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Abstract

Sedimentation and bleeding of cement pastes vgtiosulfonate were studied by visual observation,
HYdroStatic Pressure Test (HYSPT) and Turbiscansomresnents showing two bleeding stages: a fast
initial phase followed by a phase with diminishisgdimentation rate. A turbid bleeding zone

establishes during the fast bleeding phase andoihdayer gradually becomes transparent in the
diminishing phase within minutes or hours dependingadmixture and solid fraction. The bleeding

rates measured visually and by HYSPT in the firdto2rs are higher than the ones calculated by
Kozeny-Carman Equation, whereas turbiscan showsrloates. Both HYSPT and Turbiscan monitor

the particle and fluid fluxes and thus describeetilieg from turbid to clear zone respectively by

observing the density variation of bulk paste @ @hange in optical density of the surface region.
Lignosulfonate reduces bleeding by improving péetidispersion to various degrees depending on
types and dosages.

Key words: cement paste (D), admixture (D), bleeding (A), tdirb

1. Introduction

Instability phenomena of cement paste and conoaer due to density differences between the basic
constituents spanning from water with density 1800 to solids with density 2700-3150 kgim
Generally, bleeding of cementitious materials ie gedimentation consequence of temporarily
suspended particles. In 1939 Powers [1] concludied the major factors controlling bleeding of
cement paste and concrete are the water contertharglrface area of the solids. He also explained
that bleeding occurs in two stages: a period dfdasstant rate followed by one with diminishingera

The bleeding rate during the constant period camdseimed to follow general laws derived from
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Darcy [2] and Poiseuille’s law [3] of capillary fdo[4] in a bed of fines and solid particles, leagio
the Kozeny-Carman (K-C) Equation [5], as shown @ @). There, Q is the bleeding rate (mésis
the paste porosity (#fm®), k. is the Carman constant84.1 according to Powers [5]) is the
viscosity of the fluid phase (R, g is the gravity acceleration (f)/ss is the specific surface of the

particles (fYm?), ps andp; are the densities (kgfnof the solid particles and fluid.

3 —
QZS__(ps P8 1)

1-¢  Kkcpo?

All of Powers research was based on visual observain the movement of the interface between
bleed water and segregated paste or concrete. Howewel research [6, 7] shows that the bleeding
front is not always sharp in modern concrete mokes to slow sedimentation of fine particles and a
preference for higher contents of fine particlesnbmed with use of chemical admixtures such as
superplasticizers (SP) and Viscosity Modifying AtgerDaczko [8] also proposed that a mixture can
be unstable even without clear bleeding. More recesearch [9] on cement pastes with initial solid
volume fractions 0.3~0.5 (corresponding to w/c=0.4} and varying powder content or admixtures
addition show laminated bleeding zones with botbaclbleeding layer and a soft turbid layer
consisting of well dispersed fines. In-situ meamerts of the w/c ratio by pipette [7] demonstrated
substantial variation in the top surface zone. &foge, the traditional term “bleeding” is aboutldse

its meaning for modern cement paste like in Seth@acting Concrete (SCC). This implicates that the
properties of the hardened concrete at the surdacevary considerably from the bulk properties

which may have large influence on both the durghéind the surface quality.

For cement paste with high initial solid fracti@mmple analysis of a single particle sinking in thugd
according to Stokes’ Law [10] is no longer validstead, multi-particle interactions must be taken
into account. The presence of a large number @& fiarticles has four profound effects on the
properties of cement paste. First, the motion sfngle particle will be limited by the surrounding
particles and thus the effective particle settliag decreases. Secondly, an increasing volumeadinac
raises the viscosity and yield stress towards ityfiT hirdly, emergence of yield stress and asgedia

percolated network also decreases the particlengetate. Finally, the sum of inter-particle foscer
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flocculation state influences the sedimentatiorcess [7, 9]. In addition to the effect of soliddtian,

the composition of solid phase and presence of xtdneis will affect the settling. Furthermore, the
reabsorption of bleeding water may also affectigarsedimentation and bleeding rate [10, 11, ?].
[9] it was found that the Richardson-Zaki Equat{®3Z) [13] to some extent is applicable to describe
the sedimentation in cement paste or filler modifieatrix. It describes the empirical relation begwe
Stokes terminal sinking velocity for a single pediand the effect of surrounding particles atteaby
volume fractions ®). As multiple particles sink, various zones fotdynch [15] first described the
movement of particles between different zones hHit6] later included compression of the sediment
cake and suggested a relationship between théngettite |, the flocculation tendency and solid

concentration®. In this research, zone formation in cement palsyesedimentation are defined as

follows: bleeding water collected on the top folewvby a homogeneous concentration zone, a

variable concentrated zone and finally a sedimake @t the bottom, as illustrated in Fig. 1.

NV
bleeding flux 4[61‘ ——|—bleeding zone

<
4 I N
” -2}

settling particle flux U,
a N
4 4

homogeneous zone

- deLP ositing particles * | yariable concentration zone

~-—sediment cake

Fig. 1: Different zones in suspension during seditaigon

Traditional experimental methods to measure blepfif, 18, 19, 20, 21] rely on the measurement of
visual bleeding depth or total bleeding and theeefmannot be used without a clear bleeding front.
Microscopy or spectroscopy may be used to studwdhniation of concentration and the consequent
bleeding, but the upper limit in solids fractionasly around 0.1. Therefore, the development of new
test methods is important to investigate the blegdif cement paste with normal solid fraction. The
applicability and repeatability of HYSPT for freglement paste was explained in [7]. There is a
reasonable correspondence between bleeding ratsurmeda with pipette and calculated from
hydrostatic pressure gradient. In the calculatibthe bleeding rate from dP/dt, the pressure gradie

at a specific depth, bleeding could be assumee t@ &harp front and a homogeneous zone beneath it
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[7]. HYSPT also indicates the paste flocculaticatestwhich relies on that at a given initiJ better
dispersed particles sink slower than flocculatedsomhe bleeding depth was calculated according to
Eq. (2), where P (h,t) is the detected pressuredPie height to paste surface h (m) and tinsg, thg

is the bleeding depth (md), is the initial solid fraction (in homogeneous zahds assumed to be
equal tody), p, andp; are respectively the mass densities of the pardiot fluid (kg/r).

P(h,t) = peghp + [ppPo + ps(1 — @p)] - g+ (h — hy) (2)
Time dependent turbidity measurement on the blgetdiger is the other method employed in this
research to study sedimentation and formation dfiesding layer. A Turbiscanner was used to
measure the turbidity as a function of time forisexhting cement paste. This apparatus has been used
to detect sedimentation of dispersed or flocculgiadicles and the consequent bleeding of emulsions
and suspensions, but rarely applied for cemenep8&&unier [22] first described it as a new concept
to evaluate stability in concentrated colloidalpdissions. Later Meunier et al. [23, 24] and more
recently Lemarchand et al. [25] applied it to amalgtability of emulsions or suspensions. The &ffec
of polycarboxylate (PCE) superplasticizer on sugtmt of suspensions was observed with Turbiscan
in the research by Autier et al. [26], but the ddhactions of the suspensions are much lower than
normal cement paste. Here we for the first timeragtt to use the intensity variation of the trangedit

light to investigate bleeding of cement paste \pithictical w/c between 0.4 and 0.7.

As mentioned, modern cement pastes often have la togtent of fine particles and various
admixtures which reduce the particle sedimentatéda and cause turbid bleeding above the denser
bulk paste. Turbid bleeding is hard to observe raglitional bleeding test methods and often not
addressed in research about bleeding phenomena.sddpe of this work is to investigate the
mechanism of bleeding, the development of a tubbeeding zone and the effect of lignosulfonate
(LS) representing a traditional plasticizer, onstlirocess. For this purpose, sedimentation and
bleeding of neat cement pastes with or without L&envmeasured by observing the variation in
hydrostatic pressure of fresh paste as well asdiical scanning of the turbid bleeding zone by
Turbiscan. Both methods follow the evolution frarash homogeneous suspension to segregated paste
with a combined clear-turbid bleeding zone and @sdesediment cake. In addition, the bleeding rates

4
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measured with the two new methods are compared thiitbe from traditional visual bleeding tests
and the K-C Equation. Hopefully the research on ttivbid bleeding and the application of new

measurement methods can improve the understanflimgrobleeding occurs in modern cement paste.

2. Materials and measurement methods

2.1. Materials

The recipes of the samples for all measurementshanen in Table 1. Four types of LS, described by
a DP-number are applied with main characteristiceve in Table 2, where Mn is the number average
molecular weight, Mw is the average molecular weigli the LS dosages are solid dosage by cement
weight (% sbwc).The cement used in this researtloisvegian standard Portland cement STD-CEM

I with main chemical and physical characteristibeven in Table 3Paste samples for Turbiscan

experiments were prepared by weighing cement, vaaterLS into a beaker. The paste was stirred by
an overhead mixer with a U-shaped impellor for ¢hrein at 200 rpm, kept at rest for five min
followed by mixing at 200 rpm for two more min. Aned 20 ml paste was filled into the Turbiscan
vial with 2.5 cm diameter (filling height: 4.5~5 grand placed into the instrument. The Turbiscan
measurements normally commenced around 15 min fifs¢ércontact between cement and water.
Around 3 liters of cement paste was mixed separateh 5 liter Hobart mixer for HYSPT and visual
bleeding tests with the following mixing proceduttee dry cement was mixed at low speed for 1 min;
water and SP was added simultaneously and mixe2l fiin at lower speed 136 rpm; then changed to
middle speed 281 rpm, continued mixing for 1 miajted for 5 min while using spatula and hand to
check for agglomerates; at last mixed the pasteiddle speed for 1 min. After mixing, the samples
were filled to the required heights in two cylinsléor both tests. The top of the cylinders was oede
and both tests started around 10 min after watditiad. The duration of all experiments, HYSPT,
visual bleeding and Turbiscan were 4 h.

Table 1: The recipes of all the samples



No. Sample code w/c frasc;?ilcl)c:w @ lign. type ?;;\;3)9
1 wc0.4 0.4 0.442
2 wc0.5 0.5 0.388 / /
3 wc0.6 0.6 0.346
4 wc0.7 0.7 0.312
5 23-wc0.4p0.3 0.4 0.442
6 23-wc0.5p0.3 0.5 0.388 DP1523 0.3
7 23-wc0.6p0.3 0.6 0.346
8 23-wc0.5p0.2 0.2
0.5 0.388 DP1523
9 23-wc0.5p0.5 0.5
10 | 24-wc0.4p0.3 04 0.442
11 | 24-wc0.5p0.3 0.5 0.388 | DP1524 0.3
12 24-wc0.6p0.3 0.6 0.346
13 | 24-wc0.4p0.5 0.4 0.442
DP1524 0.5
14 | 24-wc0.5p0.5 0.5 0.388
15 24-wc0.4p0.8 0.4 0.442
16 24-wc0.5p0.8 0.5 0.388 DP1524 0.8
17 | 24-wc0.6p0.8 0.6 0.346
18 | 25-wc0.4p0.3 0.4 0.442
19 | 25-wc0.5p0.3 0.5 0.388 DP1525 0.3
20 | 25-wc0.6p0.3 0.6 0.346
21 [ESMCOSp0s 05 0388 | DP1525 02
22 | 25-wc0.5p0.5 0.5
23 26-wc0.4p0.3 0.4 0.442
24 26-wc0.5p0.3 0.5 0.388 DP1526 0.3
25 26-wc0.6p0.3 0.6 0.346
26 | 26wc0.5p0.2 05 0388 | DP1526 02
27 26-wc0.5p0.5 0.5
28 23-wc0.7p0.3 0.7 0.312 DP1523
29 | 24-wc0.7p0.3 0.7 0.312 DP1524
30 | 25-wc0.7p0.3 0.7 0.312 DP1525 03
31 26-wc0.7p0.3 0.7 0.312 DP1524

Table 2: The characteristics of four types of ligulfonate (LS)

Characteristi DP152: | DP152: | DP152 | DP 152¢
DM, % 49 44 40 4p
Mw 45700 35000 871Q0 60p0
Mn 2650 2650 5100 12%0
pH, 10% solution 7.8 414 82 §.8
Insoluble, w/iw % 0.0B 0.7 0.1 0.5
Reducing sugars, % 0.8 1.3 <p.5 4.1
Calcium, % 0.4 4.6 0.43 g6
Sodium, % 8.8 04 6[1 g2
Chloride, % <0.0p <0.05 <0.05 0.2
Sulphate, % 15 0|4 a5 3.2

Table 3: The characteristics of Portland cement

Composition| Si@ |Al20z|Fe03| CaO MgO| ROs [ K20 | N2O | SQ& |Blaine [mZ/kg] Dso [um] |Specific weight [g/cr?j

STD-CEM || 20.98% 5.13% 5.13% 60.61% 2.31)% 0.14% 0.§6% O0.43%% 382 13.3 3.15
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2.2.Measurement methods

The HYSPT setup is shown in Fig. 2 and also desdrédsewhere [7, 9]. The pressure sensors can be
mounted at different depths, in this work the puesssariation was recorded at 1, 2, 4, 6, 11 and 20
cm depths by filling fresh cement paste to a praeght above the sensors. HYSPT is a gravimetric
method that applies sensitive pressure sensorstéztdow pressure changes mainly induced by the
movement of particles and fluid [6, 7, 9]. The dndabp in hydrostatic pressure during the firstgleu

of hours of fresh cement paste before set is dafferent nature than the formwork pressure reductio
that normally is monitored over longer time. Usagiodel proposed by Ovarlez and Roussel [27] the
formwork pressure at 10 cm height (approximatelgdie of the cylinder) at a filling rate of 0.1 m/s
and a thixotropic structuration rate of 0.1 m/esimated to be around 100 Pa assuming the cement
paste density to be 2000 kginit is emphasized that much of the variation i sedimentation rate
takes places at heights above 10 cm where theilwatndn from formwork pressure will be smaller.
As will be shown below, this is substantially I¢isan the measured change in hydrostatic pressere du

to sedimentation.

To the best of our knowledge, use of a change irdsfatic pressure to detect cement particle
movement was first published in 1976 [28, 29]. Es@mated counter-flow due to chemical shrinkage
at the setting point (around 3% degree of hydrd3®}) leads to less than 10% of the pure hydrastat
pressure drop according to our estimates basedanoyxnd using realistic permeability values for
fresh paste [31, 32]. The left plot in Fig. 3, takbom Radocea [33] illustrates the pressure
mechanisms in the different phases during setthng setting of fresh cement paste. HYSPT
measurements were found to match this illustrdiddih, as shown in the right plot of Fig. 3. Notath
the Endress & Hauser Cerabar S PMC71 pressure rsesed in HYSPT self-compensates the
atmospheric pressure variations and thus recondshyarostatic pressure change with an accuracy of
0.75 Pa. The sedimentation rate expressed as fudrutHYSPT takes into account the solid fraction
variations in all zones above the detection lewddile the much larger formwork pressure includes
water suction by the water-air menisci formatiobnmsen particles at the surface, thixotropic strradtu

buildup and the more powerful suction due to chaimstirinkage after paste set. It should be noted

7



that the right plot in Fig. 3 does not include gree variation due to evaporation since it is akvay
avoided in HYSPT. The hydration for all conditidmas been determined with isothermal calorimetry
[34] to make certain that all samples are in thduation period [35] during sedimentation
measurements. Earlier research on static yieldsstvaildup of such pastes [34] by plate test [28] h
validated that the pressure induced by thixotropy weld stress buildup in the early age (4 h is th
case) is limited to less than about 10% of thequmesdrop due to particle movement. Based on above
discussion and Fig. 3, it can be inferred that sures drop followed by a plateau pressure equal to
water pressure at that level is presumably dueattgle movement. This is further studied here by
progressively moving the detection level closer tte liquid surface and using Turbiscan

measurements.

top covered during test temperature
sensor

surface of the paste

PC for data recording
and analysis

glass siphon filled
with air-free water,

11em ——

hydrostatic
pressure sensor A

Scm

five holes on both|sides, seal the
holes without sengor connected

hydrostatic
pressure sensor B

rigid polyoxymethylene
(POM) plastic cylinder

2cm |

controller for status control
and data collection

Fig. 2: hydrostatic pressure test pressure detesiistem (sensors at 11 and 20 cm depth)

13
14

15

Pressure 5
=S The force acting on the structure 4500
N 1 gravitation capillary force 4000 €0 5-PCEQ:3-B
__3500
53000
%2500
2
P, 5
£2000
£1500
Atmospheric| Time
pressure t, 1000
legend: )
P, -initial pore/hy drostatic pxe::me 500
P,-hydrostatic pressure
t)- total time of bleeding 0
- ti v afaeion ettt 0 7200 14400 21600 28800 36000
t>- time when water menisci develop ~500
at the top surface time [s]

Fig. 3: Left — the pressure acting on paste stracillustrated by Radocea [19]; right — the pressur

measured by HYSPT at the bottom level of the pagtew/c=0.5 and 0.3% PCE [34]
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The visual bleeding test comprises a glass cylimdd#r 65 mm diameter filled to the same height of
paste sample as the HYSPT column (22 cm). The dgtinvas always covered with plastic foil to
avoid evaporation. In Fig. 4 a typical result witte effect of LS is shown. It can be seen that the
visual bleeding of paste with 0.3% LS is largemtlilaat of paste with 0.5% LS. However, the paste
with the high amount of LS has a deep soft turijeet. This soft turbid layer is not detected byen

visual observation.

oy

B
ha——

Fig. 4: Visual bleeding measurements for pastdstafright picture for reference to dimension)

The turbidity measurements were performed by uamgptical Turbiscan analyzer [37]. It can record
destabilization of concentrated dispersions witlidseolume fraction up to 60% and mean particle
sizes between 0.05 andufn. The apparatus is programmed to scan along tighthef the cement
paste every minute for the first hour and evergdthiinute for the other three hours, and acquiots b
the transmitted light (at 180° to incident light)dabackscattered light (at 45° to the incidenttligh
The stability of the paste can be evaluated byyaira the variation in transmitted or backscattered
intensity at different times. The paste is stabthe scans at different times overlap. It is asstitnat

a change in the transmission val\ie corresponds to a change in the particle voluraetifsn due to
particle migration or flocculation. An increase iransmission at a specific height is assumed to
correspond to the incipient stages of bleedingrl&y@nation. The evolution of the bleeding processs
described by the increase in both height and tamesigy as a function of time with the software
Turbisoft LabExpert V.1.13. An example of measurasmission as a function of height and time in

the first 2 h for two pastes with different LS igepented in Fig. 5.
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Fig. 5: A 3D illustration of bleeding formation lekon the variation of transmission as a functibn o
height and time

The pastes are completely turbid and no light patext at the onset of the experiments, characterize
by zero transmission. For the right plot, afterusn@ 10 min a small shoulder appears near the top of
the paste which widens to span the entire heigthefbleeding layer after around 20 min. As time
goes, the transparency of the bleeding layer isee@&orresponding to a gradual clarification. This
variation provides an independent description efg¢adimentation process since the transmitted light
is inversely proportional to the volume fractionpatrticles. The results shown in Fig. 5 indicatat th
the formation of a bleeding layer is different letpresence of the two LS. For the paste containing
0.3% DP-1523 LS (left in Fig. 5), the transmittéght increases centered along a narrow band of
heights; in contrast, sedimentation in the pastaaining 0.3% DP-1526 (right in Fig. 5) takes place
in a wider band of sample heights. With additiorDéf-1523, the bleeding layer remains aslamm
narrow band for 4 h. In contrast, the bleeding lagfepaste containing DP-1526 rapidly expands to
around 3 mm. The transmitted light intensity grdlyusmcreases up to 80% in 2 h after which the
intensity gradually increases in the last 2 h efgdor both pastes. The gradual transmission asere
signifies the emergence of a bleeding layer. THevsoe facilitates calculation of the band width
where sedimentation takes place. The lower pattiefband corresponds to the non-transparent part
of the paste and the upper part equals to the curdh the paste. The formation of a soft turbid
bleeding zone can be due to the presence of piastidFig. 5 illustrates the effects of different
plasticizers on this process, while currently thason for such effects cannot be explained. More

details about Fig. 5 will be discussed in the sectibout Turbiscan results.
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The data shown in Fig. 5 are used to calculateblkeding height as a function of time. To get the
bleeding height from the transmission light change it is important to define a proper threshold of
AT that can be looked on as the bleeding layer.vAtlansparency threshold of 0.3% was selected to
capture the different sedimentation processes dbus pastes. Selection of a higher transparency
threshold value does not change the appearandeeafadlculated bleeding height. It does shift the
onset of bleeding to longer times and lowers tleedihg height. 0.3% transparency threshold does not
correspond to completely transparent water bueceflthat the solid fraction at a given heighbisdr

than the initial one. It means that the transparecitange captures the bleeding formation. The
bleeding heights as a function of time observeBig 5 with such threshold definition are presented

in Fig. 6. All bleeding results in the following&®ns are presented in the same way.

5.0

4.5
4.0 —6—26-wc0:7p0:3
35

23-we0:7p0:3

3.0

bleeding height [mm]

= = b
© wn O wn

o
w

o
=]

0 900 1800 2700 3600 4500 5400 6300 7200
time [s]

Fig. 6: The bleeding height measured Turbiscamgtrassion light) for two pastes with different LS
Turbiscan monitors the bleeding process precisglydétecting the change in transmitted light.
However, the vials used in Turbiscan measuremesie smaller diameter than those for the other
methods. Compared with the bigger containers in PIlV@&nd visual bleeding tests, the size of the
Turbiscan vial may induce wall effects as the swgf@olume ratio is higher than the other cylinders
[34]. Green and Boger [38] found that a smallertamer diameter restricts particle migration. A¢ th
beginning of Turbiscan experiment, a horizontaldeorforms at the top of sample. However, the
bleeding water gradually wets the vial wall anchiera curved meniscus. As the meniscus represents
an interface between the sample and the top pties@strument records the meniscus with different
transmission than the sample or bleeding water.mdémiscus curvature is determined by the air-water
interfacial tension (which will be further increasdue to the presence of ions released from the

cement) and the wetting- or contact angle of tlesgl The water below the meniscus is detected as

11
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bleeding zone. If the meniscus curvature is high, lileeding zone detection will be delayed until a
“transparent” layer forms below the meniscus. Idithon, the water captured in the meniscus cannot
be detected. In order to lower the interfacial iem$etween bleeding water and the top phasena thi
layer of silicone oil containing a small amountsoiffactant (water-soluble linear alcohol) was added
on the top of the paste prior to Turbiscan measendsn The difference in meniscus curvature with

air, only silicone oil or oil with surfactant iduktrated in Fig. 7.

*note: blue line - top of sediment cake; black line - top of bleeding; red line - top of oil

Fig. 7: The menisci of normal paste (w/c=0.6) withoil top (left), with only oil top (middle) and
with oil combined surfactant on top (right)

The repeatability of Turbiscan was investigate@, Bigy. 8 for the pastes with w/c=0.6, wc0.6 for the
cases without oil top and wc0.6-ot for that withanid surfactant. Turbiscan measurements withdut oi
top show good repeatability with lower than 1% &toin of total bleeding in 4 h. In the case with oi
top, the bleeding was observed around 20 min edHan the case without oil top. We assume this
corresponds to the time required for the menisoymss the detector. Finally the bleeding heigirhfr
the oil top measurement is much higher. As disaissgove, using oil with surfactant on top
facilitates an earlier bleeding detection becahsemeniscus towards the oil has a lower curvature,
which also results in a higher bleeding height. deevr, the features of the curves in Fig. 8, which
present the bleeding rate, are similar which ingigdhat the measurements with or without oil top
both show the bleeding layer buildup. More restdtsthe measurements with or without oil top will

be presented in the following section.
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Fig. 8: bleeding heights of pastes with w/c=0.6 saead by Turbiscan with or without oil top in 4 h

3. Resultsand discussion

3.1.Clear bleeding measured by visual bleeding test

The total visual bleedings of all cement pasted im are shown in Fig. 9. The legend from top to
bottom corresponds to the paste codes with theiedihg heights shown from left to right. It is
reasonable that the bleeding height increases Iyotéth increased w/c ratio. However, from the
results of the paste groups with w/c=0.5, it i®iasting that bleeding heights do not change with
increasing LS dosage. The effects of different bXkear bleeding depth vary with the w/c ratio and
the dosage. Fig. 9 also shows that for group wlc5s the paste with 0.3% DP1523 presents slightly
higher bleeding than those with 0.2% or 0.5% dosaf#1524 induces lower bleeding as dosage
increases from 0.2% to 0.5%, whereas DP1525 an&28do not present any clear tendency. This
means that different types and amounts of LS maygé the flocculation state of the paste which is
observed as changes in the bleeding height. Thelviabservation of bleeding neglects the possible
turbid bleeding layer, which is a weakness. It reaplain why these results are not in line with the

sedimentation process shown in Fig. 10 to 12 furbinebelow.
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Fig. 9: the visual bleeding heights of cement aafter 4 h sedimentation

3.2. Sedimentation process measured by HY SPT

The changes in hydrostatic pressure as a functiaime for cement pastes with different LSs are
shown in Fig. 10 to 12. The left parts of all figarshow the bottom pressure at 20 cm below the past
surface and the right for the middle pressure atribelow the surface. A plateau pressure is rehche
in 4 h for some measurements. This constant press@imilar to the water pressure above the sensor
which again validates the previous inference almarticle movement. Attainment of theoretical
hydrostatic pressure of water signifies that theiglas above the sensor are part of a percolated
network supported by the bottom of the containercdntrast, a decaying hydrostatic pressure, larger
than that of water, signifies that particles ailt stispended and sinking above the pressure sensor
Earlier in [7] it was assumed that the paste ctosthe pressure sensor at the middle level beltmgs
the homogeneous zone (Fig. 1). The pressure sah#ug bottom was assumed to record the pressure
variation in the sediment cake. Using these assompand Eq. (2) allow calculation of the bleeding
height as a function of time. Fig. 10 shows thespuee variations for cement pastes with w/c=0.5 and
0.3% of different LS, and Fig. 11 corresponds ® diffects of 0.5% LS. Generally the sedimentation
process at the measurement point ends when treaplaf water pressure is reached. The presence of
LS influences this process in two ways: firstly thlateau establishes with a less clear nick point,

secondly the time to reach the equilibrium pressamd the whole sedimentation period can be
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prolonged. Possible causes are general disper§ithe @ement particles and modulated interparticle
forces which may facilitate higher packing densitie the variable concentration zone and sediment
cake. However, the influences vary with the typd dasage of LS. The different LSs dosed at 0.3%
lead to rather similar pressure reductions withetiffig. 11 shows a slower decay of pressure in the
presence of DP-1525 than the other LSs. This metpipeto the higher molecular weight of DP-1525
which stabilizes the paste better than the othear E&rlier research by Wallevik [39] also showedt th
high molecular weight LS at higher dosage, 0.6%iscase, induces higher plastic viscosity of the
fluid phase of paste or mortar phase which redtlvegarticle sinking velocity according to Stokes
Law [10]. However, at lower dosage such as 0.3%édffiect is not obvious. Possibly there is a a@itic
dosage of LS for cement paste depending on the Baltion (or w/c ratio) where all the particlas a
dispersed well but without more LS left in the duin addition, the previous research with HYSPT
[7] showed the pastes without plasticizer (sampk) presented a relative higher pressure drop
gradients and sedimentation rate compared withptstes with the same w/c ratio and SP. The

dispersing effect of SP and thus less flocculati@inly contributes to this effect according to &k

Law [10].
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Fig. 10: The pressure results of cement pastesOag of different LS
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Fig. 11: The pressure results of cement pastesOns¥b of different types of LS
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The sedimentation processes for cement pastedivdtiame LS and various w/c ratios are shown in
Fig. 12. The variations in initial pressure are mhathe consequence of different initial densites a
small variation in filling height of the sampleshd pressure drop with time for w/c=0.4 is more dapi
than for w/c 0.5 and 0.6. It may happen for thre@sons. First, more extensive flocculation happens
due to the shorter inter-particle distance ancetifeanced attractive forces between particles. $&con
the sediment cake and variable concentration zooaspy larger fractions of the paste with lower w/c
ratio which may change the hydrodynamics of thénsedtation process. Finally the lower w/c ratio
also causes more autogeneous shrinkage and hagleeofrchemical shrinkage [40, 41] as a result of

the earlier reactions between cement and watechabad to the volume reduction.

Fig. 10 to 12 illustrate that the pressure charagele divided into two phases: an initial fast poes
drop period followed by a plateau period with dimsiting rate. It matches the two bleeding phases
presented in the introduction. The period befoeehéng the plateau can be defined as the bleeding
period. Radocea [33] claimed that after this perimhisci form at the surface causing suction where
evaporation took place. He called this the settihgement paste, see also Fig. 3. In this resehech
surfaces of all pastes are wet without menisci éatrhetween particles. Evaporation is eliminated by
the foil on the cylinder top but the re-suctiondhemical shrinkage persists. Two additional finding
can be pointed out. First, the pressure does rovedse at a constant rate for some pastes witlt LS.
reflects various bleeding rates with time. Seconitilg pressure curves at bottom and middle lewels f

a specific paste do not always show the same shapause they might be within different

sedimentation zones (see Fig. 1 and 2).

4500

&
8

24-WC0.4P0.3-B
24-WCO0.5P0.3-B
3500 24-WCO0:6P03-B

4000

24-WCO0.4P0.3-M
24-WCO0.5P0.3-M
= 24-WC0.6P0.3-M

R—

0 3600 7200 10800 14400 0 3600 7200 10800 14400
time [s] time [s]

8
8

g

S
8

<3

8

bottom pressure [Pa]
middle pressure [Pa]

[T S R
3
8

(=]
g
g

g
5 8
8 8

Fig. 12: The pressure results of cement pastesuaiiled w/c ratios
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3.3.Bleeding by near-surface pressure measurementswith HY SPT

According to Eqg. (2), bleeding can be properly gldted if the variation in solid fractions durirfget
course of the sedimentation process above theyseeggtection level is known. It was found in [9]
that the homogeneous zone below the turbid bleedimg has a solid volume fraction close to the
initial solid fraction of the paste. When just meassg the pressure below the surface, potentiaily o
the bleeding and homogeneous zones are involvedeirpressure changes. Therefore the bleeding
rates as a function of time can be investigate¥$PT with the pressure transducers installed close
below the bleeding front applying Eq. (2). Fig. f®ows the top pressure changes at 2 cm below the
top surface for the pastes with w/c = 0.7 and diffie LSs at 0.3% dosage. It can be seen that LS
addition at this dosage influence on the partieldirmentation process by prolonged time to reach the
plateau and plateau pressure closer to that of pater (pgh=1000 kgm®-9.81 kgm-s? 0.02
m~200 Pa). In addition, it is important to note thifferent natures of the plateaus at the middle or
bottom level where the particles above the sensos@pported by the bottom of the container through
a continuous percolated network (Fig. 10, 11 ang a42d at the top level where all particles have

passed the sensor (Fig. 13).

500

- = = wc0.7
400 —_— -3-\\'C0.7p0.3
=+ 24-wc0.7p0.3
= 25-wc0.7p0.3
— = 26-wc0.7p0.3

W
[=3
o

pressure [Pa]

0 1800 3600 5400 7200
time [s]

Fig. 13: Pressure measured at 2 cm below the padtce for pastes with different LSs

Fig. 14 presents the calculated bleeding heightaaredage bleeding rates in each 10 min for theZirs

h as a function of time based on Fig. 13 and Epfdi2the pastes with w/c=0.7. The bleeding rate at
zero time cannot be calculated based on the equatid thus was not included in the bleeding rate
curves (same for all other plots of bleeding rat€®nerally the bleeding rates vary betweenl®.%

and 7.610° m/s in the first hour which are higher but in #ame order of magnitude as determined

from visual bleeding measurements (20 to 2.910% m/s). K-C Eq. (Eq. (1)) gives a bleeding rate
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of 2.210% m/s, hence close to those from visual bleedingsteBhe similarity between visual
bleeding and the estimate from the K-C equatiomasonable since neither take the soft turbid layer
into account. In contrast, HYSPT predicts largezeling rate when using Eq. (2) because the soft
turbid layer has a lower density than the pastevibél. After around 1.5 h, all the bleeding curves
reach a plateau corresponding to the start ofébersl bleeding period with diminishing rate. Fif. 1
shows the bleeding heights and rates of pastewaitlous w/c ratios. The pastes with w/c=0.5 and 0.6
show similar bleeding inflection points and rates imuch lower than that with w/c=0.7, which is in
line with visual bleeding tests. In addition, arestlinteresting phenomenon observed by HYSPT is:
the peaks of bleeding rates for all pastes occuinglithe first half hour, which matches with the

observation by Turbiscan and will be explainedrlate
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Fig. 14: Bleeding heights and bleeding rates catedl from HYSPT at 2 cm below surfaces for pastes

with w/c = 0.7
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Fig. 15: Bleeding heights and bleeding rates fatgmwith various w/c ratio

When the bleeding front is below the tip of thegsige sensor, the pressure reaches a plateau and

bleeding cannot be observed as change in hydrost@ssure. Therefore, the pressure sensor needs to

be set close below the final bleeding front to obséhe whole bleeding process. Fig. 16 shows the
bleeding heights and rates calculated from thespresvariation at 2, 4 or 6 cm below the surfades o
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the pastes with w/c=0.7 and 0.3% LSs. The bleedat®s from the pressure variation at 4 and 6 cm
are similar at 8.0° m/s while the rate at 2 cm is higher at@® m/s. Only the bleeding curve at 2
cm reaches a plateau indicating that the bleediogt fpasses and finally forms at a lower height.
Generally the bleeding rate seems fairly constaming the first hour which is in line with classic

bleeding theory [1].
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Fig. 16: Bleeding heights calculated from HYSPHi#ferent levels (left-2 h, right-1 h with trendég)

3.4.Clear and turbid bleeding measured by Turbiscan

3.4.1. Evolution from turbid to transpar ent bleeding observed by Turbiscan

Turbiscan was applied to observe the bleeding edorentation development first without adding oll
layer on the top of the samples. The evolutionleéting is shown in Fig. 17 for pastes with w/c.Z 0
and 0.3% LSs. The right plot shows the change efame bleeding rate calculated in steps of 10 min
for the first 2 h from the left Turbiscan resusom the start, zero bleeding height indicates tinat
paste is turbid and no light can travel through.diferent times depending on the type of LS, a
bleeding layer starts to form with two processeg fast initial followed by a slower. Both ratesywa
with the type of LS. After around 1 h, the bleedimgight attains a steady lower value. The final
bleeding layers also have different heights aftér @mpared to after 1 h. The bleeding rates from
Turbiscan measurements shown in Fig. 17 seem |tvegr those from HYSPT possibly due to the
size effects mentioned in Section 2.2. The pastgsvarious LS show different maximum bleeding
rates which occur at the same time. A common featfithe bleeding rates is a quick acceleratiam to

peak bleeding rate from an apparent zero rateterdda somewhat slower decay towards zero again.
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Fig. 17: Calculated evolution of bleeding heighd déaeeding rate for pastes with various LS

Going back to Fig. 5, one may discern that theiahithin bleeding layer maintains high light
transmission during the whole experiment. Duringlyeasedimentation the bleeding gradually
increases to a maximum depth and then remainsasurefterwards until the experiments ends. Fig. 5
indicates that the height of bleeding layer is l@&hed within the first 20 min and becomes more
transparent over the course of several hours. Itpshie fast bleeding process corresponds to thte fa
sedimentation of the top particles and the forrma@bturbid bleeding layer at a relative constatér
When the bulk of particles have passed througtbleding front, it corresponds to a lower bleeding
rate and a gradual clarification of the bleedingetaseen as an increase in the transmission, geé Fi
after around 1 h. The Turbiscan observations itditat the formation of the bleeding zone in Rig.
can be described as the following two stage prodéisst a short-term hindered sedimentation of
particles and fluid flowing upwards to form the mableeding layer, then follows a long-term
supernatant clarification and sediment compresdibe. latter is characterized by high and increasing
degree of particle percolation that transfers l&adh the solids to the bottom of the container by

direct contact, hence reducing hydrostatic pressuveater pressure.

3.4.2. Materials effect on bleeding by Turbiscan with oil top setup

Fig. 18 shows bleeding of plain pastes with variss ratios observed by Turbiscan with oil top. It
can be seen that the time to establish the bleddijmg increases with the initial solid fractiontbke
paste. It is interesting that the bleeding heigititiues to increase during the whole measurement
period for the pastes with w/c=0.6 and 0.7, whilddcreases for pastes with w/c =0.4 and 0.5 after

around 1 h. Probably the bleeding height decredsedo the stronger chemical shrinkage and water
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re-suction for pastes with lower w/c ratio. Furthere it seems that LS has two effects on bleeding:
first the water re-suction is relieved due to thtardation of cement hydration by LS; secondly the
onset of bleeding is delayed, as also shown inFgo 21. This is because LS disperses cement and

these better dispersed particles sink more sloedgyihg clarification.
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Fig. 18: Bleeding heights and rates for pastel different w/c ratios

The effect of different LS on bleeding is compaiedrig. 19. The onset of bleeding layer follows the
order DP1526<DP1523<DP1524 while the height offthal bleeding height presents the opposite
order. As explained in [9], the plasticizer may noye dispersion of the cement particles and modify
compression of the sediment cake, both modifyimgstiability of the cement paste. More effective LS
affect both the onset of bleeding and bleeding htelyy reducing the particle settling rate and
increasing the distance between particles, thusngake paste more stable. However, the paste with
lower bleeding height observed by Turbiscan (Fi@). dresents higher sedimentation rate shown in
HYSPT (Fig. 10). This may reflect different measuneat principles: the gravimetric HYSPT takes
sedimentation of all particles above the detectawgl into account, while the transmission light of

Turbiscan only detects movement in the very theeding layer at the top.
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Fig. 19: Bleeding height and rate by Turbiscan meaments for pastes with w/c=0.5 and different LS
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Fig. 20: Bleeding height and rate by Turbiscan messents for pastes with w/c=0.6 and different LS
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Fig. 21: Bleeding heights and rates by Turbiscaasueements for pastes with w/c=0.5 and different
LS at the dosage of 0.5%

Fig. 20 shows the effect of DP1523 and DP1526 ghéri w/c ratio. Comparing with Fig. 19, it is
clear that LS acts as a better stabilizer agaiestding for pastes with lower w/c. On the otherdhan
Fig. 21 shows the dosage effect of different LSBIB23 or DP1526). Comparing Fig. 19 and Fig. 21,
it seems that at w/c=0.5, higher dosage of LS dethg onset of bleeding and reduces the total
bleeding. The paste with DP1526 presents a higleeidimg height after 2 h than that with DP1523,
possibly resulting from the higher molecular weigift DP1523 and a better stabilizing effect.

However, this effect is less clear for the past Wwigher w/c ratio such as 0.6, as shown in Fg. 2

3.5.Comparing bleeding rates by Turbiscan, visual bleeding, HY SPT and K-C Equation

The time that separates the two stages of the iblggntocess (1 initial fast and 2 diminishing) are
assumed to be the inflection points on the curndsig. 18-21. HYSPT results in Fig. 10-12 and Fig.
14-15 also show nick points but they cannot repriette start of diminishing bleeding period because
the detected pressure may involve the fractionahgh of not only the bleeding but also all zones

above the detecting level.
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Table 4: all calculated bleeding in fast bleedirggiqgd and the first 2 h with parallel measurement

results and K-C Eq.

;Zi;?;?:(ﬁ;g‘ fast initial Test method 2: Turbiscan Test method 3: HYSPT calculated
cement paste : ble§ding frer th'dt = fnver'age'dhj"dt average | average szl
e average 'bleedmg period 1 fast' initial in d}smlsh{ng dvdtin | dh/dtin by K-C Eq.
ratein2h | definedby jperiod1(<  |period 2 (nick Notes ; : Notes (Eq. 1)
Turbiscan fnick point) _[to 2 h) L] e
[mvs] [m/s] [m/s] [m/s] [m/s] [m/s]
we0.7 1.9+ 10° 0.5 2.0 10° 3.0° 107 calculate | 7-9°10° [ 2.3-10°
23-wc0.7p0.3 2.6° 10° 0.5 6.4+ 107 1.8 107 from 7.8:10° | 1.4-10° |calculate
24-wc0.7p0.3 2.6 10° 0.5 1.3-10° 1.8+ 107 Turbiscan | 8.1:10% | 2.9-10° |fromtop| 4.8-10°
25-wc0.7p0.3 3.3-10° 0.5 2.2-10° 1.5-107 | withoutoil [ 6.9-10° | 2.5-10° | pressure
26-wc0.7p0.3 2.5 10° 0.5 22°10° 1.5 107 top setup | 6.9-10% | 2.9-10°¢
we0.4 0.5 4.5-107 1.6° 10° 1.4-10°
wc0.5 4.5 10° 1.0 6.8 107 1.1- 107 9.0:10° | 54-10° 2000
wc0.6 / 1.0 9.3: 107 7.0 10% 2.9°10°
we0.7 1.9+ 10° 0.5 4.8+ 10° 3.6 107 3.8:10°
24-wc0.4p0.3 1.4-10° 1.0 9.5 107 7.0° 107 4.8:10° | 2.9-10° 1.4+10°
24-wc0.4p0.5 / 3.5:10° /
wc0.5 4.5-10° 1.0 6.8 107 1.1-107 9.0°10° [ 5.4-10° 2.1-10°
23-wc0.5p0.3 25 10° 10 6.1 107 82 10° | calevlate a5 732 10° | calculate| 2.10 10°
24-wc0.5p0.3 43-10° 1.0 48 107 93 10° Tuf‘;;:an 8.0:10°[ 3.9-10° | from | 2.1-10°
25-wc0.5p0.3 5.6 10° / with oil top 6.4°10° | 2.7-10° | middle | 2.1-10°
26-wc0.5p0.3 5.8 10° 1.0 8.0 107 1.4 107 setup 53:10°| 3.2-10° |pressure| 21-10°
23-wc0.5p0.5 4.8 10° 0.5 0.0° 10”7 2.1- 107 7.1-107 | 4.0° 107 2.1-10°
24-wc0.5p0.5 1.1- 107 / 1.0 10° 2.1+ 10°
25-wc0.5p0.5 7.2° 10° / 2.2+ 10° 2.1-10°
26-wc0.5p0.5 1.1+ 107 1.0 7.3 10% 5.9-10% 9.0°107 [ 3.3-107 2.1-10°
23-wc0.6p0.3 1.0 7SS0 9.3-10° 2.9 10°
24-wc0.6p0.3 1.3-10° / / 6.0° 10° 2.9°10°
26-wc0.6p0.3 / 1.0 6.4 107 1.2+107 2.9 10°¢

Table 4 shows the average bleeding rates in bahdiad diminishing periods observed by three
parallel methods and theoretical bleeding ratesafbpastes. The average bleeding rate in the fast
initial phase (left) and diminishing phase (rigidj) cement pastes with w/c=0.5 based on Table 4 is
also presented in Fig. 22 for more intuitive congxar between different suspensions. The results in
Table 4 show that most bleeding rates from Turlisadéth oil top, HYSPT and visual bleeding
measurements are of the same magnitude for thenitisi bleeding phase but vary more for the
diminishing period. The Turbiscan bleeding rates @viously smaller than those of calculated rates
based on HYSPT results and Eq. (2), probably dutheéomuch smaller volume of samples and
different measurement principles as discussedeeath addition, Eqg. (2) might be too simplified
when the middle pressure is applied to calculagedihg rate because the solid volume fraction
between bleeding front and the middle pressurectietelevel varies too much. The top pressure
measured by HYSPT close below the bleeding froeimsebetter suited for evaluating bleeding rate.
Though the average value could be close to expataheesults, the theoretically constant bleeding
rates calculated by the K-C Equation obviously cameflect the time-dependent bleeding rates which
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are highly affected by sedimentation, compresdionculation and particle dispersing phenomena etc.
Similarly, bleeding rates from visual bleeding $esthich only take clear bleeding into accountyonl
give average values similar to the K-C Eq.. Theiaidleeding in a shorter period is hard to observe
precisely, especially during the diminishing periwith very slow increase of bleeding height for

pastes with normal w/c ratios of approximately 0.5.

1.0E-05 1.0E-05
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25-wc0.5p
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Fig. 22: Average bleeding rates in fast initial ph@eft) and diminishing phase (right)

In Fig. 22, the bleeding rates in the fast inifi@riod demonstrate how LS affect formation of the
bleeding zone and lowers particle settling ratee @kierage bleeding rate in the diminishing period
may reveal if LS affects compression of the sedinsake. Comparing bleeding rates from HYSPT in
the two periods show that all LSs reduce bleedatgsrin both periods. Various LSs induce different
effects in the two periods. Finally it should be ntiened that in [34, 42] an early flash-setting

behavior was observed for a few cement pastes weith high dosage of plasticizer, 0.8% LS for

example. This affects HYSPT measurements by affexime fresh properties such as thixotropy and

the complete loss of flow properties so that HY $&iiot applicable at such situation.

4. Conclusion

The mechanisms of bleeding in fresh cement paste stadied with two new measurement methods
and the lignosulfonate effect on bleeding was itigated. The bleeding rate of fresh cement paste
cannot always be regarded as constant as assuntied Kpzeny-Carman Equation (K-C, Eqg. (1)) and
in traditional bleeding measurements. A soft, abitl} bleeding front can make visual observation

unable to detect bleeding precisely. Two new mesasent methods, HYdroStatic Pressure Test and
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Turbiscan, were therefore applied for turbid blegdibservation. Traditional visual bleeding testd a
K-C Eg. were compared with the former methods. Dheeding stages (fast initial and diminishing)
were observed by HYSPT and Turbiscan measurematiidluctuating rates. Turbiscan can define
the movement of the bleeding front based on a teelethreshold for the transmission light used to
scan a paste sample which most clearly shows tbhghases bleeding. Adding a layer of thin oil and
surfactant top on paste helped Turbiscan to gktaaar bleeding surface without artifacts by mehnisc
thus achieving better bleeding results. HYSPT acamded to investigate bleeding and sedimentation
because the detected pressure indicates the dehsitige and thus solid volume fraction change due
to particle movement and fluid flow above the senaad/or bottom support from the container by
particle percolation below the sensor. For bleedinig important to set the pressure sensor close
below the bleeding front instead of too low or adav during the whole bleeding process. The
calculated bleeding rates from HYSPT, Turbiscan @aditional visual bleeding tests had similar
magnitude in the fast bleeding phase but were rddferent in the diminishing period. Generally
visual bleeding tests and Turbiscan measurements aféected by the clarity of the bleeding zone.
LS generally prolonged the sedimentation processiasuced lower bleeding rates according to all
experimental results. However, the four types of jr8&sented different influences due to types,
dosages of LS and the various w/c ratios of cerpastes so that further research is needed to axplai

the various effects between the different LS.
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Table 1: Therecipes of al the samples

solid . dosage
No. Sample code wic i lign. type
fraction @ (sbwc)

1 wc0.4 04 0.442

2 wc0.5 0.5 0.388 / /

3 wc0.6 0.6 0.346

4 wc0.7 0.7 0.312

5 23-wc0.4p0.3 04 0.442

6 23-wc0.5p0.3 0.5 0.388 DP1523 0.3

7 23-wc0.6p0.3 0.6 0.346

8 23-wc0.5p0.2 0.2

5 23WC05p0.5 0.5 0.388 DP1523 05
10 24-wc0.4p0.3 04 0.442

11 24-wc0.5p0.3 0.5 0.388 DP1524 0.3
12 24-wc0.6p0.3 0.6 0.346

13 24-wc0.4p0.5 0.4 0.442

14 24-wc0.5p0.5 0.5 0.388 DP1524 05
15 24-wc0.4p0.8 04 0.442

16 24-wc0.5p0.8 0.5 0.388 DP1524 0.8
17 24-wc0.6p0.8 0.6 0.346

18 25-wc0.4p0.3 04 0.442

19 25-wc0.5p0.3 0.5 0.388 DP1525 0.3
20 25-wc0.6p0.3 0.6 0.346

21 25-wc0.5p0.2 0.5 0.388 DP1525 0.2




22 25-wc0.5p0.5 0.5
23 26-wc0.4p0.3 04 0.442

24 26-wc0.5p0.3 0.5 0.388 DP1526 0.3
25 26-wc0.6p0.3 0.6 0.346

26 26-wc0.5p0.2 0.2
P 26-WC0.5005 0.5 0.388 DP1526 05
28 23-wc0.7p0.3 0.7 0.312 DP1523

29 24-wc0.7p0.3 0.7 0.312 DP1524

30 25-wc0.7p0.3 0.7 0.312 DP1525 03
31 26-wc0.7p0.3 0.7 0.312 DP1526

Table 2: The characteristics of four types of lignosulfonate (LS)

Characteristic DP1523 [ DP1524 | DP1525 | DP1526
DM, % 40 40 40 40
Mw 45700| 35000| 87100 6000
Mn 2650 2650 5100 1250
pH, 10% solution 7.8 4.4 8.2 6.8
Insoluble, w/w % 0.03 0.67 0.01 0.5
Reducing sugars, % 0.8 7.3 <0.5 41
Calcium, % 0.4 4.6 0.03 6.6
Sodium, % 8.8 0.4 6.1 0.2
Chloride, % <0.05| <0.05 <0.05 0.2




Sulphate, % 15 04 0.5 0.2

Table 3: The characteristics of Portland cement

ecific

. ! Blaine Dso Sp i
Composition | SIO, | Al,Os; | Fe0s CaO MgO | P,Os KO | NaO | SOs ) weight
[m7kg] | [nm] 3
[¢/cm’]

STD-CEM | | 20.98% | 5.13% | 5.13% | 60.61% | 2.39% | 0.14% | 0.86% | 0.43% | 3.01% 382 133 3.15

Table 4: all calculated bleeding in fast bleeding period and the first 2 h with parallel measurement results and K-C Eq.

Test
ethod 1:
m . od Test method 2: Turbiscan Test method 3: HY SPT
visual fast
bleeding initial calculated
bleeding | aver. average bleeding rate
cement paste . . .
code average period 1 | dh/dtin dh/dt in average | average by K-C Eq.
bleedai?] defined | fastinitia | dismishing dh/dtin | dh/dtin (Eq. D
. - by period 1 period 2 Notes period | period Notes
ratein2 h ; . .
Turbiscan | (< nick (nick to 2 1 2
point) h)
[mV/s] [mV/s] [m/s] [m/s] | [m/s] [mV/s]
wc0.7 1.9-10° 0.5 2.0-10° 3.0-10" | calculate | 7.9-10° | 2.3-10° | calculate AEE
23-wc0.7p0.3 | 2.6-10° 0.5 6.4-10" 1.8-107 from 7.8:10° | 1.4-10° | fromtop '




24-wc0.7p0.3 | 2.6:10° 0.5 1.3-10° 1.8:10" | Turbiscan | 8.1-:10° | 2.9-10° | pressure
25-wc0.7p0.3 | 3.3-10° 0.5 2.2:10° 15107 | without | 6.9-10° | 2.5-10°

ail to
26-wc0.7p0.3 | 2.5-10° 0.5 2.2:10° 1.5-10" Seturf) 6.9-10° | 2.9-10°
wc0.4 / 0.5 45107 1.6-10° / / 1.4-10°
wc0.5 4.5-10° 1.0 6.8-10” 1.1-107 9.0-10° | 5.4-10° 2.1-10°
wc0.6 / 1.0 9.3-107 7.0-10°® / / 2.9-10°
wc0.7 1.9-10° 0.5 4.8-10° 3.6-10” / / 3.8:10°
24-wc0.4p0.3 | 1.4-10° 1.0 9.5-10" 7.0-10” 4.8-10° | 2.9-10° 1.4-10°
24-wc0.4p0.5 / / / / 3.5:10° /
wc0.5 4.5-10° 1.0 6.8-107 1.1-107 9.0-10° | 5.4-10° 2.1-10°
23-wc0.5p0.3 | 2.5:10° 1.0 61107 | 8210° | cAolde | g5 | 32.10° | youlae| 21:10°
24-wc0.5p0.3 | 4.3-10° 1.0 4810" | 9310° |_ fL‘?m 8.0-10° | 3.9:10° | from 2.110°

urpiscan .
25-wc0.5p0.3 | 5.6-10° / / / with ail 6.4-10° | 2.7-10° | middle 2.1-10°
26-wc0.5p0.3 | 5.8:10° 1.0 8.0-10” 1.4-10” top SEtup 5.3-10° | 3.2-10° | pressure 2.1-10°
23-wc0.5p0.5 | 4.8-10° 0.5 0.0 2.1-107 7.1-107 | 4.0-107 2.1-10°
24-wc0.5p0.5 | 1.1-107 / / / / 1.0-10° 2.1-10°
25-wc0.5p0.5 | 7.2:10° / / / / 2.2:10° 2.1-10°
26-wc0.5p0.5 | 1.1-107 1.0 7.3-10° 5.9-10° 9.0-10" | 3.3-10" 2.1-10°
23-wc0.6p0.3 / 1.0 7.3-107 9.3-10° / / 2.9-10°
24-wc0.6p0.3 | 1.3-10° / / / / 6.0-10° 2.9-10°
26-wc0.6p0.3 / 1.0 6.4-107 1.2:107 / / 2.9-10°




