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[bookmark: _Hlt443447275][bookmark: b1][bookmark: _Toc450636670]
1	General comments 

[bookmark: b2]Standard 40/05 is valid for design, repairs, and reconstructions of flat roofs. The standard has been elaborated according to STN 73 1901 – Designing of roofs which amends it, points out certain articles, specify exactly procedure during repairs and reconstructions of flat roofs, eliminates certain risky technologies and materials. 
Standard 40/05 does not substitute STN 73 1901.
STN 73 1901 has to be observed upon designing and reconstructions of flat roofs. 
The standard does not apply to designing of roofs of temporary objects and sheds. 


[bookmark: _Toc450636671]2	Basic characteristics of the flat roofs under STN

[bookmark: _Toc450562411][bookmark: _Toc450636672]Thermal-insulation characteristics of flat roofs 

2.1.1	Upon designing of roof deck structure the following limit conditions of the internal and external environs have to be observed: 

Internal environs:
Offices, meeting rooms etc. 
Temperature of the interior air.................................….θi= 20°C (under STN 73 0540-3)
Relative humidity of the interior air.................………..	φi= 50% (under STN 73 0540-3)
Washrooms, shower rooms 
Interior air temperature.................................………….θi= 24°C 
Relative humidity of the interior air.................………..	φi= 80% 
Industrial buildings
Interior air temperature θi......................……………….	to be specified by investor under 
STN 73 1901, Art. 3.4.1  
Relative humidity of the interior air φi......……………..	to be specified by investor under 
STN 73 1901, Art. 3.4.1  
Heat transfer coefficient on the internal surface...……	hi= 10 W/m2.K (under STN 73 0540-3)

Exterior environs:
External calculating temperature...............................…θe= -16°C (under STN 73 0540-3)
Relative humidity of external air.................……………φe= 84% (under STN 73 0540-3)
Heat transfer coefficient on the external surface ....…	he= 23 W/m2.K (under STN 73 0540-3)

2.1.2  the roofs have to be designed in such a way that the water steam does not 	condense on them. This is necessary with the roofs where the condensed 	water would endanger their required function:
	gk=0, where gk is the year-long volume of the condensed water steam in 	kg/m2.year
 
2.1.3 The roofs with limited condensation of water steam in their construction (this is 	specified without the impact of sunshine) may be designed is all of the 	following conditions are met:

	a) condensed water steam does not endanger required function of the 	construction  

	b) annual balance of the condensed and evaporated water steam is favourable
	gk< gv,  where gv is the year-long volume of evaporated water steam 	in kg/m2.year

	c) permissible year-long volume of the condensed water steam is: 
	for one-deck roofs and non-ventilated two-deck roofs gk ≤ 0,1 kg/m2.year
	for ventilated two-deck roofs gk ≤ 0,5kg/m2.year

2.1.4  In the constructions with open air surface, in addition to 2.1.2 and 2.1.3, the 	trend of relative humidity of air flowing in the layer φgo, and temperature of 	surfaces of the air cavity  has to be checked too; in the whole length of this 	layer, the following conditions have to be met: 

	φgo<100% ;  θsi≤θdp
	where θsi temperature of the internal surface of the upper deck 
	θdp  temperature of dewing point in °C 

 2.1.5 Flat roofs over the areas with the required condition of the internal environs 	have to meet the following conditions (this does not apply to manufacturing 	industrial buildings with the internal yields higher than 25 W/m3) :

	a) in the areas with the relative air humidity of φi ≤ 80%, at each point of the 	internal surface, these have to have the temperature of θsi, expressed in °C 	that is save above the temperature of the dewing point and eliminates the risk 	of moulds (more details in STN 73 0540-2 Article 3.1)

	b) above the heated or air-conditioned areas with the relative humidity of φi 	≤80%, they have to have the same heat transfer coefficient of the U 	construction or thermal resistance of the construction R, so that the following 	condition is met: 

	U≤UN, or R≥RN

	UN= 0,30 W/m2.K (with rebuilt roofs)   
	UN= 0,20 W/m2.K (with new roofs)
	RN= 3,20 m2.K/W (with rebuilt roofs) 
	RN=4,90 m2.K/W (with new roofs)

2.1.6  Fulfilment of the conditions under the paragraphs 2.1.2- 2.1.5 has to be, in the 	design of roof, exemplified by the calculation under STN 73 0540-4.

2.1.7 The thermal technical calculations have to include the input data from STN 73 	0540-3, in case the designed material is not specified in STN 73 0540-3, the 	input data have to be stated according to the data that have been measured 	by authorised person. The measured input data have to specify the 	characteristics of material that will be built-in in the roof and not its 	characteristics that it has at zero volume humidity. 
	When assessing the year-long balance of the condensed and evaporated 	water steam, it is necessary to strict attention to input data of individual 	materials, especially to the factor of diffusion resistance. 
	The measured factors of the diffusion resistance of the materials that are not 	that much penetrable may, with respect to methodology used, contain certain 	inaccuracy of measurement and thus (chiefly with flat roofs where hydro-	insulation layer is mostly from poorly permeable material) it is recommended 	to be rather careful about usage of these data and also with evaluation of data. 	By all means, for this reason, it is not suitable to design such assemblage that 	show high uncertainty of results with respect to large differences in the values 	of diffusion resistance of the roofing material and possible moisture stops.  
	It is further necessary to draw attention to the materials that are not that 	linearly connected. In this case, it is necessary to work with the so-called 	equivalent diffusion factor that, in itself, includes this non-connection. A typical 	example is the composition of the roof deck on the supporting structure made 	from steel trapezial sheets. Rather frequently repeated mistake is to consider 	the trapezial sheet to be diffusely impermeable material and than to count on 	its moisture stop function as well. In this case, it is necessary to be aware that 	the so-called joint diffusion of water vapour. After including its impact, the 	diffusion resistance factor is then within the interval ca.900 up to 1500 	according to the dimensions of the used sheets, method of treatment of gaps 	etc. In no case, may untreated trapezial sheet, be treated as moisture stop. 
	If the moisture stop is perforated, a similar procedure may be used. 

2.1.8  Roof is to protect the roof space constructions against negative impact of the 	sun radiation. 

[bookmark: _Toc450562412][bookmark: _Toc450636673]Shape and drainage of flat roofs 

2.2.1  The shape of the flat roof should ensure smooth outflow of rain or service 	water from the roof into internal or external waste pipeline. Cumulating of snow 	on the roof should be considered when deciding about the shape of the flat 	roof. 

2.2.2  It is recommended to design the surface hydro-insulation layer - deck with the 	tilt of at least 1° towards the drainage elements including valley. The type of 	the surface hydro-insulation layer and converting of the roof construction 	should be considered at the same time.  
	With the designed smaller tilt, it is necessary to request a written warranty 	from the manufacturer of the surface hydro-insulation layer with regard to the 	safety of a given design. Large volumes of sedimented fall have to be taken 	into account as well as more frequent removal of this sediment. 
	The surface hydro-insulation layer – its structure has to be designed in such a 	way that its water tightness is ensured.  

2.2.3 The roofs with outer drainage located above the heated areas have to be 	designed in a way that would prevent formation of ice bulwark on the edges of 	the roof and the danger of consequent water leakages into the roof space. 
	The required effect may be achieved by means of usage of multi-deck roofs, 	efficient thermal insulation of the roofs, by tempering of the sides of the roofs 	etc.  

2.2.4  The water from the roofs placed higher should not flow onto the roofs placed 	lower on the object.  

2.2.5  The roofs with the internal drainage must have tempered inflows. The roof 	inflows are designed with the integrated connecting packing made from the 	material equivalent to the hydro-insulation layer.  In case the structure of the 	roof deck includes moisture stop, the system two-deck roof gully is used with 	the connecting packing for steam-proof connection of moisture stop. The 	upper part of the roof inflow must be pushed in into the bottom part of the roof 	inflow together with sealing ring. The roof inflow must have protective basket 	that prevents inflow of larger impurities into the sewage pipeline.   
  
2.2.6  The outer drainage elements must be placed outside the section plan of the 	object.  Upon designing, the principles of STN EN 12056 – 3, STN 73 6760 	and STN 73 3610 are observed.

2.2.7  Drainage of water from roof areas via attic constructions into the outer rain 	waste piping should not be designed.  

2.2.8  It is recommended to lead the rain waste water piping placed in the exterior 	along the sunny areas of the object oriented towards south.  In any case, 	tempering under roof gutters and rain sewage piping.  

2.2.9 The rain sewage piping led  from the roofs via non-heated areas have to be 	temperated or design in such a way that their freezing is prevented. 

2.2.10 The design of the rain sewage piping depends on the size of the drainage 	area, on the shape of the drainage elements, specific capacity of rain at the 	specific place of building and on the outlet coefficient. Dimensioning of the rain 	wastewater is governed by STN EN 12056 – 3 and STN 73 6760.

2.2.11 From the safety reasons, for one internally drained roof area, at least two 	internal rain waste piping have to be designed.  

2.2.12 For the internally drained flat roof with the geometry of the shape of jointing of 	flat roof and external wall with overlapping vertical part (attic), the roof has to 	be equipped with the safety gutter spout.  

2.2.13 The bottom edge of the safety gutter spout is 100 mm above the level of the 	roof surface. 

[bookmark: _Toc450562413][bookmark: _Toc450636674]Static and dynamic stress of flat roofs  

2.3.1 The roof is designed in such a way that it is able to resist mechanical and 	dynamic stress designed in the project.   

2.3.2 The roof and its individual layers and parts are designed with respect to the 	load of their own weight, or weight of lap layers, constructions and equipment 	as well as with respect to the load of snow, ice, or water, wind, temperature 	and the load of operation and maintenance. 

2.3.3 The roof and its individual layers and parts are designed with respect to 	vibrations and shaking, which occur due to the operation, inside or outside the 	building or due to seismic effects.  

2.3.4 The roof and its parts, layers and individual elements are designed in such a 	way that they resist pressure as well as wind suctioning. Wind must not 	damage or tear them off.


[bookmark: _Toc450562414][bookmark: _Toc450636675]Hydro-physical stress of flat roofs 

2.4.1 Roof and its parts and individual elements are designed with respect to stress 	of water steam, stress due to the stress related to humidity contained in 	porous material, stress related to rain water, service water running along its 	surface, rain water collected on the roof surface or service water affecting with 	its hydrostatic pressure. 

	Note:
	The roof impermeability of water in liquid consistence is achieved mainly by 	means of usage of impermeable hydro-insulation materials.  Hydro-	accumulation effect of the roof materials may be also used. 

2.4.2 Roof is designed in such a way that solid fall does not get into the roof 	construction or to the roof space. 
	Note: 
	Penetration of solid fall into the roof construction is prevented by suitable 	shape of jointing of roofing material elements, suitable placement and suitable 	aerodynamic design of ventilation elements of roofs and their guards and by 	other means. 

2.4.3  If penetration of solid fall cannot be prevented, the safety hydro-insulation 	layers and hydro-accumulation layers are designed to be placed in the roof 	construction in combination with the ventilation of roofs.  

[bookmark: _Toc450562415][bookmark: _Toc450636676]Humidity conditions and mode of flat roof 

2.5.1 The structure of roof must be designed in such a way that favourable humidity 	conditions and mode of roof are achieved.  

2.5.2 Under the favourable humidity conditions and mode there are no changes of 	materials, layers and construction of the roof caused by humidity (e.g. 	decrease of stiffness, increase of weight, volume changes, deteriorated 	thermal-insulation features of roof, corrosive signs etc.) that would have a 	negative impact on the roof’s function.   

2.5.3  In order to achieve favourable humidity condition and mode of the roof 	construction, the following is recommended: 

	a) reducing or eliminating technological water from the roof structure by means 	of reducing or eliminating wet processes, 
	b) reducing of the volume of absorbed rain water by means of using the 	materials with reduced absorption, 
	c) reducing or eliminating condensing of vapour in the roof frame, 
	d) reducing or eliminating of penetration of the rain water into the roof frame, 
	e) enable leakage of humidity from the roof frame by means of ventilation or 	materials that transmit humidity or also by means of inserting expansion layer. 
 

[bookmark: _Toc450562416][bookmark: _Toc450636677]Corrosive stress of flat roofs 

2.6.1  The roofs are designed in a way that they resist the assumed corrosive stress.
NOTE 1.- Corrosive stress of roof is a result mainly of chemical, thermal, 	biological, 	electromagnetic and atmospheric impacts on the materials used. 
NOTE 2.- Chemical impacts include activity of water and aggressive substances 	found in water from polluted atmosphere as well as in the solutions leached 	from the roof materials and mutual activity of the materials leading to their 	degradation. 
NOTE 3.- Thermal impacts result  in the dimensional changes of the roof materials 	and the stresses and possible destructions connected with them; combined 	with water, they lead to destruction of the structure of porous substances and 	to the loss of their mechanical characteristics. Thermal impacts accelerate 	chemical corrosion and total ageing of some roof materials.   
NOTE 4.- Biologic activity include impacts  of animals, plants and micro-organisms or 	their products on roofs. They can have chemical, mechanical as well as 	biological effect.   Severe impact can have also birds, rodents, plant roots, 	mould, fungus and bacteria.
NOTE 5.- Electromagnetic impacts include activity of the sunshine, lightning, stray 	currents, static electricity and similar factors that result in degradation of some 	of the materials and the roof frames. NOTE 6.- Atmospheric effects include 	combined activity of chemical, thermal and electromagnetic impacts of natural 	origin on the roof frames.

[bookmark: _Toc450562417][bookmark: _Toc450636678]Service life of flat roofs  

2.7.1  The service life of the roof frame is designed for the period of economically 	justifiable service life of the building. It is usual investor who specifies the 	functionality period of building. 

2.7.2 For the layers and parts of the roof frame with the service life lower than the 	requested period of the economically justifiable service life of building the 	method and cycles of maintenance or exchange have to be determined. 	Durability or service life of the ôyaers or the roof frame parts have to be clearly 	declared by the manufacturer in the technicala data sheets for individual 	materials.  

2.7.3 Technical condition of the frames has to be verified by means of inspections. 	Their frequency and content have to be determined in the project.  




[bookmark: _Toc450562418][bookmark: _Toc450636679]Reliability of flat roofs

2.8.1  It is recommended to design roof in such a way that it enables direct visual 	inspection of impermeability of the hydro-insulation layer or in a way that it 	contains signalisation system in case of a place with damaged hydro-	insulation layer. With the multi-layer frame, it is recommended to make 	accessible at least one inter-layer area or to ensure a possibility of inspecting 	inner parts of the roof frame from the inspection points. 

2.8.2 In the justifiable cases, the basic functions of the roof are ensured by backup, 	control and redevelopment systems, e.g. underneath demanding hydro-	insulation layers in terms of their repair, safety hydro-insulation layers is 	inserted in the flat roofs; hydro insulation layers are paired, amended by the 	vacuum inspection of the function and redevelopment system.; with the 	thermal insulation layers, the reliability of the solution may be increased by the 	combination of partially absorptive materials with no-absorptive etc.

	Note:
	Inclusion of the reliability elements within the construction design of roof leads 	to establishing of the pre-conditions for ensuring the function of the roof upon 	any danger or loss of function of the hydro-insulation, thermo-insulation or 	other systems.

[bookmark: _Toc450562419][bookmark: _Toc450636680]3	Designing of flat roofs

[bookmark: _Toc450562420][bookmark: _Toc450636681]Flat roofs project 

3.1.1  Design of the project has to specify fully and clearly the material, technological, construction and operational design of the roof. 

3.1.2 The project has to include mainly dimensions and grades of the roof areas, prescribe structure and all the layers including thickness and necessary physical data (bulk density, maximum humidity etc.; with the sheet covering – thickness of sheet, type and depth of the protection layers etc.), determine designs of dilatations, specify position of inflows and other drainage elements and passages including dimensions and to draw in all the construction details of all the characteristic and atypical places in such a way that the project enables clear understanding of the technical, appearance and operational design of the roof. 


[bookmark: _Toc450636682]Design of flat roofs with respect to operation, control, maintenance and repair 

3.2.1 Roofs are designed with respect to the needs of operations, inspection, maintenance and redevelopment. 

3.2.2 The design of the roof frame has to solve safe access to the roof (mounting and descending). The safe access to the roof enables its inspection or operational utilization as well as inspection, maintenance as well as repair of the equipment and frames accessible from the roof area. The roof has to be equipped with the fastening- safety system for fastening of employees and tools necessary for inspection, maintenance and repair of the equipment and constructions accessible from the roof area and other frames for the safety of people. 

3.2.3 According to the needs of operations and maintenance, the electric power and water supplies or other facilities should be placed on the roof or within the accessible distance from the building. 


[bookmark: _Toc450636683]Flat roofs design principles 

3.3.1  The moisture stop into the one-layer roofs has to be designed only in the cases when this is necessary according to the thermal-technical calculations.  


3.3.2  The roof inflows should be placed (if possible) at the point of the largest deflection of the roof frame. 

3.3.3  In case the roof sheet includes the gravity layer, larger density of the roof inflows is recommended to prevent large thickness of the gravity layer. 

3.3.4  The inter-layer and attic gutters are not recommended to be designed in insulated one-layer roofs. The gutters are to be designed always with sloping walls (when frozen, the gutter with vertical walls gets torn).

3.3.5  Passages of the steel frames via roof layer are to be designed always from closed profiles.

3.3.6 The passages across the roof layer have to be min. 500 mm (the passages of small dimensions ca. up to 300 x 300 mm) distant from the inner side of the attic construction. With the passages of larger dimensions, the distance from the attic is to be increased accordingly so that the functionality and realisation of the detail between the attic and passage is ensured. The similar rule applies also with the distance between the individual passages, however, with the minimum distance of 300 mm.  

3.3.7  The minimum distance of the edge of the roof inflow from the inner edge of the attic is min. 500 mm.

3.3.8  The upper edge of the hydro-insulation on the roof inflow should be embedded by min. 10 mm in comparison with the upper edge of the surrounding hydro-insulation and, at the same time, it has to be at the lowest point of the specific drainage area.  
[image: Scan0001]
3.3.9  Protection gravel layers should not be designed for the places of large fall of e.g. ash, wood dust etc. 

With the hall objects, the supporting roof frame has to be in slope. 

3.3.11 The anchor systems should not be designed for the environs with high corrosive stress. 

3.3.12 With the one-layer anchoring systems, it is necessary to fix the thermal insulation also to the base (mainly with the foils of 2 m width). 
 
3.3.13 With the anchored systems, the anchoring plan is necessary for realisation of the roof (this is usually processed free of charge by the supplier of the hydro-insulation layer on the request and within the scope of delivery). 

3.3.14 The roof gutters must not pass through the switch rooms, trafo stations, control rooms etc.   

3.3.15  If the layout allows so, the switch rooms should not be located in the roof 	spaces.  

3.3.16 In the case of the rooms strategic for the operation of the company that are located in the roof space, in the roofs, use hydro-insulation layer (together with the drainage layer) drained to the signalisation vessel or use compact structure of the roof deck.

3.3.17 Do not design one-layer ventilated roofs (this solution is problematic and usually does not work). 


[bookmark: _Toc450636684]Design principles for flat roofs materials 

3.4.1  Hydro-insulation layer from mPVC:
-hydro insulation layer from mPVC is to be designed of the thickness of 1,5 mm
- hydro insulation layer from  mPVC has to be separated from EPS, XPS materials by the separation layer e.g. from  geo-textile of the basis weight of 300-500 g/m2
- for processing of the details for the hydro-insulation layer from mPVC, use unreinforced foil  mPVC of the minimum thickness of 1,5 mm  (min. thickness 1,8 mm where it is stretched out, e.g. near passages through roof construction etc.) and foiled sheets.   

3.4.2 Hydro insulation layer from asphalt belts:
- structure of the hydro-insulation layer depends on the type of roof, slope, type of base material underneath the hydro-insulation and on the requirements for the application parameters. 
- the asphalt belts of S type with non-absorbing supporting inlay, usually of two layers, are designed to go into the hydro-insulation layer of the roof decks. 
- in each hydro-insulation layer, it is recommended to insert  one belt with inlay of the high stronghold i.e. with the supporting inlay made of glass fabric or with the coupled supporting inlay, other belts are to have the supporting inlay with larger ductility, i.e. made of PES-mat – this applies with the exception of one-layer hydro-insulation systems where, based on the individual judgment, it is necessary to use, for this only belt, designed coupled inlay
- with the hydro-insulation layer, modified asphalt belts  have to be used
- for the glued systems, it is vital to use dilated concrete under layers (non-dilated concrete must not be used); application of the hydro-insulation layer from the asphalt belts have to be done only by means of the expansion and dilatation layer created in such a way that the bottom asphalt belt has to have special expansion and dilatation finishing of their under layer 
- with the glued systems on the polystyrene under-layers, apply the bottom asphalt belt that has expansion and dilatation finishing in a form of self-adhesive or easily melted-on points or belts  
- with the glued systems on the solid boards from mineral felt, the bottom belt is glued in the hot or cold asphalt bonding agent, ideal case is if the upper layer is from mineral fibres impregnated by asphalt 
- in case when the under layer is formed by foam glass, the bottom belt is glued in the hot asphalt bonding agent (the asphalt belt with the expansion finishing of the bottom under-layer must not be used) 
- the mutual overlaps of the asphalt belts are usually 100 mm; with the mechanical anchoring, it is requested to extend the overlap up to as much as 150 mm.
- for the mechanical anchoring, it is vital to use the asphalt  belt with the supporting inlay of the basis weight of 180 g/m2, for the one-layer system, the inlay of the basis weight of at least 250 g/m2
- for processing of the details, special, inlay-free asphalt belts (designed for this) are to be 
 
3.4.3 The anchoring elements of the roof deck of the flat roofs have to have corrosive resistance of the minimum of 12 Kesternich cycles. 

3.4.4 The thermal insulations made form the boards of the expanded foam polystyrene (EPS): 
- with the flat one-deck roofs, EPS with the volume stability with the min. basis weight of 25 kg/m3 may be used.  
- for laying of the boards from EPS, solid and flat under-lay is necessary,; on the top of this, boards are laid (being loaded by the stabilisation layer), fixed on specific points (with the anchoring system) or they are glued by means of the glues that are on the basis of polyurethane, cold or hot asphalts (they must not be dilutable with water and organic dissolvent) 

  
The thermal insulation made from the boards of the extruded (pressed) XPS): 
- use XPS with the min. volume weight 30 kg/m3
- due to rather low absorption, XPS  is used exclusively for inversion or duo roofs where XPS is placed above the hydro-insulation layer. XPS is laid on the half-grooves on the top of this and it is fixed by means   stabilization layer e.g. from the round gravel of the fraction 16-32 mm of the minimum thickness of 50 mm, between the stabilisation layer and XPS, diffusely open antiseptic geotextile (e.g. POP) 140-180 g/m3 has to be laid with the overlap of 200mm 
- another possibility is XPS part that has, on the upper layer, 10 mm of plast mortar that serves the purposes of the protection and stabilisation layer; the parts  are laid onto spline and along perimeter of the attics, roof lights and gutters, they have to be  loaded by e.g. concrete paving stones (near the gutters, the paving stones have to be laid on prick so that smooth water drainage is ensured) 


3.4.6  Thermal insulations made from solid boards made of mineral fibres: 
- for the flat one-deck roofs, use only hydrofobized boards of the whole thickness of the minimum volume weight of 120 kg/m3
- with respect to the minimum factor of diffusion resistance, the mineral fibres boards fulfil also expansion function  
- to lay the mineral fibres boards, hard under-layer is necessary; on the top of this, boards are laid (being loaded by the stabilisation layer), fixed on specific points (with the anchoring system) or they are glued by means of cold or hot asphalts  

3.4.7  Thermal insulation made from the foam glass boards: 
- the foam glass has to be glued into the asphalt bonding agent 
- for the hydro-insulation, only those asphalt belts may be used that have to be glued to the foam glass (the belts with the expansion finishing must not be used since this finishing is harmful in this case)  
- the foam glass must not be mechanically anchored to the under-layer, neither through foam glass any hydro-insulation may be anchored 

3.4.8  Moisture stop:
- the moisture stop is to be laid into the roof deck only in case of its necessity based on the thermal-technical calculation 
- optimum placing of the moisture stop is right beneath the thermal-insulation layer  
- the moisture stop must not be placed under the monolithic gravity layer 
- if the moisture stop is placed on the gravity layer, it is possible to  make use of this as temporary hydro-insulation layer drained into the bottom part of the double roof inflow; it fulfils the function up to the period of definite ending of hydro-insulation layer, the upper part of the roof inflow then has to be sealed into its bottom part by means of the sealing ring.  
- the moisture stop has to be steam-proof posted on the attic, the bottom parts of the roof inflows, passages through roof deck etc. connections of the moisture stops have to be steam-proof. 
- the asphalt belts with large diffusion resistance (e.g. with aluminium foil) or from special PET foils are used  as moisture stops 
- the method of laying (just laying, gluing, melting) depends on the structure of the roof deck 

3.4.9  Bonding agents :
- use polyurethane bonding agents for the hydro-insulation layer from mPVC 
- use asphalt bonding agents for the hydro-insulation layer from asphalt belts 

[bookmark: _Toc450636685]Prohibited technologies and material  
  
 3.5.1  It is strictly forbidden to use the following: 
- asphalt belts with absorptive inlay  
- oxidized asphalt belts for hydro-insulation layer 
- sprayed polyurethane
- silicone bonding agents
- plaster insulations 
-usage of perlite-concrete, cinder concrete, ceramsite concrete, foam concrete and gas concrete as the filling  of the steel moulded sheets with the finishing of zinc and aluminium sheets; in case of that such constructions were used, their disassembly including moulded sheets have to be taken into account (danger of corroded sheets resulting in the loss of carrying capacity) 
- usage of reinforced cellular concrete parts as the supporting roof structure their disassembly including has to be taken into account (danger of corroded  reinforcement and thus loss of carrying capacity; in the past, these structures were forbidden in former CSSR due to the roof emergencies)  

[bookmark: _Toc450636686]Structure and construction of flat roofs   

3.6.1  For all the interior and exterior thermal and humidity conditions of the environs, one-deck or tow-decks roof may be design depending on the selected materials and their structure within the frame. 

3.6.2  Specific assembly design of the structure and construction of roof depends on the calculation assessment, experimental verification or it has to be justified by the experience with the same or similar roof construction in the similar conditions of the interior or exterior environs. 
NOTE: – Form the technical point of view, the design of the structure and construction is dependant mainly on the selected roof slope, type of the supporting structure and mechanical stress of the roofs, thermo-insulation and hydro-insulation characteristics of the layers and the whole structure, mainly permeability of heat and water steam, conductivity or accumulation of humidity, order of the layers in the construction, thermal and humidity parameters of the interior and exterior environs mainly temperature and partial pressure of vapour in the environs, efficiency of ventilation of the roofs, climatic impacts of the exterior mainly rainfall and snow, other circumstances. 

[bookmark: _Toc450636687]Dilatations of flat roofs 

3.7.1 Within the construction of the roofs, dilatation layers and shrinkage joints are designed with the objective of enabling the movements of the dilatation units resulting from the change of temperature, humidity or stress and in such a way, preventing mechanical damage of the layers or the roof structures and related structures of the buildings.  

[bookmark: _Toc450636688]Occupational safety and health, fire safety, sanitary and environmental aspects 

[image: ]3.8.1  The roof has to contain fastening-safety system serving the purposes of fastening of personnel during the roof realization and maintenance. The fastening-safety system is designed by the project engineer. The technical solution of the details related to the fastening-safety system is provided by the supplier of the cladding and manufacturer of the fastening-safety systems. 

           Example ability how to grip 
           the anchorage element of safety 
           system at the roof which is from 
           profiled plate.

3.8.2  The roof is designed with respect to the safety and health, fire safety, hygienic and environmental aspects according to the valid regulations.  

3.8.3  For the terraces and roof gardens, the inflows, ventilation heads and suction piping of the air conditioning system  are designed in a way that prevents spreading of malodour to the roof area. 

3.8.4 The roof construction has to enable inspection and maintenance of the equipment serving the needs of the protection against lighting.   

3.8.5  With the hydro-insulation layer made from mPVC (or other hydro-insulation layer that represents a danger of slipping) it is necessary to design the pavements made from the non-skid belts designed for this purpose of the minimum width of 0,5 m at the places of the maintenance personnel doing their work (mainly around the roof inlets, transoms, air conditioning equipment etc.). Placing of the non-skid pavements is designed by the project designer in the flat roof project. 

3.8.6  If there is a equipment on which maintenance is being done (e.g. air conditioning unit) near the edge of the flat roof, a rail or fixing safety system for the purpose of fixing personnel when performing assembly and maintenance work. 

3.8.7  On the transoms, smoke-flue dampers and similar constructions, the measures have to be taken that would prevent forfeiture of persons from the flat roof into the interior e.g. safety net, railing or solid construction including transparent or translucent filling of the transom that does not enable forfeiture of persons. 

   
[bookmark: _Toc450636689]Sample details of the flat roofs 

3.9.1  Sample details of correct and incorrect ending of hydro-insulation made from the asphalt belts on the high wall. 

[image: Scan0011]


3.9.2  Sample detail of correct and incorrect ending of hydro-insulation made from mPVC on the high wall
[image: Scan0010]


3.9.3  Sample detail of passage through roof deck with the hydro-insulation made from mPVChydro-insulation layer (foil) laid and mechanically anchored 
separation layer (geo-fabric), if necessary
thermal insulation
moisture stop sealed onto piping 
supporting roof structure
repair ring (if burns or other defects are visible after welding)
sleeve made of unreinforced detailed foil
removal tinplate tape
bonding with polyurethane bonding agent 
piping










































3.9.4  Sample detail of the passage through roof deck with the one-layer hydro-insulation made from asphalt belts 
hydro-insulation made from asphalt belts 
thermal insulation
moisture stop sealed onto piping
supporting roof structure
sleeve made of special elastomeric asphalt belt without inlay 
sealing of the piping with special elastomeric asphalt belt without inlay
piping













































3.9.5  Sample detail of the attic with the hydro-insulation made from mPVC

hydro-insulation layer (foil) laid and mechanically anchored 
separation layer (geo-fabric), if necessary
thermal insulation
moisture stop sealed onto attic if necessary for the structure of the roof 
supporting roof structure
sheeting from the foliated sheet
anchorage angle made from the foliated sheet, anchored – max. distance 250 mm










































3.9.6  Sample detail of the attic with the one-layer hydro-insulation made from the asphalt belts 





















hydro insulation made from asphalt belts 
thermal insulation
moisture stop sealed onto the attic if it is necessary in the roof structure 
supporting roof structure
sheeting anchored on the fasteners






















3.9.7  Sample detail of the roof inlet with the hydro-insulation made form mPVC
hydro-insulation layer (foil) laid and mechanically anchored 
separation layer (geo-textile), if necessary
thermal insulation
moisture stop sealed on the bottom part of the roof inlet, if this is necessary for the roof structure
supporting roof construction
protective basket
sealing ring
bipartite heated roof inlay with the integrated sleeves for connecting hydro-insulation layer and moisture stop
downpipe 
mechanical anchoring 











































[bookmark: _Toc450636690]Works inspector duties 

3.10.1 In addition to other duties, the inspector is obliged to pay increased attention to the following: 
- observe thoroughly the designed structure of the roof deck and technological discipline during realization of the roof deck
- realization of the steam proof joints of the moisture stop, steam proof sealing of the moisture stop into the attic and all the other constructions passing through the roof deck  and fixing of the moisture stop to the bottom part of the roof inlet 
- thorough insertion of the upper part of the roof inlet through sealing  
- observation of the anchoring plan of the hydro-insulation and anchoring of the plumber elements 
- observation of the  tight laying of the thermal insulation panels; with the multi-layer insulation – bond laying  
- observation of the  technological discipline upon laying of the hydro-insulation layer according to the technological regulations of the manufacturer 

[bookmark: _Hlt443445985][bookmark: _Toc450562421][bookmark: _Toc450636691]4	Operation, maintenance and repair of flat roofs

[bookmark: _Toc450636692]Maintenance of flat roofs 

4.1.1. If the roof project does not specify otherwise, it is necessary to observe these minimum requirements of the flat roofs maintenance: 
- inspection and cleaning of the roof inlets; min. 2 times a year (after winter and before winter)
- removal of dirt on the roof deck from the slope up to the flight vegetation by means of plastic tools; minimally 2 times a year (after winter and before winter)  
- inspection of the plumbing elements in terms of their fixation and bonding; at least once a year, in case of slack mechanical anchoring or its absence, the anchoring is repaired or supplemented 
- visual inspection of corrosion of the plumbing and metal elements, at least once y year, I case of any corrosion detected, execute repair according to the Mondi SCP standards 
- inspection of the condition of the hydro-insulation surface (periodicity will be determined by the manufacturer of the hydro-insulation) 





[bookmark: _Toc450636693]Procedure upon reconstruction of flat roof 

4.2.1. Upon reconstruction of the flat roof, it is necessary to proceed in the following way.  
	- based on the inspection of roof, verification of the roof structure by means of 	the tests up to the supporting construction and their verification in the 	laboratory in terms of humidity and supplying of the characteristics of the 	interior air (θi,φi) by the investor, the expert’s  opinion is elaborated on the roof 	reconstruction. The component part of this opinion is the thermal-technical 	expertise. The expertise will determine the causes of the roof defects and 	technical proposal of the reconstruction (the expertise will be processed by the 	authorized person and the expert in the area of flat roofs) 
- based on the expert’s opinion, the realization project of the flat roof reconstruction is elaborated in accordance with Mondi SCP standards and STN
- proceed according to the procedures on the supplier selection process for reconstruction of the flat roof according to the internal guidelines of Mondi SCP (for reconstruction of the flat roofs, I suggest addressing respectable roof companies with successful realizations and  adequate technical personnel and  handicraftsmen and equipment).

[bookmark: _Toc450636694]Regulations for executing destructive tests 

4.3.1 The destruction tests must not be performed during rainy, snowy weather, melting of snow on the roofs and during any kind of weather when there is a danger of in leaks into the open flat roof.   
It is recommended that the outer temperatures during execution of tests are 5°C and more. 

4.3.2 The destruction tests have to be marked and listed into the roof section plan. The roof section plan has to include:  
- number of the building object 
- identification of the tests (e.g. alphanumeric character set) 
- marking of the roof inlets and slopes of the roof 
the number of the test depends on the division of the shape and surface of the roof, quality of the project documentation of the flat roof, date of realization of the flat roofs. This is determined by the expert providing expertise for the roof reconstruction. It cannot be clearly determine what should be the number of the test per unit of roof. In case that the first tests verify the structure of the roof deck according to the project documentation, it is necessary to execute other tests.  

4.3.3. The destruction tests will be performed up to the supporting construction of the roof deck and after sample taking, this is put into original status. Doing this, it is necessary to ensure mainly: 
- secure interrupted moisture stop in terms of steam proof by means of equivalent substitute including the steam-proof ending of connections (if the structure of the roof deck contains the moisture stop)    
- execute tight stoppage by means of equivalent thermal insulation  
- ensure water proof characteristic of the cover hydro-insulation layer with the equivalent substitute 
Shape of the destruction test is square (rectangular) or round 
It is usually not necessary to interfere with the supporting construction of the roof deck, its thickness and material can be determined from the project documentation and visual inspection. The supporting construction of the roof deck may be interfered with only upon the request of the processor of the expertise. In the description of the test’s layers, the type of the supporting roof construction and its thickness has to be specified. 
Each test protocol will include the following: 
- building object number 
- the test number 
- date of the test execution 
- description of the test with the numbering of the individual layers, name of the individual layers and dimensioning of their thickness.

 4.3.4 The samples from the individual tests are immediately laid (each layer separately) into the hermetically enclosed bags or bottles and these are delivered to laboratory. Each layer has to be marked with:   
- the number of the building object 
- the test number 
- the number of layer 
- the name of layer 
- the date of the test execution 
In the laboratory, the measurements are carried out in order to find out the data on individual layers: 
-dimensions of the layer, width, length, thickness (mm)
- weight of the sample taken (it is necessary to weight the sample together with the wrapping and the wrapping itself) 
- weight of the dried sample 
The measured data are written down in the protocol on the test taken. 

4.3.5 Sample of the protocol on the samples taken 

Building object number:      ................................
Test number:                       .................................
Date of the test execution: ..................................
Layers of the test (from the exterior up to interior):

Layer No. 1:
Layer thickness (mm).......................................................................
Dimension, e.g. width length, diameter (mm).................................. 
material.........................................................................................
Weight of the sample taken (g)......................................................
Weight of the dried sample (g)..................................................... 

Layer No.. 2:
Layer thickness (mm).......................................................................
Dimension, e.g. width length, diameter (mm)..................................
material.........................................................................................
Weight of the sample taken (g)......................................................
Weight of the dried sample (g)......................................................

Layer No. 3:
Layer thickness (mm).......................................................................
Dimension, e.g. width length, diameter (mm)..................................
material.........................................................................................
Weight of the sample taken (g)......................................................
Weight of the dried sample (g)......................................................

Layer No. 4:
Layer thickness (mm).......................................................................
Dimension, e.g. width length, diameter (mm)..................................
material.........................................................................................
Weight of the sample taken (g)......................................................
Weight of the dried sample (g)......................................................

Layer No.5:
Layer thickness (mm).......................................................................
dimensions, e.g. width x length, diameter (mm).................................. 
material.........................................................................................
weight of the sample taken (g)......................................................
weight of the dried sample (g)......................................................

The test were taken by (name, surname, signature):..........................................................................

Measurements were taken by (name, surname, signature):.................................................................
Date of measurement...............................................................................................................
[bookmark: _Toc450636695]Regulations valid for repairs and maintenance of the equipment located on flat roofs 

4.4.1 The following rules have to be observed with the repairs and maintenance of the equipment placed on the flat roofs:  
- only trained personnel and only at the presence of determined and trained building administrator have the access to the roof deck  
- for each visit, a protocol with complex description of the activities and time data on visit has to be elaborated (when did the visit take place, how long did it last, how many people participated, what did they did and what tools did they use) and the weather conditions (temperature,  cloudy, sunny etc.). 
- before the start of each work, safety measurements have to be done, all the places that are to be entered have to be  covered with rubber foil of the width of min. 1m and thickness of 8 mm. The place where the works will be carried out will be covered with the same foil up to the width of min. 2,0 m from the working place, exchanges or repairs, component parts. In case more foil belts have to be laid with the oversize of min. 100 mm
- no assembly means nor any part of the technical equipment placed on the roof deck – outside the protected area may be laid  
- after finishing with works, the protective rubber foils have to be dismantled and placed into the protected area so that these could be used fin future; damaged foils have to be replaced, it is not permitted to use damaged foils for protection of the roof deck 
- smoking is strictly prohibited during the works 
- interference into the roof is not permissible; it can be realized only after elaboration of the project and its approval by the authorised person 
- after completion of works,  a protocol is signed and visual inspection of the roof deck is performed 
- in case of any mechanical damage of the roof deck, the local repair is carried according to the technological regulations of the manufacturer of the hydro-insulation layer with the company authorised to do this 

[bookmark: _Toc450562422][bookmark: _Toc450636696]5. Literature

Literature
Fajkoš Antonín, Novotný Miloslav,-Strechy- základní konstrukce:Grada 2003
Novotný Marek,- Ploché strechy: Grada 2003
Anniversary volumes from the symposia on the topic of roofs 

Standards
STN 73 1901- Design of roofs, basic provisions 
STN 73 0540-1 through 4 Thermal-technical characteristics of the building constructions and buildings 
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