
 

 

Rice Hush Ash as smart material to mitigate autogenous shrinkage 
in  high (ultra-high) performance concrete 

Guang Ye1, Nguyen Van Tuan2 and H.Huang1 

1Microlab, Delft University of Technology, Faculty of Civil Engineering and Geosciences, P.O. Box 5048, 
2600 GA Delft, The Netherlands 

2National University of Civil Engineering, 55-Giai Phong road, Hai Ba Trung Dist. Hanoi, Vietnam 
*1g.ye@tudelft.nl; H.Huang-1@tudelft.nl 

*2tuan.rang@gmail.com 
 

 

ABSTRACT 

As an agriculture waste, rice husk ash (RHA) has been used a lot in construction industry to replace 
Portland cement. The main advantages of using RHA are the decrease of materials costs due to cement 
savings, environmental benefits related to the disposal of waste materials and the reduction of carbon 
dioxide emissions. In this paper, the application of RHA is extended to mitigate their early age autogenous 
shrinkage of high (ultra-high) performance concrete. The influence of particle size of RHA on the 
efficiency of mitigation of autogenous shrinkage and the water movement in the internal pore structure of 
RHA are studied experimentally. The autogenous shrinkage, relative humidity and water absorption of 
RHA are measured. Experimental results show that by adjusting the RHA particle size, the relative 
humidity inside UHPC increases and the autogenous shrinkage, caused by self-desiccation, were reduced 
effectively. 
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INTRODUCTION 

High performance concrete (HPC) and ultra high performance concrete (UHPC) shows excellent 
performances on durability and high compressive strength. However, HPC/UHPC usually experiences 
large autogenous shrinkage, which is caused by the very low water/binders ratio, and consequently takes 
high risk of early age cracking (Kovler et al., 2007). The early age cracking negates the numerous 
advantages of HPC/UHPC and thus considerably limits their prospective utilization in construction. 
Recent years, attempts are tried focusing on mitigating the autogenous shrinkage of HPC/UHPC. External 
curing and internal curing are two potential approaches for this problem. However, it have been reported 
that external curing is not effective enough to mitigate the autogenous shrinkage for HPC/UHPC because 
the microstructure of HPC/UHPC is so dense that the external water is difficult to penetrate into the 
concrete (Bentz et al., 2011). In comparison, internal curing is a more effective method to mitigate the 
autogenous shrinkage for HPC/UHPC. By now, water-saturated light weight aggregates (LWA) and 
superabsorbent polymers (SAP) are the most popular internal curing agents (Jensen et al., 2001, 2002). 
Unfortunately, because of the low strength, LWA as internal curing agents has negative effects on 
mechanical properties of HPC and even cannot be used in UHPC due to the strict requirements on the 
maximum size of aggregates for UHPC (Mechtcherine et al., 2008, Dudziak et al., 2008, Malhotra et al., 
1987). With respects to SAP, after the water transport into concrete, it leaves voids even as large as 600 
μm in concrete (Kovler et al., 2007, Bentz et al., 2011). This might also negatively influence the properties 
of HPC/UHPC. 
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Recent research in the Microlab, TU Delft was found that the rice husk ash (RHA) can be used as 
effective internal curing agents (Tuan, 2011) for HPE/UHPC. As an agriculture waste, rice husk ash (RHA) 
has been used a lot in construction industry in the role of supplementary cementitious materials to replace 
Portland cement. The main advantages of using RHA are the decrease of materials costs due to cement 
savings, environmental benefits related to the disposal of waste materials and the reduction of carbon 
dioxide emissions. Due to the internal nano/micro-porous structure (see Figure 1), the RHA suspects  to 
“hold” the absorbed water in the internal pores and reduce slowly during the hydration process, thus 
reduce the autogenous shrinkage. Moreover RHA has pozzolanic properties, which can be treated as silica 
fume replacement with beneficial to environments (Tuan, 2011).  

 

Figure 1. Internal nano/micro-porous structure of RHA  

However the mechanism of mitigation of autogenous shrinkage by RHA is still not clear. For example 
how the particle size of RHA influence on the efficiency of mitigation of autogenous shrinkage and how 
much the water can be hold in the internal pore structure of RHA are the important issues to study the 
shrinkage phenomena. This paper aims at a fundamental study on the mitigation of autogenous shrinkage 
by RHA. In the experimental program, three particle sizes of RHA and replacement level 20% are studied. 
Autogenous shrinkage and relative humidity are measured. The experimental results are discussed.    

MATERIALS AND METHODS 

Materials and mixture proportion 

The materials used in this study were Portland cement (CEM I 52.5N), RHA, silica sand with a particle 
size ranging 100 to 300 um, and a polycarboxylate-based superplasticizer (Glenium ACE30) with 30% 
solid content by weight. The RHA was produced by a drum incinerator developed by PCSIR (Cook, 1996) 
and modified by Bui (Bui, 2001). The ash was grinded to different particle size, i.e., the mean particle 
sizes of 3.6, 5.6 and 9.0 m. The properties of these ashes were shown in Table 1. The chemical 
composition of cement and RHA are shown in Table 2. 

Standard test (soluble silica) was used to evaluate amorphous silica in the rice husk ashes according to 
NEN-EN 192(2). The percentage of reactive silica contained in the RHA used in this research was more 
than 95%. 

Four types of UHPC mixtures were made. The mixture proportion is listed in Table 3. The dosage of 
superplasticizer was 3.5% solid by weight of binder. All mixtures were prepared in a 20-litre Hobart mixer, 
and followed the mixing procedure in (Tuan, 2011). 

 

 



Table 1 Properties of different types of RHA 

 RHA-3.6 RHA-5.6 RHA-9.0 

Mean particle sizes, μm 3.6 5.6 9.0 

Specific surface area (BET N2 absorption), m2/g 15.0 20.6 18.3 

Average pore width (BJH absorption), μm 18.12 20.94 23.73 

Total pore volume (BJH absorption), cm3/g 0.0610 0.0863 0,0876 

Table 2 Chemical composition of cement and RHA used in this study 
Components (Chemical properties, % by weight) Cement* RHA** 

CaO 64.00 1.14 

SiO2 24.00 87.96 

Al2O3 5.00 0.30 

Fe2O3 3.00 0.52 

SO3 2.40 0.47 

Na2O 0.30 - 

K2O - 3.29 

Loss on ignition (LOI) 1.30 3.81 

*) Data provided from the company 
**) Chemical composition determined by X-Ray Fluorescence Spectrometry method 
 

Table 3 Mix compositions of UHPC used to study autogenous shrinkage 

 

Mixture 

w/b ratio 

(by weight) 

Sand/binder ratio  

(by weight) 

RHA  

(%, by weight) 

The mean particle size of 
RHA (μm) 

REF 0.18 1 0  

RHA20-3.6 0.18 1 20 3.6 

RHA20-5.6 0.18 1 20 5.6 

RHA20-9.0 0.18 1 20 9.0 

 

Test method 

In the experimental program the autogenous deformation, autogenous relative humidity changes and 
sorption isotherm were carried out. 
Autogenous deformation measurement: The autogenous deformation of UHPC specimens was measured 
by dilation bench indicted in the ASTM C1698 standard developed by Jensen and Hansen (Jensen et al., 
1995), in which three sealed corrugated moulds of 440 mm × ф28.5 mm were tested for each mixture [see 
Figure 2]. After preparing and mixing, the fresh UHPC paste was carefully filled into three sealed 
corrugated tubes. All samples and test instrument were kept in a thermostatically controlled room during 
the whole test. The temperature was maintained at 20 centigrade degree. 



F

Relative 
main par
of the RH
the mois
used to m
chamber 
the RH in
mixing. 
before an
RH sens
within 24
to avoid 
After mix
avoiding

 

Sorption 
tested for

 

Figure 2. Dil

humidity (R
rts (see Figur
H measurem
ture meter. T

measure the a
which was k

n the sample
The RH sen
nd after ever
sors was ±0.
4 h after mix
this problem
xing, the spe
 the loss of m

isotherm: S
r each RHA. 

latometer be

RH) measurem
re 3). The fir

ment, the who
Two Rotroni
autogenous R
kept at target
es and the tem
nsors were c
ry experimen
5%. In pract

xing, even the
m, the RH mea
ecimens were
moisture, then

Sorption isoth
 During the t

ench with ac

ment system
rst part is the
ole test system
ic hygroscop
RH inside the
t temperature
mperature we
calibrated by 
nt. According
tice, autogen
e temperature
asurement fo
e sealed for 2
n transferred

Figure 3. In

herm of RHA
test RH chan

ccessories us

: The autoge
 environmen
m has to be w

pic DT statio
e UHPC. The
e with ± 0.1 º
ere continuou

three satura
g to the calib
nous RH of 
e deviation o
or the sample
24 hours and

d to RH meas

nternal RH m

As was carri
nge ranged fro

sed to determ

enous RH m
ntal chamber:
well tempera
n equipped w
e whole instr
ºC accuracy 
usly measure
ated salt solu
bration, the m
the mixtures

of test environ
es made with 
d crushed qu
surement syst

measure sys

ied by TA In
om 50% to 9

 

mine autogen

measurement 
: due to high
ature controll
with HC2-AW
rument was p
during the te

ed for a perio
utions in the
maximum me
s with RHA
nment was le
RHA additio
ickly in a pla
tem. 

stem 

nstrument, n
98%, tempera

nous shrinka

system cons
h temperature
led.  The sec
W measuring

put in the env
est. The deve
od of about 1
e range of 6
easurement e

A always reac
ess than 0.2 º
on started on
astic box wit

 

near 20 mg s
ature was 20 

age 

sists of two 
e sensitivity 
cond part is 
g cells was 

vironmental 
elopment of 
 week after 

65-95% RH 
error of the 
ched 100% 
ºC. In order 
ne day later. 
th 95% RH 

sample was 
ºC. 



 
RESULT

Autogen

The test 
Figure 4
autogeno
μm. The 
shrinkage

 

Figure

This resu
degrees. 
but the to
process m
RHA par
Figure 5.

 

Figu

 

TS AND DIS

nous shrinka

result of aut
. Comparing

ous shrinkage
sample cont

e contrast to 

e 4. Autogen
sizes

ult can be ex
In this study
otal pore vol
may only sep
rticles and d
.  

ure 5. Differe
collapsing th

(

Pores 

SCUSSION 

age of UHPC

togenous shr
g to referenc
e effectively
taining the R
5.6 μm and 9

ous shrinka
s measured f

xplained by t
y, the specific
lume and the
parate the pa
oes not sign

ent stages of
he porous st

 

(a)   

C mixtures c

rinkage of UH
e sample it 

y when the m
RHA with a s
9.0 μm samp

ge of UHPC
from the fin

the change o
c surface are
 average wid

articles throu
ificantly coll

f grinding fo
tructure, and

RHA20(3.6

               

Outside surfac

containing R

HPC made w
is clear that 

mean size of 
smaller partic
ples.  

C mixtures co
nal setting tim

of pore struc
a of RHA in

dth of pore d
ugh the big p
lapse the por

or the RHA 
d (c) ground

)
RHA20

      (b) 

ce  Inside s

RHA 

with three di
the addition
RHA particl

cle size, i.e.

ontaining RH
me, w/b rati

cture of RHA
ncreases in th
decreases (Tab
pores, which 
rous structur

particles: (a
d with collap

RHA20(

0(9.0)

REF

   

surface 

fferent finen
n of 20% of 
les ranges be
3.6 μm, show

 

HA with dif
o = 0.18 by w

A particles at
he size range 
ble 1). This m
increases the

re of RHA pa

a) original, (b
psing the por

(5.6)

(c) 

ness RHA is 
RHA in UH

etween 5.6 μ
ws a higher 

fferent mean
weight 

t some certa
from 5.6 μm
means that th
e surface out
articles as ill

 

b) ground w
rous structu

depicted in 
HPC reduce 
μm and 9.0 
autogenous 

n particle 

in grinding 
m to 9.0 μm 
he grinding 
tside of the 
lustrated in 

without 
ure 



Therefor
at this g
porous st
volume o
positive 
UHPC u
sorption 
6, the RH
indicates
RHA ab
inside RH
of mass 
thereby d
which sh
be discus

 

Internal

Figure 7
RHA in c
the RH m
starts fro
sample, t
that the d
and 5.6 
RH value
reference

The abov
could exp

 

re the positiv
grinding degr
tructure of R
of RHA (see 
effect of us
sing RHA w
isotherm. Fig
HA in differ
s that the grin
sorbs water 
HA3.6 desor
of RHA. Th

decrease the 
howed the sam
ssed in more 

l relative hum

7 shows the 
comparison w
measurement
om 24 hours a
this value is 
development
m is similar
es is lower. H
e sample. 

ve results sh
plain the pos

e effect of us
ree. Howeve

RHA (see Fig
Table 1). Th
ing RHA on
ith the mean
gure 6 shows
rent particle 
nding proced
completely 

rbed at 14% o
he RHA whi
autogenous s
me relative tr
detail in the 

Figure 6. So

midity of UH

experimenta
with that of r
t started from
after mixing
beyond the r

t of internal R
r. When the m
However the

how significa
sitive effect o

sing RHA on
er, increasing
gure 5c). This
his leads to a 
n internal cu
n particle size
s sorption iso
size showed

dure doesn’t b
during mixin
of mass of R
ich desorbed
shrinkage. Th
rend in autog
following se

orption isoth

HPC incorpo

al results of 
reference sam

m 12 hours af
. Because in 
range of Rot
RH of the sa
mean particle
e internal RH

ant high of R
of using RHA

n mitigating a
g the grindin
s results in a 
reduction of

uring is decr
e of 3.6 m c
otherm of thr
d nearly sam
break the ma
ng. When th

RHA, the wat
d more water
he RHA5.6 a
genous RH a
ection.   

herm of diffe

orating RHA

internal rela
mple in the te
fter mixing, w
the very beg

tronic hygros
mples incorp

e size of RHA
H values of th

RH value in 
A on mitigatin

autogenous s
ng to a certa
reduction of

f the volume 
reased and th
can be observ
ree types of R

me trend on a
ajor porous st
he RH decre
ter inside RH
r can keep th
and RHA9.0 
and autogeno

erent particl

A 

ative humidit
est period of o
whereas for R
ginning the R
scopic DT sta
porating RHA
A is smaller t
he RHA sam

the samples
ng autogenou

shrinkage of 
ain degree w
f specific sur
of water con

he higher au
ved. This als
RHA particle
absorbing an
tructure of R
eased from 9
HA5.6 and RH

he autogenou
desorbed mo

ous shrinkage

le size of RH

ty of UHPC
one week. Fo
RHA sample

RH value are 
ation. From F
A with mean
than 5.6 m, 

mples are mu

s incorporatin
us shrinkage 

UHPC is no
will partly c
rface area and
ntaining in p
utogenous sh
o can be obs

e sizes . From
d desorbing 

RHAs. It is as
98% to 50%
HA9.0 desorb
us RH at hig
ore water tha
e test results, 

 

HA 

C samples inc
or the referen
es, the RH m

higher than 
Figure 7, it c

n particle size
i.e. 3.6 m, t

uch higher th

ng RHA. Th
of UHPC.  

t decreased 
ollapse the 
d total pore 
ores, or the 
hrinkage of 
served from 

m the Figure 
water, this 

ssumed that 
, the water 
bed at 15% 
gher value, 
an RHA3.6, 

which will 

corporating 
nce sample, 
easurement 
99% in the 

can be seen 
e of 9.0 m 
the internal 
an those of 

hese results 



Figure 

In one h
approxim
20% RH
is about 
(SAP) ra
UHPC is
internal c
water res
cement p
means th
internal c

In other 
surround
cement p
according
water can
  	

 
Where, ߛ
of	 the	 li
J/mol		K

The pore
age is sho

7. Internal r

hand, the sp
mately 0.086 

HA was added
18.9 l/m3 U

anges from 3
s also signific
curing becau
servoirs (Kov
paste is very 
hat the water 
curing agents

hand, the e
ding cement m
paste (Kovler
g to Kelvin's
n be hold in t

	ߛ is	 surface	
quid,	 	 for	 ce
K,	T is the tem

e radium from
own in Figur

relative hum

pecific pore
cm3/g. It is 

d correspond
UHPC. The e

3 - 64 l/m3 U
cant. In addi
use it relates 
vler et al., 20
dense which
reservoirs sh

s in the syste

effectiveness 
matrix depen
r et al., 2007
s equation (L
the pores can

tension,	0.0
ementitious	
mperature, 29

m which the p
re 8.    

midity of cem
to 9.0 m, w

e volume of
 assumed th

ding to about 
extra water 
UHPC (Mech
ition, the dist

to the effec
007). With a l
 constrains th

hould be sepa
m. In this res

of water re
nds on the suc
). From the d

Lura et al., 20
n be deduced

ݎ ൌ

55ܰ/݉ for p
materials,	

93.15 K.  

pore water c

ment paste in
w/b ratio = 0

f ground RH
hat the water

220 kg RHA
for internal 
htcherine et 
tribution of w
ctive distance
lower w/b ra
he water from
arated into sm
spect, RHA i

eleased from
ction force, w
development
003), the cor

d:  

ൌ െ
ߛ2 ܸ

lnሺܴܪ%ሻ

ore fluid of c
1.8×10-5 m3/݉

an be hold in

ncorporating
0.18 by weigh

HA with a 
r will fill all 
A/m3 concret
curing of U
al., 2008). T
water reservo
e for transpo
tio in particu
m reservoirs 
maller ones to
is much bette

m inside of t
which in turn
t of RH in UH
rresponding p



ሻ ∙ ܴܶ
 

cementitious m
	,݈݉ 	R	 is	 th

n the pores o

g RHA with 
ht 

mean partic
these pores

te, the total a
UHPC by sup
Thus, the abs
oirs also play
orting water 
ular for UHPC
to migrate to
o enhance th
er than SAPs

the pores of
n depends on
HPC sample
pore size (r, 

materials, ܸ݉
he	universa

of four sampl

dmeanRHA fro

cle size of 
. Theoretical

absorbed wat
per-absorben
sorbed water 
ys an importa
to the vicini
C, the micros
o the surroun
he effectivene
.  

f RHA parti
n the porosity
es as shown i

in nm) from

݉	 is	 the	mol
l	 gas	 consta

es as functio

 

om 3.6 m 

5.6 μm is 
lly because 
ter by RHA 
nt polymers 

in RHA in 
ant role for 
ity of these 
structure of 

ndings. This 
ess of using 

cles to the 
y and RH in 
in Figure 7, 

m which the 

lar	 volume	
ant,	8.3144	

on of curing 



Fig

From Fig
5.6 m a
of 13.14 
can be re
example,
2011). It 
water ins
hydration
9, a certa
can be gr

 

gure 8. Pore

gure 7 and F
and 3.6 m ar

nm, 13.12 n
eleased in the
, the pore siz
t is clear that
side the RHA
n, the pore w
ain amount o
radually relea

Figure 9. Po

e radius from

igure 8, at 1
re 93.99%, 9

nm and 9.19 n
e first week o
ze distributio
t the pore siz
A will be ho

with radius of
of pores is sm
ased at later 

ore size distr

0.000

0.002

0.004

0.006

0.008

0.010

0.012

P
o
re
 v
o
lu
m
e 
(c
m
³/
g
)

m which the 

68 hours, the
94.00% and 9
nm. It means
of hydration.
n of RHA w

ze inside RHA
old in all po
f 13.12 nm st
maller than 1
ages, even af

ribution of t

1

pore water 

e RH in the U
91.51%, resp
s only water 
 Previous me

with mean par
A is almost s
ores in the fi
till hold the p

13.12 nm, wh
fter 28 days.

the RHA pow

10

Pore wid

can be hold 

UHPC paste
ectively, cor
in the pores 
easurement o
rticle size of 
smaller than 
irst 40 hours
pore water in
here the wate
 

wder, dRHAm

0

th (nm)

in the pores

s with averag
rresponding t
above those 

of pore size d
5.6 um is sh
100 nm. Acc

s of hydratio
nside the RH
er  remains in

mean = 5.6 µm

100

s of four sam

ge particle si
to the Kevin 
value of RH

distribution o
hown in Figu
cording to Fi
on. After abo

HA. Accordin
n the smaller

 

m (Tuan, 201

 

mples 

ize 9.0 m, 
pore radius 

HA particles 
of RHA, for 
ure 9 (Tuan, 
igure 8, the 
out 1 week 

ng to Figure 
r pores and 

1) 



CONCLUSION 

This paper studied the influence of particle size of RHA on the efficiency of mitigation of autogenous 
shrinkage and the water movement in the internal pore structure of RHA. Following conclusion are drawn: 

1. The addition of 20% of RHA in UHPC reduce autogenous shrinkage effectively when the mean size of 
RHA particles ranges between 5.6 μm and 9.0 μm. The sample containing the RHA with a smaller particle 
size, i.e. 3.6 μm, shows a higher autogenous shrinkage contrast to 5.6 μm and 9.0 μm samples. 

2. When the mean particle size of RHA is smaller than 5.6 m, i.e. 3.6 m, the internal RHA values 
decrease. However the values of internal RH values is much higher than those of reference sample. 

3. The specific surface area, internal pore size of RHA are main reason to hold the water in the small pore 
at early age hydration. 20% of RHA is enough to absorb enough water to mitigate the autogenous 
shrinkage caused by self-desiccation.  
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