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Abstract: Concrete requires curing to continue with the hydration process. Self-curing concrete
is one of the special concretes in mitigating insufficient curing due to human negligence paucity
of water in arid areas, inaccessibility of structures in difficult terrains and in areas where the
presence of fluorides in water will badly affect the characteristics of concrete. The present study
involves the use of polyethylene glycol which acts as a self-curing compound. The most
important aspect is that this compound is expected to maintain maximum water retention there
by contributing to full hydration. The parameters in the study include grade of concrete, type and
dosage of polyethylene glycol, curing conditions and age of curing. The present involves the two
types of self-curing compounds PEG 4000, PEG 200 with dosage of 0.1%, 0.5%, 1% for M70
grade of concrete. Weightless and compressive strength, flexural strength and durability tests
were determined as a performance benchmark for the investigated curing compounds. It was
reported from the study that higher dosage (1%), higher molecular weight (4000) based PEG
compounds act as better curing compounds in higher grade concretes compared to another self-
curing compound.

Keywords -self curing, Polyethylene glycol, PEG 4000, PEG 200, Hydrophilic compound, Water
retention, Compressive strength, flexural strength, durability tests.

1.INTRODUCTION
A. Curing

durability requirements. Enough water needs
to be present in a concrete for the hydration
of cement to take place. However, even mix

Adequate curing is essential for concrete to contains enough water, any loss of moisture

obtain structural and durability properties
and therefore is one of the most important
requirements  for  optimum  concrete
performance. Curing of concrete is the
process of maintaining the proper moisture
conditions to promote optimum cement
hydration immediately after placement.
With insufficient water, the hydration will
not proceed and the resulting concrete is
practically affected, failing to provide a
protective barrier against ingress of harmful
agents. Proper curing of concrete structures
is important to meet performance and

from the concrete will reduce the initial
water cement ratio and result in incomplete
hydration of cement especially with the
mixes having low water cement ratio. This
results in very poor quality of concrete.

Methods of Conventional Curing:

Methods of curing concrete fall broadly into
the following categories:

i) Ponding or spraying
ii) By using covering of wet hessian.
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iii) Reducing the rate of evaporation of
water from concrete surface by
covering with a relatively
impermeable membrane.

iv) Delaying the removal of formwork
can also be used to retain some
water.

v) Steam curing.

Difficulties in conventional curing methods:

1) For the vertical member it is not
possible to keep the surface moist as
in case of the flat surfaces.

ii) In the places where there is scarcity
of water.

iii) In the places where manual curing is
not possible.

iv) A human error may lead to the
formation of crack in the member
and hence affects strength and
durability.

B. Self Curing Concrete

The concept of self curing agents is to
reduce the water evaporation from concrete
and hence increase the water retention
capacity of the concrete compared to
conventional concrete. It was found that
water soluble polymers can be used as self-
curing agents in concrete. Concrete
incorporating  self-curing  agents  will
represents a new trend in the concrete
construction in the new millennium. Curing
of concrete plays, a major role in developing
the concrete microstructure and pore
structure, and hence improves its durability
and performance. The concept of self-curing
agents is to reduce the water evaporation
from concrete, and hence increase the water
retention capacity of the concrete compared
to conventional concrete. The use of self-
curing admixtures is very important from the
point of view that water resources are
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getting valuable every day(i.e., each 1lcu.m
of concrete requires about 3cu.m of water
for construction most of which is for
curing). Excessive evaporation of water
(internal or external) from fresh concrete
should be avoided; otherwise, the degree of
cement hydration would get lowered and
there by concrete may  develop
unsatisfactory properties. Curing operations
should ensure that adequate amount of water
is available for cement hydration to occur.
This investigation discusses different aspects
of achieving optimum cure of concrete
without the need for applying external
curing methods. The effect of curing,
particularly new techniques such as “self-
curing”, on the properties of high
performance concrete is primary importance
to the modern concrete industry.

Definition of Self Curing:

The ACI-308 Code states that “internal
curing refers to the process by which the
hydration of cement occurs because of the
availability of additional internal water that
is not part of the mixing water.
“Conventionally, curing concrete means
creating conditions such that water is not
lost from the surface i.e., curing is taken to
happen ‘from the outside to inside’. In
contrast, ‘internal curing’ is allowing for
curing ‘from the inside to outside’ through
the internal reservoirs (in the form of
saturated light  weight  aggregates,
superabsorbent polymers, or saturated wood
fibers) created. ‘Internal curing’ is often
referred as  ‘Self-Curing’.  “Self-curing
concrete” means that no labour work is
required to provide water for concrete, or
even know any external curing is required
after placing which the properties of this
concrete are at least comparable to and even
better than those of concrete with traditional
curing.
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Self-Curing is an “internal curing system”
where a water-soluble polymer is added to
the concrete mix. This method overcomes
the difficulty in ensuring that effective
curing procedures are employed by the
construction personnel as the internal curing
composition is a component of the mix.

Why to do Self-curing:

A self-curing concrete is provided to absorb
water from atmosphere to achieve better
hydration of cement in concrete. It solves
the problem that the degree of cement
hydration is lowered due to no curing or
improper curing, and thus unsatisfactory
properties of concrete.

Need for Self-curing:

When the mineral admixtures react
completely in a blended cement system,
their demand for curing water (external or
internal) can be much greater than in a
conventional ordinary Portland cement
concrete. When this water is not readily
available, significant autogenous
deformation and early-age cracking may
result. Due to chemical shrinkage occurring
during cement hydration, empty pores are
created within the cement paste, leading to a
reduction in its internal relative humidity
and also to shrinkage which may cause
early-age cracking. This situation is
intensified in HPC  (compared to
conventional concrete) due to its generally
higher cement content, reduced water-
cement(w/c) ratio and the pozzolonic
mineral admixtures (fly-ash, silica fume).

Potential materials for self curing:

The following materials can provide internal
water reservoirs:
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i) Light-Weight Aggregate (natural and
synthetic, expanded shale).

i) Super Absorbent Polymers (SAP)
(60-300mm size).

iii) LWA (light weight aggregate) 19mm
coarse (Water absorption = 20%).

iv) LWS (light weight sand) sand
(Water absorption = 17%).

V) SRA (Shrinkage Reducing
Admixture).

vi) Wood powder.

C. Polyethylene glycol

Polyethylene glycol (PEG), otherwise
known as polyoxymethylene or poly
ethylene oxide (PEQO), is a synthetic
polyether that is readily available in a range
of molecular weights. Materials with
M,, <100,000 are usually called PEGs, while
higher molecular weight polymers are
classified as PEOs. These polymers are
amphilic and soluble in water as well as in
many organic solvents (e.g., methylene
chloride, ethanol, toluene, acetone, and
chloroform). Low  molecular  weight
(M, <1,000) PEGs are viscous and
colourless liquids, while higher molecular
weight PEGs are waxy, white solids with
melting points proportional to their
molecular weights to an upper limit of about
67°C. PEG and PEO are liquid of low
melting solids, depending on their molecular
weight. PEGs are  prepared by
polymerization of ethylene oxide and are
commercially available over a wide range of
molecular weights from 300g/mol to
10,000,000g/mol.

PEGs are also available with different
geometries.

i) Branched PEGs have three to ten
PEG chains emanating from a central
core group.
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i) Star PEGs have 10 to 100 PEG
chains emanating from a central core
group.

iii) Comb PEG s have multiple PEG
chains normally grafted onto a
polymer backbone.

The numbers that are often included
in the names of PEGS indicate their
average molecular weights (e.g. a
PEG with n=9 would have an
average molecular weight of
approximately 4000 Daltons, and
would be labelled PEG 4000.

PEG is soluble
in water, methanol, ethanol, acetonitrile, ben
zene, and dichloromethane, and is insoluble
in diethyl ether and hexane. It is coupled to
hydrophobic molecules to produce non-
ionic surfactants.

D. Super plasticizer (BASF Glenium B233)

BASF glenium B233 is a super plasticizing
admixture. Glenium B233 is an admixture of
a new generation based on modified
polycarboxylic ether. The product has been
primarily developed for applications in high
performance concrete where the highest
durability and performance is required.
Glenium B233 is free of chloride & low
alkali and compatible with all types of
cements. Glenium B233 consists of a
carboxylic ether polymer with long side
chains. At the beginning of the mixing
process, it initiates the same electrostatic
dispersion mechanism as the traditional
super plasticizers, but the side chains linked
to the polymer backbone generates a steric
hindrance which greatly stabilizes the
cement particles ability to separate and
disperse. With this process, flow able
concrete with greatly reduced water content
IS obtained.
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2. OBJECTIVE

a) To develop mix design methodology for
mix 70MPa

b) To study the effect of self-curing
compound and its dosage on fresh
properties concrete.

c) To determine the water retention
capacity of all mixes by measuring
weight loss of cubes at 3, 7,10, 14, 21,
28 days.

d) To determine the compressive strength
of cubes at 7, 14, 28 days.

3. MATERIALS USED

Cement:

Cement used in the investigation was found
to be Ordinary Portland Cement (53 grade)
confirming to IS : 12269 — 1987.

Fine Aggregate:

The fine aggregate used was obtained from a
nearby river course. The fine aggregate
confirming to zone — Il according to Is 383-
1970 was used.

Coarse aggregate:

The coarse aggregate used is from a local
crushing unit having 20mm nominal size.
The coarse aggregate confirming to 20mm
well-graded according to 1S:383-1970 is
used in this investigation.

Polyethylene glycol (PEG):

Polyethylene glycol of low molecular (200)
and high molecular weight (4000) were used
in the study. The chemicals were mixed with
water thoroughly prior to mixing of water in
concrete.
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BASF glenium B233:

BASFglenium B233 is a super plasticizing
admixture. Glenium B233 is an admixture of
a new generation based on modified
polycarboxylic ether. The product has been
primarily developed for applications in high
performance concrete where the highest
durability and performance is required.

4. EXPERIMENTAL WORK

Mix design:
S.No Item name As per mixed
design(kg/m3)

1 Cement 520

2 Fine aggregates 782

3 Coarse aggregates | 992

4 water 156

Mix proportionis  1:1.503:1.907

Table .1: Designed Values of Materials
(M70)

For M70 grade of concrete number of trails
were conducted to obtain the desired
strength and to maintain good workability
(slump of about 50mm) and finally acquired
a mix proportion (1:1.3:2.1) (C: F.A:C. A)
with w/c ratio of 0.32. To obtain good
workability and desired strength the
optimum water-cement ratio kept at 0.32
and 0.3% of super-plasticizer is to be used in
the mix.

A. Test for Fresh Properties of Concrete

Workability Test (Slump test):

ISSN: 2457-0362

Slump test is the most commonly used
method of measuring workability of
concrete. It is not a suitable method for very
wet or very dry concrete. It does not
measure all  factor contributing to
workability.

B. Test for Harden Properties of Concrete
Water Retentivity Test:

Water retentivity is the ability of the
substance to retain water. To perform the
water retentivity test, the cubes were
weighed for every 3 days from the date of
casting. Weight loss for the specimens in
indoor curing, and weight gain for the
conventional curing are noted and their
behaviour is plotted in graph against number
of days of curing.

Compressive Strength of Concrete:

The compression test was conducted
according to IS 516-1959. The compressive
strength was obtained after 7, 14 and 28
days of curing. Standard cast iron moulds of
dimensions 150x150x150mm were used to
cast the specimen. Material required for
casting is given in Table 2& 3.
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S.| Nome | No.| Ce | Glen | F | C | W | Polyet
N | nclatur | Of | me | ium | A | A | at | hylene
0 e nt | B23 er | glycol
cu 3(mi | (K| ( (gm)
Oof bes | (K ) g) | K| (It
Mix 9) 9 )
1| Air 9 |18.| 54 |23|38]5. 0

curing 18 6 1.1 81
(P- 3|7
4000-

0%)
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2 | Water | 9 |18.| 54 | 23|38 5. ( 0.1% 7 611
curing 18 61.181 317
(P- 317
4000- 41 P- | 9 (18|54 |2|3|5 909
0%) 200- 0 3./8.|8
0.5% 9 611
3 P- 9 |18.| 54 | 23|38 5. | 18|18 3|7
4000- 17 6|.181
0.1% 3| 7 5 P- | 9118|54|2|3]|5. | 181
200- 3./8.|8 8
4 P- 9 |18.| 54 [ 23385 | 909 || 1% 611
4000- 09 6|.181 3|7
0.5% 317
Table.3 Material quantities of PEG 200
5 P- 9 | 18 | 54 |23 (38| 5. | 18138
4000- 61181 Flexural Strength of Concrete (1S:516-
1% 317 1959):
Table.2 Material quantities of PEG 4000 rhe beam specimens were tested on

universal testing machine for two-point
loading to create a pure bending. The
bearing surface of machine was wiped off

S|Nom | N | C|Gle|F|C| W] Poly clean and sand or other material is removed
. lenclajo. | e | niu|A|A]at| ethyl from the surface of the specimen. The two-
N| ture |Of | m | m (1o e | ene point bending load applied was increased
0 en | B2 r | glyc continuously at a constant rate until the
OF 1 €1t |33 KIK ol imen breaks down and no | b
Mix | ub alglda specimen breaks down and no longer can be
es | (K ml) Y1) |9 (gm) sustained. The maximum load applied on
) specimen was recorded. The modulus of
g rupture depends on where the specimen
11 Air | 9 118154 213151 o breaks along the span. Beam dimensions are
curin 1 318.]8 500mmx100mmx100mm. if the specimen
g(P- 8 61111 breaks at the middle third of the span then
200- 3|7 the modulus of rupture is given by
0%) f
rup =bP—dlz
2 | Wate| 9 (18|54 |2|3]|5 0
r | 3.18. |8 Where; P=load, d = depth of the beam, b =
curin 8 6|11 width of the beam.
P- 3|7
g(()o_ C. Durability Studies on Concrete
0%) Acid Attack Factor Test:
3 280 9 1;3 5.4 § g 58 188.1 The chemical resistance of the concrete was
i ' e studied through chemical attack by

Volume 11, Issue 02, Feb 2021 ISSN 2581 - 4575 Page 193



IJARST

immersing them in an acid solution. After 28
days curing period of the specimens of each
batch were taken and their surfaces were
cleaned with soft nylon brush to remove
weak reaction products and loose material
from the specimen. The initial mass, body
diagonal dimensions value were measured. 2
specimens of each batch of concrete were
immersed in 5% HCL.

Figure.1 cube immersed in 5% HCL
Preparation of 5% HCL for 4lt solution:
CiVi=CyV,

Concentration of HCL C;= 36%
Required concentration of solution C,=5%

Volume required V;= 4lt

_C2V2 _ 5%4 _
c1 36

Volume of HCL V, 555 ml
i.e., to prepare 4litres solutions of 5% HCL,
the volume of HCL to be added is 555 ml.

The mass, diagonal dimensions values are
measured at 3, 7, 10, 14, 21, 28 days of
immersion.  Compressive  strength  is
measured after 28 days of immersion before
testing, each specimen is removed from the
baths, brushed with a soft nylon brush and
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rinsed in tap water. This process removes
loose surface material from the specimens.
Mass change, reduction in compressive
strengths values and diagonal dimensions
are observed. The extent of deterioration at
each corner of the struck face and the
opposite face is measured in terms of the
acid diagonals (in mm) for each of two
cubes and the “Acid Attack Factor” (AAF)
per face is calculated as follows.

loss in mm
4

AAF =

Acid Durability Factor Test:

For determining the resistance of concrete
specimens to aggressive environment such
as acid attack, the durability factors as
proposed by the philosophy of ASTM (666-
1997). In the present investigation, the
“Acid Durability Factors” are derived in
terms of relative strengths. The relative
strengths are always compared with respect
to the 28 days value (i.e., at the start of the
test).

The “Acid Durability Factors” (ADF) can be
calculated as follows.

ADF ==X
M

Where, Sr - Relative Strength at N days,
(%), N - Number of days at which the
durability factor is needed, M - Number of
days at which the exposure is to be
terminated. So M is 28 in this case.

5. RESULTS & DISCUSSIONS

As per experimental programme results for
different experiments were obtained. They
are shown in table format or graph, which is
to be presented in this chapter.
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A. Slump Test:

The slump test is performed to know about

workability. The plot of the slump test

values for different dosages of PEG is
shown in Table 4 & Figure 2. The following
are the observations on slump test.

a. It is been observed that in case of
specimens with PEG 4000 of 1% is less
compared to other dosages (0.1%,
0.5%).

b. It is been observed that in case of
specimens with PEG 200 of 0.1% is less
compared to other dosages ( 0.5%, 1%).

ISSN: 2457-0362

B. Water Retention Test

a) Water Retention Test Results of PEG
4000:

Concrete with high molecular weight
polyethylene glycol subjected to indoor
curing was studied by weighing the samples
at regular intervals of 3 days, with digital
weighing of accuracy 5 gm up to 28 days.
The results were recorded in Table 5. The
plot of weight loss and average weight loss
with different percentage of polyethylene
glycol is shown in Figure 3. The following
are the observations of water retentivity of

International Journal For Advanced Research
In Science & Technology

Percentage 0.1% | 0.5% 1% concrete.

dosage of » it is clearly observed that the specimen

PEG without self curing agent i.e., in air
curing losing more weight when

compared to specimens with dosage of

PEG 4000 52mm | 53.6mm | 50mm 0.1%, 0.5%, 1% of self curing agent.
» It is also been observed that in case of
PEG 200 50mm | 55mm | 58mm specimens with self curing agent of

PEG 4000-0.5% dosage the weight loss

Table.4 Slump test values for different is more when compared to other

dosages of PEG dosages _
(10.1%, 1%) of self curing agent.
AVERAGE WEIGHT LOSS OF CUBES AT DIFFERENT
AGES (gms)
59
58 ’ Nomenclature | 0 3 7 10 |14 |21 |28
57 of mix days | days | days | days | days | days | days
£ 56 / A
£ 55 { i (PEG
I= curing -
2 54 Ty PEG 1 000:0%) |0 |53 |75 |90 | 106 | 133 | 143
uE) 52 - -B-PEG PEG-4000-
51 200 0.1% 0 13 |27 |33 |43 |53 |63
28 # ‘ PEG-4000-
(') 1 2 0.5% 0 17 |30 |43 |55 |66 |76
Dosage of PEG PEG-4000-
1% 0 11 |22 |30 |43 |50 |60

Figure.2 Variation of PEG with slump
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> It is also been observed that in case of are the observations of water retentivity of
specimens with self curing agent of concrete.

PEG 4000-1% dosage the weight loss is » it is clearly observed that the specimen
less when compared to other dosages without self curing agent i.e., in air
(0.1%, 0.5%) of self curing agent. curing losing more weight when
compared to specimens with dosage of

Table.5 Average weight losses of 0.1%, 0.5%, 1% of self curing agent.
PEG 4000 » It is also been observed that in case of

specimens with self curing agent of
PEG 200-1% dosage the weight loss is

,\1 00 more when compared to other dosages
£140 //" (0.1%, 0.5%) of self curing agent.
120 —o—Ajrc.» Itis also been observed that in case of
7] / specimens with self curing agent of
2100 / PEG 4000-0.1% dosage the weight loss
£ g0 —#-p-400 is less when compared to other dosages
0.1% (0.5%, 1%) of self curing agent.
f p-400
0.5%
]l' E(’;’OOERAGE WEIGHT LOSS OF CUBES AT DIFFERENT
0 B : 470 iS (gms)
0 20 40
Age in days ienclature
of mix 0 3 7 10 |14 |21 |28

days | days | days | days | days | days | days

Figure.3 Variation of average weig

Mhir curi
I curin
losses with age Ircuring 0 (53 |75 |90 |106 |133 |143

PEG-200-

0.1% 0 13 |26 |35 |46 |56 |66
b) Water Retention Test Results of PEG
200: PEG-200-
Concrete with low molecular weigh®-5% 0O |16 |28 |41 |55 |70 |80

polyethylene glycol subjected to indoet
curing was studied by weighing the sampIieE’EG-ZOO-l% 0o |45 |56 |58 |66 |83 |93

at regular intervals of 3 days, with digital
weighing of accuracy 5 gm up to 28 days. Table .6 Average weight
The results were recorded in Table 6. The losses of PEG 200

plot of weight loss and average weight loss
with different percentage of polyethylene
glycol is shown in Figure 4. The following
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160
140 2
£ r
3120 /
8 .
@OO / =—Air cL
£ 80 <, — —m-P-200
‘© 0.1%
= 60
o P-200
©
<4 =>P-200
20
0 ; .
0 20 40
Age in days

Figure .4 Variation of average
weight losses with age

C. Compressive Strength Test Results

a). Compressive strength result of PEG 4000

As per the Table 7 and Figure 5 the

following are the observations on

compressive strength for indoor curing and
wet curing.

» The compressive strength of water
curing without self curing agent is more
when compared to other dosages (air
curing, PEG 4000-0.1%, 0.5%, 1% ).

» The compressive strength of PEG 4000-
1% dosage of self curing agent is more
compared to other dosages of self
curing agent (air curing, PEG 4000-
0.1%, 0.5% ).

» PEG 4000-1% dosage of self curing
agent has shown better strength than air
curing (0% of self curing agent ) but not
so good as water curing ( 0% of self
curing agent ).

ISSN: 2457-0362
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» The compressive strength of PEG 4000-
0.5% dosage of self curing agent is
lesser compared to other dosages (0.1%,

1%).
Nomencl |0 7 14 28
ature of | days |days |days |days
mix
(N/m | (N/m | (N/m | (N/m
m?) |m’) |m’) | m?)
Air
curing 0 42.22 | 46.96 | 58.51
Water
curing 0 57.77 | 64.44 | 78.22
PEG-
4000-
0.1% 0 474 | 52.59 |70.36
PEG-
4000-
0.5% 0 46.96 |51.85 |67.1
PEG-
4000-1% |0 52,59 | 64.44 | 75.25

Table.7 Compressive Strength Test

Results of PEG 4000
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when compared to other dosages (air
<90 curing, PEG 200-0.1%, 0.5%, 1%).
5, » The compressive strength of PEG 200-
580 == Air curing 0.1% dosage of self curing agent is
H70 - ———— more compared to other dosages of self
260 - water curing agent (air curing, PEG 4000-
Beg curing 0.5%, 1%). _
s > 0-4000- » PEG 200-0.1% dosage of self curing
g 1 0.1% agent has shown better strength than air
330 . 0,400 curing (0% of self curi_ng agent) but not
290 - 8 E06 so good as water curing ( 0% of self
S 10 ' curing agent ).
Z =#=p-4000-1% » The compressive strength of PEG 200-
0 ' ' 1% dosage of self curing agent is lesser
0 20 40 compared to other dosages (0.1%,
Age of curing 0.5%).

Figure.5 Variation of average
compressive strength with age

Nomencl |0 7 14 28
ature of | days |days |days |days

mix
(N/'m | (N/m | (N/m | (N/m

m?) m?) m?) | m?)

Air
curing 0 42.22 | 46.96 |58.51
water
curing 0 57.77 | 64.44 | 78.22
Figure.6 Tested Specimens of PEG 4000 PEG-200-
0.1% 0 56.29 |60 | 71.11
b). Compressive strength result of PEG 200
As per the Table 8 and Figure 7 the PEG-200-
following are the observations on 0.5% 0 5037 | 59.25 |65.92
compressive strength for indoor curing and ' ' '
wet curing.
> The compressive strength of water E(I;G-ZOO-
curing without self curing agent is more 0 0 474 | 555 |64.44
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Table 8. Compressive Strength Test Results
of PEG 200
< 90
o
2
<
=)
& —o—Air
> curing
(5]
; = \water
3 curing
= p-200-
38 0.1%
(5]
g =>=p-200-
o 0.5%
< —5¥—p-200-
1%

0 . .
0 20 40

Age of curing

Figure 7. Variation of average
compressive strength with age

D. Flexural Strength Test

As per Table 9 & Fig 8 the flexural strength

test results for indoor cueing and wet curing

are listed below.

» The flexural strength was conducted
after fixation of dosage of PEG 4000
and PEG 200.

» For PEG 4000 the optimum dosage is
1%. At 1% of PEG 4000 the flexural
strength is more compared to PEG 200.

» For PEG 200 the optimum dosage is
0.1%. at 0.1% of PEG 200 the flexural
strength is less compared to PEG 4000.

» But flexural strength value for wet
curing (0% of self-curing agent ) is
more compared to other dosages (PEG
4000, PEG 200& indoor curing).
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» The flexural strength test value for
indoor curing is less when compared to
other dosages.

Nomenclatur | 7 days | 14 28 days
e of mix days
(N/mm (N/mm
%) (N/mm | ?)
2
)
Air curing 4.5 4.9 5.2
Water curing | 5.2 5.6 6.1
PEG-4000- |5 55 6
1%

PEG-200- 5.2 5.4 5.9
0.1%

Table 9. Average flexural Strength

Test Values
7
/(_36 |
s
E’s | =o—Air curing
"éq_ _
s —-water
12 curing
T p-4000-1%
2
2
21 p-200-0.1%
O ”l T 1
0 20 40
No.of days

Figure.8 Variation of flexural
strength with age
E. Durability Properties of Concrete
Acid Test: In acid test the effect of 5% HCL
acid was studied. The various observations
made are explained below.
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Acid Attack Factor Test: SIS |s|Y|Y|Y|Y

In the first stage of the test the change in the S|s|s|s

physical state of the specimen after 3, 7, 10,

14, 21, 28 days of immersion was observed.

For the specimens immersed in 5% HCL, Air ololsT8l1 12

voids were observed on the surface and curing 0l6lo

edges were lost after 28 days. There was a 8 8

general loss in the physical state of the 7

specimen. The acid attack factor (AAF) of

the specimen was determined on the average Water |0lol3]516]811

of four dimensions of cube diagonals. These curing . . 0

values are plotted against the number of 7 8

immersion days in acid. 7

a) Acid Attack Factor of PEG 400 PEG- 0|04 |5|7|1]|1

Table 10and Figure 9 shows the details of 4000- el |1]4

Acid Attacking Factor (AAF) Vs Age of 0.1% 21615 :

curing with self curing compound PEG 4000 2 5

specimens respectively.

» In AAF it was observed that lowest PEG- 0]0}5/6 |8 111
AAF value obtained at water curing 4000- |- |26
(0% of self curing compound) when 0.5% 3|1 |-
compared to other dosages. 712075

> The lowest value of AAF obtained at PEG- 0ololals5 171811
indoor curing (0% of self curing 4000- 1
compound) when compared to other 1% 5 1 5
dosages. 5

» The AAF of PEG 4000-1% dosage of
self curing compound is less compared ~ Table 10. Average Acid Attacking
to other dosages of self curing Factor values of PEG 4000 when immersed
compound. in 5% HCL

» PEG 4000-1% dosage of self curing
compound has shown better strength
than air curing (0% of self curing
compound) but not so good as water
curing( 0% of self curing compound).

Nomen | Number of days
clature
ofmix o[3[7[1[1]2]2
d 0|4]1]|8
q d]d
y|aja d|d|d|d
ylylala|a|a
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25 » The lowest value of AAF obtained at
2 indoor curing (0% of self curing
ﬁ) compound) when compared to other
S dosages.
£ ,/): o Air > The AAF of PEG 200-0.1% dosage of
S E curing self curing compound is less compared
ﬁ)‘— to other dosages of self curing
compound.
g +\é\(1artﬁ]rg » PEG 200-0.1% dosage of self curing
> compound has shown better strength
< than air curing (0% of self curing
0 ' ' compound) but not so good as water
0 20 40 curing(0% of self curing compound).
Age of curing
Figure 9: Variation of average AAF
with age

Nomencla | Number of days
ture  of
mix 037 [1]1]2]2
0 (4|18
d|d|d
a|ala|d|d]|d]|d
y |y |y la|a|a |a
S S |S |Y|Y |Y|Y
S [s |s |s
Air 0 |0 (518|112
curing 8 180|610
— 7
Figure 10. Measuring diagonal
dimension of cube Water 10 |0 3.5 1618 1
curing 7 8 0
b) Acid Attack Factor of PEG 200 7
Table 11 and Figure 11: shows the details of
Acid Attacking Factor (AAF) Vs Age of gElgj-zoo- 010 144517191
) ) : 1% 116 (2|2 |2
curing with self curing compound PEG 200 515 |5 |2
specimens respectively.
> In AAF it was observed that lowest PEG-200- 10 |0 |5.16.18 |1 |1
AAF value obtained at water curing ( 0.5% 116 13 /4 |8
0% of self curing compound) when 21715 |2
compared to other dosages.
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PEG-200- |0 |0 |5.]7.18.[1 [1
1% 31216 |59
5 |2 5

Table 11. Avg Acid Attacking Factor values
of PEG 200 when immersed in 5% HCL

25 -

g

=20 —o—Air

2 curing

(&)

‘;“ 15 ~-water

§ curing

& 10 p-200-

=, 0.1%

s

s 5 —p-200-

< 0.5%

Z o0 —¥=p-200-
0 20 40 1%
Age of curing

Figure 11: Variation of average AAF
with age

Acid durability factor:

a) ADF of PEG 4000

The acid durability factor (ADF) of the
specimens was calculated and plotted
against the dosage of curing compound as
shown in the following Table 12, Figure
12& Figure 13.

Volume 11, Issue 02, Feb 2021 ISSN 2581 - 4575 Page 202



International Journal For Advanced Research

In Science & Technology

IJARST ISSN: 2457-0362
?XE'FC?IS\E/A'ITSIIE[; DURABILITY Table 12 .Acid Durability Factor values of
PEG 4000 for 5% HCL
N 7 days 14 days 28 days
0 45 -
men
& % (S [A[% [S[A]% [S A 40
“fe lo |( |D|lo|(|D]|lo|«]|D
O Iss |% |F|ss |%|F|[ss |%]|F 35 o
MX 1 of |) of |) of |) - —o—air curing
str ?30
str str en g o5 - water
on en gt & curing
gt gt h )
h h 9 20 P-4000-
o 0.1%
A (=}
Air |23 (7 |1 346 [3[41(5 5 S 15 5= P-4000-
curi | .4 [6.(9.1.8 [5([2.1.4 |8.|8 0
0.5%
ng [97]|5 [1]9 [1]5 515 10
3 5 1%
wat [9. |9 |2 |14|8 |4 |18 |8 |8 0
er |9 |0 |27 |5 2[4 1|1 0 20 40
curi 0 [5]|7 (2|6]2 [5]5 Age of curing
ng 9 |2 2 |1 77
Figure 12. Variation of % loss of strength
PEG|13 |8 |2 |18 (8 |4 |26 |7 |7 i
with age
- 3 (6. (2.7 |1[0.].9 (3|3
400 (7 [6 |6 |8 |2 |6 0f(0
0- 2 |5 1 9|9
0.1
%
PEG |14 (8 |2 |19 (8 (4 |27 |7 |7
- 8 |5 [1.].0]0.(0.]6 2|2
400 (3 (1 (219 |94 |1 |33
0- 6 |9 5 8 |8
0.5
%
PEG|10|8 |2 |13|8 |4 |19|8 |8
- A 19 12.1.9 |6.]3. 0. 0.
400 (4 (8 |4 |3 |0 |0 919
0- 516 6|3 919
1%
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90
80 1=
b). ADF of PEG 200

70 - The acid durability factor (ADF) of the
. = Air curin specimens was calculated and plotted
g 60 - g against the dosage of curing compound as
S shown in the following Table 13& Figure
> m water curing 15. 16.
250 - :
%
5 40 - m p-4000-
° 0.1%
©
'g 30 1 m p-4000-

0.5%
20 -
= p-4000-1%
10 -
0 4
0 7 14 28
Age of curing

Figure 13: Variation of ADF with age

Figure 14. Visual observation of cube
removing from 5% HCL
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g\dgig?LElTY = A(':A\TCCI)E Table 13. Acid Durability Factor
VALUES values of PEG 200 for 5% HCL
Nom
7 days 14 days | 28 days
encla y y y 45
ture 40
of % |S|A % |S|[A|% |S|A 25
ssS|([Flss|(|F|[ss|(|F <
of | %| |of |%| |of|% 3_;:
st
st ) st ) re ) %
re re n )
n n t
ot gt g 5
h h 0
Air 2 |711|3 |6|3|4 [5]5 Age of curing %
curin |3.16(9]4.|5]2|1. |8(8 . -
g 4 |. |. |8 a4 .. Figure 15. Variation of % loss of
9 [5(119 |11]5 5|5 strength with age
7 [0]2 5 919
90 -+
Wate [9. [9(2]|1 [8|4]|1 |8]8
r 9 (0|2]4. |5]2]8. |11 80 B
curin 74 % 70 = Air curing
g 057 [2]6|2 |5(5 <
- 60
9|2 211 717 350 = water
PEG-|8. [9|2]1 [s[4|1 [s]s C;Z curing
200- [9 |112|4.|5(2]9.]0]|0 = 40 - p-200-
0.1% | 2 2 1. 6 0 30 - 0.1%
o(7({8 [7]8]|4 |3]3 %20_ = p-200-
716 115 5[5 < 0 0.5%
PEG-|1 [8]2]2 [7|3]2 [7]7 0 = p-200-1%
200- (6. 1310]|3.|16(8]9.]0]0
05% | 2 a2 . 0 71428
7192 |5]|2 717 Age of curing
914 718 919 . — .
Figure 16.: Variation of ADF with
PEG-|2 |7|1|2 |7|3|3 |6]6 age
200- [0.19]19|6.|3(6]3.]6]|6
1% 1 |. 1 4 )
9 [8]9 8(9|9 |5(5
5 6|4
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6. CONCLUSION

After the analysis of the result of the
experimental programme the following
conclusions were arrived.

a.

High grade concrete containing
Ordinary  Portland  Cement  with
Polyethylene Glycol in indoor curing
with 0% dosage (by weight of cement)
has maximum weight loss when
compared to the 0.1%, 0.5%, 1%
dosages.

High grade concrete containing
Ordinary  Portland  Cement  with
Polyethylene Glycol (PEG 4000) in
indoor curing with 1% dosage (by
weight of cement) has minimum weight
loss when compared to the 0%, 0.1%,
0.5% dosages of PEG 4000.

High grade concrete containing
Ordinary  Portland Cement  with
Polyethylene Glycol (PEG 200) in
indoor curing with 0.1% dosage (by
weight of cement) has minimum weight
loss when compared to the 0%, 0.5%,
1% dosages of PEG 200.

In this investigation, it is noticed that
High grade concrete containing
Ordinary Portland Cement with 1%
dosage (by cement weight) of PEG
4000 gives better results when
compared to the 0.1% dosage of PEG
200.

Compressive strength of High grade
concrete  with 0%  dosage of
Polyethylene Glycol in wet curing is
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higher compared to the 0% dosage in
indoor curing.

Compressive strength of High grade
concrete with 1% dosage of PEG 4000
in indoor curing is higher when
compared to the 0%, 0.1%, 0.5%.

Compressive strength of High grade
concrete with 0.1% dosage of PEG 200
in indoor curing is higher when
compared to the 0%, 0.5%, 1%.

In this investigation, it is noticed that
High grade concrete  containing
Ordinary Portland Cement with 1%
dosage (by cement weight) of PEG
4000 gives better results when
compared to the 0.1% dosage of PEG
200.

In case of Acid attack test of High grade
concrete with 1% dosage of PEG 4000
in indoor curing gives the better results
compared to other dosages.

In case of Acid attack test of High grade
concrete with 0.1% dosage of PEG 200
in indoor curing gives the better results
compared to other dosages.

In this investigation, it is noticed that
High grade concrete containing
Ordinary Portland Cement with 1%
dosage (by cement weight) of PEG
4000 gives better results when
compared to the 0.1% dosage of PEG
200.

In case of Acid durability factor test of
High grade concrete with 1% dosage of
PEG 4000 in indoor curing gives the
better results compared to other
dosages.
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m. In case of Acid durability factor test of
High grade concrete with 0.1% dosage
of PEG 200 in indoor curing gives the
better results compared to other
dosages.

n. In this investigation, it is noticed that
High grade concrete  containing
Ordinary Portland Cement with 1%
dosage (by cement weight) of PEG
4000 gives better results when
compared to the 0.1% dosage of PEG
200.

0. In this investigation, it is noticed that
High grade concrete  containing
Ordinary Portland Cement with 1%
dosage (by cement weight) of PEG
4000 gives better results when
compared to the 0.1% dosage of PEG
200.

p. In general it was concluded from the
investigation that specimens with higher
strength were also exhibiting superior
performance from Acid Attack point of
View.

7. FUTURE WORK

In the present study the has been done with
the usage of chemical admixture like BASF
Glenium B233 type super plasticizer and
self curing compounds like polyethylene
glycol(PEG) with molecular weights 4000
and 200. In future work we have to use
different types of self curing compounds like
polyether, liquid paraffin wax etc...and
mineral admixtures like fly ash, GGBS.
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