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Abstract 

 

Concrete is commonly used in construction. However, it is prone to cracking, compromising structural integrity 

and endurance. Conventional repair techniques are frequently expensive, short-term, and hazardous to the 

environment. In this study, pumpkin seed-derived urease was utilized to facilitate Enzyme-Induced Calcium 

Carbonate Precipitation (EICP) as a sustainable alternative. To evaluate the impact of plant-derived urease on the 

mechanical properties and self-healing capabilities of concrete, varying concentrations of powdered pumpkin seeds 

were incorporated into the concrete mix, while the concentrations of urea and calcium hydroxide were kept 

constant to ensure controlled conditions for carbonate precipitation. The ideal mix consisting of 5 gm/l urea, 5.5 

gm/l calcium hydroxide, and 5 gm/l seed powder achieved a 30% rise in compressive strength, a 42% increase in 

split tensile strength, and a 26% improvement in post-crack flexural strength over the controlled concrete specimen. 

These improvements are attributed to the restoration of the material’s structural integrity through effective calcium 

carbonate precipitation within the cracks. The results showed that the urease derived from plants is a practical, 

non-microbial treatment for increasing the durability of concrete and promoting autonomous crack healing. 

Compared to bacterial-based systems, this approach provides a simpler, more affordable, and eco-friendly option. 
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1 Introduction 
 

Concrete's compressive strength, affordability, and versatility make it one of the most common building materials 

in the world (Victor C.Li, 2003). Nonetheless, its fragile composition and diminished tensile strength render it 

susceptible to microcracks under tensile stresses, drying shrinkage, thermal expansion, and service loads (Barth & 

Barlow, n.d.). The durability and service life of concrete structures are greatly decreased by these microcracks, 

which permit the entry of aggressive chemicals such as sulphates and chlorides, which speed up the corrosion of 

steel reinforcing (Hollý & Bilcik, 2018; Safiuddin et al., 2018).Traditional crack restoration methods, including 

hand sealing and epoxy injections, are frequently time-consuming, expensive, and impractical, especially for 

inaccessible or microcracks (Solahuddin & Yahaya, 2023). As a result, self-healing concrete has become popular 

as a sustainable substitute to increase structural longevity and save maintenance costs (Islam et al., 2022; Ransford 

Tetteh & Liang, 2020; Solahuddin & Yahaya, 2023). EICP is an auspicious method among self-healing techniques. 

To restore structural integrity, EICP uses urease enzymes to hydrolyse urea into ammonium and carbonate ions. 

These ions then react with calcium ions to generate calcium carbonate (CaCO₃), which precipitates inside cracks 

(Bhutange et al., 2021; Krajewska, 2018). 

 

CO(NH2)
2
 + H2O 

urease
→    NH3 +CO3

2- 

 

Ca2+ + CO3
2- → CaCO3 (precipitate) (Junwale et al., 2023) 

 

EICP is more feasible in the extremely alkaline environment of concrete since it does not require the survival of 

live bacteria, in contrast to microbially induced techniques (MICP) (Bhutange et al., 2021). Urease has historically 

been obtained from microorganisms such as Sporosarcina pasteurii (Krajewska, 2018). However, there are several 

significant drawbacks to microbial techniques, including their inability to survive at high pH levels, nutrient 

dependence, biosafety concerns, and high operational costs (Mekonnen et al., 2021; Nawab et al., 2023). 

Researchers are currently investigating plant-derived urease as a cost-effective, sustainable, and environmentally 

friendly alternative to address these issues. Soybean, watermelon, jack bean, and pumpkin seeds have all displayed 

encouraging urease activity; pumpkin seeds stand out for their great accessibility and enzymatic efficiency (Ali et 

al., 2024; Kayastha & Das, 1999; Prakash & Bhushan, 1997). (Bhutange et al., 2021) incorporated powdered 

pumpkin seeds into concrete, along with urea and calcium hydroxide, resulting in visible crack healing and 
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increased compressive strength. Studies by (Li et al., 2024) further confirmed the effectiveness of plant urease–

based EICP in restoring strength and sealing cracks in cementitious systems. 

 

2 Materials and Method 

 

2.1 Test Materials 

Ordinary Portland Cement (CEM I 52.5N), natural sand, and crushed stone served as the primary concrete 

constituents. Urea and calcium hydroxide were employed as chemical reactants for CaCO₃ formation. Pumpkin 

seeds (Cucurbita pepo), a rich urease source, were dried, ground, and directly incorporated (Bhutange et al., 2021). 

 

2.2 Sample Preparation 

To investigate the impact of plant-derived urease on concrete, six distinct mix designs were developed as 

summarized in Table 1. Among them, two control mixes and four urease-enriched mixes, where seed powder 

concentrations were varied as 1.5, 3, 5, and 7 g/L. Urea and calcium hydroxide concentrations were maintained 

constant at 5 g/L and 5.5 g/L, respectively. 

 

Table 1. Mix proportions of concrete in (kg/m³) 

 

Sample ID  
Urea Content 

(g/cc)  

CaCO₃ Content 

(g/cc)  

Enzyme Content 

(g/cc) 

Cement 

(kg) 

Sand 

(kg) 

Coarse aggregate 

(kg) 

U0C0S0 0 0 0 404 608 1071 

U5C5.5S0 5 5.5 0 404 608 1071 

U5C5.5S1.5 5 5.5 1.5 404 608 1071 

U5C5.5S3 5 5.5 3 404 608 1071 

U5C5.5S5 5 5.5 5 404 608 1071 

SU5C5.5S7 5 5.5 7 404 608 1071 

 

The pumpkin seeds were thoroughly washed, sun-dried, and ground into fine powder. The urease level in the 

powdered seeds was measured by titration. For enzyme extraction, the powder was mixed with distilled water and 

stirred for one hour at room temperature. The suspension was allowed to settle, and the supernatant containing the 

crude urease enzyme was separated by filtration. This enzyme-rich solution was immediately used in concrete 

preparation (Bhutange et al., 2021). Concrete specimens were cast in standard 100 mm cubes for compressive and 

split tensile strength testing. For flexural and crack-healing assessment, reinforced concrete beam specimens of 

size 600 mm×150 mm×150 mm were cast as shown in Figure 1. 

 

 
 

Figure 1. Dimension and Shape of Flexural Test Members 

 

All specimens were subjected to water curing at ambient temperature for 28 days. Beam specimens were pre-

cracked using a four-point loading setup and subsequently re-submerged in water for a 56-day healing period to 

monitor crack closure and strength recovery (Lee et al., 2020). Table 2 summarize the designations and 

specifications of the flexural test specimens.  The four-point bending test was conducted using a loading frame, 

with load measured by a load cell and mid-span deflection recorded using a dial gauge as shown in Figure 2. 

Compressive strength, split tensile strength, slump, and UPV tests were performed according to relevant ASTM 

standards.  

Table 2. Designation and specifications of flexural test members 

 

Series Curing condition  Loading protocol 

V_28D 28 days of water curing Loaded to failure at 28 days 

PLRL_28D 28 days of water-curing  
Pre-loaded until 3″ crack at 28 days, cured 90 days, then reloaded 

to failure. 
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RL_28+56D 
28 days water-curing + 

56 days water-curing 

Pre-loaded until 3″ crack at 28 days, reloaded to failure after 90 

days of water-curing 

 

 
 

Figure 2. Test setup for four-point bending test of flexural members 

 

 

3 Results and Discussion 

 

3.1 Fresh and Hardened Properties of Concrete Mixes 

The material test results for concrete with plant-derived urease are summarized in Table 3, showing compressive 

strength, split tensile strength, and slump values for each mix. The compressive and tensile strengths were 

measured at 28 days in accordance with standard procedures.  

 

Table 3. Properties of Concrete Mixes 

 

Sample Compressive Strength (MPa) Split Tensile Strength (MPa) Slump Value (mm) 

U₀C₀S₀ 24.53 1.34 153 

U₅C₅.₅S₀ 25.69 1.60 64 

U₅C₅.₅S₁.₅ 29.17 1.05 89 

U₅C₅.₅S₃ 30.33 1.24 40 

U₅C₅.₅S₅ 30.91 1.71 153 

U₅C₅.₅S₇ 29.75 1.16 77 

 

The results show that the addition of pumpkin seed-derived urease significantly influenced the mechanical 

behavior of concrete. Notably, the U₅C₅.₅S₅ mix exhibited the highest compressive (30.91 MPa) and tensile (1.71 

MPa) strengths, suggesting enhanced matrix densification likely due to enzyme-induced calcium carbonate 

precipitation. The slump values varied across mixes, indicating a change in workability associated with the varying 

seed content. Overall, the U₅C₅.₅S₅ series demonstrated the most favorable balance between strength and 

workability. 

 

3.2 Effect of Urease Enzyme on Ultrasonic Pulse Velocity   

The UPV test was utilized as a non-destructive technique to evaluate homogeneity, densification, and internal 

integrity of six concrete mixtures: U₀C₀S₀, U₅C₅.₅S₀, U₅C₅.₅S₁.₅, U₅C₅.₅S₃, U₅C₅.₅S₅, and U₅C₅.₅S₇ at two curing ages: 

7 days and 28 days. In Figure 3, each UPV value represents the average of three specimens. At 7 days, UPV ranged 

from 3,106 to 4,202 m/s. The mixtures U₀C₀S₀ and U₅C₅.₅S₇ scored below 3,500 m/s and are classified as “medium” 

quality. The other four mixtures exceeded 3,500 m/s, indicating “good” quality and superior early-age uniformity. 
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By 28 days, all mixtures achieved UPV values between 3,731 and 4,472 m/s. The U₅C₅.₅S₅ mixture showed the 

highest velocity (4,472 m/s), reflecting optimal density and internal homogeneity. 

 

 
 

Figure 3. Ultrasonic pulse velocity of 7 days and 28 days uncracked concrete 

 

3.3 Flexural Analysis Results 

3.1.1 Crack Load and Ultimate Load 

The flexural load test results in Table 4 demonstrate a clear trend of improved performance with the addition of 

plant-derived urease and prolonged curing. While initial crack loads (V_28D) vary among mixes, all specimens 

exhibit increased ultimate loads after reloading and extended curing periods (PLRL_28D and RL_28+56D). 

Notably, the U₅C₅.₅S₅ specimen consistently shows high ultimate load values, reaching 48.68 MPa after 56 days of 

additional curing, indicating enhanced flexural strength and crack resistance. These findings suggest that the 

enzymatic treatment promotes microcrack healing and matrix densification over time, thereby improving the 

concrete’s load-bearing capacity and durability under flexural stress. 

 

Table 4. Flexural test results of concrete mixes  

 

Specimen ID Crack Load 

(MPa) 

Ultimate Load (MPa) 

V_28D PLRL_28D RL_28+56D 

U0C0S0 34.91 41.3 36.85 46.12 

U5C5.5S0 27.82 46.6 38.89 45.54 

U5C5.5S1.5 23.99 34.57 34.27 43.63 

U5C5.5S3 30.73 38.17 39.67 46.28 

U5C5.5S5 26.2 41.81 40.269 48.68 

U5C5.5S7 24.05 35.25 35.09 42.58 

 

3.1.2 Load-Deflection Relations 

All concrete beam specimens showed a linear response up to the first visible cracking, a nonlinear rise in deflection 

as cracking advanced, and an increase in load capacity until failure. This usual response was observed in both the 

28-day water-cured series (VL) and the extended curing series (RL). To illustrate this behavior, load-deflection 

curves were plotted for both VL and RL series across all six specimens. The curves in  Figure 4 reveals that RL 

specimens had higher ultimate loads and deflection capabilities than VL specimens. This suggests that longer 

curing improves broken beam flexural performance. In the U₅C₅.₅S₃ specimen, the ultimate load increased from 

65.1 KN (VL) to 79.5 KN (RL), showing a significant healing effect. 

0

1000

2000

3000

4000

5000

U₀C₀S₀ U₅C₅.₅S₀ U₅C₅.₅S₁.₅ U₅C₅.₅S₃ U₅C₅.₅S₅ U₅C₅.₅S₇

U
lt

ra
so

n
ic

 P
u
ls

e 
V

el
o
si

ty
(m

/s
)

7 days

28 days



Rehnuma Raheem, Joy Soker & Dr. Bipul Chandra Mondal 

ICCEI 2025 
 

507 

 

Figure 4. Load-deflection measurement of both VL-series and RL-series of sample (a) U₀C₀S₀, (b) U5C5.5S0, 

(c) U5C5.5S1.5, (d) U5C5.5S3, (e) U5C5.5S5, (f) U5C5.5S7 

 

 

4 Conclusions 

 

The research highlights EICP's effectiveness in enhancing concrete’s strength and self-healing, showing enzymatic 

treatment and curing significantly improve performance. The key findings are- 
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• Urease-rich pumpkin seeds successfully promoted EICP, improving concrete's compressive, flexural, and 

tensile strength and showed increased pulse velocity, confirming internal densification. 

• The optimum mix (U₅C₅.₅S₅) demonstrated up to 26% higher compressive strength, 27.6% higher tensile 

strength, and 27% greater post-crack flexural strength compared to the control. 

• Microcracks were effectively sealed through CaCO₃ precipitation, enhancing crack resistance and durability. 

• Unlike bacterial-based systems, plant-derived urease requires no microbial culture, sterile conditions, or expert 

supervision, making it a low-cost alternative. 
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