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Abstract: Compressive strength is deemed to be one of the most paramount of the mechanical properties
of concrete. Lately, there is an increase in trend towards a wider use of some alternative materials added
to concrete mixture. Also, there are new methods of curing to obtain the early strength of concrete.
Although it is known that high temperatures increase the rate of hydration of cement, the influence of this
increase on strength development needs further study's. Different curing temperature and curing methods
are usually employed to evaluate the compressive of concrete. This research deals with the study of the
effect of curing methods and temperature on compressive strength, density, and absorption of two types
of concrete. A 216 concrete cube specimens of two different mixes were prepared at w/c ratio of 0.4 and
cement content of 380 kg/m?® for the reference concrete mix which is designed according to the ACI 211-1
[1]. Second mix was prepared with 4% cement replacement with silica fume by weight. The samples were
submerged by water with different curing temperature (20, 40, 60, and 80) C° for 3 hours. After samples
cooling, the cubes were divided into three groups (water submerge curing at 20 C°, sealed by
polyethylene bags curing, and air curing) until testing ages of (7, 14, 28, 90) days. The results showed that
water submerge curing method had the highest compressive strength, density, and lowest absorption,
followed by the sealed curing. On the other hand, the lowest compressive strength, density and highest
absorption were given by air curing. In addition, the study showed that the best results were obtained by
water submerge method and 60 C° curing temperature.
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1. Introduction

For the purpose of getting a good quality concrete it must be followed by the process
of concreting curing in suitable conditions during the early age after hardening of the
concrete. Curing can be defining according to the Neville’s definition as measures must
be taken to provide a suitable moisture which make the concrete remain in certain
temperature in order to improve the compressive strength of concrete [2]. The benefits
of curing to prevent losses of water, provide condition (additional) for further hydration
and prevent or reduce the cracking occur. There are two types of curing, normal curing
and Accelerating curing, normal curing includes some of methods, like pounding,
sprinkling, using plastic sheets, using curing compounds and other methods.
Accelerating curing by (steam, oil, electrical) under high pressure and normal pressure.
Concrete strength deprival on the crystals presence in the concrete matrix which
resulting from water and cement reaction, in the absence of adequate water, the crystals
doesn't grow and increase.

Some of the previous studies [3,4,5,6] have studied the effect of different methods of
curing on compressive and density with and without any additive materials. Aliu and
Amake [3] studied six methods of curing were used (air curing, water submerged
curing, polythene curing, spray curing, moist sand and burlap curing). The specimens
were curd until testing ages of (3, 7, 14, 21 and 28) days. The result demonstrated that
moist sand curing method produced concrete specimens with the highest compressive
strength. On the other hand, air curing showed a reduction in compressive strength after
21 days.

Gokul. etal. [4] carried out un experimental work the investigated the effect of using
different curing methods (immersion curing, wet gunny bags curing and accelerated
warm water curing compressive strength. The results of the works show that the
optimum strengths were achieved by using immersion curing method for both normal
and medium strength concrete.

Safiuddin etal. [5] Investigated the effect of three curing regimes (water curing,
wrapped curing and dry- air curing) on the properties of concrete containing 10%
Microsilica. The overall results of this study suggest that silica fume concrete should be
cured by water curing to achieve better hardened properties.

Krishna Rao etal. [6] studies the effect of three methods of curing (conventional wet
curing, membrane forming compound curing and accelerated curing) with three types of
cement ordinary Portland cement (OPC), Portland Pozzolana cement (PPC) and blended
cement (OPC+10% silica fume), through their study concluded that curing compound
produces nearly same results as that of conventional wet curing for concrete with OPC.
While a marginal decrement is observed in concrete made of PPC and the one in which
10% of OPC is replaced by silica fume.
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This research, aims to study the effect of adding 4% silica fume with cement
replacement by weight and curing temperature on compressive strength, density and
absorption with different curing conditions.

2. Experimental Work

2.1. Materials

All materials used in this study were local materials (cement, sand, and gravel).
Silica fume and admixture which controlled by the Central Agency for Standardization
and Quality Control were used in the research.

The following is brief summary of those material:

2.1.1. Cement

(Al-Kufa) Iragi ordinary Portland cement (O.P.C) is used in this study. The
compliance of the cement is done according to the Iraqgi Standards No.5 (IQS 5) [7].
Tables 1and 2 show chemical and physical properties for ordinary Portland cement.

Table 1: Chemical composition of AL-Kufa Cement (Type (1))

Chemical composition Specification Iragi Limits (IQS)
Loss on Ignition (L.O.I) 2.06 Not greater than 4%

Silicon Dioxide (SiO,) 22.00
Aluminum Oxide (Al, Os) 4.62

Iron Oxide(Fe,05) 3.90
Calcium Oxide (CaO) 62.41
Magnesium Oxide (MgO) 2.05 Not greater than 5%
Sulphur Trioxide (SOs) 1.95 Not greater than 2.8%
Insoluble Residue (1.R) 0.98 Not greater than 1.5%

Tricalcium Aluminate(CsA) 657

Table 2: Physical properties of AL-Kufa Cement

Physical properties Specification Iragi Limits (1QS)
No. 5/1984 [7]
Specific Surface Area (cm?/g) 3050 Not less than 2500
Initial setting time (min) 165 Not less than 45
Final setting time (min) 270 Not greater than10 hr.
Comp. Str. 3days (MPa) 29.6 Not less than 15
Comp. Str. 7 days (MPa) 31.2 Not less than 23

2.1.2. Silica Fume

Indian Silica fume with Specific Surface Area (200 m?/kg) was used as an alternative
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materials replacement with cement 4% by weight. According ASTM C-240-5 [8].
Physical requirements for silica fume shown in Table 3.

Table 3: Physical requirements for Silica Fume

ASTM —C 1240-05 [8]

Properties Test results Specification
Specific surface area 20065
(m?/kg)
Specific density, (kg/m?) 1792
Oversize on 45 pmm (%) 1.2 10 max.
Loose bulk density, (kg/m® 658.6
Accelerated pozzolanic 112 105 min.
activity (7days)

2.1.3 Water Mixing and Curing

Tab water is used in this study.

2.1.4 fine Aggregate

Natural sand with F.M (2.8) from AL- Ukhaider region is used conforms to the 1QS
No. 45/ 1984[9]. Table 4 shows grading of fine aggregate, zone 2.

Table 4: Grading of fine aggregate

Sieve Passing specification Limits (1QS 45/1984) [9]
Size(mm) (%) ZONE 1 ZONE 2 ZONE 3 ZONE 4
10 100 100 100 100 100
4.75 95.3 90-100 90-100 90-100 95-100
2.36 88.3 60-95 75-100 85-100 95-100
1.18 66.6 30-70 55-90 75-100 90-100
600 43.8 15-34 35-59 60-79 80-100
300 20.9 5-20 8-30 12-40 15-50
150 1.7 0-10 0-10 0-10 0-15

2.1.5 Coarse Aggregate

Crashed gravel with nominal maximum size of (5-20) mm from Shlat region in
Maysan government is used conforms to the 1QS No. 45/ 1984 9]. Table 5 shows

grading of coarse aggregate
Table 5: Grading of coarse aggregate

Sieve size(mm) Passing (%) Specification Limits (1QS 45/1984) [9]
(5-40) mm (5-20) mm (5-14) mm
375 100 95-100 100 -
20 96.8 35-70 95-100 100
14 - - - 90-100
10 42.3 10-40 30-60 50-85
5 0.9 0-5 0-10 0-10
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2.1.6 Superplasticizer

Commune variable admixture in Iraq (water reducing superplasticizer admixture)
which is commercially known as SP95 and complies with ASTM C-494 [10] were used.
It is compatible with all type of Portland cement and cement replacement materials.
Table 6 shows technical properties of the HRWRA (SP95).

Table 6: Technical properties of the HRWRA (SP95)

Properties Description
Color Brown
Form state Liquid
Freezing point -2 C° approximately
Chloride Content Nile
Specific gravity 1.17+0.01at 25 C°
Air entrainment Typically, less than 2%

2.2 Concrete Mix Design

Two type of mixes of concrete were used in this work, one of these conventional
concrete namely 30 MPa with 0.4 w/c, other mix content 4% micro silica (Silica Fume)
replacement with cement by weight.

ACI Code 211-1 [1] design method is used in this work designed this mix. The
details of concrete proportion are shown in Table 7.

Table 7: Details of concrete mix

Mix Cement Water Sand Gravel 4% silica Admixture wi/c
kg/m® kg/m® kg/m® kg/m®*  fume by wt. L/m® Ratio

M 380 152 850 1050 - 6.7 0.40
MK 361 152 850 1050 15.2 7.0 0.40

2.3 Casting and Curing

For compressive strength determination at (7,14, 28 and 90) day, 216 concrete cubes
were poured in the mould with size (150*150*150) mm, all cubes were cured by water
submerge with (20, 40, 60, and 80) C° curing temperature for 3hour, after 24hr the
samples divided into three groups according to the curing conditions, group one cured
by immersion curing at 20 C°. Second left in the air in the laboratory, last group keep on
polyethylene bag.

After the period of curing the specimens were tested. The average of compressive
strength at (7,14, 28 and 90) day results, listed in Table 8.
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Table 8: Average of compressive strength (MPa) development of mix (M) and (MK) with different
curing temperature

20C 40 C° 60 C° 80 C°

a [<5) [<5) [5) (5]

8 D 2 S e
x 2 tEj, 2 2 g o C‘Eﬁ - g o)) g) - GE) o ‘CES’ ko] g o
S 5 L o< 35 2 2c 5 2 2c 5 2 2 c

T 3% 5% 3 £° % £° % -

g = = = =
M 7 236 231 24 216 258 279 28 30.2 37.2 183 20 22.1
14 224 268 27.9 26 291 301 332 362 429 194 206 229
28 282 318 387 326 356 408 376 406 478 201 238 26.3
90 321 383 424 352 41 46.3 40 415 487 216 25 29.2
MK 7 286 319 365 29 331 378 336 362 389 251 227 289
14 31 33.2 39 32.1 36 41.1 37 415 46.3 29 26.8 29.3
28 338 36.2 443 356 382 463 40 43.3 489 332 347 356
90 36 38 46.2 40 409 496 429 482 556 355 369 378

3. Result and Discussions

3.1 Density and Absorption

The average values of the densities and absorption at 28 days are shown in Table 9.
The values ranged from (2380-2493) kg/m® for mix M, while the densities of mix MK
ranged from (2416-2563) kg/m>. The water submerges curing method at 60 °C curing
temperature produced specimen with the maximum mean density, and lowest mean with
dry curing at 40°C curing temperature.

Table 9: Details of densities and absorption of mix (M) and (MK) with different curing at 28 day

Temperature 20Ce 40 C° 60 C° 80 C°
B o 3D o D o D o
T D ] =2} < =2} 5] =2
@ =) 5 3 =) PR =) S 3 =) P
= £ o c Eo £ sc Eo £ o Eo £ oe Eo
x £ S S 855 25 855 25 Ss£5 22 sc¢
= = °c g2 @25 5% 2 a5 ° g2 o5 5 F2 ax5
et = 5 59 = U)a 59 = (/)-'q—') 5 © = (D"q_'.: 5 ©
a < 925 < > &8 < > g < > B
g = g = g = g =
M Density ~ 2380 2430 2480 2400 2439 2480 2410 2445 2480 2390 2410 2465
kg/m®
Absorption 012 01 009 012 01 009 01l 009 006 014 01 006
(%)
MK Density ~ 2398 2410 2460 2408 2424 2489 2468 2478 2511 2460 2474 2485
kg/m®
Absorption 0.1 0.08 0.07 0.09 0.07 0.05 0.07 0.05 0.03 0.11 0.07 0.06
(%)
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Figs. 1, 2, 3, & 4dillustrate the relationship between the curing temperature, density
and absorption, respectively for different curing temperature, the increase in the average
of densities is caused by silica fume, another reason to the increase is related to the
progress of hydration with different curing temperature.

This behavior results in more solid products by the time which leads to fill capillary
pores.

The averages of absorption for mix MK recorded the lowest values which ranged
between (0.03-0.11) % compared with the absorption of mix M (0.06-0.12) %.
However, this variable represents a slight change.
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Figure 1: Relation between density and curing temperature with different curing condition for mix M
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Figure 2: Relation between density and curing temperature with different curing condition for
mix MK
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Figure 3: Relation between absorption and curing temperature with different curing condition for mix M
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Figure 4: Relation between absorption and curing temperature with different curing condition for mix MK

3.2 Effect of Curing Methods and Temperature

Generally, from figures (5,6,7,8,9,10,11, and12) for different curing methods, the
concrete specimens submerged curing in water at 60 C° recorded the highest
compressive strength, that makes me agree with Amake [3] and Gokul etal. [4] .
Nonetheless, concrete specimens of dry curing 80° C give the lowest compressive
strength.

This may be accounted for the large expansion, which leads to microcracking.

3.3 Effect of Silica Fume

A replacement of 4% cement with silica fume by weight improved compressive
strength for the MK specimens compared with other ordinary mix (M) for all ages and
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all curing condition. The replacement has contributed a percentage of 63% to the
strength mix design value, as it is shown in figures (5, 6, 7, 8, 9, 10, 11, and 12).

The main reason for this increase, is the ultrafine particles size of silica fume giving
The ability to penetrate and filling the pores. On the other hand, silica fume as a

pozzolana supplies more regular allocation and more solid products from hydration
process.

B20°c EB40°c @860°c @80°%c
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Figure 5: Compressive strength development with different curing condition and temperature at for mix
M at 7days
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Figure 6: Compressive strength development with different curing condition and temperature at for mix
M at 14 days
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Figure 7: Compressive strength development with different curing condition and temperature at for mix
M at 28 days
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Figure 8: Compressive strength development with different curing condition and temperature at for mix
M at 90 days
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Figure 9: Compressive strength development with different curing condition and temperature at for mix
MK at 7 days
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Figure 10: Compressive strength development with different curing condition and temperature at for
mix MK at 14 days
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Figure 11: Compressive strength development with different curing condition and temperature at for
mix MK at 28 days
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Figure 12: Compressive strength development with different curing condition and temperature at for
mix MK at 90 days
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4. Conclusions

From this research the following conclusion were obtained:

1. The best results of compressive strength, density, and absorption can be obtained
with submerge curing method for concrete

2. The optimum curing water temperature is 60 C°, which gives the best results for
strength, density, and absorption.

3. The presence of 4% silica fume improves the properties of concrete significantly. The
average of increase is 63% with submerge curing at 60 C°.
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