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Abstract:- Durability of concrete is of vital importance to its long term performance. The durability is linked to the
permeability of the concrete. A number of different parameters are used to characterize the durability. This study aims
to characterize different types of concrete with respect to their durability parameters. The parameters include the
conventional indices such as water absorption and rapid chloride permeability, as well as newly developed indices such
as water absorptivity and oxygen permeability. The results of this study indicate that not all the durability parameters
are related well to the strength of the concrete, which is conventionally used as a measure of the durability of the
concrete. This is because the factors responsible for strength and durability need not be the same. The influence of water
to cement ratio and cement content on the variation of the durability indices was also evaluated in this study.

Cement concrete despite of its inherent deficiencies, is the most extensively used material for the construction of large
infrastructure facilities. During last 90 years, there has been substantial advancement in the science and practice of concrete
technology, out of which the last 30 years have seen phenomenal progress. Normal concrete typically has 20MPa to 40MPa
compressive strength, which is adequate for most structural applications. Recent concerns about the long-term performance
of concrete led to interest being focused on parameters which control the durability and methods of test which meaningfully
quantify these parameters. There is a growing realization that the cube crushing strength, for long the sole indicator of quality,
is insufficient to ensure long-term durability for concrete as a material and serviceability of a structure made fromit.

Penetration of moisture and other hydrogenous liquids in buildings, constructions and other building materials is of great
importance in the building industry. Many countries around the world are located in very aggressive environments and using
different types and grades of concrete. Reinforced Concrete Structures are exposed to harsh environments even though these
are expected to last for long periods of time (often 100 years or more) with little or no repair or maintenance. With the
increasing diversity of concretes available, there is a need to move to concrete durability study and comparison of various
durability parameters. The synergisms existent among the saline environment, high temperatures, relative humidity and the
poor quality control of concrete production process (workmanship, materials and procedures inadequate) can lead to
damages in reinforced concrete structures.

The penetration of moisture into structures can cause damage by the action of chemical containment agents
transported by water; by the action of microorganisms growing in the humid environment or by the mechanical action of
freezing and thawing. On the other hand, most of the penetrating water leaves the porous system by drying, which can cause
shrinkage and carbonation in cementations materials. As many building materials are porous, the understanding of moisture
transport in the porous system represents an important issue. The ability of concrete to withstand the penetration of liquid
and oxygen can be described as the durability of concrete. The durability of concrete, can in turn, be quantified by certain
characteristics of the concrete such as the porosity, absorptivity and permeability.

The penetration of water, chloride and other aggressive ions into concrete is the most important factor in the physical
and chemical process of deterioration, and it is the microstructure of concrete that mainly controls the physical/chemical
phenomena associated with water movements and the transport of ions in concrete. A variety of factors may govern the
transport of these fluids into concrete. Some of the factors are: the substance flowing and its local concentration, the
environmental conditions, the pore structure of concrete, the pore radius, the degree of saturation of the pore system and the
temperature. Considering the wide range of pore sizes and a varying moisture concentration in the concrete as function of the
climatic exposure conditions, the transport of fluid into concrete is not due to one single mechanism, but several
Mechanism may act simultaneously. The microstructure of concrete is strongly affected by several factors including chemical
composition of cement, water-to-cement ratio, and amounts of mineral admixtures and particle size distribution of
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cementitious materials and aggregates, etc. Therefore, in order to improve the durability of concrete, the mixture proportions
of concrete should be carefully selected considering the effects on durability.

The permeability of the concrete is depending on the porosity, and on the connectivity of the pores. The more open
the pore structure of the concrete, the more vulnerable the material is to degradation mechanisms caused by penetrating
substances. Recent concerns about the long-term performance of concrete led to interest being focused on parameters which
control the durability and methods of test which meaningfully quantify these parameters. There is a growing realization that
the cube crushing strength, for long the sole indicator of quality, is insufficient to ensure long-term durability for concrete as a
material and serviceability of a structure made from it. Other material factors should be explored with a view to establishing
whether meaningful additional information could be provided, and whether such information could be determined in a
manner which is commensurate with the application of concrete. Pore structure has long been recognized as strongly relating
to many, if not all, aspects of durability, and it is felt that some form of permeability test might be devised which would have
the necessary features. Of primary interest in a typical concrete structure is the surface region which protects the
reinforcement from corrosion and which is subject to penetration by oxygen, carbon dioxide and water.

1.1. NEED FOR PRESENT STUDY

Almost 90% of the constructions are made with Ordinary Portland cement (OPC) and typically the grade of concrete is in the

range 20-40 with water cement ratios in the range 0.35-0.65 and cement contents in the range 300-400 kg/m3. We must have
a thorough knowledge of the durability parameters of concretes with Water to cement (w/c) ratios and cement contents in
this range and their variation so that these issues can be addressed during mix design and the maintenance efforts will be
minimal to nil. The durability index results are required for concrete mix design, mix acceptance and onsite quality control.

1.2. OBJECTIVES

® To evaluate the water absorption, water absorptivity, oxygen permeability and chloride permeability of different grades of
concrete.

e To investigate the effect of water to cement ratio and cement content on the durability parameters and indices.
® To assess the link between compressive strength and durability parameters and indices.

1.3. SCOPE

The test methods selected for assessing the durability of concrete are Oxygen permeability test, Water sorptivity test, Surface
water permeability test, Rapid chloride permeability test and water absorption test and the study is based on laboratory
experimentation. Only three water cement ratios namely 0.35, 0.5 with constant cement content and 0.65 with three different
cement contents (300, 350 and 400 kg/m3) are used in this study. Commercially available 53 Grade OPC, locally available
aggregates, one grade of concrete and one set of chemical admixtures are used for the study and the properties of material are
assumed to be constant and the variability between different batches of material as well as the ambient conditions has not
been accounted for.

1.4 NEED FORSTUDY

There are a number of tests, based on a variety of mechanisms, which can be used for measurement of rates of fluid transport
through concrete. Air (or oxygen) permeability, water permeability, carbonation depth, chloride permeability, and/or
resistivity are often conducted to develop correlations among these characteristics. For a specific investigation, acceptable
correlations can usually be established. However, the correlations are dependent on the specific parameters involved in each
study and therefore cannot be generalized. Hence, correlations between different durability index tests for the different grades
of concrete are deemed necessary.

2. Experimental Investigations
2.1. MATERIALS USED

Concrete specimens for strength and durability studies were prepared using the mix design parameters described in the
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scope of the study. Three levels of w/c 0.35, 0.50 and 0.65 with constant cement content were studied and three

different cement contents of 300, 350, and 400 kg/m3 ataw/c of 0.65 were studied to find the effect of w/c and cement
content on the durability indices of concrete.

2.1.1 Cement

The cement used for the study was a 53 grade Ordinary Portland Cement (OPC) confirming to IS 12269 (1987).
The physical and mechanical characteristics of the cement used are given in Table 2.1.

Table 2.1 Properties of Cement

Characteristics 53 grade cement
[Fineness I:mz.-'kg) 316
Seting Time
1. Initial Set (min) 29
2. Final Set (min) 184
Consistency {(w/c) 0.32

Compressive Strength

A fter 3 davs (W[Pa) 401
1A frer 7 davs (W[Pa) 51.0
A frer 28 days (WPa) 743

2.2.2 Coarseand Fine Aggregates

The aggregate characteristics such as particle size distribution, water absorption, and specific gravity were
determined according to IS 2386 (1963) and the results are given in the following sections for 0-4.75 mm siliceous sand,
4.75-10 mm and 10-20 mm crushed granite gravel.

The sieve analysis was done according to IS 2386, 1963 (Method of test for aggregates for concrete, Part [ - Particle Size
and Shape). The results of the tests on fine and coarse aggregates are as shown if Fig.3.1 and 3.2. The sand has a fineness
modulus of 2.30 and is confirming to grading zone II of table 4 of IS 383, 1970 (Specification for coarse and fine
aggregates from natural sources for concrete).

The specific gravity and bulk density were determined for each aggregate according to IS 2386, 1963 (Method of test for
aggregates for concrete, Part III - Specific Gravity, Density, Voids, Absorption & Bulking). The specific gravity and bulk
density for 20 - 10 mm, 10 - 4.75 mm and 4.75 - 0 mm aggregates were 2.72 and 1580 kg/m3, 2.70 and 1540 kg/m3 and

2.62 and 1670 kg/m3 respectively. The summary of aggregate testresults is shown in Table 2.2

Table 2.2 Summary of Tests on Aggregates

Fine Aggrepate, 0-4.75 mm Coarse Aggregates
Test {conforming to zone 11 of
15 383-1970) 47510 mm | 10-20 mm
Specafic Graviy 3 b 210 262
Water Absorption (%) 1.5 0.5 0.4
Fineness Modulus 2.19 5.71 151
Bulk Density (kg'm’) 1580 1540 1570

The coefficient of water absorption was determined for each aggregate according to IS 2386, 1963 (Method of test for
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aggregates for concrete, Part Il - Specific Gravity, Density, Voids, Absorption & Bulking). The absorption coefficients for
20-10 mm, 10-4.75 mm and 4.75 mm aggregates were 0.4 %, 0.5% and 1.5% respectively.

2.3 MIXTURE PROPORTIONS

ACI method of mixture proportioning, namely, ACI 211.4R-99 is adopted as only a guide for arriving at the initial
mixture proportions. However the final proportions were arrived after several trial mixes. In this study, five control
mixtures, with water cement ratios of 0.35, 0.5 and 0.65, and with three cement contents, 300kg/m3, 350kg/m3 and

400kg/m3 were used. Appendix gives the mixture design procedure adopted for the present investigations, along with
the various steps involved in arriving at the quantities of the materials. The details of the mixture proportions for the
present study are given in Table 2.3.

Table 2.3 Mixture Proportions

A | wie Ctm:?l 'l."-'al:u:ﬁr A';gn:g:;tf Sami-IL (% By i']:iﬂ" of
(kgm’) | (kgm’) kgm’) (kgm’) cement)

M1 035 350 1225 1195 797 1%

M2 (085 350 | 2275 1011 708 Wil

ME | 0.50 50 175 1120 740 mil

M4 085 30) 193 1120 730 Wil

M5 (065 00 260 980 ] Nil

Glenium B233 is used as superplasticizer. Coarse aggregates were blended in the ratio 60: 40 of 20 and 10 mm sized
aggregates respectively. The moisture content of each batch of aggregates was determined before mixing, by using the
microwave method described in ASTM D 4643 (1987). The concrete was mixed in a pan type mixer having 60 litre
capacity and the mixing time for all the mixes was kept as 5 minutes. The mixer drum was made just wet condition by
wiping with a wet piece of sponge before the material is charged so that no water will draw from the mixing water for
wetting the surface of the drum. Coarse aggregate was charged to the mixer followed by cement and sand. Dry mixing
was done for one minute and 70% of the mixing water was added in the next 1.5 minutes. Then superplasticizer was
added (for w/c ratio 0.35 mix only) followed by the remaining water and mixed for 2 minutes. The cubes were demolded
after 24 hours and kept in curing tank containing water saturated with calcium hydroxide. Cubes were tested with a
loading rate of 0.25 MPa/second as per IS516 (1959).

3. EXPERIMENTAL ANALYSIS AND DISCUSSION OF TEST RESULTS

3.1.Strengthrelatedpropertiesofmixtures

73 0 308y
n O 7day
51 0 28day

Compressive strength (MPa)

03% -k}
water-cement ratio
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3.1.1. Compressive Strength

Table 3.1 Compressive strength results

Age of Testing | Average Cube Compressive Strength (MPa)
(Days) MI | MZ | M3 | ME | M5
3 52 15 25 12 19
T 61 20 32 17 24
28 73 i2 51 30 36

It is observed from the Table 3.1, for a cement content of 350kg/m3, 28 days compressive strength of the concrete
mixtures increased by 59% when the w/c was reduced from 0.650 to 0.50 and it is increased by 43% when the w/c was
reduced from 0.5 to 0.35. It concludes that there is higher strength gain when the w/c reduces from 0.65 to 0.50 than that
ofw/c0.50 to 0.35.

0 0 3day
@ 7day 30
Py
— s 43 m2sany
g 0
£
D
£
® 20
2
@w 15
v
3
10
E
©
O 3

350
Cement content (kg/m’)

Figure 3.2 Effect of cement content on compressive strength with wic fixed at 0.63

For aw/c of 0.65, the 28 days compressive strength of the concrete mixtures increased by 6%, when the cement content
was increased from 300kg/m3 to 350kg/m3, and it is increased by 12%, when the cement content was increased from
350kg/m3 to 400kg/m3. It concludes that there is higher strength gain when the cement content increases from
350kg/m3 to 400kg/m?3 as compared to increase from 300kg/m3 to 350kg/ms3.

It is seen that the compressive strength of concrete mixture M1 at different ages expressed as a fraction of its 28 days
compressive strength, increases from 71% at 3 days to 83% at 7 days. The corresponding values for M2, M3, M4 and M5
were 46%- 62%, 61%-63%, 40%-57% and 53%-67% at 3rd day and 7t day respectively. From this we can interpret
that at lower w/c ratios the strength gain at early ages of concrete is high.

Table 3.2 Rate of development of compressive strength of concrete mixtures

Mixture Designation | 0cy/Ccn | Oc/Ccar
Ml 1% 83%
M2 46% 62%
M3 61% 63%
M4 40% 57%
Ms 53% 67%

o¢3, 0c7 and oczgare the compressive strength of concrete mixes at 314 day, 7th day and 28t day.
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3.2. DURABILITY INDEX RELATED PROPERTIES
3.2.1. Oxygenpermeability Test

It is observed from the Table 3.3, for a cement content of 350kg/m3, the OPI values for the concrete mixture M1 are in
the range of 9.5-10, and is classified as “Good” according to durability class characterization chart prepared by Ronne
and Alexander (2002). For M2 and M3 mixtures the OPI values are less than 9.0 which are classified as “Very Poor”,
there is an increase in OPI values by 1.70% at 7 days and by 1.92% at 28 days when the w/c reduces from 0.65 to 0.50.
And there is an increase in OPI values by 6.03% at 7 days and by 6.54% at 28 days when the w/creduces from 0.50 to 0.35

Table 3.3 Oxygen permeability mdex values

Age of Testing Oxygen Permeability Index (log scale)
(Days) M1 | a2 | M3 | Ma | M5
7 9490 | 880 | 895 | 736 | 24
28 061 | 884 | 901 | 780 | 36

3.3.2. Water sorptivity Test

3.3.3 Surface Water Permeability Test

Table 3.4 Water sorptivity values

Age of Testmg | Water Somtivity (mmbe™)
Days) [MITM2M3| ME [
] 8.60(9.508.80]11.19]8.80
28 730 8.60 [ 7.90 [ 10.25 [ 7.87

-

Table 3.7 Surface water permeability values

Age of Testmg [ Permeability coefficient of surface concrete (m'sec)
(Days) Ml M2 M3 Md M)

] 2.60e-7 8.55¢-7 | 5.02e-07 | 12.23e-7] 6.60e-7

28 2.40e.7] 6.50e.7 | 4.53e.07 | 11,3971 3,71e.0]

Table 3.8 Rapid chlonide permeability test values

Age of lestmg | Charge passed, (Coulombs)
(Days) | MI| M2 | M3 | M4 | M

7 3200 | 6790 | 4390 | 6940 | 3230

28 2360 | 5660 | 4080 | 6300 | 4900
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3.3.4 Rapid Chloride Permeability Test

3.3.5 Water Absorption Test

Table 3.10 Water absorption values

Age of Testmg Water shsorption, (%)
(Lays) MI [ 02 [ M3 | A [ 05
7 401 | 588 | 416 | 5.67 [ 451
28 321 | 437 | 333 | 444 [ a2

4. CONCLUSIONS

The present chapter summarizes the observations made and conclusions drawn from the study of various durability
index parameters, study of effect water to cement ratio and cement content on durability indices. In this chapter the
conclusion followed by scope for further research.

4.2. CONCLUSIONS

The performance of five concrete mixtures are studied and the results can be concluded in the form of table

Table 4.1 Effect of wic on durability indices

Parcentagz Improvement comparad with the decreass in wic

Paramsters

— Comp. - Surfacs water Chlorida Water

Somtivity
Decrease strangth parmeability permeability | absorption
in wie

0.65-0.50 Low |Low | High Low Low Low
0.50-03% Hish | High Tow High High High

The ratings based on the relative comparison between two cases, (i) the decrease in w/c from 0.65 to 0.50 and (ii) the
decrease in w/c ratio from 0.50 to 0.35.

Table 4.2 Effect of cement content on durzbility mdices

Parcantage Improvemant comparad with tha inersase in camant contant
Paramaters
— Comp. - - Surfacs water Chlorids Water
Sprptivity

camant l strangth permeability | permaability | absorption

contant

(kg'm’)
I0t0 330 | Low | High| High High Low Low®
350to 400 | High | Low low Low High High*

* indicates 7 dave valuss only comparsd.

The ratings based on the relative comparison between two cases, (i) the increase in cement content from 300 to
350kg/m3 and (ii) the increase in cement content from 350 to 4-00kg/m3.
The performance of five concrete mixtures are studied and the results can be concluded as

> Water to cement ratio affect the properties of the durability of concrete to a significant degree.

> There is higher strength gain when the w/c reduces from 0.65 to 0.50 than thatofw/c0.50 to 0.35.
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> It is observed that there is higher strength gain when the cement contentincreases from 350kg/m3 to 400kg/m3
as compared to increase from 300kg/m3to 350kg/m3.

> It was observed that at lower w/c ratios the strength gain at early ages of concrete is high.

\l

Up to a w/c of 0.50, there is a marginal difference in OPI values, beyond which a considerableincreaseis observed.

> At higher w/c (0.65) and at higher cement contents, there is a marginal difference in OPI values, which may be do to
higher rate of hydration.

> Shows that the Age of curing has a significant effect on the permeability ofconcrete.

> There is no significant difference in water sorptivity values from 7 day to 28 day results when w/c reducing form 065
to 0.50

> The effect of cement content on water sorptivity is significant up to 350kg/m3 beyond which amarginalimprovement
insorptivity values.

> There is no effect of w/c on the surface water permeability values. But the cement content has an effect on the surface
water permeability as cement content increases the permeability values are decreasing.

> There is not much variation in chloride permeability values from 7 days to 28 days when the w/c decreases from
0.65 to 0.50

> The effect of w/c ratio on water absorption is significant when the w/c ratioincreasesbeyond 0.50.

> The effect of cement content on the water absorption values are significant as the cement content increases
there is a considerable decrease in water absorption.

> There is a linear relationship between the compressive strength and oxygen permeability index values.

A\

The transport of chloride ions into concrete is a complicated, multi- mechanistic phenomenon.

> It was observed that a linear relationship exist between the Total charge passed (chloride permeability) and the
compressive strength.

> It can also be inferred that the OPI values increase with the increase in the cement content from 300-350kg/m?3 and
thereafter only a marginal increase is there with increase in cement content.

> It was observed from the correlation between the compressive strength and water sorptivity, that the model is not
fitted with the actual values at 28day of curing, while 7 days of curing the model seems to be well fitted.

> It was observed that the model is well fitted to the actual values. It can also be observed that for constant cement
content and varying w/c, a linear relationship exists between compressive strength and Surface water Permeability
values for both 7 and 28 days curves.

> The correlation analysis between compressive strength and  surface water permeability showed that model is not
fitted with the actual values at 28day of curing, while 7 days of curing the model seems to be well fitted, when the
cement content varying with a constant w/c.

> The correlation analysis between compressive strength and total charge passed showed that for constant cement
content and varying w/c, a linear relationship exists between compressive strength and total charge passed for both
7 and 28 days curves.
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> A linear relationship between the compressive strength and water absorption exist for both 7 and 28 days

curves. It can also be inferred that for the increase in the cement content there is decrease in the water absorption
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