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Current applications in 

USA and Australia

Growth of interest:

• Convincing answers for the industry

• Reduction of greenhouse gas emissions

• Development of eco-sustainable market policies

• High performance building materials

Obstacles for spreading:

• Production cost still not very competitive

• Lack of reliable data on structural elements

• Lack of design procedures

• Properties strongly dependent on mix design
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An overview on geopolymers

Background & Scope of research

Geopolymer concrete (GPC) could be a solution that uses a cementless binder and

recycled materials for producing concrete, while reducing the carbon dioxide emission

and the demand for raw materials. In addition to the environmental aspect, previous

studies on GPC showed that it can achieve mechanical characteristics higher than those

of ordinary Portland concrete (OPC) such as greater strength a few days after casting,

and it can be suitable for structural applications. In this paper, the state-of-the-art review

of GPC is presented through an extensive literature analysis to determine the most

recent information regarding the engineering properties of geopolymer concrete and the

critical issues that prevent its widespread use and to put forward suggestions for future

research. In particular, the physical properties in both fresh and hardened states and the

mechanical characteristics are investigated; the structural performance of geopolymer

concrete elements is also outlined.

Composition and production process

Environmental concerns
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Portland cement VS Geopolymer

High production temperature 

(about 1500 °C)

Much lower production 

temperature (Tenv)

Significant CO2 emissions (1 ton of 

cement produces about 1 ton of 

CO2)

Low CO2 emissions (1 ton of 

geopolymer produces about 170 

kg of CO2)

Consumption of non-renewable 

raw materials

Use of waste raw materials (fly 

ash, slag…)



Mechanical properties & Behaviour of the structural elements

Parameters affecting GPC mechanical properties:
• Chemical composition and mineralogy of the precursor

materials.

• Quantity, shape (solid, liquid) and type of alkaline activator

(optimal Na/Al ratio: 1-1.5).

• Si/Al ratio of the precursor materials (optimal: 2.5-4) and

quantity of the available calcium source, such as Portland

cement, blast furnace slag and lime.

• Total water/solids ratio (precursors + alkaline salts).

• Time and temperature of curing

Experimental relationships and Standards Summary of the structural performance of GPC elements

Comparison between Eurocode 2 and experimental formulae as a

function of compressive strength:

• The European standards overestimate the properties

• The tensile performance worsens considerably with the increase in

compressive strength (attention must be focused on the analysis of

the microstructure and the inert-matrix interface for higher strengths)

Bond between reinforcing steel bars and GPC: pull-out tests showed that the bond strength

between FA-based GPC and steel bars is on average higher than that of OPC. In some cases,

the link between steel and GPC is so strong that the break involved steel bars.

Research Density 

[kg/m3]

Compressive 

strength [MPa]

Splitting tensile 

strength [MPa]

Young 

modulus [GPa]

Curing temperature and time

[17] 2330-2430 30-80 3.8-6 23-31 60-80 °C for 24 h

[18] 1876-2555 65-77.9 2.8-5.1 11.2-41.2 60 °C for 24 h

[20] 2400 46.3-57.2 3.1-4.5 17.1-30.8 60-80-120 °C for 4-6-8-10 h

[21] 2400 16.2-52.6 2.9-8.4 Not reported 22 °C till testing and 50 °C for 48 h

[22] Not reported 29-43.5 Not reported 10.7-18.4 85 °C for 20 h

[23] Not reported 17.7-37.9 3.2-5.4 Not reported 60 °C for 48 h

Conditioned curing at a high temperature for at least 24 h is generally necessary to obtain mean values of

compression strength greater than 50 MPa: prefabricated elements seem to be the application!

Summary of the GPC properties

Research Variables Remarks

Beam

[26, 27, 

28]
Reinforcement ratio (ρ)

Flexural strength and ductility influenced by ρ, similar behaviour to 

OPC beams also in shear, applicability of the calculation methods of 

reinforced OPC beams

[29] Quantity of recycled aggregate
Greater number and width of cracks, but greater deformation and 

ductility

[30] Reinforcement configuration Higher shear strength of GPC beams than equivalent OPC beams

[31] Steel fibre volume (ω) Increase in the cracking load and the ultimate strength as ω increases

Column

[32]
Compression strength of 

concrete

Higher ultimate strength, ductility and stiffness of GPC columns than 

equivalent OPC columns

[33] Steel fibre volume The addition of steel fibres increases the bearing capacity up to 56%

[30]
Compression strength of 

concrete, reinforcement ratio
Crushing breakage of a fragile type similar to reinforced OPC columns

[34] Effect of the confinement Increase in the strength by approximately 30%, increase in ductility

[35]
Eccentricity of the load, 

slenderness ratio
No significant difference between the columns in GPC and OPC



Conclusions & Future research
▪ The development of the mix proportion of GPC is more difficult than that of OPC due to a range of parameters being involved in the matrix; therefore,

more accuracy in the choice of components is needed. Most of the research work is limited to heat curing conditions; however, geopolymer products can

spread, especially if they can suitably be developed under ambient curing conditions. Therefore, the variation in the properties of ambient temperature

cured materials and GPC prepared under field conditions needs to be investigated to achieve classifiable products with reliable standard properties.

▪ GPC has considerable potential for use as a construction material, especially due to its very high strength. However, the mechanical properties (elastic

modulus and tensile strength) increase less than those of OPC with the same compression strength; therefore, the serviceability performance could be

the key issue of the design. Furthermore, research is lacking on long-term mechanical properties (creep and shrinkage), permeability and overall durability

issues that have to be analysed by microstructural analysis.

▪ Experimental studies on structural elements show gaps in tests on serviceability conditions, especially in crack propagation. Therefore, further research in

the fields of multiaxial stress states (efficiency of confinement) and stiffness degradation is needed.

▪ The economic issue is certainly a challenge to face. A solution to reduce the cost may be performed with raw materials regarding the manufacturing

process of sodium hydroxide or replacing the fine aggregates with alternative materials such as crusher dust; however, the impact of using such materials

on the strength of concrete has to be studied.

▪ The currently available standards are not exhaustive both for the material and for the structural elements; therefore, the unavailability of adequate

manufacturing and design provisions represents the main challenge for the mass use and diffusion of geopolymer concrete.
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