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Abstract- this paper presents the strength characteristics of
light weight geopolymer concrete by using Expanded
Polystyrene (EPS) as partial replacement of sand. The light
weight geopolymer concrete is manufactured from class F(low
calcium) P-60 grade of flyash, alkaline solutions i.e. sodium
hydroxide(NaOH) and sodium silicate (Na,SiOs),or Potassium
Hydroxide(KOH) and Potassium Silicate(K,SiO3), fine and
coarse aggregate, expanded polystyrene. Super plasticizer is
also added for suitable workability. The concentration of
NaOH or KOH used in the experiment is 14M. Alkaline
solution ratio, sodium silicate to sodium hydroxide or
potassium silicate to potassium hydroxide ratio is considered
as 1 and 1.5 for two different combinations. The test was
carried out on 150 X 150 X 150mm cubes of light weight
geopolymer concrete specimens after 7 days of oven curing.
The cubes were oven cured at 90°C and 120°C for 8 hours.
Specimens of each combination were also cured at ambient
temperature for 7 days. Results showed that for given
proportion to get maximum compressive strength the optimum
molarity of alkaline solution is 14M and optimum curing
temperature is 120°C with sodium silicate to sodium
hydroxide ratio as 1.5. Whereas results also showed that for
given proportion of potassium silicate to potassium hydroxide
ratio of 1.5 which is cured at optimum curing temperature of
120°C and optimum molarity of 14M gives more compressive
strength as compared to sodium hydroxide and sodium
silicate.

Keywords- Light Weight Geopolymer Concrete, Mix
Design, Flyash, Alkaline Solution, Sodium Silicate, Sodium
Hydroxide, Potassium Silicate, Potassium Hydroxide, heat
cured, Compressive Strength, Expanded Polystyrene, EPS

1. INTRODUCTION

Concrete, as a major construction material, is being
used at an ever increasing rate all around the world. Almost all
of this concrete is currently made using OPC, leading to a
massive global cement industry.A new material that has been
introduced in the construction field called Geopolymer
concrete in which cement is totally replaced by Fly ash rich in
Aluminium (Al) and Silicon (Si). When the polymerisation
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process of highly alkaline liquids is activated, the materials
start to bind with aggregates in concrete.

Expanded Polystyrene (EPS) is a lightweight material that is
used in various Engineering, industrial, commercial as well as
household applications. It has density that is about a couple of
hundredth of that of soil. It has compressive strength
comparable to medium clay and has good thermal insulation
properties with stiffness. It is mainly use to reduce settlement
below embankments, reducing lateral pressure on sub-
structures, reducing stresses on rigid buried conduits and
related applications, sound and vibration damping. EPS is very
light in weight and has grainy form which is used as aggregate
to create a light weight structural concrete. It has unit weight
varying from 1200 to 2000 kg per m3. As polystyrene
aggregate is light weight and high density, concrete can be
created by partially replacing sand (fine aggregate) in the
normal weight concrete mixtures with equal volume of the
chemically coated crushed polystyrene granules.

1. EXPERIMENTAL WORK

The experimental work is divided into two parts. The
first part consist of light weight geopolymer concrete
containing sodium based combinations, where two different
sodium silicate to sodium hydroxide ratios of 1 and 1.5 are
considered and for each ratio the geopolymer concrete
specimens are heated at 90°C and 120°C temperatures as well
as at ambient temperature. Thus a series of twelve cubes are
conducted in the first part. The second part is similar to the
first part in every aspect except the alkali activators where
potassium silicate and potassium hydroxide are used. For each
series, in both parts, 3 cubes of 150 x 150 x 150mm
geopolymer concrete specimens are conducted and the average
value is shown in the results. In all specimens a constant
activators to flyash ratio of 0.35 is considered.

A. Materials:
The materials which are used to make Light weight
Geopolymer concrete is included in this chapter. Following

are the constituents of Geopolymer concrete:

—  Flyash-rich in Silica and Aluminium
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— Sodium Hydroxide (NaOH) or Potassium
Hydroxide (KOH)

— Sodium Silicate (Na,SiO;) or
Silicate (K;SiOs)

—  Coarse aggregates and Fine aggregates.

— Expanded Polystyrene (EPS)

—  Super plasticizer

Potassium

i. Flyash:

Flyash is the residue obtained from combustion of
pulverized coal collected by the mechanical or electrostatics
separators of the fuel gases of thermal power plants. Its
composition varies with the type of fuel brunt, load on boiler
and type of separator etc. Flyash (FLA) Pozzocrete 60 is used
in concrete in dry powder form. Colour of Flyash is light gray
.The Physical & Chemical properties of Flyash are shown in
the tables below.

Table 1: Physical properties of Flyash

I5- Typical
. Specification Test
Sr. Test Unit resuli
No. I5- 3§21
2003)
1
Finsmass - Spacific a . .,_
Surfacs by Blsings o 310 420
Pamashility Mathod =
(Min.) =
2 Limz Faactivity 4.5 5.00
{Blindmum) }
N pa
:I'_'l.'l'_'l.J
3 Wodsturs Contant e 2 0.18
dam.)
4 Autoclava k) 0.8 0.025
Expansion (M)
3 Comyprazziva
Strsmgth At 28
N par 478,
days - mm’ 04.51%
Posoorsta = 50.50
Cement hlogtar
Plasin Cement
Mlortar
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Table 2: Chemical properties of Flyash

Sr. Requirements a3 Per Typical
) Chemical Test
Ko Values 15- 3821 (2003) el
properties
Lozz on Ya 5 .02
1 | Ienition
e
. Bi0n = Al = %a TOmin. by mass ]
“ Fay0y
3 Bily Ya 35min. by mas= 57.29
4 Nzl Ya iman., by masz 1.46
5 50 Ya 3, by mass 0.5
8 Ra D Y 1.3 mar, by mass 0.51
- Total Y 005 may, by mas= [ PAT
Chleridas

ii. Sodium Hydroxide (NaOH):

Sodium hydroxide (NaOH) is also known as lye or
caustic soda, which is an inorganic compound. It is a white
solid and highly caustic metallic base and alkali of sodium
which is available in pellets, flakes, granules, and as prepared
solutions at different concentrations. Sodium hydroxide
solution was prepared from concentration of 14M using NaOH
flakes of 97% purity and tap water which was prepared a day
prior of the casting.

Fig. 1. sodium hydroxide solution of 14M concentration

iii. Potassium Hydroxide (KOH):

Potassium hydroxide isan inorganic compound with
the formula KOH, and is commonly called caustic potash. It is
colorless solid is a prototypical strong base. It has many
industrial and niche applications, most of which exploit its
corrosive nature and its reactivity toward acids. Potassium
hydroxide can be found in pure form by reacting sodium
hydroxide with impure potassium. It is usually sold as
translucent pellets, which will become tacky in air because
KOH is hygroscopic.
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iv. Sodium Silicate (Na,SiOz):

Sodium silicate is the common name for compounds
with the formula (Na,SiO,)nO. A well-known member of this
series is sodium metasilicate Na,SiO; is also known as water
glass or liquid glass. Sodium silicate is one of the important
solutions which are used in this experiment. It is in gel form
i.e. at least 40-45% solid content of the solution.

Fig. 2.sodium silicate solution in gel form
v. Potassium Silicate (K;SiOs):

Potassium silicateis the name for a family
of inorganic compounds. The most common potassium silicate
has the formula K,SiOs;, samples of which contain varying
amounts of water. These are white solids or colorless solution.
It is strongly alkaline. These are used for woodwork protection
against fire, horticulture, industrial uses like metal cleaning
formulations, various uses in the fabrication of welding
rods or even of cosmetics, etc. It is also in gel form.

Fig. 3 potassium hydroxide flakes and potassium silicate
solution

vi. Aggregates:

Aggregates are the most mined materials in the
world. An aggregate is a main component of composite
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materials such as concrete and asphalt concrete; the aggregate
serves as reinforcement to add strength to the overall
composite material. Locally available fine and coarse
aggregate is used which is sieved. The fine aggregate used in
this experiment is of sieve 2.36mm, 1.18mm and below.
Similarly, the coarse aggregate is of sieve 16mm and 10mm.

vii. Expanded Polystyrene:

Expanded polystyrene (EPS) geofoam is a
lightweight material that has density about a hundredth of that
of soil. It has good thermal insulation properties with stiffness
and compression strength comparable to medium clay. In this
experiment, locally available EPS from industry which is of
size 3-5 mm is used. Fine aggregate (sand) is partially
replaced with EPS by volume.

Fig. 4mixing of aggregate, Fly ash and EPS
B. Mix Design

Expanded polystyrene (EPS) geofoam is a
lightweight material. With the help of previous research work,
the mix proportioning of light weight geopolymer concrete is
designed with different trials. Four different combination as
partial replacement of sand with EPS is considered in the
experimental work. It consists of 5%, 10%, 15% and 20%.
The details of mix design for the given combination with
different alkaline solutions ratio is shown below in tables.

Fig. 5 mixing of all the ingredients of light weight geopolymer
concrete
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Table 3: Ingredients for light weight geopolymer concrete
with EPS for alkaline ratio as 1

. _ - 504 104 1504 2004
Ingredient | Umit | Weight EPS EPS EPS EPS
kg
Flyash par 300 300 300 300 300
:III.j
kg
C.A par 1273.41 | 1273.41 | 1273.41 | 1273.41 | 1273.41
:III.j
kg
F.A par GRS 68 651.4 §17.11 58283 54B.54
md
kg
EP: par 10.11 0.51 1.01 1.52 202
md
M Bi0z0r i 7& 7& 7& 7& 9
il pa: GR.25 GR.25 GR.25 GR.25 G215
m
KS:)H ot kg & & & & s
EOH pa: &R &R &R &R &R
m
kg
Extra water par 34.41 34.41 34.41 34.41 34.41
md
Supar = 11.7 11.7 11.7 11.7 11.7
plasticiser ::: . . . . .

Table 4: Ingredients for light weight geopolymer concretewith
EPS for alkaline ratio as 1.5

Togredie | 7o — T | 0% | 1% | 0%
ut Unit | Weight | gps | Fps | EPs | EPs
Flyash Kj—f__]ia' 300 300 300 300 300
ca | FEPT L amsan | 1men| 127341 | 127341 | 127340
Fa ]‘iﬂa 53588 | 6514 | 61711 | smoe3 | semse
EPS ]‘i]f"' 101 | es1 101 1352 202
Na5i0;  kgper Q [ q Q [
cmsa | SR 210 210 210 210 210
WNalHoaor | ksper = . - - -
EOH o 5448 546 544 548 546
Eif; ]‘i]!*' 3481 | 3441 | 3841 | 3841 | 3841
Snper ks
plasticizz | S0 117 117 117 117 117

: am

Fig. 6. Hand mixing of conérete and filling it in the mould
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I11. RESULTS AND DISCUSSION

Compression tests on three specimen of each mix
were conducted on CTM and the average value is shown in
Table. The specimens were heat cured at ambient
temperature,90°C and 120°C. Concentration of NaOH and
KOH was 14M for the specimens. Rest period of one day is
provided due to which the compressive strength is increased.
The specimen was kept in oven for 8 hrs heat curing.
Demoulding of specimen was done before keeping the
specimens in the oven. The results of all the specimens tested
are shown below in Tables.

Fig. 7. Specimens at the time of compressive testing in CTM
machine

Table 5: Compressive strength of LWGC specimens with EPS
at 120°C and alkaline ratio as 1

Nz0H EOH
Comprassiv Compressiv
5r.
¥o EF: :ﬂ ¢ nirength :ea ¢ nirength
content load @er:'dap Ioad ﬂ.ﬂt’f:‘dﬂ}!’
v [ N per v | N per
| LS
1 | 5% Ll IR Mg
0 3
1 | 10% B 5m 153 1 5039
3 4
3% W g H2 5015
5 B
£ % 774 | 3440 803 3378

www.ijsart.com



IJSART - Volume 6 Issue 4 — APRIL 2020

70.00

60.00

50.00

40.00
—4—NaOH

30.00 & KOH

20.00 -

10.00

0.00
0% 5% 10% 15% 20% 25%

Fig. 8. Correlation between compressive strength to EPS
content of Na and K-based Specimens at 120°C and Alkaline
ratio as 1

Table 6: Compressive strength of LWGC specimens with EPS
at ambient temperature and alkaline ratio as 1

e ————

NaOH KOH
5r. EFS content | Peak Compressive Peak Camgpressive
No. load serengeh giter 7 load serengeh giter 7
in N days in N per in N days in ¥ per
inl p inl p
1 5% 2287 4432 1029 4572
2 1% BT84 EFEE 027 40.12
3 15% 7659 3404 TE63 3405
4 2% 6202 2754 5085 26.60
50.00
45.00
40.00
35.00 +
30.00
25.00 —o— NaOH
20.00 —#—KOH
15.00
10.00
5.00
0.00
0% 5% 10% 15% 20% 25%

Fig. 9. Correlation between compressive strength to EPS
content of Na and K-based Specimens at ambient temperature
and Alkaline ratio as 1
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Table 7: Compressive strength of LWGC specimens with EPS
at 90°C and alkaline ratio as 1

Nz0H EOH
5r. EFs Compressive Compressive
No. | comtent 'f::ﬁ serengeh giter 7 ﬁ:ﬂk strength giter 7
in N days in N per in N days in N per
1 5% 1191 52493 1233 5505
2 10% 1084 4827 1124 5020
3 15% 2953 4428 10346 461035
4 0% G867 3052 7861 ja84
60.00
50.00
40.00
30.00 —o—NaOH
—— KOH
20.00 -
10.00
0.00
0% 5% 10% 15% 20% 25%

Fig. 10. Correlation between compressive strength to EPS
content of Na and K-based Specimens at 90°C and Alkaline
ratioas 1

Table 8: Compressive strength of LWGC specimens with EPS
at 120°C and alkaline ratio as 1.5

NaOH KOH
Sr. EFs Comgpressive Compressive
No. | content ﬁ:ﬁ serengeh giter 7 i:g srrengeh giter 7
P days in N per in A days in N per
1 5% 1472 6573 1523 §7.71
2 10% 1382 6142 1410 6263
3 15% 1035 4500 1180 5244
4 0% 7828 3479 Bl41 36.18
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Fig. 11. Correlation between compressive strength to EPS
content of Na and K-based Specimens at 120°C and Alkaline
ratioas 1.5

Table 9: Compressive strength of LWGC specimens with EPS
at ambient temperature and alkaline ratio as 1.5

NaOH HOH
gr. | EPS Compressiv Compressiv
No | conten | P2k [ £ .v:r_eng:h Peak | ¢ .v:r_eng:h
t Ioad | gfter 7 days | load | gfter 7 days
N [in N per|ind |in N per
mamd mamd
1 5% 1082 [ 4840 1186 | 5271
)
2 10% 153 4183 1002 | 4434
— ==
B T B ST .| 3543
548 592
4 | 0% p 1438 : 2633
7 ™
—4—NaOH
KOH
hS J

Fig. 12. Correlation between compressive strength to EPS
content of Na and K-based Specimens at ambient temperature
and Alkaline ratio as 1.5
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Table 10: Compressive strength of LWGC specimens with
EPS at 90°C and alkaline ratio as 1.5

NaOH HOH
5r. EFS Compressive Compressive
No. | comtent ﬁ:ﬁ serengeh giter 7 ﬁ:g serengeh giter 7
Pl days in N per Pl days in N per
iny inN
1 5% 1238 5507 1288 5127
2 10% 1103 4202 1142 519§
3 15% 252 4394 1078 4782
4 0% §e42 3085 71189 3209
' ™\
——NaOH
KOH
J

Fig. 13. Correlation between compressive strength to EPS

content of Na and K-based Specimens at 90
ratioas 1.5

IV. COST ANALYSIS

°C and Alkaline

Cost comparison for 1 m* of various geopolymer
concrete is shown in Tables. It shows that the cost is reduced
when the EPS content in concrete is increased. Cost analysis

for 1m? is shown below.

1  Flyash cost per kg =Rs. 3/-
Quantity of fly ash required = 390 kg
Total cost required for 1m? =390x 3

=Rs. 1170
2 Cost of sodium silicate per kg = Rs. 39
Quantity for 1m? =68.25kg
(Ratio=1)
= 81.90 kg
(Ratio=1.5)
Total cost required =Rs. 2661.75
(Ratio=1)
= Rs. 3194.1
(Ratio=1.5)
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3

Cost of sodium hydroxide per kg

Quantity for 1m?

Total cost required

Cost of potassium silicate per kg

Quantity for 1m?

Total cost required

Cost of potassium hydroxide per kg

Quantity for 1m?

Total cost required

Cost of coarse aggregate per kg

Quantity for 1m?

Total cost required

Cost of fine aggregate per kg
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=Rs. 32

=68.25 kg
(Ratio=1)
= 5460 kg
(Ratio=1.5)
=Rs.2184
(Ratio=1)
=Rs.1747.2
(Ratio=1.5)

=Rs. 79

=68.25 kg
(Ratio=1)

= 8190 kg
(Ratio=1.5)
=Rs.5391.75
(Ratio=1)

= Rs. 6470.1
(Ratio=1.5)

= Rs. 66

=68.25 kg
(Ratio=1)

=  54.60kg
(Ratio=1.5)

=Rs.4504.50
(Ratio=1)

= Rs. 3603.6
(Ratio=1.5)
=Rs. 0.82

=1267.5 kg

=Rs.1039.35

=Rs. 1.2

Quantity for 1m?

Total cost required
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=682.5 kg

=Rs. 819

Table 11: Cost comparison of Na-based activator specimens
with Na,SiO; to NaOH = 1:

SrI¥ | Materi | C5 LT 108 | 15t | Z20%0
a als
1 Flyash | 1170 [ 1170 | 1170 | 1170 | 1170
2 Nz:50 | 2661, | 2661 | 2661 | 2661. | 2641
3 Wa0H | 2184 [ 21B4 | 2184 ([ 21BE4 | 21B4
4 CA 1032 | 1038 [ 1032 | 1039 | 1039
5 FA B12 TIBD [ 7371 | 6961 | 6352
b EPE - 25 5 13 14
Taotal 7874 | 7836 [ 7TTRY | TYER | TTIO
Rs)

Table 12: cost comparison of Na-based activator specimens
with Na2SiO3 to NaOH = 1.5:

SrN | Materi | C35 LT 100 | 1580 | 2084

a als

1 Flyash | 1170 [ 1170 | 1170 | 1170 | 1170

2 Wz:50 | 3194 [ 3194 | 3194 [ 3184 | 3194
3 1 1 1 1 1

3 Nz0H TaT | 1747 | 1747 747 | 1747

4 CA 1032 | 1038 [ 1032 | 1039 | 1039

5 FaA F12 TIBO [ 7371 | 6941 | 6352

b EPE - 25 ] 15 11
Taotal TET0 | TR31 [ TRP3 | TBE4 | TH16
Rs)

Table 13: Cost comparison of K-based activator specimens
with K?Si0O® to KOH = 1:

SrN | Materi | C5 LT 100 [ 158e | 2004
o als
1 Flyash | 1170 | 1170 | 1170 | 1170 [ 1179
2 E:5i0; | 5391, | 5391 | 5391 | 5391 | 3391
3 EOQH 4304 [ 4304, [ 4304 | 2304 [ 4304
4 CA 1032 [ 1032 | 1032 | 1039 | 1039
5 FA B12 7780 | 7371 | 6941 | 6352
& EP= - 25 5 r] 10
Total 12925 | 125886 | 12848 | 12509 [ 12771
{Bs)
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Table 14: Cost comparison of K-based activator specimens .
with K’Si0*to KOH = 1.5:

SrN | Materi | C5 L) 108p [ 15%% | 20%p
]
1

Results indicate that lightweight geopolymer concrete
having 10% EPS can be effectively used as part
replacement of fine aggregates in making lightweight
geopolymer concrete.

e From cost analysis, it is observed that Na-based activator
light weight geopolymer concrete is less costly than that
of K-based activator concrete.

als
Flyash | 1170 [ 1170 [ 1170 | 1170 | 1170
E-5i0; | 6470 | 4470 | 6470 | 4470, | 6470

EOH 3603, | 3603 | 3603, | 3603 | 3603

(=]

] b ] ] b
I A 1050 [ 1030 | 1938 | 1058 [ 1032 e The results were experimentally compared and it shows
33 33 33 33 33 that for 5% EPS there was 25.7% increase in the value of
5 A B18 | 7780 | 7371 | 6861 | 6552 L . . -
5 5 modulus of elasticity for ambient curing. Similarly for
§ EPE |- PR 15|10 90°C and 120°C the percentage increase in the value of

Total 12043 modulus of elasticity was observed to be 32.07% and

(Rs) 25.53%), respectively.

e The floating and segregation of EPS beads can be
minimized by using low slump of mix and fast setting of
geopolymer with hardener.

V. CONCLUSION

e The Light Weight Geopolymer concrete containing
Potassium (K)-based activator gave highest compressive
strength of 67.71 N per mm? for 5% EPS content at oven
curing Temperature 120°C. [1]

e The compressive strength of K-based activator material”’, Journal ~of Thermal Analysis and
geopolymer concrete is higher than Na-based activator Calorimetry,37,pp 1633-1656, 1978
geopolymer concrete at ambient temperature and oven [2] V. Gurushakthivel, Satheesh Kumar, *“Flyash Based
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