this method are desig- 

nated as sy,osc . 

 

3 EXPERIMENTAL 
 

3.1 MATERIALS UNDER STUDY 

 
Four CEM I 52.5 N cements, from different factories sup- 

plied by one manufacturer with different chemical 

composition and mineralogy as shown in Table 1 were 

used. The alkali equivalent (Na2Oeq) of the cements 

weredeterminedasproposedby Mohammedetal.[26]. 

The superplasticiser (SP) used was a polycarboxylate 

acid based polymer with the following characteristics: 

Density according to ISO 758 = 1.07 ± 0.02 (g/cm3), dry 

content according to EN 480-8 = 26 ± 1.3 %, chlorides 

soluble in water according to EN 480-10 = 0.1 %, alkali 

content (Na2Oeq) according to EN 480-12 = 2.5 %. The 

optimum concentration of SP was determined as sug- 

gested by Schwartzentruber et al. [27]. 

 
3.2 MIXING AND PREPARING CEMENT PASTES 

 
The main challenge in experiments with ‘living’ systems 

is to insure thereproducibilityof themeasurementwhich 

depends largely on the sample preparation. Experiments 

were carried out in a temperature and relative humidity 

controlled room. Deionized water was used for all the 

mixes at a constant water cement ratio of 0.45 % corre- 

sponding to 60.75 g of water in the absence of SP and 

60.35 ginthepresenceof SPwiththeequivalentsolidcon- 

tent. The energy used during mixing is very important in 

attempting to homogenize the sample by eliminating or 

reducing all possible agglomerates, lumps or clusters in 

order to wet all particle surfaces without structure break- 

down [28]. In this research, an intensive hand mixing 

method [29] was used for all the cements as suggested 

in Williams et al. and Yang et al. [23, 28]. Samples were 

mixed for 2 minutes in such a way that consistent paste 

was obtained for all the experiments. For each constant 

shearrate(5, 10, 20, 50, and 751/s) thefollowingprocedure 

was used: mixing started immediately after water was 

added to the solids and lasted 2 minutes. 

 
3.3 INSTRUMENTATION AND THE PROCEDURE OF 

MEASUREMENT 

 
Thechallenges instudying the flowproperties ofcement 

paste when using a rheometer are to select the most 

effective test geometry, set the appropriate gap and fric- 

tion level of the shearing surface, follow consistently the 

 
 

Table 1: Chemical and phase composition of used cements. 
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Figure 1: Typical viscosity evolution over time at 5 and 75 1/s for cements with and without SP. 

 

sampling protocol and define an adequate technique for 

measuring the rheological properties [14]. All experi- 

ments were carried out on an MCR51 rheometer with a 

temperature control system set at 25oC.The test geom- 

etry was a roughened parallel plate device with a gap of 

0.6 mm. After mixing, the sample was placed immedi- 

ately with a spatula on the plate of the rheometer. For 

measurement of flow properties, all samples were pre- 

sheared at 50 1/s for 10 s. This time was enough for the 

sample to reach steady flow [2]. Measurement of viscos- 

ity-timesweepattheconsideredconstantshearratewas 

then started, with 15 s measuring time per point. Instead 

ofpre-shearingthesampleintherheometerfortheoscil- 

lation experiments, the samples were mixed for an addi- 

tional 1.5 minutes before starting the test [13]. For tests 

which included superplasticisers, the SP was first mixed 

with water before the solution was added to the cement 

and the above sequence was performed again. 

No sample was used twice. After each experiment, the 

plates of the rheometer were washed clean and dried 

with care to avoid any influence of previous samples on 

the next test. No sleep effect was observed since after 

testing all samples were found to be fresh and did not 

stick to the plate. 

4 RESULTS AND DISCUSSION 
 

4.1 YIELD STRESS EVALUATION FROM FLOW CURVES 

 
This method is based on constructing flow curves from 

monitoring the time evolution of the apparent viscosity 

at different shear rates. Examples of the viscosity evo- 

lution over time for the four cements with and without 

SP are presented in Figure 1. It is to be expected that the 

viscosity of all the cements without SP, would increase 

in time at any constant shear rate. Cement C1 exhibited 

the lowest viscosity at all the shear rates. Cement C4 

showed the greatest viscosity growth with increase in 

hydration time for both shear rates. At high shear rates 

the viscosity value of cements decreased significantly 

but with a similar trend as at low shear rates. For ce- 

ments with SP, the viscosity also increased but the rate 

varied. At the beginning of hydration, the viscosity 

evolves slowly and is nearly constant before it increases 

suddenly after between 20 – 100 s of hydration. With SP, 

Cement C1 again exhibited the lowest viscosity with a 

more prolonged plateau at the beginning. At the higher 

shear rates, all cements showed the same viscosity evo- 

lution in terms of trend and their values became closer 

as the hydration time increases. There was a plateau at 

(a) (b) 

(c) (d) 
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Figure 2: Gives examples of the viscosity-shear rates curves at 15 and 120 s with and without SP. 

 

 
 

Figure 3: Yield stress values for cements without SP (a) and the same materials with 0.3 % SP (b). 

 
the beginning of each viscosity time curve and the 

length depended on the interaction of cement and SP 

used. This plateau would be the continuity of the equi- 

librium state reached in the first phase of viscosity 

development due to the electrostatic repulsion effect of 

the SP that retards the hydration process [17, 30]. 

From the viscosity time sweep curves, the viscosi- 

ty-shear rate curves were deduced at different specific 

times of hydration (Figure 2). The flow curves clearly 

demonstrate that cement pastes for all four cements 

with and without SP are shear thinning fluids. It is pos- 

sible to use these data to establish the yield stress val- 

ues by extrapolation and using a rheological equation 

containing the yield stress such as the Bingham equa- 

tion. Reconstruction of the flow curves to include the 

dependence of shear stress on shear rate, allowed us to 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) (b) 

(a) (b) 

(c) (d) 
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Figure 4: Yield stress values from hysteresis loop after different resting times for cement C2 with and without SP. 

 

establish the yield stress values sy,fc. There are several 

equationsdescribingthebehaviorofvisco-plasticfluids  

[13], including various non-linear versions of the h(s) 

dependence. For this experimental data set, the linear 

Bingham equation [3, 31] fitted the five experimental 

points (five shear rates) well. This enables one to quite 

reliable approximate sy,fc. 

The time evolution of the yield stress for all mixes 

is presented in Figure 3. It can be seen that Cement C1 

exhibits the lowest yield stress values with almost a 

horizontal slope and Cement C4 the largest increase. 

When introducing SP in cements, the picture becomes 

quite different (Figure 3b). Firstly, the zero yield stress 

is observed practically for all mixes, much slower 

growth of sy,fc in the beginning of the process, and 

much longer time necessary to reach the same values 

of the yield stress in comparison with unplasticized 

cements. Cement C1 remains fluid for a long time and 

the growth of the yield stress is much less than for other 

plasticized cements. 

 
4.2 YIELD STRESS DETERMINED BY HYSTERESIS LOOPS 

 
As described in Section 2, the yield stress value is deter- 

minedfromthedownwardbranchofthehysteresisloop 

by extrapolation of the experimental data to zero shear 

rate. The extrapolation procedure is performed by linear 

dependence of the shear stress on shear rate i.e. with 

the Bingham equation. It is worth noting that this tech- 

nique has been used by many researchers to determine 

the yield stress value [25]. Several examples are present- 

ed in Figure 4. The results of measurements for all sam- 

ples under study are presented in Table 2. The following 

should be noted. Firstly, the linear approximation is 

validandestablishes thesy,hl values related to the initial 

state of a sample. Secondly, the yield stress values 

depend on the resting time between upward and down- 

ward branches, though this dependence is not strong 

for the first 5 minutes of rest, and even up to 15 minutes. 

This seems rather controversial when taking the effect 
 

Resting 

time [min.] 

sY,hl [Pa] of cements without SP 

C1 C2 C3 C4 

1 9 20 20 25 

5 9 20 20 25 

10 10 20 23 32 

15 10 27 23 33 

 s [Pa] of cements with SP 
Y,hl 

C1 C2 C3 C4 

1 0 2 0.1 11 

5 0 2 0.1 13 

10 0 3 0.2 13 

15 1 4 0.2 14 

Table 2: The yield stress values found from hysteresis 

loops for all cements with and without SP. 
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Figure 5: Strain sweep for typical cements without SP (a, b) and with 0.3 % of SP (c, d). 

 
of hydration into consideration. After 15 minutes resting 

time, the hydration should have affected the mechani- 

cal properties of the cement paste resulting in reason- 

able growth of the yield stress values. Possibly, the 

effect of shearing during measurements was more pro- 

nounced, breaking continuously the developed struc- 

ture of the cement paste. These results are rather dis- 

appointing and create some doubts as to the physical 

sense and reliability of the results with the application 

of this method. 

 
4.3 YIELD STRESS DETERMINED BY THE AMPLITUDE 

SWEEP 

 
This technique used to estimate rheological parame- 

ters and is supposed to provide relevant information on 

the continuous changes of the cement paste structure 

that occur during hydration [32, 33]. The oscillatory 

shear test is a non-destructive method at low deforma- 

tion amplitudes that begins to destroy the material 

structure while transiting into the non-linear domain 

of rheological behavior where the storage modulus 

does depend on the amplitude. At low shear stress, 

cement particles are very close to each other, making 

cement paste to behave as a solid material [34]. As soon 

as the applied stress reaches a certain value, the parti- 

cles start separating from each other, and the flow is 

initiated. This attained value is referred to as the critical 

stress, corresponding to the yield stress of the material 

sy,osc. The yield stress is calculated from the shear strain 

value where the storage modulus G’ starts deviating 

from the horizontal [5]. Strain sweep examples for 

Cements 1 and 2 with and without superplasticiser illus- 

trating the method of determination of sy,osc are shown 

in Figure 5. Table 3 reports the yield stress values of all 

cements with and without 0.3 % SP. 

Finally, one would notice that the rheological char- 

acterization of these cements as determined by the dif- 

ferentmethods followedthesametrend, althougheach 

 
 

sY,osc [Pa] of cements without SP 

C1 19 

C2 102 

C3 68 

C4 117 

 sY,osc [Pa] of cements with SP 

C1 4 

C2 50 

C3 23 

C4 100 

Table 3: Yield stress values from amplitude 

sweeps for cements with and without SP. 

(a) (b) 

(c) (d) 
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Figure 6: Yield stress comparison for fresh cements without SP. 

Figure 7: Yield stress comparison for fresh cements with 0.3 % 
of SP. 

 

cement exhibited different values of yield stress depen- 

ding on the method used. Subsequently, regardless of 

the characterization method, Cement C4 showed the 

highest values of yield stress followed by Cement C2, C3 

and C1. These differences in rheological behavior were 

attributed to both physical and chemical features of 

each cement as per Table 1 and their impact on the flow 

properties of these cements are briefly explained. 

The rheological characterization of cement paste 

takes into consideration many intrinsic variables of 

cement. According to Vikan et al. [13] cement cannot be 

treated as a univariable material. Also, the compatibility 

of SP with cement paste depends on the hydration of 

some cement compounds such as: C3A, alkali content, 

calcium sulphate as well as the fineness of cement grain 

[1, 35 – 37]. In this research, it was observed that in the 

absence of SP, the fluctuation in yield stress values of 

each cement was affected by the alkali content (Na2O, 

K2O) asexpressedin Na2Oeq (alkaliequivalent). Intheear- 
ly hydration, high alkali content slowed down the yield 

stress development while the evolution of the same rhe- 

ologicalparameterwasfoundtobefastinthecasewhere 

there was less alkali content in a given cement. Similar 

rheological behavior was observed and reported by 

Mohammed et al. and Chandra et al. [26, 35] during their 

investigationontheeffectofalkalicontentonthemicro- 

texture of cement paste. However, Cement C3 was sup- 

posed to have the fastest yield stress development 

because of its low alkali content, but due to the presence 

and high concentration of gypsum which was even 

greater than the C3A content, its hydration took longer 

and resulted therefore in a slow yield stress develop- 

ment. With the addition of SP, the competition between 
SO3 and C3A had a greater effect on the rheological para- 

meters of cement. In fact, SO3 reduces the ability of C3A 

to absorb more SP on cement particles [21] and therefore, 
the balance between these two cement compounds is 
necessary inorder toensureagreatadsorptionof SP [38]. 

In this study it was established that, cement in which 
there was an unbalanced concentration between SO3 

and C3A (Cements C1 and C3) this resulted in low yield 

stress values, whereas cement with moderated or bal- 

ancedconcentrationbetweenthesecementcompounds 
(Cements C2 and C4) resulted in high yield stress values. 

4.4 YIELD STRESS VALUES COMPARISON FOR FRESH 

CEMENT PASTES 

 
Since the yield stress of fresh cement paste depends on 

the kinetics of hydration, it is reasonable to compare 

the different methods by considering the same time of 

hydration at which the value of yield stress was ob- 

tained and determined by each method. For construct- 

ing flow curves and hysteresis loops, the hydration time 

of interest was obtained immediately from Figure 3 and 

Table 2. For amplitude sweep, an integration of ampli- 

tude rate would provide the time of hydration at which 

thecriticalstrainwasreachedandhencetheyieldstress 

value. 

The yield stress values of the fresh cement pastes 

in the presence and absence of SP were determined 

using the three methods and presented in Figures 6 and 

7. When there was no SP in the cement paste, it was 

observed that the yield stress values estimated from 

constructing the flow curves were almost equal to those 

obtained by amplitude sweep whereas those deter- 

mined by hysteresis loops were very small compared to 

those from the two other methods. Each method was 

able to depict the influence of SP in the cement paste 

basedontheyieldstressvaluesdetermined. Infact, each 

method used, indicates the decrease in yield stress val- 

ues for each cement paste in the presence of SP com- 

pared to paste with no SP. However, the values deter- 

mined by hysteresis loops were very small compared to 

those determined by the amplitude sweep and con- 

structing of flow curves. There was very little difference 

between yield stress values obtained from constructing 

the flow curves and those from amplitude sweep. 

 
4.5 THIXOTROPY FIGURE AREAS 

 
The area of a thixotropy graph defines the energy 

required to break the structure formed within the 

cementpaste[6]. Theresultsofexperimentscarriedout 

for all samples under study are presented in Figure 8. 

As could be expected, the area of the thixotropic loops 

increases along with the resting time as a consequence 

of the continuous structure formation. Sample C1 in the 

presence of SP is an exception because there is no evi- 
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Figure 8: Change of thixotropy area over time for cement with and without SP. 

 
dence of the structure formation during this period in 

this cement. This can also be predicted from the rheo- 

logical data because it behaves as a simple Newtonian 

fluid. However, the efficiency of plasticizing is different 

for the four cements. The effect is very strong and evi- 

dent for C2 and C4 whereas for Cement C3 the effect 

remains constant over time. 

Banfill and Saunders [18] attributed the structural 

changes undergone by cement paste during shearing 

mode on two processes such as induced shear and 

hydration. Thelatterisresponsibleforbuild-upofstruc- 

tureandsubsequentlyyieldstressdevelopmentwhere- 

as the former, for structure breakdown. Focusing on 

hydration, one could notice that the rate of rebuilding, 

or change in thixotropy area over time, as in Figure 9a 

concurred with the rate of change in the yield stress as 

per Figure 9b. Therefore, cements forwhich therebuild- 

ing rate was very low, resulted in a low rate of yield 

stress development as for Cements C1 and C3, whereas 

cements with a high rebuilding rate resulted in great 

changes in yield stress rate as for Cements C2 and C4. 

Similarly, theslowchangeinyieldstressovertimecould 

be related to the structural breakdown in such a way 

that one would assume the structural breakdown to be 

more pronounced in cements where the rate of yield 

stress was very slow, as for Cements C3 and C1. In addi- 

tion, the measurement cycle time was short, according 

to Banfill and Saunders [18], the rate of structural break- 

down was greater than the buildup structure, so that 

the structure developed by hydration even after 15 min- 

utes was destroyed sufficiently during the pre-shearing 

process. This is the reason why there was not much dif- 

ference between the initial points of the up curves of 

each sample after different resting times. 

 
 

4  CONCLUSIONS 
 

The three suggested methods to estimate rheological 

parameters for cement paste have been reviewed and 

the results have been compared. These methods are: 

establishing the yield stress from flow curves at differ- 

(a) (b) 

(c) (d) 
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Figure 9: Rate of rebuilding (a) and rate of yield stress changing (b) for all cements without SP. 
 

ent times of hydration, calculating the yield stress from 

the downward part of the hysteresis loop and attribut- 

ing the yield stress to the point of deviation from lin- 

earity in the method of large amplitude oscillating 

strain. 

Experimental data obtained for four CEM I 52.5N 

cements with and without polycarboxylate acid based 

superplasticiser show that the yield stress obtained by 

constructing the flow curve is the only method which 

givesinformationabouttheevolutionoftherheological 

properties, reflecting structure evolution of cements 

pastes. The yield stress values of cement paste as deter- 

mined by amplitude sweep are always higher compared 

to the two other methods due to the fact that during 

experiments the hydration is not disturbed and the 

microstructure is not destroyed. However, the yield 

stress values obtained from the flow curves are close to 

those evaluated by the amplitude sweep method. 

Yield stress values determined by hysteresis loops 

appear to be very low compared to the values obtained 

by the two other techniques. This might be explained 

by the fact that during the experiments, the structure 

of the material is continuously destroyed due to shear- 

ing. The pre-shearing at 50 1/s for less than 15 s is suffi- 

cient to destroy the cement paste structure formed 

even after 15 minutes. The areas of the thixotropy loops 

are proportional to the resting time due to the cement 

pastemicrostructuredevelopment. Thisareaisreduced 

with the addition of superplasticiser, the magnitude 

depending on the interaction of SP and cement under 

investigation. There is a correlation between the rate 

of rebuilding and the rate of yield stress evolution of 

cements, suchaslowrateofstructurerebuildingresult- 

ed in slow yield stress development within the cement 

paste. 
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