IPA 2012 - CONSTRUCTION OF CANTONAL COURT IN BIHAC
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TECHNICAL DESCRIPTION

PART I
- ARCHITECTURE & STRUCTURE
  A/
ARCHITECTURE
EXISTING STATE - LOCATION
The subject of the final design is the Cantonal Court building in Bihać. The location is situated in immediate urban area defined by the zoning plan of Bihać, within the business zone on lot k.č.br.7507 k.o. Bihać – town according to the new cadastral operator and k.č.br.1243/338 k.o. Bihać according to the old cadastral operator.  

Planned building has a floor limit of B+GF+2 (basement + ground floor + 2 floors) positioned on the lot according to the given urban-technical conditions. The terrain has a slope of approximately  25% so that the basement is level with the existing regional highway and the ground floor is accessible via a representative staircase i.e. access ramp for disabled people. 

In order to prevent the need for a big ground excavation, the building is integrated with the existing terrain longitudinally in the direction of the ground contours, with 2 vertical protruding volumes situated in the area of the first and second floor. This solution made it possible that most of the useful building space is oriented north-south, and the least towards the slope.   

Concerning parking spaces in the vicinity of the building lot, demands of the Judicial and Prosecutorial Council of Bosnia and Herzegovina that, guided by security measures, require 7 parking spaces, have been met. Beside the staircase, outside elevator for disabled people is also planned. 

DISPOSITION 
At street level a covered parking lot for the personnel is situated (court police, official court vehicles), with a total of 11 PS, as well as technical spaces in the basement, court police spaces with an internal staircase that leads to a group of rooms on the ground floor around the main courtroom with heightened control measures (group for protected witnesses, detention unit) as well as the main archive that is connected to the scriptorium on the ground floor via internal staircase. 

The main entrance – windshield with a separated two-way motion (entrance-exit) with an organized visitor control (porter and court police) as well as an aula – the central hall that the main staircase is oriented towards, a staircase with an elevator, the grand courtroom with accompanying spaces, scriptorium with accompanying spaces as well as other facilities requested on the ground floor, according to the project assignment made by the investor.  

The first floor contains offices of the judges, offices of the court president and technical secretary, as well as the medium and small courtroom, oriented in respect to the hallway that runs through the middle of the given “C” shape layout. Alongside the aforementioned spaces, the financial department, ICT services and a conference hall are all situated on the first floor.  

Offices of the judges and professional collaborators as well as a restaurant for the employees are situated on the second floor.  

Architectural shaping of the Court building is characterized by highlighting of the north and south towers as two elements that lean on “V” columns located on the entrance façade that end with asymmetric slopes bound over the central part of the building. 

Windows on the façade situated on the first and second floor are identical and distributed in a misaligned rhythm that interrupt the canvases on the west façade partitioned by slits with incorporated openings. The window rhythm on the ground floor is defined by the disposition of space on the ground floor in correlation with other openings on the building.  

Work assignment foresees the use of alternate energy sources (geothermal) if conditions allow it. Because geothermal energy can’t be used, solar collectors are installed on the roof (preparation for solar collectors) in order to determine their power and number according to the requirements of users. They are mostly used for sanitary water heating. 
BUILDING
Total height above ground level, i.e. ground floor, is approximately 12 m, while the depth of foundation structure is approximately 4 m. Underground floor is a space planned for parking and court archives. Other court spaces are must not be used for archives. 

Ground floor as well as two stories is used for court operations. As a basis for design, 
Geotechnical study of geomechanical testing of subsoil for construction of Cantonal Court building in Bihać, made by “EARTH” Ltd. Tuzla, was used. Structural calculations of the building are done for basement, ground floor, and the two floors, according to investor’s demands and the possibility of future expansion and upgrades. Base structural system is made out of a combination of RC diaphragms and a core in both directions, and the dimensions are chosen according to the Rulebook for technical normative for design of buildings in seismic regions. 
Transversal forces occur as a result of seismic activity.

Floors are rigid diaphragms in their plain. Shape and size of structural elements are chosen so that they are compliant with architectural demands; they should be of the same dimensions as much as possible to achieve uniformity and because of demands for formwork, economical impact and optimal ratio of concrete and reinforcement. 
Typical spans of RC floor slab is 6,5 m. Floors are biaxially supported. RC floor slab is concreted “in situ”, with thickness of 20 cm. Floor slabs rest on beams 40/60 cm. Columns are rectangular, 40/50 cm. Walls have a thickness of 30, 25, 20 and 15 cm. 

MATERIALS
According to conditions given in the documentation and as requested by the investor, materials and finishing covers for floors, positions of internal and external woodworks are, according to work assignment, constructive and partition elements made out of materials with low specific weight where fry installation can be utilized.
1. walls
· External walls

Giter blocks in cement mortar with 15 cm of thermal insulation from the outside on first and second story, and 10 cm on ground floor, bounded by vertical cerclages, finished using reinforced-concrete rim, according to design details.

· Internal walls

Plasterboards (double plate), water resistant in toilet locations

2. Facade finish 
· Color and finish according to design

3. all doors and windows doors and windows are aluminum, with interrupted thermal bridges, glass thermopane, profile colour compliant with designer wishes

4. roof layer are as follows:

· TPO M one layer roof membrane 
0,03 cm

· PE foil
0,02 cm


· Extruded polystyrene – XPS 30
5,00 cm

· Expanded polystyrene – EPS A120
15,00 cm

· Slope concrete
5,00-15,00 cm

· Vapor barrier 1000E
0,02 cm

· Reinforced-concrete slab 
20,00 cm

· Plasterboard carriers

· Plasterboards/modular floor
1,25 cm

5. wall finish

· In offices and hallways half-dispersive paint

· Toilets, kitchens – ceramic up to the ceiling

6. floors

· Ceramic tile in hallways, toilets, store rooms and the archive
· In offices and court rooms floors made out of beech parquet

AREA BALANCE
	1. BASEMENT


	ROOM
	AREA in m2

	
	

	NORTH STAIRCASE
	9,95

	NORTH STAIRCASE MANIPULATIVE SPACES  
	11,36

	ARCHIVE
	247,49

	ELEVATOR
	4,84

	TOILET
	5,00

	WC
	1,92

	JANITOR
	11,25

	OFFICE SUPPLY
	12,17

	OFFICE FURNITURE
	11,24

	SOUTH STAIRCASE
	11,95

	HALLWAY
	11,25

	HALLWAY
	61,79

	STORE ROOM
	10,22

	EVICENCE MATERIALS
	10,26

	BOILER ROOM WITH PELLET TANK
	49,28

	COURT POLICE
	35,42

	COURT POLICE STORE ROOM
	12,97

	ANTEROOM
	4,68

	WC
	2,08

	DETENTION UNIT x 2
	7,56

	
	

	SUM
	532,68


GROSS
    
         605,95

	2. GROUND FLOOR


	ROOM
	                AREA in m2

	
	

	NORTH STAIRCASE
	9,95

	CONNECTING ARCHIVE
	19,23

	SCRIPTORIUM
	37,50

	COUNTER HALL    
	19,31

	HEAD OF SCRIPTORIUM
	21,51

	MAIL RECEPTION
	20,06

	LAWYER OFFICES
	13,20

	AULA
	71,67

	OFFICE OF THE PROSECUTOR
	19,65

	CENTRAIL STAIRCASE
	16,45

	M TOILETS
	13,06

	F TOILETS
	11,84

	TOILETS FOR DISABLED PEOPLE
	3,17

	COURT POLICE   
	11,20

	COURT POLICE   
	10,62

	COURT POLICE   
	12,15

	SOUTH STAIRCASE
	16,53

	HALLWAY
	16,31

	HALLWAY
	11,88

	HALLWAY
	19,75

	TRANSLATORS
	4,08

	STORAGE
	3,35

	AV TECHNICIAN
	3,66

	GRAND COURTROOM  
	80,08

	PROTECTED WITNESS + PSYCHOLOGIST
	17,92

	TOILETS
	2,50

	DELIBERATIONS ROOM   
	15,40

	EXIT
	14,80

	ENTRANCE
	11,90

	COURT POLICE   
	12,97

	DOORMAN
	12,52

	
	

	SUM
	554,22


GROSS
       633,69

	3. FIRST FLOOR

	ROOM
	                                                                                      AREA in m2

	
	

	TYPIST BUREAU  
	39,16

	SMALL COURTROOM  
	36,81

	CENTRAL STAIRCASE  
	16,45

	M TOILETS   
	12,83

	F TOILETS  
	13,29

	TOILETS FOR DISABLED PEOPLE
	3,17

	KITCHENETTE  
	12,49

	ICT TECHNICIAN
	12,00

	SERVER ROOM
	8,83

	SOUTH STAIRCASE
	16,53

	HALLWAY
	15,59

	HALLWAY
	16,11

	HALLWAY
	34,20

	HALLWAY
	45,75

	FINANCIAL DEPARTMENT  
	18,20

	FINANCIAL DEPARTMENT  
	18,24

	JUDGE/TYPIST
	20,60

	JUDGE/TYPIST
	19,45

	JUDGE/TYPIST
	19,76

	JUDGE/TYPIST
	21,66

	JUDGE/TYPIST
	19,09

	JUDGE/TYPIST
	19,11

	COURTROOM
	38,97

	CONFERENCE ROOM
	59,34

	THE PRESIDENT OF THE COURT
	25,92

	SECRETARY
	14,92

	TECHNICAL SECRETARY
	11,80

	
	

	SUM
	590,27


GROSS
     744,84

	4. SECOND FLOOR


	ROOM
	AREA in m2

	
	

	TYPEWRIT BUREAU  
	29,61

	CENTRAL STAIRCASE  
	16,45

	M TOILETS   
	12,83

	F TOILETS  
	13,29

	TOILETS FOR DISABLED PEOPLE
	3,17

	KITCHENETTE  
	12,21

	SWITCHBOARD
	8,59

	CLEANING SUPPLY STORAGE
	5,77

	PHOTOCOPIER AND OFFICE SUPPLIES  
	5,70

	SOUTH STAIRCASE
	15,38

	HALLWAY
	14,76

	HALLWAY
	50,03

	HALLWAY
	33,76

	HALLWAY
	45,67

	EXPERT COLLABORATORS
	15,59

	EXPERT COLLABORATORS
	15,08

	EXPERT COLLABORATORS
	16,27

	EXPERT COLLABORATORS
	18,30

	JUDGE/TYPIST
	17,48

	JUDGE/TYPIST
	20,84

	JUDGE/TYPIST
	19,50

	JUDGE/TYPIST
	19,76

	JUDGE/TYPIST
	21,66

	JUDGE/TYPIST
	18,15

	JUDGE/TYPIST
	20,10

	JUDGE/TYPIST
	20,10

	JUDGE/TYPIST
	21,45

	JUDGE/TYPIST
	20,38

	JUDGE/TYPIST
	25,70

	JUDGE/TYPIST
	21,66

	JUDGE/TYPIST
	20,26

	JUDGE/TYPIST
	20,76

	JUDGE/TYPIST
	19,68

	SUM
	639,94










        GROSS
                  744,84
Total:

	SUM NET                                                                                                         2317,11 m2

	SUM GROSS                                                                                                    2729,32 m2


  B/
STRUCTURE
1. GENERAL

General project assignment requests making of all necessary parts of main design for the construction of Cantonal Court building in Bihać.

Designed building has an irregular shape in layout. The building has one story under ground level, a ground floor and two floors. Total building height above ground level i.e. ground floor level, is around 12m while the depth of bottom of foundation structure is 4m. Underground story is a space intended for vehicle parking and placement of court archive. Other court spaces must not be used for archive. Ground floor as well as two stories is used for court work. Dispositional solution is given by architectural phase designer and as a base for design a Geotechnical study of geomechanic examinations of foundation soil for the needs of construction of Cantonal Court building in Bihać made by “EARTH” doo, Tuzla. Structural calculations are done for the basement and three floors as requested by the investor for further expansion and upgrades. 

1.1. Structure description 

The concept for Cantonal Court building structure comes from architectural design, and meets the requirements of strength, rigidity and stability. 

Base structural system

Base structural system is made out of a combination of RC diaphragms and a core in both directions, and the dimensions are chosen according to the Rulebook for technical normative for design of buildings in seismic regions. Transversal forces occur as a result of seismic activity. Floors are rigid diaphragms in their plain. Shape and size of structural elements are chosen so that they are compliant with architectural demands; they should be of the same dimensions as much as possible to achieve uniformity and because of demands for formwork, economical impact and optimal ratio of concrete and reinforcement. 

Typical spans of RC floor slab is 6,5 m. Floors are biaxially supported. RC floor slab is concreted “in situ”, with thickness of 20 cm. Floor slabs rest on beams 40/60 cm. 

Columns are rectangular, 40 and 50 cm thick. Walls have a thickness of 30, 25, 20 and 15 cm. Indoor vertical elements are made out of MB40 B-II concrete (C 30/37), while the rest of the structure is made out of MB30 B-II concrete (C 25/30), monolithic construction. Reinforcement in all elements is BSt 500. Dimensions are chosen so that they meet the requirements of supplying enough rigidity, strength and stability of individual columns and the building as a whole. RC walls are used in RC core structure formed around vertical communication, staircase and elevator, and as such it supplies additional support capacity for the building considering transversal forces caused by seismic loads. 

According to preliminary results given in conceptual design, relevant horizontal effects are caused by seismic loads, to that wind load will only be considered for structure elements like façade. It should be noted that continuations in concreting of RC structural elements need to be done according to the rules of profession, considering location and connection details. 

The roof is made out of RC slab with the same characteristics as the floor slabs. 

Foundation structure is done as a monolithic RC slab 60cm thick, and all according to Geotechnical study of geomechanic examinations of foundation soil for the needs of construction of Cantonal Court building in Bihać made by “EARTH” doo, Tuzla. After excavation up to required level, the state of the ground needs to be determined. In case that the ground is partially compact and partially loose, a base layer with specified thickness and structure needs to be made to prevent negative effects on the foundation slab. Data is to be taken from “EARTH” doo, Tuzla. The biggest tension on foundation-ground contact is σ≈500 kN/m2‹ σdop,tla≈518. Calculated settlement according to geological study is w= 1.5 cm and the calculated settlement is negligible and significantly less that calculated w. Bed coefficient according to details given in study and based on structural calculation is k=500/0.015=33333.3 kN/m3, and a value of k=40000 kN/m3 is adopted for calculation. 

Calculations are done using licensed software packet Tower 6. During calculations and dimensioning, the software automatically calculates relevant load combinations including partial safety coefficients, depending on load type (visible on exits for chosen characteristic cross section). All positions are combined in a unified spatial model and calculated using finite element method. 

Based on calculated effects of all relevant load combinations (impact envelope) in aforementioned static system, and according to EC 2 (EC 8), the software enables dimensioning of all structural elements. Reports for all input parameters are given in the structural calculation, and the results are given for characteristic vertical and horizontal elements, given the scope of calculation.

All dimensions of structural elements are given in structure plans, and the type and quantity of required reinforcement for all positions is fiven in graphical addendums of the design. Before construction of reinforcement, the supervising body needs to approve it, and after placement in formwork with logging into the measurement book he/she needs to approve concreting and states that the reinforcement is places according to designer specifications. During excavation, care must be taken about excavation stability and if necessary, design of protection of construction pit and other spaces should be made. All eventual open questions need to be aligned with designer’s wishes by the contractor and supervising body. 

Calculation parameters

Regulations 

Generally, Eurocode (EC) will be used as a base for structural calculation. The structure is classified according to EN 1990: 2002 Table B1 as CC2 (medium danger of human life loss, medium material damage, medium social and environmental consequences) with reliability class RC2. Lifetime class is 4, with calculation lifetime of 50 years (table 2.1., EN 1990: 2002). 

Deformation control

Deformation is calculated for the combination of dead and live loads with a safety factor of 1,0. Allowed deformation for slabs and beams is assumed to be: 

Under live load, RC structures: 



ulive < 0,003lrep (lrep < 10 m), and ulive < 0,0025lrep (lrep > 10 m).



lrep is the length or the stretch, or 2x length of console. 
Roof structure under live load: ulive < 0,004lrep

Total allowed deformation for floor slabs: utotal < 0,004lrep 

Total allowed deformation for roof slab: utotal < 0,004lrep 

Lateral movement of vertical elements: 

Maximum lateral movement of the building is h/500 under effect of calculation load of wind and h/300 per story, where h is the smallest story height. 

Maximum deformation of façade columns or beams is L/200 under wind load, or less if the manufacturer of façade structure demands it. 

Fences:

Maximum deformation is L/150 under effect of qh or Fh, with L being the horizontal spacing between vertical columns, limited to 20 mm (applicable for fence and columns). 

Control of tension limitation in vertical elements according to EC 8 

According to EC 8, tension in vertical elements is limited to value of: 

0.65*fcd for columns 

0.4*fcd for walls

An analysis has shown that tension in vertical elements don’t exceed the limit values specified above.

2. TECHNICAL SOLUTIONS FOR ENSURING TECHNICAL PROPERTIES OF BUILDING – 

    IMPORTANT BUILDING DEMANDS 
2.1. Description of technical properties 
1. Reliability 
Considering chosen materials, structure type and structure construction method, it is planned that the building will keep the required characteristics during its designed lifetime, if subjected to normal use with appropriate inspections and maintenance. 

Considering the building location relative to adjacent buildings, traffic spaces, sewerage and other installations, the buildings and use of the building does not threaten the reliability of adjacent buildings, ground stability, roads etc. 

2. Mechanical resistance and stability 
Considering material choice, structure type and construction method, the building is designed so that, during construction or use, no effects are planned that could cause: 

- collapse of parts or the whole building, 

- impermissibly  deformations or damage caused by deformations, 

- damage to neighboring buildings or threatening ground stability on neighboring  ground. 

This is proven by structural calculations on parts of the buildings within the whole design, phase or for the whole structure, via control and quality assurance programs, and by using appropriate regulations during design and construction. 

3. Fire-fighting safety 
The building is designed so that it preserves the carrying capacity of structure parts during a given time. The structure itself doesn’t prevent propagation of fire and smoke to neighboring buildings. 

The carrying capacity of a structure, in case of fire during a certain time, is defined in this design as a part of fire protection measures and control and quality assurance control. Design solutions are done according to special conditions and rules of trade. 

4. Protection of human health 
Applied technical solutions in design (special drainage regime) and the purpose of the building, ensure that no risk to human health and the environment occurs. 

5. Protection of users 
Considering chosen materials and treatment of individual elements, the building is designed so that during its use with regular maintenance, no accidents happen. Positive principles of construction regulative and accompanying rulebooks were used during design. 

6. Protection from noise and vibrations 
Considering building purpose, chosen materials and structure types, no additional requests concerning prevention of spreading of noise and vibration to neighboring buildings are set.  

7. Thermal protection
Considering building purpose, chosen materials and structure types, no additional requests concerning thermal properties of the building are set. 

3. CONDITIONS FOR CONSTRUCTION PRODUCTS 

3.1.
Program of control and quality insurance for works performed 

General

Control and quality assurance program is made according to cantonal Laws on construction. All participants in construction, including the investor, designer, contractor, supervising engineer, reviser, are obligated to keep to regulation of specified law. 

The investor is obligated to:

· Ensure a permanent professional and occasional designer supervision of work. Attention is drawn to the requirement of participation of design and specialist expert supervision for concrete structure, form the aspect of security and quality,

· After construction is finished, all necessary works for technical examination and obtaining of a use permit need to be done,

· All obligations given mandated by law need to be adhered to.

The contractor is obligated by law to: 

· Perform construction according to construction permit, and documentation that preceded it (special consent),

· Perform construction according to location permit and design documentation, 

· Works are to be performed so that property requirements are met, in the form of reliability, mechanical resistance, stability, fire safety, protection of human health, protection of users from harm, protection from noise and vibrations, thermal protection and energy saving, protection from corrosion and all other functions and protection properties,

· Installation of materials, equipment and products planned in design, tested in praxis, and who’s quality is attested with manufacturer’s certificate, that proves that the quality of a certain product is in accord with valid regulation and norms,

· Provide evidence of quality of work and installed products and equipment according to design and law. 

In order to ensure correct flow and quality of construction, the contractor must possess on site the appropriate documentation for construction and perform required works according to it, as follows: 

· Construction permit and previous documentation, 

· Measurement log and measurement book, 

· Decision on appointment of responsible bodies, 

· Construction site organizations study with applied measures for work safety,

· Study of construction scaffolding installation and keeping a log of installation (if needed), 

· Perform securing of building marking, 

· Documentation of quality of work and installed material and equipment, 

· Report of concrete quality control by an appointed organization as per test program,

· Appropriate attests and certificate for all installed equipment, 

· Log on equipment installation, 

· Warranty cards,

· Instruction for operation and maintenance, 

· Results of quality testing – appropriate attests and certificates, 

· Reports of other eventual works and equipment (isolation etc.),

· Study on as-built state of building (statement of contractor and supervision), 

· All other testing and work not specified, and needed for ensuring the quality of works and installed material and equipment.  

During construction time it is necessary to keep records of performed control tests of materials that are installed in the building, and that are the subject of this program, and a report needs to be made, stating the suitability of use – installation of tested materials as described in this program or in stated norms. 

Report of suitability of materials must have the following parts: 

· Material name, lab sample label, quantity of sample, performed  tests, data on the manufacturer and investor, data concerning building for which samples are taken, i.e. testing is done, 

· Display of all laboratory (terrain) testing that a certificate (report) is given out for, i.e. a quality score according to this program and norms stated therein, 

· Quality score and opinion on suitability (usability) of material for use in building in question, and a term for which the report is valid. 

Results of all laboratory tests must be logged into the lab documentation (journal) regularly. Next to documentation that comes with product delivery, the manufacturer is obligated to add the results of current testing, that refer to delivered quantities. For materials that are subject to obligatory attesting, attest documentation is given out according to regulations. Reports i.e. testing results are given on forms that have on them a label of appointed organization, with indication of place and persons that did the testing. Reports and test results must be delivered to the supervising engineer in a timely manner.

Previous and preparation works 

Previous and preparation works include marking our of building according to design. Correct marking out is handed over to the contractor and are logged, and from that moment on, the contractor is obligated to maintain and if needed, restore them at his/her own expense. Before works start, the contractor is obligated to secure all main marking points, by position and height, and determine temporary landmarks for control of constructed buildings, location and height-wise.  

During construction, the following control is needed: 

· Permanent control of marked axis, profiles and height levels of the building, 

· Control of security of all points, 

· Control of settlement of building and its individual parts. 

Next up are works for fencing of construction site, manipulative areas and material landfills, machine and equipment storage. Securing neighboring areas and accesses during construction works, form danger of construction site and construction and other works dangerous to the environment. Fenced construction site areas, areas for material storage and areas for internal communication on the construction site must comply with work safety normative with their site, shape and protection, and must not affect work processes by lowering material and work quality. 

3.1.3.
Earth works 

Before any excavation starts, processed or vegetated areas (shrubbery or trees) need to be cleaned. Where needed, the humus layer is to be removed. All earth and similar works are to be done according to design documentation and approved changes. Excavation of construction pit is to be done according to provided drawings. Excavation sides are made with design slope. Bottom of construction pit is to be finished with required accuracy. All excavation is to be done using machines. Separation of dirt and rock material during excavation for later use is planned. For excavation of higher category mixed or rock material, vibration, pneumatic tools for excavation as well as explosives are to be used. When using explosives is planned, the contractor must make the appropriate study and after it is verified by the supervising body, excavation is done according to that study. Experts handling the explosives must correspond charge strength with the strength of material being broken and with the environment in which work is done (vicinity of buildings etc.). Mining locations must be secured in the proscribed way by using appropriate covers. 

For performing planned works, the contractor must, if needed, drain storm water from the construction pit, without additional fees. Backfilling and filling with dirt and rock materials is to be done in appropriate layers with wetting and compressing, using machines or manually, up to required compactness. For all backfilling and filling, required overshoots of neighboring areas must be done so that after a longer settlement and consolidation of embankment, a depression doesn’t form. Crushed rock and gravel to be built in must be of appropriate quality and site. It is to be built-in in designed thickness with machine or manual compressing up to required compression. 

All temporary landfills of excavation material and rock aggregate needs to be cleaned and fully brought to its original state.  

3.1.4.
Concrete, reinforced-concrete and carpentry works 

All concrete and reinforced-concrete works must be done according to valid technical regulations for concrete and reinforced concrete (BAS EN 206-1/Amd; BAS EN 206-1/A2:2007). All materials required for concreting, aggregate, cement, water and reinforcement must be of quality according to valid regulation and standards, with appropriate attests. All concrete mixtures must be done according to concrete design. 

3.1.4.1.
Aggregate for concrete

Control and aggregate quality insurance must be confirmed in three phases: 

· Manufacturing control at location of aggregate production,

· Evidential control or aggregate fraction quality attesting done by authorized organization according to instruction for obligatory attesting of rock aggregate for concrete and asphalt, 

· Production aggregate control on location of concrete production, based on article 39. of Rulebook for technical normative for concrete and reinforced concrete. 

Valid standards for aggregate: 

	BAS EN 13055-1:2006
	Lightweight aggregates - Part 1: Lightweight aggregates for concrete, mortar and grout (EN 13055-1:2002)

	BAS EN 932-1:2002
	Tests for general properties of aggregates - Part 1: Methods for sampling (EN 932-1:1996)

	BAS EN 932-3:2002
	Tests for general properties of aggregates - Part 3: Procedure and terminology for simplified petrographic description (EN 932-3:1996)

	BAS EN 932-5:2002
	Tests for general properties of aggregates - Part 5: Common equipment and calibration (EN 932-5:1999)

	BAS EN 932-6:2002
	Tests for general properties of aggregates - Part 6: Definitions of repeatability and reproducibility (EN 932-6:1999)

	BAS EN 933-1:2002
	Tests for geometrical properties of aggregates - Part 1: Determination of particle size distribution - Sieving method (EN 933-1:1997)

	BAS EN 933-2:2002
	Tests for geometrical properties of aggregates. Determination of particle size distribution. Test sieves, nominal size of aperture (EN 933-2:1999)

	BAS EN 933-3:2002
	Tests for geometrical properties of aggregates. Determination of particle shape. Flakiness index (EN 933-3:1997)

	BAS EN 933-4:2005
	Tests for geometrical properties of aggregates. Determination of particle shape. Shape index (EN 933-4:1999)

	BAS EN 933-5:2002
	Tests for geometrical properties of aggregates. Determination of percentage of crushed and broken surfaces in coarse aggregate particles (EN 933-5:1998)

	BAS EN 933-6:2002
	Tests for geometrical properties of aggregates. Assessment of surface characteristics. Flow coefficient of aggregates (EN 933-6:2001)

	BAS EN 933-7:2007
	Tests for geometrical properties of aggregates. Determination of shell content. Percentage of shells in coarse aggregates (EN 933-7:1998)



	BAS EN 933-8:2007
	Tests for geometrical properties of aggregates. Assessment of fines. Sand equivalent test (EN 933-8:1999)

	BAS EN 933-9:2007
	Tests for geometrical properties of aggregates. Assessment of fines. Methylene blue test (EN 933-9:1998)

	BAS EN 933-10:2005
	Tests for geometrical properties of aggregates. Assessment of fines. Grading of fillers (air-jet sieving) (EN 933-10:2001)

	BAS EN 1097-1:2004
	Tests for mechanical and physical properties of aggregates - Part 1: Determination of the resistance to wear (micro-Deval) (EN 1097-1:1996)

	BAS EN 1097-1/A1:2004
	Tests for mechanical and physical properties of aggregates - Part 1: Determination of the resistance to wear (micro-Deval) (EN 1097-1/A1:2003)

	BAS EN 1097-2:2007
	Tests for mechanical and physical properties of aggregates - Part 2: Methods for the determination of resistance to fragmentation (EN 1097-2:1988)

	BAS EN 1097-3:2007
	Tests for mechanical and physical properties of aggregates - Part 3: Determination of loose bulk density and voids (EN 1097-3:1988) 

	BAS EN 1097-5:2004
	Tests for mechanical and physical properties of aggregates - Part 5: Determination of the water content by drying in a ventilated oven (EN 1097-5:1999)

	BAS EN 1097-6:2004
	Tests for mechanical and physical properties of aggregates - Part 6: Determination of particle density and water absorption (EN 1097-6:2000)

	BAS EN 1097-6/AC:2004
	Tests for mechanical and physical properties of aggregates - Part 6: Determination of particle density and water absorption (EN 1097-6/AC:2002)

	BAS EN 1097-7:2004
	Tests for mechanical and physical properties of aggregates - Part 7: Determination of the particle density of filler - Pyknometer method (EN 1097-7:1999)

	BAS EN 1097-8:2004
	Tests for mechanical and physical properties of aggregates - Part 8: Determination of the polished stone value (EN 1098-8:1999) 

	BAS EN 1097-10:2004
	Tests for mechanical and physical properties of aggregates - Part 10: Determination of water suction height (EN 1097-10:2002)

	BAS EN 1367-5:2005
	Tests for thermal and weathering properties of aggregates - Part 5: Determination of resistance to thermal shock (EN 1367-5:2002)

	BAS EN 1744-1:2007
	Tests for chemical properties of aggregates - Part 1: Chemical analysis (EN 1744-1:1998)

	BAS EN 1744-3:2006
	Tests for chemical properties of aggregates - Part 3: Preparation of eluates by leaching of aggregates (EN 1744-3:2002) 

	BAS EN 206-1:2002
	Concrete - Part 1: Specification, performance, production and conformity (EN 206-1:2000)


3.1.4.2   Cement

Cement control is done in the central concrete plant (concrete factory), in the concrete plant of facility for prefabricated concrete elements and in the concrete plant on the construction site according to BAS EN 206-1 norm and norm to which that norm points. 

For concrete production, only cement with characteristics determined by regulation in appropriate standards, previously proven, can be used. Previous testing and evidence of suitability of cement for concreting works is done by an organization appointed for cement attesting. Previous quality control evidence must be acquired for every kind and class of cement, where cement type implies cement of appropriate label and from a certain manufacturer. Only the use of cement of previously proven quality can be agreed upon. 

3.1.4.3.
Water for concrete production 

Water used for preparation of concrete must meet the conditions established in valid standards, as follows:

· Ph from 4.5 to 9.5,

· Chloride (Cl), sulfate (SO4,2-), sulfide (S2-), nitrate (NO3-), phosphate (P2O5) and bicarbonate (NaHCO3) under allowed quantities, 

· Less than allowed quantities of evaporation residue, insoluble salts and organic matter (expressed with use of potassium permanganate). 

As an exception from this condition, drinking water can be used without proof of suitability for concrete production. Industrial waste water and swamp water that contain substances that could have a bad effect on cement binding and concrete hardening, as a rule needs to be considered unusable and use of this water should be avoided. If they are proven to be usable for concrete production, they have to be regularly controlled according to valid standards. 

Drinking water used for concrete production based on performed tests must be controlled at least once in three months. 

When using chlorinated drinking water, it should be noted that the total quantity of chlorine ions in reinforced concrete is limited to 0,4 % of cement mass, so if there is real danger that the proscribed quantity is exceeded, quantity of chlorine must be controlled even in drinking water.

Concrete – characteristics, method of transport and placement 
3.2.1. Concrete with proscribed composition (as well as normalized proscribed composition) 
Concrete with proscribed composition can be prepared according to composition determined without previous testing if it contains at least the minimum cement content. This concrete is made only for strength class up to C16/20.

	Concrete compression strength class 
	Minimum cement content (kg/m3) type CEM I or CEM II, strength class 32,5 

	C8/10
	220

	C12/15
	260

	C16/20
	300


3.2.2. Concrete design

For designed concrete, compression strength class must be specified, as a characteristic value of 95% probability with compatibility criteria according to BAS EN 206-1 norm. 

Concrete must be prepared based on previous compositions (recipes) that were verified with calculations and experiments. Work on concrete design is done in one of the authorized laboratories and checked in concrete plant conditions. Concrete quality control is comprised of production control and control of compliance with conditions of structural design and concrete design.

If not otherwise planned in structural design (with frequent sample taking), other tests need to be performed regularly: 

· Compression strength after 3 or 7 days according to concrete design program, and the compression strength after 90 days on samples that must be taken at least with every third sample for proving concrete class,

· Water-proofing tests at least for every 600 m3 of placed concrete,

· Frost resistance for these elements that are subject to frost effects in humid conditions at least for every 600 m3 of placed concrete, and for other elements for every 1000 m3. 

Samples for these tests, if it is planned by design, can be taken at location of concrete production. Control of concrete transport is comprised of measuring homogeneity, consistency and temperature of fresh concrete when it leaves the concrete mixer and after transport, as well as if transport was done according to these conditions. In case that these checks show inadmissible deviations, measures must be taken for their removal, including replacement of defect equipment. 

3.2.2.1 Placement and compression

· Concrete needs to be placed and compressed shat all reinforcement and placed elements are well surrounded with concrete, and a protection layer needs to be achieved, within the prescribed tolerance so that concrete achieves required strength and durability. Special care must be given to placement and compression of concrete in places of cross-section changes, narrowing of cross-section, next to openings, in places with dense reinforcement and concreting breaks.

· Vibration, except if otherwise conditioned in design, as a rule, must be done by immersed vibrators. Concrete need to be placed as close as possible to its final position in the structural element: concrete must be forcefully moved trough formwork and reinforcement by vibrating. 

· Normal thickness of a layer shouldn’t be bigger than the height of immersed vibrator. Vibrating should be done by systematic vertical immersion of vibrator so that the area of the lower layer is re-vibrated. In case of thicker layers, re-vibration of surface layer is recommended in order to avoid plastic settlement of concrete under upper reinforcement bars. 

· Vibrating using surface vibrators needs to be done systematically while trapped air is freed from concrete. Excessive surface vibration that weakens the quality of surface layer of concrete should be avoided. When only surface vibration is used, thickness of layer after vibration usually shouldn’t exceed 100 mm, except if previous experiments prove different. Additional vibration of surface area next to support is useful. 

· The speed of placement and compacting of concrete should be big enough to avoid cold connection and low enough to avoid excessive settlement or overload of formwork and scaffolding. Cold connection can form during concreting if concrete of placed layer bonds before placement of the next layer. Additional requirements for procedure and speed of concrete placement can be required in case of special requirements for surface treatment. 

· Segregation of concrete needs to be brought to minimum.

· During placement and compression, concrete needs to be protected from insulation, strong wind, freezing, waiter, rain and snow.

· Subsequent addition of water, cement, surface hardeners or similar materials is not allowed.  

3.2.2.2. Nurture and protection 

Concrete in early stage needs to be protected: 
· That shrinking is brought to a minimum, 

· That required surface strength is achieved, 

· That required durability of surface area is secured from freezing, 

· From harmful vibrations, impact or other damage. 

The following procedures of nurture applied separately or in succession are appropriate: 

· Keeping concrete in formwork, 

· Covering of concrete surface using vapor tight foils, specially strengthened and secured on connections and ends, 

· Covering with wet materials and protecting them from drying, 

· Keeping concrete surfaces visibly wet by appropriate wetting, 

· Using protection coating of determined usability (confirmed with a certificate o technical permission). 

Nurture procedures need to ensure low evaporation of moisture from surface layer of concrete or keep the area constantly wet. Natural nurture is allowed if conditions during the whole period in during which nurture is necessary are such that the speed of evaporation of vapor from concrete is low enough, like in humid, rainy or foggy weather. Nurturing of concrete surface needs to start without delay after compression and surface treatment. If the free surface of concrete needs to be protected from cracking caused by plastic shrinkage, temporary nurture needs to be used even before surface treatment. 

Duration of used nurture need to be a function of development of concrete characteristics in surface area depending on ratio of:

· Strength and concrete maturity, 

· Released heat and total heat released in adiabatic conditions. 

Concrete used in structure exposure conditions defined in chapter 3.a needs to be nurture until the surface area of concrete reaches at least 50 % of conditioned compression strength. This condition, given by time, can be controlled from experience using data given in table: “Minimum time of concrete nurture for concrete exposure class other than X0 and XC1”

Table 3:   Minimum time of concrete nurture for concrete exposure class other than X0 and XC1

	Surface temperature of concrete, °C
	Minimum time of concrete nurture, days1) 2)

	
	Development of concrete strength4) fcm2 / fcm28

	
	fast, r> 0,50
	medium, r = 0,30
	slow, r = 0,15
	Very slow,

	r<0,15 

T>25 

25>T> 15 15>T>10 10>T>53)
	1,0

1,0

2,0 

3,0
	1,5

 2,0 

 4,0 

              6,0
	 2,0

 3,0

             7,0

 10,0
	3,0
5,0

       10,0

15,0

	1) adding all bonding time above 5 hours 

2) linear interpolation between values in rows is possible 

3) for temperatures under 5°C duration needs to be prolonged for a period equal to time below 5°C 

4) development of concrete strength is a ration between medium concrete compression strength  after 2 days and medium concrete compression strength after 28 days 


If heat development is used for measurement of development of concrete characteristics, ratio of heat and corresponding strength needs to be previously determined or approved by appointed institution. 

More precise determinations of concrete characteristics development must be based on one of the following procedures: 

· Calculation of maturity from measuring of temperature at depth no more than 10 mm in concrete under the surface, 

· Calculation of maturity from measuring of average daily air temperature, 

· Heating temperature,

· Other appropriate procedures. 

Calculation of concrete maturity should be based on appropriate maturity function, proven for cement type or combination of cement and used mineral additive.

Usage of protection coatings isn’t allowed on construction connections, on surfaces that will be additionally treated or areas where connection with other materials needs to be ensured, except if they are previously completely removed before the next operation or if it is proven that they have no harmful effects on the next operation.

If design specifications emphasize them being allowed, protection coatings must not be must not be used on surfaces with conditioned special surface appearance. 

Concrete surface temperature must not fall under 0°C until concrete surface reaches enough strength to resist freezing (above 5 N/mm2). 

The highest temperature of concrete must not exceed 65°C. 

Possible negative effects of high temperature of concrete during nurturing include:

· Significant strength decrease, 

· Significant porosity increase, 

· Prolonged ettringite formation,

· Increase in temperature difference of concreted and previous element. 

3.2.2.3  Activities after concreting 

After removal of formwork, the supervising engineer needs to carry out the control of concrete surface according to conditioned supervision class, and confirm the compliance with demands. 

During placement, the surface of concrete needs to be protected against damage and disruption of surface texture.

According to conditions of construction and exploitation of structure, requirement for concrete tests on the building (characteristic, frequency and compliance criteria) need to be determined by building design and work quality control plan. 

3.2.2.4. Construction connections
Connection parts of any type need to ne undamaged, exactly placed and correctly constructed so that they ensure efficient structure behavior. 

3.2.2.5. Geometry tolerances 

Constructed structure dimensions need to be inside the largest allowed deviation to avoid harmful effects on: 

· Mechanical resistance and stability in temporary and later state of use, 

· Behavior during building usage, 

· Compatibility of placement and construction of structure and nonstructural parts. 

Incidental small deviation from reference values that don’t have a significant impact on behavior of built structure can be ignored. 

Given tolerances, nominated as nominal tolerances, comply with design assumptions, ENV 1992 and requested safety level.

Requirements in this chapter deal with complete structure. In case of individual parts, every control of those parts must respect conditions of final control of built structure. 

If a geometric deviation is covered by different requests (pre-conditioned), stricter condition is used. 

Cross - sections
Cross-section dimensions, concrete protection layer and reinforcement position must not deviate from given values for more than shown in the following table. 

table 4 - tolerance
	N°
	Type of deviation
	Description
	Allowed deviation

	A
	Cross-section dimensions
	
	+ 10 mm

	B
	Position of regular reinforcement in the cross-section
	For all value of h:
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	Δ(minus)
	- 10 mm

	
	
	and positive for
	

	
	
	h< 150 mm
	+ 10 mm

	
	
	h = 400 mm
	+ 15 mm

	
	
	h > 2500 mm
	+ 20 mm

	
	
	With linear interpolation of intermediate values
	

	
	
	
	

	
	
	
	

	cmin = requested minimum concrete protection layer 

	cn   = nominal protection layer = c + IΔ(minus)I                                                        

	C = real protection layer

	Δ = allowed deviation from cn

	H = cross-section height

	    Condition: c + Δ(plus)  > cn  - I Δ(minus) I

	Allowed positive deviation of protection layer in foundation and foundation elements can be increased for 15 mm. Given negative deviation can’t be increased.

	C
	Flap layer
	l flap length
	-0,06 l

	D
	Verticality of cross-section
	a – cross-section dimension length 
	no more than 0,04 a or 10 mm

	E 
	Flatness
	
	

	
	Surface in formwork or smoothed surface

Surfaces not in framework:

· Global

· local
	L = 2,0 m

L = 0,2 m

L  2,0 m

L = 0,2 m 
	9 mm

4 mm

15 mm

6 mm

	F
	Cross-section slanting 
	Not larger than h/25 or b/25 but no more than 30 mm

	G
	Edge flatness 
	For length 

> =  1 m

> 1 m
	8 mm

8 mm / m but no more than 20 mm

	H
	Openings 
	Δ 1 ; Δ 2 ; Δ 3 ; 
	+ - 25 mm


Norms and standards related to concrete:

	BAS EN 206-1:2002
	Concrete - Part 1: Specification, performance, production and conformity (EN 206-1:2000)

	BAS EN 206-1/Amd 1:2006
	Concrete - Part 1: Specification, performance, production and conformity – Amended A2(EN 206-1:2000/A1 1:2004)

	BAS EN 206-1/A2:2007 
	Concrete - Part 1: Specification, performance, production and conformity – Amended A2 (EN 206-1:2000/A2:2005 ITD)

	BAS EN 12350-1:2003
	Testing fresh concrete - Part 1: Sampling (EN 12350-1:1999)

	BAS EN 12350-2:2003
	Testing fresh concrete - Part 2: Slump-test slijeganja (EN 12350-2:1999)

	BAS EN 12350-3:2003
	Testing fresh concrete - Part 3: Vebe test (EN 12350-3:1999)

	BAS EN 12350-4:2003
	Testing fresh concrete - Part 4: Degree of compactability (EN 12350-4:1999)

	BAS EN 12350-5:2003
	Testing fresh concrete - Part 5: Flow table test (EN 12350-5:1999)

	BAS EN 12350-6:2003
	Testing fresh concrete - Part 6: Density (EN 12350-6:1999)

	BAS EN 12390-1:2003
	Testing hardened concrete - Part 1: Shape, dimensions and other requirements for specimens and moulds (EN 12390-1:2000)

	BAS EN 12390-2:2003
	Testing hardened concrete - Part 2: Making and curing specimens for strength tests (EN 12390-2:2000)

	BAS EN 12390-3:2003
	Testing hardened concrete - Part 3: Compressive strength of test specimens (EN 12390-3:2001)

	BAS EN 12390-6:2003
	Testing hardened concrete - Part 6: Tensile splitting strength of test specimens (EN 12390-6:2000)

	BAS EN 12390-7:2007
	Testing hardened concrete - Part 7: Density of hardened concrete (EN 12390-7:2000)

	BAS EN 12390-8:2007
	Testing hardened concrete - Part 8: Depth of penetration of water under pressure (EN 12390-8:2000)

	BAS CEN/TS 12390-9 : 2007 
	Testing hardened concrete - Part 9: Freeze-thaw resistance - Scaling (CEN/TS 12390-9:2006 ITD)

	BAS EN 480-11:2007
	Admixtures for concrete, mortar and grout - Test methods - Part 11: Determination of air void characteristics in hardened concrete (EN 480-11:2005)

	BAS EN12504-1:2004
	Testing concrete in structures - Part 1: Cored specimens - Taking, examining and testing in compression (EN12504-1:2004)

	BAS EN 12504-2:2004
	Testing concrete in structures - Part 2: Non-destructive testing - Determination of rebound number (EN 12504-2:2000)

	BAS EN 12504-4:2005
	Testing concrete - Part 4: Determination of ultrasonic pulse velocity (EN 12504-4:2004)

	BAS EN 1992-1-1:2006
	Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for buildings (EN 1992-1-1:2004)


Testing of properties of chemical additives for concrete is done, depending on additive type, according to norm series BAS EN 480, series BAS EN 12350, series BAS EN 12390 and norms to which mentioned norms point to. 

Testing of properties of mineral additives for concrete is done, depending on additive type, according to norm series BAS EN 933, series BAS EN 1367, BAS EN 451 and norms BAS ISO 9286, BAS ISO 10694, BAS EN ISO 11885, BAS EN 1015-3, BAS EN 12878, and accepted  technical rules that don’t contradict the aforementioned norms. 

Testing of properties of injection mass additives is done according to norms BAS EN 480-6, BAS EN 480-8, BAS EN 480-10, BAS EN 445, and accepted  technical rules that don’t contradict the aforementioned norms.

Samples for testing of chemical additives for concrete and injection mass are taken according to norm BAS EN 934-6.

Samples for testing of mineral additives for concrete are taken according to appropriate norms for a certain kind of mineral additive. 

Chemical additives for concrete and additives for injection mass are tested on reference concrete mixes and injection mass according to norms BAS EN 480-1 and norm series BAS EN 934.

3.2.2.6. Hardened concrete quality control

This control consists of proving the quality of produced concrete using concrete bodies, who’s production, nurture and testing is done in laboratory conditions. Concrete quality control consists of determining its compression strength and water tightness. For all mention tests, volumetric mass must be determined by measuring concrete bodies. For control of concrete compression strength, during control of concrete production, concrete bodies must be made according to regulation for concrete and reinforced concrete and the testing results are to be processed according to standard. 

Sample taking, preparation of test samples and testing of fresh concrete characteristics is done according to norm series BAS EN 12350, and testing of hardened concrete characteristics is done according to norm series BAS EN 12390. 

Sample taking, preparation of test samples and testing of resistance of concrete to freezing is done according to accepted technical Rulebooks (JUS U.M1.016), and testing of resistance of concrete to freezing and thawing salts is done according to norm BAS CEN/TS 12390-9.

When the concrete plant is located on the construction site, beside procedures in A.3.1. and A.3.2., during sample taking and confirming concrete compatibility, in construction site documentation and other testing documentation it is obligatory to log the label of individual elements of the concrete structure, as well as the place in the concrete structure where concrete from which sample from A.3.1. and A.3.2. is taken from, is built into. 

3.3. 
Reinforcement steel

If there are no factory testing results that must refer to production batch from which the accepted reinforcement steel shipment is made, the contractor must perform by-group steel control tests before steel placement. 

Technical properties of reinforcement must meet general and special conditions important for end purpose and depending on steel type must be specified according to accepted technical regulations until whole norm series are passed, EN 10080, EN 10138. 

Proving the usability of reinforcement made according to concrete structure design is done according to that design and regulation in this Addendum, and includes requirements for:

a) control of production and testing of reinforcement done by the contractor,

b) supervision of production 

Taking of samples, preparation of testing samples and testing of reinforcement steel i.e. pre-stressing steel characteristics, is done according to accepted technical regulations until whole norm series are passed, EN 10080 and EN 10138, according to norm series BAS EN ISO 15630, according to norm BAS EN 10002-1:2002 and norms that those norms point to.

If reinforcement is a assembly of reinforcement steel and other steel products (steel sheeting, steel profiles, steel pipe etc.) taking of samples and preparation of testing samples for mechanical tests of those steel products is done according to norm BAS EN ISO 377.

Testing of reinforcement made i.e. produced from pre-stressing steel and/or reinforcement steel is done by appropriate use of norms.

Reinforcement made according to concrete structure design can be placed in the concrete structure if the compatibility of steel, welding, mechanical connections, clamps, pre-stressing pipes and injection mass is confirmed or tested as determined in this Enclosure.  

Reinforcement made according to technical specification with compatibility confirmed in a way determined by this Enclosure, can be placed into the concrete structure if it fulfills design requests of this concrete structure. 

Before placement of reinforcement, certain supervision works are done, specified by accepted technical regulations. 

Most important norms for reinforcement, reinforcement steel and pre-stressing steel:

	BAS EN 10080:2007
	Steel for the reinforcement of concrete - Weldable reinforcing steel - General (EN 10080:1998)

	 BAS EN 10020:2001
	Definition and classification of grades of steel (EN 10020:2000)

	 BAS EN 10025-1:2005
	Hot rolled products of structural steels - Part 1: General technical delivery conditions (EN 10025-1:2004)

	BAS EN 10027-1 :2007
	Designation systems for steels - Part 1: Steel names (EN 10027-1:2005)

	BAS EN 10027-2 : 2001
	Designation systems for steels - Part 2: Numerical system (EN 10027-2:1992)

	BAS EN 10079:2005
	Definition of steel products (EN 10079:1992)

	BAS EN 10204:2005 
	Metallic products - Types of inspection documents (EN 10204:2004) 

	BAS EN 523:2007
	Steel strip sheaths for prestressing tendons - Terminology, requirements and conformity (EN 523:2003)

	BAS EN 287-1:2006
	Qualification test of welders - Fusion welding - Part 1: Steels (EN 287-1:2004+AC:2004)

	BAS EN 287-1/A2:2007
	Qualification test of welders - Fusion welding - Part 1: Steels – Amended A2 (EN 287-1:2004/A2:2006)

	BAS EN 719:1999
	Welding coordination - Tasks and responsibilities (EN 719:1994)

	BAS EN ISO 3834-3:2007
	Quality requirements for fusion welding of metallic materials - Part 3: Standard quality requirements (EN ISO 3834-3:2005)

	BAS EN ISO 4063:2000
	Welding and allied processes - Nomenclature of processes and reference Numbers (EN ISO 4063:1998) 

	BAS EN 446:2002
	Grout for prestressing tendons - Grouting procedures ( EN 446:1996)

	BAS EN 447:2002
	Grout for prestressing tendons - Basic requirements (EN 447:1996) 

	BAS EN ISO 377 :2004
	Steel and steel products - Location and preparation of samples and test pieces for mechanical testing (EN ISO 377:1997 IDT*ISO 377:1997)

	BAS EN 10002-1:2002
	Metallic materials - Tensile testing - Part 1: Method of test at ambient temperature (EN 10002-1:2001)

	BAS EN ISO 15630-1:2002
	Steel for the reinforcement and prestressing of concrete - Test methods - Part 1: Reinforcing bars, wire rod and wire (EN ISO 15630-1:2002)

	BAS EN ISO 15630-2:2002
	Steel for the reinforcement and prestressing of concrete - Test methods - Part 2: Welded fabric (EN ISO 15630-2:2002)

	BAS EN ISO 15630-3:2003
	Steel for the reinforcement and prestressing of concrete - Test methods - Part 3: Prestressing steel (EN ISO 15630-3:2002)

	BAS EN 524-1:2002
	Steel strip sheaths for prestressing tendons - Test methods - Part 1: Determination of shape and dimensions (EN 524-1:1997)

	BAS EN 524-2:2002
	Steel strip sheaths for prestressing tendons - Test methods - Part 2: Determination of flexural behavior (EN 524-2:1997)

	BAS EN 524-3:2002
	Steel strip sheaths for prestressing tendons - Test methods - Part 3: To-and-fro bending test (EN 524-3:1997)

	BAS EN 524-4:2002
	Steel strip sheaths for prestressing tendons - Test methods - Part 4: Determination of lateral load resistance (EN 524-4:1997)

	BAS EN 524-5:2002
	Steel strip sheaths for prestressing tendons - Test methods - Part 5: Determination of tensile load resistance (EN 524-5:1997)

	BAS EN 524-6:2002
	Steel strip sheaths for prestressing tendons - Test methods - Part 6: Determination of leak tightness (determination of water loss) (EN 524-6:1997)

	BAS EN 445:2002
	Grout for prestressing tendons - Test methods (EN 445:1996) 

	BAS EN 1992-1-1:2006
	Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for buildings (EN 1992-1-1:2004)

	BAS EN 1992-1-2:2006
	Eurocode 2: Design of concrete structures - Part 1-2: General rules - Structural fire design (1992-1-2:2004)


3.4. Scaffolding

Scaffolding design must take into account the deformations during and after concreting to avoid harmful cracks in young concrete. That can be achieved:

· by limiting deflection/settling,

· control of concreting and/or by specifying concreting, like slowing down placement.

3.5. Formwork

For construction of almost all concrete and reinforced-concrete elements, timely construction, placement and strengthening of appropriate wood, metal or similar formwork is required. Formwork must match the measures in construction drawings, details and formwork plans. Supporting and bracing of formwork must ensure its stability and sturdiness under load of placed mix. Internal surfaces must be flat and smooth, no matter if they are vertical, horizontal or sloped.

Placed formwork must be easily and simply disassembled, without hitting and using additional tools and devices that would put the “young” structure to harmful vibrations. If, after removing of formwork, it is determined that the newly made structure has dimensions and shape that does not match the design, the contractor is obligated to take it down and make it again according to design. Before fresh concrete mix is places in the formwork, and if it is made out of wood, it needs to be wetted, and if it is made out of metal, it needs to be coated by appropriate coating. 

The contractor can’t start concreting until the supervising engineer performs a check of placed formwork and gives his written approval.

Formwork needs to ensure the required shape of concrete element until it hardens.

Formwork and connection between elements need to be water-proof enough to prevent loss of concrete milk.

Formworks that has absorbed a significant quantity of water from concrete or that prevents evaporation, needs to be wetted to prevent loss of water from concrete, unless it is intended for that purpose, with control. 

Inside surface of formwork must be clean. If it is used for visible concrete, its finish must ensure a smooth concrete surface.

3.5.1. Special formwork

During construction using sliding formwork, design of such a system must take formwork material into account and ensure control of work geometry.

Appropriate guides or spacers of formwork and reinforcement must be used to ensure the requested protection layer of concrete, in tune with tolerances defined in these technical conditions.

3.5.2. Surface finish

Special surface finish of concrete, if requested, needs to be determined by design specifications. 

For acceptance of requested quality of concrete surface finish, trial concrete panels can be demanded.

Type and quality of surface finish depends on formwork type, concrete (aggregate, cement, chemical and mineral additives), construction and protection during construction. 

3.5.3. Formwork inserts and support 
Temporary formwork support, rods, pipes and similar elements that will be concreted in assembly being constructed and placed elements like plates, anchors and spacers need to:

· Be sturdily fixed so that they keep their designed placement during concreting, 

· Not cause unacceptable effects on the structure, 

· Not reacts harmfully with concrete, reinforcement or pre-stressed steel,

· Not cause unacceptable surface finish of concrete.

All installed part needs to have sufficient strength and rigidity to keep its shape during concreting. It must not contain materials that can harmfully effect them, the concrete or the reinforcement. 

Recesses or openings for temporary works need to be filled and finished using material with quality similar to surrounding concrete, except in case where they remain open or have a different finish planned.

3.5.4. Dismantling of scaffolding and formwork removal  

Scaffolding and formwork must not be removed before concrete reaches appropriate strength:

· Resistant to surface damage caused by formwork removal,

· Sufficient for enduring all loads on concrete element in that moment,

· To avoid deformations larger that specified tolerances of elastic or inelastic behavior of concrete. 

Removal of formwork must be done so that the structure is not overloaded or damaged.

Laden scaffolding needs to be released gradually so that other elements on the scaffolding are not overloaded. Stability of scaffolding and formwork needs to be kept during release and removal of load.

Support or release procedures, when used for reduction of impact of initial load, successive load and/or avoidance of large deformations need to be determined in detail.

3.6. Valid standards for masonry works 
BAS EN 771-1:2005 
Specification for masonry units - Part 1: Clay masonry units (EN 771-1:2003)

BAS EN 771-2:2003 
Specification for masonry units - Part 2: Calcium silicate masonry units (EN 771-2:2003)

BAS EN 771-3:2004 
Specification for masonry units - Part 3: Aggregate concrete masonry units (Dense and 


light-weight aggregates) (EN 771-3:2003)

BAS EN 771-4:2004 
Specification for masonry units - Part 4: Autoclaved aerated concrete masonry units (EN 


771-4:2003)

BAS EN 771-5:2004 
Specification for masonry units - Part 5: Manufactured stone masonry units (EN 771-


5:2003)

BAS EN 12859:2002 
Gypsum blocks -Definitions, requirements and test methods (EN 12859:2001)

BAS EN 998-2:2007 
Specification for mortar for masonry - Part -2: Masonry mortar (EN 998-2:2003) 

BAS EN 13501-1:2004  
Fire classification of construction products and building elements - Part 1: Classification 


using test data from reaction to fire tests (EN 13501-1:2002)

4.  SUPERVISION

Inspection and supervision need to ensure that works are finished according to these Technical conditions and requires in design specifications. 

Supervision in this context means verification (confirmation) of compliance of characteristics of product and material that will be used, and supervisions of works being performed.

4.1. Supervision of materials and products
What supervision of material and products will be used can be seen in the following table. 

Table 5: Demands for supervision of materials and products
	OBJECT
	SUPERVISION TYPE

	Formwork material
	Visual supervision

	Reinforcement steel
	According to ENV 10080 and designer requirements3' 

	Fresh concrete produced in factory or on construction site 
	According to EN 206-1, and according to these technical conditions. Delivery note needs to be given out when accepting concrete. 

	 Other materials2'
	According to design specifications and  norms

	Precast elements 
	According to design specifications 3)

	Supervision report 
	Required

	1) Components produced on site are considered as components produced using “fresh concrete, factory or made on site”, except if they aren’t made according to norm. 
2) Like elements of installed steel, masonry etc. 

3) Products with confirmation of compliance of a third person need to be visually inspected and the delivery note should be checked. 

In case of doubt, further checks of compliance with delivery notes should be done. Other products need to be checked and tested according to design specifications.                 


4.2. Supervision of works
Supervision of works that needs to be carried out is shown in the following table. 
Table 6:  Supervision
	OBJECT
	SUPERVISION TYPE

	Forms, formwork and scaffolding 
	Main forms and formwork need to be checked before concreting 

	Regular reinforcement
	Main reinforcement needs to be checked before concreting

	Installed elements
	According to design specification and these technical conditions 

	Masonry
	According to design specification and these technical conditions

	Steel structure
	According to design and construction specification and these technical conditions 

	Precast elements
	According to construction specification 

	Transport and placement of concrete on site 
	According to these technical conditions

	Finish works and nurture of concrete 
	According to these technical conditions

	Geometry
	According to design specification

	Supervision documentation
	As requested in these conditions


4.3. Supervision before concreting
Before concreting, supervision must include:

· Formwork geometry,

· Stability of formwork, scaffolding and their footing,

· Impermeability of formwork,

· Removal of filth (like dust, snow and/or ice and wire remains) form concreting areas,

· Preparation of faces of construction connections,

· Removal of water from bottom of formwork, unless concreting is done under water,

· Preparation of formwork surface,

· Openings in formwork.

4.4. Supervision after concreting
Structural connections should be checked and it should be confirmed that the overlapping (continuous) reinforcement is in design position.

If dilatation strip is planned by design, its position should be checked.

4.5. Supervision of reinforcement

4.5.1. Supervision before concreting
Supervision needs to confirm the following, according to appropriate supervision class and before concreting:

· Reinforcement shown in drawings is installed and placed according to drawings in design position

· Protection layer according to these conditions and design specifications,

· Reinforcement not polluted by oil, fat, paint or other harmful materials,

· Reinforcement properly fixed and secured from displacement during concreting, 

· Spacing before reinforcement bars is big enough for placement and compaction of concrete,

· Placed reinforcement followed with appropriate confirmation of suitability with characteristics as given in EN 10080.

If reinforcement delivered to bending facility or on building doesn’t have appropriate confirmations of suitability with requested characteristic, those characteristics should be confirmed by the user by testing appropriate number of samples of delivered profiles. 

4.5.2. Supervision after concreting
Structural connections should be checked and it should be confirmed that the overlapping (continuous) reinforcement is in design position.

4.5.3. Supervision of concreting procedure

Supervision and testing of concreting procedure needs to be planned, performed and documented according to the following table.

Table  7:   Planning, supervision and documenting 
	OBJECT
	SUPERVISION TYPE

	Supervision planning
	Supervision plan, procedures and instructions according to specifications
Activities in case of inconsistency

	Supervision
	Basic and periodic detailed supervision

	Documentation
	All documents of planning, reports of all supervision 

Report of all inconsistency and repair measures 


Supervision plan needs to identify all supervision, observation and testing required for quality proofing. 

Best supervision is continuous supervision of compliance. 
4.6. Measures in case of inconsistency  

When supervision reveals inconsistencies, it is obligated to take appropriate measures that will ensure conditioned stability and safety of structure and satisfy planned purpose. 

When inconsistency is confirmed, the following needs to be investigated:

· Effect of inconsistency on construction and use,

· Measures required to make the inconsistent element or structure part acceptable,

· Need for banning and exchange of irreparable element or structure part.

Size of inconsistency of demanded concrete characteristics is determined by additional testing of these characteristic on concrete samples taken from structural elements according to valid norms. According to decisions of the supervising engineer, testing is done by appropriate authorized institution. 

Inconsistency of compression strength (achieved and demanded class) of concrete is solved by additional tests of concrete samples taken from building part where the concrete in question is placed.

Testing needs to be performed and compression strength of concrete needs to be determined for concrete strength during testing and approximate strength it had when it was 28 days old. The first serves for control of stability and safety of the structural element in question, and the second is used for regulation of agreed upon relations between manufacturer and buyer of concrete.

If the irregularities and inconsistencies are negligible for construction and use, the element needs to be accepted. If the inconsistency can be repaired, the element should be accepted after repair.

Evaluation of compliance of element after repair should be done by the supervising engineer and authorized institution that determined the site of the inconsistency and demanded repair.

Fixing of inconsistency must be according to design specifications and these technical conditions. 

Documentation of procedure and material to be used need to be approved by the supervising engineer before repair. 

5. DESIGN BUILDING WORKING LIFE  

5.1.  General notes for design of structures with respect to achieving working life time 

According to ENV 1991-1 depending on structure type, there are four categories with different calculation working life, according to the following table:

Table 1. Indicative design working life (according to ENV 1991-1)

	Category
	Indicative design working life (years)
	Examples

	1
	1-5
	Temporary structures

	2
	25
	Replaceable structural parts, e.g. gantry girders, bearings

	3
	50
	Building structures and other common structures

	4
	100
	Monumental building structures, bridges, and other civil engineering structures


According to this norm, structure of building: BUSSINESS BUILDING that is the object of this design, can be placed in the third category, meaning that design working life for this structure is:

	50 years


This value, accepted for working life, presents a starting point that defines concrete requirements, work requirements and building maintenance. 

According to Eurocode 1, Part 1 and Eurocode 2, for making of a durable concrete structure, the followings, mutually dependant factors need to be considered:

· Building purpose (now and in the future),

· Required characteristics/behavior of structure,

· Expected environmental conditions and their effects,

· Composition, characteristic and behavior of materials,

· Shape of structural elements, design of details,

· Quality of construction and scope of supervision,

· Particular protection measures,

· Maintenance during planned working life.

General provisions given in the norm ensure a satisfactory working life, with an assumption that in the early phases of design, requirements for usage and durability were considered.  

Considering actions that affect durability, Eurocode 2 usually considers four main degradation mechanisms: 

· Corrosion of reinforcement,

· Alkaline-aggregate reaction,

· Chemical actions,

· Freezing/thawing. 

The first degradation mechanism attacks and damages the reinforcement, and as a result of that, cracking and breaking of concrete occurs. Other three degradation mechanisms directly impact concrete destruction. All mentioned degradation mechanisms require water. Since water is necessary for the hydration process, it is always present in certain quantity. Speed of degradation progression decreases if concrete is dry. 

Since water has a negative and destructive effect on concrete structures, basic rules of correct design of structures considering effects of water can be summed up as follows:

· Water is to be removed from structure as soon as possible,

· Prevent penetration of water into the structure,

· General drainage and protection should be appropriately done,

· Ensure water-proofing of concrete. 

Destructive salts, and especially chlorides, that come in contact with concrete structure, are shown to be the most devastating aggressive substances considering constituents of reinforced concrete. 

It is apparent that the durability depends on choice of appropriate concrete mixture, with defined requirements for concrete strength and thickness of reinforcement protection layer, depending on environmental conditions in which the structure is situated. If conditions given in this norm are met, it is considered that the building will reach its design working life. 

5.2.  Definition of concrete mixture and characteristics 

· Structure exposure analysis 

Table 2.  Exposure classes related to environmental conditions (according to Eurocode 2)

	Exposure class
	Examples for environmental conditions

	1 Dry environment
	- inside of residential or office buildings1)

	2 Wet environment
	a) no freezing
	- inside of buildings with high humidity – outdoor elements – elements in harmless  ground and/or water 

	
	b) with freezing
	- outdoor elements exposed to freezing – elements in harmful ground and/or water exposed to freezing – indoor elements in high humidity exposed to freezing 

	3  Wet environment with freezing and effect of de-icing agent 
	- indoor and outdoor elements exposed to freezing and de-icing agents

	4 Sea environment
	a) no freezing
	- elements exposed to splashes of water or submerged in sea – elements in air saturated with salt (near or on the coast)

	
	b) with freezing
	- elements exposed to splashes of water or submerged in sea – elements in air saturated with salt and subject to frost

	These classes can exist on their own or be in combination with above mentioned classes:

	5 Chemically harmful environment2)
	a)
	- slightly aggressive chemical environment (gas, liquid or solid state) – harmful industry atmosphere 

	
	b)
	- moderately aggressive chemical environment (gas, liquid or solid state)

	5 Chemically harmful environment2)
	c)
	- highly aggressive chemical environment (gas, liquid or solid state)

	1) This exposure class is valid only if the building or its part aren’t exposed to worse conditions for a longer time during construction.  
2) Chemically aggressive environment is classified in ISO DP 9690. The following exposure classes can also be adopted: Exposure class 5a: ISO - classification A1G, A1L, A1S Exposure class 5b: ISO - classification A2G, A2L, A2S Exposure class 5c: ISO - classification A3G, A3L, A3S


Depending on exposure class Eurocode 2 defines the thickness of protection layer as follows: 

Table 3:  Minimum thickness of protection layer for regular concrete (Eurocode 2)
	
	Exposure class (according to Eurocode 2)

	
	1
	2a
	2b
	3
	4a
	4b
	5a
	5b
	5c 4)

	Minimum protection layer [mm]
2) 3)

	Reinforcement steel
	15
	20
	25
	40
	40
	40
	25
	30
	40

	
	Pre-stressing steel
	25
	30
	35
	50
	50
	50
	35
	40
	50


According to this, RC structure must be classified in exposure class 2a defined as: 

	1 Dry environment
	- inside of residential or office buildings1)


and:
	2 Wet environment
	b) with freezing
	- outdoor elements exposed to freezing – elements in harmless ground and/or water exposed to freezing – indoor elements in high humidity exposed to freezing


Thickness of protection layer for specified exposure class of structure:

	d =2,5 cm for all structural elements

d =3,0 cm for outdoor reinforcement of external walls 25 cm

d =3,0 cm for foundation slab with protection layer of concrete min 5 cm


Design durability entails defining and construction of concrete elements of appropriate resistance.

According to new European norms, design of durability is done as a function of aforementioned exposure classes, and basically consists of fulfilling three demands that refer to:

· Maximum water/cement ratio,

· Minimum cement content,

· Minimum steel strength class.

Table 4.  Exposure classes (according to EN 206-1)

Informative examples where exposure classes may occur 

	

	1 No risk of corrosion or attack

	X0
	For concrete without reinforcement or 

XO embedded metal: all exposures except where there is freeze/thaw, abrasion or chemical attack 

For concrete with reinforcement or embedded metal: very dry
	 Concrete inside buildings with very low air humidity

	2 Corrosion induced by carbonation

	XC1
	Dry or permanently wet
	Concrete inside buildings with low air humidity 

Concrete permanently submerged in water

	XC2
	Wet, rarely dry
	Concrete surfaces subject to long-term water 

contact 

Many foundations

	XC3
	Moderate humidity
	Concrete inside buildings with moderate or high air 

humidity 

External concrete sheltered from rain

	XC4
	Cyclic wet and dry
	Concrete surfaces subject to water contact, not 

within exposure class XC2

	3 Corrosion induced by chlorides

	XD1
	Moderate humidity
	Concrete surfaces exposed to airborne chlorides

	XD2
	Wet, rarely dry
	Swimming pools 

Concrete components exposed to industrial waters 

containing chlorides


Car park slabs 

	


4 Corrosion induced by chlorides from sea water 

	


Structures near to or on the coast 

	

	XS2
	Permanently submerged
	Parts of marine structures

	XS3
	Tidal, splash and spray zones
	Parts of marine structures

	5 . Freeze/Thaw Attack


Vertical concrete surfaces exposed to rain and freezing 

	

	XF2
	Moderate water saturation, with de-icing agent
	Vertical concrete surfaces of road structures exposed to freezing and airborne de-icing agents


Horizontal concrete surfaces exposed to rain and freezing 

	

	XF4
	High water saturation with de-icing agents or sea water
	Road and bridge decks exposed to de-icing agents

Concrete surfaces exposed to direct spray containing de-icing agents and freezing 

Splash zone of marine structures exposed to freezing

	6 Chemical corrosion
Applicable on chemical actions from natural soil and underground water. Classification of sea water depends on geographic location so classification relevant to location where concrete is used should be implemented. The norm gives special specification of chemical aggression of natural soil and underground water. If  actions in question are outside of this specification, other aggressive chemicals, chemically polluted underground water, high water flow speeds combined with specified chemicals, a special study may be needed to determine appropriate exposure class. 

	XA1
	Slightly aggressive chemical environment
	Natural soils and ground water

	XA2
	Moderately aggressive chemical environment
	Natural soils and ground water

	XA3
	Highly aggressive chemical environment
	Natural soils and ground water


According to the previous table, building structure should be classified in the following exposure class: 

	XC1
	Dry or permanently wet
	Concrete inside buildings with low air humidity. Concrete permanently submerged in water

	XC2
	Wet, rarely dry
	Concrete surfaces subject to long-term water 

Contact. Many foundations

	
	
	


5.2.1. Recommended limit values of concrete composition and characteristics 
Table 5.  Recommended limit values of concrete composition and characteristics 

(according to EN 206-1)

	Exposure classes
	Recommended limit values

	Class
	Actions
	Max
v/c
	Min cement
[kg/m3]
	Strength class

	X0
	
	No risk
	No demands
	No demands
	C12/15

	XC

	1
	Carbonation (H2O, CO2)
	Dry or in water
	0,65
	260
	C20/25

	
	2
	
	Humidity (constant)
	0,60
	280
	C25/30

	
	3
	
	Average humidity
	0,55
	280
	C30/37

	
	4
	
	Wetting/drying
	0,50
	300
	C30/37

	XD
	1
	Chlorides not from sea (H2O, Cl)
	Average humidity
	0,55
	300
	C30/37

	
	2
	
	Humidity (constant)
	0,55
	300
	C30/37

	
	3
	
	Wetting/drying
	0,45
	320
	C35/45

	XS
	1
	Chlorides from sea (H2O, Cl)
	No contact with water
	0,50
	300
	C30/37

	
	2
	
	In water
	0,45
	320
	C35/45

	
	3
	
	ebb and flow,  splashing
	0,45
	340
	C35/45

	XF1)
	1
	Freezing-thawing / + salt
	Moderate water saturation
	0,55
	300
	C30/37

	
	22
	
	Moderate water saturation + salt
	0,55
	300
	C25/30

	
	32
	
	High water saturation
	0,50
	320
	C30/37

	
	42
	
	High water saturation + salt
	0,45
	340
	C30/37

	XA
	1
	Chemical actions
	Slightly harmful
	0,55
	300
	C30/37

	
	23
	
	Moderately harmful
	0,50
	320
	C30/37

	
	33
	
	Very harmful
	0,45
	360
	C35/45

	1) Aggregate to be used should be chosen based on EN 12620:2000 with required freezing resistance.
2) Recommended air quantity is minimally 4,0%. When concrete is not aerated, concrete behavior needs to be tested using appropriate method compared with concrete for which freezing resistance for a given exposure class is proven.  
3) Use sulfate-resistant cement. When SO42 leads to exposure class XA2 and XA3, sulfate-resistant cement should be used. When cement is classified according to sulfate resistance, medium or high sulfate resistant cement should be used in exposure class XA2 (and XA1 when applicable), and high sulfate resistant cement should be used in exposure class XA 3. 


5.2.2. Adopted composition and characteristics of concrete 
According to aforementioned recommendations for construction of structure of residential and business buildings and buildings of similar purpose, concrete with following characteristics is adopted:

	
	Thickness of protection layer d [cm ]


	Maximum content of chloride ions 
	Max
v/c
	Min cement
[kg/m3]
	Min strength class

	Unreinforced and weakly reinforced foundation and floor slabs 
	5,0
	0,2% of cement mass
	-
	-
	16/20 


Technical conditions for characteristics of designed concrete: 

	Purpose
	Lean concrete
	Foundation slab
	Columns and beams
	Slabs, all other RC elements

	Compression strength class
	C12/15
	C30/37
	C30/37
	C25/30

	Exposure class
	XC0
	XC2
	XC1
	XC1

	Consistency of settlement during placement 
	S2
	S3
	S3
	S3

	max. aggregate grain (mm)
	32
	32
	16
	16

	min. workability time (min.)
	90
	90
	90
	90

	Water impermeability
	-
	<2
	-
	-


6. DESIGN LOADS

POS. 000

DEAD LOAD

GARAGE

- SCREED d=12cm...................................................2.40 kN/m2
- FLOOR.....................................................................0.10 kN/m2
- ISOLATION.............................................................0.15 kN/m2
                                         

 g=2.65 kN/m2 + self weight 

ARCHIVE


- SCREED d=6cm....................................................1.20 kN/m2
- FLOOR.....................................................................0.30 kN/m2
- PARTITIONS..........................................................0.50 kN/m2
- ISOLATION.............................................................0.15 kN/m2
                                         

 g=2.15 kN/m2 + self weight

POS. 100

DEAD LOAD

INDOOR PART

- SCREED d=6cm..................................................1.20 kN/m2
- FLOOR - CERAMIC...........................................0.30 kN/m2
- PARTITIONS.......................................................0.50 kN/m2
- ISOLATION..........................................................0.15 kN/m2
- SUSPENDED CEILING.......................................0.20 kN/m2
                                         

g=2.35 kN/m2 + self weight

PART OF SLAB WHERE GARDEN IS LOCATED

- ISOLATION..........................................................0.50 kN/m2
- EARTH LAYER d=70 cm...............................15.00 kN/m2
                                       

  g=15.50 kN/m2 + self weight

OUTDOOR PART

- CONCRETE SLAB d=5cm................................1.00 kN/m2
- SCREED d=3cm..................................................0.60 kN/m2
- LEAN CONCRETE 10 cm..................................2.40 kN/m2
- ISOLATION..........................................................0.20 kN/m2
                                        

 g=3.20 kN/m2 + self weight

POS. 200, POS.300, 

DEAD LOAD

- SCREED d=6cm..................................................1.20 kN/m2
- FLOOR - CERAMIC...........................................0.30 kN/m2
- PARTITIONS.......................................................0.50 kN/m2
- ISOLATION..........................................................0.15 kN/m2
- SUSPENDED CEILING.......................................0.20 kN/m2
                                       

g=2.30 kN/m2 + self weight 

POS. 400 

DEAD LOAD

- LEAN CONCRETE 12 cm...................................2.90 kN/m2
- CONCRETE SLAB d=5cm.................................1.00 kN/m2
- SCREED d=6 cm.................................................1.20 kN/m2
- ISOLATION...........................................................0.15 kN/m2
- SUSPENDED CEILING........................................0.20 kN/m2
                                        

g=5.45 kN/m2 + self weight 

STAIRCASE
DEAD LOAD

- STAIRS 0.5x0.16x25...................................2.00 kN/m2
- ROCK COATING 5 cm ...............................1.00 kN/m2
                                      

 g=3.00 kN/m2 + self weight

6.3. Live load <EN 1991-1-1:2002>

Live load is classified as imposed loads and free actions, and it is caused by use of structure. Characteristic values of this load type are given depending on structure purpose. 

	A
	Residential areas, hospital wards, hotel rooms

	B
	  Office areas

	C
	Areas where people may congregate 

(5 sub-classes based on likely crowd density)

	D
	Shopping areas

	E
	Areas for storage 


Table 2.3 Space class in buildings 
	Load
	qk [kN/m2]
	Qk [kN]

	A - general
	2,0
	2,0

	- stairways
	3,0
	2,0

	- balcony 
	4,0
	2,0

	B
	3,0
	2,0

	 C
  - C1
	3,0
	4,0

	- C2
	4,0
	4,0

	- C3
	5,0
	4,0

	- C4
	5,0
	7,0

	- C5
	5,0
	4,0

	D
- D1
	5,0
	4,0

	- D2
	5,0
	7,0

	  E
	6,0
	7,0


Table 2.4. Traffic and parking areas in buildings 
[image: image2.png]Table 6.7 - Traffic and parking areas in buildings

Categories of traffic areas Specific Use Examples
F Traffic and parking areas for | garages;
light vehicles (< 30 kN gross | parking areas, parking halls
vehicle weight and <8 seats
not including driver)
G “Traffic and parking arcas for

medium vehicles (>30 kN, <
160 kN gross vehicle weight,
on 2 axles)

access routes; delivery
zones; zones accessible to
fire engines (< 160 kN gross
vehicle weight)

NOTE 1 Access 10 areas designed to category F should be Iimited by physical means builtinto the structure.





Imposed loads on structure observed in this design are:

· Office spaces:


p= 3,00 kN/m2 (class B – office spaces)

· Stairways, balconies:                
p= 3,00 kN/m2 (class A – stairways)

· residential spaces: 

p= 2,00 kN/m2 (class A – residential areas)

· Impassable roof:           

p= 0,50 kN/m2 (class H, with temporary access) 

· Storage spaces:
             p= 6,00 kN/m2 (class E, storage spaces) 

6.4. Earthquake

Seismic calculation is done using software package Tower by using FEM method on a 3D model of the building structure on which dynamic analysis has been performed. Dynamic analysis determines building oscillation tones, eigen frequencies and oscillation periods. Dynamic analysis results are used for seismic calculation of structure. Based on given parameters, the program calculates horizontal seismic forces later used as load on structure in center of gravity of masses calculated as part of the dynamic analysis. Calculation is done once more, this time with given horizontal forces, and then, for a particular seismic combination of loads, relevant forces are obtained. 

Building oscillation period for 10 oscillation modes is obtained when performing modal analysis.

Factors of earthquake direction:  

kx = 1,0

ky=0,3

kz=0,0

kx = 0,3

ky=1,0

kz=0,0

kxy= 0,49

ky=0,91
kz=0,0

kz = 0,30

ky=0,3

kz=1,0

Seismic calculation is done according to the following input parameters: 

	Description
	Value

	- ground category (table 3.1)
	B

	- ground acceleration
	ag=0,1g

	- importance factor (telecommunication building of vital significance) 
	II

	- behavior factor q (frame system, medium ductility M)
	3,90


q= qoxkdxkrxkw = 3,0 x1,3 x 1,0 x 1,0 = 3,90  ( (u/(1 = 1,30 for multiple story frames) 

6.5.  Wind load 

According to preliminary results given in conceptual design, relevant horizontal loads are caused by seismic activity, so that wind loads will be taken into account only for structure elements like façade.

 6.6. Snow

Snow load is classified as imposed free load. Snow load is calculated based on characteristic loads sk, that corresponds to uniform snow that has fallen during calm weather conditions on flat ground. This value is adjusted depending on shape of roof and effect of wind on snow distribution.

Snow load on roof is determined:
s = μ i ~ Ce ~ Ct ~ s k
(2.3)

	where:

-
sk :

-
ěi : - - Ce :

-
Ct :
	Characteristic value of snow load on ground (kN/m2) 

Coefficient of shape of snow load

Exposure coefficient, usually has a value of 1,0 
Thermal coefficient, usually has a value of 1,0


Snow load acts vertically and relates to the horizontal projection of roof area and the snow that has fallen naturally.¸¸
Snow load depends on geographic location and altitude of location being considered. Considering location of building, the following snow load is adopted:

Sk=1,50 kN/m²

7.  FIRE SAFETY

General

Concrete structure needs to withstand fire for at least 90 minutes. Main reinforcement needs to withstand fire for at least 90 minutes, and secondary reinforcement for at least 60 minutes. Steel structure usually has resistance of 20 minutes when additional measures aren’t taken into account. These measures consist of coating the structure with isolation material, willing of water or concrete in hollow profiles or using fire resistant paint. The last method can ensure fire resistance of up to 230 min. Generally, use of sprinkler installations lowers demands. For roof structure, there is generally no demand for fire resistance.

Dimensions or reinforced concrete elements and using appropriate protection layers ensure required fire resistance. 

Data given in tables based on ENV 1992-1-2 are used in case where more accurate procedures for calculation of structure affected by fire load. Tables are made based on experience and theoretical evaluation of experiments.

Because of that, this data is derived based on approximate assumptions that are on the safe side for regular structural elements. In-depth table data can be found in norms for particular types of concrete structures.

Values given in tables are related to standard concrete (see ENV 1992-1-1, item 3.1.2.1).

Minimum beam and slab cross-section or minimum axial spacing “a” can be reduced for [10%] if lime aggregate is used.

Data given in tables takes into account the request for preventing explosive breaking off for all exposure classes in Table 4.1. in ENV 199-1-1 (see item 4.1. (2)P to (4)), so additional checks aren’t needed.

If not specified otherwise, when using table data, no  further checks of bearing capacity for transversal forces and torsion moment (4.5) as well as details of anchorage (4.6.) are needed. 

When using table data, protective coatings can be taken into account. 

Symbols used in the tables are defined in Figure 4.1.
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Figure 4.1 Sections through structural members, showing nominal axis distance “a” and load bearing protection layer “c”
7.2. Columns

Fire resistance of reinforced concrete columns is acceptable if data given in Table 4.1. is used.

Exposure of columns

Table 4.1 Minimum measures and axial spacing for reinforced concrete columns with rectangular and circular cross-section 

	Standard fire

resistance
	Minimum dimensions (mm)

Column width "b" / axial spacing "a"

	
	Column subjected to fire from more than one side 
	Exposed on one side

	
	(fi = 0,2
	(fi = 0,5
	(fi = 0,7
	(fi = 0,7

	1
	2
	3
	4
	5

	R 30

R 60

R 90

R 120

R 180

R 240
	150/10*

150/10*

180/10*

200/40

240/50

300/50
	150/10*

180/10*

210/10*

250/40

320/50

400/50
	150/10*

200/10*

240/35

280/40

360/50

450/50
	100/10*

120/10*

140/10*

160/45

200/60

300/60

	Usually, protection layer based on ENV 1992-1-1 is applicable


7.3. Load bearing solid concrete walls 

Adequate fire resistance of load-bearing reinforced concrete walls may be assumed if the data given in Table 4.3 and the following rules are applied.

If excessive elongation of tensioned element effects load bearing capacity of structure, steel temperature needs to be lowered to 400°C in the tensioned element. In those cases, axial distances from Table 4.4 must be increased for 10 mm. For evaluation of elongation decrease, refer to appropriate documents. 

Cross section of elements under tension must not be less than 2 b2min, where bmin is the smallest width of element given in Table 4.4. 

Table 4.3 Minimum dimensions and axis distances for load .. bearing concrete walls


Wall thickness/axis distance for 

	
	

	
	(f = 0,35
	(f = 0,7

	
	wall exposed on one side
	wall exposed on two sides
	wall exposed on one side
	wall exposed on two sides

	1
	2
	3
	4
	5

	REI 30

REI 60

REI 90

REI 120

REI 180

REI 240
	100/10*

110/10*

120/20*

150/25

180/45

230/60
	120/10*

120/10*

140/10*

160/25

200/45

250/60
	120/10*

130/10*

140/25

160/35

210/55

270/70
	120/10*

140/10*

17025

220/35

300/55

360/70


*  Normally the cover required by ENV 1992-1-1 will control. 

	


Note: All values in columns 2 to 5 in Table 4.3. are approximately given.   
7.4. Beams

General

Sufficient fire resistance of reinforced and pre-stressed concrete beams is achieved if data in Table 4.5 to 4.7 and the followings rules are used:

Table data refers to beams that can be exposed to fire from three side, i.e. their upper side is protected with slabs or other elements that have the role of isolation during the whole fire period. For beams exposed to fire from all sides, see item 4.2.6.4. 

Values in tables relate to cross-sections given in Figure 4.4. Rules (5) to (8) ensure appropriate dimensions of cross section for protection of reinforcement. 
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       a)  consistent width  
                  b) variable width                           c) I - section

Figure 4.4. Definition of dimensions for different types of beam section

For beams with variable width (Figure 4.4. b), the minimum value b relates to the centroid of the tensile reinforcement. 

The effective height deff of the bottom flange of I-shaped beams (Figure 4.4. c) should not be less than:

deff = d1 + 0,5 d2  (  bmin   







    (4.8)


where bmin is the minimum value of beam width according to Table 4.5.
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This rule does not apply if an imaginary cross section ((c) in Figure 5.5) which fulfils the minimum requirements with regard to fire resistance and which includes the whole reinforcement can be drawn inside the actual cross section. 

(a): Imaginary cross section

Figure 4.5. I-shaped beam with increasing web width bw satisfying the requirements of an 

imaginary cross-section.
Where the actual width of the bottom flange b exceeds the limit 1,4 bw, (bw denotes the actual width of web, see Figure 4.4. c), and b·deff < 2b2 min the axis distance to the reinforcing or prestressing steel should be increased to: 
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   (4.9)

where:

deff
is given by Expression (4.8)

bmin
is the minimum beam width given in Table4.5

For flanges with b > 3,5 bw item 4.2.6.4. is valid. 

Holes through the webs of beams do not affect the fire resistance provided that the remaining cross-sectional area of the member in the tensile zone is not less than Ac = 2b2min where bmin is given by Table 4.5.

Temperature concentrations occur at the bottom corners of beams. For this reason the axis distance asd to the side of beam for corner bar (tendon or wire) in the bottom of beams with only one layer of reinforcement, should be increased by 10 mm for widths of beam up to that given in column 4 of Table 4.5 for simply supported beams, and Column 3 of Table 4.6 for continuous beams, for the relevant standard fire resistance.

Table 4.5 provides minimum values of axis distance to the soffit and sides of simply supported beams together with minimum values of the width of beam, for standard fire resistances of R 30 to R 240, 

Table 4.5 Minimum dimensions and axis distances for simply supported beams made with reinforced and prestressed concrete


Minimum dimensions (mm) 

	
	

	
	Possible combinations of "a" and bmin , where "a" is the average axis distance and bmin is the width of beam
	Web thickness bw

	1
	2
	3
	4
	5
	6

	R 30

R 60

R 90

R 120

R 180

R 240


	bmin =  80

a     =  25

bmin= 120

a    =   40

bmin= 150

a    =  55

bmin= 200

a    =  65

bmin =240

a    =  80

bmin =280

a    =  90
	120

15*

160

35

200

45

240

55

300

70

350

80
	160

10 *

200

30

250

40

300

50

400

65

500

75
	200

10*

300

25

400

35

500

45

600

60

500

70
	80

100

100

120

140

160

	asd = a + 10 mm (see note below)
	
	


*)    Normally the cover required by EN 1992-1-1 will control. 

	


Note: All values in columns 2 to 6 in Table 4.5 are approximately given.   
7.5. Simply supported solid slabs

Table 4.8 provides minimum values of axis distance to the soffit of simply supported slabs for standard fire resistances of R 30 to R 240. 

In two-way spanning slabs a denotes the axis distance of the reinforcen1ent in the lower layer

Tablica 4.8 Minimum dimensions and axis distances for reinforced and prestressed concrete simply supported one-way and two-way solid slabs


Minimum dimensions (mm) 

	
	

	
	
	                                        axis-distance a

	
	Slab thickness hs               (mm)
	one way
	two way

   (y /(x ( 1,5               1,5 ( (y / (x ( 2

	1
	2
	3
	4
	5

	REI 30

REI 60

REI 90

REI 120

REI 180

REI 240
	60

80

100

120

150

175
	10 *

20

30

40

55

65
	10 *

10 *

15

20

30

40
	10 *

15 *

20

25

40

50


For prestressed slabs the increase of axis distance according to 4.2.2. (4) should be noted. 


*) Normally the cover required by EN 1992-1-1 will control. 

	


Note: All values in columns 2 to 5 in Table 4.8 are approximately given.   
PART II
- ELECTRICAL INSTALLATIONS
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During production of technical documentation, the following laws, regulations, norms and standards were used:

         1  Law on validation of regulation with legislative power ( Sl. list  SR BiH  no.13/ 94 )

         2  Law on standardization BiH ( Sl. Glasnik BiH no. 19/ 2001 )

         3  Law on safety at work ( Sl.list SR BiH no. 22/90, 16/92 and 13/94 )

         4. Law on Protection from Fire and on Fire Fighting Activity (Sl. novine F BiH 64/09 )         

         5. Law on spatial planning (  Sl. List SR BiH no. 02/2006 )

         6. Law on spatial planning and construction ( Sl. glasnik U-S canton no. 10/2011 )

         7. Rulebook for technical norms for electrical installations with low voltage (Sl. list SFRJ 

  no. 53/88 and 54/88 )

         8.  Rulebook of technical normative for static electricity protection (Sl. list SFRJ no. 62/73)

         9. Technical regulation of  Lighting Conductors Rulebook (Sl. list SFRJ no. 13/68)

       10.  Rulebook of general measures of work safety for civil engineering structures designed 


  for work and auxiliary rooms (Sl. list SR BiH no. 5/88)

       11. Rulebook for Safety at Work when using Electrical Energy (Sl. list SRBiH no.34/88)     

       12. Rulebook for general conditions of electrical energy delivery (Sl. list FBiH no. 35/99) 

       13. Rulebook for technical normative for leaving of aboveground electric power lines and 


  telecommunication cable lines (Sl. list SFRJ no. 36/86)

       14. Handbook for technical and contractual conditions for design and construction work 

        (RABIC, Sarajevo 1999.)

       15.  Standard branches „N“ – electrical engineering 

                - main group – N.A – base and general standards in electrical engineering

                - main group – N.B – manufacture, delivery and distribution of electrical energy 

                - main group – N.C – electrical conductors 

                - main group – N.E – electrical installation material

                - main group – N.K – activation devices

                - main group – N.L – light bulbs and lamps

                - main group – N.M – el. products for use in household, trade and agriculture 

                - main group – N.N – electronics and telecommunications

                - main group – N.S – special el. machines, devices and apparatus for industry and 


       medical purposes 

       16. Law on explosive materials, flammable liquids and gasses trafficking 

            (Sl.list SR BiH no. 38/ 89 and 36/90)

       17. Rulebook for construction of fuel supply for vehicles and of fuel storage and decanting

  (Sl.list SFRJ no. 27/71 and 29/71)

       18. Rulebook for construction od flammable liquids plants and storage and flammable 

  liquids storage and decanting (Sl.list SFRJ no. 27/71 and 29/71)

       19. Rulebook for electrical facilities on aboveground spaces in danger of explosive mixes 

  (Sl.list no. 18/67 and 28/70)

       20. Technical recommendations from JP ELEKTROPRIVREDA BiH
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        2. 1   GENERAL

This design contains electrical installations of lighting and sockets, grounding installation and lighting rod, telephone and computer installations, fire alert installation, video surveillance of the building CANTONAL COURT IN BIHAĆ.

Complete electrical installation is designed according to technical regulation, rules of the profession and work assignment given by the investor. 

        2.2   MAIN DISTRIBUTION

Supply of the building will be done using a power station, located in the vicinity of the building, using a cable PP00 type, with a cross section of 4x120 mm2 leading to the main distribution cabinet (MDC) for the whole building, and the power station type and location will be determined by the investor in agreement with the power company. 

Building power supply cables are laid down in a trench with dimensions of 800x600 mm, with PE (PEHD) pipes Φ 100 mm that are laid down first and cables are inserted into them afterwards. 

Fifth wire (installation grounding) needs to be brought to the foundation grounding, on single-potential bus in MDC, and perform the separation of null and protection conductor. From that place, these conductors must be separated in the complete installation. 

Main distribution cabinet MDC+DC-GF is installed on the ground floor of the building and is separated in sections:

· network distribution towards distribution cabinets – boards, 

· generator distribution towards distribution cabinets – boards, 

· distribution of UPS towards distribution cabinets – boards, 

· distribution cabinet for a part of ground floor (DC-GF and DC-GF2)

During equipment placement, care must be taken of valid regulations for installations that are installed in the vicinity i.e. in shared spaces. 

Basic power supply data for this building are:

1. NETWORK

· Installed power........................  
Pi
=
261,75   kW

· Simultaneity factor...................  
fi      
= 
0,4

· Peak load...............................  
Pv 
=  
104,70   kW

· Voltage...................................  
Un  
=   
3x230/400  V

· Power factor............................
cosf  
=      
0,95
· Expected power....................... 
Iv        
=      
168,15  A
2. GENERATOR

· Installed power........................  
Pi
=
204,20   kW

· Simultaneity factor...................  
fi      
= 
0,4

· Peak load...............................  
Pv 
=  
81,68   kW

· Voltage...................................  
Un  
=   
3x230/400  V

· Power factor............................
cosf  
=      
0,95
· Expected power....................... 
Iv        
=      
131,18  A
    3. USP

· Installed power........................  
Pi
=
38,70   kW

· Simultaneity factor...................  
fi      
= 
0,4

· Peak load...............................  
Pv 
=  
15,48   kW

· Voltage...................................  
Un  
=   
3x230/400  V

· Power factor............................
cosf  
=      
0,95
· Expected power....................... 
Iv        
=      
24,86  A
TOTAL 

· Installed power........................  
Pi
=
465,95   kW

· Simultaneity factor...................  
fi      
= 
0,35

· Peak load...............................  
Pv 
=  
163,08   kW

· Voltage...................................  
Un  
=   
3x230/400  V

· Power factor............................
cosf  
=      
0,95
· Expected power....................... 
Iv        
=      
261,91  A
Main distribution cabinet of the building, MDC, located in the basement, is supplied using cable type NYY; cross-section 4x120 mm2 with its own or distribution power station TS 10(20) / 0,4 kV, and cable type NYY; cross-section 4x120 mm2 from the generator and cable type NYY; cross-section 5x16 mm2 from the central UPS. The cabinet is wall mounted, containing main automated switch for network part, generator part and part supplied by UPS, as well as fuse-separator, automated single-pole and triple-pole fuse for consumer protection.

From the main distribution cabinet, cables are laid in the area of cable canals up to distribution cabinets and boards: from ground floor to floor, then over perforated cable canals to the cabinet-board on that story. 

From the main distribution cabinet – MDC, following cabinets are supplied:

· Distribution cabinet for the basement, DC-B, located in the basement, supplied by cable type NYY; cross-section 5x16 mm2 for network and cross-section 5x16 mm2 for generator supply, and cross-section 5x4 mm2 for UPS supply. Cabinet is wall mounted, containing main automated switch, and automated single-pole and triple-pole fuse for consumer protection, as well as cathodic overvoltage surge,

· Distribution cabinet for the basement, DC-GF, located on the ground floor, supplied by cable type NYY; cross-section 5x25 mm2 for network and cross-section 5x25 mm2 for generator supply, and cross-section 5x6 mm2 for UPS supply. Cabinet is wall mounted, containing main automated switch, and automated single-pole and triple-pole fuse for consumer protection, as well as cathodic overvoltage surge,

· Distribution cabinet for the first floor, DC-I, supplied by cable type NYY; cross-section 5x25 mm2 for network and cross-section 5x25 mm2 for generator supply, and cross-section 5x6 mm2 for UPS supply. Cabinet is wall mounted, containing main automated switch, and automated single-pole and triple-pole fuse for consumer protection, as well as cathodic overvoltage surge,

· Distribution cabinet for the second floor, DC-II, supplied by cable type NYY; cross-section 5x25 mm2 for network and cross-section 5x25 mm2 for generator supply, and cross-section 5x6 mm2 for UPS supply. Cabinet is wall mounted, containing main automated switch, and automated single-pole and triple-pole fuse for consumer protection, as well as cathodic overvoltage surge,

· Distribution cabinet for the elevator, DC-elevator, supplied by cable type NYY; cross-section 5x10 mm2 generator supply. Cabinet is wall mounted, containing main automated switch, and automated single-pole and triple-pole fuse for consumer protection, as well as cathodic overvoltage surge,

· Distribution cabinet for the ventilation, DC-vent, supplied by cable type N2XH-J; cross-section 5x4 mm2 for ventilator supply and fire extinguishing system in the garage. Cabinet is wall mounted, containing main automated switch, and automated single-pole and triple-pole fuse for consumer protection, as well as ventilator work automatics.

Distribution cabinets are made out of two-time decapped tin, 1-2 mm thick, protected using protection paint and lacquered, protection rate IP 41 – IP 54, i.e. ABS self-extinguishing material, isolated for protection, made according to valid standards, (DIN 43871, DIN 57603, IEC 670), protection rate IP 41 – IP 54. 

Cabinet dimensions determined according to equipment to be installed in it, with a reserve of 30% for potential expansion or new requirements. 

        2.3   ELECTRICAL INSTALLATION OF LIGHTING AND SOCKETS 

Electrical installation in the building is to be made using PP-Y type conductors, installed over the wall under mortar in PVC pipes, in cable canals under the suspended ceiling or next to the ceiling, and:

· Electrical lighting installation using conductor type PP-Y  3x 1,5 mm2  or 5x 1,5 mm2
· Installation of mono phase “šuko” sockets using conductors type PP-Y  3x 2,5 mm2
· Installation of three-phase sockets 16A , using conductors type PP-Y  5x 2,5 mm2  

· Installation of three-phase sockets 32A , using conductors type PP-Y  5x 6 mm2  

· Installation of el. boiler, heaters and conductors type PP-Y  3x 2,5 mm2
Electrical installation in basement, garage, boiler room and toilets is to be compliant with water supply installations and equipment to be installed in the building, i.e. with indoor space organization.

Installations in special purpose spaces (archive, boiler room, garage and similar) is done using conductors type PP-Y laid down with spacer-bakelite clamps or in PVC pipe or cable canals, i.e. over mortar, or under mortar with finishing elements of over-mortar installation.

Placement of switches and sockets must be done according to technical regulations:

· Switches approximately 1,2 m off the floor

· Sockets approximately 0,5 m off the floor

· Sockets over the worktable approximately 1,2 m off the floor

· Sockets in special purpose spaces approximately 0,8 – 1,2 m off the floor

· Sockets in toilets approximately 1,5 off the floor and 0,6 m away from tub

In all spaces, lights are planned by design, their type dictated by space purpose, except spaces whose purpose is to be determined by the user.

Lights planned for the building have the following characteristics that represent the basis for calculations of lighting intensity:

· Mounting anti-panic light, power 1x8 W, intended to work for one hour after network voltage failure; contains electronic EVG muffler and PMMA board with pictograms for movement direction (down; left and right),

· Mounting lights fluo with parabolic high glow raster, power 4x14 W, with electronic EVG muffler,

· Mounting downlighter lights with two fluo compact bulbs 26 W, neck 24-q-3, with electronic EVG muffler,

· Mounting downlighter lights with two fluo compact bulbs 32 W, neck 24-q-3, with electronic EVG muffler,

· Mounting downlighter lights with one fluo compact bulbs 26 W, neck 24-q-3, with electronic EVG muffler, with protective single safety glass in order to achieve mechanical protection rate of IP-44,

· Surface-mounted lights, with a cap for water-tight spaces, with wide direct distribution, with injection molded prismatic cap out of PMMA, 2x36 W, with electronic EVG muffler, mechanical protection rate of IP-65.

Activation of lights is local using switches and buttons (switch mounting 1,2 m off the floor level) and using cam switches and buttons mounted on distribution cabinet doors.

For connection of known technological consumers and equipment, fixed connections are given, while for the remaining equipment and devices, enough number of sockets is provided.

Sockets are evenly and functionally distributed in all spaces and are of modular type, and in other spaces (humid and dust filled spaces and spaces where mechanical damage can occur) are set over the mortar with a cap. Sockets are singe-phase-three-pole and three-phase-five-pole with protection and null contact, mounted 0,5 m off the floor level – general, and 1,2 m off the floor level. 

Sockets exposed to humidity must have mechanical protection rate min. IP-44 to IP-65.

Equipment distribution is shown in disposition drawings. 

          2.4   POTENTIAL EQUALIZATION INSTALLATION 

Protection from overvoltage is done in TN-S/C system where the third, i.e. the fifth wire of the cable is used as un-interrupted protection line that is connected in the distribution cabinet to the null bus. For all installations that in normal work don’t achieve same voltage, potential equalization is done by connecting all water supply and sewerage installations using a conductor P/F 6 mm2, using appropriate clamps and connection tools. 

All lines are shortly connected in distribution cabinets H-RIP/internal, located at the entrance to wet units on mounting height of h=0,4 m off the floor and conductor P/F 10 mm2 and shortly connected to protection bus in DC-x.

Protection bus out of galvanized steel strip, dimension FeZn 25x4 mm that is connected to the main grounding of the building over MDC.

All metal mass in the building is connected on the collective grounding. 

         2.5   TELEPHONE INSTALLATION

Main cabinet for telephone and computer installation connection will be located on every floor in a special room, using a communication cabinet with patch panels for connection of minimally 64 computer plugs and 64 telephone plugs per floor, with all accompanying equipment (shelves, supply unit, cooling unit), according to block schematic of computer and telephone installation.

From the communication cabinet flexible pipes are to be distributed to weak current cable canal, from the room chosen by the investor to be the location of communication cabinet. 

From the existing building from main distribution, and from computer and telephone installation to communication cabinet on ground floor of the newly designed building KO-1, an optic cable type SVK 24 NITI is distributed, and other distribution is derived from it. All connection between communication cabinets are given in the block schematic for computer and telephone installation,

Telephone and computer installation is to be done using capacitors type UTP Cat 6. 

Derivation for connection of telephone and computer socket is to be done using mounted box ( =60 mm, where a PVC pipe ends, and telephone-computer socket type Rj45 Cat 6 is mounted, i.e. placed in cable canal on which computer-telephone socket is set on every work place, combined with energy sockets.

          2.6   FIRE-PROOFING INSTALLATION 

For early detection of fire, and considering the significance of the building, a fire protection is system is designed. Since the building is of high value, and valuable equipment is located inside the building with a lot of devices and installations and considering that a large number of people can reside inside, a high fire risk is to be taken into account. Because of this, all work technological and communication spaces are to be monitored using automated fire detectors, and communication halls using hand fire detectors. Toilers are not included in monitoring since the danger of fire is low.

Addressable alert system, based on serial connection of elements inside one fire loop, is chosen for early fire detection system. That enables grouping of elements supplied with appropriate communication module like hand and automated fire alert on the alert line, so that:

· Every detector has its own address so that precise information of fire location identification can be received.,

· Alerting and control on the same line is enabled,

· Choice of different priorities is enabled on the control line,

· Arbitrary grouping of addresses is possible,

· Heightened work reliability considering double power supply,

· Control of individual devices (deactivation of main power supply),

· Fully automated function test of transmission system.

Alarm addressable central serves for reception and processing of all detector alarm signals and according to previously determined program, activation of sound and light singles, does a procedure of eventual automated extinguishing and monitoring of the whole system.

Central is located in office spaces and is supplied from the network. Central has its own AKU battery. Next to the central, equipment for delivery of signal to the city fire department is set. 

Two fire loops are planned in the newly designed building. Number of detectors in each loop is lower than allowed (127). 

Choice of detectors is done according to fire risk for every room individually:

· All work areas of offices, hallways – optic smoke detectors,

· Technical spaces of boiler rooms, energy blocks – thermal,

· In communication spaces – hand detectors.

In addition to receiving alarms on the alarm central, an alarm siren is planned, as well as possible transfer of alarm to the town fire department.

Fire detection installations is done using cables JB-Y(St) 2x2x0,8 mm2 with insulation that can withstand temperature up to 80°C, and are installed partly in the suspended ceiling, partly under mortar in the wall in plastic pipes. One twisted pair is used for supply of detectors and the second one for closing the loop.

During fire protection cable installation, distance from energy lines and telephone installations must be maintained.

Fire protection installation is designed as independent from the building, and then connected in the control center with existing fire protection installation.

         2.7   INTRUSION PROTECTION INSTALLATION 

Because of the aforementioned value of the building considering safety, intrusion protection system has been designed.

Intrusion protection system includes motion monitoring on all access and communication parts of the building. 

As intrusion protection, a return central located in the control center on the ground floor, has been designed. 

IC addressable motion detectors have been chosen. These detectors protect all entrances to the building, as well as entrances on every floor of the building.

Beside receiving the alarm on alarm central, a certain number of alarm sirens is planned.

Anti-intrusion alarm central is supplied with telephone communicators that enable reporting of intrusion to the town police station and reporting to responsible security personnel. 

Installation for intrusion detectors is done using cables type 6 AF 22 + 2x0,75 mm with insulation that can withstand temperature up to 80°C and are installed in the suspended ceiling and down the wall in plastic tubes. One twisted pair is used for detector supply and the other one for loop closure. 

         2.8   VIDEO SURVEILLANCE INSTALLATION 

Design plans for a building video surveillance system with a total of 42 color cams, with layout given in drawings. 35 cameras have indoor mounting of casing, while 7 cameras have outdoor mounting of casing. All cameras have a manual ZOOM objective. 

Video surveillance center consists of:

· Digital HD recorders with 12 video inputs,

· PC for system control with 80 GB HD for picture recording, that enables recording of 15 million of pictures, with DC writer for archives,

· Color monitor for control.

Camera power supply is done using cable type FTP Cat 6 from the same power circle. Before cables and installations are laid down, equipment suppliers need to be consulted.

 2.9   GUTTER HEATING INSTALLATION 

Main architectural-construction design plans for installation of a gutter with electric heaters for water drainage, located on the roof. In addition to delivery of chosen gutter, electro heater and 1,0 m of original cable is also delivered. This design plans for installation of gutter heating with the goal of prevention of ice formation in gutters and providing drainage path for melted snow and prevention of icicle formation. 

Distribution is done from floor distribution cabinet DC-x where equipment for power supply, control and equipment for automated regulation of gutter heating is placed. Control System enables manual and automated control of gutter heating installation.

Automated control enables efficient system work with minimum energy waste. It is comprised of regulator, temperature sensor and humidity sensor.

Heating is activated when temperature falls under the set value and the humidity is higher than set value. Humidity i.e. ice and water sensors are placed directly in the gutter and temperature sensors on the north façade. Sensors must be protected from sun. 

For heater power supply, from the distribution cabinet DC-x to distribution boxes installed in parapet frame of the roof wall, installations need to be made using cable type NYY 3x1,5 mm2 drawn inside PVC pipes. 

Connection of original factory cables of electro heaters with cable type NYY 3x1,5 mm2 is done using distribution boxes. Installation placement details given in design drawings. 

        2.10   GROUNDING AND LIGHTING CONDUCTOR INSTALLATION 

Protection of building from atmospheric discharge is done using lighting conductor installation according to valid technical regulations and building purpose. 

Tin fascia with thickness bigger than 0,55 mm and a round conductor out of Al alloy, with dimensions Φ 8,0 mm placed on the fascia on appropriate support laid with distance less than 1,0 m, are used as catcher. 

Conductors are made out of round conductors made from Al alloy, with dimensions Φ 8,0 mm and placed on façade or directly in concrete to disconnector coupling, height h = 1,50 m from floor level, or in sidewalk next to the building, where it is connected to ground line, connected to foundation grounding, using ground line made out of galvanized steel strip FeZn, dimensions 25x4 mm, i.e. placed on appropriate support over façade, as agreed upon with the investor.

From measurement connection, lighting conductor installation is connected to the grounding using a galvanized steel strip FeZn, dimensions 25x4 mm directly to concrete, and then all the way to grounding.

 Measurement connection is done by overlapping outlet wire and earth line using cross pieces strip-strip, dimensions 60x60 mm, that are placed with height h = 1,50 m from the floor, mounted on measurement lightning conductor box on the façade or on the sidewalk next to the building.

Considering the building façade, lighting conductor installation needs to be aligned in agreement with the investor. This covers catchers, outlets and measurement places. 

Protection grounding makes a common – foundation grounding. 

The complete steel reinforcement placed in building foundation, as well as galvanized steel strip FeZn, dimensions 25x4 mm, welded to steel reinforcement in many places is used as foundation grounding. 

If foundation grounding can’t be made, grounding of building is done using galvanized steel strip FeZn, dimensions 25x4 mm, placed in the form of a closed ring around the building, with a distance of approximately l=2,0 m in a trench with dimensions 0,4x0,8m. 

Outlets are left on the grounding for connection of lighting conductor installation outlets, outlets for metal mass and toilet potential equalization and protection grounding, that is lead to the MDC. 

If required grounding transition resistance can’t be achieved during measurement, additional improvement needs to be made using probes that are placed on appropriate places and connected on building grounding. 

Stormwater drains are connected to the lightning conductor installation using appropriate connections according to JUS N.B4.908 and JUS N. B4. 914.

DETERMINATION OF PROTECTION LEVEL ACCORDING TO BAS IEC 62305
Goal of determining the protection level is lowering the damage risk level to the highest allowed level, in case of direct lighting strike. That choice is based on expected density of lightning strikes on the building Nd, and allowed yearly density of lightning strikes on the building, Nc.

Protection level is determined by efficiency E, and based on that:
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Expected annual density of lightning strikes on the building is determined by the equation:  






Nd = Ng x Ae x Ce x 10-6  = 3,4 x 12483 x 1,0 x 10-6  = 0,0424422
Ng – average annual density of lightning strikes in the country 

Ae – equivalent area of insulated building 

Ce – environmental coefficient 

Average annual density of lightning strikes in the country is expressed trough the number of lightning strikes in the country per km2 in one year. That number is easily determined using a system for lightning strike localization or using isokeraunic maps. 

In case where isokeraunic maps are used to determine density of lightning strikes, where number of storm days in a year is given, density is calculated as follows: 

Ng = 0,04 x Td1,25   = 0,04 X 351,25 = 3,4
Td = 35 – number of storm days

Equivalent area is determined as the area that has the same annual density of lightning strikes.   
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In case where equivalent area covers the collective surface of another building, it is not calculated. If equivalent areas cover each other, appropriate equivalent area is the common area.

Environmental coefficient:
	Relative building location
	Ce

	Building is located in the wider building area or trees that are of same height
	0,25

	Building, surrounded by lower buildings
	0,5

	Isolated building: no other buildings closer than 3H of the building 
	1,0

	Isolated building on top of the hill or mound
	2,0


Allowed density of lightning strikes to the building can be determined by building owner or the designer of lightning strike protection system, when possible losses refer to private property. Values of allowed density of lighting strike is determined based on the following factors:  
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- Value of building purpose and equipment in the building 
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Value of building structure: 

	Wall material:
	A1

	Reinforced concrete, metal façade 
	5

	Conductive mutually connected elements. Support structure out of steel or reinforced concrete
	4

	Elements of plaster, reinforced concrete or disconnected elements 
	0,5

	Wood and other flammable materials 
	0,1


	Roof materials:
	A2

	Steel
	4

	Reinforced concrete
	2

	Reinforced concrete elements 
	0,5

	Wood
	0,1


	Roof materials:
	A3

	Reinforced concrete
	4

	Tin
	2

	Masonry, salonit 
	

1

	Artificial materials, foils, roof cardboard 
	0,5

	Straw
	0,05


	Roof superstructure:
	A4

	No superstructure
	1

	Non-grounded metal parts, antennae
	0,5

	Electrical devices 
	0,2

	Sensitive electrical devices (cameras, temperature sensors…) 
	0,1


Value of building purpose and equipment in the building: 

	Panic danger: 
	B1

	No panic danger
	1

	Medium panic danger 
	

0,1

	High panic danger 
	0,01


	Types of equipment and objects in the building:
	B2

	Non-flammable materials and low flammability materials 
	1

	Flammable materials 
	0,2

	Devices that can explode 
	0,1

	Explosives 
	0,01

	Nuclear devices
	0,01


	Value of equipment and objects in the building:
	B3

	Inexpensive equipment and objects 
	1

	Expensive equipment and objects
	0,2

	Very expensive equipment and objects 
	0,1

	Irreplaceable equipment and objects 
	0,01


	Conditions and equipment for damage prevention:
	B4

	Automated fire extinguishing equipment
	10

	Fire prevention devices 
	5

	Fire alarm 
	

2

	No special devices 
	1


Value of damage:

	Environmental pollution danger:
	C1

	No danger
	1

	Medium danger
	0,5

	High danger
	0,1

	Very high danger
	0,01


	The outage of certain functions, enabling devices in the building:
	C2

	No danger
	1

	High danger
	0,1

	Very high danger
	0,01


	Other damage:
	C3

	Low
	1

	Medium 
	0,5

	High
	0,1

	Very high
	0,01


RESULT:
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Efficiency E=0,905 meaning protection level II

According to protection level II, drainage lines need to be made at least on every 15 m. 

For everything not detailed by this technical description, electro technical regulation applies. 

Note:

Before placing of cables and flexible pipes, all elements of eventual fixed connections that the investor wants to have in the building must be harmonized, as well as harmonization with other installations in spaces (water, heating, air conditioning etc.)

After electric installation works are finished, all electric installation measurements must be done, as regulated by laws and mentioned in bill of quantities, and required protocols and attest for technical handover of the building must be given. 
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3.1    GENERAL

1. These technical conditions are an addition and detailed explanation of design for this kind of installation and as such are an integral part of the design, so they are obligatory for installation. 

2. Installation is to be done according to the plan and technical description in design and valid standards. For everything not mentioned and emphasized in these documents, regulation applicable to that type of installation must be used. 

3. All change and deviation from this design must be agreed upon by the supervising body, i.e. designer, in writing. 

4. The contractor is obligated to perform a check before work starts and consult the designer of any potential deviation. 

5. All material that is used must correspond with standards and be of first class quality. When material is brought to the construction site, supervising body will be informed by the contractor to check the state of material and note it in the measurement book. 

If the contractor uses a material that is later found to be not satisfactory, on request of the supervising body that material must be taken out of the building and one that corresponds with regulation will be installed.

6. Strong current installation must be installed using lines planned in the design. 

7. In addition to the material, work must also be solidly done. Any work that is later shown to not be satisfactory must be fixed by the contractor at his own expense. 

8. Before lines can be placed, exact measurement and marking of walls and ceilings is to be done, and switch, socket, boxes, lighting armature, distribution boxes and wall passage locations are to be marked. 

9. Where cables pass through walls, appropriate protection pipes are to be placed.  

10. Lines are places according to route shown in installation plan, horizontally and vertically. Slanted placement is allowed in case installations are placed in installation pipes in floor slab. 

11. Distance between clamps for horizontal guidance of cables must not exceed 30 cm, and in case of vertical guidance, 40 cm. 

12. Parallel placement of cables with smoke canals should be avoided, but if it can’t be avoided, a distance from the chimney of 20 cm must be kept. 

13. Parallel placement of weak and strong current lines should be done with distance of at least 30 cm, and intersection at least 3 cm. 

14. Null and protection lines must not be secured, and must be of different color than phase lines. 

15. Continuation and branching of lines is done exclusively in distribution boxes. 

16. To enable unhindered connection of conductors in boxes, switches, light bulb armatures and sockets, in those places cable should be left longer for 10-15 cm. 

17. Switches, sockets and other elements before placement must be tested for technical correctness. 

18. When installation is complete, all seals must be sealed well using material planned for that use (silicone).  

19. All elements on the distribution cabinet must be visibly placed and marked using appropriate markings. 

20. During installation of electrical installations, care must be taken not to damage previous works and building parts. 

21. Demolition, chase cutting and drilling of reinforced-concrete and steel construction, can be done only with written permission of construction supervising body. 

22. Connection of cables in distribution boxes is done EXCLUSIVELY using cone clamps of appropriate cross-section. 

23. All metal parts in toilets (showers, tubs etc.) must be galvanically connected to conductor P/F 6 mm2, to null i.e. protection conductor in the closest distribution cabinet.  

24. In case of parallel cable placement, distance between cables must be at least one cable thickness wide. 

Proscribed bending radius must be adhered to (Rs > 10 d) and cable must not be allowed to twist. 

25. When work is finished, the contractor must perform testing of installation for short circuits and measure isolation resistance. 

26. During testing of installations, phase and null conductor isolation resistance must be at least 220 Ω, and the resistance between phases at least 380 Ω, next to activated switches and lights, where bulbs were not installed. 

3.2    MAIN AND AUXILIARY DISTRIBUTION BOARDS 

1. Distribution boards must be made out of a material that can resist expected mechanical load, effects of dust, humidity and heat, as well as chemical impact. Boards must be made out of tin or other non-flammable material. 

2. In dry areas use of synthetic insulation material for frames and protection against contact with parts under voltage, is allowed. 

3. Conductors and conductor carriers must be dimensioned and distributed so that they can take the forces that occur during short circuit without damage. 

4. Distribution boards that are not accessible from the back side must be constructed and placed so that all supply and outlet connections are accessible from the front side. 

5. Null and protection conductor connections must be accessible and made with special buses or clamps so that they can be individually disabled / detached. 

6. Null and protection conductor connections must be made so that it can be clear to what power circuit they belong to. 

7. Metal parts of distribution boards that need to be protected from dangerous voltage, must have specially marked connection of null i.e. protection conductors. 

8. If different voltages are inside distribution boards, they need to be grouped and visibly marked. 

9. Distribution boards in the shape of closed distribution cabinets where the height from floor to the bottom of the cabinet is less than 1,7 m must have a lock. 

10. Distribution board must not be placed on walls or places that are exposed to shaking or mechanical damage. 

11. In distribution boards enough room must be left for planned expansion. 

12. On distribution boards, buses must have a special marking of polarity when direct current is in question, i.e. phase mark in case of alternating current. 

For direct current:

· Positive pole – red color, 

· Negative pole – blue color. 

For alternating current:

· Phase one – red color, 

· Phase two – black color, 

· Phase three – brown color, 

· Null line – blue color, 

· Protection line – yellow color with green stripes. 
13. Metal parts of distribution boards where a protection measure against high contact voltage needs to be applied must have a clamp for grounding. That clamp must be marked by a symbol. 

14. Every distribution board must have a single-pole permanently readable distribution schematic that must be in accord with the real state and contain at least the following: 

1. Work voltage and frequency,

2. Cross-section of all outflow and supply lines and their marking,

3. Nominal current for all switches, breakers and fuses, 

4. Measures of protection against dangerous contact voltage, 

5. Other required data conditioned by the specificity of installation. 
15. Branching industrial installations need to have a block-schematic for power supply from power station or from the main distribution where all distribution boards and cross sections of all outlet and supply lines are labeled with appropriate marks. This block-schematic needs to be places on visible place at every distribution board or in a folder together with associated distribution schematics. 

3.3    ELECTRO MOTOR DISTRIBUTION INSTALLATION 

1. Permanently placed lines must be set so that they are protected from mechanical damage and harmful thermal impact. 

2. At places where they are exposed to mechanical damage, lines must have mechanical protection. 

3. During installation of electrical energy installations in buildings, telecommunication installation regulations should also be followed. 

4. Laying cables in the ground is allowed for cables that are serve that purpose according to valid standards. 

5. Connection of conductors needs to be done using clamps, screw connections or rivets. 

6. Connection of conductors in pipes is not allowed; connection and separation of conductors is only done in boxes and distribution cabinets. 

7. Ends of conductors with multiple wires must be soldered if they don’t have cable lugs or similar connection elements. 

8. Connection of conductors to consumers, buses and similar must, according to rules, be done using screws. 

9. Copper conductors with multiple wires with cross section above 6 mm2 and single-wire copper conductors with a cross section above 16 mm2 are supplied with cable lugs or similar connection elements. 

10. Lines that pass through walls must be mechanically protected. If protection pipes are used, they need to be installed so that they prevent the passage of condensed water and enable it to drain in the direction of humid spaces i.e. outside. 

11. Lines that pass through the ceiling must be protected from mechanical damage and humidity as well and thermal and chemical impacts. Protection pipes need to be at least 100 mm above the floor level and need to be carefully protected from mechanical damage. 

12. As a rule, lines should not be placed next to chimneys. It in exceptional cases they are placed next to chimneys, they need to be protected so that overheating of conductors and isolation is prevented. 

13. When lines are placed over the wall area, parallel to other installation pipes (gas, vapor, hot and cold water), distance between liens and pipes must be at least 50 mm. 

14. In case of intersection of lines with mentioned pipes, distance between lines and pipes must be at least 30 mm. Electrical lines need to be protected from overheating using appropriate thermal insulation. 

15. As a rule, horizontal placement of lines needs to be 300 mm under the ceiling, and at least 2000 mm above the ground. If they are placed at a height smaller than 2000 mm above the floor, they must be mechanically protected. 

16. If a line passes through the wall that separates wet form dry spaces, the line for wet spaces must reach to the dry space. 

17. Isolated conductors need to be drawn into pipes under mortar when it dries. 

18. Lines similar to cable need to be fixed to the wall, structure or ceiling, with such a spacing as to prevent visible deflection. 

19. Pipes must be placed so that collecting of water in them is prevented, and they must be protected from corrosion. 

20. Length of pipes between distribution boxes i.e. connections, according to rules, need to be max 6 m, number of knees 2, and number of bends 3. 

21. Cables must be placed so that they are protected from mechanical and chemical damage. 

22. Cables that are not isolated using rubber or PVC mass need to be protected from humidity on their ends and branching. 

23. In buildings, cables are, as a rule, placed on walls, i.e. structure or in canals. 

24. Cable bending radius must bet be smaller than I5 D for all cables with thermo-plstic insulation and multi-wire cables with paper insulation and lead coating, and 25 D for single-wire cables with paper insulation and lead coating. D is the outer diameter of cable.  

25. From cables that are not placed in the ground and covered with sand, the outside flammable layer needs to be removed. 

26. Metal armature of the cable must be protected from corrosion. 

27. Cables are placed in the ground with depth at least 0,6 m below ground level, i.e. at least 0,8 m under the driveway. Cables are placed in a sand layer and covered with masonry or plastic protection as well as plastic strips for warning, and where they cross under driveways, they are protected using concrete or other mechanically resistant pipes. 

In places where the upper layer is strengthened with concrete or asphalt, and heavy vehicle traffic is not expected, cables can be placed with depth of 0,3 m. 

28. Cables are placed into canals using clamps and cable carriers. In case of canals planned solely for this purpose they can be placed on the bottom of the canal. 

29. Cables are placed in floor by being dragged into pipes or other elements appropriate for mechanical protection. Ends of pipes must stick from the floor at least 150 mm, and the bending radius must correspond with the radius of cable bending. 

30. If many cables are placed parallel, shelves or racks should be used. Spacing of cable support must be such that a larger deflection does not occur between supports. 

31. If cables can’t be placed in the floor, they need to be placed over ceiling or roof carriers (on shelves, clamps and similar) and the vertical part of the cable needs to be mechanically protected up to height of 2 m from the floor. 

32. Internal diameter of openings in walls or foundation, or the diameter of pipes that external connection cables are lead into the building trough, must not be smaller than 1,5 x total cable diameter. Pipes can be made out of ceramic, plastic material, galvanized steel, asbestos-cement and similar. Only one cable should be installed in a pipe.  

33. External opening in the wall or foundation of the building must not be placed deeper than 1500 mm not shallower than 600 mm from ground level. Pipe or opening in the wall needs to be placed with a slope of 10 % with a fall towards the outside of the building. 

34. From the inside of the building, free part of the opening in the wall or foundation needs to be sealed so that humidity can’t penetrate into the building. Free opening around the cable must not be sealed with materials that bind strongly (like cement). 

35. Cables must not be placed under mortar or walled off. If the cables is placed on wood or other flammable materials, a fire resistant board 300 mm wide needs to be placed under the cable previously. If it is lead trough walls or partitions made out of flammable materials, it needs to be previously placed in fire resistant pipes.  

Anti-corrosion protection need to be removed from the cable, and then it is protected from corrosion using lacquer coating that is not flammable. 

36. Cable connections shouldn’t be used in buildings. 
37. If the cables of outdoor connection and gas line installations are lead into the same room, the cable needs to be placed on the wall opposite of the wall where gas line installation is placed. 

38. Outdoor connection cable needs to be placed separately from water supply, sewerage and hot water installations. If it must be placed on the same wall, if possible it should be placed above water supply and sewerage installations, with a spacing of at least 200 mm. Considering hot water installations, cables should be placed under it with a spacing of at least 500 mm. 

39. Spacing between the outside connection cable and signal cable should not be less than 70 mm. 

3.4   PROTECTION FROM DANGEROUS CONTACT VOLTAGE 

1. Parts of electrical devices and facilities that are under voltage must be protected in case of contact. 

2. Protection isolation needs to prevent that high contact voltage is bridged over a person to a conductible element connected to the ground or stand. 

3. Protection isolation of stand us allowed only with permanently placed electrical device. 

4. Floor isolation must be so large that electrical device can only be touched from an isolated stand. 

Width of isolation of floor cover must not be less than 1250 mm. 

5. High contact voltage protection using null system is achieved by connection all metal parts that are not under voltage during normal work, with null conductor or with special safety conductor that is connected to null conductor at certain places. 

6. Neutralization conditions demand that line cross sections that lead from the generator or transformer to consumer are dimensioned so that in case of full short circuit at any network end between the phase line and null conductor, power is turned off at the nearest fuse.  

7. If a metal pipe water supply pipeline is present in the building, null conductor needs to be connected with the main pipe of the water supply connection, and beside that, it is recommended that the null conductor is connected with water supply pipes of the installations in several places. A good galvanic connection between water supply installation parts must be achieved (like water meter bridging). 

8. Null conductor needs to be specially marked on all its length, and as a rule, needs to be white or light grey. 

9. A special protection conductor (system of neutralization) must be as carefully placed in consumer installations as phase and null conductors, and as a rule, needs to be yellow and green. 

10. Installation of fuses in null conductor is not allowed. 

11. Special protection conductor is separated from null conductor on household connections or counter of individual consumers. 

12. In industrial and similar facilities, special protection conductor is connected to a special bus and not on null bus. 

13. In supply power stations and main distribution cabinets of consumers, a visible warning must be placed, saying that a null system has been used as a measure of protection from dangerous contact voltage. 

14. In cable low voltage network, neutralization is done for: 

· Metal cable distribution cabinets outside the building or in the building and connection boxes, 

· Metal and reinforced-concrete columns for outdoor lighting and traffic signalization, 

· Metal cloaks and cable armatures and metal cable heads. 
Before electric power installations and facilities can be put to work, the contractor must do a inspected (control) of power installations and facilities, so that using measurement they can check and confirm that applied additional and protective measures prevent formation and maintenance of overcharge contact voltage.

During the inspection of power installations and facilities, it need to be determined that phase conductors and fuses are well dimensioned, and that protection conductor has the proscribed cross-section, that it is flawlessly installed, with no breaks and that it is professionally connected.

It needs to be determined that the protective conductor is not connected to conductors under voltage. The inspection needs to determine that the null and protection conductors are properly labeled on their whole length or at least on their connection and port locations.

Inspection of ports and sockets needs to determine that the protection conductor is connected to protection contact, and that connection devices in metal cases are connected with the casing. 


1. These technical conditions are an integral part of the project and serve for construction of installations according to valid technical regulations and as such are obligatory during construction. 

2. Design of weak current installations must be done according to JUS instructions for construction of telephone installations, instruction for telephone-subscription installations of general post direction PTT. 

3. Installation will be done according to aforementioned regulations and enclosed drawings and textual part of the design. 

4. Only quality attested material and qualified work force should be used during installation construction. 

5. In case of parallel guidance of conductors JUS N.B4. 702. should be used. In case of parallel guidance of high voltage conductors and telephone installations, the spacing must be at least 20 cm, and in case of parallel guidance with signalization lines, at least 10 cm. 

6. Intersection of strong and weak power lines should be avoided, and where not possible, intersection is to be done with a spacing of at least 10 cm or place isolation inserts min 3 mm thick. 

7. Intersection is to be done at a right angle. 

8. Distribution boxes are to be placed on conductors, facing each other, at an angle of 45 degrees. 

9. In case of longer lines, distribution boxes are to be placed at every 6 m. 

10. When placing the conductors, care must be taken that they are not damaged or broken. 

11. In places of conductor direction change, slight bends must be made, with radius not less than 10 D of the conductor. 

12. Continuation of conductors in pipes is not allowed. Continuation is allowed only in distribution boxes. 

13. Mortar protection layer above cables must not be less than 10 mm. 

14. Cables and pipes can be placed only in a straight line (horizontally and vertically). Slanted placement is not allowed. 

15. Cables and conductors in distribution boxes are to be left 10-14 cm loner for easier connection. 

16. In case of smaller deviations in design or bill of quantities, consent from supervising body or designer should be asked. 

17. After all works are done, the contractor must perform a test of installations according to valid regulations. The results of measurements must be in allowed limits according to JUS. 


5.1 SOURCES OF DANGER AND HARMFULNESS THAT CAN OCCUR DURING    EXPLOATATION OF ELECTRICAL ENERGY 

1. ACCIDENTAL CONTACT WITH PARTS UNDER VOLTAGE 

2. OCCURANCE OF HIGH CONTACT VOLTAGE 

3. SHORT CIRCUIT AND OVERLOAD OCCURENCE 

4. UNAUTHORIZED VOLTAGE DROP OCCURENCE 

5. UNFAVORABLE IMPACT OF THE ENVIRONMENT 

6. OCCURENCE OF SPARKS AND ELECTRIC ARC 

7. FIRE OCCURRENCE 

8. INSUFFICIENT LIGHTING 

9. OCCURRENCE OF STATIC ELECTRICITY 

10. OCCURRENCE OF ATMOSPHERIC DISCHARGE 

11. OTHER DANGER (not following regulation, lack of technical documentation, unmarked equipment and similar) 

5.2 PLANNED MEASURES FOR REMOVAL OF DANGER AND HARMFULNESS DURING USE OF ELECTRICAL ENERGY 

1. Protection from accidental contact with parts under voltage is ensured by proper choice of appropriate electrical equipment and proper installation work, so that parts under voltage are located in closed casing, supplied with doors with a lock or special tools for closing. 

2. Protection from overcharge voltage in the network 230/400 V made in TN – system with the third, i.e. fifth wire as protection conductor. In the main distribution cabinet and null bus they are connected to building grounding.

3. Protection from short circuit and overcharge is done using appropriately chosen fuses with appropriate soluble inserts or automated protection switches at the beginning of every power circuit. 

4. Protection from unauthorized voltage drop is secured by regular dimensioning of lines according to real load. 

5. Protection of unfavorable impact of the environment, like humidity penetration, water, dust, corrosion and other solutions is done by appropriate choice of equipment with protection rate that complies with environmental conditions. Where cables are especially endangered from mechanical damage, additional protection through inserting in flexible metal or plastic hoses or some other kind of protection is utilized.

6. Protection from occurrence of sparks and electric arcs is secured trough appropriate choice and dimensioning of switching and protection equipment, appropriate installation according to regulations, handling of electrical devices and equipment and timely maintenance. 

7. Fire protection is secured by choice of appropriate electrical equipment and protection from short circuit formation by using appropriate fuses. If proper installation and maintenance is done, electrical installations can’t be the cause of fire.

Distribution cabinets are planned to be made out of non-flammable materials, and power supply and installation conductors out of non-flammable materials. Next to every DC, fire extinguishing devices are placed, filled with CO2 or dry powder for fire extinguishing, class E.

8. Ensuring required level of lighting is done using lighting bulbs with filaments, fluorescent tubes, mercury bulbs etc. according to regulations and recommendations for lighting buildings like this.

9. Protection from occurrence of static electricity is ensured by using potential equalization installation, i.e. by connecting all metal masses that in normal work aren’t under voltage and galvanic connection to the main building grounding. 

10. Protection from atmospheric discharge is ensured by installation of appropriate grounding installations according to technical regulations.

11. Other protective measures are ensured by constructing electrical installations according to valid technical regulations and standards, and according to solutions planned by the design. In distribution cabinets, a readable and up to date single-pole schematic of distribution needs to be placed, as well as regular labeling of power, instructions for first help in case of electric shock, and a board with electrical energy danger warning. 

During exploitation and handling of electrical equipment and installations, appropriate protection devices need to be used. For repair and interventions, only appropriate and correct reserve parts can be used. 
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1. REGULATION AND NORMS USED

OVERVIEW OF REGULATION, STANDARDS AND NORMATIVES 

Used during design documentation preparation 
GENERAL REGULATIONS

· Law on construction ("Službeni glasnik USK", no. 10/2011)

· Fire Protection and Firefighting Act (Sl. novine  F  BiH no.  64/09)

· Law on Work Safety (Sl. list  SR  BiH   no.  22/90)

· Environmental Protection Act  (Sl. novine  F  BiH no.  33/03)

· Water Protection Act (Sl. novine  F  BiH no.  70/06)

· Law on Spatial Planning and Construction (June 2013) 

OTHER REGULATIONS

· Rulebook for technical characteristics of ventilation systems, partial air conditioning and air conditioning in buildings (Sl.novine F BiH, no. 49/09)

· Rulebook for technical characteristics for chimneys in buildings (Sl.novine F BiH, no. 49/08)

· Rulebook for technical requirements for building thermal protection and rational energy usage (Sl.novine F BiH, no. 49/09)

· Rulebook for technical normative for stabile pressure containers (Sl. list SFRJ, no. 16/83)

· Rulebook for technical properties of building heating and cooling systems (Sl.novine F BiH, no. 49/09)

· Rulebook for technical measures for anti-corrosion (Sl. list SFRJ no. 32/70)

· Technical normative for central heating installations 

· Equipment installations catalogs, with technical conditions for installation 
STANDARDS

· BAS EN ISO 6946,10077– highest coefficient of heat transfer allowed (K) 

· BAS EN 12828 – heating systems in buildings  - system installation 

· JUS M.Z3.014 – 1980 Steel reservoirs, buried 

· BAS EN 12831 – for heat loss calculation 

· BAS EN ISO13789 – building thermal characteristics, heat transfer coefficient calculation 

· EN 12828 – safety – technical equipment for hot water heating up to 110 °C

· JUS M.E2.200 – Unmoving pressurized containers – first testing 

· JUS M.E2.001 – Stable container pressure testing during exploitation 

· Rietschel-Gröber tables – for pipeline resistance calculation 

HANDBOOKS 

· Handbook for heating system design with solved examples

Author dr. Emin Kulić, dipl.ing. – „SMEIST“ Beograd 1982.

· Heating and air condition 

Author S. Zrnić – Ž. Ćulum – „Naučna knjiga“ Beograd“ 1988

· Heating and air condition 

Author Recknagel/Sprenger – „Građevinska knjiga“ Beograd 09/10.

· RÖTSCHER – local resistance calculation handbook 

2.0. BOILER ROOM

2.1. Boiler and substation

Based on installed strength of heating bodies and hot water heater as well as thermal losses of the network, solid fuel heater is chosen, chosen by the investor (depending on using manual or automatic dosage of fuel) capacity 350 kW (offered option is a pellet boiler, automated dosage, class 3). Boiler is set on a raised concrete stand 10 cm high, to prevent corrosion of boiler base, and to enable easier cleaning of boiler firebox. 

Technical data:

-       
Boiler class                                           
3

- 
Nominal thermal performance              
250 KW

-
Max. work temperature                     

90 oC

-
Max. work pressure 



2.5 bar

-
Connection flow/return


DN 65

-
Connection filling/emptying


R 3/4"

Boiler description
Boiler is constructed to work on wood pellet (φ6, max length 30 mm). Boiler structure is made out of steel, constructed using welded tin sheets. The base is made out of three tin sheets (internal fire, middle water and external protection sheet), a set of burners and a pellet container. 

Hot smoke gases out of the burner rise up in the first chamber, are partly cooled by heat transfer with water over the sheet, and then, pushed down by the upcoming new hot smoke gases, return down over burner flame, thereby helping to burn the gas compounds and further on over ash burning all eventually unconsumed residue, they pass to the second exchange smoke chamber. 

The burner is designed as a compact module that can be easily separated with a role of precise control of pellet delivery. It is made out of worm screws with a chain transfer, started by an electromotor with a reduced number of rotations (rpm) using a reducer. Using this solution, save a controlled pellet supply, protection from reverse delivery of pellet to the container is also ensured. 

An electric heater with automated on and off function is used as a starter. The heater is placed in the passage of air current of the turbine. A controlled delivery of air used for burning is done using the air turbine with a direct rpm regulation. 

Boiler control is automated trough an electronic module supplied with a display. The electronic module is a multifunctional input control unit. Trough it, regulation and control of boiler is achieved. 

Service functions that can be directly influenced are: water temperature, ignition dosage, combustion dosage, shutdown dosage, ignition air, combustion air, shutdown air, water pump activation. Furthermore, the following functions can be installed: temperature regulator, telephone activation module and a GSM thermoregulator. 

For security and increase in safety, a probe for continual measurement of water temperature is installed in the electrical circuitry for electronic control and regulation. The security probe acts automatically if max temperature level is exceeded (>100⁰C) and turns off the power supply of the boiler and thereby prevents subsequent startup until the cause it removed. 

In order to pervert the effect of chimney control on boiler performance, at the boiler exit, a ventilator Is installed as its integral part. Electronic module controls its rpm so that the pressure it produces stays in range of 35-40 Pa, needed for overcoming resistances in the chimney canals so that a pressure of 20 Pa can be achieved in the burner. 

At boiler startup, the ventilator turns on first (so that all potential leftover gasses are evacuated to the chimney), and after some time, the boiler turns on. After the boiler turns off, the ventilator keeps working to ensure that all leftover gasses produced during combustion are drained. Ventilator cleaning is not necessary because impurities in the form of soot, ash and condensation do not accumulate on it. 

Work pressure of water in the system (measured at the connection when boiler is active) is 1.0 – 2.0 bar. A security valve is to be installed (according to schematic) on pipe installations at the exit out of the boiler, and needs to chosen so that it releases on 2.5 – 3.0 bar. 

Rate of combustion: pellet combustion is 99%. Water temperature in the boiler has a crucial impact on condensation development Recommended minimum work water temperature in the boiler is 40°C. Electronic control using a water pump ensures this condition is met by starting the pump only after the water temperature in the boiler reaches the minimum required 40 °C.

The boiler is fully thermally isolated and does not heat the space in which it is located. Maximum surface temperature of the boiler is under 85°C. Because of that, no special protection measures concerning construction materials and furniture need to be taken. The boiler is constructed according to current European norms and necessary protection and security elements are already built into it. 

Electricity supply meets the security requirements specified by regulations. Supply is done using a plug-in device, i.e. in case of boilers supplied by built in cable (directly connected) using a protection current switch (fuse). The power line has a conductor protection with a section of 3x1.5 mm2. Pump power supply is done using a special plug-in device that doesn’t allow connection of other electronic devices. 

There is no emission of harmful gasses to surrounding spaces at the location of the boiler. A programmed freezing protection is ensured. Water pump is to be connected through the boiler. Maximum allowed power of the water pump connected through a dedicated connection is 300 W. If there is need for a water pump with power higher than allowed, it is to be supplied through a electromagnetic switch, and the electromagnetic coil of the switch is supplied trough a dedicated connection.  

Everything mentioned above is also applicable in case of a three phase water pump. Complex influence of the chimney on boiler performance is eliminated by installing a ventilator on boiler exit. By controlling rpm of the ventilator, the required pressure of 35 – 40 Pa is achieved, needed for overcoming resistances in the chimney canals so that a pressure of 20 Pa can be achieved in the burner.

2.2. Service functions selection 

Boilers are supplied with automated combustion regulation. Before it can be put to use, regulation settings of the boiler need to be checked. 

2.3. Water temperature

Limit values are in the range of 40 °C to 95 °C.

2.4. Ignition dosage

The function for adjustment of ignition dosage is limited to max 15% (on the display). Ignition dosage higher than 15% could lead to boiler damage. 

If the recommended wood pellet of guaranteed quality is used, it is required to set the ignition dosage function to 10%. 

2.5. Combustion dosage

2.6. Shutdown dosage

2.7. Ignition air

The biggest influence on required ignition air quantity is pellet.

For pellet produced and offered in RBiH market, based on experience, recommended value for quantity of ignition air is 25 % to 40 %.

2.8. Combustion air

Pellet quality and quantity of pellet in the burner, pressure in the chimney and speed of smoke gas flow have a big impact on this setting. For these reasons, visual setting of combustion air is recommended. Possible correct setting is in a range of 20 % do 70 %.

Correct combustion: Bright flame without occurrence of smoke. 

2.9. Shutdown air 

After setting the function of combustion air, the function for shutdown air needs to be set. It is important to know that the regime of boiler shutdown starts at the temperature that is 5 °C lower than the temperature used for water temperature setting. 

2.10. Pump activation 

This function enables control of temperature at which the water pump will be turned on. This function has a limited control range of 40 °C do 95 °C. Option of temperature control is given in steps of 1 °C.

2.11. Pellet dosage in small containers 

Fuel transport from a large reservoir to a boiler reservoir must be automated and controlled by a photo cell (maximum level monitoring). In case of fuel insufficiency, the boiler turns off automatically. 

Boiler room ventilation is done naturally trough grids on the window shaft. 

For heating purposes, two 250 kW boilers are planned, with option to work separately or in tandem. Offered boilers use pellet as fuel, have automated ignition and exploitation rate of approximately 96%.  

Boiler construction must be in tune with European directives 98/37/EC,97/23/EC and norms: EN 292-1 , EN 292-2, EN 12952-1, EN 12952-2, EN 12952-3, EN 12952-4, EN 12952-5, EN 60335-2 and  proof showing boiler has been tested according to EN 303-5.

Allowed environment temperature during operation -15°C to 40°C, transport and storing -20 to 70°C. 

Boiler room ventilation is done naturally trough a door grid. 

2.12. System expansion

Expansion module with a volume of V=200 liters is planned for possible heating system expansion. The container is connected to the boiler by a security line with dimensions of 5/4“. The expansion module needs to be installed as shown in design drawings. Pressure is obtained using a pump with pressure control set for minimum and maximum pressure and a flow valve that, in case the pressure is exceeded, opens and excess fluid is returned to the expansion reservoir. System pressure is kept in range of 1.5 – 2.5. bar. 

2.13. Water temperature regulation

Regulation of water temperature is planned to be done using a regulator that has to be ordered together with the boiler. Regulation of pipe network is done trough a three-way machine mixing valve and DDC automatics that controls four separate heating cycles, guided by weather. 

2.14. Circulation pump

For circulation of water trough radiator cycles, a circulation pump has been planned, one cycle for every building. Location of pumps and their characteristics are given in design drawings and Equipment selection chapter. Required pressure for overcoming system pressure losses and appropriate flow (heat balance and pipe network calculations given in enclosure) are the input parameters used for pipe dimensioning. Pumps are turned on only when condition of minimum boiler temperature is met. 

2.15. Thermal insulation of boiler room equipment

Boilers are delivered with appropriate thermal isolation and formwork. Thermal insulation of pipe network in the boiler room is done using mineral wool in a coating of aluminum tin with thickness of 0.55 mm. Insulation thickness is 50 mm. 
2.16. Fire protection

In boiler room spaces, fire extinguishers with dry powder type S-6 (1 piece) and CO2-5 (1 piece) are installed in those spaces. 

2.17. Distributors and collectors 

Distributor dimensions are defined by the number of connections on every distributor and collector. Disposition of connections is given in the drawings. 

Distributors are thermally isolated using glass wool 50 mm thick, in a protection coat of aluminum tin 0.55 mm thick. 

2.18. Chimney and flue pipe

Chimney is made out of prefabricated elements as follows: 

2.19. Three-layered design

Insulated chimney with ventilation form the inside is a system made out serially manufactured elements that are exactly adjusted to each other, and are comprised of: 

2.20. Ceramic pipe

Circular inner pipe is made out of high quality technical ceramic. Characteristics are adjusted to special demands of modern chimney technology. It is characterized by high temperature and temperature fluctuation resistance. It is remarkably resistant to acids, water proof and stable. Its mass that needs to be heated is small, so work temperature is reached faster. It complies with EN 1457 kl. A1N1 norm. 

2.21. Isolation

Isolation made out of bendable mineral wood totally encompasses the inner pipe. It guarantees thermal insulation characteristics of the chimney in accordance to heat transfer resistance. It complies with HR DIN 4102-1. Shape and dimensions of isolation pipes are adjusted to chimney isolation with ventilation from the inside. Because of its special shape (profiling with a wedge notch) isolation correctly adheres to the circular cross section of the inside pipe. 
2.22. Cover 

The cover is made out of light concrete. Its geometry enables ventilation of insulation layer from the inside. At the same time, centering of the column inside the pipe and the insulation layer is achieved. Adheres to EN 12446 norm. Low specific weight of the material makes it easy to handle and assemble. In case of chimneys with several canals, a cover partition securely separates individual canals. 

Chimney dimensioning is done based on solid fuel boiler taking into account boiler manufacturer’s recommendations (recommendation of two well known pellet producers in BiH). 

a) The boiler is connected to the chimney with a flue pipe of an appropriate diameter as shown in the drawings. Flue pipe is to be installed with a slope toward the boiler. Flue pipe is made of steel INOX 1 mm thick with an opening for cleaning. After construction and mounting of the flue pipe, it needs to be isolated using mineral wool d=50 mm, covered with aluminum tin d=0.55 mm. Diameter of flue pipe is 250 mm. 

For normal functioning of chimney installation, effective lift in case of excess pressure boilers must overcome resistances in the smoke pipe, and in case of negative pressure boilers, it must overcome firebox resistance too. Smoke pipe installations are: 

Unhindered drainage of smoke gases into the atmosphere, while preventing environmental pollution 

Preventing uncontrolled penetration of gases into a space 

Preventing uncontrolled seepage of condensation that is environmentally harmful 

Creation of negative pressure inside the firebox that is strong enough to overcome resistance inside the firebox, smoke pipe and the chimney (when using atmospheric fireboxes).  

Every chimney needs to have an opening for control and cleaning. Openings used for cleaning and control must be closed using lids or hatches that must ensure impermeability, protection from effects of high temperature and thermal insulation. 

Connection smoke pipe (flue pipe) connects the uptake extension to the chimney. Light cross section is conditioned by the size of the uptake extension of the firebox. Location of the firebox needs to be determined so that the length of the uptake pipe is as small as possible, with as few turns and slants as possible. Uptake pipe is connected to the chimney on the floor where the firebox is located. The pipe needs to be installed so that easy cleaning is ensured. Control and cleaning openings need to be located at every direction change and on every stretch longer than 5 m. Connection uptake pipe needs to be thermally insulated. Insulation is needed for reduction of temperature loss of smoke gases because the calculation of cooling of smoke gases is an integral part of calculation needed for determination of chimney light cross section. Insulated uptake elements are made in all diameters, and are comprised of two inox pipes with insulation made out of ceramic wool 50 mm thick set between them.  Thickness of internal pipe wall is 1 mm for solid fuel. Internal pipe of uptake elements is high temperature and condensation resistant and the external pipe is resistant to atmospheric effect. 

Thermal insulation ensures protection of neighboring parts of the building from high temperatures, lowers condensation quantity, raises the lift by adequate thermal capacity that ensures easier drainage of smoke gases. Installation of insulated chimney is done by simple stacking of elements one over the other, connected with mounting connections. For mounting on the building, carriers made of thicker sheet metal are planned, installed with a spacing of 3 m of chimney height.  The carriers have a possibility of horizontal movement for chimney verticality regulation. 

2.23. Putting into operation, testing and regulation 

After the installation of devices and equipment is complete, a cold hydraulic test using 3 bar of pressure during 2 hours is performed. After successful cold hydraulic testing and installation rinsing, hot testing is performed as well as a test drive to prove design parameters. 

During test drive in the presence of supervising body, work instructions are given to an investor representative and the operator is instructed. 

The contractor gives as-built design and boiler function schematic to the investor.

After successful hot testing and test drive, a log is made and handover between contractor and investor is performed. 

2.24.System function description 

Turning the system on and off is done via control switch. 

Turning on of particular consumers is done via front board of distribution command cabinet by a three-position switch for pump activation (heat circles). Switches must enable positions for turning off, manual system work mode and automated system work mode.

Command cabinet must contain the main switch (command cabinet power supply cut-off), three switches for activation of pump circulation (three-position switches) and two switches for mixing pump activation.  

Heating is divided on special heating cycles with special circulation pumps. 

For condensation prevention and protection of boiler, along with mechanical switches, activation of pumps is also determined by boiler protection thermostat that is set to a minimum activation temperature of 40°C.

Water temperature in the boiler is regulated by draft regulator that activates and deactivates the ventilator of air supply for fuel combustion.

Water temperature regulation is done using a separate regulation automatic which control mixing valves, and the regulation is guided by outside conditions. Monitoring, regulation and control of all thermo technical devices of ventilation and air conditioning system is done using microprocessor regulation. 

Automatic regulation components contain all necessary digital/analogue I/O modules designed on DDC regulator principle. 

Microprocessor regulators can be integrated into the central control system (CCS) ob the building, whereby complete monitoring and control of thermo technical installation can be done. 

They are also installed into the command cabinet. A single pole schematic needs to be delivered with the cabinet. Boiler operation is described in more detail in handling and maintenance instructions. 

For every building, separate measurement of thermal consumption is done using heat meters (calorimeters).

For thermal expansion of water, two closed expansion containers are installed, with 200 liters of volume each, with all accompanying valves. Safety valves need to be tested during exploitation in accordance with valid legislation. 
HOT SANITATION WATER PREPARATION 

For hot sanitation water preparation, installation of a bivalent boiler with option for water heating trough the use of hot water boilers and solar panels (3 pieces) that could be installed on the flat roof of the building, is planned. Boiler capacity is 300 liters. The need for hot sanitation water is not of primary value compared to the need for space heating, and does not affect final thermal energy requirements. 

Considering building purpose, increased hot sanitation water requirement is anticipated. Considering that, it is obvious that a large amount of energy will be needed for sanitation water heating. The needed energy can largely be compensated with energy of the Sun by using adequate solar collectors. 

Through adequate choice of high quality and energy efficient collectors, as well as integration of installations in the existing water heating system, their contribution in hot sanitation water preparation can be utilized, thereby saving 60 to 70% of energy in this segment on the annual level. 

Movements in energetic and rational use of energy are directed to frequent and significant activities in usage of renewable energy sources (wind power, sun energy, water flow, bio mass etc.)

End goal is a reduction of energy consumption, its rational use on a global level, resulting in direct impact on lowering the emission of CO2 to the atmosphere. 

Alongside global significance of this kind of installations, it is also important to stimulate individuals and companies to use energy rationally and to favor systems that use alternative energy in order to lower their own expenses. 

FUEL RESERVOIR

A container made out of pickled steel with a floor sloped towards a spiral conveyor is used for storing enough wood pellet (monthly supply of 10 m3). Another spiral conveyor is used for dosage of pellet into a smaller container. Degree of repletion of the small (boiler) container is controlled via photocell. 
HEATING AND COOLING 
Method of heating and cooling of a space depends of its purpose, size and location in the building. For offices spaces, information, conference rooms, and hallways, heating and cooling needs to be planned, usually using panel units. Cooling is to be planned in all spaces where people reside and eventual spaces where the equipment demands it. 

Similar system is used for separated spaces, taking into account the possibility of individual regulation of temperature for every space.

Hot and cold water distribution (steel seamless pipes) is to be installed under the ceilings. Hot water pipes are to be thermally insulated on all stretches where they pass trough rooms that are not heated and cold water pipes on the complete distribution stretch. At the lowest places of installations, elements that enable installation drainage are to be planned, and at the highest places, elements for installation venting need to be installed. Pipe joints need to be planned for elimination of strains caused by thermal dilatation of pipes. In this case, the network is self-compensating. 

Temperature in individual spaces is chosen according to purpose and current normative. 

2.25. RADIATOR HEATING INSTALLATION 

Radiator heating installation is planned in toilers on all floors, and in accompanying spaces like tea kitchens, storerooms, staircases etc. 

In all spaces, aluminum sectional radiators with lower distribution and wall exits are planned. All radiators are equipped with radiator valves with thermostatic heads and vents. 

The minimum number of radiator sections is 4, and that is to be taken into account during selection of radiators, regardless of the calculations. Radiator heating installations that lead from the boiler room to distributor is done using steel seamless pipes. In the building, radiator heating installation pipes are insulated using thermal insulation 6 mm thick. 

Distribution from distributor to radiators is done via Cu 18x1 pipes, with a one-pipe system. Automated vents are installed on main verticals. Distribution is done in the suspended roof of ground floor. 

During installation, all exits need to be taken out of the walls to enable easier cleaning of spaces and better esthetics. 

Automated vent valves are installed on every heat accumulator, on distributors and distribution verticals, to enable efficient ventilation of installations.

2.26. FLOOR HEATING INSTALLATION 

In basement spaces, floor heating is planned in store areas, archives, hallways, by laying down pipes with spacing of 160 mm, and in caretaker spaces, detention units and court police spaces with a spacing of 120 mm. 

2.27. VENTILATOR CONVECTOR INSTALLATIONS 

Ventilator convector installation is done as a separate installation. Parapet ventilator convectors are used in this building, as well as panel units. 

Parapet ventilator convectors are planned for office spaces with small areas for reduction of draft impact, and in spaces where transport areas are without a parapet, panel ceiling units are used. Convectors are activated using thermostat, placed near light switches for lighting near entrance doors, were the effect of sun and other heat sources is negated. In the central hall and other hallways there is a large air space that needs to be cooled. In those spaces, panel units are also placed. Pockets of cold air and a hot air current that flows to the top provide required temperature in gallery spaces. Cold air descends from the galleries providing increased movement of heated air from the inside by glass areas. In every ventilator convector in office spaces a thermostat is installed as well as a regulator with a regulation of three work speeds. Ventilator convectors are connected to a common regulation unit that ensures central regulation (timed and manual work control). Ventilator convectors are of panel type and are built into the wall of the space, near the light switch. Regulators are equipped with a thermostat for temperature regulation, ON/OFF switch, ventilator speed, choosing winter/summer and a timer.  

2.28. COOLING MACHINE AND HEAT PUMP 

For building cooling requirements a total of 120 kW of cooling heat is needed. 

Chosen unit has heating and cooling options. This way, requirements for heating in transitional periods are met. For building cooling needs, one cooling device, a cooling machine air-water, with power of 123 kW and with a possible heating strength of 126 kW is selected. 

The cooling machine is connected to a heating system for the new building, and is separated using a shutoff valve. For temperatures over 5°C, heating of the entire building is possible using a heat pump. Cooling substation is comprised out of a cooling machine, compete with a hydro module. Cooling machines with air cooled condenser and axial ventilators are installed in the open. It is placed on previously prepared foundations outside the building. To avoid seasonal filling and draining of conditioning cold water system, it is planned that the filling be done with a 40% mixture of ethylene-glycol /water with a gradient of 7/12°C. Outdoor pipeline is insulated using a vapor tight insulation with an aluminum cover. It is anticipated that one cooling machine with two compressors covers the needs of this building. 

An air cooled machines with axial ventilators for outside installations has been chosen, and has the following characteristics:

Cooling capacity Qh=123 kW, heating capacity Qg=126 kW, tsp=35°C, 40% mixture of ethylene-glycol /water , temperature gradient of twi/twu=7/12°C

dp=102 kPa, 

N=52 kW, 3x380 V, 50 Hz

Cooling medium ecologically harmless R407C

Cooling machine is of modular build and needs to have its own pump for circulation, a water tank and expansion container.

2.28.1. Pipe network  

Pipe network distribution: Distribution of cold water pipe network is done using steel seamless pipes (except the connection of convector and radiator with distribution cabinets, which is done using copper pipes Φ18x1mm). Cold water pipes are insulated using polyethylene vapor resistant insulation with closed cells, 13-19 mm thick, and resistant to temperatures up to 110°C. 

Main distribution network inside the boiler room is made out of black seamless pipes according to the bill of quantities. 

At main pipeline branching, regulation valves with inclined spindle for fine regulation of flow using measuring – computer device with preparation of balancing protocols are to be installed. Venting of pipe network is done using vents that are located in the boiler room as well as on lines of the pipe network. 

  2.29.1. VENTILATION 

Ventilation systems need to ensure required indoor conditions taking into account valid standards for this field, and need to be in accordance with purpose and location of individual spaces. Quantity of fresh air, as well as required number of air exchanges is determined based on space purpose according to the number of air exchanges or maximum expected number of visitors in that space. 

During equipment selection, care was given to thermal energy saving. Air temperature at locations of introduction into individual spaces needs to be determined so that it doesn’t interfere with other systems, and to ensure optimal conditions in that space. In ventilation systems, filtering of fresh air using class G4 filters needs to be planned. 

For spaces (grand courtroom, conference hall, switch hall) air systems that are equipped with heat recuperation system, need to be planned.

2.29.2. VENTILATION WITH RECUPERATORS 

Office spaces that have the option to be ventilated naturally are not planned to include mechanical ventilation installations. Mechanical ventilation is planned for spaces where a larger number of people gather or where there is no possibility of natural ventilation, like the grand courtroom, conference hall and switch hall. These spaces where a lot of people resides and have a larger surface area are planned to be ventilated using heat recuperators with built-in external register that is used as a heater during winter (fresh air heating). Every system has an individual regulation and is activated in spaces where ventilation is used. 

 Office spaces that have no windows are planned to use recuperator ventilation. A water heater able to cool the air that is injected into the space is built into these recuperators. Recuperators have a simpler way of regulations and heater deactivation is done using a classic thermostat method (electromotor valve of ON/OFF type).

All recuperators have a low noise level, below 50dBA. Recuperators are installed beneath the ceiling and it must be made sure that they are insulated so that noise can’t carry to surrounding spaces. Connections between heat recuperators and ventilation canals are flexible. The suspended ceiling is installed under the recuperator, and the ceiling needs to be constructed so that the device can be dismantled without the ceiling being destroyed. Plasterboards under the recuperator, as well as protection around the recuperator need to have noise isolation 30 mm thick. Apart from jalousie, on the outside, there is also a grill that prevents animals from entering the inside of the machine. 

Heat recuperators provide maximum power saving since during winter, inflow air is heated using air that is sucked out of a particular area. During summer, inflow air is cooled using air that is sucked out of the area. Recuperators are installed under the ceiling with a small slope so that condensation precuts can be freely eliminated from the machine. 

At places where the canal passes trough fire sector boundaries, fire-protection flaps are used. 

2.29.3. GRAND COURTROOM VENTILATION 

A recuperator set in the suspended ceiling immediately next to the multimedia hall is used for ventilation of the multimedia hall. The recuperation unit has an integrated ventilator, filter and recuperator. Behind the recuperator, a water heater with an electromagnetic valve (ON/OFF) is installed. Multimedia hall has 25 seats. Quantity of air needed for ventilation of the multimedia hall is 900 m3/h, i.e. 40 m3/h per person (≥30 m3/person). The quantity of air determined based on DIN 1946. Water heaters with 6 kW of power are used for air heating. Since 25 people can be accommodated inside the multimedia hall, distribution of air from above needs to be ensured, so that the air can be brought to residing area. Air is pumped to the multimedia hall using six diffusers OD-1 8/J2/2 Hidria. 

All recuperator characteristics for multimedia hall are given in the enclosure. Same is true for other spaces that are ventilated using recuperator units. 

2.29.4. SANITARY FACILITY (TOILET) VENTILATION 

Ventilation of toilets is done in order to prevent spread of foul odors and in order to achieve that, negative pressure needs to be achieved inside ventilated spaces. Secondary air flow needs to be ensured at anteroom doors and toilet entrance, using openings of 150 to 200 cm2. Ventilation of toilers is defined in accordance to DIN 18017-3.

Indoor toilet in the left block (ground floor and two floors) is ventilated using a roof ventilator of a unit capacity of 800 m³/h with sensors that activate the ventilator on user entrance and deactivate after a certain time of toilet inactivity. Ventilators are located on the roof and are separated for ventilation of female and male toilets. Every ventilator provides 5-8 air exchanges in spaces that are ventilated. Toilet for men and women are ventilated separately. By decentralized suction a significant energy saving is achieved.  

Left toilet block is ventilated using pipe ventilators on a floor basis. Verticals are made out of polypropylene pipes with diameters given on drawings. 

2.29.5. VENTILATION OF TECHNICAL SPACES AND SMOKING AREAS 

Technical spaces need to be ventilated separately trough low-noise ventilators installed into the suspended ceiling. They are turned on via thermostat set on the wall. Vertical is shared, made out of galvanized tin with a diameter according to drawings, exiting to building roof. 

Smoking areas are ventilated separately using pipe ventilators RKK 125. They are motion sensor controlled. Air expulsion grill is built into the façade into pre-prepared openings. 
2.29.6. GARAGE VENTILATION

Based on garage location in the basement and the small area of openings compared to total area of garage, this garage type needs to be ventilated mechanically, since the needed air exchange can't be done using natural ventilation. Based on VDI 2053 and garage classification based on size, this garage falls under small size garages with an area of 315 m2 (small size garage area is up to 400 m2). Exhaust gases contain different kinds of carbohydrates, sulfur, soot, and the most dangerous is carbon monoxide, easier than air and needs to be pumped out of the garage as soon as possible after it appears. Based on VDI, as a basis for calculation, required air quantity for ventilation of the garage is 12 m3/h m2 of useful garage space, i.e. not less than 3.780 m3/h for the entire garage. 

Technical requirements for ventilation systems 

Garage ventilation system must meet two primary technical functions:

Remove vehicle exhaust gases, usually carbon monoxide, during normal garage use,

Smoke drainage in case of fire, to enable safe rescue.

In the UK, design documentations for both functions is compliant with "Approved Documents B and F of the Building Regulations of England and Wales", and similar recommendations are given in technical documentation. Many other countries adopt these standards or have special standards and their own regulations.

Relevant norms in the UK proscribe:

6 exchanges/hours (or ventilation for maintenance of  CO level < 50 ppm for control of exhaust gases),

10 exchanges/hour (or ventilation level based on BRE 368 norms (H.P. Morgan and others - design methodologies for smoke and heat exhaust ventilation) for smoke drainage,

Total ventilation performance per one floor ventilator with vertical exhaust,

Fire resistance of ventilators at least 300°C/ 1 hour. In this case 400°C/ 2 hours,

Ventilation system ensures distribution of aspirated air quantity,

Required fresh air quantity is secured trough the entry ramp.

Ventilation canals are planned for the garage, distributed in the upper part under garage ceiling and in lower parts of garage in suction areas, and they secure air circulation towards garage depth where a suction canal is placed, with air ventilators outside the building (on the roof). 

At the suction canal entrance, a grill trough with air is flows to suction canal is located. Ventilators are activated in two cases. In case the ventilators are activated by “CO – alarm installation” the whole system keeps working until the concentration of carbon monoxide falls under the limit value (ventilators work at first speed stage).

Second case of activation of garage air suction systems is via fire central and the ventilators work at full power. Since in case of fire at any location in the building, the whole building is isolated from electricity supply, power supply of the system needs to be designed using alternative supply using a generator that are automatically activated in case of power supply failure. 

For these needs, a “Diesel” generator for electricity production (with power according to the electrics design), with an outdoor build and located in close proximity to the cooling devices is planned for this situation. In case the fire central activates the smoke expulsion system, ventilators will continue working until the disturbance that led to their activation is resolved. 

 In case the fire continues, ventilators will continue working until they are destroyed by fire. Main distribution cabinet for the ventilation system is located in the basement (outside the garage fire sector).

Cables between the main distribution cabinet and the ventilators have an increased resistance to high temperatures.

In this case, cold air supply is secured trough the main garage entrance opening, where the evacuation paths are located, and trough fresh air supply canals (in case when mechanical ventilations does not work as required). 

Fire protection 

During design production, all aspects of building fire protection needs to be taken care of. In all places where air supply canals pass trough horizontal and vertical penetrations of fire sector boundaries (defined in the Fire protection study), fire protection clamps with a fire resistance no less than 90 minutes need to be planned. 

Installation elements need to have attests for non-combustibility and self-extinguishing.

Noise and vibration protection 

Since this installation has a lot of elements that present a large noise and vibration source, appropriate elements and measures that can eliminate those influences so that they don’t hinder normal functioning of the building, need to be planned. 

At air distribution canals (if needed), appropriate noise dampers should be installed, so that the noise level that forms because of rotating elements can be lowered to a level that is allowed according to valid normative. 

At all locations where noise and vibration producing installation elements are in contact with building structural elements or other installation parts, appropriate shock absorbers that will completely remove those sources, need to be planned, 

VENTILATION SYSTEM

For ventilation of restaurant spaces, air exchange using suction of air out of spaces and bringing fresh air trough canal heat recuperators with a ventilator with variable rpm is used. Shop area is ventilated with 4 air exchanges, i.e. 50 m3/h. 

Ventilation of conference hall is simply done using suction of air out of spaces and bringing fresh air trough canal heat recuperators with a ventilator with variable rpm. The space is ventilated with 3.5 air exchanges, i.e. 30 m3/h/per person (30 people). 

Conference hall ventilation is comprised of:

Filter section class F7,
Two-row air heater section, Qg=12 kW, twg=80/60°C (integrated heater), pressure drip 11Pa,
Pressure and suction ventilator sections with a capacity of Lt=900 m3/h, dp=100 Pa, 2xN=0,265 kW,

Canal thermostat for freezing protection,

Fire protection flap,

Plate recuperator degree of efficiency minimally 72%.

Ventilation of the coffee restaurant is comprised of:

Filter section class F7,
Two-row air heater section, Qg=15 kW, twg=80/60°C (integrated heater), pressure drip 30Pa,
Ventilator sections with a capacity of Lt=1200 m3/h, dp=100 Pa, 2xN=0,373kW,
Canal thermostat for freezing protection,

Fire protection flap,

Plate recuperator degree of efficiency minimally 72%,

Automatics wiring with command cabinet and built-in regulator and electro equipment.

Automatic and manual control of this system is planned, and the command cabinet with a built-in regulator is located in storage spaces on a free wall.

Heated air is injected in a space trough ceiling diffuser or canal grills with adjustable lamellae. For suction of this system, and ejection on the façade, rain-proof grill with dimensions given by design are used.

Heater capacity is determined according to allowed pressure drop at airside, and not according to required heating power. Because of that, instead of taking heat power value into the balance, real requirements for recuperator work are used. 

3.0.  FIRE AND EXPLOSION PROTECTION

OVERVIEW OF TECHNICAL SOLUTIONS THAT ENSURE FIRE PROTECTION 

MEASURES 

It is obvious that heating installations must not be a source of fire. However, if a fire breaks out because of other reasons, it affects heating installations trough bursting of pipelines and building flooding caused by water discharge. 

To minimize or avoid these occurrences, after complete installation of boiler room pipeline, it should be covered with two coats of high heat resistant paint, with thorough previous cleaning. To avoid flooding caused by pipeline bursting (during bigger fires), water out of installations is released through an outlet faucet, mounted on the lowest installation point (usually in the boiler room).

Explosions are avoided by installing security equipment in the boiler room:

Boiler thermostat,

Open or closed expansion container,

Security valve.

Unmaintained ventilation facility can be a cause of fires that can endanger the complete building. Because of that, increased fire protection measures need to be taken during design, construction and exploitation of a building. 

Because of regular deposits of micro dust and prevention of fire caused by static electricity occurring because of air flow, especially in low air humidity conditions, all necessary grounding and potential equalization need to be done in order to efficiently dispose of static electricity. 

All material and equipment that the building is made of must be of required fire resistance, and this is especially true for the isolation which needs to have proper fire resistance attests. 

Other measures to be taken according to mechanical –t technological design.   

3.1.APPLIED FIRE PROTECTION MEASURES ENCLOSURE – garage 

Installation equipment spaces are a separate fire sector compared to the rest of the garage. Vehicle servicing spaces can be planned in the garage (technical examination, technical services and washing). These spaces must be a separate fire sector compared to car parking spaces and must have their own car and pedestrian entrance. 

Evacuation paths must always be free and marked. Coating of evacuation paths with combustible materials is not allowed. 

In large and medium garages, paths that lead to security staircases or exits must be marked with permanently illuminated signs set on garage walls, as well as permanent noticeable signs on the floor. 

Fire resistance level of underground garage, as well as aboveground-underground garage that is located within the building of other purpose, must be high (WO) according to JUS U.J1.240:1994 standard – Fire protection in civil engineering. Fire resistance level of buildings. 

In garages with an area larger than 150 m2 a required number of wall mounted fire hydrants is installed.

For medium and large underground garages and large aboveground garages minimally 20 lux must be ensured on all usable spaces and paths using general and auxiliary lighting. Evacuation paths need to be illuminated with at least 1 lux in the garage floor axis, and at least 50 lux of auxiliary illumination must exist on staircases, passages and exits.

Selection and installation of electric equipment and electric distribution in large and medium underground garages and closed large aboveground installations must be according to JUS N.B2.751: 1988 – Electric installations in buildings. Electric distribution of permanent allowed current for environmental impact concerning possibility of evacuation in case of emergency, class BD2. 

Natural ventilation needs to be dimensioned so that the half-hour mean value of carbon monoxide is less than 100 ppm, with allowed deviation for expected regular periods of traffic peaks. 

Alongside automated forced ventilation system control, overpressure ventilation system control and smoke drainage system control, manual control must from a secure location needs to be set up. 

4.0.WORK SAFETY

DANGER AND HARMFULNESS THAT CAN OCCUR DURING CENTRAL HEATING 

EXPLOATATION AND INSTALLATION 

Following occurrences usually fall under the danger group:

· Incorrect equipment and canal dimensioning, as well as not following regulations and standards,

· Wrong equipment, pipes, measure, regulation and security armature selection,

· Poor pipe, armature and connection construction,

· Mechanical damage during unprofessional and incorrect handling,

· Static electricity,

· Corrosion,

· Bad quality material danger,

· Explosive mixtures,

· Fire hazard,

· Danger of electricity,

· Danger of difficult maintenance conditions caused by crossing and nearness of other energy carriers,

· Inability of deactivation of individual ventilation system elements,

· Danger of thermal dilatations,

· Danger of transversal strain of pipes and their deflection. 

4.1.OVERVIEW OF TECHNICAL SOLUTIONS THAT ENSURE WORK SAFETY MEASURES 

Central heating installation of the building in question is done in part using a two-pipe and partly using a one-pipe distribution. To avoid aforementioned dangers and harmfulness during installation exploitation, following measures need to be taken:

· During installation construction, after complete mounting, they need to be tested for water permeability for a period of at least 2 hours. During this period, manometer pointer must remain immobile. Testing is done using pressure of 2 bar, under condition that testing pressure be at least 1.5 times bigger than work pressure. Successful test ensures avoidance of installation bursting during activation and avoidance of harmfulness caused by building flooding, 

· Heat dilatation dangers can be avoided by proper dimensioning of pipe network and installing required compensators,

· Since work medium temperature and pressure is determined from the boiler room, danger of them exceeding maximum values and eventual explosions are prevented by security equipment in the boiler room. In order to keep track of these parameters, at the boiler exit a thermometer and manometer is installed. The boiler room is equipped with a closure and outlet armature, through which the installation can be drained of work medium at any moment. 

The group of harmfulness includes the following: 

· Insufficient space for equipment servicing and repairs,

· Inability to regulate installation activity,

· Leaks at connections and welds,

· Insufficient power supply, 

· Entrance of undesirable persons, 

· Occurrence of residue in canals. 

In all garages with forced ventilation, detectors for measurement of carbon dioxide must be installed and always turned on, and they include forced ventilation if the CO concentration reaches the limit of 100 ppm. 

If the concentration of carbon monoxide in the air is higher than 250 ppm, detectors for measurement of CO concentration automatically warn the garage users to turn off the vehicles and leave the garage. Alarming can be done via loudspeakers or by blinking lights with printout. 

      
              5.0.GENERAL TECHNICAL AND CONTRACTUAL CONDITIONS 

5.1.TECHNICAL CONDITIONS FOR BOILER ROOMS 
A/   Boiler placement:   

1.    
Boilers should to be placed on ground floor or a boiler room space located underground. 

2.    
All pipe and cable openings in the boiler room walls must be secured against gas passage and the floor openings must be water right. 

3.    

Fresh air entrance must not be closed off and needs to be located in a rage 30 cm off the floor up to 1/3 full boiler room height. Air drainage must be as far from the fresh air entrance as possible, closer to the ceiling. 

4.    
Boiler must be placed on unstrained horizontal and sound foundation. 

5.    
Boilers and distributors should be placed to ensure enough space for installation and servicing. 

6.    
Every boiler must contain: 

a) Clear table, with capacity, work pressure, type, manufacturer, supplier, etc.,

b) Smoke canal with bronze connection 1/2" for smoke gas measuring,

c) Explosion opening (except in case of boilers with atmospheric burner that has a open draft stopper on the chimney), 

d) Mano-thermometer. 

e) Bronze connector for loading and emptying, 

7.  
All connections and armatures on the boilers need to be installed to enable unhindered boiler cleaning. 

8.  
Where multiple boilers are combined in a single boiler room, closure bodies need to be installed to ensure proper function of security elements. 

9.  

Closure elements of the boilers need to be places so that in case or water leakage, no dripping on armatures and regulation apparatus occurs. 

10. 

If possible, a venting pot should be installed above the boiler, on the starting line. 

B/   Armatures:

1.  
Armatures need to be installed to ensure easy cleaning, proper servicing and eventual replacement. 

2.  
Closure elements with a spindle need to be directed horizontally or towards the bottom during installation, to prevent connector drying up and prevent air from entering into the valves. 

3.  
Armatures and regulation elements need to be installed so that in case of water leakage on flanges, screw pipes, or pipe connections, no damage to the apparatus is done. 

4.  
Where multiple closure elements are present, it is recommended that they be named using name tags or ordinal numbers, to easily differentiate them. 

5.  
Filling-emptying valve must be made out of brass and planned with a key for opening and closing, connection for the hose, cap and chain. 

6.   
Filling hose must be strengthened using rubber band resistant to minimally 3 atp of pressure, and planned with a valve connection and hose clamp. 

C/  Instruments:

1.   
All instruments need to be placed within reach and all scales need to be examined for reading. 

2.   
In case of mixing regulation, every measuring device needs to be located at least 1 m behind the regulation device, and it is more favorable if it is behind the circulation pump. 

3.   
Thermal measurement and regulation instruments are installed so that they are submerged into adequately wide pipe with appropriate submerging pipe. 

4.   
Pressure manometers must be placed in a metal cabinet covered with glass in a brass ring with marked work area, and a special red color marking for danger limit.  

D/   Expansion:

1.   
Open or closed expansion tank needs to be connected to screw pipe for security lines so that in case of replacement, all connections can be free.

2.    
During pressure testing of installations, open or closed expansion tank needs to be unclasped. 

3.    
Expansion tank is directly connected to the boiler or boilers. Between the connection of expansion lines and boilers, no closure elements can be placed. 

4.    
If, for some reason, the expansion tank isn’t connected to the boiler, the boiler needs to be secured via security valve with a weight or spring designed with a funnel and drainage to a gutter. 

5.    
Closed expansion tanks with a mechanical membrane must be installed according to manufacturer’s instructions, and in tandem with the tank, a security valve, vent valve, manometer and screw pipes need to be installed. Pressure regulated in the factory must not be changed by anyone. 

6.    
Closed expansion tank with a membrane is to be installed on return line. 

7.    
Security-technical equipment (central heating facility, temperature up to 100 °C) is to be installed according to JUS M.E7.201-202-203, DIN 4751.

5.2.TECHNICAL CONDITIONS FOR HEATING INSTALLATIONS 

1. All used material needs to be of the newest manufacture, with a solid structure and quality finish, with no defects, and must comply with current regulation for materials used in production. 

2. All cast material as: radiators, armatures etc. can’t have manufacture insufficiencies and can’t be porous. All material must be pressure tested by the manufacturer. If porosity is noticed, that material needs to be rejected as unusable. Fixing of material by using blocking agents is not allowed, no matter what material is used as a fix. 

3. Measurement and control instruments must be of solid build, correctly calibrated and match their purpose entirely. 

4. Armature has to be of solid build, tested for function and required pressure, i.e. must be tested if it complies with its purpose entirely. 

5. Radiator battery needs to be installed correctly, connected so that the radiator is totally straight, it must not be crooked. 

6. Pipe network is made using steel attested and seamless pipes. Connection of steel pipes is done using welding. Sections that are intended to be welded need to be prepared as follows: 

· Edges-lips if pipes need to be filed so that connections can be done as correctly as possible,

· Pipe parts and fittings need to have their welding surfaces cleaned, elements are welded together and then, using heating and solder, they are soldered together. 

7. Pipe connections must not be done inside walls and floors, but on visible and easily accessible spaces. Passage of pipes trough walls and floors must be done so that in case of thermal dilatation of pipes, mortar and plaster is not damaged. Where pipes pass through walls, they are to be wrapped in corrugated sheet or tin sleeves are to be set into the wall so that the mortar is not damaged in case of pipe widening. Pipes that are set into grooves and canals (slots, slits), need to be cleaned beforehand, isolated and then closed. 

8. In case of connecting pipes with threaded elements, brass transitional elements should be soldered on the pipe. For lives with diameters bigger than 35 mm flanges should be used, and sealing rings should be used between them. 

9. All copper pipes, and especially soldered connections, that are installed visibly neat walls, should beforehand be thoroughly cleaned using metal wool and then painted using heat resistant paint according to regulations. Paint and lacquer tones are selected at the spot by investor’s servicing body. Cleaning and painting is controlled by the supervising body. 

10. After the process of laying down central heating installations is finished completely, they need to be tested using cold water pressure of 3 bar. The whole installation is kept under pressure for 2 hours. During this period, no seepage or leakage of installations can occur, and pressure drops are not allowed.  

11. After a successful cold pressure test of installations is performed, a log is made between the contractor and the supervising body, and then the installations are put to a test run. 

This trial run is done in order to ascertain the functionality of designed and constructed central heating installation: space heating, radiator heating, correct network venting, and pipe elongation compensation. 

During this test, the following needs to be established: 

a) The installation is leak-proof, 

b) All instruments and armatures function correctly and are reliant during use, 

c) Heaters are heated uniformly over the whole area, 

d) Consoles, clamps, strong points, especially clamps, can easily take all the strain in case of pipe widening caused by temperature changes. If all of this succeeds, i.e. if everything is functioning correctly and no defects are found, the next steps can be taken: pipe cleaning, painting, isolation and closing of openings and canals, as well as plastering corrections. 

12. Visible pipes and radiators must previously be cleaned for rust, mortar and impurities and then painted and lacquered using color tones selected by investor’s supervising body. Paint and lacquer need to meet quality and heat resistance demands. 

13. Quality reception of central heating installation is to be done on temperatures of -5 °C, and if the reception is done under higher temperature conditions, a special diagram developed for this purpose must be used. Heating is performed during 3 days, at least. Temperature is measured in the middle of the room at the height of 1.5 m, measured from the floor.  

14. After testing and measuring is successfully finished, it is ascertained that the central heating installation is definitely technically admitted. 

15. Contractor obligations are: 

· To remove all eventual shortcomings determined by the technical inspection committee (if the committee demands changes to be done or if some works that are not a part of the agreement are performed, all costs are borne by the investor),

· To acquire all attests and guarantees for materials and equipment used, 

· To make a written instruction for boiler room or substation operation, and places it on a visible location, 

· To provide all necessary measuring instruments and work force for technical acceptance, 

· To make a study of performed works in three copies with handling instructions and gives it to the investor free of charge, 

· To label (according to technical regulation) the pipelines in the boiler room (substation):

a) Hot water pressure line

red, 

b) Hot water return line

blue,

c) Drinking water


green.                 

In case of complex facilities, regulations and the supervising body should be consulted for labeling details. 

5.3.TECHNICAL CONDITIONS FOR FLOOR HEATING INSTALLATION

GENERAL CONDITIONS

Floor heating has its functionality and economy only in case where the building is constructed according to regulations for thermal protection of buildings.  Lying down of floor heating pipes is dune during the building construction phase after all the carpentry with glass surfaces is installed. Surface on which floor heating is laid down on must be straight, smooth and dry, with prepared weatherproofing.

Distribution cabinets are set into the wall structure so that they are minimally 80 mm off the ground. 

5.4.THERMAL INSULATION

Edge installation strips made out of PV-sponge and 8 mm thick and 180 mm tall are laid down near the walls. After that, floor insulations for floors is laid down (EPS - 80 mm (mechanical characteristics selected according to floor capacity approximately 120 kPa, and over it a board with corks 30-17/15mm; in this case, no additional vapor barrier is needed.
Foil glued to the downside of the edge installation strip is spread over the system board in a way so it is pressed by a pipe closest to the wall. That way, penetration of screed under and behind the board is prevented. 

If isolation boards from other manufacturers are used, care must be taken to consider the material density, i.e. its endurance/ specific load/. 

IMPORTANT: dilatation zones need to be marked and they should be placed in areas marked in the design (max length of zone 8 m and max area 40 m2).

5.5.PIPE INSTALLATION
Aluplast pipes are used for pipe distribution, made out of polyethylene cross linked under high pressure and a layer of aluminum  coat, resistant to temperatures of + 90 °C to – 50 °C. Minimum bending radius is r=5D in cold state. Pipe radius is Φ16x2 mm. 

Pipes are placed on isolation board with corks that fix the pipe when pressed in, and so keep the desired spacing. Built-in spacing holders ensure the distance between pipes and isolation board so that the screed can encompass the pipe on the whole girth. 

Pipes are placed without breaks, continually, in order to avoid connections in the screed. For eventual connection, connections with a movable casing form the same manufacturer are used.

Placing is done using the design documents, so that placing begins at the distribution organ, leaving enough length to connect to the distributors/0.5 m above the distributor. All pipes that lead out of the distribution cabinet, wall penetrations and dilatations must be squeezed through a ribbed protection pipe. 

Pipes are placed and spaced according to the design and the pressing of pipes into the corks of the isolation board begins at 10-15 cm from the wall, except in places where a larger distance is left for placement of sewerage drains. 

5.6.PRESSURE TEST

Leak-proof test is done before the pouring of screed. After pipe registers are placed, the installation is filled, vented and tested for impermeability using visual control and manometer control. Every register is tested separately using cold water and a pressure of 10 bar during 2 hours, and then impermeability is tested during 24 hours. Pressure should be controlled on the manometer and watch for leak occurrences visually. After the test is performed, a pressure test protocol is made and if the test is satisfied, pouring of screed over pipes is done. Pipes are under pressure until they are poured over with screed and during screed drying. 

 Screed plays a big role in floor heating. Screed thickness is determined by the design. Screed production recipe is determined by the manufacturer and the instructions should be strictly adhered to. It is important to determine the disposition of dilatation/dilatation joints and keep to it. All pipes that pass through dilatation come from screed or pass through partition walls need to be protected using a ribbed protective dilatation pipe 300 mm left and right from penetration or dilatation joint. Pipes that enter the cabinet also need to be protected using ribbed dilatation pipe.

To improve screed quality, flow etc. “screed additives” are used, according to recipe given in the floor heating calculations.

Screen must not dry on draft.

5.7.HEATING

First test run of the facility can be done 21 day after screed is placed, i.e. 7 days in case of anhydrite screed. First heating begins with a temperature of 25 °C that is maintained over three days. After that, entrance temperature is maintained at /45 °C/. 

Heating is finished minimally 4 days after the adjustment of entrance temperature to max /45 °C/. Before first hot test a test protocol is made.

5.8.TECHNICAL DESCRIPTION FOR VENTILATION AND AIRCONDITIONING INSTALLATIONS

Introduction

Ventilation or air conditioning installation works are done bared on detailed design of the installation. Detailed design must contain all important elements according to which the contractor can install all facilities with no problem, with quality and on time. 

Materials and equipment 

All installation elements that are planned to be placed need to be calculated according to conditions of individual spaces and selected so that they meet all requirements that those conditions mandate. Description of every element or installation set must contain all important characteristics that the contractor can use to check their functionality. 

The contractor is obligated to procure and place elements and sets, as well as materials whose characteristics are planned in the detailed design of installation. If the contractor can’t procure install the planned equipment or part of equipment for some reason, a representative of the employer must immediately be notified and appropriate replacement must be suggested, so that it can meet the required function when installed. The employer must consider any changes on time and in agreement with the installation designer, and, according to the contract, notify the contractor; this must be entered into the assembly log signed by all agreement participants. 

In case that the installation designer does not agree with proposed changes, he is obligated to justify his view in writing, and the final decision will be done by a representative of the investor, and this is also to be entered into the assembly log. 

The contractor is obligated to make sure all the required materials and equipment that need to be installed is delivered on time, as well as the qualified work force, according to the agreed upon dynamic of works on the building. Delays in equipment or work force delivery must not be the reason for delays in completion of other works and delays in building completion.  

Assembly 

All elements and installation sets must be installed at locations planned in the detailed design. Because of that, before works start, harmonization of design with other installation designers needs to be done. If collisions in different installations are found, supervising body is obligated to perform alignment of clashing installations in agreement with designers and contractors, and in the shortest possible time. 

Especially important aspect of cooperation is the one with the contractor of construction works. The contractor for ventilation and air conditioning installation works is obligated (before construction of individual construction positions) to do a check of opening plans and compare them with the installation needs, so that he can highlight eventual shortcomings. All problems that can eventually occur must be resolved by the supervising body, in agreement with representatives of the designer and the investor, and this must be logged into assembly log, and signed by all participants. Ventilation i.e. air conditioning chambers for air preparation before injecting it in spaces, are to be placed at designated locations, in special areas that are planned for solely for this purpose. These spaces must be made so that there is no noise and vibration spreading, which can be caused by installation’s rotating elements. Chambers can be delivered in sections or as complete units, factory tested and balanced.  

If it is delivered in sections, all tests must be done after complete assembly. During chamber handover at the location of placing, the contractor is obligated to check if the delivered unit entirely complies with characteristics given in the detailed design, and if it has all the required attests to meet the installation needs.

Installation of the chamber can be done on concrete foundation or special shock absorbers designed for this purpose and made out of hard rubber or other similar material. In case the chambers are placed by hanging them on the building, elements for elastic suspension need o be used. It is important to make sure that during chamber placement, potential vibrations are prevented from transferring from the camber to structural elements of the building. The chambers must not be in contact with the building structure.

Ventilation i.e. air conditioning chambers must be placed so that unhindered inspection and servicing of individual elements and chamber section (filters, exchange section) can be done. Because of that, at the servicing side planned by design, space need to be left, approximately corresponding to chamber length. 

Connection of the chamber or individual elements with the elements for canal distribution must be done suing flexible connections, using canvas or other appropriate material. This connecting material needs to have enough elasticity, and be resistant to changes of temperature and humidity of surrounding air. 

Connection of exchange sections (heater, cooler) to the appropriate pipe distribution network for hot, i.e. cold water must be done according to detailed design with the least local resistance possible. Armature elements and automatic regulation equipment needs to be placed at planned locations with appropriate transitional elements and flexible connections. Every exchange section must be separated from the res of the distribution network using an appropriate closure element.

 Distribution of air is done using canals, as planned by the detailed design. Certain stretches are done according to the given measures or in the contractor’s workshop or at the spot in the building. Canal material must comply to conditions given in the design for certain kinds and purposes of installations. Every change of material for canal construction must be approved by a representative of the supervising body and logged into the assembly log.

Thickness of material used for air distribution canals depends on material kind and dimensions of the canal itself.

For rectangular canals made out of galvanized tin, that is usually used, galvanized tin of following thickness is used:

· For canal dimension larger than 250 mm, tin thickness is 0.50 mm

· For canal dimension 250 to 490 mm, tin thickness is 0.62 mm

· For canal dimension 500 to 990 mm, tin thickness is 0.75 mm

· For canal dimension 1000 to 1490 mm, tin thickness is 0.88 mm

· For canal dimension 1500 to 1990 mm, tin thickness is 1.00 mm

· For canal dimension 2000 to 2490 mm, tin thickness is 1.13 mm

· For canal dimension larger than 2500 mm, tin thickness is 1.25  mm

For round canals made out of galvanized tin with overlap connection, galvanized tin with the following thickness is used:

For canal dimension 63 to 125 mm, tin thickness is 0.75 mm

For canal dimension 140 to 250 mm, tin thickness is 0.88 mm

For canal dimension 280 to 500 mm, tin thickness is 1.00 mm

For canal dimension 560 to 1000 mm, tin thickness is 1.13 mm

For canal dimension 1100 to 2000 mm, tin thickness is 1.25 mm

For aluminum tin canals, aluminum tin with the following thickness is used: 

For canal dimension larger than 250 mm, tin thickness is 0.60 mm

For canal dimension 300 to 590 mm, tin thickness is 0.80 mm

For canal dimension 600 to 990 mm, tin thickness is 1.00 mm

For canal dimension larger than 1000 mm, tin thickness is 1.25 mm

Thickness of tin used for construction of air distribution canals given above is applicable for canals used in ventilation i.e. air conditioning system, that fin into class I (up to 400 Pa). For canals usind in systems class II (400 to 100 Pa) thickness of tin selected to be one dimension larger than values given for class I, and in systems class III (over 1000 Pa) thickness of tin is selected to be two dimensions larger than class I. 

For air canals made out of tough PVC, material thickness mustn’t be less than 3 mm (recommended 4 mm), to enable connection welding and connection of different canal stretches. 

Material thickness for “spiro” canals and flexible pipes is determined by the pipe manufacturer, depending on the materials used for their manufacture and pipe dimension, and according to their own normative. These pipes must have appropriate attest documentation. 

Connection of air canal stretches, made out of galvanized tin, can be done using flanges or by insertion, depending on canal dimensions and the technology owned by installation contractor. 

Air canal connection using flanges is done using corner profiles, with dimensions dependant on canal dimensions. Minimum profile dimensions are determined according to larger canal dimensions:

For dimensions up to 1000 mm – L profile 30x30x3 mm

For dimensions over 1000 mm – L profile 40x40x4 mm

During canal connection using flanges, care has to be taken when dealing with connection sealing. Sealing must be done well, using special sealing tapes or plastic kit for bonding. Bond quality must be excellent, so that no more than 15 total air quantity, given by the planned ventilator, is lost at the connections.  

In case of connecting using sliding fit, type of connection depends on the technology used by the contractor for canal construction. There are several types of sliding fits (“S” connection, longitudinal fold, “S” connection with vertical fold, corner fold, standing fold, “Pisburg” connection etc.). However, any connection type used must fulfill required condition of canal firmness and connection bond.

Connection of canal and individual stretches to air canals made out of different materials is done as follows:

Connection of aluminum tin canal is done the same as in case of galvanized tin canals,

Connection of black plate is done using welding, or appropriate flanged connection,

Connection of hard PVC canals or other similar materials is done using welding or gluing; in case of gluing, it is important to be aware that these connections aren’t reliable inc ase og low temperatures and separation of connected elements can occur,

Connection of stretched made out of “spiro” or flexible pipes to each other or with other elements is done using special connection elements that are recommended and usually made by the pipe manufacturer.

For elimination of vibrations in straight air canal surfaces, they must be stiffened appropriately. Stiffening of individual canal stretches must be transversal and longitudinal. Method of canal stiffening depends on the material used for canal construction, its thickness and canal dimensions.

Methods of transversal stiffening of air canals made out of galvanized tin:

For canals with longer dimension up to 500 mm, transversal stiffening is planned every 2m,

For canals with longer side from 500 to 1500 mm, transversal stiffening is planned every 1m, 

For canals with longer side over 1500 mm, transversal stiffening is planned every 0.5 m.

Transversal canal stiffening is done using corner profiles with minimum dimensions 30x30x3 mm. Methods of transversal stiffening of air canals made out of galvanized tin depend on the longer canal dimension:

For canals with longer dimension up to 1000 mm, longitudinal stiffening is done using longitudinal standing fold on the inner side or using corner profiles, 

For canals with longer dimension over 1000 mm, longitudinal stiffening is done using corner profiles with minimum dimensions 40x40x4 mm. 

Transversal and longitudinal black sheet canal stiffening is done using corner profiles, minimum dimensions 40x40x4 mm. 

Hanging of air distribution canal is done using special adjustable hanging strips or using steel rods with a thread of appropriate length. If several canals are placed at the same time, they can be hanged together using appropriate “L” or “U” profiles on which canals are placed. Every canal must be secured to a profile separately. Profile size is calculated according to number and size of placed canals. 

5.9.CONDITIONAL CONDITIONS FOR INSTALLATIONS

1. Design documentation is done based on design that has these conditions as a supplement: 

2. Components of the design are:

· All drawings, 

· Complete calculations, 

· Technical description

· Description and conditions, 

· Cost estimates. 

3. Installation construction contract is made based on cost estimates that also contain the price of the complete installation construction given by the contractor, and according to cost estimates, drawings, technical description and these conditions. 

4. Also contained in cost estimates is all the work and material for installation construction, necessary measuring, adjusting, regulating, cold and functional pipeline test, instruction the installations manager during a six day period. The contractor is obligated to deliver the facility handling instructions after works and installations are done, and that needs to be calculated in the offered sum.

5. Before work starts, the contractor is obligated to do a design overview and warn the investor of eventual flaws or deviations compared to actual state. 

6. It is not allowed that the contractor perform any changes to the design without approval from the investor. Investor is advised to consult with the designer for every change, otherwise the designer can’t be considered accountable for proper function of constructed installation. 

7. The contractor is obligated to keep a construction book with start of construction and daily logs of assembler crew and works performed. 

Supervising body and the investor log all remarks related to works performed and eventual deviations from the design in the construction book.

8. In order for works to be performed as planned, investor and the contractor will sign an agreement related to obligations concerning preliminary construction works, in service to machine installation construction, facilities and devices, determining who is obligated to provide work force for heavy element transfer, chase cutting, fastener installation etc, construction of scaffolding and platforms.    

9. After installations are performed, a test run, pressure test and measurements are done, in presence of the supervising body, and a log is made.

After testing is completed, isolation and welding of slits and canals is done. 

10. Air, electricity and water used for trial run is provided by the investor, as well as hot water used for painting. 

11. The contractor gives a two year guarantee for works performed, if not specified otherwise by the contract. Guarantee period starts the day of technical acceptance of the installations, i.e. the day the installations are handed over to the investor, if the investor required installations to be used before technical acceptance. 

12. During the guarantee period, the contractor is obligated to remove any defects (caused by installations of low-grade materials, or caused by bad installation work) in the shortest time possible when called by the investor. Guarantee does not apply to elements that are susceptible to depletion and wear, like sealants etc. 

In case the contractor does not answer and doesn’t remove the defects in a certain time period, the investor can hire a third person to remove the defects, at the expense of the contractor. 

Testing and regulation 

Before every installation can be put to test work and regular operation, all tests that need to show if the installations are sound and safe must be performed, so that they can be used without danger for the work crew, users and the building. 
All tests must be done before finishing work, i.e. before painting, isolation placing and other finishing work, so that the place where installations are failing can be exactly determined. Tests must be done on installations that are completely finished and ready for test runs, with only finishing works remaining. 

Preliminary partial tests or testing of certain parts and installations systems can be done to determine if they are sound before being connected to other parts of the installation. These preliminary tests are done by the contractor in order to check the finished works for correctness. A supervising body can witness these tests. During the trail run of air conditioning, the following needs to be determined:

a) if all cooling devices are cooling the space evenly and if all procurement conditions are met,

b) if the system is ventilated evenly and if it is working without sounds and punching, 

c) if all sealing and regulation elements are functioning as intended and if they can be easily regulated,

d) if required temperatures in all spaces are achieved during appropriate outside temperature and initial water in the system, that corresponds to this.  

A log with all required data and rest results must be made for the above mentioned testing and measuring.

If installation defects are determined during testing, or if it is observed that the installation doesn’t meet the requested and guaranteed results, the contractor must determine the defects and remove them. 

A supervising body of the investor must be present when finishing and official testing of complete installation is performed. A log must be made containing all required data and testing results. Test results with the required descriptions must be logged into the construction book. 

All pipelines together with the equipment and all armatures must be tested for hydraulic pressure – cold test. Pressure test (test pressure) must be at least 1.5 times higher that work pressure. Before pressure testing is performed, care must be taken that air is vented from the installations, i.e. that the whole installation and all elements are totally filled with water.

Duration of test pressure testing is at least 2 hours. 

Loss of test pressure must be in required limits, and after the testing, the pressure must not decrease more than 2% compared to the beginning of the test. 

Other installation, devices and equipment must be tested for correctness and safety according to installation type.

Beside these, tests required by the equipment or device supplier must also be performed, in order to determine the correctness and safety of equipment and devices.  

After all these test, accuracy of all installation, equipment, elements, devices and the whole system  must be concluded and determined. Before the hot test and regulation, finishing work on installation, equipment and devices needs to be done, including: anticorrosive protection, painting, thermal insulation etc.

Hot test and equipment regulation must show that the installed equipment is correct and functional, and that it meets the desired characteristics and capacity. After hot test and regulation, it must be determined if the whole installation is ready for test run and normal work. 

If during testing, hot tests and regulation it is shown that some parts of the equipment, installations and devices have some defects, are leaking or aren’t giving required and guaranteed results, those defects must be immediately removed and their causes must be determined. Time and conditions that must be met in order to proceed with testing of installation functionality must be determined.

After all work is finished on the complete installations and after their final testing, handling and maintenance instructions must be made. Instructions are to be made in 3 copies and relevant people working with the installations must be familiarized with the procedures of handling. 

5.10. CONTROL AND QUALITY ENSURENCE PROGRAM 

Materials and devices 

All materials and devices that are placed as a part of the installations must have manufacturer’s attests. If existing equipment is being placed, it must be tested by an authorized company that registered for testing and quality control, with provided testing protocol.

The Contractor 

The contractor hired for installation construction and the fitter must be registered for this kind of works, i.e. they must be qualified to perform required works. The contractor needs to present the supervising body with attests for welders working on the installations. 

The Employer

The employer needs to hire a registered company to perform the respected works. The employer needs to ensure the supervising service to perform supervision regarding quality. Supervision can be done by a person that meets the conditions given in the Law on Construction. The employer needs to designate a person to which the finished works will be given for use. That person must be sufficiently competent to accept the finished works. 
Testing of finished works 

After works have been performed, the following needs to be done: 

Employer obligations 

1. Provide the person or persons that will accept the finished works with judicial verdicts, with obligated instructions during handover. 

Contractor obligations:

1. To perform a test of installation functionality, 

2. To provide instructions for the staff that will be managing the devices. 

Supervising body obligations: 

1. Perform a visual check of the installations and determine if all parts of the installations are done according to the design. 
2. Perform a check of installed equipment and determine if all the installed parts are new and attested and if they possess manufacturer’s attests, 

3. Be present during pressure and function tests until successful tests are done,

4. Do a calculation of quantities, 

5. Confirm the above mentioned in the final report of works performed. 

                                             6.0.CALCULATIONS

During design phase, the following microclimate conditions were used:

· Outdoor winter design temperature


- 21 oC

· Outdoor winter relative humidity


90 %

· Outdoor summer design temperature

33 oC

· Outdoor summer relative humidity


34 %

· Wind flow speed 





2 m/s

· Building located in climate zone III

· The building is free-standing 

 1. CALCULATION OF STANDARD REQUIRED HEAT 

Calculation of transmission losses and heat influx for the building is done according to EN 12831.

Chosen temperature regime for building heating (70/60°C).

For market ventilation a horizontal type recuperator is used, with one heater for fresh air heating. 

Chamber capacity is 1000 m3/ h with total pressure of ventilator (100Pa).

In further sub points, all data related to heat requirements of mentioned buildings are chosen according to practices elaborated in this design: 

QN = Q°T + Q°L
RECUPERATOR HEATER CALCULATION – GRAND COURTROOM 

For ventilator type 

Cooling capacity (option): 

1q2 = ma[(h1-h2)-(w1-w2)hw2]= 1000/0,85 [(71,74- 50,62) - (15- 10)/1000 x 104,81]
1q2 = 6,6 kW

Cooling capacity with recuperator unit: 
3 q 2 = m a [( h 3 - h 2) - (w 3 - w 2) h w2] =1000/0,85 [(67,3- 50,62) - (15- 10)/1000 x 104,81]
3 q 2 = 4,5 kW

Summer energy saving: Q =1q2-3 q 2 =6,6 - 4,5 =2,1 kW
Required heating capacity without recuperator: 
According to temperature of outside air -3°C and temperature of waste air +20°C.

6,q5= ma[h 6 - h 5]= 1000/0,85 x (26,6- 2,91)

6,q5= 8,9kW

Required heating capacity with recuperator unit: 

6,q7= ma[h 6 - h 5]= 1000/0,85 x (26,6- 16,93)

6,q7= 3,1 kW

Winter energy saving: 

    
Q =6,q5-6,q7= 8,9kW -3,1kW =5,8 kW
Required heating capacity without recuperator: 
According to temperature of outside air -18°C and temperature of waste air +20°C.

6,q5= ma[t oz - t sz]= 1000/3600 x (20 + 18)1,18

6,q5= 14,4kW

Required heating capacity with recuperator: 

According to temperature of injected air 4,6°C and temperature of waste air +20°C.

6,q5= ma[t oz - t sz]= 1000/3600 x (20 – 4,6)1,18

6,q5= 5 kW

RECUPERATOR HEATER CALCULATION -MEETING ROOM

For ventilator type 

Cooling capacity (option): 

1q2 = ma[(h1-h2)-(w1-w2)hw2]= 800/0,85 [(71,74- 50,62) - (15- 10)/1000 x 104,81]
1q2 = 5,34 kW

Cooling capacity with recuperator unit: 
3 q 2 = m a [( h 3 - h 2) - (w 3 - w 2) h w2] = 800/0,85 [(67,3- 50,62) - (15- 10)/1000 x 104,81]
3 q 2 = 3,5kW

Summer energy saving: Q =1q2-3 q 2 =5,34 - 3,5 =1,16 kW
Required heating capacity without recuperator: 
According to temperature of outside air -3°C and temperature of waste air +20°C.

6,q5= ma[h 6 - h 5]= 800/0,85 x (26,6- 2,91)

6,q5= 7,5kW

Required heating capacity with recuperator unit: 

6,q7= ma[h 6 - h 5]= 800/0,85 x (26,6- 16,93)

6,q7= 2,8 kW

Winter energy saving:    Q =6,q5-6,q7= 7,5kW -2,8kW =4,7 kW
In case of water heater dimensioning, pressure drop on air side is relevant and is of two-row type. 

Expansion container calculation  

Expansion module:
System filling pressure:

· hsis- installation static height 

12m

· hdod- additional height (0,5÷2) m     
2m

huk- full static height          


14m   ;

Installation static height 



 po=(1,4bar)

Minimum activation pressure 

pmin=1, 5bara

Maximum installation pressure 

pmin=2, 5bar

Control calculation:

Volume calculation: 

Vn,min=(Ve+Vv) 

Vu- total water quantity in system

Installation                              
2149  l

Boiler                                     

1010  l

Radiators and convectors             
258  l

Total


                           
3417  l

Vv – pre-filling volume - (0,5%) water volume in installation (minimum  3 l )

Ve=Vu x n /100 = 3417 x 0,038=129 – water expansion volume in case of temperature 90 °

n – water expansion percentage 

For open system of expansion module (connection of module with surrounding air) 

Vn,min=(Ve+Vv)=( 129+32)=161 l

Selected container has a volume of Vp=200 l > Vn,min=161 l (SATISFIED). 

No spilling and water loss in the system (SATISFIED).
6.1. GARAGE VENTILATION CALCULATION 

Garage is underground, with capacity of 17 vehicles. Total garage area is 315 m2.

Average garage height is approximately 2.9 m so that the garage volume is approximately 930 m3.

Air drainage is done using combined natural and mechanical system. For air drainage using mechanical systems, roof ventilator is planned, installed on the building’s flat roof. 

Air quantity 

Air exchange in a space is done in two ways: 

· Naturally using openings on opposing frontal garage sides (no occurrence of CO and smoke), 

· Forced ventilation using ventilators for smoke drainage and space ventilation (activation dependant on CO concentration and smoke occurrence).

According to regulations given in the “Rulebook for technical requirements for garage fire and explosion protection for passenger cars” recommended air quantity, needed for ventilation is at least 6 ÷12m3 /h per square meter of useful garage area. 

Quantity of air, needed for ventilations, must be minimally: 

 L = 315x 6= 1.890 m3 /h for garages with small use frequency

 L = 435 x 12= 3.980 m3 /h for garages with high use frequency (CHOSEN) 

Minimum quantity will be achieved using forced ventilation using ventilator that can supply 6000 m3 /h.

This quantity represents maximum possible exchange, even though in the further calculations, only artificial ventilation impact will be used. 

Quantity of air per vehicle that is provided by forced ventilation: L1=6000/10= 600m3 /h.

For every vehicle according to norms, required area of 25m2/vehicle is needed, so for 12m3/h of waste air required minimum quantity of exhaust air is 300m3/h. 

Number of fresh air exchanges:

n =6000/930=6,45.
Selected air quantity check: 

Based on MAK-value of carbon monoxide that occurs in exhaust gases a check of selected air quantity for garage ventilation will be performed.

Vehicles that spend 10 to 12 l of fuel per 100 km, at the speed of 50 km/h produce approximately 50 Nm3 /h of exhaust gases, and during idle time, maximum of 10 Nm3 /h of exhaust gases. With a mean content of CO of 10% in exhaust gases, idle CO production in one hour will be 10 x 0,1 = 1,0 Nm3 /h, i.e. 0,5 Nm3 / ½ h.
For small vehicles, calculation value is approx 0,5 Nm3 /h, and for bigger 1,5 Nm3 /h. 

According to regulation in “Rulebook for technical requirements for garage fire and explosion protection for passenger cars”.

Forced ventilation must be dimensioned in a way so that half-hour mean value of carbon monoxide doesn’t exceed 100 ppm (cm3/m3), i.e. in case of garages with high impact load (time of arrival and departure to work) maximum allowed value of CO is 200 ppm. 

In order to prevent exceeding this value, for every medium size car with idle work, required air quantity is: 
V =0,5/200x10-6 = 2.500 Nm3 / ½ h, i.e. 5.000 Nm3 /h. 

If it is assumed that in a garage with 10 parked vehicles, 1 vehicle works idly for ½ hour, required quantity of outside air must be:

 V =0,5x1/200x10-6 = 2.500 Nm3  / ½ h, i.e. 5.000 Nm3 /h. 

Quantity of fresh air is 6000 m3/h, which according to calculated air quantity of 5000 m3 /h per vehicle, secures that 1.2 vehicles can work permanently in the garage. 

Quantity of it 6000 m3/h translates to over 6.6 air exchanges per hour. Maximum allowed carbon monoxide concentration in the garage is 200 ppm (people stay in garage 20 minutes).

Number of vehicles running in case of alarm: n =200x6000/1,0x10-6 =1,2 vehicles 

This frequency of one-time running of approx 1.2 vehicles, making 12% of total vehicle number, occurs rarely. 

For waste air drainage, a centrifugal roof ventilator is planned, for higher temperatures, (similar to products from “Soler&Palau” company) with following technical characteristics: 

· CTVB-4/400 (F400/2sata) 
1 piece

· Air quantity 


6.000 m3 /h

· Revolution number

1.395 R /min
· Motor strength 


0.57 kW

Ventilator is installed outside the building and planned for work at temperature conditions up to 400 °C, during 120 minutes. Ventilators are installed outside the garage with a motor in the air current. 

Ventilator impellers are made of metal. 

AIR QUANTITIY AT GARAGE ENTRANCE 

Air quantity 

Air quantity that comes to the anteroom must secure that air flow speed form the outside, caused by overpressure, at the ramp entrance, has a minimum value of 0,5 m /sec and max 2 m /sec. Area of doors is approx 10,0 m2, so that the quantity of air per window openings is: 

L = 10 m2x 0,5 m /sec = 5,0 m3 /s =18.000 m3 /h
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1. Regulations and norms used 
LIST OF BAS NORMS AND OTHER TECHNICAL SPECIFICATIONS USED FOR CALCULATION OF CONSTRUCTION PARTS OF THE BUILDING AND OF THE BUILDING AS A WHOLE

NORMS USED FOR CALCULATION

 BAS EN 410:2003

Staklo u graditeljstvu -- Određivanje svjetlosnih i sunčanih značajka ostakljenja (EN 410:1998)

Glass in building -- Determination of luminous and solar characteristics of glazing (EN 410:1998)

BAS EN 673:2003

Staklo u graditeljstvu -- Određivanje koeficijenta prolaska topline (U vrijednost) -- Proračunska metoda (EN 673:1997+A1:2000+A2:2002)

Glass in building -- Determination of thermal transmittance (U value) -- Calculation method (EN 673:1997+A1:2000+A2:2002)

BAS EN ISO 6946:20XX

Građevni dijelovi i građevni dijelovi zgrada -- Toplinski otpor i koeficijent prolaska topline -- Metoda proračuna (ISO 6946:2007; EN ISO 6946:2007)

Building components and building elements -- Thermal resistance and thermal transmittance -- Calculation method (ISO 6946:2007; EN ISO 6946:2007)

BAS EN ISO 10077-1:2002

Toplinske značajke prozora, vrata i zaslona -- Proračun koeficijenta prolaska topline -- 1. dio: Pojednostavnjena metoda (ISO 10077-1:2000; EN ISO 10077-1:2000)

Thermal performance of windows, doors and shutters -- Calculation of thermal transmittance -- Part 1: Simplified method (ISO 10077-1:2000; EN ISO 10077-1:2000)

BAS EN ISO 10211-1:20XX

Toplinski mostovi u zgradarstvu -- Toplinski tokovi i površinske temperature - Detaljni proračuni (ISO 10211:2007; EN ISO 10211:2007)

Thermal bridges in building construction -- Heat flows and surface temperatures - Detailed calculations (ISO 10211:2007; EN ISO 10211:2007)

BAS EN ISO 10456:20XX

Toplinska izolacija -- Građevni materijali i proizvodi -- Određivanje nazivnih i projektnih toplinskih vrijednosti (ISO 10456:2007; EN ISO 10456:2007)

Building materials and products -- Procedures for determining declared and design thermal values (ISO 10456:2007; EN ISO 10456:2007)

BAS EN 12524:2002

Građevni materijali i proizvodi -- Svojstva s obzirom na toplinu i vlagu -- Tablice projektnih vrijednosti (EN 12524:2000)

Building materials and products -- Hygrothermal properties -- Tabulated design values (EN 12524:2000)

BAS EN ISO 13370:20XX

Toplinske značajke zgrada -- Prijenos topline preko tla -- Metode proračuna (ISO 13370:2007; EN ISO 13370:2007)

Thermal performance of buildings -- Heat transfer via the ground -- Calculation methods (ISO 13370:2007; EN ISO 13370:2007)

 BAS EN ISO 13788:2002

Značajke građevnih dijelova i građevnih dijelova zgrada s obzirom na toplinu i vlagu -- Temperatura unutarnje površine kojom se izbjegava kritična vlažnost površine i unutarnja kondenzacija -- Metode proračuna (ISO 13788:2001; EN ISO 13788:2001)

Hygrothermal performance of building components and building elements -- Internal surface temperature to avoid critical surface humidity and interstitial condensation -- Calculation methods(ISO 13788:2001; EN ISO 13788:2001)

BAS EN ISO 13789:20XX

Toplinske značajke zgrada -- Koeficijent (transmisijskih) prijenosnih toplinskih gubitaka -- Metoda proračuna (ISO 13789:2007; EN ISO 13789:2007) 

Thermal performance of buildings -- Transmission heat loss coefficient -- Calculation method (ISO 13789:2007; EN ISO 13789:2007)
BAS EN ISO 13790:2008

Energetska svojstva zgrada -- Proračun potrebne energije za grijanje i hlađenje prostora (EN ISO 13790:2008)

Energy performance of buildings - Calculation of energy use for space heating and cooling (EN ISO 13790:2008)
Toplinski mostovi u zgradarstvu -- Linearni koeficijent prolaska topline -- Pojednostavljena metoda i utvrđene vrijednosti (ISO 14683:2007; EN ISO 14683:2007)

Thermal bridges in building construction -- Linear thermal transmittance -- Simplified methods and default values (ISO 14683:2007; EN ISO 14683:2007)
NORMS FOR THERMAL INSULATIONS MATERIALS
BAS EN 13162:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od mineralne vune (MW) -- Specifikacija (EN 13162:2001)

Thermal insulation products for buildings -- Factory made mineral wool (MW) products -- Specification (EN 13162:2001)

HRN EN 13162/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od mineralne vune (MW) -- Specifikacija (EN 13162:2001/AC:2005)

Thermal insulation products for buildings -- Factory made mineral wool (MW) products -- Specification (EN 13162:2001/AC:2005)

BAS EN 13163:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog polistirena (EPS) -- Specifikacija (EN 13163:2001)

Thermal insulation products for buildings -- Factory made products of expanded polystyrene(EPS) -- Specification (EN 13163:2001)

BAS EN 13163/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog polistirena (ESP) -- Specifikacija (EN 13163:2001/AC:2005)

Thermal insulation products for buildings -- Factory made products of expanded polystyrene (EPS) -- Specification (EN 13163:2001/AC:2005)

BAS EN 13164:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekstrudirane polistirenske pjene (XPS) -- Specifikacija (EN 13164:2001)

Thermal insulation products for buildings -- Factory made products of extruded polystyrene foam (XPS) -- Specification (EN 13164:2001)

BAS EN 13164/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekstrudirane polistirenske pjene (XPS) -- Specifikacija (EN 13164:2001/A1:2004)

Thermal insulation products for buildings -- Factory made products of extruded polystyrene foam (XPS) -- Specification (EN 13164:2001/A1:2004)

BAS EN 13164/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekstrudirane polistirenske pjene (XPS) -- Specifikacija (EN 13164:2001/AC:2005)

Thermal insulation products for buildings - Factory made products of extruded polystyrene foam (XPS) - Specification (EN 13164:2001/AC:2005)

BAS EN 13165:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) -- Specification (EN 13165:2001)

BAS EN 13165/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001/A1:2004)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) -- Specification (EN 13165:2001/A1:2004)

BAS EN 13165/A2:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001/A2)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) -- Specification (EN 13165:2001/A2)

BAS EN 13165/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001/AC:2005)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) products -- Specification (EN 13165:2001/AC:2005)

BAS EN 13166:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od fenolne pjene (PF) -- Specifikacija (EN 13166:2001)

Thermal insulation products for buildings -- Factory made products of phenolic foam (PF) -- Specification (EN 13166:2001)

BAS EN 13166/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od fenolne pjene (PF) -- Specifikacija (EN 13166:2001/A1:2004)

Thermal insulation products for buildings -- Factory made products of phenolic foam (PF) -- Specification (EN 13166:2001/A1:2004)

BAS EN 13166/AC:2007
Toplinsko izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od fenolne pjene (PF) -- Specifikacija (EN 13166:2001/AC:2005)
Thermal insulation products for buildings - Factory made products pf phenolic foam (PF) - Specification (EN 13166:2001/AC:2005)
 BAS EN 13167:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ćelijastog (pjenastog) stakla (CG) -- Specifikacija (EN 13167:2001)

Thermal insulation products for buildings -- Factory made cellular glass (CG) products -- Specification (EN 13167:2001)

BAS EN 13167/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ćelijastog (pjenastog) stakla (CG) -- Specifikacija (EN 13167:2001/A1:2004)

Thermal insulation products for buildings -- Factory made cellular glass (CG) products -- Specification (EN 13167:2001/A1:2004)

BAS EN 13167/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ćelijastog (pjenastog) stakla (CG) -- Specifikacija (EN 13167:2001/AC:2005)

Thermal insulation products for buildings -- Factory made cellular glass (CG) products -- Specification (EN 13167:2001/AC:2005)

BAS EN 13168:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvene vune (WW) -- Specifikacija (EN 13168:2001)

Thermal insulation products for buildings -- Factory made wood wool (WW) products -- Specification (EN 13168:2001)

BAS EN 13168/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvene vune (WW) -- Specifikacija (EN 13168:2001/A1:2004)

Thermal insulation products for buildings -- Factory made wood wool (WW) products -- Specification (EN 13168:2001/A1:2004)

BAS EN 13168/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvene vune (WW) -- Specifikacija (EN 13168:2001/AC:2005)

Thermal insulation products for buildings -- Factory made wood wool (WW) products -- Specification (EN 13168:2001/AC:2005)

 BAS EN 13169:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog perlita (EPB) -- Specifikacija (EN 13169:2001)

Thermal insulation products for buildings -- Factory made products of expanded perlite (EPB) -- Specification (EN 13169:2001)

BAS EN 13169/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog perlita (EPB) -- Specifikacija (EN 13169:2001/A1:2004)

Thermal insulation products for buildings -- Factory made products of expanded perlite (EPB) -- Specification (EN 13169:2001/A1:2004)

BAS EN 13169/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog perlita (EPB) -- Specifikacija (EN 13169:2001/AC:2005)

Thermal insulation products for buildings -- Factory made products of expanded perlite (EPB) -- Specification (EN 13169:2001/AC:2005)

BAS EN 13170:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog pluta (ICB) -- Specifikacija (EN 13170:2001)

Thermal insulation products for buildings -- Factory made products of expanded cork (ICB) -- Specification (EN 13170:2001)

BAS EN 13170/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog pluta (ICB) -- Specifikacija (EN 13170:2001/AC:2005)

Thermal insulation products for buildings -- Factory made products of expanded cork (ICB) -- Specification (EN 13170:2001/AC:2005)

 BAS EN 13171:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvenih vlakana (WF) -- Specifikacija (EN 13171:2001)

Thermal insulation products for buildings -- Factory made wood fibre (WF) products -- Specification (EN 13171:2001)

BAS EN 13171/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvenih vlakana (WF) -- Specifikacija (EN 13171:2001/A1:2004)

Thermal insulation products for buildings -- Factory made wood fibre (WF) products -- Specification (EN 13171:2001/A1:2004)

BAS EN 13171/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvenih vlakana (WF) -- Specifikacija (EN 13171:2001/AC:2005)

Thermal insulation products for buildings -- Factory made wood fibre (WF) products -- Specification (EN 13171:2001/AC:2005)

 BAS EN 13172:2002

Toplinsko-izolacijski proizvodi -- Vrednovanje sukladnosti (EN 13172:2001)

Thermal insulation products -- Evaluation of conformity (EN 13172:2001)

BAS EN 13172/A1:2005

Toplinsko-izolacijski proizvodi -- Vrednovanje sukladnosti (EN 13172:2001/A1:2005)

Thermal insulation products -- Evaluation of conformity (EN 13172:2001/A1:2005)

 BAS EN 13499:2004

Toplinsko-izolacijski proizvodi za primjenu u zgradarstvu -- Povezani sustavi za vanjsku toplinsku izolaciju (ETICS) na osnovi ekspandiranog polistirena -- Specifikacija (EN 13499:2003)

Thermal insulation products for buildings -- External thermal insulation composite systems (ETICS) based on expanded polystyrene -- Specification (EN 13499:2003)

 BAS EN 13500:2004

Toplinsko-izolacijski proizvodi za primjenu u zgradarstvu -- Povezani sustavi za vanjsku toplinsku izolaciju (ETICS) na osnovi mineralne vune -- Specifikacija (EN 13500:2003)

Thermal insulation products for buildings -- External thermal insulation composite systems (ETICS) based on mineral wool -- Specification (EN 13500:2003)

LAWS, RULEBOOKS AND REGULATIONS 

 

· Law on Spatial Planning and Construction  (“Službene novine” USK 10/11) 

Regulation on technical requirements on thermal protection and rational energy use 

(“Službene novine Federacije BiH” 49/09) 

· Law on Construction Products 

· Guidelines for energy examinations 

· Rulebook on technical conditions for chimneys in buildings 

· Regulations on conditions for carrying out the energy certification of buildings (sl.novine FBiH 28/10)

· Rulebook on technical conditions for windows and doors 

 3.1. List of construction parts

Zone 1. - Zone 1

Outer walls

OW_heated_outer_RC

1. Lime-cement mortar




2,00

cm
2. Reinforced concrete




25,00

cm
3. Baumit Haftmörtel




0,05

cm
4. Expanded polystyrene (EPS)



10,00

cm
5. Baumit Silikatputz




0,20

cm
East

190,19
m2

West

213,72
m2

North

408,26
m2

OW_heated_outer_masonry

1. Lime-cement mortar




2,00

cm
2. Porotherm 25S P+E (mortar)



25,00

cm

3. Baumit Haftmörtel




0,05

cm
4. Expanded polystyrene (EPS)



10,00

cm
5. Baumit Silikatputz




0,20

cm
East

179,32
m2

West

61,99 
m2

South

146,16
m2

Walls in contact with earth

Basement walls

1. Lime-cement mortar




2,00

cm
2. Reinforced concrete




30,00

cm
3. Bitumen strip with glass fleece 


1,20

cm

4. Expanded polystyrene foam (XPS)


10,00

cm

5. Polyethylene, high density 



0,50

cm

Area

472,00
m2

 Ground floors

P1 – ground floor

1. Ceramic tile





1,00

cm
2. Cement screed




6,00

cm

3. Polyethylene foil, 0,25 mm



0,025

cm

4. Extruded polystyrene foam (XPS)


5,00

cm

5. Polyethylene foil, 0,25 mm



0,025

cm

6. Reinforced concrete 




60,00

cm

7. Bitumen strip with glass fleece 


1,00

cm

Area

523,50
m2

 

Flat roofs above heated spaces 

 FR_1 (impassable)

1. Reinforced concrete 




18,00

cm

2. Bitumen strip with glass fleece 


0,50

cm

3. Light aggregate concrete



10,00

cm

4. Expanded polystyrene (EPS)



15,00

cm
5. Extruded polystyrene foam (XPS)


5,00

cm

6. PE – foil (attached by metal clips)


0,20

cm

7. Polyethylene, high density 



1,50

cm

Area

713,20
m2
 

 

Zone 1

 

4.a Calculation of structural elements of the building
(according to BAS EN ISO 6946)

 

Heat transfer coefficient for building parts

 

	Building part
	Area [m2]
	U [W/m2K]

	OW_heated_outer_RC
	812,17
	0,36

	OW_heated_outer_masonry
	387,47
	0,29

	FR_1(impassable)
	713,20
	0,17

	P1 – ground floor
	523,50
	0,46

	Basement walls
	472,00
	0,27


 

 

4.a1. Outer walls

 

4.a1.1. OW_heated_outer_RC
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	OW_heated_outer_RC 

Area: 812,17 m2
Indoor temperature: 20,00 oC
Outdoor temperature: 0,30 oC


 

Defining of layers

 

	Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Lime-cement mortar

	2,00
	1,00
	1800

	2
	Reinforced concrete

	25,00
	2,60
	2500

	3
	Baumit Haftmörtel

	0,05
	0,80
	1300

	4
	Expanded polystyrene (EPS)
	10,00
	0,04
	20

	5
	Baumit Silikatputz
	0,20
	0,70
	1800




Defined percentages in building area based on orientation 


Total area of construction parts is 812,17 m2, oriented according to:

east 
190,19 m2
west 
213,72 m2
north 
408,26 m2
Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 4.a1.1.1. Results of calculation of U heat transfer

	  Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Lime-cement mortar

	1
	2,00
	0,020

	Reinforced concrete

	2,6
	25,00
	0,096

	Baumit Haftmörtel

	0,8
	0,05
	0,010

	Expanded polystyrene (EPS)
	0,04
	10,00
	2,500

	Baumit Silikatputz
	0,7
	0,20
	0,010

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,130

	 
	 
	Rse = 
	0,040

	 
	 
	RT = 
	2,806


 

 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 
SATISFIES
 

U = 0,36 [W/m2K] < Umax = 0,45 [W/m2K]

 

4.a1.1.3. Calculation of dynamic thermal characteristics

 

Area mass of outer construction object is 667,25 kg/m2
 

Area mass off outer construction part is ≥ 100 kg/m2

 

According to article 48. Of Technical regulations for rational use of energy and thermal protection in buildings, for construction part with area mass bigger or equal to 100 kg/m2 the condition is met. 

 

 

 

4.a1.2. OW_heated_outer_masonry
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	OW_heated_outer_masonry

Area: 387,47 m2
Indoor temperature: 20,00 oC
Outer temperature: 0,30 oC


 


Defining of layers

 

	Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Lime-cement mortar

	2,00
	1,00
	1800

	2
	Porotherm 25S P+E (mortar)

	25,00
	0,33
	780

	3
	Baumit Haftmörtel
	0,05
	0,80
	1300

	4
	Expanded polystyrene (EPS)

	10,00
	0,04
	20

	5
	Baumit Silikatputz
	0,20
	0,70
	1800




Defined percentages in building area based on orientation 


Total area of construction parts is 387,47 m2, oriented according to:

east 
179,32 m2
west 
61,99 m2
south 
146,16 m2
 

Defined corrections and additions in construction section 
Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 

4.a1.2.1. Results of calculation of U heat transfer

	  Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Lime-cement mortar

	1
	2,00
	0,020

	Porotherm 25S P+E (mortar)

	0,33
	25,00
	0,758

	Baumit Haftmörtel
	0,8
	0,05
	0,010

	Expanded polystyrene (EPS)

	0,04
	10,00
	2,500

	Baumit Silikatputz
	0,7
	0,20
	0,010

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,130

	 
	 
	Rse = 
	0,040

	 
	 
	RT = 
	3,468


 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 SATISFIES
 

U = 0,29 [W/m2K] < Umax = 0,45 [W/m2K] 

4.a1.2.3. Calculation of dynamic thermal characteristics

 

Area mass of outer construction object is 237,25 kg/m2
 

Area mass off outer construction part is ≥ 100 kg/m2

 

According to article 48. Of Technical regulations for rational use of energy and thermal protection in buildings, for construction part with area mass bigger or equal to 100 kg/m2 the condition is met. 

4.a2. Walls in contact with earth
 

4.a2.1. Basement walls
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	Basement walls 

Area: 472,00 m2
Indoor temperature: 20,00 oC
Average annual temperature: 10,60 oC


 

Defining of layers

	Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Lime-cement mortar


	2,00
	1,00
	1800

	2
	Reinforced concrete

	30,00
	2,60
	2500

	3
	Bitumen strip with glass fleece 

	1,20
	0,23
	1100

	4
	Expanded polystyrene foam (XPS)

	10,00
	0,03
	25

	5
	Polyethylene, high density
	0,50
	0,50
	980


 

 

Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 4.a2.1.1. Results of calculation of U heat transfer
  

	Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Lime-cement mortar


	1
	2,00
	0,020

	Reinforced concrete

	2,6
	30,00
	0,115

	Bitumen strip with glass fleece 

	0,23
	1,20
	0,052

	Expanded polystyrene foam (XPS)

	0,03
	10,00
	3,333

	Polyethylene, high density
	0,5
	0,50
	0,010

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,130

	 
	 
	Rse = 
	0,000

	 
	 
	RT = 
	3,660


 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 

SATISFIES

 

U = 0,27 [W/m2K] < Umax = 0,50 [W/m2K]

 

 4.a3.  Ground floors

 4.a3.1. P1 – Ground floors
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	P1 – Ground floors

Area: 523,50 m2
Indoor temperature: 20,00 oC
Average annual temperature: 10,60 oC


 


Defining of layers

	 Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Ceramic tile

	1,00
	1,30
	2300

	2
	Cement screed


	6,00
	1,60
	2000

	3
	Polyethylene foil, 0,25 mm

	0,025
	0,50
	980

	4
	Extruded polystyrene foam (XPS)
	5,00
	0,03
	25

	5
	Polyethylene foil, 0,25 mm

	0,025
	0,50
	980

	6
	Reinforced concrete 


	60,00
	2,60
	2500

	7
	Bitumen strip with glass fleece
	1,00
	0,23
	1100


 

 

Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 4.a3.1.1. Results of calculation of U heat transfer
  

	Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Ceramic tile

	1,3
	1,00
	0,010

	Cement screed


	1,6
	6,00
	0,038

	Polyethylene foil, 0,25 mm

	0,5
	0,025
	0,010

	Extruded polystyrene foam (XPS)
	0,03
	5,00
	1,667

	Polyethylene foil, 0,25 mm

	0,5
	0,025
	0,010

	Reinforced concrete 


	2,6
	60,00
	0,231

	Bitumen strip with glass fleece
	0,23
	1,00
	0,043

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,170

	 
	 
	Rse = 
	0,000

	 
	 
	RT = 
	2,179


Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 

SATISFIES

 

U = 0,46 [W/m2K] < Umax = 0,50 [W/m2K]

 

 

4.a4. Flat roofs above heated spaces 

4.a4.1.  FR_1 (impassable)
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	RK_1(neprohodni)

Ploština: 713,20 m2
Unutarnja temperatura: 20,00 oC
Vanjska temperatura: 0,30 oC


 

Defining of layers

 

	Sloj
	Materijal
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Reinforced concrete 

	18,00
	2,60
	2500

	2
	Bitumen strip with glass fleece 

	0,50
	0,23
	1100

	3
	Light aggregate concrete
	10,00
	1,35
	2000

	4
	Expanded polystyrene (EPS)

	15,00
	0,04
	20

	5
	Extruded polystyrene foam (XPS)
	5,00
	0,03
	25

	6
	PE – foil (attached by metal clips)
	0,20
	0,60
	980

	7
	Polyethylene, high density
	1,50
	0,50
	980


 

 

Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

4.a4.1.1. Results of calculation of U heat transfer 

 

	Naziv materijala
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Reinforced concrete 

	2,6
	18,00
	0,069

	Bitumen strip with glass fleece 

	0,23
	0,50
	0,022

	Light aggregate concrete
	1,35
	10,00
	0,074

	Expanded polystyrene (EPS)

	0,04
	15,00
	3,750

	Extruded polystyrene foam (XPS)
	0,03
	5,00
	1,667

	PE – foil (attached by metal clips)
	0,6
	0,20
	0,010

	Polyethylene, high density
	0,5
	1,50
	0,030

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,100

	 
	 
	Rse = 
	0,040

	 
	 
	RT = 
	5,762


 

 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 

SATISFIES

 

U = 0,17 [W/m2K] < Umax = 0,30 [W/m2K]

 

 4.a4.1.3. Calculation of dynamic thermal characteristics
 

Area mass of outer construction object is 676,41 kg/m2
 

Area mass off outer construction part is ≥ 100 kg/m2

 

According to article 48. Of Technical regulations for rational use of energy and thermal protection in buildings, for construction part with area mass bigger or equal to 100 kg/m2 the condition is met. 

5.a Calculation of linear losses (BAS EN ISO 14683)

 

Linear losses (potential thermal bridges) are not calculated according to BAS EN 14683:2000; instead, corrections according to article 26. Item 4 Technical regulations for rational use of energy and thermal protection in buildings.

It has been taken into account that previously calculated coefficient of heat transfer U is increased by ΔUTM = 0,10 W/m2K (ΔUTM = 0,05 W/m2K) and the calculation of transmission losses is done using that value. 

 

6.a Calculation of structural elements in contact with earth (BAS EN ISO 13370)

 

Table 6.a1: Table overview of defined losses trough the ground 

	Type of structural element in contact with earth                 
	 U [W/m2K]   
	  Ls [W/K]   

	Ground floors – with vertical edge isolation 
	0,20
	109,09


 

 

	                                                                                       
6.a1. Ground floors
	[image: image17.jpg]





 6.a1.1. Ground floor – P1 – Ground floor  

 

	 
	Calculation of stationary thermal connection coefficient Hg [W/K]
	                                

	 
	 - Floor area (A)
	523,50  [m2]

	 
	 - Exposed floor girth (P)
	116,80  [m]

	 
	 - Characteristic floor dimension (B)
	8,96  [m]

	 
	 - Total equivalent floor thickness (dt)
	3,54  [m]

	 
	 - Isolation and floor cover resistance to heat transfer (Rf)
	1,90  [m2K/W]

	 
	 - Thermal conductivity coefficient of non-frozen ground – clay, bank 
	1,50  [W/mK]

	 
	 - Corrective border thermal insulation thermal factor (ΔΨ)
	-0,05  [W/mK]

	 
	 - Primary (base) heat transfer coefficient for ground floors (U0)
	0,21  [W/m2K]

	 
	 - Heat transfer coefficient between indoor and outdoor spaces (U)
	0,20  [W/m2K]

	 
	 - Additional equivalent floor thickness (d')
	0,75  [m]

	 
	 - Additional resistance of heat transfer trough border isolation (R')
	0,50  [m]

	 
	 - Heat transfer Resistance of horizontal or vertical isolation (Rn)
	0,51  [m2K/W]

	 
	 - Thickness of border isolation (dn)
	2,00  [cm]

	 
	 - Chosen border insulation – Knauf Insulation DDP 
	- 

	 
	 - Width of border insulation (D)
	2,00  [m]

	 
	 - Linear thermal conductivity at floor and wall connections (ψg)
	0,05  [W/(mK)]

	 
	 - Stationary thermal connection coefficient for ground floors (Hg)
	109,09  [W/K]


 

 

 6.a2. Raised floor
No defined raised floors


6.a3. Heated and unheated basements
No defined heated and unheated basements 

7.a Outer openings (BAS EN ISO 10077-1:2000)

 

Table 7.a1: Table overview of defined openings 

 

	Ug1
	Ug2
	Ug
	Uf
	Uw1
	Uw2
	R
	n
	Uw[W/m2K]

	openings_masonry_E

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	openings_masonry_E

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	openings_concrete_N

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	openings_masonry_E

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	masonry_concrete_W

	-
	-
	-
	-
	-
	-
	-
	1
	1,10


 

8.a Total transmission losses 

Losses trough outer layer of the building: HD = 1241,320 W/K

Heat losses trough the ground: Hg = 109,090 W/K

Heat loss trough unheated spaces: Hu = 0,000 W/K

Heat loss trough neighboring buildings: HA = 0,000 W/K

 

Total transmission losses: HT = 1350,410 W/K

8.a1. Losses trough outer layer of the building
 List of construction elements that are included in the calculation of HD 

Construction element


(U + 0.1) * A

OW_heated_outer_RC


373,598

OW_heated_outer_masonry

151,113

FR_1 (impassable)


192,564

Basement walls



174,640
For a list of linear losses included in calculation of HD see chapter 5.a Calculation of linear losses.

 

For a list of openings included in calculation of HD see chapter 8.a3. Heat loss through outer openings. 

 

8.a2. Heat loss trough unheated spaces 

 In the observed zone there are no defined heat losses over unheated spaces. 
 

 

8.a3. Heat loss through outer openings

Defined openings at the outer layer of the building: 

	 Opening name:
	n
	Aw
	Uw
	HD

	Opening_masonry_E
	1
	42,96
	1,10
	47,26

	Opening_masonry_W
	1
	45,99
	1,10
	50,59

	openings_concrete_N
	1
	54,24
	1,10
	59,66

	Opening_masonry_S
	1
	115,74
	1,10
	127,31

	masonry_concrete_W
	1
	58,71
	1,10
	64,58


 

 8.a4. Heat loss trough neighboring buildings

In the observed zone there are no defined heat losses through neighboring buildings

  

9.a Calculation of energy required for heating and cooling (BAS EN 13790:2008)

 

	Required data
	 

	Area of heated part of building (A)
	3225,98  [m2]

	Volume of heated part of building (Ve)
	8244,10  [m3]

	Volume of heated air (Regulation on energy saving

 and thermal protection, article 4, item 11) (V)
	6265,52  [m3]

	Building shape factor (f0)
	0,39  [m-1]

	Useful area (AK)
	2309,25  [m2]

	Total façade area (Auk)
	2230,48  [m2]

	Total window area (Awuk)
	317,64  [m2]


 

  

9.a1. Heat losses

  

Heating activation

 

Heating is activated when the outside temperature is less than 12 °C

 

 a) Transmission losses

 

	Transmission losses coefficient HT defined by BAS EN ISO 13789

	 

HT = HD + Hg + HU + HA
 

	HD – losses trough construction parts that border on outside space, including linear losses
Hg – sum of losses trough construction parts that border on the ground 
HU – sum of losses trough unheated spaces 
HA – sum of losses trough construction parts that border on neighboring buildings 

	Transmission losses coefficient
	 

HT = 1350,41 [W/K]

 


Additional transmission losses from surface heating 

	Building part
	Ri
	Re
	H0
	ζ
	Ah
	Ls
	b

	P1 – ground floor
	2,0
	- 
	0,0
	0,0
	0,0
	0,0
	- 

	 

	Raised floor
	ΔHT' = 0,00 [W/K]

	Ground floors
	ΔHT'' = 0,00 [W/K]

	Floor toward unheated basement
	ΔHT''' = 0,00 [W/K]

	 

Additional heat loss coefficient


	ΔHT = 0,00 [W/K]


 

 Additional transmission losses trough borders with neighboring zones 

Borders with other zones aren’t defined. 

 

 

b) Ventilation losses

 

	Minimum ventilation
	V = 6265,52 [m3]
nmin = 0,5

	With heat exchangers
	V = 6265,52 [m3]
Vx = 1253,10 [m3/h]
Vf = 1500,00 [m3/h]
V1 = 1500,00 [m3/h]
V2 = 1500,00 [m3/h]
Heat exchanger type – Panel  Vf > 15.000, η=50,00[%]

	Ventilation heat loss coefficient      
	 

Hv = 1694,84 [W/K]

 


 

 

c) Total heat loss

 

	Total heat loss
	 

	Total heat loss coefficient 
	H = 3045,25 [W/K]

	Heating - intermittent
	θint,set,H = 20,00 [°C]


 

 

Monthly heat loss

 

	Month
	Heat loss [MJ]
	Heat loss [kWh]

	January
	160681,03
	44633,62

	February
	130397,12
	36221,42

	March
	113373,93
	31492,76

	April
	73407,58
	20390,99

	May
	39966,35
	11101,76

	June
	13418,60
	3727,39

	July
	0,00
	0,00

	August
	6525,11
	1812,53

	September
	32362,48
	8989,58

	October
	70960,66
	19711,29

	November
	108138,04
	30038,34

	December
	149262,08
	41461,69


 

Seasonal heat loss
 

	Month
	Heat loss [MJ]
	Heat loss [kWh]

	October
	70960,66
	19711,29

	November
	108138,04
	30038,34

	December
	149262,08
	41461,69

	January
	160681,03
	44633,62

	February
	130397,12
	36221,42

	March
	113373,93
	31492,76

	April
	73407,58
	20390,99

	Total:
	806220,44
	223950,10


 

 Annual heat loss

 

	 
	Heat loss [MJ]
	Heat loss [kWh]

	Annual
	898492,98
	249581,40


 

 

 9.a2. Heat loss

a) Solar gains
Solar heat gains are calculated for defined openings. Openings are shown under article 7 of this study. 

 Note! In the calculation of solar losses, effect of defined panels is taken into account for following months: May, June, July, August and September. 

Additional solar heat gains

Additional solar heat gains not defined! 

b) Internal heat gains 

Internal heat gains calculated according to - Qint = 13190,55 [W]

Additional internal heat gains trough borders with neighboring zones 

 

Borders with neighboring zones are not defined! 

Additional internal heat gains 

 

No additional solar heat gains are defined! 

 

 

c) Total heat gains

 

	Total heat gains
	 

	Internal heat gains
	Qint = 13190,55 [W]

	Solar heat gains
	Qsol = 179784,00 [MJ]

	Other heat gains
	Q' = 0,00 [MJ]


 

 

Monthly heat gains

 

	Month
	Heat gains [MJ]
	Heat gains [kWh]

	January
	43591,63
	12108,79

	February
	43175,70
	11993,25

	March
	51744,77
	14373,55

	April
	51152,11
	14208,92

	May
	53624,42
	14895,67

	June
	52579,77
	14605,49

	July
	55266,72
	15351,87

	August
	54832,72
	15231,31

	September
	53080,72
	14744,64

	October
	51698,70
	14360,75

	November
	43653,00
	12125,83

	December
	41360,95
	11489,15


 

Seasonal heat gains
 

	Month
	Heat gains [MJ]
	Heat gains [kWh]

	October
	51698,70
	14360,75

	November
	43653,00
	12125,83

	December
	41360,95
	11489,15

	January
	43591,63
	12108,79

	February
	43175,70
	11993,25

	March
	51744,77
	14373,55

	April
	51152,11
	14208,92

	TOTAL:
	326376,86
	90660,24


 

Annual heat gains
 

	 
	Heat gains [MJ]
	Heat gains [kWh]

	Annual
	595761,18
	165489,20


 

  9.a3. Calculation of heat required for heating and cooling
For buildings with massive internal and external walls without suspended ceilings Cm = 50Ve,  Cm = 412205,00 [Wh/K]

 

a) Energy required for heating 

 Ratio of HOURS in the week with defined internal temperature fH,hr = 0,42

 

	Month
	QH,tr
	QH,ve
	QH,ht [kWh]
	QH,sol
	QH,int
	QH,gn [kWh]
	γH
	ηH,gn
	αred,H
	QH,nd [kWh]

	MONTHLY
	
	
	
	
	
	
	
	
	
	

	January
	19793
	24841
	44634
	2295
	9814
	12109
	0,27
	1,000
	0,95
	30832

	February
	16062
	20159
	36221
	3129
	8864
	11993
	0,33
	1,000
	0,94
	22687

	March
	13965
	17527
	31493
	4560
	9814
	14374
	0,46
	1,000
	0,91
	15601

	April
	9042
	11349
	20391
	4712
	9497
	14209
	0,70
	0,991
	0,87
	5458

	May
	4923
	6179
	11102
	5082
	9814
	14896
	1,34
	0,736
	0,74
	103

	June
	1653
	2074
	3727
	5108
	9497
	14605
	3,92
	0,255
	0,42
	1

	July
	0
	0
	0
	5538
	9814
	15352
	0,00
	0,000
	1,00
	0

	August
	804
	1009
	1813
	5418
	9814
	15231
	8,40
	0,119
	0,42
	0

	September
	3986
	5003
	8990
	5247
	9497
	14745
	1,64
	0,608
	0,68
	17

	October
	8741
	10970
	19711
	4547
	9814
	14361
	0,73
	0,988
	0,86
	4745

	November
	13320
	16718
	30038
	2629
	9497
	12126
	0,40
	1,000
	0,92
	16531

	December
	18386
	23076
	41462
	1675
	9814
	11489
	0,28
	1,000
	0,95
	28354

	TOTAL
	
	
	
	
	
	
	
	
	
	124329

	
	
	
	
	
	
	
	
	
	
	

	SEASONAL
	
	
	
	
	
	
	
	
	
	

	October
	8741
	10970
	19711
	4547
	9814
	14361
	0,73
	0,941
	0,72
	4453

	November
	13320
	16718
	30038
	2629
	9497
	12126
	0,40
	0,995
	0,85
	15201

	December
	18386
	23076
	41462
	1675
	9814
	11489
	0,28
	0,999
	0,89
	26746

	January
	19793
	24841
	44634
	2295
	9814
	12109
	0,27
	0,999
	0,90
	29149

	February
	16062
	20159
	36221
	3129
	8864
	11993
	0,33
	0,998
	0,87
	21166

	March
	13965
	17527
	31493
	4560
	9814
	14374
	0,46
	0,991
	0,82
	14189

	April
	9042
	11349
	20391
	4712
	9497
	14209
	0,70
	0,950
	0,73
	5032

	TOTAL
	
	
	
	
	
	
	
	
	
	115936


 

b) Energy required for cooling

 

Temperature inside buildings during cooling season θint,set,C = 20,00 [°C]

 

Ratio of DAYS in the week with defined internal temperature fC,day = 0,42

 

	Month
	QC,tr
	QC,ve
	QC,ht [kWh]
	QC,sol
	QC,int
	QC,gn [kWh]
	γC
	ηC,ls
	αred,C
	QC,nd [kWh]

	MONTHLY
	
	
	
	
	
	
	
	
	
	

	January
	19793
	24841
	44634
	2295
	9814
	12109
	0,27
	0,270
	0,95
	55

	February
	16062
	20159
	36221
	3129
	8864
	11993
	0,33
	0,330
	0,94
	38

	March
	13965
	17527
	31493
	4560
	9814
	14374
	0,46
	0,460
	0,91
	0

	April
	9042
	11349
	20391
	4712
	9497
	14209
	0,70
	0,694
	0,87
	50

	May
	4923
	6179
	11102
	5082
	9814
	14896
	1,34
	0,986
	0,74
	2929

	June
	1653
	2074
	3727
	5108
	9497
	14605
	3,92
	1,000
	0,42
	4569

	July
	0
	0
	0
	5538
	9814
	15352
	0,00
	0,000
	1,00
	15352

	August
	804
	1009
	1813
	5418
	9814
	15231
	8,40
	1,000
	0,42
	5636

	September
	3986
	5003
	8990
	5247
	9497
	14745
	1,64
	0,997
	0,68
	3954

	October
	8741
	10970
	19711
	4547
	9814
	14361
	0,73
	0,721
	0,86
	128

	November
	13320
	16718
	30038
	2629
	9497
	12126
	0,40
	0,400
	0,92
	102

	December
	18386
	23076
	41462
	1675
	9814
	11489
	0,28
	0,280
	0,95
	0

	TOTAL
	
	
	
	
	
	
	
	
	
	32813


  c) Energy required for water heating 

 

Calculation of energy required for water heating has not been made. 

 

9.a4. Calculation results
 

Results of calculation of thermal energy required for heating and cooling according to chapter VII of Technical regulations for rational use of energy and thermal protection in buildings, for buildings with heating temperature of 18 °C or higher.

· Area of heated part of the building A = 3225,98 [m2]

· Volume of heated part of the building Ve = 8244,10 [m3]

· Building shape factor fo = 0,39 [m-1]

· Useful space area Ak = 2309,25 [m2]

· Annual required thermal energy for heating QH,nd = 124329,00 [kWh/a]

· Annual required thermal energy for heating per unit of volume of heated part of the building (for non-residential buildings) Q'H,nd = 15,08 (max = 19,55) [kWh/m3a]

· Annual required energy for cooling QC,nd = 32813,00 [kWh/a]

· Transmission heat loss coefficient per unit of volume of heated part of the building H'tr,adj = 0,42 (max = 0,68) [W/m2K]

· Transmission heat loss coefficient Htr,adj = 1350,41 [W/K]

· Ventilation heat loss coefficient Hve,adj = 1694,84 [W/K]

· Total annual heat loss Ql = 898.492,98 [MJ]

· Annual usable internal heat gains Qi = 415.977,18 [MJ]

· Annual usable solar heat gains Qs = 179.784,00 [MJ]

· Total annual usable heat gains Qg = 595.761,18 [MJ]
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1. Regulations and norms used 
LIST OF BAS NORMS AND OTHER TECHNICAL SPECIFICATIONS USED FOR CALCULATION OF CONSTRUCTION PARTS OF THE BUILDING AND OF THE BUILDING AS A WHOLE

NORMS USED FOR CALCULATION

 BAS EN 410:2003

Staklo u graditeljstvu -- Određivanje svjetlosnih i sunčanih značajka ostakljenja (EN 410:1998)

Glass in building -- Determination of luminous and solar characteristics of glazing (EN 410:1998)

BAS EN 673:2003

Staklo u graditeljstvu -- Određivanje koeficijenta prolaska topline (U vrijednost) -- Proračunska metoda (EN 673:1997+A1:2000+A2:2002)

Glass in building -- Determination of thermal transmittance (U value) -- Calculation method (EN 673:1997+A1:2000+A2:2002)

BAS EN ISO 6946:20XX

Građevni dijelovi i građevni dijelovi zgrada -- Toplinski otpor i koeficijent prolaska topline -- Metoda proračuna (ISO 6946:2007; EN ISO 6946:2007)

Building components and building elements -- Thermal resistance and thermal transmittance -- Calculation method (ISO 6946:2007; EN ISO 6946:2007)

BAS EN ISO 10077-1:2002

Toplinske značajke prozora, vrata i zaslona -- Proračun koeficijenta prolaska topline -- 1. dio: Pojednostavnjena metoda (ISO 10077-1:2000; EN ISO 10077-1:2000)

Thermal performance of windows, doors and shutters -- Calculation of thermal transmittance -- Part 1: Simplified method (ISO 10077-1:2000; EN ISO 10077-1:2000)

BAS EN ISO 10211-1:20XX

Toplinski mostovi u zgradarstvu -- Toplinski tokovi i površinske temperature - Detaljni proračuni (ISO 10211:2007; EN ISO 10211:2007)

Thermal bridges in building construction -- Heat flows and surface temperatures - Detailed calculations (ISO 10211:2007; EN ISO 10211:2007)

BAS EN ISO 10456:20XX

Toplinska izolacija -- Građevni materijali i proizvodi -- Određivanje nazivnih i projektnih toplinskih vrijednosti (ISO 10456:2007; EN ISO 10456:2007)

Building materials and products -- Procedures for determining declared and design thermal values (ISO 10456:2007; EN ISO 10456:2007)

BAS EN 12524:2002

Građevni materijali i proizvodi -- Svojstva s obzirom na toplinu i vlagu -- Tablice projektnih vrijednosti (EN 12524:2000)

Building materials and products -- Hygrothermal properties -- Tabulated design values (EN 12524:2000)

BAS EN ISO 13370:20XX

Toplinske značajke zgrada -- Prijenos topline preko tla -- Metode proračuna (ISO 13370:2007; EN ISO 13370:2007)

Thermal performance of buildings -- Heat transfer via the ground -- Calculation methods (ISO 13370:2007; EN ISO 13370:2007)

 BAS EN ISO 13788:2002

Značajke građevnih dijelova i građevnih dijelova zgrada s obzirom na toplinu i vlagu -- Temperatura unutarnje površine kojom se izbjegava kritična vlažnost površine i unutarnja kondenzacija -- Metode proračuna (ISO 13788:2001; EN ISO 13788:2001)

Hygrothermal performance of building components and building elements -- Internal surface temperature to avoid critical surface humidity and interstitial condensation -- Calculation methods(ISO 13788:2001; EN ISO 13788:2001)

BAS EN ISO 13789:20XX

Toplinske značajke zgrada -- Koeficijent (transmisijskih) prijenosnih toplinskih gubitaka -- Metoda proračuna (ISO 13789:2007; EN ISO 13789:2007) 

Thermal performance of buildings -- Transmission heat loss coefficient -- Calculation method (ISO 13789:2007; EN ISO 13789:2007)
BAS EN ISO 13790:2008

Energetska svojstva zgrada -- Proračun potrebne energije za grijanje i hlađenje prostora (EN ISO 13790:2008)

Energy performance of buildings - Calculation of energy use for space heating and cooling (EN ISO 13790:2008)
Toplinski mostovi u zgradarstvu -- Linearni koeficijent prolaska topline -- Pojednostavljena metoda i utvrđene vrijednosti (ISO 14683:2007; EN ISO 14683:2007)

Thermal bridges in building construction -- Linear thermal transmittance -- Simplified methods and default values (ISO 14683:2007; EN ISO 14683:2007)
NORMS FOR THERMAL INSULATIONS MATERIALS
BAS EN 13162:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od mineralne vune (MW) -- Specifikacija (EN 13162:2001)

Thermal insulation products for buildings -- Factory made mineral wool (MW) products -- Specification (EN 13162:2001)

HRN EN 13162/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od mineralne vune (MW) -- Specifikacija (EN 13162:2001/AC:2005)

Thermal insulation products for buildings -- Factory made mineral wool (MW) products -- Specification (EN 13162:2001/AC:2005)

BAS EN 13163:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog polistirena (EPS) -- Specifikacija (EN 13163:2001)

Thermal insulation products for buildings -- Factory made products of expanded polystyrene(EPS) -- Specification (EN 13163:2001)

BAS EN 13163/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog polistirena (ESP) -- Specifikacija (EN 13163:2001/AC:2005)

Thermal insulation products for buildings -- Factory made products of expanded polystyrene (EPS) -- Specification (EN 13163:2001/AC:2005)

BAS EN 13164:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekstrudirane polistirenske pjene (XPS) -- Specifikacija (EN 13164:2001)

Thermal insulation products for buildings -- Factory made products of extruded polystyrene foam (XPS) -- Specification (EN 13164:2001)

BAS EN 13164/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekstrudirane polistirenske pjene (XPS) -- Specifikacija (EN 13164:2001/A1:2004)

Thermal insulation products for buildings -- Factory made products of extruded polystyrene foam (XPS) -- Specification (EN 13164:2001/A1:2004)

BAS EN 13164/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekstrudirane polistirenske pjene (XPS) -- Specifikacija (EN 13164:2001/AC:2005)

Thermal insulation products for buildings - Factory made products of extruded polystyrene foam (XPS) - Specification (EN 13164:2001/AC:2005)

BAS EN 13165:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) -- Specification (EN 13165:2001)

BAS EN 13165/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001/A1:2004)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) -- Specification (EN 13165:2001/A1:2004)

BAS EN 13165/A2:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001/A2)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) -- Specification (EN 13165:2001/A2)

BAS EN 13165/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od tvrde poliuretanske pjene (PUR) -- Specifikacija (EN 13165:2001/AC:2005)

Thermal insulation products for buildings -- Factory made rigid polyurethane foam (PUR) products -- Specification (EN 13165:2001/AC:2005)

BAS EN 13166:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od fenolne pjene (PF) -- Specifikacija (EN 13166:2001)

Thermal insulation products for buildings -- Factory made products of phenolic foam (PF) -- Specification (EN 13166:2001)

BAS EN 13166/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od fenolne pjene (PF) -- Specifikacija (EN 13166:2001/A1:2004)

Thermal insulation products for buildings -- Factory made products of phenolic foam (PF) -- Specification (EN 13166:2001/A1:2004)

BAS EN 13166/AC:2007
Toplinsko izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od fenolne pjene (PF) -- Specifikacija (EN 13166:2001/AC:2005)
Thermal insulation products for buildings - Factory made products pf phenolic foam (PF) - Specification (EN 13166:2001/AC:2005)
 BAS EN 13167:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ćelijastog (pjenastog) stakla (CG) -- Specifikacija (EN 13167:2001)

Thermal insulation products for buildings -- Factory made cellular glass (CG) products -- Specification (EN 13167:2001)

BAS EN 13167/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ćelijastog (pjenastog) stakla (CG) -- Specifikacija (EN 13167:2001/A1:2004)

Thermal insulation products for buildings -- Factory made cellular glass (CG) products -- Specification (EN 13167:2001/A1:2004)

BAS EN 13167/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ćelijastog (pjenastog) stakla (CG) -- Specifikacija (EN 13167:2001/AC:2005)

Thermal insulation products for buildings -- Factory made cellular glass (CG) products -- Specification (EN 13167:2001/AC:2005)

BAS EN 13168:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvene vune (WW) -- Specifikacija (EN 13168:2001)

Thermal insulation products for buildings -- Factory made wood wool (WW) products -- Specification (EN 13168:2001)

BAS EN 13168/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvene vune (WW) -- Specifikacija (EN 13168:2001/A1:2004)

Thermal insulation products for buildings -- Factory made wood wool (WW) products -- Specification (EN 13168:2001/A1:2004)

BAS EN 13168/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvene vune (WW) -- Specifikacija (EN 13168:2001/AC:2005)

Thermal insulation products for buildings -- Factory made wood wool (WW) products -- Specification (EN 13168:2001/AC:2005)

 BAS EN 13169:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog perlita (EPB) -- Specifikacija (EN 13169:2001)

Thermal insulation products for buildings -- Factory made products of expanded perlite (EPB) -- Specification (EN 13169:2001)

BAS EN 13169/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog perlita (EPB) -- Specifikacija (EN 13169:2001/A1:2004)

Thermal insulation products for buildings -- Factory made products of expanded perlite (EPB) -- Specification (EN 13169:2001/A1:2004)

BAS EN 13169/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog perlita (EPB) -- Specifikacija (EN 13169:2001/AC:2005)

Thermal insulation products for buildings -- Factory made products of expanded perlite (EPB) -- Specification (EN 13169:2001/AC:2005)

BAS EN 13170:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog pluta (ICB) -- Specifikacija (EN 13170:2001)

Thermal insulation products for buildings -- Factory made products of expanded cork (ICB) -- Specification (EN 13170:2001)

BAS EN 13170/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od ekspandiranog pluta (ICB) -- Specifikacija (EN 13170:2001/AC:2005)

Thermal insulation products for buildings -- Factory made products of expanded cork (ICB) -- Specification (EN 13170:2001/AC:2005)

 BAS EN 13171:2002

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvenih vlakana (WF) -- Specifikacija (EN 13171:2001)

Thermal insulation products for buildings -- Factory made wood fibre (WF) products -- Specification (EN 13171:2001)

BAS EN 13171/A1:2004

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvenih vlakana (WF) -- Specifikacija (EN 13171:2001/A1:2004)

Thermal insulation products for buildings -- Factory made wood fibre (WF) products -- Specification (EN 13171:2001/A1:2004)

BAS EN 13171/AC:2007

Toplinsko-izolacijski proizvodi za zgrade -- Tvornički izrađeni proizvodi od drvenih vlakana (WF) -- Specifikacija (EN 13171:2001/AC:2005)

Thermal insulation products for buildings -- Factory made wood fibre (WF) products -- Specification (EN 13171:2001/AC:2005)

 BAS EN 13172:2002

Toplinsko-izolacijski proizvodi -- Vrednovanje sukladnosti (EN 13172:2001)

Thermal insulation products -- Evaluation of conformity (EN 13172:2001)

BAS EN 13172/A1:2005

Toplinsko-izolacijski proizvodi -- Vrednovanje sukladnosti (EN 13172:2001/A1:2005)

Thermal insulation products -- Evaluation of conformity (EN 13172:2001/A1:2005)

 BAS EN 13499:2004

Toplinsko-izolacijski proizvodi za primjenu u zgradarstvu -- Povezani sustavi za vanjsku toplinsku izolaciju (ETICS) na osnovi ekspandiranog polistirena -- Specifikacija (EN 13499:2003)

Thermal insulation products for buildings -- External thermal insulation composite systems (ETICS) based on expanded polystyrene -- Specification (EN 13499:2003)

 BAS EN 13500:2004

Toplinsko-izolacijski proizvodi za primjenu u zgradarstvu -- Povezani sustavi za vanjsku toplinsku izolaciju (ETICS) na osnovi mineralne vune -- Specifikacija (EN 13500:2003)

Thermal insulation products for buildings -- External thermal insulation composite systems (ETICS) based on mineral wool -- Specification (EN 13500:2003)
LAWS, RULEBOOKS AND REGULATIONS 

 

· Law on Spatial Planning and Construction  (“Službene novine” USK 10/11) 

Regulation on technical requirements on thermal protection and rational energy use 

(“Službene novine Federacije BiH” 49/09) 

· Law on Construction Products 

· Guidelines for energy examinations 

· Rulebook on technical conditions for chimneys in buildings 

· Regulations on conditions for carrying out the energy certification of buildings (sl.novine FBiH 28/10)

· Rulebook on technical conditions for windows and doors 

 3.1. List of construction parts

Zone 1. - Zone 1

Outer walls

OW_heated_outer_RC

6. Lime-cement mortar




2,00

cm
7. Reinforced concrete




25,00

cm
8. Baumit Haftmörtel




0,05

cm
9. Expanded polystyrene (EPS)



10,00

cm
10. Baumit Silikatputz




0,20

cm
East

190,19
m2

West

213,72
m2

North

408,26
m2

OW_heated_outer_masonry

6. Lime-cement mortar




2,00

cm
7. Porotherm 25S P+E (mortar)



25,00

cm

8. Baumit Haftmörtel




0,05

cm
9. Expanded polystyrene (EPS)



10,00

cm
10. Baumit Silikatputz




0,20

cm
East

179,32
m2

West

61,99 
m2

South

146,16
m2

Walls in contact with earth

Basement walls

6. Lime-cement mortar




2,00

cm
7. Reinforced concrete




30,00

cm
8. Bitumen strip with glass fleece 


1,20

cm

9. Expanded polystyrene foam (XPS)


10,00

cm

10. Polyethylene, high density 



0,50

cm

Area

472,00
m2

 Ground floors

P1 – ground floor

8. Ceramic tile





1,00

cm
9. Cement screed




6,00

cm

10. Polyethylene foil, 0,25 mm



0,025

cm

11. Extruded polystyrene foam (XPS)


5,00

cm

12. Polyethylene foil, 0,25 mm



0,025

cm

13. Reinforced concrete 




60,00

cm

14. Bitumen strip with glass fleece 


1,00

cm

Area

523,50
m2

 

Flat roofs above heated spaces 

 FR_1 (impassable)

8. Reinforced concrete 




18,00

cm

9. Bitumen strip with glass fleece 


0,50

cm

10. Light aggregate concrete



10,00

cm

11. Expanded polystyrene (EPS)



15,00

cm
12. Extruded polystyrene foam (XPS)


5,00

cm

13. PE – foil (attached by metal clips)


0,20

cm

14. Polyethylene, high density 



1,50

cm

Area

713,20
m2
 

 

Zone 1

 

4.a Calculation of structural elements of the building
(according to BAS EN ISO 6946)

 

Heat transfer coefficient for building parts

 

	Building part
	Area [m2]
	U [W/m2K]

	OW_heated_outer_RC
	812,17
	0,36

	OW_heated_outer_masonry
	387,47
	0,29

	FR_1(impassable)
	713,20
	0,17

	P1 – ground floor
	523,50
	0,46

	Basement walls
	472,00
	0,27


 

 

4.a1. Outer walls

 

4.a1.1. OW_heated_outer_RC
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	OW_heated_outer_RC 

Area: 812,17 m2
Indoor temperature: 20,00 oC
Outdoor temperature: 0,30 oC


 

Defining of layers

 

	Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Lime-cement mortar

	2,00
	1,00
	1800

	2
	Reinforced concrete

	25,00
	2,60
	2500

	3
	Baumit Haftmörtel

	0,05
	0,80
	1300

	4
	Expanded polystyrene (EPS)
	10,00
	0,04
	20

	5
	Baumit Silikatputz
	0,20
	0,70
	1800




Defined percentages in building area based on orientation 


Total area of construction parts is 812,17 m2, oriented according to:

east 
190,19 m2
west 
213,72 m2
north 
408,26 m2
Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 4.a1.1.1. Results of calculation of U heat transfer

	  Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Lime-cement mortar

	1
	2,00
	0,020

	Reinforced concrete

	2,6
	25,00
	0,096

	Baumit Haftmörtel

	0,8
	0,05
	0,010

	Expanded polystyrene (EPS)
	0,04
	10,00
	2,500

	Baumit Silikatputz
	0,7
	0,20
	0,010

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,130

	 
	 
	Rse = 
	0,040

	 
	 
	RT = 
	2,806


 

 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 
SATISFIES
 

U = 0,36 [W/m2K] < Umax = 0,45 [W/m2K]

 

4.a1.1.3. Calculation of dynamic thermal characteristics

 

Area mass of outer construction object is 667,25 kg/m2
 

Area mass off outer construction part is ≥ 100 kg/m2

 

According to article 48. Of Technical regulations for rational use of energy and thermal protection in buildings, for construction part with area mass bigger or equal to 100 kg/m2 the condition is met. 

 

 

 

4.a1.2. OW_heated_outer_masonry
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	OW_heated_outer_masonry

Area: 387,47 m2
Indoor temperature: 20,00 oC
Outer temperature: 0,30 oC


 


Defining of layers

 

	Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Lime-cement mortar

	2,00
	1,00
	1800

	2
	Porotherm 25S P+E (mortar)

	25,00
	0,33
	780

	3
	Baumit Haftmörtel
	0,05
	0,80
	1300

	4
	Expanded polystyrene (EPS)

	10,00
	0,04
	20

	5
	Baumit Silikatputz
	0,20
	0,70
	1800




Defined percentages in building area based on orientation 


Total area of construction parts is 387,47 m2, oriented according to:

east 
179,32 m2
west 
61,99 m2
south 
146,16 m2
 

Defined corrections and additions in construction section 
Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 

4.a1.2.1. Results of calculation of U heat transfer

	  Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Lime-cement mortar

	1
	2,00
	0,020

	Porotherm 25S P+E (mortar)

	0,33
	25,00
	0,758

	Baumit Haftmörtel
	0,8
	0,05
	0,010

	Expanded polystyrene (EPS)

	0,04
	10,00
	2,500

	Baumit Silikatputz
	0,7
	0,20
	0,010

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,130

	 
	 
	Rse = 
	0,040

	 
	 
	RT = 
	3,468


 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 SATISFIES
 

U = 0,29 [W/m2K] < Umax = 0,45 [W/m2K] 

4.a1.2.3. Calculation of dynamic thermal characteristics

 

Area mass of outer construction object is 237,25 kg/m2
 

Area mass off outer construction part is ≥ 100 kg/m2

 

According to article 48. Of Technical regulations for rational use of energy and thermal protection in buildings, for construction part with area mass bigger or equal to 100 kg/m2 the condition is met. 

4.a2. Walls in contact with earth
 

4.a2.1. Basement walls
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	Basement walls 

Area: 472,00 m2
Indoor temperature: 20,00 oC
Average annual temperature: 10,60 oC


 

Defining of layers

	Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Lime-cement mortar


	2,00
	1,00
	1800

	2
	Reinforced concrete

	30,00
	2,60
	2500

	3
	Bitumen strip with glass fleece 

	1,20
	0,23
	1100

	4
	Expanded polystyrene foam (XPS)

	10,00
	0,03
	25

	5
	Polyethylene, high density
	0,50
	0,50
	980


 

 

Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 4.a2.1.1. Results of calculation of U heat transfer
  

	Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Lime-cement mortar


	1
	2,00
	0,020

	Reinforced concrete

	2,6
	30,00
	0,115

	Bitumen strip with glass fleece 

	0,23
	1,20
	0,052

	Expanded polystyrene foam (XPS)

	0,03
	10,00
	3,333

	Polyethylene, high density
	0,5
	0,50
	0,010

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,130

	 
	 
	Rse = 
	0,000

	 
	 
	RT = 
	3,660


 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 

SATISFIES

 

U = 0,27 [W/m2K] < Umax = 0,50 [W/m2K]

 

 4.a3.  Ground floors

 4.a3.1. P1 – Ground floors
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	P1 – Ground floors

Area: 523,50 m2
Indoor temperature: 20,00 oC
Average annual temperature: 10,60 oC


 


Defining of layers

	 Layer
	Material
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Ceramic tile

	1,00
	1,30
	2300

	2
	Cement screed


	6,00
	1,60
	2000

	3
	Polyethylene foil, 0,25 mm

	0,025
	0,50
	980

	4
	Extruded polystyrene foam (XPS)
	5,00
	0,03
	25

	5
	Polyethylene foil, 0,25 mm

	0,025
	0,50
	980

	6
	Reinforced concrete 


	60,00
	2,60
	2500

	7
	Bitumen strip with glass fleece
	1,00
	0,23
	1100


 

 

Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

 

 4.a3.1.1. Results of calculation of U heat transfer
  

	Material
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Ceramic tile

	1,3
	1,00
	0,010

	Cement screed


	1,6
	6,00
	0,038

	Polyethylene foil, 0,25 mm

	0,5
	0,025
	0,010

	Extruded polystyrene foam (XPS)
	0,03
	5,00
	1,667

	Polyethylene foil, 0,25 mm

	0,5
	0,025
	0,010

	Reinforced concrete 


	2,6
	60,00
	0,231

	Bitumen strip with glass fleece
	0,23
	1,00
	0,043

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,170

	 
	 
	Rse = 
	0,000

	 
	 
	RT = 
	2,179


Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 

SATISFIES

 

U = 0,46 [W/m2K] < Umax = 0,50 [W/m2K]

 

 

4.a4. Flat roofs above heated spaces 

4.a4.1.  FR_1 (impassable)
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	RK_1(neprohodni)

Ploština: 713,20 m2
Unutarnja temperatura: 20,00 oC
Vanjska temperatura: 0,30 oC


 

Defining of layers

 

	Sloj
	Materijal
	d[cm]
	λ[W/mK]
	ρ[kg/m3]

	1
	Reinforced concrete 

	18,00
	2,60
	2500

	2
	Bitumen strip with glass fleece 

	0,50
	0,23
	1100

	3
	Light aggregate concrete
	10,00
	1,35
	2000

	4
	Expanded polystyrene (EPS)

	15,00
	0,04
	20

	5
	Extruded polystyrene foam (XPS)
	5,00
	0,03
	25

	6
	PE – foil (attached by metal clips)
	0,20
	0,60
	980

	7
	Polyethylene, high density
	1,50
	0,50
	980


 

 

Defined corrections and additions in construction section 
 Air pockets (BAS EN ISO 6946, Annex E)

 

No air pockets that pass through the whole isolation layer.

4.a4.1.1. Results of calculation of U heat transfer 

 

	Naziv materijala
	λ[W/mK]
	d[cm]
	R[m2K/W]

	Reinforced concrete 

	2,6
	18,00
	0,069

	Bitumen strip with glass fleece 

	0,23
	0,50
	0,022

	Light aggregate concrete
	1,35
	10,00
	0,074

	Expanded polystyrene (EPS)

	0,04
	15,00
	3,750

	Extruded polystyrene foam (XPS)
	0,03
	5,00
	1,667

	PE – foil (attached by metal clips)
	0,6
	0,20
	0,010

	Polyethylene, high density
	0,5
	1,50
	0,030

	 
	 
	 
	 

	 
	 
	Rsi = 
	0,100

	 
	 
	Rse = 
	0,040

	 
	 
	RT = 
	5,762


 

 

Considering the minimum thermal protection and highest allowed heat transfer coefficient, U (W/m2K) (table 5., Technical regulations for rational use of energy and thermal protection in buildings):

 

SATISFIES

 

U = 0,17 [W/m2K] < Umax = 0,30 [W/m2K]

 

 4.a4.1.3. Calculation of dynamic thermal characteristics
 

Area mass of outer construction object is 676,41 kg/m2
 

Area mass off outer construction part is ≥ 100 kg/m2

 

According to article 48. Of Technical regulations for rational use of energy and thermal protection in buildings, for construction part with area mass bigger or equal to 100 kg/m2 the condition is met. 

5.a Calculation of linear losses (BAS EN ISO 14683)

 

Linear losses (potential thermal bridges) are not calculated according to BAS EN 14683:2000; instead, corrections according to article 26. Item 4 Technical regulations for rational use of energy and thermal protection in buildings.

It has been taken into account that previously calculated coefficient of heat transfer U is increased by ΔUTM = 0,10 W/m2K (ΔUTM = 0,05 W/m2K) and the calculation of transmission losses is done using that value. 

 

6.a Calculation of structural elements in contact with earth (BAS EN ISO 13370)

 

Table 6.a1: Table overview of defined losses trough the ground 

	Type of structural element in contact with earth                 
	 U [W/m2K]   
	  Ls [W/K]   

	Ground floors – with vertical edge isolation 
	0,20
	109,09


 

 

	                                                                                       
6.a1. Ground floors
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 6.a1.1. Ground floor – P1 – Ground floor  

 

	 
	Calculation of stationary thermal connection coefficient Hg [W/K]
	                                

	 
	 - Floor area (A)
	523,50  [m2]

	 
	 - Exposed floor girth (P)
	116,80  [m]

	 
	 - Characteristic floor dimension (B)
	8,96  [m]

	 
	 - Total equivalent floor thickness (dt)
	3,54  [m]

	 
	 - Isolation and floor cover resistance to heat transfer (Rf)
	1,90  [m2K/W]

	 
	 - Thermal conductivity coefficient of non-frozen ground – clay, bank 
	1,50  [W/mK]

	 
	 - Corrective border thermal insulation thermal factor (ΔΨ)
	-0,05  [W/mK]

	 
	 - Primary (base) heat transfer coefficient for ground floors (U0)
	0,21  [W/m2K]

	 
	 - Heat transfer coefficient between indoor and outdoor spaces (U)
	0,20  [W/m2K]

	 
	 - Additional equivalent floor thickness (d')
	0,75  [m]

	 
	 - Additional resistance of heat transfer trough border isolation (R')
	0,50  [m]

	 
	 - Heat transfer Resistance of horizontal or vertical isolation (Rn)
	0,51  [m2K/W]

	 
	 - Thickness of border isolation (dn)
	2,00  [cm]

	 
	 - Chosen border insulation – Knauf Insulation DDP 
	- 

	 
	 - Width of border insulation (D)
	2,00  [m]

	 
	 - Linear thermal conductivity at floor and wall connections (ψg)
	0,05  [W/(mK)]

	 
	 - Stationary thermal connection coefficient for ground floors (Hg)
	109,09  [W/K]


 

 

 6.a2. Raised floor
No defined raised floors


6.a3. Heated and unheated basements
No defined heated and unheated basements 

7.a Outer openings (BAS EN ISO 10077-1:2000)

 

Table 7.a1: Table overview of defined openings 

 

	Ug1
	Ug2
	Ug
	Uf
	Uw1
	Uw2
	R
	n
	Uw[W/m2K]

	openings_masonry_E

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	openings_masonry_E

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	openings_concrete_N

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	openings_masonry_E

	-
	-
	-
	-
	-
	-
	-
	1
	1,10

	masonry_concrete_W

	-
	-
	-
	-
	-
	-
	-
	1
	1,10


 

8.a Total transmission losses 

Losses trough outer layer of the building: HD = 1241,320 W/K

Heat losses trough the ground: Hg = 109,090 W/K

Heat loss trough unheated spaces: Hu = 0,000 W/K

Heat loss trough neighboring buildings: HA = 0,000 W/K

 

Total transmission losses: HT = 1350,410 W/K

8.a1. Losses trough outer layer of the building
 List of construction elements that are included in the calculation of HD 

Construction element


(U + 0.1) * A

OW_heated_outer_RC


373,598

OW_heated_outer_masonry

151,113

FR_1 (impassable)


192,564

Basement walls



174,640
For a list of linear losses included in calculation of HD see chapter 5.a Calculation of linear losses.

 

For a list of openings included in calculation of HD see chapter 8.a3. Heat loss through outer openings. 

 

8.a2. Heat loss trough unheated spaces 

 In the observed zone there are no defined heat losses over unheated spaces. 
 

 

8.a3. Heat loss through outer openings

Defined openings at the outer layer of the building: 

	 Opening name:
	n
	Aw
	Uw
	HD

	Opening_masonry_E
	1
	42,96
	1,10
	47,26

	Opening_masonry_W
	1
	45,99
	1,10
	50,59

	openings_concrete_N
	1
	54,24
	1,10
	59,66

	Opening_masonry_S
	1
	115,74
	1,10
	127,31

	masonry_concrete_W
	1
	58,71
	1,10
	64,58


 

 8.a4. Heat loss trough neighboring buildings

In the observed zone there are no defined heat losses through neighboring buildings

  

9.a Calculation of energy required for heating and cooling (BAS EN 13790:2008)

 

	Required data
	 

	Area of heated part of building (A)
	3225,98  [m2]

	Volume of heated part of building (Ve)
	8244,10  [m3]

	Volume of heated air (Regulation on energy saving

 and thermal protection, article 4, item 11) (V)
	6265,52  [m3]

	Building shape factor (f0)
	0,39  [m-1]

	Useful area (AK)
	2309,25  [m2]

	Total façade area (Auk)
	2230,48  [m2]

	Total window area (Awuk)
	317,64  [m2]


 

  

9.a1. Heat losses

  

Heating activation

 

Heating is activated when the outside temperature is less than 12 °C

 

 a) Transmission losses

 

	Transmission losses coefficient HT defined by BAS EN ISO 13789

	 

HT = HD + Hg + HU + HA
 

	HD – losses trough construction parts that border on outside space, including linear losses
Hg – sum of losses trough construction parts that border on the ground 
HU – sum of losses trough unheated spaces 
HA – sum of losses trough construction parts that border on neighboring buildings 

	Transmission losses coefficient
	 

HT = 1350,41 [W/K]

 


Additional transmission losses from surface heating 

	Building part
	Ri
	Re
	H0
	ζ
	Ah
	Ls
	b

	P1 – ground floor
	2,0
	- 
	0,0
	0,0
	0,0
	0,0
	- 

	 

	Raised floor
	ΔHT' = 0,00 [W/K]

	Ground floors
	ΔHT'' = 0,00 [W/K]

	Floor toward unheated basement
	ΔHT''' = 0,00 [W/K]

	 

Additional heat loss coefficient


	ΔHT = 0,00 [W/K]


 

 Additional transmission losses trough borders with neighboring zones 

Borders with other zones aren’t defined. 

 

 

b) Ventilation losses

 

	Minimum ventilation
	V = 6265,52 [m3]
nmin = 0,5

	With heat exchangers
	V = 6265,52 [m3]
Vx = 1253,10 [m3/h]
Vf = 1500,00 [m3/h]
V1 = 1500,00 [m3/h]
V2 = 1500,00 [m3/h]
Heat exchanger type – Panel  Vf > 15.000, η=50,00[%]

	Ventilation heat loss coefficient      
	 

Hv = 1694,84 [W/K]

 


 

 

c) Total heat loss

 

	Total heat loss
	 

	Total heat loss coefficient 
	H = 3045,25 [W/K]

	Heating - intermittent
	θint,set,H = 20,00 [°C]


 

 

Monthly heat loss

 

	Month
	Heat loss [MJ]
	Heat loss [kWh]

	January
	160681,03
	44633,62

	February
	130397,12
	36221,42

	March
	113373,93
	31492,76

	April
	73407,58
	20390,99

	May
	39966,35
	11101,76

	June
	13418,60
	3727,39

	July
	0,00
	0,00

	August
	6525,11
	1812,53

	September
	32362,48
	8989,58

	October
	70960,66
	19711,29

	November
	108138,04
	30038,34

	December
	149262,08
	41461,69


 

Seasonal heat loss
 

	Month
	Heat loss [MJ]
	Heat loss [kWh]

	October
	70960,66
	19711,29

	November
	108138,04
	30038,34

	December
	149262,08
	41461,69

	January
	160681,03
	44633,62

	February
	130397,12
	36221,42

	March
	113373,93
	31492,76

	April
	73407,58
	20390,99

	Total:
	806220,44
	223950,10


 

 Annual heat loss

 

	 
	Heat loss [MJ]
	Heat loss [kWh]

	Annual
	898492,98
	249581,40


 

 

 9.a2. Heat loss

c) Solar gains
Solar heat gains are calculated for defined openings. Openings are shown under article 7 of this study. 

 Note! In the calculation of solar losses, effect of defined panels is taken into account for following months: May, June, July, August and September. 

Additional solar heat gains

Additional solar heat gains not defined! 

d) Internal heat gains 

Internal heat gains calculated according to - Qint = 13190,55 [W]

Additional internal heat gains trough borders with neighboring zones 

 

Borders with neighboring zones are not defined! 

Additional internal heat gains 

 

No additional solar heat gains are defined! 

 

 

c) Total heat gains

 

	Total heat gains
	 

	Internal heat gains
	Qint = 13190,55 [W]

	Solar heat gains
	Qsol = 179784,00 [MJ]

	Other heat gains
	Q' = 0,00 [MJ]


 

 

Monthly heat gains

 

	Month
	Heat gains [MJ]
	Heat gains [kWh]

	January
	43591,63
	12108,79

	February
	43175,70
	11993,25

	March
	51744,77
	14373,55

	April
	51152,11
	14208,92

	May
	53624,42
	14895,67

	June
	52579,77
	14605,49

	July
	55266,72
	15351,87

	August
	54832,72
	15231,31

	September
	53080,72
	14744,64

	October
	51698,70
	14360,75

	November
	43653,00
	12125,83

	December
	41360,95
	11489,15


 

Seasonal heat gains
 

	Month
	Heat gains [MJ]
	Heat gains [kWh]

	October
	51698,70
	14360,75

	November
	43653,00
	12125,83

	December
	41360,95
	11489,15

	January
	43591,63
	12108,79

	February
	43175,70
	11993,25

	March
	51744,77
	14373,55

	April
	51152,11
	14208,92

	TOTAL:
	326376,86
	90660,24


 

Annual heat gains
 

	 
	Heat gains [MJ]
	Heat gains [kWh]

	Annual
	595761,18
	165489,20


 

  9.a3. Calculation of heat required for heating and cooling
For buildings with massive internal and external walls without suspended ceilings Cm = 50Ve,  Cm = 412205,00 [Wh/K]

 

a) Energy required for heating 

 Ratio of HOURS in the week with defined internal temperature fH,hr = 0,42

 

	Month
	QH,tr
	QH,ve
	QH,ht [kWh]
	QH,sol
	QH,int
	QH,gn [kWh]
	γH
	ηH,gn
	αred,H
	QH,nd [kWh]

	MONTHLY
	
	
	
	
	
	
	
	
	
	

	January
	19793
	24841
	44634
	2295
	9814
	12109
	0,27
	1,000
	0,95
	30832

	February
	16062
	20159
	36221
	3129
	8864
	11993
	0,33
	1,000
	0,94
	22687

	March
	13965
	17527
	31493
	4560
	9814
	14374
	0,46
	1,000
	0,91
	15601

	April
	9042
	11349
	20391
	4712
	9497
	14209
	0,70
	0,991
	0,87
	5458

	May
	4923
	6179
	11102
	5082
	9814
	14896
	1,34
	0,736
	0,74
	103

	June
	1653
	2074
	3727
	5108
	9497
	14605
	3,92
	0,255
	0,42
	1

	July
	0
	0
	0
	5538
	9814
	15352
	0,00
	0,000
	1,00
	0

	August
	804
	1009
	1813
	5418
	9814
	15231
	8,40
	0,119
	0,42
	0

	September
	3986
	5003
	8990
	5247
	9497
	14745
	1,64
	0,608
	0,68
	17

	October
	8741
	10970
	19711
	4547
	9814
	14361
	0,73
	0,988
	0,86
	4745

	November
	13320
	16718
	30038
	2629
	9497
	12126
	0,40
	1,000
	0,92
	16531

	December
	18386
	23076
	41462
	1675
	9814
	11489
	0,28
	1,000
	0,95
	28354

	TOTAL
	
	
	
	
	
	
	
	
	
	124329

	
	
	
	
	
	
	
	
	
	
	

	SEASONAL
	
	
	
	
	
	
	
	
	
	

	October
	8741
	10970
	19711
	4547
	9814
	14361
	0,73
	0,941
	0,72
	4453

	November
	13320
	16718
	30038
	2629
	9497
	12126
	0,40
	0,995
	0,85
	15201

	December
	18386
	23076
	41462
	1675
	9814
	11489
	0,28
	0,999
	0,89
	26746

	January
	19793
	24841
	44634
	2295
	9814
	12109
	0,27
	0,999
	0,90
	29149

	February
	16062
	20159
	36221
	3129
	8864
	11993
	0,33
	0,998
	0,87
	21166

	March
	13965
	17527
	31493
	4560
	9814
	14374
	0,46
	0,991
	0,82
	14189

	April
	9042
	11349
	20391
	4712
	9497
	14209
	0,70
	0,950
	0,73
	5032

	TOTAL
	
	
	
	
	
	
	
	
	
	115936


 

b) Energy required for cooling

 

Temperature inside buildings during cooling season θint,set,C = 20,00 [°C]

 

Ratio of DAYS in the week with defined internal temperature fC,day = 0,42

 

	Month
	QC,tr
	QC,ve
	QC,ht [kWh]
	QC,sol
	QC,int
	QC,gn [kWh]
	γC
	ηC,ls
	αred,C
	QC,nd [kWh]

	MONTHLY
	
	
	
	
	
	
	
	
	
	

	January
	19793
	24841
	44634
	2295
	9814
	12109
	0,27
	0,270
	0,95
	55

	February
	16062
	20159
	36221
	3129
	8864
	11993
	0,33
	0,330
	0,94
	38

	March
	13965
	17527
	31493
	4560
	9814
	14374
	0,46
	0,460
	0,91
	0

	April
	9042
	11349
	20391
	4712
	9497
	14209
	0,70
	0,694
	0,87
	50

	May
	4923
	6179
	11102
	5082
	9814
	14896
	1,34
	0,986
	0,74
	2929

	June
	1653
	2074
	3727
	5108
	9497
	14605
	3,92
	1,000
	0,42
	4569

	July
	0
	0
	0
	5538
	9814
	15352
	0,00
	0,000
	1,00
	15352

	August
	804
	1009
	1813
	5418
	9814
	15231
	8,40
	1,000
	0,42
	5636

	September
	3986
	5003
	8990
	5247
	9497
	14745
	1,64
	0,997
	0,68
	3954

	October
	8741
	10970
	19711
	4547
	9814
	14361
	0,73
	0,721
	0,86
	128

	November
	13320
	16718
	30038
	2629
	9497
	12126
	0,40
	0,400
	0,92
	102

	December
	18386
	23076
	41462
	1675
	9814
	11489
	0,28
	0,280
	0,95
	0

	TOTAL
	
	
	
	
	
	
	
	
	
	32813


  c) Energy required for water heating 

 

Calculation of energy required for water heating has not been made. 

 

9.a4. Calculation results
 

Results of calculation of thermal energy required for heating and cooling according to chapter VII of Technical regulations for rational use of energy and thermal protection in buildings, for buildings with heating temperature of 18 °C or higher.

· Area of heated part of the building A = 3225,98 [m2]

· Volume of heated part of the building Ve = 8244,10 [m3]

· Building shape factor fo = 0,39 [m-1]

· Useful space area Ak = 2309,25 [m2]

· Annual required thermal energy for heating QH,nd = 124329,00 [kWh/a]

· Annual required thermal energy for heating per unit of volume of heated part of the building (for non-residential buildings) Q'H,nd = 15,08 (max = 19,55) [kWh/m3a]

· Annual required energy for cooling QC,nd = 32813,00 [kWh/a]

· Transmission heat loss coefficient per unit of volume of heated part of the building H'tr,adj = 0,42 (max = 0,68) [W/m2K]

· Transmission heat loss coefficient Htr,adj = 1350,41 [W/K]

· Ventilation heat loss coefficient Hve,adj = 1694,84 [W/K]

· Total annual heat loss Ql = 898.492,98 [MJ]

· Annual usable internal heat gains Qi = 415.977,18 [MJ]

· Annual usable solar heat gains Qs = 179.784,00 [MJ]

· Total annual usable heat gains Qg = 595.761,18 [MJ]

PART IV
- WATER & SEWAGE
  A/
WATER SUPPLY

1.1.
CONNECTION TO SANITARY WATER

Water supply will be solved by connecting to the town water supply pipeline. DN200 mm connection is chosen, as it satisfies the following needs: 

-
indoor hydrant network,

-
sanitary needs with town drinking water.

At the location of the connection, in the immediate proximity to the building, the gauging shaft with dimensions of 250/200 is situated.   

1.2.
INDOOR SANITARY WATER

Water supply installations of sanitary water in the building are to be made out of High Density Cross-Link Polyethylene (HDXLPE) strengthened using aluminum foil PE-Xc/Al/PE-Xc that meets the conditions DVGW according to worksheet W534.

The connection of the building to the city water supply network is in accordance with the conditions of the relevant water supply installation. Indoor installations contain water distribution to individual users.

The pipes are dimensioned based on load units (LU) for every outlet so that water flows with speeds higher that allowed considering pipe profiles don’t appear. 

Pipe dimensioning and hydraulic calculations are given in a table form and are an integral part of the technical report.  

Hot water is provided via HOT WATER TANK located in the boiler room, with a required capacity, according to mechanical calculations. All pipes under the ceiling, in the floor, walls and riser pipes in installation blocks have to me thermally isolated.  

Hydraulic calculation of sanitary water provides the input data for quality water supply of all outlet positions.

1.3.
WATER USED FOR FIRE EXTINGUISHING

According to the Technical Norms for Fire Extinguishing Hydrant Network Rulebook (“Službene novine Federacije BiH”, no. 87/11), indoor hydrant network has to be installed for all buildings that fall into PU1, PU2 and PU3 groups, according to Rulebook: Requirements, Grounds and Criteria for Classification of Buildings according to Fire Vulnerability ("Službene novine Federacije BiH", no. 79/ll).

1.3.1. Indoor hydrant network for fire extinguishing 

In a building that is protected by a indoor hydrant network, wall mounted fire hydrants are connected to the pipeline. Wall mounted hydrants have to be installed to enable safe an d effective handling and use. 

These conditions are met if the wall mounted hydrants and the accompanying equipment is in according to the following norms: BAS EN 67l-l and BAS EN 671-2. Clause 20.

Wall mounted hydrants installed according to the BAS EN 671-2 norm have to be placed inside hydrant cabinets with the accompanying equipment. 

Wall mounted hydrants must be colored red with a mark so that it is clearly visible that the fire hydrant network fire extinguishing equipment is located inside that cabinet. This demand will be considered met if the cabinet is marked by a symbol according to the norm BAS ISO 6309. If the wall mounted hydrant and the accompanying equipment, made according to the norm BAS EN 671-1, is not located in the cabinet, the mark has to be located on the drum. 

At the most unfavorable position of every fire sector, the indoor hydrant network for fire extinguishing must have a flowing water quantity at least equal to values in Table 1. given below, and the lowest pressure on the nozzle at the minimal flow water quantity can’t be less 0,25 MPa.

Table 1.

	Specific fire load [MJ/m2], up to:
	300
	400
	500
	600
	700
	800
	1000
	2000
	>2000

	The lowest allowed flowing water quantity flowing through the nozzle/nozzles [l/m]
	25
	30
	40
	50
	60
	100
	150
	300
	450


Indoor hydrant network for fire extinguishing has to be installed such a way as to cover the whole area under protection with at least one water jet keeping in mind that the pipe with a nozzle can be upgraded with a jet length of up to 5 m.

Fire extinguishing water of this capacity will be provided through a hydrant network that is supplied from the town water supply network with pipe diameters of 150 mm. 4 wall hydrants are installed inside the building, equipped with all the equipment proscribed by law. 

Indoor fire hydrant network completely covers the building in question and meets the conditions proscribed by the Technical Norms for Fire Extinguishing Hydrant Network Rulebook ( “Službene novine Federacije BiH ”, no. 87/11).

2.1. Technical conditions for water supply network construction 

Construction of a water supply network must be done as defined in the design documents. Possible changes and deviations are not allowed without permission from the designer and supervising body. All pipes are to be installed according to the water supply network plan. Connection points must not be walled off or covered before the testing the pressure of the installations. Connection of water supply pipes with armatures is to be done using fittings. 

Pipe turns should be done using fittings. Where pipes pass trough concrete and reinforced concrete, they must be isolated, so that the eventual settlement of the building and other movements don’t affect the water supply pipes. Main structural elements in the building have to be circumvented with pipes. Examination of water supply installations in presence of the supervising body is to be performed when the installations fitted. Examination of installations is done for: 

-
Impermeability of connections using pressure, 

-
Quality of construction and quality of materials by examination during construction.







2.2. Hydraulic examination of water supply network

When the placing of the whole water supply installations in the building is done, and before it is isolated and connections covered with felt, an examination of impermeability and installation functions. 

Pressure size and the duration during examination are proscribed by rulebooks for utility water supply. 

It is usually proscribed that the pressure during examination should be 50% to 100% higher than maximum work pressure. Duration of testing is 60 minutes. If during testing in the proscribed time period pressure doesn’t go down, the network is impermeable. If the pressure goes down (shown by the manometer), the network has leaks.    

Locations of leakage are determined and the installer is obligated to fix them, and then testing is repeated. 

Rulebooks usually proscribe examinations to be done in the presence of a utility water supply representative, supervision body and contractor, and a log should be made. 

Only after testing the network for impermeability, isolation, felt covering and closing can be performed. 

When the whole installation is deemed functional, the testing is over. 

B/
SEWAGE

3. SEWERAGE

3.1. Project solution

Sanitary wastewater and stormwater drainage out of the building is possible trough inspection manholes and the public sewerage according to the conditions of the utility organization.   

There are four kinds of wastewater present in the building: 

-
Sanitary – foul wastewater in sanitation note,

-
Clean stormwater from roof areas,

-
Stormwater from manipulation spaces, 

-
Oily garage water.

Sanitation – foul waste water are drained to the existing foul water sewerage. Clean stormwater is joined to a system of sewerage PVC pipes and connected to the public sewerage network. 

Possible oily waters from garage spaces are joined via floor gutters (30/30cm size) to the separator (location marked in design documents) and after being treated – drained via pump-over chute to the public sewerage network.  

Technological wastewater from the kitchen is connected to grease removal and via foul water sewerage to the recipient. 

3.2. Sanitation – foul water sewerage 

PE S2 sewerage pipes with fittings are planned to be installed in the building, sound proofed using Silent DB20 according to the ONORM B 8115-2 and 8115-4. 

Vertical, horizontal distribution as well as connections of sanitary devices are to be made out of same pipe type. 

Pipe profiles are chosen based on sanitary device type being drained, i.e. based on cumulative quantity being drained. Main horizontal drains are of the following profiles: d110 ,d125 and d160 and ensure faster wastewater drainage. All verticals (d75, d110) in the building have revision elements used for cleaning and sewerage control that are located 30-40 cm above floor level. 

Ventilation of foul water verticals is planned to be executed via ventilation system using the roof cap.  

Inside the building, horizontal distribution using d50 and d110 elements with fittings is planned. Distribution has a planned slope of 2%, and drainage to the revision chute a slope of 1%. 

In sanitation knots, floor gutters HL510NPr DN50 made out of stainless steel 1.4258 are with built-in irreversible flap for smell suppression is planned. 

3.3. Drainage and disposal of oily water 

Oily water can be polluted with grease and impurities that come off asphalt roads, manipulation areas and work spaces. Because of that, contaminated waters need to be drained to an oil separator so that oil and grease can be separated before releasing the water.  

Garage area drainage is planned to be performed using cast-iron gutters with distribution using PE pipes that lead to an OIL SEPARATOR of the ACO PASSAVANT 3NG type. 

Separator characteristics:

ACO separator low weight liquid NG3, PE-HD, Class I according to EN 858 garage separator with a coalescent filter and float with automatic closing, inflow and outflow DN100. 

Nominal size NG 3, capacity 3l/s, made out of PEHD preinstalled with optional kit for sample taking on the outlet. Coalescent filter that can be taken out for cleaning (without cleaning/draining the separator itself), function according to BAS EN 858 with a float/valve with automated closure. Total separator volume is 95 liters. Maximum volume of separated oil derivates is 44 liters. 

-
Connector inflow/outflow DN 100, 

-
Outer diameter of separator body 650 mm,

-
Minimum embedding depth Tmin = 330 mm, (measured from lid level to lowest point of the pipe, at the entrance),

-
Lid with load capacity B125, diameter 600 mm,

-
Weight 130 kg, heaviest part 115 kg, 

-
Delivery and installation according to manufacturer’s instructions. 

3.4. Drainage and management of stormwater 

Design documents predict stormwater drainage using Pluvia system made by Geberit or other manufacturers with similar characteristic. 

Basic information: Geberit Pluvia system for drainage of stormwater is based on the principle of negative pressure caused by gravitation and pipeline being completely full. Pipeline fullness is ensured by proper pipeline dimensioning, horizontal placement without a slope, hydraulic equalization of water flow in the system and specially shaped Pluvia filling elements on the roof. Calculation is made in accordance DIN 1986-1 from 1988. and DIN 1986-2 from 1995.

The system is comprised out of roof filling elements, Geberit HDPE pipes and fittings with welded connections, a simple fixture system and the original Geberit calculation. 

Using the negative pressure principal, Geberit Pluvia enables an effective drainage of stormwater using smaller pipe diameters compared to classic drainage systems, with no slopes on pipeline route.   

Stormwater load is taken from DIN regulations and is based on the r5(0,5) intensity i.e. 5-minute rain with a return period of 5 years, or minimum of 300 l/s/ha, based on local conditions if processed data is available. Calculations were done with a load of 350 l/s/ha for rain load at the given location of the existing building. 

Filling element structure: Filling elements (7 pieces) are planned for roofs for any connector DAF drain and protective basket and integrated heater (24V/6W), while protection chute with a walkable grid class L15 is planned for walkable terraces. Electric installation of 24V for the heater with the accompanying activation regulation (-5°C/+5°C) should be planned and installed leading to the location of the inflow element.

System description: Using horizontal pipelines, the inflow elements (13 pieces) are connected to rain verticals KV1, KV2, KV3, KV4 and KV5 (total of 2 verticals) that connect to the fundamental distribution (vertically connected). Guiding of vertical pipeline is planned to be done under the lowest elevation of roof construction, in the zone of the suspended ceiling if possible. The verticals are located along façade walls or concrete columns of the building structure. Pipes are made out of polyethylene, connected by welding or electrowelding connections, that ensure full and lasting sealing of the whole system.  

The pipeline is strictly to be guided trough the inside of the building, and if needed, additional thermal isolation against condensation can be utilized. 

At spots of penetration of pipes trough fire sectors, special fire protection pipe sheaths should be utilized. 

At the bottom of verticals on ground floor and other floors, free space i.e. access to revision elements must be provided so that the pipeline can be maintained. If free access is not possible, alternatively, revision elements can be set in a special revision chute in the immediate vicinity of the verticals.    

Mounting: Horizontal pipelines are, as a rule, mounted on the original Pluvia suspension structure that ensures a fast and reliable installation and compensates for a possible temperature induced stretching/shrinking of the pipeline. Pluvia suspension structure is mounted on the roof/ceiling structure or sideways on roof structure carriers, with a maximum spacing of 2.5 m.

Maximum unit vertical load at suspension location is approximately 630 N. 

Horizontal pipelines can also be anchored to the massive roof structure using sliding and fixed clamps, taking care of clamp spacing, distance from ceiling and forces that compensate for temperature induced stretching/shrinking of pipelines, given in detailed instructions made by the manufacturer.  

Vertical pipelines are fixed to reinforced concrete columns, using compensation long coupling with a spacing of 6 m. Vertical pipelines can be cast in RC columns of the building structure. 

Connection to the common drainage installation: Negative pressure drainage system Pluvia, with a pipeline without a slope, is usually connected to marked chutes (sand separators) of the building’s fundamental sewerage. 

The last routes of the pipeline with length of approximately 2.0 m before the chute are expanded to dimensions that correspond to calculations of the classical drainage installations with a slope (slope 1%) and maximum speed of 2.5 m/s.

At the location of conveyance of water from the negative pressure system (fully filled system) dimensioning should be done using the classical methods that is valid for dimensioning of fundamental sewerage, with respect to input data on water quantities based on hydraulic calculations of negative pressure system. 

Security overflow and other security measures: Drainage of stormwater is dimensioned for expected precipitation. Based on valid regulation, for drainage of possible extraordinary precipitation, or in case of inflow element blockage, drainage installation and public sewerage, security overflow should be planned on the roofs so that the roof structure can’t be overloaded considering structural analysis and/or unwanted water penetration.

Calculation and disposition of security overflow should be done according to regulation. In order for Pluvia negative pressure system to function smoothly, the lower edge of the overflow needs to be at least 5-10 cm above the level of inflow neck.   

Construction details and material of roof layers need to prevent seepage and eventual melting of limestone roof layers and appearance of sedimentation in catch basins and pipes, that could lead to subsequent drainage system blockage.  

3.5. Disposal of other waste

Removal and disposal of dangerous waste needs to be arranged with a company authorized for this kind of activity. Solid waste of the whole production complex will be gathered in containers and taken to a landfill by a local waste management company. 

3.6. Buildings on sewerage network 

Inspection shafts have a diameter of 60 cm, with walls 10cm thick, as well as the bottom and narrowing for lid installation. Inspection shafts are of standard characteristics (SEE DETAIL) with a lid for heavy traffic. They are supplied with standard cast-iron lids 600 mm with nominal load of 400 kN on roads and 150 kN on greenbelt, and cast-iron step irons. Inspection shafts are planned with a gutter. Connection with pipes must be waterproof, using PVC connection element and using sealing putty and expanding rubber.

3.7. Technical conditions for sewerage construction 

1.
During construction of structural elements, openings for sewerage pipes must be left,

2.
Pipes need to be isolated in places where freezing can occur, and acoustic isolation beneath the ceiling needs to be performed in order to prevent noises. 

3.8. Examination of constructed sewerage 

Testing the water permeability of the pipeline network of a home sewerage is done in the interest of installation and building users. 

This testing is justified because individual parts of the drainage network can, in some circumstances, be filled with water up to sanitary elements with a high elevation. A case like this can occur in the whole network when the access canal is blocked, i.e. in some parts of the network when a vertical or its drain is blocked. In these cases, if the network is defect, the following can occur: water leakage, contamination and building damage. 

Testing and examination should involve all pipes. Testing and examination is performed after the installation of pipe network. 

Testing of the pipe network of a home sewerage network is usually performed using water. 

Pressure used for testing is proscribed by rulebooks and standards. 

Rulebooks and standards, i.e. contract, define all conditions and methods of sewerage testing. Examination and testing is done in the presence of a supervising body and a log is made. When the whole sewerage network is deemed impermeable, isolation and coating of pipes, groove closure and trench covering is performed.

TECHNICAL CONDITIONS

CONTROL AND QUALITY ASURRACE PROGRAMME 

GENERAL

Every item of bill of quantities includes labor cost, cost of material, and, if not specified differently, transport, loading and unloading, as well as storage and protection of materials.   

Bill of labor and quantities is made on the basis of the measurement book, verified by a supervising body.   

If an item of the bill of quantities needs to be changed during construction, and if a significant decision needs to be made, the designer should participate. Those decisions are entered in the measurement book.

All operations need to be carried out in accord with technical descriptions and bill of quantities. 

All materials that are being built-in need to satisfy existing regulation, norms and attestation documents. 

Apart from the aforementioned items, a priced billed of quantities also contains all legal grants, social security etc., so that no further compensation can be requested after an item price has been established. 

1. OUTDOOR WATER SUPPLY AND SEWERAGE NETWORK  

1.1. EARTH WORKS 

Terrain excavation involves working inside and outside of building. All excavation, leveling etc. have to be made exactly as shown in the drawings and instruction given by a supervising body and designer. 

In case of irregularity of land category given in the bill of quantities, the category will be determined afterwards, in agreement with the construction site manager and supervising body.

Trench excavation

Excavation will be carried out on a marked route, with a width of D + 0.60 m at the bottom of pipeline. Sides have to be cut off regularly with no protrusions, and the bottom needs to have a accuracy of ( 1 cm. After excavation and planning, places where pipes need to connect are marked. For all connection, the bottom has to be deepened 20 cm at the length of 50 cm, and widened 10 cm on both sides, so that enough space is made for seal compaction. Excavation material has to be carried 1.0 m away from the ditch edge so that enough space is ensured for manipulation and lowering of pipes. During excavation, coarse and fine material needs to be separate, so that, if possible, it can be stored on different sides of the ditch. At all spots where stakes for direction and height marking are stuck, “traverses” 60 cm wide need to be made, meaning that at those locations, excavation is interrupted and virgin soil is left to stand, and a hole is excavated at the bottom to be used for pipe placing. It is recommended that “traverses” be left at every 10 m, decreasing the need for ground bracing and a better communication is established.  

Bracing is done by placement of horizontal stringers on which vertical stringers or beams are placed, and braced using bracings. The vertical alignment of the excavation should be controlled using fixed profile pegs.  

Ditch backfilling 

Trench used for water supply placement is backfilled in two phases, pipeline backfilling before testing and complete trench backfilling, after successful testing. Pipes that are laid down are backfilled so that the connections remain free. Ditch excavation material (with no rock material) is used for pipe covering. If the trench material can’t be used because of its granulation or aggressiveness, it should be exchanged for appropriate material. Covering of pipes with finer materials is recommended, compacted carefully, so it adheres to all sides of pipes. Humus must not be placed next to the pipes. When covering the pipes, care must be taken not to damage the isolation. A pipeline, covered in such fashion, is tested according to regulations. If the testing is successful, the trench is covered up in layers of 30 cm and compacted. Covering using mechanization is allowed after pipes are covered with 50 cm of material, and even then, it should be done with a lot of care. Soaking with water to improve settlement is only exceptionally allowed by agreement with the investor, and only in gravelly terrain. Excess material is placed in regular embankment, as an overshoot of the backfill. After backfill has settled, planning and removal can be done. In addition of aforementioned conditions, unit prices also contain: routs for staking of support, bracing and backing for shifting from a bigger depth, pumping and removing of water, dirt removal with loading and unloading to a planned location, distribution trough the construction site for planning purposes, terrain cleaning and leftover material, tools and protection devices removal according to regulation. If descriptions don’t proscribe a different approach, GN 200 and GN 222 should be used. 

1.2. CONCRETE WORKS 

All materials need to comply with currently valid regulation and norms. Cement for a particular structural element has to be the same in the whole element. During construction, quality of cement, aggregate and concrete needs to be verified. For concrete strengths higher than MB15, aggregate has to be granulated and cementol added for impermeability.  

It is important to use proper water-cement ration and concrete strength determined according to real strength, and not only by cement content. Concrete must be used according to strength requirements described in design documents. Formwork must not deform during concreting. After concreting, concrete must be kept wet, and the formwork must not be removed before proscribed dates, to be entered into the measurement book. Interconnected structures are to be concreted in one phase. If that can’t be achieved, the break in concreting can be done at locations that are allowed by regulations, and before continuation, the old concrete needs to be roughened, cleaned and poured over with cement milk. While concreting, all openings and cut-ups used for water supply connections must be left. At required places, cleats needed for installation are used. Unit prices contain all elements defined in general conditions: for concreting works, in addition to all labor and materials, all measures for heat protection of finished concrete, could and damage protection for RC works, cutting, bending and placement of steel and reinforcement connection, carpentry, props, connecting and binding materials, installation and dismantling, wetting and eventual formwork needs. If not proscribed differently by descriptions, GN 400 should be followed. 

1.3   INSTALLATION WORKS

Description 

All works have to be done according to general instructions and priced bill of quantities descriptions, drawings and designer and supervising body instructions.  Unit prices of particular units and purchases must contain compensation for labor, delivery to the construction site and placement, including horizontal and vertical movement in the building. Unit prices also contain all side works like measurements required for calculations, necessary tools, material testing in case it apparent that the contractor didn’t use the appropriate materials, removal of waste and garbage out of water supply installations, fixing of damage done due to carelessness while doing own or someone else’s job. 

Construction Company needs to enable the contractor to use scaffolding, if the nature of work requires it, and compensation for that use is calculated in the measurement book. 

The company needs to take care that all built-in material is protected from damage. 

Material 

Before work starts, material needs to be examined. It needs to meet with requirements for size and quality given in valid standards, and if they don’t exist, market usances and regulation. 

Pipes need to be straight, totally circular on the inside and outside. They need to be smooth, without scaling, cracks or bubbles. Isolation should be uniform and smooth on the inside and the outside. It must not contain impurities that are water soluble or which could give a smell or taste to the water. 

Execution of work

Before work starts, attention should be drawn to the deficiency of previous work (if there is any), because it will not be taken into account later. Work should be done according to descriptions given in the priced bill of quantities, drawings and designer instructions. Before work starts, the contractor controls all measures needed for his/her work and reviews all groundwork where works will be performed. If a significant difference in measures or other kinds of deficiencies that could affect the quality of works and the future operations are found, the contractor is obligated to inform the construction company, supervising engineer and designer, and after mutual agreement, start the works. If the material is not of the proscribed kind or dimensions, or if the works are not done according to regulation, the contractor must remove the deficiencies and replace the current material with appropriate ones (requested by the supervising engineer). Different kinds of materials that mutually destroy each other due to electrolytic occurrences must not be in contact, so an intermediate piece with neutral properties must be used between them. All fixings and connections must be precise and correct. Pipes should be lowered to trenches using appropriate devices and machines, uniformly and without impacts. For binding of pipe body, chains and narrow ropes shouldn’t be used. Instead, wide belts with an appropriate strength that can’t damage the isolation should be used. Pipes with a sleeve are laid down with sleeve facing the upward trench slope. Proscribed spacing of different parts should be kept, especially spacing between the pipe end and sleeve bottom that must not be less than 5 cm. 

When the pipe tail is placed inside the sleeve, alignment must be watched, so that the seal net is of the same width on all sides. 

Pipes must, with their whole length, rest against the groundwork that is properly settled in direction and level.  The connection is covered with dirt, coated with bitumen, while the connections that are not covered with dirt get coated with oil paint or lacquer.   

Sealing of galvanized steel pipes is performed so that hemp, soaked in linseed oil, is wrapped around pipe cuts and the part that is being connected is screwed over it. Lead pipes are connected with each other or other pipes by widening the lead pipe, inserting the other pipe in the widening, and soldering the connection. PVC pipes are laid down and connected according to special technical instructions provided by the manufacturer, and connection types, as well as material needed, must be marked in the priced bill of quantities. Closure of wall grooves and edges, in which pipes are laid down, can’t be performed before pipes are pressure tested.  

Measuring and calculation 

Changes and calculation will be done according to average norms in civil engineering” i.e. according to items in the priced bill of quantities.

Daywork

Possible execution of daywork will be done using time spent and materials approved and signed by a supervising body, with addition of approved earning percentages, total taxes ans social granting.   

2. WATER SUPPLY PIPELINE TRIAL PRESSURE TESTING 

2.1. GENERAL

All water supply pipelines that has been built must be pressure tested before being put to use. The purpose of this test is to establish the water resistance of the pipeline and its stability.

Water impermeability is tested with internal water pressure. Only in case of steel welded pipelines can the test be performed using compressed air. Built pipelines are tested using work, nominal and trial pressure. Testing and laying procedure is as follows: 

-
Pipeline filling,

-
Pre-testing, 

-
Main testing,

-
Control testing,

-
Finish testing, 

-
Cleaning and disinfection of pipeline. 

Generally, pipeline testing is done in stretches. The stretches shouldn’t be longer than 3-50 m. The division of pipeline on test stretches is done by the supervising engineer (if it is not already done in the design) depending on pipeline length, work dynamic and pipeline covering plan at particular steps, depending on trench depth and quality of materials. Before testing, the pipeline on a particular stretch that is being tested has to be cover with 30-50 cm of material. All connections must be free, covered and accessible. Before testing, the pipeline needs to be stabilized using bracing at the end, and anchors on all arcs and branches. Bracing can be removed when testing is completed and pipeline has been unladen. During testing and for security reason, it is prohibited to stay close to bracing for long periods of time.

2.2. WASHING, RINSING AND DESINFECTION OF FINISHED PIPELINE

2.2.1. WASHING OF PIPELINE 

After a pressure test has been performed, pipeline is washed down to get rid of impurities. Mud discharges are used for cleaning, taking care that water flows to the lowest point. Water speed must be at least 1,5 m/s. Quantity of water needed for cleaning is 2-5 times the amount needed to fill a stretch. Washing using clean water is done until clear water starts flowing through the outlet. 

2.2.2. DESINFECTION OF FINISHED PIPLINE 

In order to get rid of organic matter and organisms that could have been left behind after washing, and to satisfy the requirements that pipelines and water that flows trough it has to meet regarding bacteriology, disinfection of pipeline has to be performed. 

A solution of calcium hypochlorite is used for pipeline disinfection. 

During disinfection, the concentration of free active chlorine should be limited to 30-50 g/m³, determined on the spot by a sanitary body. By opening a latch chlorine can flow to every part of the pipeline. When the presence of chlorine can be determined by scent, at those outlets, latches should be closed. A pipeline filled in this way should be kept close for 12 hours. 

After this procedure, the pipeline needs to be emptied. Water must not be drained to roads before appropriate dilution is achieved, because of the presence of high concentration of chlorine. 

The process of emptying the pipeline should be slow. Before and after disinfection a bacteriological analysis needs to be performed in order to determine the beginning and current state of water. 

Disinfection of pipelines can be performed only by authorized bodies according to sanitary inspection instructions. People who perform the disinfection must handle the chlorine solution with care, and under constant control of sanitary bodies, while utilizing all health protection measures. 

2.2.3. RINSING OF PIPELINE 

After disinfection, pipes are to be rinsed out with clear water with levels of chlorine normal for drinking water, determined by sanitary inspection. When draining the cleaning water, no damage to open spaces is allowed to happen. If the methodology of draining water out of pipelines is not given in the design, the supervising engineer will do that on the spot in agreement with a representative of the contractor. 

Minimum quantity of water used for pipeline washing:

-
up to 0 150 mm     
3-5 x volume of stretch being rinsed   

-
over 0 150 mm      
2-3 x volume of stretch being rinsed   

All these measures contribute to preservation of water quality, the possibility of pollution is reduced to a minimum, enabling providing the users with bacteriologically correct drinking water.  

2.3. LEAK-PROOF TEST 

This test is applicable for pipelines used for liquids flowing due to atmospheric pressure of the environment. 

Length of testing stretch 

For the value of length of testing stretch the distance between manholes is taken. Lengths of testing stretches are also determined by pipeline slope and other local factors. 

Backfilling before testing 

Pipes in the test stretch must be stabilized by partial backfilling. With pipes of a diameter of 200 mm, backfill height must be at least 30 cm, and for diameters of more than 200 mm, backfill height must be at least 50 cm. A layer of backfill is deposited and packed so that the pipes can’t move in a transverse or vertical direction due to pressure inside the pipes. In case of partial backfilling of pipes, connections must remain free for visual inspection.

Closing of test stretch endings 

All openings of the test stretch are to be closed by a leak-proof using appropriate devices that must, if needed, have built-in valves for air drainage located on top, and valves used for filling the stretches with water and raising the pressure located on the bottom.  

Filling of test stretches 

A stretch is gradually filled with water, so that complete release of air is possible. Water is released into the pipeline from the lowest point of the stretch, while a valve for release of air during filling is opened at the highest point. 

Testing procedure 

After the testing stretch is filled with water and all the air is released, valves for air release and water addition are closed and the valve for rising of pressure is opened. Testing pressure is raised to 0.05 MPa (5m of water column) at the highest level of testing stretch and is kept at that intensity for 30 minutes. 

In order to be able to consider a pipeline sound, during the testing time no water leakage is allowed to occur at any spot on the pipeline. If a visual inspection isn’t possible, impermeability of a stretch is checked by raising the testing pressure of pipeline to 0.05 MPa, and on the highest level of stretch the pressure valve is closed and after 30 minutes initial pressure level is established. The quantity of additional water is measured using a pressure pump with 1.0 l accuracy. Pipeline is considered as leak-proof if the quantity of additional water doesn’t exceed 0.1 l/m2 of internal pipeline area.  

Testing using air 

If testing is performed in temperature conditions lower than 0ºC, pipelines are tested using air. Testing stretch is completely closed and filled with air using an appropriate device until a pressure of 0.01 MPa is achieved on a calibrated manometer. Achieved pressure must not be lowered more than proscribed by standards for a particular profile and testing pressure.  

Temperature changes and breakage of testing apparatus can affect the air pressure inside a pipeline; in that case, testing is performed by using water. 

3. INTERNAL WATER SUPPLY AND SEWERAGE NETWORK 

3.1. GENERAL

All work is to be performed professionally, clean and precise according to drawings, descriptions, enclosed technical conditions, regulations and instructions, and instructions of a supervising body. All lines consider acquisition of all required main and auxiliary material, groove gouging, fitting and securing all parts, removal and manipulation, scaffolding use and installation testing. Samples of all elements and materials must be shown to a supervising body for approval beforehand. Elements and materials that are not approved must be removed from the construction site. The contractor must keep a work diary every day and sign it together with a supervising body. The contractor also keeps a measurement book where the amount of performed work is logged after a work phase is done. The supervising body signs the measurement book regularly, and, together with the contractor, controls the bill of quantities for work performed. The contractor must not change the technical solution of installations or the material and type of sanitary devices without approval of a supervising body, which must be previously entered in the measurement book. The contractor is obligated to secure the rough installations from being blocked after they have been completed, by closing off all exists until other works are done, i.e. until it is possible to install sanitary devices. After receiving a notice from the investor that the building is ready for installation of sanitary devices, the contractor is obligated to start the installation in a 3 day period. After the work is done, the contractor and the supervising body will do a handover of finished work, which needs to be recorded in the measurement book. A final verdict on the quality of finished work is given by a committee for technical admission of the building. The contractor is obligated to fix all elements that the committee commented on at his own expense. All materials must comply with the proscribed norms.

3.2. WATER SUPPLY PLACEMENT

During the placement of water supply, the contractor is obligated to follow instruction. All elevation in the design must be checked and collate them to real elevation at the construction site. Considering sewerage network, a connection with the street canal needs to be performed first, followed by backbone network, and lastly, vertical lines with branching. All horizontal water supply pipelines are placed with a slope toward the lowest outlet. If there are more than one of those, that has to be taken into account. Change of direction of water supply pipes will be carried out using arcs and not knees. Bending of galvanized pipes must not be done in a cold or hot condition. Pipes must not be placed slantwise but upright in a wall. 

3.3. PIPES IN THE GROUND 

Strong walling of pipes inside walls and other structural elements is not allowed. Openings for the passage of pipes trough the structure must be big enough, and spacing between the building and the pipes filled with plastic material to prevent damage to the pipes. When passing trough structural elements, water supply pipes must be protected by a protection pipe with a diameter 40 mm bigger than the diameter of the water supply pipe, and the space between them will be filled with hemp in bitumen. When passing through walls, sewerage pipes must not walled in firmly, and the space should be filled by wet clay, i.e. hemp and asphalt kit, if there is danger of water-leakage in the building. Eventual unforeseen gouging of walls and floors can only be done in agreement with a supervising body.    

3.4. PIPE PROTECTION 

Water supply pipes must not pass through chimney walls and ventilation canals, canal shafts, under bathroom and urinal floors, and at all places where they could be exposed to pollution and corrosion. At connections with other lines, pipes must be protected. Where water supply pipes cross the sewerage lines, they must be laid above sewerage pipes, and the space between them packed with at least 20 cm of clay. If the distance is smaller, water supply pipes should pass through protection pipes, like when pipes pass through walls. Where pipes are exposed to freeing, they must be thermally isolated. Isolation should be carefully performed and the lines shouldn’t be closed before being checked by a supervising body. Same rules apply for noise isolation. Lead pipes are protected from corrosion using bituminous coating or some other kind of protection. Pipe protection damaged during work must be carefully fixed. When work is suspended, pipes must be temporarily closed in order to prevent contamination, filled with material or damaged.    

3.5. CONNECTIONS

Connection of pipes with each other and with armature, i.e. connection or fittings elements, must be done carefully. When connecting, the inner diameter of the pipe must not be narrowed by armature parts, hemp, tin or anything else, nor deformed by pipe bending. Sealing of water supply and sewerage cast pipe connections is done using hemp, pouring of melted lead, with subsequent compaction. Connections of galvanized pipes are sealed using hemp and putty that can’t contain lead primer or other poisonous components. Sealing of ceramic or asbestos-cement pipe connections is done using hemp and asphalt putty.

Steel pipes are connected using welding, and in case of damage to the protection coating on the inside and outside, it must be fixed. Lead pipes are connected using soldering, and pipes made out of plastic using factory glue. Pipe connections inside walls, floors and other structural elements must be avoided if possible. 

3.6. PIPE FASTENING

Pipelines must be fastened to the walls and floors using clamps, i.e. suspenders with a maximum spacing of 2m, and lead and PVC pipes with a maximum spacing of 1m. They also need to be embanked or supported in some other way at their whole length. Sound protection should be utilized between pipes and the clap, using cork, rubber or felt pads 3 mm thick when tightened, in order to prevent contact of clamps and pipes. At the bottom of every sewerage vertical, an arch of 90° supported on a concrete or masonry foundation block must be installed.

3.7. ARMATURE

Water supply armatures must be checked for correctness before they are installed. The installation should be done precisely, taking care of ensure easy use and aesthetics.  

3.8. SANITARY DEVICES 

The installation of devices should be done neatly, clean and precise, taking care to ensure good usability and aesthetics. Sanitary devices are fitted to the walls using connectors that are long enough. Console elements should be able to withstand 200 kg of weight at the most unfavorable spot. If not defined otherwise in work descriptions, the height of placement of devices, measured from floor top, should be: 

-
Front edge of sink




85 cm

-
Shelf above sink




125 cm

-
Mirror from the middle 



155 cm

-
Towel holder





70 cm

-
Wall tap





105 cm

-
Sink






85 cm

-
Toilet bowl, front edge



65 cm

-
Flusher, corner vent. 




200 cm

-
Toilet paper box




90 cm

-
Urinal, front edge




65 cm
3.9. INSTALLATION TESTING

Installation network that is finished but not isolated or covered must be tested for impermeability and functioning before it can be handed over. Water supply pipeline network is tested using testing pressure of 12 atmospheres during testing time, but not longer than 1 hour, during which the pressure must not subside. The sewerage network is tested by filling with water while temporarily blocking all the openings and outlet. Testing is done in the presence of a supervising body and a utility water supply representative, and a log is made. Testing is done at the expense of the contractor. If the network is shown to be leaking or the pressure subsides during testing, all faults must be corrected and tested again until it is concluded that the network is fully leak-proof. Only after that can grooves be closed and trenches cover up. 

HYDRAULIC CALCULATION

1.
  Line dimensioning

     1.1. Water supply


[image: image24.emf]J.O. flow l/s J.O. l/s

COLD WATER

ITEM

Sink 18 0,5 0,18 9 3,24

Toilet bown 24 0,25 0,125 6 3

Tap 0 0,25 0,125 0 0

Urinal 6 0,25 0,125 1,5 0,75

Indoor hydrant 0 100 2,5 0 0

Kitchen-sink 2 1 0,3 2 0,6

Trocadero 0 1,5 0,3 0 0

0

total: 18,5 7,59


Secondary water flow:

quk= 0,25 x √Z =0,25 x √18,5= 1,075 l/sec

quk =w x  d2π
                        4

Relevant diameter:

d = √4 x quk /w x π  =√4*1,075/2*π*1000=0,026 m =26mm

Selected diameter DN40 (Ø 40x2,6, du=54 mm v=1,1)

1.1.2. Hydrant water

Indoor hydrant network has a total of 9 (nine) hydrants: basement 3 (three), ground floor 2 (two), first floor 2 (two), second floor 2 (two). 

According to the rulebook for technical norms for hydrant networks for fire extinguishing, for simultaneous work of 2 hydrants, 2.5 l/s of water is needed, meaning a total of 5 l/s with a minimum pressure at the outermost hydrant of 2.5 bar.   

	Building height [m]
	Minimum flow [l/s]
	JO
	DN

[mm]
	V

[m/s]
	Ht

[dbar/m]

	Up to 22 m
	5
	400
	DN65
	1.3
	0.080


Total required water:

Quk= Qs+Qpv=1,075+5,00=6,075 l/s

d = √4 x quk /w x π  =√4*6,075/2*π*1000=0,062 m =62mm

1.2. Sewerage 

Dimensioning was done according to regulations based AWS value in lit/sec. For drain sewerage of residential buildings and similar buildings with short upper load, a value of qs=0,5 AWS is taken.

A)
SANITARY (FOUL) WASTE WATER 

According to the enclosed table. 
	KV 1
	
	
	
	
	
	
	
	
	
	
	

	Building: Public building
	
	
	
	
	
	
	
	
	

	
	
	
	N
	p [%]
	Qo [l/sec]
	Qf [l/sec]
	
	
	
	
	

	Toilet bowl
	
	
	24
	9,9
	2
	4,95
	
	25*9,9*2/100
	
	
	

	Urinal
	
	
	6
	14,3
	0,17
	0,24
	
	10*14,3*0,17/100
	
	

	Sink
	
	
	2
	14,3
	0,67
	0,958
	
	10*14,3*0,67/100
	
	
	

	Washbasin
	
	18
	10,5
	0,17
	0,32
	
	18*10,5*0,17/100
	
	

	Floor drain
	
	12
	12,9
	0,67
	1,03
	
	12*12,9*0,67/100
	
	

	
	
	
	
	
	
	7,50
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	KV 1
	
	 Qf=7,5 l/s
	f 160
	Qo =14,0 l/s
	vo=1,57 m/s
	I=2%
	h=45,33%
	h=14,28 cm
	v=1,51m/s
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


B)
OILY WASTE WATER 

Based on previous calculations, an appropriate oil and light fluid separator has been dimensioned and chosen. 

Selected separator: type NG3 with a capacity of Q=3 [l/s], manufactured by „ACO“ or other same or similar characteristics. 

C)
STORMWATER FROM THE ROOFS 

Done according to hydraulic calculation given in the enclosure. 
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6. REGULATIONS AND LITERATURE USED
1. INTRODUCTION
According to regulations in Article 10. Of Work safety Law ("Službeni list SR BiH”, no: 22/90), it is determined that the organization, i.e. the contractor that produces the technical documentation for buildings intended to be used for work spaces and organizations that design technical-technological processes, need to follow proscribed measures of work safety with indication of all dangers and planned measures for their removal. 

Civil engineering buildings must be made so that work and auxiliary spaces enable safe residence, work and movement of building users. Aforementioned conditions imply that buildings and their parts intended for work areas (floors, walls, ceilings, roofs and other structural elements) must be constructed and maintained so that during use, they provide:

-
Structural stability of building and its parts considering static and dynamic loads as well 
as meteorological and climatic effects,

-
Protection from atmospheric effects,

-
Space heating during winter time to ensure proscribed temperature for every work place,

-
Space ventilation according to current norms, 

-
Adequate space lighting, 

-
Humidity protection, 

-
Thermal insulation,

-
Fire and explosion safety,

-
Safety of employee movement. 

2. PROJECT SOLUTION CONSIDERING BUILDING USER PROTECTION

2.1. Construction of building

After visiting the location and producing preliminary design, main design phase for Cantonal Court building in Bihać was done. 

The subject of this final design is the Cantonal Court building in Bihać. The location is situated in immediate urban area defined by the zoning plan of Bihać, within the business zone on lot k.č.br.7507 k.o. Bihać – town according to the new cadastral operator and k.č.br.1243/338 k.o. Bihać according to the old cadastral operator.  

Planned building has a floor limit of B+GF+2 (basement + ground floor + 2 floors) positioned on the lot according to the given urban-technical conditions. The terrain has a slope of approximately  25% so that the basement is level with the existing regional highway and the ground floor is accessible via a representative staircase i.e. access ramp for disabled people. 

In order to prevent the need for a big ground excavation, the building is integrated with the existing terrain longitudinally in the direction of the ground contours, with 2 vertical protruding volumes situated in the area of the first and second floor. This solution made it possible that most of the useful building space is oriented north-south, and the least towards the slope.   

Concerning parking spaces in the vicinity of the building lot, demands of the Judicial and Prosecutorial Council of Bosnia and Herzegovina that, guided by security measures, require 7 parking spaces, have been met. Beside the staircase, outside elevator for disabled people is also planned. 

DISPOSITION

At street level a covered parking lot for the personnel is situated (court police, official court vehicles), with a total of 11 PS, as well as technical spaces in the basement, court police spaces with an internal staircase that leads to a group of rooms on the ground floor around the main courtroom with heightened control measures (group for protected witnesses, detention unit) as well as the main archive that is connected to the scriptorium on the ground floor via internal staircase. 

The main entrance – windshield with a separated two-way motion (entrance-exit) with an organized visitor control (porter and court police) as well as an aula – the central hall that the main staircase is oriented towards, a staircase with an elevator, the grand courtroom with accompanying spaces, scriptorium with accompanying spaces as well as other facilities requested on the ground floor, according to the project assignment made by the investor.  

The first floor contains offices of the judges, offices of the court president and technical secretary, as well as the medium and small courtroom, oriented in respect to the hallway that runs through the middle of the given “C” shape layout. Alongside the aforementioned spaces, the financial department, ICT services and a conference hall are all situated on the first floor.  

Offices of the judges and professional collaborators as well as a restaurant for the employees are situated on the second floor.  

Architectural shaping of the Court building is characterized by highlighting of the north and south towers as two elements that lean on “V” columns located on the entrance façade that end with asymmetric slopes bound over the central part of the building. 

Windows on the façade situated on the first and second floor are identical and distributed in a misaligned rhythm that interrupt the canvases on the west façade partitioned by slits with incorporated openings. The window rhythm on the ground floor is defined by the disposition of space on the ground floor in correlation with other openings on the building.  

Work assignment foresees the use of alternate energy sources (geothermal) if conditions allow it. Because geothermal energy can’t be used, solar collectors are installed on the roof (preparation for solar collectors) in order to determine their power and number according to the requirements of users. They are mostly used for sanitary water heating. 

BUILDING

Total height above ground level, i.e. ground floor, is approximately 12 m, while the depth of foundation structure is approximately 4 m. Underground floor is a space planned for parking and court archives. Other court spaces are must not be used for archives. 

Ground floor as well as two stories is used for court operations. As a basis for design, 

Geotechnical study of aeromechanical testing of subsoil for construction of Cantonal Court building in Bihać, made by “EARTH” Ltd. Tuzla, was used. Structural calculations of the building are done for basement, ground floor, and the two floors, according to investor’s demands and the possibility of future expansion and upgrades. Base structural system is made out of a combination of RC diaphragms and a core in both directions, and the dimensions are chosen according to the Rulebook for technical normative for design of buildings in seismic regions. 

Transversal forces occur as a result of seismic activity.

Floors are rigid diaphragms in their plain. Shape and size of structural elements are chosen so that they are compliant with architectural demands; they should be of the same dimensions as much as possible to achieve uniformity and because of demands for formwork, economical impact and optimal ratio of concrete and reinforcement. 

Typical spans of RC floor slab is 6,5 m. Floors are biaxially supported. RC floor slab is concreted “in situ”, with thickness of 20 cm. Floor slabs rest on beams 40/60 cm. Columns are rectangular, 40/50 cm. Walls have a thickness of 30, 25, 20 and 15 cm. 

2.2. Work and auxiliary spaces

Structural elements of work and auxiliary spaces enable protection from atmospheric effects, protection from humidity, as well as maintaining required temperature. 

Floors of work and auxiliary spaces enable safe movement, thermal insulation, humidity protection and easy use.

Walls and floors are design with a finish that enables maintenance up to a degree required for every room considering its purpose. 

2.3. Windows and door in work spaces 

Doors in work spaces have the required width that enables passage of users in normal conditions and in case of evacuation and rescue.

On all exits, floor level from the outer side is to be made in level with the floor of the room. 

Windows provide:

-
Protection from atmospheric effects,

-
Natural lighting,

-
Thermal insulation,

-
Natural ventilation,

-
Safe maintenance and cleaning from the outside and the inside. 

2.4. Natural and artificial lighting 

In work and auxiliary spaces, natural and artificial lighting is planned. 

Natural lighting of work spaces is provided via windows in walls with total area of light opening that is more than minimum of 1/8 of room floor area.

Measurement of work space illumination is required to determine if the existing lighting provides enough visibility on every work place. 

2.5. Space heating 

For space heating, a boiler facility for central heating is planned.

In building areas, allowed air temperature in winter and transitional period is 17–24°C.

In hot period, the temperature in mentioned areas needs to ne 22–25°C.

2.6. Water supply and toilets

Drinking water from the town water supply is planned for the building, with batteries for hot and cold water and toilets according to standards. 

Construction of sewerage network is planned with drainage to the sewerage network. 

Construction of walls, floors and sanitary equipment enables easy maintenance of room and equipment hygiene. 

3. WORKS DURING BUILDING CONSTRUCTION 

Before construction works start, the contractor is obligated to produce a study of construction site arrangement that needs to include the following measures concerning work safety:

1.
Securing construction site boundaries,

2.
Arrangement and maintenance of roads (paths, aisle, crossing and similar),

3.
Determining the place and method for construction material storing, 

4.
Construction and arrangement of spaces for storage of dangerous materials, 

5.
Transport, loading, unloading and depositing of construction material and heavy objects, 

6.
Method of marking and protection of dangerous spaces and compromised spaces on the 
construction site, 

7.
Method of work in spaces where hazardous gasses, dust and vapor occurs, as well as 
places where fire can occur,

8.
Arrangement of electrical installations for supply and lighting of construction site,

9.
Determination of type and location of construction machines and facilities,

10.
Determination of type and method of construction scaffolding production, 

11.
Ways of protection from fall from high places or into deep places,

12.
Determining with jobs have a heightened life danger or employee health danger, as well 
as types and quantities of required personal protection means i.e. protection equipment, 

13.
 Construction site fire measures and protection means,

14.
Construction, arrangement and maintenance of construction site toilets,

15.
Organizing of first help on the construction site,

16.
If needed, organizing of accommodation, diet and transportation of employees to and 
from the construction site, 

17.
Other necessary work safety measures. 

Construction works need to be planned and made entirely considering measures planned in regulations of Law on Work safety in construction, other regulations and norms that regulate the was professional works are done, as well as measures planned in the study of construction site arrangement. 

4. SOURCES OF DANGER DURING BUILDING USE 

4.1. Movement areas 

Movement areas that are slippery, uneven, i.e. contain protrusions or indentations, as well as spaces for movement where different objects are stored, can cause fall that regularly end in serious injury, like leg or arm bone fractures, like leg or arm joint sprains, and even fractures of skull bones.

Insufficient lighting of movement areas can also cause falls and hits with light or serious consequences. 

4.2. Electrical installations and devices

Electrical current can have harmful effects on the human organism in certain conditions. Injury occurs when the current passes through the body. It produces burns and damages tissue, and can cause death.

For people, voltage higher than 65 V is dangerous. Under unfavorable conditions like high humidity, body exhaustion and similar, even lower voltages can be dangerous. 

During handling of electrical devices and machines, the biggest danger is of direct contact with parts under voltage. Accidents caused with direct contact with parts under voltage usually occur because of damaged isolation on electrical devices and tools, like connections, plugs, cables etc. 

Beside the danger of direct contact with electrical parts under voltage, there are also other dangers to witch people are subjected during handling of devices using electrical power. 

Danger exists in case where people reside or move next to electrical devices, in some unfavorable conditions (atmospheric discharge).

All danger, starting from the source, is divide into: 

-
Contact with parts under voltage and approaching parts under voltage,

-
Contact voltage too high caused by malfunction of electrical device isolation,

-
Contact voltage too high caused by passage of current trough grounding,

-
Induced voltage,

-
Danger from atmospheric electricity,

-
Danger from electrostatic electricity,

-
Danger from leftover voltage,

-
Danger from electrical arc.

Many injuries and accidents caused by electricity shock happen because of malfunctioning or damaged isolation, causing housings or metal parts to be under voltage. If people come in contact with such parts, and they are not properly grounded, i.e. protected, an electrical circuit is made, closed trough the body over the ground with supply grounding of the transformer, i.e. generator. 

Housing isolation malfunction causes voltage that can vary from zero to full phase voltage.

If a person touches the housing under voltage, contact voltage acts on that person. 

4.3. Atmospheric discharge 

Lightning strike on buildings where no atmospheric discharge protection is installed, i.e. where lightning conductor installations aren’t working properly, can cause fire since a high quantity of heat is released caused by extremely high currents that flow trough in a short period. 

In case a parson is in close proximity to metal areas or conductors like electrical or water supply installations, i.e. installations of central heating, there is a large possibility of voltage jump from metal areas to the human body. 

5. PROTECTION MEASURES 

5.1. Movement areas 

Room floor area, as well as area of stair treads, must enable safe passage of employees, i.e. must be firm, clean and flat and must not be slippery. 

Staircase must be fenced up to a height of at least 1 m (except the side where wall is next to the tread). 

Movement areas must in every moment be walkable and free from any material or goods that could pose a hindrance to safe movement. 

Work places, passages and floors must be kept in working order. 

All movement areas, as well as permanent and temporary work places during movement and work must be sufficiently illuminated. 

Lighting devices as well as windows must be regularly cleaned to always enable adequate lighting.

During changing of lighting elements, care must be taken that new lighting elements comply with design characteristics. 
5.2. Protection from the effects of electrical current 

-
In all work rooms and spaces, no matter the classification, on all electrical installations, 
devices and machines, electrical shock protection needs to be made according to valid 
standards, 

-
In work areas it is necessary to implement technical protection measures in case of 
overload, short circuit, overcharge etc,

-
It is mandatory to organize internal control and control of electrical installations 
considering their correctness, i.e. checking and testing installations in time periods given 
in general acts. Check and test results are logged in a book planned for that purpose,

-
Installation material and equipment that will be used for construction must comply with 
standards, and be of required quality. Material that doesn’t comply with conditions must 
not be used. 

After installation, made by approved organization, the following measurements and tests must be performed: 

-
Line isolation resistance,

-
Loop resistance,

-
Protection from dangerous contact voltage,

-
Symmetry of load per phases,

-
Lightning conductor grounding. 

Aforementioned measures must be confirmed by attest.

For protection of electrical circuits from overcharge, appropriate fuses are used. People that work with electrical devices and machines using electrical power must be well informed with proper handling of devices, and must know the causes of potential danger. Accidents often happen when unprofessional persons repairs electrical devices. 

Electrical devices and installations are sensitive to moisture, temperature, chemical effects, mechanical damage, cleanliness etc. They must be maintained often and professionally, in order to permanently keep them in working order. Control needs to be regular and done systematically. 

Protection from accidental contact with parts under voltage is done:

-
Using appropriate isolation, properly dimensioned and resistant to harmful impacts,

-
Correct installation and positioning of parts under voltage, 

-
Using meshes, covers, partitions etc. 

These protective measures are divided as follows: 

GROUP I – Protective measures without devices for power shutdown: 

-
Protection isolations is done so that the power consumer or electrical equipment is, 
beside operational isolation, is equipped with additional isolation, that in case of failure 
on operational isolation disables the housing to come under voltage,

-
Low voltage (24 and 42 V) is used in tough conditions on steel structures, boilers, tanks 
and similar. This protection measure is very effective, because it disables any danger, 

-
In case of protection separation, power consumer is separated from the rest of the 
network by a special transformer.  

GROUP II – Protective measures with devices for power shutdown: 

-
Protective grounding is mostly used these days. The housing of the consumer, save for 
metal parts that could come under voltage in case of isolation breach, are directly 
connected to the ground using grounding. In case of failure on isolation, fault current that 
needs to be so strong as to cause the fuse to blow, will flow. As a cause, electrical circuit 
with damaged power consumer is deactivated, and by that, high contact voltage is prevented. 

There are two kinds of protection grounding: 

-
Grounding with individual grounding electrodes where one or more consumers are 
connected via protection conductor to a special separated grounding, 

-
Grounding with a collective grounding electrode, where consumers are connected via 
protection conductor to a collective grounding (water supply network, lead cable coating, 
strip grounding). 

For proper functioning of these groundings: 

-
In case of fuse blowing the cause needs to be found and removed,

-
Proper functioning and dimensioning of fuses and automats,

-
Proper connection of consumer metal housings to the protection grounding is parallel. 
Serial connection of protected consumers and devices is forbidden,

-
Protection conductor must be sound and properly dimensioned, and must not be 
interrupted and dormant, 

-
Collective grounding must represent a galvanic whole. 

Neutralization is a protective measure that has a widespread use, and it consists of connecting consumer and other device metal housings with a neutral conductor of the distribution system. Neutral conductor is used as a return conductor for fault current, so that the principle of action is similar to the system of protection grounding with collective grounding electrode. In case of isolation breach on the consumer, fault current flow through a closed electrical circuit: phase conductor, consumer housing, null conductor, transformer, substation coil and phase conductor again. 

This protective measure is effective only if the fuse of a protected consumer blows the moment a fault occurs, thereby breaking the electrical circuit.

Distribution boards must be properly made, protected using appropriate protection, and expert personnel must maintain it regularly. Every distribution board must be supplied with a distribution schematic and description that corresponds to real state of installation. All naming plates for fuses and electrical circuits must be written and correspond to real state. From the inside of doors, protection in case of accidental contact must be made. From the outside, a warning plate must be placed. 

5.3. Lightning conductor protection

For building and facility lightning protection lightning conductors are used, and their construction is done based on principal of electrical shield (Faraday cage). 

Protection from atmospheric discharge is done according to regulations, and is comprised of placement, maintenance, periodic inspections and measurements of the lighting conductor installation with required record keeping.

6. REGULATIONS AND LITERATURE USED:

-
Law on work safety ("Službeni list SRBiH", no. 22/90),

-
Rulebook of general measures for work safety for civil engineering buildings intended for 
work and auxiliary spaces and work spaces ("Službeni list SRBiH", no. 5/88),

-
Rulebook for work safety when using electrical energy ("Službeni list SRBiH", no. 34/88),

-
Rulebook on measures and normative for work safety during use of tools ("Službeni list 
SFRJ", no. 18/91),

-
Rulebook on personal work safety devices and personal safety equipment ("Službeni list 
SFRJ", no. 35/69),

-
Rulebook for first help in case of injury  and sickness of employees during work 
("Službeni list SRBiH", no. 38/86),

-
Law on work safety in construction ("Službeni list SFRJ", no. 42/68 and 45/68),

-
General rulebook on hygienic-technical protection work measures ("Sl. list FNRJ", no. 
16/47, 18/47 and 36/50),

-
CPT standards,

-
European prison regulation.
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				PREGLED IZLJEVNIH MJESTA

		SANITARY UTENSILS		pcs		Unit				Total

						J.O.		flow l/s		J.O.		l/s

				COLD WATER

		ITEM

		Sink		18		0.5		0.18		9		3.24

		Toilet bown		24		0.25		0.125		6		3

		Tap		0		0.25		0.125		0		0

		Urinal		6		0.25		0.125		1.5		0.75

		Indoor hydrant		0		100		2.5		0		0

		Kitchen-sink		2		1		0.3		2		0.6

		Trocadero		0		1.5		0.3		0		0

												0

								total:		18.5		7.59
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