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Problem Statement
Concrete is the most commonly used material for all types of 
construction, and cement is a primary component. The cement content of 
a mixture is commonly perceived to control concrete strength. Based on 
this perception, a minimum cement content is often specified that may 
exceed the amount needed to achieve the desired strength and durability.

This excess amount of cement content has a negative impact on cost and 
the environment for the following reasons:

•	 Cement	is	the	most	expensive	component	in	concrete
•	 Cement	contributes	about	80	percent	of	the	carbon	dioxide	(CO

2
) 

burden of a concrete mixture

Although workability is improved by increasing cement content, previous 
studies suggest that increasing cement content does not necessarily 
contribute to increasing strength. Increased cement content also causes 
higher internal temperatures in the concrete during the finishing and 
curing processes. In addition, the high cement content causes the 
mixture to become sticky and may lead to increased risk of shrinkage 
and cracking problems. Therefore, cement content should be balanced 
to achieve the required performance while minimizing risk of these 
problems.

Research Goal and Objective
The goal of this project was to help the concrete industry use the right 
amount	of	cement	with	an	appropriate	water-to-cement	(w/c)	or	water-
to-cementitious	materials	(w/cm)	ratio	to	meet	given	workability,	
strength, and durability requirements, and so to optimize carbon dioxide 
emissions, energy consumption, and costs.

The hypothesis behind this study is that when other parameters are kept 
constant, concrete properties such as strength and durability will not 
be improved significantly by adding additional cement after a certain 
minimum cement content is used. Figure 1 illustrates this hypothesis.

The scope of this study was to investigate strength, chloride penetration, 
and air permeability as indicators of performance of concrete mixtures 
with	various	w/cm	and	cementitious	contents	using	a	variety	of	binders.	
Fresh concrete properties such as slump, setting time, and air content 
were also tested. 



The final report for this project presents and 
discusses workability, setting time, strength, 
chloride penetration, and air permeability, and 
how they are affected by paste content of a 
mixture.

Figure 1. Hypothetical effect of cement content on concrete 
compressive strength for this study

Figure 2. Compressive strength at 28 days as a function of volume of 
paste divided by the volume of voids in the aggregate system; the data 
in this figure is consistent with the hypothesis (Figure 1)

Figure 3. Chloride penetrability at 28 days as a function of volume of 
paste divided by the volume of voids in the aggregate system

Key Findings
•	 About	1.25	to	1.5	times	more	paste	is	required	

than voids between the aggregates to obtain 
a minimum workability. Below this value, 
water reducing admixtures are of little 
benefit. Increasing paste thereafter improved 
workability.

•	 For	a	high	cement	content,	decreasing	w/c	
reduces setting time because cement grains 
are closer to each other, reducing the time 
needed for hydration products to become 
interconnected.

•	 For	a	given	w/cm,	increasing	cementitious	
content does not significantly improve 
compressive strength once the critical 
minimum has been provided. The critical 
value is about 1.5 to two times the voids 
content of the aggregate system. Figure 2 
illustrates this.

•	 For	a	given	w/cm,	increasing	paste	content	
increases the chloride penetrability. Figure 3 
provides an example.

•	 For	a	given	w/cm,	increasing	cement	content	
increases the air permeability.

Implementation Benefits

Reducing excess cement content in concrete 
mixtures will help to reduce costs as well as the 
environmental and energy impacts associated 
with making cement.


