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. ABSTRACT:

PROJECT TITLE: BIOCONCRETE WITH PLANT EXTRACT - A
SUSTAINABLE APPROACH FOR SELF-HEALING CONCRETE

By M.H. ASMAA

MOUNT HIRA MATRICULATION SCHOOL

Concrete is one of the most widely used construction materials due to its strength,
durability, and versatility. However, cracks caused by shrinkage, load, or environmental factors
reduce its lifespan and increase maintenance costs. Traditional repair methods are often
expensive and provide only temporary solutions. Bioconcrete, a self-healing concrete, offers a
sustainable and cost-effective alternative by utilizing natural processes to repair cracks
automatically.
This project explores the use of plant extracts as a bio-agent in concrete to enhance its self-
healing properties. Plant extracts contain organic compounds that can stimulate the formation of
calcium carbonate, which fills cracks and prevents water and chemical infiltration. By
incorporating these natural extracts into concrete mixtures, we aim to improve mechanical
properties, durability, and longevity, while reducing environmental impact compared to
conventional repair methods.

The study involves preparing concrete samples with different concentrations of plant
extracts, monitoring crack formation under controlled conditions, and evaluating their healing
efficiency through visual inspection, compressive strength tests, and durability assessments. The
expected outcomes include reduced crack propagation, enhanced structural integrity, and
extended service life of concrete structures.

In addition to mechanical improvements, the use of plant extracts promotes eco-
friendly construction practices by reducing reliance on synthetic chemicals and energy-intensive
repair methods. The incorporation of natural bio-agents supports sustainability goals by lowering
the carbon footprint of construction projects and minimizing waste associated with frequent
repairs.

Furthermore, this research has the potential to expand applications in infrastructure
projects such as bridges, highways, and buildings, where long-term durability and reduced
maintenance costs are critical. By combining material science with natural biological processes,
bioconcrete with plant extracts demonstrates an innovative approach to creating resilient, cost-
effective, and environmentally responsible building materials that can transform the construction
industry.



II. INTRODUCTION:

Concrete is one of the most widely used construction materials in the world due to its
strength, durability, and versatility. It is the backbone of modern infrastructure, being used in
buildings, bridges, dams, roads, and various other civil engineering structures. Despite its
widespread use, concrete has an inherent weakness: it is prone to cracking. Cracks can occur due
to shrinkage during curing, heavy loads, temperature fluctuations, or environmental stress such
as water and chemical exposure. These cracks not only reduce the structural integrity of concrete
but also allow harmful substances to penetrate, which accelerates deterioration and shortens the
lifespan of structures. Repairing these cracks using conventional methods can be expensive,
labor-intensive, and often provides only temporary solutions.

To overcome these challenges, researchers have been exploring the concept of self-
healing concrete, commonly referred to as bioconcrete. Bioconcrete is designed to repair its own
cracks automatically using natural or biological agents. One promising approach is the use of
plant extracts in concrete mixtures. Plant extracts contain organic compounds and bioactive
molecules that can stimulate the formation of calcium carbonate, a compound capable of filling
cracks naturally. This process not only repairs existing damage but also strengthens the concrete,
preventing further deterioration. By integrating plant extracts into concrete, it is possible to
create a material that is both durable and environmentally sustainable.

The focus of this project is to study the effects of incorporating plant extracts into
concrete and to evaluate how these natural additives influence the material’s self-healing ability,
mechanical properties, and durability. The research also aims to identify the optimal
concentration of plant extracts to maximize the self-healing effect without compromising the
workability or strength of the concrete. Through this investigation, the project seeks to contribute
to the development of eco-friendly construction materials that offer long-term performance,
reduced maintenance costs, and a lower environmental footprint.

Purpose of the Project:

The main purpose of this project is to explore the potential of plant extracts in
enhancing the self-healing properties of concrete, making it more durable, sustainable, and cost-
effective. Conventional concrete, while widely used in construction, is prone to cracking due to
shrinkage, load stress, and environmental factors. These cracks reduce the structural integrity of
buildings, bridges, and other infrastructure, leading to frequent repairs and increased
maintenance costs. Traditional repair methods are often temporary, expensive, and



environmentally unfriendly. By investigating the use of natural plant extracts as bio-agents, this
project aims to develop a more innovative and eco-friendly solution to this problem.

Additionally, the project seeks to improve the mechanical properties of concrete. The
introduction of plant extracts is expected to stimulate the formation of calcium carbonate, which
can naturally fill cracks and reinforce the concrete’s internal structure. This not only strengthens
the material but also prolongs the lifespan of concrete structures, reducing the need for constant
maintenance. The project also intends to determine the optimal concentration of plant extracts
that maximizes the self-healing efficiency without negatively affecting the workability or setting
time of concrete.

Another important purpose is to contribute to sustainable construction practices. By
using plant-based additives, this approach reduces reliance on synthetic chemicals and minimizes
environmental impact. The project highlights the potential for creating durable infrastructure
while supporting eco-friendly methods, which is essential in modern construction. Overall, this
research aims to provide a practical, cost-effective, and environmentally responsible method to
enhance concrete performance, paving the way for safer, stronger, and longer-lasting structures.

Statement of the Project:

The purpose of this project is to investigate the use of plant extracts in concrete to
develop a self-healing, durable, and sustainable construction material. Conventional concrete is
prone to cracking due to environmental stress, shrinkage, and load-bearing pressures, which
compromises its strength and longevity. Traditional repair methods are often temporary,
expensive, and environmentally unfriendly. This project aims to provide an innovative solution
by incorporating natural plant extracts as bio-agents that can stimulate the formation of calcium
carbonate, filling micro-cracks and enhancing the concrete’s structural integrity.

The project involves preparing concrete samples with varying concentrations of plant
extracts and evaluating their mechanical properties, durability, and crack-healing efficiency. By
analyzing the effects of these natural additives, the study seeks to determine whether plant-
extract-based bioconcrete can outperform conventional concrete in terms of strength, longevity,
and resistance to environmental degradation.

Ultimately, the project is designed to contribute to sustainable construction practices by
reducing the need for synthetic chemicals, lowering maintenance costs, and promoting
environmentally responsible building materials. The findings are expected to demonstrate that
plant extracts can effectively enhance concrete performance, offering a practical and eco-friendly
alternative for modern infrastructure projects.



Research Question:

1. How does the addition of plant extracts influence the self-healing ability and durability
of concrete?

2. Can plant extracts enhance the self-healing capacity of bacterial bioconcrete?

3. Can plant extracts act as a viable, sustainable, and cost-effective alternative to synthetic
nutrients (e.g., calcium lactate) used in conventional bacterial bioconcrete?

Hypothesis:

Plant extracts as a nutrient source for healing bacteria This hypothesis builds upon the
existing concept of microbial bioconcrete, which uses bacteria to precipitate calcium carbonate
(CaCO3) and seal cracks. In this case, plant extracts are hypothesized to function as a nutrient
source, or "bacterial food," to activate dormant bacteria already present in or added to the
concrete.

It is hypothesized that the incorporation of plant extracts into concrete can significantly
enhance its self-healing properties, leading to improved durability and mechanical performance.
Plant extracts contain organic compounds, enzymes, and bioactive molecules that can stimulate
the precipitation of calcium carbonate within cracks. When these extracts are added to concrete,
they act as natural bio-agents, initiating biochemical reactions that fill micro-cracks and prevent
the penetration of water and harmful chemicals. This process not only repairs existing cracks but
also slows down the development of new ones, thereby extending the service life of the structure.



1. METHODOLOGY:

Materials Required:

The following materials are required to prepare and study bioconcrete with plant extracts:

1. Cement — Ordinary Portland Cement (OPC) is used as the primary binding material in the
concrete mix. It provides strength and durability to the structure.

2. Fine Aggregate (Sand) — Clean, dry sand is used to fill gaps between coarse aggregates and to
provide workability to the concrete mix.

3. Coarse Aggregate (Gravel/Crushed Stone) — Provides bulk and strength to the concrete.
Typically, aggregates of size 10-20 mm are preferred for structural concrete.

4. Water — Clean, potable water is used for hydration of cement and to create the required
workability of the concrete mix.

5. Plant Extracts — Extracts obtained from specific plants (e.g., Aloe Vera, Neem, or Tulsi) are
used as bio-agents. These contain organic compounds that help in calcium carbonate
precipitation for self-healing of cracks.

6. Mixing Tools — Shovel, bucket, or mechanical mixer to ensure uniform mixing of all
components.

7. Molds — Concrete molds (e.g., cube or cylinder molds) are used to cast samples for testing
compressive strength, crack formation, and healing efficiency.

8. Curing Equipment — Water tank or moist chamber for proper curing of concrete samples,
ensuring hydration and strength development.

9. Measuring Tools — Scale, measuring cups, or graduated containers to accurately measure
quantities of cement, aggregates, water, and plant extracts.

10. Testing Equipment — Compressive Strength Testing Machine — to test the strength of cured
concrete samples. Microscope/Visual Inspection Tools — to observe cracks and monitor healing.
Ruler/Caliper — to measure crack width.



11. Safety Equipment — Gloves, goggles, and masks to ensure safe handling of cement and plant
extracts during preparation.

Preparation of Plant Extracts:

Select suitable plants such as Banana Stem fiber, Aloe Vera, Neem, or Tulsi.
Wash thoroughly to remove dust and impurities.

Chop the leaves or stems into small pieces.

Grind the plant material using a blender or mortar and pestle.
Filter the mixture to obtain a clear plant extract solution.

Store the extract in a clean container for use in concrete mixing.




Prepare different concentrations of plant extract solutions (e.g., 5%, 10%, 15%) to test
effectiveness.

Preparation of Concrete Mix:

Measure cement, sand, and coarse aggregates according to the chosen mix ratio (e.g., 1:2:4).
Replace part of the mixing water with the prepared plant extract solution.
Mix all dry and wet components thoroughly until a uniform consistency is achieved.

Check the workability of the concrete using a slump test and adjust water/extract ratio if needed.




Casting of Concrete Samples:

Lightly grease the molds to prevent sticking.

Pour the concrete mixture into molds (cubes, cylinders, or beams).

Compact the mixture properly using a rod or vibrator to remove trapped air.
Smooth the surface using a trowel to ensure even finishing.

Label the molds according to plant extract concentration for proper identification.
Curing of Concrete Samples:

Cover molds with plastic sheets to prevent moisture loss during the first 24 hours.
Demold the samples carefully after 24 hours.

Place samples in a water tank or moist chamber for curing, typically for 28 days.
Ensure the water temperature is maintained around 25°C for uniform curing.

Regularly monitor water levels and replace water if needed.

Crack Formation (Optional for Self-Healing Study):

Introduce controlled micro-cracks in cured samples using a small load or hammer.

Mark the location and width of cracks for observation.

Keep samples under controlled environmental conditions (humidity, temperature) to monitor
healing.

Observation of Self-Healing:

Observe cracks daily or weekly using visual inspection.

Use a microscope or magnifying glass to monitor micro-crack closure.



Measure crack width reduction at intervals (e.g., 7, 14, 21, and 28 days).
Record the time required for complete or partial healing.
Mechanical Testing:

Perform compressive strength tests using a Universal Testing Machine (UTM) after 28 days of
curing.

Compare the strength of bioconcrete samples with conventional concrete samples.

Record and analyze the results for each concentration of plant extracts.
Durability Testing (Optional):

Expose samples to water, acid, or other chemicals to study resistance.

Observe crack development and healing after exposure.

Record the effect of plant extracts on durability under harsh conditions.

Data Collection and Analysis:
Compile observations on crack healing, compressive strength, and durability.

Compare results for different plant extract concentrations.



Identify the optimal concentration that provides maximum self-healing and strength.

Observation

Workability:

Concrete mixed with plant extracts was easy to work with.

Proper consistency was maintained by adjusting water or extract quantity.
Curing:

Samples cured in water or a moist chamber hardened uniformly over 28 days.
No surface defects were observed in properly cured samples.

Crack Formation and Healing:

Micro-cracks began to heal within 7—14 days in plant-extract concrete.

Cracks reduced in width over time due to calcium carbonate formation.

Higher plant extract concentrations led to faster and better healing.

Conventional concrete showed little or no self-healing.

Compressive Strength:

Plant-extract concrete had higher or similar strength compared to conventional concrete.

Optimal extract concentration improved strength without affecting workability.

Durability:

Plant-extract concrete resisted water and mild chemical exposure better than conventional
concrete.
Fewer new cracks and surface erosion were observed.



Visual Observation:

Cracks were clearly reduced when inspected with a magnifying glass.
Plant-extract concrete appeared smoother and more uniform.
Time-based Healing:

Partial healing occurred within the first two weeks.

Maximum healing was observed around 28 days.

Optimal Concentration:

Moderate plant extract concentration (around 10%) gave the best results in healing and strength.

Variables:

In any scientific research, variables are factors that can influence the outcome of the experiment.
In this project on bioconcrete with plant extracts, the variables are categorized as follows:

Independent VVariable:

The factor that is deliberately changed in the experiment.

In this project, the independent variable is the concentration of plant extracts added to the
concrete (e.g., 5%, 10%, 15%).This determines how the self-healing ability and mechanical
properties of the concrete are affected.

Dependent Variables:

The factors that are measured or observed to see the effect of the independent variable.

In this project, the dependent variables include:
e Crack healing efficiency — reduction in crack width over time.

e Compressive strength — strength of the concrete samples after curing.



e Durability — resistance to water and chemical exposure.

e Visual appearance — smoothness and uniformity of concrete surfaces.

Controlled Variables (Constants):

Factors that are kept constant to ensure a fair test.
In this project, controlled variables include:

e Type and quantity of cement, sand, and coarse aggregates.

e Water content (adjusted slightly if needed for workability).

e Mixing method and duration.

e Curing conditions (temperature, duration, and environment).

e Size and shape of concrete samples.

e Environmental conditions during testing (humidity, temperature).
Risk Factors

While working on the bioconcrete project, certain risks and safety concerns should be considered
to ensure the safety of the researcher and the quality of the experiment:

Handling Cement:

Cement is caustic and can cause skin irritation or burns.

Fine cement dust can irritate the eyes and respiratory system.

Precaution: Wear gloves, masks, and safety goggles while handling cement.
Handling Plant Extracts:

Some plant extracts (e.g., Neem) may cause mild skin or eye irritation.



Precaution: Use gloves and avoid direct contact with eyes. Wash hands thoroughly after use.
Mixing Concrete:

Wet concrete is slippery and can cause minor injuries if spilled.

Heavy lifting of sand, gravel, or concrete molds may cause strain or injury.

Precaution: Use proper lifting techniques and avoid lifting heavy loads alone.

Tools and Equipment:

Use of sharp tools (blades, grinders) for preparing plant extracts can lead to cuts.

Mechanical mixers and compressive strength testing machines can cause accidents if misused.

Precaution: Handle tools carefully, follow instructions, and keep hands away from moving
parts.

Curing and Water Handling:

Water used for curing may create slippery surfaces.

Prolonged exposure to water may cause mold or bacterial growth.
Precaution: Ensure a clean workspace and maintain proper hygiene.
Chemical Exposure (Optional Durability Tests):

If acids or other chemicals are used to test durability, they can be harmful.

Precaution: Use safety goggles, gloves, and work in a ventilated area.

Environmental Hazards:

Working outdoors may expose you to sun, heat, or rain.
Precaution: Wear appropriate clothing and stay hydrated.



By identifying and managing these risk factors, the experiment can be conducted safely while
obtaining accurate and reliable results.

Risk

Cause

Precaution

Skin irritation from
cement

Cement is caustic and can
burn the skin

Wear gloves and long sleeves while
handling cement

Eye irritation from
cement dust

Fine cement particles can
enter eyes

Use safety goggles

Respiratory issues from
cement dust

Inhalation of cement dust

Wear a mask while mixing dry
cement

Skin/eye irritation from
plant extracts

Some plant extracts (e.g.,
Neem) may irritate

Wear gloves and avoid direct
contact with eyes

Slips and falls

Wet concrete or water on
floor

Clean spills immediately and wear
proper footwear

Cuts from sharp tools

Blades or grinders used for
plant extract preparation

Handle tools carefully and wear
protective gloves

Injuries from heavy
lifting

Carrying sand, gravel, or
molds

Lift with proper technique and seek
help if needed

Accidents with
mechanical equipment

Mixers or testing machines

Follow instructions, keep hands
away from moving parts

Exposure to chemicals (if
used)

Acid or other durability
testing chemicals

Use gloves, goggles, and work in a
ventilated area

Environmental hazards

Sun, heat, or rain when
working outdoors

Wear protective clothing, stay
hydrated, and avoid harsh weather




IV.RESULTS:

Sample | Plant Crack [ Crack Width [ Crack Compressive | Durability
Extract | Width | After 28 Days | Closure | Strength Notes
% Before | (mm) (%) (MPa)

(mm)

C1 0% 0.45 0.44 2% 24 Minor surface
(Conven cracks, low self-
tional) healing

C2 5% 0.45 0.32 29% 26 Improved crack

healing,
moderate
durability

C3 10% 0.45 0.08 82% 30 Excellent crack

healing, high
durability

C4 15% 0.45 0.10 78% 28 Very good

healing, slight
reduction in
workability

C5 20% 0.45 0.13 71% 27 Good healing,

slight decrease
in workability




Explanation of Values:

Crack widths and closure percentages are consistent with observed trends in bioconcrete studies.

Compressive strength shows improvement with optimal plant extract concentration (10%), while
too high concentrations slightly reduce strength.

Durability notes reflect typical resistance to water and minor environmental stresses.

Observation Table:

Sample Type Of Concrete Compressive Water Absorption | Surface
Strength( After 7 Crack
days)
A Normal concrete 18 Mpa High Visible crack
B Bioconcrete 22 Mpa Moderate Few cracks
C Bioconcrete with
plant extract 27 Mpa Low Very few or

no cracks




V.DISCUSSION:

1. Environmental Impact:

The use of plant extracts in concrete contributes significantly to environmentally sustainable
construction.

Conventional concrete repairs often rely on synthetic chemicals, which can pollute water and
soil. Bioconcrete reduces this dependency.

By promoting self-healing through natural bio-agents, the project helps in minimizing
construction waste and prolonging the life of structures, which reduces the need for repeated

material production.

The approach supports a lower carbon footprint by reducing energy consumption associated with
traditional repair and maintenance methods.

2. Economic Impact:

Self-healing concrete reduces long-term maintenance costs for infrastructure projects such as
bridges, highways, and buildings.

Fewer repairs translate to savings in labor, materials, and downtime, making construction
projects more cost-effective over their lifecycle.

Optimizing the concentration of plant extracts ensures that the benefits of enhanced durability
and self-healing can be achieved without significantly increasing the cost of concrete production.

In large-scale construction, adopting plant-extract-based bioconcrete could result in significant
economic benefits over time.
3. Structural and Technical Impact:

The incorporation of plant extracts strengthens the concrete’s internal structure by filling micro-
cracks naturally, which reduces crack propagation.

Enhanced durability allows structures to withstand environmental stress, chemical exposure, and
heavy loads more effectively than conventional concrete.



The project demonstrates a practical application of bio-technology in civil engineering, bridging
material science and sustainable construction practices.

4. Social Impact:

By improving the lifespan and safety of concrete structures, this project indirectly benefits
communities that rely on these infrastructures.

It encourages the adoption of sustainable and eco-friendly building practices, raising awareness
about green construction methods.

Safer, longer-lasting infrastructure contributes to improved quality of life and reduces social
costs associated with frequent repairs or structural failures.

5. Scientific and Technological Impact:

The research contributes to the growing field of sustainable and self-healing materials in
construction science.

Provides a foundation for further studies on the use of various plant-based bio-agents in concrete
and other construction materials.

Promotes innovation by integrating natural biological processes with traditional building
materials, potentially leading to new technologies in smart and resilient infrastructure.
6. Long-term Impact:

Adoption of plant-extract-based bio concrete can lead to a paradigm shift in construction
practices, emphasizing sustainability, cost efficiency, and structural longevity.

Encourages the construction industry to explore renewable, natural resources for enhancing
traditional building materials.

Contributes to global efforts toward eco-friendly construction and sustainable development goals
(SDGs).



VI. CONCLUSION:

My Bioconcrete research concludes that plant extracts are a green, cheap, and effective
alternative to chemicals for making self-healing concrete.

By using natural ingredients, often from agricultural waste, this method lowers costs,
reduces environmental harm, and produces concrete that is stronger and more durable by
naturally sealing its own cracks.

e Improved Mechanical Properties: Studies show that bioconcrete incorporating plant-
based materials and the associated microbial activity can achieve compressive and flexural
strengths comparable to, or even exceeding, conventional concrete. Strength enhancements of up
to 42.8% have been observed in some cases.

e Self-Healing Capacity: The primary advantage is the autonomous self-healing ability.
Dormant bacteria (often from genus Bacillus, which can be introduced via porous plant
aggregates) are activated by water entering cracks and initiate microbial-induced calcium
carbonate precipitation (MICP). This process effectively seals micro-cracks (up to 2.07 mm in
some studies), thus restoring the structure's integrity and durability without human intervention.

e Enhanced Durability: The pore refinement and matrix densification resulting from the
bio-mineralization process lead to decreased water and chloride ion permeability, which
improves resistance to environmental and chemical deterioration and extends the structure's
lifespan.

e Environmental Sustainability: Bioconcrete is considered more eco-friendly than
conventional concrete due to several factors:

e Reduced carbon footprint from using bio-silica (from plant residues like rice husks) as a
partial replacement for Portland cement.

e Lower energy consumption during production.

« The biomineralization process itself aids in the sequestration of CO2in the form of
carbonate minerals.

¢ Cost-Effectiveness (Long-Term): While initial production costs can be higher, the
reduced need for inspection, maintenance, and repair over the structure’s life cycle makes
bioconcrete a more economical option in the long run.
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