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NONUNIFORMITY OF FRESH CONCRETE RESULTING
FROM BLEEDING

Zhuguo LI, Zhijian WANG

ABSTRACT
Because of the bleeding and the settlement of ggtgeparticles, hardened concrete becomes not
uniform. The evaluation of the non-uniformity isportant for understanding the properties of hardene
concrete. In order to estimate the concrete’s mofoumity through the measurement of bleeding capac
in this study a non-destructive measuring methogaiér-cement ratio distribution of concrete wastffy
developed, following by a series of experimentset@mine the relationships between the bleeding
capacity B, and the segregation degré&®,(standard deviationg{,) of actual water-cement ratid\(C)
of freshly mixed mortar and concrete. The expertalersults indicate that actual W/C in the upperez
of concrete is larger than in the middle zone,ibuhe lower zone the actual W/C is smaller. Ehand
the g, are greatly related to tige. With the increase of tHg., theS and theg, increase.
Keywords: bleeding capacity, fresh concrete, segregationedgegvater-cement ratio distribution

1. INTRODUCTION design to the performance-based design. This change
makes it easy to utilize new material and constact
The bleeding is a rising phenomenon of mixing technologies in building, but it requests to esshbl
water of cementitious materials in fresh state.eBle

water may contribute to preventing concrete frogirdy Bleeding capacity (ml/chy

out and plastic cracks. However, excessive bleeding Tete 1.09 008
gives bad effects on mechanical properties andbilitya S o f’_@_
of concret&’ @, Water-cement ratio (W/C), which £

affects definitely the internal structure and prtips of g I

hardened concrete, greatly changes in verticattitre S 100lt

due to water movement after caBig. 1 shows the E t

distribution of actual water-cement ratio of twdwns, 5

150 minites later after construction, which werstaap 'g © e

to 200cm height with two types of concetes with the o~ 50 %6 44°36"%6
slump of 8cm, and 21cm, repectivély As shown in this Slump: 2icm,  Slump: 8cm,
figure, the lower the section of column, the snmaibe Initial W/C: 60% Initial W/C: 50%
actual water-cement ratio of concrete on it. Théatian Fig.1 W/C distribution of concrete column 150 min.
of compressive strength in vertical direction showwn later after cast ™

Fig.2 would be explained by the unevenness of W/C
caused by the bleediffty

The bleeding is resulted from excessive pore water 0=
pressurll. In fresh concrete, the weight of solid particle
is supported by adjacent paticles that contact itH
particle interlocking is not enough tight to supptire 100} ~—4---1
weight of solid paiticles, the unsupported weigth i
applied to the pore water to result in an excespive
water pressure. The particles that are not coniplete
supported by other particles move gradually torthei
stable positions. With the settlement of solid ipkes,
excessive pore water pressure decreases gradamdly, 300
the bleeding comes to end eventually. Hence, the
bleeding is one of segregation behaviors accompgnyi
with settlement of solid particles. As showrFig.3, the 400 !
lower the position, the larger the concrete’s nafasnit 05 06 07 08 09 1.0 11 12 13 14
volume and the coarse aggregate cortent Compressive strength ratio of actual to designealu

The principle of the Japanese Building StandardsFig.2 Variation of compressive strength of ordinary
Act has been changed from the specification-based  concrete column in vertical direction
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Table 1 Physical property of the used aggregates

200 1= \ . Property Sea sar [Crushed stone
Density in water-saturated 260 273
£ \ state (g/cr)
;ﬁ’ Water absorption ratio (%) 1.04 0.47
-%3’ Fineness modulus 2.61 6.56
1001~ series of ) Maximum size (mm) 5 20
cgpqrgte
Na:e making the mortar and concrete to have different
B :a fluidities and viscosities, the water-cement ratiater
F:a content, sand-aggregate volume ratio, and SP dpnten
| ®ae I ] etc. were set to be different from series.
94 95 98100 60 70 80 90 100 The mixing procedure of the mortar and concrete
Ratio of concrete’s Ratio of coarse was as follows. Firstly, the fine aggregate and the

mass Of(ou/or;'t volum aggre%&f content cement were mixed for 60 seconds by a forced-mixing

Fig.3 Variation of the mass of unit volume and the coarse P& mixer. Then mixed for 60 seconds to get thetano

aggregate content of placed concretes with height I6] after adding the water and the AE super-plasticier
the case of concrete, further added the coarsegajigr

performance inspection technology for structural and mixed for 60 seconds. The slumps of C1 and C2
concrete. The authors already proposed a method twere 16.0 cm and 21.5cm, and the air contents were
estimate the final bleeding capacity of concretecetl 4.6 % and 4.5%, respectively.

by vibration in construction sit€l. In this study, we

aim to investigate the relationships between the2.2 Experimental Method and Equipments

bleeding capacity and the segregation index, the Freshly mixed concrete or mortar was filled into a
unevenness of W/C of concrete in order to develop avinyl chloride-made cylindrical container with 206m
method to evaluate the non-uniformity of hardened of diameter up to 200mm high. For investigating the
concrete from the bleeding capacity. The segregatio effect of vibrating time on the relationship betwee
index is defined as a standard deviation of thebleeding capacity and non-uniformity of concrete or
concrete’s density in the vertical direction. Thensity ~ mortar, the sample was vibrated by a rod- typeatdor

of concrete in each zone is estimated by usingay  for different times (Os, 5s, 10s, 30s).

density meter. The W/C distribution after the biegd After the samples were prepared, at intervals of 30

is calculated on the basis of the density estimatio minutes we measured the density of the sample af ea
zone in the cylindrical container using-eay density meter,

2. EXPERIMENTAL PROGRAM following by sucking up bleed water with a pipetied
further calculating the bleeding capacBy, cn/cn).

2.1 Mortars and Concretes Used The equipment is shown ifig 4. The y-ray

The concretes and mortars used in this study weredensity meter consists of yaray source (three 60Co
prepared with ordinary portland cement, sea sand, a 3.7MBq sealed into a stainless steel capsule) and a
crushed stone. The physical properties of sea andd detector (Nal (TI) scintillation, the size of windois
crushed stone are shown Wable 1. One kind of 20mm height and 50mm width) that were placed on a
retardation-type AE super-plasticizer (SP) was alsoelevator driven by a pulse motor to move up andrdow
used in the concretes and mortars. The mix prapwsti y-ray count, as well as control system of pulse moto
of the mortars and concretes are showmable 2. For

Table 2 Mix proportions of the used mortars and concretes 1 _I
Unit mass (kg/n) L 1 \eiad
Series wic SP P . 200 .
@ w|c| s | c |cxw|@cm
by mass
M1 |0.45 310/689| 1097| - 0.55 | 2.10
M2 |0.57,360/632| 1015| - 0.55 | 2.01
Mortar |M3]0.53348|657| 1026| - 0.50 | 2.03
M4 10.42/295/702| 1125| - 0.55 | 2.13
M5 |0.49 325/663| 1080| - 0.25 | 2.07
M6 |0.57,350/614| 1055| - 0.00 | 2.20 Unitmm
1C1)0.42160|381| 719 0.80 | 2.33 _- § | . Sample container
Concrelt 5 10.56 185330] 696 | 0 ° 0.50 | 2.28 . < W'Y and zone division
[Notes] WIC: Water-cement ratiog/a: Sand-aggregate volume ratio; Fig.4 The experimental equipment:
W, C, S andG: Mass of water, cement, sand, and crushed storma’in 1 (1) Pulse motor, (2) Specimen, {3jay source,
concrete, respectively (kg¥p: Retardation-type AE super-plasticizer. (4) y-ray detector, (5) Pedestal, (6) Elevator
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etc. The cylindrical container was located on aeséal Table 3 Estimation Equation of Density
between thg-ray source and the detector. Range of sampleEstimation equation of Coefficient of
When y-rays emitted from thg-ray source pass zone (mm) density determination

through a substance, only some of them reach to @e g80~200 p1i=(INR,;-1.865)/-0.563  0.9972

detector, others escape to other directions, or @f€g0~180 =(INR..-1.928)/-0.577 1.0000
desorbed by the substance. The greater the decnfsit@ 130-160 ZZ—EmE:z 1'935;/ 0'562 1'0000
3— 3-L. -VU. .

substance, the fewer therays detected. The count o

detected/-rays decreases exponentially with the denQ@/ 100~-130 pa=(INR,,-1.951)/-0.568  0.9996

of substance. By this method, the local measuremierf®) 70~100 ps=(INR,5-1.947)/-0.563  0.9997
sample’s density becomes possible and quickly. kipvi® 40~70 pe=(INR6-1.959)/-0.569  0.9996
the y-ray density meter up and down can meas g20~40 p=(NR,-1.961)/-0.569  0.9990
continuously the density of any position, but fc@ 0~20 ps=(INR¢-1.953)/-0.547  0.9971

gua_rz.:lnteel.ng the. meas_urement decision, we seléct otes] p;: estimated density of substance in z@r&,: count rati
positions in vertical direction to measure. At each

- . ) fy- bei It / : t of the detect b
measuring point, the density meter stopped for Bs. ofy-rays, being equal todb/j y: count of the detectedraysby

. . . they-ray detectory,: count of they-rays coming from surrounding
measuring result Of Ff'aCh point represents _Fhe Yeosi articles, andg count of they-rays emitting from the-ray resource.
each zone. The division of zones is showRim4.

As stated above, escapingays can’t be directly
detected, but part of them may return to the detatie 5

—o— Water

to the reflection of wall, or articles around thendity 4 || —5— Toyoura sand

—A— Mixture of sodium silicate and plaster
—>— Mixture of Toyoura sand and plaster

meter. Therefore, even if theray counts at different
points are the same, the densities of the substadhe
points must not be equal. Density estimation equati
should be given for each measuring point.

Due to the material segregation including bleeding,
settlement of solid particles, the density of moma
concrete varies with position in vertical directidm, et
al. proposed to use the standard deviation of teo$i
fresh concrete to express its segregation defreas
shown in Eq.(1), called Density Deviation Method.

Estimating error of density (¢

_ a2
S —\/n_lél(p. Pm) (1) 4

. o . Sample zone
where § is segregation indexj is number of sample P

zones,p is density in each sample zong, is mean  Fig.5 Estimating error of density using y-ray density meter
density of sample in all zones.

We used four kinds of homogeneous materials withbecome to not be consistent in vertical directikbris
known densities or mass of unit volume: water considered that the change in volume of water imezo
(1.029g/cr), Toyoura dry sand (1570kgfinmixture of is equal to that of fine or coarse aggregate, as/stin
sodium silicate and plaster (2.084g#ynand mixture of  the second equation of Eq.(2) and Eq.(3), because
plaster and sand (2.089g/jmas calibration materials. cement particles’ sedimentation is less and can be
The y-rays passed through the four kinds of calibrationignored. Eq.(2) and Eq.(3) show the mass equatfon o
materials at 8 zones were detected, respectively, a zonei in mortar and concrete after the bleeding. In the
then regression analyses were performed for ttan8sz ~ case of mortar, we ignored the cement content'sgia
about the exponential relationship between derssity  in the vertical direction, and_in the case of cetemwe
y~ray count ratioR,. Obtained estimation equations of Supposed the cement and fine aggregate contents don
density for 8 zones are shown Table 3. By these Vary with the sample zone.
equations, we can estimate the density distributbn o = (\/ . ) AV )
any substance in vertical direction. Vid = Vai + 8V 0w+ (Vs = BV5) 05 + Ve e 2)

We used the estimation equations of density to AVy; = AV
calculate the densities of four kinds of calibratio _
materials. The errors between calculating and real Vien = (i * BV ) 0w + Vg = Bgi)Pg +Veile *+Vs s
densities are shown iRig.5. The real densities of the AVyi = BVy
uniform calibration materials were known and didn’t 3)
vary with the zones. whereV,, Vg, V4, andVy are respectively the volume

of water, cement, fine aggregate, and coarse agtgreg
3. Estimating method of water-cement variation in zonei with the volumeV; (=1n7) before the bleeding
but the compaction effect of the bleeding is coamsd;

As stated above, the bleeding occurs in companyAV,,, 4V4, and4Vy are respectively the volume change
with the settlement of solid particles. Due to thaterial of water, fine aggregate, and coarse aggregateriaiz
segregation, the water content and the aggregaterdo  due to segregationg is estimated density of sample in
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zonei; Ow P Os andp,, are respectively density of
water, cement, fine aggregate, and coarse aggregate

Based on the estimation results of density and
Eq.(5)~(6), the WIJ/C distributions in the vertical

Because part of air in the sample would escapedirection were estimated for all the sampl&sgy.7

during the bleeding, th®.,, Vg, V4, andVy become
greater than those before the bleeding. A coefficie
was used to take this compaction effect into actam
shown in Eq.(4). We ignored the variation ofin

vertical direction.

VMZWW’Vci:Wc'Vd:a\/S'Vgi:aV (4)

g

wherea is a ratio of mean density of concrete or mortar

after to before the bleeding, ang, V., Vs, andVy are
respectively the volumes of water, cement, fin
aggregate, and coarse aggregate ifi 4ample, which
are known from the mix proportions.

Substituting Eqg.(4) into Eq.(2) and Eq.(3), the

volume change of watetV,, in zonei can be obtained,
as shown in Eq.(5).

— a(prw +chc +Vsps) _Vi B

Mortar: AV,; =
ps—1
Concrete:
AV, = a(VyPu +VePe +VePs +Vgpg) -Vio, (5)
Py -1

Hence, the water-cement rat™/C); in zonei can
be calculated based on Eq.(5), as shown in Eq.(6).

— (O'VW + AVwi )pw

(W/C); =
O'VC,OC

(6)

The standard deviationgy, of water-cement
ratios of 8 zones is calculated by Eq.(7).

18 )
Owe = J;igl[(\N/C)i -(W/C)pl (7)

where M C),, is mean W/C of 8 sample zones.
4. Results and Discussion

4.1 Segregation degree and W/C distribution

Due to limitations of spacekig. 6 shows the
estimating results of the density at different hesgfor
only three series of mortar and two series of cetecr
The vibration times applied to the samples werel0s,
and 30s, respectively. As shownHig.6, the density at
the top zone is smaller. Except series M4 and B4, t
lower the sample zone, the

shows some of the results. As shown in this figure,
because of the bleeding, the W/Cs of the mortacs an
concretes in the upper zones higher than 150cm were
larger, the W/Cs in the zones lower than 50cm were
smaller, but in the middle zones (50~150cm), th&€sV/
didn't almost change with the height. Compared with
the C2 that had a relative larger WI/C, the vanmaid
W/C of C1 was greatly affected by the vibration éim
This is maybe because even if the C2 was not @brat

it bled greatly. For the mortars, the variation réegof
W/C in the upper and lower zones were differeninfro
the vibration time, but a consistent tendency & th
vibration time’s influence can’t be found. Thisnmybe
because these mortars with larger W/C had greater
bleeding capacities, and the difference causedhby t
vibration time was too small.

e

4.2 S;-B. relationship

Fig.8 indicates the relationship between segregation
indexesS and bleeding capaciti€ of series M4, M6,
C1, and C2. As shown in this figure, except se@és
there is a close correlation betwettie § and theB..
The greater th8,, the larger thes. Maybe because of
the bleeding capacity of series C1 with a smalléCWwW
was a little, the change of density resulted frdra t
bleeding was so smaller that it couldn’t be properl
estimated due to the existence of the estimatimr ef
density. According to this result, the segregatiegree
of placed concrete would be estimated throughirisl f
bleeding capacity.

4.3 g, - B, relationship

Fig.9 shows the relationship between the standard
deviation of W/C &) and the bleeding capacity for
the mortars and the concretes. We can see from this
figure that the greater th& when the bleeding capacity
was more than 0.04 éhran?, the larger thegy.. The
relationship between the, and theB; is roughly linear.
This correlation could not be observed from se@és
Because the C1 had a smaller bleeding capacitp$<0.
cm/en?) as shown irFig.8, the change of density in
vertical direction was smaller, and thus the ediiona
error of density makes the calculation of W/C ottea
sample zone inaccurate. According to this expertaien

. ~ © M4-0 _ & C1-10g
greater the density of mortar or 200 “32@5 } : M4_1zs 200 - A .A o ‘: s | mc1-304
concrete no matter how long the o | )

o : . o~ - M5-0 _ A @ eom 109
vibration time was. Series M4 £ 150 ! . ! AM5-135 g 150 | Ag; ;8:
and C1 had smallew/C, their = | X0 « M6-0s < A¢ o m |0 L3509
bleeding capacities were smaller. E,, 100 r I OlX O © M6-10s S, 100 + A o eonm
This maybe is the reason why 2 lon  m '% AG®e B
the relationship between 50 F-——- E R T 50 F-—-——— - R

, A O ® A® [
sample’s height and density is in ! :> nq‘ s | wo m
disorder. Because of the 0 1 ‘ ‘ 0 l
compaction of vibration and the
21 2.2 2.3 24 25 2.4 25 2.6

bleeding, the estimated densities
are greater than the initial
densities shown ifiable. 2.

Density (g/crr31)

Density (g/crr31)

Fig.6 Examples of test results of variation of density with height
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result, when the bleeding capacity was more th@a 0. W/C of fresh concrete. The greater tBg the
cm’/cn?, the standard deviation of W/C of concrete,  greater thed,, and the closer the correlation
which is useful information to evaluate the betweenB, and g,. In case that the bleeding
heterogeneity, would be estimated through the capacity is more than 0.04&wn?, the estimating

measurement of bleeding capacity. result of g, increases linearly with tHg..
. One of future works is to investigate the effect of
5. Conclusions sample’s size on the,.-B, relationship.
In order to evaluate non-uniformity of concrete, in ACKNOWLEDGEMENT
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(2) The bleeding capacity is o X %o 200 4 C2-10:0C2-30§
greatly related to the 4 X! X oo s
segregation degree of fresh g 150 o s ar 150 |- oo ______ a |
concrete regardless  of £ ‘ ! ¢ m?t-cl)?) S =Y oa !
. . . = | & 7: . |o -10s = :
V|brat!on time. When the S 100 ® AKX AMBOs | 5100 - - oA
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. 50 te %0 X M6-0s 50 5 S
index, evaluated by the ! o M6-10 °
. .. N X X S o < [} !

density deviation method, 0 ! ! ; I 0 ‘ ‘ 1

increases linearly with the 032 04 048 056 0.64
Ing capacity. wW/C WiC

(3) There is a close correlation

between the bleeding capacity Fig.7 Examples of test results of W/C distribution in the vertical direction
and the standard deviation of
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Fig. 8 Relationship between Segregation degree and bleeding capacity
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Fig. 9(b) Relationship between the standard deviation of W/C and the bleeding capacity (Concrete)
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