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Abstract

Premature-deterioration of concrete in water storage tanks is a common problem in Ethiopia. The research aims
at evaluating the effects of cement-types and wet-curing period on the resistance of concrete to leaching and leakage,
based on compression, water absorption, and acid attack tests. To meet this objective, 54 concrete specimens with
a grade of C-30 and water to cement ratio of 0.53 were casted in to two groups, each subjected to 3, 7, 10, and 28
days wet curing. The first group comprised 27 cubes made from OPC, while the second made from PPC. ANOVA was
employed to test significances of variables on sorptivity. The sorptivity was higher for PPC than OPC for 10days and
below cured specimens; however, well cured PPC exhibited better sorptivity per- formance at age of 58 and 98 days.
ANOVA indicated that well-cured specimens made using PPC had significantly showed lower sorptivity than OPC
age of 98 days. The resistance to acid attack of PPC was better than OPC. The finding showed that the selection
of well cured-OPC and 10 days cured-PPC for concrete water tanks could be the cause for deterioration associated
with leaching and leakage in concrete water retaining structures. The study contributes to the design of water storage

structures.

Keywords: Cement; Curing; Deterioration; Leaching; Leakage;
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Abbreviations: ANOVA: Analysis of Variance and Covariance;
DOE: Department of Environment; D: Day; FA: Fly Ash; G: Gram;
OPC: Ordinary Portland Cement; PPC: Portland Pozzolana Cement;
RC: Reinforced Concrete; SF: Silica Fume; S: Sorptivity

Introduction

Water retaining concrete structures must be built as impermeable
and watertight in order to avoid water loss and to ensure durability of
concrete [1]. Although the maximum permissible crack width formed
during dry shrinkage is designed to be controlled by reinforcement bar,
the water tightness of the RC water tank is in question as leaching
and wick action can take place in a concrete with low porosity and
permeability. The deterioration of concrete involves movement of
aggressive gases and/or liquid from surrounding environment into
concrete followed by physical and/or chemical reaction withinits internal
structure [2]. The transport of water in unsaturated concrete exposed to
water in one face depend on capillary suction [3], and wick action which
is a combination of capillary suction in wet surface and evaporation in
drying face [4]. For ground or elevated RC water storages subjected to
wetting and drying cycle, the capillary suction force is responsible for
ingress of water through the concrete. Therefore, flow of water driven by
wick action accompanied with dissolution of solid material can lead to
gradual deterioration of concrete in water storage structures.

Water tightness can be reduced as a progress of liquid accompanied
by gradual dissolution (leaching) of cement hydrate. Thus, leaching
is a deterioration mechanism of concrete in contact with water [5,6].
Leaching of lime increases both the porosity and permeability of the
cement paste and this, in turn, causes a decrease in the water tightness
of the concrete [7], and reduces mechanical properties [8-10]. The rise in
porosity within concrete resulted from leaching increases the transport
of fluid due to permeation, capillary suction, and diffusion. Evidently,
Bentz and Garboczi [11] found that effective diffusivity coefficients
increased by 40 due to total lime leaching from cement paste with w/c
ratio of 0.5. Thus, successive dissolution and transportation of hydration
product can accelerate the deterioration of concrete in water storage
structures as seen in Figure 1.

Cracks in concrete as a result of water evaporation can initially
provide pathways for water penetration in concrete water retaining
structures. In addition, the variation in level of water in the tank allows
a chemical reaction by closing and opening the pores [12]. During low
level of water, the pore allows intrusion of CO, from atmosphere in to
concrete. Evidently, leaching of 40% of lime was found to increased rate
of carbonation by 1.45 [5]. Further, capillary force may cause acid to
penetrate into concrete during wetting by suction while during drying,
macro cracking can occur due to the accompanying shrinkage [13].

Deterioration

Leaching

Figure 1: Cyclic process for leaching deterioration of concrete.
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Rapid leaching process takes place when water percolates through
the concrete due to pressure gradients because the water will reach much
more internal area of soluble products and the dissolved material will be
carried away by the flow of water downstream and out of the concrete
[9]. The deformation in combined test (leaching and loading) accelerates
a tertiary creep, leading to deterioration of concrete [14]. In addition to,
the presence of damp surface due to leakage may favour for the growth
green or dark coloured algae [15]. Deterioration of water tank seen in
Figure 2 may be caused by the above mechanism as algae and dampness
is appeared in the concrete wall.

Significance of the study

Inappropriate material selection and insufficient curing are of the
known factors for durability of concrete that exposed to aggressive
environment [16]. The research aim at evaluating the effects of cement
type and wet curing period on the durability performance of concrete
when it exposed to aggressive environment. Therefore, its significance
relates to the design of reinforced concrete (RC) water storage tanks.

Previous Studies

Effects of cement and curing

Massazza [7] found that the sorptivity of mortar with a pozzolanic
(CEM IV) was higher than OPC (CEM I) at the age of 28 days, however
lower value was obtained after 90 days as shown in Table 1.

American Concrete Institution (ACI-308R 2008) [17] prescribed
an extent of moist curing recommendations for various types of cement

when experimental result is not available as presented in Table 2. The
curing duration was determined at the age that the concrete can attain
the 70% of specified compressive or flexural strength. The useful curing
period for capillary segmentation was determined using interpolation
from logarithm model developed from compressive strength results,
and based on the follow-ups of the loss of mass of specimens placed in
desiccative environment [18].

Bamforth [19] suggested that the coefficients of water permeability,
and hence the durability of con- crete cannot be inferred from a
measurement of strength without a detailed knowledge of the curing
history. Thus, curing duration is more important than compressive
strength result as shown in Figure 3. From this figure, the coefficients
of permeability of 7-day cured concrete is approximately five times less
than the 3-day cured for a compressive strength value of 30 MPa.

The concentration of Ca ion in CH is higher than in CSH gel, and
the amount of CH in OPC is higher than pozzolan cement. Therefore,
the volume of total dissolved solid will be higher for concrete made with
OPC than pozzolan cement. Kamali et al. [20] found rate of degradation
for OPC cement was higher as compared to mineral added cement in
both pure water and acidic solution, as seen in Figure 4.

On other hand, OPC-concrete had showed highest mass loss among
various cement types when it immersed to sulfuric acid solution for a
period 12 weeks [21]. After 14-days im- mersion, the OPC concrete
showed a highest value of 8.5% loss, while other cements fall below 8%
as shown in Figure 5.

Figure 2: Surface deterioration of 15 years aged RC storage tank, Ethiopia (concrete made from Messobo OPC).
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Figure 4: Leached depth of various cements degraded in; 4a) pure water at 26°C for 114 days, (4b) ammonium nitrate at 20°C for 19 days [20].

When concrete early exposed to aggressive solution, the pozzolan
cement might be deterioratedsignifi- cantly higher than OPC. Choi and
Yang [10] found that the loss of strength in the concrete blend with the
mineral admixture was larger than the non-replacement result, because
the leaching speed was faster than the pozzolanic reaction. However,
the anticipated leaching resistance can be achieved when the structure
is exposed to aggressive solution after substantial completion of the
pozzolanic reaction.

Relationships sorptivity and permeability

Strong correlation between sorptivity and permeability as the order
of the variation in the concrete prop- erties showed similar trend when
subjected to variables like, cement types and curing period [22]. Dinku
and Reinhardt [23], and Lampacher and Blight [24] found that sorptivity
increases as gas permeability increases as shown in Figure 6. The strength of
correlation for OPC and blended cement may decrease at long age. This is
because Carbonation reaction takes place in OPC-concrete, which results
in decreasing capillary porosity and sorptivity, but gas permeability keeps
similar trend for poz-zolan and OPC [24]. However, carbonation risk is less
for water retaining struc- tures. Carbonation is most rapid when the relative
humidity is in the region of 50-60% [15]. Therefore, as long as risk of
carbonation is less, the strong relation between sorptivity and permea-
bility will exist even for mature concrete.

Based on either sorptivity or permeability test result, the durability of
concrete can be determined. The pressure applied for water permeability
test does not represent actual site exposure and the pressure may break
some weak aggregates. Moreover, water permeability test is less suitable
than sorptivity due to the fact that it is difficult to test many specimens’
permeability at a time, and specimens cannot be reused for other test
due to destructive nature of permeability test.

Experimental Methodology

The experiment consists of three types of testing: compressive
strength, sorptivity, and leaching tests. All of the test specimens were
casted in standard cubes of size 150 x 150 x 150 mm, a compressive
strength of 30 MPa, maximum aggregate size of 20 mm, and slump
of 30-60 mm. The basis for strength and material specification of this
experiment is based on the specifications used for RC water tanks
employed in Ethiopia.

The first experiment involved testing of a total of 18 specimens at
the ages of 3, 7, and 28 days for compressive strength. The compressive
strength of concrete was determined by testing the cubes in a
compression-testing machine at a rate of 6.8 MPa/s. The types of cement
were OPC and PPC and the specimens were kept in water submerged
curing until their test dates.
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28 days 90 days
Cement types ivi ivi
YPES | borosity (%) (Sr:::l"ltr'r‘l’;?)’ Porosity (%) S°'pt'r:’l!f3; (mm/
CEM | 13.21 0.122 13.11 0.102
CEM IV 15.51 0.139 15.74 0.097

Table 1: Porosity and sorptivity of mortar of pozzolanic cement (CEM 1V) and OPC
(CEM I) for w/c ratio of 0.425 [7].

Type of cement used for concrete Curing period

ASTM C 150 Type | 7 days

ASTM C 150 Type Il 10 days

ASTM C 150 Type IlI 3 days

ASTM C 150 Type IV or Type V cement 14 days
Blended cement in various proportion as ASTM C595, Variable

C 854, and C 1157

Table 2: Recommended minimum duration of concrete curing [17].

The second experiment involved testing of a total of 36 specimens
for sorptivity at age of 29, 58, and 98 days. The first 18 specimens
were made from OPC cement, and the next 18 were from PPC. The
specimens were submerged in water tank for age of (3, 10, and 28 days),
then kept outside laboratory under natural conditions until the test
date. The sorptivity test was conducted at age of 29 days for the first 18
cubes. The next 18 cubes were tested for sorptivity at age of 58, and 98
days.

The third experiment involved testing of 12 specimens, out of 18
specimens that were previously used for sorptivity test at age of 29%
day, for leaching resistance at age of 48" day. After leaching test, com-
pressive strength of the specimens was measured at age of 63% day.

Material preparation and specimen casting

The materials used for the production of concrete test specimens
were Portland cement, natural/river sand, gravel, and tap water. All
aggregates were ensured to be free from deleterious substances such as
organic impurities, clay, and other unsound particles. The fine aggregate
was natural sand with a fineness modulus of 2.81, a saturated surface dry
specific gravity of 2.76 and water absorption of 3.31%. Crushed stone
with a maximum nominal size of 20 mm and a saturated surface dry
specific gravity of 2.70 was used.

The mix proportioning of materials was based on DOE method of
concrete mix design [25]. OPC and PPC cement were used for mix A
and mix B, respectively for C-30 concrete as presented in Table 3. Both
mixes were used cement: Mix A, OPC 42.5R; and MIX B, PPC 32.5R
which produced in Mossobo, Ethiopia.

Sorptivity test

Rate of water absorption (sorptivity) is a good parameter to
measure quality of concrete [26], and it can be used for an estimate of
the service life of concrete exposed permanently to water [8,27]. Itis also
a good indicator of curing extent in concrete [18,23].

Sorptivity testing was performed based on ASTM-C1585-04
subjected to some modification. The test equipment used to allow
capillary absorption of water in concrete specimen was a rectangular
metal pan as shown in Figure 7. The rate of absorption of water is
calculated as follows:

Am
S—AN; 6y

Where, S is sorptivity (g/m’s®®), A_is change in mass (g), A is area in
contact with water (m?), p is density of water (g/mm?*), and t is time (s).

In order to ensure unidirectional flow, the specimens were coated
epoxy on vertical sides. The specimens were placed over wire mesh
support to allow water contact with bottom surface of specimen, and
then the pan was gently filled with tap water until it reached a level
approximately 1 to 3 mm above the level of the exposed surface. Next,
300 gm of cement was added to ensure the lime saturation in the water.
In order to allow equal degree of lime saturation in the subsequent tests,
the pan and specimen-supporting mesh were washed after each test had
completed.

To determine the 29", 58" and 98" days sorptivity, the specimens
were weighed at 0.5, 1, and 6 hours, and 1,2, 3,4, 5,6,7 and 8 days. Then,
the effects of independent variables (cement type, curing period, and
test age) on sorptivity (dependent variable), and interaction between
independent variables were analyzed in a statistical model (ANOVA)
using software named “Stata/SE 12”.

Acid attack test

Although there has not been standardized test for leaching, the
deterioration of concrete can be deter- mined by exposing to strong acids.
The mass change of a specimen is a widely used indicator for com- paring
the deterioration of concrete exposed to aggressive liquid [21].

The leaching pan was a plastic made material with a capacity to hold
six cubes at a time. After initial weight was measured, the specimens
were placed over the crushed stone support with a size approximately
below 10 mm to ensure acid contact with bottom surface of specimens.
Next, the pan was gently filled with sulfuric acid with concentration of
98% (pH of 0.1) until it reached a level approximately 40 mm above the
level of the exposed surface, and finally the pan was covered on top.

The specimens were removed from the pan at 8" and 14" days for
weighing. Prior to weighing, the specimens were rinsed by tape water
to remove loose reaction products, and to prevent possible harm. Next,
after being air-dried for 5 minutes, the specimens were weighed. The
weight loss due to acid leaching during immersion to sulfuric acid can
be calculated for as follows:

MM o
M

1

M

Where M, is mass loss during exposure to sulfuric acid (%), M,is

initial mass before exposure to sulfuric acid (kg), and M_is final mass
after exposure to sulfuric acid (kg).

Results and Discussion

The compressive strength test results

The strength development of both concrete was illustrated graphically
in Figure 8. The strength of OPC concretes were 18.2 MPa at age of 3™
day, 26.7 MPa at age of 7 day, and 38.2 MPa at age of 28" day, while PPC
concretes were 16.7, 24.1, and 31.6 MPa for corresponding ages.

Concrete mix with OPC exhibited larger rate of strength gain
between 3, 7, and 28 days’ compressive strength test than PPC. The
variations were 1.5 MPa at 3™ day, 2.6 MPa at 7* day, and 6.6 MPa at
28" day, showing an increase at increasing rate from 3 to 28 days. This
confirms that OPC cement has higher strength gain speed than PPC
cement due to faster rate of hydration.

The compressive strength graph showed best fit for logarithm model
with a coefficients of determination (R*) above 0.98 for both cements.
This is in line with graphical model produced to determine useful
curing period as made by Devillers et al. [18]. OPC had satisfied the
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Figure 5: Mass loss of concrete mad in various types of cements in sulfuric acid immersion after 56 days cured [21].
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Mixture Strength class Slump (mm)  WIC Waters(kgl Cemer:t (kg/ | Coarse agg:egate (kg/ = Fine aggreagate (kg/ Cement type
(mPa) md) m?) m?) m?)
Mix A 30 30-60 0.53 190 360 1165 715 OPC (CEM-I)
Mix B 30 30-60 0.53 190 360 1165 715 PPC (CEM-II)
Table 3: Concrete mixture designs.
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Figure 7: Specimens inside equipment to allow water absorption.

70% strength criteria at age of 7 days, and it conforms to ACI curing
recommendation while PPC could not. Therefore, upon interpolation
from the model, the concrete specimen made with PPC cement needs
minimum 14 days curing period to achieve 70% of the 28" day design

compressive strength. The interpolated period had not conformed
to curing recommendations of ACI-308R for ASTM C150 TYPE II,
rather it had conformed nearly to ASTM C150 Type IV, or Type V that
prescribes a minimum of 14 days. Therefore, although Messobo PPC is
categorized under ASTM C150 TYPE II cement, the specified 10-day
curing by ACI-308R is not sufficient in this case.

Therefore, application of higher content of PPC than OPC to
comply with 7-day strength criteria leads to wrong decision when
PPC cement is used for RC storage structures. Because if concrete with
higher content of pozolana cement is left dry after 7 days wet-curing,
the required moisture will evaporate though the specimen meets the
70% strength criteria. As a result, the concrete would fail to meet the
required durability.
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Table 4: Effects of curing period, cement types and their interaction effect on
sorptivity (10 ml/m2. s°5) of concrete.

Specimen Measurement time

0.5 1hr 6hr 1d  2d 3d 4d 5d 6d 7d 8d
ID hr

S029-3 0.430.67 |[1.22/1.91| 240 261 271 2.833.20 3.26 3.38
S029-10 10.43/0.53 0.76 1.04 1.21 | 1.33 1.34 1.42 1.50| 1.50 1.51
S029-28 10.41/0.51 0.74 095 1.12 | 1.256 1.31 1.38 1.43|1.44|1.43
SP29-3 |0.41/0.57 150 1.84 249 290 3.19|3.36 3.42 3.57 3.63
SP29-10 0.38/0.49 0.93/1.21 161 | 1.81 |1.94/2.01 212 2.17 2.18
SP29-28 0.36/0.42 0.71/0.89 0.98 | 1.05 1.11|1.16 1.18 1.21 1.22
SO58-3 048 0.66 1.23/2.15 264  2.89 3.05 3.28 3.37|3.49 3.46
S0O58-10 10.28 0.48 0.79 111 1.27 | 1.32 1.39 1.46 1.51|1.56|1.58
S058-28 | 0.25/0.33/0.51 0.94 1.17 | 1.25 | 1.321.37|1.40 1.42 1.43
SP58-3 1 0.39/0.51/1.16 1.84 264 3.08 3.32 3.41/3.52 3.61 3.67
SP58-10 1 0.37 0.50 0.96 1.44 197 222 238 251 2.68|2.75 2.83
SP58-28 1 0.23 0.33 0.53 0.67 | 0.82 0.97 1.04 1.03 1.12/1.14 1.14
OPC98-3 0.460.64 1.12/2.00 240 264 |2.76|/2.85 3.02 3.11 3.16
OPC98-10 0.30|/ 0.46 0.79/1.09 1.26  1.30 1.35 1.38 1.44 1.50 1.53
OPC98-28 0.34/ 0.43 0.66 096 1.18 1.24 | 1.33 1.35/1.39 1.42 1.42
PPC98-3 | 0.36 0.55|1.52 2.05 2.67 @ 3.17 | 3.36|3.44|3.613.72 3.78
PPC98-10 10.25| 0.51 0.93 1.53 1.93 | 2.29 239 253 2.68 2.77 2.81
PPC98-28 0.22| 0.45 0.66/0.80 0.92  1.00 1.08 1.13 1.16 1.18 1.18

Table 5: Summary of Sorptivity (g/m?) at age of 29, 58, and 98 days.

The sorptivity test results

The summarized test results of sorptivity are presented in Figure 9
and Table 4. In addition to, detailed test results that used for statistical
analysis are annexed in Tables 5 and 6. The variations among three
measurements of sorptivity (10 ml/m?.s*°) were mostly within 6%, and
their correlation coefficient (R?) were 0.97 and above.

Figure 9 shows that the sorptivity of 3-day cured OPC-concrete
significantly exceeds the 10-day cured concrete by values of 2.59 (4.69-
2.10) and 2.19 at test ages of 58" and 98" days, respectively, whereas
the 10-day cured OPC-concrete exceeds the 28-day cured by 0.16 and
0.07 at test ages of 58and 98 days, respectively. Conversely, the sorptivity
of 10-day cured PPC-concrete significantly exceeds the 28-day cured
specimens by values of 2.17 and 2.10 at test ages of 58" and 98" days,
respectively. Whereas the sorptivity of 3-day cured PPC-concrete
significantly exceeds the 10-day cured concrete by values of 1.17 and
1.29 at test ages of 58" and 98" days, respectively. The lower variation
between 3-day and10- day cured PPC-concrete was resulted from lower
rate of reaction of pozzolans [7].

For 10-day cured specimens, PPC showed higher sorptivity value
than OPC, exceeding by 1.62 and 1.64 at test ages of 58" and 98"
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s, Curing duration | Cement type Test age Read time s, Curing duration | Cement type = Test age Read time

1.01 1 0 2 0 0.99 1 1 2 0
1.05 1 0 2 1 0.98 1 1 2 1

0.92 1 0 2 2 1.01 1 1 2 2
0.81 1 0 2 3 0.80 1 1 2 3
0.76 1 0 2 4 0.78 1 1 2 4
0.71 1 0 2 5 0.76 1 1 2 5
0.66 1 0 2 6 0.73 1 1 2 6
0.63 1 0 2 7 0.71 1 1 2 7
0.65 1 0 2 8 0.68 1 1 2 8
0.62 1 0 2 9 0.66 1 1 2 9
0.61 1 0 2 10 0.64 1 1 2 10
1.00 0 0 2 0 0.95 0 1 2 0
0.95 0 0 2 1 0.91 0 1 2 1

0.71 0 0 2 2 0.80 0 1 2 2
0.55 0 0 2 3 0.62 0 1 2 3
0.46 0 0 2 4 0.59 0 1 2 4
0.42 0 0 2 5 0.55 0 1 2 5
0.36 0 0 2 6 0.52 0 1 2 6
0.33 0 0 2 7 0.49 0 1 2 7
0.32 0 0 2 8 0.47 0 1 2 8
0.29 0 0 2 9 0.45 0 1 2 9
0.26 0 0 2 10 0.42 0 1 2 10
0.98 2 0 2 0 0.93 2 1 2 0
0.93 2 0 2 1 0.85 2 1 2 1

0.70 2 0 2 2 0.68 2 1 2 2
0.51 2 0 2 3 0.48 2 1 2 3
0.43 2 0 2 4 0.37 2 1 2 4
0.39 2 0 2 5 0.31 2 1 2 5
0.35 2 0 2 6 0.28 2 1 2 6
0.32 2 0 2 7 0.25 2 1 2 7
0.30 2 0 2 8 0.21 2 1 2 8
0.27 2 0 2 9 0.19 2 1 2 9
0.24 2 0 2 10 0.17 2 1 2 10
1.05 1 0 1 0 0.96 1 1 1 0
1.04 1 0 1 1 0.93 1 1 1 1

0.92 1 0 1 2 0.90 1 1 1 2
0.86 1 0 1 3 0.80 1 1 1 3
0.80 1 0 1 4 0.80 1 1 1 4
0.75 1 0 1 5 0.78 1 1 1 5
0.72 1 0 1 6 0.75 1 1 1 6
0.70 1 0 1 7 0.72 1 1 1 7
0.67 1 0 1 8 0.69 1 1 1 8
0.65 1 0 1 9 0.67 1 1 1 9
0.62 1 0 1 10 0.65 1 1 1 10
0.82 0 0 1 0 0.94 0 1 1 0
0.90 0 0 1 1 0.92 0 1 1 1

0.73 0 0 1 2 0.82 0 1 1 2
0.58 0 0 1 3 0.69 0 1 1 3
0.48 0 0 1 4 0.68 0 1 1 4
0.41 0 0 1 5 0.64 0 1 1 5
0.37 0 0 1 6 0.61 0 1 1 6
0.35 0 0 1 7 0.58 0 1 1 7
0.32 0 0 1 8 0.57 0 1 1 8
0.30 0 0 1 9 0.55 0 1 1 9
0.28 0 0 1 10 0.53 0 1 1 10
0.77 2 0 1 0 0.73 2 1 1 0
0.74 2 0 1 1 0.74 2 1 1 1

0.54 2 0 1 2 0.56 2 1 1 2
0.51 2 0 1 3 0.36 2 1 1 3
0.45 2 0 1 4 0.29 2 1 1 4

J Civil Environ Eng, an open access journal

ISSN: 2165-784X

Volume 8 - Issue 4 + 1000322



Citation: Tsegaye M, Dinku A (2018) Effects of Curing and Cement Type on Leak deterioration of Concrete in Water Tanks. J Civil Environ Eng 8: 322. doi: 10.4172/2165-

784X.1000322

Page 8 of 9
0.39 2 0 1 5 0.28 2 1 1 5
0.35 2 0 1 6 0.25 2 1 1 6
0.32 2 0 1 7 0.20 2 1 1 7
0.29 2 0 1 8 0.19 2 1 1 8
0.26 2 0 1 9 0.16 2 1 1 9
0.23 2 0 1 10 0.14 2 1 1 10
1.03 1 0 0 0 0.92 1 1 0 0
1.03 1 0 0 1 0.96 1 1 0 1
0.88 1 0 0 2 1.01 1 1 0 2
0.83 1 0 0 3 0.84 1 1 0 3
0.76 1 0 0 4 0.81 1 1 0 4
0.71 1 0 0 5 0.79 1 1 0 5
0.67 1 0 0 6 0.76 1 1 0 6
0.64 1 0 0 7 0.72 1 1 0 7
0.62 1 0 0 8 0.70 1 1 0 8
0.60 1 0 0 9 0.68 1 1 0 9
0.58 1 0 0 10 0.66 1 1 0 10
0.85 0 0 0 0 0.78 0 1 0 0
0.88 0 0 0 1 0.93 0 1 0 1
0.73 0 0 0 2 0.80 0 1 0 2
0.57 0 0 0 3 0.72 0 1 0 3
0.48 0 0 0 4 0.67 0 1 0 4
0.41 0 0 0 5 0.65 0 1 0 5
0.36 0 0 0 6 0.61 0 1 0 6
0.32 0 0 0 7 0.59 0 1 0 7
0.30 0 0 0 8 0.57 0 1 0 8
0.29 0 0 0 9 0.55 0 1 0 9
0.26 0 0 0 10 0.53 0 1 0 10
0.90 2 0 0 0 0.71 2 1 0 0
0.86 2 0 0 1 0.88 2 1 0 1
0.65 2 0 0 2 0.65 2 1 0 2
0.51 2 0 0 3 0.44 2 1 0 3
0.45 2 0 0 4 0.34 2 1 0 4
0.39 2 0 0 5 0.29 2 1 0 5
0.35 2 0 0 6 0.26 2 1 0 6
0.31 2 0 0 7 0.23 2 1 0 7
0.29 2 0 0 8 0.21 2 1 0 8
0.26 2 0 0 9 0.18 2 1 0 9
0.23 2 0 0 10 0.15 2 1 0 10
Note for coding: Cement type (OPC=0, PPC=1); Curing period (10=0, 3=1, 28=2); Test age (29=2, 58=1, 98=0);
Read time (0.5 hr =0, 1 hr =1, 6 hr =2, day-1 = 3, day-2 = 4, day-3 = 5, day-4 = 6, day-5= 7, day-6 = 8, day-7 = 9, day-8 = 10).

days, respectively. Whereas lower sorptivity values were measured in
PPC than OPC for 28 days cured specimens, and variations were 0.39
and 0.31 at test ages of 58" and 98™ days, respectively. The reason for
higher variations of sorptivity for the 10-day cured concrete could
have attributed due to the fact that OPC-concrete had been undergone
substantial capillary segmentation during early ages (10-days), whereas
most capillary segmentations of PPC-concrete had not been under-
gone during early ages (10-days) due slow rate of hydration and due
to evaporation of required water when it left dry after 10-day curing.
This argues with principle that if the moisture in the outer surface of
concrete evaporates before sufficient hydration takes place, the open
pore volume for transport of fluid increases [18,19].

Table 4 shows the significance of independent variables and their
interaction effect on sorptivity of concrete. The lowest curing period
(3-day) increases sorptivity of concrete with 99% confidence level (0.01
significance), while the highest curing period (28-day) insignificantly
reduces sorptivity of con- crete with respect to the 10-day curing for
both cement types. Further, the 28-day curing period signifi- cantly
(at 95% confidence level) reduces sorptivity of PPC than OPC at test

ages of 58" and 98" days with respect to the 10-day curing. Therefore,
when PPC-concrete is insufficient cured, only 10-day, it exhibits lower
durability performance than OPC, whereas well cured PPC-concrete
exhibits higher dura performance at ages of 2 months and above.

Acid attack test results

The relation between weight losses against immersion period is
indicated in Figure 10. After 14 days of exposure, the concrete specimens
made with OPC cement and subjected to 10 and 28 days curing period
had the higher mass loss of 0.91% and 0.74%, respectively, whereas
specimens made with PPC cement and subjected to 10 and 28 days
curing had lower corresponding mass loss of 0.78% and 0.67%. The
concrete made using OPC cement exhibited higher weight loss than
PPC, and results were in line with the literatures [21]. Therefore, the
study has revealed that the rate of attack is controlled by cement type
and extent of curing. Furthermore, the compressive strength of PPC was
found slightly higher than OPC cement at age of 63 days as shown in
Figure 11.
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Conclusion and Recommendations
Conclusion

The sorptivity of PPC-concrete was higher than OPC at early age,
at 30" day. However, well-cured PPC- concrete can exhibit lower
sorptivity than OPC at later ages, 2 months and above. Conversely,
higher sorptivity values were found for PPC-concrete than OPC when
the concrete specimens are being cured only 10 days. Therefore, when
10-day cured PPC-concrete is used for RC water tank, sorptivity can have
significant influence on transport water from surface being in contact
with water into drying face result- ing in premature-deterioration of
concrete. Because the level of water in RC concrete wall is frequent-
fluctuated due to domestic consumption resulting a partially saturated
and/or dry concrete wall, thus water transport by capillary action
occurs. Further, when concrete is exposed to aggressive environment at
later ages, above 2 months and above, both compressive strength and
leaching resistance of OPC- concrete were lower than PPC. Therefore,
application of OPC-concrete in RC water tanks can be a cause for
premature-deterioration of concrete.

Recommendation/Further Study

There are clearly significant benefits which can be achieved using
PPC-concrete for RC water storage tanks with regard to leak tightness.
Further study should be carried out to investigate the influences of
curing period and cement types on the sorptivity of concrete under
controlled environment (pH and relative humidity). In addition to, it
is recommended to perform repetitive sorptivity tests on specimens
at several ages. As sorptivity test is non-destructive test, repeated test
results of a specimen can give better information on quality of concrete.
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