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1. The purpose of work 
 

The purpose of work was to show chosen properties of concrete modified 

with wooden fibres and to compare them with unmodified concrete in order 

to show influence of these wooden fibres on chosen properties  

and to check if using of these types of admixtures is beneficial  

in economical and technical point of view. 
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2. Former trials of using of wooden fibres 
 

In the past there were trials of using wooden fibres in construction.  

It was tried in various branches but the most interesting researches  

were made by using wooden fibres as admixture to cement or concrete. 

There were made studies and analysis regarding the influence of wooden 

admixtures, as durability of wooden fibre reinforced structure, temperature 

and moisture effects of fibre reinforced structure and also checking  

of some selected mechanical properties of fibre reinforced structures. 

 

2.1. The fracture of wood fibre reinforced concrete 
 

Fibre reinforced cements and concretes were developed in order  

to overcome the problems caused by the low tensile strength and brittle 

behaviour of plain concrete. The underlying assumption is that the fibres 

provide a crack arrest mechanism, by delaying the onset of significant 

tensile cracking and by controlling the cracking once it has occurred.  

Thus, attempts have been made to analyze these fibre composite 

materials using the concepts of fracture mechanics. In this study,  

the flexural strength and mode of fracture of commercially produced wood 

fibre reinforced cement were studied, in both the air –dry and saturated 

states. In particular, an attempt was made to see whether the apparent 

fracture toughness could be used to provide a failure criterion  

for the material. [15] 

The main point of these studies was to check the flexural strength  

and fracture properties of commercially produced wood fibres reinforced 

cement. During research it was stated that specimens which  

were saturated were 10-20% weaker than specimens which were  

air-dried, and also more compliant. The material which was saturated  
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was completely notch (cut) insensitive and the material which  

was air-dried appeared to be associated mainly with fibre pull-out.  

In conclusion, the application of linear elastic fracture mechanics  

to this system is inappropriate. [15] 

 

2.2. Selected mechanical properties of wood fibre-cement 
composites 
 

2.2.1. Physical properties 
 

The purpose of this research was to determine the effects of treated  

and untreated hardwood, kraft softwood, and newsprint wood fibers  

on the 7- and 28-day bending strength, compressive strength,  

and toughness values for wood fiber-cement composites. Untreated  

and acrylic-or alkylalkoxysilane-treated hardwood, kraft softwood,  

and newsprint wood fibers used in wood fiber-cement composites resulted 

in different bending and compression properties. Fiber characteristics 

along with different chemical treatments influenced the composite 

properties. Compressive strength decreased for all fiber types  

and chemical treatments compared to the neat cement controls. Bending 

strength values for all wood fiber composites were higher than the neat 

cement control specimens. Both the acrylic emulsion and alkylalkoxysilane 

treatments provided improvements in the bending strength values 

compared to the untreated wood fiber-cement composites. Toughness 

improved for all untreated and treated wood fiber-cement composites 

compared to the neat cement control specimens. The toughness value 

results for the alkylalkoxysilane-treated fibers were similar to the acrylic 

treated fibers in that the longer kraft softwood fiber-cement composites 

had the highest toughness values compared to the other fiber groups. [16] 
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2.2.2. Chemical properties 
 

The objective of this study was to determine the effects of sodium  

(N) silicate, potassium (K) silicate, and silane (Si) treatment levels  

on newspaper and unbleached kraft fibers for enhancing selected 

mechanical properties of wood fiber-cement composites compared  

to untreated wood fiber-cement composites. Both wood types treated  

with selected aqueous solution strength, air dried, and mixed with water 

and cement. The bending and compression properties of the specimens 

were determined after 28 days of hydration. Results of this study indicated 

that the aqueous chemical treatments of the wood fibers enhanced  

some of the mechanical properties of wood fiber-cement composites 

compared to the untreated wood fiber-cement composites.  

The enhancement depended on chemical treatment and wood fiber type. 

All three chemical treatments of newspaper fiber enhanced the normalized 

toughness values compared to the untreated newspaper fiber-cements 

composites. In addition, higher treatment levels using N silicate  

with newspaper fiber improved the compressive strength and bending 

modulus of the composites compared to the untreated newspaper  

fiber-cement composites. Kraft fiber treated with all three chemicals 

enhanced the compressive strength, bending strength, bending modulus 

and bending strength compared to the untreated kraft fiber-cement 

composites. However, only silane-treated kraft fiber improved  

the normalized toughness values compared to the untreated kraft  

fiber-cement composites. The results of the study indicated that certain 

chemical treatments react better with better different wood fiber types 

resulting in selected mechanical property enhancements. [17] 

 

2.3. Temperature and moisture effects on selected 
properties of wood fiber-cement composites 
 

The effects of moisture cycling on the dimensional stability  

and temperature cycling on the compressive strength of treated  
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wood fiber-cement composites were investigated. The Kraft softwood 

fibers and the hardwood fibers were treated with an aqueous emulsion  

or alkylalkoxysilane prior to manufacturing into wood fiber-cement 

composites. Moisture cycling results indicated that the treated  

fiber-cement composites were more resistant to deterioration than the neat 

cement specimens. The alkylalkoxysilane-treated fiber-cement composites 

resisted deterioration more than the acrylic emulsion-treated fiber-cement 

composites. Treated hardwood fiber-cement composites were more 

resistant than the treated Kraft fiber-cement composites. The effects  

of temperature cycling on the compressive strength values produced 

similar results. The treated fibers were more resistant to detoriation  

than the neat cement. The alkylalkoxysilane-treated Kraft and hardwood 

fiber-cement composites had higher average compressive strength values 

than the acrylic emulsion-treated wood fiber-cement. [18] 
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3. Composition and properties of concrete 
 

3.1 Cement 
 

Any material which can be made plastic and which gradually hardens 

to form an artificial stone-like material is referred to as a cementations 

material. Hydraulic cements, that is Portland and natural, along with limes 

are the principal cementing materials used in structures. They become 

plastic by the addition of water and then the mix hardens. The other 

principal types of cementing agents are asphalts which are made plastic 

either by heating, emulsifying, or by the addition of a cutback agent. 

Their hardening process is totally different from that of a hydraulic 

substance which requires a hydration mechanism to harden. [9] 

Cement (CEM) is a hydraulic binder – slightly melted inorganic material, 

which makes paste after reaction with water, which binds and hardens 

by reaction of hydration. These paste after hardening belongs resistant 

and durable also under water. Concrete or mortar made of cement 

keep workability long enough and after certain time should achieve 

stabilized level of durability and remain sustained volume capacity.  

Content of cement: 

1. Main components – specially chosen inorganic materials, 

which exceed 5,0% of mass. 

• Portland clinker 

• Granulated blast furnace slag 

• Pozzolana 

• Flying ashes, e.g. silica flying ash 

• Limestone 

2. Minor components – specially chosen inorganic mineral materials 

coming from the process of production of clinker or main components 
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(flying ash, Pozzolana, granulated blast furnace slag, limestone, silica 

ash), if their content is less then 5,0%. 

3. Lime sulfate – regulation of binding time (added in small amounts 

to other components during its manufacture) 

4. Additives – used in order to improve manufacturing or properties 

of cement. Whole amount of additives should not exceed 1,0% 

 

Cement of common use is divided in four kinds: 

• CEM I – Portland cement, 

• CEM II – Mixed Portland cement, 

• CEM III – Blast furnace cement, 

• CEM IV – Pozzolana cement.[3] 

 

Tab.1. Major components of Portland cement [2] 

 
 

3.2 Aggregate 
 
Aggregate as a filler of concrete occurs in a pour form made of pieces 

of solid bodies. Absolute volume of aggregate in concrete is indifferently 

from 60 to 75%, but in special cases can reach 80%. Aggregate 

has a huge influence on many important features of the concrete, 

and especially on compression strength, density, heat conductivity 

or on resistance against factors affecting during usage. 

Aggregates are the inert particles that are binded together by the 

cementing agent (such as Portland cement) to form a mortar 

or a concrete. Mortar is a mixture of fine aggregate, a cementing material, 

and water. A mixture of only cement and water is referred 

 7



to as “neat cement”. Concrete is composed of the ingredients of mortar 

plus coarse aggregates. The boundary size definition of fine aggregates 

is one that passes through 5 mm sieve. Coarse aggregate particle sizes 

are those that are retained on a 5 mm sieve opening. There 

is no real maximum size aggregate, but in most concretes for pavements 

and structures the upper limit is usually 5 cm, but may also be larger. 

Coarse aggregates are obtained from gravel or crushed stone, blast 

furnace slag, or recycled concrete. Trap rocks, granite, limestone, 

and sandstones are satisfactory for crushed stone. Fine aggregates 

are derived from the same sources except that in the place of gravel, 

naturally occurring sand is used. All aggregates should be composed 

of hard particles and free of injurious amounts of clay, loam 

and vegetable matter. The principal characteristics of aggregates  

that affect the strength, durability, and workability of a concrete 

are cleanness, grading, hardness, and shape. Usually the aggregates 

are stronger than the concrete from which they are made. A coating 

of dirt or dust on the aggregate will reduce the strength of concrete 

because it prevents the particles from properly binding to the mortar. 

A well-graded aggregate mix is essential to obtaining an economical 

concrete of good quality. If poorly graded, even clean, sound aggregates 

will require excessive water for workability, resulting in lower strength 

or the mix will require an excessive amount of cement to develop a given 

strength. [9] 

In view of kind of concrete there are aggregate used to produce heavy 

concrete, normal concrete, lightweight aggregate concrete and lightweight 

micro-aggregate concrete.  

In normal concrete it is allowed to use rock aggregate. Density of these 

aggregate is placed in the interval 2000 to 3000 kg/m3. 

In production of normal concrete more often there is used aggregate 

received from scratching the concrete from old concrete structures. 

In special cases there is a chance to obtain concretes with properties 

which are demanded to normal concrete usage, from ecological 

and economical views and really reasonable, also other aggregates which 

are usually wastes from industry production: 
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• Piece slag used in many steel mills from slow cooling. These product 

has low basisity and density 2,0 to 2,8 kg/dm3 

• Kek, used after processing of sulfur ore 

• Rock wastes obtained from processing of building stone, in amount 

to 30%. These are usually seeds in dimension to 4mm (60% - 2mm). 

Normal concretes with aggregate have high absorptivity (up to 12%)  

and have low resistance against frost. These disadvantages 

can be remedial by adding natural sand. 

• After copper slag with density > 2,4 kg/dm3, obtained only locally 

in copper mills by slow cooling liquid slag waste. [1] 

 

Tab.2. Partition of rocky aggregate acc. to PN-87/B-01 100 [1] 

 
 

Very important influence on bending is shape of the aggregate; seeds with 

the most favorable shape are these, which have low surface to volume 

ratio, what minimize usage of cement to cover the surface of seeds. Very 

unfavorable is using dirty aggregate, because it lowers quality of concrete. 

Organic dirt, especially humus acids but also animal dirt (parts of shells) 

or clay stacked around aggregate, have very poor influence on cement 

binding process. 
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Dr.1. Kinds of aggregate [3] 

 

3.3. Water 
 
The purity of water is the main condition of right hydration of cement. 

Waters containing chlorides, sulfides, or organic compounds must 

not be used in production of concrete. Water which emits smell,  

not transparent, must be laboratory checked to confirm its usefulness. [4] 

Water containing even small quantities of acid can have a serious 

deleterious effect upon concrete. The presence of oil will result in slowing 

the set and reducing the strength. [9] 
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Generally it can be determined, that water which is appropriate to drink  

is also appropriate to concrete production. Water with pH interval  

6,0 to 8,0 and does not taste salty is appropriate to be used. 

 

3.4. Additives 
 

In order to correct the properties of fresh concrete there is a possibility  

to use some kinds of additives and admixtures. This substances  

are dozed in amounts which do not exceed 0,2 to 5,0 % in relation  

to the mass of cement. Under the name of admixtures there  

can be added: plasticizers (admixtures decreasing surface tension  

of water in degree allowing to restrain usage of water of about 10%  

and to remain stable consistence), super plasticizers, air entrainers,  

bind and hydration accelerators or bind and hydration retarders, tightening 

admixtures or coloring admixtures (pigments). 

Plasticizers and super plasticizers must fulfill following functions: 

• Lowering of water/cement ratio, 

• Lowering of water request of components (restrain of shrinkage 

cracks), 

• Improvement of workability (assuring solid plastifying without a risk  

of segregation) and simplify of transport of fresh concrete, 

• Increase of tightness of mortar and concrete (improvement  

of resistance against aggressive factors), 

• Increase of early durability against compression and bending, 

• Increase of final durability, 

• Air entraining of fresh concrete (increase of frost resistance), 

• Allowing of earlier form stripping and better usage of forms, 

• Betterment of concrete outlook, 

• Lowering the time of casting, 

• Betterment of resistance against grinding, 

• Lowering of shrinkage, 

• Higher adhesion, 

• Higher resistance against chemical corrosion. 
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Air entrainers cause change of internal structure of concrete and because 

of that concrete receives higher frost resistance. Small air blisters emerge 

in the structure of concrete and freezing water can not crush the concrete. 

 

3.5. Properties of concrete 
 
Depending on the properties of the aggregate, binder and additives there 

is a chance to gain concretes with a different properties. Nowadays,  

to erect engineering structures exploited in natural atmospheric conditions, 

like industrial halls, multistory buildings, and bridges there is used 

concrete called “normal concrete”. Normal concrete is a concrete made 

from mineral rocky aggregate binded with cement, also there is a need  

to keep the conditions where the density (ρob) is at least 2000 kg/m3,  

and dimension of aggregate seeds is higher than 8 mm. [1] 

Concrete is characterized by: 

• High compression strength, 

• High durability, 

• Resistance against high temperature, 

• High growth of durability, 

• Uncertainty, 

• Low tensile strength. 

 

3.6. Modified concrete 
 

Properties of normal concrete are in some situations not sufficient  

and there is a need to seek for solutions, which are optimal in aspect  

of the price and also usable. These additives may bring help  

to the concrete by improving its properties in many possible ways. Some 

of these properties may be e.g. compressive strength, tension strength, 

fire resistance, frost resistance or decreasing the weight of concrete.  

To receive durable, low – shrinkable, tight and constant concrete, 

necessary is to gain sufficient amount of cement paste to cover small 

 12



fractions of the aggregate, and to possibly low water/cement ratio. There 

also has to be kept other technological conditions which can eliminate 

structural defects of concrete. To achieve these points, it is common  

to use improvements of classic working procedures. To receive that, 

essential is to choose components of concrete very carefully in order  

to low water/cement ratio to border value, to low the amount of cement  

in the concrete volume (also keeping minimal amount of cement) and 

other actions to reduce negative issues in concrete structure. The most 

important way to achieve high quality and highly durable concrete  

is to make tight structure of the mortar by reducing water/cement ratio  

and improving micro–porosity. To achieve this effect, micro–fillers, like 

partly active ashes: silica ashes, slag ashes and cinder ashes have  

to be added to the concrete mix. 

From modified concretes it can be mentioned about these, which  

are enriched with many types of fibers, slags, cinders, new kinds  

of aggregate or with resins. 

Some types of modified concretes: 

• Concretes modified with polymers, 

• Fibro – concretes, 

• Concretes modified with slag, 

• Concrete modified with wooden fibres. 

 

3.6.1 Concrete modified with polymers 
 

Polymer modified concrete may be divided into two classes: polymer 

impregnated concrete and polymer cement concrete. The first is produced 

by impregnation of precast hardened Portland cement concrete  

with a monomer that is subsequently converted to solid polymer.  

To produce the second, part of the cement binder of the concrete  

mix is replaced by polymer (often in latex form). Both have higher 

strength, lower water permeability, better resistance to chemicals,  

and greater freeze-thaw stability than conventional concrete. [6] 
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Although its physical properties and relatively low cost make it the most 

widely used construction material, conventional Portland cement concrete 

has a number of limitations, such as low flexural strength, low failure 

strain, susceptibility to frost damage and low resistance to chemicals. 

These drawbacks are well recognized by the engineer and can usually  

be allowed for in most applications. In certain situations, these problems 

can be solved by using materials which contain an organic polymer  

or resin (commercial polymer) instead of or in conjunction with Portland 

cement. These relatively new materials offer the advantages of higher 

strength, improved durability, good resistance to corrosion, reduced water 

permeability and greater resistance to damage from freeze-thaw cycles. 

Polymer impregnated concrete - Consists generally of a precast concrete, 

which has been dried (and evacuated) then impregnated  

with a low viscosity monomer (or mixture of monomers) that polymerizes 

in situ to form a network within the pores. Impregnation results in markedly 

improved strength and durability (e.g., resistance to freeze-thaw damage 

and corrosion) in comparison with conventional concrete. 

Polymer cement concrete - Products made with thermosetting (cross-

linked) polymers and polymer latex have greater mechanical strength, 

markedly better resistance to penetration by water and salt, and greater 

resistance to freeze-thaw damage than Portland cement concrete; 

excellent bonding to steel reinforcing and to old concrete. [6] 

 

3.6.2. Concrete modified with slag 
 
This modification clue is to add blast furnace slag or granulated slag  

to concrete mix: 

• Blast furnace slag concrete.  

Addition of particle slag. Dishomogeneity of aggregate of blast ash furnace 

slag and significant amount of harmful components (unburned coal  

and sulfur compounds) are main reason of lowering of durability, which 

provides to limited use of this component. Blast furnace slag should  
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not be used to produce reinforced concretes and exposed to constant 

moistening, exceeding 75%.  

• Granulated slag concrete 

This concrete was used to produce monolithic walls of one or two - storey 

buildings, nowadays mainly used for production of hollow bricks. Because 

of high porosity of this type of concrete, and also of low mechanical 

durability of seeds of granulated slag, the concrete made from this 

material needs significant amount of cement. Characteristic advantage  

of this concrete is significant growth of durability in time. Absorptivity  

of this concrete can reach 25%. 

 

3.6.3. Fiber-concrete 
 
The modification of concrete rests on adding of steel, polypropylene, 

nylon, carbon, cellulose or wooden fibers to the concrete mix during 

mixing process which are supposed to make kind of diffused 

reinforcement, which gives concrete better tensile strength. The aim is the 

free placement of fibers in the concrete, according to the level of mixing 

and density.  

Civil structures made of steel reinforced concrete normally suffer from 

corrosion of the steel by the salt, which results in the failure of those 

structures. Constant maintenance and repairing is needed to enhance  

the life cycle of those civil structures. 

There are many ways to minimize the failure of the concrete structures 

made of steel reinforce concrete. The custom approach is to adhesively 

bond fiber polymer composites onto the structure. This also helps  

to increase the toughness and tensile strength and improve the cracking 

and deformation characteristics of the resultant composite. But this 

method adds another layer, which is prone to degradation. These fiber 

polymer composites have been shown to suffer from degradation when 

exposed to marine environment due to surface blistering. As a result,  

the adhesive bond strength is reduced, which results in the de-lamination 

of the composite [13] 
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Another approach is to replace the bars in the steel with fibers to produce 

a fiber reinforced concrete. Basically this method of reinforcing  

the concrete substantially alters the properties of the non-reinforced 

cement-based matrix which is brittle in nature, possesses little tensile 

strength compared to the inherent compressive strength. The principal 

reason for incorporating fibers into a cement matrix is to increase  

the toughness and tensile strength, and improve the cracking deformation 

characteristics of the resultant composite. In order for fiber reinforced 

concrete (FRC) to be a viable construction material, it must be able  

to compete economically with existing reinforcing systems. [14] 

During tension process, the optimal placement of fibers is 45 degrees  

from the tension axis. 

 

 
Dr.2. Schema of composition of fibres during tension 

 

Other very important aspect is high fire resistance of concrete enriched 

with polypropylene fibers. 

There is also theoretical possibility of using wooden fibers as additives  

to concrete mix. 

 

 

 

 

 16



3.6.4. Concrete modified with “Traullit” wooden fibres 
 
Modified concrete with addition of “Traullit” wooden fibres is a normal 

concrete C20 with addition of these fibres. Fibres are added to fresh 

concrete mix during mixing process, the placement of fibres is free,  

and depends on the level of mixing and density. To achieve high quality  

of concrete, wooden fibres must fulfill norm demands.  

These fibres can be also used as filler to soundproof screens, and also  

as other building finishing materials like board used as walls or ceilings. 

Such boards, which fibres are binded with mortar, epoxy resins or many 

kinds of glues are very easy to transport and assemble, because of small 

weight and low price comparing with other building materials. Well 

impregnated are also highly resistant to fire. 

Other idea of using these fibres can be using them as filler to segment 

walls. After mixing them with a fresh concrete mix, saving the proportions 

where amount of fibres is dominant and concrete mix should only  

be a binder and hardener, may make walls which can have wide apply  

in construction. They have low weight, high soundproofness and, like walls 

which are described above – generally low price. 

 

 
Dr.3. Use of “Traullit” wooden fibres [8] 
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“Traullit” wooden fibres may have profitable influence on following 

properties of concrete: 

• Tensile strength – concrete has low tensile strength so using of fibres 

may significantly strengthen its durability, 

• Compression strength – concrete has very high compression strength, 

and amount of added fibres is not that high, that may have unfavorable 

influence on compression strength, 

• Fire resistance – in high temperatures concrete can crack because  

of high pressure of hot water inside concrete. Water will not explode, 

because it will have a possibility to go through micro–pores in wooden 

fibres, 

• Water tightness, 

• Price – use of wooden fibres may be cheap solution, 

• Better soundproofness and heat permeability in comparison  

to elements made from traditional concrete. 
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4. Program of studies 
 

4.1. The purpose of studies 
 

The purpose of studies was to verify, if:  

1. Addition of “Traullit” wooden fibres can improve properties of concrete, 

2. It is possible to use this type of concrete in construction, 

3. Use of these fibres would be profitable, when discussing the influence 

on chosen properties of normal concrete C20. 

In shown research there were made tests of four kinds of concrete mixes, 

and after that the results were compared with unmodified concrete.  

All of the mixes were done based on the formula of one concrete mix. 

Mixes enriched with admixtures were following: 

• mix no. 1 – admixture of “Traullit” wooden fibres in amount  

of 7kg per 1m3 of concrete mix, 

• mix no. 2 – admixture of “Traullit” wooden fibres in amount  

of 5kg per 1m3 of concrete mix, 

• mix no. 3 – admixture of “Traullit” wooden fibres in amount  

of 3kg per 1m3 of concrete mix, 

• mix no. 4 – concrete mix without addition of “Traullit” wooden fibres. 

 

Studies of compression strength of samples and tension strength  

of samples were carried out 24, 48, 168, 336 and 672 hours (1, 2, 7, 14 

and 28 days) after casting of samples. 
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Following recipe of concrete mix was used to perform the research: 

 

Tab.3. Recipe of the concrete mix 

 
 

4.2. Implementation of samples 
 
Samples were cast in the steel forms having size of edges: 150mm  

and shape of a cube. The form and the base of form were screwed 

together, what lowers leaks of paste on the joint of the form and the base 

of form during vibrating. 

 

 
Dr.4. Sample form 
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Before assembling of form, parts of forms which adjoin together were 

covered with mineral oil and lamina of oil were also placed on inside 

surfaces of forms in order to suppress any adhesion between wall of form 

and concrete. 

Form was filled in three layers and each of layers had about 50mm  

of height. Special cap on form was used during filling and all unneeded 

concrete was cleaned with help of steel bar and the clean surface  

was made with use of trowel. 

After filling each of layers, vibration table was used in order to compact 

concrete mix. Each of layers was vibrated for 15 seconds. 

After finishing the top surface of cube with use of trowel, cube was kept  

for 24 hours in temperature of 21 Celsius degrees with humidity about 

90%. 

After 24 hours the form was stripped and cube was moved to container 

with water where awaited up to the test day. [1] 

 

4.3. Products used to produce the concrete 
 

4.3.1. Cement 
 

Cement used for research was the Anläggningscement Portland 

Degerhamn CEM I N BV/SR/LA from Cementa AB company. Cement  

was produced according to Swedish norms SS-EN 197-1 and SS 134202-

04. This cement is produced in the cement factory Cementa AB  

in Dagerhamn in Sweden. This is Portland cement, which can be also 

used in huge or small structures as binder. It can be added to concrete 

which is exerted to sea works, palling, connection of water pipes  

or as exposed for especially damaging activity of external forces. 

Internal quality system in company ensures constant highest quality  

of the product. 

Following cement Anläggningscement Portland Degerhamn CEM I N 

BV/SR/LA from Cementa AB company has the same properties as CEM I 
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42,5 N-NA „MOSTOWO-DROGOWY” (“BRIDGE-ROAD”) from Cement 

Ożarów company. 

 

Characteristic of CEM I 42,5 N-NA „MOSTOWO-DROGOWY” (“BRIDGE-

ROAD”) cement: 

• high temperature of hydration – over 21 Celsius degrees, 

• high dynamic of growth of early durability – 200 to 275 J/g after  

one day. 

 

Appliance: 

• casting in low temperature conditions, 

• normal concrete up to C50/60 class, 

• prefabrication of huge structures, 

• vibropressed structures (curb, pavement cube etc.), 

• high – quality concretes. 

 

 
Dr.5. Cement from Cementa AB company 

 

Owned certificates: 

• quality of cement ISO 9002, 
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• environmental certificate ISO 14001, 

• certificate CE 101321, 

• certificate of allowance no. 2001-SKM-AQ-1623, 

• certificate of allowance acc. to environmental issues 2001-SKM-AE-

480. 

 

 

Tab.4. Chemical composition of cement 

 
 

Tab.5. Physical properties of cement 
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Examples of certificates: 

 

 
Dr.6. Certificates of quality of cement 

 

4.3.2. Aggregate 
 

Aggregate used in research comes from Swedish company – Sydsten AB 

in Swedish location – Dalby. This is rinsed aggregate, and its quality 

properties are agreed with European Union quality norms. 

Sieving curves: 

 

Tab.6. Table of sieving of normal sand, analytical sample 500g 
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Dr.7. Sieving curve of normal sand, analytical sample 500g 

 

Tab.7. Table of sieving of grits, analytical sample 1000g 

 

 
Dr.8. Sieving curve of grits, analytical sample 1000g 
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4.3.3. Water 
 

Water used for research contained no chlorides, sulfates or any organic 

particles. It did not emit any smell, was limpid so fully served to be used  

in the research. Tests were taken in Malmö city in Sweden and used water 

came from urban water supply system of Malmö. It fulfilled  

all of requirements expected by Malmö city council, was potable  

so was fully accepted to be used in research. 

 

4.3.4. „Traullit” wooden fibres 
 

Wood used to make “Traullit” fibres should be soft, to enable ease  

of production of fibres. If wood is too hard, process of production becomes 

too expensive. It should not also implicate too much of silicon, because  

it has harmful influence on razors which cut wood. Material of a density 

over 750 kg/m3 should be rejected. The best option is to use species  

of wood with the straightest branches and trunks. Species of trees, which 

have long, strong and elastic fibres, are the best to fulfill requirements  

of durability and insulation. 

Dimension of trunk used to produce fibres should approximate from  

100 mm to 400 mm. Wood should be dried at least 3 to 6 months, before  

it is prepared to be converted to fibres. 

These fibres are used on market to make internal walls, boards  

and soundproof screens. They are assembled by binding with cement  

or possibly with polymers. 
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Dr.9. ”Traullit” wooden fibres 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 27



 

 

 

5. Principles of studies 
 

5.1. Measurments of fresh concrete 
 

Each of the following mixes was tested to check workability  

and usefulness of this mix. In order to check these properties, each  

of concrete mixes were tested with: 

• Check of consistence of fresh concrete (slump test), 

• Check of air content – pressure method, 

• Temperature measurments. 

 

5.1.1. Check of consistence of fresh concrete (slump test) 
 

The purpose was to determine the consistency of a freshly mixed concrete 

by measuring the slump. 

 

Materials and equipment: 

Frustum of a cone made of non corrosive sheet metal not less than  

1.14 mm thick, 305 mm height, with a 208 mm base, having a diameter  

at the top of 102 mm, with foot pieces and handles. 

There should also be a metal base plate with clamps that engages  

the foot pieces while the concrete is being poured into the slump cone  

and tamped with the tamping rod. Round steel tamping rod 16 mm 

diameter, having the tamping end rounded to a hemispherical tip, 

approximately 60 cm long. 

Suitable, graduated metal scale approximately 50 cm in length 
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Test procedure: 

1. Dampen the slump cone and the metal base plate, then engage  

the slump cone with the base plate clamps. The base plate should  

rest on a level surface. 

2. Fill the slump cone in three lifts, tamping each lift 25 times with  

the tamping rod, starting from the center and working toward  

the perimeter. The bottom lift should be rodded the full depth down  

to the base plate. For the two other lifts, the strokes of the tamping  

rod should penetrate into the underlying concrete layer. The top lift 

should remain heaped above the top of the slump cone after 

completing the rodding. Each of the three lifts should contain 

approximately an equal volume of concrete. Therefore, the bottom 

layer should have a rodded depth of about 7 cm and the second lift  

to about 15 cm. 

 

 
Dr.10. Slump cone (top and side view) 
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3. Strike off the excess concrete with a screeding and rolling motion  

of the tamping rod. 

4. Remove the cone carefully with a slow vertical motion without  

any rotational or lateral motion. The entire procedure from the time  

the fresh concrete is ready for testing to this point should be no more 

than 5 min. The time from the filling of the slump cone  

to the determining of the slump should be within 2,5 min. 

 

 
Dr.11. Change of appearance of concrete mix after testing 

 

5. Set the slump cone in an inverted position next to the concrete  

and measure the distance to the top of the original center  

of the specimen. 
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Dr.12. Demonstration on use of a slump cone 

 

Checking of consistence of fresh concrete (slump test) showed  

the consistency of the concrete mix. It depends on height of the concrete 

mix after testing.  
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Tab.8. Consistency of concrete mix acc. to PN-EN 12350-2 [4] 

 
 

5.1.2. Check of air content – pressure method 
 

The purpose is to determine the air content of freshly mixed concrete 

made with relatively dense aggregates by observing the change in volume 

of the concrete with a change in pressure. 

 

Materials and equipment: 

• Air meter: cylindrical container with an internal dimension 230+/- 10mm 

and height 200+/- made of steel plate 3+/- 0,5mm thick. Cylindrical 

container covered by special cover locked by 4 clamps. Locked 

contained should keep the inside pressure, 

• Steel trowel, 
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• Funnel with a spout that can extend to the bottom of the top section, 

• Steel tamping rod 16 mm (5/8 in.) in diameter, rounded  

to a hemispherical shape at both ends, 

• Flat, steel strike-off at least 3 × 20 × 300 mm, 

• Metal or plastic calibrated cup having a capacity at least equal  

to the volume of the bowl, 

• Rubber mallet about 0.60 kg, 

• Vibrator. 

 

 
Dr.13. Air meter 

 

Test procedure: 

1. Place concrete to be tested in material container in three equal layers. 

Rod each layer 25 times, as directed in making compressive test 

cylinder specimens. Excess concrete should be removed by sliding 
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strike-over bar across the top flange, using a sawing motion, until 

container is just level-full. 

2. Wipe lip of container clean of all sand and mortar. 

3. Close main air valve on top of air receiver. Open both petcocks  

on top of lid. 

4. Place lid on material container and close the four toggle clamps. 

5. Pour water into funnel until water comes out petcock in the center  

of lid. Jar meter gently until no air bubbles come out through center 

petcock. Close both petcocks  

6. Close air bleeder valve in end of air receiver and gently pump air into 

receiver until gauge hand comes to the vicinity of the red line. A little  

to one side or the other will make no difference as long as had has 

gone past the initial starting point. 

7. Tap gauge gently with one hand and at the same time crack bleeder 

valve in end of air receiver until gauge hand rests exactly on the initial 

starting point. Then quickly close bleeder valve. 

8. Open main air valve between air receiver and material container.  

Jar container slightly when pressure is on to allow for possible 

rearrangement of particles. Tap gauge gently until hand comes to rest. 

This reading is percent of air entrained. 

9. In cases where voids in the aggregate are appreciable and it is desired 

to deduct their volume from the measured air content, deduction  

can be determined by placing the amount of each size of aggregate 

used in the test in the material container, filling the container with 

water, and completing the regular determination for air content.  

This reading is the aggregate correction factor. 

 

The results of the test are satisfactory, if air content in the concrete  

mix is 4% to 8%. In other case concrete mix does not fulfill norm demands 

and its parameters must be corrected. 
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5.1.3. Temperature measurments 
 

The optimal temperature for the concrete mix is about 20 Celsius degrees. 

In the ambient temperature below 0 Celsius degrees there is no binding 

process and hardening in concretes which don’t exceed special 

admixtures.  Temperature changes during hardening can affect  

on the speed of hydration process, so also binding and hardening  

of concrete. Concrete, which had higher temperature in the first period, 

gains higher durability. 

 

5.2. Measurments of hardened concrete 
 

5.2.1. Check of compression strength 
 

The aim of this test was to check the strength of the hardened concrete 

under the compressing load and to count the durability of specially made 

concrete cubes. 

 

Materials and equipment: 

Computer controlled compressing device with a maximum compressing 

load at the level 2000/3000 kN. 
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Dr.14. Compressing device 

 

Test procedure: 

1. Testing sample should be a cube, cylinder or a drilled core which fulfill 

norms: EN 12350-1, EN 12390-1, EN 12390-2 or EN 12504-1, 

2. Preparing samples for testing – in the case, when sizes and shapes  

of samples to be tested do not fulfill needs from EN 12390-1, samples 

should be rejected, 
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Dr.15. Measuring directions in cubes’ walls [10] 

 

3. Preparing the sample – In the beginning overflow of moisture  

was cleaned from the surface of the sample. It was done before 

placing the sample in the compressing device. All loose materials  

and overflow of moisture was also cleaned form the compressing 

device. Cubes were placed that the load was put perpendicularly  

to the top surface of the sample [2], 

4. Load – there were chosen constant load of 0,5 MPa/s (N/mm2 * s) 

according to Polish norms. Load was put on the sample without  

any shakings and was enlarged constantly, with chosen constant 

speed up to the moment, when the sample was destroyed. The result 

was noted. 

5. Estimation of destroyed sample – examples of destroyed samples, 

showing that the tests were taken: 
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Dr.16. Examples of destruction of samples [10] 

 

If the destruction of samples is different than expected, that fact should  

be written down comparing to the pattern of destruction of the sample. 

During check the compression strength of a cubic sample, worse concrete 

is more strained than stronger because of influence of the coefficient  

of elasticity. The destruction of sample occurs, when strain reaches  

the strength of concrete cube in its weakest part. From the other side,  

if the loading plate does not change its grading position under the load 

strength (moves parallel to its initial position) than higher load is taken  

by stronger part of the cube. But still weaker parts of the cube are 

destroyed first. The maximal load of the cube would be gained only,  

if stronger part of the cube can carry maximal load. [2] 
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Dr.17. Chosen examples of incorrect destruction of samples [10] 

 

6. Calculation of the results – Compressing strength was calculated from 

the pattern: 

 
in which: 

fc – compression strength in unit of MPa (N/mm2); 

F – maximal load during destruction in unit of N; 

Ac – cross section of the sample. 

Compression strength results should be noted with accuracy of 0,5 MPa 

(N/mm2). 
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5.2.2. Check of tensile strength – Brazilian method 
 

The aim was to define durability of cubic sample against tensile strength. 

This test is also called as Brazilian method. 

Equipment needed: 

Computer controlled compressing test machine with maximum 

compressive load 2000/3000 kN. 

In case of using cubic or cuboids samples it is allowed to use round 

compressing elements instead of conventional flat compressive plates. 

It is also allowed to use special frame and pads. Frame should not restrain 

any deformation of sample during test. 

 

 
Dr.18. Frame used to test cubic samples [11] 

 

Pads used to make the test fulfill European norm EN 316, were produced 

of hard plywood with a density > 900 kg/m3 and dimensions: width – 10 +/- 

1 mm, thickness – 4 +/- 1 mm and length longer than length of contact 

between pads and tested sample. Each pad was used only one time. 

Sample was exposed to compression load placed on narrow area. Rising 

tensile strength caused destruction of the sample due to mentioned 

strength. 
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Test procedure: 

1. Two lines were marked longwise each the load of compressing 

machine was placed, because centering frame was not used. These lines 

were marked in front of each other in the surface axis, and their ends were 

binded on each side surface of the sample, in order to verify the surface  

of load as precise as possible, 

2. Preparing the sample for test – samples were stored in water,  

so before placing the sample in the compressing machine, the overflow 

of moisture was wiped. All surfaces of the frame, pads and compressing 

elements were also wiped. All loose dirts and other useless materials were 

cleaned from the surface of the sample. 

 

 
Dr.19. Schema of load of concrete cube 

 

3. Setting up the sample for test – sample was centrically placed  

in the compression machine (frame can be optionally used). Pads  

and load elements were placed very precisely longwise upper and lower 

edge of the sample. During compressing, upper and lower edge  

of the sample were parallel, 
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4. Loading – By using temporary pads the condition to aim centric 

placement of the sample was fulfilled.  Permanent speed of load –  

0,05 MPa/s  (N/mm2 * s) was set.  The load was placed without  

any shakes and it was linearly raised, up to gain maximum load. When  

the moment of destruction of sample was near, the load rising tendency 

was reduced by regulation of steering valve. The maximal received load 

was noted. 

5.  Calculation of results – tensile strength using Brazilian method  

was calculated from the pattern: 

 
fct – tensile strength – Brazilian method in unit of MPa [N/mm2]; 

F – maximal load in unit of N; 

L – length of line of contact of the sample in unit of mm; 

d – dimension of cross section of the sample in unit of mm. 

If any deviation regarding dimensions of the sample according to norm 

method occurs, it is allowed to count the durability of the sample by using 

real dimensions of the sample. [11] 

 

5.2.3. Water tightness (depth of penetration of high-
pressured water) 

 
Water tightness of concrete is an ability to restrain the flow of high-

pressured water through concrete. It is marked with levels of water 

tightness: W-2, W-4 and W-6 etc., which mean value of pressure of water 

multiplied by 10, in which water penetration fulfills norm regulations. 

Average concrete have permeability about W-2, W-4 (exceptionally W-6). 

To get concretes with a higher permeability it is demanded to use special 

actions and these kinds of concrete are called special concretes. Expected 

permeability depends on using of concrete and in most cases permeability 

W-8 is sufficient.  
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Resistance against corrosion depends on permeability of concrete.  

The level of water tightness can be risen up by adding sealing  

up admixture or by lowering amount of water in concrete mix. If less water 

is added, than there is a need to use cement with lower durability 

properties. 

 

 
Dr.20. Schema of moisture flow during following processes: evaporating 

and condensation [2] 

 

In order to receive full permeability of water and water steam, capillary 

pores should be broken. In cement stone made of cement CEM I it should 

been treated in full moisture environment according to the table: 

 

Tab.9. W/C Ratio [2] 
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Test description: 

1. Basis of method – water under pressure was placed on the surface  

of hardened concrete sample. Afterwards the sample was split and depth 

of water penetration was measured. 

2. Equipment: measuring machine – tested sample was placed  

in the machine, which enabled to transmit the pressure of water on tested 

surface and in which pressure was permanently controlled. Sealing  

of the machine was made of rubber. Dimensions of the tested area were 

counted as half of the edge of the sample. 

 
Dr.21. Example of testing machine 1/2 [12] 
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Dr.22. Example of testing machine 2/2 [12] 

 

3. Measured sample – cube with an edge length - 150mm. 

4. Test procedure: 

• preparing the sample – just after stripping out the formwork, the 

surface of the sample which was exposed to pressure of water, was 

scratched with steel brush, 

• transition of water pressure – test was started after period of 28 days 

from casting day. The pressure of water was transmitted to the one of the 

sides of the sample. Afterwards the sample was placed into the device 

and the water under pressure was placed to the side of the sample. The 

sample has been exposed to 500 kPa pressure for 72 hours. Look of 

surfaces of the sample, which were not exposed to water pressure was 

observed during length of the test in order to see moisturizing of these 

surfaces, 

• analyze of the sample – after 72 hours the sample was taken out from 

the device. In order to get rid of overflow of water, the surface exposed to 

water pressure was wiped. Subsequently the sample was split into two 

half parts in direction perpendicular to the direction of water pressure. 

During splitting and visual observation, the surface sample, which was 
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exposed to water pressure, was turned upside down. After drying of the 

sample’s surface, penetration range was marked. Maximal depth of 

penetration was measured and noted with accuracy of 1 mm. 

5. The result of the test is maximal depth of penetration counted with 

accuracy of 1 mm. 
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6. Research results 
 

6.1 Fresh concrete research results 
 

In order to check properties of fresh concrete mix, following tests were 

made 

• check of consistence of fresh concrete (slump test) - determining  

the consistency of a freshly mixed concrete, 

• check of air content (pressure method) - determining the air content  

of freshly mixed concrete, 

• temperature measuring. 

 

6.1.1 Check of consistency of fresh concrete 
 

Results of workability grade – slump test: 

• concrete sample made of mix no. 1 – 200 mm, 

• concrete sample made of mix no. 2 – 185 mm, 

• concrete sample made of mix no. 3 – 170 mm, 

• concrete sample made of mix no. 4 – 160 mm. 

 

6.1.2 Check of air content – pressure method 
 

Results of air content – pressure method: 

• concrete sample made of mix no. 1 – 5,2 %, 

• concrete sample made of mix no. 2 – 4,8 %, 

• concrete sample made of mix no. 3 – 5,1 %, 

• concrete sample made of mix no. 4 – 5,0 %. 
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6.1.3 Temperature measurments 
 

• concrete sample made of mix no. 1 – 17 Celsius degrees, 

• concrete sample made of mix no. 2 – 17 Celsius degrees, 

• concrete sample made of mix no. 3 – 17 Celsius degrees, 

• concrete sample made of mix no. 4 – 17 Celsius degrees. 

 

6.2 Hardened concrete research results 
 

Tests were realized on concrete samples (cubic shape) with dimensions 

150-150-150mm. They were made in fully planed time interspaces  

with rising of the durability of samples. Tests were made in first, second, 

seventh, fourteenth and twenty eighth days from casting of cubes. 

Samples were stored in basins with water of temperature 20 Celsius 

degrees. 

Results: 

 

Tab.10. Results of tests made on samples made of concrete mix no. 1 
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Tab.11. Results of tests made on samples made of concrete mix no. 2 

 
 

Tab.12. Results of tests made on samples made of concrete mix no. 3 
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Tab.13. Results of tests made on samples made of concrete mix no. 3 

 
 

6.2.1 Check of compression strength 
 

 
Dr.23. Comparison of graphs of compression strength 
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Dr.24. Comparison of graphs of compression strength 
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6.2.2 Check of tension strength –Brazilian method 

 

 
Dr.25. Comparison of graphs of tensile strength 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 52



 
Dr.26. Comparison of graphs of tensile strength 
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6.2.3 Water tigthness 
 
Tests were started after period of 28 days from casting day and took  

a period of 72 hours. 

 

Results: 

• concrete sample made of mix no. 1: 

depth of penetration of pressured water – 21 mm, 

• concrete sample made of mix no. 2: 

depth of penetration of pressured water – 18 mm, 

• concrete sample made of mix no. 3: 

depth of penetration of pressured water – 22 mm, 

• concrete sample made of mix no. 4: 

depth of penetration of pressured water – 19 mm. 
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7. Summary 
 

According to previous measurements, following conclusions can be taken: 

• consistence of fresh concrete – from the slump test it can be observed, 

that addition of wooden fibres has low influence on the quality of concrete. 

Workability of concrete mix lowers with raising the amount of wooden 

fibres doze, however, even if big doze of fibres was added, it did not cause 

significant lowering of workability, 

• check of air content – pressure method – from the test it can  

be observed, that obtained results proofed no influence of wooden  

on the air content of concrete mix, 

•  temperature measuring – results showed that there is no relation 

between amount of wooden fibres and the temperature of concrete mix, 

• check of compression strength – from the taken test and results 

received from the graphs can be observed, that addition of wooden fibres 

does not change concrete compression strength. There is no relation 

between amount of wooden fibres and durability of compressed concrete. 

It is observed in the first stadium of hardening of concrete, and also  

in the later stages, 

• check of tensile strength – Brazilian method - from the taken test and 

results received from the graphs can be observed, that addition of wooden 

fibres does not change concrete tensile strength. There is no relation 

between amount of wooden fibres and durability of tensioned concrete.  

It is observed in the first stadium of hardening of concrete, and also  

in the later stages, 

• water tightness (depth of penetration of high-pressured water) – 

according to taken tests’ results, it is observed that addition of wooden 

fibres to concrete has no affect on depth of penetration of high-pressured 

water. Water tightness results are different for each of the checked 
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samples, but it has no relation with amount of added fibres, because  

the results are not rising with the amount of additive. 

 

From taken test it can be assumed, that addition of wooden fibres has  

no affect on concrete. The addition of wooden fibres (in amount of 3kg, 

5kg and 7kg per 1 m3 of concrete mix) has no impact on the concrete 

properties and there is no relation between amount of fibres and concrete 

properties. 

Tests which were taken are no sufficient and also heat conductivity test 

and frost resistance tests should be made. 
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