P
\a

——

ISSN2229-712X

Table Of Contents Open all previews E=

LAY L A v AT

online Journal
sl

Full-text available &=

Abstract only

&

[Abstract]
[PDF]

2.t @

fAbstract]

e

[Abstract]
[PDF]

E &

3.

[Abstract]
[PDF]

8

Abstract]

[PDF]

[Abstract]
[PDF]

75

[Abstract]
[PDF]

ance evaiuation of self-compacting fibre reinforced concrete

Perform.
der axial compression

infilled tubes un
H. Ravi Kumar, K.U.Muthu and N.S.Kumar
Category :Architecture and Design
SubCategory:Cement and Concrete Composites

Analytical Studies on Composite Circular Re-Cycled Concrete filled Steel
Columns using Artificial Neural Networks

N& Kumar, Tejas.P.S and Srikanth Govindarajan

Category :Architecture and Design

SubCategory:Cement and Concrete Composites

effect of different curing methods on the compressive strength of concrete

s.5.Kolo, 0. James and P.N.Ndoke
Category :Architecture and Design \/

SubCategory:Cement and Concrete Composites
Study of Behavior of Steel Fiber Concrete

Suryawanshi Y R and Sable K S
Category :Architecture and Design
SubCategory:Cement and Concrete Composites
Physical properties of wood cement composites made with Portland
cement and some Cameroonian hardwoods particles
Joseph Albert Mukam Fotsing and Joel Tsoplefack
Category:Architecture and Design
SubCategory:Cement and Conerete Composites
ploTat on sefection and optimizarion of vertical transportation system
(Elevster) for commercial buildings
wang Xueke and Md Azree Othuman Mydin
Category:Architecture and Design ;
SubCategory:Cement and Concrete Composites
Case studies on construction defects on different types of
for building

walling system

ree Othuman Mydin

Low Cheau Ming and Md Az
Category :Architecture and Design
SubCategory:Cement and Concrete Composites




S.S.Kolo et al./ Elixir Cement & Con, Com. 54 (2013) 12335

12335

12339

Cement and Concrete Composites

Elixir Cement & S‘thom. 54(2013) 12335-12339

Effect of ditferent curing methods on the compressi

S.8.Kolo, O. James and P.N
- S 2 O8 .N.N
Department of Civil Engineering, Federal University of Techngl(;]g(s

ve strength of concrete

Minna, Niger State Nigeria.

ABSTRACT
Normal‘ concrete was prepared with a water-
for testing the compressive strength at 7 a
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Introduction aggressive environments. Therefore, a suitable curing method

Concrete curing is one of the most important and final steps
in concrete construction though it is also one of the most
neglected and misunderstood procedures. It is the treatment of
newly placed concrete during the period in which it is hardening
so that it retain enough moisture to immunize shrinkage and
resist cracking (Lambert Corporation, 1999).

Curing of concrete is a pre requisite for the hydration of the
cement content. For a given concrete, the amount and rate of
hydration and furthermore the physical make-up of the hydration
products are dependent on the time-moisture-temperature history
(Neil Jackson et al, 1996).

The necessity for curing arises from the fact that hydration
of cement can take place only in water-filled capillaries. This is
why loss water must be prevented. Furthermore, water lost
internally by self-dedication has to be replaced by water from
outside, i.e. ingress of water into the concrete must take place.
(Neville, et al, 1987). Thus, for complete and proper strength
developments, the loss of water in concrete from evaporation
should be prevented, and the water consumed in hydration
should be replenished. This the concrete continues gaining
strength with time provided sufficient moisture is available for
the hydration of cement which can be assured only by creation
of favourable conditions of temperature and humidity. This
process of creation of an environment during a relatively short
period immediately after the placing and compaction of the
concrete, favourable to the setting and the hardening of concrete
is termed curing (Gambir, 1986).

A proper curing maintains a suitably warm and moist
environment for the developments of hydration products, and
thus reduces the porosity in the hydrated cements paste and
increases the density of microstructure in concrete. The
hydration products extend from the surfaces of cement grains,
and lhe'volume of pores decreases due to proper curing under
appropriate temperature and moisture (Safiudeen et al, 2007). A
proper curing greatly contributes to reduce the porosity and
g;ﬁ‘“g shrinkage of concrete, and thus to achieve higher strength

greater resistance to physical or chemical attacks in
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such as water Pondipg (immersion), spraying or sprinkling of
water, or covering with polythene sheet material is essential us
order to produce strong and durable concrete.

The study present the effect of different curing methods on
the compressive strength of concrete using Portland cement and
finally identifies the most effective curing process for normal
concrete.

Materials and methods !

Locally available crushed granite stones and fine aggregate
(quartzite sand) were used as coarse and fine aggregate
respectively. The fractions of different sizes of crushed granite
stone and fine aggregates, as shown in Table 1 were in the
ranges specified in Bs 812 (1960) methods for sampling and
testing of aggregates. Ordinary Portland cement was used as the
main binder. Portable water from borehole was used for
preparing the concrete. It was also used for curing purposes. The
major properties of the constituent materials are given in Table

2

120 T

B S
0

—

/J__‘L__.ﬂ

3 e
Fig 1: Particle size distribution cury

stone

Proportions of Concrete »
s 4 ared based on water cement ratio

The normal concrete was prep ; { rade
of 0.50 and a cement content  of 340kg/m2 0 k::(dl(llld J
compressive strength  greater than 20N/mm” at = ys

o & &
||

¢ for crushed granite




12336

method of curing). Quartzite sand was used with a
iity of 33.33% of total aggregates by weight. The concrete
qan o was propoﬂioned to have a minimum slump of 48mm
mlxm]so a minimum compacting factor or 0.94. The concrete
aqd are was assumed 10 be fully compacted and the proportions
mlxt:e materials were determined on the basis of absolute
O:;n;mc of the constituents. The details of mixture proportions
v

are given is table 3 below.
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Fig 2: Particle Distribution Curve for Fine Aggregate

of Fresh Concrete
'l‘esti_l'_‘lﬁe fresh concrete was produced using manual method of

g in the civil engineering laboratory of F.U.T Minna.
Immediately after mixing, the fresh concrete was tested for
slump and compacting factor. The slump and compacting factor
tests were determined according to Bs 812 (1960)

Preparation of Test Specimens _ .

A total of 48 cubes having dimensions 150mm x 150mm x
150mm each were cast. The specimens were molded in oiled
mbers moulds using three layers of filling and each layer
tamped 25 times to expel the enr.rappeq air. The tops of the
cubes were marked after a while for identification purpose.
Immediately after this, the specimens were kept in a cool place
in the laboratory. The specimens were removed from the
wooden moulds at the age of 24+ 2 hours.

Curing Methods )
The test specimens were cured under three types of curing

until the day of testing. These were water curing (WA.C),
sprinkling of water (SWC) and wrapping with plasn.c sheeting
(PSC). In water curing, the specimens were welgk}ed and
immersed in water. Portable borehole water was used in water
curing. In sprinkling method, the specimens were also weighed
and kept moist by sprinkling water on the specimens 2 times
daily (morning and evening) until the date of testing. In plastic
sheeting, the specimens were weighed and wrapped in flexnple
plastic sheets until the testing date. At least 2 layers of wrapping
were used to prevent moisture movement from concgetg surface.
The curing temperature was maintained at 27 + 2°c in all the
curing methods.
Testing of the hardened concrete )
The compressive strength of the test cubes were determined

by crushing the cubes under the compression machine. A total of
48 cubes in all were crushed, 16 of these cubes were for
immersion method, the next 16 cubes were for sprinkling
method while the last 16 cubes were for membrane of these
cubes were for sprinkling method while the last 16 cubes were
for membrane method (Polythene Sheet). The length of curing
dates considered was 7 and 28 days respectively.
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Result And Disc
scussions
Fresh Properties:
The slump and .
48mm and 0,94 res c?mpaqvng factor of the concrete were

Compressive strength . '
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E;g& 3;0(:;?;? of atverage compress_ive strength versus curing
= resulfsrf:t" Cl:rc;thods. of curing used in the experimen_t
pressive strength have been presented in
tables 4 b 9 and in the graphical representation of average
compressive strength versus curing age for different methods of
curing used in the experiment (see fig 3). In all curing methods,
the compressive strength of the concrete increases with age. The
!nghest. compressive strength at all ages was produced by
immersion (water) curing. The average compressive stren§th of
water cured concrete was 13.56w/mm’ and 20.34 N/mm’ at 7
and 28 days respectively. Sprinkling method produced
compressive strength close to immersion (Water) curing.
Sprinkling method produced a compressive strength of
12.25w/mm’ and 18.38N/mm” at 7 and 28 days respectively.
The development of higher compressive strength in immersion
(Water) curing and sprinkling method of curing is credited to
sufficient moisture and suitable vapour pressure, which were
maintained to continue the hydration of cement.

Plastic sheeting (membrane) method of curing produced the
lowest compressive strength at all ages. It caused a reduction in
compressive strength of 1.89N/mm?” and 2.92N/mm’ at 7 and 28
days, respectively, as compared to water curing. The early
drying of concrete stopped the cement hydration before the
pores were blocked by adequate calcium silicate hydrate.
Conclusions
1. Water curing was the most effective method of curing. It
produced the highest level of compressive er;ngth. This is due
to improve pore structure and lower Pf’“”“)’ resulting from
greater degree of cement hydra(jon reaction without any loss of
moisture from the concrete specimens. .
2. Sprinkling method of curing produces higher compressive

strength than plastic sheeting.
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12337 Table 1: Gradation of crushed granite stone and quartzite sang
Crushed Granite Stone Sand
(Fineness Modulus: 4:31) (Fineness Moduyfs 4.23)
28.00mm 100 -
20 00mm 85.91 .
14 00mm 19.86 .
10.00mm 10.82 .
6.30mm 1.28
5.00mm 0.29 99.43
3.35mm - 99.21
2.00mm 98.47
1.18mm Z 93.60
850um - 86.97
600um - 75.40
425um - 56.62
300pum z 43.66
150um = 1353
T5um - 10.03
Pan o 0,
Table 2: Properties of the constituent materials of concrete
Matenals

Crushed Granite Stone

Fine Aggregate

Ordinary Portland Cement
Borehole Water

Properties

Max. size: 20mm, unit weight: 1434 50kg/m3
Specific gravity: 2.68, Absorption: 0.77%,
Moisture content: or 14%, void ratio: 0.46,
Porosity: 9.27%

Maz. size:5mm, unit weight: 15 18.70kg/m3
Specific gravity: 2.77, Absorption: 2.29%,
Moisture content: 4.71%, void ratio: 0.45,
Porosity: 0.07%

Specific Gravity: 3.15, unit weight: 1440k g/m3

Density: 1000kg/m3, PE=6.9

Table 3: Mixture Proportions of Concrete

Constituents Material

_Weight (Kg/wh)

Crushed granite stons
Fine aggregste

Ordinary Postland Cement
Postable Borehole Water

1360
630
340
170
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Table 4: Compre: Con. Com. 5.
pressive strength of cubes cured for 7 days :s:imim el
: m
FXE.TS— mersion method of curin

Tdentification Age of Wt of Dimensi
H{a:,' Pl Cabe e (m(:: of the Density of
(days) ®G) [mm | e s Cube | Lona™ [ Compressive [ Ave
7 7.96 Kg/m) | (mm’ N e o
e 7 T e T a0 a i) 2358.52 ) JON) | (Nimgly | gempresie
2 7. 150 X 150 | 2275.56 225 33067 [ 1470 | Strength (N/mm?) |
Fi3 7 65 150 X 150 X 150 L 32800 | 1ass
7 753 1 2266.67 22500 f==cv | 14.58 ]
z SOX 1S0X 150 | 2231.11 St0—oaer g~ [——————
7 90 150 X 150 X 150 | 2340.7 34667 i5ar——+H+—+— |
’ e 74 23500 T30l i3
: 150 X 150 X 150 | 2322.96 W\M_W“\
7 8.04 150 X 150 X 150 | 2382.22 22500 21333 1205
7 7.79 150 X 150 X 150 | 2308.15 22588 | 28000 [ 12.44
27667 1230 —————

Table 5: Compressive strength of cubes cured for 28 days using immersion method of
- 0d of curing

Tdentification Ageof | Wtof Dimension of the Density Ar
. S f
Mark ((‘:’::m;g (i‘(“:})e S ubelfmunx mm X of Cube Cu:,nco {:;I:re Compressive [ Average ]
yS (KG) mm (Kg/m® 2 Strength C :
(Kg/m’) | (mm?) (KN) ; ompressive
Bl 28 7.52 150 X 150 X 150 | 2228.15 (N/mm’) Strength ?
z 150X 150 | 496 | 22.04 £th Q¥/mm’)
22 28 .60 150X 150 X150 | 2251.85 | 150 X 150 | 492 '
| 7.92 150X 150 X 150 | 234667 | 150 X 150 | 442 e
F2a 28 7.94 150X 1S0X 150 | 2352.59 | 150 X 150 | 520 =
25 28 7.96 150X 150 X 150 | 235852 | 150 X 150 | 466 5(3)';] =
6 28 7.83 150 X 150 X 150 | 232000 | 150 X 150 | 410 13'2;
27 28 7.80 150X 150 X 150 | 2311.11__| 150 X 150_| 420 18.67
28 28 8.19 150 X 150 X 150 __| 242667 | 150 X 150 | 415 18.44
Table 6:- CompresSiv.e stre.ngth of cubes cured for 7 days using sprinkling method of curin,
Ageof | Wtof Dimension of the | Densi i A E
ty Area of Cube | Failur | Compressive | A
Curing | Cube | Cube (mmxmm [ of Cube (mm?) Yerase
e Load | Strength Compressive
(days) | (KG) X mm (Kg/m) 2
(KN) | (N/mm’) Strength (N/mm?)
7 8.40 150X 150X 150 | 248889 | 150X 150 | 323 | 14.37
7 8.50 150X 150X 150 | 2518.52 | 150X 150 | 286 | 1271
7 8.60 150 X 150 X 150 2548.51 150 X 150 274 12.18
7 8.76 150 X 150 X 150 2595.56 150 X 150 278 12.36 12:25
7 8.48 150 X 150 X 150 2512.59 150 X 150 266 11.82
7 8.42 150 X 150 X 150 249481 150 X 150 266 11.82
7 7.90 150 X 150 X 150 2340.74 150 X 150 257 11.43
7 7.69 150 X 150 X 150 2278.52 150 X 150 254 11.29
Table 7: Compressive strength of cubes cured for 28 days using sprinkling method of curing.
Identification | Age of Wt of Dimension of the Density of Area of Failure Compressive Average
Mark Curing | Cube Cube (mm x mm x Cube (Kg/m®) | Cube Load (KN) | Strength (N/mm?) | Compressive
(days) | (KG) mm (mm?) Strength
(N/mmz)
S21 28 8.76 150 X 150 X 150 2595.56 150 X 150 485 21.56
$22 28 8.58 150 X 150 X 150 2542.22 150 X 150 429 19.07
5§23 28 8.42 150 X 150 X 150 2494.81 150 X 150 411 18.27
S24 28 8.31 150 X 150 X 150 2462.22 150 X 150 417 18.53 18.38
§25 28 8.19 150 X 150 X 150 2426.67 150 X 150 399 17.73
S26 28 8.08 150 X 150 X 150 2394.07 150 X 150 400 17.78
$27 28 8.25 150 X 150 X 150 2444.40 150 X 150 386 17.16
S28 28 7.86 150 X 150 X 150 2328.89 150 X 150 381 16.93
Table 8: Compressive strength of cubes cured for 7 days using the Membrane Method (Plastic Sheeting).
Identification | Age of Wtof | Dimension of the Density Area of Failure | Compressive | Average
Mark Curing Cube | Cube (mmxmmx | of Cube Cube Load Strength Compressive
(days) | (KG) | mm (Kg/m®) | (mm?) (KN) | (Nmm’) Strength (\/mm’)
P11 7 8.44 150 X 150 X 150 2500.74 150 X 150 264 11.76
P12 v 8.24 150 X 150 X 150 244148 150 X 150 | 272 12.12
P13 7 8.18 150 X 150 X 150 2423.70 150 X 150 | 266 11.85
P14 7 7.94 150 X 150 X 150 2532.59 150 X 150 257 11.44 11.67
P15 7 790 [ 150X 150X 150__| 234074 | 150X 150 | 273 12.15
P16 7 7.85 | 150 X 150 X 150 232000 | 150X 150 | 252 11.20
": 17 7 768 1150 X 150 X 150 | 2269.63 | 150X 150 | 254 11.29
18 7 7.60 150 X 150 X 150 2278.52 150 X 150 | 260 11.56
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Table 9: Compressive strength of cubes cured for 28 days using the Membrane Method (Plastic Sheeting).
Tication Age of W1 of Dimension of the Density of Area of Failure Compressive Average
Idontt Curing Cube [ Cube (mm x mmx | Cube Cube Load Strength Compressive
Mark (days) (KG) | mm (Kg/m') (mm?) (KN) (N/mm?) Strength (N/mm?)
28 8.80 150 X 150 X 150 2607.41 150 X | 397 17.64
p2l 150
7% 8.51 150 X 150 X 150 | 2521.48 150 X | 409 17.64
r22 150
P T 8.31 150 X 150 X 150 2462.22 150 X | 400 17.78
P23 150
33 8.20 150X 150 X 150 | 2429.62 150 X | 386 17.16 17.42
P24 150
| —— 38 7.93 150 X 150 X 150 2349.63 150 X | 410 18.22
P25 150
| — 28 7.72 150 X 150 X 150 2287.41 150 X | 378 16.80
P26 150
38 7.69 150 X 150 X 150 2278.52 150 X | 381 16.93
P27 150
28 7.67 150 X 150 X 150 227259 150 X | 375 16.67
728 150
el
< is attributed reduced the moisture movement from concrete Gambhir M. L. (1986):  Concrete Technology, Third Edition.
ThlSimens Jeading to enhanced degree of cement hydration. Tata Mcgraw-Hill Publishing Company Limited.

tic sheeting method of curing produces lowest level of
3. Pias ive strength. This is because the moisture movement
mpﬁmzs(‘:o ncrete specimen is higher in plastic sheeting method,
ch did not provide and any protection agair.lst early drying
¢ concrete. Hence hydration of cement reaction was abated.
e tent of moisture movement was greatly dependent of
sl [eh);d of curing. Greater moisture movement occurs under
ﬂ;e sglce sheeting (membrane) method, and it significantly
pla ted the strength property of the concrete. )
;ﬂ;:) rmal concrete should be cured by water curing (1fnmers10n)
8 thod in order to achieve good hardened properties. Water
[ roduces no loss of moisture, and therefore enhances
sue S dration reaction. In case of water shortage, sprinkling

zeu:‘:;t:a);, be adopted instead of wrapped (plastic sheeting)

curing.
geger;m%()): Method for Sampling and testing of Mineral
A.ggl.‘egate. Sand and Filler.
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