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Abstract 

Buildings require a lot of energy during all their lifetime, from the construction site to the use 

and demolition. The building sector contributes to a large part of the total emissions of 

greenhouse gases and consume a large amount of water and energy resources, so the material 

components used in the building sector have gained an important role in the discourse of 

sustainability. The tendency is to use natural renewable materials that generates lower 

environmental impact than conventional ones and are able to fulfil the required structural and 

architectural needs.  

Wood is a traditional material with a long and proud history and has been reintroduced in the 

construction site thanks to its sustainable characteristics. Wood used for building applications, 

i.e. timber, is capable to capture CO2 from the atmosphere and incorporate so-called carbon 

storage. Moreover, low process energy requirements and high recyclability increase the 

potential of timber to become a major building material. On the other hand, the considerable 

growing demand for highly transparent envelopes has recently resulted in massive introduction 

of glass as a façade component. The main objective of this thesis was therefore to elaborate on 

the question if it is possible to merge the positive aspects of these two materials. 

The thesis starts with a discussion on hybrid, composite and combined materials. The key 

concept is to merge two or more materials with different characteristics, which result in a 

finished product with better overall properties than the starting constituents. However, such 

building material systems are not well categorized and a new term is therefore introduced to 

describe the combination between wood and glass: engineered wood glass combination 

(EWGC). 

The product is then described presenting the characteristics and properties of wood and glass 

and the structural benefits of the whole panel. The EWGC product possesses some 

advantageous properties like transparency, stiffness and strength for glass and the ductile 

nature of timber when used under compression. Moreover, this wood-glass element enables 

load transfer of horizontal forces through the glass pane so that the additional metal bracing 

elements for stiffening the building can be omitted. 

Then the study goes deeper in the architectural possibilities and different potential types of 

assembly are described. However, only few profiles have been tested and this has resulted in 

the market production of only one type of panel that is currently used in the construction site. 

Moreover, the shape of the EWGC is suitable to integrate systems that can control the 

ventilation rate and solar gains, allowing the development of advanced integrated façades that 

ensure the comfort condition inside the building. 

EWGC is also seen to be highly potential as an ecological alternative to conventional structural 

sealant aluminium-glass façade. For this reason, the life cycle assessment (LCA) of different 

materials is discussed in order to evaluate their environmental impacts. LCA results are strongly 
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dependent on the calculation boundaries and the choice of database, but it stands out that 

aluminium, as a construction material for glazing elements, requires up to 4 times higher 

primary energy demand and produces up to 16 times more CO2 emission than timber based 

combined panels. Despite some weak points, e.g. the lack of standardized regulations and 

people’s preconceptions about wood, the overall conclusion is that EWGC has the potential to 

be used for future building envelopes of multi-storey timber buildings.  

Keywords: wood, glass, combination, engineered products, EWGC, façade, panel, sustainability. 
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Sammanfattning 

Byggnader kräver mycket energi under hela livstiden, från byggarbetsplatsen till användningen 

och rivningen. Byggsektorn bidrar till en stor del av de totala utsläppen av växthusgaser och 

förbrukar en stor mängd vatten- och energiresurser, så de materialkomponenter som används 

inom byggsektorn har fått en viktig roll i hållbarhetens diskurs. Tendensen är att använda 

naturligt förnyelsebart material som genererar lägre miljöpåverkan än konventionella och kan 

uppfylla de nödvändiga strukturella och arkitektoniska behoven. 

Trä är ett traditionellt material med en lång och stolt historia och har återinförts på 

byggarbetsplatsen tack vare dess hållbara egenskaper. Trä som används för 

byggnadstillämpningar, dvs konstruktionsvirke, kan ta bort CO2 från atmosfären och införliva så 

kallad kollagring. Dessutom ökar kraven på låg energiförbrukning under produktion och hög 

återvinningsgrad träets potential att bli ett viktigt byggmaterial. Å andra sidan har den avsevärt 

ökande efterfrågan på mycket transparenta klimatskal nyligen resulterat i allt större 

utnyttjande av glas som fasadkomponent. En central fråga som belyses i detta examensarbete 

är därför om det är möjligt att slå samman de positiva aspekterna av dessa två material? 

Avhandlingen börjar med en diskussion om hybrid, komposit och kombinerade material. Det 

centrala begreppet är att kombinera två eller flera material med olika egenskaper, vilket 

resulterar i en färdig produkt med bättre övergripande egenskaper än de två komponenterna 

var för sig. Sådana byggmaterialsystem är dock inte välkategoriserat och en ny term 

introduceras därför för att beskriva kombinationen mellan trä och glas: ingenjörsdesignad trä-

glaskombination (på engelska engineered wood glass combination, EWGC). 

Därefter beskrivs produkten, dess  egenskaper i förhållande till egenskaperna hos trä och glas 

och de konstruktiva fördelarna med byggnadselementet. EWGC-produkten har några 

fördelaktiga egenskaper som transparens, styvhet och styrka för glas och den duktila karaktären 

hos virke när den används under kompression. Dessutom möjliggör detta träglaselement 

lastöverföring av horisontella krafter genom glasrutan så att de extra metallstödelementen för 

förstyvning av byggnaden kan utelämnas. 

Sen går studien in på de arkitektoniska möjligheterna och alla förekommande typer av 

montering beskrivs. Dock har endast få profiler testats och detta har resulterat i 

marknadsproduktion av endast en typ av panel som för närvarande används på marknaden. 

EWGC: s form gör den lämplig för integrering av system som kan styra ventilationshastigheten 

positiva effekter av solinstrålning, vilket möjliggör utveckling av avancerade integrerade fasader 

som säkerställer komfortförhållanden i byggnaden. 

EWGC ses också som ett lovande miljövänligt alternativ till konventionella fasadsystem i 

aluminium. Av denna anledning analyseras livscykelanalysanalysen (LCA) av olika material för 

att utvärdera deras miljöpåverkan. Resultaten är starkt beroende av systemgränserna och valet 

av databas, men det framgår att aluminium, som byggmaterial för fasadelement, kräver upp till 
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4 gånger högre primärenergibehov och ger upp till 16 gånger mer koldioxidutsläpp än 

träbaserade kombinerade paneler. Trots vissa svaga punkter, t.ex. bristen på standardiserade 

föreskrifter och människors förutfattade meningar om trä, har EWGC potential att användas i 

framtida klimatskal för flervånings trähus. 

Nyckelord: trä, glas, kombination, ingenjörsdesignade produkter, EWGC, fasad, panel, 

hållbarhet. 
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Abstract 

Gli edifici sfruttano una grande quantità di energia durante tutta la loro vita utile: dal cantiere, 

all'uso fino a giungere al momento della decostruzione - demolizione. Il settore delle costruzioni 

contribuisce ad una gran parte delle emissioni totali di gas a effetto serra e consuma un elevato 

quantitativo di risorse idriche ed energetiche. Date queste premesse, la scelta dei materiali 

utilizzati nel settore delle costruzioni sta recentemente rivestendo un ruolo importante 

nell’ambito della sostenibilità edilizia. La tendenza è quella di utilizzare materiali naturali 

provenienti da fonti rinnovabili che possiedono un impatto ambientale minore rispetto a quello 

dei materiali convenzionalmente impiegati, ma che, allo stesso tempo, sono in grado di 

soddisfare le esigenze strutturali e architettoniche richieste. 

Il legno è un materiale presente nelle tradizioni costruttive di quasi tutti i paesi e con una lunga 

e orgogliosa storia ed è stato reintrodotto per applicazioni in campo edilizio grazie alle sue 

caratteristiche di sostenibilità; infatti è in grado di catturare e immagazzinare CO2 

dall'atmosfera. Inoltre, i ridotti requisiti energetici per la fabbricazione e l'elevata riciclabilità 

ne fanno un importante materiale da costruzione. Sempre in campo edilizio, la considerevole 

richiesta di involucri trasparenti ha portato nel tempo ad una massiccia introduzione di vetro 

come componente fondamentale per le facciate degli edifici. Ne consegue una domanda, che 

è stata anche il motivo principale per lo sviluppo dell’elaborato: è possibile unire gli aspetti 

positivi di questi due materiali per ottenere un prodotto innovativo? 

La tesi inizia con la trattazione di materiali ibridi, compositi e combinati. Il concetto chiave in 

tutti i tre casi è quello di unire due o più materiali con caratteristiche diverse, col fine di ottenere 

un prodotto che presenti proprietà complessive migliori rispetto a quelle dei componenti di 

partenza. Tuttavia questi materiali non sono chiaramente categorizzati. Viene quindi fornita 

una classificazione relativa ai prodotti legati a legno e vetro ed è introdotto un nuovo termine 

per descrivere la combinazione tra essi, in accordo con le definizioni riportate in precedenza. 

La sigla EWGC (Engineered wood glass combination) deriva dall’unione tra il concetto di EWP 

(Engineered wood product) e la combinazione di materiali formalmente diversi. 

Il passaggio successivo riguarda la descrizione delle proprietà dei singoli componenti e dei 

vantaggi strutturali posseduti dal pannello combinato. La rigidezza strutturale e resistenza 

legate al vetro vengono bilanciate dalla duttilità del legno, quando viene utilizzato in 

compressione. Questo elemento di facciata consente il trasferimento delle forze orizzontali di 

carico attraverso il vetro, in modo che gli elementi aggiuntivi di rinforzo metallico 

(controventamenti) possono essere omessi. Il prodotto EWGC, inoltre, mantiene un elevato 

grado di trasparenza dell’involucro.  

Il terzo capitolo approfondisce le possibilità architettoniche del pannello e riporta tutti i tipi di 

montaggio studiati negli ultimi anni. Tuttavia solo pochi profili sono stati testati e questo ha 

portato alla produzione di mercato di un solo tipo di pannello, attualmente impiegato in ambito 

costruttivo. Inoltre, la forma dell'EWGC è adatta per integrare sistemi atti a controllare la 
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ventilazione e gli apporti solari, consentendo lo sviluppo di facciate integrate avanzate volte a 

garantire le condizione di comfort all'interno dell'edificio. 

Questo pannello portante in legno e vetro è anche considerato una potenziale alternativa 

ecologica alle tradizionali facciate strutturali, date dall’assemblaggio tramite adesivi sigillanti di 

elementi in alluminio e lastre in vetro. Per questo motivo nell’ultima sezione sono stati 

analizzati due studi condotti per valutare il ciclo di vita (LCA) di diversi profili e quantificare i 

rispettivi impatti ambientali. I risultati sono fortemente dipendenti dai limiti di calcolo e dalla 

scelta del database, tuttavia si evidenzia che l'alluminio, usato come materiale da costruzione 

per elementi di facciata, richiede un apporto energetico fino a 4 volte superiore e produce fino 

a 16 volte più emissioni di CO2 rispetto al legname impiegato nei pannelli combinati. 

In ultima analisi, nonostante alcuni punti deboli come la mancanza di normative standardizzate, 

il numero limitato di produttori e i preconcetti sull’impiego del legno come materiale 

strutturale, questo pannello combinato di facciata possiede il potenziale per essere utilizzato 

per future applicazioni in campo edilizio, specialmente in caso di edifici multipiano in legno. 

Parole chiave: legno, vetro, combinazione, prodotti ingegnerizzati, EWGC, facciata, pannello, 

sostenibilità. 
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1. Introduction 

1.1. Context and background 

There is a growing interest and demand within the construction sector to use sustainable raw 

materials. The expectations on the reliability and service life of wood are increasing together 

with the increasing construction of wooden multi-storey houses in urban environments. 

Construction companies all over the world are becoming aware of climate change and the huge 

energy and material resource demand related to the building sector. In fact, buildings require 

a lot of energy and materials during all their lifetime, from the construction site to the use and 

demolition. Looking at the whole life cycle, the building sector generates 40-50% of the total 

amount of greenhouse gases (United Nations Environment Programme, 2003), consumes a 

third of the total water consumption and half of energy consumption, use half of the extracted 

materials and produce a third of the total waste from all stages in the building process 

(European Commission, 2014). 

Bearing this in mind, during the 20th century wood has gained importance and has been 

reintroduced in the construction industry as engineered product. In comparison with other 

building materials, wood generates low environmental impacts mainly due to being a material 

produced through the photosynthesis, i.e. it has a capacity to capture CO2 from the atmosphere 

and release oxygen, and therefore incorporate so-called carbon storage. Low process energy 

requirement and high recyclability increases its potential to become a major building material 

(Rosliakova, 2014). 

Wood can be utilised in several ways and shapes, without modifications or by applying additives 

to extend the life span of the raw material. To meet the structural demands of new 

construction, several derivative wood products, called engineered wood products (EWP), are 

manufactured by combining e.g. boards, veneers and/or strands with adhesives or mechanical 

joints. Furthermore, timber can be combined together with other materials so as to obtain a 

new product with yet uncommon performance profiles and new application potentials, which 

has better overall properties than the starting constituents (Moffit, 2013). This field is wide and 

complex, e.g. wood residuals, such as saw dust, shavings and flour can be combined with 

thermoplastic, thermoset binders or synthetic fibres, producing a so-called wood plastic 

composite (WPC) or a wood fibre composite (WFC). Another concept can be to join timber or 

EWP with other common building materials, such as concrete, steel and glass. Following this 

concept, a newly developed composition between wood and glass has been developed and 

tested through the last years. It is important to highlight that the commercial name of this panel 

is timber-glass composite (TGC), but after some careful considerations regarding the concepts 

of hybrid, combined and composite materials, was made the decision to use a new term, i.e. 

engineered wood glass composite (EWGC). This product is an innovative structure that takes 

advantage of the high stiffness and strength of glass (Rosliakova, 2015) and could be employed 
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widely in the building sector in the form of I-beams, load-bearing walls and structural façades 

panels, assuring the possibility of natural lightning to enter in the construction. 

Thus, this thesis focuses mainly on the possibilities regarding the latter application compared 

to traditional structural sealant glazing (SSG) façades. The architectural shell has always been 

considered as a dividing line between the external world and the life that takes place within 

homes, offices, factories. People, probably due to a form of cultural heritage, feel more 

protected by a solid surface, opaque and surrounded by fences. The building envelope, in fact, 

is the first line of defence against environmental and physical exposure, so there is high 

expectation of performance for this element (McFarquhar, 2012). 

Designers are often making the façade the main object of their architectural inventions, looking 

at it as the most effective means of customization of their works. In many cases, pursuing this 

aim overpowers what should be the first goal of the design: the "good operation" of the building 

(Colajanni, 2010). Therefore, several aspects must be considered in order to achieve a result 

that meets the aesthetic, structural and energy related requirements of the envelope: 

 Typology and use of building 

 Surrounding environment 

 Orientation 

 Design decisions 

 Energy requirement 

 Prior knowledge of different professional figures 

 Materials 

It is then possible to identify a general definition of an envelope as the technical element, which 

governs the relation between the enclosure space and the surrounding environment (Colajanni, 

2010). This link is complex and could be made explicit through two functions: 

 Regulation of energy and matter exchanges, which happen through the entire envelope 

or across specialised part of it. 

 Mediation between the enclosed space and the external environment, which is defined 

and influenced by the edifice properties. 

Over the years these two characters have alternatively overlapped, giving rise to several 

different types of external envelope. This process has always been influenced by materials and 

their properties, both aesthetic and physical. Usually people relate the idea of façade to opaque 

materials, such as bricks and concrete, interspersed with glazed openings; then the increase in 

the construction of tall buildings has led to reconsider the idea of façade. In fact, the stability 

of surface elements can be achieved by connections to the main structures of the building, or 

by means of a specialized substructure. In this case, metal, especially steel and aluminium, is 

used to create a frame on which glazed and opaque panels are fixed. This type of façade, called 

curtain wall, does not contribute to the structural support of the construction, but provides the 
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air and water tightness of the building envelope and controls energy and light transmission 

(McFarquhar, 2012). 

The main structure may also be present on the outer surface; in this case, it will also be element 

mediation of energy exchanges (Colajanni, 2010). The envelope must then be designed in order 

to handle the structural and accidental loads, also considering occupants’ comfort and low 

energy consumption. On the other hand, the considerable increase in the architectural 

demands for highly transparent envelopes have recently resulted in massive introduction of 

glass as a façade component. From a structural point of view, the increased use of glass in 

buildings provides a challenge to the structural engineer: glass façades or interior walls are not 

structural in the sense that they provide no stabilizing or load-bearing capacity for the building 

(Kozłowski et al., 2015). 

Façades are more and more becoming integrating structural elements, where such aspects as 

the regulation of inside-outside environmental conditions or the integration of building systems 

are major challenges and tendencies in contemporary façade development. As a consequence 

of energy concerns and efficiency issues, the façade as environmental building interface is 

becoming a complex organism of environmental and energetic systems and its dependencies 

(Pascha K.S. et al., 2016). In this scenario, the use of renewable raw materials, such as wood, 

with low environmental impact coupled with large glazed areas has recently gained increased 

interest. Architects and designers started to employ timber on the construction site, especially 

for residential buildings, following different structural systems of construction (Kolb, 2008): 

 Log construction 

 Timber-frame construction 

 Balloon- and platform-frame construction 

 Panel construction 

 Frame construction 

 Solid timber construction 

In particular, wood-glass façades are suitable for panel construction and frame construction. 

Panel construction is a system consisting of loadbearing ribs of squared sections and a 

sheathing that stabilises the ribs. The individual straight vertical members carry the vertical 

loads from roof and suspended floors, whereas sheathing these members with wood-based 

board products resists the horizontal forces due to wind and the effects of bracing (Kolb, 2008). 

The timber frame consists of vertical studs and horizontal girders of square cross-sections and 

ensures vertical transmission of the static load. The sheathing boards are stapled to the timber 

frame assuring in-plane stability of the wall panel, while timber studs are positioned lengthwise 

within a certain span measured between their centers, which depends on the sheathing board 

dimension (Ber et al., 2014). 

The combination of timber and glass in order to get an appropriate load-bearing composite 

element is a challenging task since it involves two materials with rather different physical 
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characteristics. Due to the basic fibre structure, wood presents good resistance properties to 

tension while the glass resists compressive forces well, showing a tendency towards break 

danger when the forces pass certain limits. While together, the materials complement their 

structural behaviour: under the demands of large loads, the wood tends to deform plastically 

until it fails completely, maintaining a certain load bearing capacity for a certain time (Pascha 

K.S. et al., 2016). Moreover, the EWGC panel could be an ecological alternative to aluminium 

based façade systems thanks to the environmental characteristics of wood that have been 

presented previously. This is clearly demonstrated through LCA comparative analysis, however 

the product is still not widely used in the building sector. 

Currently, ongoing research studies and tests are carried out at Lund University, Linnaeus 

University of Växjö and TU Wien, while applications of EWGC panels in the construction site 

have been realised in Germany and Austria. 

1.2. Aim and objectives 

The overall aim of this thesis was to investigate the possibilities that an innovative wood-glass 

product can bring in the architecture of façades, considering structural behaviour, co-action 

between the two materials and environmental impact. This will result in a discussion of the 

positive and negative aspects that a combination of the two different building materials 

possesses.  

To achieve the aim of this study, the first specific objective was to survey and demonstrate the 

structural reliability of the combined sealant panel and to show the possibility to use it as an 

advanced façade. This was done presenting a survey of different potential types of assembly, 

the possible integrated systems and two realized projects. The second objective was to 

investigate and discuss if a wood profile has better properties in term of sustainability and 

environmental impact than a conventional aluminium or aluminium-timber profile. This 

included analysing two LCA studies that compare four different types of assembly. 

In order to fulfil the aim of this master thesis, the following research questions were stated: 

 Can a combination of two different materials, generally considered more susceptible to 

damage than conventional building materials, act as a structural panel? Will it be 

possible to use it widely or will this wood-glass combination remain on the back burner? 

 Considering sustainable and economic aspects, are these innovative load-bearing 

products competitive compared to metal envelopes? 
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1.3. Methodology 

To achieve the objectives set, the methodology of this study was carried out as follows: 

 Literature study. It was the first step of the research process. The aim of this activity 

was to collect relevant and high quality information needed for the study. Research 

papers, master and PhD thesis, technical literature, and handbooks have been gathered.  

 Selection of the scope. Once understood that the topic of wood combined products was 

too wide, some specific area of interest were deepened. The focuses became the 

understanding of wood-glass composite architectural applications, its comparison with 

other types of façade systems and its behaviour in case of fire. After iterative processes 

and decisions, the latter topic was not investigated.  

 Literature analysis and writing. The scopes were set and the writing process started 

describing generally the characteristics of this innovative combination. Further research 

papers, thesis and information from different manufacturers of building materials were 

analysed and compared. Moreover, professors from different universities, researchers 

and producers were contacted in order to highlight the positive and negative aspects of 

the product. 

 Analysis of realised buildings. It was useful to understand how is possible to use the 

product for real architectural applications. 

 Analysis of life cycle assessment (LCA). It was useful to get a concrete comparison 

between wood-glass panel and similar façade systems. 

1.4. Report structure 

This master thesis is structured in six sections: 

 Introduction. Introduction to the topic as well as a presentation of the aim and 

objectives, research questions, methodology of the study. 

 The concept of composite, hybrid and combined materials. Discussion about the different 

types of innovative materials and categorization of the combination between wood and 

glass. 

 EWGC overview. Information about the panel, description of the components materials 

and joints, discussion of the structural behaviour and the parameters that influence it. 

 Architectural aspects. Description of the types of assembly developed through the years 

and presentation of the one currently used in the construction site with related 

applications. Specific information for future integration of systems in the façade, e.g. 

ventilation and solar gain control, are provided. 

 Sustainability and economic aspects. Description of the life cycle assessment and 

comparison between four types of façade. Discussion of the results also considering the 

cost of the technology. 

 Conclusion and future work. Presentation of the main conclusions, recommendations 

and suggestions of future work. 
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2. The concept of composite, hybrid and combined materials 

The growing demand for innovative applications in the construction sector has led to increased 

use of high-performing materials commonly used in other fields. The key concept is to combine 

two or more materials with different characteristics, which result in a finished material with 

better overall properties than that of the individual constituents. The benefits obtained 

merging two different materials are being recognised and utilized to address design limitations, 

reduce environmental and cost impacts. However, those construction materials are not clearly 

categorized, so this chapter aims to clarify the distinction between hybrid, composite and 

combined materials and their relation with wood-glass products. 

2.1. Hybrid materials 

Several authors have described hybrid materials as mixtures of two or more materials with new 

properties created by new electron orbitals formed between each material, others did not 

consider the formation of new electron orbitals or chemical bonds and relate the difference 

between hybrids and composites to their functions or properties. Therefore, a new 

classification of hybrid materials has been proposed and is set out below (Nanko, 2009): 

 Structurally hybridized materials 

 Materials hybridized in chemical bond 

 Functionally hybridized materials 

 

Figure 1 - Relationship between hybridized materials (Nanko, 2009). 

Figure 1 clarifies the relationship between structurally hybridized materials, materials 

hybridized in chemical bond and functionally hybridized materials. Different demands are 

fulfilled through different processes of hybridization that create several materials with their 

own characteristics. 
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2.2. Composite materials 

Another term used to categorise materials merged with different other materials is 

"composite". In many cases, the word composite was used inappropriately and the difference 

between hybrid materials and composites has also not been clarified. Composite is commonly 

defined as a material constituted by the union of two or more constituents with different main 

functions, called phases, generally divided into: 

 Matrix 

 Fibres 

 Additives or fillers 

Therefore, they are heterogeneous and, usually, non-isotropic (Vannucci, 2008). It is important 

to notice that at a microscopic level, the constituent materials remain distinct within the 

finished structure (Moffit, 2013). 

Focusing on specific materials, it can be said that wood is a natural composite of cellulose 

components in a lignin and hemicellulose matrix. At the same time, a specie of timber can be 

combined with other types of wood or mixed with inorganic materials and plastics to produce 

composite products with unique properties (Cai et al., 2010). 

Usually these composites contain wood elements suspended in a matrix material, in which the 

proportion of wood elements may account for less than 60% of product mass (Cai et al., 2010). 

Nowadays industries produce: 

 Inorganic-bonded composite materials, whose properties are significantly influenced by 

the amount and type of the inorganic binder and the wood element as well as the 

density of the composites (e.g. gypsum-bonded composites, cement-bonded 

composites, ceramic-bonded composites). 

 Wood plastic composite (WPC) materials in which a wood component such as flour or 

particles (in many different forms) is incorporated as a filler or reinforcement in a matrix 

made of synthetic or bio-based polymers. 

 Natural fibre composites (NFC) materials, which are similar to WPC except that a natural 

fibre component such as wood or other natural fibres (e.g. hemp or flax) is incorporated 

as single fibres with higher aspect ratio resulting in a better reinforcement capability 

compared with e.g. wood flour. 

Furthermore, glass can be considered a composite material: it consists of sand, sodium 

carbonate, dolomite, limestone, sodium sulphate and other raw materials that give the 

required characteristics. 
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2.3. Combined materials 

As highlighted before, a composite means that the materials are mixed involving a smaller scale, 

while materials can be merged at a higher level to generate combined materials. For example, 

engineered wood products (EWP) are wood-based products made primarily from wood (often 

94% or more by mass) with only a few percent of an adhesive (resin) and other additives. 

Common elements for these types of composites include veneers, strands, particles, and fibres 

(Cai et al., 2010). Figure 2 gives an overview of wood composites, however it does not show 

the latest EWP developed, such as glulam, laminated veneer lumber (LVL) and cross laminated 

timber (CLT), because the original source (Suchsland and Woodson) is dated 1986. 

 

Figure 2 - Classification of wood composite panels by particle size, density, and process (Suchsland and 
Woodson, 1986 referred to in Cai et al., 2010). 

On the left y-axis is shown the raw material classifications of fibres, particles, and veneers while 

the right y-axis, wet and dry processes, describes briefly the processing method used to 

produce a particular product. Specific gravity and density are shown on the top and bottom 

horizontal axes (x-axes). 

Regarding the combination of wood and glass, the term timber-glass composite (TGC) has been 

used to describe an innovative façade product in scientific articles and research reports (see 

e.g. Rosliakova 2014). It literally means a composition of timber and glass, in contradiction with 

what has been discussed above, because the technology analysed is a combination (not a 

composition) of two different composite materials. For this reason, the decision to introduce a 

new term to describe the product was taken. The term EWGC, i.e. engineered wood glass 

combination, has been considered more appropriate to describe the combination of wood and 

glass and will be used in this master thesis from now on.  
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The abbreviation EWGC comes from the term engineered wood product (EWP), emphasising 

the importance of the combination between wood and glass for structural purposes. The basic 

concept is that these engineered wood-based elements merge the characteristics of materials, 

e.g. different species of wood or cross-sections of the trunk or timber and glass, in a unique 

way. The size of constituents of an engineered combination is larger than the size of a hybrid 

or composite material and the different components, such as wooden boards and glazing 

panes, are glued and/or screwed together. EWGC combines stiffness and ductility of wood and 

glass, avoiding fragility and deformability. 

These engineered products are used in a wide range of building applications, according to their 

characteristics. The following table briefly resume the different areas of use. 

Table 1 - Presentation of the different applications of EWP and EWGC in the construction sector (Kolb, 2008 and 
Lidelöw, 2016). 

 

 

Product name Possible applications

Massive wall elements

Roof elements

Beams

Massive wall elements

Roof elements

Floor and bridge decks

Sheating

Façade panels

Structural stabilisation

Interior applications

Structural composite lumber

Laminated veneer lumber (LVL)

Laminated strand lumber (LSL)

Parallel strand lumber (PSL)

I-beams

Wall and roof diaphgrams

Interior applications

Furnitures

Intermediate floor layer

Interior cladding

Furnitures

Beams

Wall diaphgrams

Roof elements

Engineered wood glass combination (EWGC) Load-bearing façade panels

Structural applications

Plywood

Glulam

Crosslaminated timber (CLT)

Oriented strand board (OSB)

Particle board

Medium density fiberboard (MDF)

Fiber board
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3. Engineered wood glass combination (EWGC) overview 

This chapter describes the properties and characteristics of materials that are combined to 

produce the EWGC panel, its structural behaviour and the different ways to assemble wood 

and glass. Therefore, pros and cons of the commercialised product and architectural 

applications are presented. 

It is well known that wood, in comparison with other building materials, generates lower 

environmental impacts, is capable of absorbing CO2 from the atmosphere and store carbon in 

the wood tissue, lower the energy required for processes and it is highly recyclable. 

Furthermore, the excellent material properties of timber, as a material with very low thermal 

conductivity, increase its applicability for façade-interface between inside and outside. At the 

same time, the presence of natural sunlight enhances the health and habits of people living and 

working inside buildings. An increase of the transparent envelope area is the best way to 

provide solar heat energy and lower the energy consumption for heating during winter. 

However, a comparison of transmission losses through the building envelope and possible solar 

gains through the glazing shall be made in defining the optimal size of the glazing areas and 

performing a suitable selection of the glazing type (Ber et al., 2014). 

Therefore, EWGC is seen to be highly potential as an ecological alternative to conventional 

aluminium façade. Its advantageous properties include transparency, stiffness and strength for 

glass and the ductile nature of timber when used under compression. By combining these 

materials with suitable structural adhesives, brittleness – the main drawback of glass – can be 

avoided (Kozłowski et al., 2015). 

3.1. History 

Wood and glass have a long history as materials employed in the building sector and modelled 

by craftsmen, but the idea to merge them has appeared recently. First examples of wood-glass 

combination were presented in the mid- and late 1990s by several German authors (Stiell, 

Schmid, Lieb, Krause and Stengell in 1996 and Schmid, Götz, Hoeckel, Krause, Stengel and Taut 

in 1998) who considered gluing the glass onto wooden frames. Then Hamm (2001) carried out 

more specific studies regarding the recent load-bearing EWGC products: I-beams and shear 

walls. 

The first application of EWGC were I-beams, where a glass web mainly carries the external 

loading and makes a larger contribution to the bending stiffness (uncracked state) while the 

wooden flanges serve as reinforcement of the glass web and, if properly designed, contribute 

considerably to the ductility of the beam (Kozłowski et al., 2015). Kreher analysed the behaviour 

of these bearing products in 2004, later Cruz and Pequeno (2008) tested and compared 

different cross-sections for wood–glass beams. 

The first tests regarding shear walls were carried out by Edl in 2008 and later by Hochhauser 

(2011). The specimens were loaded in four points, the main outcome was that the glass 
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elements acted as shear elements with compression diagonals. In contrast with the latest tests, 

in which deformable adhesives (based on silicone and acrylic) were used, Blyberg and Serrano 

together (2011) and then Blyberg alone (2014) investigated beams and shear walls bonded 

using stiff adhesives. 

Currently, ongoing research studies and tests are carried out at Lund University (Serrano) and 

at Linnaeus University of Växjö (Dorn), while at TU Wien Fadai has just ended (March 2017) a 

research project on timber-glass-compound façades, their behaviour in case of fire and fire 

protection concepts. First applications of EWGC panels in the construction site have been 

realised in Germany and Austria and other are currently under construction. 

3.2. Component materials 

The following sections briefly present the two main materials and their properties that form 

the EWGC panel. Then the elements that influence their structure are listed and some 

important data are reported. 

Wood 

Wood is a building material with a long and proud history: the world’s oldest timber-frame 

building, the Horyuji Buddish temple in Nara, Japan, was built around 600 AD (Coaldrake, 1982). 

As already mentioned, timber as a raw material has several inherent properties that makes it 

competitive in the building sector: 

 It has a high capacity to transfer tension and compression forces 

 It has a high strength to weight ratio 

 It is capable to be renewable and to capture CO2 from the atmosphere and incorporate 

so-called carbon storage 

 It requires low process energy 

 It is easy to recycle and also to re-use 

However, engineering-vice wood is often considered as an unpredictable and high-risk material 

due to its high variability of composition and properties and since it is combustible and more 

susceptible to be damaged in fire than concrete or steel. Furthermore, the natural growth of 

timber, seasoning, insects and fungi create a variety of structures and characteristic defects 

that influence its strength. A brief overview of the common factors that determine the 

durability of wood is reported (Dinwoodie, 2001): 

 Anisotropy and grain angle. Since timber is an anisotropic material, it follows that the 

angle at which stress is applied relative to the longitudinal axis of the cells will determine 

the ultimate strength of the timber. 

 Knots. These defects are associated with distortion of the grain and have a marked 

influence on strength, since even slight deviations in grain angle reduce the resistance 

of the timber. 
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 Density. As it increases, so stiffness and the various strength properties increase 

following a proportional rule. 

 Ratio of latewood to earlywood. Since the latewood comprises cells with thicker walls, 

it follows that increasing the percentage of latewood will increase the density and 

therefore the strength of the timber. 

 Chemical composition. 

 Moisture content. This parameter indicates the mass of water in percent of the mass of 

the completely dry timber, which strives to be in balance with the surrounding 

environment and changes with the relative humidity of the surrounding air. The removal 

of water from areas within the cell wall results in increased strength and in marked 

shrinkage. 

To be able to take advantage of the potential capacity of timber it is normally graded into 

different strength classes. The properties are determined in a non-destructive manner either 

by visual inspection, machine grading or using scanning techniques.  Visual grading is a visual 

assessment of the quality of a piece of structural timber; it is a laborious process since all four 

faces of the timber sample should be examined. Furthermore, it does not separate naturally 

weak from naturally strong timber and hence it has to be assumed that pieces of the same size 

and species containing identical defects have the same strength: such an assumption is invalid 

and leads to a most conservative estimate of strength (Dinwoodie, 2001). Machine strength 

grading is a technique that evaluates the timber properties on the principle that strength is 

related to stiffness. Each timber piece is tested to provide parameters, so called indicating 

properties, that are compared with statistical data, the most common parameters are modulus 

of elasticity and density (Johansson, 2016). 

 

Figure 3 - Diagrammatic illustration of a wedge-shaped segment cut from a five-year-old hardwood tree, showing 
the principal structural features (Dinwoodie, 2001). 
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As mentioned before, timber is an anisotropic material due to the orientation of the wood 

fibres and the annual ring pattern (Kozłowski et al., 2015), which implies that the properties 

vary depending on the direction of the product compared to an isotropic material, like steel or 

glass, in which the properties are the same in any direction. Figure 3 shows the structure of a 

tree trunk and all its main components. 

When subjected to compression, timber behaves in a rather ductile manner, while loaded in 

shear and tension the failure is brittle (Kozłowski et al., 2015). The highest strength is achieved 

along or parallel the fibre direction, while strength across or transverse the fibres is significantly 

lower (table 2). For defect free wood and parallel to the fibres direction, the compressive 

strength is almost half of the tensile strength. 

Table 2 - Comparison of strength of defect free wood in two different directions due to anisotropy (Dinwoodie, 
2001). 

 

Table 3 - Mean values for dry strength derived on structural size test pieces or timber including defects 
(Dinwoodie, 2001). 

 

Nonetheless, as can be seen in table 2 and 3, it is important to highlight that the presence of 

defects in wood has a large impact on its mechanical performance, and therefore larger 

dimensions of structural timber have a characteristic strength that is lower than the strength 

of defect free wood. In particular, the presence of knots in timber affects its characteristic 

strength in tension, which in this case is significantly lower than in compression (table 3). 

One major drawback of wood as a structural material is its lower stiffness compared to steel, 

but also concrete. The stiffness of timber, just as its strength, is influenced by many factors, 

some of which are properties of the material while others are due to the environment, e.g. 

grain angle, density, presence of knots, ultrastructure, temperature and moisture content. This 

Parallel fibers Transverse fibers

[N/mm2
] [N/mm

2
]

Tensile 100 3

Compression 50 7

Shear 10 5

Strength

Bending Compression Tension

[N/mm2] [N/mm2] [N/mm2]

Norway spruce 

(Europe)
50,9 45,8 30,5

Douglas fir (UK) 35,7 32,1 21,4

Sitka spruce 

(UK)
32,8 29,5 19,7

Spruce - Pine - 

Fir (Canada)
43,9 39,5 26,3

Specie
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material property is very dependent on the type and degree of chemical bonding within its 

structure; the abundance of covalent bonding in the longitudinal plane and hydrogen bonding 

in one of the transverse planes contributes considerably to the moderately high levels of 

stiffness characteristic of timber (Dinwoodie, 2001). Stiffness is quantified through the Young’s 

modulus or modulus of elasticity (MOE) and some characteristic values of different structural 

material are reported in table 4. 

Table 4 - Average values of density and Young’s modulus of selected timbers at 12% moisture content compared 
to other structural materials (Dinwoodie, 2011 and University of Cambridge, 2015). 

  

The table clearly presents the structural differences between hardwoods, softwoods and 

materials typically used in the construction site. Wood stiffness is three times lower than 

normal strength concrete (not reinforced) and seven times lower than aluminium, which is the 

main alternative to timber when dealing with structural sealant glazing façades. However, the 

combination between wood and another structural material, such as load-bearing glass panes, 

can significantly enhance stiffness. 

Finally, listed below are some common European standards that have been introduced to 

guarantee the reliability and the free trade of wood products in the European Union 

(Dinwoodie, 2001): 

 Test results are given in terms of a characteristic value expressed in terms of the lower 

fifth percentile. 

 The design of timber structures must be in accordance with the new Eurocode 5, which 

is written in terms of limit state design. 

 The number of strength classes in the new European system is greater than in the UK 

system. 

  

Density Static bending

Dry Modulus of elasticity

[kg/m
3
] [GPa]

Mahogany 497 9

Ash 689 11,9

Oak 689 10,1

Norway spruce (Europe) 417 10,2

Douglas fir (UK) 497 10,5

Scots pine (UK) 513 10

Aluminium 2700 69

Steel 7850 180

Concrete C25/30 2400 31,5

Material
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Glass 

Glass is a material with high aesthetical value and properties. Its most appealing characteristic 

is transparency, which has been the main reason of its use during the past centuries: glass let 

the sunlight enter through the envelope without letting in rain, snow and wind. The first use of 

glass in architecture probably occurred during the time of the Roman Empire. Glass mosaic was 

used for the decoration of walls and glass was also used in the windows of bath houses in 

Pompei (Persson, 1969). 

Recently the material has been employed in new ways in order to take advantage of other 

characteristics that were not considered before. Among these, it has been studied and tested 

for structural purposes, for example load bearing façades for buildings. Glued glass front 

structures have since long been in use and are generally considered the state of the art. 

However, with these solutions the glass serves no stiffening or bearing function, but merely 

functions as an outer cover (Hochhauser et al., 2016 and Hackspiel and Schober, 2016). The 

aim of several studies carried out in the past years and currently deepened at Wien University 

of Technology (Load Bearing Timber Glass Composite – LBTGC project) and Linnaeus University 

of Växjö was to develop stiffening glass panels, which would be able to replace wind bracings. 

The features of glass depend mainly on the way it is formed and the consequently atomic 

structure.  The material is amorphous, which means that the appearance is that of a solid but 

the atomic structure is a hybrid between solid and liquid state of matter. In a solid state, the 

atoms are bound to each other in an ordinated manner, in liquid or gas state the atoms are 

more free to move. The passage from melted to solid glass does not allow the atoms to form a 

determined structure due to its high viscosity, this unordered fashion gives the characteristic 

transparency of glass. Moreover, glass melt does not have a distinct melting point and the 

transition to a solid state is gradual. The high viscosity and gradual transition to the solid state 

gives the opportunity to form glass in a unique way (Falk et al., 2011). 

For timber-glass bearing façades soda-lime silica glass (annealed glass) is commonly used, 

which shows isotropic and almost perfectly elastic behaviour until failure, while does not show 

any plastic behaviour. This method of glass panels fabrication was invented in England by Sir 

Alastair Pilkington in 1952 and is still used today. The development of this technique through 

the years, allowed architects to use glass to create new astonishing shapes, especially for 

building façades, and to keep buildings warm in winter, cool in summer, safe and with reduced 

noise penetration (Pilkington, 2016). The process, originally able to make only 6mm thick glass, 

now makes it as thin as 0.4mm and as thick as 25mm. Molten glass (approximately 1000°C) is 

poured continuously from a furnace into a shallow bath of molten tin, it floats on the tin, 

spreads out and forms a level surface. Thickness is controlled by the speed at which solidifying 

glass ribbon is drawn off from the bath. After annealing (controlled cooling that is slow enough 

to avoid eigenstresses in the product) the glass emerges as a "fire" polished product with 

virtually parallel surfaces (Pilkington, 2016). 
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Glass is an isotropic material, which implies that the properties are the same in any direction 

and has a perfectly linear behaviour when loaded. It is a strong but brittle material that breaks 

suddenly when the maximum load is reached or in presence of defects and scratches. Glass has 

a high compressive strength while its tensile strength is comparatively low, in addition it is 

important to take into account that the strength of glass depends on various parameters, such 

as (Kozłowski et al., 2015): 

 Surface quality 

 Edge quality 

 Element size 

 Duration of load 

 Environmental conditions 

 Level of residual stress 

Glass has a high theoretical strength of up to 100 GPa, but the actual strength is difficult to 

define and the design strength value for short term loading is 20 MPa, which is considered a 

bottom line value (Veer, 2007). Specifically, soda-lime silica glass made by industrial methods 

only has a tensile strength of 25 to 70 MPa (McArthur and Spalding, 2004). Moreover, glass has 

a tendency to fail under static fatigue and does not stand thermal or mechanical shocks 

(McArthur and Spalding, 2004). 

Table 5 summarizes the typical data and properties of annealed float glass (Falk et al., 2011) 

Table 5 - Resuming table of glass properties (Falk et al., 2011). 

 

In Sweden prototypes of EWGC made with 10mm float glass pane have been tested so far and 

the panes strength properties can be improved through lamination. This process reduces the 

risk of cracks under load and is recommended to improve the fire and strength resistance of 

EWGC panels, especially if employed for multi-storey timber buildings. Laminated glass consists 

of two or more glass panes glued together and separated by a plastic interlayer, which is most 

often made of polyvinylbutyral (PVB) a viscoelastic material whose physical properties depend 

on the temperature and the load duration (Fröling, 2011). The glass panes can have different 

thicknesses and heat treatments. Most common among the lamination processes is autoclaving 

(Haldimann et al., 2008). 

Property Symbol Value UM

Density ρ 2500 kg/m3

Young’s modulus E 70 - 75 GPa

Poisson's ratio ν 0,23 -

Thermal expansion coeff. α 9∙10-6 1/K

Compressive strength σ 880 - 930 MPa

Tensile strength σ 30 - 90 MPa

Bending strength σ 30 - 100 MPa
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The use of laminated glass in architectural glazing is of great advantage because if one glass 

pane breaks, the remaining pane is able to carry the applied loads given that the structure is 

properly designed. Furthermore, the PVB layer keeps the scattered glass pieces glued to it and 

thereby prevent people from getting injured. The nominal thickness of a single foil of PVB is 

0,38 mm. It is common that two (0,76 mm) or four (1,52 mm) foils form one PVB interlayer 

(Haldimann et al., 2008). 

Another way to improve the strength of glass is through a tempering process. The method 

consists of introducing residual compressive stresses at the surface by heat treatment followed 

by cooling and hence reducing the risk of cracks forming under load (Kozłowski et al., 2015). 

The main difference between the two types of panels is in the fracture pattern of glass: pieces 

of pre-stressed glass are smaller than annealed float glass fragments. However, for shear walls 

panels is commonly used float glass rather than pre-stressed glass. 

3.3. Joints 

The glass panels must be connected with the wooden frame in a way that prevents stress peaks 

and ensure a uniform force transmission from the buildings structure to the glass (Hackspiel 

and Schober, 2016). Here the topic of joints is introduced through the description of both 

mechanical joints and glued joints, with a focus on the latest that are commonly used. 

Fixing for glass and load-carrying connections between glass elements and the frame introduce 

forces into either the edge or the body of the glass. In order to avoid excessive stress peaks, a 

certain minimum size of stress transfer zone is always essential. Local stress peaks, e.g. due to 

contact with other components with a hard surface or twisting at the supports, must be avoided 

at all costs in glass construction (Schittich et al., 2007). This is particularly important at high 

temperatures and relative humidity changes, as wood and glass have substantially different 

mechanical properties and behaviour (Ber et al., 2014). Therefore, glued joints are preferred 

due to their capacity to ensure a certain amount of deformability, in this way the wood-glass 

load-bearing panel provides the possibility to substitute conventional façade joints, like metal 

fitting and connector (Pascha K.S. et al., 2016).  

Anyway, joints throughout the façade must be designed to allow for (Saint-Gobain Glass, 2017): 

 Even distribution of the weight of the glass panel and wind loads upon it 

 Resistance to all loads without distortion 

 Retaining weather-resistant properties 

 Allowance for differential thermal movement 

 Preservation of environmental control properties 

 Means of maintenance 

 Design requirements 
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Mechanical joints 

The mechanisms for transferring stresses in glass elements through mechanical joints are 

mainly two: contact and friction. The first involves compressive forces acting perpendicular to 

the mating faces, which must be of such a size that the stresses occurring in the zone of stress 

transfer remain sufficiently low. Therefore, to absorb movements and constructional or 

geometrical imperfections is necessary to add an elastic pad to the hard bearing punctual 

elements. A contact fixing can fail only if the materials in contact themselves fail as a result of 

the compressive load or if the contact faces are displaced in relation to each other as a result 

of vibrations or severe deformation (Schittich et al., 2007). Friction, i.e. the mechanical 

interlocking of the microscopic surface imperfections of both mating faces, is another way to 

transmit forces in a glass element. This type of joint can fail for various reasons: it is possible 

for the glass to slide out of the fixing due to changes in the friction characteristics of the mating 

faces or the friction can be reduced by moisture infiltration or fading of the clamping forces. 

Fracture of the glass can be caused by thermal expansion in conjunction with mechanical fixings 

that are too rigid, or by clamping force that is too high (Schittich et al., 2007). 

Mechanical joints are usually made of metal and are often punctual, such as point-fixed drilled 

that fastens the glass panes by the insertion of screws into holes drilled through the glass itself 

or point-fixed clamps that staples the glass at the perimeter. Another technology involves the 

insertion of the individual glazed panes into embedding metal profiles, with the addition of 

pads to protect the glass.  

Glued joints 

In order to reach a good product performance, the two materials (adherents) shall be mounted 

together in a static sense by using appropriated adhesives. This method for transferring 

stresses, i.e. adhesion, is preferred to the mechanical fastening of glass because ensure a 

certain amount of deformability within the panel. However, panes of glass erected at heights 

of more than 8 m must be secured by additional mechanical fixing. All-glass façades with 

adhesive joints are known as structural glazing (SG) or structural sealant glazing (SSG) systems. 

The adhesion, which is the ability to stick to the surfaces, is a molecular force that acts between 

different materials or bodies in order to hold them together. It is important to underline that 

the mechanism involves secondary intermolecular forces, not covalent bonding. There are two 

main adhesion theories related to different systems, substrate and application method: 

mechanical interlocking and chemical bonding. The first one can be described as a mechanical 

interlocking between the adhesive and the substrate due to the surface roughness and porous 

structure of the substrate, while the second concerns molecular forces between the adhesive 

and the substrate. However, there are many cases where intermolecular forces and mechanical 

interlocking are working together. 
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The choice of adhesive depends on the materials that have to be glued together, their 

characteristics and mechanical properties since there must be compatibility between the 

adherents and the adhesive. If the two materials are completely different from the chemical 

point of view, it is possible to change the surface chemistry and enable the adhesive to stick to 

both surfaces (Neijbert, 2013). The adhesive used to join the components (in this case wood 

and glass) govern the mechanical and structural properties of the final panel, its stiffness or 

ductile behaviour when loaded. Furthermore, the external weather conditions must be taken 

in account: the wood-glass façade elements are mostly placed in the southern side of the 

building and thus exposed to extreme temperature and relative humidity changes (Štrukelj et 

al., 2015). 

Adhesives used in timber–glass composites can be classified into three groups (Cruz and 

Pequeno, 2008): 

 Elastic adhesives, e.g. silicone, which are highly flexible and yet insufficiently resistant 

to loading. 

 Semi-rigid adhesives, e.g. polyurethane or superflex polymers, that balance between 

strength and flexibility. 

 Rigid adhesives, e.g. acrylate or epoxy, which are highly resistant but insufficiently 

flexible. 

An overview of these sealants used for wood-glass panels briefly highlights pro and cons of each 

product (Ber et al., 2014): 

 Silicone presents high flexibility and good impact strength, it also demonstrate good 

resistance to moisture and weathering and shows the highest UV resistance among all 

the adhesives. However, the long-term strength should be considered, due to a highly 

creep behaviour. 

 Polyurethane has a wide range of applications based on its good adhesion to most 

materials. In addition, this adhesive has excellent chemical and temperature resistance. 

 Epoxy resins have high surface activity, good wetting properties and are able to exceed 

the strength of the adherents. In addition, they experience a small creep and shrinkage, 

which is favourable for bonding long elements or large surfaces. What is more, the 

strains in epoxy can be even 100-times lower than those in silicone or polyurethane. 

It is arduous to choose between the different sealants, especially because EWGC technology 

has been studied for only a few years from the structural point of view. Silicone is employed for 

windows and openings because it is less sensitive to particular ageing scenario (UV radiation, 

high temperatures, cleaning agents, water and moisture). On the other side, more stiff 

adhesives achieve significantly higher breaking stresses in case of load bearing panels, 

especially under shear load (Nicklisch and Weller, 2016).  
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3.4. Structural behaviour 

Research studies carried out during the last 20 years have investigated and tested the structural 

behaviour of wood-glass combined materials under load conditions, since Eurocodes, the main 

European reference, are not defining a classification and do not impose any regulation in this 

field. The tests were conducted on shear walls and beams of different sizes and materials with 

the objective to understand failure mechanisms, ultimate load failure and buckling loads. These 

structural characteristics are influenced by several aspects, such as type of the adhesive used 

and type and position of the glazing pane. 

The main conclusion to draw from the experimental works is that glass behaves as a structural 

reinforcement of the timber sub-structure. When used as a slab, test results showed excellent 

structural performance of the composite panel with an increase of more than 30% in the 

maximum load obtained, as compared to the panel without glass. The contribution of glass 

became even more evident for a structural wall system tested under vertical load: the results 

showed a clear increase in the stiffness and resistance with the presence of glass, compared to 

bare timber frame without glass. In addition, failure force values were surprisingly high and can 

be compared to previous experimental researches using oriented strand board (OSB) and fibre 

plaster sheathing boards (FPB) (Ber et al., 2014). 

One controversial aspect considered during the design phase is the type of adhesive used and 

geometry (thickness and width) of the bonding line: as said before, there are important 

differences about stiffness and ageing behaviour of silicone, polyurethane and epoxy resin. 

However, from the structural point of view, the influence of sealants acts under specific load 

conditions and ultimate failure is not so much dependent on stiffness of the adhesives in 

particular, but rather on the strength of the glass and the buckling load of the shear wall 

(Kozłowski et al., 2015). This result was achieved for a specific cross-section of timber frame–

glass pane of single pane specimens, showed in figure 4. 

 

Figure 4 - Geometry of shear wall specimens. Left: shear wall dimensions. Right: cross-section of timber frame–
glass pane of single pane specimens (Kozłowski et al., 2015). 

Nevertheless, it needs to be emphasised that the stiffness of timber-glass wall elements 

bonded with flexible adhesives tends to be significantly lower than that of classic sheathing 

materials, which could in practice cause problems in satisfying the serviceability limit state 

requirements. The reason for such low stiffness is to be found in a rather high level of flexibility 

of the joint between the glazing pane and the timber frame of specimens with silicone and 
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polyurethane adhesives. However, a certain amount of deformability needs to be provided, 

particularly at high temperatures and relative humidity changes, as the two materials have 

different mechanical properties. In practice, it is necessary to consider volume changes, e.g. 

swelling, of structural elements made from timber (especially in the direction perpendicular to 

the grain) due to changes of relative humidity. It should also be considered that wood–glass 

wall elements are placed mostly in the south-oriented façade and are therefore exposed to 

high temperature differences. Consequently, this temperature gradient causes thermal strains 

between timber frame and glass pane, which should be accommodated by a sufficiently flexible 

adhesive joint (Ber et al., 2014). 

Secondly, the position of the glazing pane and the presence of additional blocking system have 

a great impact on the flexibility and stress distribution in the EWGC product (Niedermaier, 

2005). Various prototypes of EWGC have been developed and tested, those assemblies can be 

classified into two basic concepts (Pascha K.S. et al., 2016), which are presented graphically in 

figure 5 and listed below: 

 Symmetric assemblies (figure 5 - 1 to 4), where glass pane is positioned on neutral axis, 

have an advantage of eccentricity free load transfer. They require further protective 

measure when exposed to weathering, though. 

 Asymmetric assemblies (figure 5 - 5 to 8), where glass is glued onto the exterior of the 

timber frame, protect the wood frame against direct weathering. However, the shear 

and compressive forces in the pane cause additional bending stresses in the glass, 

deform the glazing out of pane and increase the risk of buckling. 

In addition to the adhesive bound line, stiffening blocks can be installed at corners, transferring 
the external load by contact with the edge of the glass (Pascha V.S. and Winter, 2016). 

 

Figure 5 - Schematic representation of different EWGC assemblies developed in different research projects 
(Rosliakova et al., 2015). 
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Deformability and ductility are extremely important and need to be assured also when 

designing timber–glass wall elements resistant to seismic loads. Tests in this field were carried 

out using a seismic shaking table in the laboratory of the Institute of Earthquake Engineering 

and Engineering Seismology, UKIM-IZIIS of Skopje. Those performed tests showed clearly the 

behaviour of the composite panels and the failure mechanism under strong earthquake 

motion: it is manifested by slip of the glass along the wooden frame and permanent 

deformations in the wood, without any damage in the glass (Krstevska et al., 2013). In this way, 

the timber-glass panels dissipate energy and activate the ductile connections in the wooden 

frame, which are considered essential part of the panel in the failure mechanism development 

and prevent brittle failure of glass (Ber et al., 2014). 

To resume, the structural tests performed on EWGC proved that the innovative panel can be 

considered as a promising load-bearing system, in which the bearing glass and the wood are 

working together, conforming to each other in a beneficial manner. It can also provide an 

improvement of resource and cost efficiency, as the envelope itself carries part of building loads 

and gives additional stiffening for the building. Nevertheless, numerical models and specific 

studies should be carried out every time an improvement is made. 

Figure 6 shows the geometrical differences in a bonded EWGC-shear wall without and with 

additional blocking in the corner of the glass pane and their structural characteristics.  

 

Figure 6 - EWGC panels without and with block settings and their structural behaviour (Hochhauser et al., 2016) 
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4. Architectural aspects 

The demand for transparency and structural freedom lead to early applications of load bearing 

glass panes in the 1980s and 1990s, for example the glass pavilion for the Sonsbeek art 

exhibition in Arnhem in the Netherlands in 1986 (Nijsse, 2003). The most common application 

of glass as a structural component is to use it as a structural beam; recently applications are 

columns, shear walls and façade systems, which are the main topic of this thesis. 

Structural sealant glazing façades have been used for several applications and are at the cutting 

edge of technology. Usually the glass pane is inserted into an aluminium frame, however an 

alternative solution for multi-storey buildings façade is offered through load-bearing 

applications of EWGC. This wood-glass element enables load transfer of horizontal forces 

through the glass pane so that the additional bracing elements for wind bracing or stiffening 

the building can be omitted. 

The use of glass as a structural material opens multiple fields of investigations: beyond 

structural matters and safety issues, architectural questions as functionality and spatiality 

should be addressed during the design phase, since they are paired with the structural layout. 

In addition, it has implications on the functionality and in the perception of space, determining 

a spatial re-arrangement of each floor and generating a different plan for every level of a multi-

storey building (Eversmann et al., 2015). 

Materials components, joints and their influence on the structural behaviour of EWGC have 

been previously discussed. This chapter focuses in the investigation and description of all the 

typologies of panels effectively developed through the last few years. Then the product that 

still survive in the market is presented and two related case studies are briefly descripted. 

Finally, two possible integrated systems are described, considering further developments.  

4.1. Types of assembly 

As discussed before, many aspects influence the design of EWGC and its use within a wooden 

frame structure. Besides type and durability of adhesive, type of glass and wood species, 

different geometrical configurations condition the panel response under static and dynamic 

loads. The technology applied for the transmission of forces between the wood and the glazing 

pane has been developed in order to reach a higher architectural-aesthetic value and be more 

functional. As a result, four different types of prefabricated façade elements were developed 

following the asymmetric assemblies showed in figure 5. The profiles described are based on 

the one-sided joint assembly with adapter frame and additional blocking or derive from the 

one-sided joint assembly with adapter frame. 

Those panels only need to be assembled on site, simplifying the prefabrication phase that has 

been done under controlled conditions. Nonetheless, they have to deal with some problems: 

tolerances, load-transfer, maintenance, design. Each solution shows advantages and 

disadvantages which are discussed below.  
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One-sided joint assembly with adapter frame and additional blocking 

(L-profile) 

The most advantageous way to reach a higher shear load in the bond line is the increase of the 

wood-glass adhesive interface; in fact it gets lower tensions at the same load level. Therefore, 

it was considered to use an adapter frame with additional blocking instead of a flat one and to 

implement a circular bonding. This solution is commonly called L-profile due to the shape of 

the cross section. Through this plywood profile, compression forces are transferred from the 

glass pane to the adapter frame through the blockings, which is also the simplest solution to 

connect the façade frames with the building envelope. The wooden frame is then bolted to the 

main building structure by clamping strips and the tolerances on the building site can be easily 

levelled out by increasing or decreasing the distance gap in the connection. The resulting gap 

has to be closed by a subsequent inserted sealing profile (Pasha K.S. et al., 2016). Figure 7 shows 

a photo of an L-profile mock-up manufactured in the Department of Structural Design and 

Timber Engineering (ITI) at TU Wien. 

 

Figure 7 - L-profile solution (Pasha K.S. et al., 2016). 

This typology of connection might be simple, but it presents also a series of weak points: 

 The load transfer between the elements in vertical as in horizontal direction is difficult 

to secure as it will only be achieved through gripping force trough the clamping strips, 

which is limited due to the missing direct surface contact and the reduced material 

properties of the plywood. 

 The open gap will be a constant leak for required weather tightness of the envelope, 

especially in case of neglected maintenance of the façade. 

 Plywood could creep in the contact area with the clamping strip and lead to 

deformation, which reduces the fixation of the construction, load transfer and load-

bearing capacity of the timber-glass façade.  
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One-sided joint assembly with adapter frame and additional blocking 

(Overlapping split profile) 

This adapter shape with a flap allows to have only one line of union in the centre of the mullion, 

so both sections can be screwed at the same time. Moreover, the overall visible frame width 

can be reduced since the two parts of the profile can be fixed with the substructure with a 

single line of cantered fixing points. Anyway, the minimum distances between the edge of the 

profile and angularity edges of the wooden profile must be respected (Pasha K.S. et al., 2016). 

Figure 8 presents drawing and 3D-study of the overlapping profile done in Department of 

Structural Design and Timber Engineering (ITI) at TU Wien. 

 

Figure 8 - Overlapping split bar solution (Pasha K.S. et al., 2016). 

This geometrical design provides better security to cap the groove between elements because 

of the labyrinth seal, but some drawbacks are to be stated: 

 The geometrical boundaries of this profile typology only permit a very limited range of 

building tolerances, as figure 8 shows. In order to secure sufficient load transfer 

between the elements, the resulting gap between the edges has to be partly filled (in 

the area of the blockings) with a pressure-resistant material. 

 As a result of the winding geometry of the profiles, there is a certain risk of material 

fracture in the grooves of the flanks, especially in situation of high stress. 

 Replacement of single elements is difficult because of the overlapping geometry of the 

profile and requires to dismount adjacent vertical and horizontal elements.  
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One-sided joint profile with adapter frame (I-profile) 

Another possibility to reduce the width of the frame-bar is an adapter-toothed frame, which 

allows centring the screw line and thus reduces the width of two timber elements connected 

to the mullion. Nonetheless, this solution provides an open fugue and the joint has to be 

sealed weather-proved. Figure 9 shows the shape of the wooden components. 

 

Figure 9 - One-sided joint profile with adapter-toothed frame used in UniGlas | FACADE (Pasha K.S. et al., 2016). 

The big advantage of this product, whose commercial name is UniGlas | FACADE I-profile, is the 

trouble-free solution to replace single elements of an existing façade.  

There are two major modifications proposed to improve the panel developed, among others, 

by Petschenig Glastec GmbH and Otto Chemie. Both are related to the inclusion of blockings in 

the inner edges of the frame, which increases load transfer capacity of the composite element 

(Pasha K.S. et al., 2016): 

 The substitution of flat I-profile with L-shaped profile that allows to establish a direct 

contact zone of the timber frame with the glass edge, necessary to transfer the 

diagonally directed pressure forces into the glazing. The L-shaped form also helps 

tighten and seal the fugue between glass and plywood and enhances direct pressure 

force transmission in the composite element. 

 The inclusion of reinforced blockings in the four corners of the frame that are directly 

milled in the plywood profile. They would ensure an equal and sufficient load transfer 

from façade to building shell, thus avoiding asymmetric design and in consequence an 

unequal distribution of plywood material in both sides of the frame. 

It is required that the blockings are able to compensate the deviation related to the tolerances 

in the float glass production through adaption of geometry. Whereas in previous studies this 
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was done by using a quick-setting-mortar which fill the resulting gap between the edge of the 

glass pane and the coupling frame, here specific inlays made out of hard-wood or high-strength 

plywood are to be inserted in order to adapt to the actual size of the glass pane. To make sure 

that no tensile forces can be transferred to the glass pane, no contact bonding between 

blocking and glass edge is provided (Pasha K.S. et al., 2016). 

One-sided joint profile with adapter frame and coupling component disk 

This solution is similar to the previous one, with the addition of a further coupling element: a 

bending-resisting disk that improves the load-transfer of moments in the edges of the frame 

towards the shell construction. The same connection integrates the blockings that transfer the 

pressure load from one façade element to another. Due to its specific shape, this massive 

plywood disk provides a much higher stiffness against horizontal displacement and a better 

flexural strength in the junction point than in the previous solutions. 

In addition, these disk-like fixing devices facilitate the mounting of the façade elements as it 

has to be positioned and assembled first on the shell construction and thus serves as an 

alignment for the single façade modules (Pasha K.S. et al., 2016). Figure 10 shows the 

connection detail of two wood and glass elements to the disk-connector. 

 

Figure 10 - One-sided joint profile with adapter frame and coupling component disk (Pasha K.S. et al., 2016). 
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4.2. Market product and realizations 

This section discuss a precise type of assembly that is now used in the construction site and the 

related applications. The panel was developed Holzforschung Austria (HFA) and based on the 

one-sided joint profile with adapter frame or I-profile. As part of the research project started 

in 2005, numerous individual tests of wood-glass adhesive samples were conducted over a 

period of six years and also on large-sized wall slabs (UniGlas, 2014). The result is a special 

façade insertion element with load-bearing bond where the glazing is provided directly, i.e. 

without metal sections, on a glulam wood substructure. It has been produced thanks to the 

cooperation between Holzforschung Austria, TU Wien, Otto-Chemie as a manufacturer of OTTO 

adhesives and the UniGlas partner Petschenig Glastec GmbH. 

In the past years, as resumed in this dissertation, the EWGC panel has been analysed 

highlighting some characteristics from the theoretical and practical point of view. Several 

research studies and test has been conducted to endanger its structural behaviour under load 

or its reaction to weather conditions and ageing. Right now, applications of the EWGC system 

in real buildings exist in Austria and Germany, thanks to the researches made by Holzforschung 

Austria (HFA). Currently, structural studies about load–bearing EWGC products, like walls and 

I-beams, have been carried out in the universities of Lund and Växjö in Sweden. Those have not 

lead to the development of a market product as happened in Austria, but are a good starting 

point from which companies can build on, with a view to employing it for future high-rise 

wooden buildings (Dorn, 2017). 

Although was quite difficult to find information regarding realised buildings, below are 

qualitatively presented two case studies, which have proved the advantages of this system. The 

main sources are HFA website, Otto-Chemie website and the Doctoral dissertation of Georg 

Neubauer (2011). 

Product description 

The product developed by HFA has a maximum size of 2500 x 3500 mm and consists of a glass 

pane glued with 2-component silicone OTTOCOLL S 660 onto the edge on the room side and 

then screwed to the post and beam of the timber skeleton. The glass unit is not directly glued 

to the timber frame but bonded with adhesives to this special sub-structure. The innovative 

component of the panel is the connecting strip, which is made from veneered birch plywood 

with surface sanded on all sides and varnished (UniGlas, 2014). The serrated shape allows a 

better locking between the adjacent products.  

Figure 11 shows a plan view of the connection between two adjacent panels. The two 

components are interlocked, glued and screwed to the frame structure. Insulating products are 

added to complete the installation. 
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Figure 11 - Connecting strip in plan view (UniGlas, 2014). 

In some cases, it is necessary to add other components, besides approved screws, to connect, 

stabilize and support the structure. For example, blocks that transmit the dead weight of the 

glazing unit, mechanical fall preventer and mechanical pane securing device in installations 

where the top edge of the element exceeded 8 m above a public area. 

The model considered during the design phase was the one-sided joint profile with adapter 

frame (I-profile), which was described the chapter before. It is the preferred one due to the 

possibility to replace the product promptly, without affecting the adjacent panels. Moreover, 

this product allows two possible fitting practices: 

 Lifting and fitting of each EWGC element on site 

 Fitting and sealing of the EWGC elements into a wall structure at the factory and 

positioning of the complete wall on site 

In both cases, a complete setting of the adhesive must be assured prior to fitting of the wood-

glass elements and subjecting the connecting strips to load. This is a tough part of the process, 

which will influence the behaviour of the structure over the years. The weather seal must 

therefore be checked at least once a year and the joints must be immediately and professionally 

repaired in case of defects. Furthermore, it is recommended to subject the components to a 

visual inspection at least every two years. This is intended to check whether the adhesive joint 

reveals cracks, discolorations or visible joins, to check the wood moisture content of the 

connecting strip or to check the outside seal together with the air intake and outlet openings 

(UniGlas, 2014). 

Nevertheless, this product presents some limitations related to the performance. The first is 

the glulam timber post-and-beam structure to be provided by the customer, which has to 

respect a minimum timber quality and width of the post and beam elements (60 mm). Other 

performance limits in the variant with post-and-beam structure provided by others are the 
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lateral building connections, as well as connections to the base, eaves or fascia, including 

insulation and cladding with flashings, as well as exterior sun protection (UniGlas, 2016). 

The researches on EWGC made for the project were enough to approve the utilization in 

Austria, while in Germany the approval must be assessed case-by-case. Right now façades for 

buildings up to 20 m in height and with permanently glazed elements and opening elements 

can be provided, but the height drops to 7m (eaves height) when considering structure-bracing 

function. 

Figure 12 shows a 3D detail of the load bearing adhesive façade element, where the glass is 

designed on a plywood timber substructure, without any metal profiles. 

 

Figure 12 - UniGlas | FAÇADE (UniGlas, 2017). 
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Case study 1 - Research building 

The first case study is a research building of HFA in bungalow design. It present a north and a 

south-facing glass façade of about 14 m² surface. The building has a gross floor area of 86 m² 

and the supporting structure is realised with a wood frame to which the timber walls are 

externally connected. The internal environment is fully air-conditioned and different climate 

conditions are set. 

The wood-glass elements (i.e. UniGlas | FAÇADE product, based on the one-sided joint profile 

with adapter frame or I-profile) were manufactured in Wien, 130 km far away from the 

construction site. Then the panels were screwed and incorporated in two prefabricated 

wooden walls, which were transported and installed in the erected skeleton structure. 

The investigations in this research building provided important results regarding the behaviour 

of EWGC elements. A total of four research projects were carried out into the building during 

the realization phase and the service life, they regard the windows, the roof, the base area and 

the glass façade. The realisation revealed the feasible assembly and manufacture of the 

cladding system and offers for the future insights in durability and long-term behaviour (Winter 

et al., 2010).  

The following figures (13 to 17) present the realization phases: from the assembly in the factory 

to the transportation on site and the final construction. 

 

Figure 13 - Insertion of the element in the prefabricated wall (Neubauer, 2011). 
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Figure 14 - Completely assembled façade element (Neubauer, 2011). 

 

Figure 15 - Skeleton structure of the research building (Neubauer, 2011). 
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Figure 16 - Placement of the façade element (Neubauer, 2011). 

 

Figure 17 - Completed building (Neubauer, 2011). 
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Case study 2 - Single-family house 

A second building where the EWGC elements developed by Holzforschung Austria were used 

was a two story single-family house close to Wien. The building consists of two floors and a 

basement and has a gross floor area of 100 m². The walls and ceiling were built in solid wood 

construction and the wood-glass elements were subsequently connected from the outside to 

the wooden frame.  

The production of EWGC panels was carried out in a glass producer factory involved in the 

project. Due to the different glass dimensions, a different manufacturing method was tested 

and proved to be extremely practical. It was not, as before, the glazing pane levied on the 

already adjusted coupling strips, but the coupling bars were fixed to the rim of the glass with 

double-sided adhesive tape. The coupling strips were attached to the glass edge and 

circumferentially bonded, in this way twelve different glass sizes could be produced. After the 

curing, the glass panes were transported to the construction site and placed one by one into 

the previously established post and beam frame. By screwing EWGC elements on the support 

structure, the static load carrying capacity of the panels was activated. After assembly, the 

façade and the roof elements were sealed. 

As in the previous case, the realistic element production and its assembly could be 

demonstrated. The accompanying conducted monitoring system of the façade helped gaining 

further basics for an improved serial production (Hackspiel and Schober, 2016). Moreover, the 

use in a two-storey building demonstrate the possibility to develop this system for future 

applications in multi-storey wooden buildings, which is an open challenge in the construction 

industry. 

The following figures (18 to 22) present the realization phases: from the assembly in the factory 

to the transportation on site and the final construction. 
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Figure 18 - Curing of finally bonded wood-glass elements (Neubauer, 2011). 

 

Figure 19 - Structure of the two-storey building (Neubauer, 2011). 
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Figure 20 - Placement of the façade panels (Neubauer, 2011). 

 

Figure 21 - Finished façade, including openable elements (Neubauer, 2011). 
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Figure 22 - Completed building (Neubauer, 2011). 
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4.3. Studies for advanced integrated envelopes 

The wood-glass panel could have an important role in the modern façades concept. Those 

building envelopes, such as intelligent façades, active façades, advanced integrated façades, 

etc. are the outcomes of high expectations of the performance ensuring the comfort condition 

inside the building. In the meantime, the building industry is geared towards environmental 

sustainability, which sets the requirements for an energy efficient architecture that consumes 

little to zero energy. All these tendencies result in the transformation of the building skin into 

a complex system with high degree of automation and electrical control based on innovative 

and simple technologies, based on efficient use of local resources. 

The building skin, as a boundary layer between the external and internal environment, controls 

several parameters: thermal insulation, illuminance, glare protection, visual reference, light 

redirection, sound insulation and wind attenuation (Hausladen et al., 2008). The current market 

offers a wide variety of glazing able to provide different properties as for example triple glazing 

and use of various coatings capable to ensure the comfort standards inside the building. 

Unfortunately, these additional panes and foils increase the weight of the glass elements. The 

heavy glazing requires appropriate technologies to maintain its functionality and that forms an 

additional challenge designing with structural glass combinations (Rosliakova, 2015). 

The EWGC product is suitable to integrate systems that can control the ventilation rate and 

solar gains, respectively considered the most low-tech character and the most economically 

efficient active energy strategy. The following sections present these two proposals, which are 

studied at TU Wien after a depth analysis of the state of the art and market demand in the 

building sector. Since it is a field recently investigated, the studies are carried out on all the 

different types of profiles presented before in order to define the best solution to introduce in 

the construction site. 

Ventilation 

Ventilation of the inner space could be provided in different ways. For curtain façades, the most 

common methods are: 

 Classical window opening, which is the most common façade ventilation. 

 Horizontal air in- and outlets that presents constant or regulated opening in the outer 

layer at the ceiling level. 

 Frame integrated ventilation, applied in high-rise buildings. 

All three present weaknesses due to the wind that has an important role in high-rise buildings, 

the external appearance and the structural frame: EWGC façade has a load-bearing function 

and it is preferable not to interrupt the framework. 

The system developed by HFA is provided of a lower and upper ventilation, in the form of an 

oblique hole of 8 mm diameter. Another way to provide ventilation is replacing the horizontal 
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element of the frame by integrated more sophisticated technology for a supply air mix or pre-

heating. Ventilation along the horizontal line, which is graphically showed in figure 23, could 

provide prevention of condensation formation and must include building physics study due to 

prevent formation of thermal bridges (Rosliakova, 2015). 

 

Figure 23 - Potential of ventilation integration to EWGC structure based façade (Rosliakova, 2015). 

This application, here presented for the one-sided joint assembly with adapter frame and 

additional blocking (L-profile), could be a good solution for high-rise wooden buildings. In fact, 

the realization of multi-storey facilities with a timber structure is a recent challenge for the 

construction sector and designers have to deal everyday with difficulties related to the new 

material and its structural behaviour. Thus, the ventilation through the wooden frame should 

continue to be studied in order to ensure a good indoor air quality and, at the same time, 

avoiding additional stress due to the wind force. 
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Solar energy gain 

The most common and efficient active energy strategy is the integration of photovoltaic cells 

in the building envelope (BIPV). In contradiction to building applied photovoltaic (BAPV), BIPV 

are considered as a functional part of the building structure as they replace the conventional 

elements of construction (Cerón et al., 2013). 

A wide range of different BIPV products is available on the market, such as foils, tiles, modules 

and solar cell glazing products. Since it is better to integrate the PV components during the 

production process of laminated glass, the most interesting are the BIPV foil products. Those 

are made from thin-film cells, which offers different levels of transparency while performing as 

solar screening. Foil products opens nearly endless possibilities for building integration in the 

different situations, scales and geometries and demonstrates higher resistance to temperature 

loads (Jelle et al., 2012). 

On the other hand, PV integration into a structural glass panel has to be investigated as the 

deformation and displacements that could appear in between the glass layers can influence the 

efficiency of the different components (Rosliakova, 2015). Despite the fact that shear and 

compressive forces in the glass pane cause additional bending stresses and increase the risk of 

buckling, the asymmetric assembly of EWGC is more suitable than the symmetric one, since 

only exterior building components qualify for photovoltaic integration (Rosliakova et al., 2015). 

Furthermore, this is in accordance with the assemblies already developed and available on the 

market, e.g. UniGlas | FACADE I-profile. 

Figure 24 presents the different profile solutions in case of PV integration into single-skinned 

façade, divided into two groups: symmetric cross-section profiles (1 to 3) and asymmetric cross-

section profiles (4 to 6). 

 

Figure 24 - Principal EWGC profile assemblies of symmetric (1 to 3) and asymmetric (4 to 6) cross-sections with 
integrated PV glass-glass module. Single-skinned façade (Rosliakova et al., 2015). 
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The glass unit of asymmetric profiles is placed on the exterior side of the adapter frame, acting 

as a weather barrier so that timber frame and adhesive are protected. This provides a wide 

range of possible applications: winter gardens, canopies, façade and roof elements, where 

thermal insulation properties are not required. In case of insulated EWGC façades, it is possible 

to separate the load-bearing glass pane and PV integration within different layers. The 

asymmetric profiles, in fact, are suitable for façades build-up using double or triple insulated 

glazing, as was tested and realized in several pilot projects (Edl, 2008). Figure 25 presents the 

different asymmetric profile solutions in case of PV integration into double-skinned façade. 

 

Figure 25 - Principal EWGC profile assemblies of asymmetric cross-section with integrated PV glass-glass module. 
Double-skinned cold façade (Rosliakova et al., 2015). 

The further development of such structure has to take into account the rigidity of joints within 

the asymmetric composite profile. Anyway, the shear wall in glass structure must respect the 

structural design standards and safety requirements. 

To resume, the wood-glass load-bearing panel offers new perspectives and possibilities of 

application, allowing more efficient and economically integration of active energy strategies, 

such as the previously described introduction of photovoltaic foils. This additional system could 

be integrated into the structural building envelope due to the multi-functionality of the panel, 

its great level of pre-fabrication and easy access for maintenance. 
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5. Sustainability and economic aspects 

During the last decades, people have become more aware of climate changes and global 

warming. This increased awareness have encouraged researches and debates regarding the 

possibility to reduce energy waste and reach the so called Energy-Turn, which is the 

transmission of fossil-based energy supply to renewable energy sources. 

The construction sector is particularly sensitive on the subject: buildings require a lot of energy 

and materials during all their lifetime, from the construction site to the use and demolition, 

considering 50 years of service life, on average. Looking at the whole life cycle, the operation 

of buildings generates 40-50% of the total amount of greenhouse gases (United Nations 

Environment Programme, 2003). The construction sector also consume a third of the total 

water consumption and half of energy consumption, use half of the extracted materials and 

produce a third of the total waste from all stages in the building process (European Commission, 

2014). It is a huge amount of material, energy and gas emissions. 

It should be underlined that the material components have gained an important role in the 

discourse of sustainability in building sector. The accounting of the energy flown during the 

whole life cycle of materials and products used as well as their environmental impacts lead to 

the new level of sustainability assessment. Moreover, the will to reduce CO2 emission and 

greenhouse gases means that the building sector shall introduce ecological materials in 

addition to use renewable sources. It becomes crucial to run and compare life cycle assessment 

(LCA) analysis of different materials in order to evaluate their environmental impacts. The 

results of LCA are strongly dependent on the calculation boundaries and the choice of database 

for collecting the information on materials and processes, which builds the background for 

calculation and directly influences data quality (Pascha and Winter, 2016). 

However, products with low environmental impact are not always affordable. Innovative 

materials require years to become competitive in the building market, especially if a similar 

technology has been used for long time. This is the case of structural sealant glazing (SSG) 

façades that are mainly realized with aluminium beam/post and glazed insulated panels. These 

load-bearing envelopes are the most expensive kind of façades and can include the newly 

introduced EWGC façade, which is competitive both from the point of view of sustainability and 

cost-effective. 

It is always important to compare similar products to obtain valuable and meaningful 

results.  The construction cost of metal-glass and wood-glass façade in this case will be more 

or less the same, even if it is depending on the country where the building will be raised (Fiedler, 

2017), on the contrary the studies and research projects handled to investigate environmental 

impact present different outcomes. 
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5.1. Life cycle assessment (LCA) 

LCA is a holistic evaluation of the environmental effects of a product or activity, performed by 

analysing its entire lifecycle. This method helps to understand which phases are critical and 

consequently is useful to reduce energy waste and gas emissions. In order to guarantee 

comparability of the data, accessibility and circulation of environmental information and the 

homogeneous nature of the results, the most efficient tool in the construction sector is the 

Environmental Product Declaration (EPD), an environmental label which presents the results of 

the LCA in a standard and comparable manner (Herczeg et al., 2014). It was created as a set of 

rules and regulations regarding environmental impact calculation and includes a set of 

standards, such as EN 15804:2012+A1:2013, ISO 14040:2006 and ISO 14044:2006 (Pascha and 

Winter, 2016). The final aim is to be able to compare the environmental profiles of different 

products, in order to identify which are the most environmentally compatible. 

The calculation of LCA follows some rules, first of all the system boundaries must be declared. 

Three different main types of calculation boundaries exist and are briefly presented: 

 Cradle-to-Gate: it covers a partial production of material or building components, from 

resource extraction to the factory gate, and it is sometime the basis for EPD. The 

mandatory modules are A1 (raw material supply), A2 (transport) and A3 

(manufacturing). 

 Cradle-to-Gate with option: it is similar to the previous one described with any 

additional stage(s) and can be used for comparison analysis in accordance to conditions 

stated in EN 15804:2012+A1:2013. 

 Cradle-to-Grave: it covers all life cycle phases from resource extraction to use phase 

and disposal phase. In addition, benefits and loads beyond the system boundaries 

(Module D) may be included. 

Figure 26 shows schematically the sequence and system limits of a complete LCA (Cradle-to-

Grave). The steps are fully reported in table 6. 

Furthermore, the unit of reference, the assumptions made and all the relevant background 

data must be declared, clearly presented and described. The latter is extremely important since 

the data collection and it is quality has a great influence on reliability of results. The regulation 

requires that the database used for information collection must be clearly stated to ensure the 

correctness and comparability of calculation (Pascha and Winter, 2016). 
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Table 6 - Limits, Codes and Steps of Life Cycle Assessment in accordance with ISO 14025 and EN 15804. 

 

 

Figure 26 - Life Cycle Schema of a generic product in accordance with ISO 14025 and EN 15804. 

  

A1 Provision of raw materials

A2 Transport

A3 Manufacture

A4 Transport to the site

A5 Installation in the building

B1 Use/Application

B2 Maintenance

B3 Repairs

B4 Substitution

B5 Renewal

B6
Energy used for operating the 

building

B7
Water used for operating the 

building

C1 Rebuilding/Demolition

C2 Transport

C3 Waste treatment

C4 Landfilling

Credits and encumbrances outside the 

system limit
D

Reuse, recovery or recycling 

potential

Production stage

Building construction stage

Usage stage

Disposal stage
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5.2. Comparative façade study 

The goal of this comparison is primarily to analyse the LCA of a structural façade made with 

wood and glass, investigate what materials and components cause the greatest impacts and 

where there is the highest potential for optimization. Furthermore, the reviewed studies 

analyse how different are environmental impacts of materials used in different conventional 

SSG façade systems. 

The type of calculation considered is Cradle-to-Gate with option in accordance to EN 15804. It 

addresses mandatory production stages A1-A3 and additional stages C3 and D: 

 A1 - extraction and processing of raw material and processing of secondary material 

input, such as recycling processes. 

 A2 - transport of raw materials and inputs to the manufacturer. 

 A3 - manufacturing of the products and packaging. 

 C3 - waste treatment 

 D - credits and debits outside the system boundaries 

The A3 stage includes the provision of all materials, products and energy, as well as waste 

processing up to the end-of-waste state or disposal of final residues during the product stage. 

In addition to the outputs of the product stage, the system boundary also includes any other 

output leaving the system that has a value associated with it. All energy used in factories and 

factory support offices is included, but head offices and sales office not. The D stage covers the 

net benefits and loads arising from the reuse of products or the recycling or recovery of energy 

from end-of-waste state materials resulting from the construction stage (A4 – A5), the usage 

stage (B1 – B7) and the disposal stage (C1 – C4) and it is the harder to predict and compute. 

Thus, Module D is applied only to products or materials that substitute other materials or fuels 

in another product system (e.g. as secondary materials and energy carriers) and have reached 

the end-of-waste state. All the relevant background data for production and disposal of 

materials were taken from Ökobau.dat:2013 database in accordance to EN 15804 (Pascha and 

Winter, 2016). 

A comparative analysis is made for a specified unit of 1m2 of reference façade. For all cases, the 

reference façade is a fully glazed building envelope with a maximum level of transparency; its 

post and beam construction presents a grid of 1.35 m and height of 3.50 m. 

The most important assumption made in the studies is that the glazing surface area of the 

envelope is considered equal and with the same characteristics for all the cases, therefore in 

the LCA evaluation the transparent component was excluded from the calculations. 

Four types of façade were analysed: two different assemblies of wood-glass façade (L-profile 

and I-profile), aluminium profile façade and aluminium-timber profile construction. The 

products are shown in figure 27 with a list of the components.  
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Figure 27 - Cross section and materials of the profiles studied (Pascha and Winter, 2016).  
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5.3. LCA results 

The significance parameters reported in table 7 are: 

 GWP – Global warming potential 

 ODP – Ozone depletion potential 

 AP – Acidification potential 

 EP – Eutrophication potential 

 ADPE – Abiotic depletion potential for non-fossil resources 

 ADPF – Abiotic depletion potential for fossil resources 

 Cost 

Table 7 - Life cycle assessment, environmental impact results and cost evaluation for 1m2 of reference façade 
(Rosliakova, 2014 and Pascha and Winter, 2016). 

  

5.4. Interpretations and findings 

First of all, the two materials of focus were compared by other authors and present pro and 

cons. Wood is a renewable material that is able to uptake and storage CO2, it can also be used 

as fuel at the disposal stage and it is climate neutral. On the other side, the benefits depend on 

the service life, which is not as long as other materials due to its biodegradability and can be 

extended with treatments. However, chemical treatments and renewing of coating for 

improving wood durability have a strong influence on environmental impacts. Moreover, to 

consider wood a sustainable source, raw material should be provided from sustainable forestry. 

Aluminium, steel and other metals are easy to recycle through several life cycles, but require 

higher energy use in manufacturing than wood products. 

Regarding the environmental impact results, it becomes immediately clear that the primary 

driver of impacts is production of aluminium. Furthermore, the most significance parameter is 

the GWP, expressed in kg CO2 equivalents.  

Each square meter of wood-glass L-profile façade results in -0,78 kg CO2 within the production 

phase (A1-A3) and 14,1 kg in a stage of waste treatment (C3). Outside of the observed system 

a credit is added worth: -6,56 kg. This results in 6,76 kg CO2 equivalents per 1 m2 of façade. The 

Parameter Unit A1 - A3 C3 + D A1 - A3 C3 + D A1 - A3 C3 + D A1 - A3 C3 + D

-0,78 7,54 -3,68 6,30 113,65 -70,13 48,03 -25,91

ODP [kg CFC11 eq.] 1,10E-06 -1,56E-08 8,95E-07 -1,24E-08 1,43E-06 -8,64E-07 6,73E-07 -3,90E-07

AP [kg SO2 eq.] 3,07E-02 -6,85E-03 1,87E-02 -5,37E-03 0,62 -0,42 0,29 -0,19

EP [kg (PO)3- eq.] 3,08E-03 -6,49E-04 1,87E-03 -5,01E-04 3,28E-02 -1,88E-02 1,68E-02 -8,10E-03

ADPE [kg Sb eq.] 2,88E-04 -3,13E-07 1,42E-04 -2,41E-07 1,45E-03 -2,25E-05 6,42E-04 -1,01E-05

ADPF [MJ] 1,55E+02 -85,32 98,80 -67,85 1231,24 -704,73 669,39 -357,52

Cost [€]

Life cycle assessment, environmental impact results and cost evaluation (1 m2 reference façade)

W-G L-profile W-G I-profile ALU profile A-W profile

700,00

6,76 2,62 43,52 22,12
GWP [kg CO2 eq.]

800,00 800,00 600,00
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same logic was used to obtain the total rate of 1 m2 of wood-glass I-profile façade, which 

corresponds to 2,62 kg CO2 equivalent. 

The major CO2 generation appears in production of aluminium, together with production of 

EPDM reaches an amount of 113,65 kg CO2 equivalent, with a relatively high credit outside the 

observed system (-70,5 kg) and 0,37 kg in a waste treatment stage. This results in 43,52 kg CO2 

equivalent. Aluminium-timber façade presents likewise a total amount of 22,12 kg CO2 

equivalent (Rosliakova, 2014).  

A graphical comparison of GWP for the analysed façade systems is presented in chart 1. 

Chart 1 - Comparison of GWP for 1 m2 of the analysed façades (Rosliakova, 2014 and Pascha and Winter, 2016). 

 

Revising the LCA calculation for reference façade, stands out that the use of aluminium as a 

construction material for glazing elements requires up to 4 times higher primary energy 

demand and produces up to 16 times more CO2 emission than timber based combined 

construction. Moreover, the use of glass for a structurally load-bearing function allows the 

omission of additional bracing elements for stiffening the building, but this additional benefit 

was not further considered. 

It seems that wood-glass based façade possesses the characteristics to replace aluminium 

façades in the near future. Is this true? Are these innovative load-bearing products competitive 

compared to metal envelopes? 

To be able to answer properly, many other aspects shall be taken into account. Remaining in 

the sustainability field, the service life of the products and their cost influence deeply the usage 

-0,78

7,54

-3,68

6,30

113,65

-70,13

48,03

-25,91

-80,00 -60,00 -40,00 -20,00 0,00 20,00 40,00 60,00 80,00 100,00 120,00

A1 - A3

C3 + D

GWP [kg CO2 eq.] 

A1 - A3 C3 + D

A-W profile 48,03 -25,91

ALU profile 113,65 -70,13

W-G I-profile -3,68 6,30

W-G L-profile -0,78 7,54
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in the construction sector and are matters of estimation. Both the service life and the price of 

different frame materials varies strongly. Long-term scenario presents a greater favourability 

of aluminium façade due to its long service life taken for the calculation in comparison to other 

types of façade, for which additional replacement contribute to a big increase of environmental 

impacts and higher energy demand (Pascha and Winter, 2016). However, for the façade 

systems where wood components are not exposed to weathering (like UniGlas façades) a 

reasonable maintenance of sealing joints and thermal insulation components provides the 

possibility to achieve a longer service life period. 

From the economic point of view, some generic data from the manufacturer of SSG façade 

systems were collected. The price per square meter appears to be similar and includes the shop 

drawing, planning of structural framework, fabrication, delivery and mounting of the stick-

construction, opening elements, fall-protection elements or balustrades until to the 

connections to the solid construction and sealing of all elements as a complete accomplishment 

(Fiedler, 2017). 

Then why EWGC façade are still not widely used in the building sector? The reason shall be find 

considering some sustainability-related issues that in some way prevent the distribution of the 

product. First of all, innovation takes a while to be recognized, internalized and then employed. 

The production and marketing highly depends on entrepreneurs and manufacturers, who want 

to be sure on their investment. To guarantee reliability, products must have better 

characteristics than similar ones, a price comparable to other items already on the market and 

a good production plan. Otherwise, there is a high risk to invest in a failure project. 

Right now, EWGC panels have been developed, studied and tested in Germany and Austria, 

which is also the largest producer and user, while ongoing structural researches are carried out 

in Sweden to test the load-bearing behaviour of the system. These countries possess a wide 

forest heritage and have given priority to the commercial use of wood as a building material, 

but not all the European countries present the same characteristics and so have developed 

different commercial strategies. The production and trade of common structural sealant glazing 

façades is developed in all the European region and regulated through international standards, 

such as ASTM C1401 and EN 13830, while the innovative wood-glass bearing panels are not 

internationally standardized.  Moreover, wood has been considered to be more sensitive to fire 

than metals when employed for structural applications, that is why it has just recently been 

reintroduced in the construction site, but people may still doubt on its reliability in case of fire 

safety. 

To resume, EWGC panels could replace soon aluminium based structural façades in the 

countries that possess material and sufficient resources.  On the other hand, the risk to remain 

on the back burner in other regions is high and can be avoided only if society, manufactures 

and the entire building sector would realise the environmental advantages that this product 

holds. Thus, the introduction in the building sector would be incentivised, but EWGC panels still 

have a long road to drive. 
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6. Conclusions 

As related to the research questions stated in section 1.2, the following conclusions have been 

drawn regarding the architectonical and sustainability possibilities of a structural wood-glass 

combination panel. 

 A more clear definition of the differences between hybrid, composites and combined 

material has been presented. Moreover, the new term (EWGC) has been used during 

the discussion to properly describe the load-bearing combination of wood and glass. 

 The glued connection between wood and glass provides the possibility to substitute 

conventional façade joints, like metal fitting and connector, and simplifies the 

production of the panel. However, the best adhesive to use for this purpose is still 

undefined and different researches performed so far present contradictory results. 

 EWGC panels has the potential to fulfil high structural requirements for modern building 

envelopes and to be competitive compared to other types of structural sealant glazing 

(SSG). The main outcome is that glass behaves as a structural reinforcement of the 

timber sub-structure and additional metal bracing systems can be omitted. However, 

the real challenge is to use the product for multi-storey buildings, especially facilities 

realized with a wooden structure. 

 Right now the market production presents few possibilities among all the profiles tested 

in the last years. The remarkable positive aspects of the EWGC panel are its multi-

functionality, great level of pre-fabrication and easy access for maintenance. Moreover, 

researches show that the different types of assembly could be improved by integrating 

of systems able to control the ventilation rate and solar gains.  

 The LCAs reviewed have shown that wood-based panel has clearly a lower 

environmental impact than aluminium façade frames. However, the lack of 

internationally standardized regulations, the limited number of manufacturers and the 

people’s preconceptions about wood are acting against the widespread use of this 

product. 

Nowadays too little attention is paid to wood as a resource and material within the construction 

sector, which is of essential relevance for the future development of mankind. Hence, the 

society, in particular the building sector, is currently at the crossroads regarding the future 

utilization of wood. 
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7. Future work 

This chapter briefly presents some suggestions for future work and research in order to better 

exploit the potential of wood-glass combination as a high performance product. The 

possibilities comprise the material properties, its functionality and behaviour in case of fire. 

During the last years, the EWGC panel was widely studied from the structural point of view 

while few researches were carried out on its thermal properties. Wood has a low thermal 

conductivity, but the size of the glazing pane highly influences the heat transfer between the 

inner and outer environment. The use of double or triple glazed and shading systems shall be 

investigated, especially regarding their influence on the distribution of loads. 

The growing interest for wood as a construction material has recently increased, in particular 

with regards to its employment in tall buildings. In this scenario, the use of wood-glass load-

bearing elements for glazing façades is preferred than aluminium frames. In this way, it is 

created a continuity between structural elements and envelope and the combined panel help 

the distribution of loads. Right now façades for buildings up to 20 m in height can be provided, 

while multi-storey timber building have just broken the record of 50 m in height (Acton Ostry 

Architects, 2017). Thus, the functionality of the EWGC for multi-storey wooden facilities should 

be tested in parallel with the realization of new buildings. 

The behaviour of EWGC elements in case of fire is closely related to the development of fire 

protection concepts for building systems. Researches and tests have been conducted for 30 

months at TU Wien, focusing on critical issues such as flammability of wood, flashover and the 

failure of static effective façade elements. There was no time to review the papers and write 

an exhaustive chapter about it, but this is an open field that shall be continued to investigate in 

the future. 
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