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Abstract: Today large-panel house construction occupies a leading place, both in terms of speed of construction and in terms 

of sales, which contributes to an increase in the volume of prefabricated house-construction. Modern technologies allow creating 

comfortable, bright residential buildings of high quality. However, the issues of thermal insulation remain relevant: increased 

requirements for energy efficiency of residential facilities, new materials and construction technologies are being introduced. In 

the industrial construction market, metal diagonal ties and mounting loops of ferrous metal are widely used, which affects the 

energy efficiency of houses. Currently, in the technology of construction of panel houses of sandwich panels, current trend is to 

reduce the standard thickness of the facade layer of a three-layer sandwich panel (GOST 31310-2015) from 70 mm to 40 mm or 

less. The new materials proposed in the paper can reduce metal- and material consumption and improve the thermal 

characteristics of panel houses. The use of construction products made of composite materials such as diagonal flexible ties, 

composite flexible mounting loops and composite reinforcing mesh will allow increasing the energy efficiency of the panel, 

reducing the cost of manufacturing of the panel and increasing productivity – creating an innovative energy-efficient reinforced 

concrete sandwich panel of the 21st century. The paper is devoted to studying the effect of replacing steel flexible ties with 

composite ones, and replacing steel loops with flexible mounting loops in three-layer sandwich panels. 
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1. Introduction 

The construction of houses using concrete three-layer wall 

panels with effective insulation is fast, reliable and 

year-round construction. 

Reliability and energy efficiency of panel houses directly 

depend on the characteristics of the materials of which the 

panels are made. 

Proposed in the 70s Peikko’s stainless steel diagonal 

flexible ties do not fully meet energy efficiency requirements. 

These products are widely used to this day. 

Large developers in Russia, such as company group «PIK», 

«LSR», «Leader Prom» LLC use steel flexible ties and 

mounting loops of ferrous metal in construction. Abroad, 

these products are also actively used in construction. 

It is believed that steel flexible ties and mounting loops 

made of ferrous metal slightly affect the thermal properties of 

the panel and the entire building. 

The article is devoted to the study of the effect of replacing 

steel flexible ties with composite ones, and replacing steel 

loops with flexible mounting loops in three-layer sandwich 

panels. 

The use of composite building products such as composite 

flexible diagonal ties SIREP, flexible mounting loops SIREP, 
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reinforcing composite mesh for thin-walled facade SIREP 

will increase thermal properties and create an innovative 

energy-efficient reinforced concrete sandwich panel. 

2. Composite Flexible Diagonal 

Connections SIREP 

Figure 1 shows composite flexible diagonal ties SIREP [2, 3]. 

 

 

 

Figure 1. Composite flexible diagonal ties. 

Composite diagonal flexible tie SIREP is a frame of two 

parallel straight rods, fastened together by a zigzag rod using 

plastic connecting elements, which provides constructive 

interaction between all layers of the sandwich panel at various 

loads and displacements. 

This development belongs to ZAO “The Republican 

Chamber of Entrepreneurs”, which has significant practical 

experience in the development and production of composite 

products for the construction industry. 

The reliability and effectiveness of the use of composite 

diagonal flexible connections is confirmed in the framework 

of the tests. Samples of the 3NSg09.23.32 external wall panel 

with composite diagonal flexible connections SIREP were 

made, one of which was tested for shear of the outer layer 

relative to the inner layer under vertical load at Research 

Institute of Moscow Construction, and the other for 

determining the fire resistance at the Test Center "Fire 

Resistance" (Figure 2). 

 

Figure 2. Fragment of a three-layer outer wall panel with composite flexible 

diagonal tiess during shear tests. 

The test results confirmed the reliability of SIREP 

composite diagonal flexible connections [3]. The high quality 

of products and their suitability was confirmed by the Ministry 

of Construction and Housing and Communal Services of 

Russia: technical certificate No. 5592-18 was issued. 

3. Mounting Loops SIREP 

When carrying out loading and unloading and installation 

operations, ferrous metal mounting loops are used, 

manufactured in accordance with TR 94-2003 “Sling loops of 

prefabricated concrete and reinforced concrete structures, 

design, calculation and testing”. The design decisions 

stipulate that the loop after installing reinforced concrete 

sandwich panels manufactured in accordance with Interstate 

Standard 31310-2015 “Three-layer reinforced concrete wall 

panels with effective insulation” must be cut, however, this 

operation is not performed in construction practice due to the 

complexity of execution and fire hazard (when using a gas 

cutter or grinder, red-hot metal particles can cause the foam 

to ignite). In addition, there is currently no effective way to 

control these works on cutting a metal loop. The pits are 

monolithic with concrete, the metal loop remains in the panel 

as a cold bridge, which leads to a decrease in energy-saving 

properties of panels and the entire building under 

construction as a whole [3]. 

Flexible mounting hinge SIREP (hereinafter referred to as 

FMH) is a more perfect alternative to steel hinges [3]. SGP is 

a product that is made of textile tape for slings connected by 

longitudinal seams and equipped with 4 anchors (Figure 3). 

 

Figure 3. Mounting Loop SIREP. 

Anchors are pieces of fiberglass reinforcement [4]. 

Flexible mounting loops SIREP have proven their 

reliability in practice: sandwich panels are formed using 

FMH in «SiB-Center», St. Petersburg (Figure 4). 

 

Figure 4. FMH in working straightened form, «SiB-Center», St. Petersburg. 
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The need for mounting flexible hinges was caused by the 

requirement of increased heat-shielding characteristics of the 

panels and their temperature uniformity [5]. These panels 

were made for the construction of private cottages, whose 

customers, when accepting housing, control the presence of 

cold bridges using thermal imaging, which encouraged 

developers to use SIREP flexible mounting loops and 

eliminate the appearance of cold bridges. 

In addition, the use of flexible mounting loops allows to 

reduce the thickness of the facade layer of the panel, which is 

complicated by the use of metal loops. 

4. Calculations of the Effect of Replacing 

Steel Products with Composite Ones 

When calculating the effect of replacing steel flexible ties 

and loops with composite flexible diagonal connections and 

flexible mounting loops, the panel was 330 mm thick, where 

the inner concrete layer was 80 mm, the thermal insulation 

layer PPS25 was 170 mm, the outer concrete layer was 80 mm 

(Figure 5). 

 

Figure 5. Drawing of the panel. 

The thermal characteristics of the panel manufactured according to the Interstate Standard GOST 31310-2015 are presented 

in Table 1. The influence of flexible connections and hinges on the thermal characteristics of the panel consists of four lines of 

the table, designated as “flexible connections 1, 2, 3” and “steel loops”. 

Table 1. Thermotechnical characteristics of the panel. 

Design element Specific Geometric Index Specific Heat Losses 
Specific heat flux due to 

element, Wt/(m2 °С) 

Share of total heat 

flux, % 

Smooth wall a1=1 m2/m2 U1=0,258 Wt/(m2 °С) U1a1=0,258 79,6 

Horizontal joint l1=0,51 m/m2 Ψ1=-0,004 Wt /(m °С) Ψ1l1=-0,002 -0,6 

Vertical joint l2=0,4 m/m2 Ψ2=-0,007 Wt /(m °С) Ψ2l2=-0,003 -0,9 

Window block adjacency l3=1,0 m/m2 Ψ3=0,007 Wt /(m °С) Ψ3l3=0,007 2,2 

Flexible connections 1 n1=0,57m/m2 χ1=0,048 Wt /(m °С) χ1n1=0,027 8,3 

Flexible connections 2 n2=0,43m/m2 χ2=0,012 Wt /(m°С) χ2n2=0,005 1,5 

Flexible connections 3 n3=0,43m/m2 χ3=0,028 Wt /(m °С) χ3n3=0,012 3,7 

Steel hinges n4=0,28m/m2 χ4=0,07 Wt /(m °С) χ4 n4=0,02 6,2 

Total   1/Rpr=0,324 100 

 

Specific heat losses for flexible ties are calculated 

according to Clause G. 7 of SP 230.1325800.2015. Table D. 

41 SP 230.1325800.2015 gives the dependence of the 

specific heat loss on the cross-sectional area of steel 

reinforcement. Considering the thermal conductivity of 

composite flexible ties, their characteristic values do not fall 

into table D. 41, since they are too small. However, it can be 

noted that for small cross sections of flexible ties (similarly 

for small thermal conductivities), the change in the specific 

heat loss occurs almost linearly with a change in the cross 

section or thermal conductivity. More precisely, in this case, 

the effect on the heat loss of flexible bonds will change when 

replacing steel ties with composite ones in proportion to the 

change in thermal conductivity with a coefficient of 0.9. If 

some parts of the initial ties were made of 

non-corrosion-resistant steel, such estimate will be an upper 
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estimate, since the thermal conductivity of the 

non-corrosion-resistant steel is several times higher. 

Since the general arrangement and shape of the ties 

practically do not change, but the material and the thermal 

conductivity do, the total effect of all ties should be 

recalculated: 

χ1 n1 + χ2 n2 + χ3 n3=0,027 + 0,005 + 0,012= 

=0,044 Wt/(m
2
 °С)                 (1) 

The conversion factor (thermal conductivity ratio with a 

coefficient of 0.9) is approximately 30 times. 

After replacing the corrosion-resistant ties with composite 

ties, the total effect of all ties will be the following: 

χ1 n1 + χ2 n2 + χ3 n3=0,0015 Wt/(m
2
 °С)       (2) 

Currently, when calculating the specific heat flux, it is 

customary to take into account only three decimal places, so 

even an error of 20% would not be noticeable and would not 

affect the reduced total thermal resistance. 

The effect of flexible mounting loops is even smaller and 

can be ignored.  

The calculations of the reduced total thermal resistance of 

the panel with composite flexible ties and flexible lifting 

loops are summarized in table 2. 

Table 2. Calculations of reduced total thermal resistance of a panel with composite flexible connections and flexible mounting loops 

Design element Specific Geometric Index Specific Heat Losses 
Specific heat flux due to 

element, Wt/(m2 °С) 

Share of total heat 

flux, % 

Smooth wall a1=1 m2/m2 U1=0,258 Wt/(m2 °С) U1a1=0,258 98,7 

Horizontal joint l1=0,51 m/m2 Ψ1=-0,004 Wt /(m °С) Ψ1l1=-0,002 -0,8 

Vertical joint l2=0,4 m/m2 Ψ2=-0,007 Wt /(m °С) Ψ2l2=-0,003 -1,2 

Window block adjacency l3=1,0 m/m2 Ψ3=0,007 Wt /(m °С) Ψ3l3=0,007 2,7 

Flexible connections 1 n1=0,57m/m2  0,0015 0,6 

Flexible connections 2 n2=0,43m/m2    

Flexible connections 3 n3=0,43m/m2    

FMH    χ4 n4=0,0 0,0 

Total   1/Rpr=0,2615 100 

 

The reduced total thermal resistance of the panel is: 

pr
st

1
3,82

0,2615
= =R (m2⋅°С)/Wt        (3) 

The given thermal resistance is much higher than the 

requirements for Moscow (in SP 50.13330.2012, where 

thermal resistance is 2.99 (m
2⋅°С)/Wt). 

The heat transfer performance uniformity factor of the 

panel is 0.99. This is a very high value. 

Since the obtained reduced heat transfer resistance of the 

panel is much higher than the required one, the question is 

how much the insulation thickness can be reduced, while 

remaining within the required values. 

The maximum specific heat flux that meets the 

requirements for reduced heat transfer resistance in Moscow is: 

3345,0
99,2

1 =  Wt/(m2⋅°С)        (4) 

The difference between the specific heat flux obtained in 

the calculations and the maximum allowable can be 

compensated by changing the thickness of the insulation. This 

difference is 0,073 Wt/(m
2⋅°С). 

0,3345 — 0,2615=0,073 Wt/(m2⋅°С)       (5) 

Thus, the heat transfer resistance along the surface of the 

structure can be reduced to 3.02 (m
2⋅°С)/Wt. 

02,3
073,0258,0

1
2 =

+
=оR (m2⋅°С)/Wt      (6) 

Thus the minimum thickness of insulation in the panels can 

be found. 

When using expanded polystyrene with a thermal 

conductivity of 0.044 Wt/(m°С), the minimum required 

insulation thickness is 130 mm. 

19,3
23

1

04,2

08,0

044,0

13,0

04,2

08,0

7,8

1
1 =++++=оR (m2⋅°С)/Wt   (7) 

The reduced heat transfer resistance is 3,15 (m
2⋅°С)/Wt.  

When using polystyrene foam with a thickness of 145 mm, 

the heat transfer resistance along the surface of the structure 

will be 3,53 (m
2⋅°С)/Wt 

53,3
23

1

04,2

08,0

044,0

145,0

04,2

08,0

7,8

1
1 =++++=оR  (m2⋅°С)/Wt.  (8) 

The reduced heat transfer resistance of the panels is 3,49 

(m
2⋅°С)/Wt. 

It can be seen from the above calculations that when using 

composite products, the heat loss of the panel is negligible 

(0.6%) in comparison with the heat loss of the panel with 

metal products (23.5%). 

5. Reinforcing Composite Mesh for 

Thin-walled Facade SIREP 

After The front layer of the sandwich panel performs a 

protective and decorative function and is not a supporting 

element. According to Interstate Standard 31310-2015, the 

thickness of the facade layer reinforced with a metal 

reinforcing mesh of rods with a diameter of 5 mm is 70-80 mm, 

which significantly increases the weight of the panel. 

Reducing the thickness of the facade layer requires a strict 
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arrangement of the metal mesh in the middle of the thickness 

of the concrete layer, which is achieved using a large number 

of special clamps. The installation of clamps is a separate 

technological operation, which requires a large amount of 

manual labor and requires careful monitoring. In order to 

increase energy saving, house-building factories in Belarus 

produce sandwich panels whose front layer thickness is 50 

mm, however, another problem may arise - the formation of 

corrosion traces on the facade of buildings. 

In order to solve these problems, ZAO “The Republican 

Chamber of Entrepreneurs” offers a SIREP composite mesh 

for a thin-walled facade layer, at the intersection of which 

there are plastic connecting elements with an upper and lower 

“leg” of thermoplastic material (for example, polyethylene, 

polypropylene) in the form of truncated cones up to 10 in 

length -25 mm (Figure 6). 

 

(a) 

 

(b) 

Figure 6. Composite mesh SIREP for facade layer. 

Due to the "legs" it becomes possible to install the 

reinforcing mesh in the desired section of the concrete layer, 

and after the concrete has hardened, it is firmly fixed in its 

thickness. “Legs” are a structural element of the reinforcing 

mesh, which excludes the technological operation of their 

installation, as well as control of their installation. This 

significantly reduces the amount of manual labor and 

increases the productivity of the manufacture of sandwich 

panels. This design of the composite mesh allows to reduce 

the thickness of the concrete facade layer of the panel from 70 

mm to 40 mm, thereby increasing the insulation layer by 30 

mm while maintaining the overall thickness of the sandwich 

panel. The composite mesh construction is durable and can 

withstand the weight of an adult (Figure 7). 

 

(a) 

 

(b) 

Figure 7. Composite mesh SIREP for facade layer under adult weight. 

6. Conclusions 

Thus, the calculations performed in the paper showed that 

steel flexible ties and mounting loops made of ferrous metal 

reduce the heat resistance of the wall by 23.5%, which is 

fundamentally different from the current opinion about the 

insignificant effect of metal products on the heat-shielding 

properties of the panel and the whole building. 

Using the proposed technical solution – composite flexible 

diagonal ties SIREP, flexible mounting loops SIREP, 

reinforcing composite mesh for thin-walled facade SIREP 

will allow creating a highly cost-effective innovative 

energy-efficient reinforced concrete sandwich panel of the 

21st century with a thinner facade layer. 

It may be noted that these products are new products in the 

construction market. The use of these products allows solving 

a number of problems of modern panel housing construction: 

1. to increase the energy efficiency of the panel by 23.5% 

through the use of composite diagonal flexible ties and 

mounting loops SIREP; 

2. to reduce the cost of manufacturing the panel due to the 

lower price of composite diagonal flexible ties are 2 

times lower than metal ones); 

3. to increase the productivity of manufacturing panels 

through the use of composite mesh SIREP and flexible 

mounting loops. 
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