forced polymer (GFRP) confinement.

INTRODUCTION -
At the moment there is overwhelming scientific con-
ensus to prove that climate change is happening.

iggest social, political, economical and environ-
mental issues that have an effect on all of us. Global

" gases such as carbon dioxide, methane and nitrous
oxide into the atmosphere. It is reported that the
production of cement contributes about 5-7% of CO,

- emissions globally while in2008, Australia reported.

" 1.3% of green house gas emissions are due to the
production of cement (McLellan et al. 2011). Pro-

ducing of one ton of Ordinary Portland Cement

(OPC) releases approximately one ton of CO; into
the atmosphere (Rangan 2008, Wallah 2010). Never-
theless, the overall use of concrete is second only to

the use of water around the world (Rangan 2008).

With the introduction of carbon tax in Australia, it is
a timely concemn to investigate and replace/reduce
cement in the hugely used construction material,
concrete. o ' : :

Decades ago, Davidovits (1988) suggested that an
alkaline solution could be used to react with silicon

and- aluminium of a material and produce binders -

similar to cement binder. Since this chemical reac-
tion is a polymerisation process, Davidovits (1988)
named this new binder as “geopolymer”. The source

materials  used to produce geopolymer concrete -

mainly comes from industrial waste materials such
as fly ash, granulated blast furnace slag, rice husk. A

recent research (Deevasan & Ranganath 2010)
shows that there is a possibility of using industrial -
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BSTRACT: Geopolymer concrete has become a potential candidate to replace Ordinary Portland Cement
concrete in the construction industry due to its lower greenhouse gas emissions. It further proves to be envi-
onmentally friendly because it uses fly ash which is a by-product of coal that would otherwise end up as

andfill. Tts use is, however, limited by a concern regarding increased brittleness and a lack of understanding
of its behaviour under multi-axial loadings, Ductility of geopolymer concrete columns can be increased by
ateral confinement. The conventional confinement with steel reinforcement may not always be adequate to
provide the ductility levels desired by the engineer. Confining pressure applied by FRP is a function of the
ateral strain of concrete, The proposed project aims at understanding the complete deformational behaviour
of this greener material with different levels of carbon fibre reinforced polymer (CFRP) and glass fibre rein-

effluent as a partial replacement for commercially

available alkaline solutions. Majority of the geopol-
ymer studies in Australia are based on low calcium
fly ash while the international researchers investi-

gated the material made of high calcium fly ash

(Chindaprasirt et al. 2007, Rattanasak et al. 2011,

‘Guo et al. 2010). However it is documented that low
. calcium fly ash is preferred because of the fast set-
‘ting associated with the high calcium fly ash (Olivia

& Nikraz 2012). Although there is no difference in .

. the cost of producing OPC concrete or geopolymer

concrete (Hardjito et al. 2004), introduction of car-
bon tax will definitely pave the way for geopolymer

" concrete to outperform economically than its coun-

terpart OPC concrete. Properties of this inorganic

polymer concrete family varies significantly depend- -

ing on the source material (Sofi et al. 2007) and are
superior to their OPC counterparts in terms of early

- strength gain, sulphate (Wallah 2005) and fire re-
" gistance (Pan & Sanjayan 2010) and very little

shrinkage (Hardjito et al. 2004, Olivia & Nikraz
2012). Sofi et al. (2007) concluded that the mechan-
ical properties of geopolymer concrete depend on

" the mix design and curing method. Having investi-

gated geopolymer and OPC paste and concrete, Pan

" et al. (2011) concluded that differences in the pastes

are consistent with the differences in the concretes.

'While the tensile strength of geopolymer concrete is

higher than that of itscounterpart (Sofi et al. 2007,
Pan et al. 2011, Oliyia & Nikraz 2012), elastic mod-
ulus (Pan et al. 2011, Olivia & Nikraz 2012) and

- flexural strength (Olivia & Nikraz 2012) of the same .

is reported to be lower. Equations for tensile strength,
flexural strength and modulus of elasticity for geo-
polymer concrete have been proposed in the past
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{Softi et al. 2007, Diaz-Loya et al. 2011). However
since geopoiymer concrete exhibits higher brittle-
ness than OPC concrete, careful consideration given
m the siructural design of high strength concrete
(HSC) should be continued for the structural design
of geopolymer concrete (Pan et al. 2011),

In the past decades, the use of fibre reinforced pol-
ymer (FRP) composites as the method of confine-
ment has been gaining increasing popularity. The

FRP reinforcement can provide significantly higher

confinement stresses than the conventional steel re-

inforcement and therefore provide good level of duc-

tility to high strength concrete (Lokuge et al. 2010).
Same method of confinement can be applied to im-
prove the ductility of geopolymer concrete.

2 EXPERIMENTAL PROGRAM

2.1 Matertals

. Fly ashes used in the investigation were Type F (low

calcium) fly ash of approximately 15 pm. It was
sourced from Pozzolanic Millmerran. The -chemical

composition of the fly ashes is given in Table 1.
' Densrty of fly ash was found to be 1100 kg/m®. '

E Table 1. Chenucal constituent: percentages

8102 A1203 Ff‘/zo:-, CaO MgO NaZO K20 : SO3

51.8. 244 - .962 437 15 034 141 026

Fine dry sand used in the investigation had a bulk -
-density of 1494 kg/m>, water absorption of 8% and
. particle size smaller than 425 um. Two different siz- .
" es of coarse aggregates were used in this mix (7.5
- mm and 10 mm maximum aggregate size).

~“Alkali activators used to make geopolymer concrete

included sodium silicate and sodium hydroxide solu-
tions. Sodium silicate solution is available in differ-

-ent grades. Alkali silicate used in this research was
Grade D sodium silicate solution with a modulus ra-

S tio (M) of 2 (M= SiOsNayO and Na,O = 14.7%

and Si0» = 29 4% and solids = 44.9% by mass) and
specific gravity of 1.5. Sodium hydroxide with 90%
purity in the pellet form was used to prepare sodium

" hydroxide solution. The concentration of sodiuns

hydroxide solution used to make 40 MPa mix is §
Molar. In order to make 8M solution, 262 g of
NaOH pellets were mixed to make a kilogram of
NaOH solution (Rangan 2008).

Plain carbon fibre cloth weave is a one over one un-
der weave pattern with a weight of 200 g/m®, Glass
fibre cloth had a weight of 250 g/m’.

2.2 Mix design
" The mix design used in this research was based on

the work reported by Zhao & San_]ayan (201 1) and 18
shown in Table 2. :

An expenmental program was designed to prepare - Table 2. Mix proportions.
. geopolymer concrete. There were three test variables, = -
. namely the compressive strength of concrete, the
~_type of FRP and the level of confinement provided. -
‘Two compressive strengths (Mix 1 and Mix 2),two
“types of FRP (CFRP and GFRP) and two levels of
~confinement (1, 3 wraps) were 1nvest1gated Tests
. were performed in duplicate for each wrappmg con-
- figuration, each type of FRP and each mix. All to- .
gether 16 specimens were tested with confinement -
.~ and 4 specimens were tested for unconfined com- .
o pressive strength in the experimental program.

 Material " Quantty (kg/m®)

 Alkaline liquid/fly ash - 045
CFyash s

.Nao_H solution (8M) 49 _:-: "
NagSiO; solution (Grade D) 122
Fine aggregate . - 554 o .

- Coarse aggregate :

7.5 mm ' : | 647

- 10 mm : i - 64T

Aggregate weights shown in Tﬁbl_e 2 are in the satu-

rated surface dry condition. Two batches of geopol-

_ymer concrete were prepared (Mix 1 and Mix2) us- .

Ing the same mix design. However the curing time
- for Mix 1 was.3 hours and the same for Mix 2 was 6
“hours in the same curing condition, 80°C.’

| 2.3 Sample'prepamtion'

At 'least one day before the sample preparation, S0~

‘dium hydroxide pellets were mixed with distilled
- water to get the sodium hydroxide solution with the

required molarity. This was mixed with the sodium.

) srhcatg solution t& prepare the "alkaline solution.

Dunng our trial batches it was concluded that the

" condition of the aggregates play an 1mportant role

dunng the mlxmg process Aggregates should be in
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the saturated surtace dry (SSD) condition so that
they will ncither absorb chemicals nor contribute

more water (o the mix, Aggregates thus prepared are
shown in

Figure 1.

. F1gure 1. SSD condition of aggregate

Sand, coarse aggregates and ﬂy ash were uutlally
dry mlxed for about a minute in-a 120 litre mixer.
The. pre—prepared alkaline solution was then intro-
- minutes before casting into greased 100 mm diame-

geopolymer concrete was stiff until compacted using

oven for curing at 80°C. Mix 1 and Mix2 batches

(23 C and 50% humidity) until the time of testmg

face, pores were filled with a qulck setting filler.
Havmg apphed an epoxy-based primer onto the con-
crete surface, it was allowed to cure for about 30

length of fibre wrap was cut with an allowance of 30
mim.for uvetlappmg Laminating resin of equal mass

surface of the fibre wrap using a soft brush. Distrib-
uting laminating resin and squeezing any excess res-
in out was parformed. The composite fibre was then
wrapped tightly around concrete specimen and al-
lowed to ¢iig-for three days. The concrete speci-
mens Were Wia}

duced in the dry mix and further mixed for 4.
" ter-and 200 mm high cylindncai moulds. The, fresh

a vibrating table. Concrete thus cast were covered'_
with a. polyethylene sheet before putting them in the

were first cured in the oven for 3 hours and 6 hours -
res%ectively and then in a constant temperature room:

minutes before applying the wrap. The reqmred :

as the waight of the fibre ‘wrap was applied on the’ -

e in one, or three layers of carbon -

fibre or glass :ibre composite, 'T'wo sug g

90 mm gauge length were placed fate
middle third in two d1ametncally opposi
the specimens were prepared using this nj
selected 2 samples ready to be tested are 'she
Figure 2. "

(a). CFRP (b). GFRP

Figure 2. Fibre wrapped specimens .

3 TESTING

(2). CFRP

(b). GFRP

| Flgure 3. Tested spec:mens

The ﬂbre wrapped specimens were ‘then tested in
'Sans compression testing machine with 1500 kN
loading capacity at a constant cross head speed of 2

mm/min. Samples failed in compresswn are shown
1n Figure 3. :

The cylmdrlcal specimens were allowed to air dry ; 4 RESULTS DISCUSSION

for a day after taking out of the fog room. Any sur- - 4.1 Stress-stra in rela‘ti onships ¥

CFRP: 1 layer

* Axial stress-{MPa)

B

a

I : i : i e
016 005 9000 0005 obIo - Gl G20

| \tertastrain © . AXialstrain’
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CFRP- 3 layers : GFRP- 3 layers
! “ ; 50
2 2 A
w q i 20 Lk ‘
= | B |
x 1 % i
] - é |
i ot f f A A o b : 0 : : ; ‘
-0.010 o000 0010 T . 0020 9.030 4020 D010 0.000 0,010 0020 6,030 |
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. l
!
: ‘ |
GFRP-ilayer . - Figure 4 and Figure 5 for Mix 1 and Mix 2, respag-
eV ' tively. ;
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2
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TH020 0010 . 0000 0010 00200 0030 0040 %
. Lateral strain " Aial strain . : =
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. Flgure 4..Stress—stra1n relatlon_smps for- M1x 1-. : N
: The stress- stram relatlonshlps obtamed for geopol- S GFRP- 1 layer
IR R T o
. ymer concrete using platen-to—platen method and ol
strain gauges are shown in ?g
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GFRP- 3 layers
5

30
207

10

; ——. : ‘ I
20 0010 0000 0010 0020 D030 0.040 |

Lateral strain Axial strain - “

train gauges. Mix 1 and Mix 2 had 28 day compres-
ive strengths of 23.2 MPa and 33.8 MPa, respec-

imilar to the observations reported in the literature.

trength with the increased level of lateral confine~

: GFRP

confined geopolymer concrete

W

5 .CONCLUSION

The mﬂuence of parameters such as curmg t1me and -
CFRP and GFRP confinement on geopolymer con-.
crete was investigated in' this research. The experi- -
mental investigation was based only on the compres—.'
sive strength of . geopolymer concrete. It was

“observed that increased heat curing time enhanced

the unconfined compressive strength. Ductility lev- -
els can be improved with the increased levels of con- .

finement, However the bond between the geopoly-

mer concrete and FRP needs further investigation. .

The expertmental results for the lateral dilation can

be used for the modelling of geopolymer concrete

subjected to F‘RP conﬁnement

method while the lateral strains were measured using | _

ively. Therefore, with increased curing time the un- .
onfined compressive strength increases which is -

Both mixes showed an increase in the compressive .Deevasan,K K., and Ranganath, R.V. 2010. Geopolymer -
ment while CFRP outperforms GFRP margmally e
Three layers of FRP showed improved ductility .
ompared to one layer of FRP confined geopolymer

concrete. Most of the specimens showed a bond fail-

- ure between the- geopolymer concrete and CFRP and . - - ‘concrete,

ery grateful to Mr. Mark Reed and -
skerk from University of Southern

Quecnstand for conducting the trial tests as part of
their undergraduate projects.
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