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Abstract— Change and development in today's technology is 

evident in every field, and the construction sector has made 

great progress in parallel with these developments and took 

its place in this development. For better quality and cost-

effectiveness, a mixture of different precast and cast-in-place 

elements is used to meet different design requirements. Using 

precast concrete components predominantly, field operations 

are greatly reduced and a safer working environment is 

provided. 
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I. INTRODUCTION 

The world is rapidly developing both economically and 

socially. Increasing the level of education, rising of living 

standards, developing industry and the need for labor that is 

directly proportional to it is becoming more crowded every 

day. Apart from meeting the building needs in cities that are 

rapidly crowded, the desire to build multi-story buildings and 

the fact that these structures are in the city center require new 

solutions to new needs. Thanks to the developments in 

technology, various alternatives are produced and offered for 

the needs. 

In the 1950s and 1960s, new housing systems were 

searched for as a result of housing demand and housing 

migrations as well as housing shelters [1]. Since 1970 has 

been widely adopted throughout the world and founded in 

1984, the precast concrete industry to use prefabricated troops 

has increased. However, the fact that demand cannot achieve 

a continuous and organized structure, a decrease in housing 

deficit and damage to prefabricated industrial structures after 

the earthquake have reduced the production speed of 

prefabricated concrete [2, 3]. In the 2000s, the number of 

firms operating in this field increased, and concrete 

prefabrication started to be used in different areas. Due to the 

developments in this process, precast concrete (precast 

concrete) has been subject to a change from precast concrete 

(precast concrete) [2]. Nowadays, it is aimed to turn precast 

concrete into an economical, aesthetic, durable construction 

system that meets the desired performance requirements and 

provides fast production and clean finishes. 

When analyzed buildings made in recent times is 

more noteworthy exterior walls of the costs in terms of both 

speed interrupting production. The external walls, which 

significantly affect the quality of the living areas, should 

provide the desired level of performance against the heat, 

sound, water and moisture due to the ambient conditions 

while separating the interior with the external environment, 

and at the same time create an aesthetic appearance for the 

exterior wall. However, all of these features can be achieved 

by using external wall elements and various insulation and 

coating materials. It is aimed that concrete based precast wall 

panels formed by the use of precast concrete with developing 

technology will provide a solution alternative for this 

situation with different layering. 

For this purpose, precast concrete façade panels with 

glass fiber added, which have been started to be applied in the 

whole world, have a growing market share. Due to the rapid 

production, proper selection of components and application 

forms, the usage of protection and coating properties, which 

provide the desired performance requirements on the wall, 

can be collected in a single element, and they can offer 

alternatives with different types according to the purpose of 

use. The fact that there are some negative characteristics that 

will affect the performance of the facade elements which have 

a high number of reasons emerges as an issue that needs to be 

investigated and developed. 

For the purpose of the study, related books, theses, 

articles, papers and standards were examined. In a study 

based on literature and the specific details for the purpose of 

addressing the conditions, it conducted a field study. Various 

construction sites and offices were visited by visiting the 

companies and various detail drawings and / or designs were 

examined. In the light of the information obtained, the façade 

panels examined within the scope of the field study are 

classified according to their components and application 

methods. After the knowledge about the panels, the 

impermeability of the joints with the panel itself has been 

observed in order to evaluate the performance. In addition, 

the scope of the study was expanded with the thermal 

performance evaluation based on the calculation method. 

Thus, a more holistic approach is provided by supporting 

theoretical knowledge and practical knowledge. 

II. CONCRETE BASED PRECAST FACADE PANELS 

A. Definition of Concrete Based Precast Wall Panels  

Concrete-based precast facade panels are ready-made facade 

elements made of concrete or reinforced concrete, which 

come ready to the construction site or produced on the 

construction site. In most applications, insulation layer is 

added to concrete or reinforced concrete layer to provide 

insulated ready-made facade elements. Besides the feature of 

being a wall element, it is also possible to manufacture and 

process each layer of concrete based precast facade panels 

which can carry the insulation and coating feature, to produce 

them quickly, to provide ease of installation and to offer 

economic advantages both in time and in work, especially in 

large-scale projects, Thanks to its features such as freedom in 

design, it is the reason for preference. Nowadays, the use of 

external wall elements in multi-story or low-rise buildings 

such as residential, hotel and business centers is rapidly 

increasing due to developments in construction technologies. 

Concrete based precast facade panels are composed of 

various building materials according to the stratification 

pattern in the section. The properties of the layers and layers 

that form the facade panels are discussed in detail in the 

subsections. [4] 
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B. Classification of Concrete Based Precast Wall Panels 

The classification of the concrete-based precast facade panels 

according to the layering pattern in the cross-section is made 

depending on the number of components. In this 

classification, façade panels are divided into three groups [5]; 

 Single-layer facade panels 

 Double-layer facade panels 

 Multi-layer (sandwich) facade panels 

Single layer facade panels can be produced from 

light concrete or normal concrete. Lightweight concrete 

panels produced by the creation of appropriate thickness of 

the heat insulation to be provided, due to their light weight in 

production, transportation, storage and assembly as well as 

positive features such as the resistance to breakage resistance, 

the external environment conditions, especially due to the 

vulnerability of water due to the need to take precautions such 

as the negative features. . In addition, an increase in thickness 

to increase the thermal insulation value can cause area loss 

and excess weight. A negative feature of lightweight concrete 

panels is that they cannot be produced in large sizes due to 

their low strength value. [6] 

Single-layer panels made of normal concrete are 

more resistant to breakage. However, they cannot provide 

sufficient thermal insulation. Therefore, it is necessary to 

apply heat insulation from the outside or inside. There is a 

problem of condensation between the insulating layer and the 

concrete surface. In this case, either the vapor stabilizer must 

be applied or the insulation must be made externally. 

As it can be understood from the single-layer panels, 

the advantages of precast production cannot be provided as 

desired, or there is a need for an additional layer for insulation 

or strength.  

The concrete-based precast facade panels are 

divided into three according to the carriage characteristic [7]; 

 Facade panels carried. 

 Self-supporting facade panels. 

 Carrier facade panels. 

The weight of the façade panels is generally between 

50-200 kg / m2. It transfers the weight to the curtain, column 

or beams that are the bearers of the building [8, 9]. In cases 

where the main purpose is to produce facade elements that 

have heat, sound insulation and light weight, the panel does 

not load the carriage statically. 

It is very important to know the characteristics of 

these various tasks in which the facade panels are loaded. In 

particular, the carriage feature and its weight can significantly 

affect the static calculations of the structure to which the 

façade panels are to be applied. The concrete-based precast 

facade panels have weights which are not neglected in static 

calculations when used as transported elements. 

In self-bearing facade panels, the panels transfer 

their loads onto each other. Incoming horizontal loads are 

transmitted to the floor where they are connected by various 

anchoring elements [10]. Due to the high risk of the formation 

of structural movement problems result in a non-

recommended solution for horizontal joints of panels located 

in the earthquake zone countries. 

Carrier facade panels carry the other loads of the 

building together with their own load [11]. Increasing the 

weight of the sections of the carrier wall panels and the 

increase of the reinforcement inside it brings about many 

problems in production, storage, transportation and 

installation. The joints should be handled with care in the 

façade panels which can be deformed due to their weight and 

bearing duty. Carrier façade panels bring much load to the 

building because of their weight, but because they carry 

loads, building structural system elements such as columns 

and / or curtains are smaller in size, resulting in less 

occupancy of building structural system elements. 

The production of concrete-based precast facade 

panels can be at the construction site or at the factory [12]. 

However, its production with developing technology is 

mostly done in factories with high level of mechanization.  

Production in the construction site may occur in 

cases where mass production is not sought. Low cost can be 

provided due to lack of transportation and intermediate 

storage. It is generally manpower based production. The 

influence of climate conditions and the high number of faulty 

production has greatly reduced production at the site [13]. 

Production at the factory is based on machinability, 

quality control is provided and production is possible. 

However, limitation of panel dimensions due to 

transportation and storage processes is seen as a 

disadvantage. 

Concrete based precast facade panels according to 

formal differences [14, 15]; 

 Without space, 

 Open and closed spaces, 

 It can be classified as curved wall panels. 

Dimensional differences may occur in the concrete 

based precast facade panels depending on the function of the 

panels or the area to be used. Dimensional differences; 

 Small (30-80 cm), medium (80-180 cm) and large size 

panels at floor height (wider than 180 cm - at transport 

boundaries) [5, 16],  

 Panels with floor height or several floors height panels. 

C. Precast Concrete Facade Panels with Glass Fiber 

Admixture 

Today, the use of concrete-based precast facade panels is 

examined according to the field study; Today, heavy facade 

panels are replaced by light facade panels.  

Because of the ability to provide freedom in design 

due to its ability to be molded, to produce fast, to save time 

and labor due to the fact that different pencil works can be 

applied together, the prefabricated facade panels are 

preferable because of their weights. As a solution to this 

situation, precast concrete façade panels with insulated glass 

fiber admixture, weighing approximately 55-130 kg / m2 

depending on the nature of the insulation layer, are discussed 

under the heading of concrete-based precast lightweight 

facade panels. 

Precast concrete panels with glass fiber are 

composed of two layers. The first layer is glass fiber 

reinforced concrete, which provides resistance against 

physical factors. The second layer is the layer providing heat 

insulation. There are also examples of lightweight concrete 

samples (foam concrete, polystyrene aggregated concrete) 

and mineral wool (stone wool) which are applied at various 

concentrations for the heat insulation layer. This layer is 

lightweight, providing thermal insulation is not loaded the 
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carrier feature and provides good results with the outer shell 

is an important layer for the panel selection. In addition, the 

panels usually have a steel frame system within the insulation 

layer, which allows the panel to be self-supporting and 

transfer the loads acting on the panel to the building with 

various fasteners. The profile thicknesses of the system are 

calculated as a result of calculations based on horizontal and 

vertical loads. [17] 

D. Components of Concrete Based Precast Wall Panels 

The components of the facade elements differ in shape, size, 

cross-sectional organizations and integration with the 

building conveyor system. Heavy wall panels (reinforced 

concrete) and / or unreinforced (light) concrete are used in 

heavy facade panels. 

Concrete; cement, coarse aggregate, fine aggregate, 

and water by mixing with chemical and mineral additives and 

the necessary properties of the hydration of the cement is a 

building material [18]. 

Concrete, facade panels, mostly separator, 

protective and thermal insulation feature. The properties of 

the concrete component may vary depending on the carrier's 

characteristic or the expected performance of the panel. 

Reinforced concrete carrier and protection functions are 

provided in the layers, and non-reinforced concrete 

(lightweight concrete) is the function of protection. 

Some problems can be encountered in the 

production and application of concrete. These problems can 

be caused by environmental conditions, poor workmanship, 

and improper application, lack of inspection and lack of 

maintenance after concrete casting. These problems 

experienced in concrete were tried to be eliminated in precast 

concrete. The potential problems in workmanship can be 

minimized by minimizing the impact of the environmental 

conditions on the factory. Due to the pre-production of the 

precast concrete facade panels, the preparation of the mold in 

the factory has been a great convenience. Because especially 

in large-scale projects, mold placement, concrete pouring 

brings with it many problems. At the same time, all kinds of 

manufacturing processes of the panel are carried out in the 

factory, which provides great convenience in terms of quality 

and control [2, 19]. 

Lightweight and normal concrete is used in concrete 

based precast facade panels according to their density. 

Lightweight concrete; lightweight aggregates, lightweight 

and normal aggregated and porous concrete can be grouped 

into three groups [20].  

In concrete-based precast facade panels, the use of 

aerated concrete and foam concrete in the porous concrete 

group is widespread in cases where the carrier is not loaded. 

Aerated concrete is a lightweight concrete obtained by 

attenuating the mixture prepared by a fine and siliceous 

aggregate and an inorganic binder (lime and / or cement) by 

adding a pore forming agent [21]. Because they are cooked in 

an autoclave (pressurized steam boiler), their strength is 

better than their alternatives (foam concrete). Foam concrete 

is a kind of light concrete which is formed by the addition of 

solid foam chemical to the foam producer and added to 

cement, sand and water mixture. It can be produced on-site 

without autoclave operation and can be easily processed by 

means of flow. Foam concrete with insulation, filler or carrier 

structure can be produced by creating desired densities [22, 

23, 24]. With the addition of additives that increase the 

physical and mechanical properties of concrete in order to 

obtain low density concrete, preferred concrete and foam 

concrete formation is provided in precast concrete panels. 

These concretes can also be called porous concretes in 

lightweight concretes. 

Another component used in the concrete-based 

precast facade panels together with the outer layer is the 

thermal insulation component. Due to the high thermal 

conductivity of the concrete material, heat insulation should 

be applied. In facade panels; 

 With the porous structure of concrete,  

 With insulation layer formed by insulation materials 

When choosing the insulation material, it is 

important to pay attention to the purpose, the conditions of 

the application and the compatibility with the other 

components. In the case of concrete-based precast panels, an 

additional thermal insulation layer is applied if the porous 

structure of the concrete does not provide sufficient thermal 

performance. [25] 

The main feature of the thermal insulation materials 

is the low heat conduction coefficients. Heat insulating 

materials; glass wool, stone wool, expanded polystyrene, 

polystyrene, polyurethane, phenol foam, glass foam, wood 

fiber boards, wood wool sheets can be mentioned. Water, 

sound insulation and fire resistance are expected from the 

thermal insulation component together with the thermal 

performance of the panel. 

The insulation materials used in the facade panels 

vary according to the layering pattern, usage and purpose. 

Polystyrene (eps) and extruded polystyrene (eps) foam are 

used as heat insulation component in concrete-based precast 

heavy facade panels. [26] 

Concrete-based precast facade panels have various 

connection elements to connect the layers together and to 

provide load sharing and load transfer. When selecting the 

connection elements, many aspects of the panel must be 

considered. 

Fasteners in concrete-based precast heavy wall 

panels with reinforced concrete have a variety of tasks that 

vary depending on the location, function, feature of the panel 

or the performance expected of the fasteners. These are to 

keep the layers together, to transfer horizontal forces such as 

inter-layer wind and earthquake, to provide inter-layer load 

transfer and to provide horizontal deflection and slip 

resistance in the panel. Particularly in multilayer panels, these 

fasteners can consist of different sizes, shapes and materials. 

Some of these links are; "C", "Z", "M" type (twisted wire 

connection), hairpin, cylindrical expanded metal, welded 

wire mesh, plastic or fiber composite connection or filled 

concrete surfaces (concrete connection). The selected 

fastener must be suitable for the weight, size and performance 

of the panel. Furthermore, different types of fasteners can be 

used together [7, 24]. The fasteners should be selected 

according to the panel and the project, and the insulation layer 

should be damaged and the heat bridge formation should be 

prevented. For this reason, low fiber composite fasteners are 

mostly preferred in concrete facade panels. 
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III. FIELD STUDY 

In this study, different buildings were selected in Tripoli, 

Libya, which were evaluated to estimate their structural 

performances. In this context, the construction processes and 

offices of some companies were visited and the 

implementation processes were observed and details of the 

projects were examined. 

A. Glass Fiber Reinforced Precast Concrete Facade Panels 

The precast concrete facade panels examined in the area 

consist of two layers. The outer layer is the same in all panel 

types and is formed by reinforcing the mixture of cement, 

sand and water with alkali-resistant glass fibers. By adding 

special chemical additives to its content, properties like water 

impermeability, strength and strength can be increased. The 

precast concrete wall panels also have a steel frame system 

that provides the support of the panel. The second layer of the 

panel is the insulation layer. Examples of foam concrete, rock 

wool, polystyrene aggregate concrete are used in the 

insulation layer, as well as in the so-called non-insulating 

(steel frame system) facade cladding elements without 

insulation layer. 

Glass fiber reinforced precast concrete facade panels 

were divided into four groups according to their components 

based on field studies, construction works and finished 

buildings at the construction sites, interviewed firms and 

literature surveys. The glass fiber reinforced concrete facade 

panels, whose usage is rapidly increasing, are replaced with 

different alternatives by changing the insulation layer used in 

the main body.  

The outer shell material is a glass fiber reinforced 

10-15 mm thick concrete. The steel frame system, which is 

the carrier part of the panel, is supported to the outer shell of 

the panel with special fasteners during the production stage. 

Double layer concrete panels are formed by filling foam 

concrete into the outer shell element with steel frame system. 

As the façade panels are molded, they provide flexibility in 

form and texture. [27] 

IV. INVESTIGATION AND PERFORMANCE EVALUATION OF 

EXISTING BUILDINGS 

The long-term performance and durability of precast concrete 

façade panels are influenced by factors such as the original 

properties of the materials forming the panels, design, 

application and maintenance level, ambient conditions and 

usage conditions. In the field study, the mechanical, thermal 

and water and humid performance of the panels examined 

during the application and during the use of the buildings are 

evaluated considering the specific properties of the panels. 

In case of insufficient observations on site during the 

application, it is aimed to perform performance evaluation 

with different approaches by expanding the scope of work 

with thermal performance evaluation based on the calculation 

method and thermal camera in finished buildings. 

The mechanical, thermal and water and moisture 

performance of the panels are examined in detail, while their 

performance related to fire resistance and sound insulation 

are briefly mentioned below. The insulation layers (foam 

concrete, rock wool) in the panels examined can be said to be 

classified as A1 fireproof class based on the test reports 

against fire obtained from the companies. The glass fiber in 

the outer layer of the panels also increases the fire resistance. 

Because with the glass fiber concrete is more ductile, more 

durable, can absorb more energy and reduces shrinkage 

cracks in concrete increases the fire resistance of concrete. 

In all the samples examined, the connection of the 

panels with the building is achieved by dry connections 

(bolted and welded). A certain gap must be left between the 

panel and the building in order to allow the panel to move 

separately with the building and to provide the necessary 

tolerances on the panels and fasteners. This gap can cause 

both the passage of sound and the leakage of fire or smoke 

during a fire. In the technical details obtained from the 

companies, in order to prevent both sound transmission and 

smoke leakage, a fire barrier was placed between the panel 

and the floor and the upper and lower points of the floor were 

covered with hair plate. However, only two of the samples 

examined in the field found this application. This shows that 

the connection of the panels with the building is not given due 

attention. In Figure 1, an example application, which is 

covered with hair plates after the stone wool, is placed and 

connections are made with the panel and building 

connections can be seen. 

 
Fig. 1: Covering the gap between the sheet metal plates and 

the building. (Taken by researcher) 

When the sound insulation performance of the 

panels is examined, the density and thickness of the insulation 

layer and the outer layer can be provided with sufficient and 

economical sound control. The glass fiber reinforced concrete 

in the outer layer of the panels provides sound insulation at 

350 Hz, 10 mm thickness and 20 kg / m2 weight and 

approximately 30 dB and 20 mm thickness at approximately 

35 dB. Considering that the panel provides 35 dB sound 

insulation in the housing block examined in a place with 

heavy traffic (70 dB), the desired value can be provided 

including the housing bedroom (without considering the 

coating on the inner surface). 

A. Mechanical Strength of the Samples 

The façade panels examined in the field study do not have 

carrier characteristics. Therefore, it belongs to the class of 

transported facade panels. Their connections with the 

building are provided by bolted and welded system elements 

called dry connections. The characteristics and types of these 

elements may vary according to various firm productions. In 

transported facade panels, the weight of the panel itself is 

important in terms of the dead loads that it will bring to the 



The Precast Concrete Facade Panels with Fibre Glass Additives Production in Construction Sector 

 (IJSRD/Vol. 7/Issue 06/2019/117) 

 

 All rights reserved by www.ijsrd.com 529 

building. By using glass fiber instead of steel reinforcement 

in the outer layer of the facade panels examined, the sections 

become thinner and the load on the building is reduced. 

Mechanical strength of precast concrete façade 

panels with glass fiber additive is examined from two angles 

and evaluated with the information obtained. 

The steel frame system in the panels enables the 

production of large-size panels and transfers the dead loads 

and the horizontal loads acting on the panels to the structure 

via fasteners. Steel frame system generally consists of box 

and / or C profiles. Profile thicknesses vary according to 

various firm productions. For example, in the technical 

drawings obtained, usually 3 × 80 × 40 mm., 4 × 60 × 40 mm., 

4 × 40 × 40 mm. box profile, 4 × 80 × 40 mm. C profile was 

used. However, profile thicknesses do not change in panels 

with different panel sizes or thicknesses, but only differ 

according to companies. Depending on the ambient 

conditions (horizontal loads); the frequency of the steel 

profiles varies between each other. According to the 

information obtained from the companies, this distance 

should not exceed 110 cm in vertical and 80 cm in horizontal. 

Desiring to keep the horizontal spacing of the steel profiles 

less than the vertical spacing can be explained by the fact that 

the horizontal profiles are more effective against the 

horizontal loads in the panel. 

The steel frame system in the façade panels is fixed 

to this layer by connecting rods called "pad iron" during the 

manufacture of the glass fiber doped outer layer. In the 

examples whose technical details have been examined, two 

different connection types have been examined using only 

flexible connections or flexible connections and weight 

connections. These connections are point connections that 

transfer the horizontal loads and dead load acting on the outer 

layer to the steel frame system. Any error in the source can 

cause a break. In an example examined in the area, 5 rows of 

horizontal and 3 rows of vertical connection points were 

arranged in the two-fold panel (approximately 3m height, 1m 

width), 3 of which are weight connections (Figure 2). It can 

be said that for the front panel having a surface area of 3 m2, 

12 flexible connections and 3 weight connections may be 

sufficient in order not to limit the movement of the panel. 

 
Fig. 2: Connection of the outer layer and the steel frame 

system through the application examined in the field. (Taken 

by researcher) 

It can be said that hook welding may perform better 

than other alternative due to the interlocking arrangement of 

the steel frame system with welding, in particular against the 

suction force of the wind.  

Keeping the façade panels as light as possible is very 

important for reducing the dead and earthquake load of the 

structure. Approximate weight values of the façade panels 

examined in Table 4.1, 4.3, 4.5 and 4.7 are given. The weights 

of the facade panels examined vary between 55-130 kg / m2. 

In the traditional system, thermal wall permeability of 0.35-

0.53 W / m2 can be reached in the weight range of 

approximately 81-151 with brick wall construction and 

insulation provided with insulation material. Thus, it can be 

said that the loads brought to the building by the examined 

facade panels are not much compared to the traditional 

system. However, in comparison the panels have their own 

weights. If an additional insulation is applied to the inner 

surface, the load on the building increases. 

Bolted and welded anchor systems are used in the 

connections of the panels with the building. In the examined 

samples, two different connection types were applied. In the 

examples, bolted system is used with free vertical anchor 

element, which is not connected to the building. 

Differentiation occurs as a result of fixing the horizontal 

anchor element horizontally or bolted to the panel. In welded 

system applications, the system has static load connection and 

provides the transmission of wall load to the floor. The bolted 

system is the dynamic load connection. It enables the panels 

to move independently of each other and against the 

horizontal loads (wind, earthquake) and prevents the panel 

from being exposed to extreme stresses. 

In the examples examined, parapet panels are 

generally arranged with top hanging and other facade panels 

with bottom fitting. The properties of the fasteners can be 

evaluated according to the dimensions of the panels. In the 

panels, the carrier U channel, which provides the connection 

of the bolted system with the steel frame system, also 

provides horizontal movement of the panel.  

Although the structural system of the building was 

made in accordance with the curvature of the façade, there 

was an error in the production of the facade panels and the 

panel was arranged flat on the inner façade and curved on the 

outer façade. This problem can affect the inter-layer 

tightness, the equal load transfer of the mechanical 

connections, so that the expected performance of the panel is 

not met.  

When designing the anchorage elements used 

horizontally and vertically for the mounting of the panels, the 

size, form, weight of the panel, the height of the floor to be 

used, the structural element (column, wall, flooring) to be 

transferred, the heat exchange that may occur in the panel, the 

loads acting on the panel are taken into consideration. Based 

on the applications, technical drawings, information obtained 

from manufacturers and applicators, it can be said that the 

fasteners which provide the transfer of loads to the building 

carrier system are given due importance. 

B. Thermal Performance 

Good thermal performance in a building depends on the 

amount of heat passing through the component components 

in the building or the minimum loss of heat. The thermal 

performance of glass fiber precast concrete facade panels can 

be correlated with the thermal conductivity coefficients and 
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thicknesses (total thermal conductivity coefficient of the 

panel). 

Heat permeability coefficients of alternative facade 

elements in the examined samples were calculated with the 

help of technical information provided by the companies in 

accordance with the calculation and acceptance methods. In 

this case, the desired value falls from 0,60 W / m2K to 0,45 

W / m2K due to the buildings climate zone. According to 

these values, thermal permeability coefficients of the panels 

are examined and the desired values can be reached without 

additional insulation from inside with the changes made in 

thickness and insulation layer. 

However, it was observed that the thickness of the 

outer layer (glass fiber reinforced concrete) increased in some 

regions especially in the samples where stone wool was used 

in the insulation layer. In samples where foam concrete or 

polystyrene aggregate concrete is used in the insulation layer, 

the insulation layer can penetrate all points after casting. In 

the case of stone wool, the placement of insulation material 

in the recesses and protrusions may cause problems and cause 

the formation of a thermal bridge. Therefore, the outer layer 

thickness increases in these regions. The outer layer thickness 

increases at the edge points of the panel where no insulation 

layer is applied. At these points the thermal resistance 

decreases and the thermal performance of the panel may be 

affected. 

Depending on the thermal properties of the building 

facade or according to the characteristics of the space to be 

arranged, it may be possible to produce panels with different 

characteristics for each facade. In one example examined in 

the area, the mezzanine floor of the high-rise residential block 

was arranged as an office, and on all floors, precast concrete 

facade panels with foam concrete were used in the main body 

and additional insulation was applied on the office floor by 

using non-insulated coating element. Because of the 

continuous entrance and exit of the restaurant floor or the 

presence of a constant crowd, it was not desired to provide 

the desired thermal performance values in the residences. 

C. Moisture and Water Performance 

The moisture and water performance of glass fiber precast 

concrete facade panels can be related to condensation and 

water and moisture inflow from the panel surface.  

To prevent condensation in double or multi-layer 

panels, the insulation layer must be on the outer surface and 

the diffusion resistance of the layers forming the wall must be 

reduced from the inside to the outside. Due to the layering 

pattern of precast concrete façade panels with glass fibers, 

condensation problem may be encountered especially in 

applications where mineral wool is used. However, in the 

examined samples, the insulation material is placed during 

production and wrapped with vapor barrier aluminum foil. 

This reduces the risk of condensation. However, the 

connection elements that connect the steel frame system and 

the outer layer can pass through the insulation material and 

prevent the continuity of both the insulation material and the 

vapor barrier aluminum foil (Figure 3). In panels stacked on 

the construction site, water coming from various ways can 

enter the facade panel from these areas and cause damage to 

both the insulation layer and the outer layer. At the same time, 

thermal performance may be reduced in these areas. 

 
Fig. 3: Prevention of continuity of the insulation layer 

(Taken by researcher) 

When the recently finished samples of precast 

concrete facade panels with glass fiber additions, are 

examined, some problems have been found in the external 

coating. The steel frame system and the fasteners holding the 

outer layer of the panel together are clearly visible on the panel 

surface. This can be explained by the humidity on the surface 

of the panel as well as the fact that the panel is produced as a 

result of not paying attention to the above mentioned issues 

during the production and application process. The crack on 

the outer surface of the facade panel can be explained by the 

difficulty of the panel as a result of the unsuitability of the 

space left with the window dimensions during the application, 

and the cracking of the panel as a result of the difficulty of the 

panel movement in the connection of the steel frame system 

and the outer layer. However, it is necessary to carry out the 

necessary repairs in these areas considering that the water 

from the cracks will walk with capillary and will significantly 

affect the thermal and humid performance of the panel. 

D. Using Impermeability Materials 

An important issue for the thermal and moisture performance 

of façade panels is the sealing problem of joints. Joint sealing 

and joint blocking materials that will prevent water, air and 

heat transfer between joints should be used in appropriate 

ways and water should be prevented from entering this 

structure and heat losses should be prevented. 

In the examined samples, closed joint system was 

applied in horizontal and vertical joints. Single stop or double 

stop joint system is preferred depending on where the panel 

will be used and the form. In the applications, it is aimed to 

prevent the water and air passage by applying formal 

differences in the joint joints as well as joint materials in 

horizontal joints. Figure 4 shows the detail section and 

application example of a panel whose application is examined. 
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In some applications, it was tried to prevent water from 

progressing in the joint and damaging the panel by dropping 

the horizontal joints. Particular attention is paid to the 

formation of droppers in horizontal joints especially in joinery 

panels. 

 
Fig. 4: Formal difference in facade panels [6] 

The correct choice of joint materials is as important 

as the application. In the application, it is especially important 

that the application area is clean and dry. In some of the 

samples examined, it was observed that before applying the 

joint surfaces, the dust killer (primer) was applied to remove 

dust and the joint materials were applied to the clean surface. 

Thus, the strength of the joint materials is increased in the long 

term. However, in some examples examined in practice, it was 

observed that the swelling band did not completely close the 

joint. In this case, the material may not function properly and 

water leaking from the joint may damage the panel. 

In applications, it is observed that polyethylene wick, 

which is generally compressible wicks, is used as joint sealing 

material. Polyethylene wick with bond breaker feature 

prevents adhesion and facilitates the placement of joint sealing 

material. After the roving, elastic sealant is applied and 

insulation between the joints is completed. Polyurethane or 

polysulfide based elastic putty is used in applications.  

In some applications, no additional material is used 

after the roving and putty on the inner surface of the joints, 

while in most applications the gap between the joints is closed 

with polyurethane foam to reduce heat loss between the joints. 

In some applications, the use of inflatable tape before foam 

filling or the design and drainage channel applications made 

in production has been seen. 

No problems were encountered in the selection and 

application of joint materials in the samples examined. 

However, joint materials exposed to external effects may 

easily be damaged and deteriorated due to the absence of an 

open joint system. Therefore, it is necessary to take 

precautions before damaging the joint materials by knowing 

the service life and maintenance period of the joint materials 

used. 

V. DISCUSSION AND CONCLUSION 

In this study, concrete based precast facade panels and their 

usage today are examined in detail. In this study, firstly, 

concrete based precast facade panels are classified according 

to their various characteristics, compiled from the literature 

and obtained from the field study, definition of components, 

design, production and application process and performance 

requirements are examined. Then, the most widely used glass 

fiber precast concrete facade panels are examined within the 

scope of the subject. 

Since glass fiber reinforced precast concrete panels 

within the scope of concrete based lightweight facade panels 

are increasing today, it is important for both designer and 

manufacturer to present advantages and disadvantages. As a 

result of the study, it was determined that different alternatives 

were developed in the components and application methods of 

the facade panels. The advantages of concrete based precast 

facade panels can be listed as follows based on field study and 

literature based on correct selection of component and 

application forms according to desired performance 

characteristics. 

Design advantages of concrete based precast facade 

panels; 

 Possibility to give desired color and texture, 

 Possibility to be produced in desired dimensions at the 

transportation boundaries, 

 Easily use of facade panels with many other building and 

finishing materials, 

 Facade panels can be produced with or without insulation 

according to the desired performance characteristics and 

high level of finish on the exterior surface, 

 Quality control can be made easily depending on the 

production of precast concrete facade panels in the 

factory, facade surfaces of desired quality can be 

obtained, control of the facade finishes before assembly 

can be done and depending on these, it provides high 

quality design and workmanship. 

Advantages of concrete based precast facade panels 

depending on production and performance; 

 Possibility to use the same mold multiple times with 

appropriate mold selection, 

 The connection of the panel to the building (installation 

of the facade panels on the outer surface of the floor) 

determined according to the feature and application of the 

panel gives space in the interior. 

 Good sound and fire resistance depending on the density 

of precast concrete façade panels, 

 Good thermal insulation with insulation material suitable 

for the content and use of the panel, 

 Possibility to produce panels with different characteristics 

for each facade or different floors of the building 

according to the thermal or mechanical properties of the 

building facades, 

 The prefabricated facade panels' finished surfaces provide 

ease of use, do not require frequent maintenance due to 

the right materials, and therefore help to reduce the total 

or lifetime cost of the building due to the production and 

performance advantages of the concrete based precast 

facade panels.  
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Application advantages of concrete based precast 

facade panels; 

 Can be easily used with many other construction and 

finishing materials, 

 Determining the location of the facade panels on the 

facade in production and assembling easily, 

 Fast installation and time saving as well as fast 

production, 

 Providing many subcontracting works in one item due to 

the fact that many features (wall + insulation + coating) 

are gathered in a single panel, 

 Installation is not affected by weather conditions, 

 The ability to transport the panels by crane without the 

need for scaffolding installation, which is the preferred 

cause of facade panels, especially in high-rise buildings, 

 Application of concrete-based precast facade panels can 

be minimized with precast production due to damage and 

breakage of materials due to encountering problems 

during storage, transportation and assembly stage in 

traditional applications. 

Concrete-based precast facade panels have a number 

of significant disadvantages as well as advantages over 

conventional systems or other alternative solutions; 

 The façade panels come prefabricated because they are 

precast. Therefore, the panels are likely to be damaged 

during storage, transport and assembly processes. 

 Storage and transportation processes can increase the cost 

by limiting the dimensions of the panels. 

 The connection of the façade panels with the building 

requires great care and diligence. 

 After the installation of facade panels, if any problems are 

encountered, it does not allow any modification to the 

facade of the building easily. Therefore, due 

consideration should be given to design, production and 

implementation. 

 The finish level obtained on the outer surface cannot be 

achieved on the inner surface and requires additional 

treatment. 

 Heat bridges can be formed, especially at the interlayer 

layers and joint joints of the panels. 

The various processes of concrete-based precast 

facade panels have been made depending on the literature and 

field study and the advantages and disadvantages of the 

present study have been included in the general evaluation 

section. 

The glass fiber reinforced precast concrete facade 

panels examined within the scope of lightweight facade panels 

where the negative properties of the concrete based precast 

heavy facade panels were minimized were examined 

depending on different performance methods. In this context, 

the facade panels were classified according to the different 

components and application methods by examining the 

buildings during application and usage in the light of the 

technical information and details obtained from the companies 

examined in the field.  

As a result of the correct determination of the 

component and application forms according to the desired 

performance characteristics, the facade panels can reach the 

required adequacy. However, the most important points that 

will affect the performance of the concrete-based precast 

facade panels are the results of the work done with the joints 

between the layers and the joints of the panels. In addition, 

there is the effect of point transport on the mechanical strength 

of the panel in relation to the thickness of the outer layer in 

interlayer layers. Therefore, in this study, it was aimed to draw 

attention to these points in case the thermal and moisture 

performance of the panel as well as the mechanical 

performance could be affected. 

The aim of this study is to update and evaluate the 

information in terms of both theoretical, technical and 

practical aspects of concrete based precast facade panels and 

their usage today. In this study, the manufacturer, user and 

designer were given the opportunity to have detailed 

examination and information. However, since the use of 

precast concrete facade panels with glass fiber additions in the 

field is new compared to other exterior wall alternatives, there 

is not much information about their long-term performance. 

Therefore, by considering the study as a pilot study, it is 

possible to generalize the findings with a wider field study of 

this material, which is new for long-term performance 

evaluation, and to deepen the problems by following the 

performance and development of a unique study. 
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