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Abstract. Conventional curing of structural concrete requires substantial vol-

umes of potable water, creating sustainability concerns in water-scarce regions 

such as Mumbai Metropolitan Region (MMR). The continued reliance on such 

water intensive practices conflicts with the objectives of resource efficiency and 

urban resilience. Self-Curing (Internally Cured) concrete has emerged as an in-

novative alternative, capable of reducing external water demand during hydra-

tion. Its application directly contributes to sustainable development goals, par-

ticularly in water conservation and construction sustainability. 

To assess professional perceptions, a structured questionnaire survey was 

designed targeting civil engineering practitioners. The instrument was circulat-

ed among professionals working within the MMR. A total of 105 valid respons-

es were received, encompassing 15 multiple choice questions on awareness, ap-

plicability, and perceived benefits of Self-Curing concrete. The data set reflects 

the perspectives of practicing engineers engaged in diverse infrastructure pro-

jects across MMR. Further, M30 grade concrete mix was prepared. A set of 3 

cubes (150 mm x 150 mm x 150 mm) was placed under water for 28 days’ cur-

ing; three sets, each having 3 cubes with 0.3%, 0.4% and 0.5% dosages of Self-

Curing additive Super Absorbent Polymer (SAP) were placed in an open air to 

self-cure.  

Survey analysis revealed that over 95% of respondents strongly supported 

the inclusion of Self-Curing concrete in municipal and national codes. Re-

spondents also emphasized its potential role in achieving sustainable infrastruc-

ture and smart city initiatives. The findings highlight a clear professional con-

sensus on the necessity of adopting Self-Curing concrete in Indian construction 

practice. It is recommended that policy makers and municipal authorities inte-

grate Self-Curing concrete into codes and guidelines to promote long term sus-

tainability in urban infrastructure. 28 days’ compressive strength test results on 

M30 grade concrete revealed that the SAP-incorporated samples exhibited 

strength on par with the water-cured sample.  
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1 Introduction

Concrete, the most widely used construction material, demands proper curing to
ensure hydration of cementitious phases and development of strength and durability.
The Indian Standard IS 6461-Part VII defines curing as the maintenance of adequate
moisture and temperature in freshly placed concrete for a specified period to achieve
satisfactory hydration and hardening [1]. Conventional curing methods such as pond-
ing, spraying, or covering with wet hessian are effective in principle but often imprac-
tical in large scale or resource constrained projects. They are labor-intensive, water-
intensive and frequently neglected on site leading to compromised concrete quality
[2–4].

1.1 Limitations of Conventional Curing Methods
Traditional curing practices such as ponding, spraying or covering with wet burlap

are widely used for structural elements including slabs, beams, columns and founda-
tions. However, these methods require large volumes of water and are often imprac-
tical in regions facing potable water shortages or in remote project locations. Their
efficiency is particularly limited in high performance concretes (HPCs) with low wa-
ter/cement ratios. In practice, external curing in India is further constrained by labor
dependence, inconsistent application and lack of awareness. While inadequate curing
duration leads to insufficient hydration, over-curing wastes water through evaporation
and runoff.

The effectiveness of external curing largely depends on the permeability of con-
crete in the early hydration stages. Within 2–3 days, hydration products begin to block
the capillary pore network, restricting water penetration and limiting continued hy-
dration. Consequently, external curing often fails to protect the surface zone beyond
30–50 mm under normal exposure, reducing strength and durability [5]. Thick mem-
bers remain vulnerable to thermal cracking, while concretes with water/cement ratios
< 0.35 are prone to chemical shrinkage, self-desiccation and autogenous shrinkage
that external curing cannot mitigate [6]. Surface applied curing compounds can slow
evaporation but provide no additional water to sustain hydration, making them inef-
fective for shrinkage control in low water/cement systems. Furthermore, their mem-
brane forming action interferes with surface finishing and bonding treatments, further
limiting performance [7].

These limitations underline a critical research gap: conventional external curing
methods cannot simultaneously address water scarcity, durability and microstructural
challenges of modern concretes. This necessitates alternative strategy such as Self-
Curing (Internal Curing), which provides a more sustainable and technically reliable
approach.

1.2 Water Shortage v/s Huge Water Consumption for Concrete Curing
For the production of 1 m³ of hardened concrete, nearly 3 m³ of water is typically

required, with curing constituting the major share of this demand [8]. Such intensive
consumption, combined with competing human needs, has contributed to ecological
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imbalance and increasing stress on water resources. Recognizing this, the National
Water Mission under the National Action Plan on Climate Change (NAPCC) has set a
target of enhancing water-use efficiency by 20% across the sectors [9].

In conventional practices, water demand for curing varies with the technique and
environmental exposure. Ponding generally consumes about 5 L/m²/day, while wet
hessian covering requires approximately 3 L/m²/day [10]. Considering an average
value of 4 L/m²/day and a typical curing duration of 3–5 days, the total water require-
ment for curing amounts to 12–20 L/m² of concrete surface [10]. At the national scale,
construction growth projections indicate nearly 30 billion m² of urban built-up area by
2040, with an estimated annual addition of 1.5 billion m² as per India Energy Out-
look-2021 [11]. Assuming concrete as the primary construction material, this trans-
lates to an annual curing water demand of approximately 18–30 billion litres up to
2040.

These estimates highlight the unsustainable scale of water consumption associated
with conventional curing, underscoring the urgent need for alternative strategies to
reduce water usage while ensuring durability and performance of concrete structures.
Water scarcity in rapidly urbanizing regions has forced several communities to rely
on alternative sources of supply. Frequent disruptions in municipal distribution have
led to reliance on tanker based delivery [12], as illustrated in Fig. 1.

Fig. 1. Tanker water supply in Kharghar, Navi Mumbai amid municipal shortage [12]

News report further underscores the severity of the situation; for example, the Hin-
dustan Times (April 02, 2025) highlighted demands by Kharghar housing societies to
halt new projects due to acute shortages in municipal water supply [12]. Paradoxi-
cally, while residents struggle for essential water, enormous quantities continue to be
consumed in construction, particularly for concrete curing. The magnitude of this
utilization is depicted in Fig. 2, emphasizing the urgent need to adopt water-efficient
curing strategies.
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Fig. 2. Image depicting enormous water requirement associated with conventional concrete
curing

1.3 Self-Curing Concrete or Internally-Cured Concrete
Cement hydration strongly depends on internal moisture. When pore relative hu-

midity (RH) falls below 80%, hydration slows and below 30%, it almost stops [13],
resulting in insufficient calcium silicate hydrate (C–S–H) formation [14]. Self-Curing
offers an effective solution, particularly in low water/cement ratio concretes where
chemical shrinkage and low permeability limit external curing. SAP, cross-linked
hydrogel that absorbs and gradually releases water, is widely used to sustain internal
humidity [13]. Shrinkage Reducing Admixtures (SRAs) such as acrylic acid, paraffin
wax, polyvinyl alcohol, polyethylene glycol and propylene glycol are also employed.
Added as a proportion of cement mass, SRAs lower the surface tension of pore water,
reducing its chemical potential and vapor pressure, which in turn decreases evapo-
ration and promotes continuous hydration [15, 16].

Alternatively, prewetted lightweight aggregates (LWAs) such as expanded clay,
sintered fly ash, perlite, pumice, and expanded shale can serve as internal reservoirs.
Incorporated as partial volumetric replacements of fine or coarse aggregates, they
desorb water gradually, sustaining the hydration process [15]. Self-Curing through
these mechanisms effectively mitigates self-desiccation, autogenous shrinkage,
shrinkage induced cracking, plastic shrinkage cracking and excessive water absorp-
tion [17]. The benefits are especially pronounced in arid regions, where elevated tem-
peratures and low RH would otherwise demand large volumes of curing water and
extended curing durations due to accelerated evaporation [18]. Self-Curing saves
considerable water quantity, leading to a sustainable development. Water penetration
depth is influenced by concrete quality and age in case of external curing. On the
contrary, Self-Curing facilitates in uniform water distribution throughout the concrete
mass (see Fig. 3) [19].
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Fig. 3. Difference between external curing and Self-Curing

On MMR construction sites, early age external water curing is a problematic issue
owing to the lack of awareness among labors or other inevitable conditions [20]. Cli-
matic and geomorphological factors significantly influence concrete strength, as high
temperatures accelerate moisture loss and hinder proper hydration, while cold con-
ditions can slow the setting mechanism and cause early age cracking. Local soil
chemistry such as sulphate rich or saline environments may chemically attack con-
crete and weaken its long term performance [3]. Additionally, using hard water for
external curing with excessive chlorides, sulphates, or magnesium can interfere with
cement hydration and reduce strength development [21].

1.4 Role of Self-Curing Concrete for Sustainable Infrastructure Development
Rapid urbanization, compounded by climate change, population density and resource
depletion is exerting unprecedented pressure on modern infrastructure. To meet the
demands of sustainable urban development, construction practices must advance to-
ward efficiency, durability and environmental sustainability. Self-Curing concrete
emerges as a viable and sustainable alternative to conventional curing, offering sig-
nificant benefits for future projects within the MMR, including high rise buildings,
precast elements, smart pavements, urban mobility corridors, data centers, hospitals,
tunnels and deep foundations. Its adoption directly contributes to sustainability in the
following ways:

Water Conservation

Challenge. Conventional curing consumes large quantities of potable water, partic-
ularly in large scale projects.

Solution. Self-Curing concrete reduces or eliminates the need for external curing.
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Impact. Conservation of water resources, a critical concern in water-stressed urban
contexts.

Durability and Service Life

Improved Hydration. Self-Curing ensures continuous cement hydration, especially in
HPCs.

Reduced Cracking. It minimizes shrinkage and thermal cracking, leading to fewer
repairs and extended service life.

Impact. Long lasting structures, lower maintenance demands and reduced resource
consumption over time.

Construction Efficiency

No External Curing. Self-Curing eliminates labor-intensive curing practices.

Adaptability. It is highly effective for vertical and inaccessible construction sites.

Impact. Streamlined project execution, cost efficiency and improved construction
timelines.

Carbon Footprint Reduction

Extended Lifespan: Reduced maintenance lowers embodied carbon throughout the
structure’s life cycle.

Material Optimization: Enhanced performance enables optimized mix designs with
reduced cement content, lowering CO₂ emissions.

Impact: Tangible contribution toward climate change mitigation.

Enhanced Performance in Smart Infrastructure

Structural Integrity: Self-Curing promotes uniform strength development.

IoT Integration: It supports the reliability of sensor-based, data-driven monitoring
systems.

Impact: This enables robust infrastructure compatible with smart city initiatives.

Green Building Compliance
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Certification Support: It contributes credits under IGBC, LEED and BREEAM cat-
egories, including water efficiency, material optimization and innovation.

Impact: It facilitates certified green buildings, aligning with sustainable and smart
infrastructure mandates.

2 Methodology

A structured online survey was conducted using Google Forms to capture the per-
ceptions and practices of civil engineers regarding concrete curing methods in the
MMR. The survey targeted professionals from contracting firms, consulting organi-
zations, client organizations, RMC plants, government establishments, builders and
other stakeholders such as BIM consultants and project management professionals.
Respondents’ work experience ranged from 1 to over 10 years, ensuring representa-
tion across experience levels.

The survey comprised 15 questions addressing conventional curing practices, dura-
tion and quality of curing, feasibility challenges, awareness and adoption of Self-Cur-
ing concrete, perceived benefits, barriers and its potential role in sustainable urban
development and smart city initiatives. Responses were collected and analyzed quan-
titatively, with results presented through figures and tables to identify trends, pref-
erences and key barriers to adoption of Self-Curing concrete in MMR infrastructure
projects.

Concrete mix design for M30 grade concrete was carried out as per Indian Stan-
dard codes [21, 22]. The target strength, considering risk factor and standard deviation
[22], after 28 days’ curing was fixed at 38.25 N/mm2. Mix proportions per m3 were:
Ordinary Portland Cement 53 Grade- 345 kg, fine aggregates – 820 kg, coarse aggre-
gates: 20 mm- 600 kg, 10 mm- 600 kg, mixing water-155 liters. The SAP dosages
were 0.3%, 0.4% and 0.5% by mass of cement. The 28 days’ density and compres-
sive strength values of a set of 3 water-cured cube specimens and three sets of air-
cured Self-Curing cube smaples were determined, after the experimental work.

2.1 Distribution of Survey Respondents by Sector and Experience

The responses received from the engineers in contracting firms were 33 (31.42%);
that from consulting firm were 26 (24.76%); that from client organization were 13
(12.38%); that from RMC plant were 8 (7.62%); that from Government establish-
ments were 5 (4.76%); that from builder firms were 12(11.43%) and 7 (6.67%) re-
sponded from “others” category like BIM consultant, EPC contractor, precast man-
ufacturer, project management consultant, trust and engineering college faculty prac-
ticing in the field (see Fig. 4).
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Fig. 4. Type of organization

Fig. 5.Work experience (years)

It can be seen from fig. 5 that more than half of the respondents had an experience
ranging between 1 and 5 years.

3 Results and Discussion

The following analysis presents the insights obtained from engineers regarding
their current curing practices, perceptions of feasibility in urban environments and
awareness of emerging sustainable techniques. It also highlights the perceived ben-
efits, barriers to adoption and the potential role of Self-Curing concrete in achieving
long term sustainability goals and smart city infrastructure development.

3.1 Google Form Survey Analysis

The following section presents the survey questions along with the corresponding
analysis of respondents’ answers.
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Q. (1) What is the most commonly used method of curing on your construction
sites?

Fig. 6.Method of curing

Fig. 6 shows the preferred methods of curing on the constructions sites. Except the
application of curing compounds, all the methods consume huge amount of water.

Q. (2) How long is concrete typically cured at your sites?

Fig. 7. Curing period

More than half the engineers conveyed 7 to 14 days of curing (see Fig 7). This cur-
ing period is quite acceptable. Curing less than a week is highly undesirable. Though
curing for more time period enhances the concrete properties, huge water consump-
tion is a significant factor leading to unsustainable practice in terms of water conser-
vation.

Q. (3) Which factors make traditional curing methods less feasible in densely
populated urban areas like MMR? (Choose all that apply).
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60% engineers admitted that time constraint on fast paced projects make conven-
tional curing techniques less feasible. Table 1 gives the self-explanatory details.

Table 1. Factors Affecting Feasibility of Traditional Curing Methods in MMR.

Sr. No. Factors Respondents (%)
1 Water scarcity 54.3
2 Space constraint for curing set up 44.8
3 Environmental regulations on water use 24.8
4 Time constraint on fast-paced projects 60
5 Difficulty in supervision/quality control 43.8
6 Delays due to curing time 41
7 Higher labor cost 19

Q. (4) How often is curing quality compromised (got affected badly) due to site
limitations?

Fig. 8. Compromised curing quality due to site limitations

30.5% and 35.2% respondents, respectively, had an opinion that curing quality was
compromised very frequently and occasionally.

Q. (5) Does the construction industry need better alternatives to conventional
curing methods for high rise and urban infrastructure projects?

46.7% engineers felt an urgent need of better alternatives to traditional curing
methods. However, 50.5% respondents thought that there is a need, but current curing
methods are still adequate. One professional thought that conventional curing is suf-
ficient; whereas, not sure was the response by two engineers (see Fig. 9).
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Fig. 9. Need of alternative curing methods

Q. (6) Are you familiar with the concept of Self-Curing (Internally-Cured) con-
crete?

Fig. 10. Familiarity with Self-Curing Concrete

More than half of the engineers had some basic understanding about the concept of
Self-Curing (see Fig. 10)

Q. (7) In your opinion, what are the main benefits of Self-Curing con-
crete? (Choose all that apply).

Table 2.Main Benefits of Self-Curing Concrete.

Sr. No. Factors Respondents (%)
1 Water conservation 69.5
2 Reduced labor and time 71.4%
3 Improved durability 55.2
4 Improved hydration in inaccessible areas 61.9
5 Lower maintenance requirements 41
6 No idea 3.8%
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71.4% respondents felt that reduced labor and time is the main benefit of Self-Cur-
ing concrete; followed by 69.5% engineers admitting that water conservation is a
major benefit (see Table 2).

Q. (8) Have you ever used or specified Self-Curing concrete in any of your
projects?

Fig. 11. Use of Self-Curing concrete

53.3% engineers have never used Self-Curing concrete, but they are planning to
use it in future. 5 engineers (4.8%) are using it regularly (see Fig. 11). It’s a small
number. It needs to be practiced on a considerably large scale.

Q. (9) What are the main barriers for adopting Self-Curing concrete in MMR
projects? (Choose all that apply).

Table 3.Main Barriers for Adopting Self-Curing Concrete in MMR Projects

Sr. No. Factors Respondents (%)
1 Lack of awareness 69.5
2 Higher initial cost 42.9
3 Limited availability of Self-Curing additives 35.2
4 Lack of skilled labor or technical know-how 46.7
5 Resistance to change 35.2
6 Not approved in standard code 30.5
7 No perceived advantage over conventional methods 12.4

Lack of awareness is the main barrier to adopt Self-Curing concrete as per 69.5%
engineers (Table 3).
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Q. (10) Which sustainability goal Self-Curing concrete supports the most?

Fig. 12. Sustainability goal supported by Self-Curing concrete

Nearly half of the engineers felt that adopting the Self-Curing concrete results
mainly in water saving. This shows that the respondents are aware of the major con-
tribution of Self-Curing concrete (see Fig 12).

Q. (11) If given regulatory or financial incentives, would you consider adopting
Self-Curing concrete in your projects?

Fig. 13. Adoption of Self-Curing concrete

Half of the civil engineers would be definitely adopting Self-Curing concrete for
their projects. This is a desirable mind set towards adopting a sustainable building
technique for future urban infrastructure.
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Q. (12) Are clients or project owners conscious about sustainable concrete prac-
tices (e.g., water saving, green materials, etc.)?

Fig. 14. Consciousness about sustainable concrete practices

Only 13.3% respondents admitted clients or project owners being very pro-actively
conscious about sustainable concrete practices. It is expected that all the owners and
clients should be aware about these practices (see Fig. 14).

Q. (13) Do you feel that Self-Curing concrete should be included in municipal or
national codes (e.g., Indian Standard Codes)?

Fig. 15. Need of Inclusion of Self-Curing Concrete in Standard Codes

31.4% people felt that there is an urgent need of including Self-Curing concrete in
codes. However, 64.8% thought that there is a need of inclusion, but after more test-
ing. Negligibly few responded with “No need” and “Not sure” (see Fig. 15).

Q. (14) Do you believe that integrating Self-Curing concrete can help achieve
smart city infrastructure goals?

56.2% engineers believed that integrating Self-Curing concrete would definitely
help to achieve smart infrastructure goals; whereas, 36.2% thought that it would help
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to some extent. Overall, it shows a positive perception of civil engineering fraternity
about adopting Self-Curing concrete in MMR (see Fig. 16).

Fig. 16. Usefulness of Self-Curing concrete to achieve smart city infrastructure goals

Q. (15) How important is it for MMR to adopt advanced technique like Self-Cur-
ing concrete for sustainable urban development? (1- not important and 5- ex-
tremely important).

Fig. 17. Importance of Self-Curing concrete for sustainable urban development of MMR

99 engineers (94.3%) thought that it is important to adopt Self-Curing concrete for
sustainable urban development in MMR. Out of this, 38.1% felt it to be extremely
important. This is a positive sign towards achieving sustainability goal (see Fig. 17).

The 28 days’ average denisty value of 3 cube specimens of a water-cured sample
was 2480 kg/m3; while that of Self-Cured samples were 2483 kg/m3, 2488 kg/m3 and
2493 kg/m3, respectively for 0.3%, 0.4% and 0.5% SAP dosages, indicating that the
Self-Cured samples could develop denisty on par with the water-cured sample, with-
out any external curing. 28 days’ average compressive strength value for water-cured
sample was 40.56 N/mm2 and that for the Self-Cured samples were 40.97 N/mm2,
41.83 N/mm2 and 42.82 N/mm2, respectively, for 0.3%, 0.4% and 0.5% SAP dosages.
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Strength values of SAP-incorporated samples were more than that of water-cured
sample. This underlined the advantage of Self-Curing over the conventional curing in
gaining the adequate strength, apart from huge saving of curing water.

4 Conclusion

Civil engineering professionals are well aware about the various factors which
make conventional curing techniques non-feasible in MMR. They are also aware
about the site limitations affecting the curing quality badly. They agree upon the fact
that the construction sector needs better curing alternatives. They realize the signif-
icant benefits of adopting Self-Curing concrete. Many of them are planning to use
Self-Curing concrete in future. Majority of them think that lack of awareness is a
main barrier for adopting Self-Curing concrete in MMR projects. For majority of
them, water saving is a main sustainability goal attained through practicing Self-Cur-
ing. They showed strong desire to adopt Self-Curing techniques in their projects. The
clients and project owners are not very much aware about the sustainable concreting
approaches. More than 95% engineers expressed a need of including Self-Curing
concrete in municipal or national codes. Most of the professionals perceive Internally-
Cured concrete as a step towards attaining smart city infrastructure goals; moreover,
they feel it is vital and essential to adopt Self-Curing concrete for sustainable urban
development in MMR.

Self-Curing concrete aligns perfectly with sustainable and resilient smart city
goals. Through conserving water, improving density and strength, suppressing emis-
sions and encouraging efficient construction, it provides a future solution for urban
infrastructure. As cities evolve to become smarter and more sustainable, Self-Curing
concrete plays a key role in building durable, resource-efficient foundations of future
urban ecosystems. Its integration into sustainable construction practices would align
with global endeavors to tackle climate change and promote a circular economy. Civil
engineering professionals of MMR perceive Self-Curing concrete as a sustainable
building technique and they exhibit a potential to adopt it for the future urban infra-
structure.

Acknowledgment. My sincere thanks to all the respondents who filled in their gen-
uine feedback about Self-Curing Concrete and provided valuable insights for prepar-
ing this paper.
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