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CONSTRUCTING LANDSCAPE



Constructing Landscape is a systematically structured reference work about the techniques and theories applied when constructing outdoor spaces. All the relevant topics are vividly covered, from materials and surfaces via building outdoor features to the use of plants. The book shows how landscape designers and architects can implement their creative ideas with expertise and technical skill. Constructing Landscape is in three parts: “Materials”, “The principles of loadbearing structures” and “Structural elements and building methods”. The first part surveys various building materials used in landscape architecture, and their specific qualities. Surface properties and possible working modes are also discussed. The next section explains the fundamental principles of statics, joints for loadbearing elements, foundations for structural components, and supporting structures. The third chapter is devoted to the principles of construction and techniques associated with various structural elements. A large collection of realized sample projects illustrates particular building tasks with photographs and plans.



MATERIALS, TECHNIQUES, STRUCTURAL COMPONENTS



The editor Astrid Zimmermann is a freelance landscape architect, and an academic assistant in the Department of landscape and building construction at the TU Berlin until 2008. She has assembled a group of expert authors with considerable experience in planning and teaching for this work.



Interior Gardens Haike Falkenberg 2011. ISBN 978-3-0346-0620-2 Lexicon of Garden and Landscape Architecture Meto J. Vroom 2006. ISBN 978-3-7643-7525-6 ’scape The International Magazine of Landscape Architecture and Urbanism



ASTRID ZIMMERMANN (ED.)



Birkhäuser Basel



9 783034 607209



CONSTRUCTING LANDSCAPE



www.birkhauser.com



MATERIALS, TECHNIQUES, STRUCTURAL COMPONENTS



2. EDITION



On Site Landscape Architecture Europe Landscape Architecture Europe Foundation (Eds) 2009. ISBN 978-3-7643-8950-5



ASTRID ZIMMERMANN (ED.)



2. EDITION



Birkhäuser Basel



CONSTRUCTING LANDSCAPE INTRODUCTION CONSTRUCTING LANDSCAPE, Essay by Cordula Loidl-Reisch
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INTRODUCTION Between the design idea and its conversion into constructed reality lie the technical details—in landscape architecture as in every design-related occupation. Only meticulous handling of these details can ensure that the quality of the design is preserved in the completed object. The basis for the—enduring—success of a construction scheme is therefore a respect for the properties of the materials used, as well as a construction method suitable for the materials and function. Given the particular conditions of “the outdoors” as a site, aspects of weather impact and the durability of facilities for public use must be paid particular attention. This publication is aimed at anyone who is concerned with creating outdoor facilities and is looking for an introduction to technical and constructive planning. This handbook gives a basic overview of materials, construction methods, and vegetation techniques used in urban-context planning. It is divided into three parts: “Materials”, “The principles of loadbearing stuctures”, and “Structural elements and building methods”. The individual sections can be combined in a modular fashion. The first part outlines materials used out of doors, presenting their basic properties as well as their surface qualities, application possibilities and products. The second part is concerned with fundamental questions of structural engineering. This should support both the reader’s own construction designs and informed discussion with structural engineers. The first chapter discusses the rules governing structural engineering. The following chapters are concerned with joints in loadbearing construction elements, soil mechanics and the different types of foundation. The third part describes how and with what elements outdoor complexes are built. Besides small structures such as walls, fences, steps or pools, this includes paved and non-paved surfaces. In addition, drainage and various aspects of vegetation techniques are important. As well as the basics of the subject and in-depth rules, various types of construction are presented— with the aid of specimen projects with construction methods that go beyond the standard details and expand the field of application. Plants as a construction material are a central theme in landscape architecture. Characteristics, possibilities for use and quality requirements for different plant groups are considered in the materials chapters “Plants” and “Lawns and other seeded areas”. Further information can be found in the chapters on vegetation techniques (Chapters 3.9 and 3.10) and in chapters that stand in close relation to plants as a construction material (e.g. the “Green roofs” chapter). It is impossible to do justice to the complexity of this field, particularly that of growth forms and areas of use for plants, within this publication. Given the background of very different site factors created by the climatic and soil-specific peculiarities of each region, readers are referred to the appropriate subject literature. Where an overview of the most important plant species is possible and appears justified, constructive chapters are supplemented with plant tables. > Chapters 3.12 Water installations, 3.13 Vertical planting and 3.14 Green roofs A region’s climatic conditions determine both the use of individual plant species and the construction methods for outdoor complexes. In order to make general statements, the scope of information contained in this publication is restricted to the Central European area. However, many of the construction methods can be used in other regions or adapted with only minor changes.
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INTRODUCTION



The European standards handbook already provides international regulations for many areas of construction. These are the basis for the technical codes of practice quoted in this publication. In areas with non-uniform regulation, national standards or guidelines are listed instead. A countryspecific inspection must take place in each individual case. The literature and reference lists at the end of each chapter may help the reader with this research. The national editions of the EU standards, which partly consist of the supplementary regulations, are also recommended. The FLL regulatory publications, established as the standard set of rules in Germany, are listed in some chapters, even if applying them is not compulsory outside Germany. The information they contain reflects the current state of science and practical experience. Outside Germany, they can therefore be considered as guidelines or recommendations. Constructing Landscape is conceived as a reference work on the subject of construction in landscape architecture, intended to accompany the design process from the draft stage to the best possible structural and technical solution, and provide helpful information to support this development. As well as the necessary basic technical knowledge, it is therefore also intended to provide inspiration and encouragement for constructive planning. As guidance for further research, the appendix of this publication contains lists of literature, standards and guidelines plus further information on each theme divided according to the relevant chapter. There is also a summary of literature for all chapters. Astrid Zimmermann Berlin, summer 2008



CONSTRUCTING LANDSCAPE Essay by Cordula Loidl-Reisch



This publication focuses on the fascinating interaction between landscape, seen as dynamic detailing of the earth’s surface, and construction. Here landscape can be both a “substrate” for design work and also a place-related “basis”. In each case, interest is focused on a mutual process: landscape and its qualities dictate the general conditions while construction, itself determined by the characteristic properties of building components, offers a response. “Putting together”—building, erecting or manufacturing a material or immaterial structure—is the literal meaning of construction. Construere, the Latin verb, includes all the ideas, considerations, principles, calculations, strategies and processes that contribute to a technical product’s intended functions, whether it is a machine or a building. The word’s meaning also implies ordering material and endowing it with form. The Latin word talea in its narrowest sense means a “severed twig”, but the beautiful French verb derived from it, détailler (= cutting to pieces) describes what happens in the detailing process: dividing off or dividing up into smaller sections. But detail can refer in particular to single feature, or a more precise excerpt from a greater whole, often an enlarged image. So “detailed” also means something that is presented precisely and thoroughly in every aspect. Anyone getting involved in construction should be in love with detail. This propensity—often wrongly confused with pettiness—is greatly needed because it acts as a motor for new and further developments. Arts pages make a clear distinction between people who solve puzzles and thinkers—allowing only the latter to be carefree—but developing detail needs passionate solvers of brainteasers in the best sense of the word, people whose obsessive attitude enables them to work innovatively. A consistent approach to working through from a first draft to the detail is helpful and desirable. But if you find yourself behaving with remorseless rigor and getting mercilessly entrapped in detail at the planning stage, the best response is to season the game with a pinch of humor and juggle your own ideas around a bit. “Construct, don’t calculate!” demands Karlheinz Wagner in his “Fragil Bauen” (“Fragile Building”) article (2005, p. 8), pointing out that optimizing a statical system depends to a great extent on materials, and that it is important to do justice to materials when constructing, from the first step in designing the loadbearing structure via developing detail for execution, right through to the finishing touches. Comfort has always been a motor for structural development, and it is becoming even more important. If we believe Eva Gesine Baur’s predictions in her 1999 book Was kommt, was bleibt (p. 60), comfort will be the strongest argument when choosing clothing in future. Is it likely to be very different for open space as a consumer product? “The fact is that people like comfortable things.” Peter Eisenman It is understandable that interior design elements increasingly provide the ideas for objects in the open air. They insist that demands are made in terms of both aesthetics and comfort on structures that are “transferred” into the open air, where they have to be adapted to withstand considerably harder conditions in terms of weathering and drainage requirements. What can be observed is a regular transfer of elements and materials: indoors, outdoors and back. But the choice of materials and construction is also affected by the zeitgeist and the fashion trends it generates. Here is an “angled” example: in the 1970s an angle of 45º was held in high esteem and used simply everywhere—from the ground plan of a building to the detail of an object, but we still cannot distance ourselves enough to have a completely relaxed relationship with this angle. It was followed by ruthlessly precise 90º corners, of the kind Donald Judd loved.



MATERIALS PLANTS



1.2 PLANTS



Plants, as living materials, are landscape architecture’s typical design material. All other materials start to age once the project is complete, but plants achieve their full effect only in the course of time. Vegetation has an inherent dynamic. For one thing, plants reflect the cycle of the seasons, as they shoot, blossom and take on their fall colors, and for another, they go through life phases from youth to age. This can mean a vegetation period of up to several centuries, according to growth form. Integrating this dynamism effectively and working creatively with it is a sign of successful planning. This chapter discusses the plant groups available to landscape architecture as material: woody plants, herbaceous plants, bulbs and corms, and seasonal plants. They are categorized according to growth forms and botanical criteria. A short introduction lists the requirements and possible uses for each group, and also the characteristic qualities that each plant displays. As the qualities of plants, being living material, are strongly influenced by the soil and climate of their situation, recommendations and empirical values are transferable to other countries only to a limited extent. There are considerable differences between the horticultural traditions of the individual European countries, defined by different climatic and socio-cultural conditions. This shows very clearly in the range of species used. Different sets of rules have to be applied against this background. This chapter introduces the most important topics, focusing principally on the use of woody plants in urban public parks and green areas. It has not been possible to give tips about using the various plant species and kinds in this publication, with the exception of the street tree list > Tab. 1.2.1 and the summary of lasting potential for hardy geophytes. > Tab. 1.2.3 References are made to the relevant literature on plant use. The chapters on water features, greening buildings and planting roofs also give tips on plant use for these specific situations.



will also ensure varietal consistency. In addition to this, positive qualities of the stock, for example stronger stem or root formation, will also be transferred. In present-day tree nursery practice, seed, young plants, seedlings and fully grown plants are traded throughout Europe. But as the origins of the seed, the soil and climate in the place where it is produced affect the later use of a plant, care should be taken that those conditions coincide with the new location as far as possible. Plants whose seeds or seedlings are produced in milder regions survive less well than those adapted to the situation. These problems become all the more acute the harsher the climate is in the new location. The consequence is a greater failure rate than for new planting, reduced vitality and increased susceptibility to pests. The principal limiting factors are severe frost, long periods of frost and summer drought. Plants are offered with different root qualities. > Tab. 1.2.4 Seedlings of summer-green woody plants and varieties of roses in particular are sold as bareroot goods. They are comparatively reasonable in price. They take root without difficulty, grow rapidly in the first year and adapt well to conditions in their new location. The only disadvantage is that young woody plants often need three to five years to give any sense of spread. The planting period is also limited to the very short dormant season. Rooted plants cannot be dug up and offered for sale until the leaves start to drop in fall. Root ball goods are bred by regular replanting. This makes the plant form a compact, dense root ball, the only form in which relatively large woody plants can be replanted. The older the plant, the more slowly it will bed in and form new shoots. One problem is that the soil in root balls can differ considerably from the new location (e.g. clay root ball in sandy soil), as a capillary break will make the water supply more difficult. Smaller root balls are cloth-wrapped, and larger ones contained in wire mesh. Compared with bare-root goods, the planting time for root ball goods is about 2 to 4 weeks longer, in spring and autumn.



PLANT PROPAGATION Plants propagate themselves in nature generatively, via seeds. The parent plants are heterozygous so their progeny can be very diverse. Cultivated herbaceous and woody varieties are thus bred vegetatively in horticulture, in order to preserve the qualities and genetic characteristics of the mother plant. Vegetative breeding methods include grafting and cuttings, separation and root cuttings. In grafting, a shoot or bud of the desired cultivar is attached to another type, the stock, which



Plants can also be grown exclusively in pots and containers, which means that they can be planted almost all year round. For woody plants, the volume of the container in liters is given as well as the size. The pot is the standard form for herbaceous plants. Normally a peat-based substrate is used. As humus-rich peat balls are usually very different from the mineral soil at the new location, this can impede the water supply and rooting. Peat extraction is also problematic for nature conservation
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MATERIALS PLANTS reasons. Substrates made of other raw materials have been introduced, but are not very widely used. The best time to plant most woody and herbaceous varieties is the early fall. Roots continue to grow as long as the soil temperature is about 5 ºC. Thus, freshly set plants form a well-established root system in order to be able to survive the dryer summer months in the following year. Spring planting makes sense for particularly heavy soils or for varieties that are not reliably frost-resistant. > Chapter 3.9 Planting technique and care of vegetation surfaces
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2m



WOODY PLANTS Woody plants are perennial varieties with woody shoots above the ground. Trees are characterized by apical growth, i.e. they grow from the shoot tip and usually develop a continuous leader, or one that does not divide very much. Shrubs grow from the rhizome and usually develop large numbers of shoots. Because of their size, both groups are suitable for creating threedimensional structures. These can be point structures (solitaire tree), cover and area (grove, group of woody plants) or linear (avenue, hedge), and grow freely or be trimmed with varying degrees of severity. There are three basic types of root system that develop in deep soil: tap root systems grow deep into the soil, vertically, and have a markedly thicker main root; heart root systems have several roots that grow more or less vertically down into the soil; and horizontal root systems with roots that run mainly diagonally to horizontally. Root systems are species-specific, and important for the plant’s use criteria.



Grade and quality criteria Woody plants are offered in various sizes, called grades. Quality standards define the grades, and the appropriate minimum sizes. Criteria are number of shoots, height and/or width, trunk circumference for trees (at a height of 1 m), number of transplants and root formation or pot volume for shrubs and woody container plants. > Fig. 1.2.1 Over and above this, authenticity of variety, flawless health and good general vitality are required, so that the plants are in a position to establish themselves without problems. > Fig. 1.2.1 If woody plants are to be accepted as flawless when supplied, in other words if they are for sale, they have to meet other criteria. Trees and shrubs should have a shape that is typical for their species and age. For example, a young tree will naturally have a somewhat narrower crown, while a solitaire tree of the same species that has been cultivated for longer in the tree nursery and planted well away from its neighbors should have a somewhat more extensive crown. Relative age shows above all in the position of the shoots. Young trees grow vigorously and their shoots are positioned at a very steep angle. Somewhat older trees, usually larger grades that have been transplanted several times, have branches that grow at a much lower angle.



trunk circumference at a height of 1 m



1m



a



b



c



d



Shrubs and crowns should have a regular structure and plenty of branches. Very asymmetrical crowns and bald leading shoots, in other words trunk prolongations, are cause for complaint. The same applies to unduly curly branches and forking trunks. They reduce the long-term stability of the crown, as the branches damage each other when they start to thicken out. Cut points caused by cultivation pruning in the nursery should be at least partially healed over, i.e. new bark should have grown over them. It is also important that there are no weeds in the root balls and containers. Any sign of couch grass (Elymus repens) or ground elder (Aegopodium podagraria) should also be objected to. If herbaceous plants or low bushes are being used for underplanting, these weeds will create a maintenance problem in future and a considerable amount of extra effort. Seed-propagated weeds can essentially be tolerated. > Tab. 1.2.2



Summer and evergreen broad-leaved woody plants Broad-leaved woody plants are dicotyledonous (with two cotyledons in the seed) angiosperms with reticulated leaves. The texture of the foliage is fine to coarse, depending on species. Decorative effect derives primarily from habit (growth form, e.g. strictly upright, weeping, wide-canopied), but also from blossom, fruit and winter color. Deciduous woody plants that are green in summer come from moderate climates with distinctive seasons. They grow new foliage annually during the growing season. Evergreens come from Mediterranean (arid) regions, or areas with mild winters, and most of them have limited frost-hardiness. Street trees have to meet two demands. One is to tolerate the adverse conditions of their city location: urban climate with heat and summer dryness, and frequently radiation back from the facades of buildings, cramped space for their roots and poor, C-character soil, surface and underground sealing, emissions, road salt and dogs’ urine.



e



Fig. 1.2.1: Selection of Carpinus betulus (hornbeam) grades, schematic diagram: a) small young tree, replanted 1 x, h 60–80 cm b) young tree, replanted 2 x, with root ball, h 125–150 cm c) young solitaire tree, replanted 3 x, with wired root ball, w 100 –150 cm, h 250–300 cm d) standard, replanted 3 x, with wired root ball, trunk circumference 14–16 cm e) solitaire standard, replanted 4 x, with wired root ball w 100–150 cm, h 250–300 cm



MATERIALS PLANTS



Seq. no.



Botanical and English name



Height achieved in m



Width in m



Light penetration



Sun or shade



Suitability for urban spaces



Remarks



4



Acer platanoides, Plane



20–30



15–22



negligible



sun to semishade



suitable within limits



Large, fast-growing tree, with a dense, rounded crown; blossoms before the leaves shoot; sensitive to ground sealing



7



Acer platanoides ‘Cleveland’ Norway maple



10–15



7–9



negligible



sun to semishade



suitable



As no. 4, but medium-sized tree with oval, compact and regular crown, horizontal oval shape when mature, young leaves marbled in light red; resistant to urban climate



32



Alnus spaethii, Alder



12–15



8–10



moderate



sunny



well suited



Passed as a suitable street tree since 1995, very fast-growing, with a broad pyramidal crown, branches loosely upright; spreads more horizontally when mature, consistently straight trunk, late-falling, dark green, slightly shiny foliage (can break under snow)



35



Betula pendula, Silver birch



18–25 (30)



10–15 (18)



considerable



sunny



suitable within limits



Large, fast-growing tree with loosely rising crown; not resistant to urban climate and therefore not suitable for paved areas, short-lived; needs a lot of light, shallow rooted, pioneer woody plant



44



Corylus colurna, Turkish filbert



15–18 (23)



8–12 (16)



negligible



sun to semishade



well suited



Medium to large tree with regular, broad-based conical crown, consistently straight trunk, beware of falling fruit, edible fruit



59



Fraxinus ornus, Manna ash



8–12 (15)



6–8 (10)



moderate



sunny



suitable



Fast-growing small tree with weal wood with a round or broad pyramidal crown, branches rarely grow straight, pay attention to side clearance, flowering tree; do not use in paved areas; resistant to urban climate



62



Ginkgo biloba, Ginkgo biloba



15–30 (35)



10–15 (20)



considerable



sun to semishade



well suited



Large tree, grows in various ways, fan-shaped leaves, dioecious, disease-resistant, needs a lot of light, beware of falling fruit, fall color; resistant to urban climate



85



Platanus acerifolia, London plane



20–30 (40)



15–25



negligible



sunny



suitable



Large, fast-growing tree with wide crown, increasingly prone to attack by pests such as leaf-blight, wilt, lace-bug in recent years; resistant to urban climate



86



Populus berolinensis, Berlin poplar



18–25



8–10



moderate



sunny



suitable within limits



Large tree with broad, column-like trunk, fast-growing, forms root suckers



91



Prunus avium, Wild cherry



15–20 (25)



10–15



negligible



sunny



not suitable



Medium-sized tree, risk of gummosis, flowering tree, fruit falls



109



Quercus robur, Pedunculate or English oak



25–35 (40)



15–20 (25)



considerable



sunny



suitable



Large tree with broad conical crown, spreads widely; susceptible to pests, do not plant before December



113



Robinia pseudoacacia, False acacia



20–25



12–18 (22)



considerable



sunny



suitable



Large tree with open, irregular crown, fast-growing when young, flowering tree; low maintenance but susceptible to wind damage in nutrient-rich soil, dead wood forms in later years, forms root suckers; resistant to urban climate



133



Tilia cordata, Small-leaved lime



18–20 (30)



12–15 (20)



negligible



sun to semishade



suitable within limits



Large tree with broad, conical, dense crown, spreads vigorously when older; habit can be very variable, likes fresh, open soil; secretes honeydew



135



Tilia cordata ‘Greenspire’, ‘Greenspire’ small-leaved lime



18–20



10–12



negligible



sun to semishade



well suited



Like no. 133, but crown narrower, more regular and denser, broader when older; branches ascending; bark necrosis in some regions



Tab. 1.2.1: Extract from the 2006 GALK street tree list. Of a total of 145 species and varieties listed, 7 were rated as well suited, about 40 as suitable and 50 as suitable within limits. It may be better to check the suitability of individual species rather than the suitability of the species as a whole.
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MATERIALS PLANTS If trees are not to create traffic safety problems around them, the also have to meet functional requirements. Relatively high stability and safety against fracture should minimize danger from trees falling over or branches breaking off. Upright growth with a closed crown should secure the street’s light profile and avoid damage from low branches. Fruit formation is undesirable as fruit falling on the pavement can be a hazard and increase the danger of people skidding. They should also not exude honeydew (aphid secretion) as this soils parked cars. Growth typical to the species should not include roots that come very near the surface, as these frequently damage roads and footpaths. The best species for the urban climate come from subMediterranean or subtropical regions, as they can tolerate heat and dryness. But most central European tree species come from woods or meadows and are thus ruled out. Some pioneer trees such as Populus (poplar) are unsuitable because of their aggressive roots near the surface (horizontal root system); they also grow suckers and have brittle wood. Varieties of Acer platanoides (plane), also a pioneer tree, are at least suitable, however. List of recommended or unsuitable trees are often compiled to make it easier to choose suitable street tree species. In Germany, the Arbeitskreis der Grünflächenamtsleiterkonferenz (Green open space department directorial conference working party, GALK) has published a street tree list based on the experiences of local green open space departments. > Tab. 1.2.1 This working party is also in touch with experts from neighboring European countries.



Points to check



Criteria



Procedure, remarks



size



minimum height and/or number of shoots



measure or count random samples



width



minimum width given, fully developed crown for solitaires



remove transport protection from crown, requires good species knowledge as there are great differences between species



trunk circumference



minimum circumference at a height of 1 m as specified in tender



measure random samples, all items for large woody plants



species or variety



must comply with species or variety specified



difficult if no foliage, varieties can often be checked only by blossom or species, open transport protection for individual plants for easier identification



root ball quality



roots firm and dense throughout the ball, root end not too thick at the end of the ball



plants loose in the ball package? Then complain about “droopy” ball. Very thick root ends at the edge of the ball indicate overripe goods



state of health



last year’s shoots, bud or foliage and bark immaculate, lichen growth



look carefully for discoloration and distortion, and for traces of pest damage, lichen indicates stagnating growth



transport and storage damage



roots, ball, trunk and shoots free from mechanical damage and without damage from heat or cold



look carefully for dried-out roots, bent shoots, fresh (painted) damage to bark and loose root balls, complain about damaged leaders if applicable (always in the case of conifers and street trees), always transport covered in case of frost or temperatures above 25 ºC



freedom from weeds



ball and container goods free of root weed (couch grass!)



in case of suspicion, open root ball or check during planting



Tab. 1.2.2: Checking criteria for accepting woody plants



continuous leader, strong trunk extension (consistent thickness)



damaged leader



crown with regular branches



branches curling away, the continuing leader is too thin (tapering) for later crown development



irregular crown



cuts not healed, as heading down was performed too late straight trunk



cuts partially or completely healed



“clothes peg” stump recent bark damage from transport



older bark damage at base of trunk from digging etc. firm root ball with tightly packed roots Fig. 1.2.2: Avenue trees: positive and negative examples, schematic diagrams



Fig. 1.2.3: Preproduced clipped hedge elements: Prunus laurocerasus ‘Herbergii’ (cherry laurel), solitaire, 4 x replanted with wired root ball, 110 x 60 x 200, 8–10 years old



MATERIALS PLANTS Fig. 1.2.4: a) Spheres made of Ligustrum vulgare ‘Atrovirens’ (privet), 160–180 cm diameter, transplanted 5 x, with wired root ball, approx. 15–18 years old, trimmed annually b) Tilia cordata ‘Greenspire’ (small-leaved lime), foot trellis, transplanted 5 x with wired root ball, trunk circumference 40–45 cm, width: 250 cm, overall height 570 cm, roughly 12–15 years old c) Tilia europaea ‘Pallida’ (Kaiserlinden), box-shaped, transplanted 4 x with wired root ball, 45–50 cm trunk circumference, overall height approx. 400 cm, crown springs at approx. 250 cm, 1 trim annually 1, approx. 17–22 years old d) Buxus sempervirens (box) as sofa, approx. 2 m wide and 1 m high. Commissioned. Made up of solitaire plants, transplanted 3–4 x, approx. 7–10 years old, structurally trimming for about 4 more years, trimmed 2 x annually



a c



b d



Street trees are supplied with wrapped root ball at a trunk height of 220 cm to 250 cm. The continuous leader should have even branches of medium thickness, so that the tree can be headed back in the next few years. A trunk height or a side clearance of 4.5 m is usually needed on main roads, less on minor roads. Leaders with forking or damage to the leader are definite cause for complaint. > Fig. 1.2.2 Hedging plants are bred from deciduous and evergreen hardwoods that tolerate clipping well and can grow like shrubs or trees. Hedging should carry twigs from the bottom upwards and grow densely, which is achieved by repeated clipping at the tree nursery. Light shrubs are supplied with bare roots, thicker shrubs with wrapped root balls or in containers. > Tab. 1.2.4 Preproduced hedges have been available for some time now. They make newly planted areas look mature immediately upon completion. > Fig. 1.2.3 Topiary plants are bred from deciduous and evergreen hardwoods and more rarely from conifers, above all Taxus baccata (yew). Trees and shrubs that tolerate clipping, e.g. Carpinus betulus (hornbeam), Fagus sylvatica (beech), Prunus laurocerasus “Herbergii” (cherry laurel) and Buxus sempervirens (box) are suitable. There are



no standard quality guidelines for topiary plants. Large tree nurseries offer a whole variety of shapes designs. Trees are bred in the shape of spheres, columns of fans; and shrubs primarily in geometrical shapes like spheres, cubes or cones. Unusual designs not included in the standard range can be bred to order by specialist tree nurseries, but at least four years or more must be allowed for them to be ready. Typically, topiary plants are used for formal outdoor areas. > Fig. 1.2.4 Fully grown trees are not usually brought on in a tree nursery, but are taken from their long-established location and replanted as more or less fully mature specimens. They change and make a striking effect on the space immediately after planting because of their mature or irregular, expressive habit. Transplanting costs vary from low to relatively high according to species and size, the previous location and the distance traveled. The failure rate is considerably higher than for nursery goods, as most of the roots of a large, fully grown tree are lost in transplantation. They have to be carefully, elaborately and expensively tended. Frequently trees of this kind need a permanent anchorage, as their root systems have not redeveloped sufficiently strongly. As large trees are no longer very adaptable because of
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1.7 HORMIGÓN



Los hormigones son mezclas que se endurecen y en las que el cemento actúa como material conglomerante. Una vez que el hormigón fresco, plástico, se ha estabilizado completamente, se obtiene un material de construcción que se asemeja a la piedra en apariencia y propiedades técnicas. Por ello el hormigón se describe con frecuencia como piedra artificial. La fórmula básica del hormigón contiene un árido granular mineral, cemento y agua. > Fig. 1.7.1 Este proceso también se denomina hidratación, ya que el agua es el agente que produce el fraguado y endurecimiento del cemento. A partir de la pasta de cemento, mezcla de cemento y agua, se forman estructuras cristalinas entrelazadas en un proceso que se prolonga durante meses. Estas estructuras microscópicas son capaces de ligar de forma estable sustancias minerales y metálicas durante largos periodos de tiempo. Con el objetivo de modificar las propiedades del hormigón de una determinada manera, se pueden añadir diversos aditivos y adiciones durante su producción industrializada. El conjunto se describe como el sistema de cinco componentes del hormigón. La variación controlable de sus propiedades



convierte al hormigón, al igual que al vidrio o al acero, en un material perfectamente moderno. La casi interminable lista de variedades contemporáneas, como los hormigones autocompactantes o los translúcidos, muestra el potencial que todavía tiene este material de construcción.



COMPOSICIÓN, PROPIEDADES Y PRODUCTOS La fabricación de hormigón implica la aplicación de fórmulas o dosificaciones que determinan la composición del producto final y garantizan su calidad. El elemento principal de cualquier fórmula son los áridos, sustancias minerales (gravas y arenas) que pueden ser redondeadas o trituradas, mientras que el cemento actúa como ligazón, permeando la mezcla y dotándola de resistencia. > Fig. 1.7.2 El endurecimiento de este cemento, también llamado fraguado, es un proceso claramente visible al cabo de unas pocas horas, aunque tarda años en concluirse. El cemento fragua hidráulicamente, esto es, en ausencia de aire e incluso bajo el agua. La piedra cementada por este proceso no es soluble en agua. Según cuál sea la cantidad de agua aportada, el hormigón fresco es una masa gris pastosa y fluida que se adapta a cualquier molde. La proporción entre el contenido de cemento y el de agua se describe como la relación agua-cemento. En los hormigones de exteriores, resulta importante obtener una alta resistencia frente a la sal para deshielo, lo que se obtiene con una relación agua-cemento de 0,5 (una mezcla que siga una proporción de 1 l de agua por cada 2 kg de cemento). La forma del hormigón sólido se suele definir mediante el uso de moldes. En la fabricación industrial de piezas prefabricadas de hormigón en masa, se emplean moldes de acero de precisión en los que se vierte hormigón seco, a continuación se lo agita y se le aplican altas presiones. > Fig. 1.7.3 El hormigón vertido en la propia obra se denomina hormigón in situ, mientras que los moldes donde se endurece reciben el nombre de encofrados. Los encofrados modernos



Fig. 1.7.1: Sección de hormigón: los áridos más gruesos quedan rodeados por los componentes más finos



Fig. 1.7.2: La superficie de este muro se proyectó teniendo en cuenta una variación controlada de los áridos, el tipo de cemento y el contenido de humedad del hormigón. Los elementos metálicos fueron añadidos a posteriori



Fig. 1.7.3: Escaleras y superficie acabadas con elementos de hormigón prensado de color antracita
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consisten en sistemas modulares de fabricación industrial, aunque también se pueden realizar de forma artesanal con madera. El hormigón moldeado in situ cuyas superficies vayan a quedar visibles se denomina hormigón visto; para conseguirlo se requiere que el hormigón fresco tenga una consistencia blanda o fluida y una curva de fraguado en consonancia. Se compacta mediante un vibrador interno. > Fig. 1.7.4 Como la piedra natural, el hormigón presenta una gran estabilidad ante la compresión. Esta se corresponde con la clase de resistencia del hormigón, de forma que un hormigón C-20/25 alcanza una resistencia a compresión de entre 20 y 25 N/mm2. El hormigón que alcanza una resistencia de entre 55 y 67 N/mm2 se describe como hormigón de alta resistencia. En función del árido, el hormigón en masa pesa entre 2,0 y 2,6 kg/dm3. > Tab. 1.7.1



Cemento El cemento consiste en una mezcla de 2/3 de cal y 1/3 de arcillas, cocida hasta el límite de sinterización, a una temperatura de unos 1400 ºC, hasta formar lo que se conoce como clínker de cemento de Pórtland, que posteriormente es molido para obtener el fino polvo que constituye el cemento de Pórtland. La norma sobre cemento EN 197-1 distingue 27 tipos de cementos de uso habitual en Europa, divididos en 5 clases. La clase CEM I describe el cemento de Pórtland común, mientras que las clases CEM II a CEM V regulan las mezclas de cemento de Pórtland con diversas sustancias hidráulicas, por ejemplo la arena granulada (CEM II, cemento de Pórtland con escorias).



Clase de resistencia



Contenido de cemento kg/m3



C 12/15



270



C 20/25



280



C 25/30



300



C 30/37



El fraguado del cemento es un proceso exotérmico; es decir, que libera calor. En este sentido se distinguen los cementos de fraguado rápido –con altos calores de hidratación– de los de fraguado lento –con calores de hidratación más bajos–. Estos últimos se utilizan en elementos estructurales de gran masa en los que la más mínima dilatación debida al calor podría producir grietas. > Fig. 1.7.5 y Capítulo 2.1 Estructuras portantes y su dimensionado En los meses de otoño e invierno, normalmente es preferible el empleo de cemento de fraguado rápido, ya que las bajas temperaturas del ambiente retardan el proceso de endurecimiento.



Adiciones y aditivos Las adiciones se añaden al hormigón en grandes cantidades para modificar determinadas propiedades como el color o la densidad. Se toman en consideración en la fórmula del hormigón; esto significa que, en función de la cantidad de adición añadida, se debe agregar mayor cantidad de cemento. Ejemplos de estas adiciones son las cenizas industriales y los polvos o harinas de roca. Estos materiales sirven como relleno para los poros. > Fig. 1.7.6 El hormigón autocompactante, por ejemplo, contiene altos niveles de harina de roca. Otras adiciones son los pigmentos o las rocas volcánicas como el trass. Estas sustancias, igual que el cemento, suelen presentar propiedades hidráulicas o tenerlas en estado latente. En otras palabras, reaccionan con la cal del cemento para formar un compuesto pétreo. Los aditivos se añaden en pequeñas cantidades para modificar las propiedades químicas o físicas del hormigón. Los



Adecuado para:



Hormigón normalizado X0



Hormigón en masa



Hormigones de distintas características



Hormigón armado



300



Tab. 1.7.1: Clases de resistencia del hormigón



Fig. 1.7.5: Típicas fisuras de retracción en un hormigón coloreado



Fig. 1.7.4: Plataforma de jardín ejecutada con hormigón in situ y una piedra del lugar integrada



Fig. 1.7.6: Elementos de hormigón armado visto: el relleno de las juntas ayuda a optimizar la superficie
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más comunes son los retardantes, que ralentizan el proceso de fraguado. Otros aditivos son los plastificantes, los superplastificantes, los aireantes, los sellantes, los acelerantes, los aditivos de inyección y los estabilizantes. > Fig. 1.7.7



Clases de exposición El hormigón puede verse sometido a diferentes agresiones, como la humedad, el hielo o los ataques químicos (ácidos, sales, etc.), que obligan a adaptar su composición a las condiciones de cada emplazamiento. Las clases de exposición definen los usos y los niveles de agresión que puede tolerar un determinado hormigón. A partir de estas, se puede calcular la calidad mínima del material; en particular, en el caso de hormigones en exteriores, sometidos a fuertes



Forma de ataque



Ejemplo típico



Condiciones ambientales



X0



Sin riesgo de ataque o corrosión



X0



Elementos estructurales en un ambiente no hostil al hormigón



XC



Corrosión de la armadura por carbonatación



XC1



Hormigón armado La incorporación de un refuerzo mejora sustancialmente las propiedades mecánicas del hormigón, especialmente su relativamente baja resistencia a la tracción. Por lo general, para estos refuerzos se utiliza acero estructural, y el hormigón resultante se denomina hormigón armado. En casos especiales, sin embargo, puede utilizarse como refuerzo algún tipo de acero especial o diversas fibras. En teoría, cualquier material con buena resistencia a la tracción y suficiente durabilidad podría servir. En el caso del hormigón armado convencional, se utilizan mallas electrosoldadas y barras corrugadas de acero, así como otros elementos especialmente fabricados, como jaulas de armadura. El acero se dispone en aquellas zonas de la sección del hormigón donde se producen esfuerzos de tracción. Es preciso calcular las necesidades del elemento estructural para determinar el área total de acero necesaria. En



Fig. 1.7.7: Hormigón sin áridos finos. Tratada con retardantes, la superficie del hormigón fragua más lentamente que la masa, lo que se puede aprovechar para lavar los áridos finos de la superficie y obtener este tipo de hormigón



Clase de exposición



tensiones, debe prestarse especial atención al contenido de cemento, a la relación agua-cemento y al espesor del recubrimiento sobre las armaduras. > Tab. 1.7.2 Se distinguen las siguientes clases de exposición: XC (corrosión de la armadura por carbonatación), XD (corrosión de la armadura por cloruros), XS (corrosión de la armadura por agua marina), XF (ataque por hielo), XA (corrosión de la armadura por ataques químicos), XM (desgaste natural), XO (hormigón sin riesgo de ataques). Un número adicional cuantifica la intensidad de la agresión; por ejemplo, XS1 significa «sal en el aire», mientras que XS2 significa «sumergido en agua marina».



Mínima clase de resistencia a la compresión



Contenido mínimo de cemento kg/m3



Relación agua-cemento máxima



Hormigón de relleno, subbase granular



C 8/10



Seco o permanentemente mojado



Elementos estructurales en interiores; elementos estructurales sumergidos de forma permanente en agua



C 12/15



240



0,75



XC2



Mojado, ocasionalmente seco



Cimentaciones



C 16/20



240



0,75



XC3



Humedad moderada



Elementos estructurales bajo techo pero en contacto con el ambiente exterior (p. ej.: vestíbulos abiertos)



C 20/25



260



0,65



XC4



Mojado, ocasionalmente seco



Construcción al exterior con exposición directa a las precipitaciones



C 25/30



280



0,60



XD



Corrosión de la armadura por cloruros ajenos al agua salada



XD1



Humedad moderada



P. ej.: garajes particulares



C 30/37



300



0,55



XD2



Mojado, ocasionalmente seco



Piscinas de agua salada



C 35/45



320



0,50



XD3



Alternativamente mojado, ocasionalmente seco



Pavimentos de carreteras



C 35/45



320



0,45



XS



Corrosión de la armadura por cloruros presentes en el agua salada



XS1



Sal en el aire



Elementos estructurales exteriores próximos a la costa



C 30/37



300



0,55



XS2



Bajo el agua



Elementos estructurales en muelles sumergidos de forma permanente



C 35/45



320



0,50



XS3



Zona de mareas, zonas de salpicaduras



Muros de muelles



C 35/45



320



0,45



XF



Ataque por hielo, con o sin agentes de deshielo



XF1



Saturación moderada de humedad sin agentes de deshielo



Elementos estructurales en exteriores



C 25/30



280



0,60



XF2



Saturación moderada de humedad con agentes de deshielo



Pavimentos tratados con sales de deshielos



C 35/45 C 25/30 (LP)



320 300



0,50 0,55



XF3



Alta saturación de humedad sin agentes de deshielo



Superficies horizontales de hormigón expuestas a precipitaciones y heladas, vasos de piscinas



C 25/30 con aire incorporado



300



0,55



320



0,5



320



0,5



C 35/45 XF4



Alta saturación de humedad con agentes de deshielo



Superficies viarias expuestas a agentes de deshielo



Tab. 1.7.2: Clases de exposición y calidades del hormigón según EN 206 y Zement-Merkblatt Betontechnik B9



C 30/37 con aire incorporado
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el caso de elementos estructurales sometidos a cargas importantes o relevantes en términos de seguridad, se requiere la participación de un calculista especializado. > Capítulo 2.1 Estructuras portantes y su dimensionado Una desventaja del hormigón armado reside en la necesidad de cubrir las armaduras de acero para protegerlas de la corrosión. El acero oxidado multiplica su volumen respecto del original, lo que puede originar un efecto en cadena y desconchar la superficie del hormigón. > Fig. 1.7.8 El recubrimiento mínimo de hormigón debería ser de 2,5 cm, en el caso de elementos estructurales situados en exteriores con un espesor mínimo de 6-8 cm. En caso de ambientes propicios a los ataques químicos, o en las proximidades del mar, suele resultar adecuada una cubierta de 5,5 cm. Para mantener las distancias de las barras entre sí y respecto del encofrado, y evitar desplazamientos por las vibraciones, es necesario utilizar un número suficiente de separadores.



Hormigón impermeable Se denominan hormigones impermeables aquellos que presentan una alta resistencia a la infiltración de agua. Esta propiedad se obtiene reduciendo al mínimo la porosidad de la mezcla granular y la relación agua-cemento. Para minimizar la entrada de agua a través de las grietas, es preciso limitar su alcance armando adecuadamente el hormigón. > Capítulo 2.1 Estructuras portantes y su dimensionado Para conseguir la impermeabilidad de las juntas constructivas y de dilatación se hace necesario utilizar tapajuntas adecuados.



Hormigón autocompactante El hormigón autocompactante es un material con una fluidez excepcional y un muy bajo contenido en aire, lo que resulta posible gracias al desarrollo de una nueva generación de plastificantes de alto rendimiento. La consistencia y la viscosidad del hormigón autocompactante fresco son similares a las de la miel. Por ello, fluye rodeando los obstáculos y rellenando las cavidades sin necesidad de compactación posterior. Las superficies visibles de este material ofrecen un aspecto extremadamente homogéneo. > Fig. 1.7.9 Puesto que este hormigón presenta una alta proporción de áridos finos, puede asumirse que la superficie permanecerá homogénea con el paso del tiempo y que se desprenderán pocas partículas. Sin



Fig. 1.7.9: Estelas realizadas con hormigón autocompactante, Monumento a los Judíos Asesinados de Europa, Berlín, Alemania



embargo, por su propia novedad, aún no pueden realizarse afirmaciones concluyentes respecto a su durabilidad y a su proceso de envejecimiento.



Hormigones reforzados con fibras y otros materiales La baja resistencia a la tracción y la ductilidad (capacidad para expandirse y deformarse) del hormigón implican una tendencia a agrietarse, que en los bordes termina produciendo desprendimientos y pérdidas de material. En la fabricación de losas prefabricadas de hormigón para pavimentar, se trata de mitigar este problema introduciendo una doble malla de acero que se pliega y solapa en los bordes. Se trata del llamado hormigón reforzado con fibra de acero, en el que el acero no se dispone en función de las tensiones de tracción, como en el hormigón armado convencional, sino que se distribuye uniformemente por toda la sección del hormigón. Otros tipos de refuerzo tales como las fibras o el acero de alta resistencia ofrecen mejores resultados que el acero de construcción, aunque también resultan más costosos. Asimismo, al reducirse la necesidad de los recubrimientos de hormigón, se pueden realizar estructuras extremadamente delgadas. También es posible obtener superficies de gran calidad. > Fig. 1.7.10 En el hormigón translúcido se utilizan fibras de vidrio como refuerzo. De esta forma, en la medida en que las fibras transmiten la luz sin pérdidas, se pueden distinguir diferencias en el brillo y hasta colores a través de muros de 1 m de espesor. > Fig. 1.7.11



Hormigón compactado al vacío El proceso de deshidratación por vacío se utiliza principalmente en losas de pavimentación y permite que el hormigón se vierta con un alto contenido de agua, lo que facilita la compactación. Posteriormente, el exceso de agua se extrae utilizando mallas y bombas de vacío. Este procedimiento se puede utilizar para obtener una relación agua-cemento óptima. Finalmente, el hormigón fresco se alisa con una fratasadora. Al optimizar la relación agua-cemento, el proceso de deshidratación por vacío reduce la propensión a las grietas de contracción, y mejora tanto la resistencia a las heladas como la resistencia mecánica final del hormigón. Fig. 1.7.8: Corrosión de la armadura
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de mayor precio, cuya capa superficial suele ser de hormigón visto, un hormigón optimizado para tener un determinado aspecto, por ejemplo con la adición de pigmentos o arena ornamental, y que posteriormente puede recibir un tratamiento mecanizado. > Fig. 1.7.12 Otros productos fabricados mediante este procedimiento de prensado son las piezas de bordillo, de muros, de esquina, escalones, empalizadas y conductos. Las partes acabadas con hormigón visto presentan una superficie lisa característica en la que no se percibe el grano del árido. En general, estos elementos se realizan con aristas biseladas para evitar cualquier daño en el proceso de fabricación, transporte o puesta en obra; las piezas sin bisel o con acabados de hormigón coloreado siguen un procedimiento especial de producción y solo se consiguen en fábricas especializadas.



Fig. 1.7.10: Hormigón reforzado con fibras: a) panel de fachada b) asientos c) bancos realizados con hormigón reforzado con fibras



CARACTERÍSTICAS Y TRATAMIENTOS SUPERFICIALES



a b c



Piezas de hormigón prefabricado Las piezas de hormigón producidas industrialmente se conocen como elementos de hormigón prefabricado, y pueden ser de hormigón en masa, fabricados principalmente por presión, o de hormigón armado. El hormigón prensado tiene una superficie rugosa, lo que resulta muy útil para pavimentos y superficies peatonales, en los que resulta claramente visible el grano del árido. Los hormigones para pavimentos se fabrican con dosificaciones especiales para alcanzar resistencias extremadamente elevadas. Esto significa que las piezas de pavimento no necesitan biselado, sino que sus aristas pueden dejarse en ángulo recto. Estas piezas de pavimento sin biselar se emplean en calzadas y zonas de aparcamiento, ya que ayudan a mitigar el ruido de los vehículos. Existen también piezas



Fig. 1.7.12: Superficie de una losa de pavimento: hormigón granallado siguiendo un patrón diagonal



Fig. 1.7.11: Hormigón translúcido



El color básico del hormigón reciente «natural» es un gris claro cálido y mate, con variaciones en función de la humedad del hormigón fresco, así como del tipo y del contenido de cemento. Su color puede modificarse considerablemente a través de una cuidadosa elección del cemento y de los áridos y colorantes adecuados. Por otro lado, diversos tratamientos superficiales utilizados en la fabricación industrial también afectan al color. El más significativo es el lavado a presión, con agua, arena de cuarzo o granalla de acero, que implica, fundamentalmente, un envejecimiento prematuro mediante el desgaste de la superficie de cemento. > Fig. 1.7.13 Cualquier tipo de tratamiento superficial aplicable a la piedra natural también puede emplearse para el hormigón. > Capítulo 1.5 Piedra natural, Propiedades y tratamientos superficiales



Hormigón visto Hoy en día, para obtener hormigón visto, se utilizan normalmente encofrados no absorbentes. Estos consisten en paneles laminados de madera revestida o materiales artificiales que ofrecen superficies perfectamente lisas sin ningún tipo de alabeo, aunque tampoco son capaces de absorber el exceso de agua del hormigón. Bajo ciertas circunstancias, los encofrados no absorbentes pueden provocar un blanqueamiento o blushing en la superficie del hormigón. Los encofrados fabricados con madera natural, por su parte, tienen cierta capacidad de absorber agua del hormigón fresco. Junto a la estructura de madera natural, el hormigón conformado de esta manera ofrece un aspecto más vivo,



Fig. 1.7.13: Cuadro tratado con chorro de arena en medio de una superficie de hormigón con una pátina natural a causa del envejecimiento
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aunque también la impresión de un color más uniforme, con menos poros y manchas en la superficie. > Fig. 1.7.15 Cuando se utiliza un encofrado no absorbente, es preciso recurrir a un procedimiento de fabricación del hormigón altamente estandarizado, ya que se hará visible en la superficie cualquier diferencia en la humedad o la compactación, así como cualquier exceso de los agentes desencofrantes. Incluso las fluctuaciones del clima pueden crear diferencias en el color de las superficies. Los criterios de valoración de una superficie de hormigón visto son la textura y porosidad de la superficie; la precisión en las juntas de los elementos del encofrado, y la uniformidad del tono, de la superficie, de las aristas exteriores y de los orificios de anclaje. En aquellas situaciones en que los requisitos exigidos al hormigón visto sean más estrictos, hay que cuidarse de utilizar una adecuada combinación de sistemas y elementos de enconfrado, agentes desencofrantes y dosificaciones del hormigón, lo que puede requerir la realización de ensayos previos. En los elementos prefabricados se pueden obtener resultados más precisos que en el hormigón in situ, en la medida en que su proceso de fabricación se realiza en un entorno controlado y protegido de los agentes climáticos.



o reflectante, siempre y cuando sea resistente al álcali. El efecto del vidrio coloreado solo resulta visible una vez que se ha picado la superficie del hormigón. > Fig. 1.7.18



Hormigón fotograbado El hormigón fotograbado se aquel en cuya superficie se ha inscrito cierta información visual. La información (gráfica o textual) no puede modificarse una vez que se ha grabado. El diseño se imprime sobre una lámina con agentes retardantes que impiden el endurecimiento del hormigón en aquellas zonas donde se ha aplicado; esta lámina puede colocarse sobre el encofrado. Una vez que el hormigón es desencofrado y se lava su superficie, la información visual impresa se hace visible debido a las diferencias en la composición de la superficie: las zonas crudas y lavadas quedan más oscuras que el resto. > Fig. 1.7.19 Existe otro procedimiento que se aplica sobre superficies de hormigón ya fraguado. Consiste en usar de una lámina parcialmente perforada, que se fija mediante cola a la superficie del hormigón y a continuación se lava con un gel ácido especial. El efecto que se consigue es bastante similar al obtenido mediante el procedimiento anterior.



Hormigones fratasados y pulidos Diseño del color y la superficie En construcción, el color del hormigón puede modificarse con la elección del árido y del cemento. El cemento blanco combinado con áridos de color claro, como la arena y la grava de cuarzo, proporciona un hormigón completamente blanco. También se puede obtener un color marrón mediante el empleo de cemento de pizarra bituminosa como conglomerante. Es posible conseguir una amplia gama de colores mediante la utilización de pinturas especiales para hormigón, tanto líquidas como en polvo. Sin embargo, como en otros muchos materiales de construcción expuestos a la intemperie, el color se va perdiendo con el paso de los años, en ocasiones de forma significativa, especialmente en el caso de los tonos rojos y azules. Se puede lograr un color verde con óxido de cromo, mientras que diversos pigmentos a base de óxido de hierro proporcionan amarillos, rojos, marrones y negros. > Fig. 1.7.16 La cantidad de color añadida suele situarse entre el 1 y el 10%. La adición de una cantidad superior no proporciona un color más intenso, que sí puede obtenerse si se utiliza cemento blanco en lugar de gris. En el pasado se agregó ocasionalmente hierro en polvo a la mezcla del hormigón para obtener una patina de óxido; en la actualidad existe un nuevo procedimiento, procedente de Finlandia, que se basa en el mismo principio: se añade cobre en polvo al hormigón. Según cuál sea el catalizador empleado, el hormigón muestra un color azul o verde bastante duradero. El color del hormigón tratado mediante este procedimiento resulta más natural que el que se obtiene por procedimientos convencionales. El lavado a presión proporciona a las superficies de hormigón una coloración y una estructura similares a las de la piedra natural, debido a que aumenta la cantidad de árido expuesto. El uso de plantillas geométricas realizadas con materiales artificiales en el encofrado (tanto en hormigón in situ como en elementos prefabricados) permite dar forma a la superficie sin necesidad de un tratamiento posterior. Estas plantillas pueden utilizarse repetidamente y aprovecharse para crear superficies con patrones complejos. > Fig. 1.7.17 Por otra parte, también se puede utilizar como árido, en lugar de arena o grava convencional, vidrio mineral coloreado



El hormigón fratasado es conocido como terrazo. Estas superficies pueden pulirse hasta brillar con intensidad si el hormigón es de alta calidad. Para ello requiere de una alta densidad y resistencia, que se obtienen mediante una baja relación agua-cemento y una compactación concienzuda. Los posibles poros de mayor grosor se rellenan con mortero fino y se vuelven a fratasar o pulir. Las fases sucesivas implican el uso de abrasivos cada vez más finos, hasta terminar con la utilización de compuestos especiales de pulido para crear una superficie homogénea y muy pulida. > Fig. 1.7.20



FORMAS Y UNIONES El hormigón como recurso constructivo y material para cimentaciones Una porción significativa del hormigón empleado en paisajismo se utiliza en las cimentaciones, por lo que resulta invisible para los usuarios. Este hormigón debe elaborarse tomando en consideración la humedad del suelo (consistencia seca para el tipo C1, según viene especificado por la norma EN 1045) con una clase de resistencia C12/15 (o, en caso de mayores requerimientos, clase C20/25). Apisonar o presionar este hormigón lo compacta lo suficiente como para fijar el elemento constructivo en su posición. Con el fin de evitar fallos en la construcción, al utilizar un hormigón de cimentación es preciso respetar una serie de reglas básicas, aplicables a cualquier tipo de hormigón: 1. El hormigón de cimentaciones suele prepararse en la fábrica y transportarse a la obra en el mismo día. Deben utilizarse agentes retardantes para garantizar que pueda trabajarse a lo largo de toda la jornada, especialmente cuando se den altas temperaturas. Aquel hormigón que haya comenzado a fraguar antes de ser vertido en obra ya no puede utilizarse. 2. Para evitar la presencia en el hormigón de impurezas procedentes del terreno, especialmente en suelos altamente cohesivos, debe disponerse una capa de material neutro (por ejemplo, arena gruesa) en la base de la excavación. 3. En suelos con bajo contenido en humedad, el hormigón debe protegerse de la desecación. Además, una vez



MATERIALES 101 HORMIGÓN Fig. 1.7.14: Superficies de hormigón: a) la superficie alisada está picada uniformemente en la misma dirección con una escobilla fina b) superficie picada con árido de granito triturado c) superficie picada con árido de diabasa triturada d) superficie pulida y granallada



a b c d



Fig. 1.7.15: Superficie de hormigón visto: encofrado de madera natural, color amarillo



Fig. 1.7.16: Superficie de un hormigón rojo en el que se ha empleado cemento blanco



a b c



Fig. 1.7.18: Hormigón in situ con árido de vidrio triturado Fig. 1.7.17: Patrones superficiales creados mediante el uso de una diversidad de encofrados: a) plancha de serigrafía, b y c) plancha texturizada
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3.3 STEPS



OUTDOOR STEPS Steps are a special element within a path. They make it easier to walk at places where a marked longitudinal incline would make a climb too difficult, and they create a pedestrian connection between areas of significantly different height. They structure the run of a pathway or a terrain, forming an important creative resource for contouring relief and for bordering or accentuating areas.



constructed from gridded material and so no incline is needed). The rise ratio of a step is derived from the rise (r) and the tread (t), and is expressed as r/t (e.g. 15/33). The actual structural dimensions of a step can deviate from the rise ratio; for example, it is derived from the height (h) and the step width (w) for a solid rectangular step. > Fig. 3.3.2 A sequence of three or more steps is called a flight of steps. Two flights of steps are connected by a landing. > Fig. 3.3.3



Rise ratio and dimensions Paths are replaced by steps from a rise of about 18% or 10º. As it becomes difficult to walk along paths easily from a rise of even 12%, one alternative form is stepped paths, which are characterized by a continuous alternation of one step and one platform. > Figs. 3.3.1 and 3.3.4 As outdoor steps are usually constructed with an incline, a distinction has to be made between their height and their incline (height plus incline). The rise is the same as the height only when steps are built without an incline (e.g. inside buildings, or when the steps are



The size of the step is derived from the human stride, and varies in relation to the rise. The dimensions of steps can be experienced very differently according to an individual’s stride and depending on whether that person is going up or down the stairs. As early as 1683 the architect François Blondel suggested a stride rule for calculating the rise of a step; it is still used today and forms the basis for several standards. For example, DIN 18065 establishes the following formula: 2r + t = 59–65 cm. Standard dimensions for steps in buildings, for example 17/29 (given an average stride length of 63 cm), which is seen as ideal for steps in houses, would be very



br b



h = step height g = step incline s = rise br = step run t = tread u = nosing l = support Fig. 3.3.2: Steps: terms
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Fig. 3.3.1: Stepped path to the Campidoglio in Rome



l = t + n x 63 c m
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= tread = flight of steps = length of landing = number of steps = step height



Fig. 3.3.3: Flight of steps: terms



la s t s te p



fir s t s te p



244 STRUCTURAL ELEMENTS AND BUILDING METHODS STEPS



100%



21/21 cellar stairs (+ 3 cm undercut)



90º



st ep lad d



er s



ladders



foot irons



20/23 steepest domestic stairs (+ 3 cm undercut)



58%



17/29 comfortable domestic stairs



15/33 standard outdoor dimensions



75º



irs sta 45º
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Fig. 3.3.4: Rises for stairs, ramps and ladders



according to stride formula for stairs in buildings
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steep and uncomfortable to climb in the open air. Shallower rises are more appropriate here. > Fig. 3.3.4 But the lower the rise, the greater the length of stride, so that the above-mentioned formula no longer produces satisfactory results for small rises, as studies by Mielke, Seifert or Mader have shown. Alwin Seifert arrived at step dimensions for “relaxed walking” with considerably longer stride length (Niesel 2003, p. 291). These values can be consulted when designing stairs with a rise of less than 17 cm. > Tab. 3.3.1 Stairs at the entrance to buildings should not rise less than 14 cm, however (rises under 14 cm are not permissible under DIN 18065-1 in and by buildings). Landings are placed between the flights of steps for structuring, changes of direction, or to make walking easier. A landing should be provided after 18 steps at the latest (cf. DIN 18065). The length of the landing is derived



from the tread and the multiple of the of the assumed stride length of 63 cm (l = r + n . 63 cm). > Fig. 3.3.3



Handrails A handrail must be provided for flights with more than 3 steps. If steps are more than 3 m wide, additional handrails are required in public places. If there is a risk of falling sideways, the handrails must be appropriately braced. > Chapter 3.5 Railings and fences If there is no risk of falling, handrails can also be placed centrally if the steps are wide enough.



Anti-slip precautions and protection against standing water Specific demands are made on outdoor stairs because of the effects of the weather. To increase safety, appropriate covering materials should be selected to prevent slipperiness. Measure should also be taken to



Tab. 3.3.1: Comparison of outdoor stair calculations with r 17 according to stride formula (stride length = 63 cm) and according to Seifert (variable stride length)



STRUCTURAL ELEMENTS AND BUILDING METHODS 245 STEPS drain off precipitation water, which is achieved primarily by inclining the step towards the front edge. The incline should be 1–3%, but at least 0.5 cm per step. This not only prevents water from standing or ice from accumulating on the step, but also stops water penetrating the foundations, thus restricting damage from freezing water. In order to capture water running off higher areas, and in the case of longer stair structures, drainage gutters should be placed before the top step, and below each individual step in the case of stepped paths. > Chapter 3.11 Flights of steps that are constantly in the shade should be checked particularly carefully in terms of the material used because of the poor drying that can be expected. This applies in particular to steps in wood, metal and stone with polished surfaces, which should be used only in conjunction with antislip surface treatment. Exceptions here are roofed stairs or climatic conditions that admit different construction methods.



one flight



Fig. 3.3.5: Steps with straight and spiral flights



Fig. 3.3.6: Steps placed in front of a structure, and recessed steps



spiral staircase with well



two flights



CONSTRUCTION METHODS Staircase forms Straight steps with one or more flights are not the only staircase form. Changes in direction in the flights produce a number of forms for staircases. Such changes are produced by a landing (angled stairs) or by arranging the steps in a spiral. > Fig. 3.3.5 Steps can also be distinguished by their position in the run of walls or on the terrain, and there are also steps with and without protected sides. > Figs. 3.3.6–3.3.9 Steps without side sections on an embankment are well suited to step shapes that clearly tie into the ground at the sides (e.g. solid rectangular steps).



Loadbearing structures Steps in the open air are often constructed directly on the subsoil. The load is then transferred either over the whole area via stepped concrete slab foundations



quarter turn to the right



two flights, turning left with quarter landing



spiral newel staircase, one flight



arched spiral staircase, two flights



two flights, turning right with half landing



three flights with half landing



three-flight spiral
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a



b c



Fig. 3.3.7: a) Step on embankment b) Step in the embankment c) Self-supporting steps



inclined side



a b stepped side



landing side



Fig. 3.3.8: Run of stringers



Fig. 3.3.9: Sides made of a) concrete, b) natural stone masonry



STRUCTURAL ELEMENTS AND BUILDING METHODS 247 STEPS Fig. 3.3.10: Schematic diagram of possible loadbearing systems
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full foundations/base slab



cross-beam staircase/strip foundation



cantilever staircase



staircase with stringers



single beam staircase



suspended steps



b



Fig. 3.3.11: Cross-beam staircases: a) grid step on step-welded steel I-girders b) step support placed on top



a b c



Fig. 3.3.12: Stringer staircases: a) solid rectangular steps in natural stone, attached to the wall at the side b) steel side section, with steps welded on at the side c) inserted steps in a wooden staircase, the first step in natural stone protects against moisture on the floor
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Fig. 3.3.13: Spiral staircase with stringers on the Killesberg viewing tower, Stuttgart: steps supported on braced net cables on one side, outer side section constructed as a steel tube works against torsion forces generated, inner side section in flat steel



Fig. 3.3.14: Cantilever steps in natural stone



a b



Fig. 3.3.15: Monolithic base slab and steps for concrete staircases: staircase segments, surface in timber formwork a) several monolithic stair segments arranged next to each other, surface in timber shuttering; b) with smooth shuttered surface.



Fig. 3.3.16: Monolithic steps hewn into the rock
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In self-supporting staircases, the steps are placed on a reinforced concrete base slab over their full area, or on point supports on one, two or more cross beams. Base slabs and cross beams with an appropriately stepped surface can be prefabricated in reinforced concrete. If timber or steel structures are being used, the necessary support for the steps is created by placing brackets on the cross beams or by creating stepped cross beams. > Figs. 3.3.10, 3.3.11 and 3.3.22 Alternatively the steps can also be fixed between the two supports at the sides of the stairs. > Figs. 3.3.10 and 3.3.12 Cross beams and stringers are commonly manufactured in steel. Timber structures are found less often in the open air because they do not stand up to weathering as well, and are most commonly used in sheltered areas, such as attics inside buildings. > Fig. 3.3.13 Almost all steel section types are used for side-section and cross-beam structures. They are made of flat steel (minimum thickness 10 mm), as hollow or U-sections, or for cross beams also as I-sections. > Fig. 3.3.13 For a cantilever staircase, the steps are fixed into the wall on one side only or—according to the material—screwed or welded into a wall or a side section, or fastening with dowel pins. When steps are tied into a wall, the loadbearing capacity is provided by adequate thickness in the steps and the depth to which they are tied in. Hard stone (granite, for example) can project up to 1.50 m. > Fig. 3.3.14 For a spiral staircase, the cantilever steps are carried by a central newel. The steps are connected either to the central newel or via a cylindrical mating part on the steps. Suspended steps hang on cables or rods from the ceiling or a supporting member on one side. On the other side they are anchored by a bracket to a wall or a side section of the staircase. > Fig. 3.3.10 In monolithic stairs, the steps and loadbearing structure are manufactured in a single piece. > Figs. 3.3.15 and 3.3.16



Foundations



Because construction loads may be distributed unevenly, staircase stringers and the steps themselves should generally be constructed separately. > Fig. 3.3.19 Nonrigid construction methods are particularly suitable for single steps and for small staircases with solid rectangular steps not intended for intensive use. If the footing is not frost-protected, the nonrigid foundation (e.g. gravel sand 0/32) must have frost-protected foundations. > Fig. 3.3.20 On settled, permeable ground, it is possible to provide foundations for the steps on reduced-depth concrete foundation only if there are few steps and low load intensity. Full foundations or strip foundations are then placed on a frost protection layer 15–20 cm thick. Alternatively, the first step alone can be supported on a frost-protected strip foundation. > Fig. 3.3.21 Wooden steps must be supported either on a stone base or a steel foot. Again, both variants must have stable, frost-protected foundations. > Fig. 3.3.22, and chapter 2.3 Connections



Step types Various types of steps are used, depending on the loadbearing structure and the material. Almost every type of step can be executed in stone. Wood and steel are used mainly for slab steps and for variations on them. > Fig. 3.3.23 For solid rectangular steps it makes sense to use a nosing or undercut. The setback line at the front of the step forms a dummy joint, making the step look lighter, and easier to walk on. > Fig. 3.3.24
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Foundations for steps should be frost-protected, and in exceptional cases frost-resistant as well, on a horizontal foundation base on loadbearing subsoil (settled ground or compacted subsoil). The foundation type is chosen in relation to the location and the anticipated loading. Frost-protected, rigid foundations in concrete should always be provided if large loads are anticipated, a staircase is being built on a public site, or long flights of steps are planned. > Chapter 2.2, foundation base slabs or strip foundations are usually deployed for large staircases, to minimize excavation work and material costs for the foundations. Foundations are protected against frost by concrete strip foundations under the first and last steps in the case of foundation base slabs.



For self-supporting structures, the base slabs, cross beams or stringers are supported on point or strip foundations at the first step. The top of the staircase is often supported on a wall at the last step, or attached to a bracket fastened to the building. If such an approach is impossible, such as in long staircases, intermediate supports must be used. In timber staircases, the first step can be in stone, as structural protection for the timber. > Fig. 3.3.17 For full foundations, stepping the foundation base can reduce material costs, but here it is not possible to exclude different settlement rates, which may produce cracks in the foundations. Stepping should thus be used only on solid ground, and loose ground must not be allowed to slip off. > Fig. 3.3.18



frost free



or—in the case of narrow or short flight of steps—via full foundations. Solid rectangular steps can also be placed on strip foundations, where the load from individual steps is transferred via point supports—similarly to cross-beam steps. > Fig. 3.3.10



Fig. 3.3.18: Stepped foundations (only on settled ground!)
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3.13 VERTICAL PLANTING



Vertical planting means growing climbing plants on more or less vertical sections of buildings or in the spaces between them. This includes planting on traditional arbors and pergolas, and on walls, industrial halls, multistory car parks, and sound insulation screens. Climbing plants grow upwards towards the light. Rapid growth in terms of length not matched by equivalent thickness serves them well as a “tactic,” which they have evolved from adapting to dark forest locations as their original habitat. The disadvantage here is that they continue to depend on a support. Although upward growth predominates at first, some perennial climbing plants grow strikingly in thickness as well (increased diameter).



A distinction can be made between two typical climbing strategies: that adopted by tendril climber—plants with tendrils or other parts used for attaching themselves that still require support if they are to be planted on a wall—and “autonomous,” self-supporting climbers. > Fig. 3.13.2 One alternative here is another facade planting type, protected by copyright, developed a few years ago by botanist Patrick Blanc: “Le Mur Végétal”. He chooses not to use climbing plants here, and the plants used are not in the usual soil. Instead, special light plastic elements mounted in frames on the facade take over the mechanical aspect of soil function. In this way an opaque “green wall” is created, automatically soaked



climbing plant growth height 1–4 m (used on the base/ground floor zone, for single-story houses, for penthouses, in plant troughs, etc.)



Clematis alpina Actinidia kolomikta Clematis tanguitica Jasminum nudiflorum Lonicera brownii Clematis viticella Clematis Hybriden Rambler roses Lonicera heckrotti Lonicera henryi Lonicera caprifolium Lonicera periclymenum



climbing plant growth height 4 m (used for tall buildings) 25 m 20 m 15 m 10 m 5m



Fig. 3.13.1: Growth heights for climbing plants
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PLANT CHOICE Perennial woody plants, growth characteristics
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Fig. 3.13.2: Choice of plants
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First-class industrial products for fixing tendril elements combined with the “ideal” qualities of these “conquerors of clear space” make perennial climbing plants more attractive than ever for use in the urban environment. Consequently vertical planting, with roof planting, offer excellent ways of compensating for the lack of greenery in densely built-up areas. This is particularly true in megalopolises, where the underground car parks in the towering buildings and the general scarcity of land mean that open spaces are increasingly sited in artificial locations.



Fig. 3.13.3: Facade planting with cable-net structures covering the whole area



CREATIVE AIMS



Fig. 3.13.4: Stainless steel wire cable “stoppers,” Nordspangenpark, Graz



Fig. 3.13.5: Mur Végétal



with water and fertilizer, and planted over its full area with a variety of low plants adapted to steep locations. (2002, sensio, Paco p. 257) > Fig. 3.13.5 A lot of arguments can be cited in favor of vertical planting: aesthetic and micro-climatic reasons, protecting facades against heavy rain, the desire for shade and the beneficial effect of planted, green facades on the psyche.



Planted facades change the surroundings and outward appearance of buildings. This raises questions about the creative aims, which are particularly strongly associated with specific plant qualities in the case of vertical planting. Should the growth be spread evenly? Is it about filigree “green lines”? Should a three-dimensional, apparently solid structure be created? Is the idea “airy light green” or “compact dark green”? Should the full height of the building be planted, or just part of it (e.g. just the ground floor)? Is the situation sunny or shady? Considerations of this kind affect the choice of plants. > Fig. 3.13.1 Growth across a whole area is best achieved with autonomous climbing plants. Both dark, evergreen ivy (Hedera) and also the fresh green Boston Ivy (Parthenocissus tricuspidata “Veitchii”) are able to “cover” entire buildings on their own. But if full growth over a wall is to be achieved with trellis climbers alone, the whole facade area should be fitted with trellis or cable-net structures. > Fig. 3.13.3 Linear planting can be achieved with a few single cables, rods or narrow grids running in parallel. Here the structures must no always run vertically, diagonal “spillikin-style” cables within a space create an interesting effect. But plants are less inclined to climb at angles under 45º. Particularly suitable for linear planting are creepers (Actinidia, Akebia, Aristolochia, Celastrus, Wisteria), and trailing plants such as Parthenocissus quinquefolia. If the cable is fitted with “stoppers” the plants are less likely to slip off. > Fig. 3.13.4 The architectural plasticity of a building can be enhanced by emphasizing projections on the building with planted steel elements or grids; recesses can be “deepened” with dark ivy. To create combined planting, linear and more expansive elements are brought together or used in parallel for structuring. A wide range of possible combinations is available here: constructions made up of cables, steel cable-nets, carbon steel mats, perforated sheet metal, or expanded meta or stable grids (NB: plants that grow to large diameters need sufficiently large apertures) can be developed, in combination with linear, vertical or diagonal steel rods, or with weatherproof fiberglass rods. Where there are distances between individual supporting elements to be bridged, it should be remembered that climbing plants cannot cope with unduly wide gaps, so the sections of the structure should not be more than 30–50 cm apart.
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Fig. 3.13.6: Green scenic effect in an inner courtyard



Fig. 3.13.7: Claret leaves in Virginia creeper



Low-climbing plants can also be used for partially greening tall facades if adequately large, water plant containers are attached on the higher levels. Sculptural vertical planting based on stainless steel wire cables can make a scenic effect between buildings or posts. The “volume”, almost invisible at the beginning, initially materializes as a result of the plant growth. > Fig. 3.13.6 One important design motif can be the color of climbing plants, showing up in different green foliage shades, the color of the blossom and to an extent in very marked autumn coloring (claret, fox-red, yellow). > Fig. 3.13.7



Boston Ivy is striking because of its precisely defined appearance: no other climbing plant grows so flat, in a way that is reminiscent of a roof shingle run. > Fig. 3.13.9 Tiny anchor discs enable this climbing plant to cover entire walls with its trilobate foliage even without a trellis. Boston Ivy has no trouble in climbing to heights of 15–20 m. Shade spurs it on to grow even more quickly, and it rapidly develops real trunks. The branches in the darker areas then lose their leaves, and the wall or support structure then catch people’s eyes. > Fig. 3.13.10



Typical appearance The plant’s characteristic climbing strategy and habit in combination with the wall or the trellis structure created typical vertical planting images. They can generally be trimmed to the desired shape.



Fig. 3.13.8: Ivy



Spreading climbers Spreading climbers, such as sun-loving climbing roses, jasmine and blackberries are appealing because of their abundant, pretty blossom. As they grow to only about 5 m high, they can be used practically speaking only for partial planting for something like the height of



Self-supporting climbers Ivy (Hedera helix) is a particularly robust, shade-loving root climber, with dark green foliage. It can create dense, enormously high evergreen walls (up to 30 m) if it is allowed to develop freely. Its ample multiple fruits are attractive, though these do no appear until the plant is a few years old, and they make the plant more vulnerable to storms. > Fig. 3.13.8 Care is needed however: ivy is top of the “rankings” for plants that cause damage (cf. Althaus). Walls that are already slightly damaged make ideal victims. The trumpet vine (Campsis radicans) also climbs with anchoring roots and tends to develop into a kind of extended tree crown. The plant produces striking orange trumpet flowers on the sunny upper side. Its roots can penetrate cracks and joints in the wall and cause damage. A light structural support should be provided to prevent storms from tearing parts of the plant off the wall. The climbing hydrangea (Hydrangea petiolaris) attaches itself to rough walls, cracks and joints with its anchoring roots. It is shade-loving and slow-growing, develops a full and pendulous appearance with attractive, protruding corymbose cymes, which makes the plant vulnerable to being torn off in storms and under snow, which is why structural protection should be afforded.



Fig. 3.13.9: Parthenocissus tricuspidata ‘Veitchii’



Fig. 3.13.10: Protective grid for Parthenocissus tricuspidata ‘Veitchii’



STRUCTURAL ELEMENTS AND BUILDING METHODS 449 VERTICAL PLANTING a jungly-tropical image with its very large, light green leaves. > Fig. 3.13.12



If left to their own devices, creepers tend to look bushy, but they can be confined to a more disciplined shape by trimming. But the plants must be accessible for trimming purposes, which can be a limiting factor in terms of height. The shade-tolerant pipevine (Aristolochia macrophylla, fam. Artistolochiaceae) radiates the refined elegance of classical plants in arbors, and at the same time creates



The climbing oriental bittersweet (Celastrus orbiculatus, Celastraceae) is a green summer creeper with an alarming name in German—Baumwürger, tree strangler. Care is needed if actually planting oriental bittersweet by trees, as the plant quickly takes over the crown, and soon only the bittersweet leaves can be seen. This “false crown” looks pretty when it turns yellow in the autumn, but the host tree quickly suffers from the lack of light. Young trees can be literally choked by the plant in their trunk area, so the experience can be bittersweet indeed. Celastrus (also known as Campsis or Wisteria) is a good choice, however, when the design intention is to create little “false trees” on an interesting substructure. > Fig. 3.13.13 Horticultural species of clematis hybrids (Fam. Ranunculaceae) attract attention with their large flowers, but they grow slowly and thus remain small. The much more vigorous Clematis Montana carries an abundance of smaller flowers and “crochets” itself gracefully around the trellis structures. Traveler’s Joy or Old Man’s Beard (Clematis vitalba) forms a green ball over a wild entanglement of branches, with new shoots constantly appearing above older twigs on its side facing the sun, so that the plant increasingly trails. It is also striking in winter when it has no leaves and the whitish blossom glows in the sunlight. This wild variety grows higher, winding itself around every little branch or projecting object.



Fig. 3.13.12: Aristolochia macrophylla



Fig. 3.13.13: Wisteria as a false “small tree” on a substructure



Fig. 3.13.11: Climbing rose on horizontal wooden trellis



a single floor. Because individual branches spread over the trelliswork they always tend to look a little messy and unkempt. A climbing construction made up of horizontal slats, cables, rods or a large-mesh grid structure is needed to prevent the thorns or protruding side shoots from slipping off. > Fig. 3.13.11 Winter jasmine (Jasminum nudiflorum, fam. Oleaceae) tends to be overhanging, with its shoots hanging down in curves up to 2 m long.



Creepers
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3.14 GREEN ROOFS



Fig. 3.14.5: Intensive roof greening in an inner courtyard



The field of green structure incorporates green roofs and facade greening. Their historical predecessors are Scandinavia’s earth and turf lawns, and the green roofs of the Middle East, such as the Hanging Gardens of Babylon. Green roofs have become more widespread with the development of roof seals and root barriers and the emergence of the ecology movement that followed the 1960s. > Fig. 3.14.1 Green roofs compensate for interventions in the landscape and provide plants and animals with new habitats in an urban environment. They are an important aspect of sustainable building planning. Compared with conventional roof constructions, they improve roof protection and building insulation. > Fig. 3.14.2 Developing areas above other structures, such as terraces, inner courtyards and roofs, creates usable open space. The retentive properties of green roofs also allow water to be better managed. Rainwater runoff is slowed down and reduced, leveling out spikes in precipitation



and taking the pressure off channeling systems. 40–60% annual mean water retention is created by extensive green roofs, 60–90% for intensive green roofs. Consequently the microclimate also improves, as the increase in water vapor balances extremes of temperature and the vegetative surface filters fine dust and heavy metals out of the air.



Fig. 3.14.1: Extensive sloping green roof: in the tradition of grass roofs



Fig. 3.14.2: Construction intervention in a sensitive landscape compensated for by green roofs



Fig. 3.14.3: Extensive greening with minimal structure (“light roof”)



Fig. 3.14.4: Small-scale simple intensive greening of a carport with water surfaces



FORMS OF GREEN ROOF Technical requirements (roof incline, roof load), climatic conditions in context (amount of precipitation, exposure, wind direction, etc.) as well as intended function and desired appearance determine the type of green roof. A distinction is made between extensive green roofs, simple intensive green roofs, intensive green roofs and hard surfaces. > Figs. 3.14.3–3.14.5 An extensive green roof is indicated when a roof will only tolerate minimal superstructure and loads, and the roof is not intended to be walked on. Creating and



458 STRUCTURAL ELEMENTS AND BUILDING METHODS GREEN ROOFS maintaining these is comparatively inexpensive. Except during the growing phase, maintenance is extensive. The superstructure layers are 5 to approximately 15 cm thick. An extensive green roof imposes functional loads on the roof construction of from 60 kg/m2 to approximately 240 kg/m2. Due to the minimal structure and the extensive maintenance, only very robust and droughtresistant plants are used. Shrubs, grasses, lichens and mosses or, more rarely, ground-covering woody plants are used. Many of these plants originate in high alpine locations. > Figs. 3.14.6 and 3.14.7 Simple intensive green roofs are the intermediate form of extensive and intensive green roofs. They can be used where a high roof load is possible (180–300 kg/ m2) and a varied range of plants is desired. As well as plants used in the extensive green roof, low woody plants and more demanding shrubs can be used. Simple intensive green roofs involve superstructures of about 15–25 cm. When designing a simple intensive green roof, its more labor-intensive care, especially with regard to watering and fertilizing, must be taken into account. > Fig. 3.14.8 With an intensive green roof, there are practically no limits as regards functionality or use of plants. A loadbearing roof is required, with a capacity of over 300 kg/ m2. Depending on construction, this can be increased to 1500 kg/m2. As well as the plants already mentioned, bushes, small trees and lawn areas can be included. Adequate watering, usually involving water accumulation or irrigation systems, is invariably necessary. Height of superstructures varies from about 25 cm to 150 cm in some cases. > Fig. 3.14.9 For lawns “a layer thickness of 15–20 cm is adequate in exceptional cases, if one is prepared to put up with a higher degree of maintenance” (Kolb and Schwarz 1999, p. 52). Hard surfaces and terraces are often created in combination with intensive green roofs. Fig. 3.14.10. Roof load permitting, asphalt, paved or tiled paths, wooden decking or enclosing walls are possible. These surfaces and components usually have the same substructure as the intensive green roof.
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6 1 planting 2 approx. 7 cm extensive single-course substrate 3 filter course/mat 4 2.5 cm solid drainage 5 protective course 6 superstructure (warm roof): roof seal (root-proof) thermal insulation vapor seal reinforced concrete



Fig. 3.14.6: Standard extensive green roof structure
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1 planting 2 approx. 20 cm extensive single-course substrate 3 filter course/mat 4 approx. 2.5 cm drainage course 5 protective course 6 superstructure (warm roof): roof seal (root-proof) thermal insulation vapor seal reinforced concrete Fig. 3.14.8: Standard simple intensive green roof structure
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1 planting 2 approx. 25 cm extensive single-course substratet 3 approx. 30 cm mineral subsoil substrate 4 filter course/mat 5 approx. 15 cm drainage course 6 protective course 7 superstructure (warm roof): roof seal (root-proof) thermal insulation vapor seal reinforced concrete Fig. 3.14.7: Extensive green roof containing many species in an ecological housing development



Fig. 3.14.9: Standard intensive green roof structure



Fig. 3.14.10: A variety of green roof types on different levels of a building
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1 roof planting structure (extensive): planting vegetation support course filter course/mat drainage course protective course superstructure: 2 roof sealing (root-proof) 3 thermal insulation 4 vapor seal 5 reinforced concrete roof Fig. 3.14.11: Standard warm roof construction
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1 roof planting structure (extensive): planting vegetation support course, filter course/mat drainage course, trickle protection/separation fleece structure open to diffusion superstructure: 2 thermal insulation 3 roof sealing (rootproof—only in areas with penetration) 4 waterproof concrete (“White Tub”)



Fig. 3.14.15: Standard watertight concrete roof construction



CONSTRUCTION REQUIREMENTS AND CONSTRUCTIVE ELEMENTS 1
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Roof types and loadbearing capacity 1 roof planting structure (extensive): planting vegetation support course filter course/mat drainage course protective course superstructure: 2 roof sealing (root-proof) 3 thermal insulation 4 vapor seal 5 trapezoidal sheet metal 6 steel section



Fig. 3.14.12: Standard warm roof construction (light shell)
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1 roof planting structure (extensive): planting vegetation support course (e.g. light substrate) filter course/mat drainage course protective course superstructure: 2 roof sealing (root-proof) 3 timber substructure 4 thermal insulation 5 vapor seal 6 beam course 7 reinforced concrete roof



Fig. 3.14.13: Standard cold roof construction
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1 roof planting structure (extensive): planting vegetation support course filter course/mat drainage course trickle protection/ separation fleece structure open to diffusion superstructure: 2 thermal insulation 3 protective course 4 roof sealing (root-proof) 5 reinforced concrete roof



Fig. 3.14.14: Standard inverted roof construction



When planning a green roof, the first thing to do is to check the construction and loadbearing capacity of the roof. For new structures, the intended form of green roof should be determined at an early stage, so that the roof can be designed accordingly. It should be ensured that the required roof seals are designed to be impenetrable to roots. For a warm roof, the roof seal is above the thermal insulation, which in turn lies atop the loadbearing construction. This form of roof is widespread and is generally suitable for green roofs without special requirements. The thermal insulation must be able to tolerate the pressure. A vapor barrier should be installed above the roof skin, covering the above-ground construction, as otherwise condensation water may get into the building. > Fig. 3.14.11 A single-shell roof with no thermal insulation is different from a warm roof in that insulation and vapor barrier are absent. This roof form is used, for instance, in underground garages and unheated outbuildings. Given sufficient loadbearing capacity, this creates no problems for a green roof. As the roof may freeze through, cold-sensitive plants should not be included. > Fig. 3.14.12 For a cold roof (also known as a multishell roof), condensation is prevented from forming during roof construction by ventilation slits above the insulation. As an additional layer beneath the roof seal, usually a light wood construction, is involved, this often means that only an extensive green roof is possible. > Fig. 3.14.13 The inverted roof is a special case. Here, thermal insulation is above the roof seal. This means that the watercarrying layer is beneath the insulation, which in turn means that all materials used for the green roof must allow diffusion. If this is borne in mind, all forms of green roof are possible. > Fig. 3.14.14 With watertight concrete roofs, as with inverted roofs, the insulation is on top of the roof skin, or is absent. Watertight concrete gives the optimum protection from condensation and root damage. This makes whole-surface roof seals, vapor barriers and root barriers unnecessary. The watertight cement roof is generally suitable for all forms of green roof. Any openings and joints in the roof should be protected by a locally applied rootproof seal. > Fig. 3.14.15
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Fig. 3.14.16: Flat roof renovation: a) condition before renovation, b) following green roof implementation



Fig. 3.14.17: Sloping green roof



Fig. 3.14.20: Intensive sloping green roof with turf and integrated guttering



Roof incline and pitch



Depending on steepness, measures relating to water retention and delivery as well as slippage prevention should be put in place for sloping roofs with a 5–58% incline. These begin with shear barriers at drainage level and extend to the upper vegetation layer, with erosion resistant weaves or similar measures. For more demanding vegetation types and intensive utilization, rooftop irrigation should be put in place. In principle, a variety of green roof forms are possible given careful planning. > Figs. 3.14.17–3.14.21



Roof incline is an important technical consideration in choosing a green roof. Roofs with 0–2% roof incline are particularly suited to intensive green roofs with wateraccumulation irrigation. Tolerances in building construction do not preclude puddles forming at the drainage layer. For this reason, the roof seal should be laid to measure especially and a drainage level should always be provided (the same applies to extensive green roofs!). Roofs with 2–5% incline are generally optimal for green roofs and are also favorable for water retention. Where water accumulation irrigation is in place, water accumulation thresholds may have to be provided. The roof pitch means that excess water quickly flows out of the drainage system. Where construction tolerances permit a siphon effect or insufficient downward water movement, these must be eliminated.



Watering and drainage systems The number and placement of drainage installations such as roof drains, roof guttering, water spouts, and emergency overflows is a function of the structure’s pitch and the green roof’s construction. Roof drains on the roof skin should be designed to be visible via
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roof planting structure (extensive): 1 vegetation mat 2 approx. 8 cm extensive substrate 3 anti-slippage system 4 drainage mat 5 superstructure (warm roof): roof seal (root-proof) thermal insulation vapor seal reinforced concrete Fig. 3.14.18: Standard extensive sloping roof construction
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roof planting structure (intensive): 1 pre-cultivated turf 2 rooting fabric 3 approx. 17 cm lawn substrate 4 anti-slippage system 5 protection for structure and drainage mat 6 separation and sliding membrane 7 superstructure (waterproof concrete roof): bituminous adhesive seal waterproof concrete Fig. 3.14.19: Standard sloping roof lawn construction



Fig. 3.14.21: Installing a claw mat to prevent slippage
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Fig. 3.14.22: water draining from a sloping roof into an outer gutter: a) construction phase with shear barriers, b) finished green roof



Fig. 3.14.23: Water channel molding
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Fig. 3.14.24: Drainage and inspection shaft
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1 slab surface structure: concrete slab (60 x 30 x 3.5 cm) natural stone chippings solid drainage drainage gutter building protection mat 2 plant bed framed with steel wall, waterproof screw attachment to mortar strip foundation 3 intensive planting by accumulated water filter mat (plastic fiber) drainage course solid drainage



building protection mat 4 inspection shaft (30/30) with accumulated water 5 superstructure (waterproof concrete): roof seal (root-proof) reinforced concrete 6 area without water accumulation 7 area with water accumulation 8 top edge of accumulated water 5 cm under bottom edge of intensive substrate



Fig. 3.14.25: Water accumulation on roof with 0% incline
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1 pavement laid in area without water accumulation: approx. 3 cm chippings 2/5 crushed stone 2/32 building protection and drainage mat (car type) 2 superstructure (waterproof concrete): roof seal (root-proof), screed (outside water accumulation), reinforced concrete 3 steel band in point foundation (C12/15) 4 fiber concrete angle (15/15) on mortar bed (C12/15), root protection strip glued to angle 5 intensive planting in water



6



7 8 9



accumulation area: plant bed approx. 37–41 cm, intensive substrate, filter mat (plastic fiber), approx. 15 cm drainage course, building protection mat/protection mat superstructure (waterproof concrete): roof seal (root-proof), reinforced concrete area without water accumulation area with water accumulation top edge of accumulated water 5 cm under bottom



Fig. 3.14.26: Water accumulation with above-ground drip lip
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Fig. 3.14.27: Irrigation machine in shaft



Fig. 3.14.28: Inspection shaft for a simple water accumulation irrigation device



inspection shafts in the surface. Gravel traps or similar measures should be used to ensure that the roof drains do not become clogged. For sloping roofs, both inner and outer gutters are possibilities. In case of curves in the pitch of the roof, special drainage layers should be provided. > Figs. 3.14.22–3.14.26 Irrigation systems must also be suitable for the type of green roof and for the structure. Accumulation barriers are used, some already integrated into the structure of the roof construction, but installations for automatic water accumulation, recessed sprinklers, or drip irrigation can also be added. Ducts should be provided within the roof and inside the building for water delivery and control leads. For extensive green roofs, at least one water outlet is required for manual watering. > Figs. 3.14.27 and 3.14.28



Edge formation, fire prevention and wind action
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The terminations are at the lateral roof edges (attic story). Roof seals and root barriers—5 or 10 cm above the water-carrying layer, depending on the roof’s incline—should be introduced in these areas,
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≥ 15,0 cm
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1 interior with threshold 2 steel gutter with gravel trap and packing: water-bearing course 15 cm lower 3 superstructure (warm roof) roof seal (root-proof) slanting thermal insulation (foam glass sheets) vapor barrier



30,0 cm



4 natural stone slab surface crushed sand 0/5 crushed stone 2/32 drainage mat protective course



Fig. 3.14.29: Junction with terrace door with low threshold



15,0 cm



1



In edge formation for green roofs, a distinction must be made between junctions and terminations. Junctions are found around rising components and those that penetrate the roof, e.g. chimneys. Roof seals and root barriers of at least 10 cm—or, for roofs with less of an incline, as much as 15 cm—above the upper edge of the top layer or the green roof should be introduced in these areas. In order to avoid excessive swelling caused by water release, the water-carrying layer can be lowered by means of gratings. > Fig. 3.14.29



1 extensive planting in attic area: planting approx. 7 cm extensive single-course substrate filter course/mat 2.5.cm solid drainage protective course 2 edging strip on attic floor: gravel strip (80 x 5)



Fig. 3.14.30: Junction with attic



gravel 8/32 protective layer 3 superstructure (warm roof): roof seal (root-proof) thermal insulation vapor barrier reinforced concrete 4 sheet metal covered attic storey with seal to a height of 15 cm
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Fig. 3.14.32: Damage caused by wind drag
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Fig. 3.14.31: Edge strip of gravel and kick plates bordering a rising structural component



15 cm



Fig. 3.14.33: Attic story edging strip with lawn paving on gravel to resist wind drag



1 superstructure: sheet metal covered attic storey with seal to a height of 30 cm 2 edging strip on attic storey: gravel (8/32) filter course/mat drainage element (unfilled) protective course 3 edging strip to resist wind suction erosion protection fabric lawn grid 40 x 60 x 11 4 extensive roof planting: planting with shallow balls approx. 10 cm extensive substrate filter course/mat



drainage element (unfilled) protective course 5 fire protection strip (where fire cells necessary) 6 edging strip on facade (W = 50 cm) gravel 8/32 gravel strip filter course/mat drainage element (unfilled) protective course 7 facade with seal 15 cm high and parapet/window ( 80 cm)



Fig. 3.14.34: Extensive green roof: fire prevention, wind drag protection, junctions with attics and rising components



Fig. 3.14.35: Rope anchor safety system anchored to solid drainage system



Fig. 3.14.36: Personnel protection involving rope anchorage systems



and vegetation-free strips—generally should be included. > Fig. 3.14.30



For loosely laid roof layers, particularly in inverted roofs, precautions should be taken to ensure that the whole roof construction is safe from wind drag. Roofs above 20 m eaves height as well as the corners and edges of the green roof should be protected against wind drift by laying vegetation-free strips (e.g. heavy tiles), or by using filled-in lawn paving or vegetation mats. In exposed areas, the need to increase the weight of superstructures (as protection against wind load) may have to be balanced with the static roof load that can be tolerated. > Figs. 3.14.32–3.14.34



30 cm wide—



Intensive green roofs are considered hard roofing due to their irrigation, and therefore require no special fire precautions. Extensive green roofs have shorter maintenance intervals and more minimal construction. They are therefore at greater risk from airborne burning matter. For this reason, the junctions must be provided with vegetation-free protective strips of gravel or tiles 50–100 cm wide. > Fig. 3.14.31



464 STRUCTURAL ELEMENTS AND BUILDING METHODS GREEN ROOFS Fall protection should be provided for all green roofs. This may comprise either secure rails or special systems of holds for maintenance work, such as rope sockets and rope anchors. > Figs. 3.14.35 and 3.14.36



A fundamental distinction is made between single-layer and multilayer designs. One-layer designs consist of a vegetation base layer, which performs both drainage and filtration functions, and sometimes supplementary protective and filtering fleeces. Depending on the construction chosen, the following elements are found in a multilayered construction method: Protective plies protect the roof seal from mechanical damage, especially during the construction phase.



These are usually made of plastic or screed. If the roof seal is not rootproof, root barrier sheets are also included in the protective plies. > Figs. 3.14.37 The function of the drainage layer is to conduct precipitation water away evenly so that no waterlogging occurs. The aim is controlled storage of water for use while expanding the area for roots. The drainage layer may be formed of natural mineral substances such as sands, gravels or lava, or synthetic mineral substances such as expanded clay, expanded slate, or recycled substances. Drainage layers made from artificial substances, such as hard plastic tiles or foam drainage tiles are also in common use. It is possible to combine these materials—for instance, by filling in plastic storage elements with mineral bulk materials. > Figs. 3.14.38 and 3.14.41



Fig. 3.14.37: Protection and storage fleece



Fig. 3.14.38: Drainage mats for use on inclined roofs



Fig. 3.14.39: Solid drainage system for extensive green roof, 2.5 cm thick with protective and filtration fleeces



Fig. 3.14.40: Solid drainage system for transport routes (1.2 cm) with mounted filtration fleece



Fig. 3.14.41: Expanded slate 8/16 for drainage layers



Fig. 3.14.42: Predominantly mineral substrate for one-layer extensive green roof



DESIGNS AND LAYERS IN GREEN ROOFS
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1 roof planting structure (intensive): approx 20 cm intensive substrate filter course/mat approx. 6 cm drainage course 2 steel band in point foundation (C12/15) 3 wooden terrace structure: wooden planks fastened with V2/A torx screws beam course stiffening plank point foundation with post supports, support base (galvanized with fin) protective layer under point foundation 4 superstructure (waterproof concrete roof): roof seal (root-proof) sloping screed reinforced concrete



Fig. 3.14.44: Wood covering at junction with lawn
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1 paving 2 approx. 3 cm chippings 2/5 3 approx. 20 cm crushed stone 2/32 4 building protection and drainage mat (car type) 5 superstructure (waterproof concrete) roof seal (root-proof) sloping screed reinforced concrete Fig. 3.14.43: Paved surface, able to take weight
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Fig. 3.14.45: Terrace covering on stilt bearing, door junction



1 interior with threshold 2 steel grating as facade gutter 3 terrace structure: natural stone slabs metal angle as support for cantilever arm cantilever arm in galvanized steel, material approx. 2 mm thick stilt course, adjustable height with joint dividers protective course in stilt course area building protection mat 4 superstructure (warm roof) roof seal (root-proof) sloping thermal insulation (foam glass sheets) vapor seal reinforced concrete



In multi-layer superstructures, the filtration layer filters out sediments, e.g. humus substances, in order to safeguard drainage layer function in the long term. Geotextiles are commonly used. > Figs. 3.14.41 and 3.14.42 The vegetation base layer is where the plants are actually located. It must be structurally stable—i.e. it must not be allowed to sag. Its plant substrate therefore has significantly lower levels of humus. For one-layer extensive green roofs, the FLL guidelines stipulate no more than 4% organic substances. This value can reach 6–12% for multi-layer designs, depending on design and gross density. As for grain size distribution, the allowed percentage of fine-grained sand and clay components is greater for intensive green roofs (max. 20%) than for extensive green roofs (max. 7%). The goal is good permeability together with optimum water retention. Topsoil mixtures with grain size distribution and humus content that meet the above requirements, e.g. which contain a high proportion of sandy soil, can be used for the vegetation base layer. The use of mineral bulk materials such as lava, pumice and expanded slate or recycled substances such as crushed brick with added organic substances and clay is widespread. > Figs. 3.14.43–3.14.45 Hard surfaces and timber decking are often constructed in combination with the plant surfaces, especially in intensive green roofs. This means that the protective layer, and usually the drainage and filtration layers as well, are always continued beneath the hard surface to permit unobstructed water flow. For water accumulation irrigation, however, the drainage layer is interrupted at the accumulation threshold. Paved and tiled surfaces can be laid in chippings directly on protective fleeces or filtration layers. Alternatively, adjustable-height stilt bearings are possible. This allows weight to be reduced, but reduces the loadbearing capacity of the surface. This may have to be balanced out by laying a thicker tiled surface.
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CONSTRUCTING LANDSCAPE



Constructing Landscape is a systematically structured reference work about the techniques and theories applied when constructing outdoor spaces. All the relevant topics are vividly covered, from materials and surfaces via building outdoor features to the use of plants. The book shows how landscape designers and architects can implement their creative ideas with expertise and technical skill. Constructing Landscape is in three parts: “Materials”, “The principles of loadbearing structures” and “Structural elements and building methods”. The first part surveys various building materials used in landscape architecture, and their specific qualities. Surface properties and possible working modes are also discussed. The next section explains the fundamental principles of statics, joints for loadbearing elements, foundations for structural components, and supporting structures. The third chapter is devoted to the principles of construction and techniques associated with various structural elements. A large collection of realized sample projects illustrates particular building tasks with photographs and plans.
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