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Abstract

As regards if curing stops for some time and then resumes again, then strength gain will also stop and reactive, in this study with choose
suitable curing conditions after improper first curing (recurring) for normal and silica-fume concrete, Effect of this curing conditions on
strength and permeability was investigated. The results from tests such as compressive strength, capillary water absorption and water
penetration under pressure, indicates that curing after 28 days for concretes with improper first curing, especially for silica-fume concretes
could be effective and reduction permeability and increase compressive strength of concretes was observed
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1- Introduction

Curing is the process of controlling the rate of moisture
loss from concrete during cement hydration. In order to
obtain good quality concrete, an appropriate mix must be
followed by curing in a suitable environment during the
early stages of hardening [1, 2] Curing encompasses the
control of temperature as it affects the hydration rate in
cement. If, within the curing period, natural temperatures
of concrete are in the acceptable range of values, only the
moisture content needs to be controlled. [3, 4]

The hydration of cement virtually ceases when the
relative humidity within capillaries drops below 80% and
under an efficient curing method such as water curing, the
relative humidity is maintained above 80% to continue the
hydration of cement. [5]

If a concrete is not well cured, particularly at the early
age, it will not gain the properties and durability at desired
level due to a lower degree of hydration, and would suffer
from irreparable loss [6, 7]. If a concrete is not cured at
the early age, it cannot gain the properties and durability
for its long service life. A proper curing greatly
contributes to reduce the porosity and drying shrinkage of
concrete, and thus to achieve higher strength and greater
resistance to physical or chemical attacks in aggressive
environments [8].

As regards If curing stops for some time and then resumes
again, then strength gain will also stop and reactivate [9];
though the detrimental effect of early improper curing are
irreversible, in this study the effect of recurring on
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strength and permeability of ordinary concrete and
concretes containing silica-fume is investigated. For this
purpose, different curing conditions choose and concrete
compressive strength and permeability was studied in
these conditions.

2- Experimental program
2-1 Materials

Type II Portland cement (OPC) was used for this study.
The compositions of the used OPC are given in table 1.

Tablel. Composition of OPC
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Crushed aggregate with maximum size of 20mm was used
as coarse aggregates; natural river bed quartzite sand was
used as fine aggregates. The results of the sieve analysis
and properties of the aggregates are given in table 2 and

table 3 respectively. The fractions of different sizes of
crushed granite stone and mining sand were in the ranges
specified in ASTM C33 [10]

Table 2: Gradation of crushed granite stone and mining sand

Sieve size % finer by mass
Crushed granite Mining sand
19 mm 100 100
9.5mm 25 100
4.75 mm 7 100
2.36 mm 2 85
1.18 mm 0 65
600 um 0 35
300 um 0 15
150 um Type 0 1
Table 3: Properties of aggregates
S.N Property Fine Aggregate | Coarse Aggregate
1. Specific Gravity 2.51 2.71
2. Fineness Modulus 2.93 6.52
3. Porosity (%) 42.4 41
4. Voids ratio 0.71 0.4

Table 4: Physical properties of SF

Specific Area(mz /kg)

Specific Mass 2.2

Volume Density(kg/ m3) 376

Size (Micron) 0.1
20000

S10,

%90 - %96

AL,O;

9%0.5 - %0.8

Silica fume (SF) used in this investigation was
conforming to ASTM-C1240 [11] and its properties are
shown in table 4.

Potable Water was used in the investigation and
polycarboxylic ether based super plasticizer complying
with ASTM C-494 [12] type A, were used for attainment
required slump in concrete.

2-2 Mix Proportions

In this study 3 w/b ratios (0.45, 0.5 and 0.55) were used
and silica-fume was used as a 10% weight replacement of
cement. Also aggregates were determined on the basis of
absolute volume of the constituents and mining sand was
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used with a quantity of 40% of total aggregates by weight.
The concrete mixture was proportioned to have a
minimum slump of 500 mm. Several trial mixtures were
prepared to fix the dosages of super plasticizer for
concrete, and to judge the acceptability of the mixture
composition. The details of mixture proportions are given
in Table 5.

2-3 Testing of Fresh Concrete

The fresh concrete was produced using a rotating pan type
mixer. Immediately after mixing, the fresh concrete was
tested for slump. The slump was determined according to
ASTM C143 [13]
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Table 5: Mix proportions for concretes without silica-fume (0A, 0B, 0C) and concretes containing silica-fume (10A, 10B, 10C)

Materials
Gravel Sand Cement w Water Silicafume Superplasticizer
NG G/ S TN T I G/ fe G T I T *9/
0A 1024 746 400 0.45 180 - -
0B 1024 746 400 0.5 200 - -
0C 1024 746 400 0.55 220 - -
10A 1024 746 360 0.45 165 40 15
10B 1024 746 360 0.5 185 40 15
10C 1024 746 360 0.55 205 40 15
2-4 Casting days. (This condition was used to improper first curing

In the present study standard cylinders of size 200mm
height, 100mm diameter for determining the compressive
strength and cubes with size 150 x 150 x150mm for water
penetration under pressure test and cubes with 100 x 100
x100 mm were used for water absorption test. The cast
specimens were remolded at the end of 2442 hours and
applied under different regime of curing.

2-5 Curing conditions

The study was done in 5 different curing condition (In all
stages temperature of saturated limewater and laboratory
air was constant at 20£2°C). All specimens were tested
after 56 days from demoulding.

A) Specimens were submerged in saturated limewater for
28 days thereafter they were exposed to laboratory air for
28 days (This condition was used to proper curing time).
B) Specimens were submerged in saturated limewater for
3 days thereafter they were exposed to laboratory air for
53 days (This condition was used to improper curing
time).

C) Specimens were submerged in saturated limewater for
3 days then they were exposed to laboratory air for 25
days then again submerged in saturated limewater for 4
days and finally were exposed to laboratory air for 24
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and short time curing after it)

D) Specimens were submerged in saturated limewater for
3 days thereafter they were exposed to laboratory air for
25 days then again submerged in saturated limewater for
28 days. (This condition was used to improper first curing
and longtime curing after it).

E) Specimens were submerged in saturated limewater for
7 days thereafter they were exposed to laboratory air for
49 days (This condition was used to improper curing
time).

3- Tests Results

3-1 Compressive strength test

The compressive strength was determined in accordance
with ASTM C39 [14] and cylinders of size 200mm height,
100mm diameter were used. The results for compressive
strength have been presented in Table 6.
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Table 6: Compressive strength of specimens

Compressive strength o Compressive strength "

p M) gt NS p M) gt N.S (W/C)
41.3 33.98 0.45
38.59 Al0 31.42 A0 0.5
34.51 27.58 0.55
34.53 30.4 0.45
32.44 B10 28.6 BO 0.5
29.17 25.01 0.55
37.7 31.9 0.45
34.97 C10 28.87 Co 0.5
32.52 24.97 0.55
39.43 32.65 0.45
36.23 D10 29.68 DO 0.5
32.48 25.45 0.55
39.81 E10 33.35 EO 0.45
37.03 30.4 0.5
33.81 27.08 0.55

* A0-EO Specimens without silica fume under A-E curing conditions
** A10-E10 Specimens contain silica fume under A-E curing conditions

3-2 Water absorption test

This test is used to determine the rate of absorption of
water for concrete by measuring the increase in the mass
of a specimen resulting from absorption of water as a
function of time when only one surface of the specimen
was exposed to water. In this test, cubes specimens with
size 100x100x100 mm placed in the oven at a temperature
of 40+5°C and for 14 days. Then record initial weight of
specimens. Next Place the support device at the bottom of
the pan and fill the pan with tap water so that the water
level is 1 to 3 mm above the top of the support device.
Maintain the water level 1 to 3 mm above the top of the
support device for the duration of the tests. Record the

mass at the intervals 3, 6, 24, 72 hours after first contact
with water.

The rate of water absorption (mm/v/h) is defined as the
slope of the line that is the best fit to I plotted against the
square root of time and shown in table 7

The absorption was defined as:

[= M;—M, (1)

A
M; — M, = the change in specimen mass in grams, at the
time t,

A= the exposed area of the specimen, in cm?

Table 7: results of the water absorption test

Rate of water absorption Rate of water absorption
0.005 0.008 0.45
0.0052 A0 0.0085 A0 0.5
0.0059 0.0085 0.55
0.0059 0.009 0.45
0.0063 B10 0.0095 BO 00.5
0.0072 0.0095 0.55
0.0051 0.0085 0.45
0.0056 C10 0.0088 co 0.5
0.006 0.0091 0.55
0.005 0.0084 0.45
0.005 D10 0.00868 DO 0.5
0.0061 0.00885 0.55
0.0052 0.0081 0.45
0.0056 E10 0.0086 EO 0.5
0.006 0.00087 0.55

* A0-EO Specimens without silica fume under A-E curing conditions
** A10-E10 Specimens contain silica fume under A-E curing conditions
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3-3 Water penetration under pressure test

This test is used to determine depth of penetration of
water under pressure in accordance with BS EN 12390-8
[15]. Water is applied under 5 bar of pressure for 72h to

150x150x150 mm. Then specimens were fractured and
measured the average seepage depth. This seepage depth
was the criteria of the water penetration which are given

the surface of hardened cubes concrete with size of in table 8.

Table 8: results of the water penetration depth under pressure test

seepage depth (cm) N.S** seepage depth (cm) N.S* (W/C)
2.2 2.8 0.45
2.8 Al0 3.1 A0 0.5

3 3.2 0.55
4.1 5.1 0.45
4.5 B10 5.1 BO 0.5
4.5 5.6 0.55
3.4 3.6 0.45
3.6 Cl10 4.1 Co 0.5
4.5 4.9 0.55
2.4 3.1 0.45
2.7 D10 3.6 DO 05
3.1 3.6 0.55
2.4 2.9 0.45
2.5 E10 33 EO 0.5
2.8 3.5 0.55

* A0-EO Specimens without silica fume under A-E curing conditions
** A10-E10 Specimens contain silica fume under A-E curing conditions

4- RESULTS AND DISCUSSION

4-1 Compressive strength test

The results shown in figure 1 represent percent of increase
of compressive strength for specimens with silica-fume
compared to specimens without silica-fume. From these
results, specimens under curing condition A, B had
maximum and minimum percent of increase of

compressive strength respectively. Also the results show
that percent of increase of compressive strength for
Curing condition D is better than E. As a result, 28 days
curing after improper first curing was useful and even that
was better than 7days first curing for silica-fume concrete.

MW/C=045 HWW/C=0.5 MW/C=0.55
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Fig 1: Percent of increase of compressive strength for silica-fume concrete compared to

Ordinary concrete under A-E curing conditions
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Figure 2 represent the percent of compressive strength for
all specimens compared to compressive strength for
specimens under curing condition A (specimens were
subjected to 28 days first curing condition). This results
show that curing condition E (7 days first curing
condition) had maximum percent of compressive strength.
Also are shown that curing conditions D and C
(specimens were subjected to 28 days and 4 days curing
after improper first curing. respectively) were useful and
show progressive increase in strength.

The results shown in figure 3 represent specimens under
curing conditions D and C compared to curing condition
B (Specimens with improper first 3 days of curing). The
results show that curing after first improper curing was
beneficial and for W/C= 0.45 show at least 4.93% and
maximum 14.26% increase of strength for ordinary and
silica-fume concrete under curing condition C and D
respectively. Also these results indicate that curing after
first improper curing for silica-fume concrete was more
effective than ordinary concrete and silica-fume concrete
had greater strength gain than ordinary concrete.
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Fig 2: Comparison between percent of compressive strength for all specimens to specimens
Under curing condition A

Compressive strength (%)

HMW/C=045 HW/C=05 MW/C=0.55

Co C10

Curing cunditions

DO D10

Fig 3: Comparison between percent of compressive strength for specimens
Under curing conditions C and D to curing condition B
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4-2- Water absorption test

Figure 4 represent the rate of water absorption for
ordinary and silica-fume concrete. The results show that
specimens under curing conditions A and B had minimum
and maximum rate of water absorption respectively. Also
curing conditions C and D were effective and they had

reduction in permeability compared to B curing condition.
These results also show that curing after first improper
curing for silica-fume concrete was more effective than
ordinary concrete and silica-fume concrete had lower
penetration than ordinary concrete.
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Curing conditions (B-E) and percent of microsilica (0%, 10%)

Fig 4: Results for coefficient of water absorption test

4-3- Water penetration under pressure test

Figure 5 show that specimens under curing conditions A
had lowest penetration. Also curing conditions C and D
were effective and they had reduction in permeability

compared to B curing condition. This results show that
with increasing of water-cement ratio, Depth of
penetration of water into specimens was increased.
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Fig 5: Results of water penetration under pressure test
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5. Conclusion

The following conclusions have been drawn from this
study:

1) The results from compressive strength test showed that
curing after improper first curing was effective and for
W/C= 0.45, showed 4.93% , 14.26% increase of strength
for ordinary and silica-fume concrete under curing
condition C and D respectively.

2) All tests confirmed that curing after 28 days for
specimens with improper first curing, was more effective
for silica-fume concrete than ordinary concrete and under
these conditions silica-fume concrete had lower
penetration and higher strength than ordinary concrete.

3) The 56 days compressive strength of silica-fume
concrete with 10% silica fume was 20%-25% more than
the ordinary concrete. Also results from tests such as
water penetration under pressure and water absorption test
showed that concrete containing silica-fume had lower
penetration than ordinary concrete.

4) Minimum duration for achieve to at least 90% specified
strength at 28 days, was 3days and 7days for ordinary and
silica-fume concrete respectively.
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