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Problem Statement

• Construction activities in Europe have increased significantly in the past decade to meet the growing need for accommodation and

transportation.

• Safety concerns regarding infrastructures, particularly fire, blast, and impact issues, have gained attention in recent years.

• Large fires in the region have led to dramatic incidents, including human casualties, structural damages, and economic

consequences.

• Concrete structures are susceptible to explosive spalling when exposed to high temperatures during fire events.

• Terrorism has also contributed to blast incidents in buildings and critical infrastructure, emphasizing the importance of abnormal

loading on structures.

Fire incidents in UK Hotel, Greece Attica, Switzerland Tunnel. Blast incidents in USA and Cyprus.



Problem Statement

The general objective of the BAM project is to design, develop and validate 2 innovative smart materials, which will be fire and blast

and impact resistant and each of these materials will be manufactured with two 2 different methods:

i) with the conventional precast method and

ii) with 3D printing manufacturing

1: Design and Development of a Hybrid Laminated Material (HLM) with combined resistance to blast, impact and fire.

2: Design and Development of a Smart Composite Geopolymeric Concrete (SCGC) with simultaneous resistance to blast, impact and fire.

The two designed and developed materials with both

production methods will be evaluated in terms of their

thermal, mechanical, impact and blast properties.



Design of Hybrid Laminate Material (HLM)

• HLM is comprising an outer layer of optimized impact/blast-resistant UHPFRC and a fire-resistant geopolymeric concrete (FRGC) inner layer.

• The presentation focuses on the design, development, and validation of FRGC.

• Exploratory tests were conducted to assess the suitability of industrial waste materials and by-products for the development of FRGC.

• The FRGC layer will withstand typical heat load as per ISO 834 standard fire curve.

• The UHPFRC layer will have high mechanical strengths (>150 MPa compressive, 20 MPa flexural).

• The bonding between UHPFRC and FRGC layers will have a minimum adhesion strength of 2 MPa.
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Fire Resistant Geopolymeric Concrete (FRGC)

• FRGC is produced using geopolymerization technology, which converts a wide range of industrial waste and by-

products into unique materials with favourable physical, mechanical, thermal, and chemical properties.

• This transformation occurs through the alkali-activation at temperatures below 100°C and ambient pressure.

• FRGC is designed with refractory phases formed at high temperatures (up to 1050°C) for cellulosic fire events

(ISO 834 fire curve).

• The production of FRGC involves the selection and investigation of various secondary aluminosilicate resources.

• Ground Granulated Blast-Furnace Slag (GGBFS)

• Fly Ash (FA)

• Waste Bricks (WB)

• Waste Ceramic Tiles (WCT)

• Waste Glass (WG)



Raw Materials and Experimental Procedure

• All the used materials are rich in silicon and aluminum, while some of them also contain large amounts of calcium

(GGBS, FA and WB) and iron (FA, WB and WCT).

• Among the used materials, GGBFS and WG are almost XRD amorphous, while FA and WCT contain a significant

amount of an XRD amorphous Al-Si phase.

• In contrast, WB is totally crystalline; however, it contains Al-Si phases easily dissolved in alkaline solutions, like

feldspars.

 GGBFS FA WB WCT WG 
mass, % wt. 

SiO2 36.9 47.42 53.57 62.4 76.56 
Al2O3 8.81 19.16 14.33 14.68 10.34 
CaO 44.75 16.85 7.71 1.48  
FeO 0.41 7.64 10.19 8.58 0.24 
K2O 0.32 1.67 3.74 3.76 0.92 
MgO 7.04 2.68 4.07 3.68 3.96 
Na2O 

 
0.61 0.66 0.98 8.76 

TiO2 0.59 1.25 1.46 
 

 
 

Alkaline Activators:

Solutions of NaOH and KOH alkali hydroxides prepared in the lab

Commercially available alkali silicate solutions Na2SiO3 (MERCK;

molar ratio Na/Si = 0.57) and K2SiO3 (MULTIPLASS S.A.; molar ratio

K/Si = 0.65), were used for the preparation of the FRGC



Deep Learning Implementation

1. Collect images of CDW 2. Label images 3. Train models

4. Test models 5. Integrate the selected model and deploy



Artificial Intelligence (AI) 

in automated sorting systems

• AI is the combination of two modules:

1. A decision-making module 

2. An implementation module

• Together they form a fully autonomous system 

(no operators required)



(3) Mixing (150 rpm, 5 min)

(4) Casting

(5) Curing (30 oC, 7 days)

(6) Demoulding

Homogeneous Paste

Cubes 50 mm and 100 mm

Thermal Stability

• Muffle Furnace

• Heating Rate: 4.4 oC/min

• Testing Temperatures:

600 oC, 800 oC, 1050 oC

• Testing Duration: 2 Hours
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Experimental Results and Discussion

Geopolymer Mix ID 
[Na/KOH] 

(M) 
S/L 

(g/mL) 
Shrinkage 

(%) 
Density 
(g/cm3) 

Compressive  
Strength 

(MPa) 
FA100- N7 7 2.8 1.82 1.41 17.73 
FA90-BFS10-N7 7 2.8 2.42 1.43 17.47 
FA70-BFS30-N7 7 2.8 3.80 1.60 17.29 
FA50-BFS50-N7 7 2.8 5.30 1.71 16.38 
FA90-BFS10-SF1-N7 7 2.8 3.16 1.37 18.14 
FA90-BFS10-SF2.5-N7 7 2.8 0.80 1.31 13.02 
FA90-BFS10-SF5-N7 7 2.8 0.08 1.32 13.82 
FA90-BFS10-SF10-N7 7 2.8 0.04 1.31 14.60 
FA90-BFS10-SF15-N7 7 2.8 1.14 1.28 11.14 
FA90-BFS10-N7 7 3.8 1.08 1.50 25.39 
FA90-BFS10-SF1-N7 7 3.8 1.72 1.47 22.02 
FA90-BFS10-SF1-N8 8 3.8 0.62 1.55 17.14 
FA90-BFS10-SF1-N10 10 3.8 0.06 1.58 16.71 
FA90-BFS10-SF1-K7 7 3.8 0.16 1.57 18.17 
FA90-BFS10-SF1-K8 8 3.8 0.98 1.56 17.66 
FA90-BFS10-SF1-K10 10 3.8 0.50 1.62 12.58 
WB100-KOH8-NWG 8 2.5 0.26 1.55 19.25 
WCT100-KOH8-NWG 8 3.4 0.48 1.74 33.10 

 

• Geopolymers with WB, WCT, and (FA +

10% wt. GGBFS), had higher compressive

strengths.

• Increasing FA replacement with GGBFS

did not improve compressive strength but

affected shrinkage and density slightly.

• Geopolymers with 50% (wt.) FA

replacement showed surface cracking

after curing.

FA = Fly Ash; BFS = Ground Granulated Blast-Furnace Slag; SF = Silica Fume; N = NaOH and Na2SiO3

Alkali Activator; K = KOH and K2SiO3 Alkali Activator; KOH = KOH Solution; NWG = Na2SiO3. 
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• SF addition in FA/GGBFS geopolymers

reduced density and shrinkage.

• SF addition promoted amorphous gel

phase formation, causing material

swelling.

• Increased SF addition intensified swelling

and internal void formation, leading to

decreased density and compressive

strength.

FA = Fly Ash; BFS = Ground Granulated Blast-Furnace Slag; SF = Silica Fume; N = NaOH and Na2SiO3

Alkali Activator; K = KOH and K2SiO3 Alkali Activator; KOH = KOH Solution; NWG = Na2SiO3. 
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• Higher S/L ratio greatly improved

compressive strength of geopolymers without

significant density increase (accelerated

polymerization reactions from water

reduction).

• Increased alkali concentration in the activator

decreased compressive strength.

• Na-based geopolymers exhibited highest

compressive strength at the lowest NaOH

concentration (7 M).

• Compressive strength in K-based geopolymer

system remained unchanged for lower KOH

concentrations (7 and 8 M) but decreased for

higher concentration (10 M).

FA = Fly Ash; BFS = Ground Granulated Blast-Furnace Slag; SF = Silica Fume; N = NaOH and Na2SiO3

Alkali Activator; K = KOH and K2SiO3 Alkali Activator; KOH = KOH Solution; NWG = Na2SiO3. 
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• Na or K choice has minimal impact on

properties but can affect thermal stability.

• Alkali selection determines crystalline

phases and their melting points, affecting

mechanical failure temperature.

• Further investigation at high temperatures

on:

WB100-KOH8-NWG

WCT100-KOH8-NWG

FA90-BFS10-N7-3.8

FA90-BFS10-SF1-N7-3.8FA = Fly Ash; BFS = Ground Granulated Blast-Furnace Slag; SF = Silica Fume; N = NaOH and Na2SiO3

Alkali Activator; K = KOH and K2SiO3 Alkali Activator; KOH = KOH Solution; NWG = Na2SiO3. 



Experimental Results and Discussion

Residual compressive strength of WB100-KOH8-NWG and WCT100-KOH8-NWG 

after their exposure at high temperatures for 2 h.

• WCT-based geopolymers were highly affected by

high-temperature exposure.

• Residual compressive strength significantly

decreased up to 800°C.

• Strength sharply increased with temperature up

to 1050°C.

• WB-based geopolymers showed a similar pattern

with gradual changes in residual compressive

strength.
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Experimental Results and Discussion

Residual compressive strength of WB100-KOH8-NWG and WCT100-KOH8-NWG 

after their exposure at high temperatures for 2 h.
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• Residual strength reduction at 600 and 800°C

attributed to geopolymeric matrix softening.

• Sintering between solid particles and melted binder

over 800°C improves structural durability.

• Improved residual strength observed at 1050°C.

• No spalling or deformation observed during

temperature exposure.

• Small cracks at 800°C disappeared after heating at

1050°C.

• Viscous gel phase at high temperatures facilitates crack

healing.



Conclusions

• Preliminary work showed the potential of waste materials and other by-products for FRGC development,

ensuring viability and sustainability.

• Selected Fly ash-based, WCT and WB showed the most promising results for the FRGC layer.

• WB and WCT-based geopolymers exhibited good thermal stability and mechanical performance after high-

temperature exposure.

• Ongoing research for optimizing the fire-resistant layer of HLM.
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