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Abstract

This paper investigates the effects of adding natural rice husk ash collected from uncontrolled burning and without
previous grinding (NRHA) as cement replacement in concrete. To obtain an adequate particle size, NRHA was mixed with
coarse aggregate for a convenient period of time before adding the other components. Compressive strength, water
absorption, porosity, and abrasion resistance expressed as weight loss were examined. Test results s that decreasing the
particle size through mixing with coarse aggregate improved the compressive strength, reduced the peancability, and
increased the abrasion resistance of concrete. By mixing NRHA with aggregate for 8 min. abrasion resistance improved by

10.35 and 23.62% over the control concrete at 28 and 91 days, respectively. Incorporating NRHA in concrete by grinding
with coarse aggregate during the mixing process could be suitable for making normal-strength concrete and for applica-
tions wher sion resistance is an important parameter. In addition, using NRHA as a partial replacement cement
contributes 0 the reduction of CO, emissions due to the production of cement.

Keywords Compressive strength - Abrasion resistance - Rice husk ash - Concrete

Introduction 42.5 million tons was rice. and the rest was rice husk. Rice

husk is mainly used as biofuel to power boilers and pro-

Indenesia is one of the largest rice-producing countries in  duce steam for drying in the parboiling process. and for

the world; in 2016, rice production in the country reached  energy generation. However, in rural areas of Indonesia.

79.10 million tons (KEMENTAN 2017). OF this amount,  rice husk is generally bumed and left as waste in open
ar adversely affecting the environment.

‘W;E use of vive husk ash (RHA) in u@:tf: production

{0 Abdul Rachman Djamaluddin

ardj 201 8rha @ gmail .com has been researched for several decades. It has been found
that utilizing A as a coment replacement in concrete

Muhammad Akbar Caronge . e 3 i G VL ;
carange, con@yahso id mmproves its sength and durability propertics. reduces

miaterials cost due o cement savings, produces environ-
mental benefits related to the disposal of waste materials,
and reduces COamissions (Ramasamy 2012; Sarawathy
and Song 200 »Lung et al. 2011; Nehdi et al. 2003,
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and by increasing the fineness ofRHA (Bui
Habeeh and Fayyadh 2009). This
t of amorphous silica and the very large
porous structure of the par-

activity is attributed o
the high conten
surfuce aren governed by the
ticles (Della et al. '), In an uncontrolled burned con-
dition and without previous grinding, residual RHA is
produced with fower quality due to high carbon content.
The high carbon content leads to an increase in water
demand and pro@fgces a darker color of mortar and con-
crete.f8lowever, by grinding it o an appropriate partcle
size, the pozzolunic reactivity of residual RHA can be
improved: howeverg@ghe process has considerable costs
{(Zerbino et al. 201 1: Chao-Lung et al. 2

Zerbino et all (X
improving the quality of residual RHA without previous

: Sensale 2006).

erinding by simply mixing 1t with coarse @%egate for a
convenient period of time prior to adding ather convrete
components. The

of 15% of coment with residual Rl

test results showed that the replacement
wchieved similar
¢l
v and durability properties (creep, shrinkage and per

mechanical (compressive strength and moedulis ©

meability} compared to control concrete sample. By

adopting this method, residual RHA without previous
grinding can be used to produce normal-strength concrete.

As a developing country, infrastructure development has
been reached some rural areas in Indonesia. In such areas, a
conventional  concrete with  compressive  strength of
20 MPa commonly used for structural concrete as specified
per SNI-03-2847 (2 Unprocessed RHA is a viable
alternative as cement replacement in concrete together with
an optimized mixing duration to achieve a desired particle
size. The pozzolag® reactivity of RHA was influenced by
the particle size. %

is research focuses mvestigating the
RHA with coarse
water

of gt

influence

ng unprocessed

aggregates on compressive  strength, absorption,

Pum%x‘ and abrasion resistance of conventional congrete.

> results of the gudy woukd be beneticial i producing
rative fowecost, but high quaiity building and pave-
ment materials in the rural areas,

Experimental procedures

Materials

Portland composite cement (PCC)
sian standard SNI 7064 (
3.08 was used in this in
with CEM Type IVA-M clinker and
20% mineral admixiure, including ground granulated blast

mnmx'mmg to Indone-
4y and with specifi

11§;;‘{lnn The PCC qul‘\gll\!ﬂ

cement contiains Ry

Glnace slag. sithica fume. fly ash. and gypsum '(‘\mnﬂ
il 2007, Adnan ef 4l 201

: Tjaronge ¢t 4l 2014).

Natwrad river sand with a finepess modulus of 277 and a

7.1 Springer

1) investigated the possibility of

avity of

Flg 1 Residual NRHA alter burning process

\p\uiu gravity of 2.58 was used as fine aggregate. Coarse
maximum stee of

Residual RHA

obtained from open-field uncontrolled burning at Gowa,

aggregate was crushied stone with a

gravity of 2

»

20 mun - and

South Sulawesi. Indonesia and without previous grinding

@95 used. The residual NRHA used in this investigation is
shown in Fig. 100t can be clearly séen that in Fig 1, the
size and shape of NRHA make it difficult to obtain an

excellent pozz@nic reaction and significantly increases

water demand. wizzolanic elffect denends on

anic reaction but also the Bller elfvct o

not aily the poe
the smatler panticles in the mixture (Isiia ef al 2003).
Theretore, they can be mixed with coarse aggregates and
ground to obtain an adequate RHA particle size dg the
A high-
range polycarboxilic-based superplasticizer (SPy was used

weak bonds of NRHA particles shown in Fig. 1.
o maintain stump in e range of 80-100 mm.
Mixture proportions

The control n@##ure was designed as a conventional con-

crete to have comprossive strength of 20 MPa st
1 £

1 03-
mix proportion was 1:1.88:

28 days

according to S

1. The ratio of concrete

I part cement, 1.8

“ine
aggregates and 2.83 coarse aggregates with constant water
to cement ratio of 0.58. The NRHA replacement was 15%

by weight of the cement. The control and NRHA mixture

¢ mixed using the following manner. Cement/NRHA.
sand and coarse § aggregate were dry mixed for 1 min before

adding water and super plasticizer. All components were
mixed again for 2 min and then mixed manually for 1 min.
The fresh concrete was mixed again for 2 min before
placing it in molds. To reduce the particle size, the NRHA
» min (SmNRHA)
and 8 min (SmMNRHA) before the remaining materials were

added. Then. similar mixing procedures of the control and

was dry mix with coarse aggregate for 5
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Table 1 Mixture proportion of concrete

Water (kg

vt ikg

) NRHA (ks

Contral 215 371 ¢
NRHA 215 315 56
SmNRHA 215 313 56

SmNRHA 215 315 56

Fine aggregates (& 3 )
68
698
698
68

NRHA mixture were adopted. Table |
conerete mixture proportions.

summarizes the

Testing methods

The slump value of concrete was measured according to
ASTM C143 (2015). Compressive strength and modulus
elasticity of concrete were measured on three cylindrical
specimens of 100 x 200 mm at 28 and 91 days water
curing per ASTM C469 (2014) and ASTM C39 (2017},
respectively.

The water absorption and porosity values were tested at
¢ 10 ASTM C642-97 (2013).

CHBCHS

91 days water curing acco

For this test, cylindrical s
ZH00 = 000 mm were prepared; these were cut from a
00 x 200,

cylindrical specimen with dimensions of

leaving
£

50 mm. Specimens were dried in an oven at 105882 untl o
constunt weight (W1) was obtaine

‘hen. the specimens

were mnnersed o owater for 48 b o aohigis a satunsted

surfuce-dry condition, and their weights were recorded

(W2). The water absorption of the specimen (WA) was
calculated by Eg. |. The dry bulk density (DBD) and

porosity (P} values were calculated using Egs, 2 and 3,
respectively.

WA (W2 — Wl 100 {

. K {

Wi W
Vi

DBD = — {2)
v

DBD] ) -

P b o e 100, (3)

where Vis the volume of the specimens and 7 is the sat-
urated surface drying density of the specimens.

The abrasion resistance was tested using the Los Angles
machine per ENIO97-2:2007 7y (Fig. 2}
Concrete specimens were cast into prism molds with
100 =< 100 x 400 mm. After 28 and
Wi days, the prism specimens were remosed from water
and then cut 1o obtain 50 x 50
abrasion testing (Fig. 3). In thi
measuring 50 x 50 x 50 mm® were placed i the Los

abrasion

ensions  of

50 mm~ specimens for

test, eight specimens

with dimensions of

p height of 30 mm and a bottom height of

Angles abraston machine together with eight steel spheres
and allowed to rotate to 1000 rotations. The specimens
were weighed every 100 rotations to measure weight
change. Previous studies by Fernando and S 1), Rao
etal. (2016a) and (b} also used Los Angeles test to evahuae

the abrasion resistance of concreie.

Fig. 2 Los Angles machine for sbrasion test

e

Fig. 3 Specimens for abrasion testing

&) Springer
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Results and discussion
Effects of grinding on NRHA characteristics

Decreasing the particle size is a common method for
improving the pozzolanic activity of mineral admixture.
The effect of grinding on surface structure of NRHA
samples by SEM imaging is shown in Fig. 4. NRHA has a
porous cellular structure and irregular shaped with sizable
fraction. Average particle size of NRHA is 228 pum. Sim-
ilar results were obtained by Ponmalar and Abraham
(20015) who found the particle size of natural RHA is
140-240 um. After grinding with coarse aggregate, the
SmNRHA and SmNRHA consists mainly of fine irregular
shaped particle with average particle size of 97 and 82 um.
respectively. By this way. theesg
NRHA can be decreased and s

reported by some investigations {(Zerbino et al. 20

rage particle size of

nlar finding was also
i1y In
addition. there are no significant differences m chemical
composition between NRHA, SmNRHA and SmNRHA
after grinding with coarse aggregates as shown in Table 2.
Rukzon et al. (20

) also found the same observation in
chemical composition of RHA with different finenes

33 reported that the
1 aorcasing

and strongly influenced the compressive

from the same batch. Van et al. (2
particie
grinding time

size of RHA clearly decreases wi
strength development of concrete,
Fresh properties of concrete

The fresh properties of concrete with and without RHA are
presented in Table 3. It can be seen that the NRHA con-
crete required a higher dosage of 5P than SmNRHA gad
SmNRHA to achieve the desired slump value. This is due
@he high specilic surface arca and hig
(Zerbing ¢t al, 2011 Cordeiro ¢t al. 2009; Ponmalar il
[5). However, a significant reduction of SP
demand was found in SmNRHA and 8n

h carbon content

Abraham 2

RHA concrete,

This indicates that the mixing eptimization is important
when NRHA 15 used as a replacement for cement. The
decreases the particle size of NRHA caused the water

. Similar results have been
. Rukzon

demand @8the mixture decr
reported by otl

L

authors (Chao-Lung ¢t ab

eral 2 ‘erbino et al. 2011).
Table 3 shows the average fresh densitiesggficoncrete. it

can be seen in Table 3 that fresh density was
2287-2365 kefm . The frest
with the addition of NRHA due o its Jow dessity, wigh
led 1o a veduction in the mass pér unit volume. It was also

ity of concrete decreased

observed that the fresh density increascd with an increase
i the grinding ume for NRHA and coarse aggregate. This

&1 Springer

(¢} SmMNRHA

Fig. 4 SEM imaging NRHA at various grinding

is due to the reduction of NRHA particle size. which

resulted i a denser concrete matrix,
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Table 2 Chemucal compound of

Tte
PCC, NRHA, SmiNRHA and g

SmNRHA

M NRHA SmNRHA SmNRHA

con dioxide (805, %@ 18.39 L35 HORT 61.03
Aluminum oxigde iAW 515 250 255 217
Teom axide (Be 0, % 341 .28 0.28 029
Sulfur tmoxide (SO, % 181 001 001 [EX411
Mugnesivin dxiie (Mg 9 099 0.41 0.40 0.39
Culoumm oxide 100, % 6179 014 0.22 028
Loss on ignition (LOT), % 461 45.12 4492 44.76
Particle size (yum) 17.2 228 97 82

Table 3 Fresh and strength properties of concrete

Mixture sp (kgfm") Slump (mm) Fresh density (kg!'m“} opressive sheagth (MPa) odulus of ¢lastic

28 daws 9% days 28 days 01 davs
Control 0 O{) 2365 20.83 2531 20.3 2t6
NRHA 22 90 2287 19.93 20.31 194 206
SmNRHA L7 95 2293 2.2 26.56 212 221
SmNRHA 14 9 2307 24.21 30.21 211 228

%gnpreﬁsive strength and modulus of elasticity

The compressive strength of NRHA is Jower than the
control conerete at all ages (see Table 3): this is caused by
low pozzolanic activity of NRHA due to its coarser parti-
cles. The coarser part iq of RHA produced larger pores in
the cement paste, thus reducing the compressive strength of
concrete. On the other hand, mixing NRHA with coarse
aggregate for 5 and 8 min (SmNRHA and 8mNRHA)
significantly improves the compressive strength compared
to NRHA. At 28 days. compressive strength with respect to
NRHA increased by 17.33 and 27.89% for SmNRHA and
SmNRHA, respectively, whereas stggth increased by
30.77 and 48.74%. respectively, at 91 days, The increase in
compressive strength was due o the reduction of particle
stze of the ash in the mixing process. which in turn reduces
the volume of larger pores in tl@ccmem paste. By grind-
ing. residual RHA can improve, reducing the adverse effect

of the high carbon content in the ash and increasing the
homogenetty of the matenal (Sensale 2006: Cordeiro et al.
2009y Compil o the control concrete, SmNRHA
showed equal @E¥pressive strength at 28 and 91 days. For
SmNRHA, the compressive strength of concrete at 28 and
91 days increased by 16.22 and 19.36%. respectively. The
increase in compressive strength can be attnbuted to the
amorphous silica and the fine particle sE#of RHA. which
provided excellent pozzolanic activity. As & Conseguence,
the hydration process is accele@ed and larger volumes of
reactive products are formed (Guanesan of gl 2008: Givi

¢t al, 201080). The physical properties of RHA, ¢speciatiy
particle size, influence g Svactivity. Generally, reactivity
of RHA in¢reases with decreasing particle size and vice
versa.

The modulus of elasticity of SmB#HA and SmNRHA
was higher than the control concrete at all ages. At 28 deggs.
the modulus of elasticity of SmNRHA and SmNRHA was
higher than the control concrete (203 qa) by about 4.43
and 6.89%, respectively. It can be seen that the modalus of
elasticity of all concrete continued to i 1se with age
{Table 3). At 91 days. the percentage increase in the
modulus of elstcity was 4.25-640%. However, the
maximum  value of modulus elasticity occurred  for8-
mNRHA at all ages due to the increased reactivity of
NRHA by grinding with coarse aggregate.

In addition, failure behavior was similar for all concrete

specimens with and without NRHA under uniaxial com-
pression, However, cracks were observed at comparatively
lower stress in SmRHA and 8mNRHA concrete tha
control concrete (Fig. 5). From the test results. NRHA can
he potentially %:ﬁ replacement for cement to produce
normal-strength concrete by adapting the mixing process o
obtain an adequate panicle size. Zerbmo et al. (2011)
reported similar results with replacement of cement with
15% NRHA.

@ Springer
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BmNRHA § 5mNRHA

Fig. 5 Typical failures of specimens under compression

Water absorption and porosity

The test results for water absorption @98 porosity of con-
crete with and without RHA at 91 days
Table 4. The percentage of water absorption of NRI
conerete decreased with increasing optimization times i
the mixing process. The water absorption

NRHA, SmNRHA and 8mNRHA were 628, 5
4.73%. respectively. In  addition. 8SmNRHA
exhibited water absorption about 15.69% less than control

concrete.

are shown in

values for
S.58 and
concrete

Similar behavior was observed in regard o porosity
value. The porosity values for NRHA., 5mNRHA and
SmNRHA were 8.87, 5.71 and 3.56%, respectively. On the
other hand, ‘smWRH% concrete reduced the porosity value
¢ compared to control concrete. This is
mainly due o the pozzolanic action of RHA and the pore-
refining capacity of RHA in concrete (Givi et al. 2010,
Rukzon and C hmda{@ﬁﬁﬂ 2008). Further, with prolonged
curing (90 days), the addition of RHA leads 6 a reduction
of permeable voids (Ganesan et al. 2008).

Abrasion resistance

Abrasion resistance data for concrete o 28 and 91 days are
shoswn in Table 5 and Fig. 6. Generally, the weight loss of
conerete with and without RHA decreased with age. indi-

ing better abrasion resistance. This can be mainly
attributed to the increase in ce%} ressive strength caused by
increased concrete maturity { 02; Yen et al.
200,

Naik et al. 2

Table 4 Water abworption and porosity values at 91 days

No Mix Water shsorption (%} Parosity (%)
I N 561 541
2 NRHA 628 887
3 SmNRHA 358 571
4 SmNRHA 4.73 356

N s
&1 Springer

Figures 7 and ¥ show the weight loss and appearance of
concrete after 1000 full rotations, respectively.
found that the weight loss for control concrete was 01.55
and 56.55% at 28 and 91 days, respectively. The weight
loss was 79.40 and 72.40% for NRHA, 60.23 and 53..
for SmMNRHA. and 5518 and 43.18% for SmNRHA at 25
and 91 days. respectively. The replacement of cement with
15% NRHA with R min optimization during the mixing
process (SmNRHA) significantly improved the abrasion
stance of concrete by about 10.35 and 23.62% over
i 91 days. This is due to
micro filler eifect of RHA.
The micro filler effect of RHA distributes the hydration
products in a more homogencous fashion in the availuble
space. which makes the miatnx gzgxgh denser (Ramasamy
20012 Rao and Rao 2003). Thus, compressive striength and
abrasion resistance of concrete increased with the addition

f RHA.

It was

control concrete at ages of 28

the pozzolanic reaction and the

Relationship between strength properties
and abrasion resistance

Figures 9 and 10 show % relationship between weight
loss, compressive strength and modulus of elasticity of all
concrete by age. The figur arly shows that weight loss
decreases as ¢ ressive strength and modulus of elas
ticity increase. ﬁs meardithat compressive strength and
modulus of clasticity are the most important factors
crning the abrasion yesistance of concrete.
compressive steength and modulus of elasticity lead to an
increase in the abrasion resistance of conerete (Naik et al.
1995; Laplante et al. 1991; Aus 2002; Li et al. . Singh
and Siddique 2012). A polynomial relationship seems to
besgs data with R” values greater than 0.85 to determine
ationship between abrasion resistance, compiissive
strength and modulus of elasticity. The high value of the
correlation coefficient indig=s that abrasion resistuce hay
a strong relationship wi
ulus of elasticity. The
between compressive streagth and
modulus of elasticity is polynomial has been reported by
other authors (Siddique and Khatib 2010:

Increasing

compressive strength and mod-
s regression ol the relationship
abrasion resistance,

Konin and

Kouadio 2012: Siddique et al. 2012 Turk and Karatas
2011).
Conclusions

T

investigation.

¢ following  conchusions can be drawn from  this
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Table 5 Abrusion weight loss

) Full rotations  Weight loss (%) at 28 days Weight loss (%) at 91 days
of concrete at 28 and 91 days v
N NRHA  SmNRHA  SmNRHA N NRHA  SmNRHA  BmNRHA
100 875 1122 9.49 8.52 6.52
200 1530 1948 14.03 12.82 1042
3n0 21.13 17.68 14.68
400 2003 3189 2097
500 3182 3339 7.3
3 3739 458K 33.27
700 4438 5444 43.17 39.73 30
K00 1987 6170 4B 4494 4587 5869 4399 34.94
900 5560 69.79 54.71 49.66 52.60 6479 48.71 366
100 61535 79.40 6(0.23 55.18 5655 7240 53.23 4318
30 90 1
et N 5 |
-+ L ~@- 28 days i
807w nmHA I 80 A o1 I
— 70T ke 5ENRHA - 70 + A s, TR
£ god e emmRHA - = P NS
. o0 : L o0+ O e
2 50- @ = e
=] 7] B
o o 50+ —
£ 40 o ﬂ"\@
k=2 £ 40 N
204 | £ %7 !
10 28 days w3
0 ; + 4 4 : ot 10
100 200 300 400 500 600 700 800 900 1000 0 :
Full rotations N NRHA  5mNRHA BmNRHA
ey Fig. 7 Weight loss after 1000 full rotations
71 e nrHa 1 ‘ 27 _
704 ot STNRHA abrasion resistance due the amorphous silica and the
g 60 4+ o BmNRHA fine particle sizes of RHA. which provides excellent
4 50 pozzolanic activity.
-g Abrasion resistunce of NRHA concrete is strongly
5 401 s affected by compressive strength. modulus of elastic-
é’ 307 A /*" ity, optinized nuxing duration and curing age.
20 1 f ol 4. Abrasion resistance of SmNRHA improved by 10.35
104 91 days and 23.62% over control conerete at 28 and 91 days.
0 ) ) - 5. A polynomial regression was found as the best fit for
100 200 300 400 5001 800 700.805 900 1600 data to determine 1%%\[}1;\ between abrasion resis-
Eull rotations tance, compressive strength and modulus of elasucity
of concrete.
Fig. 6 Abrasion resistance of concrete with the Los Angles testat 28 6. The incorporation of 15% NRHA in concrete by

and 91 days

1. NRHA is a viable alternative as cement replacement in
concrete together with an optimized mixing duration to
achieve a desired particle size.

NRHA with coarse

(SmMNRHA) decreased SP demand. mcreased compres-

sive strength., decreased permeability,

2. Mixing aggregate for & min

and improved

optimization during the mixing process could be

suitable for making conventional concrete, as well as

for applications where abrasion resistance
important parameter. In addition,

partial replacement for cement contributes to a

using

is an

RHA as a

reduc-

tion of CO> emissions in the production of cement.

[l
w
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Fig. 8 Shapes of specimens
atter 1000 rotations (91 days)

Weight loss (%)
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R* = 0(.8989
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£30 25 30
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Fig. 9 Relatonship between weight foss and compiessive srength
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J Springer
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Fig. 10 Relationship between weight !m\ and modulus of clasicay
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