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ABSTRACT 

Concrete is one of the most common building materials and has been for hun-

dreds of years. Concrete has a high strength when subjected to compression 

forces but is not nearly as a strong when subjected to tensile forces. Because of 

that concrete is combined with a different material with high tensile strength, re-

inforced concrete. There are several concepts for reinforcing concrete, one of 

them is a relatively new concept, textile reinforced concrete.  

This thesis has been carried out at Luleå University of Technology to investigate 

the flexural behavior of textile reinforced concrete slabs. A literature review first 

carried out to explore different materials, approaches and previous research on 

the subject textile reinforced concrete.  

An experimental study has been performed in two parts to evaluate the flexural 

behavior of textile reinforced concrete slabs in four point bending. An addition to 

the experimental study was done for the second part of the study by studying the 

effect of adding short fibers of Poly Vinyl Alcohol. 

The strength of the slabs was significantly improved by the textile reinforcement. 

Reference slabs without textile reinforcement was tested with varying amount 

PVA and approximately two to three times higher than the ultimate load for refer-

ence slabs.   

The PVA fibers turned out to significantly improve strength of the slabs. In-

creased amount PVA showed a higher first crack load as well as a higher ulti-

mate load.  
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SAMMANFATTNING 

Betong är ett av våra mest betydande konstruktionsmaterial och har varit det i år-

hundraden. Betong har en hög tryckhållfasthet men hållfastheten är endast en ti-

ondel av tryckhållfastheten då betong utsätts för drag. För att förbättra draghåll-

fastheten kombineras betongen med ett material som har hög draghållfasthet, 

vanligen stål. Då bildas ett kompositmaterial, armerad betong. Det finns mängder 

av andra metoder och material för armerad betong, en av dem är textilarmerad 

betong.  

Ett examensarbete har utförts på Luleå tekniska universitet för att undersöka 

egenskaperna för plattor armerade med textil av kolfiber. Arbetet består av en lit-

teraturstudie inom ämnet följt av experimentellt arbete i form av labbförsök.   

Labbförsök utfördes i två delar på textilarmerade betongplattor testade i fyr-

punktsböjning. I ett försök användes endast textilarmering och i ett andra försök 

adderades korta fibrer i den färska betongen av polyvinyl alkohol. 

Bärförmågan förbättrades avsevärt av textilarmeringen. Oarmerade referensplattor 

med endast PVA fibrer gjöts och dessa uppnådde endast en tredjedel av de arme-

rade plattornas maxlast.  

PVA fibrerna visade sig även de förbättra bärförmågan hos plattorna. Både första 

sprick-lasten och maxlasten ökade betydligt genom ökad andel PVA fibrer.  
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Notations and abbreviations 

𝐴𝑐 Cross section area for concrete 

𝐴𝑠 Cross section area for steel reinforcement 

𝐴𝑡 Cross section area for textile reinforcement 

𝑑 Effective height in a cross section 

𝛿𝑐𝑟 Mid-span deflection at first crack load 

𝛿𝑢 Mid-span deflection at ultimate load 

휀𝑐 Strain in concrete 

휀𝑠 Strain in steel reinforcement 

휀𝑡 Strain in textile reinforcement 

𝐹𝑐 The resultant of the compressive part of the concrete 

𝐹𝑠 The resultant of the reinforcement 

𝐹𝑐𝑡𝑢 Tensile bearing strength of a textile reinforced composite  

𝑓𝑐𝑑 Design compressive strength for concrete 

𝑓𝑐𝑘 Characteristic compressive strength concrete  

𝑓𝑡 Tensile strength textile reinforcement  

𝑘1 Factor for fiber effectiveness 

𝑘2 Factor for biaxial loading 

𝑘𝑓𝑙,𝑝 Factor for reinforcement ratio 

𝑘0,𝛼 Factor for angled load  

𝑀𝑚𝑎𝑥 Maximum moment obtained in experiments  

𝑀𝑢 Flexural capacity of a textile reinforced composite 

𝑃𝑐𝑟 First crack load 

𝑃𝑢 Ultimate load 

𝑃𝑠𝑙𝑖𝑝 Load at which fibers start slipping 
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𝑆 Standard deviation 

𝜎𝑠 Stress in steel reinforcement 

𝑧 Lever arm in a cross section 

𝜇 Mean value 
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1 INTRODUCTION 

1.1 Background 

Concrete is one of our key construction materials and it has been used for 

over a hundred years. Concrete is a material that is very strong in compres-

sion but remains only a tenth of that strength when subjected to tensile force. 

During the late 1800s, the technique to reinforce concrete was developed. 

Steel rods are casted into the concrete to absorb the tensile forces the struc-

ture is exposed to. Basically two materials with different properties are 

working together as one unit, which is called a composite material. 

(Engström, 2004) 

In recent years, many new techniques for reinforcement of concrete struc-

tures has been developed. One of them is textile reinforcement. Textile re-

inforcement makes it possible to cast thin elements. In comparison with con-

ventional steel reinforcement less concrete cover is needed since the textile 

reinforcement is not in need of protection against corrosion. Textile rein-

forced concrete is however a relatively new composite material and cur-

rently there is more to investigate in terms of material properties and appli-

cations. (Engström, 2004)  

Another method is fiber reinforced concrete where short fibers are mixed 

into the fresh concrete and improve the tensile strength and ductility of the 

concrete. Commonly used materials for fibers are steel, glass or plastic. 

When designing new buildings, the ability to cast thin elements increases 

the freedom in design. The low weight of a textile reinforced concrete ele-

ment has many benefits, for example a lower dead load for the construction 

and simplified transportation. The thin concrete slabs that constitutes the ex-

perimental work in this thesis, could be regarded as a part of a façade panel 

solution. 

1.2 Purpose 

The aim of this thesis is to investigate the behavior of small concrete slabs 

with textile reinforcement and short fibers subjected to four point bending. 

Through this work following questions will hopefully be answered: 



13 

 

 Does textile reinforcement improve the bearing capacity for small con-

crete slabs? 

 Will short fibers affect the flexural behavior of a textile reinforced con-

crete slab? 

 How does the amount of shorts fibers affect the flexural behavior? 

 Could textile reinforced thin slabs be a good solution for a façade panel 

system? 

1.3 Method 

The work consists of a literature review and experimental work. A litera-

ture review has been carried out to study previous research on the subject 

textile reinforced concrete. Some comparisons have been made with re-

spect to conventional steel reinforced concrete. 

This work also contains experimental work in a great extent. Specimens re-

inforced with textile mesh have been casted and tested. Both castings and 

tests have been performed at Complab at Luleå University of Technology.  

1.4 Limitations 

Practical limitations have been applied in respect of the testing carried out 

on the slabs. The work contains one type of test, all specimens have been 

tested in bending test thus has direct tensile tests and tests for bonding. been 

excluded from this study. 

There is only one quality of the concrete used for all tests. The same applies 

for the reinforcement. The material was constant and within this limit, other 

test variables has been developed.   

1.5 Chapters 

Chapter 1 – Introduction 

This chapter contains a brief introduction to the work. A short background 

and the purpose of this thesis is defined and also a description of method 

together with limitations of the work.  

Chapter 2 – Literature review 
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This chapter contains a literature review, containing the subject textile re-

inforced concrete as well as fiber reinforced concrete. This part also re-

views information about conventional steel reinforced concrete with design 

methods and behavior for comparison.   

Chapter 3 – Experimental work 

This chapter explains the experimental work that represents a large part of 

the work of this thesis. The test set-up, casting and materials are reviewed 

here.  

Chapter 4 – Part 1 – Pilot tests 

Tests were performed in two parts, this chapter contains a description of 

the method and results for part 1 of the tests. This part of the tests repre-

sents a small part of the work and is not the main focus.  

Chapter 5 – Results 

This chapter describes the overall results for the experimental work with 

focus on part 2 of the tests. This chapter also contains calculations made on 

the test specimens for part 2.  

Chapter 6 – Analysis 

In this chapter an analysis of the results from part 1 and part 2 of the tests 

are made. Analysis about improvements made from part 1 to part 2 of the 

tests are reviewed and also results from calculations. Also some compari-

sons with conventional steel reinforced concrete are presented.  

Chapter 7 – Conclusions 

In this chapter some general conclusions are made to summarize the work. 

Conclusions are made on the experimental work, calculations, results and 

comparisons and analysis.  

Chapter 8 – Discussion 

In this chapter a discussion on the results is made together with reflections 

on what it may depend on and what they reflect on. Some ideas for future 

research are discussed and also some general thoughts on ideas concerning 

sustainability of textile reinforced concrete.  
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2 LITERATURE REVIEW 

2.1 Concrete 

Concrete is one of our most common and most important construction ma-

terial. Concrete is composed of cement, water, aggregates and additives. The 

concrete is bound together by water and cement and is called cement paste. 

The cement properties are mainly determined by the ratio between water and 

cement, the so-called water-cement ratio. The properties of concrete can be 

varied by varying adding varying amounts of the components of concrete. 

The ingredients are mixed and then the casting begins, after a few hours the 

cement bond which results in that the concrete hardens. (Burström, 2006) 

Cement is a hydraulic binder, this means that it hardens by reaction with 

water and forms a product that is resistant to water. The most commonly 

used type of cement is called Portland cement. Current cement types are 

commonly made of finely ground limestone that are burned in rotary furnace 

at about 1450 degrees Celsius. After that the material is taken out of the oven 

and cooled and formed into cement clinker. The final cement product is ob-

tained by grinding cement clinker with gypsum (5 percent) to a powder. 

When combustion occurs a chemical reaction that explains the cement char-

acteristics. Limestone (CaCO3) is burned and emits carbon dioxide (CO2) 

and limestone is transformed to calcium oxide (CaO). The calcium oxide is 

mixed with water (H2O) and forms calcium hydroxide (Ca(OH)2). After all 

water is absorbed by the calcium oxide, calcium hydroxide can begin to react 

with carbon dioxide and the cement hardens and the excess water evapo-

rates. (Burström, 2006)  

For a good quality concrete, water of good quality should be used. All natu-

ral water that is drinkable is also useful for the production of concrete. 

The ballast consists of plain concrete by natural aggregates. Depending on 

the grain size, the aggregates are divided into groups, ballast (≤ 4 mm), gran-

ule (≤ 8mm) or stone (> 8 mm). (Burström, 2006) 

2.1.1 Admixtures 

Admixtures are used to control the characteristics of the concrete. Different 

properties are useful for different purposes and in different environments. 
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There are a number of admixtures to provide the desired properties for the 

concrete.  

Superplasticizer is one of them that is used to increase workability of the 

concrete, make it more fluid without adding water. That is desirable since 

increased water entails increased water-cement ratio which decreases the 

strength of the concrete. There are also water-reducing admixtures, these 

are similar to superplasticizers. Water-reducing admixtures decrease the 

water content without changing the consistency or the workability of the 

concrete. (Sika, 2016).  

Finally, there are some admixtures used to adjust curing time for the con-

crete, retarding and accelerating admixtures. There are also air-entraining 

admixtures to improve the concrete resistance when it freezes. (Sika, 2016) 

2.2 Steel reinforced concrete 

Concrete has high compressive strength but low tensile strength. To use con-

crete as a construction material it is combined with a material with high ten-

sile strength. The oldest and most common method is to combine, or rein-

force, concrete with steel. In reinforced concrete structures there is interac-

tion between concrete and steel so that concrete can absorb compressive 

forces and the steel can absorb tensile forces. Concrete usually breaks 

through brittle failure which occurs suddenly without warning. Steel has a 

more ductile behavior. The combination of concrete and steel creates a com-

posite material that can undergo larger deformations before breaking.  

 

 

Figure 1 compression and tensile zone of a beam subject to bending 
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An element under bending moment will have one part subject to compres-

sion and one part subjected to tensile force see Figure 1. Since the tensile 

strength of concrete is weak, an unreinforced element will break when the 

tensile strength of the concrete is reached. To meet the high compression 

strength in the concrete steel bars are placed in the tensile zone.  

To get good use out of a composite material, concrete and steel, it is required 

that the force transfers between the materials work well. This is done by 

good bond between the materials. Bond includes several mechanisms, adhe-

sion between cement paste and steel, friction between steel bars and concrete 

and the bond in the interface between steel bars and the roughness of the 

concrete. (Isaksson, et al., 2010) 

When using steel bars to reinforce concrete it is important to have enough 

concrete cover. The thickness of the concrete cover is of great importance 

for corrosion protection and fire but also cracking. It is common for a steel 

reinforced concrete element to have a minimum cover thickness of 30 mm.  

2.2.1 Flexural design of reinforced rectangular cross sec-

tion 

2.2.1.1 Flexural behavior  

A simply supported concrete beam under flexural load with steel reinforce-

ment in the tensile zone have a deformation behavior divided into three 

stages (Engström, 2004):  
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Figure 2 Simplified curve of load and deflection for a steel reinforced beam subject to bending 

I. Load increases but the beam remains un-cracked. The deflection at 

mid span of the beam increases linearly with increasing load. At this 

state the resistance is mainly consists of the tensile strength of the 

concrete.  

II. The first crack occurs, at mid span where the highest moment exists, 

when the tensile strength of the concrete is reached. The linear be-

havior ends and the deflection increases faster than the load. The re-

inforcement absorbs the tensile forces in the beam.  

III. As the load increases further the slope of the load-deformation curve 

decreases further and the deformation increases fast. More and larger 

cracks occur and eventually the concrete is crushed on top of the 

beam when the internal lever arm decreases. 

The stages are shown in Figure 2. The slope of the curve is the stiffness of 

the beam and it decreases with every stage of deformation.  

2.2.1.2 Flexural design  

Following section explains how to design a concrete cross section with con-

ventional steel reinforcement for a bending moment. When designing rein-

forced concrete some assumptions are made. There are two materials with 

different properties and the approach differs from designing homogeneous 

materials. Following assumptions are made for the theory concerning flex-

ural design of steel reinforced rectangular cross section according to 

(Isaksson, et al., 2010):  
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 Planar cross sections remain planar 

 The stress strain curves for concrete and steel are known 

 The tensile strength for concrete may be neglected  

 

 

Figure 3 A simplified model of strain and stress distribution for a steel reinforced cross section 

Figure 3 shows a cross section of a beam subject to bending. The cross 

section will have ha tensile resultant and a compressive resultant and at 

equilibrium they have to be equally large. The tensile resultant consists of the 

force in the reinforcement and the compressive resultant consists of the 

compressive strength of the concrete times the area of the compressive zone. 

The distance between the tensile and compressive resultant is called internal 

lever arm, z, approximately equal to 0.9d, where d is the distance from the 

top of the cross section to centre of the reinforcement.   

Following section explains the basic concept of how to calculate moment 

resistance for a simply reinforced cross section (Isaksson, et al., 2010).  

𝐹𝑠 = 𝜎𝑠 · 𝐴𝑠      (1) 

𝜎𝑠 = 𝐸𝑠 · 휀𝑠      (2) 

Where As is the reinforcement area for the steel bars in the cross section and 

σs is the stress in the reinforcement.  

𝐹𝑐 = 𝑓𝑐𝑑 · 0,8𝑥 · 𝑏     (3) 

Where x is the distance from the neutral zone to the outer edge of the com-

pressive zone in the concrete, b is the width of the slab and fcd is the design 

compressive strength of the concrete.  

Since there has to be equilibrium the following expression has to be fulfilled.  

𝐹𝑠 = 𝐹𝑐       (4) 
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Then x can be calculated. 

 𝑓𝑐𝑐 · 0,8𝑥 · 𝑏 = 𝐴𝑠 · 𝐸𝑠 · 휀𝑠 →  𝑥 =
𝐴𝑠·𝐸𝑠·𝜀𝑠

𝑓𝑐𝑑·0,8·𝑏
    (5) 

The maximum moment is  

𝑀𝑚𝑎𝑥,𝑓𝑎𝑖𝑙𝑢𝑟𝑒 = 𝐴𝑠 · 𝐸𝑠 · 휀𝑠 (𝑑 −
0,8𝑥

2
)   (6) 

2.3 Fiber reinforced concrete  

Fiber reinforced concrete consists of concrete or mortar mixed with ran-

domly distributed short fibers. Combining short fibers with textile rein-

forced concrete generates an increased strength and a better crack pattern, 

with several small cracks instead of one or two larger cracks. The fibers 

can be made of many different materials for example steel or glass.  This 

type of reinforced concrete is more of a homogenous material than for ex-

ample steel reinforced concrete, although it still consists of two different 

material with different properties, because of that fiber reinforced concrete 

can be called a homogenous composite material. (Xu & Li, 2007) 

The fibers can be of varying length, short fibers help bridging the smallest 

cracks and longer fibers help bridging larger cracks, see Figure 4.  

 

Figure 4 Fibers bridging cracks (Mehta & Monteiro, u.d.) 

2.4 Textile reinforced concrete 

A relatively new method of concrete reinforcement is the use of textile rein-

forcement. Fine-grained concrete joined with an open mesh structure of tex-

tile. This means that it is possible to cast very thin structural elements as 

textile reinforcement does not impose any requirements on the concrete 
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cover since there is no risk for corrosion. The mesh may consist of different 

materials such as carbon and glass fiber.  

Textile reinforced concrete (TRC) can be seen as a combination of steel re-

inforced concrete and fiber reinforced concrete thus it also combines the 

positive characteristics of the aforementioned reinforcing methods as shown 

in Figure 5. (Hegger, et al., 2006)  

 

Figure 5 Different methods for reinforcing concrete (Hegger, et al., 2006) 

Textile reinforcement consists of fibers however, for this concept the fibers 

can be placed where they are most useful and in the direction of the force 

as short fibers in fiber reinforced concrete are randomly distributed in the 

fresh concrete. Figure 5 schematically shows an example of how textile re-

inforced concrete combines conventional reinforced concrete and concrete 

reinforced with short fibers. Textile reinforcement have the many of the 

benefits gained by fiber reinforced concrete plus the fact that it can be 

placed in the tensile zone in the direction of the tensile force.  

2.4.1 Textiles 

Textile reinforcement consist of natural or synthetic fibers processed into 

yarns which are woven into textile fabrics with an open grid structure. Suit-

able materials for textile reinforcement is alkali resistant glass fibers (AR-

glass), carbon or aramid, see Table 1. All these materials have a high fiber 

tenacity (high tensile strength at rupture), high ultimate elongation, a very 

high elastic modulus compared to the concrete and a good adhesion between 

concrete and textile. (Brameshuber, et al., 2006) 
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The production of textile reinforcement is based on fibers of AR-glass, car-

bon or aramid are made up as long continuous fibers, called filaments, then 

many filaments are made into yarns or twisted yarns of continuous length. 

The quality depends on the number of filaments, average filament diameter 

and fiber density. The linear density of the yarns is measured in a unit called 

tex which is g/km. In the last step the yarns are made into a textile mesh. 

The mesh size can vary but for the purpose of reinforcing concrete the mesh 

size must not be too small thus that will enable the concrete to create a proper 

bond with the reinforcement. When a textile reinforced concrete structure is 

subjected to a load the load transfers from to the bond between concrete and 

reinforcement and between the filaments respectively, the latter is called in-

ner friction. (Brameshuber, et al., 2006)   

Table 1 Properties of materials available for textile reinforcement 

Material Density 

kg/dm3 

Tensile strength 

N/mm2 

Elastic modulus 

kN/mm2 

AR-glass 2.8 1400 70-80 

Carbon 1.8 <2000 350-450 

Aramid 1.4 3000 60-130 

 

AR-glass filaments are mostly used with concrete based on standard cement. 

AR-glass is made of silica sand, clay and limestone, the materials are melted 

at 1350 degrees C to create the glass. It has relatively high density compared 

to carbon and aramid. AR-glass also has a good adhesion to concrete. The 

elastic modulus of AR-glass is 70-80 kN/mm2 and the tensile strength is 

1400 N/mm2. (Brameshuber, et al., 2006) 

Carbon fiber filament yarns are made of Polyacrylonitrile (PAN) as raw ma-

terial. Carbon fibers have a high tensile strength and a low density of 1.8 

kg/m3. The adhesion to concrete is lower than for AR-glass. However, both 

the tensile strength and the elastic modulus is higher than AR-glass. The 

tensile strength is more than 2000 N/mm2 and the elastic is modulus 350-

450 kN/mm2. (Brameshuber, et al., 2006) 

Aramid filament yarns have a lower density than both AR-glass and carbon, 

1.4 kg/m3. The tensile strength is high with a value of 3000 N/mm2. The 

elastic modulus is 60-130 kN/mm2. (Brameshuber, et al., 2006)  
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Textile reinforcement fabrics can consist of different materials but also dif-

ferent structures and production techniques for example a textile mesh can 

be woven. A woven textile mesh has a warp and a weft direction. Warp di-

rection refers to the fibers that run lengthwise in the reinforcement hence the 

continuous yarn. Weft direction refers to the fibers that run in right angle to 

the yarn and are threaded through the yarns.  

A textile mesh also can be balanced or unbalanced which refers to if there is 

the same material in both directions or different materials in each direction. 

For example carbon in warp direction and AR-glass in weft direction.  

2.4.2 Concrete 

Applying the concept textile reinforced concrete requires a concrete that 

can benefit the positive characteristics of textile reinforcement. Some prop-

erties that concrete should have to form a good composite with textiles in-

clude high flowability and a small maximum aggregate size in order to 

properly penetrate the textile mesh. A concrete with a maximum aggregate 

size smaller than 2 mm is called a mortar. (Brameshuber, et al., 2006) 

A high compression strength of the concrete is also desirable, a technique 

for testing compression strength is described in section 3.2.1.1 of this re-

port.  

2.4.3 Bond  

The structural behavior of the composite material TRC consists of two 

components, concrete and textile reinforcement, and the bond between 

them. To investigate the interaction between textile and concrete, or the 

bond, a pull-out test can be performed. A pull-out test can be performed ei-

ther by one-sided and double-sided pull-out test.  

One-sided pull-out test is performed on a specimen with a textile yarn em-

bedded in mortar or concrete, a pull-out force is then applied on the free 

end of the specimen. Double-sided pull-out test consists of a specimen with 

one or several yarns embedded in concrete and mortar. Then a crack is in-

troduced in the specimen and the load is applied at each end of the speci-

men, along with applied load the opening of the crack is measured. (Portal, 

2015) Results from a pull-out test are presented in a load-slip diagram. 
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As mentioned earlier the yarns in a textile reinforcement mesh consists of 

several filaments that are bundled together. These filaments can be divided 

into two sub categories, core filaments and sleeve filaments, see Figure 6. 

As the name suggests the core filaments are the filaments in the core of the 

bundle and they have minimal contact with the concrete, the bond in the 

core filaments mainly consist of the friction among them. The sleeve fila-

ments are the outer filaments and they bond directly to the concrete. This 

means that there is a risk of core filaments slipping relative the sleeve fila-

ments. (Brameshuber, et al., 2006)   

 

Figure 6 Yarn with core filaments and inner filaments (Brameshuber, et al., 2006) 

A failure caused by varying bond quality along the depth of the yarn is 

called a telescopic failure. The bond strength is lower for the outer sleeve 

filaments and increases closer to the core filaments. When subject to a 

pull-out force this will result in failure for one filament layer at a time, 

similar to a telescope. (Portal, 2015) 

2.4.4 Behavior of a TRC element under flexural load  

According to (Brameshuber, et al., 2006), an element of textile reinforced 

concrete under can be divided into three stages in the same way as for con-

ventional reinforced concrete, see Figure 7:  
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Figure 7 Load and mid-span deflection of a textile reinforced concrete element subject to bending 

I. Up to the first crack the behavior is linear elastic and the slope of 

this part corresponds to the stiffness of the concrete. 

II. For the next stage the tensile strength of the concrete is reached and 

cracks appear in the tensile zone of the specimen. In the position of 

a crack the load is redistributed to the reinforcement by the bond. 

This stage can further be divided into two stages, crack formation 

stage (IIa) and crack stabilization stage (IIb). 

a. Several cracks develop without any significant increase of 

load. The width and spacing of the cracks depend on the 

bond between reinforcement and concrete as well as the ten-

sile strength of the concrete.  

b. Crack formation stabilizes in this stage, no more cracks occur 

and the load can continue to increase. The load increases till 

it reaches the strength of the reinforcement. This part of the 

curve, on a load-deflection plot for example, should have the 

same slope as the stress-strain curve for the reinforcement 

only.  

III. The third stage is the failure stage, the tensile strength of the rein-

forcement is reached. 
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3 EXPERIMENTAL WORK 

Two rounds of tests have been carried out for this work. The first round, 

Part 1, was called pilot test. These tests were carried out to investigate the 

experimental method and see if this was a suitable procedure for this work. 

Part 1 also provided the possibility to improve the test set-up, the specimen 

in terms of size, additives for the concrete, concrete cover and placement 

of the reinforcement mesh before beginning the main test or the second 

part of test.  

Part 1 will only briefly be discussed in this paper in section 4. The main fo-

cus for the remaining part of this section will be on the second round of 

tests, Part 2. 

3.1 Test set-up 

This kind of structural element, thin concrete slabs, could be regarded as a 

part of a façade panel solution. The procedure to investigate flexural behav-

ior is by three or four point bending test, where four point bending is prefer-

able since the stresses are spread over a larger area compared to three point 

bending where all stresses are concentrated at one point Figure 8 show a 

simple drawing of the test set up. The test set-up is mounted symmetrically 

around the middle of the loading span. The real test set-up is shown in Figure 

9. 

 

Figure 8 Experimental set up for four point bending test 
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Figure 9 Test set-up for four point bending test 

The equipment consists of a bottom plate with a steel beam which the slabs 

are placed on. This part moves upwards during the tests and the two supports 

are acting as forces upwards on the bottom of the slab and then two steel 

plates distribute the load from a load cell downwards on the top of the slab. 

The load cell recorded the total force acting on the slab Figure 10, for the 

four point bending tests the load acting on one point is the total load divided 

by two.  

 

Figure 10 Test set-up with load cell 

Load cell 
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Parts of the equipment that distributes the load to the slab have a weight that 

need to be considered. That is the steel plates and cylinders on top of the 

slab, see Figure 8. The total weight is 3.5 kg which correspond to 0.04 kN 

and that is considered as negligible, given that the ultimate load for speci-

mens will turn out to have values of 2-4 kN. However, it has been taken into 

consideration. 

The dead load of the slabs also needs to be taken into account. The density 

of the hardened mortar is 2.1-2.2 kg/l according to Appendix A. Using a 

mean value of 2.15 kg/l this generates a dead load of approximately 0.17 kN 

according to the calculation below. 

0.3 · 0.03 · 0.88 · 103 · 2.15 = 17 𝑘𝑔 → 0.17 𝑘𝑁   

An analogue displacement indicator was used to measure the deflection. The 

indicator  was placed with the tip on the bottom surface of the slab and as 

the slab moved upwards during the test the deflection was measured by 

counting down. The load was recorded after every millimeter deflection.  

The load was registered along with the increased deflection resulting in a 

load deflection plot. 

The equipment is a displacement controlled device. First the displacement 

rate was set to 0.5 mm/min up to first crack was detected, then the speed was 

increased to 1.0 mm/min. Finally, the displacement rate was changed to 5.0 

mm/min after 10 mm deflection. The test was stopped when the load 

dropped under 30% of ultimate load.  

Crack width was measured to investigate the serviceability behavior of the 

slabs. The crack width was measured at 10, 20 and 30 mm mid span deflec-

tion. The accuracy was limited to give an approximate measurement since 

every crack was measured at one point with a digital caliper.  

From the measured load, the bending moment acting on the cross section in 

the middle of the span can be calculated according to equation (1) where a 

is the distance between the support and load. And P is the total load applied 

on the slab by the load cell.  

𝑀 =
𝑃·𝑎

2
      (1) 
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After failure of a specimen and finished test the specimens were inspected 

to see how many cracks had developed, in which crack the failure occurred 

and if there were any ruptured fibers.    

3.2 Material 

3.2.1 Mortar 

Fine grained concrete is used for load bearing elements with textile rein-

forcement. All specimens were casted using Stocrete R40 which is a mineral 

repair mortar with CEM 1 for casting. The mortar has a maximum aggregate 

size of 3 mm. Small maximum grain size, in this case is more generally 

called mortar. The density of this mix 2150 kg/m3, the compressive strength 

is 45 MPa and the elastic modulus is 20 GPa. (Appendix A) 

A superplasticizer type Sikament56 was used to increase workability of the 

mortar without having to increase the amount of water.  

3.2.1.1 Cylinder compression test 

Compression test of the mortar was carried out in accordance with the rec-

ommended standard SS-EN 12390:  

According to SS-EN 12390-1 the height of the cylinder should be two 

times the diameter with a tolerance of 5 % (1 % tolerance on the diameter). 

The smallest diameter for a cylinder in the standards is 100 mm, even 

though it was decided to choose a diameter of 50 mm and height 100 mm. 

The decision was based in that the cylinders should be as close as possible 

similar to the type of elements tested in this work. Hence, small slabs with 

a thickness of 30 mm makes it relevant to test small cylinders.  

The cylinders were casted and cured according to SS-EN 12390-2. No 

compaction equipment was used since the concrete was not vibrated at the 

casting of the slabs either and it is desirable to have the conditions to con-

form as much as possible. The cylinders were cured in water for 28 days 

before testing.  

Before testing the dimensions of the cylinders were measured in accord-

ance with SS EN 12390-3. The testing equipment is a hydraulic press con-

trolled manually with a loading rate measured in kN per second. The advo-

cated loading rate is 0.6 MPa ± 0.2 MPa according to (SS-EN-12390-3, 
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2009). That value was recalculated and considering the possibility of the 

accuracy of the equipment the machine was controlled so the specimens 

were subjected to 1 kN per 5 seconds. 

When maximum load was reached the press automatically stopped and the 

load was noted/recorded. That load was then divided by the cross sectional 

area of the specimen. The specimens tested in Part 1 had a mean compres-

sive strength of 55 MPa. The designated compressive strength given by the 

manufacturer is 45 MPa, see Appendix A. The mean compressive strength 

for part 2 was 42 MPa. However, in part 1 the mortar was mixed in accord-

ance with the instructions from the manufacturer and in part 2 additives 

and short fibers were added which will result in a deviation from desig-

nated material properties. This is explained more into detail in the follow-

ing sections. 

Table 2 Data from cylinder compression test part 1 

CYLINDER CYLINDER CYLINDER CYLINDER CYLINDER

1 2 3 4 5

Batch 1 Batch 1 Batch 1 Batch 1 Batch 1

Manufacturing 2015-10-08 2015-10-08 2015-10-08 2015-10-08 2015-10-08

Testing 2015-11-06 2015-11-06 2015-11-06 2015-11-06 2015-11-06

Age 29 29 29 29 29

Height 97,1 97,3 96,49 97,2 96,2

Diameter 50,19 50,19 50,265 50,3 50,41

Mass 438,5 439,5 431,5 438,5 429,5

Area      19,78 19,78 19,84 19,87 19,96

Volume 0,192 0,192 0,191 0,193 0,192

Density 2283 2284 2254 2271 2237

Failure load 107,3 105,5 115,7 116,9 104,4

Compr. strength 54,2 53,3 58,3 58,8 52,3

Splitting 4,2 4,2 4,3 4,3 4,1

Load rate kN/sec 2,0 2,0 2,0 2,0 2,0

Average

Average

TEST Part 1

kN

MPa

MPa

Fct

Fck

mm

grams

cm²

dm³

kg/m³

date

date

days

mm

55,4

4,2
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Table 3 Data from cylinder compression test part 2 

CYLINDER CYLINDER CYLINDER CYLINDER CYLINDER

2.1 2.2 2.3 2.4 2.5

Batch 2.1 Batch 2.2 Batch 2.3 Batch 2.4 Batch 2.5

Manufacturing date 2015-12-16 2015-12-16 2015-12-16 2015-12-16 2015-12-16

Testing date 2016-01-13 2016-01-13 2016-01-13 2016-01-13 2016-01-13

Age days 28 28 28 28 28

Height mm 101,5 98,4 101,89 98,9 100,5

Diameter mm 50,18 50,25 50,15 50,3 50,21

Mass g 464,0 447,5 462,0 449,5 457,0

Area      cm² 19,78 19,83 19,75 19,87 19,80

Volume dm³ 0,201 0,195 0,201 0,197 0,199

Density kg/m³ 2312 2293 2296 2287 2297

Failure load kN 94,0 72,0 102,0 74,0 78,0

Compr. strength Mpa 47,5 36,3 51,6 37,2 39,4

Splitting MPa 4,0 3,6 4,1 3,6 3,7

Load rate kN/sec 2,0 2,0 2,0 2,0 2,0

Average Fck

Average Fct

42,4

3,8

Test Part 2

 

Table 4 Data from cylinder compression test part 2 continuation 

CYLINDER CYLINDER CYLINDER CYLINDER CYLINDER

2.6 2.7 2.8 2.9 2.10

Batch 2.6 Batch 2.7 Batch 2.8 Batch 2.9 Batch 2.10

Manufacturing date 2015-12-17 2015-12-17 2015-12-17 2015-12-17 2015-12-17

Testing date 2016-01-14 2016-01-14 2016-01-14 2016-01-14 2016-01-14

Age days 28 28 28 28 28

Height mm 98,1 97,84 100,83 101,97 100,84

Diameter mm 50,17 50,35 50,31 50,29 50,26

Mass g 443,5 437 458 461 456

Area      cm² 19,77 19,91 19,88 19,86 19,84

Volume dm³ 0,194 0,195 0,200 0,203 0,200

Density kg/m³ 2287 2244 2285 2276 2279

Failure load kN 76,0 82,0 82,0 80,0 90,0

Compr. strength Mpa 38,4 41,2 41,2 40,3 45,4

Splitting MPa 3,7 3,8 3,8 3,7 3,9

Load rate kN/sec 2,0 2,0 2,0 2,0 2,0

Average Fck

Average Fct

41,3

3,8

Test Part 2

All tested cylinders were the controlled to make sure they were showing a 

satisfactory failure. An example of a satisfactory failure is showed in Fig-

ure 11 and pictures of all tested specimens is available in Figure 12-Figure 

17, all tested specimens showed a satisfactory failure. 
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Figure 11 Example of satisfactory failures (SS-EN-12390-3, 2009) 

 

 

Figure 12 Failures of cylinders from compression test part 1 
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Figure 13 Failure of cylinders for batch S2.1 and S2.2 

 

Figure 14 Failure of cylinders for batch S2.3 and S2.4 
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Figure 15 Failure of cylinders for batch S2.5 and S2.6 

 

Figure 16 Failure of cylinders for batch S2.7 and S2.8 
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Figure 17 Failure of cylinders for batch S2.9 and S2.10 

3.2.2 Textile properties 

In these experiments the reinforcement, Sto S&P ARMO-mesh C 200 was 

used. It is an unbalanced bidirectional carbon fiber mesh with synthetic, fil-

ament yarns with carbon in warp direction and AR-glass in weft direction 

Mesh size of the reinforcement is 20 mm in both warp and weft direction. 

The linear density of 1600 tex/yarn and the tensile flexural force for design 

is 800 N/mm2. The tensile strength of the reinforcement is 4300 MPa and 

the modulus of elasticity is 240 GPa. 

3.2.3 PVA-fibers 

Short fibers can be added to the concrete during mixing to increase the duc-

tility and increase the tensile strength. In this experiment short Monofila-

ment Poly Vinyl Alcohol (PVA) fibers were used. The fibers are bare with 

no sizing and the length 0.8mm. 
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Figure 18 Poly Vinyl Alcohol Fibers 

3.3 Casting of test specimen 

10 slabs were casted using Stocrete R40. They were reinforced with one 

layer of textile reinforcement with a concrete cover of 3 mm. The slabs were 

casted with a length of 880 mm, a width 300 mm and thickness 30 mm. 

Formworks were built for casting. Each formwork consists of a base plate 

of plywood, a frame of wood and four steel plates for the short side provid-

ing the ability to adjust the concrete cover for each slab. The long sides con-

sist of pieces of wood with the height of 30 mm, short sides consist of pieces 

with thickness of 24 mm and also two steel plates each having a thickness 

of 3 mm. The cover can be adjusted for different castings by putting two 

steel plates in the bottom for 6 mm cover or one steel plate for 3 mm cover 

for example, see Figure 19.  
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Figure 19 Formwork used for casting 

Each slab was 880x300x30 mm. Some specimen were casted with the rein-

forcement layer in the bottom of the formwork and some were casted with 

the reinforcement layer in the top of the formwork. 

At casting, one layer of reinforcement was placed in the formwork and then 

the formwork was filled with mortar. At the first casting for the pilot tests it 

was noted that the mortar was very viscous and difficult to work with and it 

was difficult to ensure the concrete cover was right and the reinforcement 

was weighed down. To try and avoid this, more water was added. For the 

following slabs the instructions were followed exactly to ensure that the 

product characteristics are maintained and for part two of the tests, as men-

tioned in previous sections, additives were used to improve the workability 

of the mortar.  

For the following slabs the casting procedure was improved to ensure ade-

quate cover. The formworks were filled in two stages, one below the rein-

forcement and one after placing the reinforcement. The mortar was poured 

into the formwork to 3 mm depth and the reinforcement was placed on top 

of the mortar and manually it was tightened before more mortar was poured 

into the formwork till completely filled. 
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Figure 20 Specimens 24 hour after casting 

The age of the specimen when testing varied between 32-34 days. Figure 20 

shows the slabs 24 hours after casting.  

3.4 Testing variables 

The variables for testing are volume fraction of PVA and whether or not 

the specimens were top or bottom reinforced. The specimen casted with re-

inforcement in the top was tested upside down compared to how they were 

casted. All specimens are listed in Table 5. Specimens tested in pilot test 

(part 1) are described in section 4.1.  
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Table 5 Test specimens for test part 2 

Specimen Top/bottom reinforced Amount PVA (%) 

S2.1 Top 0.5 

S2.2 Bottom 0.5 

S2.3 Top 0.5 

S2.4 Bottom 0.5 

S2.5 Unreinforced 0.5 

S2.6 Top 1.0 

S2.7 Bottom 1.0 

S2.8 Top 1.0 

S2.9 Bottom 1.0 

S2.10 Unreinforced 1.0 
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4 PART 1 – PILOT TESTS 

Before starting the tests pilot tests were performed where six slabs were 

casted using mortar Stocrete R40 and textile reinforcement ARMO-mesh 

C200. No additives were used for this part of tests. 

The main test variable for part one of the test was the concrete cover. Four 

slabs were casted with 3 mm cover and two with 6 mm cover.  How they 

were casted also varied, three slabs were casted upside down to how they 

were later tested. The age of the slabs when testing also varied.   

4.1 Test specimen 

The age of the specimen when testing varied, the first four tests were with 

slabs at the age of 14 days, the last two tests were with slabs at the age of 

21 days. All test specimens are described in Table 6.  

Table 6 Test specimens for part 1, pilot tests 

Spec-

imen 

Age 

(days) 

Cover 

(mm) 

Top/bot-

tom 

Rein-

forced 

S1 14 not applicable Top 

S2 14 not applicable Bottom 

S3 14 3 Top 

S4 14 3 Bottom 

S5 21 6 Top 

S6 21 6 Bottom 

 

Due to reasons described in previous section, 4.1, the concrete cover of the 

first two specimens was not applicable.  

4.2 Test set-up 

The first two slabs were tested in three point bending test before it was de-

cided to switch to four point bending test. With three point bending all 

stress is concentrated to a small area right below the load and the crack is 

forced to form at the location under the load. With four point bending the 

stresses are spread over the area between the two loading points and cracks 

can form and distribute over a larger area. This can be validated by looking 
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at a bending moment diagram for three point bending and four point bend-

ing in Figure 21. 

 

Figure 21 Bending moment diagram for three point bending (left) and four point bending (right) 

Test variables for this test was concrete cover, three slabs were casted with 

3 mm cover and three slabs were casted with 6 mm cover. 

4.3 Results 

Load deflection curve for the first two slabs tested in three point bending is 

showed in Figure 22.   

 

Figure 22 Load deflection curve for specimens tested in three point bending test 

Both tests show linear elastic behavior up to first crack after that the load 

drops to approximately half respectively two thirds of the first crack load. 

Both slabs failed by one large crack that occurred under the load. Failure 

mode was concrete crushing.  



44 

 

Load deflection curve for those specimens that were tested in four point 

bending test is showed in Figure 23.  

 

Figure 23 Load-deflection curve for specimens tested in four point bending test 

The majority of the tests showed a linear elastic behavior up to the first 

crack. Then the load drops rapidly and after that there is a redistribution of 

the load from the mortar to the fibers. When a decrease in load occurs 

somewhere around at a deflection of 30-60 mm, depending on the speci-

men, there is failure. Best scenario would be for the reinforcement to get 

linear elastic deformations causing a brittle failure. But what happened in 

these tests was first of all concrete crushing in the slab, then there was rup-

ture in fibers together with slippage. 

4.4 Analysis and improvements  

The failure load hence the moment is higher for slabs with 3 mm cover. 

That was to be expected and it is because the slabs with 3 mm cover have a 

larger lever arm than the slabs with 6 mm cover. 

All slabs casted with reinforcement layer in the top of the slab generally 

had a higher failure load. The slabs casted with reinforcement in the bot-

tom of the slab had a larger deflection.  

The failure mode is reinforcement slippage, which could also be described 

as debonding of reinforcement, this phenomenon was followed by concrete 

crushing for all six specimens. One possible cause of concrete crushing is 

excessive deformation caused by debonding of reinforcement. It was not 

recorded at what point the concrete crushing occurred. The debonding of 

reinforcement causes large tensile forces and due to the linear dependence 
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between strain from compression in concrete and tension strain in the rein-

forcement in the cross section, this causes a small compressive zone gener-

ating concrete crushing  However the linear dependence only valid when 

there is perfect bond between reinforcement and concrete. Debonding 

starts at a load named Pslip, at which load there is non-linear dependence.   

The essential issue to figure out facing part 2 of testing was how to im-

prove bonding between mortar and fibers. One other thing is to improve 

the workability of the mortar by adding super plasticizer to the current 

mortar mix. It will increase the workability in the mortar and make it more 

fluid without adding extra water. 

First crack load is very high and after the first crack and the load drops rap-

idly. That implies that the bond between concrete and reinforcement could 

be improved. A good bond would lead to an increase of load after the first 

peak load or first crack load. 
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5 RESULTS 

10 specimens were casted for part 2 of the tests and all tested specimens 

are presented in this section with a load-deflection plot. In section 2.4.4 the 

different deformation stages is described and in Figure 24 they are visual-

ized on a plot from one of the specimens tested in part 2.  

 

Figure 24 Example of deformation stages for one of the tested specimens 

5.1 Improvements from part 1 

For part 2 of it was decided to add Polyvinyl Alcohol (PVA) to the con-

crete mix. The PVA works by keeping small cracks together and to distrib-

ute stresses across cracks. This was done to expectantly have an increase in 

ductility and a better crack pattern containing many small cracks instead of 

one large crack. (Xu & Li, 2007) 

Also to increase workability of the mortar it was decided to ad superplasti-

cizer for part 2 of the tests.  

Other small improvements made from previous testing was to note at what 

load concrete crushing occurred and at what load the first crack appeared. 

Also the crack width was measured, at 10 mm, 20 mm and 30 mm mid-

span deflection.  

For part 2 of testing the main test variable was the amount of PVA added 

to the fresh concrete mix, because of that it was decided to cast unrein-

forced reference slabs. For 0.5 percent PVA and for 1.0 percent PVA one 

slab was casted without textile reinforcement. 
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Also it was decided to continue with four point bending test which was 

motivated in section 4.2. 

5.2 Part 2 

All slabs show a relatively linear elastic behavior up to first crack load. Af-

ter that there is a redistribution of load from mortar to fibers. This part the 

strength of the specimen consists of the tensile strength of the reinforce-

ment together with bond between textile and mortar. 

In this section, results for specimen S2.3 is missing. That is due to a failure 

when demolding after casting. 

The circled area in every diagram is were concrete crushing was detected. 

Even though crushed concrete is a failure mode tests continued as long as 

the load continued to increase.   

When it comes to detecting cracks the surfaces on the slabs look different 

depending on top or bottom reinforced. The side that was turned to the 

wood in the formwork had a smoother and even surface than the side that 

was cured in the air. For those specimens that were top reinforced the 

rough side was the one where cracks were detected. Figure 25 shows the 

difference in surface for top and bottom side of the specimen. This means 

that for the specimen that was bottom reinforced it was somewhat harder to 

detect small cracks.  

 

Figure 25 Difference in structure of the surface on upside (left) or downside (right) 
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5.2.1  Reference slab 0.5 PVA  

This slab (specimen number S2.5) was casted with 0.5 percent PVA fibers 

but no reinforcement as a reference slab.  

 

Figure 26 Load deflection diagram for specimen S2.5 

The load-deflection curve is shown in Figure 26. The behavior is linear 

elastic up to ultimate load, where the load is constant until brittle failure at 

the load 0.56 kN and mid-span deflection 2 mm. The straight line at the ul-

timate load is explained by that the load increased linearly up to failure 

load where it stayed at a constant value before failure.  The slab after test-

ing is shown in Figure 27.   

 

Figure 27 Cracks pattern for specimen S2.5 

Two cracks developed which split the slab into three parts at the brittle 

failure.  

5.2.2 Specimen S2.1 

Specimen S2.1 is top reinforced and the amount PVA is 0.5 percent.  
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Figure 28 Load deflection diagram for specimen S2.1 

Test showed linear elastic behavior up to first crack, see Figure 28. First 

crack occurred at a load 1.0 kN. 

 

Figure 29 Crack pattern for specimen S2.1 

Concrete failed by crushing in upper edge at a 2.4 kN and 41 mm mid-span 

deflection. After concrete crushing the load continued to increase up to ul-

timate load 3.5 kN.  

Four cracks developed relatively quickly, before a mid-span deflection of 

10 mm. At that deflection the maximum crack width was approximately 

0.5 mm. The total number of cracks detected was 5 cracks. The crack pat-

tern is visible in Figure 29. 

Test was stopped when the load had decreased to approximately half of the 

ultimate load.  

The reinforcement showed minimal rupture in fibers, for some of the yarns 

a few ruptured fibers could be visible but otherwise the yarns were consid-

ered in one piece.  
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Final failure mode was concrete crushing.  

5.2.3 Specimen S2.2 

The second specimen tested was S2.2, also with 0.5 percent PVA but bot-

tom reinforced. 

 

Figure 30 Load deflection diagram for specimen S2.2 

 

 

Figure 31 Crack pattern for specimen S2.2 

The slab failed by concrete crushing in upper edge at a 2.1 kN and 42 mm 

mid-span deflection. After concrete crushing the load continued to increase 

up to ultimate load 2.8 kN. 

Test showed linear elastic behavior up to first crack, see Figure 30. First 

crack occurred at a load 1.0 kN. Four cracks developed relatively quickly, 

before a mid-span deflection of 10 mm the maximum crack width was 0.8 

mm. The total number of cracks detected was 4 cracks. The crack pattern is 

visible in Figure 31. 
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Test was stopped when the load had decreased to approximately half of the 

ultimate load.  

The reinforcement showed minimal rupture in fibers, for some of the yarns 

a few ruptured fibers could be visible but otherwise the yarns were consid-

ered in one piece. 

Final failure mode was concrete crushing 

5.2.4 Specimen S2.4 

First crack occurred at 1.0 kN and 5 mm deflection at mid-span. Second 

crack appeared soon after the first one. Total number of cracks detected 

was 4 crack. This test did not show linear elastic behavior up to first crack.  

 

Figure 32 Load deflection diagram for specimen S2.4 

 

 

Figure 33 Crack pattern for specimen S2.4 

Concrete failed by crushing in upper edge at a 2.0 kN and 39 mm. After 

concrete crushing the load continued to increase up to ultimate load 2.3 

kN.  
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Test showed linear elastic behavior up to first crack, see Figure 32. First 

crack occurred at a load 1.0 kN. Six cracks developed, after a mid-span de-

flection of 10 mm maximum crack width was approximately 0.8 mm. The 

crack pattern is visible in Figure 33.  

Test was stopped when the load had decreased to approximately half of the 

ultimate load. 

The reinforcement showed ruptured fibers, most yarns hade some fibers 

with rupture but for the most part it was kept together  

Final failure mode was concrete crushing. 

5.2.5 Reference slab 1.0 PVA 

This specimen (specimen number S2.10) was casted with 1.0 percent PVA 

fibers but without textile reinforcement.  

 

Figure 34 Load deflection diagram for specimen S2.10 
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Figure 35 Crack pattern for specimen S2.10 

The behavior is linear elastic up to ultimate load, where the load is constant 

causing the straight line at ultimate load in Figure 34. After reaching ulti-

mate load there is a brittle failure at the load 1.27 kN and mid-span deflec-

tion 2.2 mm. The slab after testing is shown in Figure 35. 

The test stopped when the slab split into two pieces at the brittle failure and 

no more load could be registered.  

5.2.6 Specimen S2.6 

Specimen casted with 1.0 percent PVA fibers and reinforcement layer in 

the top. 

 

Figure 36 Load deflection diagram for specimen S2.6 

First crack appeared at load 1.6 kN and a mid-span deflection 5 mm, be-

havior up to first crack was linear elastic, after that the load kept increasing 

up to the load 3.5 kN se Figure 36. Concrete crushing occurred at the load 
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3.5 kN, which was also practically the same as the ultimate load. At ulti-

mate load the mid-span deflection was 28 mm. Test was stopped when the 

slab broke, almost completely into two separate pieces.  

 

Figure 37 Crack pattern for specimen S2.6 

Only two large cracks developed, see Figure 37. Afterwards it was clearly 

shown rupture in fibers. As seen in Figure 37 the slab was almost broken 

into two pieces, every yarn in the slab except one or two in the outermost 

of the slab completely ruptured.  

Despite the rupture in fibers the final failure mode was concrete crushing. 

5.2.7 Specimen S2.7 

Specimen casted with 1.0 percent PVA fibers and reinforcement layer in 

the bottom.  

 

Figure 38 Load deflection diagram for specimen S2.7 

This specimen did not show the same behavior with a ductile failure, in-

stead it was a sudden failure, however at the largest ultimate load out of all 
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specimen see Figure 38.

 

Figure 39 Crack pattern for specimen S2.7 

First crack appeared at a load 1.76 kN and a mid-span deflection 5.8 mm. 

After that 7-8 cracks developed with a relatively small crack width, see 

Figure 39, up to maximum load 4.0 kN and a mid-span deflection 23 mm. 

Concrete crushing first occurred at 3.45 kN and a mid-span deflection 19 

mm. Test was stopped when the load had decreased very rapidly to approx-

imately half of the ultimate load. 

The reinforcement showed minimal rupture in fibers, for some of the yarns 

a few ruptured fibers could be visible but otherwise the yarns were consid-

ered in one piece. 

Final failure mode was concrete crushing.  

5.2.8 Specimen S2.8 

Casted with 1.0 percent PVA fibers and reinforcement layer in the top.  

 

Figure 40 Load deflection diagram for specimen S2.8 

Figure 40 shows the load-deflection diagram for specimen S2.8. The be-

havior up to first crack load is linear. First crack occurred at a load 1.42 kN 

and mid-span deflection 1.6 mm. Maximum load was 2.67 kN at a mid-
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span deflection 27 mm. Test was stopped when the load had decreased to 

approximately half of the ultimate load. 

 

Figure 41 Crack pattern for specimen S2.8 

This was the only specimen where concrete crushing failure occurred after 

maximum load, however at almost the same load of approximately 3 kN, 

see Figure 40. Also the only specimen where the fibers ruptured entirely 

and the slab broke into two pieces.  

A total of four cracks developed the crack pattern is shown in Figure 41. 

Final failure mode was concrete crushing.  

5.2.9 Specimen S2.9 

Specimen casted with 1.0 percent PVA fibers and reinforcement layer in 

the bottom.  

 

Figure 42 Load deflection diagram for specimen S2.9 

This specimen showed a deviant behavior in terms of cracks, only one 

crack occurred, at the load 1.42 kN, and resulted in failure at 2.67 kN, see 

Figure 42. Test was stopped when the load had decreased to approximately 

half of the ultimate load.   
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Figure 43 Crack pattern for specimen S2.9 

Figure 43 shows the slab after testing. Some ruptured fibers was visible af-

ter testing but all yarns were still kept together in one piece. 

Final failure mode was concrete crushing 

5.3 Summary 

A comparison between all results show that specimen with 1.0 percent PVA 

definitely had a higher average first crack load. All specimens with 1 percent 

PVA had a higher first crack load than very specimen with 0.5 percent PVA. 

Ultimate load is higher for most of the specimens, see Table 7. 

Table 7 Comparison of all tested reinforced specimen 

Speci-

men 

rein-

force-

ment 

PVA 

(%) 

Fcr 

(kN) 

Fu 

(kN) 

δcr 

(mm) 

δu 

(mm) 

S2.1 Top 0.5 1.04 3.13 4.6 61 

S2.2 Bottom 0.5 1.05 2.82 5.0 69 

S2.4 Bottom 0.5 1.03 2.29 5.6 48 

S2.6 Top 1.0 1.64 3.51 5.0 28 

S2.7 Bottom 1.0 1.76 4.02 5.8 23 

S2.8 Top 1.0 1.32 2.95 4.0 22 

S2.9 Bottom 1.0 1.42 2.67 1.6 27 

 

Specimens with 1 percent PVA definitely showed a higher average first 

crack load. All specimens with 1 percent PVA had a higher first crack load 

than very specimen with 0.5 percent PVA. Ultimate load is higher for most 

of the specimens. 

Specimens with 1 percent PVA showed less ductile failure than 0.5 per-

cent. However, for these specimen (with 1 percent PVA) the load at which 
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concrete failure occurred was very close to the ultimate load, see Figure 

44. 

 

Figure 44 Diagram showing the load deflection curve for all reinforced specimens tested 

 

Figure 45 Diagram showing the load deflection curve for reference slabs 

Figure 45 shows the results from the unreinforced reference slabs. An in-

creased strength is shown for the reference slab with 1.0 percent PVA.  
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5.4 Calculations 

5.4.1 Bending moment based on experimental results 

Maximum moment based on experimental results is 

𝑀𝑚𝑎𝑥 =
𝑃·𝑎

2
     (2) 

Where a is the distance between support and load, 0.275 m in this case, see 

Figure 8 and P is the total load applied on the slab by the load cell. The re-

sults based on experimental results are presented in  

Table 8 Moment based on experimental results 

Specimen Mmax 

kNm 

S2.1 0.430 

S2.2 0.388 

S2.4 0.315 

S2.6 0.483 

S2.7 0.553 

S2.8 0.406 

S2.9 0.391 

5.4.2 Calculated flexural bearing capacity  

The load-bearing capacity for a cross-section under flexural load can be 

calculated for textile reinforced concrete. The procedure is not entirely dif-

ferent from calculating the load bearing capacity for a steel reinforced 

cross section as long as the tensile capacity of the reinforcement is known. 

(Brameshuber, et al., 2006) 

Bending moment capacity is calculated as follows in equation (3) 

𝑀𝑢 = 𝑘𝑓𝑙,𝑝𝐹𝑐𝑡𝑢𝑧      (3) 

Where kfl,p is a factor depending on the bending load, it also depends on the 

material, for carbon the factor is determined by equation (4) 

𝑘𝑓𝑙,𝑝 = 0,9 + 0,55 ·
𝐴𝑡

𝐴𝑐
    (4) 
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z is the internal lever arm which can be set to 0.9 times the effective height, 

d. Fctu is the tensile strength and that can be calculated according to equa-

tion (5). 

𝐹𝑐𝑡𝑢 = 𝑘1𝑘2𝑘0,𝛼𝐴𝑡𝑓𝑡     (5) 

At is the cross section area of the textile reinforcement and ft is the tensile 

strength of the textile reinforcement, both are presented in section 3.2.2. 

k0,α is the coefficient for an angled load which will be 1 for a perpendicular 

load. k2 is a factor for biaxial loading which is also equal to 1 since these 

tests concerns one-way testing.  

k1 is the fiber effectiveness which takes the bond into account and k1 is de-

termined from the ratio between the calculated average tensile strength of 

the specimen in a tensile test and the tensile strength of the reinforcement. 

In this case, k1 cannot be calculated since this work is only for bending and 

no direct tensile tests have been done. However in this work it is consid-

ered to see if k1 can be calculated according to bending test instead. The 

design flexural force for Sto S&P ARMO mesh C200 is 800 N/mm2 that is 

used to calculate k1 together with the maximum stress that the specimen is 

subjected to before it is believed that the fibers start slipping. In Table 9 

the results from calculations are presented and complete calculations are 

presented below.  

The load at which the fibers supposedly start slipping is chosen at a point 

on the load-deflection curve somewhere close before the stage IIb, see Fig-

ure 24, when no more cracks occur and the load increases. The point cho-

sen for each specimen is visualized in Figure 46-Figure 52. After choosing 

a load, k1 can be calculated according to equation (6).   

𝑘1 =
𝑃𝑠𝑙𝑖𝑝

𝑓𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙·𝐴𝑡
     (6) 

With k1 determined the tensile bearing strength can be calculated and since 

the specimens are tested under perpendicular load and one way testing 

equation (5) can be re-written as equation (7).  

𝐹𝑐𝑡𝑢 = 𝑘1𝑘2𝑘0,𝛼𝐴𝑡𝑓𝑡 →   𝐹𝑐𝑡𝑢 = 𝑘1𝐴𝑡𝑓𝑡    (7) 

Before the bending bearing capacity can be calculated a factor called kfl,p 

must be determined. kfl,p is a factor with respect to reinforcement ratio 
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hence it has the same value for every specimen. Kfl,p is calculated accord-

ing to equation (4) with the reinforcement area (S&P, 2016). Together with 

cross section area of the specimens it is can be determined to.  

𝑘𝑓𝑙,𝑝 = 0.9 + 0.55 ·
13.2

300·30
= 0.9  

Below follow calculations for every specimen with numerical values for 

equation (3), (6) and (7) and also pslip for every specimen.  

 

Figure 46 Pslip for specimen S2.1 

𝑃𝑠𝑙𝑖𝑝 = 1.0 𝑘𝑁 

𝑘1,𝑆21 =
1.54 · 103

800 · 13.2
= 0.095 

𝐹𝑐𝑡𝑢,𝑆21 = 13.2 · 4300 · 0.095 = 5.375 k𝑁 

𝑀𝑢,𝑆21 = 0.9 · 5.735 · 0.0243 = 0.118 kNm 

 

Figure 47 Pslip for specimen S2.2 

𝑃𝑠𝑙𝑖𝑝 = 0.97 𝑘𝑁 
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𝑘1,𝑆22 =
0.97 · 103

800 · 13.2
= 0.092 

𝐹𝑐𝑡𝑢,𝑆22 = 13.2 · 4300 · 0.092 · 10−3 = 5.214 𝑘𝑁 

𝑀𝑢,𝑆22 = 0.9 · 5.214 · 0.0243 = 0.114 kNm 

 

 

Figure 48 Pslip for specimen S2.4 

𝑃𝑠𝑙𝑖𝑝 = 1.03 

𝑘1,𝑆24 =
1.03 · 103

800 · 13.2
= 0.098 

𝐹𝑐𝑡𝑢,𝑆24 = 13.2 · 4300 · 0.10 · 10−3 = 5.536 𝑘𝑁 

𝑀𝑢,𝑆24 = 0.9 · 5.536 · 0.0243 = 0.121 kNm 

 

 

Figure 49 Pslip for specimen S2.6 

𝑃𝑠𝑙𝑖𝑝 = 1.66 𝑘𝑁 
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𝑘1,𝑆26 =
1.66 · 103

800 · 13.2
= 0.16 

𝐹𝑐𝑡𝑢,𝑆26 = 13.2 · 4300 · 0.16 · 10−3 = 8.923 𝑘𝑁 

𝑀𝑢,𝑆26 = 0.9 · 8.923 · 0.0243 = 0.195 kNm 

 

 

Figure 50 Pslip for specimen S2.7 

𝑃𝑠𝑙𝑖𝑝 = 1.45 𝑘𝑁 

𝑘1,𝑆27 =
1.45 · 103

800 · 13.2
= 0.14 

𝐹𝑐𝑡𝑢,𝑆27 = 13.2 · 4300 · 0.14 · 10−3 = 7.794 𝑘𝑁 

𝑀𝑢,𝑆27 = 0.9 · 7.794 · 0.0243 = 0.170 kNm 

 

 

Figure 51 Pslip for specimen S2.8 

𝑃𝑠𝑙𝑖𝑝 = 1,44 𝑘𝑁 
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𝑘1,𝑆28 =
1,44 · 103

800 · 13,2
= 0,14 

𝐹𝑐𝑡𝑢,𝑆28 = 13,2 · 4300 · 0,14 · 10−3 = 7,740 𝑘𝑁 

𝑀𝑢,𝑆28 = 0,9 · 7,740 · 0,0243 = 0,169 kNm 

 

Figure 52 Pslip for specimen S2.9 

𝑃𝑠𝑙𝑖𝑝 = 1,10 𝑘𝑁 

𝑘1,𝑆29 =
1,10 · 103

800 · 13,2
= 0,10 

𝐹𝑐𝑡𝑢,𝑆29 = 13,2 · 4300 · 0,10 · 10−3 = 5,913 𝑘𝑁 

𝑀𝑢,𝑆29 = 0,9 · 5,913 · 0,0243 = 0,129 kNm 

Table 9 Results from bending moment capacity calculations 

Specimen k1 Fctu 

(kN) 

Mu 

(kN) 

S2.1 0.095 5.537 0.118 

S2.2 0.092 5.214 0.114 

S2.4 0.098 5.536 0.121 

S2.6 0.157 8.923 0.195 

S2.7 0.137 7.794 0.170 

S2.8 0.136 7.740 0.169 

S2.9 0.104 5.913 0.129 
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5.4.3 Flexural capacity based on pre-determined factor k1 

The factor k1 has been determined for a number of materials by experi-

mental research (Hegger & Voss, 2008). k1 was determined to 0.19 for car-

bon. That value can then be used to calculate another value for the bending 

moment capacity and it can be compared with the values calculated for 

each specimen.  

Using 0.19 for k1 results in a tensile bearing strength according to equation 

(3) and equation (7).  

𝐹𝑐𝑡𝑢 = 𝑘1𝐴𝑡𝑓𝑡 = 0,19 · 13,2 · 10−6 · 4300 · 103 = 10,8 𝑘𝑁 

The flexural bearing strength is then calculated according to the same pro-

cedure as earlier.  

𝑀𝑢 = 𝑘𝑓𝑙,𝑝𝐹𝑐𝑡𝑢𝑧 = 0,9 · 10,8 · 0,243 = 0,236 𝑘𝑁𝑚   
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6 ANALYSIS 

Pilot tests showed that a relatively high strength was reached however at 

very large deformations. PVA was added for the following round of experi-

ments to try and improve serviceability of the slabs.  

The first thing that can be concluded when observing the results is that the 

strength of the slabs was definitely improved by the textile reinforcement. 

The maximum load for the textile reinforced slabs are approximately two to 

three times higher than the cracking load.  

Specimens with 1 percent PVA definitely showed a higher average first 

crack load. All specimens with 1 percent PVA had a higher first crack load 

than every specimen with 0.5 percent PVA.  

Table 10 Calculated mean values and standard deviation for first crack load and ultimate load 

Spec

imen 

PVA 

% 

Fcr 

kN 

Fu 

kN 

μ(Fcr) 

kN 

μ (Fu) 

kN 

S(Fcr) 

kN 

S(Fu) 

kN 

S2.1 

0.5 

1.04 3.13 

1.0 2.7 0.01 0.42 S2.2 1.05 2.82 

S2.4 1.03 2.29 

S2.6 

1.0 

1.64 3.51 

1.5 3.3 0.20 0.55 
S2.7 1.76 4.02 

S2.8 1.32 2.95 

S2.9 1.42 2.84 

 

Table 10 shows the mean values, μ, and standard deviations, S, for the first 

crack load, Fcr, and ultimate load, Fu, for specimens reinforced with 0.5 re-

spectively 1.0 percent PVA. The structural elements investigated in this the-

sis were desired to be compared to part of a façade panel system. For that 

area of use, the serviceability approach important and the load before crack-

ing of the concrete begins. Looking at the first crack load it clearly shows 

that it was increased by an increased amount of PVA fibers. The mean value 

increased with 50 percent. The standard deviation for first crack load is very 

low for specimens with 0.5 percent PVA and also quite low for specimens 

with 1.0 percent PVA, this shows that all measurements are very close to the 

mean value and the dispersion of the set of measurements is low and that is 

desirable when designing for a building.  
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Considering the mean value for ultimate load in Table 10 it shows that it is 

higher for specimens with 1.0 percent PVA and with a standard deviation of 

approximately 0.5 kN. This concludes that the load bearing capacity for 

slabs with an increased amount of PVA fibers improves.  

Table 11 Calculated mean values and standard deviations for mid-span deflection 

Speci-

men 

δcr 

mm 

δu 

mm 

μ (δcr) 

mm 

μ (δu) 

mm 

S(δcr) 

mm 

S(δu) 

mm 

S2.1 4.5 61 

5.0 59.3 0.6 10.6 S2.2 5.0 69 

S2.4 5.6 48 

S2.6 5.0 28 

4.1 25.0 1.8 2.9 
S2.7 5.8 23 

S2.8 4.0 22 

S2.9 1.6 27 

 

Table 11 shows the calculated mean values and standard deviations for the 

mid-span deflections of slabs with 0.5 (specimen S2.1-S2.4) respectively 1.0 

percent PVA. The most interesting and projecting thing observed here is the 

large increase in rigidity, the ultimate mid-span deflection has been halved 

by and increased amount of PVA fibers. That is a great improvement speak-

ing in terms of serviceability. Specimens with 1.0 percent PVA have a larger 

ultimate load at a lower mid-span deflection.  

The deformations are considered to be relatively large if compared to rec-

ommendations for concrete elements, which is L/250 according to EN 1992-

1-1-2004, where L is distance between supports. Which in these experiments 

with a span length of 750 mm corresponds to a mid-span deflection of 3 mm.  

Whether or not the specimens were casted with the reinforcement layer in 

top or in the bottom of the slab (with other words, tested upside down com-

pared to castings or not) does not prove to have any significant effect on the 

tests. One tendency is that the concrete crushing failure occurred at a slightly 

lower load for specimens reinforced in the bottom of the slab and tested in 

the same way as they were casted. 

Unreinforced reference slabs first of all further proved the fact that the bear-

ing capacity of the slabs were improved by an increased amount of PVA. 



68 

 

The ultimate load for specimens with 1.0 percent PVA was twice as high as 

for reference slab with 0.5 percent PVA. 

Table 12 Measured number of cracks and crack widths  

Specimen W10 W20 W30 Number 

of cracks 

S2.1 0.5 1.0 2.5 5 

S2.2 0.8 1.5 2.5 4 

S2.4 1.0 3.0 4.5 5 

S2.6 <0.5 1.5 2.5 2 

S2.7 <0.5 1.0 2.5 8 

S2.8 0.5 1.5 2.8 4 

S2.9 1.0 2.5 4.5 1 

 

Table 12 summarizes displays the measured crack widths, w, at 10, 20 and 

30 mm mid-span deflection. This shows that the added PVA fibers did not 

prove to have any significant effect on the crack width. Compared to the 

pilot tests, where only one large crack was developed for every slab, this 

proves that the crack pattern was improved by adding PVA fibers to the con-

crete. The largest cracks where the concrete eventually failed was always 

located under one of the two point loads. 
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Figure 53 Concrete crushing failure for all specimens 

Figure 53 shows that specimens with 1 percent PVA showed less ductile 

failure than 0.5 percent. The failure mode for all specimens was concrete 

crushing. The load at which the concrete was crushed was however for spec-

imens with 1.0 percent PVA very close to the ultimate load, see Figure 53. 

This shows that that the bearing capacity was improved by adding the PVA 

fibers. Concrete crushing is most likely caused by slippage, when studying 

some of the ruptures very closely it was barely visible that some fibers had 

been slipping among each other. Bond between mortar and reinforcement is 

an area that needs to be improved to fully utilize the reinforcement.  

The calculations show that the flexural capacity with pre-determined k1 was 

higher than the calculated flexural capacity based on bending test. The value 

with pre-determined k1 was however lower than the bending moment based 

on experimental results. The calculation with a pre-determined value on k1 

is the only value that could have been calculated before tests hence be used 

for design of the slab, the fact that this value is lower than experimental 

results suggests that this method works in this case for design.  

The increased bearing capacity of the slabs in part 2 compared to pilot test 

(part 1) indicates that the bond was improved. A reason for that is that the 

mortar could more easily penetrate the textile mesh after added superplasti-

cizer. 
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When testing in four point bending the results represent the load applied by 

the load cell and the dead load/self-weight has to be added to the load. If 

these slabs were to be put vertically and not horizontally the carrying ca-

pacity for the slabs would be the measured load plus the 0.2 kN (calculated 

in section 3.1). For a façade element the dead load is acting perpendicular 

to the other loads, which for a non-load bearing slab is for example wind 

load. Dead load is only regarded when placed horizontally.  
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7 DISCUSSION 

The bearing capacity in terms of ultimate load and mid-span deflection was 

improved by an increased amount of PVA fibers. The question is if in-

creasing the volume ration of fibers even more would result in a failure 

mode that does not at all involve premature concrete crushing failure and 

the desire to have ruptured fibers as failure mode would improve when in-

creasing the amount of PVA fibers. What also showed in tests when in-

creasing the amount of PVA fibers was that the specimens showed a more 

brittle failure and a stiffer behavior. Stresses become very large causing a 

sudden rupture of the fibers and a brittle failure of the specimen.  

The results obtained in this thesis can be discussed by doing some compari-

sons to a previously performed study on thin textile reinforced concrete 

slabs. (Blanksvärd & Täljsten, 2008) performed a pilot study on small con-

crete slabs with varying concrete qualities and fiber reinforcement mesh of 

varying materials and properties. The slabs were tested in four point bending 

and two specimens in the study were casted with Stocrete R40 and PVA 

fibers together with a carbon fiber mesh with epoxy coating, see Figure 54. 

The mesh width was 44 mm, the amount of PVA fibers was 1 percent and 

the thickness of the slabs was 40 mm with a concrete cover of 10 mm. In 

this work, the idea of small concrete cover for textile reinforced concrete 

elements, was further tested when working with specimens with only 3 mm 

concrete cover,  

 

Figure 54 Textile reinforcement mesh used in Blanksvärd & Täljsten (left) and in this thesis (right) 

The tests showed results comparable and similar to those obtained in this 

thesis. The study concluded that PVA fibers increase the bearing capacity 

and stiffness of the slabs and reduce the crack width. The maximum average 

load obtained for the slabs with PVA (1.0 percent) was 5.5 kN which can be 

compared to the average ultimate load for specimens with 1.0 percent PVA 
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in this report which was 3.3 kN. To compare results from this thesis with 

results from Blanksvärd & Täljsten with different specimen sizes, the rein-

forcement ratio can be compared. The reinforcement ratio for specimens 

tested in this thesis is 0.15 percent which is two times larger than the one 

from Blanksvärd and Täljsten, which is 0.06 percent.  

The study also provided calculations on theoretical bending moment capac-

ity based on the theory of flexural design for conventional steel reinforced 

concrete, see section 2.2.1. That was compared to experimental moment ca-

pacity according to the same procedure as in this thesis.  

The slabs tested in the pilot study were thicker, but due to the concrete cover 

thickness of 10 mm, the thick slabs did not give a lever arm much larger. 

The lever arm used for bending moment calculations in this work was 24 

mm and the lever arm for the specimens from Blanksvärd & Täljsten was 27 

mm. The average theoretical bending moment was 0.6 kN and the experi-

mental value was 0.8. That is more than doubled of the values obtained in 

this thesis.  

On reason for the high bearing capacity could be the coating used for the 

carbon mesh. Epoxy coating should increase the bond strength between mor-

tar and reinforcement. The coating makes the mesh more inflexible and rigid 

which causes a decrease in deformation capacity. (Portal, 2015) showed that 

epoxy coating on carbon fiber reinforcement could significantly improve the 

flexural strength of textile reinforced concrete slabs.      

The pilot study also performed compression tests on Stocrete R40 with and 

the result was a compressive strength of 46.5 MPa which is somewhat higher 

than tested in this work. The difference is however relatively small and could 

be due to differences in testing procedure and apparatus.  

The future for textile reinforced concrete looks very bright. A great deal of 

research is performed in order to bring out standardized methods for design-

ing concrete elements with textile reinforcement. Casting elements with tex-

tile reinforcement instead of steel reinforcement would reduce the amount 

of concrete needed, which would reduce the amount of carbon dioxide emis-

sions. The production of cement represents a large part of the carbon dioxide 

emissions in the building industry and increasing the use of textile reinforce-

ment instead of steel reinforcement, where it is possible, would help to lower 

the emissions. (Boverket, 2014).  
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Studying previously performed research and working with this thesis it 

shows that the bond behavior of textile reinforcement concrete needs to be 

improved in order to fully utilize the properties of the textile reinforcement.  

It would be interesting to perform the same tests with this reinforcement but 

with High performance concrete (HPC). HPC generates a larger compres-

sion zone which would reduce the risk of having the failure mechanism con-

crete crushing.  

Also a direct tensile test/uniaxial test on the textile carbon mesh could give 

more information for this type of reinforcement. And the calculation meth-

ods could have been more accurate. 

A good method to investigate the bond, which still need to be improved. It 

was not within the work of this thesis to do pull-out tests but it would be 

interesting to perform pull-out tests on the mortar and reinforcement used in 

this work to prove the assumption of lack of bond causing the concrete 

crushing failures.  
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8 CONCLUSIONS 

The aim of this thesis was to investigate the flexural behavior of textile re-

inforced concrete slabs through a literature review and analysis of results 

from experimental work.  The research questions for this thesis was:  

 Does textile reinforcement improve the bearing capacity for small con-

crete slabs? 

 Will short fibers affect the flexural behavior of a textile reinforced con-

crete slab? 

 How does the amount of shorts fibers affect the flexural behavior? 

 Could textile reinforced thin slabs be a good solution for a façade panel 

system? 

First part of test clearly stated the crack pattern and serviceability of the 

slabs needed to be improved. Also workability of the fresh mortar needed 

to be improved. For the second part of test superplasticizer was added to 

the fresh mortar and also PVA fibers. The experimental study concluded 

that the bearing behavior of the slabs was improved by the added PVA fi-

bers. Specimens with an increased amount of PVA fibers have a larger ulti-

mate load at a lower mid-span deflection. Compared to first part of test 

where no PVA fibers were used, the crack pattern was improved as well. A 

significant increase in bearing behavior was shown when increasing the 

amount of PVA fibers from 0.5 to 1.0 volume percentage.  

The tests clearly show that the bearing capacity of the slabs was improved 

by the textile reinforcement, however at the a more brittle failure. Two ref-

erence slabs were casted without reinforcement and the ultimate load they 

were subjected to was several times lower than the ultimate load for textile 

reinforced slabs. 

A prefabricated concrete sandwich façade panel consists of two reinforced 

concrete layers with an intermediate insulating layer. For an outer non load 

bearing concrete layer, textile reinforced concrete slabs is a good choice to 

decrease the amount of material and also decrease the weight of the ele-

ment. For a non-load bearing façade element, the main load that the slab is 

subjected to will be the wind load. The dead load will act perpendicular to 

the wind load.  
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Appendix A – Information sheet StoCrete R40 



Tekniskt faktablad
StoCrete R 40

Rev.nr. 2 / SV / 02.02.2015 / StoCrete R 40 1/3

Mineraliskt reparationsbruk med CEM för gjutning

Karakteristik

Användning ut- och invändigt
för mineraliskt underlag med höga krav på frostbeständighet

Egenskaper enkomponent
hög vidhäftningsförmåga
låg krymp- och sprickbenägenhet

Anvisningar exponeringsklass XC4, XD3, XF4, XS3, XA2 enligt EN 206-1
produkten uppfyller Trafikverkets krav enligt aktuell version av TRVK Bro och 
TRVAMA Anläggning
produkten uppfyller villkoren enligt EN 1504-3

Teknisk data

Kriterium
Standard/ 
testföreskrift

Värde/ Enhet Anvisningar

Densitet (härdat bruk) 2,1-2,2 kg/l

Tryckhållfasthet (28 dagar) SS-EN 12190 45 MPa uppfyller R4

Böjdragshållfasthet (28 dagar) 7 MPa

Kloridhalt SS-EN 1015-7 < 0,5 % av provvikt

Vidhäftningshållfasthet SS-EN 1542 >2,5 MPa

Karbonatiseringsmotstånd SS-EN 13295 < 3 mm

Elasticitetsmodul vid tryck SS-EN 13412 >20 GPa

Vidhäftningshållfasthet efter 
frostprovning

SS-EN 13687-1 >2,0 MPa

Vidhäftningshållfasthet efter 
svällning/krympning

SS-EN 12617-4
metod 2

>2,5 MPa

Kornstorlek 3 mm / 6 mm

Alla karakteristiska värden är genomsnittsvärden eller och ungefärliga värden. 
Eftersom vi använder naturliga råvaror i våra produkter kan angivna värden för en 
individuell leverans avvika något utan att det påverkar produktens lämplighet.

Underlag

Krav Betongunderlaget ska förberedas så att en fast och varaktig yta säkerställs. Härtill 
måste betongunderlaget vara fritt från skikt av cementhud samt andra lösa, porösa 
ytor och sprucken, skadad betong. Underlaget ska även vara fritt från korrosion, 
föroreningar och andra åtskiljande substanser. Avlägsna även dammrester och allt 
fritt stående vatten. Den underliggande betongens draghållfasthet ska vara minst 
1,5 MPa. Uppnås inte värdet vid provning, kontakta Sto Scandinavia AB för 
ytterligare åtgärder. Äldre beläggningar ska avlägsnas före applicering av 
mineraliska lagningsbruk. Friliggande och frilagt armeringsstål rengörs från rost 
enligt renhetsgrad Sa 2½.

Applicering

Appliceringstemperatur Lägsta appliceringstemperatur: +5 °C 
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Högsta appliceringstemperatur: +30 °C

Appliceringstid vid +5 °C: > 90 minuter
vid +20 °C: 90 minuter
vid +30 °C: < 60 minuter

Blandningsförhållande 25 kg StoCrete R 40 : 2,7 liter vatten = 1 : 0,11 viktdelar

Materialberedning Häll upp vatten och tillsätt torrbruket. Blanda noggrant med visp ca 2 min. Låt vila 
ca 3 minuter och blanda igen 0,5 minut.

Förbrukning Användningssätt Förbrukning ca.

torrmaterial per mm skikttjocklek 2,0 kg/m²

Materialförbrukningen beror bland annat på applicering, underlag och konsistens. 
Angivna förbrukningsvärden är endast vägledande. Vid behov fastställs mer 
exakta förbrukningsvärden baserade på objektets förhållande.

Applicering 1. Förvattna underlaget.

2. Applicera StoCrete R 40.
3 mm: skikttjocklek minst 9 mm, max. 60 mm utan sprickarmering.
6 mm: skikttjocklek minst 18 mm, max 120 mm utan sprickarmering
Vid gjutning av överbetong, komplettera med ny sprickarmering.
StoCrete R 40 kräver betongpump för sprutapplicering.

Efterbehandling sker med jutemattor, plastfolie eller krympspärr som
StoCryl NB.

Torkning, härdning, 
bearbetningstid

Vid +20 °C luft- och underlagstemperatur och 65 % relativ luftfuktighet: 
direkt efter ytbehandling med StoCryl NB som krympspärr
efter 5 dygn med StoCryl V 100

Rengöring av verktygen Rengör med vatten direkt efter användning.

Anvisningar, 
rekommendationer, speciellt, 
övrigt

En för snabb uttorkning av ytan inverkar negativt på hållfasthetsutvecklingen. För 
att inte försämra ytskiktet är det viktigt att efterbehandling utförs, t.ex. med fuktiga 
jutemattor eller intäckning med plastfolie. Det absolut bästa resultatet erhålls om 
ytan eftervattnas i fem dygn efter gjutning. 

Skydda bruket från kraftig blåst och regn genom intäckning med plastfolie.

Rengöring av verktygen Rengör med vatten.

Leverans

Förpackning 25 kg, 1000 kg 

Lagring

Lagringsförhållanden Lagras torrt och frostfritt.

Lagringstid Denna produkt är kromatreducerad. Denna egenskap garanteras fram till 
lagringstidens utgång. Beakta informationen om lagringstid i det redovisade 
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chargenumret på förpackningen.

Bästa kvalitet i originalförpackning garanteras fram till den maximala 
lagringstidens utgång. Detta kan avläsas med hjälp av batchnumret på 
förpackningen.
Batchnumret betyder:
Siffra 1 = årets slutsiffra, siffra 2 + 3 = vecka
Exempel: 5450013223 - lagringstid garanteras t.o.m. vecka 45 år 2015

Märkning

Produktgrupp Pågjutningsbruk

Säkerhet Produkten är märkningspliktig. Säkerhetsdatablad finns på www.sto.se
Observera informationen angående hantering av produkten, lagring och 
avfallshantering.

Särskilda anvisningar

Information och data i detta tekniska faktablad syftar till att garantera produktens 
avsedda användningsområde samt dess lämplighet för detta och är baserad på 
vår nuvarande kunskap och erfarenhet. Det befriar dock inte användaren från eget 
ansvar att avgöra produktens lämplighet för avsett bruk.
Användning som inte entydigt omnämns i detta tekniska faktablad får endast
utföras efter samråd. Utan godkännande sker detta på användarens eget ansvar.
Detta gäller framför allt kombinationer med andra produkter.

Genom utgivning av ett nytt tekniskt faktablad upphör alla tidigare versioner att 
gälla. Den senaste utgåvan finns tillgänglig på internet.

Sto Scandinavia AB
Box 1041
SE - 581 10 LINKÖPING
Telefon: 013-37 71 00
Telefax: 013-37 71 37
E-mail: kundkontakt@sto.com
www.sto.se


