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Abstract

Durable concrete refers to a type of concrete that can effectively resist weathering over a prolonged
period, maintaining its structural integrity and functionality. Weathering actions include physical,
chemical, and environmental factors, such as temperature variations, freeze-thaw cycles, moisture
ingress, and exposure to aggressive chemicals. Concrete durability is critical for ensuring the long-
term performance and safety of structures. Rainwater, when mixed with air, often contains dissolved
gases and chemicals that can penetrate the pores of concrete. This penetration can lead to chemical
reactions with the constituents of concrete, causing disintegration and reducing the material’s
strength. The exposed surface of concrete is particularly vulnerable to such damage, especially when
it is subjected to prolonged exposure to rainwater. Moreover, waterlogging on roofs, due to
inadequate drainage, exacerbates the problem by allowing water to penetrate deeper into the
structure, potentially compromising its integrity. To ensure durability, concrete must possess low
water absorption properties. High water absorption indicates the presence of voids, making the
material more porous and susceptible to damage. Porosity not only reduces strength but also
accelerates degradation, particularly when exposed to cyclical wetting and drying conditions.
Implementing measures, such as using supplementary cementitious materials, proper mix design, and
adequate curing techniques can significantly enhance the durability of concrete. Durability also
involves protecting embedded reinforcement from corrosion. This is achieved by providing sufficient
cover to steel reinforcements, preventing water and oxygen from reaching the steel. For instance, a
steel cover of 40 mm is adequate to protect against a penetration depth of 30 mm. In addition to
material improvements, proper maintenance and drainage systems are essential to prevent
waterlogging and related structural issues. In summary, durable concrete is a cornerstone of
sustainable construction, resisting environmental challenges and ensuring the longevity of
infrastructure.
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INTRODUCTION

The durability of concrete is intrinsically linked to its water absorption characteristics, which play a
crucial role in determining the material’s long-term
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accelerates the deterioration process, compromising the overall lifespan of the structure. Concrete that
absorbs significant amounts of water is more prone to physical and chemical weathering, as water can
carry aggressive substances into the concrete matrix. When moisture enters the material, it can lead to
expansion, contraction, and the formation of cracks, which in turn allows more moisture to penetrate.
This cyclic process weakens the concrete and may result in complete disintegration if not adequately
addressed.

Durability is paramount for ensuring that concrete structures can withstand the environmental and
chemical challenges they will face over an extended period. Concrete exposed to fluctuating
temperatures, freeze-thaw cycles, or chemical pollutants must possess qualities that prevent water
ingress and the associated damage it causes. Proper material selection is vital, as choosing high-
guality cementitious materials, aggregates, and admixtures helps in minimizing porosity. In addition
to this, achieving the right mix design is essential to balance workability, strength, and durability
while also reducing the likelihood of excessive water absorption.

Adequate curing methods are also fundamental in ensuring concrete’s durability. Curing allows the
concrete to maintain optimal moisture content during the early stages of its setting process, helping to
enhance its strength and reduce permeability. Without proper curing, concrete may develop
microcracks or fail to achieve the desired hydration, leading to poor durability [1-4].

Additionally, understanding the complex interaction between water, air, and the component of
concrete is essential for designing mixtures resistant to weathering and deterioration. By evaluating
these interactions, engineers can design concrete that resists the penetration of harmful agents, such as
salts, acids, and moisture, thereby improving the material’s ability to endure environmental stresses
over its expected service life.

In summary, ensuring the durability of concrete requires careful attention to its water absorption
characteristics, mix design, material selection, and curing practices. Concrete that resists water ingress
and minimizes porosity is better equipped to withstand the challenges posed by environmental and
chemical factors, thereby ensuring the structure’s longevity and safety [5-7].

RESULTS & DISCUSSION

Water absorption is a pivotal parameter in assessing the durability of concrete structures.
Concrete’s ability to resist water penetration directly influences its longevity, structural integrity, and
overall performance. Ideally, the water absorption rate of concrete should remain below 2%, as this
ensures that the material is sufficiently dense and less permeable. When water absorption exceeds this
threshold, the concrete becomes more vulnerable to various forms of degradation, including cracking,
spalling, and corrosion of embedded reinforcement. If water absorption reaches higher levels, for
example, up to 5%, the depth of water penetration into the concrete can become significant enough to
compromise the material’s structural integrity. This penetration can lead to the accumulation of water
within the pores of the concrete, accelerating chemical reactions that result in material degradation [8—
10].

For instance, consider a beam with a depth of 600 mm. If the water absorption is high, it can cause
water to penetrate deeply into the concrete, potentially reaching depths of up to 30 mm. This level of
penetration can be detrimental, as it increases the likelihood of damaging the reinforcement steel
embedded within the concrete. To counter this, a protective steel cover of 40 mm is typically
provided. This cover ensures that the steel is shielded from the harmful effects of water and its
associated elements. The depth of the steel cover exceeds the potential water penetration depth,
effectively safeguarding the embedded steel from corrosion and rusting, which would otherwise
weaken the concrete structure and reduce its overall lifespan [11-13].
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Concrete structures exposed to prolonged waterlogging are particularly vulnerable to these risks.
For example, in the case of a building roof, if water accumulates due to inadequate drainage, it can
create a stagnant pool of water on the roof. If the water reaches a depth of 0.5 m and remains there for
an extended period, the prolonged exposure to moisture can result in the deterioration of the concrete.
The constant saturation of the material promotes the infiltration of water, which, over time, may
weaken the concrete and lead to the corrosion of the reinforcement steel. Moreover, stagnant water
can contribute to the growth of molds, algae, or other biological organisms, which further degrade the
material and potentially pose health risks [14, 15].

To mitigate these risks, ensuring proper drainage design and maintenance is crucial. Effective
drainage systems can prevent the accumulation of water on surfaces, such as roofs, slabs, and walls,
minimizing the chances of waterlogging. Regular maintenance of these drainage systems is equally
important to ensure they remain free from blockages and function as intended. By addressing drainage
issues proactively, it is possible to reduce the likelihood of water infiltration and prevent long-term
damage to the structure. Durability can also be enhanced by:

e Reducing porosity: Using low water-cement ratios and supplementary cementitious materials

like fly ash or silica fume.

e Improving compaction: Proper compaction during casting ensures fewer voids.

e Curing practices: Adequate curing improves the hydration process, resulting in denser and

more durable concrete.

o Surface treatments: Applying water-repellent coatings or sealants can further protect exposed

surfaces from moisture ingress.

o Water absorption of concrete should be less than 2%. If it is more suppose 5% depth of

penetration of water into the exposed surface of concrete 1100 x 600 = 30mm where 600 is depth

of beam. Hence, we provide covers of steel 40 mm. 40 mm > 30 mm (Depth of penetration of
water) hence no rusting of steel takes place.

If water logging on top of roof = 0.5 m due to no proper drainage.

For soil water absorption is 16% & for this case depth of penetration of water 0.6 times depth of

water logging taken for

0.6 . 0.6 x 2
1% - To 2% (Water absorption of concrete — X2 =

16
0.75 times depth of water logging on top of roof water hence penetration of water 0.75 x 0.5 (depth
of water logging) = 37.5 mm

If cover 40 mm > 37.5 mm no rusting of steel in the slab.

For depth of beam 30 mm will be in saturated state taking 5% water absorption of concrete (i.e.,

% x 600 = 30 mm 600 mm = depth of beam.

e In saturated state strength reduced by 50%. If M25 grade concrete is used its strength for 30
mm depth of beam will be 12.5 N/mm? for dry state (depth 600-30) = 570 mm will have 25
N/mm?

25 +12.5

Hence average strength = = 18.75 N/mm?

e Hence due to weathering action the concrete will have less strength. For top of roof (for water
logging 0.5 m) depth of penetration of water 37.5 mm.

Water absorption of concrete if 5% hence in saturated condition % x 120 = 6 mm depth of slab
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will be in saturated state strength is reduced by 50%, i.e., 125 N/mm? for 6 mm & depth of
penetration is 37.5 mm hence 37.5 — 6 = 31.5 mm will be in moist condition for which strength is
reduced by 25%. Hence strength of concrete for 31.5 mm depth of slab reduction in strength

25 ) 95-6.25 N /mm?
100

reduction in strength hence for moist state strength = 25 — 6.25 = 18.75 N/mm?
& rest depth of slab will be in dry state, i.e., [(120 — (6 + 31.5)] = 82.5 mm depth will be in dry
condition for that strength 25 N/mm?,

Hence, the average strength of concrete of slab. = w = 18.75 N/mm?

e Hence due to penetration of water there is a reduction in strength suppose 150 mm depth of
structure & 2% water absorption.

Hence,i x 150 = 3 mm
100

For 3 mm = 50% reduction in strength for saturated condition.
1mm= ?

50 x 3

Suppose for 17 mm depth of saturation = x% reduction factor taken because in saturated

state reduction 50% is limited it will be no more than 50% i.e. 3 mm fully saturated hence 50%

reduction for 17 m = 501’7‘ > = 8.82% reduction, i.e., for 3 mm & 17 mm depth reduction 50% will

not be taken, i.e., according to depth of penetration percentage of reduction is taken. For 3 mm & 17
mm not same reduction 50% taken.

CONCLUSIONS

It is imperative to provide adequate cover for the steel reinforcement in concrete structures to
prevent the occurrence of rusting and corrosion. When steel is exposed to moisture or water, it reacts
with oxygen and forms rust, which significantly weakens the material and compromises the structural
integrity of the entire structure. Without proper cover, water can easily penetrate the concrete surface,
leading to the corrosion of the embedded steel reinforcement. This corrosion process is detrimental, as
the expanding rust occupies more volume than the original steel, creating internal stresses that can
result in cracks and spalling of the concrete. Over time, this reduces the overall strength of the
structure and may lead to significant damage that requires costly repairs or even complete
replacement of affected parts.

To prevent such issues, it is essential to ensure that the steel reinforcement is adequately covered
with concrete, providing a protective barrier against the ingress of water, oxygen, and other harmful
elements. The thickness of this cover is critical, as it acts as a shield to protect the steel from
corrosion. A sufficient cover depth, typically recommended to be around 40 mm, is necessary to
maintain this protective layer and effectively safeguard the steel. This precautionary measure helps
enhance the longevity of the structure, ensuring that the reinforcement remains unaffected by
environmental factors and contributing to the overall durability of the concrete.

In conclusion, the provision of adequate cover for steel reinforcements is a fundamental aspect of
ensuring the long-term durability and stability of concrete structures. Properly protected steel remains
free from corrosion, thereby preserving the integrity and safety of the structure over time. This
measure not only helps in preventing rusting but also contributes to the sustainability and resilience of
the built environment.
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