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Abstract: The present technology whichisin use for the manufacturing of ordinary Portland cement concreteis used. In order
to activate the geopolymerization process for binding the concrete,the basic material namely silica fume has been used for
replacing the ordinary Portland cement completely. A combination of NaOH solution and Na,SiO; is used for activating the
silicon content in silica fume.The steps involved in the manufacturing process such as preparation of material, mixing of
material, placing of material, compaction of material and curing are given in this paper. In order to enhance the workability of
fresh silicafume based geopolymer concrete, the super plasticizer which is naphthalene based is used. It can aso be improved
by adding extra water.

The M60 grade is used in this paper with different water/binder ratios for case 1, 0.3 for GPC(Geopolymer concrete) and 0.3
for OPC(Ordinary Portland concrete) case 2 , 0.34 for GPC(Geopolymer concrete) and 0.32 for OPC(Ordinary Portland
concrete) and the test specimens are prepared and cured in different durability parameters and these specimens are analyzed.

The comparision is made for the two cases of the durability properties.

Index Terms— Geopolymer, Silica Fume, Naphthalene, GPC, OPC.
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1. INTRODUCTION

Concrete, composite construction material which isamixture
of cement, fine aggregate, coarse aggregate and water and a
small quantity of air. For over a century the concrete has been
using asaleading construction material. It has been estimated
that the production of concrete is approximately 2.5 tones
i.e; 1 m® per capita. After 2025 the overall world wide usage
of natural aggregate will be in the range of 10-13 hillion
tones. As the concrete can be moulded to any form or shape
so it can be used as a desirable building material. Concrete
can be used for constructing various structures such as
bridges, buildings, dams, barrages, highways etc. The various
other parameters such as durability, strength and economy
has made the concrete as the most desirable material. Based
on the materials which are used in the concrete the concrete
can withstand the compression of about 7000 kg/cm? or
more. The concrete is strong in compression and the tensile
strength of concrete is much lower when compared to the
compressive strength.

Concrete is the leading construction material throughout the
world and is generally used in all types of construction works
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like high and low raise building and many other
infrastructural developmental works. It essentially consists of
amixture of cement, fine aggregate, coarse aggregate, water
and admixtures. The major part of aggregate is formed by the
materials like sand and gravel. According to the strength
parameters and grade of concrete, the mixing of these
materials are done in the required proportions

Since the start of the mechanical transformation in 1760 there
has been an expansion in the utilization of non-renewable
energy source vitality coming about inintensified emanations
of GHG's (Greenhouse Gases) (Slanina, 2004). This
expanded worldwide dependency on oil, coal and gaseous
petrol has brought about the discharge more than 1100 Gt
(Gigaton) of CO2 outflows to the atmosphere (IPCC, 2001).
The arrival of GHGs adds to anthropogenic prompted a
dangerous atmospheric devation with the most critical of
these gases being CO2 (Carbon dioxide) (IPCC, 2001). This
is because of the sheer amounts that are being transmitted,
despite the fact that it doesn't have the most elevated
radioactive compelling potential. The cement production
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releases the large amount of CO2 and forms the mgjor cause
for the emissions of green house gases.

Worldwide on an average the amount of CO2
released in to amosphere is of about 5 to 8 percent from the
cement industry. Thetotal production of CO2 throughout the
world is42 billion tonesin 2014. Out of thisthere are 3 major
contributors namely Chinaproducing 12 billion tones (46 %),
United States of America producing 6 billion tones (16 %)
and India producing 2.6 hillion tones (6 %). Cement industry
is the major producer of CO2. On an average the cement
manufacturing activity contributesto about 6 to 8 % of global
anthropogenic CO2 emissions. Cement is only a constituent
of concrete and is responsible for 20 to 35 % of the world’s
GHG’s.

Because of concrete magnificent strength, durability
properties and its availability, it is used commonly in the
construction activity. In reality, the world's most devoured
man-made material is concrete and its utilization isincreased
drastically.

From the above discussions it is been clear that the concrete
industry producing vast amount of CO2 around the world and
production of concrete is not environmentally friendly, so
there is emergency to reduce the usage of cement and this can
be achieved by different alternatives

The manufacture of Portland cement clinker involves the
calcinations of calcium carbonate according to the reactions:

3CaCO3 + Si0O2 — Ca3SiO5 +3CO
2CaCO3 + Si02 — Ca2Si04 +2C02

In order to scale back additional the GHG emissions related
to concrete additional viable different to interchange OPC are
being examined with geopolymer material s thought-about to
be one such alternative.
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Due to increase in the awareness in regard to the
adverse effects of over utilization of natural resources, most
of the advanced environment friendly methods are to be
developed for the effective management of the natural
resources. Construction activities are one of the most
important one for depleting the naturally available resources
like cement, sand, gravel, water etc. Due to the increased cost
of materials of the concrete, the engineers have focused on
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the development of alternate ways for reducing the cost of
production of the materials of the concrete.

Industrial activities related to the sectors of
transportation, steel and energy are responsible for the
formation of large amounts blast furnace dag, silica fume,
ash, quarry dust and creating a major problem in their
disposal.

Davidovitis was the first man to introduce the
geopolymer technology in the year 1978. His research
depicts that by using the geopolymer technology in the
concrete the emission of CO2 can be reduced in to the
environment.Geopolymer belong to the family of inorganic
polymers. The geopolymer chemical composition is similar
to naturally available zeolitic materials, but in the case of
micro structureit is amorphousin nature. Any material which
isrich in silica content and aluminum can be used for the
manufacturing of geopolymer. The combination of NaOH or
KOH and Na,SiO; or K,SiO; is the most commonly used
akaline liquid in the geopolymerization technique.

Materials Required For Geopolymer Concrete
Cementitious binder:

In order to produce geopolymer concrete various
naturally available materials and industrial by products are
used. The most commonly used cementetious binders are
silicafume, GGBS, fly ash, metakaolin, rice husk ash etc.
Alkaline activators:

Alkaline activators are the important ingredient of
geopolymer mix. The binding property is obtained by
igniting the aluminum and silica present in the cementitious
binder by undergoing geopolymerization . It mainly useshigh
pH activators like NaOH and KOH and Na2SiO3 or K2SiO3
Aggregates:

Aggregates used to produce geopolymer concrete
should be chosen and tested as per IS standards.

Super plasticizer:

This is used in concrete to accelerate or decelerate
the setting time and al so to attain good workability conditions
in aconcrete

2. LITERATURE REVIEW

A review on geopolymers and geopolymer concrete is
presented in this chapter focusing on low amount of calcium
fly ash based geopolymer paste and concrete. In order to
increase the greenness and durability of the structures , new
building materials are found out which can aso reduce the
cost of construction and also reduces the need of replacing
the non obsolescent structures thereby saving the
environment . In this regard, geopolymers are best suited
material which is having high potential for durability and
greenness.
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Literature Review On Durability:

Marosszeky M, Munn R,BrungsM andSong X J,, A study
on fly ash based geopolymer concrete attacked by sulphuric
acid is carried out. They reported that due to sulphuric acid
attack there will be corrosion in the geopolymer concrete.
This can be controlled by diffusion process.From the SEM
analysis it has been observed that there is excellent gel
aggregate interface. At the corroded region it is observed that
the geopolymer matrix remains similar to the not affected one
and for the surrounding aggregates it still functions
effectively the binding property.

Sobolev K G,reported that there is an increase in chemical
and thermal resistance by adding 50 % of the granul ated blast
furnace slag by weight in the cement material. It is observed
that the permeability is very low and offered a good
resistance to freezing and thawing cycles and chemica
attack. Even after 140 cycles of freezing and thawing test at

-50°C the blast furnace slag destruction has not been
observed.

Brito J de, Branco F A and Dos Santos J R, ,identified
that when the concreteis subjected to fire attack, there will be
a problem in determining the depth of deteriorated concrete
and assessment of the concrete structure becomes difficult.
So to overcome that a new method called fire behavior test
has been devel oped. By this method the depth of deteriorated
concrete is identified by measuring the water absorption and
tensile stress failure from the holes drilled in the structure
under analysis.
3. METHODOLOGY

MI1X DESIGN OF CONCRETE FOR TWO
CASES

CASE1
FINAL PROPORTION OF OPC CONCRETE & FINAL
PROPORTIONS OF GPC CONCRETE

Cement F.A CA Water Supgr
plasticizer
Ratio 1 116 245 0.3 0.03
silicaFume | FA CA | water | NaOH | Nagsioy | UP°T
plasticizer
Ratio 1 15 3.05 0.09 0.06 0.23 0.015

AMOUNT OF MATERIALSUSED IN OPC &
GPC COMPOSITION OF SILICA FUME
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oPC GPC
(Kg/fmn*) (Kgfm*)
Cement 493 _
Silica fume _ 424 52
Fine Aggregate 575 555
Coarse aggregate 1210 1295
NaOH _ 28.31
MazSio, —_ S5.08
Water 133 42 46
Super plasticizer 15 12 73
CASE 2
FINAL PROPORTION OF OPC& GPC CONCRETE
Cement FA CA Water Supe.r
plasticizer
Ratio 1 13 26 032 0.03
SilicaFume | FA CA | Water | NaOH | Nagio | UPEr
plasticizer
Ratio 1 136 316 0.04 0.1 0.25 0.03

AMOUNT OF MATERIALSUSED IN OPC & GPC
COMPOSITION OF SILICA FUME

4. TEST RESULTS

TESTSON THE CEMENT:

SNo Property Test method Test Result “E“;';';G"'fl“;rm =
1 Standard consistency [:2{:‘[]:{’:’:[_";) 3%
2 Specific gravity ‘?Eg;;';:’_tt‘:f 3.15
3 Initial s[tra“t‘t:'r)@ time [:glc:;:r;;:r:[_uj) 3 Minimum 30
4 Firal :ﬂ:;ﬁ e E:QE:;:{’ :’:tﬁ) ghrs Maximum 600
3 Specm[criil;féc:emea E\a\nﬁgf}'\;rlge{rgng:a)mhtv 385 Minimum 225
& Soundness (mm) Lﬁnﬁ%ﬁ:?g‘;ﬂ 2 Not more than 10mm
7 Compressive strength Compression mould 55 5
(N/mm?) (154031 Part - 6)
8 Fineness S‘E[v‘:t:é;gl::‘fgn 8 T 10%

www.neuroquantology.com

5417



NeuroQuantology | June 2022 | Volume 20 | Issue 6 | Page 5415-5425 | doi: 10.14704/nq.2022.20.6.NQ22548
M.Uday Bhaskar/ SILICAFUME BASED GEOPOLYMER CONCRETE-DURABILITY PROPERTIES FOR M60 GRADE

TESTSON AGGREGATES

SILICA FUME AND ITSPROPERTIES

CASE2
Volume of Water g::fg::']‘i:?
Collected (ml) (cm/sec) .
OPC 935 312= 1070
GPC 7 263 = 10re

Fine Coarse
e prakay AT Aggregate Aggregate
. . Pycnometer
1 Specific Gravity 152386 Part 3 - 1986 26 266
2 Bulk Density (Kg/m?) 15:2386 Part 3 - 1985 1650 1780
. Sieve Analysis
3 Fineness Modulus 15:2386 Part 2 - 1963) 276 6.04
4 Absorption | % ) 1S:2386 Part 3 - 1986 01 0.52
5 Moisture content [ % ) 1S:2386 Part 3 - 1986 0 0
|
Requirements of
Sllo Praperty Test method Test Resuft 1 15388: 003
Sp. Gy bottle
1 Specific gravity (5403 Pt -4 16
Specific Surface Area | Blaine's Air permeablity )
1 (mEie) (S5516-10%) 18000 Minimum 15000
3 Bulk Density (Kg/m) 18:2386 Part 3 - 1986 650
4 Physical Appearance Powder form

DURABILITY TESTSON CONCRETE :

PERMEABILITY TEST ON CONCRETE
In this test the concrete specimen or mortar of
known dimensionsis kept in chamber which is
specially designed and subject to a known
hydrostatic pressure.

CASE 1l

Volume of .
e | Tme | Bl | Araf Pr]?!lén Cueﬁm;;liuf
sl | () | Suagh (o) |Sampk()| RO | PRI
() W | ()
0c | 9 % 0l S I I 4
GC | ¢ % 0l RS || sl

ULTRASONIC PULSE VELOCITY (UPV) TEST

Ultrasonic pulse velocity test is a non destructive test
which is conducted according to the IS code 13311:1992. In
this test the strength of the material is estimated by
measuring the sound speed which is travelling through the
materials.

5418

CASE 1

PULSE VELOCITY (V)  (Km/Seq)

28 Days 418 425

90 Days

UPY (Kise)

Co-efficient of Permeability
(om/seq) x 10710

[P It}
B e w

'
&
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Pube Veoeiy () - (kmsee)

0RC GRC

3B Days 1l Ly

0 Davs i K]
CASE 2

RCPT (RAPID CHLORIDE PENETRATION TEST)
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CASE2

RCPT Value (Columbs)

OPC 1820

GPC 1630

WATER ABSORPTION TEST
As per the code ASTM C 642 this test is

conducted on 150mm x 150mm x 150mm concrete
cubes for various mix proportions and the water
absorption values are cal cul ated.

CASE1

Water Absorption (20)

OPC 278
GPC 2.65
T WATER ABSORPTION o>

are *
wo

CASE2

Water Absorption (%)

OPC 291
GPC 2.76

WATER ABSORPTION (o)

o

rc q

Absorption (v )

WATER PENETRATION TEST
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Thistest isthe method of determination of depth of
water penetrated in the concrete hardened surface which is

cured for 28 days in water.

CASE 1
Water Penetration Depth
(mm)
OPC 124
GPC 108
WATER PENETRATION DEPTH
Depth (mm}
CASE 2
Water Penetration Depth
(mm)
OPC 1333
GPC 11.00

WATER PENETRATION DEPTH

Depth (mum)

SULPHATE RESISTANCE TEST

Generally sulphates which are present in the ground
water and soil come in contact with concrete and causes
effect. So in order to study the effect of sulphates on

concrete sulphate resistance test is conducted.

SAMPLES CURED IN NaySO,

y.com
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B % 0| B %6 %
Days Days Days | Days Davs Days
OpC GRC
CASE2
opC GPC
28Days | S6Dayvs | 90 Days | 28 Days | S6Days 20
- - - - - Davs
Wt Before Exposure | 5 45 249 246 248 248 251
Wt After Exposure | 5 5 253 25 240 25 | 232
% Gain in weight 1.54 1.63 2 03 0.39 042
Compressive
strength before 61.5 619 o4 63.8 63.22 69.5
Exposure (N/mm?)
‘Compressive
strength After 60.44 61.01 61.8 6323 64.35 67.65
Exposure (N/mm?)
%2 Loss m Strength 1.72 3 343 0.88 1.33 2.66
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™ % Gainin weight
£
L
g 6
P l 81Kt Before Exposure (Kg)
u Wt Afler Exposure(Ke) :
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Days Days Days Days Days Days : Days Dave Days | Days Dys Diys
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- ‘;I T
E 68
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E s | = Compressive strength before
5 g Exposure (N imm2)
% 26 & Compressive strength After
£ 54 Exposure (N nun2)
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k-1 Days Days Days Davs Dayvs Days
o
oPC GPC
SAMPLES CUREDINM@SO,
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#11 After Exposure (Kg)

¥ % 9|8 % %
Days Days Davs|Days Days Days

OPC GPC
18 A6 a0 18 36 a0
Davs Davs Dayvs Dayvs Davs Days
Wt BE{“{E];:"P‘““’E 247 | 240 | 246 | 243 | 240 | 231
Wt %E"P"““’E 240 | 238 | 253 | 23 | 251 | 255
%Gaini;weight 1 21 32 1 13 1.7
Compressive strength
before Exposure 61.3 629 64 63.8 6322 | 683
(N/mm?)
Compressive strength
After Exposure 60.33 612 619 6322 642 679
(N/mm*)
%5 Loss m Strength 19 27 32 0e 1.56 22
:
i z
¥ gjg 0Vt Before Exposure (Kg) w3 Gainin weiht
pr} T

B 56 %08
Days Days Days {Days Days Days

56 90

Days Days Days Daye Days Days

OPC GPC

are G Ll i
o n
/ -]
13 »
5 £ 8
2% N
i 10
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OPC GPC
28 36 20 28 56 20
Davs | Days | Days | Davs | Davs | Davs
3
Wt. Before Exposure - 5 25
Ke) 247 240 246 248 248 231 2 2
Wt. After EIPDS]JIE - - - - . E(' ! f | Wi Before Exposure
Ke) 249 254 253 25 251 253 = o5 (Kg)
T — - LU =Wt After Exposure(Kgh
% Gam m weight 1 21 32 1 13 7 28 56 90 28 56 90
- Days Days Dayvs Days Davs Days
Compressive strength s W W | e ey
befors Exposure 613 629 %8 038 63212 69.3 oPC GPC
(N/mm?)
Compressive strength
After Exposure 6033 | 612 | 619 | 6322 | 642 618 .
Nmm?) i 5421
¥»Loss m Strength 19 27 32 09 136 22 4 .
o,
= L 2 l%;mgmemm\gm
o before Exposure (N'mm?)
82 il
14 : [] ianmsl g )+ uCompressivesirength
b o . : B . e At Esposure (N mun
. % Gainin weight D s s Do 0 s S n o ow|n o g AaEeomm)
1% Days Days Days Days Days
' Y — e o ore e
H 11
. VI e Fpearely 0 g —
1 IR IR IR AR 0% Garn m weight
u Divs D CASE 2
W 6Diys 9Dy Do 56 s
[0y @ OPC GPC
28 Days | 56 Days | 90 Days | 18 Davs | 56 Days 20 Days
Wt Before J J - J -
= E osura (Ke) 248 249 248 23 249 251
0 %% Loss in Strength EXE'D‘E u‘?fgm 23 | 216 | s | 245 | 2m 228
¥ Loss i weight 7 13 25 2 6 9
B Compressive
A1 vcopesictas e | &1 | s | 6 o | 2 703
: i_ R 1] _ eforeExposure (Nman2) (N/mm?)
] Conpresestrancth Aflr § Compressive
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Strenzih L] 9 13 5 8 11 |
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3 U
525 -
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w £
Tl 3
z 05 WVt Before Exposure (Kg) g 10
] = Mg W% Loss in weight
Wt After Exposure (Kg) ] ] i - i -
ACID RESITANCE ATTACK SR gy '
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OPC Gpe 0P e
» SAMPLES CURED IN H,SO,
. 8
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; j @
= 1 -; Nl
; 10 E: 0 )
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4 L P
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CHLORIDE RESISTANCE ATTACK

e i e e i v The structures which are near to the sea coast are
OPC GPC . . .
3Das [ 56Days [50Days | 28Dms [ S6Days [ 50Dmys subjected to chloride attack. Due to the penetration of
Wi BeforeEsposwre(Rg) | 244 | 235 | 234 | 248 | 231 | 255 chloride in to the concrete the reinforcement is ubjected
“";‘f“ E’“"”:ghf@ 2'8” 2:;’ ‘f; = fg 23093 to corrosion. So by chloride resistance test the effect of
0SS In Wi - -
- chloride on geopolymer concrete and normal concrete
Compressive stength before | 620 | 5101 | 659 | 672 | 693 | 716 )
Exposure (Nimm) were studied and compared.
Compressiveswength After | o0 | 5993 | 5733 | 6451 | 628 | 6296
Exposure (Nmm) el I - » SAMPLES CURED INNacl
% Loss in Strength 1] B 13 4 9 12
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CASE 1
OPFC GPC
28 Days | 56 Days | 90 Days | 28 Days | 56 Days | 90 Days

Wi Before Exposure (Kg) 244 245 247 244 245 246
Wi, After Exposure (Kg) 247 249 253 246 249 252

% Gain in weight 1 1.85 13 0.8 133 2.1

Compressive strength o
befate Exposure (Nimm?) 6123 63.8 7 62.9 64.22 653

Compressive strength o - o
Aftes Exposure Nimm) 60,55 62,46 62,82 623 6339 6415

% Loss in Strength 1.1 2.1 1.9 0.89 1.29 1.75
" 1% 257
g : !
< TR
£ 25 i
é“ 1 W0t BB : 01_
" & 0 0wt

o o Aer Expostue(Kg) ) i

B 0B %9 B 0B NN
Days Days Days Davs Days Diys Das Days Days Days Days Days
(Opc e (pC G

Axis Title

Bt Before Exposure(Kg)

!’ 56 90 28 56
m Wi After Exposure (Eg)
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Days Days Days Days Days Days
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Axis Title

%o Gain in weight

=
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b

N

23 | s6 | 90 B % Gain in weight
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= Compressive strength before
ml)

Exposwre (N

 Compressive strength After
Exposure (N'mm2)
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56 —
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%o Loss in Strength

[
\
\

-
-

S
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.

% Loss in Strength

28
Days
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a0 28
Days | Days

56
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6 "
@ [l 1
H N1
)
o Bl
%6 = L5
fal 1 Conpressivestrength F 14
-i @ beforeExposwe (N2 05 ¥4Loss in Stangh
’; 50 l(u}up(&nued\e(mh Afler
{ 5 Exposure(Niun) 01
H % N[ % ow
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OFC are opC e
CASE 2
H
OPC GPC
18Days | 5§ Days | W Days | 28Days | 56 Days | 90 Days
Wi Befors Expesurs (Kz) 146 131 23 149 248 252
Wt After Exposur= (K2) 148 136 136 231 23 257
Ye Gain i weight 1 188 23 0e 145 21
Compressive strangth bafore 2 - -
Exposme (Nimm?) 6043 621 639 641 6823 1
Compeessve strength After . - -
Exposae (Nimar®) 3068 60.87 6211 6348 6724 689
% Loss i Strempth 123 198 23 0.95 14 163

elSSN 1303-5150

SORPTIVITY

Sorptivity isthe rate of absorption of water in to the

concrete. This test is based on Darcy’s law and was
developed by Hall.

It is smple and rapid test for

determining the tendency of concrete to absorb water by
capillary suction.
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TruE | wErGET | GAINED | CUAOLATIE Yog}m SURFACE | s shiensieyy |
(mim) | (gm) ‘g-}:;(m'r Gm_}_mgn} WATER ["lfs (mm)y | (vming
(mm3}
]
o © 0 o
1 109 Lo 1
2 (i3] 211 141
3 2 331 1.73
3 087 428 z
s 058 526
o 2 6.46
12 31 7.7 38
16 4 By +
20 2 0.1 447
25 20 1142 5

-+|Table 4.25 Sorptivity results of GPC

VOLUME
TIME | WEIGHT | SAINED | CUMILATIVE OF SURFACE | 18 +Density) |  (TIME)
tmin) | | G@wy | | WEIGHT | WEIGHT WATER | AREA (mm) (+'min)
Em) | GAINEDGm) | ‘(mpo (mm2)
W A5) @
o o o o 785398 o o
1 082 092 920 785398 0.117 1
2 094 1.86 1860 785398 0236 141
3 1.09 295 2950 785398 0.375 173
4 098 393 3930 785398 0.5 2
5 777.82 099 492 4920 785398 0.626 224
9 778.84 102 594 3940 7835398 0.756 3
12 779.84 1 6.94 6940 7835398 0.88 346
16 780.84 1 7.04 7940 7833.98 101 4
20 781.94 11 2.04 2040 7833.98 113 447
25 783.08 114 10.18 10180 7833.98 13 3
Sorptivity curve
14
12
1
g 508
£ —(0PCCURVE g 0 =GPCCURVE
— Linear (0FC L — Lira (GHC
CURVE) 02 CIRE)
]
0 2 4 (] 0 2 1 6
S
time-min'* time-nind3

¥ (mm/min0.5)

CASE 1
CUMILATIVE | VOLUME
GAINED . . . 4
TIME | WEIGHT WEIGHT oF FwiA*Density
(min) | (gm) &Icm GAINED | WATER (mm) ﬁhﬁ]]
(zm) ()
D] ™
0 761 0 0 0 0 0
1 77719 109 109 1090 013 1
2 781 102 21 2110 025 141
3 12 331 3310 042 T3
4 087 428 4280 0354 2
b1 098 326 3260 0.67 124
g 12 646 6060 082 3
12 151 177 T 0. 345
16 114 891 2910 113 4
0 122 10.13 10030 119 447
23 129 1142 11420 145 5
Table 4.25 Sorptivity results of OPC
COMILATIVE | VOLUME
e | wereaT | SANED | yEreHT ofF | SCRFACE| asDensity | -0
(min) | (gm) “g%m GAINED | WATER ?ﬁz&) m) %21..[5)
) |
w) )] A4)
0 | T | 0 0 R ] 0
1 | ma | 09 o | 85% [XTE 1
N 186 1860 | 783398 0236 141
NECEE 293 W30 | 7858 037 17
s | em | 0 39 30 | 785308 03 1
5| s | o ) N 0626 pRH
s | s | 1o 598 0 | 785398 0736 3
| Test | 1 [ w0 | 783398 08 346
16 | T8t | 1 798 0 | 785398 Lol ]
W | we | U 904 00 | 783308 13 7]
¥ | s | 14 1018 10180 | 783398 13 3
Table 4.26 Sorptivity results of GPC
Sorptivity curve Sorptivity curve
0 14
14 12
12 1
T L
HLH — (R (TRIE i —@UORE
“ 06 - b6
'N — L (0K i —Liv (e
02 (TRVE) 0 RE
I "
0 e g S —
fime-mi'* fie-min 4
H
CASE 2
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FREEZING THAWING

When the concrete is wet and especialy in the presence of
deicing chemicals the most destructive factor is freezing and
thawing. The deterioration of the concrete is caused mainly
because of freezing of water and at the same time expansion
in the aggregate particles, paste or both.

CASE1l

|Environmental testing chamber
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TLTRA RE]..:&II\'E
Cres | Vel | DENSIY m"féjéfn DyNAMIC {’%BE%
(Km/Sec) +100)
0 2.59 2590 4.7 51711 100
3 2.585 2585 4.09 51283 99.1
10 2.579 2579 4.06 50404 97.4
15 23571 2571 4.625 494957 957
20 2.562 2562 4.6 48790 9435
25 2.536 2556 4.575 48148 93.11
30 2541 254 4.365 47657 021
35 2.53 2530 4.555 47243 913
40 235 2500 4.54 46376 80.68
43 2.496 2496 4315 45792 88.55
50 2485 2485 451 45505 88
Table 4.27 Results of durability factor of OPC
ULTRA RELATIVE
cra | Vst | PROAY | veigeimy | RS | siovcius
(Km/Sec) *100)
0 2.62 2620 4.05 57776.8 100
5 2.617 2617 4.94 57477 99 4
10 2.61 2610 4,03 57002 08,0
15 2.604 2604 4.915 56614 7.9
20 2,591 2591 4,005 36103 97.1
5 258 2580 4.9 55751 96.5
30 2.571 2571 4.885 55217 955
35 2.56 2560 4.80 24419 4.1
40 2.55 2550 4.84 53761 93.05
45 2.54 2540 4.82 53109 919
50 2,53 2530 4.77 51000 o0
Table 4.28 Results of durability factor of GPC
Cycles 0 10 20 30 40 30
COMPRESSIVE
STRENGTH 623 | 62.08 | 60.09 | 392 584 519
N/mm? (or) Mpa

Table 4.29 Variation of compressive strength across cycles of OPC

Cycles 0 10 20 30 40 50
COMPRESSIVE

STRENGTH 66.9 | 66.34 | 651 | 64.03 | 63.54 | 61.89
N/mm?2 (or) Mpa

Table 4.30 Variation of compressive strength across cycles of GPC

Freezing-Thawing @ 50th

=»
-
=}
-
=
B0
E
=
e
-2

Compressive
strength (N/mm?)

Cyc

le

nor

g Tal

Freezing-Thawing

Table 4.29 Variation of compressive strength across cycles of OPC

Nimm? {or) Mpa

Cytles 0 ]2 04 ]%0
COMPRESSIVE
STRENGTH | 6276 | 6108 | &000 | 32 | 384 | 31

2

Compressivestrength N/mm?

N/mm2 (or) Mpa

* GPC COMPRESSIVE

STRENGTH
N/mmz2 (or) Mpa

20 30 40 5

No. of Cydes

Freezing-Thawing @ 50th

Durability factor

e o

Cycle

Freezing -Thawing
100 YR

AN
80 “

0 10 20 30 40 50

No. of Cycles

CASE 2
Table 4.27 Results of durability factor of OPC
Rellli\'_e
co | Vg | e | VARESS | Dmme | N
+100)
] 259 2550 4mn 3171 100
3 2383 2383 469 51283 901
10 23579 2579 466 30404 74
15 2571 257 4625 404957 95.7
20 2562 2562 46 48790 9435
23 2356 2336 4375 48148 93.11
30 2341 2341 4.363 47637 921
33 233 2330 4.335 47243 913
A0 25 2500 4354 46376 8968
45 2496 2486 4515 45792 8855
0 248 2450 448 44988 87
Table 4.28 Results of durability factor of GPC
]
Re]lli\'_e
*100)
o 262 2620 4835 37776.8 100
3 2617 2617 484 37477 go4
10 261 2610 483 37092 SRR
15 2604 2604 4915 36614 9719
20 2591 2391 4905 36103 971
23 238 2380 49 33751 96.3
30 2571 2571 48835 33217 93.3
33 236 2360 436 34419 241
40 233 2530 434 33761 93.03
45 254 2540 482 33109 919
30 233 2330 4.8035 32576.8 o1
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Table 4.30 Variation of compressive strength across cycles of GPC

Cycles 0 10 20 30 40 50
COMPRESSIVE
STRENGTH 6748 66.34 63.1 64.03 6334 | 6288
Nimm? (or) Mpa

WEIGHTLOSS

*OPC

COMPRESSIVE
STRENGTH
N/mm2 (or) Mpa

EGPC

0 10 20 30 40 50
No. of Cycles

COMPRESSIVE
STRENGTH
N/mm2 (or) Mpa

than OPC, so it can be used in chloride zonearea.

3. The mix of both the concrete are taken special
attraction in this, where it is proven in UPV test
and
tookhugeamountoftimetotravel therays.Hencewe
can conclude the materials are conjoined in the
specimens.

4. Atmost care is been taken while testing specimen
under freezing — thawing conditions and GPC has
evolvedsuccessfulinthatandproventobesuitabl einf
rozen conditions even by the results

Fromthecumul ativeresul tswecancometoanconcl usionthan
replacement of OPC with GPC can be done, which can
bring the dual benefit such as preserving the natural
resources and reduce the emission of green house gases
into theatmosphere.

Freezing-Thawing - 0 to 50

Durability factor

Cycles

OPC GPC

» of weight loss

Freezing-Thawing

Freezing-Thawing @ 50th Cycle

20

No. of Cydes

5. CONCLUSIONS

The project achievements are asfollows:

1

The resistance towards the chemica attack on
concretehassi gnificantlyprovenessential forbothth
e concrete, where GPC has resisted well in
circumstances like sulphate, chloride and acid
attacks compared to OPC

ThechloridepenetrationinGPCislesscomparatively

elSSN 1303-5150
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