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Abstract 

Bleed tests were performed in accordance with ASTM C232-92 on concretes in which up to 85% of the cement was replaced with 
ground granulated blastfurnace slag (GGBS) obtained from a number of different sources. The time at which the bleed test was 
started was varied from 30 to 120 min to simulate site conditions. The addition of up to 55% slag increased the bleed capacity by 
30% (compared to the plain Portland cement (OPC) mix) but had little effect on bleed rate. Increasing the slag content to 85% had 
no further significant effect on bleeding. The source of slag was also found to have little effect on the bleeding but comparisons made 
with results from 10 years ago suggest that now the present day slags have a much less marked effect on bleeding probably because 
they are ground finer. Delaying the start of the bleed test from 30 to 120 min reduced the bleed capacity of the OPC mix by more 
than 55% compared with 32% for the slag mixes. The reduction in bleed rate was similar for all mixes at about 45%. 0 2000 
Elsevier Science Ltd. All rights reserved. 
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1. Introduction 

The work presented in this paper is an extension of 
previously published work by the author [l] investigat- 
ing the influence of cement source and slag additions on 
the bleeding of concrete. 

Bleeding is the term used to describe the movement of 
water to the surface of the freshly placed concrete; it is in 
fact a form of settlement, the water being forced to the 
surface as the heavier solids in the concrete begin to 
settle [2,3]. All concrete bleeds to some extent but bleed 
water is only observed on the surface when the rate of 
bleeding exceeds the rate of evaporation. Immediately 
after compaction there is a short dormant period which 
is followed by a period in which the rate of bleeding is 
almost uniform. Bleeding will end when the movement 
of water is blocked by the growth of the hydration 
products or by the solids effectively coming into contact 
with each other or by a combination of both. 

Bleeding results in a variation in the effective water 
content throughout the concrete element which pro- 
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duces corresponding changes in the concrete properties 
[4,5]. The water that rises to the surface can significantly 
increase the near-surface water/cement ratio to form a 
network of capillary pores, which will subsequently re- 
duce the durability of the concrete in the cover zone [6]. 
Bleed water trapped along the underside of reinforcing 
steel can result in a reduction in the bond but more 
importantly may lead to an increased risk of corrosion. 

The partial replacement of Portland cement with 
ground granulated blastfurnace slag (GGBS) leads to a 
delay in hydration which will potentially make the 
concrete more prone to bleeding, where comparisons 
have been made on the basis of equal water/binder ratio 
or workability, tests have shown that the partial re- 
placement of cement with slag on an equal weight to 
weight basis results in an increase in bleeding which is 
significantly more noticeable at high replacement levels 
[7-l I]. However, the work of Wainwright and Ait-Aider 
[1], referred to earlier, showed that when making com- 
parisons on the basis of equal 28-day strength, the re- 
placement of cement with up to 70% GGBS had little 
effect on bleeding. This work also looked at the influence 
of cement source on bleeding and showed that in one 
case, when making comparisons on the basis of equal 
water/binder ratio, a change in the source of cement had 
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as large an influence on bleeding as the use of up to 40% 
GGBS. 

The work reported in this paper is an extension to this 
earlier work and was designed to address the following 
objectives: 

(i) to study the influence of slag source on the 
bleeding of concrete; 

(ii) to study the effect of delaying the start of the 
ASTM bleed test on the bleeding of concrete. 

2. Experimental work 

GGBS from four different sources in the UK and 
Portland cement from one source were used in the in- 
vestigation. The chemical and physical characteristics of 
all the materials are shown in Table 1 and Fig. 1 shows 
the results of particle size analysis as supplied by the 
manufacturers. 

One basic mix with a nominal cement content of 300 
kg/m3 was used throughout the investigation, details of 
which are shown in Table 2. Slag replacement levels of 
55% and 85% by weight of cement were used throughout 
with all mixes being made to the same nominal free 
water/binder ratio of 0.56. The coarse aggregate was 
natural irregular quartzite gravel with a nominal maxi- 
mum size of 10 mm and the sand was from the same 
source. 

Bleed tests were performed in accordance with ASTM 
C232-92 [12] with the following modifications: 

1. Plastic containers were used measuring 250 mm in 
height with top and bottom internal diameters of 300 
and 230 mm, respectively. 

2. From each mix made, three bleed tests were per- 
formed starting 30, 75 and 120 min after completion of 
mixing. The containers were filled just prior to the be- 
ginning of each test, the concrete being kept covered in 
the mixer until required. All concrete was re-mixed just 
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Fig. 1. PSD of all binders. 

prior to being used for the bleed tests. This procedure 
was adopted to try and simulate a practical situation 
where concrete is likely to be placed any time between l/ 
2 and 2 h after mixing. 

All testing was carried out in the laboratory and 
temperature measurements taken at the start of each test 
ranged from 20°C to 21.5”C. 

From each mix a total of six 100 mm cubes were cast 
for the measurement of compressive strength at ages of 
7, 14 and 28 days in accordance with BS1881 [13] 
(Table 3). 

3. Results and discussions 

For the purpose of this paper, bleeding rate is defined 
as the volume of water collected per second during the 
first 40 min of the test. The volume is expressed in ml/ 
cm2 of exposed surface. Bleed capacity is defined as the 
fraction of the initial volume of the concrete that has 
separated out as bleed water during the entire course of 
the test. 

In an attempt to minimise the number of variables 
and make comparison easier all mixes were made to 

OPC GGBS source 1988 material 

1 2 3 4 OPC GGBS 

source 3 

CaO% 63.63 41.83 40.82 39.72 42.03 64.25 41.89 

Si02% 21.03 35.46 36.41 35.14 35.24 20.96 36.83 

A120j% 4.73 12.67 11.94 13.62 14.24 5.01 9.97 

FezOj% 2.93 0.26 1.09 0.47 0.74 3.2 1.19 

MgO% 2.67 8.27 9.16 8.66 7.05 2.84 7.21 
CjS% 51.33 _ _ _ 59.1 _ 

C*S% 21.14 _ _ 14.8 _ 

C,A% 1.49 _ _ 7.1 _ 

CJAF% 8.86 _ _ 9.1 

SS Area (m2/kg) 370 441 438 421 434 358 341 

Chem. Mod. 1.41 1.40 1.35 1.39 1.33 
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Table 2 

Mix proportions and workability 

Mix 

OPC 

55% GGBS 

85% GGBS 

Mix proportions (Kg/m’) 

OPC GGBS 

300 

135 165 (1) 

135 165 (2) 

135 165 (3) 

135 165 (4) 

45 255 (1) 

45 255 (2) 

45 255 (3) 

45 255 (4) 

Fines Coarse Water 

750 1080 168 

750 1080 168 

750 1080 168 

750 1080 168 

750 1080 168 

750 1080 168 

750 1080 168 

750 1080 168 

750 1080 168 

Water/binder 

0.56 

0.56 

0.56 

0.56 

0.56 

0.56 

0.56 

0.56 

0.56 

Slump 

(mm) 

15 

30 

20 

25 

45 

30 

40 

25 

20 

Note: Figures in ( ) denotes slag source. 

Table 3 

Compressive strength results 

Mix code 

OPC 

55% GGBS source 1 

55% GGBS source 2 

55% GGBS source 3 

55% GGBS source 4 

85% GGBS source 1 

85% GGBS source 2 

85% GGBS source 3 

85% GGBS source 4 

Compressive strength (MPa) 

7 days 14 days 28 days 

39.5 45.3 53.1 

18.5 28.5 42.5 

26.0 38.5 50.5 

22.5 36.0 50.5 

25.0 41.5 51.5 

17.5 28.0 33.5 

21.5 33.5 41.0 

17.5 25.5 29.5 

19.0 26.5 32.5 

nominally the same free water/binder ratio (0.56) which 
inevitably lead to variations in workability as shown in 
Table 2. As expected the addition of slag at both levels 
leads to an improvement in workability from 15 to be- 
tween 20 and 40 mm. Although these differences are 
only small, increasing the workability of the OPC mix to 
a similar value to that of the slag mixes would have 
resulted in a slight increase in bleeding of this mix. 

The bleed time curves for tests started 30 min after 
casting for all nine mixes cast are shown in Figs. 2 and 3. 
The slag source can be seen to have virtually no effect on 
bleed rate and only a marginal effect on bleed capacity. 
These results are probably not surprising when the 
material properties are compared (see Table 1 and 
Fig. 1). For any given slag replacement level the bleed- 
ing is likely to be influenced by the reactivity of the slag, 

the more reactive the slag the less the bleeding would be 
expected to be. One measure of slag reactivity is chem- 
ical modulus (i.e., [CaO + MgO] + SiO,), the higher the 
modulus the more reactive the slag. A second measure is 
slag fineness, the finer the slag the more reactive and 
therefore the less the bleeding. However, as can be seen 
in Table 1 and Fig. 1 there are little differences between 
chemical modulus, slag fineness or particle size distri- 

bution for any of the slag sources used, which probably 
explains the similarity in the bleeding results. If anything 
the results throw up a slight anomaly because according 
to Figs. 2 and 3, the mixes made with the slag from 
source 1 have the highest bleed capacity yet this slag has 
a slightly higher chemical modulus and fineness than the 

others which would suggest lower bleeding. The differ- 
ences though are only small and are probably not sig- 
nificant. Similar trends were observed for tests started at 
75 and 120 min after casting, but for brevity the results 
will not be presented here. 

The influence of the addition of slag per se on bleed 
capacity and rate can also be seen in Figs. 2 and 3. 
Replacing 55% of the cement with slag results in an 
average increase in bleed capacity of about 30%‘but has 

little effect on bleed rate, if anything it leads to a slight 

160 , 
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Fig. 2. Bleed time curves for 55% slag mixes. 
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Fig. 3. Bleed time curves for 85% slag mixes 
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reduction. Increasing the slag content to 85% has vir- 
tually no further effect on bleeding above that observed 

at 55% which is somewhat surprising in view of the 
findings of the previous work referred to earlier in which 
high slag content mixes (i.e., above about 75%) were 
shown to bleed significantly more. It is interesting to 
make comparisons between the results published here 
and those of the author published earlier on work car- 

ried out about 10 years ago [l]. This earlier work was 
carried out using cement from the same source as that 
used in this present investigation together with slag from 
source 3 as referred to in this paper. Using similar mix 
proportions to those used here, compared to the OPC 
control, the inclusion of 40% GGBS resulted in 48% and 

45% increases in bleed capacity and bleed rate, respec- 
tively. Furthermore increasing the slag content to 70% 
resulted in a 100% increase in both properties. A com- 
parison of the properties of the binders used in both 
investigations is given in Table 1 (chemical and physical 
properties) and Fig. 4 (particle size distribution). As far 

as the cements are concerned, the most obvious changes 
are in the percentages of CjS and CZS; over the past 10 
years there has been a reduction in CsS content of 8% 
and an increase in CZS content of 6%. These changes 
would tend to make the cement less reactive and if 

anything leads to an increase in bleeding. As for the 
slags the chemical compositions have remained reason- 
ably consistent, the chemical modulus increasing only 
marginally from 1.33 to 1.35. The most marked changes 
are in the fineness, which has increased from 341 to 427 
m2/kg; this will obviously lead to an increase in reac- 
tivity and a potential reduction in bleeding. This in- 

crease in slag fineness may help to explain why the 
effects of slag addition on bleeding are significantly less 
marked than those observed 10 years ago although it is 
still surprising to see no increase in bleed as the slag level 
is increased from 55% to 85%. 

The effect of delaying the start of the bleed test (to 
simulate the time delay between mixing and placing on 
site) is shown in the bleed time curves in Figs. 5-7. Be- 
cause of the similarity in behaviour between the slags 
from the different sources, results of only one of the 
slags (source 2) are shown. As might be expected, de- 
laying the start of the test results in a reduction in 
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Fig. 4. Comparison of PSD of binders from 1988 to 1999. 
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concrete. 

140 i 

g 1201 

= 

% 

1004 

g 801 60~ 

2 40~ 

5 20, 

OC 

0 

l 30nins 

.* 
l l .75 mm 

. A120mns 

. . 
l 

. 
n B* A.. 

l . 
. 

. 
. 

. . 

l * _mm .AA 

50 100 150 200 250 300 350 400 

Tlrm(mns) 

Fig. 6. Effect of delaying start time on bleeding of 55% slag (source 2) 

concrete. 

160 

F 140- 
g 120. l .** . 

. . 
. 

d IOO- . A. 

9 80 . 
.A 

. Y 60. . . 
d 

i . 

. 

40 . 
z 

. 
20~ . l ** . 
0 . . AA 

_-- 

0 50 100 150 200 250 300 350 400 

Tm?(rlins) 

Fig. 7. Effect of delaying start time on bleeding of 85% slag (source 2) 

concrete. 

bleeding for all mixes. The percentage reduction in bleed 
capacity and bleed rate is shown in Table 4. Delaying 
the start of the bleed test from 35 to 120 min results in 
more than a 50% reduction in the bleed capacity for the 
Portland cement mix compared to an average of only 
about 32% for the two slag mixes. The reduction in 
bleeding rate on the other hand is similar for all three 
mixes and is on average about 45%. The greater reduc- 
tion in bleed capacity with the OPC mix is most likely 
related to the fact that the Portland cement is more re- 
active than the slag cements particularly during these 
early stages. It is again interesting to note the similarities 
in trends between the two slag mixes highlighting the 
small effect increasing the slag content from 55% to 85% 
appears to have. 

Compressive strength results for all mixes up to 28 
days are shown in Table 3 As with bleeding, the source 
of the slag appears to have little influence on strength 
development with the possible exception of those mixes 
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Influence of test start time on bleed capacity and rate 

Bleed capacity (ml/ml) Bleed rate (mVcmz/s) x 10e6 

30 min 75 min 120 min 30 min 75 min 120 min 

OPC 8 8.1 [27%] 7.9 [29%] 17.8 10.5 [41%] 9.0 [49%] 

55% GGBS 10.7 7.7 [28%] 6.7 [37%] 18.5 11.5 [38%] 9.8 [47%] 

85% GGBS 11.1 4.2 [48%] 3.5 [56%] 16.5 14.5 [12%] 10.5 [36%] 

Note: Figures in [ ] represent % change from 30 min reading. 

containing 55% of slag from source 1 and 85% of slag 
from source 2. From the data available on slag com- 
position, there are no obvious reasons why these two 
mixes should show any differences in trend. After 28 
days the mixes containing 55% slag have reached similar 
strengths to the control whereas those containing 85% 

slag have reached just over half this strength. 

4. Conclusions 

The following conclusions can be drawn from the 
results presented here on tests in which up to 85% of the 
cement has been replaced by GGBS. All mixes have 
been made to nominally the same water/binder ratio. 

The addition of slag at both levels of 55% and 85% 
resulted in an increase in workability from 15 mm 
slump (for the OPC mix) to between 20 and 40 mm 
for the slag mixes. 
The partial replacement of cement with up to 55% 
GGBS increased the bleed capacity by 30% (com- 
pared to the OPC control) but had little effect on 
the bleed rate. Increasing the slag level to 85% had 
no further significant effect on bleeding. 
The slags from four different sources that were used 
had similar physical and chemical properties and 
the source of the slag was found to have little effect 
on bleeding. However, comparisons made with re- 
sults from earlier work suggest that the slags used 
in this present study had a much less marked effect 
on bleeding than those produced 10 years ago proba- 
bly because they were finer ground. 
Delaying the start of the bleed tests from 30 to 120 
min reduced the bleed capacity of the OPC mix by 
more than 55% compared with 32% for the slag mix- 
es. The reduction in bleed rate was similar for all mix- 
es at about 45%. 

Future work 

The observations and conclusions described above 
are based on only a limited experimental programme 
and further work needs to be undertaken to substantiate 

some of the findings; extensions to the experimental 
work should include: 

Testing over a range of cement contents from say 250 
to 450 kg/m3; 
Increasing the workability to between 50 and 100 mm 
slump and making comparisons on the basis of both 
equal workability and equal water/binder ratio; 
Examining the influence of the additional chemical 

admixture such as plasticisers/water reducers and 
air entrainers. 
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