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The demand for concrete in the construction sector is growing gradually due to its strength and durability.
Concrete's interior relative humidity influences its strength and longevity. In the process of internal curing
concrete along with the surface moisture, extra internal moisture is provided so that self-desiccation or
dehydration can be avoided. In this paper, biomaterial extract is used to examine the performance of internally
cured concrete and is compared with the performance of air-cured and conventionally cured concrete. The
dosages of biomaterial extract used as internal curing agents are 0.0 %, 0.20 %, 0.40 %, 0.60 %, 0.80 %, and
1.0 % by weight of cement. This manuscript focuses on the compressive power of M-20 grade concrete and using
Biomaterial extract as an internal curing agent determined for 3, 7, and 28 days and compared with air-cured
and traditional cured cement concrete respectively. From the experimental test results and observations, the
compressive potency of M-20 grade tangible enhances with a boost in dosages of extract of biomaterial up to
0.60% by weight of cement, if the dosage increased more than 0.60 % compressive strength decreases. The
results are optimistic in bio-self-cured concrete which is environmentally friendly and low-cost and also
improves the level of hydration.
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1. INTRODUCTION

The aim of curing is to avoid the loss of moisture from
the surface of the concrete, to give extra moisture as
required, and to maintain the temperature of the
concrete for a long period [1]. If curing is not done for a
sufficient time the required strength and durability of
concrete 1s reduced [2]. Wetness can be introduced in
cement mortar by ponding, immersion, and wet covering
[3]. The material is represented to air continuously
evaporation of moister acquires place from the surface.
The amount of evaporation depends on a number of
factors, these include the size of the specimen, the type of
cement, and ambient weather conditions [4]. In concrete
autogenous shrinkage frequently occurs due to chemical
shrinkage, decreasing relative humidity and cement
requires extra water for hydration resulting in empty
pores generated from self-desiccation [5]. In the
hydration process, chemical shrinkage occurs, forming
empty pores and bringing down relative humidity that
leads to self-desiccation. Insufficient moisture in cement
develops micro-cracks and capillary pores which are the
matrix’s weak spot [6, 7]. Self-curing refers to a
procedure in which small inclusions spread throughout
the concrete, hold water during mixing until setting time,
then release during cement hydration[8].Using self-
curing in concrete and mortar autogenous cracking is
prevented microstructure and pore structure in concrete
and mortar are improved [9]. Self-curing prevents water
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from evaporating from the surface of mortar and
concrete, as well as controlling self-desiccation and
shrinkage during hydration [10]. Adding different weight
ratios by cement weight polyethylene glycol as self-curing
agents in cement mortar results in shows a favorable
effect on the strength and workability of mortar specimen
[11]. Tensile stresses form in the structure when the
concrete shrinks due to restrictions imposed by adjoining
material, connecting parts, or the shrinkage gradient.
These stresses cause the concrete to crack since they are
greater its tensile strength [12]. According to a study
concrete structure cracking at premature era, is one of
the extremely crucial times in the cementation materials'
lifetime [13]. During cement hydration, the reduction in
internal relative humidity must be avoided to avoid
cracking in early-age high-performance concrete [14]. To
prevent desiccation and self-desiccation shrinkage,
internal curing (IC) is used [15]. A chemical agent in self-
cure concrete minimizes water evaporation, firstly by
bringing down the vapuor pressure at the concrete pore
solution surface [16]. An important step in the hardening
process 1is the curing phase, during which cement
acquires its fundamental properties under regulated
circumstances.[17]. The inclusion of self-curing chemicals
has improved the quality of self-compacting mortar
mixtures. These mortar mixes are appropriate for use in
repair and rehabilitation projects [18]. The biomaterial as
self-curing agents in concrete, it must have specific
characteristics of holding the water and releasing it
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whenever is needed as internal reservoirs and their
microstructural properties are resembling like other
chemical curing agents [19]. Internal Curing agent as an
extract of vegetative material performs better strength
and durability characteristics in concrete [20].

2. TECHNIQUES OF SELF-CURING

There are two
techniques are:

— The water count method.

—  Water retaining method.

The water-adding technique uses super absorbent
polymers(SAP) and light weight saturated aggregate
(LWA), which can offer an additional source of water that
can replenish the water lost to chemical shrinkage during
the chemical reaction of cement. The technique involves
adding chemicals that help in both water retention and
decrease evaporation from concrete surfaces

main categories of self-curing

3. MECHANISM OF INERNAL CURING

Moisture continually evaporates from an exterior surface
because of the differences in chemical potentials (free
energy) between the liquid and vapour phases. The added
polymers reduce the chemical potential of the molecules and
create hydrogen bonds with water molecules slowing the
rate of water evaporation from the surface.

4. THE EFFICACY OF INTERNAL CURING

Demand for curing water (internal or external) when
admixtures in a blended cement system totally react may
be significantly higher than in conventional ordinary
Portland cement concrete. Cracking (Early-age) and
significant autogenous deformation may occur when this
water is not readily available. The cement paste develops
empty pores as a result of the chemical shrinkage that
takes place while the chemical reaction of cement,
decreases the inside relative humidity and causes
shrinkage that, could lead to early-age cracking.

5. THE SCOPE AND OBJECTIVES

o The scope of the paper is to investigate how
biomaterial extracts, affect the internal curing concrete
strength properties.

o The objective is to increase the compressive strength
of concrete, by varying the percentage of biomaterial
extract used as an internal curing agent.

6. SETUP FOR EXPERIMENT

In this paper, research work 1is focused on
experimentations carried out on M-20 grade cement
concrete. In the detailing of the experimental work, 84
cubes are cast for concrete out of which 12 numbers for
each conventional and air curing (without adding an
internal curing agent). In this biomaterial, extract is
added from 0.0 %, 0.20 %, 0.40 %, 0.60 %, 0.80 % and
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1.0 % as an internal curing agent by weight of cement.
The compressive strength is measured and analyzed with
the statistics of the air-cured and conventional concrete
for the duration of 3, 7, and 28 days.

6.1 Method of Mixing

Assuring proper mixing of the selected materials is
significant in order to get the expected results. The
uniform mixing of the shortlisted materials in the mass
of cement concrete gives proper results. The thorough
mixing of the selected materials is ensured if the cement
paste covers the concrete. In the experimentation process,
the mixing of the materials is carried out on a watertight
platform. The fine aggregate, coarse aggregates and
binding material that is sand, 20 mm aggregate and
cement, respectively, are mixed thoroughly in a strict dry
condition. The process is carried out in 3-cycles. Finally,
to get a consistent quality of internal curing concrete, the
selected percentage of biomaterial extract in liquid form
is mixed properly with water.

6.2 Concrete’s Compressive Strength

In this experiment compressive force for material,
with and without adding a self-curing agent was
determined. The compressive test equipment having a
capacity of 2000 KN was used to carry out the test on
150 x 150 mm cubes. A vibrating machine was used to
achieve uniform compaction. During the compressive
strength test maximum load sustained by the specimen
divided by the average cross-sectional of the specimen is
the compressive strength of the concrete cube. Concrete
was kept in the mould with maintaining in relative
humidity of 90 % at room temperature (25 to 27 °C ) for a
period of 24 hours and then removed from mould for
curing air-cured with and without using a self-curing
agent and conventional curing for 3,7, 28, and 56 days.
Every compressive strength was determined using the
average of three specimens.

6.3 Materials

6.3.1 Cement

Ultra Tech (OPC) 53 grade confirming to 1S:12269-
2015 standard is preferred for the purpose. The
shortlisted cement material is kept in an airtight plastic
container. According to IS:269, the cement has a fineness
of 4.697, a standard consistency of 32 %, and a specific
gravity of 3.15. Using Vicat's method and in accordance
with 1S:12269-1987, the initial setting time is 117
minutes, and the final setting time is 185 minutes.

6.3.2 Sand

As per IS:383-1970 standards, the natural river sand
passing through the 4.75 mm sieve confirming to the
zone-1 is used as fine aggregate.

6.3.3 Water
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Water is the primary ingredient in the chemical
process that occurs which is commonly known as
hydration. Water is the ingredient that helps in the
strength development of concrete. Water is used in the
composition according to the standard IS 456-2000 for
both mixing and curing of specimens. The pH value of the
water used is 6.80.

6.3.4 Internal Curing Agent (ICA)

The biomaterial is used as the curing agent in the
proposed self-curing process. The biomaterial with the
required characteristics and in the required amount is
collected from the local areas near Washim District of
Maharashtra State since the laboratory where experiments
are performed is in Washim. The biomaterial used as an
internal curing agent is dug out of the soil and washed with
water to remove the adhering soil. The materials are cut
into pieces and ground well. The extracted material is
collected in a container and it is added to the concrete while
mixing the ingredients. The pH value of the extract
biomaterial is 5.8. The 100 gms of the biomaterial around
70 ml to 75 ml of the extraction is possible. Further, the
leftover material is used as animal feed.

7. RESULT AND DISCUSSION

Continual loss of moisture takes place from freshly
placed cement concrete surfaces. The admixtures added
in the cement concrete mix basically contain hydrogen
and form bonds with the water molecule which increases
the water retention capacity and minimizes loss of
moisture from the exposed surface of concrete. The
availability of additional water improves the hydration
level and forms dense microstructure hence ultimately
increasing the strength of concrete. The outcome of the
experiments is concluded using concrete's compressive
strength. The statistical outcome for concrete is
represented in Table 1

Table 1 — Compressive strength of M-20 grade concrete

Sr. | Biomaterial Sample Compressive Strength in N/mm2 Remarks
No. | Extract After After After After
added (%) 3 days | 7days | 28 days | 56 days

1l Nil * AltoA4 18.25 19.75 | 20.44 2120 | *

2 Nil ** Ad4t0A8 15.57 1642 | 16.57 16.14 | **

3 0.20 A9t0o A 10 16.13 17.58 18.29 18.75 | Air curing

4 0.40 AlltoA 14 17.54 18.77 | 19.55 20.05 |+ with

6 0.60 A20t0A24 17.88 19.15 | 19.85 20.25 | internal

7 0.80 A24t0A28 16.70 18.35 18.6 18.9 | curing

8 1.00 A28t0A32 15.70 17.12 17.57 17.80 | agents

Note: * Indicates conventionally cured concrete and ** air-cured concrete.

From Fig. 4 it was observed that with a dosage of
0.60 % of self-curing agent, the optimum compressive
strength of concrete was found to be 15 %, 17 %, 20 %,
25 % which is higher than the air-cured concrete at 3, 7,
28 and 56 days respectively.

With the dosage of the self-curing agent from 0.20 to
0.60 %, compressive strength of concrete increases from
4 to 15 % at 3 days and 10 to 20% at 28 days which is
higher than the air-cured concrete. If the dosages of self-
curing increase beyond 0.60 % the compressive strength
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decrease from 7 to 1 % at 3 days and 12 to 6 % at 28 days
which is also higher than air-cured material.

Comparison of Compressive Strength for M-20 Grade Cement Concrete

—— Average Compressive Strength for air-cured concrete

—— Average Compressive Strength for conventional cured concrete

Compressive Strength in N/mm2

3Days 7 Days 28 Days 56 Days

Curing Period

Fig. 1 - Comparison of compressive strength of air-cured and
conventional cured material

Comparison of Compressive Strength for M-20 Grade Cement Concrete

~—Average Compressive Strength for conventional cured concrete
23 = Average Compressive Strength of concrete with 0.50% of ICA
= Average Compressive Strength for air-cured concrete

_-_-_________.—-—-———__‘—‘—-———_.

3 Days 7 Days 28 Days 56 Days

Compressive Strength in N/mm2

Curing period

Fig. 2 - Comparison of compressive strength of air-cured,
Conventional cured material with 0.50 % of internal curing
agent

Comparison of Compressive Strength for M-20 Grade Cement Concrete

— Average Compressive Strength for conventional cured concrete —— Average Compressive Strength for air-cured conerete
— Average Compressive Strength of concrete with 0.20% of ICA —— Average Compressive Strength of concrete with 0.40% of ICA
— Average Compresslve Strength of conerete with 0.60% of ICA  — Avcrage Compressive Strength of conercte with 0.8% of ICA
— Average Compressive Strength of canerete with 1.0% of ICA

23

)\N\\

3Duys Thays 2 Days 56 uys

Curing perind

Fig. 3 — Comparison of compressive strength for conventional
cured, air-cured concrete with different dosages of internal
curing agent (ICA) concrete

With the dosage of the self-curing agent from 0.20 to
0.60 %, the compressive power of concrete decreases from
12 to 2% at 3 days and 11 to 3 % at 28 days which is
lower than the conventionally cured concrete. If the
dosages of self-curing increase beyond 0.60 % the
compressive strength decrease from 8 to 14 % at 3 days
and 9 to 14 % at 28 days which is also lower than
conventionally cured concrete. For conventionally cured
concrete compressive strong point was establish to be
18.25 N/mm?2, 19.74 N/mm?, 20.44 N/mm? & 21.20 N/mm?
which is higher 17 to 31 % than air-cured concrete.
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Comparison of Compressive Strength for M-20 Grade Cement Concrete

— Averige Compressive Strength for air-cured concrele —Average Compressive Strength of conerele with 0.20% of ICA
—— Average Compressive Strength of concrete with 0.401% of ICA —— Average Compressive Strength of conerete with 0.60% ot TCA
—— Average Compressive Strength of conerere with 0.8% of ICA —— Average Compressive Strength of concrete with 1.0% of ICA

1

ressive Strength in N'mm2
5

Predicted Strength in N/mm?2

3 Days 7Days 28 Days 56 Days

Curing period

Fig. 4 — Comparison of compressive strength for, air-cured
concrete with different dosages of internal curing agent (ICA)
concrete

From the above experimental test results, the
compressive strength of material increases with an
increase in dosages up to 0.60 % by weight of cement, and
if the dosage is increased beyond 0.60 % compressive
strength decreases. Because initially up to 0.60 % dosage,
a sufficient amount of additional internal sources of
water is available for the complete hydration of cement
hence strength increases, later if increase the dosages of
the self-curing agent, and the strength of concrete
reduces due to excess internal water.

8. A PREDICTIVE MODEL FOR COMPRESSIVE
STRENGTH OF CONCRETE INTERNALLY
CURED WITH BIOMATERIAL EXTRACT

8.1 Regression: Simple Linear

The statistical concept of regression is used to
describe models that foresee the interrelation with the
variables. The linear regression model is used to analyze
a single reliant variable Y and one or more independent
variables, which are denoted by X. If there is only one
independent variable X Simple linear regression is used
and when there is one or more dependent variables,
multiple regression is used.

Compressive strength for concrete and adding with 0.0 to 0.50%
18.80 biomaterial extract as ICA at 3 days
18.00 ® ¥ (Predicted Y) T
++ Linear (Y (Predicted Y)) :

¥ =0.9519x + 0.8104
16.00

R* = 0.9519

15.50

Predicted Strength in N/mm2
B
2

15.00
Experimental Strength in N/mm2

Fig. 5 — Predicted compressive strength adding 0.0 to 0.50 %
dosages of ICA and Experimental compressive Strength at 3
days

Figures 5, 6, 7, 8, 9 and 10 indicate that the relation
between compressive strength of material and concrete
mixture mix with dissimilar dosages of biomaterial as
internal curing agent (ICA) content is linear. In this
presentation, the relation between compressive strength
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of air-cured concrete and concrete mixture mix with
internal curing agent (ICA) is into two parts i.e. concrete
with internal curing agent (ICA) 0.00 % to 0.50 % &
0.50 % to 1.00 % by mass of cement. The Compressive

Compressive strength for concrete and adding with 0.50 to 1.0%
biomaterial extract as TCA at 3 days

18.50

* ¥ (Predicted Y)

1800 - L. Linear (¥ (Predicted Y}

17.50

17.00
) .

¥ = 0.9131x+ 1.4956
16.00 R?=0.9131

Experimental Strength in N/mm2
Fig. 6 — Predicted compressive strength adding 0.50 to 1.0 % of
ICA and Experimental compressive Strength at 3 days

Compressive strength for concrete and adding with 0.0 to 0.50%
biomaterial extract as ICA at 7 days

20.00

1050 ® ¥ (Predicted Y) .
-] T seaeee Linear (¥ (Predicted Y)) i
E 1000 o
] -
7 1850
£ 1800
= O
e 17.50 e
o -
2 1700
7 e e ¥ = 0.9638x + 0.6532

2 = (),9
R R® = 0.9638
'E 15.50
B 1500
1s 188 16 165 17 178 18 188 19 198 20

Experimental Strength in N/mm2

Fig. 7 - Predicted compressive strength adding 0.0 to 0.50 %
dosages of ICA and Experimental compressive Strength at 7
days

Compressive strength for concrete and adding with 0.50 to 1.0%
biomaterial extract as ICA at 7 days

®  Seriesl

~
E jos0. vt Linear (Series1) . . .0
E h
Z 100 T
2
£ 1850
gt » . -
£ 1800
T s y = 0.8949x + 1.9456
= . R*=0.8949
= 1700
E
& 1650
165 17 175 18 185 19 195 20

Experimental Strength in N/mm2

Fig. 8 — Predicted compressive strength adding 0.50 to 1.0 % of
ICA and Experimental compressive Strength at 7 days

Compressive strength for concrete and adding with 0.0 to 0.50%
biomaterial extract as ICA at 28 days

® ¥ (Predicted Y)

-
- - Linear (¥ (Predicted Y)) e
g . _.we
:2 19.00 .
= e
| o .
S 1800
=
E 17.00
z e ¥=0.9802x + 0.3687
= R?=0.9802
Z 1m0
4
3
B 1500
15 16 1 18 1 20 n

Exverimental Strength in N/mm2

Fig. 9 — Predicted compressive strength adding 0.0 to 0.50 %
dosages and Experimental compressive Strength at 28 days
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Compressive strength for concrete and adding with 0.50 to 1.0%
biomaterial extract as ICA at 28 days

®  Seriest o o0

~
g W00 .. Linear (Series1)

g . -
7 1950

a

= 1900

g ond

£ 1830 .

7 ¥ =0.965x + 0.6658

T 1800 R*=0.965

2

17 178 18 185 19 195 20 2058

Experimental Strength in N/mm2

Fig. 10 — Predicted compressive strength adding 0.50 to 1.0 % of
ICA and Experimental compressive Strength at 28 days

power of concrete aged 3, 7 & 28 days increased linearly
with an increase in ICA. An equation can be used to
express this relationship can be expressed with
equations.

The simple Linear Regression equation

¥ =15.3899 + 5.2944X, R2 = 0.95 (1)
Y=20.7158 — 4.839X, R2 = 0.91 )
¥ =16.4019 + 6.0294X, R2 = 0.96 3)
¥=21.8865 — 4.6469X, R2 = 0.89 ()
Y =16.6856 + 7.1158X, R2 = 0.98 (5)
Y =22.9305 — 5.3638X, R2 = 0.97 (6)

Where X is the experimental compressive strength of
concrete; Y is the predicted compressive strength of
concrete. Equations 1, 3, & 5 show the relationship
between experimental (X) and predicted (Y) compressive
strength of concrete when the concrete was aged 3, 7 and
28 days respectively with the dosage of an internal curing
agent (ICA) from 0.00 to 0.50 %. Equations 2, 4, & 6
determine the compressive strength of concrete when age
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Excrpakr 6iomarepiany Ak momMimka Qi BHyTPIiIIHBOTO 3aTBEP/I;KyBada 0€TOHY
Anant Dhole, Tushar Shende

Department of Civil Engineer, G H Raisoni University Amravati, India

TlotuT Ha GeTon y OymiBesbHIHM cdepl MOCTYIIOBO 3POCTA€E 3aBISIKN MOT0 MIITHOCTI Ta JOBrOBIiUHOCTL. BimgmHocHA
BOJIOTICTH BCEPENWHI 0ETOHY BIUIMBAE HA MO0 MIITHICTH 1 JIOBrOBIYHICTEH. ¥ IIPOIlECI BHYTPIIITHBOTO TBEPIIHHS
0eToHy pa3oM 13 IIOBEPXHEBOIO BOJIOTOI0 3a0e3rmeduyeThCs JOJATKOBA BHYTPINIHS BOJIOTA, 00 YHUKHYTH
caMOBHICHXaHHSA ab0 3HEBOMHEHHs. Y Il Po0OTI eKCTparT Oiomarepiasy BUKOPHUCTOBYETHCS JJIS TIEPEBIPKHU
XapaKTepUCTUK OeTOHY BHYTPINIHBOTO 3aTBEPIIHHS Ta TOPIBHIOETHCA 3 XaPAKTEPUCTAKAMU OETOHY, III0
3aTBEP/IiB HA IIOBITP1 T TPAJUITIHHOTO 3aTBepainHs. J[03yBaHHA eKcTpakTy GiomMarepiasty, 10 BHKOPUCTOBY€ETHCS
K BHYTPIIIHINA 3aTBepa:kyBad, cranosuthb 0,0 %, 0,20 %, 0,40 %, 0,60 %, 0,80 % i 1,0 % Big Macu IIeMEHTY.
OmmucyroTbes BiaactuBocTi OetoHy Mapku M-20 1 BHKOPHCTAHHI eKCTPaKTy OloMaTepiasy fK BHYTPIIIHBOTO
3aTBepIKyBaya, BU3HAYEHOTO IPOTATOM 3, 7 1 28 MHIB 1 IOPIBHAHOIO 3 MOBITPAHUM 1 TPAJUIIIAHUM [I€MEHTHUM
06eTOHOM BIAIIOBLIHO. 3a pe3yJsibTaTaMu eKCIIePUMEHTAJIBHUX BUIIPOOYBAHbD 1 CIIOCTEPEsKEHb, CUJIA CTUCKY MapKHA
M-20 Big4yTHO miABHUIIYeTHCS IIPY 301IBIIEHH] JO3yBAHHA eKCTPaKTy Oiomarepiany mo 0,60% Bif Macw IieMeHTy,
SAKINO JO3yBaHHA 30LIbIIyeThbess Olabine HiK Ha 0,60% MIIHICTE Ha CTHUCK 3HUIKYEThCSI. Pea3ysibTaTh €
ONTUMICTHYHUMH JJIsT 610CAMOTBEPIII0YOro OETOHY, AKUN € €KOJIOTIYHO YUCTUM 1 HeJOPOTHUM, a TAKOMK IMOKPAIILYe
piBeHB rinpararii.

Knrouori cnoea: Excrpakr 6iomarepiany, Exosnoriuno uyncruit, BayTpimsi satBeppxyBadi, MIIHICTE Ha CTHCK,
3areepainaa Ha mosiTpi, Jomimka, [igparaiia mementy.

04026-6



