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      Foreword




      

        




        Concrete is one of the most important building materials of our times. Concrete products and precast elements that are prefabricated on an industrial scale fully utilise the performance potential of concrete whilst offering major benefits with regard to the construction process. The flexible use of prefabricated concrete products results in a continuously increasing diversity with respect to




        




        – fresh concrete mix designs and properties,




        – external geometry and design,




        – surface finishes in terms of colour and design and




        – characteristics of the finished product (quality).




        




        These factors impose corresponding requirements on both the manufacturers of the associated production equipment and its operators, i.e. precast plants.




        




        The main objective is to implement a flexible production system with respect to all four components of the production process, i.e.




        




        – material-related aspects,




        – technological processes,




        – technical equipment and




        – characteristics of the finished product (quality).




        




        These components need to be carefully considered and evaluated to ensure that the concrete products and precast elements are manufactured to the required quality standards.




        




        The relevant literature does not include any comprehensive discussions of these relationships to date.




        




        This book is based not only on the authors’ many years of experience gained in the field of precast technology at the Bauhaus University of Weimar and at the Institut für Fertigteiltechnik und Fertigbau Weimar e. V. (Weimar Institute for Precast Technology and Construction), but also on their close ties to the industry.




        




        The authors’ aim was to select state-of-the-art testing and calculation methods from neighbouring disciplines and apply them to precast technology. This includes, for instance, modelling and simulation of the workability behaviour of mixes, application of the latest advancements in machine dynamics to the design and engineering of production equipment, and the use of state-of-the-art measuring and automation technology for quality control purposes.




        In the English translation, the system of mathematical symbols and designations used in the German version was intentionally retained. The same applies to the metric units of measurement used for physical parameters.




        We thank all those who contributed to the publication of this book, in particular Prof. Dr.-Ing. habil. Dieter Kaysser, Dr.-Ing. Steffen Mothes and Dipl.-Phys. Günter Becker for their active involvement.
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      Introduction




      

        




        Building with state-of-the-art precast reinforced concrete construction evolved into an industrial construction method only over the last 60 years or so. The first attempts to erect buildings using structural elements made of precast reinforced concrete were made at the turn of the 20th century. Examples include the casino in Biarritz (Coignet) in 1891 and prefabricated gatekeepers’ houses (Hennebique, Züblin) in 1896. This trend continued across Europe and in the United States during the first half of the last century, and precast technology saw its actual breakthrough after World War II. The huge demand for housing confronted the construction industry with an enormous amount of building work. During this period, the systems developed by the French (e.g. Camus, Estiot) and Scandinavians (e.g. Larsson, Nielsen) provided the key momentum towards large-panel construction. The increasing lack of skilled workers shifted the emphasis to factory production and resulted in the breakthrough of precast products. In addition to systems for industrialised housing construction, the increase in related education and training programmes led to the full emergence of skeleton construction based on structural framework using columns, beams and wide-span floor slabs. For both industrial and sports facilities construction, standardised product ranges were developed that included precast columns, prestressed double-T beams and purlins or shed roofs.




        




        Parallel to these processes, other concrete products were developed for the associated infrastructural facilities above and below ground.




        




        Prefabrication of precast elements and the virtually countless variety of small concrete products require the use of appropriate production equipment. The German building materials machinery sector made a particularly significant contribution to respond to this need, which is why German equipment manufacturers are global market leaders today. A major factor that had to be taken into account were ongoing developments in the materials field, which have a significant impact on precast technology.




        




        About 25 years ago, concrete was still a conventional ternary mixture comprising cement, water and aggregate. In addition to these three main constituents, it now contains additives (e.g. workability agents or retarders) and additives (e.g. coal fly ash). This trend enabled significant widening of the performance range of concrete. Modern product ranges include high-strength, fibre-reinforced and self-compacting grades.




        




        Further material developments in the precast sector include optimisation of lightweight concrete by adding suitable lightweight aggregates (e.g. expanded clay, shale or glass, pumice, lava, lightweight sand, perlite) or using artificially introduced pores or foams. New areas of application are opening up for high-performance concretes containing fine-grained aggregates and textile reinforcement in combination with new design and placement principles. Chemical additives play a crucial role in making the material more sustainable, enabling more slender elements, and utilising concrete in a specific and economical manner.




        




        The current state of the art also includes reinforcing fibres that are added to enhance the viscosity, strength and crack resistance of concrete, which would otherwise remain brittle. The use of textile mesh reinforcement or various fibres (carbon, glass, basalt, polymers) is fostering the development of new concrete grades with a better performance in terms of their impermeability, structural design and strength, as well as their material and surface qualities.




        




        Strengthening concrete with fibreglass-reinforced plastics has opened up new markets on account of their new material quality parameters (e.g. corrosion resistance, electrical insulation, non-magnetic properties and resistance to chemical attack).




        




        New developments in the concrete and precast industry are driven not only by the rising costs of energy and raw materials, but also by increasingly stringent product quality standards with respect to thermal insulation, durability and resistance of the products to environmental effects and other characteristics that depend on their intended use.




        




        The design options for concrete products will extend their range of application. Such options include various concrete surface finishes that are achieved by washing, fine washing, acid washing, blasting, flame cleaning, grinding and polishing, by applying stonemasonry techniques, by creating coloured surfaces as a result of adding various cements, mineral aggregates and pigments, by painting or by photo-engraving.




        




        This diverse range of design options for the concrete products requires suitable manufacturing processes and equipment.




        




        These aspects are the focus of this book. It has been written for everyone involved in the production of prefabricated concrete products, including:




        




        – manufacturers of production equipment,




        – users and operators of such equipment, i.e. concrete and precast plants,




        – students enrolled in related degree courses and advanced training,




        – researchers and developers of processes and equipment in the field of precast technology.




        




        The current situation is characterised on the one hand by increasingly diverse concrete products, and on the other, by the great degree of variety and numerous control options offered by commercially available equipment.




        




        The aim is to develop a flexible manufacturing process for prefabricated concrete products that conform to a high quality standard. This necessitates clarification of the complex relationships between the various components of the concrete production process, namely:




        




        – material-related aspects,




        – technological processes,




        – technical equipment and




        – characteristics of the finished product (quality).




        




        In many cases, however, these factors are still being dealt with on an empirical basis.




        




        Mastery of these complex processes requires that all parties involved must cooperate as closely as possible. This applies, in particular, to the manufacturers and operators of the production equipment. To achieve this goal, they should have a sound knowledge of the basic underlying principles and interactions.




        




        From their many years of experience gained in close collaboration with industrial partners, the authors concluded that this was exactly where a real gap existed in the literature on precast technology, which is why they decided to write this book.




        




        Chapter 1 outlines the basic principles required to understand the interactions referred to above.




        




        The process for manufacturing concrete products is first described on the basis of the process elements, process layout and process flow. The processing behaviour of concrete is described with particular attention paid to moulding and compaction of the concrete mix. The associated processing parameters are defined.




        




        This chapter also describes the raw materials used to produce the concrete mix whilst also looking at the concrete mix design in greater detail. The evolution from a ternary mixture to the current quinary system is also discussed. The empirical solutions commonly applied in the past will be increasingly replaced by process optimisation and simulation exercises that take account of the properties of the concrete mix, fresh and hardened concrete as well as their testing.




        




        The fundamentals of the products are outlined starting with a clear definition of the concrete products and product groups whose manufacture is described in subsequent chapters. This is followed by a discussion of the requirements for the product properties and a description of the associated testing methods.




        




        In the chapter describing the basic aspects of the equipment, reference is first made to the various types of vibration equipment, which is crucial for the manufacture of concrete products.




        




        The current situation with regard to modelling and simulation of the workability behaviour of mixes is then described. This option to evaluate processing work steps in conjunction with laboratory-, pilot- and industrial-scale testing is becoming increasingly popular. The development of the associated hardware and software will strengthen this trend. The application of these principles is demonstrated in Chapter 2: the processes and equipment required to produce the concrete mix are described for all prefabricated concrete products.




        




        The same applies to the dynamic modelling and simulation of production equipment. Modelling of equipment using




        




        – multi-body systems and




        – the Finite Element Method (FEM)




        




        can be used to investigate motion processes as well as stresses generated by dynamic loading. The application of these simulation methods is then described along with the individual equipment components.




        




        The processes and equipment to manufacture precast concrete products are then discussed for the individual product groups:




        




        – small concrete products,




        – concrete pipes and manholes,




        – precast elements.




        




        The characteristics of the final product are of crucial importance, which is why in-process quality control is becoming increasingly popular. Implementation of a quality control system requires state-of-the-art measuring and automation technology, which is also discussed in this book.




        Also addressed are issues associated with appropriate measures for reducing noise and vibration during the manufacture of precast products.




        


      


    


  




  

    

      1 Basic Principles




      

        




        

          1.1 Process Fundamentals




          




          1.1.1 Production Process




          




          The production process to manufacture concrete products can also be considered a system, just like any other process. The schematic representation shown in Fig. 1.1 indicates the system boundaries of the production process.
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          Fig. 1.1: The production process


          I Input parameters


          O Output parameters


          E External conditions


          A Associated effects




          




          As is the case with any system, the basic characteristics of this production process are its function and structure. The function of the production process is the conversion of certain input parameters (e.g. material, energy or information) into the associated output parameters (e.g. semi-finished and finished products). The structure of the production process serves to fulfil the function and includes a set of elements that are interlinked by particular relationships.




          




          The production process is subject to certain conditions that must be considered during the planning, preparation and execution stages. These are:




          




          – on the input side, conditions that restrict the degree to which the function can be fulfilled; these include environmental factors, available equipment and conditions of supply.




          – on the output side, conditions associated with the fulfilment of the function; these include emissions and by-products generated by the process.




          




          1.1.2 Components Determining the Structure of the Production Process




          




          The process to manufacture concrete products is a complex, dynamic system made up of technical and organisational elements.




          




          Process elements are basic processes or workflows that can no longer be sub-divided from a macro-technological perspective. These process elements are linked by temporal, spatial and quantitative relationships that are determined by the process function.




          




          These relationships govern the process layout and flow with respect to both space and time.




          




          Therefore, the following parameters need to be determined to describe the production process fully:




          




          – process elements




          – process layout




          – process flow




          




          1.1.2.1 Process elements




          Like any other process, the basic operation, as a process element, has both a function and a structure.The function of the basic operation is a fundamental change in the state of the target object towards the final product and aims to achieve a certain intermediate state.




          




          All existing objects can be assigned to one of the following main categories:




          




          material - energy - information




          




          They are modified by basic operations of the various types of change, all of which can be assigned to the following categories:




          




          production - transport - storage




          




          Depending on the relevant type of change, the basic operations are elements that determine the production process and can most generally be described, from a functional point of view, as:




          




          a) production elements




          b) transport elements




          c) storage elements




          




          With regard to the overall production process, the characteristics of its elements also form the basis for its constituents:




          




          1 Manufacturing technology and organisation


          1.1 Production technology and organisation


          1.2 Transport technology and organisation


          1.3 Storage technology and organisation.




          




          2 Manufacturing-related technology and organisation


          2.1 Supply and disposal technology and organisation


          2.2 Maintenance technology and organisation


          2.3 Safety and security technology and organisation


          2.4 Control technology and organisation.




          




          The structure of the basic operations forms part of the technological microstructure (Fig. 1.2).
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          Fig. 1.2: Structure of the basic operation




          




          Structural elements thus include:




          




          – the object of change (Xe, Xa),




          – the technological method (Vt),




          – technical means (Mt),




          – human workforce ([image: Image]).




          




          In the basic operation, a human being uses a technical means to affect the object of change directly or indirectly, thus modifying it with a certain aim or purpose. The technological method governs the basic way in which this proceeds. Technological methods thus represent the approach usually applied in practice to implement scientific effects and to thus modify the object in accordance with the intended purpose. The technological method is not an object itself, it is inherent to the technical means that fulfils its function within the technological process.




          




          The technical means represents a technical object that can be considered a system, i.e. a technical entity (technical equipment). The function of the technical means is to implement one or several technological methods within the technological process.




          




          In accordance with this function, it is useful to classify these means analogously to the functional relationships between the basic operations (i.e. according to the type of change):




          




          – production means




          – transport means




          – storage means




          




          Furthermore, the technical means may also be categorised according to the object of change:




          




          – material-related means




          – energy-related means




          – information-related means




          




          The set of material-related means comprises all technical means that serve to change the state of materials in the most general sense. These include all pieces of equipment (such as machines, apparatus, devices and systems) that are used to manufacture products from the materials.




          




          Energy-related means comprises all technical means that convert or transform energy, such as drive motors, steam generators, transformers or energy distribution systems.
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          Fig. 1.3: Technological line (plant) to manufacture concrete products


          1 Pallet buffer


          2 Block machine


          3 Elevator


          4 Transfer car with top finger car


          5 High-bay rack/curing chamber


          6 Lowerator


          7 Quality control


          8 Re-arranging and stacking unit


          9 Strapping system


          10 Cleaning, turning and stacking of pallets


          11 Storage of products ready for dispatch


          12 Transport equipment


          13 Mix processing and feed




          




          Information-related means comprise all technical means that serve to process information. These include, for instance, IT systems, signalling installations, measuring equipment as well as weighing and batching units.




          




          The coupled set of technical means used in the production process represents the production line, which is an overall entity (technological line) and is also a prerequisite to carry out the production process (Fig. 1.3). The technical means are thus at the very heart of the various processes.




          




          1.1.2.2 Relationships between process elements




          Within the technological process, certain relationships exist between the process elements that are determined in space and time. As a result, the set of relationships between the process elements represents the spatial and temporal organisation of the technological process, i.e. the process layout and flow. Both sides of the structure are governed by the following underlying conditions that must be met by an appropriately designed structure:




          




          1 Fulfilment of the function


          1.1 Ensuring both quality and quantity of products


          1.2 Implementing the required functional sequence




          




          2 Process efficiency


          2.1 High reliability


          2.2 Lowest possible outlay for process installation and implementation




          




          3 People-driven nature of the process


          3.1 Best possible working conditions


          3.2 Lowest possible emissions.




          




          Process layout and flow comprise the set of arrangements and couplings between process elements.




          




          These arrangements determine the position of process elements in space and time.




          




          The spatial arrangement is thus defined by the allocation of the process elements to the required functional sequence and the associated flow of materials, as well as by the options that exist with respect to the set-up and positioning of the technical means. The arrangement within the production space depends on the functional and geometrical/structural characteristics of the technical means, on the requirements for their assembly, operation and maintenance, and on the characteristics of the production space.




          




          The temporal arrangement of the process elements is determined by the required functional sequence and by factors associated with the output parameters and work scheduling.




          




          Couplings are the links that permit transfer of the object of change (material, energy, information) between process elements.




          




          The overall set of couplings comprises:




          




          – spatial-geometric couplings




          – temporal couplings and




          – quantitative couplings.




          




          Certain compatibility conditions must be met in order to fulfil the coupling function. To achieve compatibility, the output variables of the preceding operation must correspond to the input variables of the subsequent operation with respect to space, time and quantity. If this condition is not met, the operations cannot be coupled. In such a case, either a modification of the elements to be coupled or the integration of additional elements is required.




          




          In this model, a spatial coupling refers to a spatial-geometrical relationship between process elements. This requires geometrical compatibility at the spatial points where objects of change are transferred. For this purpose, the three-dimensional coordinates of the boundaries of the process elements (the technical means) are aligned with each other in such a way that the objects of change can be transferred. A spatial coupling must fulfil the following conditions:




          




          – transfer of the object of change must be ensured




          – mobile technical means must have enough space to manoeuvre




          – sufficient space must be provided for assembly, repair and maintenance.




          




          This leads to specific coupling distances (Fig. 1.4).
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          Fig. 1.4: Spatial coupling of process elements: concrete mix spreader above the pallet
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          Fig. 1.5: Serial process: pallet circulation




          




          A temporal coupling refers to the alignment of process times of the various process elements. Two process categories can be distinguished with respect to their temporal characteristics:




          




          – serial processes




          – parallel processes




          




          Serial processes require that a process element must have been completed before the following element can commence. In this case, the time gap amounts to t1, 2 ≥ 0 (Fig. 1.5).




          




          Parallel processes require that all parallel processes involved must have been completed at the lateral nodes so that they can be merged into a common process. In this model, the co-determinative processes must be adjusted to the determinative process (Fig. 1.6).




          




          The following factors are relevant to quantitative couplings:




          




          – The majority of process elements that are coupled to create a production process provide varying capacities, which results in different mass flows.




          – With respect to their capacities, technical means of a single type are mainly composed of discrete increments.




          – The required mass flows can be achieved either by a large-capacity process element or by several process elements whereby each of these elements provides a lower capacity.




          – Process elements that include various types of flow (i.e. continuous vs. discontinuous) may have to be coupled within a single production process.
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          Fig. 1.6: Parallel processes: block machine and sub-processes




          




          The following compatibility condition applies to the quantitative coupling of two consecutive process elements:
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          Technical or organisational adjustments need to be made if the mass flow lines diverge (M1 > M2) or converge. (M1 < M2)




          




          Options for technical adjustments are:




          




          – modification of factors that determine the capacity of the process elements to be coupled by changing the material quantity or the production or conveying speed,




          – integration of additional intermediate or parallel elements. Process elements to be integrated as intermediate elements mainly include storage elements that are introduced for compensation purposes and which put a certain number of objects of change on hold for a defined period (Fig. 1.7).




          




          A parallel arrangement is required if there are process elements with varying flow increments. In this case, a single, larger-flow element is coupled to several elements with smaller flows in such a way that an alignment is achieved.
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          Fig. 1.7: Insertion of storage elements: storage system for baseboards




          




          1.1.2.3 Process layout and flow




          The process layout determines the spatial structure.




          




          The spatial structure refers to the three-dimensional arrangement and coupling of the process elements. It represents the spatial organisation of the technological process and thus of the production line as the entity that comprises all technical means [1.1]. Its configuration can be varied according to the following types of spatial organisation:




          




          – basic types of arrangement




          – types of motion




          




          a) Basic types of arrangement




          Basic types of arrangement are distinguished according to the process- or product-driven nature of the spatial arrangement.
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          Fig. 1.8: Process-driven arrangement
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          Fig. 1.9: Product-driven arrangement
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          Fig. 1.10: Stationary production




          




          Process-driven arrangement (process principle):




          Technical means that implement identical processes are grouped together in a spatial arrangement and treat various types of objects of change (Fig. 1.8).




          




          Product-driven arrangement (product principle):




          Technical means that implement different processes are grouped together in a spatial arrangement according to the work sequence required for a certain type of object of change (Fig. 1.9).




          




          b) Types of motion




          Types of motion can be distinguished according to the state of motion between objects of change and technical means:




          




          Stationary production




          The objects of change (OC) remain at the same manufacturing station during the determinative basic operations. The technical means (Mt) are mobile. They are moved towards the object of change, where they act on it, and are then moved to the next manufacturing station (Fig. 1.10).




          




          The principle of stationary production is used by a number of different systems, of which the following are of particular relevance to the production of wall and structural framework elements:




          




          – single-mould systems




          – battery mould systems




          – continuous moulding systems




          – extrusion systems




          – prestressing line systems




          




          [image: Image]




          Fig. 1.11 shows a battery mould.




          




          Sequential production




          The objects of change (OC) move from one manufacturing station to the next. The technical means Mt are stationary (Fig. 1.12).




          




          One or more work steps are carried out at each of the stations (manufacturing units), which is why these work steps run parallel to each other [1.2]. Fig. 1.13 shows a typical example of the carousel manufacturing principle: a pallet circulation system. Block machines used to manufacture concrete products are another example of this manufacturing principle.
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          Fig. 1.12: Sequential production
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          Fig. 1.13: Pallet circulation system




          




          1.1.3 Processes for the Industrial Manufacturing of Concrete Products




          




          Concrete products include durable goods made of concrete, reinforced concrete and prestressed concrete [1.3].




          




          Finished concrete is made in the following stages:




          concrete mix => fresh concrete => hardened concrete.
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          Fig. 1.14: Production steps




          




          In accordance with these stages, concrete products are manufactured in the following sequence (Fig. 1.14):




          




          – production of the concrete mix




          – fabrication of the reinforcement




          – production of moulds and formwork




          – production of concrete elements




          – finishing and completion (partly integrated in element production)




          – storage of precast elements and products
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          Fig. 1.15: Sub-processes in the manufacture of concrete products




          




          In this workflow, the production of concrete elements is the main process to shape and manufacture the concrete products. Fig. 1.15 shows the work steps that are required for this purpose.




          




          The steps of mix production as well as fabrication of reinforcements, moulds and formwork may be allocated to one or several element production processes. They may also be located outside the boundaries of the factory; however, this would increase outlay for organisation and transportation.




          




          1.1.4 Processing Behaviour of Concrete




          




          1.1.4.1 Classification of processing behaviour




          The manufacture of concrete products requires a number of changes in the state of the material to achieve a defined manufactured state at each of these stages. During these changes in the state or condition, which are brought about by the intentional action of the technical means, the respective object (i.e. concrete constituents or concrete at each of its stages) exhibits a certain behaviour. In other words, this constitutes the reaction of the material to the action of the technical means. The processing behaviour is thus process-driven. In accordance with the main classes defined for the types of change, main processing behaviour classes can also be established (Table 1.1).




          




          Table 1.1: Processing behaviour classes
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          1.1.4.2 Compaction behaviour of the concrete mix




          Just like finished concrete, the initial concrete mix is a very versatile material. With respect to its mechanical properties, it takes an intermediate status between a bulk material and a suspension. These mechanical characteristics undergo substantial changes during the compaction process, which thus alters the compaction behaviour.




          




          Compaction is closely related to the moulding behaviour of the concrete mix to produce the concrete product. Moulding and compaction serve to transform the concrete mix into a quasi-solid geometric body of fresh concrete [1.4]. This process creates an artificial stone that has a low initial strength, the so-called green strength.




          




          The aim of the moulding process is to produce an accurately shaped concrete product. The concrete mix is poured into the mould so that it completely fills all the corners and edges. The placement behaviour of the concrete is crucial to achieve this goal and depends on the flow properties of the concrete mix.




          




          For most types of concrete mixes used to manufacture concrete products, natural compaction effects are also utilised to support the placement process. Highly flowable mixes, such as self-compacting concretes (SCCs), show a very good pouring behaviour because any remaining pores are removed by the gravity effect and the motion of the mix during the placement process. As these concretes are already self-compacted, additional compaction is neither necessary nor possible.




          




          Compaction serves to largely eliminate the external porosity of the concrete mix. The reduction in the void volume should lead to higher densities and thus improve the strength and dimensional stability.




          




          Fresh concrete may thus be considered dense if it is largely free of pores.




          




          Concrete can be considered strong if an almost homogeneous body held together by adhesive and cohesive forces was created due to the high packing density of the concrete constituents.




          




          Concrete can be considered dimensionally stable if no significant dimensional changes occur under ambient conditions in both the loaded and the unloaded states.




          




          a) Moulding and compaction methods




          Concrete can be compacted by a number of different methods (Fig. 1.16).




          




          Despite numerous attempts to find alternative methods, vibration – alone or in combination with other processes – continues to be the most popular method for moulding and compacting concrete mixes in order to manufacture both concrete products and precast elements [1.5].




          




          Moulding and compaction aims to:




          




          – match the process and equipment parameters to the respective concrete mix and to implement these parameters in the compaction equipment,




          – uniformly transfer the required compaction energy into the concrete mix from all points or areas of introduction,




          – ensure, by the selection of the appropriate vibration parameters, that the compaction energy in the concrete mix is transferred in such a way that the concrete or precast product has a uniform density throughout.
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          Fig. 1.16: Compaction methods




          




          The type of action on the concrete mix is a crucial factor that determines the moulding and compaction behaviour. As shown in Fig. 1.17, the various actions can be grouped according to:




          




          – the point of action




          – the function of the vibration action




          – the intensity of the action




          – type, location and number of simultaneous actions




          – the phase position of the exciter functions in relation to each other in the case of several simultaneous actions




          




          With respect to the location of the action, and thus its direction, a fundamental distinction can be made between horizontal, vertical and three-dimensional actions.




          




          As regards the function of the vibration action, harmonic and anharmonic modes of excitation can be distinguished. Both directional (counter-acting) and non-directional (circular) exciters can be used to introduce vibration into the concrete. Anharmonic exciter functions can be sub-divided further into periodic and pulsed actions. For instance, a periodic exciter function can be a multi-frequency action that consists of several harmonic components. Pulsed excitation, also known as shock vibration, is generated by shock-like processes. This triggers the inherent oscillation of all system elements capable of vibration, i.e. an entire frequency spectrum.
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          Fig. 1.17: Actions on the concrete mix




          




          Parameters that characterise the intensity of the action on the concrete mix are discussed in Section 1.1.5.2.




          




          The type of exciter function, the mode of action and number of exciters and, in particular, their phase position in relation to each other have a major influence on the moulding and compaction behaviour of the concrete mix. For example, a phase coincidence of the harmonic vibration components of the vibrating table and tamper head would hardly achieve a good compaction effect.




          




          The crucial factor is the generation of a dynamic pressure gradient between the layers of the mix that enables relative motion of these layers and mutual rotation of the mineral aggregate particles. These requirements must be met by state-of-the-art processes. When producing large-scale precast elements, for example, the low-frequency action on the fresh concrete is complemented by a higher-frequency vertical excitation. In such a set-up, the frequency of the required vibrators is usually controlled via frequency converters.




          




          When producing concrete products from stiff mixes, modern processes often combine vibration with pressing, as in block machines (through the tamper head) or in concrete pipe machines (through a suitable arrangement of packer heads with several level counter-acting rollers).




          




          A special type of action on the concrete mix is created by the use of internal vibrators (Fig. 1.17; excitation force F4), where horizontal, non-directional vibration is introduced when the vibrator comes into direct contact with the mix.




          




          b) The moulding and compaction process




          The actual compaction process, from start to finish, can be considered a dynamic process with a gradual transition from one rheological state to the next [1.7]. This concept is illustrated in Fig. 1.18, which is based on investigations carried out by Afanasiev [1.6]. In this model, the entire compaction process is divided into three phases that are described in more detail in [1.7] and [1.8], for example. Each of these three phases represents a compaction stage where, according to [1.6], its rheological state is characterised by the dry friction model, the Bingham model and the Kelvin-Voigt model.




          




          Both duration and delimitation of the individual phases, as well as the associated rheological body models, depend on the type of material mix to be compacted. It can thus be concluded that each concrete mix requires specific process and equipment parameters for the individual phases of its compaction in order to come as close as possible to an ideal compaction state in the shortest possible time [1.8].
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          I-III Rheological state of the mixes and ther models




          Fh horizontal excitation




          Fv vertical excitation




          




          Fig. 1.18: Rheological compactibility curves and corresponding actions on the concrete mix




          




          1.1.4.3 Fundamentals of vibration




          a) Kinematics of vibration




          The change in a physical parameter over the time period x(t) is termed vibration if the variable x remains finite within the interval considered and if it proceeds from decrease to increase (or vice versa) at least once, i.e. if x(t) does not show monotonic behaviour.




          




          All pieces of equipment and machinery, as well as buildings and their structural components, may be transformed into substitute vibration systems, which means that the actual system (i.e. the framework or structure) is replaced with a vibration model that can be described mathematically for the purpose of describing the vibration behaviour. This model is characterised by the following parameters:




          




          – masses or mass moments of inertia,




          – resiliences (springs),




          – energy-absorbing elements (dampers, friction pairing).




          




          If an elastically supported mass is deflected from its equilibrium and left undisturbed afterwards, this will result in free oscillation about the (originally stable) equilibrium due to the spring-restoring forces. If damping in the system is neglected, the amplitudes move periodically between two constant extremes. In the simplest case, the amplitudes are pure sine or cosine functions of time (Fig. 1.19). Depending on the specific problem, the variable introduced to characterise the oscillation process represents a path or one of its time derivatives (velocity, acceleration), an angle, a force, a torque, etc. Of the many possible oscillation processes, which will be referred to in more detail subsequently, the harmonic oscillation modes (Fig. 1.19) are most significant because any periodic process can be derived from them by means of a Fourier expansion. Moreover, harmonic functions are applied to many oscillation calculations.




          




          The harmonic oscillation shown in Fig. 1.19 is thus described by a sine function:
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          Fig. 1.19: Harmonic oscillation




          




          The time required for a full oscillation is termed a periodic cycle or period of oscillation T:
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          Thus the number of oscillations per second, or frequency of oscillation, is calculated as follows:
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          Both the angular and oscillation frequencies are expressed as s-1. To distinguish between the two, Hz is used as a unit for the frequency of oscillation:




          




          1 Hz = 1 oscillation per second.




          




          A comparison of the angular frequency, or angular velocity, with the speed n expressed in min-1 gives:
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          or




          




          [image: Image]




          




          On the basis of Fig. 1.19, the main free oscillation parameters are again summarised in Table 1.2.




          




          Table 1.2: Parameters of a harmonic oscillation
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          The behaviour over time can be used to make further distinctions beyond purely harmonic oscillation:




          




          – periodic oscillation (Fig. 1.20a) and




          – non-periodic oscillation (Fig. 1.20b).




          




          A periodic oscillation exists if the complete cycle is repeated after a certain period (i.e. the period of oscillation T):
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          In all other cases, a non-periodic oscillation should be assumed. Non-periodic oscillation is often superimposed by shock-like processes and plays a major role in processes and equipment in the precast concrete industry.




          




          For instance, the so-called beat vibration is a common phenomenon seen particularly in vibratory compaction systems (Fig. 1.21). Such a pattern is generated whenever two oscillation cycles with similar frequencies overlap and add up.




          




          b) Forced oscillation




          Forced oscillation occurs when a system is constantly excited to trigger vibration, such as the vibrating table of a concrete block machine. Vibration systems are often very complex, which is why a series of assumptions and simplifications needs to be applied in order to be able to carry out the associated calculations. This also means that the theoretical results thus obtained must generally be supported by laboratory, pilot and industrial testing.
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          a) periodic vibration
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          b) non periodic vibration




          




          Fig. 1.20: Classification of vibration according to behaviour over time
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          Fig. 1.21: Beat vibration




          




          It is useful to assume a discrete structure for the initial basic tests: the masses that are assumed to be rigid are connected to each other by zero-mass elastic elements and damping components. The computation model generally includes the following elements:




          




          mass stores kinetic energy




          spring stores potential energy




          damper dissipates energy




          exciter supplies energy from an external source




          




          Nonetheless, the underlying vibration principles to be used for the design of coupled vibration units can be represented by very simple substitute vibration systems. For this reason, a single-mass system (Fig. 1.22) is assumed in the initial step. The characteristic parameters for this vibration model thus include:




          




          – total mass m




          – total spring constant c




          – damping coefficient k
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          Fig. 1.22: Substitute vibration system




          z coordinate of displacement




          m total mass of all vibrating parts




          c total spring constant of the elastic support




          k damping coefficient




          F excitation force




          




          The resulting excitation force is expressed as
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          If centrifugal excitation force is assumed (Fig. 1.23), it has the following amplitude:
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          [image: Image]




          




          d’Alembert’s inertial force is determined by Equation (1.11):
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          For the substitute vibration system, this results in the equilibrium of forces shown in Fig. 1.22.




          




          The motion behaviour of the mass can thus be expressed by the following equation of motion:
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          The following steps look exclusively at the stationary (i.e. steady) state. Taking account of Equations (1.9) and (1.10) and introducing the angular eigenfrequency,
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          Fig. 1.23: Generation of excitation force by rotary unbalance




          




          and the calibration ratio,
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          gives the following for the stationary solution:
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          where D = damping




          




          For the assessment of concrete product compaction, for instance, it is initially sufficient to consider the amplitude of movement [image: Image] of the mass m, which means that the phase shift φ between the excitation force and the motion is not considered at this stage. Application of Equation (1.15) to Equations (1.10), (1.13) and (1.14) gives:
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          where V1 is the magnification factor for the motion of the mass m.




          




          In addition to the motion of the mass m, another parameter required to set up the equipment is the dynamic force FB transferred to the place of installation, which results from Fig. 1.22 as follows:
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          This gives the amplitude of the force acting on the floor as follows:
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          where V2 is the magnification factor for the force FB acting on the floor.




          




          Both the equipment oscillation and the force acting on the point of installation are thus determined dynamically using the magnification factors V1 and V2. Fig. 1.24 shows each of these factors as a function of the calibration ratio η.




          




          The following paragraphs discuss Equations (1.16) and (1.18).




          




          As mentioned above, damping may be neglected for the purpose of outlining underlying principles and relationships. For Equation (1.16), this gives:
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          Fig. 1.24: Magnification factors V1 and V2


          V1 magnification factor for the motion of the mass m




          




          V2 magnification factor for the force FB acting on the floor




          




          and for the amplitude of displacement:
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          Equation (1.20) can be used to calculate the amplitude of vibration acceleration â. This parameter serves to determine characteristic values for the evaluation of vibration systems and to compare them with recommended values.
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          Equation (1.21) thus also provides the parameters required to achieve specified motion characteristics.




          




          The following two options exist to achieve certain amplitudes of movement [image: Image] and â because the total mass m is usually defined by the equipment design, and the angular excitation frequency Ω results from the specific processing parameters:




          




          – selection of a corresponding excitation force F by varying the unbalance mass mu and the unbalance radius ru using Equation (1.10), or




          – selection of a suitable calibration ratio η.




          




          Because the selection of η << 1 (i.e. a sub-critical mode of operation, or a system calibrated to high frequencies) results in V1 values that are too low, the only remaining option is to operate the system in the supercritical range at η >> 1 (i.e. a system calibrated to low frequencies). A range from 3 to 5 is usually specified for the calibration ratio η In this case, we can assume that V1 ≈ 1, as can be concluded from Equation (1.16) and Fig. 1.24.




          




          Equation (1.20) then results in the centre-of-mass theorem:
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          Taking account of Equation (1.10), Equation (1.21) can be used to derive
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          Although the relevant literature mostly cites this equation without further comment, it only applies when η >> 1 and D = 0.




          




          Operation at η > 3 is also favourable with regard to the dynamic forces FB that act on the place of installation in accordance with Fig. 1.22 and Equation (1.18). However, the strong damping effect in this area must be taken into account. Given that
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          the damping force FD and thus the dynamic force FB increase with the rising angular excitation frequency Ω or the increase in η in accordance with Equation (1.17). This means that low damping levels should be achieved in order to maintain low forces FB acting on the environment in the supercritical range.




          




          1.1.5 Process Parameters




          




          There is a very large number of production process parameters. This set of parameters depends on the objects, on the type of the specific production process and on the purpose of its use. For this reason, the following section concentrates on some of the key parameters.




          




          1.1.5.1 Parameters determining the process macrostructure




          Spatial parameters
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          Temporal parameters




          




          – mould cycle time tu




          – handling time of the consolidation unit tuv




          – cycle time ti




          




          Quantity parameters




          




          – produced quantity




          




          [image: Image]




          




          Total quantity of products resulting from the manufacturing process with the subsets Mi of product types i




          




          – production output
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          – number of moulds




          number of moulds in the production process




          




          – number of bays




          o number of bays in the moulding process




          o number of bays in the consolidation process




          




          1.1.5.2 Parameters determining the process microstructure




          These include parameters for vibratory compaction and consolidation. The following section deals with the parameters for vibratory compaction.




          




          a) Parameters for vibratory compaction of the concrete mix




          Measurable parameters that enable correlations with the specified fresh and hardened concrete properties are required to assess the vibrational pattern during vibratory compaction. These parameters have been defined on the basis of harmonic oscillation. A closer look at them reveals that they always include the motion parameters, in particular acceleration values, and the frequencies of the individual oscillations. They thus constitute primary parameters.




          




          The following vibratory compaction parameters are commonly applied today:




          




          1. Frequency of oscillation




          o excitation frequency f




          o angular excitation frequency Ω = 2·π·f




          




          2. Motion parameters




          o vibration displacement z


          amplitude of vibration displacement [image: Image]




          o vibration velocity v


          amplitude of vibration velocity [image: Image]




          o vibration acceleration a


          amplitude of vibration acceleration â,


          often expressed as the relative acceleration
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          where g: gravitational acceleration




          




          3. Compaction time tv




          




          4. Compaction intensity
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          5. Overall compaction
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          A certain compaction intensity Iv can be achieved by various combinations of frequencies and amplitudes of displacement. By the same token, a desired overall compaction Wv can be achieved by totalling the various combinations of intensities and compaction times. Modern methods use this approach to take account of the individual compaction phases. Today, many types of vibration equipment enable the use of this method because they provide options to control frequencies and to continuously adjust the excitation force, for instance, by forced synchronisation of the phase positions of several vibrators using an electronic system.




          




          Relevant rules and standards usually specify frequency-dependent acceleration values. For example, DIN 4235 Part 3:1978-12 [1.9], which governs the moulding and compaction of precast elements subjected to in-mould curing, gives standard values of the acceleration amplitude on the mould surface (area of contact with the concrete) as a function of the excitation frequency (Table 1.3).




          




          Table 1.3: Standard acceleration values in accordance with DIN 4235
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          These parameters do not apply, however, to block and pipe machines that process zero-slump concrete mixes and include a demoulding step while the concrete is still fresh.




          




          Problems arise with standard values if pulsed excitation (shock vibration) is used. Related parameters and standard values have not yet been defined.




          




          The vibration-induced motion behaviour within the concrete mix must be considered when selecting appropriate excitation frequencies. Chapter 1.4 outlines the two basic approaches applied in this regard, i.e. the phenomenological and corpuscular models.




          




          Additional parameters are required to control the compaction process as well as the resulting design and engineering of the compaction equipment to be used. The parameters that determine the moulding and compaction of precast products are grouped into classes.




          




          b) Parameter classes




          The parameter classes for vibratory compaction are shown in Figs. 1.24, 1.25 and 1.26. The classes referred to in these figures form a causal chain.




          




          Equipment parameters include masses, stiffnesses, damping coefficients and forces. These vibration system parameters determine the motion behaviour of the working masses, which is characterised by variables such as acceleration amplitudes, types of motion or phase positions of the moving pipe core and jacket.




          




          The motions of the working masses define the parameters for the actions on the concrete. In the concrete mix, the actions on its edge determine the physical parameters that act as internal compaction parameters to trigger compaction of the entire mix.
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          Fig. 1.25: Parameter classes in precast element production
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          Fig. 1.26: Parameter classes in block production
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          Fig. 1.27: Parameter classes in pipe production




          




          Internal compaction parameters




          Internal compaction parameters are thus physical parameters that cause compaction of a concrete unit. This unit is located within the mix. Only the physical parameters that occur on the element edges are relevant to the compaction of the precast unit. These parameters result from external forces and their subsequent transmission within the concrete. For instance, internal compaction parameters can be used to explain differences in compaction within a single structural element.




          




          Action parameters




          Action parameters are physical parameters that act on the surface zone of the concrete mix, i.e. at the interfaces between the concrete and the equipment. In the case of pipe machines, these include the interfaces between the core and the concrete, between the jacket and the concrete or between the top and bottom ring and the concrete. Action parameters include motion and stress values analogous to the internal compaction parameters. Just like these, they must be considered as a function of time. This approach results in additional variables, such as energy input and output.




          




          Motion parameters of working masses




          Working masses are the parts and components of the vibration equipment that actually vibrate. In pipe machines, these usually include the core, the jacket and the top and bottom ring. In block machines, the working masses include the table, board, mould and tamper head. The motions of the working masses are described by their magnitude, progress over time and inherent frequency.




          




          Equipment parameters




          Equipment parameters include all parameters that influence the motion behaviour of the working masses, such as masses, stiffnesses, damping coefficients, bracing and exciter forces and impact intervals. This category also includes the properties of the concrete mix that are relevant to the motion of the working masses because the concrete mix is also a component of the vibration system.




          




          




          

            1.2 Fundamentals of Materials




            




            1.2.1 Raw Materials for the Production of the Concrete Mix




            




            Concrete is the most frequently used construction material and can be considered an artificial stone. In its basic design, it consists of the main constituents cement, aggregate and water. State-of-the-art concrete grades are quinary systems that also include additives and admixtures. These ingredients ensure compliance with specific requirements such as concrete workability and the characteristics of the hardened concrete.




            




            1.2.1.1 Cement




            Cement is a hydraulic binder. It hardens after mixing with water, both when exposed to air and underwater.




            




            Cement is produced by sintering finely ground raw materials (limestone, clay, silica sand, marl, iron ore) and milling the resulting Portland cement clinker. It is essentially composed of the four clinker phases:




            




            – tricalcium silicate (alite) C3S




            – dicalcium silicate (belite) C2S




            – tricalcium aluminate C3A




            – calcium aluminate ferrite C4AF




            




            Regional standards specify the composition of the cement. DIN EN 197-1:2004-08 [1.10] applies to Europe. DIN 1045-2:2008-08 [1.17] specifies the areas of application for standard cement used for the production of concrete. Table 1.4 provides an overview of the cement grades covered by DIN EN 197-1.




            




            In addition, DIN 1164 specifies cements with special characteristics. These are:




            




            – highly sulphate-resistant cements (HS cements in accordance with


            DIN 1164-10:2004-08) [1.11],




            – cements with a low effective alkali content (NA cements in accordance with


            DIN 1164-10:2004-08),




            – cements with a low heat of hydration (NW cements in accordance with


            DIN 1164-10:2004-08),




            – quick-set cements (FE and SE cements in accordance with DIN 1164-11: 2003-11) [1.12],




            – cements with an increased ratio of organic constituents (HO cements in accordance with DIN 1164-12:2005-06) [1.13].




            




            Table 1.4: Cement grades and their composition in accordance with DIN EN 197-1: 2004-08 [1.10]
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            Table 1.5: Cement strength classes in accordance with DIN EN 197-1:2004-08 [1.10]
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            The standardised cement designation must always include the cement grade, the referenced standard, the abbreviated designation of the cement grade, the strength class (as shown in Table 1.5) and, if applicable, any special characteristics, e.g. Portland cement DIN 1164 CEM I 42,5 R-HS.




            




            Other important properties of the cement include its setting behaviour, volume stability, heat of hydration, colour, density and bulk density, and particle fineness.




            




            1.2.1.2 Aggregates




            The term aggregate is used to refer to a granular material to be used in the construction industry. Aggregates can be distinguished with respect to their origin, bulk density and particle size (see Table 1.6).




            




            Table 1.6: Classification of aggregates
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            Aggregates are also categorised according to their particle size ranges (or product sizes). Size ranges are stated according to defined sets of basic screens or sets of basic and supplementary screens.




            




            Other limit values are applied to aggregates in the following categories:




            




            – particle composition (particle size distribution indicated by undersizes)




            – threshold deviations from the typical particle composition




            – fines ratio




            – freeze-thaw resistance




            – magnesium sulphate resistance




            – ratio of lightweight organic contaminations




            – flakiness index




            – particle shape index




            – acid-soluble sulphate content




            – mussel shell content in coarse aggregates




            




            (See e.g. Table 1.7.) DIN EN 12620:2008-07 [1.14] applies.




            




            DIN EN 13055-1:2002-08 [1.15] defines special requirements for lightweight aggregates, whereas DIN 4226-100:2002-02 [1.16] includes requirements for recycled aggregates.




            




            Specific concrete technology parameters are defined in addition to the general aggregate specifications. These parameters include a defined grading curve (Fig. 1.28) but also the so-called fineness modulus or grading coefficient (k value) and cumulative fraction that has passed through a particular mesh (D total), as well as the water demand.




            




            




            Table 1.7: Classification of freeze-thaw resistance in accordance with DIN EN 12620:2008-07 [1.14]
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            1) In extreme situations, the test specified in DIN EN 1367-1:1999, Annex B, may be carried out using a saline solution or urea.


            However, the threshold values stated in this table do not apply to such cases.
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            Fig. 1.28: Fuller curve and standard grading curves as specifi ed in DIN 1045:2008-08 [1.17]




            




            1.2.1.3 Concrete admixtures




            Concrete admixtures are finely dispersed materials that are used in concrete to achieve or improve certain characteristics. DIN EN 206-1:2001-07 [1.18] distinguishes two types of inorganic admixtures:




            




            Type I: practically inert admixtures, such as rock powders in accordance


            with DIN EN 12620:2008-07 [1.14] or pigments in accordance with


            DIN EN 12878:2006-05 [1.19]




            Type II: pozzolanic or latent hydraulic admixtures, such as trass (see Table 1.8)


            according to DIN 51043:1979-08 [1.20], fly ash (Table 1.9) according to


            DIN EN 450-1: 2008-05 [1.21] or silica fume (Table 1.9) according to


            DIN EN 13263-1:2009-07 [1.22]




            




            Table 1.8: Technical parameters of trass and limestone powder
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            1) DIN 1045-2: 2008-08 only permits ignition loss category A (≤ 5.0 M.-%)




            




            Table 1.9: Technical parameters of fly ash and silica fume
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            1) DIN 1045-2:2008-08 only permits ignition loss category A (≤ 5.0 M.-%)




            2) Cl- ratios in excess of 0.10 M.-% must be declared; in the case of Cl- ratios greater than 0.20 M.-%, compliance with


            DIN 1045-2:2008-08, Table 1.9, is required for concrete with prestressing steel




            3) Reference values from experience gained to date




            




            Further admixtures include plastic dispersions and fibres (Table 1.10 and Table 1.11).




            




            Table 1.10: Classification and characteristics of steel fibres in accordance with DIN EN 14889-1:2006-11 [1.23]
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            Table 1.11: Classification and characteristics of polymer fibres in accordance with DIN EN 14889-2:2006-11 [1.24]
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            1.2.1.4 Concrete additives




            Concrete additives are powders or liquids that are added to the concrete in small quantities during the mixing process. They modify the chemical and physical properties of the fresh and/or hardened concrete. During the past few years in particular, many novel, more advanced additives have been launched. Without them, it would have been impossible to develop easily compactable concrete (ECC) and self-compacting concrete (SCC), but also high-performance and ultra-high performance concrete (UHPC). Table 1.12 lists the range of possible concrete additives.




            




            Table 1.12: Types of concrete additives classified according to their mechanism of action
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            1.2.1.5 Mixing water




            According to DIN EN 1008:2002-10 [1.25], the following types of mixing water are suitable for concrete:




            




            – drinking water




            – groundwater




            – natural surface water




            – industrial water




            – residual water from recycling plants in concrete production




            – seawater or brackish water (only for non-reinforced concrete)




            




            The mixing water must be tested for suitability, except in the case of drinking water.




            During the mixing water tests, not only the preliminary testing requirements (Table 1.13) but also chemical specifications (Table 1.14) and defined setting time and compressive strength parameters (Table 1.15) must be adhered to.




            




            Table 1.13: Requirements for the preliminary testing of mixing water
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            Table 1.14: Chemical specifications for mixing water
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            Table 1.15: Setting time and compressive strength requirements for the testing of mixing water
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            1.2.2 Concrete Mix Design and Composition




            




            a) Basics




            According to generally accepted terminology, concrete is termed fresh as long as it is still workable and compactable. Since the authors of this book are focussing on processes occurring during placement and compaction of concrete mixes for the production of premium concrete products, the following additional definitions are introduced:




            




            The term “concrete mix” refers to the mix from the time of mixing to its placement in the mould or formwork. The term fresh concrete refers exclusively to fully compacted concrete.




            




            As described in Section 1.2.1, concrete has evolved from a ternary to a quinary system. Thus the options to vary the characteristics of the concrete mix and the properties of fresh and hardened concrete are virtually unlimited.




            




            DIN EN 206-1:2001-07 [1.18] states that the concrete composition and raw materials must be chosen so as to fulfil the requirements defined for concrete works with respect to both the concrete mix and the fresh and hardened concrete whilst taking account of the production process and selected execution method. These requirements include workability, bulk density, strength, durability and protection of the embedded steel against corrosion.




            




            b) Calculation of the material volume




            Compressive strength and bulk density are the characteristics that determine the classification of the individual concrete grades. They are also the key parameters that influence the design of the concrete, and are determined using a material volume calculation.




            




            This method forms the basis for the mix design and is used to calculate the composition of the fresh concrete volume. One cubic metre of compacted fresh concrete is taken as the reference. The volume of raw materials is used in the calculation, whereas the moisture of the aggregates is not taken into account. The following equation is used for the calculation; it expresses the functional relationship between the volumes and masses of the multi-component system:
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            where:




            z cement content [kg/m³]




            f additives content (e.g. fly ash, silica fume, rock powder) [kg/m³]




            w water content [kg/m³]




            g aggregate content [kg/m³]




            p pore volume [dm³/m³]




            ρz density of cement [kg/dm³]




            ρf density of additives [kg/dm³]




            ρw density of water [kg/dm³]




            ρg bulk density of aggregates [kg/dm³]




            




            The starting point for a mix design is the target compressive strength of the concrete product. The compressive strength of concrete is influenced by the water/cement ratio and the standard compressive strength of the cement. The relationship between these two factors is given by so-called Walz curves. These curves indicate the water/cement ratio required to achieve a specific compressive strength for a given standard compressive strength of the cement used in the mix. The influence of the standard compressive strength of the cement becomes less significant in high-strength concretes. The target compressive strength should be selected so as to ensure that the specified minimum and/or maximum values of the relevant performance characteristics are adhered to with a sufficient degree of certainty.




            




            The next step of the calculation determines the required amount of water, which depends on:




            




            – particle composition (grading curve)




            – maximum particle size (the coarser the aggregate mix and the larger the maximum particle size, the lower the water demand)




            – particle shape and surface




            – powder ratio




            – concrete additives and admixtures used




            – specified workability.




            




            The aggregate grading curve can be used to determine the cumulative fraction D (total of all sizes passing through the screen) and the grading coefficient k (total of the percentage residues on a set of screens with the sizes 0.25 - 0.5 - 1 - 2 - 4 - 8 - 16 - 31.5 - 63 mm, divided by 100). Both parameters are necessary to subsequently calculate the water demand of the mineral aggregate whilst considering the specified workability class. Reference [1.28] specifies standard values for the water demand of the concrete mix as a function of the particle composition and concrete workability.




            




            In the third step, the quantity of cement required for the ternary system is calculated using:
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            For the quinary system, we use
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            where:




            z cement content [kg/m³]




            w water content [kg/m³]




            ω water/cement ratio [-]




            ωeq equivalent water/cement ratio [-]




            f fly ash content [kg/m³]




            s silica fume content [kg/m³]




            kf efficiency factor for fly ash




            ks efficiency factor for silica fume




            




            If concrete additives and admixtures are added, account must be taken of the permissible maximum quantities (i.e. quantities that may be considered for the purpose of the calculation). The following maximum quantities may be considered for fly ash and silica fume:
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            The maximum quantities are determined by the powder content. When adding liquid admixtures, the water ratio must be considered in the material volume calculation if the admixture ratio is greater than 3.0 l/m³.




            




            In the last step, the material volume calculation is used to determine the required amount of aggregates. The individual proportions can be quantified by applying the rule of mixture and the grading coefficients of the individual aggregate sizes. This forms the basis for calculating the required bulk density of the fresh concrete.




            




            At this stage, the mix design may still be inappropriate owing to variance in the water demand of the individual aggregates and can be evaluated only after initial testing.




            




            c) Concrete mix design according to prior specification




            DIN EN 206-1:2001-07 [1.18] and DIN 1045-2:2008-08 [1.17] state that the author of the specification determines the requirements for the concrete to be designed. These requirements include not only its strength and workability class, but also the exposure classes, terms of use and details of the maximum aggregate size and the type of use. A distinction is made between:




            




            – standard concrete




            – concrete determined by composition




            – concrete determined by characteristics




            




            Standard concrete is a standardised, low-strength concrete (up to C16/20) with additional specifications (X0, XC1, XC2). No additives or admixtures may be used. The specified minimum cement quantities must be adhered to. Only natural aggregates may be used. No tests of the concrete mix, fresh and hardened concrete are required during placement on the construction site.




            




            Concrete grades determined by their composition may extend to all strength and exposure classes. The author of the specifications (i.e. the client or specifier) determines the composition of the concrete and is thus responsible for ensuring that the specified concrete fulfils all strength and durability requirements. He/she is also responsible for initial testing. The producer must verify compliance of the mix with the relevant standard. Concrete determined by composition should only be used in special buildings or structures after it has been subjected to comprehensive concrete engineering tests.




            




            Concrete determined by characteristics may also extend to all strength and exposure classes. The concrete producer is responsible for initial testing and thus also specifies the necessary characteristics and additional requirements whilst also verify-ing conformity. The major share of the concrete placed in Germany falls under this category.




            




            During its life cycle, concrete is subjected to varying ambient conditions. These ambient and corrosion conditions comprise physical, chemical and mechanical impacts. They act on the concrete and its reinforcement and cannot be captured by design loads. These influences were classified and grouped into so-called exposure classes in DIN EN 206-1:2001-07 [1.18] and DIN 1045-2:2008-08 [1.17]. The following exposure classes exist:




            




            – X0 no risk of corrosion and attack




            – XC reinforcement corrosion triggered by carbonation




            – XD reinforcement corrosion triggered by chlorides (except seawater)




            – XS reinforcement corrosion triggered by chlorides in seawater




            – XF concrete corrosion caused by frost attack with or without de-icing agent




            – XA concrete corrosion by chemical attack




            – XM concrete erosion by wear and tear




            




            For the purpose of concrete design, these exposure classes are supported by defined limit values, which include, in particular, the maximum water/cement ratio, minimum cement quantities, air void ratios and compressive strength parameters.




            




            In addition, the concrete design must consider the anticipated environmental conditions by assigning moisture classes to the concrete in order to take preventative measures against any damage that may be caused by alkali-silica reactions. DIN 1045-2:2008-08 [1.17] specifies four moisture classes.




            




            The water/cement ratio is determined using the maximum permissible water/cement ratios defined in the exposure classes as well as the Walz curve value derived from the target compressive strength and the standard compressive strength of the cement. The concrete design must always be based on the lower of these two values.




            




            The further procedure is identical to that described in Section 1.2.2 – the material volumes are calculated. The minimum cement contents stated for the exposure classes must also be considered when determining the required amount of cement.




            




            The durability of the concrete for the intended use under the prevailing local conditions is deemed verified if both concrete composition and compressive strength class comply with the specifications. The following preconditions apply:




            




            – the appropriate exposure and moisture classes have been selected




            – the concrete has been poured and compacted in accordance with applicable rules and standards




            – the minimum concrete cover has been adhered to




            – appropriate maintenance measures have been taken.




            




            




            1.2.3 Concrete Properties




            




            1.2.3.1 Properties of the concrete mix/fresh concrete




            a) Consistency and workability




            The sub-processes of mixing, transport, moulding and compaction determine the key requirements for the concrete mix and fresh concrete.




            




            Workability is not defined in physical terms and cannot be measured directly. This notion includes both the rheological properties (i.e. viscosity, yield limit, internal friction) and the behaviour of the concrete mix during mixing, transport, moulding and compaction. Good workability is assumed if the concrete shows good cohesion and no segregation phenomena, and is fully compactable. Workability must be tailored to the specific application [1.29].




            




            As a quantitative measure describing the workability and working time of the concrete, consistency is considered an important characteristic of the concrete mix to ensure trouble-free transport, spreading and compaction of the mix and to achieve a good surface finish. The main factors that determine the consistency of the concrete mix are its rheological properties and the volume of the cement paste, as well as the type and particle composition of the aggregate. In practice, this adjustment is initially made by defining the water/cement ratio, which expresses the mass ratio between the effective water content and the cement content in relation to one cubic metre of compacted fresh concrete [1.30].




            




            However, the water/cement ratio alone is not sufficient to determine the consistency and workability of the concrete mix with reasonable certainty. The addition of water increases not only the water/cement ratio, but also the amount of cement paste, which has an additional influence on the consistency of the mix.




            




            Key factors that influence the consistency include:




            




            – water content




            – cement content




            – amount of cement paste




            – water demand of the concrete raw materials




            




            




            Table 1.16: Consistency ranges and classes in accordance with DIN 1045-2:2008-08 [1.17]
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            The consistency of modern quinary systems is also influenced by the additives and admixtures added to the concrete. The relationships between water/cement ratio, cement compressive strength and concrete compressive strength may vary significantly as a result of adding these constituents [1.30]. Additives and admixtures have a major effect on the workability characteristics of the concrete.




            




            DIN EN 206-1:2001-07 [1.18] specifies several consistency ranges, which are summarised in Table 1.16. The tests most commonly carried out in Germany include slump tests and, for stiffer concretes, compacting factor tests as specified in DIN 1045-2:2008-08 [1.17]. The two resulting consistency classes cannot be directly related to each other.




            




            The compacting factor is not suitable for very stiff, low-slump concretes. Such mixes have a low water/cement ratio and a very low cement paste content. They are thus considerably less compactable than standard concretes, which is why an increased amount of compaction energy must be used (preferably by imposing a load from above). This also applies to testing the consistency of the concrete mix, which is indispensable for efficient optimisation of the amounts of materials to be used.




            




            Another option is the Proctor test. The Proctor density, determined in accordance with DIN 18127:1997-11 [1.37], is a soil mechanics parameter that is used to evaluate soil samples. This test involves impact compaction and can also be used to determine the optimal amount of water to be added to low-slump concrete mixes (Fig. 1.29). The diagram in Fig. 1.29 illustrates the influence of the amount of water added on the Proctor density whilst also clearly showing the effect of additives contained in the mix.
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            Fig. 1.29: Dependence of Proctor density on the water content of the fresh concrete
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            Fig. 1.30: Test equipment to determine the workability characteristics of very stiff concrete mixes




            (left: Proctor device according to DIN 18127,




            centre: “vibratory press compaction” set-up according to [1.41],




            right: electrodynamic TIRAvib vibration test rig at IFF Weimar e. V.)




            




            Low-slump concrete mixes are moulded by combined vibration and pressing – these two types of action ensure appropriate compaction of the mix. Hydraulically operated tamper systems generate the required loading pressure. By modification of the Proctor method and inclusion of vibratory compaction, the testing conditions were gradually adjusted to come as close as possible to those occurring during the manufacture of concrete products.




            




            Comprehensive tests are described in [1.42]. The modified Proctor test developed in this publication is based on DIN 18127:1997-11 [1.37]. The bulk density of the fresh concrete is derived from the mass of the poured concrete mix and the volume measured after compaction.




            




            The TIRAvib vibration test rig at IFF Weimar e. V. (Fig. 1.30, right) is a multi-purpose test set-up that permits evaluation of the workability characteristics of plastic to bulk material systems. Specimens to be tested can be subjected to excitation by selected waveforms, frequencies and accelerations. This rig implements all types of vertical and horizontal vibration (harmonic or pulsed vibration or a combination of the two) with or without a tamper head. The vibration test rig is used to evaluate the effect of excitation on a material system and to determine the vibration parameters (frequency, acceleration amplitude, compaction time) required to achieve the specified concrete properties. This system is also used to determine the bulk density of the fresh concrete as a function of the applied compaction energy.




            




            b) Fresh concrete bulk density and air void ratio




            When fresh concrete is compacted, the enclosed air bubbles escape, and the concrete aggregates achieve a higher packing density and are bound by the cement paste. The specified strength is reached, and the process results in a certain bulk density of the fresh concrete.




            




            The bulk density of fresh concrete is defined as the quotient of the mass and the volume of the compacted fresh concrete. During concrete design, the theoretical bulk density of the fresh concrete can be calculated from the bulk densities of the raw materials for a given air void ratio.




            




            The air void ratio indicates the degree of compaction. The void space in the fresh concrete is the residual space that remains after compaction. These air voids generally result from the compaction process because the loose concrete mix was not compacted fully during its placement and moulding. It is virtually impossible to eliminate all voids in the mix. Full compaction is difficult to achieve and usually requires prolonged and thus uneconomical vibration, which could cause unwanted segregation. Depending on the consistency of the mix, the ratio of air voids in the fresh concrete may be less than 2 vol.-%. This value increases with the stiffness of the mix (in general, the following values are found: class F2 – 2 vol.-%; C1 – 2.5 vol.-%; C0 – 3 vol.-%; i.e. between 20 and 30 l per m3 of fresh concrete). The properties of such a concrete deteriorate only to a minor extent compared to a fully compacted concrete.




            




            The air void ratio can also be modified by introducing artificial air voids. Concrete mixed with air-entraining agents or microspheres is called air-entrained concrete.




            




            These constituents are added to create additional expansion space for water as it freezes. Artificially introduced air voids interrupt the largely continuous capillary pore system and reduce the amount of liquids absorbed by the concrete. The air voids are spherical and have diameters from 10 to 300 µm. They must be separated by a certain distance. Concretes containing these spheres have a greater resistance to frost and freeze-thaw cycles. On the other hand, the resulting voids adversely affect the compressive strength of the concrete, which is reduced by 1.5 to 2 N/mm2 for each percent of added air [1.32].




            




            c) Green strength




            The concrete has a certain resistance to loading or deformation immediately after its placement and demoulding owing to the water film adhering to the solid constituents of the fresh concrete. This resistance is termed “green strength”. At this stage, the cement hydration process has only just begun, if at all, which means that there is no chemical binding yet. The green strength depends on the strength parameters of the fresh concrete (green compressive strength) and on the shape and size of the items produced. It is mainly determined by the water and cement contents, the particle size distribution, the shape of the aggregates and the amount of compaction energy applied.




            




            The concrete has virtually no green compressive strength at high water ratios, which make fresh concrete plastic or soft. If the water ratio is reduced further, the concrete becomes stiffer and its green compressive strength increases. This strength reaches a maximum level at a particular water ratio, which depends on the degree of compaction. As the water ratio is reduced even further, the green strength then continues to decrease because the concrete becomes so stiff and hard to compact that it is no longer possible to create a coherent microstructure (Fig. 1.31).




            




            A high cement ratio also has a favourable effect on the green compressive strength. As mentioned initially, however, this effect is not due to the increase in strength caused by the cement but to the change in the compactibility of the mix. In addition, finer cements lead to a minor increase in green compressive strength if all other conditions remain unchanged. The same applies to other ultrafine materials.




            




            Another highly influential factor is the amount of compaction energy introduced: higher compaction energies allow processing of stiffer concrete mixes. As the degree of compaction increases, the maximum strength not only shifts to lower water ratios, it also increases at the same time.




            




            The use of crushed, sharp-edged aggregates (chippings) instead of naturally rounded aggregates (gravel) leads to a more effective interlocking of the aggregates, thus increasing the green compressive strength. Aggregate mixes with low fines ratios and large maximum particle diameters also have a positive effect on the green compressive strength. In contrast, increasing the fine sand ratio above a certain proportion requires the addition of larger amounts of water and reduces the green compressive strength. For this reason, favourable grading curves combine the highest possible packing density of the available aggregates with a continuous particle size distribution.
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            Fig. 1.31: Green compressive strength as a function of the water content and compaction time (Wierig [1.31])
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            Fig. 1.32: Test specimen after measurement of its green compressive strength




            




            As described above, the green compressive strength depends on a large number of factors. Values between 0.1 N/mm2 and 0.5 N/mm2 can be achieved with stiff mixes.




            




            1.2.3.2 Testing of the concrete mix/fresh concrete




            There are a number of methods for testing the consistency that are more or less suitable for practical application. DIN 1045-2:2008-08 [1.17] specifies that the consistency of the concrete mix is to be determined either by the slump test in accordance with DIN EN 12350-5:2000-06 [1.35] or by the compaction test referred to in DIN EN 12350-4:2000-06 [1.34].




            




            The slump test is suitable for the characterisation of concretes with a soft-to-flowable consistency. DIN EN 12350-5:2000-06 [1.35] specifies the procedure to be followed. Reference [1.33] also includes a description. This test simulates the reshaping of a portion of the concrete mix poured into a truncated cone to produce a concrete cake by means of a defined shock impact. The slump is the diameter of the concrete cake measured after 15 shocks (Fig. 1.33). The concrete must also be checked for segregation. The test must be repeated at defined intervals after mixing of the concrete in order to determine its working time.
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            Fig. 1.33: Slump test in accordance with DIN EN 12350-5:2000-06 [1.35]
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            Fig. 1.34: Compaction test in accordance with DIN EN 12350-4:2000-06




            




            The compaction test is used for plastic-to-stiff concrete mixes. DIN EN 12350-4:2000-06 [1.34], [1.33] specifies the procedure. In this test, a concrete mix is loosely poured into a container and then compacted. The change in height and volume is measured.




            




            The air void ratio of compacted fresh concrete is determined with an air void test vessel using the pressure gauge method (Fig 1.35). DIN EN 12350-7:2000-11 [1.36] describes the procedure.




            




            The concrete mix is placed in the vessel layer by layer and then compacted. Care must be taken to ensure that the concrete volume placed in the test vessel is exactly the same as the vessel volume. Removal of excess material should be avoided. After closing the upper part, water is pressed into the vessel. The pressure is then increased using the integrated air pump. The test key is then pressed and the pressure gauge will eventually display a stable value. Reference [1.33] also includes a description. The pressure gauge method is not suitable for bulk concrete mixes.
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            Fig. 1.35: Determination of the air void content of fresh concrete




            




            The bulk density of the fresh concrete is usually determined in the air void test vessel after completion of the compaction process. It is also possible to measure this parameter when producing specimens for compressive strength testing. The mass of the concrete contained in the mould can be determined with a maximum deviation of 0.1% using the difference between the weights of the filled and empty mould. The volume of the test vessel is either known or must be determined by calibration. The bulk density is then calculated by dividing the concrete mass by the vessel volume, and is given with a maximum deviation of 10 kg/m3.




            




            




            1.2.3.3 Properties of hardened concrete




            a) Concrete strength




            The specifications for the hardened concrete are based on the mechanical loads and restraints as well as the chemical and physical loads applied to the structural concrete component.




            




            The properties of the hardened concrete are essentially determined by the composition of the cement paste matrix. Key factors that influence this composition are the cement strength class, the water/cement ratio and the degree of hydration. The characteristics of the aggregate packing and the bond between the matrix and the aggregate are also of significance in this regard.




            




            The strength of the concrete is a measure of the resistance of the concrete block to mechanical loads that cause deformation or separation. As the most important design parameter, it is determined in load-deformation tests carried out on concrete specimens. The following strength categories are used to characterise concrete:




            




            – compressive strength




            – axial tensile strength




            – tensile bending strength




            – tensile splitting strength




            – adhesive tensile strength




            




            The 28-day compressive strength is the key parameter for evaluating the concrete strength. Another important parameter in some applications is the early strength achieved after a few hours or days, e.g. the demoulding strength at the precast plant. The same applies to age hardening if a certain strength is required at a later concrete age. The 28-day compressive strength is also the basis for the definition of concrete strength classes contained in DIN EN 206-1:2001-07 [1.18] and DIN 1045-2:2008-08 [1.17].




            




            The most significant factors that influence the development of the compressive strength are the paste matrix, the aggregate and the contact zone between the matrix and the aggregate.




            




            The contribution of the aggregates to the concrete strength is determined by the selected grading curve as well as the particle strength, shape and surface. In the case of cement, these factors include the cement grade, strength class and quantity added.




            




            Whereas the compressive strength of cement is determined by the clinker phase and milling fineness of the cements used in the mix, the water/cement ratio defines the void spaces that form within the paste. The w/c ratio influences the capillary volume and thus the strength and impermeability of the paste, which has an effect on the durability of the hardened concrete. A water/cement ratio of at least 0.4 is necessary to trigger complete hydration. Of this 40 M.-% water (relative to the cement content), 25 M.-% is bound chemically in the hydration products. The remaining 15 M.-% is bound physically in the gel pores. Any excess water still present after these reactions leads to capillary pores that reduce the concrete strength and transport liquids and gases. For this reason, DIN EN 206-1:2001-07 [1.18] and DIN 1045-2:2008-08 [1.17] introduce limits for the maximum water/cement ratios in the individual exposure classes. Concretes with low w/c ratios develop their strength more quickly, which is why they have a higher strength after 28 days.




            




            The axial tensile strength refers to the mean tensile stress that an axially tensioned specimen is able to resist. DIN 1045-1:2008-08 [1.46] specifies that this parameter may be derived approximately from the splitting tensile strength (applying a factor of 0.9). The axial tensile strength amounts to only 5 to 10% of concrete compressive strength and cannot be used as a material parameter to describe the strength of the concrete.




            




            Fluctuations in the concrete aggregates, types of loading and shape of the specimen have a more significant influence on the measured tensile strength than on the compressive strength.




            




            Of all the relevant parameters, the axial tensile strength comes closest to the actual tensile strength of the concrete. However, its measurement requires a sophisticated set-up and is thus carried out very rarely. Instead, tensile bending and splitting strengths are determined in tests.




            




            The adhesive tensile strength is used as a parameter to characterise the adhesion of layers, such as renders, screeds, coatings or paints, to the concrete surface. This type of strength is determined in an adhesive tensile test whose technical set-up and procedure do not differ from those used for tensile strength testing on concrete surfaces. In contrast to the adhesive tensile test, the surface tensile strength test determines cohesion in the concrete surface zone [1.43]. Reference [1.45] describes the testing method as part of concrete repairs. DIN EN 13813:2003-01 [1.44] specifies testing methods for screed mortars and screeds, whereas DIN EN 1015-12:2000-06 [1.38] governs tests for masonry mortars.




            




            b) Deformation behaviour




            In this category, a distinction must be made between load-induced deformation and deformation that occurs independently of any applied load.




            




            Types of deformation that occur irrespective of any loading include deformation caused by temperature fluctuations as well as shrinkage and swelling. In the case of restrained components, in particular, these phenomena must not be neglected because they increase the risk of cracking.




            




            Shrinkage processes lead to a decrease in the volume of the cement paste or concrete/mortar. The following types of shrinkage occur in the cement paste:




            




            – plastic shrinkage (early shrinkage) is a decrease in volume that occurs prior to the onset of hardening. It is caused by drying triggered by exposure of the concrete to wind, sunlight, high temperatures and/or low humidity. This type of shrinkage is caused by dehydration as a result of capillary forces and is characterised by cracks that run perpendicular to the surface.




            – contraction is the sum of chemical and autogenous shrinkage; the former is caused by hydration processes and the associated binding of water; the latter results from a decrease in volume due to internal withdrawal of free water as hydration progresses.




            – drying shrinkage occurs due to the loss (evaporation) of excess water that is not bound chemically or physically; this process depends on the ambient conditions and occurs in hardened concrete.




            – carbonation shrinkage is the reaction of atmospheric carbon dioxide with the calcium hydroxide in the cement paste; this process is irreversible and may result in a reticular pattern of surface cracks [1.28].




            




            Permanent storage in a moist environment prevents significant shrinkage under practical conditions. Swelling processes are triggered if water is incorporated into the paste structure [1.28]. In addition, temperature-induced expansion may occur depending on the coefficients of thermal expansion of the aggregate and cement paste, the temperature difference and the moisture content of the concrete.




            




            Changes in volume that occur due to plastic deformation under load are referred to as “creep”. Creep depends on the magnitude and period of loading, the ambient conditions, the water/cement ratio, the cement content, the type of aggregate used and the degree of concrete hardening at the time of loading.




            




            Load-induced elastic deformation is reversed when the load is no longer applied. The main factors that influence elastic deformation are the type of aggregate, concrete strength, water/cement ratio, storage conditions and age. Elastic deformation is the quotient of strain and the modulus of elasticity of the concrete. The modulus of elasticity is a material parameter that describes the correlation between strain and expansion during the deformation of a solid, assuming linearly elastic behaviour. The greater the resistance to deformation that the material exhibits, the higher its modulus of elasticity, and the higher the modulus of elasticity, the lower the degree of deformation of the test specimen under load.




            




            Any longitudinal deformation is associated with a transverse deformation in the opposite direction. For instance, compressive stresses acting on the specimen result in transverse strain. The ratio of transverse to longitudinal strain is termed “coefficient of transverse strain” (or Poisson’s ratio).




            




            c) Durability




            Durability refers to retention of the performance characteristics over the intended ser-


            vice life under the loads and stresses provided for in the design whilst also considering cost efficiency (low maintenance costs).




            




            From a material science point of view, this concept refers to the resistance of the building material to environmental impact. Apart from strength, [1.32] specifies a number of direct durability indicators, which are summarised in Table 1.17.




            




            A high durability can be achieved if all relevant rules and standards are adhered to, and if the following conditions are fulfilled:




            




            – verification of the specified concrete compressive strength




            – selection of aggregates with an appropriately adjusted gradation and high packing density




            




            Table 1.17: Durability indicators [1.32]
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            – use of concrete additives and admixtures, such as concrete workability agents (CWA), plasticisers (P), air-entraining agents (AEA), fly ash




            – implementation of an optimised mixing and compaction process




            – sufficient post-treatment [1.32]




            




            DIN EN 206-1:2001-07 [1.18] and DIN 1045-2:2008-08 [1.17] specify the following criteria for durable external structural components:




            




            – concrete compressive strength




            – maximum permissible water/cement ratios




            – minimum cement quantities




            – minimum concrete covers




            – maximum permissible void space




            – maximum permissible crack widths




            – use of air-entraining agents with a minimum air content in the fresh concrete




            




            These criteria must be defined in relation to the relevant exposure class.




            




            To produce a durable concrete, it is crucial to achieve a dense packing by means of a low water/cement ratio and to ensure optimal compaction and a sufficiently long post-treatment period.




            




            The durability of the concrete for the intended use under the prevailing local conditions is deemed verified if the concrete complies with these specifications. It is assumed that




            




            – the appropriate exposure and moisture classes have been selected




            – the concrete has been poured and compacted in accordance with applicable rules and standards




            – the minimum concrete cover has been adhered to




            – appropriate maintenance measures have been taken




            




            1.2.3.4 Testing of hardened concrete




            Testing of hardened concrete requires the preparation of appropriate specimens, which is regulated by DIN EN 12390-2:2009-08 [1.82]. The National Annex to this standard describes the storage conditions for compressive strength and tests of the modulus of elasticity in Germany. Dry storage must be used in accordance with the following steps:




            




            – the prepared specimens must be stored for 24 ± 2 hours at 20 ± 2 °C and protected against drying




            – demoulding after 24 ± 2 hours




            – demoulded specimens must be stored for 6 days at 20 ± 2 °C on grates in a water bath or on a grid in a humidity chamber at > 95% relative humidity




            – from the age of 7 days to the test date, the specimens must be stored at 20 ± 2 °C and 65 ± 5% relative humidity.




            




            Cylinders, cubes or core samples are used for compressive strength testing in accor-dance with DIN EN 12390-3: 2009-07 [1.83]. Compressive strength is the quotient of the maximum load at failure and the area of the sample cross-section. It is stated in N/mm2. The compressive strength after storage in water (reference storage) is used to assign a strength class to the concrete as specified in DIN EN 206-1:2001-07 [1.18]/DIN 1045:2008-08 [1.17]. Whereas dry storage was applied to the test specimens in accordance with the National Annex to DIN EN 12390-2:2009-08 [1.82], the strength determined in the test must be stated with respect to the reference storage parameters.




            




            Bar-shaped specimens with a square cross-section are used for tensile bending tests, which are regulated by DIN EN 12390-5:2009-07 [1.85]. These tests involve either a two-point loading or axial loading arrangement. The test specimen is bent to failure.
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            Fig. 1.36: Examples of compressive strength and tensile bending strength testing




            




            The quotient of the ultimate moment and the section modulus is calculated. The tensile bending strength is stated in N/mm2. The selected testing method must always be stated because the tensile bending strengths achieved are usually 13% higher if axial loads are applied.




            




            Concrete cylinders are used to determine the splitting tensile strength in accordance with DIN EN 12390-6:2001-02 [1.86]. The concrete cylinder is loaded to failure between two linear contact points on opposing surfaces. The splitting tensile strength is derived from the ultimate load and the dimensions of the test specimen and is stated in N/mm2.




            




            According to DIN EN 13813:2003-01 [1.44], the adhesive tensile strength is determined by pulling off a test disc that has been adhesively bonded to the coating of the test specimen under defined conditions (measuring area, temperature, pull-off velocity etc.) using a pull-off testing rig. The test disc is pulled perpendicular to the concrete surface at a slow and constant rate until it breaks off (failure). In addition to the measured value, the description of where failure occurred (where the item broke off) is another key criterion. The measured adhesive tensile pull-off strength can never be greater than the inherent strengths of the individual components. In a bond consisting of several components, the weakest link is always the determining factor (Fig. 1.37).




            




            Several standards specify the testing methods used to determine the static and dynamic moduli of elasticity, and thus to characterise the deformation behaviour of concrete.




            




            The static modulus of elasticity is measured in a compression tester in accordance with DIN 1048-5:1991-06 [1.40]. For this purpose, a test cylinder with flat and parallel end surfaces is marked with measuring distances on symmetrical surface lines. Changes in these distances are then measured under load and again after unloading. Hardened concrete prisms and core samples are mainly used for this type of test. Test specimens with an approximate length ratio of 1:3 are required because the initial points of the measuring distances must be located at a certain minimum distance from the end surfaces.
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            Fig. 1.37: Specimen after the adhesive tensile test and a pull-off tester
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            Fig. 1.38: Test rig to measure the resonance frequency
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            Fig. 1.39: Test rig to measure flexural vibration




            




            The dynamic modulus of elasticity is determined in a non-destructive test. It is calculated from the bulk density and the velocity at which a mechanical momentum propagates through a specimen (ultrasonic velocity) in accordance with DIN EN 12504-4:2004-12 [1.47]. This method is particularly suitable for determining this modulus quickly and easily with specimens whose properties are expected to change over time and thus need to be identified.




            




            The first resonance frequency is measured by longitudinal excitation of a bar-shaped specimen and is also determined for transverse excitation. Longitudinal excitation (Fig. 1.38) yields the longitudinal wave velocity as an intermediate result – a material parameter that is required to calculate the modulus of elasticity. In the transverse excitation mode (Fig. 1.39), the bar is excited laterally to perform flexural vibration. The dynamic modulus of elasticity is then calculated from the first flexural resonance frequency. Transverse vibration can be applied if the material is fine-grained, dense and solid. The velocity at which this vibration propagates through the specimen is used to calculate the dynamic shear modulus (G).




            




            Table 1.17 lists the parameters that are used to verify durability, which can be determined using the test methods described below.




            




            The verification of the water penetration depth, specified in DIN EN 12390-8:2009-07 [1.39], is a method to test the impermeability of the hardened concrete. This involves applying water to the surface of the test specimen at a certain pressure (500 kPa). After this compressive action, the specimen is split in order to measure the greatest penetration depth, which is stated with an accuracy of 1 mm. Specimens must be at least 28 days old when the test commences (Fig. 1.40).




            




            The frost and freeze-thaw resistance of hardened concrete is determined in accor-dance with DIN CEN/TS 12390-9:2006-08 [1.49]. This standard contains a reference test method and two alternative procedures used to determine the degree of surface scaling.
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            Fig. 1.40: Test of water penetration depth




            




            Reference test method (slab test): measurement of the frost resistance involves exposing prism-shaped specimens (slab dimensions: 150 mm x 150 mm x 50 mm) to demineralised water. To determine their freeze-thaw resistance, the slabs are exposed to a 3% sodium chloride solution. Each freeze-thaw cycle lasts 24 hours. The mass of the scaled material is determined and stated in kg/m2.




            




            Alternative testing method (cube test): cube-shaped specimens (side length: 100 mm) are fully immersed in demineralised water to determine their frost resistance and in a 3% sodium chloride solution to determine their freeze-thaw resistance. The specimens are exposed to 7, 14, 28, 42, and 56 freeze-thaw cycles; each of these cycles lasts 24 hours. The material that has scaled off the entire surface of the specimen is collected, its mass measured and the loss of mass calculated as a percentage. The determining parameter is the loss of mass after 56 freeze-thaw cycles.




            




            Alternative testing method (CF/CDF test): prism-shaped specimens (slab dimensions: 150 mm x 150 mm x 70 mm) are immersed in demineralised water (CF test) or in a 3% sodium chloride solution (CDF test) in such a way that the test surface is located at the bottom. The specimens are then subjected to 14, 28, 42 and 56 freeze-thaw cycles in the CF test and to 4, 6, 14 and 28 cycles in the CDF test. Each freeze-thaw cycle lasts 12 hours. The mass of the material that has scaled off the test surface is determined and stated in kg/m2. The determining parameter is the total value after 56 (CF test) or 28 (CDF test) freeze-thaw cycles.




            




            The carbonation depth is determined on the basis of [1.48] for fresh fracture surfaces of the concrete to be tested. For this purpose, an indicator solution consisting of phenolphthalein is sprayed onto these surfaces. Non-carbonated areas appear in red whereas the carbonated area remains unchanged. The carbonation depth refers to the maximum distance (stated in mm) between the coloured zone and the external surface of the concrete (Fig. 1.41).




            




            Concrete is damaged by the alkali-silica reaction if the volume increases triggered by the reaction lead to stresses that exceed the tensile strength of the concrete. In such a case, cracking and spalling occur. [1.32] deals with this topic in detail. Various test methods are used around the world to assess the sensitivity of mineral aggregates to alkali-silica reactions. In Germany, the Alkali-Richtlinie (Alkali Guideline) [1.50] describes the procedure to be followed for the assessment of aggregates.
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            Fig. 1.41: Measurement of the carbonation depth in concrete samples




            




            This guideline states that the aggregate should first be subjected to an initial petrographic evaluation and then to initial testing, if required. On the basis of the test result, the aggregate is allocated to one of the alkali sensitivity classes defined in the guideline. Test aggregates with particle sizes from 1 to 4 mm are exposed to a hot 4% sodium hydroxide solution, and their mass loss is determined. Sizes greater than 4 mm are separated into fractions that are clearly insensitive to alkaline attack and into flint, opaline sandstone, siliceous chalk and unidentified constituents. The opaline sandstone, siliceous chalk and the unidentified constituents are then exposed to a hot 10% sodium hydroxide solution, and their mass loss is measured. Crushed, alkali-sensitive aggregates can be subjected to a quick test (reference test) and/or the concrete test in a fog chamber.




            




            The quick test is performed on mortar prisms (40 mm x 40 mm x 160 mm) that contain the aggregates to be tested. The specimens are stored in a sodium hydroxide solution heated to 80 °C for a defined period. The expansion of the prisms is measured.




            




            In the fog chamber test, which is carried out at a temperature of 40 °C for a period of nine months, the expansion pattern of concrete prisms (100 mm x 100 mm x 500 mm) is investigated. The change in length is recorded at regular intervals. A cube (side length: 300 mm) is also stored and used to observe any cracking.




            




            

              1.3 Product Fundamentals




              




              1.3.1 Concrete Products




              




              This chapter deals with the following three product groups:




              




              – small concrete products




              – precast concrete elements




              – concrete pipes and manholes




              




              All these products are prefabricated at the factory.




              Small concrete products can again be sub-divided into several categories, one of which comprises concrete products for road construction. These mainly include mass-produced small items without a significant structural function (Fig. 1.42). Most of these products are demoulded immediately after casting. They are divided into:




              




              – concrete paving blocks in accordance with DIN EN 1338:2003-08 [1.65]




              – concrete paving flags in accordance with DIN EN 1339:2003-08 [1.66]




              – concrete kerbstones in accordance with DIN EN 1340:2003-08 [1.67]




              




              Concrete masonry units and roof tiles are also regarded as small concrete products. The specifications for masonry units (Fig. 1.43) are given in DIN EN 771-3:2005-05 [1.69] together with the applicable preliminary standards DIN V 18151-100:2005-10 [1.70] (lightweight concrete hollow blocks), DIN V 18152-100:2005-10 [1.72] (lightweight concrete solid bricks and blocks) and DIN V 18153-100:2005-10 [1.72] (concrete masonry units, normal-weight concrete).
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              Fig. 1.42: Left: paving blocks; centre: paving flags; right: concrete kerbs
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              Fig. 1.43: Concrete masonry units
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              Fig. 1.44: Examples of various types of concrete masonry units
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              Fig. 1.45: Cast stones




              




              Fig. 1.44 shows several types of masonry units.




              




              The product specifications for concrete roof tiles and fittings for roof covering and wall cladding are given in DIN EN 490:2006-09 [1.73]. The associated test methods are defined in DIN EN 491:2005-03 [1.74].




              




              Cast stones are made of reinforced or non-reinforced concrete containing cement and mineral aggregates. After prefabrication, their surfaces are finished by applying stonemasonry techniques or using special, textured formwork. There are very diverse options to design the surface of cast stones, which is why they can be used for a wide range of applications. The main product groups are terrazzo tiles, steps and step coverings, façade panels and other items. DIN V 18500:2006-12 [1.75] includes the related product specifications and test methods.




              




              Precast concrete products in accordance with DIN EN 13369:2004-09 [1.76] are structural components made of concrete or reinforced or prestressed concrete that are designed on the basis of the appropriate product standard or DIN EN 13369:2004-09 [1.76] and manufactured in a location other than their place of final assembly.
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              Fig. 1.46: Precast concrete elements
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              Fig. 1.47: Concrete pipes




              




              Precast concrete products cover a comprehensive and extremely diverse range of prefabricated concrete items, most of which have large dimensions and are used as load-bearing elements in building construction and civil engineering. Examples include wall and floor units, columns, beams, girders and box units (Fig. 1.46).




              




              Concrete pipes in accordance with DIN EN 1916:2003-04 [1.77] and DIN V 1201:2004-08 [1.78] are hollow prefabricated elements made of concrete, reinforced or steel-fibre reinforced concrete. They are used to transport wastewater, stormwater and surface water. They are produced with or without base and with a uniform internal cross-section across their entire length (with the exception of the connecting sections). The connecting parts of these components are pre-formed as spigots and sockets and include one or several seals (Fig. 1.47).




              




              Concrete manholes in accordance with DIN V 4034-1:2004-08 [1.80] and DIN EN 1917:2003-04 [1.79] are structures designed to connect to buried sewers or sewage pipes. They are mainly used for ventilation, inspection, maintenance and cleaning purposes and may also include systems for elevating the level of the wastewater, enabling the merger of pipelines, or changing the direction, gradient or cross-section of sewers and pipelines. Manholes usually consist of precast concrete items with socket fittings (Fig. 1.48, Fig. 1.49).
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              Fig. 1.48: Example of a manhole made of precast concrete and reinforced concrete components in accordance with DIN V 4034-1:2004-08 [1.80]




              1 Manhole base




              2 Connecting element




              3 Channel




              4 Tread




              5 Manhole ring




              6 Manhole neck (cone)




              7 Top ring




              8 Manhole cover according to DIN EN 124




              




              In addition, there are a number of non-standardised concrete products, such as grass pavers and concrete products for bulk containers. The specifications of their product properties were defined by the Bund Güteschutz Beton- und Stahlbetonfertigteile e. V. (BGB; Association for the Quality Assurance of Precast Concrete and Reinforced Concrete Elements) as part of the BGB guideline pertaining to “Nicht genormte Betonprodukte – Anforderungen und Prüfungen – (BGB-RiNGB)” (Non-standardised Concrete Products – Specifications and Tests). This guideline was last updated in 2005.
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              Fig. 1.49: Precast concrete manhole elements




              




              1.3.2 Requirements Relating to Product Characteristics and Testing Methods




              




              1.3.2.1 Requirements for small concrete products




              a) Concrete products for road construction




              At the European standardisation level, the requirements relating to the product characteristics are divided into several classes (qualities). This system serves as the basis for the individual EU member states to select a certain class for a defined product requirement from the standard in order to determine the requirements specific to the country and implement them in a set of rules for national application [1.51].
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              Fig. 1.50: Principle of splitting tensile strength testing in accordance with DIN EN 1338:2003-08 [1.65]




              1 Load distribution strip




              2 Paving block




              3 Rigid load blades
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              Fig. 1.51: Basic set-up for a freeze-thaw test in accordance with DIN EN 1338:2003-08 [1.65]




              1 Test surface




              2 Polyethylene film




              3 De-icing salt solution




              4 Test specimen




              5 Rubber layer




              6 Thermal insulation




              7 Temperature gauge




              8 Sealant




              




              In Germany, the product characteristics that govern the use of concrete paving blocks, paving flags and kerbstones were defined in the new “Technische Lieferbedingungen für Bauprodukte zur Herstellung von Pflasterdecken, Plattenbelägen und Einfassungen” (Technical Specifications for Construction Products to Lay Block Pavements, Slab Pavements and Kerbs), 2006 edition, FGSV-Verlag (TL-Pflaster-StB 06) [1.52].




              




              The general specifications for concrete products relate to their:




              




              – quality




              – shapes and dimensions




              – mechanical strength




              – abrasion resistance




              – sliding and slip resistance




              – weather resistance




              




              The most important properties to characterise paving blocks are their tensile splitting strength, weather resistance and wear resistance.




              




              The previously tested parameter of compressive strength was replaced by tensile splitting strength as a result of the introduction of the European standard. Fig. 1.50 illustrates the test principle. The paving block must be placed in the tester in such a way that the load distribution strips, which are in contact with the load blades, are located at the top and the bottom of the block. Splitting patterns must be selected in accordance with DIN EN 1338:2003-08 [1.65]. The load must be applied uniformly and in increments of (0.05 ± 0.01) MPa/s; the failure load must be documented.
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              Fig. 1.52: Freeze-thaw resistance test (paving block prior to and after frost test)




              




              Weathering resistance is determined by a freeze-thaw cycle test using de-icing salt. For this purpose, a pre-conditioned test specimen, whose surface was previously treated with a 3% sodium chloride solution, is exposed to 28 freeze-thaw cycles. The spalled material is collected and weighed, and the results stated in kg/m2. This test method is also used for paving flags in accordance with DIN EN 1339:2003-08 [1.66] and kerbstones specified in DIN EN 1340:2003-08 [1.67].
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              Fig. 1.53: Principle of the tensile bending strength test of paving flags in accordance with DIN EN 1339:2003-08 [1.66]




              1 Test flag




              2 Support




              3 Load blade
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              Fig. 1.54: Principle of the tensile bending strength test of kerbstones in accordance with DIN EN 1340:2003-08 [1.67]




              1 Neutral axis




              2 Base




              3 Hardwood wedge




              




              For paving flags and kerbstones, tensile bending strength is tested as the primary parameter. In general, entire flags or kerbs are used. Paving flags may also be cut to size, but they must have two parallel, straight edges. Specimens must be stored in water for 24 ± 3 hours at a temperature of 20 ± 5 °C. They are subsequently taken out, dried and tested immediately thereafter. Once the paving blocks or kerbstones have been placed in the tester, as shown in Fig. 1.53 and 1.54, the load must be applied in defined increments. The failure load must be documented, and the tensile bending strength calculated.




              




              Table 1.18: Specifications for paving blocks conforming to DIN EN 1338:2003-08 and TL-Pflaster-StB 06 [1.52], [1.51], [1.65]
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              Table 1.19: Specifications for paving flags conforming to DIN EN 1339:2003-08 and TL-Pflaster-StB 06 [1.54], [1.52], [1.66]
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              For paving blocks conforming to DIN EN 1338:2003-08 [1.65], Table 1.18 lists the specifications and the test methods to be applied in order to determine their properties.




              




              Table 1.20: Specifications for kerbstones conforming to DIN EN 1340:2003-08 and TL-Pflaster-StB 06 [1.55], [1.52], [1.67]
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              Table 1.19 lists the specifications for paving flags in accordance with DIN EN 1339:2003-08 [1.66] and the test methods that serve to determine their properties.




              




              Table 1.20 contains the corresponding specifications and test methods for kerbstones conforming to DIN EN 1340:2003-08 [1.67].




              




              b) Concrete masonry units




              Masonry units are prefabricated elements used for the construction of both load-bearing and non-load-bearing external and internal masonry walls. Concrete masonry units are specified in DIN EN 771-3:2005-05 [1.97].




              




              General specifications for concrete masonry units relate to their:




              




              – quality




              – shapes and dimensions




              – block and concrete bulk density




              – mechanical strength




              – thermal insulation characteristics




              – durability




              




              Table 1.21: Specifications for concrete masonry units in accordance with DIN EN 771-3:2005-05 [1.97]
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              Although the harmonised part of the DIN EN 771-3:2005-05 [1.97] European standard contains the characteristics of masonry units to be indicated in conjunction with CE marking, it does not cover all the specifications that apply to the use of masonry units in Germany in accordance with DIN 1053 [1.98]. For this reason, the preliminary standards DIN V 18151-100:2005-10 [1.99], DIN V 18152-100:2005-10 [1.100] and DIN V 18153-100: 2005-10 [1.101] specify these additional requirements.




              




              c) Concrete roof tiles




              DIN EN 490:2006-09 [1.73] contains the product specifications for concrete roof tiles and fittings whereas DIN EN 491:2005-03 [1.74] specifies the test methods.




              General specifications for concrete roof tiles cover the following categories:




              




              – quality




              – shapes and dimensions




              – structural strength




              – water impermeability




              – freeze-thaw resistance




              




              Concrete roof tiles are primarily tested for structural strength and water impermeability in order to assess their characteristics.




              




              To determine their structural strength, a load is applied to the roof tiles using a bending tester. The tile is placed face-up on the bending supports of the tester in such a way that its centre is located underneath the bending blade. For level, flat roof tiles, an elastic intermediate layer (elastomer base) must be inserted between the bending blade and the tile (see Fig. 1.55, top). For profiled roof tiles, a corresponding adjustment piece must be placed between the bending blade and the tile (Fig. 1.55, bottom).
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              Fig. 1.55: Strength test method in accordance with DIN EN 491:2005-03 [1.74]




              1 Load




              2 Elastomer base




              3 10 mm ± 5 mm




              4 ≥ 20 mm
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              1 Load




              2 Adjustment pieces




              3 Profiled hardwood or metal adjustment piece




              4 Elastomer base
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              Fig. 1.56: Water impermeability test method in accordance with DIN EN 491:2005-03 [1.74]




              1 Water




              2 Approx. 15 mm wide seal




              3 Waterproof frame




              4 Roof tile




              5 Mirror




              6 10 to 15 mm water layer




              




              In the water impermeability test, water is applied to the roof tiles, which are then monitored for a certain period to detect any water penetrating through the tiles. For this purpose, a supporting frame is placed on top of the tile. A suitable mirror, located underneath the tile, is used to monitor droplet formation (Fig. 1.56).




              




              Table 1.22: Specifications for concrete roof tiles and fittings in accordance with DIN EN 490:2006-09 [1.73], DIN EN 491:2005-03 [1.74] and DIN EN 13501-1 [1.113]
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              d) Cast stones




              DIN V 18500:2006-12 [1.75] contains the specifications for the raw materials and manufacture of cast stones as well as the related product specifications and test methods. The individual product standards detail the specifications.




              




              Cast stones made of concrete are subject to general specifications in the following areas:




              




              – quality




              – shapes and dimensions




              – mechanical strength




              – abrasive wear




              – slip resistance




              – weather resistance




              




              A key characteristic of cast stones is their mechanical strength, which is determined by the tensile bending strength in the case of terrazzo tiles, steps and step coverings, and by the compressive strength for all other elements. Terrazzo tiles must conform to DIN EN 13748-2:2005-03 [1.68], whereas DIN EN 12390-5:2009-07 [1.85] applies to all other products in this category. This standard describes the tensile bending test with two-point load introduction as the reference method (Fig. 1.57). The alternative method specified in the standard, i.e. the three-point bending test (centred load application), may also be used; however, this must be clearly indicated in the test report. A key difference exists between centred loading and a two-point load application: the former method yields values that are 13% higher.




              




              Cyclic freeze-thaw testing in accordance with DIN EN 13748-2:2005-03 [1.68] largely corresponds to the specification given in DIN EN 1338:2003-08 [1.65].
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              Fig. 1.57: Principle of the tensile bending test with two-point load introduction in accordance with DIN EN 12390-5:2009-07 [1.85]




              1 Load roller (tilt-and-turn design)




              2 Support roller




              3 Support roller (tilt-and-turn design)




              




              Table 1.23: Specifications for concrete cast stones conforming to DIN V 18500:2006-12 [1.75]
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              Table 1.23 summarises the specifications and test methods applied.




              




              1.3.2.2 Requirements for precast elements




              Apart from specifications for building materials and production, DIN EN 13369:2004-09 [1.76] also contains the basic requirements for the finished product and the test methods to be used. The individual product standards list the detailed specifications.




              




              1.3.2.3 Requirements for concrete pipes and manholes




              Having been in force since 24 November 2004, DIN EN 1916:2003-04 [1.77] and DIN V 1201:2004-08 [1.78] pertaining to concrete and reinforced concrete pipes must always be applied together in order to maintain the national safety level.




              




              A distinction must be made between type 1 and type 2 concrete pipes with respect to concrete compressive strength. In general, the concrete must meet the specifications stated in DIN EN 206-1:2001-07 [1.18] and DIN 1045-2:2008-08 [1.17]. For type 1 pipes, the concrete must conform to exposure class XA1 (environment with minor chemical attack) whereas type 2 pipes must meet the requirements of class XA2 (moderate chemical attack) or XM2 (strong wear).




              




              Table 1.24: Specifications for precast concrete elements in accordance with DIN EN 13369:2004-09 [1.76]
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              Type 1 pipes must exhibit a concrete compressive strength that corresponds to class C35/45, whereas type 2 pipes must conform to class C40/50 as specified in DIN EN 206-1:2001-07 [1.18] and DIN 1045-2:2008-08 [1.17]. Type 1 and 2 jacking pipes must at least conform to compressive strength class C40/50.




              




              The main specifications for concrete pipes relate to:




              




              – quality




              – shapes and dimensions




              – water absorption




              – crushing strength




              – longitudinal bending strength and




              – water impermeability
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              Fig. 1.58: Permissible set-ups for crushing strength tests of circular pipes (excluding pipes with DN ≤1,200) in accordance with DIN EN 1916:2003-04 [1.77]
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              Fig. 1.59: Arrangement of loading and support for the four-point loading test in accordance with DIN EN 1916:2003-04 [1.77]




              1 Support strap




              2 Load strap




              The lever arm a1 must be greater or equal to 300 mm




              




              Concrete pipes are mainly characterised by their crushing strength, longitudinal bending strength and water tightness.




              




              For the purpose of testing the crushing strength of pipes as specified in DIN EN 1916:2003-04 [1.77], the test set-up must consist of a machine that is capable of applying the full test load (P) without any impact or shock and within a tolerance range of 3% from the specified load. This involves inserting the concrete pipe into the test set-up as shown in Fig. 1.58. The same applies to pipes with bases. The type of load to be applied according to the standard is governed by the material used for the pipe (i.e. non-reinforced, reinforced or steel-fibre reinforced concrete). The pipe may be kept wet for a period of up to 28 hours prior to the test.




              




              The longitudinal bending strength must be measured for circular pipes ≤ DN 250 with lengths greater than six times their external diameter. The test may be carried out on a section of a circular pipe (with or without a socket) with a length greater than 1.25 m or on an entire circular pipe. It is up to the producer to decide whether to keep the test specimen wet for a period of up to 28 hours prior to the test.




              




              The main test is the four-point loading method (Fig. 1.59). The load must be applied to the specimen without vibration or impact, and increased in uniform increments of 6 kN to 9 kN per minute.




              




              Individual components or pipe connections must not leak or exhibit other visible defects during the testing period. The water impermeability test is thus carried out to assess whether elbowed pipe connections and/or connections in shear and structural components pass a hydrostatic test, i.e. whether they remain watertight when the specified test pressure is applied. For this purpose, the items must be firmly restrained in the test rig. Pipe ends must be sealed by appropriate means, and the specified test pressure must be applied for the required period (15 minutes) after the pipes have been filled with water. The pressure must not exceed the specified level by more than 10% and must not fall below this level.




              




              The hydrostatic test of individual items is used to assess the tightness of the concrete. No such test is required for products with a wall thickness exceeding 125 mm.




              




              When testing the pipe union, the test set-up must be designed to accommodate two pipes that are connected to each other complete with their seals. They must be flexibly connected and positioned in such a way that they can move toward each other until they reach the set limits. The pipe connections may be tested either in an elbow arrangement or in shear, or in a test combining these two characteristics.




              




              In the first case, both pipes are cautiously bent, filled with water and subjected to an internal test pressure of 50 kPa. This pressure level must be kept constant for fifteen minutes. In the second arrangement, the set-up shown in Fig. 1.60 is used. The pipes are filled with water and de-aerated. Both the test pressure of 50 kPa and the shear force are applied and kept constant for fifteen minutes. The pipe connection is tested for conformity.
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              Fig. 1.60: Test of water impermeability in shear [1.77]




              1 Centre line of seal




              as Anchor




              lS Anchor




              RS Additional shear force




              FS Total shear force




              WS Weight of water-filled pipe in kN




              




              Table 1.25: Testing requirements for pipes and fittings in accordance with DIN EN 1916: 2003-04 and DIN V 1201: 2004-08 [1.77], [1.78]
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              Table 1.25 lists the specifications for finished products and the test methods to be used.




              




              Precast concrete manhole elements according to DIN V 4034-1:2004-08 [1.80] and DIN EN 1917:2003-04 [1.79] are governed by specifications similar to those defined for pipes and fittings made of non-reinforced, reinforced and steel-fibre reinforced concrete. The two standards must be applied together.




              




              Type 1 precast manhole elements must also conform to compressive strength class C35/45. These items are mainly used for storm drains.




              




              Type 2 precast manhole elements comply with the specifications of exposure class XA2, as well as XM2 if required, in accordance with DIN EN 206-1:2001-07. They correspond to the quality standard previously applied in Germany and are particularly suitable for combined sewers and foul water sewers. Type 2 elements must conform to compressive strength class C40/50 (see DIN EN 206-1:2001-07 and DIN 1045-2:2008-08). This specification also applies to drains and footholds of manhole bases that are produced in a single cast together with the floor and the shaft. The concrete for subsequently installed and lined drains and treads must have the same compressive strength as the concrete used for the manhole elements. In the hardened state, it must achieve a compressive strength that at least corresponds to strength class C16/20 (drain concrete).




              




              Precast manhole elements made of concrete and reinforced concrete must be interchangeable, provided that the same types of connections and climbing systems are used.




              




              General specifications for manhole elements made of precast concrete relate to their:




              




              – quality




              – shapes and dimensions




              – water absorption




              – crushing strength




              – vertical strength and




              – water impermeability




              




              The horizontal or vertical arrangement shown in Fig. 1.61 and Fig. 1.62 may be used to test the crushing strength of manhole units.




              




              The vertical strength test applies to transition parts and covers. The test rig must consist of steel or cast iron plates that apply the required test load to the element depending on its position. Support widths for the access or inspection shaft must be the same as in the installed condition. The minimum vertical test force must be applied above the opening, as shown in Fig. 1.63 and Fig. 1.64. In this process, the load should be increased to failure in a smooth and uniform manner.
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              Fig. 1.61: Crushing strength test for components in horizontal position in accordance with DIN EN 1917:2003-04 [1.79]
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              Fig. 1.62: Crushing strength test for components in vertical position in accordance with DIN EN 1917:2003-04 [1.79]




              1 Slip membrane to ensure that the pipe is movable, or for removal of the base




              2 Steel face plate




              




              [image: Image]




              Fig. 1.63: Test of the vertical strength of cover components in accordance with DIN EN 1917:2003-04 [1.80]




              1 Slab




              2 Steel or cast iron plate




              3 Ball-and-socket joint




              4 Loading plate 300 mm x 300 mm




              5 Support
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              Fig. 1.64: Test of the vertical crushing strength of cones [1.80]




              1 Steel or cast iron plate




              2 Ball-and-socket joint




              3 Loading plate 300 mm x 300 mm




              4 Rubber or gypsum, thickness 20 mm ± 5 mm




              




              




              Table 1.26: Test specifications for precast manhole units conforming to DIN EN 1917:2003-04 and DIN V 4034-1: 2004-08 [1.80], [1.81]
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              Table 1.26: Test specifications for precast manhole units conforming to DIN EN 1917:2003-04 and DIN V 4034-1: 2004-08 [1.80], [1.81] (continued)
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              Table 1.26 describes the testing specifications for precast manhole units.




              




              The step irons installed in manholes must also be tested for vertical loading and horizontal pull-out force (Annex E to DIN EN 1917:2003-04 [1.79]).




              




              1.3.3 Evaluation of Conformity




              




              1.3.3.1 Fundamentals




              An internal quality control system must be in place for evaluating the conformity on the basis of the European standard. This system includes quality control during the production process at the factory. This internal system ensures that produced items comply with the defined specifications.




              




              It is a documentation-based system that comprises both the preparation of processes, including related instructions, and their effective implementation. The tests required for the proof of conformity must be carried out using the methods specified in the European standards, and must be recorded in an appropriate manner.




              




              The factory logbook must include the following information:




              




              – description of the products




              – date of manufacture




              – test methods




              – test results




              – applied dimensional tolerances




              – signature(s) of the employee(s) performing the internal quality control




              




              The logbook must be retained for a period of five years.




              




              Inspection and testing schedules should be used for periodic testing and inspections of the individual materials, plant and equipment, production processes and laboratory facilities. Such schedules must comply with the applicable minimum frequencies. The European standard includes special testing schedules for finished products, which should be subject to a particularly thorough quality control.




              




              The involvement of a certifying body (i.e. a recognised quality control association or officially recognised testing institution commissioned on the basis of a quality control agreement) serves to evaluate the products and to perform initial tests to check whether the specifications of the relevant European standard are adhered to and whether the requirements for the production process and for the agreed factory control system are met. A monitoring programme is implemented to periodically check compliance with relevant specifications. The outcomes of periodic external quality control activities must be documented in test reports.




              




              The European standards describe procedures to be followed for issuing a certificate of conformity for the CE marking of the products. The manufacturer must issue a declaration of conformity in the case of compliance with the specifications and conditions of the relevant standard. This declaration makes it possible for the manufacturer to CE-mark its products.




              




              1.3.3.2 Conformity of small concrete products




              




              a) Concrete products for road construction




              The manufacturer must prove conformity of the product with the specifications of DIN EN 1338:2003-08 [1.65], DIN EN 1339:2003-08 [1.66] or DIN EN 1340:2003-08 [1.67], as well as with the values (ranges or classes) stated with regard to product properties. To do so, the manufacturer must take the following steps:




              




              – a type test of the product and




              – internal quality control measures at the factory, including a product check.




              




              In addition, the conformity of the product with this standard can be evaluated either by an external quality control scheme, within which the type test performed by the manufacturer and the processes of internal quality control are monitored, or by an acceptance test carried out for the respective delivery upon product handover.




              




              Type tests comprise initial and subsequent type tests. An initial type test is performed when the manufacture of a new product type or range commences, or when a new production line is to be commissioned. Subsequent type tests of the relevant characteristic must be carried out when a change in the raw materials used, the mix design or the production equipment or process may result in significant changes to some or all of the characteristics of the finished product.




              




              Regular type tests must be performed for abrasion and weather resistance, even if no modifications were implemented.




              




              The internal quality control system comprises the procedure as well as the regular checks and tests that must be carried out at the manufacturer’s factory. A sampling and testing plan must be prepared and implemented for the testing of products. The test results must meet the defined conformity criteria.




              




              For the purpose of CE-marking concrete paving blocks, flags and kerbstones, System 4 of the certificate of conformity (Directive 89/106/EEC (CPD), Annex III, 2 (ii), third possibility) must be applied, which comprises an initial test and internal quality control measures at the factory. Key parameters are durability and tensile or tensile bending strength, as well as sliding and slip resistance and thermal conductivity, if applicable.




              




              b) Concrete masonry units




              The manufacturer must prove conformity of the product with the specifications of DIN EN 771-3:2005-05 [1.97], and with the declared values that describe the product properties, by:




              




              – an initial product test and




              – internal quality control measures at the factory.




              




              When a new product has been developed, and prior to its market launch, appropriate initial tests must be carried out to ensure that the actual characteristics of the product meet the specifications contained in this European standard, and that the product-specific values stated by the manufacturer are adhered to. The initial test must be repeated if material changes to the mix design are made.




              




              The internal quality control system comprises the identification and monitoring of the raw materials, the production process, and testing of finished products and stocks.




              




              The CE marking of concrete masonry units is based on DIN EN 771-3:2005-05 [1.97], which specifies categories I and II for these products. For category I products, System 2+ in accordance with Directive 89/106/EEC (CPD), Annex III, 2 (ii), possibility 1, must be used, including certification of the internal quality control system by a notified body on the basis of an initial inspection of the factory and the internal quality control system. In addition, the internal quality control system must be monitored, evaluated and verified on an ongoing basis. Key parameters relevant to concrete masonry units are compressive strength, dimensional stability and bond strength. System 4 applies to category II products.




              




              c) Concrete roof tiles




              The conformity of concrete roof tiles and fittings with the specifications of DIN EN 490:2006-09 [1.73] must be proven by:




              




              – initial testing and




              – internal quality control measures at the factory




              




              Roof tiles with common characteristics may be grouped in product families.




              




              The following provisions apply to products used in the European Economic Area:




              




              The choice of the system to be used to prove conformity is governed by the product’s intended use. All concrete roof tiles and fittings to be tested are subject to System 3 of the attestation of conformity (see EU Directive 89/106/EEC (CPD), Annex III, 2 (ii), possibility 2). Under System 3, the manufacturer must implement internal quality control measures and its own initial testing, as well as initial testing by a notified body.




              




              Products that do not require testing for flammability are tested according to System 3 of the certificate of conformity.




              




              d) Cast stones




              The conformity of cast stone items with the specifications of DIN V 18500:2006-12 [1.75] must be proven by:




              




              – initial testing




              – the internal quality control system implemented by the manufacturer




              – external quality control and certification




              




              DIN 18200:2000-05 [1.121] governs the procedure to be followed for the attestation of conformity. Structural and stiffening cast stone elements are subject to the provisions of DIN EN 206-1:2001-07 [1.18] in conjunction with DIN 1045-2: 2008-08 [1.17] and DIN 1045-4:2001-07 [1.122] as regards their initial testing, internal and external quality control and certification.




              




              An initial test must be carried out to prove the conformity with the specifications of DIN V 18500:2006-12. The test specimens to be used for this purpose must be at least 28 days old. The initial test must be carried out by the external quality control institution.




              




              The internal quality control system must include the procedures, the regular checks and tests and use of the results for the management and modification of raw materials and of other materials used for the manufacture of the products, as well as of the equipment, production process and product properties.




              




              External quality control and certification must be carried out by an industry-wide quality control association or by an appropriate quality control and certification entity on the basis of a contract.




              




              1.3.3.3 Conformity of precast elements




              The conformity of the product with the specifications of DIN EN 13369: 2004-09 [1.76] and with the defined or declared values (ranges or classes) pertaining to the product properties must be proven by:




              




              – an initial product test




              – internal quality control at the factory, including product testing




              




              In addition to these requirements, the conformity of the product may be evaluated by an accredited body. The accredited body may assess the conformity of the internal quality control system with respect to the following individual tasks:




              




              – initial inspection of the factory and of the internal quality control system




              – ongoing monitoring, evaluation and confirmation of conformity of the internal quality control system




              




              The accredited body may also evaluate product conformity on the basis of the following tasks:




              




              – monitoring, evaluation and confirmation of conformity of the initial product test




              – random testing of samples taken at the factory or, if required, on the construction site




              




              The tasks and responsibilities of the accredited body depend on the specific product.




              




              The initial inspection of the factory and the internal quality control system serves to prove conformity with the specifications contained in the standard.




              




              The internal quality control system must include the relevant procedures, instructions, regular checks and tests, as well as the availability of the results for the testing of the equipment, raw materials and other supplied materials, the production process and the product. The accredited body reviews the conformity with the relevant requirements and the existence of a testing schedule.




              A representative of the accredited body must attend the initial product tests or carry out these tests him- or herself.




              




              The reliability of the internal quality control results should be evaluated by taking random samples and testing them according to a related schedule.




              




              The system to be used for the certificate of conformity for CE marking purposes depends on the specific applications of the precast concrete elements. For load-bearing elements, System 2+ (Directive 89/106/EEC (CPD), Annex III, -2 (ii), possibility 1) should be mainly used, including certification of the internal quality control system by a notified body on the basis of an initial inspection of the factory and the internal quality control system. In addition, the internal quality control system must be monitored, evaluated and verified on an ongoing basis.




              




              1.3.3.4 Conformity of pipes and manholes




              Type 2 pipes and precast manhole elements designed for an environment with a “moderate chemical attack” must be produced, tested and quality-controlled in accordance with DIN EN 1916:2003-04 [1.77] and DIN V 1201:2004-08 [1.78], or DIN EN 1917:2003-04 [1.79] and DIN V 4034-1:2004-08 [1.80], in order to achieve the safety parameters required in Germany.




              




              To evaluate conformity, the specified characteristics must be ascertained by a suitability test (initial test) and ensured by a quality control system that comprises an internal and external monitoring component.




              




              An initial test is necessary when the production of a new type commences, or if material changes are made to the design, materials or production process.




              




              The internal quality control system includes the monitoring of the product properties at the factory. DIN V 1201:2004-08 [1.78] and DIN V 4034-1:2004-08 [1.80] define the type, scope and intervals at which the required tests must be carried out.




              




              The external part of the system comprises the control of the results of internal quality control measures. In addition, product properties are checked on a random basis. The certifying body may issue a certificate to the manufacturer after a successful initial inspection of the production facility and a positive evaluation of the external quality control component.




              




              For the purpose of CE-marking of pipes, fittings and precast manhole units, System 4 of the certificate of conformity (Directive 89/106/EEC (CPD), Annex III, 2 (ii), third possibility) must be applied, which comprises an initial test and internal quality control measures at the factory. The key parameters to be checked for pipes and fittings are dimensional tolerances, crushing strength, longitudinal bending strength, water impermeability and durability. For manhole units, these include the checking of inspection openings, mechanical strength, structural strength of installed step irons, water impermeability and durability.




              




              




              1.4 Fundamentals of Plant and Equipment




              




              1.4.1 Vibration Exciter Systems




              




              All of the various types of equipment used for the manufacture of concrete products include typical, repetitive components. This applies particularly to vibration exciters, which are mainly used for the moulding and compaction of concrete products.




              




              Various physical principles are used to generate the required loads. Vibration exciters can generally be classified using the criteria shown in Fig. 1.65.




              




              Concrete is compacted primarily by vibrators with unbalance exciters, which exhibit high performance levels and a simple design. Section 1.1.4.3 describes their mechanisms of action and the calculation of the centrifugal force. Both internal and external vibrators are used.




              




              [image: Image]




              Fig. 1.65: Classification of vibration exciter systems




              




              Universal motors (universal current and collector motors) and asynchronous motors (three-phase current motors) can be used to drive electric vibrators [1.120]. High-performance electric vibrators for the compaction of concrete are mainly equipped with asynchronous motors, which are significantly more robust than universal motors and require a lower amount of maintenance. Fig. 1.66 shows a section of an electric external vibrator fitted with an asynchronous motor.




              




              [image: Image]




              Fig. 1.66: Cut-out view of an electric external vibrator equipped with an asynchronous motor. The figure shows: the rotor (A) with unbalances (B), electrical winding of the stator (C), ball bearings (D) and electrical connections (E)




              [image: Image]




              Fig. 1.67: Performance curves




              




              [image: Image]




              Fig. 1.68: Design of a high-frequency internal vibrator by WACKER: Drive shaft with rotor (A) and unbalance (B), stator unit (C), roller bearing (D) and electrical supply lines (E)




              




              Fig. 1.67 includes a qualitative representation of the performance curves Mt (n) for an asynchronous motor (Mt1) and a universal motor (Mt2













OEBPS/Images/img_0300004E.png
Steel fibres according to DIN EN 14889-1

Classification according
to manufacturing method

Description using the
following characteristics

Group ! cold-drawn steel wire
Group I fibres cutfrom sheet steel

Group Il fibres extracted from moen material
Grovp IV fioos cut from cold-drawn wire
Group V. fibres shaved from steel ingols
group and shape

‘geometry: length and equivalent diameter

tensile strength and modulus of elasticty

ductilty (f required)

influence on concrete workabilty (reference concrete)

influence on tensile bending strength (reference concrete)





OEBPS/Images/img_03000025.png
Y

=

tinms

100





OEBPS/Images/img_03000076.png
Product characteristic

Requirement

Test methods

Dimensions.

‘Shapes and sizes may be defined nationally
(DIN 483, April 2004 edition, specifies them).

DINEN 1340,
Annex G Measurement

Permissible deviations
from nominal dimen-
sions.

Length = 1%, rounded to full millmetres, min
= 4 mm, max. = 10 mm

Dimensions of viible surfaces 3%, rounded
to fullmillmetres, min. + 3 mm, max. + 5 mm
Dimensions of other surfaces + 5%, rounded
to fullmillmetres, min. + 3 mm, max. + 10 mm
‘The diference between any two measure-
ments of a single dimension must not exceed
Smm.

DINEN 1340,
Annex G Measurement

Evenness of surfaces

Permissible deviation:

DINEN 1340,

and straghtness of | 1510 40 mm
edges {depending on measured length) Anex O Measuement
Class 2, Label T DINEN 1040,
Tensil bending strength. | =5.0 N (0.05 quantie) Annex F
= 4.0 Nimm ingle vaue) Tensile bending test
DINEN 1340,
Glass 4, Label :
Abrasion resistance 3 Annex G or Annex H
identical o paving blocks identical to paving blocks
DINEN 1040,
Siding/sip resistance | identical to paving blocks Anmex |
identcalto paving blooks
DINEN 1340,
Weather resistance Class 3, Label D AnnexD

identical to paving blocks

identicalto paving blocks





OEBPS/Images/img_03000033.png
(1.17)






OEBPS/Images/img_03000017.png
—tamper head

_— mould wall

- concrete mix

ANANNNNRE

~table






OEBPS/Images/img_03000084.png





OEBPS/Images/img_0300005C.png





OEBPS/Images/img_03000041.png
(1.25)






OEBPS/Images/img_03000051.png
Criterion Requirements
Ol and grease only traces

Detergents foam must collapse within a period of two minutes
Colour clear to slightly yellowish (except residual water)

Suspended solids

residual water as specified in DIN EN 1008, Table 5.2.a other water: = 4 mi of
setting volume

residual water: only drinking water odour and slight cement odour, or Sight
hydrogen sulphide odour if water contains fly ash

Odour other water: only drinking water odour: no hydrogen sulphide odour after addtion
of hydrochioric acid
‘Acids PH~4

Humic matter

‘colour not more than sightly yellowish-brown after addition of NaOH





OEBPS/Images/img_03000086.png





OEBPS/Images/img_0300003E.png
P=N

M= T"(" quantity flow or volumetric flow V = TTV in m¥h and mass flow
fdm gt
h





OEBPS/Images/img_0300000D.png
Workshop 1

Workshop 2

>

]

]
|
]

|

=

EMg mt,






OEBPS/Images/img_0300004C.png
‘Technical parameters Unit Trass (DIN 51043) Limestone powder
tcurcrm | v o o
‘Sulphate (S0, M-% <08

Chloride (CI) M.-% =004
R






OEBPS/Images/img_0300005A.png





OEBPS/Images/img_03000031.png





OEBPS/Images/img_0200006A.jpg





OEBPS/Images/img_03000074.png
Product characteristic

Requirement

Test methods

Dimensions.

“The length/thickness ratio must be = 4
Nosize imit

DINEN 1338
Annex C Measurement

Permissible eviations.
from nominal dimen-
sions.

Block thickness < 100 mm:
length, width 2 mim; thickness « 3 mm
Block thickness > 100 mm:

length, width = 3 mm; thickness « 4 mm

DINEN 1338
Annex G Measurement

Evenness of surface’

‘Convex deviation: = 1.5 or = 2.0 mm
(depending on measured length)
‘Concave deviation: = 1.0 or = 1.5 mm
(depending on measured length)

DINEN 1338
Annex G Measurement

Max. difference of both
diagonals” (squareness)

Class 2, Label K= 3mm

DINEN 1338
Annex C Measurement

Mechanical strength

Tensile spiting strength
=36 N/mm (0.05 quantie)

= 2.9 N/mm (single value)
Each length-rolated failure load
=250 Nimm

DINEN 1338
Annex F
Tensile spliting strength test

Abrasion resistance

Class 4, Label |
=20 mm (reference method) or
=18 cm?/50 o [B6hme test)

DINEN 1338
‘The test may also be carried
outin accordance with Annex H
using the Bohme grinding wheel.
“The reference method, however,
is the abrasion test with a wide
grinding wheel, as specified in
Annex G,

Siding/sip resistance

Blocks have a sufficient siding/slp resi-
stance if they are not ground, polished
o finished i such a way that a smooth
surface has been created. The manufac-
turer must specify a minimum value for
all other blocks.

DIN EN 1338, Annex |
A pendulum device with spec-
ified characteristics must be
used for the sliding/slip
resistanc test.

Weather resistance

Class 3, Label D
Loss of mass after freeze-thaw test:
=1.0 kg/m? (mean value)
=15 kg/m? single value)

DINEN 1338, Annex D
“Slab test” - the test specimen
is pre-conditioned, its surface
Covered with a 3% sodium
chioride solution and exposed
1028 freeze-thaw cycies. The.
spalled material is collected and
weighed, and the results stated
in kg/m.

T Applies exclusively to blocks above a certain size.





OEBPS/Images/img_02000068.jpg





OEBPS/Images/img_02000007.jpg





OEBPS/Images/img_03000043.png
Acceleration &in m/s?

Excitaion frequency  [H2]
= 301050
100 501060
= a1 100
10010120

200






OEBPS/Images/img_03000058.png
Sump Compacting factor

Consisency osalen | g S, Oass | Compactng factor
5} [mm) 5} ]

vyt - = 5

st Fr P o a1z

asic v s50-410 B [l

st " w20-40 =) 10— 108

vy eon 2 1s0-550 -

Towabe s se0-e20 g

preT— o ~e0 E






OEBPS/Images/img_03000013.png
I

|

Reinforcement | [ Mould
fabrication production

I I

Concrete mix

™1 production

Element
production

Precast element
storage






OEBPS/Images/img_03000015.png
Behaviour during processing

Mixing
Placement
Compaction
Consoldation
Post-treatment
Finishing

Behaviour during transport

Belt conveying
Pipe conveying
Bucket conveying
Fead and discharge

Behaviour during storage

Bulk properties
Container pressure.
Stacking behaviour





OEBPS/Images/img_0300008A.png





OEBPS/Images/img_03000002.png
Production process

I

e





OEBPS/Images/img_0300003C.png
- production area A,, area — utilised by the production process

- specific production area A, = A ,area — utilised for the production of one
quantity unit of the product M





OEBPS/Images/img_0300001D.png
oT=2r,  Tex L (1.4





OEBPS/Images/img_03000045.png





OEBPS/Images/img_03000009.png





OEBPS/Images/img_0300007F.png





OEBPS/Images/img_03000088.png
Product characteristic

Requirement

Test methods

Vertical strength

“The vertical minimum crushing strength F, of
cover slabs, transitions, cover components and
Cones must be 300 kN.

The vertical test force F, must reach 120 kN
(maximum crack width fn the concrete tensile
tone after rolef: 0.15 mm)

DINEN 1917, Annex B.

‘Water impermeabilty

“The following applies to wallthicknesses
<125 mm: type 2 precast manhole units made
of concrete o reinforced concrete must remain
‘watertight at an internal postive pressure of up
101.0 bar. During the 15-minute testing period,
the amount of added water must not exceed
0.07 I per ¥ of wetted surface.

Mot spots on the outside surface do not
constitute defects.

DINEN 1917, Annex C
Test of two precast man-
hole components linked

to each other by a single
connection (nternal qualty
control at the factory).

Gonerete cover

Minimum concrete Cover G, = 25 mm.
‘The nominal cover G,., must be defined in
the factory documentation.

DINEN 1917
Test of a reinforced con-
crete pipe segment, expo-
Sure of the reinforcement,
measurement of concrete
cover, documentation of
smallest dimension rounded
to nearest millmetre.

Reinforcement

Must correspond to the factory documentation.

DINEN 1917
“The position and amount
of ring reinforcement

must be tested over a
length of at least 1 m o
over the entire height of
the component. Check
conformity with the factory.
ocuments.

Conerete compressive
strengin

(for mariole bases,
wals of cover com-
ponents, alignment
pieces and cones)

‘Conorete compressive strength class C40/50

Tost specimen according
10 DIN 1048-5 [195] tor-
nal quality contro)

Tests of core samples
according to DIN 1046-2
1.96]taken atintervas of
one hird of the compo-
nent height.





OEBPS/Images/img_03000027.png
F = F sinot. (1.9)





OEBPS/Images/img_0300000B.png
M, =M, (1.1)
M mass flow

- dM
M= R (1.2)





OEBPS/Images/img_03000038.png
(1.21)





OEBPS/Images/img_0300002C.png
mi+kz+cz=F (1.12)





OEBPS/Images/img_03000047.png
Main constituents.

EeEEED other than Portland cement clinker (K)
e Fobrevated Proporton
grade piame) designation_ Type M=%
Gew1 | Portand cemert cemi |- 5
Cem S &%
Portanasagcement | 0P AS | o umace siag ) L2
Portand sica fume CEMIWA-D | siica fume (D) 10
CEMIWA'P_| etural pozzolana ®) 2
Portland pozzolanic: CEM /8P el po: ) 35
cement CEMIA-Q_| arficial pozzolanic .20
CewIIB-a | mterl & 3
Cemav Ey
Portland fly ash cement Camipy | oo e 35
cem =TS p—— 20
CEM I/B-W. v 35
Cem AT 20
Portand shlecament |- 0B VAT o svae 1) 2
CenTAL 20
meston
Portland limestone CEM IV/B-L_ kmestone (1) 35
coment CemwALL 20
CEMwB.LL | mestone (L) 35
Portand composte [ VM ol mainconsiuents =
Coment cemuem [P i | 219
=YY E
CEMIIl | Blast-furnace cement CEM /B blast-furnace slag (S) 66...80
Cem e 5195
CEM IV/A ppozzolanic materials (D, P, 11...35
GeMIV | Pozzoanic cement et | Sk ime P
GEWVA | bissurnace sag &) and | 1830
poszolanic materdl (7
CEMV. | Composite cement CEMV/B Q, V) possible, including 31...50

iceous fly ash (V)






OEBPS/Images/img_0300003A.png
(1.23)





OEBPS/Images/img_0300006F.png





OEBPS/Images/img_0300008C.png





OEBPS/Images/img_02000010.jpg





OEBPS/Images/img_03000081.png





OEBPS/Images/img_03000064.png





OEBPS/Images/img_0300002E.png
Axis of rotation

Centre of gravity_|






OEBPS/Images/img_0300007D.png
Product characteristic

Reauirement

Test methods

Dimensional imits
and evenness.

Depending on the product groups and
dimensions of the products

Measurement

tolerances
rface au Projections, depressions, racks or Visualinspection fom a ditance
Sutaoa qualty spaling not permited oizm
Face concrete Ties: = 8 mm
thickness Steps. step coverings: = 15 mm
Concrete cover Specifications of OIN 1045-1 DIN 1045-1 [1.46)
resistance | 7% (outdoor use) DINEN 167482 (1.68]
Weather resistance | DiN EN 13748-2 applies toterrazzo tes
Haraness class or 27 18 cm/50 cm?
Abrasive wear Hardness classllor 3: 20 cm/50 ome | OIN 52108 [1.123)
Harcness class Il or 4": 26 cm?/50 o
1o benr For floor s, steps and step coverngs: | DIN EN 12380-5 using tost
e Spacimens (155 wi speciied

= 4.0 N/ (single value)

gimensions

Compressive strength

Class C25/30 as specified in DIN EN
206-1 [1.18] applies to al ther items

DIN EN 12504-1 using core
samples [1.88]

DIN EN 12390-3 [1.83]

using specially produced test
specimens

Sip resistance

Hems ground with a 220 grt have a suff-
cient sip resistance if they are ot polished

I required, according to DIN EN
13748-2 [1.68] following prior
agreement

T accordance wih DIN EN 13748.2





OEBPS/Images/img_03000021.png
Smbol | besgnaton couaton | unt Yoo o
S .

B PO o

2 | g tmen o
IRy [ |

P P “

3 | accsteration amplitude dewf | ms? 2-987 M -10g

acceleration of gravity 9 = 9.81 T

ra






OEBPS/Images/img_02000062.jpg





OEBPS/Images/img_03000072.png





OEBPS/Images/img_03000055.png
(1.28)






OEBPS/Images/img_03000019.png





OEBPS/Images/img_03000036.png





OEBPS/Images/img_03000049.png
Classification

Classtcaton | aggregate Defiton/specifcation
natore natrely oocuming minaral, mecharicel prooessng o
" - minera g, ncustaly produced
ustiely produced (thermal or other process)
oran inorgani materal processed fom consiucton
o ecycled Wasi, generc (o o e o rocycled ChipPIgS
and ecycled rushed sand
vl naturaly rounded materia
chippings crushed matera
parice bulk deniy > 2,000 K™
noanal ‘mineral origin
Bulk densiy parice bulk donshy = 2000 g/ o
lightweight bulk density = 1,200 kg/m*
mneon
coarse 0 4 mmanga=2mm
oo 0 < 4 mm sang)
Partcle size fines ratio rock ratio < 0.063 mm_

filer (rock powder)

‘major fraction < 0.063 mm





OEBPS/Images/img_0300007B.png
Product characteristic Requirement Test methods
Hanging length , = 4 mm
Squareness: |, -, = 4 mm
Dimensions. Evenness: Permissible gap < 3 mm DINEN 491
The manufacturer must define dimensions,
tolerances and measuring methods for fitings.
=2k £02kg
Mass NS DINEN 491
DINEN 491
F,,, value not below the corresponding value speci- | S\ &1
Mechanical strength g e ot et Stuctural
strength
Water droplets may ocour on the underside, but
‘Water impermeabilty must not detach before the end of the test period | DIN EN 491
(20 hours)
Durabilty Durabilty (freeze-thaw resistance) is deemed veri-
(froeze-thaw resistance) fied ifthe roof tles comply with the requirements | DIN EN 491

relating to water impermeabilty and strength.

Behaviour in the event of an
external fre and flammabilty

Requirement is met f any existing external coating
s inorganic or has a gross calorific value = 4.0 MJ/m?
or amass of = 200 g/, o f the tes conform

tothe provisions of Gommission Decision 96/G03/EC.
‘Special provisions for flammabilty testing apply f
the calorific value of the coating system exceeds a
defined threshold

DINEN 13501-1





OEBPS/Images/img_0300001B.png
z= ot a3
2 oscillation amplitude

o angular frequency

t time





OEBPS/Images/img_0300005E.png
200

Concrete, Frosh concrete,
loosely placed ‘compacted






OEBPS/Images/img_0300004B.png
Cumulative fraction [vol. %]

100

%

50

o

0

50

W

0

2

1

1 2 a
Meshor holesize [mm)

16

315






OEBPS/Images/img_03000070.png





OEBPS/Images/img_0300003F.png





OEBPS/Images/img_03000023.png





OEBPS/Images/img_03000066.png





OEBPS/Images/img_0300000F.png
stationary

(]}

0GCs [o]e]
DR

mobile

v





OEBPS/Images/img_03000079.png





OEBPS/Images/img_03000083.png





OEBPS/Images/img_02000004.jpg





OEBPS/Images/img_03000053.png
Criterion Requirement
Setting times. Startof setting = 1 hour
End of setting = 12 hours.

Deviation = 25% from the test value obtained with distiled o
deionised water

Mean compressive strength
after 7 days

= 90% of mean compressive strength of test specimens with
distilled or delonised water





OEBPS/Images/img_03000040.png
ale





OEBPS/Images/img_02000065.jpg





OEBPS/Images/img_03000050.png
Type/mechanism of action

Abbreviated

designation
Concrete workability agents CWA
Plasticisers P
Air-entraining agents AEA
Waterproofing agents WPA
Retarders R
Setting/hardening accelerators S/HA
Shotcrete setting accelerators SSA
Grouting aids GA
Stabilisers ST
Sedimentation reducers SR
Chromate reducers CR
Foaming agents FA

Elastic hollow spheres for air-entrained concrete

Expansion aids

Sealants

Passivating agents






OEBPS/Images/img_03000008.png
Core concrete side Face concrete side
Mix hopper

Tamper head

b Foed box

Manufacturing Srecton ; ==L

Vibrating table





OEBPS/Images/img_03000024.png





OEBPS/Images/img_0300000A.png
Koy

Rocower o
achange sgra

Reasonof
prametocrange





OEBPS/Images/img_0300004D.png
Silica fume

SN [P
— T
Fineness (> 0.045 mm)

= ws a8 |- :
PSSP US e SR PP ,

Chloride (Cl) M.-% =010 %0307 0307

(Na,0 equivalent) specification specification
Density ¥ kg/dm® 22..26 ca.22 ca. 14





OEBPS/Images/img_0300005B.png
Green compressive strength [N/mm?]

0s

045

04

035

03

025

02

015

01

005

80

cement content: 250 ke/m?

Rhine sand /gravel; grading curve A 16 / £16

—e—vibration time: 205
—e—vibration time: 60
—a—vibration time: 1205

—a—vibration time: 1805

1w w0 om0 w0 1%
Water content [I/m’]






OEBPS/Images/img_03000034.png
(1.18)






OEBPS/Images/img_02000006.jpg





OEBPS/Images/img_03000042.png
-, (1.26)





OEBPS/Images/img_03000077.png
Product characteristic

Requirement

Test methods

Dimensions and di-
mensional limits

Mean values from six individual values
Plane parallelism and total of block.
thicknesses from three individual values
Declared values in mm and dimensional
classes

DINEN 772-16 1.103]
DINEN 772-2 1.104]
Measurement

Declaration as in DIN EN 1996-1, either as a

DINEN 772-16 1.103]
DINEN 772-2 1.104]

Shape anc design range of values or as upper and lower mits | DIN EN 772-20 1.105]
Measurement
‘Specifcations n DIN V 18151-100, DINV.
18152-100, DIN'V 18153-100, Annex A
Instead of compressive strengih, the mean
Gomprossive srength | 1ensile bending strength of bocks with a DINEN 772-1(1.106]

width smaller than 100 mm and a length/width
ratio greater than 10 may be specified by the
manufacturer, Values must not be lower than
the value declared in N/mr.

DINEN 772-6 1.107]

Dimensional stabity

Must be specified if required; declared value
in mm/m must not be exceeded

DINEN 772-14 1.108]
Humidity-induced
expansion

Must be specified if required; values must not

DINEN 1052-3 [1.112]
Inital shear strength

Bond strength be lower than the value declared in /2. | Adhesive tensie bending
strength
Test not required i masonry units contain
Fire behaviour = 1.0 per cent by mass or volume of evenly | DIN EN 13501-1 [1.113]
distributed organic constituents (Class A1).
Frost resistance (1o be
evaluated in accordance
Durabiity Must be specified ifrequired. with rules and standards
applicable i the place of
use)
Wator absorption Mustba spocied I fequred; declared valos | DINEN 772:11 [1110]
[ [T — DINENISO 12572 [1.114]

Aitborne sound insu-
lation

“The manufacturer must state the gross dry
bulk density of the units n kg/m.

“The mean value of the tested specimens
must not deviate by more than 10% from the.
declared value.

Declared shape as described above.

DINEN 77213 1.111)

Thermal insulation
characteristics

Must be specified if required.

DINEN 1745 [1.115]
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Product characteristic | Requirement Test methods
Internal diameter tolerances depend on the
nominal bore of the pipes and must i between
£8and = 10 mm.

Dimensions ‘The evenness tolerance of the Spigot endis | \yeac.rement

5 mm for manhole rings.
For reasons of interchangeabilty, the d,, I, I,
and 1, dimensions are specified in

DINV 4034-1.

Visual inspection of
surface quality

Sealing surfaces of the connecting sections
must be free of imegularitis.
Spiderweb-like hairine cracks with a width
=0.15 mm are permissible.

Visual inspection

Water absorption

Water absorption = 6 M.-%

DINEN 1917, Annex D
using specimens

Crushing strength

e minimum crushing strength . must corre-
spond to the nominal bore and stfengh cass
of the precast manhole unit For manhole fings,
the minimum crushing srengh F, is 80 kn/m.
Reinforced concrete manhole rings must
aditionally ressta test force F. amounting to
067, (maximum crack it n the concrete
tensile Zone afer relet 03 mm)

(see also DBV Merkbiatt[Code of Practics] on
teelfibre reinforced concrete for special
requirements for steel-fibre reinforced concrete)

DINEN 1917, Annex A
Choice of test set-up
depends on the cross-
sectional shape
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Direct indicators Verification
water penetration depth under pressure
Impermeabiity water absorplion n contact with water on one or llsides
gas permeabilty
Toss of mass
Frost resistance/ loss of volume
froeze-thaw resistance expansion behaviour
change in the modulus of elastiity
‘Garbonation depth/ indcators
chioride penetration depth test reaction
strain measurements
loss of volume
Effect o aggressive fluids loss of strength
change in the modulus of elasticity
light and electron microscopy.
-soa react stain and crack formation (cloud chamber test)
Alkall-slia reaction light and electron microscopy
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Product characteristic | Requirement Test methods
“The length/thickness ratio must be > 4. Max- | DIN EN 1339
Dimensions. mum longth 1 m. Annex G Measurement
Class 2, Label P
Nominal dimension = 600 mm:
length = 2 mm, width = 2 mm, thickness = 3 mm
Permissible deviations | Nominal dimension > 600 m DINEN 1339

from nominal dimensions.

length = 3 mm, width = 3 mm, thickness = 3 mm
“The diference between any two length, width
and thickness measurements performed for a
single paving flag must not exceed 3 mm.

Annex G Measurement

Convex deviation:
=15t0240mm

(depending on measured length)
Concave deviation:
=100r=25mm

(depending on measured length)

DINEN 1339
Annex G Measurement

Max.difference of both
diagonals" (squareness)

Class 2, Label K
=3 mm for diagonals < 850 mm
=6 mm for diagonals > 850 mm

DINEN 1339
Annex C Measurement

Tensile bending strength | = 5.0 N/mm? (0.05 quantile) Annex F
= 4.0 N/mm? (single value) Tensile bending test
Sanvs ot
3.0 kN (0.05 quantile); = 2.4 kN (SV)
sisme
=4.5KkN (0.05 quantile); = 3.6 kN (SV).
siswe
= 7.0 kN (0.05 quantile); = 5.6 kN (SV).
e |
ST CT—
= 14.0 kN (0.05 quantile); = 11.2 kN (SV)
PRI
= 25.0 kN (0.05 quantile); = 20.0 kN (SV)
st
=30.0 kN (0.05 quantile); = 24.0 kN (SV)

Abrasion resistance

Class 4, Label |
identical to paving blocks

Annex G or Annex H
identical to paving blocks

Siding/slp resistance

Identical to paving blocks

DIN EN 1339, Annex |
identical to paving blocks

Weather resistance

Class 3, Label D
identical to paving blocks

DIN EN 1339, Anex D
identical to paving blocks

" Applies exciusively to paving flags above a certain size

28V - single value
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Polymer fibres according to DIN EN 14889-2

microfibres with d < 0.30 mm
Class la (monofilament fibres)

Classification

according to physical shape | Class Ib microfibres with d < 0.30 mm (fbrilated fbres)
Class I ‘macrofibres with d > 0.30 mm

class, type of polymer, shape, bundiing and surface finish

‘geometry, length, equivalent diameter and fineness (Class |

force relative to fineness (Class )/ tensile strength (Class I,
Description using modulus of elasticity

the following characteristics
melting point and flash point

influence on concrete workabilty (eference concrete)

influence on tensile bending strength (reference concrete)
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Function of
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Product characteristic

Requirement

Tost methods

Dimensions and surface
aqualty
Dimensional limits

‘Specified in the relevant product
standards
AL= £ (10 + /1000) = 2 40 mm

DIN EN 13369, Annex L
Msasurement and visual inspection

Potential concrete

‘Compressive strength for the proof of
concrete qualty is derived from the

DINEN 123902 1.82] or
DINEN 123903 [1.83]

by ol ua el
potential strength Age of 28 days at time of testing
o e 125061 15]
Gomponentsengh Sing e b ehon om e
oot
Vst e T e -
Water absorpi relevant product standard DIN EN 13369 Annex J
ooty | Mistbepeed troausdin e | oy e rzsso 167
Rerenc o s desrad e
Finished produot relevant product standards
5

Weight of precast
element

Must be specified if equired in the
relevant product standard

Fire rating and fire

Must be specified f required n the
relevant product standard

behaviour (cement-bound precast concrete
clements, Class A1 est ot requirec)
Soundproofing cha-
SoUndprOaing 1 | Mustbe specied f equicdinthe | DINEN 150 140-31.89]

impact sound insulation)

relevant product standard

DINENISO 140-6 1.90]

“Thermal insulation cha-
racteristics

Must be specified if equired in the
relevant product standard

DINEN 12664 [1.91)

Thermal conductivty of the
building material, or

DINEN'S0 6946 1.92] or
DINEN SO 8990 193] or
DINEN 1934 [1.94]

Thermal conduction resistance of
the component
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Product
characterstic

Requirement

Test methods.

Dimensions

Internal diameter tolerances depend on the nominal
bore of the pipes and must lie between = 2 and
=15 mm.

For each produced type 2 concrete, reinforced or
steel-fibre reinforced concrete pipe with a nominal
bore of up to and including DN 1,000, the external
diameter of the spigot end d., must be measured.

Measurement

Visual inspec-
tion of surface

qualty

Uniform, closed condition, preventing any deleterious.
effect on serviceabilty and hydraulic performance.
Max. pore diameter 15 mm, depth of 10 mm permitted;
in reinforced concrete pipes, minimum concrete cover
of 10 mm above pores.

Spiderweb-like hairine cracks with a width = 0.15 mm
are permissible.

Visual inspection

Water
absorption

Water absorption = 6 M.-%

DINEN 1916, Annex F
using test specimens

Grushing
strength

‘Grouping in load classes.
Resistance to the minimum crushing force depending
on the nominal bore and strength class; the mi

mum crushing force is the short-term test force. It is
‘equivalent to the product of the strength class and the
nominal bore/1,000.

For einforced and steel-fibre reinforced concrete
pipes, the cracking force F. must also be verified.

DINEN 1916, Annex C

Longitud

During the test, the longitudinal bending moment M of
a pipe must not be lower than the moment calculated
using the following equation:

nalbending | M =G~ DN - P (cNm) DINEN 1916, Annex D
strengtn G~ constant: 0.013 (N/m)
ON = norminal bore
1™ ~length (m)
The following applies to wal hicknesses < 125 mi
each produced concrete, einforced or steekfire | DIN EN 1916, Annex £
Water imper. | Tenforcad concrets ipe oftype 2 wih a nominal bore | Tess to be arried out for
i of up t0 1,000 must remain watertght during a short- | individual components or
term factory test with a positive water pressure of 1 | two components connected
bar, a posiiive ai pressure of up to 20 kPa (0.2 ba)or | 1o each other
a negative air pressure of 20 kPa (0.2 bar).
Determination of concrete covers depending on the | DINEN 1916
ambient conditions in accordance with DIN V 1201; | Testing of a reinforced con-
Reinforcement | (e MINIMUM Concrete cover of external surfaces of | crete pipe segment.
e overmeat | iacking pipes must be increased by 5 mm according | Exposure o the reinforce-
e 10 DINEN 1916. Ring and longtudinal réinforcements | ment, measurement of con-
and concrete Govers must be checked for conformity | crete cover, documentation
with the factory documents (special rules forjacking | of smallest dimension
pipes) rounded to nearest millmetre.
Gore sample DIN 1048-2 [1.96]
strength (only | Concrete compressive strength class C40/50 Tests of core samples taken
appicableto | Concrete compressive strength = 40 Nimme atintervals of one third of

jacking pipes)

the pipe length.
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Chemical characteristic

Maximum content
[mg/]

Ghloride (CI)
Prestressed concrete/grouting mortar =500
Reinforced concrete =1,000
Non-reinforced concrete 4,500
Sulphates (S0,7) =2,000
Na,0 equivalent 1,500
Contaminants with a deleterious effect on

concrete:

Sugar =100
Phosphates (P,0,) =100
Nitrates (NO,) =500
Lead (Pb*) <100
Zine (zn) =100
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