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Abstract. The construction sector consumes more than half of the energy generated in Russia. 

Therefore, practical application of energy-efficient and aesthetic construction products is highly 

required. The article aims at looking into the way to enhance characteristics of the double-glazed 

window, which is an energy-saving product in a building that regulates the amount of light energy 

indoors and affects the amount of heat loss in winter. Until now, this function has been the main one 

for double-glazed windows. Secondary, but no less important, is the aesthetic appearance of the 

double-glazed window. The study is based on the experimental data obtained through the ramp-hold 

programme according to COE 96 as well as through the comprehensive analysis of six glass types 

manufactured by Oceanside Glass & Tile®. As a result, the study discusses characteristics of stained 

glass that can be used for Tiffany technique inserts in a window opening. Such stained glass panels 

throughout the entire historical path have demonstrated sublime beauty and lightness, both indoors and 

outdoors. Modern technologies allow us to take the art of stained glass and its adaptation in modern 

double-glazed windows to a new level. Finally, special attention is paid to the aesthetics of stained 

glass panels for the modern architectural paradigm of Southern Russia. 
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1. INTRODUCTION 

One of the goals set for the regions of the Russian Federation is to carry out comprehensive work 

on the development of buildings and other facilities for residential purposes. Thus, modern trends in 

the field of construction require not only a high-quality constructed object, but also its aesthetic 

appeal, which accords with modern responsive architecture approaches to construction [1, 2]. 

In many cities across the globe, the aesthetics of their city centres is based on glazed facades [3]. 

The Southern Russian city of Rostov-on-Don is proud to preserve its historical complex of residential 
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and industrial buildings. The facades of such buildings never cease to amaze the imagination of city 

dwellers with the typicaly southern stucco moldings, mascarons, columns, balconies, doors, and 

stained glass windows. The latter are found quite often: in the buildings of the former shoe factory 

named after Mikoyan (Fig. 1), the Department of Painting, Graphics and Sculpture of the Southern 

Federal University (Fig. 2), in temples, churches, and cathedrals (Fig. 3). Such architectural aesthetic 

elements contribute to positive social interaction behaviour through their design [4, 5] and are energy-

saving [6, 7] as they provide protection and efficiency [8, 9]. 

 

 
Fig. 1. Stained glass window in the building of the shoe factory named after Mikoyan, 97 

Budennovsky Ave., Rostov-on-Don, Russia. 

 

 
Fig. 2. Stained glass in the building of the Southern Federal University, the Department of Painting, 

Graphics and Sculpture, 75 Gorkogo St., Rostov-on-Don, Russia. 

 

  
Fig. 3. Restored stained glass window in a church, 43a Parusny Lane, Rostov-on-Don, Russia. 

 

Modern technologies for the production of stained glass panels for window openings involve 

inserting the latter into a double-glazed window which reduces building operating costs [10]. Such a 

solution makes it possible to protect stained glass from external pollution and moisture, decorate 

rooms with a play of coloured highlights during the day, and transform the urban environment beyond 

recognition in the evenings [11]. 
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The use of stained glass panels in construction can become one of the directions for the 

development of stained glass glazing, aiming to improve the architectural and artistic properties of 

both the double-glazed window itself and the building as a whole [12]. Double-glazed windows are 

more popular among consumers, due to the wide design possibilities due to the internal stained glass 

insert. Modern scientific knowledge offers a number of technologies to implement this idea [13]. 

2. METHODS AND MATERIALS 

The quality of glass melting depends on many factors: from the choice of glass to the firing 

process. For beginning craftsmen, the main problem is the glass firing process. The firing scheme is 

represented by a system of lines with an increase, maintenance and decrease in temperature. Fig. 4 

shows a standard schedule for firing glass during the melting process [14]. 

Each process has its own significance when moving from one temperature zone to the next. Each 

temperature rise or decrease line is referred to as a ramp. The steeper the ramp on the graph, the higher 

the rate of temperature change and vice versa 

 
Fig. 4. Standard glass firing schedule for the fusing process: 1 – ramp segments for a temperature 

increase; 2 – ramp segments for a temperature decrease; 3 – hold segments at a target temperature. 

 

The firing schedule of the product is based on the characteristics of glass: manufacturer, thickness, 

combination. The horizontal lines on the graph indicate the exposure time during the firing process. 

Also the graph shows horizontal segments standing for the hold programme during the firing process. 
Table 1 presents the description of each hold, Fig. 5 shows the project’s firing schedule for 6 mm thick 

glass manufactured by Oceanside Glass & Tile®. 

Table 1. Critical points when firing glass. 

Temperature Description 

121 °С Temperature equalization. 

566 °С Equalization of thermal shock. 

677 °С Squeezing out bubbles. 

800 °С Process soak (fusing), varies depending on the project. 

510 °С Anneal soak, equalization of shock caused by cooling. 

427 °С Anneal cooling, equalization of remaining shock. 

 

At the initial stage of fusing, when using COE 96 glass, the glass is heated to 122 degrees Celsius 

with a temperature increase rate of 3 degrees per minute. Maintaining the maximum temperature at 

this stage is 25 minutes, the glass is preheated at this stage to obtain a stronger thermal effect (Fig 6 a). 
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Fig. 5. Graph for the 6,1 mm project. 

 

In the second segment, a slow temperature increase occurs at the same rate as in the first stage, to a 

temperature of 512 °C, followed by a preliminary rapid thermal effect lasting 25-55 minutes. 

Basically, it is during this exposure that the process of compression of bubbles between the layers of 

glass begins (Fig. 6 b). 

 

a b 

 
 

Fig. 6. Temperature: a – equalization segment. b – thermal shock equalization segment. 
 

Fig. 7a shows the process during which air bubbles continue to be squeezed out, and the surfaces of 

the two types of glasses begin to slowly fuse. Despite this, the air still manages to leave the space 

between them. The final temperature of 675 °C is reached at the same lifting speed of 3 °C, and the 

holding time is from 9 to 27-30 minutes, depending on the type of glass. Fig. 7b shows the end zone of 

bubble extrusion. Here, the rate of temperature change does not change, the maximum temperature is 

721-734 °C, and the holding time is 18-20 minutes. 

The fifth segment, shown in Fig. 7c, represents the fusion itself. The final temperature and 

exposure time depend on the project, but if the glass spends too much time in this area, it will remain 

without glaze. 

The next zone (Fig. 7d) is characterized by a sharp decrease in temperature to the annealing zone. 

Most defects occur in this area, and a long exposure time of 55-60 minutes is required to eliminate 

them. Then the solidification phase of the glass begins. 
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a b 

  
c                                                                                     d  

  
Fig. 7. Temperature: a – Bubble squeezing segment. b – Bubble squeezing segment. c – Process 

soak (fusing) segment. d – Anneal soak segment. 
 

The next segment continues annealing. During the anneal cooling process, the kiln is turned off, but 

its lid remains closed until the kiln reaches nearly room temperature. The anneal cooling process 

requires a temperature decrease rate of 1 °C per minute, to 427 °C, with the 10 minute hold (Fig. 8). 

Finally, the temperature drops to room temperature (Fig. 9). 

 

 

 
Fig. 8. Anneal cool segrment. Fig. 9. Cooling segment. 

 

The following types of glass manufactured by Oceanside Glass & Tile® were selected as test 

materials for this study: 

1. A-100-F glass for fusing, colourless, 3 mm thick (Fig. 10). 

2. Glass scrap for fusing, 5 colours: 

2.1. 121S-F glass for fusing, green, 3 mm thick, transparent, textureless (Fig. 11). 

2.2. 110-2S-F glass for, amber, 3 mm thick, transparent, textureless (Fig. 12). 

2.3. 60-611-F glass for fusing, red, 3-4 mm thick, transparent, textured (Fig. 13). 

2.4. 130-8S-F glass for fusing, blue, 3-4 mm thick, transparent, textured (Fig. 14). 

2.5. 377-1S-F glass for fusing, orange, 3 mm thick, transparent, textureless (Fig. 15). 

These glasses, as stated by the manufacturer, have the same coefficient of thermal expansion, 

namely COE 96. The presence of texture does not matter, because glass is subject to the crushing 

process. The glasses match each other in chemical and material composition. The manufacturer 

declares the maximum firing temperature of these glasses for fusing processes at 850 C. The glass 

does not change colour during the firing process, as indicated on the manufacturer’s website. All these 

factors and the experiment performed show that there are no traces of defects on the glass after firing. 
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Fig. 10. A-100-F glass. Fig. 11. 121S-F glass. Fig. 12. 110-2S-F glass. 

   

Fig. 13. 60-611-F glass. Fig. 14. 130-8S-F glass. Fig. 15. 377-1S-F glass. 

 

Table 2 features the main characteristics of the glasses selected for the present study. 

Table 2. Main characteristics of the glasses used in the test. 

Characteristics 
Glass type 

Colourless Red Blue Green Orange Yellow 

Series Clear Clear Clear Clear Clear Clear 

Thickness, mm 3 3 3 3 3 3 

Texture yes yes yes yes no no 

Weight, kg/m
2
 7.0 6.3 7.5 7.0 6.8 7.5  

Light transmission 0.95 0.76 0.71 0.70 0.69 0.90 

Light reflection 0.08 0.08 0.08 0.08 0.08 0.08 

Solar energy 0.9 0.78 0.86 0.79 0.87 0.88 

Sound permeability, dB 25 26 26 26 26 26  

Light transmittance, % 90 73 63 78 68 72/73 
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Glass waste that is amenable to fusing processes enters the laboratory in the form of broken glass. 

The fragments are sorted by type of glass, namely six types in this study. The sorted glass is sent for 

crushing to a pre-cleaned DK-400m crushing machine. Before crushing each subsequent type of glass, 

the machine is cleaned to prevent mixing of different types of glass. 

Crushed glass is sent for sifting between sieves with hole sizes of 5 mm, 2.5 mm, 1.25 mm, 

0.63 mm, 0.315 mm, and 0.16 mm, which distributes glass chips into six fractions (Fig. 16) making it 

possible to perform a microscopic structural analysis [15]. 

 

 
 

Fig. 16. Sifted glass chips distributed into fractions. 

3. RESULTS AND DISCUSSION 

When studying the resulting glass chips using the MBS-9 microscope, it was noticed that 

regardless of the resulting glass fraction, individual glass grains have certain shapes. Upon closer 

examination of glass with a 5 g fraction, the main forms of glass grains after crushing were deduced. 

Currently, grains can be classified into nine main types according to their shape: 

- Crystalline – the samples have an almost regular crystal shape, uniform chipping along the 

entire length of the face, a characteristic glare (Fig. 17). 

- Oblong – the glass grains have the shape of pumpkin seeds with a large number of arched 

chips over the entire surface and many bright sparkles (Figure 18). 

- Baluster-shaped – the samples change their shape from one edge to the other along a parabolic 

trajectory, have a large number of chips and low shine (Fig. 19). 

 

   

Fig. 17. Crystalline glass chips. Fig. 18. Oblong glass chips. Fig. 19. Baluster-shaped glass 

chips. 
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- Cubic – the samples have glass chips that are an almost perfect cube with ideal edge chipping and 

bright shine (Fig. 20). 

- Pyramid-shaped – the samples have a regular three-dimensional triangular shape with regularly 

cut edges converging at the apex (Fig. 21). 

- Flat-shaped – during the crushing process, the samples retained their factory-produced smooth 

faces, with the glass chip sides featuring both a complex irregular shape and a regular polygonal shape 

(Fig. 22). 

 

   

Fig. 20. Cubic glass chips. Fig. 21. Pyramid-shaped glass 

chips. 

Fig. 22. Flat-shaped glass 

chips. 

 

- Needle-shaped – the samples have the shape of a polyhedron, with a pronounced elongated 

needle-like edge, a small number of chips over the entire area and low shine (Fig. 23). 

- Scaly – the samples are thin flakes of glass of a certain fraction, slightly thickening towards the 

centre, with a small number of chips and bright shine (Fig. 24). 

- Irregularly shaped – the samples have a complex shape with a large number of chips and edges 

and variable shine, depending on the angle of incidence of the light source (Fig. 25). 

 

   

Fig. 23. Needle-shaped glass 

chips. 

Fig. 24. Scaly glass chips. Fig. 25. Irregularly shaped 

glass chips. 

 

Interior designers recommend decorating the following space items with stained glass: 

- glazing for balconies, loggias, and doors; 

- verandas and terraces; 

- panoramic windows; 

- arches over the entrance group; 

- standard double glazing. 
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The main common method in modern glass work continues to be Tiffany technique (Fig. 26). 

Consumers most often prefer Tuffany stained glass when decorating rooms with high humidity (baths, 

saunas, dining rooms, and kitchens). Since Tiffany technique involves manual processing of every 

detail, each work becomes unique, one of a kind. This technique makes it possible to fit stained glass 

into a one-, two- and three-chamber double-glazed window (Fig. 27). 

 

 
 

Fig. 26. Double-glazed window using Tiffany stained glass, an example of a finished design. 

 

 
 

Fig. 27. The structure of a double-glazed window using stained glass. 

 

Film-based stained glass windows in the design of double-glazed windows are gaining great 

popularity due to their effectiveness, this option of artistic processing of stained glass has the 

following advantages: simplicity, high production speed and accessibility. Nevertheless, the longevity 

of these stained glass windows is constrained. The film used for stained glass windows eventually 

experiences a decline in colour saturation, elasticity, and tightness when exposed to sunlight, which 

negatively impacts the appearance of the product [16]. 

The painted stained glass window is of particular value. Here it is worth noting the fact that both 

firing paints (this technology is classified as a type of fusing) and non-firing ones are used for its 

production. The cost of such panels is significantly lower than professional stained glass. 

Stained glass windows produced by applying the sandblasting glass technique are especially 

attractive. This technology has a very strong advantage over others – it is easier to put on the 

conveyor. However, it lacks a colour variety. 

Stained glass panels in building glazing manufactured with the fusing technology make it possible 

to obtain high-quality products from a technical and aesthetic viewpoint. 
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For the manufacturer of stained glass panels, the following tasks arise in the design of double-

glazed windows applying the fusing technology. 

1. When designing a sketch, it should be kept in mind that the main function of the window is to 

provide natural lighting to the room. Therefore, fragmentary filling of the stained glass window should 

be used. 

2. When choosing glass, attention should be paid to its unique properties. Some glasses change 

colour when fired, while others have a black outline. It is recommended to use glasses from the 

System 96 collection, for which instructions for use already exist. 

3. After firing, the product should be checked for internal stresses. This defect occurs due to the 

uneven destruction of intermolecular bonds of glass during heat treatment. During cooling, the bonds 

are restored, but if the cooling time is chosen incorrectly, these bonds may not be restored, which will 

lead to cracks and possible destruction of the panels0. 

Modern scientific achievements in the field of artistic glass processing make it possible to control 

the processes of high-temperature exposure to glass with various chemical compositions, the massive 

introduction of such stained glass panels into construction gives buildings a regional flavour and an 

individual appearance. Each city has its own aesthetics shaped by historical, religious, national and 

cultural events, the features of the aesthetic component for the southern Russian city of Rostov-on-

Don can be classified according to the scheme shown in Fig. 28. 

 

 
 

Fig. 28. Classification of stained-glass panels in Rostov-on-Don (Southern Russia) according to 

their aesthetic components. 
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The introduction of this concept opens up new horizons for the integration of stained glass art into 

local architecture and construction, which contributes to an increase in the recreational potential of 

this region of Russia. 

4. CONCLUSIONS 

The production of stained glass panels has its potential in the development of the corresponding 

technology and a wider range of applications in the construction field. Unique paintings made of 

coloured glass can give the city an airy and fabulous atmosphere, showing passers-by the true values 

of the region – the territory where they live. 

At this stage of conducting experiments to study how glass chips are used in creating highly artistic 

stained glass panels, a basic glass firing schedule corresponding to COE 96 has been developed with 

the subsequent description and classification of grains resulting from crushing glass. Finally, it can be 

assumed that there is a certain regular influence of temperature on different fractions and colours of 

glass. 
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