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o]l \J1Seoll Background on Concrete
o

Concrete is the most widely used human-made material, second only to
water in consumption.

It is Essential for modern infrastructure due to its strength, affordability,
moldability, and durability.

7% of
global CO,
emissions.

8 billion tons of
natural aggregates
and 2 billion tons of
Portland cement
globally.
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o]Vl 1ol Challenges in Modern Concrete Design
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* Designing concrete with specific properties is increasingly complex due to the diverse components in the

system.
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Product:
Strength
Durability

Permeability

Aesthetics

Insulation
Fire Resistance
Chemical Attack

Resistance

|
OUTPUTS
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volution of Concr

« Concrete mix design and manufacturing have evolved significantly from 1900s
to the current age
« Concrete went through 4 major paradigms

N, Data Mining, Artif
: Machine
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optimizes and predicts concrete mix design for strength,

durability, and sustainability by:

>

>

Prediction of concrete properties like compressive and tensile
strength.

Creating low-carbon concrete mixes by reducing cement usage.
Analyzing hydration and shrinkage for better material
performance.

Ensuring real-time quality control during concrete production.
Developing Digital twins to simulate and optimize concrete
manufacturing processes.

Predict maintenance and structural health needs using real-
time sensor data.

Detect and monitor cracks through visual inspections.
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Additives

* An expirmental study

conducted in

collaboration with the

Arab Center for

Engineering Studies
(ACES) and the
University of Sharjah.

The identified optimal mix—61.1% GGBS and 14 kg/m3 Microsilica—achieved:

Water permeability: 1.37 mm.
0O OO #OmaintecConf Cost: 49.5 USD/m3.
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Cost vs GGBS and Microsilica
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3D Surface-Plot between MS,

GGBS and Water Absorption Contour plot illustrating the relationship between GGBS

percentage, Micro silica content, and concrete mix costs
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« The model was trained using historical data from concrete producers, including material properties,

supply chain information, and past mix performance.
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Predicted properties

Field testing showed average material savings of $6.59 per

Property

cubic meter. 1d strength
3d strength

Achieves an average carbon footprint reduction of 30%

. . 7d strength

within one month of deployment.
14d strength

28d strength = 5200 psi

56d strength
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Reference

1929 ¢ 284 psi

2367 x 285 psi

3280 = 229 psi

4283 = 262 psi

5354 £ 450 psi

6310 £ 668 psi

Optimized

1091 + 229 psi

2488 * 270 psi

3596 + 398 psi

4569 = 384 psi

5604 = 363 psi

6456 + 563 psi
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* A case study in Hebei Province in China analysed data from
2000 regional highway bridges.

- Data sources include manual inspections, remote sensing
technologies (e.g., UAVs, thermal imaging, radar scanning), and
integrated datasets from ground-penetrating radar (GPR) and

satellite imaging.

« Structural conditions are rated on a scale of 1 (best) to 5 (worst)
based on the Chinese Highway Bridge Structural Condition

Evaluation Standard.
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* Generate Maintenance Schedule: The optimal solution (x_opt) specifies which components
of which bridges require maintenance.

bei Bridges

Predicted . .
Current . Maintenance . Estimated
. Condition (Next .. Scheduled Time
Condition Year) Priority Cost (USD)
ear

B001 4 (Poor) 5 (Critical) Q1 (Jan—Mar) 50,000
B002 3 (Fair) 4 (Poor) Q2 (Apr—Jun) 20,000
ir)

Bridge ID

B004 5 (Critical) 5 (Critical) Very High Q1 (Jan—Mar) 100,000
B005 1 (Excellent) 2 (Good) Q4 (Oct—Dec) 2,000
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