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concrete and recycled aggregates concrete containing fly ash and clay

Md. Shafiqul Islam, Pronab Kanti Baul *, Oarda Haque

Department of Civil Engineering, Rajshahi University of Engineering & Technology, 6402 Rajshahi, Bangladesh

ABSTRACT

ARTICLE INFO

Recycling of concrete is needed based on environmental preservation and effective
utilization of resources point of view. Chloride attack has become a major concern in
modern construction. Chloride ion is very dangerous for concrete structures because
it leads to corrosion of the reinforcements in concrete. Many researchers have car-
ried out numerous investigations on the chloride permeability of normal aggregates
concrete. The purpose of this paper is to compare the chloride permeability between
normal aggregates concrete and recycled aggregates concrete containing fly ash and
clay. Water absorption in recycled aggregates concrete is also shown. The cylindrical
concrete specimens made with recycled aggregates were subjected to high chloride
permeability. Clay and ash were mixed in separate specimens in different propor-
tions to reduce the porosity of concrete and hence to decrease the chloride permea-
bility. The objective of this paper is to show the decrease chloride permeability in
recycled aggregates concrete which is almost same for normal aggregates concrete
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and to make a relationship between water absorption and chloride permeability.

1. Introduction

Nowadays recycling of demolition concrete is benefi-
cial and necessary from the viewpoint of environmental
preservation and effective utilization of resources. Alt-
hough it has proved that some properties of recycled ag-
gregates concrete may be generally lower than those of
normal concrete, they are still sufficient for practical ap-
plication in some constructions and buildings. To make
this technology feasible, a significant amount of experi-
mental works has been conducted on mechanical prop-
erties of recycled concrete with the focus on the com-
pressive, the tensile and the flexural strengths, the bond
strength, and elastic modulus of recycled concrete.

As the research of recycled concrete proceeds, some
have paid attention to its durability and found that one
of the key factors determining the durability of recycled
concrete is the free chloride ion, for it lowers the com-
pressive strength and accelerates the corrosion of rebar
in recycled aggregates concrete. When free chloride ion,
oxygen and water all exist at the surface of rebar, the
chemical reaction occurs as:

Fe + 2ClI~ - FeCl, + 2e — Fe?* + 2CI~ +2e, (1)
0, + 2H,0 +4e — 40H". ()

Fe2+ could combine with OH- in the water to produce
Fe(OH)2 which would expand and destroy the concrete.

2. Experimental Description
2.1. Materials

The materials required for performing the project
were procured. About 10 kg of coarse aggregates (20 mm
passing and 4.75 mm retained), 5 kg of fine aggregates
(passing 4.75 mm) and about 5 kg of 53 grade cement
and 10 kg of recycled aggregates were procured. Prelim-
inary tests on properties of these ingredients were done
as per ACI procedures and the results are as follows:

Table 1 shows the properties of the used cement. Ta-
ble 2 shows the properties of coarse aggregates, fine ag-
gregates, recycled aggregates used.

* Corresponding author. Tel.: +880-17-38932954 ; E-mail address: pronabkantibaul @gmail.com (P. K. Baul)
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Table 1. Properties of cement.

Cement grade
Fineness

Specific gravity

Cement grade : 53 grade OPC [ACI 318:21.10.3.4]

7.33% [ACI 211.1-91]

3.04 [ACI 318:1904.2.2]

Table 2. Properties of coarse aggregates, recycled aggregates and fine aggregates.

Fineness modulus

8.73 [ACI 211.1-91]

Coarse . .
Specific gravity 2.79 (20 mm) [ACI 211.1-91]
aggregates
Water absorption value 0.5% [ASTM C 128]
Fineness modulus 9.3 [ACI 211.1-91]
Recycled
o Specific gravity 2.85 (20 mm) [ACI 211.1-91]
aggregates
Water absorption value 12.59% [ASTM C 128]
Fineness modulus 2.585[ACI 211.1-91]
Fine i .
Specific gravity 2.71 [ACI 211.1-91]
aggregates

Water absorption value

NIL [ASTM C 128]

2.2. Mixture proportions

A normal mix ratio of 1:2:4 (Cement: Fine Aggre-
gates: Coarse Aggregates) was adopted for the purpose
of this work and a water-cement ratio of 0.5 was used.
A cylindrical mould of 4 inch diameter and 8 inch height
was used. Volume of cylindrical mould was calculated
and then dry volume of mould was calculated. Weights

of aggregates were calculated from the mixing ratio.
Three specimens were made, two of them containing re-
cycled aggregates (20% of normal aggregates by weight)
with normal aggregates and one containing normal ag-
gregates. Between the two specimens, one of them con-
taining clay (25% of sand by weight) and one of them
containing clay (25% of sand by weight). Table 3 shows
the mix proportions of concrete used in this study.

Table 3. Mix proportions of concrete.

Sample Cement Sand Brick khoa Recycled aggregates Clay Fly ash
(kg) (kg) (kg) (kg) (kg) (kg)
01 0.85 1.275 2.55 0.85 0.425 0
02 0.85 1.275 2.55 0.85 0 0.425
03 0.85 1.7 3.4 0 0 0

2.3. Short and long term absorption

Coating was applied on all the surfaces except one
surface in samples 01, 02 and 03, respectively. So, water
was forced to pass along the non-coated surface only. For
short term absorption, weight of specimen was taken for
24 hours in interval of one hour. For long term absorp-
tion, weight of specimen was taken for 30 days in inter-
val of one day. Fig. 1 shows the specimens immersed in
water tank.

2.4. Cutting of specimen for chloride permeability test
Two inch circular disks from samples 01, 02 and 03

were made for chloride permeability test as shown in
Fig. 2.

Fig. 1. Specimen in water.
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Fig. 1. Making the circular disk.

2.5. Chloride permeability test

For chloride permeability test, a device was made
which consists of two containers as shown in Fig. 3(a).

(a) silicon rubber A {-) (b)

to the testing
machine

‘g—" i

5 min. epoxy

Concrete s

Specimen o

0.3 N NaOH mil

Banana
post

\ Thermal

wph

3.0% NaCl

Steel Rod

(+)
to the testing
machine

Screw nut

One container was filed with 3% NaCl solution and other
container was filled up with 0.3 N NaOH solution. The de-
vice was connected with multimeter and voltmeter as
shown in Fig. 3(b). M seal was used for making the whole
system water proof. Each specimen took 6 hours to com-
plete this test. To calculate the charge passed in coulomb,
the following formula was used.

Q =IXt, 3

where Q is charge flowing through one cell (coulombs), I
is current reading in amperes immediately after voltage
is applied, and t is time in seconds.

Table 4 shows chloride permeability rating as per
ASTM C 1202.

Table 4. Chloride Permeability Rating as per ASTM C 1202.

C?:gﬁfolﬁzzid Chloride permeability
>4000 High
2000-4000 Moderate
1000-2000 Low
100-1000 Very low
<100 Negligible

Fig. 3. (a) Experimental setup of chloride permeability test; (b) Practical set up of chloride permeability test.

3. Results and Discussions
3.1. Short term absorption

Table 5 shows the short term absorption test results
for Recycled Aggregates Concrete (RAC) with clay, Recy-
cled Aggregates Concrete (RAC) with fly ash and Normal
Aggregates Concrete (NAC).

From Fig. 4, itis clear that short term water absorption
of RAC (clay) is more than that of NAC but short term wa-
ter absorption of RAC (fly ash) is very near to that of NAC.

3.2. Long term absorption

Table 6 shows long term absorption test results for
Recycled Aggregates Concrete (RAC) with clay, Recycled
Aggregates Concrete (RAC) with fly ash and Normal Ag-
gregates Concrete (NAC).

From Fig. 5, it is clear that long term water absorp-
tion of RAC (clay) is more than that of NAC but short
term water absorption of RAC (fly ash) is very near to
that of NAC.
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Table 5. Short term absorption test results.

. Absorption for RAC Absorption for RAC .
Time . . . . Absorption for NAC
(hour) mixed with clay mixed with fly ash (gm/ )
our m/sq. cm
(gm/sq. cm) (gm/sq. cm) R
0 0 0 0
01 0.49 0.46 0.41
02 0.67 0.67 0.52
03 0.76 0.80 0.59
04 0.78 0.91 0.65
05 0.80 0.97 0.69
06 0.83 1.02 0.72
07 0.85 1.05 0.75
08 0.88 1.06 0.78
09 0.89 1.10 0.80
10 0.90 1.13 0.84
11 0.91 1.16 0.88
12 0.95 1.18 0.90
13 0.97 1.20 0.93
14 1.01 1.22 0.97
15 1.05 1.23 1.01
16 1.10 1.25 1.05
17 1.13 1.26 1.10
18 1.20 1.27 1.15
19 1.26 1.30 1.21
20 1.30 1.31 1.26
21 1.34 1.32 1.30
22 1.37 1.33 1.31
23 1.40 1.34 1.32
24 1.41 1.36 1.33

1.6

14

1.2

0.8

0.6

== Absorption for RAC mixed with clay (gm/sq. cm)

Absorption (gm/ sq. cm)

0.4
e Absorption for RAC mixed with fly ash (gm/sg. cm)

0.2
Absorption for NAC (gm/sq. cm)

o L
0123456 7 8 9101112131415161718192021222324
Time (hour)

Fig. 4. Variation of short term water absorption of RAC (clay) and RAC (fly ash) with NAC.
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Table 6. Long term absorption test results.

Absorption for RAC

Absorption for RAC

Time i i . i Absorption for NAC
(day) mixed with clay mixed with fly ash (gm/ )
a m/sq. cm
Y (gm/sq. cm) (gm/sq. cm) s/
0 0 0 0
01 0.9 1.23 0.85
02 1.26 1.81 1.16
03 1.71 1.85 1.65
04 1.89 1.89 1.73
05 1.97 1.92 1.80
06 2.01 1.96 1.85
07 2.06 1.99 1.89
08 2.07 2.00 1.92
09 2.08 2.02 1.94
10 2.11 2.04 1.96
11 2.15 2.05 1.98
12 2.16 2.06 2.00
13 2.17 2.07 2.01
14 2.19 2.08 2.02
15 2.20 2.09 2.03
16 2.21 2.10 2.04
17 2.22 2.11 2.05
18 2.23 2.12 2.06
19 2.24 2.13 2.07
20 2.26 2.15 2.09
21 2.27 2.16 2.10
22 2.28 2.17 2.11
23 2.29 2.18 2.13
24 2.30 2.19 2.14
25 2.31 2.20 2.15
26 2.32 2.21 2.16
27 2.33 2.22 2.17
28 2.34 2.23 2.18
29 2.35 2.24 2.19
30 2.36 2.25 2.20
1.6
14
€ 12
(S]
g 1
S~
IS
0 08
c
hel
e 06 . - .
el e Absorption for RAC mixed with clay (gm/sq. cm)
g 0.4
< : . . .
== Absorption for RAC mixed with fly ash (gm/sq. cm)
0.2
Absorption for NAC (gm/sq. cm)
O L

Fig. 5. Variation of long term water absorption of RAC (clay) and RAC (fly ash) with NAC.

012345678 9101112131415161718192021222324

Time (hour)
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3.3. Chloride permeability

Table 7 shows chloride permeability test data. Fig. 6
shows the Variation of chloride permeability for RAC
(clay) and RAC (fly ash) with NAC.

From Chloride Permeability Rating as per ASTM C 1202,
chloride permeability of NAC is low and chloride permea-
bility of RAC (clay), RAC (fly ash) is moderate (Fig. 6).

3.4. Relation between water absorption and chloride
permeability

Relation between chloride permeability and water
absorption due to admixture effect follows the equa-

tion:

y = 4309.6In(x) — 1446.4 , (3)

Table 7. Chloride permeability test results.

Charge passed through

Charge passed through

Ti Ch. d th h
lr.ne RAC mixed with clay RAC mixed with fly ash GRS
(min) NAC (coulomb)
(coulomb) (coulomb)

0 0 0 0
30 81 75 61
60 177 164 159
90 265 255 236
120 411 389 374
150 521 501 466
180 716 695 679
210 849 813 786
240 1172 1139 1020
270 1295 1277 1150
300 1418 1378 1290
330 1933 1888 1781
360 2227 2133 1894

2500
e Charge passed through RAC mixed with clay (coulomb)
2000
e Charge passed through RAC mixed with fly ash (coulomb
2 Ch dth h NAC (coulomb)
arge passed throu coulom

€ 1500 eep €
=)

@]

2

& 1000

©
<
O

500
0 L

0 30 60

90 120 150 180 210 240 270 300 330 360

Time (min)

Fig. 6. Variation of chloride permeability for RAC (clay) and RAC (fly ash) with NAC.

4. Conclusions

The objective of this paper is to reduce the chloride
permeability of RAC which is almost same for chloride
permeability of NAC by mixing clay and fly ash separately.
Chloride permeability of NAC is 1894 coulombs and chlo-
ride permeability of RAC (clay) and RAC (fly ash) is 2227

coulombs and 2133 coulombs respectively. From Chloride
Permeability Rating as per ASTM C 1202, chloride perme-
ability of NAC is low and chloride permeability of RAC
(clay) and RAC (fly ash) is moderate. From results it is clear
that absorption is almost constant after some time but
chloride permeability increases with time and chloride
permeability varies with water absorption logarithmically.
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2250

/

2100 /

2200 /
2150

2050 /

y =4309.6In(x) - 1446.4

2000 /
/

Charge passed (Coulombs)

1950 /
1900

1850
2.2 2.25

2.3 2.35 2.4

Water absorption (gm/sq. cm)

Fig. 7. Relation between chloride permeability and water absorption due to admixture effect.
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ABSTRACT

ARTICLE INFO

Palm oil industry is one of the important industry that contribute to the country’s
prosperity. This flourishing industry however also causes environmental problems
namely air pollution, soil degradation as well as water pollution due to waste disposal
issue. At the same time, intensive cement production and granite mining is damaging
the environment and natural habitats. Hence, various efforts have been made by re-
searchers to minimize the effect of pollution including integrating oil palm wastes in
construction as building materials. In this study, granite aggregate was fully replaced
by palm oil clinker (POC) in lightweight aggregate concrete production. In order to
reduce the utilization of cement in concrete, palm oil fuel ash (POFA) was ground to
improve its pozzolanic reactivity to partially replace cement in lightweight aggregate
concrete. From this investigation, the best performance concrete was attributed by
POC LWAC with 20% POFA when the water cement ratio and superplasticizer are
0.45 and 1.0%. Inclusion of water cement ratio and superplasticizer of 0.35 and 0.8%

Article history:
Received 24 August 2018
Accepted 20 December 2018

Keywords:

Palm oil fuel ash
Palm oil clinker
Workability

Water cement ratio
Superplasticizer

would adversely affects the workability and strength of POC LWAC with POFA.

1. Introduction

Owing to expensive life nowadays, it is important to
produce high quality building materials with cost-effec-
tive as an alternative. Utilization of waste materials into
construction materials is one of the most efficient meth-
ods that can be employed. In Malaysia, there are various
potential wastes that can be utilized as alternative mate-
rials for building construction especially from the oil
palm industry. This industry is more likely to have huge
potential due to the fact that Malaysia is the second
world's largest palm oil producer. Thus, large quantities
of waste produced by this industry and the waste gener-
ated is estimated around 80 million tonnes per year and
contributes to the highest fraction of total industrial solid
wastes in Malaysia (Zafar, 2018). Most of these waste ma-
terials are not recycled and disposed to the nearby land-
fill causes various pollution such as groundwater, water
and air contamination (Hosseini and Abdul Wahid, 2013).

Among the potential wastes from this industry are
palm oil clinker (POC) and palm oil fuel ash (POFA). Ac-
cording to Mukherjee et al. (2014), 18.5 million tons of
POFA were dumped every year without profitable value.
POFA which is in the form of fine dust is extremely harm-
ful to the environment and more likely to penetrate
deeply into the lungs (Altwair and Kabir, 2010). At the
same time, palm oil clinker (POC) is abundantly gener-
ated in large quantities from the palm oil industry as well
(Abutaha et al,, 2017). Similar to POFA, this waste mate-
rial also contributes towards dumping problem as well
as disturbing scenery. Thus, these problems have urged
researchers to figure out alternative construction mate-
rials such as utilizing palm oil wastes into concrete pro-
duction. At this point, POFA has been successfully re-
placed cement in concrete due to its pozzolanic charac-
teristic (Abdul Awal and Warid Hussin, 2011; Alsubari et
al,, 2018; Lau et al., 2018). Palm oil clinker is suitable to
be used as coarse aggregate replacement in lightweight

* Corresponding author. Tel.: +60-09-549-2947 ; Fax: +60-09-549-2998 ; E-mail address: khairunisa@ump.edu.my (K. Muthusamy)
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aggregate concrete production (Bashar et al, 2014;
Kanadasan and Abdul Razak, 2014; Nazmul Huda et al.,
2016). However, limited research is available on the per-
formance of lightweight aggregate concrete containing
combination of both clinker and palm oil fuel ash as mix-
ing ingredient. The present research investigates the ef-
fect of mixing ingredients namely POFA, water cement
ratio and superplasticizer on workability and compres-
sive strength of POC lightweight concrete.

2. Materials and Methods

Materials used in this study included a type I Portland
cement, tap water, palm oil clinker, sand, palm oil fuel
ash, and a high range water reducer admixture. Palm oil
clinker was used as sole coarse aggregate. River sand
with fineness modulus of 2.31 was used in this experi-
mental work. Palm oil fuel ash (POFA) was employed as
partial cement replacement. The amount of high range
water reducing admixture used is in the range from 0.8
to 1.2 % by weight of cement in accordance with manu-
facturer's recommendations. The water to cement ratio
used was varied from 0.35 to 0.55 by weight of cement.

A range of mixes consisting of 0%, 20% and 40% POFA
has been casted for this research work. To obtain these
mixes, it requires carrying out a series of trial and error
as recommended by ACI 211 Part 2 (1998). The amount
of cement, palm oil clinker and sand were kept constant
for all mixes. All the concrete mixes were cast in the form
0of 100 mm x 100 mm x 100 mm cubes and then subjected

to water curing until the testing date. Slump test was
conducted to measure the consistency of fresh concrete
following the procedure in BS EN 12350: Part 2. The
specimens were tested to compressive strength test in
accordance to BSEN 12390-3 (2002) at 28 days.

3. Results and Discussion
3.1. Effect of water-cement ratio

Figs. 1 and 2 presents the effect of water-cement ratio
towards the workability and compressive strength of
POC LWAC containing POFA. As can be observed, the
slump values were measured between 30 mm to 90 mm
which is categorized in low to medium workability. The
highest slump value is denoted by control specimen with
water-cement ratio of 0.55. The slump decrease as
higher amount of POFA was added. At the water cement
ratio of 0.35, the slump workability reduces by 30.7 to
53.8% when 20% and 40% POFA was added. POC LWAC
with 40% POFA produces the lowest slump. Similar ob-
servation has been made by Wankhede and Fulari
(2014) who acquired low slump value when utilizing
0.35 water-cement ratio with the presence of pozzolanic
material. Low water-cement usage resulted in insuffi-
cient compacted concrete thus produces pores upon
hardened. According to Bu and Tian (2014), concrete
pores will decrease the compressive strength of con-
crete. Conclusively, very low water-cement ratio would
decrease the overall concrete strength.

& w/c0.35

120
100
80
60
40
20

e
LTy

Slump (mm)
e

e
(LT

]
=

P

Ly

o

#w/c 0.45

w/c 0.55

Control

POFA20
POFA Replacement (%)

POFA40

Fig. 1. The effect of water-cement ratio towards workability of POC LWAC with POFA.

. & w/c0.35 #w/c 0.45 w/c 0.55
£

2

£ 0

2 s

o LEEr

v LEEr

= thi

g thi

g0 &

5 it

g 0 vl

© Control POFA20 POFA40

POFA Replacement (%)

Fig. 2. The effect of water-cement ratio towards compressive strength of POC LWAC with POFA.
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Further increase water-cement ratio produces di-
luted paste that decreases the binding capacity of con-
crete particles. Diluted paste causes segregation of con-
crete to occur resulted in coarse aggregates and sand set-
tles at the bottom thus affecting the workability and
strength of concrete greatly. These result is in line with
the theory stated by Neville (2011). When extra water of
more than required is added, it creates pores due to
evaporation. Extra water will also cause interfacial tran-
sition zone to be formed which will become plane of fail-
ure on the concrete strength. Previous researcher, Lee et
al. (2014) pointed out that the higher the water-cement
ratio, the lower the density and strength. Generally, all
mixes produces comparable strength result when water
cementratio of 0.35, 0.45 and 0.55 is employed. Amongst
all, water-cement ratio of 0.45 is found to be the opti-
mum water-cement ratio that works well with POC
LWAC containing POFA.

3.2. Effect of superplasticizer content

Superplasticizer is one of the most important admix-
tures in enhancing concrete performance. Addition of su-
perplasticizer resulted in the cement particles highly
negative charge so that they repel each other due to the
same electrostatic charge. By deflocculating the cement
particles, more water is provided for concrete mixing
(Neville, 2011). The effect of superplasticizer content to-
wards workability and strength of POC LWAC is pre-
sented in Figs. 3 and 4. The slump value measured be-
tween 45 mm to 111 mm which is classified in medium
to high slump. Unlike water-cement ratio effect, super-
plasticizer addition produce better slump result. The
compressive strength of POC LWAC containing POFA
with 0.8 %, 1.0% and 1.2% is between to 48.91 to 61.72
MPa which is also in the range for high strength light-
weight aggregate concrete.
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Fig. 3. The effect of superplasticizer content towards workability of POC LWAC with POFA.
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Fig. 4. The effect of superplasticizer content towards compressive strength of POC LWAC with POFA.

In terms of superplasticizer influence, POC LWAC
with POFA work efficiently with 1.0% superplasticizer
that provides proper dispersion of cement particles.
Superplasticizer of 0.8% produces slump and compres-
sive strength slightly lower than 1.0% superplasticizer.
This is due to the water reducing admixtures that ensure
proper dispersion of the cement particles in concrete
thus prevent difficulties during concrete mixing. This re-
sult in segregation reduction and hence, lead towards

more compact, higher density and higher strength con-
crete. Other researcher (Muhit, 2013), also managed to
produce the highest compressive strength result when
utilizing 1% superplasticizer in the concrete produc-
tion.

Although increment amount of superplasticizer will
enhance the compressive strength, there is still an opti-
mum limit for the usage of admixture. When the dosages
go beyond this limit, increase in dosage will only reduce
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the compressive strength. In this case, 1.2% superplasti-
cizer resulted in strength reduction. This phenomenon
occurs since over dosage of superplasticizer will cause
bleeding and segregation, which will affect the cohesive-
ness and uniformity of the concrete (Alsadey, 2012). The
high-water content may also cause the formation of
voids in the concrete and thus porous interfacial transi-
tion zone will be formed, which generates a weak bond
between coarse aggregate and mortar mix. As a result,
compressive strength will reduce when the superplasti-
cizer dosage is beyond the optimum dosage.

4., Conclusions

This investigation reveals that 20% POFA as partial
cement replacement in the production of POC LWAC pro-
duces the highest strength when the water cement ratio
and superplasticizer are 0.45 and 1.0%. The use 0.35 and
0.8% of water cement ratio and superplasticizer is dis-
advantageous towards POC LWAC with POFA as it pro-
duces dry mixes. However, all the samples are in the
range for structural application. It is seen that utilization
of POC and POFA would produce greener concrete and at
the same time assist towards reducing amount of palm
oil solid waste dumped at the landfill.
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ABSTRACT

ARTICLE INFO

Reactive Powder Concrete (RPC) is composed of very fine powders (cement, sand,
and pozzolanic materials), and superplasticizers. A very dense matrix is found, and
this tightness provides RPC with ultra-high strength and durability. Recently, using
supplementary cementing materials associates greatly with ultra-high strength and
the mix design of ultra-high performance concrete (UHPC). These materials could be
natural, by-products or industrial wastes. They could be also less energy consuming
and little time produced materials. Silica fume (SF), rice husk ash (RHA) and granu-
lated blast furnace slag (GBFS) etc. are among the major supplementary cementing
materials utilized. The detailed experimental investigation done to study the impact
of partial alteration of cement with SF, RHA, and GBFS on concrete properties. This
study aims to a minor replacement of Portland cement by SF, RHA and GBFS to reach
UHPC. Twenty-five different concrete mixes (f. =150.1 to 188.2 MPa) with and with-
out SF, RHA and GBFS were prepared with local materials in Egypt. Concrete mixes
were cast with 0, 10, 15, 20, and 25% cement replaced by either SF or RHA, and an-
other proportions taken combination between SF and RHA or SF and GBFS or RHA
and GBFS about percentages from 10 to 15%. The mixes were tested for slump flow,
air content, mechanical properties and water permeability. The findings of hardened
properties indicate that optimum level for partial changing of cement by SF and RHA
was 20% and it is observed that though the strengths of SF or RHA concrete goes on
decreasing after the 20% addition of SF or RHA. Test results have indicated that RHA
exhibits lower pozzolanic activity than SF.
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1. Introduction

Innovations in new concrete technology and the im-
provement of modern superplasticizers simplify new
characteristics of unobtainable concrete. Ultra-high per-
formance concrete (UHPC) is a novice type of concrete
that has achieved a great concern in research and appli-
cation recently, many researchers namely, Schmidt and
Fehling (2005), Resplendino (2012), Schmidt (2012). The
development of UHPC, known as reactive powder con-
crete (RPC), started in 1990s in France and Canada, Rich-
ard and Cheyrezy (1995). Components of UHPC generally
is high amount of Portland cement, silica fume (SF) with
fine grained aggregates and steel fibers for reinforcement.
UHPC holds a small amount of water to binder ratio (w/b)

* Corresponding author. E-mail address: h_scc@yahoo.com (M. Amin)
ISSN: 2548-0928 / DOI: https://doi.org/10.20528/cjcrl.2018.04.003

with adding a high superplasticizer (SP) dosage, by previ-
ous researchers, Richard and Cheyrezy (1995), Park et al.
(2008). Thus, UHPC accomplishes compressive strength
between 150 and 800 MPa, modulus of elasticity of 50-
60 MPa, high flexural strength and very high durability,
many researchers namely, Schmidt and Fehling (2005),
Richard and Cheyrezy (1995), Schmidt and Teichmann
(2006). Ultra-high performance concrete (UHPC) gains
compressive strength more than 150 MPa and developed
durability. UHPC is considered a major concern in re-
search and application, by previous researchers, Resplen-
dino (2012), Schmidt (2012). The major objectives en-
hance compressive, ductility, microstructure and durabil-
ity of concrete, and also develops workability, cost effi-
ciency and sustainability, by Schmidt (2012).
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Applying pressure and post-set heat-treating improves
the rendering of concrete. According to that, concrete dis-
plays compressive strength more than 150 MPa with nor-
mal temperature treatment, about 200-250 MPa with
post-set heat treatment at 90°C, 450-650 MPa by the utili-
zation of a high volume of steel fibers, high temperature
treatments, pressurization of the fresh material while set-
ting and hardening, and up to 800 MPa with steel aggre-
gates, by previous researchers, Richard and Cheyrezy
(1995), Dugat etal. (1996). With more content of Portland
cement, SF and SP, the manufacture of UHPC is of a high
cost than the cost of high performance concrete (HPC).
Additionally, a high content of cement clinker makes
UHPC not really sustainable, especially regarding CO:
emission. However, the increased mechanical properties
of UHPC helps in reducing the cross section of concrete
structures while preserving similar or longer spans of
structures , by Perry (2011). Because of the reduction of
cross section of UHPC structure, sustainability is im-
proved through raising the efficiency of using concrete
and structure. Pros of UHPC is the enhanced durability of
this concrete against freeze-thaw deterioration, corrosion
of steel and chemical attack, by Schmidt and Teichmann
(2006). Theoretically, a Portland cement or other cements
are areason of producing UHPC. Itis clear that the amount
of cement included in concrete affects its strengths and
durability and also the w/b, especially in case of HPC and
UHPC, by Neville (2006). The compatibility between ce-
ment and SP is necessary to choose cement for UHPC pro-
duction to increase the efficiency of water reduction. Con-
sequently, cement with low C3A content is utilized to de-
crease SP demand, to raise fluidity and hence the packing
density of UHPC, by previous researchers, Richard and
Cheyrezy (1995), Sakai et al. (2008). Based on water con-
tent, cement minor changes by fine materials and utilized
aggregates, Portland cement content in UHPC ranges be-
tween about 600 and 1000 kg/m3 concrete, many re-
searchers namely, Schmidt (2012), Richard and Cheyrezy
(1995), Park etal. (2008), Ma etal. (2004). Silica fume (SF)
is an industrial waste that is produced by silicon produc-
tion or alloys including silicon. SF is a highly reactive poz-
zolanic material, normally with more than 85 wt.-% amor-
phous silica. The particles are spherical and extremely
fine (0.1-0.3 um). Pozzolanic admixture in the concrete in-
dustry has become the first choice. SF products are pre-
sented as undensified or densified powder or as slurry.
The usage of undensified SF powder aims basically at
achieving appropriate dispersion of SF in UHPC. The SF
slurry should not be used as the quantity of water in the
slurry may surpass the total quantity of water necessary
for UHPC. Thus, SF greatly affects features of concrete, by
previous researchers, Chung (2002), Chan and Chu. (2004).
In a curtain Portland cement concrete with water cement
ratio of 0.5, about 18.3% SF, showing the weight of cement,
is enough to totally consume Ca(OH): that is released from
cement hydration by Papadakis (1999). However, the opti-
mal content of SF in UHPC is normally about 20-30 wt.-% of
cement to enhance the filler effect , many researchers
namely, Richard and Cheyrezy (1995), Park et al. (2008),
Long et al. (2002). Reactive rice husk ash is generated by
burning rice husk, an agricultural waste, under convenient
conditions. RHA has a high content of amorphous silica and

a high particular surface area. RHA are highly reactive
pozzolanic materials. RHA can also be a good replacement
for SF in UHPC due to the clear impact of enhanced autog-
enous shrinkage and compressive strength, by previous
researchers, Nguyen et al. (2011), Nguyen and van.
(2012). However, because of the high specific surface
area, porous structure, irregular particle shape and coarse
grain size, UHPC including these pozzolans requires
higher water content or/and SP dosage to protect the
workability. Their mixing processes are also longer and
harder than that of the mixture including SF, by Nguyen et
al. (2011). Granulated blast furnace slag (GBFS) is a latent
hydraulic material. GBFS is a by-product of the steel in-
dustry and always less expensive than Portland cement.
When GBFS partially substitutes cement, it improves
some features of concrete, like workability, heat release
and durability. Moreover, using GBFS to partially replace
cement makes concrete more environmentally. The par-
tial alternation of cement by GBFS raises the degree of
Portland cement clinker hydration and decreases port-
landite content by reduced cement content in UHPC. It
also improves the degree of SF hydration (shown by rela-
tive portlandite consumption). In UHPC, partial substitu-
tions of cement by GBFS enhances workability and de-
creases superplasticizer demand, many researchers
namely, Moser et al. (2010), Gerlicher et al. (2008), Yazic1
et al. (2010). After 28 days of hydration, compressive
strength of UHPC with 15 vol.-%, by Moser et al. (2010),
or about 20-35 wt.-%, by Yazic1 et al. (2010). GBFS replac-
ing cement is similar or even higher than that of the refer-
ence mixture. The higher GBFS content will decrease the
28 day compressive strength of UHPC (both normal cur-
ing and heat treatments), many researchers namely,
Méser et al. (2010), Yazici et al. (2010). UHPC that has a
very high compacted density with optimized particle size
distribution and a very low w/b gains a very high com-
pressive strength. But its ductility is not enhanced from
that of normal concrete. The inclusion of fibers develops
tensile strength and compressive strength. Using fine ag-
gregates, high homogeneity, good flowability and high duc-
tility led that UHPC normally utilizes small-size fibers with
3 to 13 mm in length and 0.15 to 0.2 mm in diameter. The
fiber content differs about 1 up to 8 vol.-% of mixture. Fi-
bers can be made of steel or organic material. UHPC incor-
porating with carbon fibers is only utilized for the special
durability demands. Polymer fibers are used in order to im-
prove the fire resistance of UHPC, by previous researchers,
Richard and Cheyrezy (1995), Boulet etal. (2000). The w/b
used in UHPC differs from 0.15 to about 0.25 to make both
the sufficient workability and the lowest porosity of hard-
ened concrete. To reduce the excess water in UHPC, the low
w/b usually does not supply sufficient workability to the
mixture. SP is the obligatory ingredient to improve worka-
bility of UHPC. SP dosage in UHPC is almost at the satura-
tion dosage to gain the highest workability of concrete at a
very low w/b. Thanks to new generations of SP which sup-
port very high water reduction efficiency. The compatibility
between SP and mixture is controlled by SP, by previous re-
searchers, Hirschi and Wombacher (2008), Terzijski
(2004); cementby previous researchers, Sakai etal. (2008),
Terzijski (2004), and mineral admixture, by previous re-
searchers, Plank et al. (2009), Hommer (2009).
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2. Experimental Procedures
2.1. Materials
2.1.1. Cement

Ordinary Portland CEM [-52.5 N was used in all mixes.
Testing of cement was carried out as the Egyptian Stand-
ard Specifications ESS ES4756/1 2013, ES (2013) and
BSEN197/1 2011, BS (2011). The physical and chemical
features of cement used represented in Table 1.

2.1.2. Aggregates

Fine aggregate used in this experimental work was
quartz sand, clean and rounded fine aggregate with a
specific gravity of 2.65, a bulk unit weight of 1670 kg/m3
and fineness modulus of 2.80, according to the require-
ment of ECP 203-2017, ECP (2017).

2.1.3. Silica fume

In this paper, silica fume was locally produced in
Egypt having a silica content of 97.5%, and a bulk unit
weight of 391 kg/m3 was used. The chemical composi-
tion and physical properties of SF shown in Table 1.

2.1.4. Rice husk ash

Rice husk ash obtained from burning the husk under
temperature. The produced RHA having grey color. Ex-
perimental tests (EDX and TEM) were applied on pro-
duced RHA. EDX test investigated that produced ash con-
tain 95.9% silica. TEM test indicate that particle size var-
ying between (16 nm to 52 nm). The physical and chem-
ical properties of RHA shown in Table 1.

2.1.5. Granulated blast furnace slag

Granulated blast furnace slag obtained from iron in-
dustry wastes. GBFS obtained from rapid cooling by wa-
ter or quenching molten slag with specific gravity 2.63.
The chemical composition and physical properties of
GBFS shown in Table 1.

2.1.6. Superplasticizer

A high performance superplasticizer (SP) admixture
of aqueous solution of modified polycarboxylate basis
(Viscocrete- 3425) was used of all mixtures. Viscocrete-
3425 complies with ASTM-C-494 types G and BS EN 934
Part 2: 2001, with a specific gravity of 1.12. The dosage
ranged about 2 % for mixes of cementitious content
1000 kg/m3.

2.1.7. Water

Portable water was utilized in the experimental
work for both preparing and curing. The pH degree of
water taken is not less than 7. As presented in Table 2,
water to cementitious materials ratio (w/cm) was uti-
lized as 0.18 for mixes of cementitious content 1000
kg/m3.

2.1.8. Steel fiber

Stainless steel fibers are manufactured fibers com-
posed of stainless steel. To improve the RPC ductility,
some mixes were generated with fibers of straight
steel wire, 12 mm length and 0.2 mm in diameter,
with a minimum on-the-wire tensile strength of 2100
MPa.

Table 1. Properties of cementitious materials.

Properties CEMI Silica Fume Rice Husk Ash Granulated blast furnace slag
Physical
Specific gravity 3.15 2.15 2.32 2.63
Specific area cm?/gm 3200 20000
Colour Grey Light Grey Light Grey Hard Grey
Chemical compositions (%)
Silicon dioxide (SiO2) 20.31 97.5 95.9 13.26
Aluminum oxide (Al203) 5.89 0.23 0.28 5.52
Ferric oxide (Fe203) 3.45 0.52 0.51 37.23
Calcium oxide (Ca0) 62.49 0.24 0.43 33.15
Magnesium oxide (MgO) 2.13 0.45 0.24 5.38
Sulphur trioxide (SO3) 2.18 0.13 0.16 4.14
Potassium oxide (K20) 0.73 0.47 0.61
Sodium oxide (Naz0) 0.87 0.18 0.17
Loss on Ignition (LOI) 1.62 0.60 1.10 1.35
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Table 2. Proportions of concrete mixtures.

CEMI Quartz Sand SF

RHA GBFS Steel Fiber SP

Group Mix No. W/Cm
kg/m3 % % % % % %
G1-CEM I MO 1000 100 0 0 0 0 2.0 0.18
M1 900 100 10 0 0 0 2.0 0.18
M2 850 100 15 0 0 0 2.0 0.18
M3 800 100 20 0 0 0 2.0 0.18
M4 750 100 25 0 0 0 2.0 0.18
M5 800 100 10 10 0 0 2.0 0.18
M6 750 100 10 15 0 0 2.0 0.18
M7 800 100 10 0 10 0 2.0 0.18
G2 -SF
M8 750 100 10 15 0 2.0 0.18
M9 750 100 15 10 0 0 2.0 0.18
M10 700 100 15 15 0 0 2.0 0.18
M11 750 100 15 10 0 2.0 0.18
M12 700 100 15 15 0 2.0 0.18
M13 800 100 20 0 1 2.0 0.18
M14 800 100 20 0 2 2.0 0.18
M15 900 100 0 10 0 0 2.0 0.18
M16 850 100 0 15 0 0 2.0 0.18
M17 800 100 0 20 0 0 2.0 0.18
M18 750 100 0 25 0 0 2.0 0.18
5 M19 800 100 0 10 10 0 2.0 0.18
M20 750 100 0 10 15 0 2.0 0.18
M21 750 100 0 15 10 0 2.0 0.18
M22 700 100 0 15 15 0 2.0 0.18
M23 800 100 0 20 1 2.0 0.18
M24 800 100 0 20 2 2.0 0.18

2.2. Mix proportion

To achieve the objectives of this work, three groups of
concrete with a total numbers of 25 mixtures were ready
and investigated as presented in Table 2. The mixtures
were divided into three groups representing the varia-
bles in the study. The first group (G1- CEM I) with 1000
kg/m3 cement content was prepared without any re-
placement material as SF or RHA or BFSP (reference
mix). Group two (G2-SF) with 1000 kg/m3 cementitious
content is contains partial replacement materials as SF
only by (10, 15, 20, 25%) or combination from SF (10,
15%) and RHA (10, 15%) or combination from SF (10,
15%) and GBFS (10, 15%) or 20% SF and steel fiber (1,
2%), that mixes from M1 to M14. While the third group
(G3-RHA) is contains RHA only (10, 15, 20, 25%) or com-
bination from RHA (10, 15%) and GBFS (10, 15%) or
20% RHA and steel fiber (1, 2%), as replacement mate-
rials by weight of cement (M15-M24).

2.3. Test procedure

The consistency of concretes is estimated via slump
terms and slump flow values according to ASTM
C143/C143M-15a (ASTM C143/C143M-15a), and the air
content values according to ASTM C231/C231M-17a (ASTM
C231/C231M-17a) of the fresh concrete were tested. The
compressive strength test of concrete was tested using cu-
bes (150 mm) according to BS 1881: part 116 - 2004

(B.S.1881, Part 116, 1989). This test was conducted at the
agesof1,7,28,56,and 91 days. The splitting tensile strength
test at 28 days was carried out according to ASTM
C496/C496M - 11 (ASTM C496/C496M-11). A cylindrical
specimen of dimensions (150x300 mm) was used for this
test. The flexural strength test at 28 days was performed in
accordance with ASTM C78/C78M-16 (ASTM C78/C78M-
16). The prism specimens of 100x100x500 mm for flexural
strength were used. The bond strength between a reinforc-
ing bar (16mm) and surrounding concrete (cyl. 150x300
mm) was determined by using the pull out test according to
BS 1881: part 207:1992 (B.S.1881, Part 207, 1992). The av-
erage of three specimens was recorded for each testing age
and all strengths. While the modulus of elasticity at 28 days
was conducted on the cylinder specimens of dimensions
(150x300 mm) according to ASTM C469/C469M-14 (ASTM
C469/C469M -14). To evaluate the water permeability of
concrete, the concrete specimens were subjected to a hydro-
static water pressure of 30 bars for about 24 hours. The test
was carried out on cylindrical specimens of diameter 150
mm and 150 mm height. The Darcy permeability coefficient
(K) was calculated using the following formula:

K=Q-H+A-t-P, (1)

where Q is volume of the permeated water (cm3), H is
height of the specimen (cm), 4 is cross sectional area of
the specimen (cm?), t is time in seconds, P is apparatus
coefficient = 1019.72 g/cm2
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3. Results and Discussion

The test results of slump, air content, compressive
strength, splitting tensile strength, flexural strength,
bond strength, modulus of elasticity and water Permea-
bility are shown in Table 3.

3.1. Consistency

The slump flow of RPC mixes containing 1000 kg/m?3
at 2% SP, W/Cm of 0.18 and different partial replace-
ment of cement contents by (SF, RHA and GBFS) are
presented in Table 3 and Fig. 1. However the workabil-
ity of the mix could be enhanced due to better high
range water reducing admixtures. The use of super-

plasticizer was very essential in RPC containing poz-
zolanic fine materials as SF or RHA or GBFS to achieve
well dispersion. Obviously, when the SF, RHA and GBFS
content raises, the flowability of RPC increases. The
slump flow of UHPC 25% SF equal 294mm and RPC
25% RHA equal 365 mm but RPC 10% SF+15% RHA
equal 315 mm and RPC 15% RHA+10% GBFS equal
328mm. It can be seen that RHA offered a much better
consistency than did SF for the given mixture propor-
tions. When 2 vol.-% of steel fibers was used, slump
flow of both the RPCs 25% SF and 25% RHA obtained
232 mm and 280 mm, respectively with the same con-
dition. Therefore, 25% RHA to partially replace cement
can be considered as the optimal content in RPC includ-
ing SF or RHA or GBFS.

Table 3. Fresh and hardened properties of results.

STy Air Compressive Strength S’Ir‘)elslrill?eg lerane] Eed Modul.u.s @ P‘elf\{"?rtlzg—
M Crowps  Flow - Content (MPa) Strength  SUTength - Strength - Elasticty
No. (MPa) 10-11
1d 7d 28d 56d 91d 28d 28d 28d 28d Cm / sec
MO CEMI 220 1.40 706 1141 150.1 160.6 167.9 9.7 13.4 27.1 49.50 2.85
M1 245 1.10 781 1227 160.8 172.2 180.3 10.3 13.3 29.4 51.49 -
M2 265 1.00 81.7 129.1 168.7 180.8 189.5 10.6 13.9 31.0 53.14 -
M3 280 0.90 883 1369 179.2 1921 201.3 11.0 14.5 331 55.54 1.45
M4 294 0.85 854 131.7 1724 1847 193.8 10.3 13.8 31.9 53.13 -
M5 305 1.00 85.6 133.8 175.1 187.6 196.5 10.9 14.3 323 54.62 1.63
M6 315 0.95 83.8 131.0 171.6 1839 192.6 10.3 14.1 31.5 53.74 -
M7 285 1.10 76.0 1209 1585 169.7 177.7 10.1 13.1 28.9 50.72 1.89
M8 o 293 1.05 746 1184 155.6 166.5 174.3 10.4 13.0 28.4 50.12 -
M9 302 0.95 833 129.8 170.2 1824 190.9 10.6 13.9 31.4 53.25 -
M10 310 0.90 819 1280 167.3 1793 187.8 10.4 13.7 30.9 52.54 -
M11 297 1.00 79.8 126.3 165.5 177.2 185.4 10.3 13.6 30.4 51.98 -
M12 305 0.95 78.0 123.6 162.4 173.8 1819 10.2 13.4 29.9 51.16 -
M13 257 1.10 91.7 141.7 1855 198.7 208.3 17.4 29.5 34.4 57.50 1.57
M14 232 1.20 93.0 143.8 1882 2019 211.2 249 433 34.6 58.13 1.68
M15 290 1.15 753 1192 156.6 167.7 175.6 10.1 13.2 28.4 51.68 -
M16 327 1.10 79.2 1246 163.2 175.1 183.1 10.3 13.6 29.8 52.61 -
M17 345 1.10 848 1314 171.8 184.4 193.2 10.6 14.1 31.6 54.36 1.75
M18 365 1.00 833 1283 168.1 180.3 188.8 10.2 13.7 311 53.12 -
M19 280 1.20 734 117.2 153.8 164.8 1723 10.0 12.8 28.1 49.21 1.96
M20 R 270 1.15 72.6 1153 151.6 162.2 169.8 9.8 12.6 27.7 48.67 -
M21 328 1.10 768 121.5 159.4 170.6 178.7 10.1 13.2 29.2 50.68 -
M22 317 1.05 751 119.7 157.3 168.2 176.2 9.9 13.0 28.8 49.86 -
M23 310 1.15 873 1356 177.6 190.5 199.4 16.7 28.6 32.8 55.05 1.84
M24 280 1.25 88.7 137.5 180.1 193.2 202.3 24.2 41.7 33.0 55.63 1.93
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Fig. 1. Effect of replacement materials on the consistency.

3.2. Air content

Table 3 shows that the effect of SF, RHA, and GBFS as
a replacement materials of cement on air content per-
centage. The RPC mixes containing SF or RHA or GBFS
content up to 25% lead to significant reductions in air
content, while when the content of SF or RHA increased
from 0 to 25%, the air content decreased to about 39%
and 29% for mixes with 1000 kg/m3 cementitious mate-
rials, respectively. The measured air contents were 1.4,
0.9 1.0, 1.1, 1.2, 1.1, 1.2, and 1.25% for concrete mixes
(1000 kg/m3 cementitious materials) containing 0, 20%
SF, 10% SF+10% RHA, 10% SF+10% GBFS, 20% SF+2%
steel fiber, 20% RHA, 10% RHA+10% GBFS, and 20%
RHA+2% steel fiber, respectively.

3.3. Compressive strength

The compressive strength of RPC at different replace-
ment of cement (SF, RHA, and GBFS) contents are pre-
sented in Table 3 and Fig. 2. The compressive strength at
1, 7, 28, 56, and 91 days are shown in Table 3 and Figs.
2-3. In general, the addition of SF or RHA as a replace-
ment of cement up to a particular percentage resulted in
a corresponding raise of the compressive strength. The
test results indicate that the particular content of SF or
RHA or combination of them and GBFS, which may be re-
ferred to as the optimum content, is about 20% as shown
in Figs. 4-5. At the optimum content, SF, RHA and GBFS
are sufficient to react with all liberated calcium hydrox-
ide produced from the cement hydration process to pro-
duce calcium silicate hydrates.

In UHPC, RHA can also act as a good pozzolanic ad-
mixture to generate UHPC without considerable change
in compressive strength compared with that of mixture

15 20 25

including SF. The experimental findings reflected that
mixing SF or RHA as partial alternation of cement en-
hances the compressive strength of concrete. Positive
impact of SF or RHA on compressive strength is sug-
gested to be because of the high pozzolanity of SF or RHA
as a result of the large SSA and the high silica content. SF
or RHA responds intensively with the water and the cal-
cium hydroxide generated from the hydration of cement
to generate more C-S-H. The additional C-S-H itself is
the major strength-contributing compound, and also fills
in the capillary pores to enhance the microstructure of
the paste matrix and transition zone in concrete result-
ing in improving compressive strength. SF or RHA is sup-
posed to enhance compressive strength because of the
internal water curing and the lower effective w/b ratio
of concrete. SF or RHA develops compressive strength
improvement in two ways apart from its pozzolanic ac-
tivity; it speeds up the hydration process in the wet
phase by offering more nucleation sites for the operation
to happen, while its pore-filling effect enhances the pack-
ing features of solid particles within the concrete matrix
during later ages. The principle reasons for the excellent
pozzolanic activity and raise in compressive strength are
amorphous silica and the fine particle size of SF or RHA.
The raising in compressive strength of SF or RHA con-
cretes were basically because of the filler physical effect
and by the pozzolanic chemical effect.

Findings reveal thatat 20% SF as a replacement of ce-
ment enhanced the compressive strength, where 25.1,
20.0,19.4, 19.6, and 19.9% improvement in compressive
strength is regarded at 1, 7, 28, 56, and 91 days, respec-
tively of mixes with 1000 kg/m3 cementitious materials.
While, for concrete containing 20% RHA, the increase of
compressive strength are 20.1, 15.2, 14.5, 14.8, and
15.1% for ages 1, 7, 28, 56, and 91 days respectively, but
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compressive strength of 10% SF+10% RHA mixes in-
crease about 21.2, 17.3, 16.7, 16.8, and 17.0% for ages 1,
7, 28, 56, and 91 days respectively. In this study that the
improvement of compressive strength is more significant
at early age than the later ages. The early age strength
raises could be because of finer particle size of SF and
RHA, which quicken the hydration reaction and packs
into cement particles gaps. On the contrary, the long
term strength of concrete is raised through pozzolanic
effect. But, with respect to mixes containing 10%
GBFS+10% SF and 10% GBFS+10% RHA, the increase of
compressive strength about 5.6% and 2.5% for 28 days
respectively.

Figs. 4-5 demonstrate the effect of SF, RHA and GBFS
on the 28-day compressive strength at different replace-
ment levels. It is clear that SF increased compressive
strength at 1000 kg/m3 cementitious materials to almost

strength was 20% for concrete incorporating SF or RHA.
Based on the results, it can be observed that concrete
prepared with GBFS indicated reduced strengths com-
pared to the mixes containing SF or RHA, while this
mixes produce sustainable UHPC.

Reactive Powder Concrete shows a higher rate of
strength gain at early ages as compared to normal
strength concrete, but at later ages the difference is not
significant. The higher rate of strength development of
RPC at early ages may be caused by; an increase in the
internal curing temperature in concrete specimens due
to a higher heat of hydration, and shorter distance be-
tween hydrated particles in RPC due to low water-ce-
mentitious ratio. Table 3 and Fig. 6 show the results of
compressive strength at different ages. The statically
analysis of these results yields the following equations:

about 7.1, 12.4, 19.4, and 14.9% at 10, 15, 20, and 25%  f,; = 0.486 : f,,5, (2)
respectively. The compressive strengths of the mixes at
10, 15, 20, and 25% of RHA were about 4.3, 8.7, 14.5, and for = 0.763 - f 3)
. . c7 . c28
12% respectively higher than that of the control concrete
at 28 days. The compressive strength of concrete incorpo- —1071- 4)
rating SF are comparable and sometimes better than RHA fese = 1. fezs
concrete. The test results showed that the optimum re-
placement percentage for maximum compressive  feor = 1.122 fipg. (5)
220
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Fig. 2. The compressive strength of mixes with 1000 kg/m3 cementitious content at different ages.
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3.4. Splitting tensile strength

The effect of SF, RHA and GBFS on the splitting tensile
strength for different replacement contents is shown in
Table 3 and Fig. 7. The results of splitting tensile strength
increases with the increase of SF or RHA content. For
20% replacement contents, the improvement of the ten-
sile strength were 13.4, 9.3, 12.4, 4.1 and 3.1% for mixes
containing 20% SF, 20% RHA, 10% SF+10% RHA, 10%
SF+10% GBFS and 10% RHA+10% GBFS respectively.
On the other hand, the splitting tensile strength results
of mixes containing 20% SF+2% steel fiber and 20%
RHA+2% steel fiber comparing to control mix were en-
hanced about 156.7 and 149.5% respectively. Splitting
tensile strength for these mixes with 1 and 2% steel fi-
bers equal about 9.4 and 13.4% from compressive
strength respectively. With comparability of splitting
tensile strength result of all mixes to compressive
strength result, it is noticed that, splitting strength result
represent about 6.3% nearly of compressive strength re-
sult of the same mixes as shown in Fig. 8. From above ta-
ble we can notice that the average tensile strength of Re-
active Powder Concrete are attain more than target
strength at 20% of SF or RHA as a replacement with ce-
ment quantity.

3.5. Flexural strength

The flexural strength results are shown in Table 3 and
areillustrated in Fig. 7. It shows that the flexural strength
of concrete mix also increases with increase in SF or RHA
replacement of cement. The flexural strength for the
mixes with 20% SF or 20% RHA gain of 8.2 and 5.2% was
obtained respectively in comparison with control mix.
The maximum value of flexural strength was obtained

for 20% from SF or RHA as a replacement of cement. The
average value of flexural strength is about 8.27% of the
28-days compressive strength of the same mixes as
shown in Table 3 and Fig. 8. The average flexural
strength of Reactive Powder Concrete with 1 and 2%
steel fibers increase about 117 and 217% respectively,
comparing to control mix. Average of flexural strength
for these mixes with 1 and 2% steel fibers equal about
16.0 and 23.1% respectively from compressive
strength.

3.6. Bond strength

The bond behaviour is generally represented as the
relation of bond stress versus slip, which means the dif-
ference between the displacement of the rebar and the
concrete in cracked regions of reinforced concrete mem-
bers. The bond stress-slip relationships are mostly de-
termined on the basis of pull-out tests. The bond
strength of different RPC mixes at 28 days age is repre-
sented in Table 3 and Fig. 7. As shown the bond strength
for controlled mix protected 27.1 MPa. The mixes con-
tain SF or RHA or GBFS achieve improvement in bond
strength. It's noticed that bond strength increase to 33.1,
31.6,32.3,28.9 and 28.1 MPa in mixes with 20% SF, 20%
RHA, 10% SF+10% RHA, 10% SF+10% GBFS and 10%
RHA+10% GBFS respectively, with improvement of
about 22.1, 16.6, 19.2, 6.6 and 3.7%. Also, the average
bond strength results represent about 18.35% of com-
pressive strength results of the same mixes as shown in
Fig. 8. With respect to the above result replacing a small
dosage of OPC by about of 20% from RHA or SF in the
concrete mix had a great effect on the bond strength of
concrete 33.1, 31.6, 32.3, 28.9 and 28.1 MPa in mixes
with 20% SF, 20% RHA, 10% SF+10% RHA, 10%
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SF+10% GBFS and 10% RHA+10% GBFS respectively,
with improvement of about 22.1, 16.6, 19.2, 6.6 and
3.7%. Also, the average bond strength results represent
about 18.35% of compressive strength results of the
same mixes as shown in Fig. 8. With respect to the above
result replacing a small dosage of OPC by about of 20%
from RHA or SF in the concrete mix had a great effect on
the bond strength of concrete.

3.7. Modulus of Elasticity

The test results of modulus of elasticity for RPC mixes
at 1000 kg/m?3 cementitious content after 28 days are
shown in Table 3. The modulus of elasticity for con-
trolled mix equal 49.5 GPa. It's noticed that modulus of
elasticity reached to 55.54, 54.36, 54.62 and 50.72 GPa
in mixes with 20% SF, 20% RHA, 10% SF+10% RHA and
10% SF+10% GBFS respectively, with improvement of
about 12.2, 9.8, 10.3, and 2.5%. The elasticity modulus
for mixes contains SF by 10, 15, 20 and 25% of cement
content increase about 4.0, 7.4, 12.2 and 7.3% compared
to control mix, respectively. On the other side, modulus
of elasticity for RHA mixes with 10, 15, 20 and 25% are
improved about 4.4, 6.3, 9.8 and 7.3%, respectively. It is
worthy of note that, the optimum value of modulus of
elasticity was obtained for 20% SF or 20% RHA as a re-
placement of cement. Also, the average modulus of elas-
ticity results represent about 316.2% of compressive
strength results of the same mixes.

3.8. Permeability

Table 3 and Fig. 9 illustrate the results of the permea-
bility coefficient, and the effect of SF, RHA, and GBFS on
concrete permeability. The test results indicated that,
concrete incorporating SF, RHA and GBFS are less per-
meable and thus, are more durable. The coefficient of
permeability of RPC mixes containing 20% SF, 20% RHA,
10% SF+10% RHA, 10% SF+10% GBFS and 10%
RHA+10% GBFS were about 50.9, 61.4, 57.2, 66.3 and
68.8% of the permeability coefficient of mix without re-
placement materials, respectively. However, this im-
provement of the permeability of concrete incorporating
SF, RHA and GBFS may be ascribed to the difference in
pore distribution. One cause of this difference in pore
structures is the higher content of calcium silicate hy-
drate gel (CSH). Another cause that the relative decrease
in capillary porosity is due to a difference precipitation
of the CSH gel. In contrast to Portland cement, the CSH
gel does not precipitate directly on the cement gain, but
in the space between clinker grain and silica grain.

4. Conclusions

Based on the results presented above, the following
conclusions can be drawn:
e When the SF, RHA and GBFS content increases, the
flowability of RPC increases. The use of superplasti-
cizer was very essential in concrete containing fine

particles like SF or RHA or GBFS to achieve well dis-
persion and better results. In mixes with 2% super-
plasticizer, when the replacement level of SF or RHA
was increased to 25%, the slump flow was increased
by approximately 33.6% and 65.9% respectively.

2. When the content of SF or RHA increased from 0 to
25%, the air content decreased to about 39.3% and
28.6% for mixes with 1000 kg/m3 cementitious mate-
rials, respectively.

3. For all replacement contents, the improvement of
the compressive strength at 28 days were 7.1, 12.4,
19.4, and 14.9% for mixes containing 10, 15, 20 and
25% SF, and the improvement of the compressive
strength were 4.3, 8.7, 14.5, and 12% for mixes with
10, 15, 20 and 25% RHA, respectively.

For all RPC mixes, the average splitting strength result
represent about 6.3% nearly of compressive strength
result of the same mixes. The splitting tensile strength
increase about 13.4 and 9.3% for mixes containing
20% SF and 20% RHA respectively. While, the split-
ting tensile strength results of mixes containing 20%
SF+2% steel fiber and 20% RHA+2% steel fiber com-
paring to control mix were enhanced about 156.7 and
149.5% respectively.

The average value of flexural strength is about 8.27%
of the 28-days compressive strength of the same
mixes. The flexural strength for the mixes with 20%
SF or 20% RHA gain of 8.2 and 5.2% was obtained re-
spectively in comparison with control mix. But, the
average flexural strength of RPC with 1 and 2% steel
fibers increase about 117 and 217% respectively,
comparing to control mix.

For RPC mixes with 20% SF and 20% RHA the bond
strength increase about to 22.1 and 16.6% respec-
tively, Also, the average bond strength results rep-
resent about 18.35% of compressive strength re-
sults.

The elasticity modulus for mixes contains SF by 10,
15, 20 and 25% of cement content increase about
4.0, 7.4, 12.2 and 7.3% compared to control mix, re-
spectively, on the other side, modulus of elasticity
for RHA mixes with 10, 15, 20 and 25% are improved
about 4.4, 6.3, 9.8 and 7.3%, respectively. Also, the
average modulus of elasticity results represent
about 316.2% of compressive strength results of the
same mixes.

The coefficient of permeability of RPC mixes contain-
ing 20% SF, 20% RHA, 10% SF+10% RHA, 10%
SF+10% GBFS and 10% RHA+10% GBFS were about
50.9, 61.4, 57.2, 66.3 and 68.8% of the permeability
coefficient of control mix, respectively.

The test results indicate that the optimum replace-
ment percentage for maximum compressive
strength and other hardened properties was 20% for
concrete incorporating SF or RHA or combination of
them and GBFS. While, based on the results, it can be
observed that concrete prepared with GBFS indi-
cated reduced strengths compared to the mixes con-
taining SF or RHA, while this mixes produce sustain-
able UHPC.



Amin / Challenge Journal of Concrete Research Letters 9 (4) (2018) 114-127 125

Strengths MPa

Strengths MPa

220 220
[cementitious Content 1000 kg/m® |- - Il fsp I ﬂ;‘ [cementitious Content 1000 ka/m® |- fe 1 fsp 0 # I fb‘
00 |1 WiCm =0.18 200 | wicm=0.18
2 % Superplasticizer 2 % Superplasticizer
180 180
160 160
140 © 140
o
120 = 120
100 £ 10
2
80 g a0
80 @ 60
40 40
20 20
0 0
0% 20% 25% 0% 20% 25%
(a) silica Fume (b) Rice Hask Ash
220 220 _
[Cementitious Content 1000 kg/m™ I e sp 0 ] ib| Oeme”m‘s\‘r"scg"_”ﬁq:mo kgim OOl oIl #1 »
WICm=018 200 H -
200 2% Superplasicizer 2 % Superplasticizer
180 180
160 180
140 o 140
o
120 = 120
»
100 £ 100
c
80 g 80
w
60 60
40 40
0 0
V) 0, 0, 0, 0,
0% 10%SF+10%RHA  10%SF+15%RHA 0% 10%SF+10%GBFS 10%SF+15%GBFS
(c) Silica Fume + Rice Hask Ash (d) silica Fume + Granulated Blast Furnace Slag
220 -
Cementitious Content 1000 kg/m |- fc I fsp [ # A
WiCm =0.18
200 H 2 % Superplasticizer
180
160
140
120
100
80
60
40
20
0

0% 10%RHA+10%GBFS 10%RHA+15%GBFS
(e) Rice Husk Ash + Granulated Blast Furnace Slag

Fig. 7. Effect of replacement materials on different strengths of HSC: (a) Silica Fume; (b) Rice Husk Ash; (c) Silica Fume

+ Rice Husk Ash; (d) Silica Fume+ Granulated Blast Furnace Slag; (e) Rich Husk Ash +Granulated Blast Furnace Slag.



126 Amin / Challenge Journal of Concrete Research Letters 9 (4) (2018) 114-127

110

100%

100

.Fc Compressive strength

a0

f-w Splitting tensile strength
f. Flexural strength

[=x]
=

f, Bond strength

%

-
=

[=3]
=

o
=

=
=

(S ]
=

Mean strength

(]
=

—
=

T fsp

Tr i)

Fig. 8. Compressive strength of HSC in comparison to other strengths.

38 16
36 [ | P ermeability IC ementitious Content 1000 kg/m
Ok m— AirCnntentI WJ/Cm =018 415
34 N s 2 % Superplasticizer 414
sz i
[T} ) L
2 28Lk u 412
9 561 = -/ 411
§ 24 L / I J10 &
T 22fF Jog =
- 20FE - 5
o L 408 =
x 18r 5
o 16F {07 3
= L
= 14F 406 =
2 12F Jos <
g 10F Jo4
E osk
5 - Jo3
o 06}
04 102
02k =401
0oL 0.0
With Out RHA SF+RHA SF+GBFS RHA+GBFS

Replacement Materials

Fig. 9. Effect of replacement materials on the permeability of HSC mixes.

REFERENCES

ASTM C78/C78M - 16 (2016). Standard Test Method for Flexural
Strength of Concrete. ASTM International, West Conshohocken,
PA.

ASTM C143/C143M - 15a (2015). Standard Test Method for Slump of
Hydraulic-Cement Concrete. ASTM International, West Con-
shohocken, PA.

ASTM C231/C231M - 17a (2017). Standard Test Method for Air Con-
tent of Freshly Mixed Concrete by the Pressure Method". ASTM In-
ternational, West Conshohocken, PA.

ASTM C469/C469M - 14 (2014). Standard Test Method for Static Mod-
ulus of Elasticity and Poisson’s Ratio of Concrete in Compression.
ASTM International, West Conshohocken, PA.

ASTM C496/C496M - 11 (2011). Standard Test Method for Splitting
Tensile of Cylindrical Concrete Specimens. ASTM International,
West Conshohocken, PA.

B.S.1881, Part 116, (1989). Method for Determination of Compressive
Strength of Concrete Cubes. British Standards Institution (BSI), UK.

B.S.1881, Part 207 (1992). Method for Determination of Bond Strength
of Concrete Cylinders. British Standards Institution (BSI), UK.

BS EN 197-1 (2011). Cement. Composition, Specifications and Con-
formity Criteria for Common Cements. British Standards Institution
(BSI), UK.

Chan YW, Chu SH (2004). Effect of silica fume on steel fiber bond char-
acteristics in reactive powder concrete. Cement and Concrete Re-
search, 34(7), 1167-1172.

Chung DDL (2002). Review: Improving cement-based materials by us-
ing silica fume. Journal of Materials Science, 37(4), 673-682.



Amin / Challenge Journal of Concrete Research Letters 9 (4) (2018) 114-127 127

Dugat ], Roux N, Bernier G (1996). Mechanical properties of reactive
powder concretes. Materials and structures, 29(4), 233-240.

Egyptian Code of Practice: ECP 203-2017 (2017). Design and Construc-
tion for Reinforced Concrete Structures. Ministry of Building Con-
struction, Research Center for Housing, Building and Physical Plan-
ning, Cairo, Egypt.

ES 4756-1 (2013). Cement Part: (1) Composition, Specifications and
Conformity Criteria for Common Cements. Egyptian organization
for Standardization and Quality (EOS), Egypt.

Gerlicher T, Heinz D, Urbonas L (2008). Effect of finely ground blast
furnace slag on the properties of fresh and hardened UHPC. In: Sec-
ond International Symposium on Ultra High Performance Concrete,
367-374.

Hirschi T, Wombacher F (2008). Influence of different superplasticizers
on UHPC. In: Proceedings of the Second International Symposium on Ul-
tra High Performance Concrete, Kassel University Press, Kassel, 77-84.

Hommer H (2009). Interaction of polycarboxylate ether with silica
fume. Journal of the European Ceramic Society, 29(10), 1847-1853.

Kim DJ, Park SH, Ryu GS, Koh KT (2011). Comparative flexural behavior
of hybrid ultra high performance fiber reinforced concrete with dif-
ferent macro fibers. Construction and Building Materials, 25(11),
4144-4155.

Long G, Wang X, Xie Y (2002). Very-high-performance concrete with
ultrafine powders. Cement and Concrete Research, 32(4), 601-605.

Ma ], Orgass M, Dehn F, Schmidt D, Tue NV (2004). Comparative inves-
tigations on ultra-high performance concrete with and without
coarse aggregates. In: Proceedings of International Symposium on
Ultra High Performance Concrete, Germany, 205-212.

Moser B, Pfeifer C, Heinz D, Gerlicher T, Mechtcherine V, Dudziak L
(2012). Investigations on the workability and microstructure de-
velopment of UHPC-Part 2: influence of admixtures and curing on
the microstructure of ultra-high strength concretes. Cement Inter-
national, 8(6), 74-85.

Neville AM (2006). Concrete: Neville's Insights and Issues. Thomas Tel-
ford, London, UK.

Papadakis VG (1999). Experimental investigation and theoretical mod-
eling of silica fume activity in concrete. Cement and Concrete Re-
search, 29(1), 79-86.

Park JJ, Kang ST, Koh KT, Kim SW (2008). Influence of the ingredients
on the compressive strength of UHPC as a fundamental study to op-
timize the mixing proportion. In: Proceedings of the Second Interna-
tional Symposium on Ultra High Performance Concrete, 105-112.

Perry V (2003). A revolutionary new material for new solutions. In:
Technical Forum. Presentation, Lafarge North America.

Plank ], Schroefl C, Gruber M, Lesti M, Sieber R (2009). Effectiveness of
polycarboxylate superplasticizers in ultra-high strength concrete:
the importance of PCE compatibility with silica fume. Journal of Ad-
vanced Concrete Technology, 7(1), 5-12.

Resplendino ] (2012). State of the art of design and construction of
UHPFRC structures in France. In: Proceedings of Hipermat-3rd In-
ternational Symposium on UHPC and Nanotechnology for Construc-
tion Materials, 27-41.

Richard P, Cheyrezy M (1995). Composition of reactive powder con-
cretes. Cement and Concrete Research, 25(7),1501-1511.

Sakai E, Akinori N, Daimon M, Aizawa K, Kato H (2008). Influence of
superplasticizers on the fluidity of cements with different amount
of aluminate phase. In: Second International Symposium on Ultra
High Performance Concrete, 85-92.

Schmidt M (2012). Sustainable building with ultra-high-performance
concrete (UHPC)—Coordinated research program in Germany. In:
Proceedings of Hipermat 2012, 3rd International Symposium on
UHPC and Nanotechnology for High Performance Construction Ma-
terials, Ed., Schmidt M, Fehling E, Glotzbach C, Frohlich S, and Pi-
otrowski S, Kassel University Press, Kassel, Germany, 17-25.

Schmidt M, Fehling E (2005). Ultra-high-performance concrete: re-
search, development and application in Europe. ACI Special Publi-
cation, 228,51-78.

Schmidt M, Teichmann T (2006). New developments in ultra high per-
formance concrete-non corrosive PVA-fibres and gluing of struc-
tural elements. In: Proceedings of the 2rd fib congress-Section, 13, 1-
11.

Terzijski I (2004). Compatibility of components of high and ultra high
performance concrete. In: Proceedings of the 1st International Sym-
posium on Ultra High Performance Concrete, Kassel, Germany, 175-
186.

Tuan NV, Ye G, van Breugel K (2012). Mitigation of early age shrinkage
of ultra high performance concrete by using rice husk ash. In: 3rd
International Symposium on UHPC and Nanotechnology for High
Performance Construction Materials: Ultra-High Performance Con-
crete and Nanotechnology in Construction (HIPERMAT-2012), 19,
341-348). Kasse University Press GmbH.

van Tuan N, Ye G, van Breugel K, Fraaij AL, Dai Bui D (2011). The study
of using rice husk ash to produce ultra high performance concrete.
Construction and Building Materials, 25(4), 2030-2035.

Yazici H, Yardimc1 MY, Yigiter H, Aydin S, Tirkel S (2010). Mechanical
properties of reactive powder concrete containing high volumes of
ground granulated blast furnace slag. Cement and Concrete Compo-
sites, 32(8), 639-648.



	Cover - Vol.9 No.4
	Editorial Board
	Contents
	Observation of chloride permeability between normal aggregates concrete and recycled aggregates concrete containing fly ash and clay (Md. Shafiqul Islam, Pronab Kanti Baul, Oarda Haque)
	Effect of mixing ingredient on workability and compressive strength of palm oil clinker lightweight concrete containing palm oil fuel ash (Nur Azzimah Binti Zamri, Khairunisa Muthusamy, Andri Kusbiantoro)
	Properties of reactive powder concrete incorporating silica fume and rice husk ash (Mohamed Amin)



