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Abstract 

 

While manufacturing fiber reinforced concrete, it is of utmost importance that quality and 

homogeneous fiber distribution are ensured. To verify that the fibers are evenly distributed in 

ready-mixed concrete, SS-EN 206 has introduced requirements for continuous control of fiber 

distribution. The requirement for test frequency was originally the same as for compressive 

strength. Since this frequency requirement would result in an unreasonably large workload, it 

has been opened for national adjustments. In order to proceed with this work, there is a need to 

develop documentation and investigate eventual impact on fiber distribution of the timing and 

the way the fibers are added to concrete. 

The purpose of this thesis is to study the possible impact of when and how fibers are added to 

the concrete. Based on the results, prepare a basis for recommendations for routine description. 

The hypothesis is that there are no measurable differences regardless how and when the fibers 

are added to concrete. 

The correctness of the foregoing is fully confirmed. Samples from real insitu steel fiber 

reinforced concrete deliveries were extracted at the beginning, middle and end of the discharge. 

The steel fibers were, thereupon, separated from the fresh concrete and washed. Thereafter, lab 

tests were performed; steel fibers of each sample were dried in a special oven and then weighted 

by a high accuracy weight scale. The rule of proportions was subsequently used, in order to 

compare the final result with the client’s order and study the deviation from the average. The 

results have shown that the variation between the three different methods of adding the fibers, 

namely, in the central concrete mixer plant, in the concrete mixer truck after concrete is filled, 

in the concrete mixer truck at the same time that concrete is filled, as well between start, middle 

and end of the discharge is negligible.  

A questionnaire survey, focusing on different aspects about how a concrete company handles 

steel fiber reinforced concrete, was additionally performed in order to provide supplementary 

data to the literature study and the testing process. The initial hypothesis was once again 

verified; the differences between the methods used to produce steel fiber reinforced concrete as 

well as when the fibers are added to the concrete mix are insignificant, according to the surveyed 

companies.  

Preliminary investigation, continuous control as well as careful procedures for addition and 

mixing are recommended for a more reasonable test frequency. Preliminary investigation 

includes a detailed documentation process from the manufacturer for adding and mixing fibers, 

before the concrete containing fibers is manufactured; fiber parameters (shape, length and type), 

duration of mixing, how fibers should be added, type of mixer that should be used. Continuous 

control includes tests that should be conducted if fibers are added to the concrete mixer truck 

and the acceptance criteria shall be according to B.5 in SS-EN 206. 
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Sammanfattning 

 

Vid tillverkningen av fiberarmerad betong är det av största vikt att kvalitet och homogen 

fiberfördelning säkerställs. För att verifiera att fibrerna blir jämnt fördelade i fabriksbetong har 

det i SS-EN 206 införts krav på fortlöpande kontroll av fiberfördelning. Kravet på 

provningsfrekvens var ursprungligen samma som för tryckhållfasthet. Eftersom detta 

frekvenskrav skulle medföra en orimligt stor arbetsinsats har det öppnats upp för nationella 

anpassningar. För att gå vidare med det här arbetet finns det behov av att ta fram underlag samt 

undersöka eventuell inverkan på fiberfördelning av vid vilken tidpunkten och på vilket sätt som 

fibrerna tillsätts i betongen. 

Syftet med examensarbetet är att studera eventuell inverkan av när och hur fiber tillsätts i 

betongen. Utifrån resultaten ska underlag för rekommendationer till rutinbeskrivning tas fram. 

Hypotesen är att det inte är några mätbara skillnader oavsett hur och när fibern tillsätts i 

betongen. 

Riktigheten av ovanstående hypotes bekräftas fullständigt. Prov från insitu stålfiberarmerade 

betongleveranser extraherades i början, mitten och slutet av utpumpningen. Stålfibrerna 

separerades därefter från den färska betongen och tvättades. Sedan utfördes laboratorietester; 

stålfibrer från varje prov torkades i en speciell ugn och vägdes efteråt med en viktskala med 

hög noggrannhet. Proportionsregeln användes därefter för att jämföra det slutliga resultatet med 

klientens beställning och studera avvikelsen från genomsnittet. Resultaten visade att variationen 

mellan de tre olika metoderna för att tillsätta fibrerna, nämligen, i fabriksblandaren, i roterbilen 

efter betongen fyllts på, i roterbilen samtidigt som betong fyllts på, samt mellan start, mitten 

och slutet av utpumpningen är obetydlig. 

En enkätundersökning, med fokus på olika aspekter om hur ett betongföretag hanterar 

stålfiberarmerad betong, utfördes för att ge kompletterande data till litteraturstudien och 

testprocessen. Den initiala hypotesen verifieras återigen; skillnaderna mellan de metoder som 

används för att producera stålfiberarmerad betong samt när fibrerna läggs till i 

betongblandningen är obetydliga enligt de deltagande företagen. 

Förundersökning, fortlöpande kontroll samt noggranna rutiner för tillsättning och inblandning 

rekommenderas för en mer rimlig testfrekvens. Förundersökningen inkluderar en detaljerad 

dokumentationsprocess från tillverkaren för tillsats och blandning av fibrer, innan betongen 

som innehåller fibrer ska tillverkas; fiberparametrar (form, längd och typ), blandningstid, hur 

fibrer ska tillsättas, typ av blandare som ska användas. Fortlöpande kontroll innefattar tester 

som skall utföras om fibrer tillsätts i betongbilens roteraggregat och acceptanskriterierna skall 

vara enligt B.5 i SS-EN 206. 
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1. Introduction 
 

1.1. Background 
 

Concrete is a low-cost, non-linear, non-elastic and brittle material which is extensively used in 

civil engineering structures. Its characteristic properties make it extremely precious; durability, 

workability, flexibility, fire-resistance etc. Concrete’s most crucial engineering property is its 

compressive strength which is determined in batching plant laboratories for every batch in order 

to retain the desired quality of concrete during casting (Neville, 2011). 

Concrete is, however, very weak regarding tensile strength and, thus, it is not normally designed 

to resist direct tension. Its direct tensile strength is of the order of 10% compared to its 

compressive strength (Slowik, 2019) and cracking in concrete occurs when tensile strength 

exceeds its limiting value. The heterogeneous and complex microstructure of concrete is the 

reason for this large difference between them (Mehta & Monteiro, 2006). 

The most commonly used way to resist this low tensile strength is by using reinforcement. 

Reinforced concrete is a composite material in which concrete's ductility and relatively low 

tensile strength are counteracted by the inclusion of reinforcement which is placed in areas 

where tensile stresses will occur under load (Subramanian, 2013). The dominant and most 

widespread way to reinforce a concrete element is conventional steel bars, known as rebars. 

Reinforced concrete using steel rebars has been used since the middle of the 19th century (Chang 

& Swenson, 2019) and became, during the following decades, the most widely used building 

material. Reinforcing steel is continuous and is particularly located in the structure to optimize 

performance. 

The perpetual, however, desire toward progress and evolution could not exclude the field of 

engineering and, therefore, new ingenious and perceptive techniques were scrutinized. This 

ambition led to the established, nowadays, fact that adding short, discrete and discontinuous 

fibers randomly, but uniformly throughout the concrete matrix, clearly improves concrete’s 

brittle characteristics (Singh, 2017).  

Fiber reinforced concrete, which gets increasingly used in parallel with its scientific progress, 

has now implemented a credible solution to many complications faced by conventional concrete 

technology. When well-conceived, fiber reinforcement can replace totally, or partially, 

conventional steel reinforcement for the shear resistance of concrete elements (Meda et al., 

2005). Studies have shown that steel fibers are more efficient to improve the brittle features of 

concrete compared to other fiber types (Singh, 2017). Steel fibers are normally available in 

bundles consisting of several unique fibers glued together. Once the bundle contacts water, steel 

fibers operate alone, getting dispersed inside the concrete mix.  
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1.2. Aims and goals 
 

Concrete structures are crack-prone and efforts focusing on reducing crack width are ongoing 

in parallel with the scientific progress in the engineering field. An innovative way to limit the 

widths of crack is by using fibers. In order to accomplish consistent crack control throughout 

the concrete pour, the fibers should be homogeneously distributed. This thesis aims to 

investigate eventual impact of when and how fibers are added to reinforce concrete. Based on 

the results, the final goal is to prepare a basis for recommendations for routine description. 

 

1.3. Method 
 

This master thesis consists of three parts; literature study, testing process and a questionnaire. 

A literature study was performed to acquire knowledge regarding the subject and, accordingly, 

carry out lab tests. It includes general information about concrete’s progress throughout history, 

its composition, its properties as well as specific knowledge concerning its microstructure. In 

order to be able to investigate the fiber distribution in ready mix concrete, a deep knowledge of 

what steel fiber concrete is and its properties was required. This knowledge was based on the 

literature study; the fundamental source for it was scientific publications, papers, past studies 

and books from reliable engineers working in this particular field. 

For the purpose of testing, there has been ongoing collaboration with the company 

Betongindustri AB, and the head of fiber reinforced concrete deliveries. Concrete samples were 

extracted either from the concrete factory or from the ready-mix truck at the beginning, middle 

and end of discharge. Thereafter, the steel fibers were separated from the fresh concrete samples 

using a magnet. Subsequently, lab tests were performed; fibers in each sample were washed, 

dried in a special oven and then weighed. Excel sheets were used for the calculation of collected 

data, which were obtained from real insitu deliveries. All the batches were to be placed by 

shotcreting. 

A collection of data from different companies in a questionnaire form was performed. This 

traditional research method was used, aiming to enhance the information gathered from the 

literature study and the testing process. The goal of the questionnaire was to observe how 

concrete companies handle Steel Fiber Reinforced Concrete. A sample of 4 respondent 

companies was gathered and the answers contributed to discuss the hypothesis that there are no 

measurable differences regardless how and when the fibers are added to concrete. All the 

respondents were asked the same questions and answered the questionnaire within 4 weeks. 

 

 

 



 

3 

 

1.4. Limitations 
 

There is, nowadays, a large number of fiber types, made of different materials and available on 

the market. In order to control properly and minimize the massive information about fiber 

reinforcement in ready-mix concrete, limitations had to be determined. Therefore, for this thesis 

only Steel Fiber Reinforced Concrete (SFRC) was used both for the literature study and the 

testing process. Betongindustri AB works solely with steel fibers and all the data were collected 

from real insitu deliveries. As a result, to study any possible effect of mixing procedures (such 

as revolutions per minute, duration) was considered to be outside the aim of this work. 

Moreover, eventual impact on fiber distribution concerning the delivery vehicle e.g. how the 

truck mixer looks from the inside, type (agitating equipment), size, height or gross weight could 

not be studied. A questionnaire was used as a research instrument, the purpose of which was to 

collect information from the respondents. With the questionnaire, the interviewees were 

contacted via email together with a brief description of the project and the role of the interviews 

in it. The questionnaire format was suitable for the study area and, hence, the survey was reliable 

to use in this study. On the one hand, the questionnaire was distributed personally via email to 

reliable and responsible professionals whose experience and knowledge in the field of SFRC is 

extensive. On the other hand, they are based on answers given by companies and, thus, could 

potentially be subjected to a possible degree of bias. 
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2. Concrete 
 

2.1. Historical background 
 

By definition, concrete (fr: béton de: Beton) is a material formed by mixing cement, coarse and 

fine aggregate and water, with or without the incorporation of admixtures, additions or fibers, 

which develops its properties by hydration (Swedish standards Institute, 2013). Concrete, 

coming from the Latin word "concrētus" (meaning compact/hardened/stiff/literally "grown 

together"/condensed), is one of the oldest and most widely used building materials, having its 

roots back to the ancient times (Olivetti, 2013). For numerous centuries, even BC, concrete had 

its heyday and was used for all types of buildings i.e. harbors, bridges, residential buildings and 

dams.  

The following chronology information is mostly based in (Singh, 2017) research; The oldest 

concrete discovery dates back to 7000BC on the floor of a hut in Israel which is believed to be 

a mix of water, stone particles and quicklime, produced by burning limestone. Around 500 

years later, a concrete-like structure, as seen in Figure 2.1, was found in Nabataea made from 

Bedouins, who later on understood the significance to keep a mix dry and prosper in a desert. 

Around 3000 BC, the ancient Egyptians used mud mixed with straw to form bricks, while in 

about the same time the northern Chinese used a form of cement in boat-building and in building 

the Great Wall. Around 1400-1200BC, walls (formed of massed concrete in which stones are 

placed as concrete is poured) and floors (as a mix of pebbles and lime) were found in Greece, 

as seen in Figure 2.2. 

 

Figure 2.1   One of the first concrete-like structures at southern Syria, around 6500 BC 

                    (The concrete protector, 2014) 
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Figure 2.2   Views of the ruins of the lower citadel, Tiryns Archaeological Palace, Greece 

                    (Ancient – Greece, 2002-2019) 

Assyrians are believed to use waterproof concrete (688BC), were followed by Romans (300BC) 

who during their empire used broadly concrete (then, known as opus caementicium). Romans 

used a mixture of lime, seawater and volcanic ash, packed the mix into wooden forms, and once 

hardened, stacked the blocks like brick. After more than 2000 years, Roman concrete structures 

still stand as a result of their ingredients and earth’s natural chemistry, as seen in Figures 2.3 

and 2.4.    

 

Figure 2.3   Pantheon, Rome, exterior view. Dedicated around 125 AD (Cline, 2018) 
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Figure 2.4   Pantheon, Rome, interior view. Its dome is made entirely out of concrete, without the 

                    reinforcing support of structural steel (Cohen, 2011) 

 

Moving to more recent years, Joseph Moxon in 1678, John Smeaton in 1756, Bry Higgins in 

1789, James Parker in 1796, Louis Vicat of France in 1812 contributed appreciably to concrete 

evolution using different procedures and materials. The beginning of the known today as 

“modern concrete” can be credited to a stonemason Joseph Aspdin in 1824, who tested to heat 

clay and chalk together, then grinding it down to a fine powder and named it Portland Cement. 

Isaac Johnson in 1845, Pettenkofer & Fuches in 1849, Henri Le Chatelier of France in 1887 

modified and advanced concrete’s performance while the need for scientific research in this 

building material was growing greatly. A large number of institutions was established after 

1850’s all over the world and the first design handbook in 1939, the first building code in 1941 

and the first Manual of Concrete Practice in 1967 were formed (Singh, 2017). 

Concrete structures, nowadays, are considerably more advanced while material- construction- 

and production technology have developed tremendously, as seen in Figure 2.5. As a result, 

concrete can be used from large scale projects, such as high span bridges, giant skyscrapers and 

miles long tunnels to smaller objects like sculptures and furniture (Subramanian, 2013).  
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Figure 2.5   Bicentennial civic center, Argentina. The faceted prism is made entirely of concrete 

                    (Lomholt, 2019) 

 

2.2. Concrete constituents, properties and microstructure 
 

2.2.1. Concrete constituents 
 

Concrete is a composite material which is a mixture of three different materials mixed together 

in the presence of water (Kosmatka & Wilson, 2011): 

➢ Cement 

➢ Fine content 

➢ Coarse content 

Cement operates as a binding material by adhering fine content, usually sand, and coarse 

content (crushed stones) in order to form a solid mass (Singh, 2017). Figure 2.6 shows these 

three constituents as raw materials.  
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Figure 2.6   Concrete constituents (water, cement, coarse and fine aggregates) and their proportional 

                    range, by absolute volume (Kosmatka & Wilson, 2011) 

 

2.2.2. Concrete properties 
 

Today’s concrete is made using Portland cement, which by definition is a hydraulic cement 

type. That is, it sets and hardens by reacting with water through a process called hydration 

(Portland Cement Association, 2019). Within this process lies the key to a remarkable 

superiority of concrete: it's plastic and malleable when newly mixed, strong and durable when 

hardened. The paste, composed of Portland cement and water, coats the surface of the fine 

(small) and coarse (larger) aggregates. Portland cements, however, to maximize the potential 

of it and provide flexibility for its use in diverse environments and situations, additional 

materials can be added to the concrete during the mixing process to change its characteristics. 

These materials are known as chemical admixtures. Some of them are; water-reducing 

admixtures, superplasticizers, corrosion-inhibiting admixtures, strength enhancement, air-

entraining admixtures, set-accelerators, set-reducers, fly ash and underwater concrete 

placement (Mehta & Monteiro, 2014). 

 

2.2.3. Concrete microstructure 
 

It is common knowledge, nowadays, that the properties of a material are predominantly initiated 

from its internal microstructure and concrete could not be an exception to the rule. The 

relationship between concrete’s components and the way one parameter has a crucial effect on 

the others enables appropriate modifications in its microstructure in order to manage and control 

its final properties (Singh, 2017). Concrete’s microstructure is considered to consist of three 

phases (Akcaoglu et al., 2004): 

➢ Hydrated cement paste 

➢ Aggregate 

➢ Interfacial transition zone between them 
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and can be investigated via several microstructure methods, such as: Mercury intrusion 

porosimetry (MIP), Optical microscopy (OP), Scanning electron microscopy (SEM), Micro-

computed tomography (μCT), Vacuum saturation method (Hilal, 2016) 

On a macroscopic scale which is visible to human eye, concrete is a mixture of cement paste 

and aggregate particles, as seen in Figure 2.7. On a microscopic scale which is several portions 

of macrostructure, the two aforementioned phases are not only inhomogeneous distributed with 

respect to each other, but they are inhomogeneous themselves, as seen in Figures 2.8 and 2.9 

(Mehta & Monteiro, 2014). At the microscopic level, the cement paste itself consists of pores, 

amorphous hydration products and unreacted cement grains (Nemati et al., 1998).  

 

 

Figure 2.7   Typical polished section of concrete specimen (Photograph courtesy of Gordon Vrdoljak). 

                    At the macroscopic level, the hardened concrete consists of hydrated cement paste, fine  

                    aggregates, usually sand, and coarse aggregates (crushed stone particles) dispersed in 

                    matrix of the cement paste (Mehta & Monteiro, 2014) 

 

When coarse and fine aggregates are added to cement, a very thin layer of separation around 

coarse particles in the concrete is formatted. The interfacial transition zone (ITZ) is a thin and 

heterogeneous region of cement paste adjacent to the aggregate surface. The origin of the ITZ 

lies in the so called “wall” effect of packing of cement grains against the relatively flat aggregate 

surface. The aforementioned packing leads to a more porous zone which tends to get filled with 

by hydration products (Scrivener et al., 2004). Existing as a thin shell, normally 10 to 100 μm 

thick around the large aggregate (Maso, 1996), ITZ is typically weaker than the other two 

constituent concrete materials, namely aggregates and hydrated cement paste. As a result, it 

plays a pivotal role on the mechanical behavior of concrete than is demonstrated by its size. 

Figure 2.10 illustrates graphically the contrast in the curves of cement paste and aggregates, 

which both show brittle elastic behavior, and composite concrete, which shows significant 

quasi-ductile behavior. This explains the phenomenon that the first two remain, generally, 

elastic until failure whereas concrete shows inelastic behavior at high ultimate strength levels 

when subjected to compression loading (Scrivener et al., 2004). 
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Figure 2.8   Diagrammatic representation of the interfacial transition zone and bulk cement paste in  

                    concrete (Mehta & Monteiro, 2006) 

 

 

Figure 2.9   Enlarged microscopic view of the zone of separation around coarse aggregates 

                    (Singh, 2017) 
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Figure 2.10  Comparative stress strain curves for aggregate, paste and concrete 

                     (Scrivener et al., 2004) 

 

2.3. Concrete production 
 

There are several options for the mixture contents and the laying process of concrete that have 

different uses and properties. The main two laying processes are: precast concrete and onsite 

ready-mix pouring and both of them can consist of the same elements. The essential differences 

between precast and ready-mix concrete are where they are created and how they are used 

(Southport Concrete Corp., 2018). By definition, precast element (fr: elément préfabriqué, de: 

Fertigteil) is concrete element cast and cured in a place other than the final location of use 

(factory produced, or site manufactured) (Swedish standards Institute, 2013). 

This thesis focuses on ready-mix concrete which, as the name suggests, is not normally 

produced at the construction sites where it is needed. According to the definition of (Swedish 

standards Institute, 2013), ready-mix concrete (fr: béton prêt à l’emploi, de: Transportbeton) is 

concrete delivered in a fresh state by a person or body who is not the user; in the sense of this 

standard it is also: 

➢ concrete produced off site by the user; 

➢ concrete produced on site, but not by the user 

Ready-mix concrete deliveries started at the end of the 19th century and fully released some 

years later. The German architect Jurgen Heinrich Magens realized that by cooling and 

vibrating concrete, the concrete mix transportation could last longer. In 1913, the first load of 
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ready-mix was delivered in Baltimore, Maryland. In 1917, the National Bureau of Standards 

(now the National Bureau of Standards and Technology) and the American Society for Testing 

and Materials (now ASTM International) established a standard formula for Portland cement 

(Gromisco et al., 2011). Thereafter, the transportation method had been developed and the 

patent for concrete mixing and transporting vehicle, seen in Figure 2.11, was granted to 

(Stepanian, 1928). The efforts to supply the building trade started at the late 1930’s and was 

successfully achieved by the innovative idea to use trucks which were fitted with a drum to 

move the concrete during transportation. The first ready-mix company was founded in 1930, 

and around 30 years later the construction industry had an organized network of concrete firms 

(Base Concrete, 2016). 

 

Figure 2.11   The first patented concrete mixing and transporting vehicle (Stepanian, 1928) 

There are five main parts of the ready-mix concrete supply process: production, loading, 

delivery, unloading/casting and vehicle return (Liu et al., 2014).  

Ready-mix Concrete is mainly produced in two ways (Cazacliu & Ventura, 2010): 

➢ In the so called “central mixed concrete plant”, ingredients are poured into a fixed mixer 

in less than 1 min, as seen in Figure 2.12a. 

➢ In the so called “dry batch concrete plant”, in which all ingredients (excluding the 

admixtures) are poured into a buffer, and then to a truck-mounted mixer for mix and 

transport, as seen in Figure 2.12b. 
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Figure 2.12   Main types of manufacturing processes for ready mixed concrete (a) Central mixed 

                      concrete plant and (b) Concrete dry batch plant (Cazacliu & Ventura, 2010) 

Transportation of ready-mix concrete can be carried out in several ways using various methods, 

such as open top trucks with or without agitators, truck mixers, buckets hauled by railroad car 

or truck, pipeline, and hose or belt conveyors (Maghrebi et al., 2014). Truck mixing and 

transport is the dominant method used to mix concrete, although, due to better quality control, 

most ready-mixed concrete plants, seen in Figure 2.13, now use trucks for the transportation of 

centrally mixed concrete (Mehta & Monteiro, 2006). A problem which arises for companies 

working in the concrete industry, even in the modernized construction, is that the concrete 

produced at several plants has to be delivered at the construction sites using a heterogeneous 

fleet of vehicles in an up-to-the-minute, but cost-effective method. As the capacity of a concrete 

mixer truck is normally less than the amount the customer ordered, a number of scheduled 

deliveries are required. Depending on the site location and the available space, one vehicle at a 

time can unload at a construction site at most, i.e., deliveries cannot overlap, and consecutive 

deliveries cannot be too long between each other (Sandström, 2019). Another complication 

which ready-mix concrete companies face every day is the order in which the vehicles need to 

arrive on site; e.g. these carrying special equipment (pumps, conveyer belts) necessitate to be 

present during the whole unloading process. As a result, a high number of vehicle needs to be  

accurately managed (Schmid et al., 2009). The advantage using a truck mixer to deliver ready-

mix concrete to a job site is that a central mixing plant is not needed, but only a batching plant 

since concrete is completely mixed in truck mixer. The discharge from a truck mixer is well 

controlled; there is uniformity and homogeneity of concrete getting to unload. A few examples 

of ready-mix concrete technologies with special properties and performance are: standard 

ready-mix, architectural and decorative, rapid-setting, fiber-reinforced, fluid-fill, roller-

compacted, self-consolidating (scc), pervious and antibacterial (Cemex, 2019). The amount of 

applications in which ready-mix concrete can be used is gigantic; bridges, tunnels, covered 

trenches, concrete for retainment, shotcrete, walls, piles, support walls, bulkheads, tiles, 

columns, girders etc. 



 

15 

 

 

Figure 2.13   Ready-mixed concrete plant (Photo from Betongindustri AB in Ulvsunda) 

 

2.4. Fiber reinforced concrete  
 

Last decades saw a huge growth of interest in understanding fiber reinforced concrete (FRC). 

In the construction practice, however, the extensive applications of the material were prevented 

due to the lack of international and national standards, the quick simultaneous progress of 

reinforcing concrete using steel bars as well as the high cost of it. It was only after James 

Romualdi research in 1962 that FRC was thoroughly studied and in the ensuing four decades 

revolutionized as an established construction material which is now commercially available 

(Singh, 2017). 

FRC is concrete made primarily of hydraulic cements, aggregates, and discrete reinforcing 

fibers (Daniel et al., 2001). The cement paste and the aggregates compose the matrix and the 

addition of fibers forms a two-constituent system, depicted in Figure 2.14 (Naaman, 2018). The 

notion of FRC has not been recently entered in the engineering field. The use of fibers as a 

reinforcing mean dates back to the ancient times, where bricks made of clay mixed with finely 

chopped straw were found (Maleque et al., 2007). In modern history, it was Berard in 1874 at 

California, US, who firstly patented the concept of combining randomly distributed fibers with 

concrete creating a new more ductile material (Jansson, 2008). Thereafter, from the beginning 

of the 20th century to the time of writing, a plenty of patents using fibers in concrete were 

granted: G.M. Graham in 1911 (US), R. Weakly in 1912 (Missouri, US), H. Alfsen in 1918 

(France), J.C. Seailles in 1920 (France), A.Kleinlogel in 1920 (Germany), Meischke-Smith’s 

in 1920 (California, US), Martin’s in 1927 (California, US), H. Etheridge in 1933 (New Jersey, 

US), G.Constantinesco in 1943 (England) and in 1954 (US), A.E. Naaman in 1974 (US), 

Lankard in 1984 (Detroit, US), A.E. Naaman in 1999-2000 (US) (Naaman, 2018).  
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Figure 2.14   Composite model considered as a two-constituent system, namely fiber and matrix, as 

                      applied to fiber reinforced cements and concretes (Naaman, 2018) 

The efforts to transfer the fruits of research of FRC continue to the present years as ceaseless 

and extensive research in this field aims to introduce design guidelines and laws regarding fiber 

specifications, its mixing and testing methods. The concept of using fibers in order to improve 

the mechanical properties of concrete is not recently discovered but exists for many decades 

now. Engineers, for the time being, design concrete elements under the assumption that 

compressive stresses which arise in a member are taken by concrete and tensile stresses are 

taken by external means like reinforcing bars, or by pre-stressing members, or by utilizing FRC 

(Singh, 2017). Figure 2.15 schematically depicts a stress-strain response of concrete at different 

stages under uniaxial (compression) loading.  

 

Figure 2.15   Concrete response at different stress levels (Singh, 2017) 
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At stage A, when concrete is compressed to about 30% of its ultimate strength the response is 

linear-elastic and the microcracks in the itz remain undisturbed. At stage B, namely stress level 

30 to 50%, microcracks are extended in length in the itz but not continue in the mortar matrix. 

When stress level approaches 75%, namely stage C, of the ultimate concrete strength the 

response is deviated from the linear-elastic; as a result, the existing cracks are extended and 

propagate swiftly. This particular stress level is also known as critical stress. Thereafter, namely 

stages D to F, the slope changes sharply and further loading fails to be supported until the 

specimen brakes down (Singh, 2017). On the contrary, when subjected to tensile stresses, 

concrete exhibits sudden failure because the cracks in itz and the matrix grow and extend rapidly 

to the adjoining areas (Akcaoglu et al., 2004).  

The fundamental reason why FRC is used is the that the addition of short and discreet fibers in 

the mix enhances not only the compressive but the tensile and shear strength, durability, flexural 

toughness and resistance to impact (Holschemacher et al., 2010). Furthermore, fibers are added 

to inhibit cracking, control the brittle fracture process and provide reliable post-cracking 

strength (Zollo, 1997). Their main function is to arrest the extension of existing microcracks in 

the itz and hinder their widening and further propagation into the mortar mix right after the 

appearance of the first crack (Singh, 2017). On the one hand, the main advantages which come 

up from the use of FRC are the reduced workforce; resulting to notable savings, the decrease 

or even elimination of passive reinforcement and the simplicity with which complex concrete 

members can be reinforced. On the other hand, the primary disadvantage of FRC is that the 

random fiber orientation cannot be controlled; once fibers get dispersed into the concrete mix, 

they follow an irregular direction (Minguez et al., 2018). 

There is an extensive variety of fibers available at the market for commercial and experimental 

use made of different materials. Engineers, nowadays, are capable to carry out reinforcing 

operations using one or even a hybrid combination between two of them and give to concrete 

the desired properties as well as handle the cost of reinforcement. The main idea of using fibers 

remains the same regardless the type; improve the performance of brittle-matrix Portland 

cement concrete (Zollo, 1997). The basic fiber categories are the following; steel, glass, 

synthetic, and natural fiber materials. SFRC will be thoroughly described in the next chapter. 

Glass fiber reinforced concrete (GFRC) research took place during the 60’s using conventional 

borosilicate glass fibers (E-glass) and soda-lime-silica glass fibers (A-glass). Later on, alkali 

resistant fiber (AR-glass fiber) which is by far the most widely used system for the manufacture 

of GFRC products was founded and appeared to improve long-term durability. GFRC are 

fabricated either by the spray-up process or by the premix process. The major GFRC application 

is the manufacture of exterior building facade panels, as seen in Figure 2.16. Other applications 

such as surface bonding, floating dock applications and electrical utility products continue to 

increase (Brandt, 2008). 
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Figure 2.16   The Broad Museum. The vault is enveloped on all sides by an airy, cellular exoskeleton 

                      structure made up of 2500 glass-fiber-reinforced concrete (GFRC) panels 

                      (PCI, Precast/Prestressed Concrete Institute, 2019), (The Broad, 2019) 

Synthetic fiber reinforced concrete (SNFRC) is concrete mixed with man-made fibers derived 

from organic polymers, seen in Figure 2.17. Synthetic fibers were firstly reported around the 

mid-1960’s and their main types used are; acrylic, aramid, carbon, nylon, polyester, 

polyethylene and polypropylene. This type of fibers is normally mixed in batch processes. 

Carbon fibers have been used for floor construction, single and double curvature membrane 

structures, boat hulls, and scaffold boards. Polypropylene and nylon fibers have been used 

primarily for composite metal deck construction, precast units, slip from curbs, as well as floor 

overlays (Daniel et al., 2001).  

 

Figure 2.17   Fresh synthetic fiber reinforced concrete (Ghahremannejad et al., 2018) 
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Natural fibers are divided into unprocessed natural fibers (UNF) and processed natural fibers 

(PNF). Natural fiber reinforced concrete (NFRC) is concrete mixed with the second type and 

typically require special mix proportioning considerations to counteract the retardation effects 

of the glucose in the fibers (Daniel et al., 2001). Numerous types of natural fibers such as P. 

radiata (softwood), E. regnans, E. grandis, E. saligna, E. pellita (hardwoods), A. Mangium, 

waste paper, New Zealand flax, abaca, coconut, sisal, sugar cane bagasse, bamboo (seen in 

Figure 2.18), jute, flax fibers can be easily found in restricted countries and be used as 

components in structural elements, contributing to cheap, asbestos-free and environmental-

friendly building construction (Coutts, 2005). 

 

Figure 2.18   Concrete slabs reinforced with bamboo permanent shutter forms (a) Schematic set up of  

                     the slab. (b) Bamboo of slab during treatment (Ghavami, 2005) 
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3. Steel fibers 
 

By definition, steel fibers are straight or deformed pieces of cold-drawn steel wire, straight or 

deformed cut sheet fibers, melt extracted fibers, shaved cold drawn wire fibers and fibers milled 

from steel blocks which are suitable to be homogeneously mixed into concrete or mortar 

(Swedish standards Institute, 2006). Steel fibers shall be classified into one of the 

aforementioned groups I – V (i.e. Group I : cold-drawn wire, Group II : cut sheet and so on, 

respectively). 

 

3.1. Main principle and function 
 

The main principle for the use of steel fibers in concrete becomes obvious after cracks in 

concrete appear. By that time, tensile stresses start to get distributed to the steel fibers, as seen 

in Figure 3.1 (C. Wang, 2006). When short and discreet fibers are randomly dispersed into 

concrete, they occupy spaces around the coarse aggregates and form a web-like system (like a 

space truss) around them, where fibers act as ties and the mortar mix as their struts (Singh, 

2017). In this stage, the function of fibers embedded in the matrix is to carry the tensile forces 

whereas the mortar mix carries the compression forces and also provide anchorage to fibers, as 

seen in Figure 3.2. The interfacial transition zone (itz), which, as described in Chapter 2, 

controls the concrete strength, plays a pivotal role at this point; it transfers the stresses across 

the line of discontinuities formed around coarse particles, preventing the extension, widening 

and progress of the already existing microcracks in itz (Singh, 2017). 

 

 

 

Figure 3.1   Principle of fiber reinforcement (C. Wang, 2006) 
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Figure 3.2   Steel Fiber Reinforced Concrete. Randomly dispersed short and discreet fibers, shown by 

                    the dark lines (Singh, 2017) 

 

3.2. Steel fiber types 
 

A variety of steel fiber types has been developed during the last decades. They differ in shape, 

size and surface structure, and have circular, square, rectangular, or irregular cross-sections, 

with different influence on concrete properties (C. Wang, 2006). The effectiveness in concrete 

matrix and the simplicity of its production are the base for the current fiber production. The five 

common types of steel fibers are (Katzer, 2006); 

1. Traditional straight 

2. Hooked 

3. Crimped 

4. Coned and  

5. Mechanically deformed 

The geometries of the types 2,3,4 and 5 are shown in Figure 3.3. 

 

Figure 3.3   The geometries of the non-straight fibers (Hooked, Crimped, Coned, Mechanically  

                    deformed) (Katzer, 2006) 
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3.3. Fiber aspect ratio and volume fraction 
 

The structural behavior of a SFRC element depends on different parameters such as the aspect 

ratio of a fiber, its volume fraction, its geometrical shape and its placement in concrete 

(Bajgirani et al., 2016). The most significant of them having a direct effect on concrete’s 

properties are the aspect ratio and the volume fraction (Yazici et al., 2007). 

By definition, aspect ratio (λ) is the ratio of length (l) to equivalent diameter of the fiber (d), 

(λ = l/d), where length (l) is the distance between the outer ends of the fiber and equivalent 

diameter (d) is the diameter of a circle with an area equal to the mean cross-sectional area of 

the fiber. For circular fibers, the equivalent diameter is equal to the diameter of the fibers 

(Swedish standards Institute, 2006). Figure 3.4 and Table 3.1 demonstrate steel fibers and their 

properties, respectively (Abbass et al., 2018). The fiber aspect ratio is a mean to measure the 

slenderness and the stiffness of a fiber which affect the mixing and placing process (Zollo, 

1997) and is varied in concrete mix between 50 and 100 (Yazici et al., 2007). It is, practically 

difficult to reach uniform mix having l/d ratio above 100 (Van Chanh, 2005).  According to 

(Katzer, 2006) ratios from 45 to 63.5 constitute half of the population offered by steel fiber 

producers. 

 

 

Figure 3.4   Physical property of hook-end steel fibers (Abbass et al., 2018) 

 

Table 3.1     Properties of the hook-ended steel fibers depicted at Figure 3.4 

 Length (mm) Diameter (mm) Aspect ratio (l/d) 

1 40 0.62 65 

2 50 0.62 80 

3 60 0.75 80 
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The term Volume fraction (Vf) indicates the total amount of fibers added to the concrete mix 

and is expressed as a percentage of the total volume of the concrete and fibers (together). In 

other words, fiber volume fraction demonstrates the fiber density in the mix which in global 

terms can be described as a dosage parameter (Minguez et al., 2018). It fluctuates usually from 

0.1 to 3%, while the most acceptable Vf values for concrete mixes range between 0.5% and 

1.5% by volume of concrete (Sangeeta, 2015).  

Studies have shown that when the aspect ratio of fibers is low, the workability does not get 

affected; on the contrary, when the aspect ratio is too high, the slump and the workability will 

be decreased, and the toughness of concrete rather than the strength becomes higher (Bajgirani 

et al., 2016) (Van Chanh, 2005) (Wang et al., 2010). Moreover, by increasing l/d ratios, the 

probability of heterogenous fiber distribution and flocculation gets higher, fact that must be 

avoided (Yazici et al., 2007). Additional studies have shown that the steel fiber volume fraction 

is a really crucial factor under concrete bending and that concrete’s workability gets 

considerably affected by it (Bajgirani et al., 2016) (Yazici et al., 2007). Finally, (Yazici et al., 

2007) have developed mathematical models and have assessed the effect of aspect ratio (l/d) 

and volume fraction (Vf) of steel fibers on the compressive, flexural and split tensile strength. 

They concluded that l/d and Vf have an imperceptible effect on compressive strength than the 

flexural strength and the split tensile strength. 

 

3.4. Steel Fiber Reinforced Concrete advantages 
 

The inclusion of steel fibers in concrete during its production had demonstrated a multitude of 

advantages; SFRC improves its brittle characteristics by performing more effectively under 

fatigue, shock, and impulsive loadings (Singh, 2017) and not only under static and quasi-

statically applied loads. In addition, the use of SFRC provides an improved residual tensile 

strength after cracking and a higher level of ductility, which allows a great capacity of stress 

redistribution and a higher durability due to small crack opening in service condition (Daniel et 

al., 2001). Moreover, researchers concluded that the addition of steel fibers makes the cement 

matrix somehow “sown together”; during the loading process, energy released at the level of 

critical stresses is higher than for concrete without steel fiber reinforcement (Blaszczynski & 

Przybylska-Falek, 2015). As a result, the destruction of a steel fiber reinforced element needs 

adhesion between aggregate and cement matrix to be lost, fibers to be detached from the matrix 

or fibers should rupture. In other words, the presence of fibers prevents the cracks to extend 

easily without stretching or de-bonding the fibers (Panzera et al., 2013), as seen in Figure 3.5. 

Additionally, experimental tests had shown that steel fibers in concrete are less susceptible to 

corrosion in comparison with common reinforcing steel rebars (Granju & Balouch, 2005). 

Another experimental study have tested and confirmed that the presence of fibers contributes 

to the reduction of long-term deflections and crack widths as well as to the increase of the 

bending stiffness of the tested beams (Candido et al., 2015). Furthermore, studies proved that 

the good ductile behavior of steel-fiber concrete was maintained even after the exposure to high 

temperatures (Antonius et al., 2014). In conclusion, if SFRC is well designed, one of the most 

considerable advantages is the structure’s long-term serviceability (Singh, 2017). 
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Figure 3.5   Fracture surface of Steel Fiber Reinforced Concrete (Daniel et al., 2001) 

 

3.5. Steel Fiber Reinforced Concrete applications 
 

The first engineering constructions where SFRC was applied took place in the 1960’s (Katzer, 

2006). There is, nowadays, an abundance of applications in which SFRC can be used. The most 

common applications of SFRC to the time of writing are presented in the following sections. 

 

3.5.1. Applications of cast-in-place Steel Fiber Reinforced Concrete 
 

Common cast-in-place SFRC applications include industrial floors, as seen in Figure 3.6, road 

and airport airways and machine foundations which are subjected to dynamic loads as well as 

structures exposed to seismic action (Blaszczynski & Przybylska-Falek, 2015). Other projects 

involve tunnel lining, highway paving, pavements, bridge decks, dams (Daniel et al., 2001) 

(Van Chanh, 2005), and also railway stations, reservoirs, pools, footbridges and bridges 

(Blaszczynski & Przybylska-Falek, 2015). 
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Figure 3.6   Industrial floor made of cast-in-place Steel Fiber Reinforced Concrete 

                    (Concrete Fiber Solutions, 2016) 

 

3.5.2. Applications of precast Steel Fiber Reinforced Concrete 
 

Precast applications use steel fiber aiming to replace the conventional reinforcing bars and 

improve concrete’s properties. Some of them are dolosse, vaults and safes, mine crib blocks, 

tilt-up panels (Daniel et al., 2001) as well as steel-fiber composite floors, as seen in Figure 3.7. 

 

Figure 3.7   Steel fiber composite floor (Blaszczynski & Przybylska-Falek, 2015) 
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3.5.3. Shotcrete 
 

The first fiber reinforced shotcrete application, with the ambition to stabilize a rock slope, was 

in 1974 at the Snake River, Washington showing good results (Daniel et al., 2001). Shotcrete 

is increasingly used, since then, as a mean to build new or to repair old structures (Daniel et al., 

2001) (Katzer, 2006) (Kosmatka & Wilson, 2011) (Mehta & Monteiro, 2014) (Panzera et al., 

2013) (Van Chanh, 2005), as seen in Figure 3.8. It is been applied to, among others, pile 

retaining walls, thin-shell hemispherical domes, artificial rocks capes, bridge piers and 

abutments. Shotcrete has the outstanding capability to “shoot” thin sprayed layers that, in return, 

create a more resistant concrete layer, depicted in Figure 3.9. Other applications that SFRC can 

be used are also SIFCON (Slurry Infiltrated Fiber Concrete) as composites and refractory 

application areas (Daniel et al., 2001) (Zollo, 1997). 

 

 

Figure 3.8   Shotcreting to reinforce a tunnel - Skärholmen, Stockholm (Image by the author) 
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Figure 3.9   A scheme of securing a rock slide by putting traditional reinforced concrete and steel 

                    fiber reinforced shotcrete (Katzer, 2006) 

 

3.6. Steel fibers balling and clumping 
 

It is of utmost importance to achieve homogenous steel fiber distribution in the ready-mix 

concrete and, thus, phenomena like balling must be avoided. Balling can be defined as the 

situation when fibers entangle into large clumps or balls in a mixture (Daniel et al., 2001). 

Balling and clumping may be a result of different factors such as already clumped fibers before 

being added to the mix, rapid adding which causes irregular dispersion, worn mixer (Van 

Chanh, 2005) or even a group of long thin steel fibers having an aspect ratio bigger than 100 

(Daniel et al., 2001). Irrespective of the mixing procedure, the fibers should be added in a 

clump-free state during the mixing. If the fibers are added to a truck mixer to get mixed, they 

should firstly be transferred from the storage place to the central fiber station which starts to 

vibrate, thereafter they should be spread out along the conveyor belt and afterwards be entered 

in the truck mix (process seen in Figure 3.10). Following this procedure, the possibilities of 

balling are drastically diminished. Accordingly, if the addition of fibers takes place in the 

central mixer of a concrete batching plant, the same steps should be followed with the only 

difference that mixing happens before the loading to the truck mixer, as seen in Figure 3.11. 

Significant focus should be continually given to avoid the ball formation. In case balling and 

clumping is formed during mixing operations, the formatted ball should be manually removed 

and be replaced with the equivalent weight of steel fiber (Singh, 2017). 
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a) 

 

   
b) 

 

   
c) 

   
d) 

 
     Figure 3.10   Photos from a Steel Fiber Reinforced Concrete delivery. Betongindustri AB, Ulvsunda, 

                           Stockholm (Images by the author) 

                           a) Transfer and deposition of steel fibers in the central fiber station 

                           b) The central fiber station starts to vibrate 

                           c) The steel fiber bundles are getting spread out along the conveyor belt 

                           d) The steel fibers end up inside the truck mixer 
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Figure 3.11   Steel Fiber Reinforced Concrete mixing and unloading process from a central mixer 

                      plant. Betongindustri AB, Värtan, Stockholm (Image by the author) 

 

3.7. Storage of steel fibers 
 

A standard procedure regarding the storage of the fibers should be followed upon the 

procurement by the supplier. The steel fibers are usually supplied in a form of huge pre-packed 

bags of 1100-1200 kg, as seen in Figure 3.12 and 3.13. The bags should be stored in a way that 

prevents the fibers’ degradation over the period of time they will be stored (Singh, 2017). Some 

manufacturers supply steel fibers in water-soluble storage bags. The spot in which fibers are 

stored should be dry, under a shed if the place is outdoors, as seen in Figure 3.14, and the 

relative humidity should be maintained around 30-50 % (Singh, 2017) in order to be kept away 

from corrosion. 
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Figure 3.12   Pre-packed steel fiber bag (1100kg). Betongindustri AB, Ulvsunda, Stockholm                                                       

                      (Image by the author) 

 

 

Figure 3.13   Pre-packed steel fiber bag (1200 kg). Betongindustri AB, Ulvsunda, Stockholm 

                      (Image by the author) 
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Figure 3.134   Steel fiber storage place. Betongindustri AB, Ulvsunda, Stockholm (Image by the 

author)  
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4. Tests 
 

4.1. European and Swedish standards  
 

It is stated in EN 206:2013, Clause 8.2.3.3 “Conformity criteria for properties other than 

strength” that conformity assessment involves homogeneity of fiber distribution of fresh 

concrete at the point of delivery, as seen in Table 4.1 (Swedish standards Institute, 2013).  

 

Table 4.1   Conformity assessment for consistence classes, SCC properties, air content and 

                  homogeneity of fiber distribution of fresh concrete at the point of delivery 

                  (Swedish standards Institute, 2013) 
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This norm applies when fibers are added in a truck mixer. If fibers are added in a central mixer, 

a process which ensures homogeneity of fibers in the mix should be followed, as described in 

EN 206:2013, Annex A.4, paragraph (6): “Where concrete containing fibers is to be produced, 

the initial testing shall verify that the producers documented procedure achieves a homogenous 

distribution of the fibers throughout the batch. This requirement is satisfied if the test results 

conform to the criteria given in B.5 and the batched fiber content is the same as the specified 

fiber content.” (Swedish standards Institute, 2013). It is, accordingly, described in EN 

206:2013, Annex B.5, paragraphs (1) and (2) that the test procedure for steel fiber content and 

homogeneity shall use three samples per load which shall be taken during unloading from the 

first, middle and last third of the load and that concrete is deemed to come from a conforming 

population if both criteria in Table 4.2 are satisfied (Swedish standards Institute, 2013). 

 

Table 4.2   Combined Identity criteria for fiber content and homogeneity of fresh concrete 

                  (Swedish standards Institute, 2013) 

 

 

This aspect is in accordance with Clause 5.2.7 of EN 206:2013, for the use of fibers which 

states that: “Fibers of the type and quantity specified shall be added to the mix in a procedure 

that ensures that they are dispersed uniformly throughout the batch.” (Swedish standards 

Institute, 2013). It is additionally stated in EN 206:2013, Clause 9.8, paragraph (1): “Mixing of 

the constituents shall be carried out in a mixer conforming to 9.6.2.3 and be continued until the 

concrete is homogeneous.”, where in 9.6.2.3 of the same standard, it is mentioned in paragraph 

(1): “All mixers shall be capable of achieving a uniform distribution of the constituents, and a 

uniform consistence of the concrete within the mixing time and at the mixing capacity.” and in 

paragraph (2): “Truck mixers and agitating equipment shall be so equipped as to enable the 

concrete to be delivered in a homogeneous state.” (Swedish standards Institute, 2013). 
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4.2. Testing equipment used during the testing process 
 

4.2.1. Fibers  
 

Betongindustri AB works entirely with steel fibers and all the data were collected from real 

insitu deliveries. For the purpose of the testing process, Dramix 3D and 4D steel fibers were 

used. Their main characteristics are declared in Tables 4.3 and 4.4. Their physical appearance 

is depicted in Figures 4.1, 4.2, 4.3 and 4.4. 

 

Table 4.3   Declaration on essential characteristics of Dramix 3D steel fibers in accordance with 

                  EN 14889-1: 2006 (Dramix, 2019a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1   3D steel fibers (Dramix, 2018a) 

Product type : DRAMIX® 3D 65/35BG 

Material properties 

Nom. tensile strength 1.345 (N/mm2) 

Young’s modulus 200.000 (N/mm2) 

Strain at ultimate strength 0,8% 

Geometry 

Length (l) 35 mm 

Diameter (d) 0,55 mm 

Aspect ratio (l/d) 65 

Minimum EN 14889-1 dosage 

15 kg/m3 

Fiber network 

8.032 m/mm3 at 15 kg/m3 

14.711 fibers/kg 

Packaging 

Big bag : 800-1.100 kg 
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Figure 4.2   3D steel fibers (Dramix, 2018a) 

 

Table 4.4   Declaration on essential characteristics of Dramix 4D steel fibers in accordance with 

                  EN 14889-1: 2006 (Dramix, 2019b) 

Product type : DRAMIX® 4D 65/35BG 

Material properties 

Nom. tensile strength 1.850 (N/mm2) 

Young’s modulus 200.000 (N/mm2) 

Strain at ultimate strength 0,8% 

Geometry 

Length (l) 35 mm 

Diameter (d) 0,55 mm 

Aspect ratio (l/d) 65 

Minimum EN 14889-1 dosage 

15 kg/m3 

Fiber network 

8.032 m/mm3 at 15 kg/m3 

14.232 fibers/kg 

Packaging 

Big bag : 800-1.100 kg 
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Figure 4.3   4D steel fibers (Dramix, 2018b) 

 

 

Figure 4.4   4D steel fibers (Dramix, 2018b) 

4.2.2. Concrete mixer trucks 
 

Betongindustri AB owns a large number of vehicles for concrete transportation. The concrete 

trucks (seen in Figure 4.5) used for shotcrete applications are normally equipped with rotor 

assemblies made of steel having very high resistance to corrosion and the samples for this thesis 

were taken from these. The interior includes a spiral blade that rotates while the loading- 

transportation to the site- unloading- process occurs in a way that concrete does not lose its 

characteristics and homogeneity. The spiral blade acts in two different ways; when rotating to 

the first direction the mixer is getting “charged” with direction to the steel-made drum and when 

rotating to the second direction, concrete is “forced” out of the drum with the help of the steel-

made chute. 

The main characteristics of the concrete mixer trucks used for this thesis are: 

Body: Truck 

Brand: Mercedes-Benz, Volvo, Man 

Theoretical volume: 7 m3 
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Maximum SFRC load: 6 m3 

Unloading capacity: 15-40 s/m3 (depending on concrete slump) 

Length: 8650-9750 mm 

Width: 2470-2600 mm 

Height: 3450-3900 mm 

It should be also mentioned that all the trucks used for the testing process have additional 

features such as flip-over chute, oil cooler, water meter, safety grids, inspection ladders etc. 

 

 

Figure 4.5   Concrete mixer trucks used for the testing process 

                    (Photo from Betongindustri AB in Hammarby) 

 

4.2.3. Magnets 
 

For the purpose of the steel fiber extraction from the fresh SFRC, a magnetic gripping pole 400 

mm long was used, which enables the removal or lift of metal chips or other metallic articles 

quickly and safely. This tool gets activated and starts to grip the steel fibers by holding the 

magnetic bar inside the fresh SFRC mix and pressing its top downwards, as seen in Figure 4.6 

a. The magnet is deactivated and starts to release the gripped steel fibers by pulling its top 

upwards, as seen in Figure 4.6 b. Its load capacity is 6.3kg. The magnet used in the lab is seen 

in Figure 4.7. Its use is to grip the dried fibers and release them into the pot which will 

afterwards get weighted. 
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a. 

 

b. 
 

 

Figure 4.6   Magnetic pole 400 mm (Image by the author) 

 

Figure 4.7   Lab magnet used to grip the dried fibers (Image by the author) 
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4.2.4. Air entrainment meter 
 

The apparatus used to determine the total air content in fresh concrete was a typical Air 

Entrainment Meter according to ASTM C 231, seen in Figure 4.8. The pressure method (ACTM 

C 231) was followed, which is based on Boyle’s law, relating pressure to volume. 8 liters of 

fresh SRFC mix were added in the bowl in three layers which were vibrated for 2-3 seconds 

after their filling. The excess SFRC was stroked off until the surface was smooth on the top of 

the bowl at the rim’s level. The cover of the air meter was then properly clamped down and, 

afterwards, the petcocks in the air meter were opened. Water was squeezed from the one petcock 

until it emerged from the other one, thus, the air inside the device was the air inside the concrete. 

The meter top was then pressurized with the built-in hand pump until zeroed out. The petcocks 

were then closed, and the main air valve was opened. After a stabilization period, the pressure 

in the top was released and the air content on the dial on the top of the meter was read. The 

device was calibrated to read the air content in the fresh concrete directly when a predetermined 

pressure is applied. The air content test was completed within 5 minutes after obtaining the 

sample (Kosmatka & Wilson, 2011). The apparatus has a manually operated pump and its main 

characteristics are; 

Capacity : 8 Liters 

Weight (approx.) : 9.6 kg 

Dimensions (w*d*h) : 257 x 234 x 558 

The Air Entrainment Meter is tested and calibrated according to Standards: EN 12350-7, ASTM 

C231 and GOST 10181. 

 

Figure 4.8   Typical 8 L air entrainment meter (Image by the author) 
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4.2.5. Slump test  
 

Slump tests were carried out, according to ASTM C 143, Standard Test Method for Slump of 

Hydraulic-Cement Concrete (AASHTO T 119), in order to measure the concrete’s 

consistency/fluidity. The test equipment consists of a 300 mm high slump cone (100 mm top 

diameter and 200 mm base diameter), a 600 mm high steel rod with a 16 mm diameter and a 

measuring device. The following procedure was performed to carry out the slump test; the 

dampened cone was placed in a flat surface in an upright position and filled in three layers 

having approximately equal volume (i.e. 1st layer up to 70 mm, 2nd layer up to 160 mm, 3rd 

layer up to the cone’s rim), as seen in Figure 4.9 a. Each layer was rodded 25 times, as seen in 

Figure 4.9 b. Thereafter, the cone was raised vertically within 2-5 seconds, as seen in Figure 

4.9 c. The empty cone was, afterwards, inverted and placed besides the subsided concrete. The 

rod was placed above the cone and used as a height reference. A ruler was used to measure the 

slump, as seen in Figure 4.9 d; its value was measured as the vertical distance from top of the 

slump cone to the center of the settled concrete (Kosmatka & Wilson, 2011). 

 

 

Figure 4.9 a.   Slump test on site (Image by the author) 
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Figure 4.9 b.   Slump test on site (Image by the author) 

 

Figure 4.9 c.   Slump test on site (Image by the author) 



 

43 

 

 

Figure 4.9 d.   Slump test on site (Image by the author) 

4.2.6. Thermometer 
 

Concrete temperature was measured using an electronic temperature meter with precise digital 

readouts, as seen in Figure 4.10 a. The temperature test was completed within 5 minutes after 

obtaining the sample. The fresh concrete surrounding the thermometer was at least 75 mm and 

it remained there until the reading was stabilized, as seen in Figure 4.10 b. 

 

Figure 4.10 a.   Temperature measurement (Image by the author) 
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Figure 4.10 b.   Temperature measurement (Image by the author) 

 

4.2.7. Drying oven 
 

The oven used in the lab aiming to generate water evaporation and remove the humidity around 

the steel fibers (for the purpose of not affecting the fibers’ weight) was a Termaks TS8136 

laboratory drying oven with forced convection, seen in Figure 4.11. It has a number of 

functions, such as PID control of the temperature, adjustable alarm limits, timer, 4 fan speeds, 

acoustic alarm and data logging. The interior and the shelves are made of stainless steel, while 

externally, the cabinet is constructed of electrolytically galvanized steel sheets, coated with a 

grey epoxy polyester paint (RAL 7035) (Termaks, 2014). The oven’s main characteristics are 

(Termaks, 2014); 

Dimensions: 

Exterior (mm): w*d*h 705x625x820, Interior (mm): w*d*h 515x440x600, Volume (liters): 136 

Power: 

Nominal Power (W): 1430, Nominal voltage (V): 230,1, Frequency (Hz): 50 

Shelves: 

Dimensions w*d (mm): 510x410, Max load per shelf (kg): 20 

Weight (kg): 56 
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Figure 4.11   Termaks TS8136 drying oven (Image by the author) 

4.2.8. Scale 
 

The scale used to weight the steel fibers contained in the samples was a Mettler Toledo PM6100 

Balance high accuracy weight scale, seen in Figure 4.12. The scale’s main characteristics are 

(Mettler-Toledo GmbH, 1999); 

Readability: 0.01 g 

Weighing capacity: 6100 g 

Taring range: 6100 g 

Stabilization time: 2.5/4/6 s 

Display: FD 

Weighing pan: Ø 150 mm 

Calibration weight Class F1: 2 x 2000 g 

Net weight: 3.8 kg  

The scale is calibrated and approved from RI.SE (Research Institutes of Sweden). 
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Figure 4.12   Mettler PM6100 high accuracy scale (Image by the author) 

 

4.3. Description of the testing process 
 

As previously outlined, this thesis aims to investigate eventual impact of the fiber content 

variations in SFRC produced by three different methods; 

➢ By adding the fibers in a central concrete mixer plant 

➢ By adding the fibers in the concrete mixer truck after concrete is filled 

➢ By adding the fibers in the concrete mixer truck at the same time that concrete is filled 

 

4.3.1. Adding fibers in a central concrete mixer plant 
 

The testing process for the method of adding the fibers in a central concrete mixer plant was 

the following; The steel fibers, whose amount was specified by the client, were already mixed 

with concrete in the central concrete mixer plant (specifications seen in Figure 4.13, see also 

Figure 3.11). The first step was to extract three SFRC samples (around 15 liters each one) at 

the beginning, middle and end of the discharge from the central mixer plant to the truck mixer. 
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Thereafter, 8 liters of each sample were used to measure the air content in the mix, as seen in 

Figure 4.14, whereas a part of the rest was used to carry out the slump test and measure the 

concrete’s temperature. The mix in the air entrainment meter (containing precisely 8 liters of 

SFRC) was then thrown to a clean plastic bucket. Water was added to make the mix less dense 

and facilitate the fibers’ forthcoming extraction. A magnetic gripping pole was used to extract 

all the fibers from the bucket, as seen in Figure 4.15; four or more attempts were needed in 

order to take out every single steel fiber from the concrete mix. All the extracted fibers were, 

subsequently, placed in another plastic bucket which contained clean water and the last-

mentioned process was repeated at least twice with the help of the magnetic pole, as seen in 

Figure 4.16; the purpose was to ensure that the majority of the aggregates and the concrete were 

separated from the steel fibers. The last step was to place the -almost free from aggregates and 

concrete- steel fibers in a bag and drive them to the lab. Once at the lab, the extracted fibers 

from each sample were spread in metal containers, as seen in Figure 4.17, which were 

afterwards placed in a drying oven, as seen in Figure 4.18. The containers stayed inside the 

drying oven under a steady temperature (110o C) until the whole water/humidity got evaporated 

and the fibers became completely dry. Thereafter, the dried steel fibers were spread in a big 

plastic container. With the help of a magnet, steel fibers were getting extracted, leaving small 

aggregates as well as cement residues in the plastic container, and placed in a glass-made pot, 

as seen in Figures 4.19 and 4.20. The pot’s weight was measured by a high accuracy weight 

scale and, thus, the weight of steel fibers in an 8-liter SFRC mix was indicated, as seen in Figure 

4.21.  

 

 

Figure 4.13   Central concrete mixer plant specifications. Betongindustri AB, Värtan 

                      (Image by the author) 
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Figure 4.14   Air entrainment meter containing exactly 8 liters of SFRC (Image by the author) 

 

 

Figure 4.15   Steel fibers extraction using a magnetic gripping pole (Image by the author) 
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Figure 4.16   Dissociating concrete and aggregates from the steel fibers (Image by the author) 

 

 

Figure 4.17   Steel fibers getting spread in metal containers before getting dried (Image by the author) 
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Figure 4.18   Steel fibers from start, middle and last third of each sample getting dried 

                      (Image by the author) 

 

Figure 4.19   Dried steel fibers extracted from the plastic container (Image by the author) 
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Figure 4.20   Dried steel fibers end up in a glass-made pot (Image by the author) 

 

 

Figure 4.21   Steel fibers net weight in an 8-liter Steel Fiber Reinforced Concrete mix 

                      (Image by the author) 
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The calculations used to calculate the average steel fiber weight are shown in Table 4.5. Finally, 

the rule of proportions was used in order to compare the final result with the client’s order and 

study the deviation from the average, seen in Table 4.6. The orders are predominantly given to 

(
𝑘𝑔

𝑚3
 ) which is the same unit as (

𝑔𝑟

𝐿
 ), hence the result z could be compared with the client’s 

asked steel fiber content. 

 

Table 4.5   Calculations performed to compute the average steel fiber weight from 8 liter-samples 

                  extracted from a truck mixer delivering 6m3  Steel Fiber Reinforced Concrete. 

Sample taken from Steel fibers weight (gr) Average weight (gr) 

Start x1 

(𝑥1 + 𝑥2 + 𝑥3)

3
= 𝑦 Middle x2 

End x3 

 

 

Table 4.6   Calculations performed to compute the steel fiber weight contained in 1 Liter of Steel Fiber 

                  Reinforced Concrete 

SFRC mix volume (Liters) Steel fibers weight (grams) 

8 y 

1 z 
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4.3.2. Adding fibers in the concrete mixer truck at the same 

time/after concrete is filled 
 

For the method of adding the fibers in the concrete mixer truck after concrete is filled as well 

as for the method of adding the fibers in the concrete mixer truck at the same time that concrete 

is filled, the identical undermentioned testing process was followed; The trucks were getting 

loaded with a certain steel fiber amount (specified from the client) inside the factory through a 

conveyor belt either after or at the same time that concrete was filled in them, as seen Figure 

3.10. The concrete mixer trucks, transferring 6m3 of SFRC, were followed all the way from the 

factory (where the truck-loading process occurs) to the sites. The testing process was started 

upon the beginning of the unloading process; from the followed mixer trucks to the vehicle 

carrying a shotcrete spraying machine, seen in Figure 4.22. Three samples of approximately 15 

liters each, were extracted from the beginning, middle and end of the discharge, as seen in 

Figure 4.23. Likewise to the procedure followed in chapter 4.3.1, 8 liters (utilizing the air 

entrainment meter) were used to extract all the containing steel fibers, whereas a part of the rest 

was used to perform slump tests and measure the concrete’s temperature. The fibers were, 

consequently, washed thoroughly and driven to the lab. Finally, the same procedure and 

calculations as in 4.3.1 were performed in the lab in order to investigate the fiber content 

variations in steel fiber ready-mix concrete. 

➢ The fiber addition- and mixing- procedure as well as the truck drum speeds were kept 

the same throughout all three testing processes.  

➢ The air content test results, the slump test results as well as concrete’s temperature were 

not relevant with the goal of this study, nevertheless they were carried out.  

➢ The 1st method (adding the fibers in a central concrete mixer plant) was carried out at 

Betongindustri AB factory in Värtan. The 2nd method (adding the fibers in the concrete 

mixer truck after concrete is filled in the truck) was performed at Betongindustri AB 

factories in Hammarby, Ulvsunda and Tumba, while the 3rd method (adding the fibers 

in the concrete mixer truck at the same time that concrete is filled) was executed at 

Betongindustri AB factory in Sollentuna. All the aforementioned factories are located 

in Stockholm. 

➢ Samples for the 1st method were taken directly from the central concrete mixer plant. 

Samples for the two latter methods were taken from tunnel shotcreting applications in 

Stockholm; Skärholmen, Kista, Spånga and Nacka. 

➢ All the lab tests were carried out in Betongindustri AB Lab in Hammarby. 
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Figure 4.22   Concrete mixer truck transferring Steel Fiber Reinforced Concrete to the vehicle 

                      carrying special pump to execute shotcrete applications (Image by the author) 

 

Figure 4.23   Extraction of Steel Fiber Reinforced Concrete samples (Image by the author) 



 

55 

 

4.4. Results  
 

4.4.1. Results from tests in this project 
 

Table 4.7 represents the summary of the results of the testing process performed in this thesis 

using all three methods. 

 

Table 4.7   Overview of the results from the testing process performed in this thesis 

 Test 1 Test 2 Test 3 Test 4 

Method 1 

Adding fibers in the central 

concrete mixer plant 

Ordered fiber content (kg/m3) 60 60 53 

- Fiber amount / sample (kg/m3) 

Start 

Middle 

End 

 

55,63 

52,50 

53,13 

 

54,63 

57,75 

61,13 

 

47,00 

49,00 

52,50 

Method 2 

Adding fibers in the concrete 

mixer truck after concrete is 

filled 

Ordered fiber content (kg/m3) 55 55 40 57 

Fiber amount / sample (kg/m3) 

Start 

Middle 

End 

 

52,50 

52,50 

51,50 

 

57,50 

47,50 

44,38 

 

38,38 

37,75 

37,50 

 

56,50 

53,50 

51,00 

Method 3 

Adding fibers in the concrete 

mixer truck at the same time 

that concrete is filled 

Ordered fiber content (kg/m3) 55 55 55 

- Fiber amount / sample (kg/m3) 

Start 

Middle 

End 

 

57,63 

56,13 

51,38 

 

61,38 

55,50 

55,13 

 

63,00 

54,00 

53,88 
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4.4.2. Results from previous tests  
 

This section consists of results from tests conducted during the last two years. These tests were 

performed by Betongindustri AB and their results were provided in order to enhance the data 

produced by tests executed in this thesis. 

Method 1: Adding fibers in the central concrete mixer plant 

Table 4.8 represents the summary of the results of the testing process from samples extracted 

by Betongindustri AB using Method 1: Adding fibers in the central concrete mixer plant. 

 
Table 4.8   Overview of the results from the testing process using: Method 1 – Adding fibers in the 

                  central concrete mixer plant – Obtained from Betongindustri AB Database 

 Ordered fiber content (kg/m3) 
Fiber amount / sample (kg/m3) 

Start Middle End 

Test 1 53 44,95 46,94 63,01 

Test 2 53 50,49 47,51 50,23 

Test 3 53 47,93 47,43 45,59 

Test 4 53 56,08 52,98 54,06 

Test 5 53 51,73 52,56 50,48 

Test 6 53 50,15 52,11 43,86 

Test 7 53 53,03 51,53 55,80 

Test 8 53 53,71 55,85 51,35 

Test 9 53 53,60 51,99 51,43 

Test 10 53 50,95 53,31 48,56 

Test 11 53 49,01 50,71 51,48 

Test 12 53 51,16 52,56 50,10 

Test 13 53 48,73 45,21 47,84 

Test 14 53 50,07 51,58 49,35 

Test 15 53 54,14 47,46 48,78 

Test 16 53 54,51 51,18 49,94 

Test 17 55 54,06 55,94 53,63 

Test 18 53 53,80 52,91 49,58 

Test 19 53 48,35 49,55 55,50 

Test 20 53 51,29 55,64 52,34 

Test 21 53 55,94 51,64 50,88 

Test 22 53 56,13 52,75 43,38 

Test 23 53 48,88 52,13 50,88 

Test 24 53 62,20 46,84 49,09 

Test 25 53 53,75 53,75 52,88 

Test 26 53 58,13 48,63 48,13 

Test 27 53 53,63 52,00 51,63 

Test 28 53 57,63 51,00 50,75 

Test 29 53 53,88 52,50 49,38 

Test 30 53 56,00 52,75 52,75 

Test 31 53 61,13 50,38 49,38 

Test 32 53 55,00 53,13 49,38 

Test 33 53 55,50 53,00 46,50 
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Method 2: Adding fibers in the concrete mixer truck after concrete is filled 

Table 4.9 represents the summary of the results of the testing process from samples extracted 

by Betongindustri AB using Method 2: Adding fibers in the concrete mixer truck after concrete 

is filled. 

 

Table 4.9   Overview of the results from the testing process using: Method 2 – Adding fibers in the 

                  concrete mixer truck after concrete is filled – Obtained from Betongindustri AB Database 

 Ordered fiber content (kg/m3) 
Fiber amount / sample (kg/m3) 

Start Middle End 

Test 1 55 59,16 66,26 48,85 

Test 2 55 61,13 59,03 54,39 

Test 3 55 55,46 52,24 42,99 

Test 4 55 57,31 55,13 54,69 

Test 5 55 61,19 52,06 52,00 

Test 6 55 49,19 50,63 50,94 

Test 7 55 51,46 50,91 52,64 

Test 8 55 53,39 48,09 50,53 

Test 9 55 58,33 46,19 48,84 

Test 10 55 50,01 49,68 54,83 

Test 11 55 55,28 56,58 55,10 

Test 12 55 55,38 53,38 50,75 

Test 13 55 55,13 53,00 50,88 

Test 14 60 61,63 58,75 49,50 

Test 15 60 59,50 49,00 55,00 

Test 16 60 71,41 64,43 56,14 

Test 17 60 59,50 60,25 65,38 

Test 18 60 65,50 60,50 61,88 

Test 19 60 59,13 51,88 59,13 

Test 20 60 73,50 64,23 61,53 

Test 21 60 65,23 53,80 55,88 

Test 22 60 66,55 60,29 56,84 

Test 23 60 65,88 61,88 58,63 

Test 24 60 60,75 54,25 52,50 

Test 25 55 65,69 49,84 50,14 

Test 26 60 63,75 59,00 55,13 

Test 27 60 61,00 55,88 58,63 

Test 28 60 60,63 57,50 61,25 

Test 29 60 59,25 54,25 55,50 

Test 30 60 57,75 51,13 53,63 

Test 31 60 65,38 56,13 55,25 

Test 32 55 56,88 53,63 51,38 

Test 33 53 54,88 48,88 50,38 
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Method 3: Adding fibers in the concrete mixer truck at the same time that concrete is 

filled 

 

Table 4.10 represents the summary of the results of the testing process from samples extracted 

by Betongindustri AB using Method 3: Adding fibers in the concrete mixer truck at the same 

time that concrete is filled. 

 

Table 4.10   Overview of the results from the testing process using: Method 3 – Adding fibers in the 

                    concrete mixer truck at the same time that concrete is filled –  

                    Obtained from Betongindustri AB Database 

 Ordered fiber content (kg/m3) 
Fiber amount / sample (kg/m3) 

Start Middle End 

Test 1 30 30,00 32,56 25,23 

Test 2 30 33,01 33,29 30,08 

Test 3 30 29,40 31,11 39,40 

Test 4 30 27,23 26,15 24,40 

Test 5 30 24,95 27,36 26,35 

Test 6 30 26,20 28,66 27,81 

Test 7 30 31,50 28,88 36,88 

Test 8 30 37,79 49,73 32,59 

Test 9 30 42,79 38,83 34,28 
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5. Questionnaire 
 

To investigate how companies handle Steel Fiber Reinforced Concrete, a questionnaire survey 

was executed, the goal of which was to provide supplementary data for the main data collection 

stages (i.e. literature study and testing process). It consists of mixed questions; both close-ended 

and open-ended questions. The interviewees were asked seven questions, written in English, all 

of which offered to the respondent the prospect to fill out and expand their thoughts. 

 

5.1. Description of the questionnaire 
 

The entire form of the questionnaire that was sent to ready-mix concrete producers within 

Svensk Betong’s Technical Committee (TU) can be reviewed in the Appendix section of this 

paper (seen in Appendix C). The questionnaire focuses on different aspects about how a 

concrete company handles SFRC and, thus, a variety of questions was asked, including; 

➢ Production methods  

➢ Type of steel fibers used 

➢ Applications that SFRC is used 

➢ Type of tests conducted to examine if fibers are homogeneously distributed 

➢ If the company’s results indicate that fibers are actually homogeneously distributed 

➢ Test frequency 

➢ Method which introduce better results 

The aforementioned questions were formed with careful consideration by the researcher and 

were designed with seven easily understandable questions each targeting a specific area of 

interest in order to be suitable for the study area of the project. The survey was sent to 6 

companies and was answered by four of them, yielding a response rate of 67%. The respondents 

answered to multiple-choice questions and had in the same time been given the opportunity to 

give some additional comments, based on their experience. 

 

5.2. Answers and results 
 

The answers to the questionnaire were exploited with Excel, as shown by Figures 5.1-5.7. The 

results were summarized and used to draw conclusions about SFRC. The examination of the 

pie-chart results showed that all the respondents gave the same answer in four questions, namely 

Question 4 – Question 7. Question 2 and Question 3 show a balanced fluctuation, while the 

responses for Question 1 are equally distributed. 
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Figure 5.1   Question 1 

 

Figure 5.2   Question 2 

 

Figure 5.3   Question 3 
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Figure 5.4   Question 4 

 

Figure 5.5   Question 5 

 

Figure 5.6   Question 6 
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Figure 5.7   Question 7 
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6. Discussion 
 

6.1. Conclusions 
 

At the production of fiber reinforced concrete, the fibers may be added in the mix in a central 

concrete mixer plant or at a later stage in the concrete mixer truck. Regardless of how and when 

they are added, it is undoubtedly important to ensure that the specified amount of fibers is added 

and that the fibers are uniformly distributed throughout the concrete mix. Significant testing is 

required according to standards, to control the homogeneous distribution of fibers. 

Within the work presented in this M.Sc. project, the impact on fiber distribution of when and 

how the fibers are added to concrete has been studied and compared. In addition, experiences 

from different manufacturers were gathered. Based on the results and the observational 

evidence, the following conclusions may be drawn. 

The initial hypothesis that there are no measurable differences regardless how and when the 

fibers are added to concrete is verified. 

All the results from the conducted tests conform to the required criteria given in the standards; 

the three samples per test which were taken during unloading from the first, middle and last 

third of the load, satisfy both criteria; every sample has a value at least equal to 0,80 of the 

specified minimum value and the average of the three samples from a load has a value at least 

equal to 0,85 of the specified minimum value. Thus, concrete is deemed to come from a 

conforming population. 

Concrete had good workability in all the conducted tests. No balling or clumping of steel fibers 

was observed regardless the amounts of fibers used (30 ,40, 53, 55, 57, 60 kg/m3). 

A certain number of tests indicate that a few samples contain fewer steel fibers at the end of the 

discharge than at the start, implying that adjustments in the documented routine descriptions 

may be recommended. 

According to the Standard EN 206, the frequency control should be as for compressive strength 

and this conformity demand applies when fibers are added in a concrete mixer truck. Sweden 

has a reason to apply for a national opening in Standard EN 206 about the test frequency, for 

the purpose of investigating the distribution when fibers are added in the concrete mixer truck. 

In Sweden this method is usually performed in the plant and not in the site area, which is 

believed to lead to an unreasonable large workload. Therefore, the requirement for conformity 

control using this particular method should actually be removed, amended or adjusted to the 

local market. 

Referring to the data produced from tests conducted in this thesis, the following conclusions 

can be drawn; regarding the first method, namely adding fibers in the central concrete mixer 

plant, the differences between the fiber amount per sample are negligible, not showing any 

particular pattern; two tests present their highest fiber content at the end of the unloading 

process and one test shows its highest fiber amount per sample at the start of the process. 

Concerning the second method, namely adding fibers in the concrete mixer truck after concrete 
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is filled, all four conducted tests demonstrate their highest fiber content at the start of the 

unloading process, but the variation between start, middle and the end are quite insignificant 

and, as a result, any sequence is noticed. With regard to the third method, namely adding fibers 

in the concrete mixer truck in the same time that concrete is filled, the same outcome as in 

method 2 was noticed, but likewise, the deviation is minor and, hence, any pattern is observed. 

Referring to Betongindustri AB data, the first method, i.e. adding fibers in the central concrete 

mixer plant, demonstrates a general pattern, having in more than half of the tests, the highest 

steel fiber content at the start, while the lowest at the end of the unloading process. The 

differences, however, are inconsiderable. A similar pattern to the first method is noticed in the 

second method, i.e. adding fibers in the concrete mixer truck after concrete is filled, showing 

the highest steel fiber content at the start of the unloading while the lowest steel fiber amount 

per sample is concentrated at the end of the load. The deviation, here, between them is appeared 

to be slightly larger than the first method, but not that distinct to draw any certain conclusion. 

The third method, i.e. adding fibers in the concrete mixer truck in the same time that concrete 

is filled, shows a rather even distribution between start, middle and end of every test; 

approximately one third of the tests show their highest steel fiber content at the start, nearly one 

third at the middle and almost one third at the end of the unloading. 

The conclusions drawn from the questionnaire are written below; all three methods are equally 

used for SFRC production (a company may use more than one production method). The 

majority of the surveyed companies use hooked end steel fibers in the concrete mix while the 

applications in which SFRC is used is balanced; cast-in-place is the dominant application, 

followed by shotcrete while none of them performs pre-cast applications. All the interviewed 

companies extract samples during production in order to confirm that the fibers are evenly 

distributed in ready-mix concrete, whereas the frequency of the conducted tests varies between 

each company; one company conducts one test for every batch plant delivery, two companies 

perform tests depending on the project’s demand and its quality plan, and another one does not 

have a regular basis for performing tests; it depends on the period of the year which in general 

is less frequent than once per month. All four companies state that their results from the 

conducted tests indicate that fibers are uniformly distributed. Finally, all the surveyed 

companies concluded that none of the three methods used to produce SFRC, namely adding 

fibers in the central concrete mixer plant, adding fibers in the concrete mixer truck after concrete 

is filled, adding fibers in the concrete mixer truck in the same time that concrete is filled, give 

better results.  

The final aim of this M.Sc. project was to prepare a basis for recommendations for routine 

description for fiber reinforced concrete production. Based on the results, the following actions 

may be recommended; significance should be given to get the fibers added and mixed in a 

standardized way which ensures uniform fiber distribution and not on how and when fibers are 

added in the mix. Furthermore, it should not be relevant if the fibers are mixed in a truck mixer 

or in a central concrete mixer plant rather that the mixer should be sufficient enough to ensure 

uniformly distributed concrete-fiber mix. 

Preliminary investigation, continuous control as well as careful procedures for addition and 

mixing are  recommended for a better fiber distribution and a more reasonable test frequency. 

Preliminary investigation includes a detailed documentation process (produced by the 

manufacturer) which should occur before the fiber reinforced concrete is manufactured, aiming 
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to ensure that the fibers are homogeneously distributed in the load and that ball formation is 

avoided. This process applies regardless of whether the fibers are added in a concrete mixer 

truck or in a central concrete mixer plant and should describe i.a. the way that fibers should be 

mixed and the suitable mixing time. Fiber parameters should also be included in the 

documentation (type, shape, length); their influence can be vital to fulfill homogeneity 

requirements in the concrete mix. Preliminary investigation includes also tests that should be 

carried out from the manufacturer for the purpose of verifying that the procedure for fiber -

addition and -mixing in concrete yields a homogeneous fiber distribution. The tests should 

fulfill the criteria given in SS-EN 206, Section B.5. If any of the aforementioned fiber 

parameters is changed, a new preliminary investigation should be performed.  

Continuous control of fiber distribution includes tests that should be conducted in accordance 

with Table 21 in SS-EN 206 if fibers are added to the concrete mixer truck and the acceptance 

criteria shall be according to B.5 in SS-EN 206. The requirement for test frequency according 

to this Table is the same as for compressive strength. A more reasonable frequency for 

continuous control should be at least once a month for every fiber reinforced concrete 

production; if the tests fulfill the criteria, then the test frequency should be lower. In case of 

non-satisfactory results, the test frequency should be returned to monthly. 

 

6.2. Suggestions for further research 
 

Concluding this thesis, there are some topics to recommend for further investigation based on 

the presented findings: 

The study was conducted by samples taken from real insitu deliveries and, thus, some factors 

that might affect the final outcome could not be studied. It may be useful to implement a full-

scale test taking into consideration all the possible factors that may affect the fiber distribution 

in ready-mix concrete, such as studying the mixing procedures (i.e. duration of mixing, drum 

speeds), the time lapse between the addition and discharge of the fibers and the delivery vehicle 

(i.e. how the truck mixer looks from the inside, its agitating equipment). 

The 8-liter extracted samples do not fully represent the real steel fiber content in a load, a fact 

that could be further studied. A continuous monitoring system in the truck’s chute could provide 

much more reliable results. A constant data recording during the unloading process can 

contribute to minimize the test frequency as well as to save time for documentation.  
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Appendix A 
 

Figures A.1 and A.2 represent the Datasheets of Dramix 3D and 4D steel fibers, respectively. 

 

Figure A.1   Datasheet of Dramix 3D 65/35BG Steel fibers 
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Figure A.2   Datasheet of Dramix 4D 65/35BG Steel fibers 



 

75 

 

Appendix B 
 

Analytical results from the tests performed in this thesis 

 

Tables B.1, B.2 and B.3 represent the analytical results from all three testing methods from 

samples extracted for the purpose of this thesis. 

Table B.1   Results from Method 1: Adding fibers in the central concrete mixer plant 

Date Delivery note Vehicle number Load volume Fiber type 

19/06/05 187778 1761 6m3 3D 

 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content (kg/m³) 

Start 445 55,63 53,8 60 

Middle 420 52,50 
  

End 425 53,13 

 
Minimum requirement/sample (kg/m³) 

Minimum average 

requirement (kg/m³)   

48 51 

 

Date Delivery note Vehicle number Load volume Fiber type 

19/06/05 187786 1719 6m3 3D 

 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content 

(kg/m³) 

Start 437 54,63 57,8 60 

Middle 462 57,75 
  

End 489 61,13 

 
Minimum requirement/sample (kg/m³) 

Minimum average 

requirement (kg/m³)   

48 51 

 

Date Delivery note Vehicle number Load volume Fiber type 

19/06/17 188198 1210 6m3 3D 

 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content 

(kg/m³) 

Start 376 47,00 49,5 53 

Middle 392 49,00 
  

End 400 52,50 

 
Minimum requirement/sample (kg/m³) 

Minimum average 

requirement (kg/m³)   

42 45 
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Table B.2   Results from Method 2: Adding fibers in the concrete mixer truck after concrete is filled 

Date Delivery note Vehicle number Load volume Fiber type 

19/05/28 34695 1349 6m3 3D 

 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content (kg/m³) 

Start 420 52,50 52,5 55 

Middle 420 52,50 
 

 

End 412 51,50 

 
Minimum requirement/sample (kg/m³) 

Minimum average 

requirement (kg/m³)  
44 47 

 

 

Date Delivery note Vehicle number Load volume Fiber type 

19/02/28 34696 1306 6m3 4D 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content 

(kg/m³) 

Start 460 57,50 49,8 55 

Middle 380 47,50 
 

 

End 355 44,38 

 
Minimum requirement/sample (kg/m³) 

Minimum average 

requirement (kg/m³)  
44 47 

 

 

Date Delivery note Vehicle number Load volume Fiber type 

19/05/28 34697 1301 6m3 4D 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content 

(kg/m³) 

Start 307 38,38 37,9 40 

Middle 300 37,75 
 

 

End 302 37,50 

 
Minimum requirement/sample (kg/m³) 

Minimum average 

requirement (kg/m³)  
32 34 

 

 

Date Delivery note Vehicle number Load volume Fiber type 

19/06/26 402231 1362 6m3 3D 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content 

(kg/m³) 

Start 452 56,50 53,7 57 

Middle 428 53,50 
 

 

End 408 51,00 

 
Minimum requirement/sample (kg/m³) 

Minimum average 

requirement (kg/m³)  

46 48 
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Table B.3   Results from Method 3: Adding fibers in the concrete mixer truck at the same time that 

                   concrete is filled 

Date 
Delivery 

note 
Vehicle number Load volume Fiber type 

19/10/02 189736 1105 6m3 3D 

 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content (kg/m³) 

Start 461 57,63 55,0 55 

Middle 449 56,13 
 

 

End 411 51,38 

 

Minimum requirement/sample 

(kg/m³) 

Minimum average 

requirement (kg/m³)  
44 47 

 

 

Date 
Delivery 

note 
Vehicle number Load volume Fiber type 

19/11/26 191014 1106 6m3 3D 

 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content (kg/m³) 

Start 491 61,38 57,3 55 

Middle 444 55,50 
 

 

End 441 55,13 

 

Minimum requirement/sample 

(kg/m³) 

Minimum average 

requirement (kg/m³)  
44 47 

 

 

Date 
Delivery 

note 
Vehicle number Load volume Fiber type 

19/11/26 191019 1105 6m3 3D 

 

Fiber content from 

8 liters (gr.) 
Fiber amount / sample (kg/m³) 

Average fiber amount 

(kg/m³) 

Ordered fiber 

content (kg/m³) 

Start 504 63,00 57,0 55 

Middle 432 54,00 
 

 

End 431 53,88 

 

Minimum requirement/sample 

(kg/m³) 

Minimum average 

requirement (kg/m³)  
44 47 
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Analytical results from other tests 

 

Tables B.4, B.5 and B.6 represent the analytical results from all three testing methods from 

samples extracted from Betongindustri AB. 
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Appendix C 
 

Questionnaire 

 

Please circle the most suitable answer(s). 

 

Question 1. What method(s) does the company use to produce SFRC? 

A. Adding the fibers in a central concrete mixer plant. 

B. Adding the fibers in the concrete mixer truck after concrete is filled (process conducted in 

the area of the concrete plant). 

C. Adding the fibers in the concrete mixer truck at the same time that concrete is filled. 

D. Other 

If the answer is D, please state what method does the company use to produce SFRC. 

…………………………………………………………………………………………... 

…………………………………………………………………………………………... 

…………………………………………………………………………………………... 

 

 

Question 2. What type/shape of steel fibers does the company use? 

A. Traditional straight 

B. Hooked 

C. Crimped  

D. Coned    

E. Mechanically deformed. 

F. Other 

If the answer is F, please state what type/shape of steel fibers does the company use. 

…………………………………………………………………………………………... 

…………………………………………………………………………………………... 
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Question 3. In which application(s) does the company use SFRC? 

A. Cast-in-place applications (i.e. industrial floors) 

B. Precast applications (i.e. composite floors) 

C. Shotcrete (i.e. tunnels) 

D. Other  

If the answer is D, please state in which application(s) does the company use SFRC. 

…………………………………………………………………………………………... 

…………………………………………………………………………………………... 

 

Question 4. What kind of tests does the company conduct for the purpose of confirmation that 

the fibers are evenly distributed in ready-mixed concrete? 

A. Extracting samples during production (from central concrete mixer plant or concrete mixer 

truck - depending on the method used) 

B. Taking samples after concrete is poured (e.g. by detaching a small part of a tunnel’s surface 

right after shotcrete application was performed) 

C. Other 

If the answer is C, please state what kind of tests does the company conduct. 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

 

Question 5. How often does the company conduct tests in order to verify that the fibers are 

evenly distributed in ready-mixed concrete? 

A: Once per day 

B: Once per week 

C: Once per month 

D. During every concrete delivery  

E. Other 

If the answer is E, please state how often does the company conduct tests. 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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Question 6. Do the results from the company’s testing indicate that fibers are uniformly 

distributed? 

A. Yes 

B. No 

 

Question 7. Does any of the methods mentioned in Question 1 give better results? 

A. Yes 

B. No 

If the answer is Yes, please state which production method introduce the best results. 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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