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Subject
Concrete production is responsible for
3-5% of the total yearly CO2-emissions. 
To reduce the environmental impact of 
concrete, cement can be replaced by
secondary materials from other industries.

Goal
Concrete with lower 
amounts of cement should 
still fulfill the requirements 
with respect to material 
properties and safety 
regulations. Therefore, the 
goal is to develop a design 
method based on particle 
packing models to predict 
the influence of a decreased 
cement content in concrete.

Results
1. Improved packing model to optimize packing

density of ecological concrete. 
2. Increased packing density leads to increased

workability or a lower water demand.
3. Combining cement with fine fillers increases

thermal energy and strength.
4. Design cycle to optimize ecological concrete.
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80% CEM I 42.5 N / 20% quartz pow der
70% CEM I 42.5 N / 30% quartz pow der
60% CEM I 42.5 N / 40% quartz pow der
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Subject  

Concrete production is responsible for 3-5% of the total yearly CO2-emissions. To reduce the envi-
ronmental impact of concrete, cement can be replaced by secondary materials from other industries. 
However, concrete with lower amounts of cement should still fulfill the requirements with respect to 
material properties and safety regulations. 

Goal 

Developing a design method based on particle packing models to predict the influence of a decreased 
cement content in concrete.  

Research Question 

How can particle packing models be used to predict the mechanical properties of ecological concrete 
from its basic components? 

Strategy  

Particle packing models are evaluated and an improved model, including micro-particles, is developed. 
Experiments on the packing of micro-particles are used to develop an optimized design procedure for 
ecological concrete mixtures. A number of optimized ecological concrete mixtures will be tested on 
strength, modulus of elasticity, shrinkage and creep. 

Result 

A design method based on particle packing models to optimize ecological concrete is developed. An 
improved packing model is used to optimize the packing density of ecological concrete. Replacing the 
cement by fine fillers increases packing density, which leads to a lower water demand. Combining the 
cement with fine fillers increases thermal energy and concrete strength. The design cycle is used to 
optimize the cement content until strength and material requirements are fulfilled.   
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