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Abstract in Czech  

¢ÈĭĒ ğĢÉÖà Āà ŎÈĊãĤàċÈ ċÈ łŎÉĀàĊċá ĦğĒĄĲğŀĦĒÕàċõ ĭàňĭóĄċõ łŊŎĭĲŐà óĊğĢàëċĒłÈċá

epoxidovou pry ĦĂŉĤóÖõ Ħ ĊÈĭĢóÖõ Ŏ łŉĦĒĂĒ-ðĒÜċĒĭċáðĒ ÕàĭĒċĲʟ ÃÈÕŊłÉ Ħà ĊĒŐċĒĦĭõ

ĦċÈÜċáðĒ àňğàĢóĊàċĭÉĄċõðĒ ĦĭÈċĒłàċõ ğĒÜĊõċàĂ ĦğĒĄĲğŀĦĒÕàċõ È ĀàðĒ ŎĄàğĨàċõʚ

ĊĒÜàĄĒłÉċõĊ ÖðĒłÉċõ ĭÈĂĭĒ łŉŎĭĲŐàċá ĂĒċĦĭĢĲĂÖà ċÈ ŎÉĂĄÈÜã ĭãÖðĭĒ àňğàĢóĊàċĭŀ

ğĒĊĒÖõ ĦĒêĭŃÈĢĲ ğĢĒ ċàĄóċàÉĢċõ ÈċÈĄŊŎĲÕàĭĒċĒłŊÖðĂĒċĦĭĢĲĂÖõ ¢7a 7ċëóċààĢóċëʟ

XĢĒĊã ĦÈĊĒĭċá ŎĂĒĲĨĂŉ ĦğĒĄĲğŀĦĒÕàċõ È ĀàĀõðĒ ĊĒÜàĄĒłÉċõ Āà ł ğĢÉÖó ĲłàÜàċĒ ċãĂĒĄóĂ

ğĤõĂĄÈÜŀ ĊĒÜàĄŀ ċÈ ŎĂĒĲĨĂĲ ĒðŉÕĒłá ğàłċĒĦĭó ŎĂĲĨàÕċõÖð ÜàĦàĂ Ŏ ĭàňĭóĄċõðĒ ÕàĭĒċĲ ł

ğĒĢĒłċÉċõ Ħ łŊĦĄàÜĂŉ àňğàĢóĊàċĭÉĄċõÖð ŎĂĒĲĨàĂʟ aÈłÈŎĲĀà ċÈ łŊĦĄàÜĂŉ ÜóğĄĒĊĒłá ğĢÉÖà

ğĤàÜĄĒŐàċá ÈĲĭĒĢàĊ ł ĢĒÖà ȪȨȩȬʟ gÜ ĭáĭĒ ÜĒÕŉ ŎÈØÈĄ ĦÕãĢ ÜÈĭ Ē ĭàňĭóĄċõÖð ÕàĭĒċàÖð Ħ

łŊŎĭĲŐõ ĦŉÖàċĒĲ àğĒňóÜĒłĒĲ ğĢŉĦĂŉĤóÖõʚ ĊãĤàċõ ĀàĀóÖð łàĨĂàĢŊÖð ĊÈĭàĢóÉĄĒłŊÖð ğÈĢÈĊàĭĢŀ

ğĢĒ ċÉĦĄàÜċá ċĲĊàĢóÖĂá ĊĒÜàĄĒłÉċõ È łŊłĒĀ ÜÈĄĨõÖð ğĒÜĂĄÈÜŀ ğĢĒ ğĤàĦċãĀĨõ È ĀàÜċĒÜĲÖðŊ

ċÉłĢð ĂĒċĦĭĢĲĂÖõ Ŏ ĭàňĭóĄċõÖð ÕàĭĒċŀʟ 

Keywords in Czech  

ĭàňĭóĄċõ ÕàĭĒċʚ ĭàňĭóĄċõ łŊŎĭĲŐʚ ĭàÖðċóÖĂá ĭàňĭóĄóàʚ łŉĦĒĂĒðĒÜċĒĭċŊ ÕàĭĒċʚ ĦĒĲÜĢŐċĒĦĭʚ

ĢĒłóċëʚ àğĒňóÜĒłÉ ğĢŉĦĂŉĤóÖàʚ ċĲĊàĢóÖĂá ĊĒÜàĄĒłÉċó 
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Abstract in English  

This work is focused on the interaction of textile reinforcement impregnated with epoxy 

resin with a matrix of high -performance concrete. It deals with the possibilit y of easy 

experimental determination of the interaction conditions of these materials and its 

improvement, as well as modeling of the behavior of these both materials based on the 

experiments using software for nonlinear analysis of concrete and reinforced  concrete 

structures ATENA Engineering. In addition to the interaction pull -out test itself and its 

modeling, the work presents several examples of models for testing of flexural strength 

of textile reinforced concrete slabs in comparison with th e results of experimental tests. 

It follows the results of the diploma thesis submitted by the author in 2014. Since then, it 

began the collection of data on textile reinforced concretes with impregnated alkali -

resistant glass roving, measurement of all ma terial par ameters for subsequent numerical 

modeling and development of process for more accurate and simple design of textile 

reinforced concrete structures.  

Keywords in English  

textile reinforced concrete, textile reinforcement, technical textiles,  high -performance  

concrete, cohesion , roving, epoxy resin , numeric al model ing  
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1 Motiva tion  and goals of the thesis  

Concrete  with traditional steel reinforcement is one of the most used m aterials in building 

practice due to its availability and advantageous combination mechanical properties  of 

both materials. The general idea is the h igh compressive strength of concrete and the 

high tensile strength of steel, which wa s patented by Joseph M onier (1823-1906) in 1867. 

He was the flower -pot manufacturer  in Paris. Currently TRC becomes more and more 

popular  in the field of design furniture  and in the field of subtle structural elements with 

reinforcement from different type s of technical textile s made of different materials of 

roving. Architects  love these TRC subtle elements and constructions. Research institutes 

and universities of all over the world are interested about this young material. There are 

currently many resear ch project s about TRC. [1], [2]. 

Development of light and very subtle concrete building constructions and elements and 

demand for extremely thin elements in design are inter alia reason for the deve lopment 

of non -traditional composite materials as reinforcement . Composite materials are used 

in the form of fiber reinforced polymer bars s imilar to the traditional steel reinforcement  

bars or in the form of technical textile s. Unprotected traditional steel reinforcement is not 

chemically resistant,  does not last long in the external environment  and cannot withstand 

the expected lifetime of the structure element. This fact limits the thickness design 

especially in the combinat ion with high -performance conc rete due to standards required 

concrete cover for passivation of steel reinforcement in a strongly alkaline concrete 

environment . This fact gave rise to high -performance concrete construction reinforced by 

technical textiles w hich is usually called textile  reinforced concrete construction.  textile 

reinforced concrete is currently very popular and modern  material in architecture  and 

material very often under research.  Composite reinforcement from high amounts of 

filaments homoge nized by epoxy resin matrix is  free from corrosion. Composite 

reinforcement combined with fine -grained high -performance concrete  enables a 

significant reduction of  thickness of the various elements  and thus achieves  considerable 

materials and raw saving . Therefore, textile reinforced  concrete  material is also 

interesting in environmental contexts . This material in general  is also examined at the 

Department of Building Structures at the Faculty of Civil Engineering, Czech Technical 

University in Prague. Th is thesis is especially focuse d on the interaction of textile 

reinforcement in high -performance concrete matrix and its easy determination and 

improvement for the purpose of design and modeling the behavior using software for 

non -linear analysis of concret e and reinforced concrete stru ctures ATENA Engineering. 

This issue is relatively thoroughly dealt in the case of fiber reinforced polymer 

reinforcement with  conventional diameters . Interaction and methods for its 

improvement are already successfully propos ed and measured. There are num bers of 

articles and standards all over the world . Penetrated technical textiles using epoxy resin 

for homogenization is basically fiber reinforced polymer  with considerably smaller 

diameter, but standards for element s design and the  effect  of interaction with the cement 

matrix have not yet been issued. There is also no standard with defined procedure to 

measure the interaction  conditions . There is no mention about possibility to improve the 

textile reinforcement  and hig h-performance concrete interaction in  the similar way like 
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for fiber reinforced polymer , about the e ffect of surface treatment on the reinforcement 

parameters and the overall textile reinforced concrete element behavior . This thesis  

follow s the results of diploma thesis sub mitted by the autho r in 2014. From this time 

started the interest in textile reinforced concrete  elements , measurement of its material 

parameters for numerical modeling of tasks and development of precise design of textile 

reinforced conc rete elements.  

My personal motivation  was my interest in concrete and reinforced concrete structures in 

general. The material of artificial stone is always different, it can be shaped in an original 

way. I was fascinated by the constants of the subtle stai r constructions. I gradually found 

out more and more information, so I discovered the material of high -quality concrete. 

During further study, I discovered just the advantage of combining with technical textiles. 

A non-impregnated fabric is used, which beh aves similarly to fiber -reinforced co ncrete 

with a high consumption of reinforcing material, which is expensive. With the 

impregnated homogenized fabric, the expensive reinforcing material can be used 

effectively. I wanted to learn to master and understand  this material in depth so that I 

wou ld be able to design and implement economical design elements from textile 

concrete.  

The main goal of this work is experimental determination of interaction conditions 

between the textile reinforcement made of alkali -resistant single glass roving 

impregnat ed with epoxy resin and the cement itious  matrix made of high -performance 

concrete. A numerical model of the experiment is created with defined bond parameters 

from the measured values using the ATENA Engineering program. The experiment is 

complemented by t he possibility of improving of interaction between these both 

materials. The functionality and accuracy of the model and the effectiveness of improving 

of inte raction conditions are subsequently verified by the testing of flexural strength of 

textile reinf orced concrete  specimens . These main goals of the work were supplemented 

by number s of other accompanying experiments . 
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2 Introduction  

2.1  Materials of  TRC in general  

2.1.1  Technical textiles  

TT is a summary  designation for textile materials and products whose main purpose is 

the fulfillment of some  technical function . Their aesthetic or decorative properties are in 

this case usually less important.  During  choosing a suitable material  for TT its physical 

and chemical properties are almost exclusively decisive.  In addi tion t o almost all kinds of 

common made fibers also  specially modified fibers are also used for te chnical purposes 

such as aramids, carbon fib ers, micro  and nanofibers, ceramic  fibers, metallic fibers, etc . 

From natural fibers  are often used for TT for exa mple  jute and cotton ( wraps), hemp 

(ropes) and silk (parachutes) . 

All high -strength materials with  high elasticity modulus are suitable as a c oncrete 

reinforcement.  Modulus of elasticity of fiber should be higher in comparison with the 

modulus of elasticit y of concrete.  These conditions meet and for concrete reinforcement 

are most often used alkali ʮ resistant glass fibers, basalt , and carbon fi bers. Filaments 

(fibers) and roving ( bundles containing several hundred to several thousand fibers) of 

these mater ials are processed into the fabric with lattice structure  - grids . Grids should 

be 3-4 times larger than the maximum grain dimension  in the cement matrix.  The 

commonly used are fabrics in a perlink  form,  warp knitted fabric ( or spaced)  or knitted 

mats.  These textiles are very often for these applications impregnated for load -bearing 

capacity  improving using a suitable polymer.  Impregnation ( usually up to 20  % by 

volume) is carried out on finished textiles or sometimes directly during fabrication using 

machi nes with appropriate equipment . 

2.1.2  High performance concrete  

The development of efficient plasticizing and super -plasticizing additives has given rise 

to new concrete technology and new types of concrete s, which have significantly 

different properties compa red to conventional concrete . Previously  the workability of the 

concrete mixture was affected only by the amount  of mixing water.  Improving workability 

by increasing the amount of water, i t means increasing the water cement ratio , however, 

results in a signi ficant deterioration of the concrete mechanical and other parameters. 

The potential of cement grains is not us ed. The theorem  know n for more than a hundred 

years says: The less water, the stronger the concrete . 

There occur  number s of positive and negative electrostatic charges on the surface of 

cement grains during  grinding cement in the production process.  Of course, these 

positive and negative electrostatic charges are attracted to each  other , and it leads to the 

formation of clusters. These clusters are called flocs. These flocs can form cavities in which 

water is u nusable for better workability and next additional water has to be added to the 

mixture.  Then there  is much more water in the concrete mixture than is needed for the 

hydration reaction of all cement  grains.  Cement grains a re more distant from each other.  

Cement crystals do not fit together proper ly and therefore the strength  of the resulting 
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concrete is reduced. However, it is not only about the strength. The concrete has also 

lower bulk density  and logically higher porosity  which lea ds to a significant reduction in 

the  durability.  Resulting concr ete is relatively permeable to the water and aggressive 

agents causing the concrete degradation can easily get into the structure through the 

water.  Thus these additives dispersing individual cement grains allow to the water 

cement ratio reducing and also allow to approach the minimum amount of water 

required to the cement grains hydration. They prevent cement grains flocculation in 

general due to the fac t that certain molecules can neutralize the charge on the cement 

grains surface. In terms of charge, the se plasticizers molecules can have negative and 

positive charge, but they can also be neutral. The gradual development of plasticizers 

allowed to achiev e a significant strength and improve other important concrete 

properties.  

Concrete s with very high stren gth over 150 MPa and extremely low porosity are 

developed  since the 80s of the last century.  They are becoming more and more used and 

popular especially  in the last two decades  also thanks to the nanotechnolog ies 

development . Another less commonly used name for HPC with a similar meaning is the 

Reactive Powder Concrete (RPC). But for the preparation of HPC with very high strength 

and other parameters is no longer sufficient use only effective plasticizing or super -

plasticizing additives . Also used material typical for HPC are silica flour  (finely ground 

quartz ), fly ash and bottom ash, slag, silica fume (micro silica ). These are very fine 

components often a ble to participate in the concrete reaction  with crystals that are 

smaller  than the size of the cement grain.  Concrete with  very high strength is usually also 

reinforced by small fibers and microfibers of different materials  and it also ranks HPC and 

UHPC into the category of composite materials [1]ʮ[4]. 

2.2  Interaction of  TR and HPC cementitious matrix  

2.2.1  The state of the art  

This thesis is focused on the i nteraction of impregnated textile reinforcement in HPC 

matrix and its easy determination using originally modified pull -out test. In addition, this 

experiment was supplemented by the bending test performed on thin slabs to further 

verify  and test the diffe rent amounts of reinforcement in cross -sectional area. This issue 

is relatively thoroughly dealt with in the case of FRP reinforcement with conventional 

diameters. Testing methods, interaction and methods for its improvement were already  

successfully propo sed and measured. There are number s of articles and standards all 

around the world. Impregnated technical textiles using epoxy resin for homogenization 

are basically also FRP material with considerably smaller diameter, but standards for  

element design and  the effect of interaction with the cement matrix have not yet been 

issued. There is also no standard with defined procedures to measure the interaction 

conditions  [5]. 

Some general informatio n about the material parameters are mentioned for example in 

general publication from RILEM [6] or for example in curren t study from 2021 [7]. 
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Some articles about the interaction conditions of textile reinforcement were already 

published. This article is focused only on impregnated technical textiles . Portal  [8] states 

that there is no st andard methodology for measurement  and evaluati on of the TRC pull -

out test.  The pull -out  ĭàĦĭ ŃÈĦ Ħàĭ Õŉ ĭðà XĢķëàr [9] and Lorenz and Ortlepp [10] 

asymmetric test.  In their experiment  samples of 400 x 100 x 15 mm were reinforced using 

one layer  of TT. Various anchor ing  lengths were selected for the characterization of 

interaction condition s and also the moment of breaking point  of TR in the sample [5], [6]. 

Banholzer [11] deve loped a one -sided test that is used for  detect ing of  broken light -fiber 

filaments.  In the form is manufactured the sample with a dimensions 10 x 10 mm and 

length  30 mm using the epoxy resin  with a bundle of fibers in the middle of this prism.  

So, the fibers inside are sufficiently protected against the steel jaws of testing machine. 

The sample with epoxy prism is then embedded into the concrete matrix with 

dimensions 50 x 50 mm and length also 30 mm. Sample of reinforc ement is during the 

testin g procedure pulled out of the concrete part using supported steel plate with 

displacement speed of 0.1 mm/min until the maximum displacement  of 1.7 mm  [5]. 

Very inter esting testing methodology  is also described in [6] with a whole fabrics, not 

single roving. In this case is also included the effect of PP  and PVA fibers that are used 

during the  process of  TT weaving  for yarn joining . These fibrils connect the whole fabric 

before the process of impregnation.  The principle is analogous to previous described 

testing methodology with single roving. A portion of TT  is insert ed into the HPC specimen 

during the concreting with free fabric length for fixing into the testing machine.  Free 

fabric length fixed into the testing machine is pulled out from the concrete specimen 

using steel frame as a support for the concrete part  [5]. 

Already it is important, that some studies were carried out on the surface treatment of 

impregnated textile reinforcement. Very positive is also, that the company Solidian 

already use the sur face modification in produ ct Solidian ANTICRACK from the year 2020. 

They use similar silica sand (the method) like is presented in this thesis and was 

measured and published much before. Previously Solidian used only the product GRID 

with smooth surface, w here the interaction condi tions were bad and concrete cover had 

to bee to high. It leads to the higher consumption of materials. Author of these thesis also 

published some articles about this GRID product [12], [13]. 

It will probably  be other articles and materials that are not listed here  in this thesis.  The 

most important sources have been listed in this thesis and other  materials will be 

mentioned later in the text of the thesis.  

2.2.2  Standards closely related to the TR and its design i n HPC matrix  

Unfortunately , the Czech standards in the case of these both new modern materials are 

not all clear.  Standard s for exactly determining of interaction conditions of TR and HPC 

matrix have  not been found at the time of thesis processing . Combina tions of existing 

most relevant standards and their parts must be used with respect to the available 

laboratory test equipment, individual samples and  to the possibilities of samples 

production.  Basic Czech commonly used standard -{a ȯȫ ȩȫȪȰ ʵDetermination  of 
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adhesion of steel to the concrete cʁould be used for inspiration during  the design of test 

methodology and samples.  But this standard d eals with traditional steel reinforcement 

bars in OC. Since the thesis concerns f ragile composite reinfo rcement i t is necessary to 

protect the end of composite reinforcement for the purpose of the test ing procedure.  

Reinforcement must be gripped to  the steel jaws (self -locking mechanism) of the 

mechanical test ing machine without any damaging.  Inspiration can  be taken eve n at first 

glance beyond the field of studies.  For example , part of  the standard CSN EN 2561 

Aɹerospace series - Carbon fibre reinforced plastics - Unidirectional laminates - Tensile 

test parallel to the fibre direction ʶʟAnother possible insp iration is de scribed  in standard 

-{a 7a J{g ȱȩȮȫ ʵTextile glass - Rovings - Manufacture of test specimens and 

determination of tensile strength of impregnated rovings ʶ ÈċÜ ĦóĊóĄÈĢĄŉ -{a 7a J{g ȩȨȮȩȰ

Cɻarbon fibre - Determination of tensile properties of re sin impregnat ed yarnʶʟ 

Foreign standards are more numerous t o the solved topic . A very good source and 

inspiration would be the American standard for testing of FRP reinforcements  ACI 440.3R-

Ȩȫ ʴBĲóÜà ĭàĦĭ ĊàĭðĒÜĦ êĒĢ êóÕàĢ ĢàóċêĒĢÖàÜ ğĒĄŉĊàĢĦ ʫAwtĦʬ êĒĢ ĢàóċêĒĢÖóċë ĒĢ 

ĦĭĢàċëĭðàċóċë ÖĒċÖĢàĭà ĦĭĢĲÖĭĲĢàĦʵ. This US standard for testing of FRP reinforcement s is 

maybe closest  to TR with its content although it is intended for composite FRP bar 

reinforcements with similar diameters as traditional commercially most often used SR. 

Very similar thesis issues are also mentioned in ISO 10406-ȩ ʴAóÕĢà-reinforced polymer 

(FRP) reinforcement of concrete ʮ Test methods ʮ tÈĢĭ ȩʙ Awt ÕÈĢĦ ÈċÜ ëĢóÜĦʵ.  

However , problem  and complication  in the experiments design according to the standard 

remains the same - very small diameter s of impregnated single roving s separated from 

the warp  of TT. These small diameter s are not directly included and mentioned  in 

standards.  However  it was developed from 2009 to 2014 currently probably the best 

integrat ed approach to the test methods and design  of TRC material called TRC RILEM TC 

232-TDT [6] where interaction  in general  is mentioned in its own subchapter . In the  

publication are clearly explained the basic principles of interaction conditions and 

difference  of TR in comparison with other types of reinforc ement  as FRP bars and 

homogenous traditional SR.  Besides the problems in the interface between cement 

matrix and the surface of TR  there is next problem of interaction between individual 

roving filaments  in epoxy resin matrix . Most of filaments are  activated by transferring of 

shear forces through the polymer matrix  between filaments  as mentioned above . The 

publication  also describes these principles and measurement methodology of individual 

fibrils interact ion in polymer matrix  as well as the inter action of TR in general  with HPC 

cementitious matrix . 
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3 Experimental part  

3.1  Materials used for experimental part  

3.1.1  HPC matrix  

HPC mixture has been developed at the Fa culty of Civil Engineering Czech Technical 

University in Prague (FCE CTU) for different applications  [14]. Mixture has been designed 

using especially local sources of raw materials . It is a self -compacting fine -grained  

concrete containing the following materials: cement CEM I 42.5 R, technical silica sand,  

silica fl our (ground quartz), silica fume (micro -silica) and polycarboxylate  super -

plasticizer.  The mixture of HPC that was used in this e xperiment was without any types of 

fibers. This only one mixture with recipe presented in Tab. 1 was used for all specimens 

due to the possibility of  mutual  comparison  and easy data calibration in numerical model . 

Water cement ratio was 0.25 and water binder ratio was 0.20 for this developed mixture. 

All commonly used mechanical experiments were carried ou t according to Czech 

standards and results are presented in the next chapter  3.3. The same HPC recipe has 

been also used for several applications  and research activities  at the FCE CTU like waffle 

and solid experimental facade e lements  [15] or in [16], [17].  

Tab. 1: Mix design of HPC [15]. 

Component  Unit  HPC 

Cement I 42.5R [kg/ mɻ] 680 

Technical silica sand  [ĂëʥĊɻ] 960 

Silica flour  [ĂëʥĊɻ] 325 

Silica fume  [ĂëʥĊɻ] 175 

Superplasticizers  [ĂëʥĊɻ] 29 

¸ÈĭàĢ ʫȩȪˣ-ʬ [ĂëʥĊɻ] 171 

Total [ĂëʥĊɻ] 2340 

 

3.1.2  AR Glass roving  

Only AR glass fibers were chosen as a roving material  type for  compos ite textile 

reinforcement in polymer matrix due to lower E modulus and more visible interaction 

conditions and also due to ec onomic  aspects . For the  TRC application AR glass roving has 

relatively low price with good mechanical properties in comparison to o ther fibers such 

as carbon or aramid [17]. Used roving was  from the company Cem -AJZˡ Ńóĭð È Ąàċëĭð

weight (titer) of 2400 g/km (= 2400 tex), specific gravity of material 2680 kg/m 3, tensile 

strength 1700 MPa and modulus of elasticity 72 GPa according to the technical data sheet  

[15]. 

3.1.3  Epoxy resin for  roving impregnation  

Larger quantity of epoxy resin of low viscosity, around 65 % in cross sectional area , was 

due to experimental manual production in the lab and surface modificatio n. As an epoxy 
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resin was used in all experiments mentioned in thesis Sika Floor 156 from the company 

{óĂÈˡ [15]. Basic parameters of pure resin are tensile strength in bending 15 MPa and 

modulus of elasticity 2.0 GPa. Specific gravity of material is 1100 kg/m 3 according to the 

technical data sheet.  

3.2  Specimen  production  

3.2.1  Concrete specimens  

The first it is important the prep aration and mixing of the reference HPC mixture. Dry 

constituents of HPC were mixed in two parts. The first part was technical silica sand and 

silica fume  and it was mixed for 4  minutes in 1 -speed mixing machine Filamos M 80 or 

M180 for larger amount of con crete , compulsory mixer with 47 revolutions per minute to 

break the lumps in silica fume. For lower amount of HPC was used standard mixing 

machine for cem ent mortars.  After that , other dry components  (cement and silica flour ) 

were added and mixed for 4  min utes. Water and superplasticizer were mixed together 

just before they were added to the HPC dry mixture . After the concrete mixture became 

uniform, it was  mixed for the next 5 minutes.  

All specimens were then casted in molds. Molds for pure HPC specimens were traditional 

steel molds used for OC or cement mortar with applied demolding oil on the contact 

surface just before casting. The mixture of  reference  HPC as mentioned above was self -

consolidating , so it was not necessary to use a freque ncy vibrator or vibrating table . The 

concrete had to be  casted  quickly in the mold  because  the processing time was limited  

by the effectiveness of super plasticizer.  After casting in molds specimens were covered 

with a thin  polyethylene sheet and kept at the laboratory te mperature and in the dark  for 

1 day before taking them out  of the molds. After demolding  all specimens were kept in a 

water tank for 27  days to assure con stant temperature and humidity conditions  during 

the process of hardening according to the standard. T he temperature in the dark room 

ŃÈĦ ÖĒċĦĭÈċĭ ȪȪʟȨ ˣ- ÈċÜ ĭðà ðĲĊóÜóĭŉ ŃÈĦ ÈĄĦĒ ÖĒċĦĭÈċĭ ÈĢĒĲċÜ ȮȨ % thanks to the air 

conditioning . Then specimen dimen sions  and weight were measured and the last steps 

were  mechanical loading test performed after 28 days  in the sum and calculations results 

evaluation.  
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Fig. 1: More types of specimen just after the concreting and casting, pure HPC prism 40 x 

40 x 40 mm, prisms 100 x 100 x 400 mm, cubes 100 x 100 x 100 mm, specimens for pull -

out test 10 Ȩ ň ȩȨȨ ň ȪȨ ĊĊ ÈċÜ êÈÙÈÜà ¢w- àĄàĊàċĭĦʟ 

This procedure of concreting was similar for the pure HPC and for the TRC specimens 

mentioned in next cha pter 3.2.3 and several groups of different specimen s were  

prepared . Dimensions of pure HPC specimens were prisms 40 x 40 x 160 mm for the 

tensile test, cubes with ed ge length 100 mm for the compression test, prisms 100 x 100 

x 400 mm for the determination of static elasticity modulus and dog -bone shape  with 

cross section 30 x 30 mm  for the uniaxial tensile test . TRC specimens were small slabs 

100 x 100 x 20 mm for the  cohesion test and plates 100 x 360 x 18 mm for the four -point 

bending test  as mentioned in chapter  3.3, also some bigger slabs were concretes as  

mentioned in Fig. 1. 

3.2.2  Textile reinforcement  

Textile reinforcement was produced by our  self  from mentioned combination of AR -glass 

roving and epoxy resin because of required specific grid spacing  and possibility to design 

surface tr eatment . Larger quantity of epoxy resin of low viscosity 65 % in cross sectional 

area was due to experimental manual production in the lab  and this amount also allows 

the surface modification in order to improve the interaction conditions . 

First specimens for the basic material parameters testing had to be carried out . It means 

impregnated single roving for the tensile test and simila r procedure for the cohesion test.  

For the single roving tensioning was used a simple steel or wooden frame. The length of 

roving was about 700 mm. For roving impregnation was successfully used a painting 

foam roller  as presented in Fig. 2. This procedure prevented to the damage and pulling 

out of individual fibrils  and provided sufficient amount of epox y resin in cross sectional 

area for individual  fibrils interaction. The procedure of impregnation was identical for 

singe roving and for the TR as a whole.  
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Fig. 2: View on the process of impregnation of own made textile reinforceme nt using 

epoxy resin and painting foam rolle r. 

In order to improve the parameters of composite TR, partial research was also carried out  

with different types of fillers added to the polymer matrix . These fillers were easily mixed 

with epoxy resin in differ ent concentrations and roving was impregnated using  the same 

procedure like without fillers. The samples were  also cured at room temperature for one 

day. For this experiment were used two basic types of fillers. The first type were 

nanoparticles with  extre mely small particle size and it was achieved great results of 

composite material parameters . No more information about these fillers is presented in 

this thesis.  Fillers does not affect the intera ction of reinforcement and concrete, but it 

affect the inter action of individual fibrils in the composite reinforcement, which is not 

directly the subject of this thesis . But results of this experiment are presented completely 

in [18]. Basic mechanical parameters were demonstrably improved , but nanoparticles 

and these developed composite material s are very expensive  in comparison with t he 

pure epoxy one without filler . It was a reason for other interesting research activities using 

cheaper fillers with larger particle size like ĦóĂÈ ʵ{ĭàĄĄĊóĭĭàĄ ¢ʶ ĒĢsilica flour  [19]. 

Microscopic view  on the fillers in epoxy matrix between single filaments is presented in 

Fig. 3. Some of silica flour parts have sim ilar diameter in comparison with diameter of AR 

glass filament. Results of the tensile tests of single roving with short descriptio n is 

presented in chapter 3.2.2. Medium grain size of silica flour was 0.06 mm.  
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Fig. 3: Detailed microscopic views on the filaments with fillers in epoxy impregnation , 

magnification 200 times, Sika  fi ller (left), and quartz powder fil ler (right) [19]. 

The surface modification had to be processed just after the process of impregnation 

before hardening of epoxy resin. T he same components were used for th e surface 

treatments  like for the HPC mixture. It means silica flour and technical silica sand s with 

different grain size , which were easily available . Material was loosely sprinkled on  the 

surface of the impregnated roving  without any external force . Unused material could be 

reused again without any  rest. The procedure of surface treatment was also identical for 

singe roving and for the TR as a whole . Detailed view on impregnated single roving is 

presented in Fig. 4. Specimens are without surface modification on the left side and with 

surface modification on the right side using fine grain silica sand  with maximum . 

 

Fig. 4: Detailed view on impregnated single rovings with out surface modification (left) 

and w ith  surface modification using fine grain silica sand  (right) . 
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The process of hardening lasted minimally for one day  based i n the room temperature . 

Next day impregnated single roving reinforcements could be removed from the steel or 

wooden frame  for the n ext steps and it was application of sleeves . Sleeves were 

necessary for the fixing of specimens into the testing machine using its steel jaws. 

Composite impregnated single roving is very brittle for the direct installation. Sleeve was 

applied only on the one end of composite reinfor cement in the case of cohesion test and 

on both ends of specimens in the case of tensile test . 

One or both ends of specimens were fitted into  sleeves using the same epoxy resin like 

for impregnation . Two types of sleeves w ere don e during research. First type was s teel 

sleeve according to ACI 440.3R -03 standard  with modified dimensions for single 

impregnate d roving . The length of the specimen between steel sleeves in the case of 

tensile test specimens was 300 mm and the length of e ach steel sleeve with diameter 20 

mm was 150 mm. Specimen preparation was  very demanding and fragile during 

preparation and insta llation and specimens were very susceptible to damage  because of 

the large weight of  steel sleeves in comparison with rigidity of impregnated single roving. 

It was the reason that the test procedure modification was found. Another method for 

specimen prepa ration [20] has been originally developed for the tensile testing of single 

roving without polymer matrix, but these method was also used also for presented 

impregnated single roving. Both ends of specime ns we re fixed to the small epoxy prims 

8 x 8 x 80 mm without steel sleeves. For the epoxy prisms casting was used prepared 

silico n mold. The distance between prisms was the same 300 mm  like for steel sleeves  

[21]. 

 

Fig. 5: Detailed view on installed rovings  for TR before impregnation process (left) and 

detailed  view on impregnated part of own made grid  (right) . 

TRC plates were designed with specific dimensions 100 x 360 x 18 mm for the four -point 

bending test and it was also the reason for own made TR grids with own developed 

impregnation and surface modificatio n with individual grid spacing. Grids were prepared 



Doctoral thesis    

 

 

Czech Technical University in Prague  

Faculty of Civil Engineering   - 21 - 

Department of Architectural Engineering  

without polyester or any other binding, fabric retained shape only thanks to the 

impregnation . Rovings were first  wrapped up the prepared steel frame  in the transverse 

direction, then all also all in the longitudinal direction without any interlacing, perlink  

binding, warping and etc . During one wrapping procedure two layers of TR were 

produced. Impregnation and surface modification process were done by the same 

procedure as for  single roving. View on the own made TR is presented in Fig. 5. The day 

after impregnation procedure was TR divided and cut to the desired di mensions  and it 

was the final step in own made TR preparation for the concreting.  

3.2.3  Textile reinforced concrete  

Concreti ng was done for two types of material testing  performed for the purpose of this 

thesis . First experiment  for determination of basic materi al parameters was a pull -out 

test with impregnated single roving with and without surface treatment in two 

modificatio ns. Second test  was a four -point bending test  performed especially for the 

validation of all material parameters of previous testing.  

HPC mixture content and mixing process has been described in previous chapter as well 

as hand -made production of individua l TR. As a material for presented thesis was used 

only AR-glass roving. Mold for all TRC specimens were prepared individual using system 

of laminated chipboards. One mold for TRC plates for four -point bending test was made 

for three identic al plates and on e mold for pull out test was prepared for five identical 

specimens. Panels joining were ensure d by steel self -tapping screws . 

Pull out test was performed in two modifications. The first was inspired by [10] with an 

unsymmetrical anchoring length . This pull -out test method was performed for the 

comparison of developed own testing methodology . On one side of the specimen a 

penetrated roving pull -out was secured using the short length 20 mm. On the opposite 

side penetrated roving was anchored along the  remai ning length of the HPC specimen . 

The HPC plate with dimensions of 60 x 278 mm has a thickness of only 6 mm. The only 

one penetrated roving using epoxy resin with or without surface modification was 

embedded in HPC specimen matrix in its axis . Five pi eces were created for each set of 

specimens . 

The second type of pull -out test was originally inspired by American  standard for testing 

of FRP reinforcements  ACI 440.3R-Ȩȫ ʵGuide test methods for fiber reinforced polymers 

(FRPs) for reinforcing or stĢàċëĭðàċóċë ÖĒċÖĢàĭà ĦĭĢĲÖĭĲĢàĦʶ Ńóĭð ĊĒÜóêóàÜ ĦğàÖóĊàċ

dimensions . The same single penetrated roving as in previous pull -out method has been 

fixed  in th e middle of  mold before the concreting of HPC par t. Sleeve was installed only 

on one side of single roving because of fixing to the testing machine. Concrete part has a 

constant di mensions 100 x 100 mm and  variable thickness according to the single roving 

diameter. First experiments were performed with t he thickness closed t o the standard 

with respect to ratios with other two dimensions , so the first thickness was 100 mm [22]. 

Especially  in the case single penetrated roving with the surface treatment  the single 

composite roving was usually broken before the start of slipping  along the from the 

cement itious matrix . It lead s to the thickness optimization using software ATENA 

Engineering . Resulted optimal thickness of specimens for used AR -glass roving 2400 tex 



Doctoral thesis    

 

 

Czech Technical University in Prague  

Faculty of Civil Engineering   - 22 - 

Department of Architectural Engineering  

was calculated to 20 mm , where was  calculated pulling out with perfect bonding 

conditions and reached tensile stress of reinforcement a pproximately 80 % of tensile 

strength .  

A small cone made from silicone was installed on the side of mold with steel sleeve 

against the pulling of a shear cone from HPC part. This HPS shear cone would negatively 

affect results.  Mold was not provided with a  demolding  oil to prevent the contamination 

of the surface of single composite reinforcement. Laminated chipboards are very smooth 

and thanks to that demol ding process of specimens was without any pro blem.  The 

developed epoxy sleeve replaced by the steel one made the preparation process of 

specimen much easier.  

Process of paneĄʸĦ ğĢàğÈĢÈĭóĒċ êĒĢthe four -poi nt bending test procedure was quite simple  

in compa rison with  specimens for pull out test . TR was cut to the specimen dimensions 

100 x 360 mm. It  means a few millimeters smaller on each side for easier installation 

inside the wooden mold  from chipboards . During the concreting process were used no 

spacers. Casting process was done layer after layer. It means the layer of HPC, then the TR 

was inserte d, then the middle part of HPC, next TR and the upper part of HPC. In the case 

of 4 TR layers designed for one plate, all TR layers were inserted in same time. Th e 

concrete cover has been designed only 4 millimeters and it has been secured with the 

control led thickness of HPC layers.  Specimen was not vibrated to prevent the flooding of 

TR on the HPC surface. Fortunately vibrating was not required for no described s pecimen 

thanks to the used self -consolidating HPC mixture.  

 

After the casting  process  in molds  specimens were treated in the same way as described 

in 3.2.1. One day after the concreting and demolding  all specimen s were kept in a water 

tank for next 27  days Ńóĭð ĭðà ÖĒċĦĭÈċĭ ĭàĊğàĢÈĭĲĢà óċ ĭðà ÜÈĢĂ ĢĒĒĊ ȪȪʟȨ ˣ- ÈċÜ ÈĄĦĒ ĭðà

constant humidity aroun d 60 % thanks to the air conditioning . Only specimens made for 

the pull -out test with sleeves were not inserted into the  water because of their fragility  

but they were kept in the same air-conditioned room , like other groups . Specimens for 

the pull out tes t according were modified [10] The anchoring lengt h approximately 20 

mm was  secured using transverse very short saw -cut through the penetrated roving just 

below the steel part for the installation into the test machine and controlled cra ck at the 

required distance from the upper saw -cut. Double -side saw -cut was used for the 

prede termined breaking point ʮ controlled crack and this point was  also the border of 

unsymmetrical anchoring length. The length approximat ely 230 mm in the bottom par t 

was certainly sufficient for the anchoring securing . Then all necessary TRC specimen 

dimen sions and weight were measured before the testing procedure after 28 days  in the 

sum . 

3.3  Experiment s 

Several experiments were  done during the research in order to obta in basic material 

parameters of pure materials and also TRC composites.  Chapters are divided t o the 

experiment s with HPC without any reinforcement, measurement of TR and finally 
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experiments with combination of both materials TR and HPC. Sub chapters are fur ther 

broken down into individual experiments . 

3.3.1  Mechanical parameters of pure  HPC 

3.3.1.1  Compression test  

Testing procedure respected the CSN EN 12390-3 standard  using the INOVA DSM 2500 

electrohydraulic testing machine. Uniaxial compression test w as performed on the cubes 

with an edge length of 100 mm  due to high strength of HPC and maximal l oading force 

2500 kN of using machine . These samples were loaded with the constant speed of 0.2 

mm/min.  Typical curve from the testing procedure is presented in Fig. 6. Average 

experimental compressive strength of used HPC was 144.5 MPa.  General view on 

damaged concrete specimen is presented in Fig. 7. 

 

 

Fig. 6: Typical experimental curve from the testing procedure for compression test.  
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Fig. 7: Concrete cube with edge length 100 mm after the testing procedure . 

3.3.1.2  Three -point bending test  

MTS 100 testing machine with m aximal load force 100 kN and Dewetron 500 data 

acquisition system w as used for the bending test . The three-point bending test 

procedure was in respect with CSN EN 1015 -11 standard. Groups of minimally three 

specimens were produced for this standard test wi th  cross sectional dimensions of 40 x 

40 mm and a length of 160 mm. The distance between s upports was 100 mm and the 

loading support was placed in the middle of these bottom supports.  View on the 

specimen just before testing placed in steel mechanism is presented in Fig. 8. Average 

experimental flexural strength of used HPC was 10.4 MPa. 

 

Fig. 8: Concrete prism with dimensions 40 x 40 x 160 mm just before testing procedure . 
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3.3.1.3  Direct tensile test  

Tensile strength of used HPC was performed using again MTS 100 testing machine with  

maximal load force 100 kN and Dewetron 500 data acquisition system.  Testing procedure 

was performed in laboratories of Experimental Center CTU in Prague. Tensile strength 

testing procedur e respected the CSN 73 1318  standard . Eight specimens in the sum were 

produced for this testing because of the difficulty of the test and only two specimens 

were damaged correctly  in the middle part of dog -bone . The dog-bone shaped 

specimens , installed specimen in testing machine  ÈċÜ ĦğàÖóĊàċʸĦdimensions are 

presented in Fig. 10.  Expanded parts of the specimens were mechanically fixed in the 

steel jaws using screws and nuts  without any use of epoxy resin. Li near strain was 

measured by a pair of strain gauges . The loading speed of the specimens was  0.2 

mm/min - constant throughout the experiment until failure.  For the strain calculations 

has been used average output from both strain gauges.  Average experimenta l direct 

tensile strength of used HPC was 6.78 MPa. This strength was similar for all teste d 

specimens correctly and also incorrectly damaged in the expanded concrete part.  

 

 

Fig. 9: Typical linear average curve from the testing procedure for tensile using 

calculated average output from both strain gauges . 
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Fig. 10: Concrete specimen after the testing procedure with correct damage , dog bone 

specimen dimensions and view one the strai n gauge . 

3.3.1.4  ¾ĒĲċëʸĦ ĊĒÜĲĄĲĦ 

Testing procedure respected the CSN ISO 6784 standard . This test was performed using 

the EU 40 test machine with HBM D1 sensors. Specimens used for this experiment were 

prisms with dimensions 100 x 100 x 400 mm. Average static modulus  of elasticity in 

compression of used HPC was 49.5 GPa measured on three concrete specimens .  

Dynamic modulus of e lasticity for comparison was performed according to the CSN 73 

1371 standard  as a second nondestructive test method  [23], [24]. Specimen dimensions 

were the same 100 x 100 x 400 mm. Average dynamic modulus of elasticity of used same  

HPC was 49.6 GPa. It means almost the same value in the comparison with static modulus 

of elasticity. Table of results is presented in Tab. 2. Time of etalon and measur ed time of 

etalon was 32.4 ȎĦ,  Nominal frequency of probe  was 15 kHz, wavelength  was calculated 

32.2 mm and  coefficient of dimensionality  was considered 1.054. All specimens were 

tested in the age 28 days.  

Tab. 2: Calculation of dynamic modulus of elasticity . 

Spec 
m d1 d2 l V ȓ length  tL E p 7 

[kg]  [mm]  [mm]  [mm]  [m 3] ʩĂëˇĊ3] [mm]  ʩȎĦʪ [MPa] [GPa] 

1 9,207 100,0 98,1 400,0 0,003926 2345 

100,0 20,7 49297 

50,0 

100,0 20,4 50758 

100,0 20,4 50758 

100,0 20,5 50264 

400,0 83,1 48913 

2 9,225 100,5 100,4 400,0 0,004034 2287 100,5 20,4 49926 49,2 
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100,5 20,4 49926 

100,5 20,4 49926 

100,5 20,5 49440 

400,00 83,9 46791 

3 9,383 100,3 101,0 400,0 0,004054 2315 

100,34 20,7 48954 

49,6 

100,34 20,3 50902 

100,34 20,4 50404 

100,34 20,5 49913 

400,00 83,4 47928 

p 9,272 100,3 99,8 400,0 0,004004 2316 - - 49607 49,6 

 

View on the  specimen is presented in  Fig. 11 during both testing procedures. Testing set 

up of statis modulus of elasticity  is presented in the left side and dynamic modulus of 

elasticity is presented on the right side  with visible measu ring points thanks to the trace 

after the application of gel.  

 

Fig. 11: Testing set up of static modulus of elasticit y (left) and dynamic modulus of 

elasticity (right) , both nondestructive tests .  

3.3.2  Textile reinforcement  

3.3.2.1  Determination of cross -sectional area  

Cross sectional area is a very important input used as boundary conditions for next 

experiments, calculations and al so numerical modeling . Composite textile reinforcement 

made from single roving has a very irregular shape of the cross -sectional area. In the 

initial experim ents  the area was determined by a sliding gauge as it is done with the 

composite or traditional ste el reinforcement of conventional dimensions.  But the 

scattering of the values was too large.  Calcu lated results were not constant  and predicted 
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results were not achieved  during follow up experiments . It was necessary to change the 

measurement procedure.  

The purpose was to keep it simple  method with relevant r esults. An advantage was  the 

technical data sheet of the manufacturer roving. Due to the linear and specific density  it 

is possible to simply calculate the theoretical cross -sectional area of single roving . If we 

measure the weight of known length of the impregnated single roving,  we can also 

simply calculate the theoretical weight of the single roving  of known length.  If the value s 

are subtract ed, it is know n the weight and amount of impregnation consu med and it is 

possible again  simply calculate the cross-sectional area of the impregnation itself  thanks 

to the impregnation manufacturer's technical data sheet  ʮ specific gravity . The sum of 

calculated single roving area and area of impregnation gives the  desired cross -sectional 

area of the single TR [6], [25]. 

3.3.2.2  Tensile test and determination of elasticity modulus  

Accurate determination of both parameters , tensile strength and tensile static modulus 

of elasticity is very important for elements designing and numerical modeling. Some 

types of testing are not clearly prescribed in standards.  For this research about basic 

tensile parameters was chosen and adapted the procedur e according to ACI 440.3R-04 

about the test methods for FRP for reinforcing or strengthening concrete structures. This 

adapting was because this standa rd describes the same material, but with a significantly 

larger cross-sectional area. Steel sleeves were  installed on both ends of speci mens using 

epoxy resin.  

 

Fig. 12: View on the broken specimens in sleeves made from epoxy prisms 8 x 8 x 80 

mm (left) and in the massive steel sleeves 20/2.5 x 120 mm with epoxy inside (right) 

[21].  

Because specimen preparation is very demanding and fragile du ring preparation and 

installation and specimens are susceptible to damage , so the test procedure 

modification has been foun d. The method is described in [20], [26] and has been originally 

developed for the  tensile testing of single rovings without polymer matrix  [27]. Similar 

testing procedu re was applied for the tensile testing  of single rovings with polymer epoxy 


