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Abstract 
 

A computer program to facilitate the process of concrete proportioning is presented. 

Making mixes based on ideal grading curves for aggregates is contrary to finding the 

water demand of the available, local constituents, and if this is established, the mix 

design process is quite simple. Through an assessment of the different constituents, 

including aggregates, cement types and admixtures, and their influence on the 

concrete‟s water demand, this mix design program gives you through Excel spreadsheet, 

a suggested concrete mix, ready to be tested out. Replacement of one cement type with 

another, the testing of a new admixture or a suggested change of aggregate supplier et 

cetera, will influence the mix design, and can easily be handled and assessed both 

technically and economically, by using this practical tool. The program is a result of 

cooperation over many years between the technical personnel of Rescon Mapei and 

numerous concrete producers in Norway. 

 

 

1. INTRODUCTION 
 

In a handbook for concrete and concreting, the Swedish company Vattenfall describes 

the principles of mix design in the following way:  

1. The concrete’s workability shall be good enough to ascertain an efficient casting 

and compaction to ensure a tight and homogenous end product 

2. The hardened concrete’s properties shall meet the quality requirements regarding 

strength, water tightness and frost resistance 

3. The concrete mix shall be proportioned in such a way that the above principles are 

achieved at a lowest cost possible. [1 ]  

 

Concrete mix design can be, and is being done in several ways, more or less 

sophisticated. Very often, series of equations and assumptions are necessary obstacles to 

be passed on your way to a suggested mix. Whether based on ideal aggregate grading 

curves, calculations of paste or matrix volumes, different stages are prescribed. In this 

programme, we try to integrate the different aspects and show a practical way into the 

world of making recipes according to concrete standards. 
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2. CONCRETE MIX DESIGN  

 

2.1. Mix design vs concrete proportioning.  

 

Basic requirements of concrete properties are the foundation of any mix design. So, 

before starting to design (or specify) concrete, it is necessary to consider what properties 

we want concrete to have, and also what properties we do not want it to have, given the 

environment and loads that it will be conditioned/exposed to.  

Desirable properties: 

 Durability 

 Strength 

 Impermeability 

 Workability 

 Dimensional stability 

 Good appearance 

 Economy 

For most of these properties there are norms to be followed. In Norway, all concrete, 

whether ready mix or precast concrete is produced according to EN 206-1: Concrete. 

Specification, performance, production and conformity [2]. This norm specifies 

requirements for the constituent materials of concrete, properties of fresh and hardened 

concrete and verification of these properties, limitations for concrete composition, 

specification of concrete, delivery of fresh concrete, as well as production control 

procedures and conformity criteria and evaluation of conformity. But nevertheless, 

some of the mentioned desirable properties, whether described or not, can be contrary to 

each other (i.e. low cost versus high strength, or high workability), so it is necessary to 

stress that any mix design is also a compromise.  

It is also worth pointing out that different persons and positions are, or should be, 

involved in the process, so what might look obvious to a designer, might not be 

conceived the same way by a contractor or a concrete producer. 

Furthermore, in the steps from concrete description to concrete proportioning, i.e. to the 

process of actually making the concrete, we have to take into account what is possible to 

achieve. 

 
Figure 1. Basic factors in the process of mix design, according to Adam Neville [3] 
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Mix design is therefore the elaboration of the actual concrete composition starting from 

the required properties (workability, strength, durability, etc) and the characteristics of 

the available raw materials (cement, aggregate, chemical admixtures). 

 

Mix design can […] be defined as the process of selecting suitable ingredients of 

concrete and determine their relative quantities with the object of producing as 

economically as possible concrete of certain minimum properties – notably consistence, 

strength, and durability. [4]  

 

2.2 Proportioning the concrete mix 

 

So the challenge for concrete producers is to how to “translate” these requirements into 

o workable concrete 

o with local ingredients / constituents  

o to a reasonable price 

 

There is a tradition, and not only in Norway, that selling admixtures is more than just 

that. Following the admixtures is of course the use, and proving the usefulness of the 

products. But  more often than not, the admixture supplier is also engaged in the mix 

design and the proportioning of the concrete in which his (her) admixture is included. 

Over many years, the making and creating of mixes was done manually. Helping out a 

large number of customers also revealed the different approaches to proportioning the 

concrete. What were similar were (more or less) the cement types, the admixtures and 

the water. The biggest difference was the aggregates, which normally came from a local 

supplier (gravel pit or rock crushing plant). Different aggregates in shape and 

distribution resulted in different mixes. Just to duplicate a recipe from one concrete 

producer to another was therefore not possible. And to base the mixes on “ideal” 

grading curves, like the Fuller-Thompson curve  

P = 100 ( 
d

 / D) 
½

   

 

or Bolomey‟s modification 

 
P = B + (100 – B) (

d
 / D)

½ 
  

  

seemed a waste of time, as others also have found out:  

 

Many investigators have put forward “ideal” grading curves, either as actual curves or 

as mathematical formulas. (…) The weakness of the ideal grading approach is that it is 

rarely possible (or economical) to replicate exactly the ideal grading in the field. Also 

the grading may be ideal for one use but not simultaneously be ideal for all uses [5]. 

 

Naturally, the influence of the aggregate is huge, since it easily takes out 70 % or more 

of the total volume of the concrete. To use local resources is an advantage to avoid 

expensive transport – on the other hand, the local aggregates very seldom comply to 

“ideal grading curves”. 

 

Proper selection of aggregate type and particle size distribution affect the main 

properties of concrete – workability of concrete mix as well as mechanical strength, 

permeability, durability and the total cost of hardened concrete, therefore aggregate 

mix design is an essential part of  concrete mix design and optimization. There are two 
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ways to determine the composition of an aggregate mix: by means of an “ideal” 

grading curve and by means of theoretical and practical determination of aggregate 

packing value [6].  

 See also reference list for other theoretical approaches. 

 

Collecting the experience from numerous “mixing exercises” both successes and 

failures, we have computerized the manual work and developed a compromise: By 

analysing different parameters, the influence of these are extracted and then integrated 

into an Excel spreadsheet – hence the trade mark Exbet® (from Exel and the Norwegian 

word for concrete betong).  

 

2.3 Analysing the parameters 

 

Concrete proportioning is a practical science. Some postulations:  

 we work with “natural” resources – both cement and aggregates are variable 

and varying constantly 

 we work with mechanical equipment that is not 100 % reliable (inclusive 
dosage accuracy and wear and tear) 

 We work with human labour so failure is possible (errare humanum est)  
 

From these points, the concrete (both in fresh and hardened state) is not consistent. We 

have to accept variations. We want to reduce the variations as much as possible, but 

concrete production that expects total accuracy is not achievable and can be left to 

theoretical or laboratory studies. Any good mix design, whether done manually or by a 

computerized program are means to reduce the variations, but is not in itself the 

solution.  The program Exbet® Concrete Proportioning Program is therefore a 

suggested tool. These are the parameters: 

 

2.3.1. The basic water demand 

 

“Everybody knows” that changes in the fineness of the aggregates alter the amount of 

water needed to have a certain workability of a mix. Simply put, since the surface of a 

spherical round particle is dependent on the square of the diameter, an increase of 

particle size will reduce the surface needed to be wetted significantly and thus the water 

“demand” is reduced. Changes in Fineness modulus (FM) is an indication of this.  

Figure 2 illustrates this by a normal mix of say FM of 5.32 with Dmax 22 mm. In our 

program this results in a basic figure of 197.6. This number is modified with the “water 

demand” of the selected cement type* (see 2.2.4), to a “basic water” of 58.7 litres of 

water. If the FM changes radically, for instance for shotcrete (in which only particles 

less than 10 mm are used), the FM in this case will be 2.80 – the basic figure is 370.6, 

again modified with the cement factor gives a new figure for basic water of 111. This 

calculation equals an increased water demand of a “normal mix” to a “fine mix” of 111 

– 58.7 = 52.3 kgs or litres of water.   
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Figure 2 – Basic water demand based on fineness modulus (FM) 

 

2.3.2. The workability factor; slump water  

 

Workability factor:  The most used equipment for characterizing the workability of a 

concrete in Norway is still the slump cone (Abram‟s cone). When ordering concrete, the 

contractor most commonly uses the concept of “slump”. The cone is practical, swift and 

relatively wide spread. We therefore still use this measurement in the program. The 

amount of water needed to increase the workability, measured by slump, is different 

from cm to cm as the concrete„s slump increases. For instance, to adjust a concrete‟s 

slump from 5 to 10 cm is more water demanding than to “lift it” from 15 to 20 cm (See 

figure 2). This water for workability follows a parable. In this program the first needs 

more than 21 litres of water, the second only 7.5 litres of “slump water”.  
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2.3.3. The local factor: specific water demand 

 

Different aggregates, having equal FM, have different water demands. This is what we 

call the ”local” factor (or alternatively, the shape factor) – the figure is based on 

calibration done locally, either by the concrete producer or by representatives from our 

company. The variations are due to particle shapes, amount of crushed particles, fines 

(clay or silt), and minerals (i.e mica shist). As Mario Collepardi rightly points out: 

Actually, at a given Dmax for the aggregate the amount of mixing water needed to 

produce a concrete with a given slump increases if a crushed aggregate with irregular 

shape and rough surface is used instead of a natural rounded aggregate, indeed, when 

crushed aggregates with a rough surface are used, there is a higher friction between the 

aggregate surface and the cement paste, and then a higher amount of mixing water is 

needed with respect to natural aggregates with a  smooth surface, to obtain a fresh 

mixture at a given workability [7]. 

 

We assume that the geometrical forms or mineralogy remains relatively constant over 

time, so that this local factor does not need calibration very often. On the other hand, if 

the gravel or stone producer invests in improved equipment – yielding for instance 

better forms of crushed material, the local factor might change. And, of course, a change 

in supplier and/or change of source will obviously need calculation of a new local 

factor. The local factor varies normally from 80 up to 95 litres.  This indicates that the 

local calibration, based on at least two common mixes – one ”normal mix” and one for 

instance with the finer aggregates only, will effectively give this local factor that can be 

used as long as the same sources are used. 

 

2.3.4. The cement factor 

  

Different cement types needs different water amount, based on a number of factors: the 

fineness (Blaine), the alkali content, the amount of C3A and so on. Through parallel 

tests in mortar with standardized sand and practical experience, we have indicated a 

water demand factor for specific cement types on our markets. From a factor of 1, the 

different cements are given “water demanding effect” factors from 0.94 to 1.04. This 

factor is incorporated in the basic water demand as presented in 2.3.1.   

 

In addition to this, we know that if the amount of cement is high, the water demand is 

rising, if only because of the increase of the amount of fines. This we have taken into 

account by entering a cement factor in which each kg of cement more than 400 kg/m³ 

will generate an extra need of water by 5 %. This extra water will in itself also increase 

the amount of water as the water to cement ratio is a basic principle on which the whole 

mix design is founded.  

 

As an example, a mix with 450 kg cement will correct the water demand by 5 %: 

(450 kg – 400 kg) * 5 % = 2.5 kg  (1) 

 

Given a fixed water to cement ratio of 0.40, this gives an extra cement content of :  

            2.5 / 0.40 = 6.25 kg cement  (2) 

 

which in turn gives the mix another 5 % of water: 

            6.25 kg * 5 % = 0,3125 kgs of water (3) 
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which generates a cement need of 0,8 kg etc.. All this is today made simple by computer 

programs! 

 

2.3.5. The influence from admixtures 

 

The most used admixtures in concrete in Norway are plasticizers and superplasticizers, 

and the demand of such products has increased as a consequence of their efficiency in 

reducing the water demand. As the “law” of water to cement ratio is still valid, any 

reduction of water demand, will also reduce the required need of cement/cementitious 

materials. The effectiveness of different admixtures is different, so a specific factor 

must be found for each product. Water reduction based on admixture efficiency can 

become a “sport”, resulting in very high dosages of admixtures and low amount of 

cement. The latter is partly taken care of in the norms which specify minimum cement 

contents to avoid durability problems, but we have also introduced a maximum water 

reduction in the program. 

 

Since the program is developed as a helpful means to our customers, this section is 

uniquely connected to our admixtures (although it is possible – for us, to enter any 

admixture into the program). 

 

A number of products, i.e. set or hardening accelerators, air entraining agents, pumping 

aids, viscosity enhancing agents and others do not act as water reducers, although some 

might affect the workability of the concrete. Other products, as retardants, will normal ly 

affect the water demand, and this must be quantified in spite of the fact that this is not 

the reason for their use.  

 

2.3.6. Other factors 

 

By adding pozzolanic materials into the concrete, the water to cement ratio must be 

replaced with the water to cementitious ratio according to an “activity factor” of the 

pozzolanic material. This factor should be given in national norms and depends on the 

type of material (also including the latent hydraulic material).  

 

The use of anti-wash out agent increases the water demand significantly. 

 

Fibers, whether steel fibres or polypropylene fibers strongly influence the water 

demand, and is incorporated in the program. 

 

2.4. Summing it up = volumetric calculation 

 

As the program sums up the different water demands at a given workability level, the  

rest is to calculate the correct volumes of each ingredient based on given specific 

gravities and the amount of air voids. 

 

C/Sc + Si/Ssi + V1/S1 + V2/S2  + V3/S3 + A/ Sa + Water  + Volume of air = 

1000  

 

where C, Si, V1, V2, V3, A, W etc. represents the weights of the different ingredients, 

while  Sc ,Ssi, S1,  S2,  S3, Sa  etc. represents the specific gravity of the actual constituents 
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2.5. Calculating the price 

 

According to the principles of mix design presented by Vattenfall [1], the mix should be 

made at a lowest cost possible. A simple calculation of the mix is therefore included in 

the program. This calculation can be easily made invisible by a click if a customer 

suddenly appears… 

  

 

2.6. The output 

 

The output is a recipe ready to be tested out. As mentioned in 2.3.3, the value of the 

local factor (i.e specific water demand based on the actual local aggregates) is the result 

of practical tests. We call this the calibration exercise. In this test, the exact moisture 

content of the used aggregates as well as achieved workability (slump cone values) are 

measured and put into the program. The water demand of local aggregates in the 

program is adjusted so that the program gives you an exact copy of the weighed 

ingredients in the produced mix. This should be done on at least two different mixes in 

which one tries to isolate the different available aggregates to estimate the water 

demand of each type of aggregate. This is especially important if the aggregates come 

from different sources with different particle shapes etc. Subsequent mixes can give the 

desired properties for your concrete. Changes in the grading of the same type of sand or 

gravel will alter the water demand, and the program calculates the new mix, yielding 

equal workability, measured as slump values. Having established the water demand of 

your constituents is sufficient to make new concrete mixes simply by fixing the 

proportions of different aggregates, entering the water to binder ratio and/or the 

exposure classes and desired slump values (in the case of self compacting concrete, the 

spread flow) 

 

In addition the program gives you additional information: It calculates the amount of 

chlorides and alkalis (Na2O-equivalents) in the mix, gives you the percentages of alkali 

reactive minerals, and the matrix volume (a value that can give you indication of 

whether the mix is suitable for self-compacting concrete). 

 

The program calculates the dry materials weight of any batch sizes, including laboratory 

batches of all sizes. You can also enter the actual measured moisture content of the 

aggregates and the program gives you the exact gauging water for the batch.  

 

3. TESTING OF NEW MATERIALS. 
 

One of the benefits by using such a data program is the possibility of effective  

laboratory work in evaluating and comparing different constituents. By keeping some 

parameters constant, the program can give you the exact consequences of a change in 

one or more ingredients. As we all are aware of, laboratory mixes are just indication o f 

what might happen “in the real world”. Firstly, the mixer used in a laboratory very 

seldom has the same efficiency as the real full-scale mixer and secondly, the wall effect 

(arising from the surface to volume ratio) in laboratory test specimens is larger than in 

the full-size structure, so that the sand content if the mix as determined in the laboratory 

may be unnecessarily high. 

But, keeping this in mind, the relativity can be measured – such as: what is the 

relationship between two admixtures? What seems to be the consequences of changing 
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supplier of the coarse aggregates? Will the cement type, though cheaper, increase the 

water demand? Which will be the cheaper mix? And so on.  

 

 

4. FUTURE WORK 
 

It is necessary to point out that the program does not make the concrete technologist 

superfluous. The program is based on knowledge about suitable proportioning between 

coarse and fine aggregates, the knowledge of concrete standards, the ability to make 

adjustments according to contractors‟/the executioners‟ feedback. 

 

Since the program is developed in close cooperation with concrete producers over many 

years, the result is practical more than theoretical. Several adjustments have been done 

and still more are to come. For instance, there are obvious improvements to be made for 

specific concrete types, especially modern self-compacting concrete – as well as dry 

concretes. More work is going to be carried out to integrate estimations of a concrete‟s 

pumpability, since the majority of all concrete is now pumped in Norway.  
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