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Durability Improvement of Self Compacting Recycled Aggregate Concrete
Using Marble Powder

Kamal G.Sharobim! , Hassan M.Hassan? and Shady R.Ragheb?®

ABSTRACT

Marble powder is available in various parts of the world abundantly as there is a great demand of marble stones. The
particle size of this material is marginally courser compared to cement and fly ash. In the present study, results of an
experimental study to show the possibility of use of marble powder in self-compacting concrete (SCC) , it clearly shows
that Marble powder can be used in SCC. Different SCC mixes were produced with cement contents of 450 kg/m®, 50%
RCA replacement and 3% admixture while the used filler material was 0%, 10%, 20%, 30% and 40%. The effect of MP on
key fresh properties such as filling ability, passing ability and segregation resistance of SCC were investigated and the
effects on RCA hardened concrete such as compressive and indirect splitting strengths , abrasion resistance , Cantabro test
and RCPT test to improve durability. The test result revealed that the filling ability, passing ability and segregation
resistance of SCC were improved for 30% and 40% MP. The test result of hardened concrete revealed that mixes up to 20%
MP give normal strength and mix with 10% MP improves durability. The overall test results suggest that using 10% MP as
partial replacement of cement produce SCC without affecting the key fresh properties of concrete and improved durability.
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1. INTRODUCTION _
Self-compaction is often described as the ability of the level of recycled aggregate concrete was 3 times that of

fresh concrete to flow under its own weight over a long natural aggregate concrete.

distance without segregation and without the need to use Crentsil et al.’s [7] and Levy Salmon and Helene’s [8]
vibrators to achieve proper compaction. This saves time, experimental result showed that after 6 months of curing

reduces overall cost, improves working environment and the carbopationhdeptir: of ;ec;]yclecz aggregate concri'ge wals
opens the way for the automation of the concrete 1.3 -2.5 times than that of the reference one. Otsuki et al.

construction [1-4]. [9] reported that the resistance of recycled aggregate

Self-Compacting Concrete (SCC) mixes always contain concrete to chloride ion penetration and carbonation were
a powerful super plasticizer and often use a large quantity ~ SHghtly inferior to those of natural aggregate concrete
of powder materials and/or  viscosity-modifying given the same water-binder ratio was used . _
admixtures. The super plasticizer is necessary for Disposal of the waste materials of the marble industry,

producing a highly fluid concrete mix, while the powder con§isting of very fine poyvders, is one of the
materials or viscosity agents are required to maintain enwronmenta_ll problems worldwide today. However, _these
sufficient stability/cohesion of the mixture, hence reducing waste materials can be successfully and economically

bleeding, segregation and settlement [4]. Benefits of using utilized to improve some properties of fresh and hardened
SCC also include: improving homogeneity of concrete self-Compacting Concrete (SCC) [10]. Valeria Corinaldesi

production and the excellent surface quality without et al. [11] stated that due to its quite high fineness, marble
blowholes [5]. powder proved to be very effective in assuring very good

cohesiveness of mortar and concrete. It is used for other
ultrafine mineral additions (such as silica fume) that are
able to confer high cohesiveness to the concrete mixture.
Moreover, an even more positive effect of marble powder
is evident at early ages, due to its filler ability. The use of
fillers is intended to enhance the particle distribution of the

Recycled aggregate has been used as a replacement of
the natural aggregate. Many studies have shown that using
recycled aggregate in concrete suffers from durability
problems. Cui et al.’s [6] reported that the carbonation
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Thus, successful utilization of Marble Powder (MP) in
SCC could turn these materials into a precious resource.
Moreover, these mineral admixtures can significantly
improve the workability of self-compacting [13, 14]. When
used in SCC, these mineral admixtures can reduce the
amount of super plasticizer necessary to achieve a given
property [15]. It should be noted that the effect of mineral
admixtures on admixture requirements is significantly
dependent on their particle size distribution as well as
particle shape and surface characteristics. From this
viewpoint, a cost effective SCC design can be obtained by
incorporating reasonable amounts of MP [16]. The
addition of MP is the best mineral admixture among LP,
BP and MP, to improve the properties of fresh SCC such
as slump-flow, T50 time, L-box ratio, and segregation
resistance.

A lot of researches were performed to study the effects
of filler materials on the properties of SCC. These studies
showed that the use of filler materials improves
workability with reduced cement content. By this way, low
heat of hydration and decreased thermal and shrinkage
cracking can be achieved [17, 18]. Belaidi et al. stated that
at a constant water/binder ratio and super plasticizer
content, the use of natural pozzolana and marble powder
by substitution to cement has no negative effects on the
workability of SCC [19]. Industrial by-products such as fly
ash (FA), stone dust, silica fume and blast furnace slag are
generally used as filler materials in SCC [13,20]. This
helps to provide economic benefits and reduce
environmental pollution [21]. The SCC mixtures were
assessed as “‘low’” chloride permeability concretes as per
ASTM C 1202-94 assessment criteria, with less than 2000
coulombs of total charge passing, so the durability of SCC
enhances due to the decrease in permeability [14,22].
Ho et al. [3] demonstrated that the granite fines, as
supplied, could be used successfully in the production of
SCC. The marble has been commonly used as a building
material since ancient times.

The negative effect of recycled aggregate on concrete
quality limits the use of this material in structure concrete.
However, it has been suggested that the short comings of
using recycled aggregate can be mitigated by using the
double mixing approach in concrete mixing, particularly
for concrete prepared with high water-binder ratio as it has
been demonstrated that improvements in strength. Chloride
penetration and carbonation resistance of recycled
aggregate concrete can be achieved.

It has also been shown that by the negative effect of
RCA can be mitigated by incorporating a certain amount
mineral admixtures [23, 24]. Recently Kou et al. [25,
26] found that Class F fly ash was used as an additional or
cement replacement in the RCA mixes, it can improve the
mechanical and durability properties of recycled aggregate
concrete.

In the present study, the MP derived from tested
concrete was used to produce SCC substituting 0-40%.
The effects of MP on the key properties of fresh SCC such
as filling ability, passing ability, and segregation resistance

of SCC were observed; also this paper presents the result
of a study on the use of marble powder as a substitution
and addition of cement in recycled aggregate concrete to
improve the durability properties of the concrete.

2. MATERIALS AND METHODS
2.1.Materials

Two types of aggregates are used; crush dolomite and
recycled concrete aggregate. The used fine aggregate is
natural sand. The nominal size of both coarse aggregates is
20mm. The physical properties of recycle concrete
aggregate (RCA), natural coarse aggregate (NCA) and fine
aggregate (FA) are shown in Tablel.

Table 1: Basic physical properties of fine and coarse

aggregate.
oropertes | RCA | NoA | FA | Eetiise
Specific gravity 2.6 264 | 265|25 —>2.75
weightzg;./cm% 165 | 17 |155| oo
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The size distributions of FA, NCA, and RCA were
within the ESS1109 limits, as shown in Figures 1&2. RCA
had porous surfaces consisting of reclaimed mortar and
thus possessed a higher absorption value than NCA (Table
1).
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Figure 1: Grading curve of fine aggregate and
ESS1109 limits.
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Figure 2: Grading curve of coarse aggregate and
ESS1109 limits.

The aggregates were bond together by means of paste,
which contained cement and water. ASTM Type | Portland
cement (C) was used as the binder. The mix water (W)
used was normal tap water. Also, marble powder (MP) was
used as filling material and 3% additives (Sikament-NN)
was used to obtain the required fresh properties of SCC
without segregation. The specific gravity of cement was
3.12 and for marble powder was 2.42.

2.2.Concrete Mix Properties

Five mixes are used one of them without MP and the
five different mixes were produced with MP substituting
10%, 20%, 30% and 40%. The basic mix proportions of
these concretes were calculated based on the absolute
volume of constituent materials. All mixes contain 3%
additives and 50 % RCA. The mix proportions of control
and MP concretes are shown in Table 2.

Table 2: Mix proportions of SCC mixes (volume of
concrete: 1m®).
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2.3. Test Methods and Procedures

Immediately after the completion of mixing, the freshly
SCC mixes were tested to determine the filling ability,
passing ability and segregation resistance.

The different hardened concrete compositions were
submitted to the following tests: compressive, indirect
splitting strengths, abrasion resistance test, cantabro test
and rapid chloride permeability test to evaluate durability.

2.3.1. Filling Ability Tests

The filling ability is defined as the ability of SCC to flow
in unconfined condition and fill every corner of the
formwork under self-weight. The filling ability was
measured with respect to slump flow, (T50 slump flow
time, and V-funnel flow time). The slump flow was
determined according to the test method given in ASTM C
1611/C 1611M [27].

The T50 slump flow time and V-funnel flow time (TV)
was determined according to the test method given in
EFNARC guidelines and specifications [28]. In T50 test,
the time that a concrete sample requires for a spread of 50
cm diameter and for V-funnel test, the time that a concrete
sample needs for flowing out of a V-shaped box is
determined to measure the filling ability of SCC.

2.3.2. Passing Ability Tests

The passing ability is the ability of SCC to flow in
confined condition and completely fill all spaces within the
formwork under self-weight and with no vibration. The
passing ability was determined with respect to L-box flow
(LB) and U-box flow (UB) following the test method
depicted in EFNARC specifications and guidelines [28].

2.3.3. Segregation Test

The Japanese sieve stability and column segregation
tests were carried out to determine the segregation
resistance of SCC mixes. The Japanese sieve stability test
was conducted. In this test, the mortar mass passing
through a sieve size (5mm) was expressed as the
percentage of the total mortar content of original concrete
sample to quantify the segregation resistance of SCC with
respect to segregation ratio (SR).

3. RESULTS AND DISCUSSION

The test results for filling ability (slump flow, T50 slump
flow time and V-funnel flow time), passing ability ( L-box
flow and U-box flow), and segregation resistance of
various SCC mixes are given in Table 3.



Table 3: Properties of fresh SCC mixes.
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3.1. Filling Ability
3.1.1. Slump Flow

The slump flow results achieved for the concrete mixes
with different MP percentages are given in Table 3. The
slump flow varied in the range of 630 — 720mm.
According to EFNARC specifications and guidelines [28] ,
the slump flow of SCC generally from 650 to 800 mm. All
mixes gives the requirement for slump flow except mix
without MP.

The effect of MP on the slump flow of SCC is evident
from Figure 3, which shows that as MP percentages
increased the slump flow increased.

Increased in MP gives more workability to SCC, more
free water were available to improve filling ability of
concrete in addition the paste volume per unit aggregate
content become higher, thus reducing the friction between
aggregate particles. As the result, the dispersion of
aggregate increased leading to a greater slump flow, but in
mixes without MP the roughness of RCA and the low
percentages of MP led to high friction between coarse
aggregate so it give low slump.
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Maximum limit

Minimum limit

0 10 30 40

20
%Marble powder

Figure 3: Effect of MP on slump flow of concrete.
3.1.2. T50 Slump Flow Time

The T50 slump flow time results of concrete with
different MP percentages are given in Table 3. The T50
slump flow time varied in the range of 2.2 - 3.2 sec.
According to EFNARC specifications and guidelines [28],
the T50 slump flow time of SCC generally from 2 to 5 sec.
Hence the T50 slump flow time was within the acceptable
range.

The effect of MP on T50 slump flow time of SCC is
evident from Figure 4.

As the MP percentages increased the T50 slump flow
time decreased.

The MP fill the void between coarse aggregate so it
reduce the surface roughness it led to reduction in friction
between coarse aggregate so it reduce T50 slump flow
time.

Maximum limit

Minimum limit

T50 Slump flow time (sec.)

0 10

20
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Figure 4: Effect of MP on T50 slump flow time.



3.1.3. V-funnel Flow Time

The V-funnel flow time results of SCC mixes with
various MP percentages are given in Table 3. The V-funnel
flow time varied in range 6.9 — 11 sec. According to
EFNARC specifications and guidelines [23] , the VV-funnel
slump flow time of SCC generally from 6 to 12 sec.
Therefore, the V-funnel flow times were within the
acceptable limits.

The high V-funnel flow time was mostly due to its low
following ability, as perceived from the results of slump
flow test. The variation in V-funnel flow time followed a
similar trend as observed in the case of T50 slump flow
time. The effect of MP on the V-funnel flow time of SCC
is evident from figure 5.

As shown from Figure 5 as the MP percentages
increased the V-funnel flow time decreased. The reasons
are the same as discussed in the case of T50 slump flow
time (section 3.1.2). The shorter flow time indicates the
greater flowing ability of concrete [28].

However, a very small flow time does not necessarily
give an indication of good flowing ability. In fact, the SCC
mixes with a very low V-funnel flow time show excessive
bleeding and/or segregation, thus causing blockage leading
to intermittent concrete flow.
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Figure 5: Effect of MP on V-funnel flow time.

3.2. Passing Ability
3.2.1. L-box Flow

The L-box flow results achieved for the concrete mixes
with different MP percentages are given in Table 3. The
ratio of heights at the beginning and end of flow varied in
the range of 0.82 — 0.94. According to EFNARC
specifications and guidelines [28] , the ratio of heights of
L-box flow of SCC generally from 0.8 to 1. All mixes give
the requirement for L-box flow.
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The effect of MP on the L-box flow of SCC is evident
from Figure 6 , which shows that the L-box flow increased
as MP percentages increased . In contrast , the L-box flow
decreased for 0% and 10%MP indicating a lower passing
ability . Increased in MP gives more workability to SCC,
more free water were available to improve filling ability of
concrete in addition the paste volume per unit aggregate
content become higher and reducing the friction between
aggregate particles.
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Figure 6: Effect of MP on L-box flow.
3.2.2. U-box Flow

The U-box flow results achieved for the concrete mixes
with different MP percentages are given in Table 3. The
difference in heights at the beginning and end of flow
varied in the range of 15 — 31 mm. According to EFNARC
specifications and guidelines [28] , the difference in
heights of U-box flow of SCC generally from 0 to 30 mm.
All mixes gives the requirement for U-box flow except
mixes without MP.

The effect of RCA on the U-box flow of SCC is evident
from Figure 7, which shows that the U-box flow decreased
as MP percentages increased. In contrast, the U-box flow
increased at 0% MP indicating a lower passing ability.
Increased in MP gives more workability to SCC, more free
water were available to improve filling ability of concrete
in addition the paste volume per unit aggregate content
become higher, thus reducing the friction between
aggregate particles
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Figure 7: Effect of MP on U-box flow.
3.3. Segregation Resistance

3.3.1. Segregation Ratio

The segregation ratios of various SCC mixes are given in
Table 3. The segregation ratio varied in the range of 6.3—
12.8 %. According to EFNARC specifications and
guidelines [28] , the segregation ratio of SCC generally
from 5 to 15%. Thus, AIll mixes gives acceptable
segregation resistance.

The effect of MP percentages on the segregation ratio is
apparent from Figure 8. As MP percentages increased the
segregation ratio increased.

The increasing in MP produce less cohesive concrete
mix gives a higher slump flow but a lower flow time.

A decrease in the cohesiveness increases the separation
of mortar, thus resulting in a higher value of segregation
ratio.

16
15
14
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Figure 8: Effect of RCA on GTM
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3.4. Correlation Between V-funnel Flow

Time and T50 Slump Flow Time

The relationship between T50 slump flow time and V-
funnel flow time results is shown in Figure 9. It is obvious
that the V-funnel flow time and T50 slump flow time of
the SCC mixes were strongly correlated with a linear
relationship. The correlation coefficient was 0.9886, which
suggests a strong relationship. The strong correlation was
noticed because both T50 slump flow time and V-funnel
flow time varied with the RCA content in a similar way.

Such strong correlation implies that either T50 slump
flow or V-funnel flow test is adequate to assess the relative
viscosity and cohesiveness of SCC.
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Figure 9: Correlation between V-funnel flow time and
T50 slump flow time.

3.5. Segregation Ratio vs. Slump Flow

The relationship between slump flow and segregation
ratio is shown in Figure 10. It is clear that the segregation
ratio and slump flow of the SCC mixes were strongly
correlated with a linear relationship. The correlation
coefficient was 0.9887, which indicates a strong
relationship. The strong correlation was obtained since
both slump flow and segregation ratio varied identically
with the content. Such strong correlation also suggests that
slump flow can give an indication for the segregation
resistance of SCC.
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Figure 10: Correlation between segregation ratio and
slump flow time.

3.6. Hardened Concrete

3.6.1. Cube and Splitting Strength

The test results for cube and splitting strength of various

SCC mixes at age of 28 days are given in Table 4.

Table 4: Cube and splitting strength of various SCC

There is an inverse relationship between the compressive
strength and MP  percent . As the MP percentages
increased, the compressive strength was reduced.
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Figure 11: Effect of MP on cube and splitting strength

of hardened concrete.

3.6.2. Abrasion Resistance Test

Test loss in thickness by abrasion for of various SCC
mixes are given in Table 5.

Table 5: Results of abrasion resistance test (loss in
thickness) of various SCC mixes.

mixes at age of 28 day;. — — Concrete Vg(fgm') W]Egm') Am At
Concrete Cu?kegic;s?)gth ph (Lr;g/csmrgng efore after (gm.) | (mm)
% 326 o5 0% MP 833 798 35 | 294
10;0 MP 416 29 10% MP 819 785 34 2.91
20% MP 253 20 200 MP 841 803 33 | 316
30% MP 24 i: 30% MP 815 776 39 | 335
e = 40% MP 805 764 41 | 357

The effect of MP on relative cube and splitting strength
of SCC is evident from Figure 11 , which shows that the
cube and splitting strength decrease as MP percentages
increase except at 10%MP the cube and splitting strength
increased.

The percentages of decreasing of cube strength reached
to 22 , 24 and 33 for MP percentages 20% , 30% and
40% respectively, and for splitting strength the decreasing
reached to 21, 24 and 37 for MP percentages 20% , 30%
and 40% respectively, but at 10% MP the percentages
increased. Mixes with 30% and 40% MP give strength less
than normal strength of concrete.

Increase in MP percentages reduce the cement content
and reduce the bond between particles it lead to reduction
in strength. Using 10% MP fill the voids between particles
and improve strength.
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The effect of MP on loss in thickness of SCC is evident
from Figure 12 , which shows that the loss in thickness
increase as MP percentages increase except at 10% MP the
loss in thickness decrease . The decrease of loss in
thickness at 10% MP may be explained by possible
binding activity caused by MP, which fill the voids and
confer an abrasion resistance. Increasing MP over 10%
reduce cement content, which make the pond between
particles weak so loss in thickness increases.
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Figure 12: Effect of MP on loss of thickness by
abrasion of hardened concrete.

3.6.3. Cantabro Test

Test loss in weight for of various SCC mixes are given
in Table 6.

Table 6: Results of cantabro test (percentages of loss
in weight) of various SCC mixes.

Concrete Wgm.) | W(gm) | c.T1(9)
before after

0% MP 4804 4425 7.9

10% MP 4792 4418 7.8

20% MP 4848 4450 8.2

30% MP 4748 4300 9.4

40% MP 4728 4270 9.7

The effect of MP on percentages of loss in weight of
SCC is evident from Figure 13 , which shows that the
percentages of loss in weight increase as MP percentages
increase except at 10% MP the percentages decrease.

Loss in weight increase as MP increases because the
weak connection between MP and cement baste. At
10%MP the percentages decrease because MP work as
filling material and fill the voids, which confer an abrasion
resistance.
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Figure 13: Effect of MP on percentages of loss in weight
of hardened concrete.

3.6.4. Rapid Chloride Permeability Test.

Rating of chloride permeability for various SCC mixes is
given in Table 7.

Table 7: Results of rating chloride permeability of
various SCC mixes.

Charge Chloride
Concrete Coulombs permeability
0% MP 115 Very Low
10% MP 99 Negligible
20% MP 102 Very Low
30% MP 103 Very Low
40% MP 108 Very Low

The effect of MP on rating chloride permeability of SCC
mixes is evident from Figure 14 , which shows the
charge(Coulombs) decrease at 10%MP compared with
control one , after increasing MP percentages over 10% the
charge (coulombs) increased compared by mix containing
10% MP.

Permeability of concrete depends on pore of concrete.
Pore of concrete decreased as MP percentages increase
because MP fill the voids between particles , however
increasing MP over 10% as replacement of cement reduce
the pond between particles and lead to week mix .



The charge value 99 to 115 Coulombs is typically
specified which is characterized as very low chloride
permeability.
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Figure 14: Effect of MP on rating of chloride
permeability of hardened concrete.

4. CONCLUSIONS

The following conclusions can be drawn from the
present study as follows:

The filling ability of SCC was improved at 10%, 20%,
30% and 40% MP mainly due to MP reduce the friction
between particles. The filling ability was reduced for mix
without MP due to high friction between particles. The
passing ability was satisfactory for all SCC mixes except
mixes without MP. All SCC mixes had good segregation
resistance, as noticed from the results of the Japanese sieve
stability test. The segregation indices of concretes obtained
from this test were significantly below the maximum limit
(15%).

All mixes contain 0% and 10%MP give strength greater
than that of normal concrete strength with various RCA
percentages. Mixes with 10% MP increase strength by
about 28%. The compressive and splitting tensile strength
are decreased by about 26% by increasing marble powder
percentages over 10%.

The loss in thickness and volume increase by increasing
MP except for 10%MP the losses decreased by 1%, it may
be due possible binding activity caused by MP which fill
the voids and confer an abrasion resistance. Increasing MP
over 10% reduce cement content which make the pond
between particles weak so loss in thickness increase.
Resistance to chloride penetration increased after using
10% MP.
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