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Evaluation of hardened properties of
self-consolidating high performance concrete using
supplementary cementing material

Kiran. B, Dr. Nagaraja. P.S

Abstract— This paper mainly presents the hardened
properties of self-consolidating high performance concrete
(SCHPC). A variety of SCHPCs were produced with
different water/binder (W/B) ratios, rice husk ash (RHA)
contents, and also air contents. The required filling ability
and air content were achieved in all freshly mixed
SCHPCs. The hardened self consolidating high
performance concretes were tested for compressive
strength and ultrasonic pulse velocity. The effects of
Water/Binder ratio, Rice Husk Ash content, and air
content on these hardened properties were observed. Test
results revealed that the compressive strength and
ultrasonic pulse velocity increased with lower W/B ratio
and higher RHA content. It was witnessed that the air
content decreased the compressive strength and ultrasonic
pulse velocity.

Index Terms— Air content, Concrete, Hardened

properties, Rice husk ash, Water/binder ratio

. INTRODUCTION

Advancements in concrete technology have resulted in
the development of a new type of concrete, which is known
as self- consolidating high performance concrete (SCHPC).
The merits of SCHPC are based on the concept of
self-consolidating and high performance concretes.
Self-consolidating concrete (SCC) is a highly flowing
concrete that spreads through congested reinforcement,
reaches every corner of the formwork, and is consolidated
under its own weight without vibration or any other means
of consolidation [1]. SCC must require excellent filling
ability, good passing ability, and adequate segregation
resistance. However, it does not include high strength and
good durability as the essential performance criteria.
Conversely, high performance concrete (HPC) has been
defined as a concrete that is properly designed, mixed,
placed, consolidated, and cured to provide high strength
and low transport properties or good durability [2]. HPC
generally exhibits a good segregation resistance. But it
does not provide excellent filling ability and good passing
ability like SCC, and therefore needs an external means
such as rodding or vibration for proper consolidation.
When the performance criteria for high strength and low
transport properties or good durability of HPC are included
in SCC with a lower water/binder (W/B) ratio, it can be
referred to as SCHPC. Hence, an SCHPC is a special
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concrete, which offers excellent filling ability and passing
ability, adequate segregation resistance, high strength, and
good durability. The performance criteria, which should be
satisfied for the major fresh and hardened properties of
SCHPC are given in Table 1.

SCHPC is produced by utilizing the benefits of
high-range water reducer (HRWR) and supplementary
cementing material (SCM). The use of HRWR is essential
to produce SCHPC. A HRWR contributes to achieve
excellent filling ability and passing ability in fresh SCHPC.
The hardened properties of SCHPC are also improved in
the presence of HRWR due to the enhanced dispersion of
binder particles and improved paste densification. Along
with HRWR, SCMs are generally incorporated in SCHPC
to enhance the strength and durability, and to reduce the
cement content of concrete. Several well-known SCMs
such as silica fume, ground granulated blast-furnace slag,
and fly ash have been used to produce SCHPC [9,15-17].
However, the expense of several common SCMs such as
silica fume and high reactivity metakaolin increases the
overall material cost of SCHPC. In particular, the use of
silica fume may be cost-prohibitive in developing
countries. Therefore, it is necessary to use an alternative
less expensive SCM such as rice husk ash (RHA) to
produce cost-effective SCHPC.

RHA is typically obtained by the controlled burning of
rice husks at 500-800 °C (conventional thermal treatment)
[18]. The quality of RHA can be improved by pre-treating
the rice husks with an acid leaching and then burning them
under controlled conditions (chemical-thermal treatment)
[19]. If processed and used properly, RHA offers similar
benefits like silica fume with regard to the improved
hardened properties and durability of concrete [19-23].

Table 1

Performance criteria for the key fresh and hardened properties of

SCHPC
Test method Criterion

SCC property

Property

Slump flow Filling ability (flow

i il 550-850 mm [3]

V-funnel flow iing ability (flow ¢ 450 1
time)

Orimet flow " Ming ability (flow 5 o 15y
time)

Passing ability

Fill-box flow (filling percentage)

90-100% [4]

Passing ability

L-box flow (blocking ratio)

0.8-1.0 [4]
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Passing ability

U-box flow (filling height) 630 mm [4]
J-ring flow Passing ability
F) (blocking) (SF-JF)650 mm [6]
Penetration Segregation
depth resistance &8 I | 1]
Sieve ) Seg_regatlon 618% [8]
segregation resistance
HPC property
Air content
by pressure Fresh air content 4-8% [9]
method
Compression Early-age
using compressive >20 MPa [10]
cylinders strengths
28 and 91 days
compressive >40 MPa [10]
strengths
Ultrasonic . .
pulse velocity F::r;};]sc:;:t?énquallty or P4575 m/s [11]
by a PUNDITa
F;?riods iy Ty Total porosity as an
u indicator of strength 7-15% [12]
displacement and durability
method
%bsc\)l\r/r;'::;n Water absorption as
y . an indicator of 3-6% [13]
saturation durability
technique
True
eIe(_:tr_lch Electrical resistance >(5-10) kX cm
resistivity by .
to corrosion [14]
Wenner
probe

Electrical charged
passed as an
indicator of
corrosion resistance

Rapid chloride
ion
penetration

<2000 C [10]

Normal Penetrated chloride
chloride ion value as an

0,
penetration indicator of <ee L0]

corrosion resistance

Durability factor
freezing and after 300 cycles of
thawing freeze—thaw

@ portable ultrasonic non-destructive digital indicating tester.

at 6 months

Resistance to
>0.80 [2]

In addition, the usage of RHA minimizes the
environmental burden associated with the waste disposal
problem caused by the rice milling industry. The recent
yearly production of rice in the world is approximately 560
million metric tons [24]. Rice husk constitutes about one
fifth of the dried rice [25]. Therefore, nearly 112 million
metric tons of rice husks are generated every year. This is
causing a large environmental load, which can be reduced if
RHA is used in concrete production. Moreover, the use of
RHA decreases the demand for cement in the construction
industry, and thus reduces the cost of concrete production
and lessens the environmental pollution caused by the CO,
emission from the cement factories. Hence, RHA not only
improves the concrete properties and durability, but also
provides economic and environmental benefits. Realizing
the manifold benefits of RHA, it has been used successfully
to produce high strength and high performance concretes
[20,21]. Yet, the use of RHA in SCHPC is very limited. No
comprehensive research has been conducted to explore the
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potential of RHA for SCHPC by investigating its effects on
the hardened properties and durability of this concrete.

The present study produced a number of SCHPCs utilizing
conventional RHA as an SCM. The target slump flow (a
measure of filling ability) and air content were maintained in
the fresh concretes using adequate dosages of HRWR and
air-entraining admixture (AEA), respectively. The effects of
RHA were mainly investigated with respect to the key
hardened properties of concrete. The effects of W/B ratio
and air content on the hardened properties were also
observed. Both destructive and non-destructive tests were
performed to determine the hardened properties of the
concretes. The hardened properties obtained were
compressive strength and ultrasonic pulse velocity.

Il. EXPERIMENTAL PROGRAM

2.1 Constituent materials

Coarse aggregate (CA), fine aggregate (FA), normal
portland cement (C), amorphous RHA, normal tap water
(W), a polycarboxylate based HRWR, and a synthetic AEA
were used to produce various SCHPCs adopted in the
present study.

The coarse aggregates (CA) with a maximum size of 19
mm were used in concrete. The concrete sand was locally
available natural pit sand with a maximum size of 4.75 mm.
It was used as the fine aggregate (FA) for concretes. Normal
portland cement was used as the main cementing material
for various SCHPCs. RHA was used as an SCM for different
SCHPCs. It was originally collected from Vellore, Tamil
Nadu, India. It was available in very fine powder form with
angular particle size and grey color. The surface fineness of
RHA was much higher than that of cement due to the
cellular particles with honeycomb microstructure.

2.2. Mixture proportions

The concrete mixtures were designed based on the W/B
ratios of 0.30, 0.35, 0.40 and 0.50, and using RHA
substituting 0% to 30% of cement by weight. Cement and
RHA acted as the total binder (B) for the concretes. In
addition, the optimum Sand/Aggregate (S/A) ratio of 0.50
leading to a maximum bulk density (minimum void content)
in aggregate blend was used for all concrete mixtures. A
total air content (AC) of 6% was adopted to design the
air-entrained SCHPCs whereas 2% entrapped air content
was considered in designing the non air-entrained SCHPC.
The concrete mixtures were designed to obtain a slump flow
(SF) in the range of 600-800 mm, which gives excellent
filling ability. The dosages of HRWR were decided to attain
the required slump flow. The HRWR dosages used for
different SCHPCs were 70-80% of the saturation dosages.
The saturation dosages of HRWR were determined by
testing the filling ability of the binder paste components of
various SCHPCs. In addition, the AEA dosages were fixed
to achieve a total air content of 6 £ 1.5% in air-entrained
SCHPCs.

The mixture proportions and designations of various
SCHPCs are given in Table 2. The concretes were
designated based on the W/B ratio, RHA content, and design
air content. For example, the ‘C40R15A6’ designation was
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used for the concrete prepared with a W/B ratio of 0.40,
15% RHA content, and 6% design air content.

2.3. Preparation of fresh concretes and hardened test
specimens

The concrete constituent materials were batched for
mixing based on the mixture proportions shown in Table 2.
The batch volume of the fresh concretes was taken 15%
more than the required to compensate the loss during
mixing and testing. The component materials were mixed in
a revolving pan type mixer to produce the fresh SCHPCs.
The AEA dosage was added at the beginning whereas the
HRWR dosage was used at the later stage of mixing. The
net mixing time for all concrete mixtures was 7 min. The
hardened test specimens were prepared from the fresh
concretes through several steps such as moulding,
demoulding, and curing. The cylinder specimens of @ 100 x
200 mm size were moulded in moulds. The fresh concrete
was poured into the cylinder moulds in one layer, and no
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Immediately after casting, the cylinder specimens were left
undisturbed at room temperature. The specimens were
demoulded, marked, and transferred to curing at the age of
24 hrs. The curing was carried out until the day of testing.

2.4 Test procedures

The compressive strength and ultrasonic pulse
velocity were determined using @ 100 x 200 mm
cylinders at each testing age. The compression test was
carried out at the ages of 3, 7, 28, and 56 days in
accordance.

The ultrasonic pulse velocity of the concretes was
determined at the ages of 28 and 56 days according. A
portable ultrasonic non-destructive digital indicating tester
(PUNDIT) was used to determine the transit time of
ultrasonic pulse through concrete specimens. The
specimens were air-dried at room temperature for 24 hrs
prior to the testing of ultrasonic pulse velocity.

vibration or rodding was used for consolidation.
Table 2
Details of the concrete mixture proportions
Concrete Basic proportions Admixture  dosages (% B) SF* (mm) AC® (%)
type kg/m®
P CA i) c RHA w HRWR (REA
FA
C30R0A6 846.3 842.2 492.7 0 147.8 0.875 0.026 710 5.7
C30R15A6 829.9 825.8 418.8 73.9 147.8 1.75 0.047 735 53
C30R20A6 824.4 820.3 394.2 98.5 147.8 2.10 0.056 770 5.7
C35R0A6 876.1 871.8 422.3 0 147.8 0.70 0.020 690 53
C35R5A6 871.4 867.1 401.2 21.1 147.8 0.875 0.025 700 5.5
C35R10A6 866.7 862.4 380.1 42.2 147.8 1.05 0.035 710 5.1
C35R15A6 862.0 857.8 359.0 63.3 147.8 1.40 0.045 720 5.1
C35R20A6 857.3 853.1 337.8 84.5 147.8 1.75 0.054 710 5.0
C35R25A6 852.6 848.4 316.7 105.6 147.8 2.10 0.070 740 5.6
C35R30A6 847.9 843.7 295.6 126.7 147.8 2.45 0.080 750 5.2
C40R0A6 898.4 894.0 369.5 0 147.8 0.60 0.011 665 6.1
C40R15A6 886.0 881.7 314.1 55.4 147.8 1.00 0.040 680 5.2
C40R20A6 881.9 877.6 295.6 73.9 147.8 1.20 0.051 675 5.3
C50R0A6 928.3 923.7 296.8 0 148.4 0.50 0.006 605 5.2
C50R0A2 940.1 935.5 334.8 0 167.4 0.50 0 600 1.8

a Slump flow.
Air content.

3.1 Compressive strength

The average compressive strengths of the concretes are
presented in Fig. 1. The gain in compressive strength
continued to occur over the 56 days curing period. The
28-days compressive strength varied from 42.7 to 94.1 MPa
while the 56-days compressive strength differed from 44.9
to 98.4 MPa for different concretes. The highest level of
later-age compressive strength was achieved
C35R30A6, which contained 30% RHA at the W/B
ratio of 0.35. Conversely, the lowest level of compressive
strength at all ages was obtained for C50R0A6, which was
produced with a W/B ratio of 0.50 and without any RHA.
Nevertheless, the performance criteria for both early-age and
later-age compressive strengths of SCHPC, as mentioned in

RESULTS AND DISCUSSION

Table 1 were fulfilled for all concretes. The compressive
strength of the concretes with and without RHA increased
with a lower W/B ratio, as obvious from Fig. 2.
increase in compressive strength is directly related to the
reduction in concrete porosity [28]. In the current study, the
total porosity of concrete decreased with a lower W/B ratio.
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The micro- structure of concrete is improved in both bulk
paste matrix and interfacial transition zone with a reduced
porosity [29]. Also, the cement content became higher at a
lower W/B ratio since the water content was kept constant
for all concretes, as evident from Table 2. The increased
cement content improves the physical packing of aggregates
and produces a greater amount of calcium silicate hydrate
(C-S—H) leading to a higher compressive strength.
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Fig. 1. Compressive strength development of various
concretes

The RHA increased the compressive strength of concretes
at the ages of 7, 28 and 56 days, as evident from Figs. 1 and
2. The improvement of compressive strength is mostly due
to the microfilling ability and pozzolanic activity of RHA
[30,31]. With a smaller particle size, the RHA can fill the
microvoids within the cement particles. Also, the RHA is a
highly reactive SCM. It readily reacts with water and
calcium hydroxide (a by-product of cement hydration) and
produces additional C-S—H [31]. The additional C-S-H
reduces the porosity of concrete by filling the capillary
pores, and thus improves the microstructure of concrete in
bulk paste matrix and transition zone leading to an increased
compressive strength.

The increased air content decreased the compressive
strength of concrete. This is obvious from the compressive
strength results of the concretes ‘C50R0A2° and
‘C50R0A6°, as presented in Fig. 1. The reduction in
compressive strength was about 4 MPa per 1% increase in
air content. This is due to the entrained air-voids that
increase the total void content of concrete [28]. The
increased void content decreases the load carrying capacity

of concrete, and thus produces a lower compressive strength.
— 100

el
= \
E 80 -\
[=2]
|
g ~
w
2 0 \
=
w
2
=4 40
£
o
o
w 20
(1~
- | + 0% RHA m 15% RHA A 20% RHA |
o
o ; ; ;
0.2 0.3 0.4 0.5 0.6
W/B ratio

Fig. 2. Effects of W/B ratio and RHA content on the
compressive strength of concrete.
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3.2. Ultrasonic pulse velocity

The average test results for the 28 and 56 days ultrasonic
pulse velocity of the concretes are presented in Fig. 3. The
ultrasonic pulse velocity varied in the range of 4.730-5.097
km/s, thus indicating an excellent physical condition of the
concretes. This is because an ultrasonic pulse velocity higher
than 4.575 km/s generally represents the excellent quality of
concrete [11]. The excellent ultrasonic pulse velocity was
attained mostly due to the improved pore structure of
concretes with reduced porosity and small pore sizes.

The ultrasonic pulse velocity of the concretes with and
without RHA increased with a lower W/B ratio, as evident
from Fig. 4. The highest level of ultrasonic pulse velocity
was achieved for the concretes prepared with the W/B ratio
of 0.30. In contrast, the lowest level of ultrasonic pulse
velocity was obtained for the concretes produced with the
W/B ratio of 0.50. The improvement in ultrasonic pulse
velocity at a lower W/B ratio was due to the reduced
porosity of concrete resulting from a greater volume of
hydration products.

The presence of RHA increased the ultrasonic pulse
velocity of the concretes, as can be seen from Figs. 3 and 4.
The physical and chemical modifications of the pore
structure of concrete occur in the presence of RHA due to its
microfilling and pozzolanic effects as discussed in Section
3.1. This results in the pore refinement and porosity
reduction leading to a dense pore structure in both bulk paste
matrix and transition zone of concrete that contributes to a
higher ultrasonic pulse velocity. However, the increase in
ultrasonic pulse velocity was not as significant as the
increase in compressive strength due to the reduced
aggregate content. The aggregate content decreased with the
increase in RHA content, as can be seen from Table 2. This
can diminish the positive effect of RHA on the ultrasonic
pulse velocity of concrete, since a reduction in aggregate
content decreases the ultrasonic pulse velocity of concrete
[11,32].

The ultrasonic pulse velocity of concrete was affected by
the entrained air-voids of concrete. It can be seen from Fig.
3 that the ultrasonic pulse velocity of the non-air-entrained
concrete (C50R0A2) was higher than that of air-entrained
concrete (C50R0A6) produced with the same W/B ratio.
This is due to the greater number of pores and C-S-H
gel/pore interfaces in the presence of entrained air-voids that
may delay the propagation of the ultrasonic pulse, thus
reducing its velocity through concrete.
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IV. CONCLUSIONS

Based on the experimental results for various SCHPCs
produced in the present study, the following conclusions can
be drawn:

a. The hardened properties of the concretes were
enhanced with lower W/B ratio due to the improved paste
densification resulting from a greater amount of hydration
products in the presence of higher binder content.

b. The hardened properties of the concretes were
progressively improved with the increased content of RHA
because of its microfilling and pozzolanic effects, which
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improve the microstructure and pore structure of concrete in
bulk paste matrix and transition zone.

¢. The compressive strength and ultrasonic pulse velocity
of the concretes increased with lower W/B ratio and higher
RHA content.

d. The excellent hardened properties were achieved at
15% RHA, which was also suitable to provide the required
slump flow and air content with relatively low dosages of
HRWR and AEA, respectively. In addition, no mixing and
handling difficulties were experienced for the SCHPCs
including the RHA content of 15%. Hence, 15% RHA was
the optimum RHA content for SCHPC.

e. The increased air content decreased the compressive
strength since the air-voids increased the total void content,
which reduced the load carrying capacity of concrete. Also,
the increase in air content decreased the ultrasonic pulse
velocity of concrete, as the increased amount of air-voids
delayed the propagation of ultrasonic pulse.
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