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Abstract 
 

This is a part of a research project that has started at the University of Pristine. The main 

object of this project is to present the properties of local constituent materials, 

including: aggregate, cement and compatibility with the mineralogical admixture-silica 

fume and chemical admixture in production of HPC. Based on the properties of the 

constituent materials, and the desired for the mix design of HPC, using the 

mathematical method is done the simple program for the different classes of HPC . The 

program is created using the method step by step, always based on the preliminary 

request. Since many combinations of constituent materials are used in HPC, it is 

essential that they be used in trial mixes well ahead of actual concrete production so that 

there is adequate time to identify any incompatibility between materials and make 

changes if needed. All the input data are used from the laboratory examinations for the 

constituent materials. The output data are checked for different  HPC classes in the 

concrete samples in laboratory which are prepared exactly from the Mix Design request. 

Finally the output data are comparing with different same programs for Mix Design in 

different countries. 

 

KEYWORDS: Constituent materials, aggregate, cement, water, mineralogical 
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INTRODUCTION 

High performance concrete (HPC) can go a long way in addressing concerns about 

providing more durable and longer lasting concrete as well as meeting strength and 

other performance-related criteria. To call concrete high performance implies that it is 

specialized. In some instances such as when concrete can obtain high early strength, 

obtain high final strength, be placed under water without segregating, or self-

consolidate without the use of mechanical vibrators, concrete is specialized to meet 

requirements of a particular application. 

The class of concrete is normally defined in terms of its characteristic strength. For this 

reason, strength has been taken as the most important performance attribute of concrete 

and research in concrete technology has been focusing on achieving higher strength in 



 208 

the last century. Specifications to obtain such types of concrete can be made 

performance-based by requiring certain minimum performance measures, such as 

strength, slump, and air content, that can be readily tested. However, when HPC is 

specified to address durability concerns, methods of testing and verification are not as 

direct. The durability of concrete is discovered over time. Tests can indicate how 

concrete may perform over time, but typically they take a long time to conduct, and 

some of the results may not hold up under scrutiny. Therefore, engineers should rely on 

the latest technologies, the best information available at the time, and good engineering 

judgment to craft specifications that will provide concrete that will meet the needs of the 

transportation community 

 

 

1. CONSTITUENT MATERIALS 

 
The performance and quality of each constituents become critical at a certain point as 

the targeted strength increase. When we select the materials to make the HPC some 

choices are more critical than others. In this case the selection of cement will be 

considered first. 

The selection of aggregates will be also the important points, because the quality of 

aggregate can be a critical issue in the compressive strength. 

Also the choice of other constituents: cementious materials and admixtures are very 

important steps. 

 

1.1. Selection of cement 

 

The first choice when making the HPC is definitely the cement. The performance of the 

cement is crucial issue as the targeted compressive strength increases. For the making 

the First class of HPC we used the most present cements, but for making the other 

classes of HPC is not possible using the usually present cement. Only few types of 

cement will be used for the making the class III,IV and V(Aitchin 1998).  

To compare the two types of cement: a/ local cement used in the research works; b/ 

usually cement ; c/Cement with the high performance, it will be presented in table 1. 

 

Table 1- constituent elements of usually PC and High performance PC 

 

Cement SiO2 Al2O3  Fe2O3 CaO MgO K2O Na2O SO3 L.I. 

a/Cement-

Local 

producer: 

CEM II/A-P 

52.5 

20.60 

(23.31)* 

4.55 

(4.67)* 

2.44 

(2.16)* 

59.50 

(61.45)* 

/ 

(2.49)* 

/ 

(0.98)* 

/ 

(0.91)* 

/ 

(2.32)* 

/ 

(2.0)* 

b/Usually 

PC 

19.4 4.8 3.6 63.7 1.9 0.8 0.2 2.7 2.4 

c/High 

Performance 

PC 

34.3 7.8 2.5 43.4 5.7 1.0 0.2 2.4 1.5 

*The values from laboratory examinations 
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For comparing the physical – mechanics properties of the: Local Producing Cement; 

Usually PC and High Performance PC, it’s presented  in table 2. 

 

Table 2-Physicsal-Mechanics properties 

 

 fineness Setting time 

h:min 

Compression strength (N/mm2) 

( age-days ) 

                                                         

 Blaine 

(cm2/gr) 

Initial Final 1 2 3 7 28 90 

Cement-

Local 

produc: 

CEM II/A-P 

52.5 

4580* 2:05* 3:30* / 28.89* / / 81.25* / 

Usually PC 3120 2:45 3:25 26.2 36.4 42.4 48.5 57.1 64.2 

High 

Performance 

PC 

5790 2:55 3:45 35.2 44.8 54.2 65.6 92.7 105.1 

* The values from laboratory examinations 

 

In this work is used the local cement CEM II/A-P 52.5-SHARRCEM with the presented 

properties in tables. 

 

1.2. Selection of aggregate 

The selection of aggregate must be done carefully because as the targeted compressive 

strength increases the aggregate can be the weakest link, under the higher stress. It 

should be obvious that only well-graded fine and coarse aggregate should be used.  

 

1.2.1. Fine aggregate 

 

Usually , fine aggregate used to make high performance concrete have a grain size 

distribution within the limits , recommended by the different codes, for the usual 

concrete. In this case the selected fine aggregate corresponds the fineness modulus of 

2.6-3.0. Generally, there is no particular advantage to using one type of sand rather than 

another as long as it is clean and free from clay and silt. 

For the experiments we used the same sand for usual and high performance concrete.  

 

1.2.2. Coarse aggregate 

 

The selection of the coarse aggregate becomes more important as the targeted 

compressive strength of the hardening concrete and its resistance to disintegration and 
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other destructive effects. Also, same of the fine aggregate, the coarse aggregate must be 

clean of organic impurities and free from clay and silt. 

 

The local used aggregate on the research works is presented with the following main 

properties, presented in the table: 

 

Table 3-properties of the used local aggregate 

 

  

Fine         

aggregate            

0/4 mm    

Coarse aggregate  

4/8 mm 8/16 mm  

  

Sieves 

(mm) 

Passing            

(%) 

Passing 

(%) 

Passing 

(%)  

Fineness 

Module   

Specific       

density      

(gr/cm3) 

Water 

absorption 

(%) 

Compression 

Strength 

(N/mm2)  

0.25 17.1 0.4 0.4         

0.5 28.2 0.5 0.4         

1 44 0.6 0.4         

2 67 0.9 0.5         

4 97.4 10.6 0.6         

8 100 93 7         

16 100 100 99.8 2.46 2.65/2.70 0.35-0.5 138.2/116.25 

 

1.3. Selection of mineralogical admixture 

 

The selection of mineralogical admixture is based on the which kind of source materials 

is available in the country. In this work we used the silica fume, such a mineralogical 

admixture . There is still recommended for the producing the HPC. When the silica 

fume is available at a competitive price, its used is recommended because it is then 

easier to obtain targeted rheology and strength.  

The used silica fume is from the supplier „MAPEI“ Italy- Mapeplast SF with the 

characteristics: 20-60 kg/m3 ; Dosage: 5-10% by weight of cement. Packaging 20 kg 

bags.  

 

1.4. Selection of chemical admixture 

 

The selection of a good and efficient chemical admixture is also crucial when making 

the HPC, because not all the admixtures react in the same way with cement, and also the 

indicate on the final results of fresh and hardening concrete. In this work we used the 

types of superplasticizer: Modify acrylic polymer- Dynamon SX or Dynamon SP3 from 

producer Mapei-Italy. 

One of the most important think in the selection of chemical admixtures is compatibility 

between the selected cement and selected admixtures, always based on the laboratory 

examinations. In this case the local cement and selected admixtures have the full  

compatibility based on the examinations of spread paste (mini cone test).  



 211 

1.5. Selection of the water 

 

The used water is drinking water, with the controlled pH. 

 

2. Mix proportioning design method 

 

To design a high strength concrete mix for the columns in a building, on the specified 

target value after the 28 days, 56 and 90 days, we will used the selected constituent 

materials with the presented properties. Also we can used the preferable value for the 

properties of fresh concrete: slump, air voids, workability; and the properties of 

hardening concrete: density, compressive strength, modulus of elasticity and ect. The 

presented method is based on the step by step methods, and will be presented in 

following fig.1.Flowchart diagram 

 
 

Start

Decide on slump and f cf

Decide the maximum size of aggregate

Decide water and air content

Select the W/C ratio

Calculate cement content (=C/W x wt. of water

Calculate cementitious content (=(C+P)/W x wt. of water

Proportion both a basic mixture withuot cementitious

material and a mixture with the cementitious material P

Adjust mixture proportions to archive required

slump by changing superplasticizer  content

Select optimum trial mix

End

'

 
      Fig. 1.Flowchart diagram 

 
The presented method is based on the many experimental results and many indicated 

factors, in this case created the many variations for approval the final mix design.  

 

2.1. Simple method for mix design 

 

For sampling, based on the ACI-211-1 Standard practice, in this paper we used the 

combinations method of empirical results and mathematical calculations. 

The procedure is initiated by selecting of the five characteristics of constituent 

materials. In the following chart is presented access of the mix design, fig.2 
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W/C selection water content Superplasticzer

     dosage

  Coarse

aggregate

  content

Air content

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5

Binder

content

Sand content

Trial batch

Workability

Strength

   Final

composition

Yes

Yes

No

No
Adjustments

Change the

 W/C ratio

 
 Fig. 2 Flow Chart of the simple mix design method 

 

2.2.    Applied the simplify  method 

 

The calculations for the mix proportions will be presented in following chart (fig.3). In 

the first part is calculated the physical properties of constituent materials, and in second 

part is calculated the variations for the optimal mix design.  
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Required Compressive Strength: 100 Mpa     

Table A   Gc %  Aggregate GSSD Wabs Wtot Wh  

Cement   2.95 90  Coarse 2.7 0 0 0  

S.F.   2 10  Fine 2.65 0 0 0  

         Wh=Wtot-Wabs M=MSSD(1+Wh)   

Superplasticizer                 

Density 

(Gsup) 
  

dosage. 

(%) 
Msol=Cxd/100   

Vliq=(Msol)/ 

(sxGsup)*100 
  

VW=VliqxGsupx(100-

s/100) 
    

Vsol=Vliq-VW= 

Vliq[1-(100-

s/100)xGsup] 

1.07   30 4.78   14.89               11.16 3.74 

  1 2 3 4 5 6    

Materials   

Content 

(kg/m
3
) 

Volume 

(l/m
3
) 

Dosage   

SSD condit. 

(kg/m
3
) 

Water 

corretion(l/m
3
) 

 Content 

1 m
3
 Trial batch    

Water   170 170 170 

  

158.84 15.09    

W/(C+M)=   0.32        

Cement 

531.25 

478.13 162.08 478.13 478.13 45.42    

silica fume 53.13 26.56 53.13 53.13 5.05    

/ / / / / /    

Coarse 

Aggregate   

1070 396.3 1070 0.00 1070 

101.65    

Fine 

Aggregate   616.80 

232.76 616.80 0.00 616.8 

58.60    

Air 

  Perqindja 11 
0 

  

   

  1.1    

Super 

plasticizers 

  1.4 1.31 4.78 -11.16 14.89 1.4    

      

Total    767.24 2392.84 -11.16   227.2    
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3. LABORATORY MIX DESIGNS 
 

More than 50 trial batches were made using locally available materials at the laboratory 

of the Construction Materials Research Group at the University of Prishtina-

Department of Civil Engineering. As an initial starting point, local experience and 

guidelines provided by the ACI Committee 211 were followed to come up with an 

initial set of mix proportions for the HS/HPC mix design. The mix designs were later 

adjusted through laboratory trial mixes designed to optimize the performance of the 

constituent materials used. 

 

Using the apply simplify method and local materials, such are: 

- Cement CEM II/A-P 52.5 „SHARRCEM FORCE“ 

- Aggregate – Lime stone 

- Silica fume- Mapeplast SF 

- Superplasticizer Dynamon SX 

- Water-drinking water 

 

The output results are presented in next steps: 

 

Date : 13.09.2005    Superplastifikator Dynamon SX; 2.5 kg/100kg 

Mix design: RHPC-8  Silica fume 10% 

Properties of fresh concrete 

Temperature:  T=26.0 Co  
Slump :   s = 22.0 cm 

Slump after:  0.45h, s=21.45 cm 

Porosity:   p = 1.2 % 

Bulk Density:  2490  kg/m3 

 

Properties of hardening concrete 

 

Compression strength depend of the time 
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Mix design: RHPC-8   

      Date : 13.09.2005     Superplasticizer Dynamon SX 

Properties of fresh concrete 

Slump: s = 22.0 cm 

Slump after: 1.0h,  s=21.5 cm 

 

 
 

For the comparison, in next experiment is changed only the aggregate. The using 

aggregate was the Andesite. The results of compression strength are increased, and 

also the other properties are favorable and acceptable. In the following fig. are 

presented. 

 

Date : 28.10.2005    Superplastifikator Dynamon SX; 2.5 kg/100kg 

Mix design: RHPC-9  Silica fume 10% 

Properties of fresh concrete 

Temperature:  T=22.0 Co  
Slump :   s = 20.0 cm 

Slump after:  0.45h, s=19.5 cm 

Porosity:   p = 1.8 % 

Bulk Density:  2480  kg/m3 

Properties of hardening concrete 

Compression strength depend of the time 
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Mix design: RHPC-9 

Date : 28.10.2005      Superplasticizer Dynamon SX 

Properties of fresh concrete 

Slump : s = 20.0 cm 

Slump after: 1.00h, s=19.50 cm 

 

 
 

 

 Comparison between the results of Mix Design 8&9 

 

o Mix Design RHPC-8  Aggregate-Lime Stone 

o Mix Design RHPC-9  Aggregate-Andensite 
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4. CONCLUSIONS 
 

 Selection of Materials   
 

 Interaction among mix constituents is as important as the water to 

cementitious ratio. The interaction between mineral admixture such as silica fume 

and Portland cements on strength is highly unpredictable and can only be 

determined by conducting laboratory and field trial mixes. 

Silica fume  also benefits the later-age strength gain and finish ability 

characteristics of the concrete.  

 The use of a higher content and a coarser gradation of coarse aggregates 

with a lower percent voids generally results in the production of a higher 

compressive strength concrete due to a decreased water demand for a given 

workability.  

 The sands with a fineness modulus in the range of 2.60 to 3.00 results in 

HPC mixtures with good workability. 

 

 Properly Mix Design for HPC, is more complicate than Usually Concrete, and 
is in a direct relations with experimental laboratory examinations. Mathematical access 

is only the first step. 

  

 Mineralogical characteristics of the coarse aggregates influenced the 
mechanical properties on the concrete directly. In this paper the used aggregate, 

Andensite, indicate on the increase the compressive strength.  
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