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Technical Description

I a. 1   Technical Description 

In line with the needs that were expressed and outlined in the Terms of Reference and during the consultations with the authorized representatives of the High Judicial and Prosecutorial Council of Bosnia and Herzegovina, the Main Project Design for the new building of Tuzla Municipal Court was developed. Prior to development of the Main Project Design, the Preliminary Design was prepared and presented, and as such it was adopted by the authorized representatives of the High Judicial and Prosecutorial Council of Bosnia and Herzegovina and of the Tuzla Municipal Court in November 2015. This was followed by issuance of the Decision on land use permit No. 06/2-23-7728/2015-FI, issued on 09 December 2015 by the Tuzla City's Department for Spatial Planning and Environment Protection. On the basis of the adopted Preliminary Design and in line with the Decision on land use permit, the Main Project Design was developed for the respective building with the following phases-parts: 

· architectural part,

· constructive part,

· plumbing and sewage system with drainage of rainwater,

· mechanical installations (heating, ventilation and air conditioning)

· electrical installations (strong and weak current)

· study of the physical properties of the building, and

· study of occupational safety and study of fire protection. 

The new building of the Tuzla Municipal Court was designed at the site of the Dom Armije (Army House), which has in recent years been used by the Academy of Performing Arts, operating within the University in Tuzla.

This site is in the proximity of the Tuzla City Hall, which was initially designed to accommodate the Yugoslav Army Corps HQ. Beside the City Hall, there are a number of public facilities in the closest vicinity if this site and most of them were built in the second half of the twentieth century, such as: the building of the Faculty of Philosophy along with the Rector’s Office, the Grammar School, Hotel “Tuzla”, NLB Bank building, and several residential and commercial buildings. In the immediate vicinity of the designed building of the Municipal Court there is a new building under construction and it is of rather huge dimensions and will serve residential and commercial purposes, and will accommodate a wide variety of businesses. 

The site, at which it is planned to construct the new building of the Tuzla Municipal Court, is one of very valuable and attractive localities in Tuzla, and it is of special interest to judicial institutions as it is nearby Cantonal Court and Cantonal Prosecution Office, along with a number of businesses and the Tuzla City Administration. 
The Terms of Reference suggested preserving and reconstructing parts of the Army House building, which was built in 1961, however during the assessment of the building and its current state we have come to the conclusion that reconstruction of such a building would require major investments that would not seem rational for the planned purpose of the building – Municipal Court. This kind of approach was harmonized and agreed with the authorized representatives of the High Judicial and Prosecutorial Council of Bosnia and Herzegovina and was confirmed in writing on 02 November 2015. 

The lot/parcel on which the Municipal Court building is planned to be constructed is surrounded by paved roads; on the east side, it borders with the ZAVNOBIH Street, on the north side with the Prva inženjerijska brigada Street, on the south side with the Jala River that runs to the west in a regulated concrete river bed. Several valuable and senior trees of sycamore, birch and linden are at the respective site, too. In addition to these trees there are several conifer trees that are ill and in poor condition.

When preparing the Preliminary Design, the Project Designer sought to find a way of placing the building in such a position so as to preserve all the valuable trees during the construction works, because the appearance and size of trees significantly enrich the respective site. In parallel to the Jala River regulated riverbed, it has been proposed to introduce a new one-way street (direction reversed from the course of the river), which would be linked to the two-way street ZAVNOBIH. This road would be serving the function of the Municipal Court and would also improve the motor traffic at this micro-location.

This street would enable access to the parking lot for passenger vehicles, which will primarily be used by the Municipal Court (74 parking spots), and it would also have a ramp towards the basement level of the Municipal Court.

This part of the basement (Block “B“) will include space for operating facilities as well as a „secluded“ access/entrance for bringing in suspects. The main pedestrian entrances to the building of the Court are designed at the area of a spacious pedestrian plateau located on the north-east side, namely: the official entrance on the north side and the main entrance/entrance for visitors on the east side of the building.

Through a detailed analysis of the micro location and its environment the Project Designer defined the ground plan dimensions of the building, the floors, the position of individual entrances along with the schedule of basic functional units. The building consists of three structural units that are treated and marked as Blocks A1, A2 and B in all the graphic and textual annexes. The Blocks A1 and A2 lean on each other in their full width and make for a longer wing of the Court building, which is parallel with the City Hall building, while the Block B is perpendicular to this part of the building. All Blocks are mutually interconnected at all levels except at the level of the basement. 

Parallel to the City Hall the tract “A“ (Blocks A1 and A2) was designed, along with the main entrance and part of the administration on the ground floor that serves citizens/visitors of the Court. The first and second floors in this tract are meant for the work of judges and administrative staff, so that the visitors and clients do not need to access that area. 

In the tract “B“, whose long side is parallel to the Prva inženjerijska brigada Street, one large and three medium-sized courtrooms are designed at the ground floor level. In addition to these rooms, the Project Design also includes auxiliary rooms such as the room for Judicial Police, rooms for prosecutors, lawyers, and toilet facilities for visitors. In front of the courthouse is a spacious hall, with two large ports/holes in the ceiling area. These two ports/holes are included in the building layout on the first and second floor, and through a lantern they are letting through zenithal lights down to the flooring of the ground floor. The lanterns on the roof ensure natural ventilation of the ground floor hall and of the corridors on the first and second floors.

Two smaller courtrooms, offices for judges, auxiliary rooms/facilities, corridors, kitchenette, rooms for simultaneous translation and audio and video recording, which belong to the major courtroom – as a gallery, are designed at the first floor. A multimedia conference room, offices for judges, corridors and related auxiliary facilities are at the second floor. At the basement, which is designed in one part of the ground plan of this Block, there is room for acceptance and bringing in of suspects, along with detention units and premise for the judicial police, as well as sanitary facilities. At the same entrance, there is a room for storing of evidence. At the same level, there is a separate entrance from the outside with a space for substation, while the third entrance under the eaves at the basement level is used to access the hallway with a substation and a generator.

Two staircases are designed in the Block “B“, and one of these staircases connects the basement to all floors, while the second staircase is located with the ground plan dimensions of Block “A1“; the staircase area also includes an elevator of 630 kg capacity. This staircase connects the ground floor to all floors in the entire building, and it is used to reach the flat roof with AC chambers. Quality functional connections at ground level, first and second floors, as well as at the level of the roof are designed between Block „A“ and Block „B“. 

The total of 76 offices are included in the Project Design – these are working units/areas for judges, whose size is optimal for the work of two persons, while few offices allow for the work of three persons (additional – interns). 

The building includes the following usable areas: 

BASEMENT

Block A2

at the level ( - 3,60 m)

Archive room 
 






P=
350,20 m²

Staircase







P=
  25,80 m²


TOTAL
 







P=
376,00 m²

Block B

at the level ( - 3,00 m)

Windshield – acceptance of suspects 



P=
    6,40 m²

Corridor 







P=
  26,80 m²

Judicial Police (2 rooms)





P=
  28,00 m²

Detention units (3 rooms)





P=
  26,40 m²

Storage of evidence






P=
  46,00 m²

Sanitary units (men + women)





P=
  10,85 m²

Staircase 
 






P=
  16,55 m²

Pantry/Storage






P=
    5,50 m²

Corridor







P=
    9,80 m²

Power substation 






P=
  13,70 m²

Generator 







P=
  13,80 m²

Substation 







P=
  14,20 m²


TOTAL








P= 
218,00 m²


BASEMENT 


TOTAL




P=
594,00 m²




GROUND FLOOR

Block A1

at the level ( ±0,00 m)
Windshield (main entrance)





P=
  16,80 m²

Reception Desk 






P=
  11,80 m²

Windshield (official entrance)





P=
  38,20 m²

Entrance Hall







P=
147,95 m²

Judicial Police (2 rooms)





P=
  35,50 m²

Postal Service







P=
  11,40 m²

Protocol (receipt of applications)




P=
  70,20 m²

Internal hallway 






P=
    7,70 m²

Staircase







P=
  14,55 m²

Pantry/Storage






P=
   5,50 m² 

Newsstand store






P=
  32,80 m²


TOTAL








P=
392,40 m²

Block A2

at the level ( ±0,00 m)

Protocol and Cache Archive 





P=
344,00 m²

Archive room







P=
142,00 m²

Sanitary units (men + women)





P=
  15,70 m²

Staircase 







P=
    7,95 m²


TOTAL








P= 
509,65 m²

Block B

at the level ( +0,60 m)

Hall – corridors







P=
192,30 m²

Major Courtroom






P=
112,00 m²

Internal hallway 






P=
  12,70 m²

Prosecutors 







P=
  29,80 m²

Middle courtroom (3 courtrooms)




P=
207,60 m²

Lawyers 







P=
  25,00 m²

Sanitary units for visitors 

(hall + men + women + disabled persons + hygiene)


P=
  38,40 m²

Pantry/Storage






P=
    5,50 m²

Corridor







P=
  37,00 m²

Judicial Police (2 rooms)





P=
  52,70 m²

Register 







P=
  25,50 m²

Sanitary units for employees (men + women) 


P=
  17,00 m²

Staircase (2 flights of stairs)





P=
  24,15 m²


TOTAL








P= 
779,65 m²
GROUND FLOOR



TOTAL


P= 
1681,70 m²



FIRST FLOOR

Block A1

at the level ( +4,65 m)

Office space (12 offices)





P=
  277,50 m²

Corridor







P=
  157,75 m²

Storage of office supplies 





P=
    10,50 m²

Hygiene (pantry for cleaning staff)




P=
      7,50 m²

Sanitary unit (men + women) 





P=
    16,40 m²

Staircase 







P=
      8,35 m²

Terrace







P=
    18,30 m²


TOTAL








P=  
  496,30 m²

Block A2

at the level ( +4,65 m)

Office space (11 offices)





P=
  237,04 m²

Meeting room







P=
    39,40 m²

Court President 






P=
    44,35 m²

Technical Secretary 






P=
    28,10 m²

Hallway with Kitchenette 





P=
    89,70 m²

Sanitary unit (men + women) 





P=
    16,00 m²

Staircase 







P=
      7,90 m²


TOTAL








P=
  462,50 m²

Block B

at the level ( +4,65 m)

Small courtroom (2 courtrooms)




P=
    66,70 m²

Office space (10 offices)





P=
  259,00 m²

Room for translators 






P=
    13,00 m²

Recording room






P=
    13,00 m²

Server room 







P=
    26,50 m²

Storage space (3 storage rooms)




P=
    10,30 m²

Hallway with kitchenette 





P=
  187,95 m²

Sanitary unit (men + women)





P=
    17,00 m²

Staircase (2 flights of stairs)





P=
    19,85 m²


TOTAL








P=
 613,30 m²


FIRST FLOOR



TOTAL



P=
1572,10 m²



SECOND FLOOR

Block A1

at the level ( +8,25 m)

Office space (13 offices)





P=
  298,60 m²

Storage of office supplies





P=
    10,50 m²

Hygiene (pantry for cleaning staff)




P=
      7,50 m²

Corridor 







P=
  155,65 m²

Sanitary unit (men + women)





P=
    16,40 m²

Staircase







P=
      9,10 m²

Smoking area (2 balconies) 





P=
      4,80 m²


TOTAL








P= 
  502,55 m²

Block A2

at the level ( +8,25 m)

Office space (17 offices)





P=
  377,30 m²

Hallway with kitchenette





P=
  125,30 m²

Sanitary unit (men + women)





P=
    15,70 m²

Staircase







P=
      8,80 m²


 TOTAL








P=   
 527,10 m²

Block B

at the level ( +8,25 m)

Meeting/conference room





P=
 104,20 m²

Office space (12 offices)





P=
 312,55 m²

Hallway with kitchenette





P=
 166,30 m²

Storage/pantry 






P=
     5,50 m²

Sanitary unit (men + women)





P=
   17,00 m²

Staircase







P=
   19,80 m²

Terrace







P=
     7,65 m²


 TOTAL








P= 
633,00 m²


SECOND FLOOR


TOTAL



P= 
1662,65 m²



ROOF

Block B

at the level ( +12,30 m)

Staircase + machine room 





P=
  18,90 m²



TOTAL








P=  
  18,90 m²



TOTAL SIZE







P=
5529,35 m²


The area included in the Project Design is in accordance with the area size as laid out in the Terms of Reference (approximately 5.000-5.500 m2), but it also includes some content/features that were not mentioned in the Terms of Reference and the associated technological designs. (We have planned for more archiving space, storage of office supplies, photocopying facilities, space for power substation and heating substation, a room for generator, space for storing of evidence/vault, and at the ground level that has a separate entrance it is planned to have a room for collection of administrative/court fees, photocopying and other services for visitors/clients). 
During the latest spatial analysis and review, the Project Designer invested maximum efforts in saving space in common communication areas, but bearing in mind the purpose and the nature of this building we believe that the data laid out here are the minimum requirements for the normal operations of the Court. 

Construction of the Building and Materials 

The basic structural elements of the building are designed as reinforced concrete, of monolithic structure, in a very clear and proper disposition of the basic structural elements. The foundation structure is a reinforced concrete slab - on the entire surface of the object, the thickness of 40 cm with counter beams arranged in axis of structural grid of columns/pillars. The floor slabs are 18 cm thick and they lean on longitudinal reinforced concrete beams of overall height (with thickness of slabs) of 60 and 65 cm. These beams carry the reinforced concrete columns/pillars of the cross-section of 35 x 35 cm. The dimensions and cross-sections of all structural elements are presented and laid out in the attached static calculation and have been drawn in the construction plans and architectural designs.

The exterior walls are constructed with hollow bricks; interior walls are designed as multi-layer walls made of gypsum panels with under-construction grid and sound insulation, while in the sanitary units the walls are made of bricks. Partitions between sanitary cabins are prefabricated, designed from composite material with the thickness of 13 mm.

The floor tiles/covers are designed depending on the purpose of the space and their position in the building, as well as the requirements in regards to the frequency of usage and maintenance; accordingly, the following materials have been planned: 

· entrance windshields and hallways at the ground floor: stone tiles of 20 mm thickness,

· corridors, courtrooms, offices: PVC floor coverings in the Blocks - thickness of 3 mm,

· sanitary units: ceramic tiles.

The brick walls will be plastered, smoothed and painted with dispersive paint, the gypsum panels walls will be smoothened and painted with the same colour. The walls in sanitary units will be covered with ceramic tiles and the areas with washbasins will be covered with composite tiles/panels of 4 mm thickness.

The Project Design suggests that the ceilings will be made of gypsum panels – monolithic with sheets of plasterboard/gypsum of 12.5 mm thickness, which is smoothened and painted with dispersive colour. The ceilings in sanitary units will be coffered - wooden, removable, made according to the details in annexes. 

Hydro insulation/waterproofing of the foundation structures is designed as standard protection to protect against rising damp (as the level of ground waters is not high), membranes are designed for flat roofs (PIB) and sloped (hidden) parts of the roof will be covered with laminated Al metal sheets. 

Interior doors in frequently used places are planned to be made of aluminum – and with glass parts, the doors of offices and courtrooms are made of wood with adequate soundproofing. Doors in three detention units are made of mesh, lined in a row, with individual, independent locking.

The windows are planned to be made of extruded aluminum profiles with glazing, while the opening mechanisms and profiles will be in accordance with the details laid out in hardware design section. All entrance doors to the building are made of aluminum profiles, with appropriate glazing and opening mechanisms, depending on their position and function.

Finishing works on facade are in line with the allocated budget, so most parts of the facade will have thermal insulation lining applied with adhesive coating and plaster, while a smaller part of the facade is covered with stone slabs.

The building will have the following installations, according to the Project Design: 

· plumbing and sewage system (distribution of potable water, hydrant network, sewerage system, storm water sewer)

· mechanical installations (installation of floor and district heating, installation of ventilation and air conditioning)

· electrical installations of high and low current.
All types of installations are laid out in separate parts of the Main Project Design, and they have been mutually coordinated through all the drafts and with the architectural and structural parts of the project.

II a.1. TECHNICAL DESCRIPTION OF THE MAIN SUPPORTING CONSTRUCTION FOR THE NEW BUILDING OF MUNICIPAL COURT TUZLA 

The new building of the Tuzla Municipal Court is designed to be located at the site of the Dom Armije (Army House), which consists of three parts/blocks: “A1“, “A2“ and “B“. The blocks have a “T” overall dimensions, dilated/expanded among one another and with ground floor, I and II floor, and partially with a basement in “A2“ and in „B“ Blocks. They have an approximate rectangular shape which is aligned with the parcel on which the building is located, i.e. the new building is aligned with the shape of the existing/old building, but with different consoles. 
Total length of the main supporting structure of the “A1“and “A2“ Blocks is 60,80 m, and the width is 20,55 m, with different consoles. The length of the Block “B”, which is located on Blocks under the right angle in reference to the Block “A” is 40,85 m, and its width is 20,95 m.

The rooms in the basement are registry/archive, power substation, heating substation and generator, while at the ground floor and on the first and second floor there are administrative offices and courtrooms.

The expansion joints between the Blocks have the width of 10 cm. 
The main constructive raster of the frames in the Blocks “A1“and “A2“ is 7,50 m, and the raster of the frames in the Block “B“ is 9,0 m.

In accordance with the “Study on Engineering – Geological features of the terrain for the new building of the Municipal Court in Tuzla“, which was prepared by the Tuzla Mining Institute, all three Blocks will be laid on the foundation made of reinforced concrete slab d=40cm, on a layer of substitutive tampon, thickness d=1,50m – 2,20m, with module of compressibility Ms = 40MPa – 50MPa. Only the basement part of the Block “A2“ can be laid on the foundation of natural ground. 
The substitutive tampon layer is mandatory due to unsatisfactory criteria of differential subsidence in some parts of the building. 
The basement of the Block “B“ will be based on a tampon with the thickness of 1,50 m, Ms = 40MPa, and a part of the same Block „B“ (with ground floor and additional 2 floors) will be based on a tampon with the thickness of 2,20 m, Ms = 40 Mpa. Parts of Block “A1“and Block “A2“ (with ground floor and additional 2 floors) will be based on a tampon with the thickness of 2,20 m, Ms = 50MPa. The northern part of the Block “A1“will be based on a substitutive tampon layer with the thickness of 2,0 m, with module of compressibility Ms = 40 Mpa.

Substitution of the ground is to be carried out in layers with the thickness of d=30 cm, with constant control of compactness, and with geotechnical and engineer supervision.

The specified thicknesses of tampons are minimal, like the module of compressibility.

The planned concrete quality/type is MC 30 for slabs, beams and walls, and MC 40 for columns. Reinforcement will be 400/500, and the grid/mesh is 500/560.

The grate foundation/base slab has been analyzed within the spatial static model as a slab on an elastic base.

The main supporting structure of all Blocks is a system of longitudinal and transversal frames braced with transversal and longitudinal walls and the shafts/panes of elevator and staircase, which are mutually and horizontally braced with reinforced concrete slabs with the thickness of 18cm, inside of the building, and 20cm on the consoles.

Longitudinal and transversal wall sheets have the thickness of 20cm and 15cm.

Due to complexity and the amount of struck down sections, the construction plans do not include the vertical stiffeners of facade wall made of bricks. They have to be inserted in the middle of the facade walls with the length of 7,5m and 9,0m, dimensions 25/25cm, concrete quality/type MC 30, and they have to be reinforced with longitudinal reinforcement made of 4Ø14 and stirrups Ø8/10, i.e. 15cm up to nodes, according to the construction plans. Naturally, the contractor must observe and comply with all other regulations as laid out in the Rulebook for construction of architectural buildings in seismic areas.

According to the Static and Seismic Calculation, the necessary reinforcement is for the most part the minimum one, which is also adopted according to the Rulebook on Technical Norms for construction of architectural buildings in seismic areas. At the wall endings the vertical reinforcement has been grouped to l/10 amount of 0,15% wall surface. The middle part has been reinforced from both sides with grids/meshes Q-335 up to Q-188.

Due to high percentage of reinforcement, especially in the columns, the reinforcement profile Ø>19mm have to be extended in a confronting manner, and by welding with electrical resistance and with radiographic control of 100%, with the welding quality “I”.

Horizontal diaphragms have the thickness of 18cm and they are reinforced according to the static calculation. The quality of concrete is MC 30.

The Project Designer amended the controlling calculation and added the calculation of horizontal movability according to criteria of movement from EC 2. This criterion/norm is lower than the required one, which means that the adopted/approved static model of the system of longitudinal and transversal reinforced concrete frames braced with reinforced concrete walls and shafts of staircases and elevators is horizontally indivertible. (See Annex: Static Calculation).
The static calculation was prepared for the VIII seismic zone according to the MCS Scale. 
The communication between the floors is achieved through monolithically triple reinforced concrete staircase.

The static and dynamic analyses were carried out for the entire structure, with the use of software “Tower-3D Model Builder 7.0“ (“Radimpex“, Belgrade), which the Project Designer is authorized to use with proper licensing. The building is dimensioned for permanent and usable load, and for seismic impacts of VIII seismic zone, according to the MCS Scale.

Detailed constructive and reinforcement plans have been prepared by using the same software, and these are annexed to the graphic part of the project. The adopted/approved reinforcement in “Tower 7“ was directly exported to ArmCAD 2005 (for which the Project Designer owns a license), therefore the possibility of errors is minimum. 
Given the sensibility and complexity of the designed solutions, which have not been implemented in our country for a long time, this project requires a professional contractor who will fully meet the requirements prescribed by the Tuzla Canton Law on Planning and Construction. The same goes for contracting the team of experts to carry out the tasks of Supervisory Body.
In case of major modifications of the Construction Project, the contractor is obliged to consult the Project Designer. 
III a.1. TECHNICAL DESCRIPTION – Water Supply and Sewage System 

I   General

In accordance with the Architectural-Construction Project and with the Terms of Reference, we have prepared the project design for water supply and sewage system entirely in line with the technical regulations for this type of installation. The project design includes internal installation of water and sewage network taken 1,00 m' from the building.

II    Sewage System

Prior to the commencement of works, it is mandatory to determine the exact sewer connection points for the external sewage network, and accordingly the points of sewage connections outside of the building must be aligned. 

Installation of faecal sewage (sewerage) network and storm sewer shall be made with hard polypropylene low-noise pipes, similar to “REHAU'' type with appropriate fittings and sealed rubber rings. The pipes and fittings have to be from the same manufacturer. The pipes laid underground and the pipes for venting shall be made of PVC, similar to the “VARGON“ type.

The freely laid/guided pipes below the ceiling shall be laid onto appropriate pipe clamps with rubber inserts. The pipes laid/guided through the concrete slabs and wall notches must be protected with a cover made of felt, which ensures the necessary dilation of pipes. It is planned for all toilets to have the installation of PVC floor drain type HL-300, or HL-310 for an example or HL-510, with insulating foil, flange and nickel grid 11 x 11 cm, “Huterer - Lechner“ - Austria. The ventilation of sewage is to be ensured through PVC verticals ending on the roof by installing ventilation grids of PVC-a 75 and 110 mm.

Drainage of water from the roof and terraces is planned to be carried out through the roof drains with heater HL.62-H and HL.62 BH with the insulating set and flange, drainage ring and extension part, as well as with a connection to the main drainage/vertical. 

After the mounting works are completed, the entire sewage system is to be tested as watertight, and the testing results will be recorded in a report in the presence of the Supervisory Body. All verticals of the sewage system will be tightened with appropriate pipe clamps with rubber inserts on each 2 m. Sizing of faecal sewage (sewerage) system was done on the basis of the amount of waste water of individual sanitary equipment. Sizing of storm sewer was done on the basis of the roof size, the coefficient of water run-off and considering the maximum rain volume in Tuzla, which is 325 l / sec.

The installation of a pump in a concrete-made manhole is planned to serve the purpose of drainage of sanitary facilities/toilets in the basement of Block “B“. Interior dimensions of the manhole are 80 x 80 x 85 cm with an iron-cast lid of the 60 x 60 cm dimensions, with a rubber seal.

III   Water Supply

The installation of sanitary water supply network will be carried out with the use of polypropylene pipes “AQUATHERM“ or pipes with the same technical specifications from another manufacturer, with appropriate fittings. The connecting of pipes and fittings shall be made by means of welding, heating the endings of pipes and fittings followed with their connection. The description of mounting of pipes and fittings is laid out in the manufacturer's instructions. Freely laid/guided pipes are tightened with appropriate pipe clamps for this type of pipes with noise-prevention pads. The pipes which are laid in the wall notches are to be protected with pipe insulation SSL d = 4 mm, while the freely laid/guided pipes will be protected with the insulation “plamaflex” d = 9 mm. The installation of “fusiotherm“ concealed valves of 20 and 25 mm is planned to be carried out in each sanitary facility/toilet.

The hydrant network is planned to be of galvanized steel pipes with appropriate fittings and insulation felts, i.e. “plamaflex“. The pipes laid underground are to be insulated with “dekoradol“ tape while the freely laid/guided pipes under the ceiling will be insulated with “plamaflex“ d = 9 mm.

While the galvanized pipe is penetrating through the dilation between the Block “A1” and Block “B“ it is necessary to install the rubber joints with union coupling (holender) 2 1/2''. For possible fire extinguishing it is planned to have wall-mounted fire hydrants in the size of 50 x 50 x 15 cm equipped with a polyester-made (trevir) hose  52 mm, length 15 m, Al-valve 52 mm, nozzle 52 mm.

Hydrants will be mounted in the wall and each hydrant will have a dry fire extinguisher of the S-9 type mounted next to it. In case of fire in the newsstand shop located in the Block “A1” fire extinguishers and outdoor/exterior hydrant will be used, and they will be part of the outdoor/exterior hydrant network and thus included in the exterior layout project design. 
Scaling of the sanitary water supply system was carried out based on the units of load of individual sanitary equipment. Scaling of fire fighting network was carried out on the basis of simultaneous work/operations of two hydrants and on the basis of the 5.0 l/sec amount of water and of 2.5 bar of excess pressure.

Hot water is provided via electric boilers with the volume of 10 l and 30 l.

After the mounting works, the installation of water supply system needs to be tested at the pressure of 10 bar, and the testing results will be recorded in the Report in the presence of the Supervisory Body.

IV    Sanitary Equipment 

Sanitary equipment/accessories shall be in white colour and of I class, with single-lever faucets, products such as “ARMAL” Maribor, or ”UNITAS” Ljubljana, entirely in line with the description in the Bill of Quantities. The selection of sanitary equipment will be made with the prior agreement of the Project Designer/Architect and Investor. 

Note:

Sanitary accessories are not included in the Bill of Quantities and will be identified and determined afterwards on the basis of the choice expressed by the Investor and with agreement of the Project Designer/Architect. 

III a. 2.   SCALING OF SEWERAGE SYSTEM DRAIN    HO-1 

          N x P x q

Q = ------------------
              100

	Type of sanitary equipment
	Number of devices

N
	Equivalent factor

K
	Product

N x K
	% of use

P
	Outflow Quantity

Q

	 THE TOILET BOWL
	9
	6,00
	54,00
	5,80
	2,00

	 THE WASHBASIN
	6
	0,50
	3,00
	14,30
	0,17

	 THE SINK
	2
	2,00
	4,00
	14,30
	0,67

	 THE URINAL
	6
	0,50
	3,00
	14,30
	0,17


         (9x5,80x2,00) + (6x14,30x0,17) + (2x14,30x0,67) + (6x14,30x0,17)

Q = --------------------------------------------------------------------------------------------

       100

Q = 1,044 + 0,146 + 0,191 + 0,146 


Q = 1,527 l/s

Based on the amount of waste water Q = 1.527 l/s, the pipe profile DN 110 will be suitable, and under the 0.5D fill and with a decline of i=2% it can allow the flow of Q = 2.75 l/s water. 
The sewer/drain diameter DN 160 is accepted, which under the 0.5D fill and with a decline of i = 2% can allow the flow of Q = 8.60 l/s water. 
III a. 3.   SCALING OF SEWERAGE SYSTEM DRAIN    HO-2

          N x P x q

Q = ------------------
              100

	Type of sanitary equipment
	Number of devices

N
	Equivalent factor

K
	Product

N x K
	% of use

P
	Outflow Quantity

Q

	 THE WASHBASIN
	9
	0,50
	4,50
	14,30
	0,17


         (9x14,30x0,17)

Q = ----------------------

 100

Q = 0,219 l/s

Based on the amount of waste water Q = 0.219 l/s, the pipe profile DN 110 will be suitable, and under the 0.5D fill and with a decline of i=2% it can allow the flow of Q = 2.75 l/s water. 
The sewer/drain diameter DN 160 is accepted, which under the 0.5D fill and with a decline of i = 2% can allow the flow of Q = 8.60 l/s water. 

III a. 4.   SCALING OF SEWERAGE SYSTEM DRAIN    HO-3

          N x P x q

Q = ------------------
              100

	Type of sanitary equipment
	Number of devices

N
	Equivalent factor

K
	Product

N x K
	% of use

P
	Outflow Quantity

Q

	 THE TOILET BOWL
	6
	6,00
	36,00
	7,60
	2,00

	 THE WASHBASIN
	4
	0,50
	2,00
	14,30
	0,17

	 THE URINAL
	4
	0,50
	2,00
	14,30
	0,17


         (6x7,60x2,00) + (4x14,30x0,17) + (4x14,30x0,17)

Q = -------------------------------------------------------------------

    100

Q =0,912 + 0,097 + 0,097 


Q = 1,106 l/s

Based on the amount of waste water Q = 1.106 l/s, the pipe profile DN 110 will be suitable, and under the 0.5D fill and with a decline of i=2% it can allow the flow of Q = 2.75 l/s water. 
The sewer/drain diameter DN 160 is accepted, which under the 0.5D fill and with a decline of i = 2% can allow the flow of Q = 8.60 l/s water. 

III a.5.   SCALING OF SEWERAGE SYSTEM DRAIN    HO-5

          N x P x q

Q = ------------------
              100

	Type of sanitary equipment
	Number of devices

N
	Equivalent factor

K
	Product

N x K
	% of use

P
	Outflow Quantity

Q

	 THE TOILET BOWL
	4
	6,00
	24,00
	9,00
	2,00

	 THE WASHBASIN
	6
	0,50
	3,00
	14,30
	0,17

	 THE URINAL
	2
	0,50
	1,00
	14,30
	0,17


         (4x9,00x2,00) + (6x14,30x0,17) + (2x14,30x0,17)

Q = -------------------------------------------------------------------

    100

Q =0,72 + 0,145 + 0,048 


Q = 0,913 l/s

Based on the amount of waste water Q = 0.913 l/s, the pipe profile DN 110 will be suitable, and under the 0.5D fill and with a decline of i=2% it can allow the flow of Q = 2.75 l/s water. 
The sewer/drain diameter DN 160 is accepted, which under the 0.5D fill and with a decline of i = 2% can allow the flow of Q = 8.60 l/s water. 

III a. 6.   SCALING OF SEWERAGE SYSTEM DRAIN    HO-6

          N x P x q

Q = ------------------
               100

	Type of sanitary equipment
	Number of devices

N
	Equivalent factor

K
	Product

N x K
	% of use

P
	Outflow Quantity

Q

	 THE TOILET BOWL
	11
	6,00
	66,00
	5,40
	2,00

	 THE WASHBASIN
	19
	0,50
	9,50
	14,30
	0,17

	 THE SINK
	2
	2,00
	4,00
	14,30
	0,67

	 THE URINAL
	4
	0,50
	2,00
	14,30
	0,17


         (11x5,40x2,00) + (19x14,30x0,17) + (2x14,30x0,17) + (4x14,30x0,17)

Q = -----------------------------------------------------------------------------------------------

                       100

Q =1,188 + 0,462 + 0,192 + 0,146 


Q = 1,988 l/s

Based on the amount of waste water Q = 1.988 l/s, the pipe profile DN 110 will be suitable, and under the 0.5D fill and with a decline of i=2% it can allow the flow of Q = 2.75 l/s water. 
The sewer/drain diameter DN 160 is accepted, which under the 0.5D fill and with a decline of i = 2% can allow the flow of Q = 8.60 l/s water. 

III a. 7.
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM HO-1
· area: 
A = 310,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q =8,060 l/s

The horizontal sewer/drain diameter DN 160 is accepted/agreed, which under the 0.6D fill and with the decline of  i = 2% can allow the flow of 11,30 l/s water.
III a. 8.  
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM HO-2
· area: 
A = 304,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q = 7,904 l/sec.

The horizontal sewer/drain diameter DN 160 is accepted/agreed, which under the 0.6D fill and with the decline of i = 2% can allow the flow of 11,30 l/s water.
III a. 9.
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM H0-2a

· area: 
A = 52,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q = 1,352 l/sec.

The horizontal sewer/drain diameter DN 110 is accepted/agreed, which under the 0.5D fill and with the decline of i = 2% can allow the flow of 2,75 l/s water.
III a. 10.
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM H0-3

· area: 
A = 300,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q = 7,80 l/sec.

The horizontal sewer/drain diameter DN 160 is accepted/agreed, which under the 0.6 D fill and with the decline of i = 2% can allow the flow of 11,30 l/s water.
III a. 11.
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM H0-4

· area: 
A = 322,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q = 8,372 l/sec.

The horizontal sewer/drain diameter DN 160 is accepted/agreed, which under the 0.6D fill and with the decline of i = 2% can allow the flow of 11,30 l/s water.

III a. 12.
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM H0-5

· area: 
A = 245,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q = 6,37 l/sec.

The horizontal sewer/drain diameter DN 160 is accepted/agreed, which under the 0.6D fill and with the decline of i = 2% can allow the flow of 11,30 l/s water.

III a. 13.
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM H0-6

· area: 
A = 220,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q = 5,72 l/sec.

The horizontal sewer/drain diameter DN 160 is accepted/agreed, which under the 0.6D fill and with the decline of i = 2% can allow the flow of 11,30 l/s water.

III a. 14.
SCALING OF HORIZONTAL DRAIN OF STORM SEWAGE SYSTEM    H0-7

· area: 
A = 365,00 m2


· runoff coefficient: 
0,80

· maximum rain: 
325 l/sec.
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Q = 9,513 l/sec.

The horizontal sewer/drain diameter DN 160 is accepted/agreed, which under the 0.6D fill and with the decline of i = 2% can allow the flow of 11,30 l/s water.

III a. 15.    SCALING OF SANITARY WATER SUPPLY NETWORK

	ROUTE
FROM - TO 
	NUMBER OF
THE UNIT LOADS
	QUANTITY OF WATER (l/s)
	PROFILE DN
	LENGTH OF THE ROUTE (m')
	RESISTANCE PER m'
	TOTAL RESISTANCE (m')

	A - B
	1,00
	0,250
	20
	1,75
	0,55
	0,962

	B - C
	1,50
	0,306
	20
	6,40
	0,83
	5,312

	C - D
	4,25
	0,530
	25
	4,80
	0,49
	2,352

	D - E
	6,75
	0,661
	32
	0,30
	0,22
	0,066

	E - F
	14,25
	0,935
	40
	21,60
	0,10
	2,160

	F - G
	20,00
	1,118
	40
	10,00
	0,14
	1,400

	G - H
	21,00
	0,146
	40
	17,60
	0,14
	2,464

	H - I
	28,50
	1,346
	50
	3,60
	0,09
	0,324

	I – CONNECTION
	38,50
	1,541
	50
	13,80
	0,11
	1,518


TOTAL:




16,558

LOSS AT THE HEIGHT:


12,700

REQUIRED OVERPRESSURE:

10,000

------------------------------------------------------------------

TOTAL:




39,258 m

At the point of connection of sanitary network installation, the pressure in the network must be min. 3.92 bar, and amount of water Q = 1.541 l/s.

III a. 16.    SCALING OF INTERNAL FIREPROOF NETWORK 
	ROUTE
FROM - TO
	NUMBER OF
THE UNIT LOADS
	QUANTITY OF WATER (l/s)
	PROFILE


	LENGTH OF THE ROUTE (m')
	RESISTANCE PER m'
	TOTAL RESISTANCE (m')

	A – B
	100
	2,50
	2''
	3,60
	0,08
	0,288

	B – C
	400
	5,00
	2 ½''
	33,20
	0,08
	2,576

	C – connection
	400
	5,00
	2 ½''
	40,30
	0,08
	3,224


TOTAL:




  6,088 m

LOSS AT THE HEIGHT:

  
11,100 m

REQUIRED OVERPRESSURE:

25,000 m

---------------------------------------------------------------------

TOTAL:



        42,1880 m

At the connection point of internal fire-proof network installation, the pressure in the network must be min. 4.22 bar, and amount of water Q = 5.00 l/s.                                                                   
      
 
IV a.1. TECHNICAL DESCRIPTION

1. INTRODUCTION

For the project: Reconstruction and upgrade of “Dom Armije“ building in Tuzla, in which the Municipal Court of Tuzla will be located - it was necessary to produce a main project design for HVAC installations with heating substations, cooling and ventilation.

The building is divided into three Blocks: Block “A1“, Block “A2“ and Block “B“
· The basement of the Block “B“ has rooms for admittance of inmates and technical rooms: power substation, generator, and heating substation. In the basement of the Block “A2“ there is the registry/archive with auxiliary rooms. 
· The ground floor of the Block “A1“ has the entrance hall with auxiliary rooms, in the Block “A2“ there is a Protocol Office, and the rest of the Registry/Archive. On the ground floor of the Block “B“ there are: major courtroom, 3 medium courtrooms, offices for prosecutors and lawyers, toilettes, corridors and other auxiliary facilities.

· The Project Design plans for the 1st floor of the Block “B“ to accommodate two small courtrooms and offices, while the Blocks “A1“and “A2“ are designed for offices only.

· The Project Design plans for the 2nd floor of the Block “B“ to accommodate a conference room and offices, while the Blocks “A1“and “A2“ are designed for offices only.

· The Project Design plans for the roof of the building to accommodate the indoor A/C units, while the surfaces are to accommodate a chiller and outdoor A/C units for the Registry/Archive in the basement of the Block “A2“
The building will be provided with the following HVAC installations:

1.1. Heating substation

1.2. Chiller/Cooling facility with a substation

1.3. District heating system with radiators

1.4. Floor heating

1.5. Hot-air curtains

1.6. Heating and cooling with fan-coils

1.7. Ventilation

This Project Design complies with all current and relevant regulations, rules and recommendations of the authorities applicable in Bosnia-Herzegovina, as well as with the usual recommendations and guidelines applied for this type of installation. 
1.1. Heating Substation

The source of hot water 80/60 °C will be hot-water heating substation that is designed to be heated from the district heating system of the City of Tuzla. This design provides technical documentation for heating substation that works with hot water temperatures 145/75 °C in primary circle and temperatures 80/60 °C in secondary circle. The substation is of the indirect type for heating of residential and commercial buildings.

The heating substations consist of primary and secondary circle, supporting frame and electrical switchboard cabinets.

The transformation of heat from hot water temperature 145/75 °C mode to water temperatures 80/60 °C mode is done in a plate-type heat exchanger. The primary circle has built in: measure gauges of thermal energy consumption, flow regulator with temperature regulator and shut-off valves and metering gauges with strainer.

The secondary circle of heating substation has one circulation circuit.

Based on the calculated total heat loss amounting to:

Qtot = 426042 W with an increase of 10% due to soiling/filthiness of heat exchanger the total heat losses are calculated as follows: 468642 W; based on these data and figures the selection of the heating substation was made: Q = 470 kW.

The characteristics of the heating substation, circulation pump, expansion system and their layout are as follows:

Mode:




145/75°C primary circle, 80/60°C secondary circle

Nominal pressure:

 
NP16 primary circle, NP10 secondary circle

Capacity:


 
470 kW

Circulation pump:
 

Flow. Q=20210 l/h, pressure drop H=40 kPa

Dictated expansion system:
Volume 300 lit.

To manage hot water system expansion, the Project Design planned for the system with expansion module with low-pressure vessel, high pressure pumps (main and auxiliary), automatic control of water level in the low-pressure vessel, as well as automatic pressure control in the system. The device has a usable volume Vk = 300 liters, working pressure of 2,5 bar, bypass pressure ppr = 3,5 bar.

The Project Design plans that in the heating substation there will be manifolds of hot water with secondary circulation pumps in the following branches: branch for the engine room for ventilation system, fan-coils branch, radiator system and under-floor heating branch. The hot water for fan-coils, radiators and under-floor heating is provided through a three-way regulation valve and has a controlled flow of hot water temperature depending on the outside temperature with night reduction.

All pipelines and manifolds of hot water in the boiler room and heating substation are thermally insulated with a vapor barrier with a minimum thickness of 13 mm. Prior to installation of pipelines, their exterior and interior cleaning and preparation by coating with protective paint in two layers needs to be carried out.

1.2. Chiller/Cooling facility with a substation
As a source of cold water 7 / 12oC the Project Design commands a high performance air-cooled chiller with cooling capacity Qcool = 297 kW at outdoor temperature t = 35 °C. The environment-friendly refrigerant is used. The chiller will be mounted on the roof of the building. The chiller is supplied with a hydro kit, which has a built-in double-pump (main + auxiliary), expansion vessel, safety valve with spring pr = 2 bar, opening pressure Ppo = 3.5 bar. Chiller will be mounted on a floating reinforced concrete basis separate from the building structure.

The chiller is connected to AHU coolers and fan-coils with steel pipes. The circulation of cold water is enabled by circulation pump installed in the chiller. All pipelines of cold water from the chiller, which are installed in the open roof, will be insulated with the vapor-tight insulation 19mm thick and further insulated with aluminum metal sheet with thickness of 0.6 mm. It is recommended that before commissioning of cold water system, it needs to be filled with a mixture of water and 25% antifreeze agents, so as not to drain water from the system during the winter.

In order to expand the cold-water system, the Project Design adopted the system with closed expansion vessel, with volume V = 200 liters, working pressure of 1.5 bar, pressure Bypass ppr = 3 bar.

1.3. District heating system with radiators
In the auxiliary rooms that do not require air conditioning (toilettes, boiler and engine rooms, substations, as well as archive in the basement of the Block “A2“) the Project Design plans for a system of district heating (with radiators). Panel radiators are planned to be installed at the 500 mm height.

Each radiator on the hot water supply pipe is equipped with valve and thermostatic head and the return pipe from radiator is equipped with sub-valve radiators with ball valve to drain the water from radiator, and all radiators at the ends of the vertical pipes are equipped with taps for venting installation without the use of tools.

For the circulation of hot water for radiator-heating, the floor heating and hot air curtains, the Project Design plans a common pipeline and through all the branches from the pipeline the balancing valves will be installed to balance the flow for each of the consumers. The secondary circulation pump has a capacity of Q = 3.93 m3 / h and pressure drop: H =.

Horizontal distribution of pipes will be under the ceiling of the ground floor, and from these pipes the radiator cabinets and the hot water distribution cabinets for floor heating will be supplied. Valves for balancing the hot water flow will be embedded in the return-line of the cabinet. The balancing valves should be adjusted to match the designed flows. All piping will be subject to external and internal cleaning, preparing, for the insulated ones there will be a coating of protective paint in two layers, while for the non-insulated pipes there will be a coating with paint that is resistant to high temperatures in two layers. The passage of the pipeline through the building structure should be carried out so that there is no direct contact between the steel pipes and construction materials (thermal insulation or protective transit-tubes), and the floors of toilets must be with protective transit-tubes (ref. hydro-insulation sealing) which must be min. 150 mm above the level of the groundwork.

Adjusting the initial temperature of hot water depends on the outside temperature with night reduction achieved through automatic regulation in the substation.

1.4. Floor Heating

Given the purpose of the building, the Project Design planned for partial floor heating of the ground floor: entrance hall and its premises, protocol office with archive - Block A1 and in the hall outside the courtrooms in the Block B.

The Project Design plans for the floor heating pipes to be UNIPIPE type or similar with dimensions Φ16x2 mm with axial distance of 200 and 250 mm, as shown in the drawings. In addition to manifolds, the distribution cabinets for floor heating will have incorporated control station with a built-in circulation pump. The manifold control station provides a constant temperature of the initial line, according to the previously given values/figures. The execution of floor-heating works is presented and elaborated in drawings. Each manifold is equipped with ball valve through to the connection of pipe distribution, venting and draining valves; on the initial lines of circuits with on-off valves and on the return lines of circuits with regulating valves with flow indicators. All connections of piping on faucets are ensured with sealing without deformation of pipelines. Manifolds will be installed in built-in distribution cabinets.

For the circulation of hot water serving the floor heating system, there will be a common circulation pump for radiators, floor heating and hot air curtains.

The regulation of the initial temperature of hot water supply depends on the outside temperature with a maximum limitation achieved through the control panels in the boiler room.

1.5. Hot-Air Curtains

To prevent the penetration of cold outside air through the front door on the ground floor of the Block A1, there will be two hot-air curtains that will be installed in the windshields of the entrance hall. Hot water with gradient 80 / 60 °C will be used for heating the air. The designed type of hot-air curtains is the type with the installation in suspended ceiling. Visible hot-air curtain for ceiling-installation is planned for the front door in the Block “B“. Hot-air curtains are supplied with a control box and a thermostat.

1.6. Heating and Cooling with Fan-Coils

In all rooms in which the employees and staff members will be accommodated (offices, meeting rooms and courtrooms, foyers, main ports) the heating and cooling is designed through heating and cooling system with individually-managed devices/units (four-pipes fan-coils). Hydro-cassette four-pipe fan-coils with four-side air discharge are planned for the ground floor. The rooms at the first and second floors are designed to have the parapet four-pipe pipeline system of FC devices with vertical design and with mask and additional condensate hose/drainage and filter on the lower side. The FC units are with a minimum single-row hot water heater and three-row cold water cooler. The fans of FC units must have at least three speeds.

Each FC unit is equipped with a ball valve on the supply of hot water pipe and with a radiator sub-valve on the return pipe, which are mounted on steel piping manifold, and with a factory-fitted venting valve on both collectors of heat exchangers, and with a factory-fitted transient automatic valve with ON/OFF switch on heat exchangers, except for exchangers at the very end of pipeline, which will be three-way kind. All ON/OFF automatic valves on cooler battery will be three-way kind (due to a fixed fluid flow from the chiller). The connection between the faucets and the balancing valves is a flexible pre-insulated pipe. The hydro-cassette FC units will have wired thermostats with display. In case when two or more hydro-cassette FC units are being installed/mounted in the same room/space, the managing and control of the operations of each device/unit will be through a common thermostat at master fan coil unit.

The thermostat should be installed on the wall 1.2 m above the floor, and should not be exposed to external or internal sources of heat. For vertical FC units with a mask, the thermostat should be installed in the mask of FC unit. For vertical FC units, it is desirable that the thermostat has a time-driven occasional turning-on of the fan even when the FC unit is turned off.

In order to enable the circulation of hot water to FC units the Project Design planned for a secondary variable flow circulation pump, while for the circulation of cold water a hydro-kit pump installed in air cooled chiller will be used.

The hot water piping from the heating substation is circulated via a vertical pipe through the sanitary accessories, then horizontally under the ceiling along the exterior walls. Heat exchangers are connected from the main pipeline. The gradient of hot water is 55/45 °C. The distribution pipeline of cold water with the gradient of 7/12 °C, is laid from the chiller mounted on the roof of the Block “A1“. The cold water pipeline is laid along the hot water pipeline to the last FC unit in that series. Principally all FC units are connected as the lower distribution, with installed air vents on the heat exchangers of FC units. All piping of cold water is to be thermally insulated with a vapor-barrier of the thickness of 13 mm, and a piping of hot water by the insulation with a vapor-barrier of the thickness of 10 mm (also taken into account that the valves on the pipeline of cold water must be thermally insulated too). Cold water pipeline that is laid in the open space on the roof of the Block “A1“is to be insulated with vapor sealed insulation 19 mm thick in Al. coating of 0.65 mm-thick sheet. All pipelines will be subject to inner and exterior cleaning and preparation, as well as coating with protective paint in two layers. Draining of condensate from the units is designed to be with solid PVC or metal pipes with a connection to the designated drains or siphons-sinks in the toilettes. The condensate pipeline in terms of the slope is laid the same way like other pipelines. The penetration of the pipeline through the building structure should be carried out so that there is no direct contact between the steel pipes and construction materials (thermal insulation or protective transit-tubes).

The regulation of the initial temperature of the hot water supply depends on the outside temperature and is achieved via regulators, three-way valve and contact-sensor.

Electrical power cables for FC units will be supplied with power from a fixed junction/distribution cabinet next to each FC unit, taking into account that the connection from fixed cabinet to thermostat is done with cable PPOO 3x1.5 mm2 and the connection from thermostat to FC unit is done with cable PPOO 8x1,5 mm2.

1.7. Ventilation

Forced ventilation with 100% fresh air will be ensured for all of the rooms/spaces that will simultaneously be populated by large groups of persons (major courtroom, three middle courtrooms, two small courtrooms, conference room and protocol office with archive and registry/archive in the basement of the Block “A2“). The number of systems and the type of ventilation system is determined according to function and the simultaneous use of certain spatial units, taking into account the location of the engine room, the possibility of installation of air ducts. Most systems have the ability to change/circulate amounts of fresh air according to the occupation of certain areas within a single system.

The following ventilation systems have been adopted:

1.7.1. S1-Ventilation system for protocol office and registry/archive in the basement

1.7.2. S2 – Ventilation chamber/unit for the conference room III floor

1.7.3. S3 – Ventilation chamber/unit for the major courtroom on the ground floor

1.7.4. S4 – Ventilation chamber/unit for 3 courtrooms on the ground floor and 2 small courtrooms on the first floor

Systems S1, S3, S4 are multi-level packaged AHU consisting of pressure and exhaust fan section, section for the intake of fresh air with filter class EU3 and on-off motor–driven blinds/jalousie, section for the return of air with EU3-class filter and on-off motor–driven blinds/jalousie, section of heat-recovering (with plate heat recovery), heater and cooler. The system S2 is an under-ceiling horizontal AHU, without heat-recovery exchanger. Protective circulation pump is designed for heater. AHUs for S2, S3, S4 are located in the engine room on the roof of the Block “A1“, while the AHU for S1, that will be produced for outdoor roof installation will be placed on the flat roof of the Block “A2“.

Pressure and exhaust sheet metal air-ducts that will be laid in ceilings of halls of floors will be used for fresh and return exhaust air to that system. For the distribution of the pressure and exhaust air the project Design planned appropriate air distribution elements with the possibility to regulate air volumes and directions of air currents. In all the passages of air-ducts from one fire zone to another there will be fire-resistant dampers with thermal triggers and signaling of flap position, with minimum fire resistance of 90 min. To prevent transmission of noise through the pressure and exhaust air-dusts the noise silencers will be built-in. In the S4 system which supplies and exhausts air from 3 medium and 2 small courtrooms, there will be electronic flow regulators, in order to regulate constant air flow according to the set amounts, and when the space is not used it will be supplied with minimal air flow, thus achieving flexible use of system, according to the occupation of space. Pressure air-duct will be insulated with vapor-resistant insulation with thickness of 10 mm. The exhaust ducts will not be insulated, except in the engine rooms on the roof, where air-ducts will be insulated with vapor-resistant insulation with thickness of 19 mm. Air-ducts installed outdoors will further be insulated by Al. sheet coating, with sheet thickness of 0.65 mm.

Each system will be equipped with a microprocessor controller (that will have possibility of connection to BMS) which controls the operation of the system with the control of status, alarm, control parameters. Regulation of air temperature in the pressure air-ducts is done via three-way flanged valve installed on heaters and coolers working in the cascade, while protection of the heater from freezing as well as heat-exchanger for heat recovery. Air temperature in the pressure air-ducts is constant throughout the year at t = 22 +/- 2 ° C.  According to occupation of space or according to controlled pollution of return air measure, the amount of air in the system is changed through control of the fan speed inverter.

The ventilation of the sanitary facilities will be a local ventilation with exhaust ducts on the ceiling and with built-in irreversible damper and timer. The planned amount of exhaust air adds up to 100m3/h per cabin. At the point of exhaust duct pinning on the vertical manhole, there will be a fire-fighting damper with 90min. of fire-resistance. 

Ventilation of the diesel electric generator is carried out through the window exhaust fan with thermostatic switching on when the temperature in the room reaches 35˚C. The capacity of exhaust air is 2000m3/h. The metal sheet channel, through which – during the time when the generator is working - the air is exhausted across fixed rain-proof grid outside, is connected to the cooling fan of the generator. Outdoor air required for ventilation is suck in through a gate-built combined fixed and regulatory motor-driven blinds/jalousie. When starting the generator the automatic engine will open the blinds, and after the generator shuts down the blinds will be closed. 
Installation of air-ducts through building structures is placed in such a way so that there is no direct contact of air-ducts with building materials (by thermal insulation or by similar).

To enable circulation of hot water for the ventilation systems, the Project plans for a secondary circulation pump to be used for the circulation of cold water through the chiller.

Piping of both hot and cold water will be installed under the suspended ceiling with adequate slopes. All piping is thermally insulated by insulation with vapor-barrier with the thickness of 13 mm. All pipes are designated for inner and exterior cleaning and preparation, as well as coating with protective paint in two layers. Draining of condensate from the cooler and heat-recovery of ventilation systems is designed to be with solid PVC or metal pipes with a connection to the intended drains in engine room or in siphons-sinks in the toilettes of the ground floor. The passage of the pipeline through the building structure should be carried out so that there is no direct contact between the steel pipes and construction materials (thermal insulation or protective transit-tubes).

Power supply of engine-driven distribution cabinet as well as power supply of the automatic regulation will be ensured from the distribution panel of ventilation units. The Contractor will supply the schemes and drawings of the connections after the selection of the equipment.

At this project design stage, the central monitoring and control system are not planned considering the price and a relatively small number of connecting addresses. If the Investor decides to introduce BMS for the entire building (lights, access control, fire protection, security systems, etc.) all equipment installed in this project has the possibility of connection to BMS.

V a.1. TECHNICAL DESCRIPTION
TECHNICAL DESCRIPTION STRONG CURRENT

The new building of the Municipal Court is to be constructed at the site of the former Army House (Dom Armije). The building has: basement, ground floor and two floors.

Electrical installation project was developed on the basis of Terms of Reference, architectural background, input from designers of other installations in the building, the applicable technical standards, and experience of engineers from previous similar projects.

Power Supply of the Building

The main low-voltage supply cabinet (GRO) is located on the ground floor and is fed via KPO cabinet, which is planned to be on the facade of the building. Power supply for other power switchboards is provided from the main GRO, as laid out in the block diagram of power supply.

The measuring of power consumption is performed in a special separate section, which is within the GRO.

Basic data on power supply are:

	1.
	Power supply voltage:
	3x231/400 V

	2.
	Frequency:
	50 Hz

	3.
	The system:
	TN-S

	4.
	Pins:
	332,5 kW

	5.
	fi:
	0,7

	6.
	Pmax
	232,00 kW

	7.
	pf:
	0,9 ind 

	8.
	Imax: (no comp. Of reaction. One.)
	373,7,2 A 


The main low-voltage supply cabinet (GRO) is a free-standing type, made of twice pickled sheet metal, and with electrostatic paint job.

The GRO consists of field network, generator, and UPS power supply. Degree of protection is IP 54. The elements for power distribution and protection of system elements are compact switches, high-efficiency fuses with appropriately rated current and with breaking capacity.

Secondary distribution cabinets are made of twice pickled steel, for installation on the wall or in the wall, and with the degree of protection IP 54. The number of sections and types of voltage are given in the graphic part of the project.

Elements of power distribution and protection system elements are miniature and compact switches with appropriately rated current and with breaking capacity. 

The Backup Power Supply

The backup power supply facility is secured via automatic diesel-electric generator, for indoor installation, with soundproof housing and a built-in reservoir in the base. A diesel generator is equipped with a microprocessor control unit for control, display of sizes, and with protection of diesel-generator set, with the following characteristics:

A diesel generator is located in the basement of the building and is cable-connected to the transfer panel ATI, which is located next to the GRO. Transfer panel is connected with GRO. 
The Uninterruptible Power Supply (UPS) System 

All users that are planned to have an uninterrupted power supply will be fed from the central UPS. The project includes two UPS units, one covering the ground floor with courtrooms and another one for the floors.

The UPS units are located in the server room on the first floor.

Installation of Lighting

The selection of the type of lamps as well as the layout of lights is designed on the basis of architectural substrates, requirements of the Architect and lighting-technical conditions relevant for the use of space. The layout and type of lights is given in the graphic part of the project.

Lighting control space is local.

Anti panic lamps are placed at all exits. Anti panic lamps have the power supply of 230 VAC and 1-hour autonomy.

Installation of lighting is carried out with the guide type PP-Y 3-5x1,5 mm2, which is mounted partially on the cable carriers, partially on the clamps in suspended ceilings, and partially in protective PVC pipes in the walls.

Equipotential

For all the metal masses in sanitary facilities it is planned to provide the potential equalization system (toilets, etc.). Connecting of metal masses of individual sanitary facilities is done in a box with equipotential with p/f conductors, which are connected to the bus in the box for potential equalization. 

All buses of equipotential boxes are connected to the fifth (PE) bus of the nearest switchboard via an appropriate p/f conductor.  

Also, all other metal masses are connected to the nearest bus PE with p/f conductors (cable carriers, metal frame doors, etc.).

Cable Carriers

For the mounting of installations of strong and low current (cables), it is planned to install galvanized cable carriers of dimensions customized in line with the number of cables. Cable carriers are mounted in the suspended ceiling where the suspended ceiling is mounted or on rails of the construction in other areas without suspended ceiling. The graphic part of the project contains exact location for mounting of cable carriers.

Installing the Sockets and the Connectors

The type of sockets is determined according to the place of installation. The following types of sockets are used in the facility:

· Single-phase sockets for installation in trunking and floor boxes

· Single-phase sockets for mounting under plaster

· Single-phase sockets on top of plaster

The Socket Colour is determined in accordance with the type (grid voltage - white, generating voltage - red, UPS voltage - green color).

The exact locations of installation of sockets are given in the graphic part of the project.

Power supply for sockets and connectors is ensured with conductors type PP-Y 3-5x2,5 mm2, which are mounted on cable carriers, and partially on the collars and in the protective pipes. 

Electrical Installation of Mechanical Devices

These installations include power supply for the following technological units:

· Power supply for the air-conditioning (AC) device chamber 

· Power supply for chillers

· Power supply for fan coil

Note: Distribution cabinets of the AC chambers as well as distribution to the elements in the AC chambers are given in the project of mechanical installations and are not the subject of this project. Also, the control and handling of fan coil with cable connectivity is not the subject of this project and is elaborated in the mechanical installations project.

Protective Measures

Technical measures for protection against electric shock

Protection against electric shock is achieved by the application of appropriate technical measures, namely:

· Protection measures against direct contact

· Protection measures against indirect contact

Protection against direct contact is performed according to current technical standards as follows:

· Protection of parts under voltage by means of insulation 

· Protection with barriers or with housings

· Protection with barriers

· Protection by placing out of reach

· Additional protection by means of protective devices of residual current (RCD)

Protection against direct contact with live parts on equipment and electrical installation is planned to be carried out with the use of materials, equipment, lines and equipment within the limits of the nominal value, quality according to current standards, proper and conscientious development and maintenance of equipment and electrical installations.

One part of equipment that is live is located in cabinets with a key, and accessible only by trained and authorized persons, while the rest are mostly protected by insulation (cables, lighting, installation accessories, etc.).

Protection against indirect contact is carried out according to current technical standards as follows:

· Protection with automatic disconnection of power supply

· Protection using the class II devices or appropriate insulation

· Protection with electrical separation

Protection against indirect contact with live parts in the electrical TN-C-S system, is planned to be carried out with automatic disconnection of power supply through a differential switch. This means that conductive parts of equipment and devices, which could come under voltage, must be connected with protective conductor and with a grounded point of the supply system.

The entire installation will have a laid special protective guide/conductor to which all the metal masses of the facility should be connected. Protective conductor is connected to the safety bus in each distribution cabinet, which is then connected to the bus for equipotential, which is connected to a ground electrode.

Protective devices (fuses) and cross sections of conductors were selected so as to ensure automatic disconnection in time set by protection measures, if at any point there is a negligible impedance fault (short circuit) between the phase conductor and the protective conductor or conductive parts that may come under voltage.

The distribution cabinets are planned to have separate buses for the neutral and protective conductors. The vessels in the lines in the electric distribution are color-coded and vessels with blue insulation must be used for the neutral, and the green-yellow colour to the protective conductor.
TECHNICAL DESCRIPTION OF LOW VOLTAGE

FIRE ALARM SYSTEM

Automatic fire detectors will be placed in all rooms, while in corridors and hallways there will be manual fire alarms. In areas with low fire risk there will be no automatic fire alarms: such as bathrooms, toilets, etc.

Fire alarm control panel is located in the security room at the ground floor. 

Alarm sirens that will give sound signal in case of second-instance alarms will be connected to the loop.

A detailed diagram of connections between the elements of fire detection system is laid out in the draft “Block diagram of the fire alarm installation“.

The project plans for management of some of the systems, which will be located on the premises, and are related to safety from the standpoint of fire safety, such as ventilation systems, power supply facility, electric sliding doors, etc.

Installations will be laid p/w in protective PVC flexible casing  = 16 mm, and partially in the suspended ceiling on the cable carriers or PVC protective casing.

Installation of fire alarm for smoke detector (manual or automatic fire alarms) will be carried out with communication type cables JB-Y (St) Y 2x2x0,8 red flame retardant, which are laid in PVC flexible pipes.    

VIDEO SURVEILLANCE

The video surveillance system will enable the police forces to monitor all events in the corridors of the building, as well as all of the access points to the building.

External cameras will be mounted in the thermo-stable housing with protection degree of IP66.

The following cables will be needed for the installation of video surveillance system: 

· Network cable FTP 4x2x0,51 mm cat 6 for transmission of video signals

· The power cable PP-Y 3x1.5 mm2

DVRs are located in the communication cabinet K3 in the police office. 

All cables are laid in part on cable carriers of low voltage on main cable routes, and in PVC flexible pipes fi = 16mm outside the cable carriers in the area of suspended ceiling or in the wall.

Cables that are placed outside the building must be laid in a hard PVC pipe or reinforced PVC flexible hose/casing fi = 16mm.

The installation must be performed in accordance with the requirements for this type of installation in BiH.
STRUCTURED DATA NETWORKS

GENERAL
Universal communication wiring represents a link between universal sockets, installed in workplaces, and divider tab in the communication distributor unit. On the part of the divider tab they are connected to the universal wiring of the application (data transfer, telephony, etc.), and on the part of the user socket (server, terminal, phone, alarm system, video surveillance, etc.).

HORIZONTAL DISTRIBUTION

Horizontal distribution (tertiary level) is the link between secondary communication hub and ports at working units/workplaces. It is carried out with 4-paired cable FTP 4x2x24AWG for data transfer to frequency of 250Mhz. The symbol for this connection will be a star. Horizontal distribution cables that come from universal connector planned for data transfer and connectors for RFT applications end up in another communication hub on patch panel RJ45 on connectors RJ45, Cat.6. On the side of the connectors it is also planned for ending up at connectors RJ45, Cat 6.

The plan is to have 5 communication cabinets of 19'', two in the server room and three on the floors.

The lengths of cables in the horizontal distribution should not exceed 90 m (including connection cables up to 100 m), although according to the relevant ISO/IEC 11801 2nd Edition Class E standard this is not a limiting factor.

Marking of the Installation and Final Measuring 

After completing the cable installation, the Contractor is required to mark all passive elements of computer and telephone networks according to EIA/TIA-606A. Every cable must be marked at each end with label that has been assigned to it in the Project Design. The same label should be placed on the connector and on the connector of the patch cable. 

After installing the computer network, the measuring and certification of networks will be carried out in accordance with the ISO 11801 for the required class (E) and performance (Cat 6). Be sure to perform measurements of each link.

Installation of the telephone network will be carried out in universal method - structured installation according to ISO / IEC 11801 2nd Edition Class E, all in accordance with the recommendations for Cat. 6. Logically this installation is divided into two parts.

Overall installation is divided in: main communication hub and horizontal distribution.

The Main Communication Hub

The main communication hub is located in the server room on the first floor of the building and consists of one unit of free-standing communication cabinet of 19“. 

Lightning Protection Installation

The grounding of the building will be in the foundation slab underneath the hydro-insulation/waterproofing layer in the building, in the contact slab with the terrain there will be a strip-like grounding electrode Fe/Zn 25x4 mm in a ring shape. The strip ground electrode Fe/Zn 25x4 mm is to be pulled from the grounding electrode in the spots where the Project Designer planned to have the measuring junctures, beneath the facade of the building through AB construction pillars/columns; the strip-like electrode is to be pulled up to the height of 140 cm all the way to the measuring cabinet ZON 06.

During the laying of the grounding electrodes, the conductors need to be ensured for KPO and MO cabinets and substations, generator, elevator pane (guiding canals).
The grounding electrode is re-connected via a clamp KON1 (strip-strip), and via a reinforced iron clamp KON09 (strip-reinforcement on each 1.5 to 2 m).

The ascenting conductors/lines will be extended underneath the facade of the building through AB constructive elements with a conductor Fe/Zn 20x3 mm and will exit at the top of the building (on the inside of the upper wall) where the drip-edge KON21 will be mounted (at a 15 cm-distance from the conductor’s exit point in order to prevent the flow of water on the conductor).

All outputs of ascent conductors will be connected to the receiving lightning rod on the roof. Ascent conductors are strip-like Fe / Zn 20x3mm.

The receiving conductors on the roof of the building will be aluminum AH 1 FI 10 mm (full profile) conductors and will have brackets/clips on the atticca (from the inner side) and beneath the drip edge. 

The transversal part of the lightning protection network on the flat roof is mounted on brackets/rails SON 17-B (brackets/rails for flat roofs). The height differences will be balanced via wall brackets ZON 03. 

NOTE:

All metal elements in the building need to be grounded for equipotential (air-conditioners, metal flashings, etc.).

During the execution of works the Contractor shall comply with the technical description, the given schemes, technical requirements, Bill of Quantities and relevant laws and regulations applicable for low-voltage electrical installations.

V a.2. CALCULATIONS OF POWER SIZE
Control of Current Load

Sizing of the cables was carried out in line with the current load depending on the peak power and strength factor.
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In doing so, the peak power is the sum of all peak powers (in kW) passing through the relevant section.

Each line is included in the budget with a calculation of permitted current for a specific case (depending on the manner and conditions of laying). The cable is selected so as to meet the conditions of protection:

a) protection against current overload 
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b) protection against short-circuit currents



[image: image18.wmf]0

t

t

ks

£




[image: image19.wmf]I

A

k

t

ks

2

2

×

=


where:
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 = Duration of a short circuit in which the cable achieves maximum permissible temperature
[image: image21.wmf]t

0

 = off-time of the fuse
k  = coefficient of the type of cable that is not designated for cables with cross-section less than 10 mm2, duration of  short circuit over 5s and other, depending on the type of guide/line (74-135)
A = section in mm2

Control of Voltage Drop


For the calculation of voltage drops we selected typical circuits (distribution switches and the most unfavorable appliances/power using elements). In doing so we took into account meeting the conditions that the total voltage drop across the load to all appliances/power using elements is up to 5% for lighting and 8% for other consumers if the building is connected directly to the substation (Article 20, paragraph 2 of the Rulebook on Technical Standards for Low Voltage Electrical Installations). If powered by a low-voltage grid, the voltage drop of up to 3% for lighting circuits and 5% for other consumers will be expected.

The voltage drop is determined by the formulas:
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The presented results include a calculation of lines in accordance to the load current and voltage drop calculation. The permitted power for installation cables, as well as correction factors due to the conditions of laying cables, are determined according to the applicable standards of Bosnia and Herzegovina.

Between the phase conductor and the protective conductor or visible parts that can come under voltage, the following condition must be met:    Zs · Ia ( U0

where:
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For this to be achieved for each circuit, the following condition must be met:
Ik ≥ Ia ,
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The calculation results include information for controlling the actions to protect over-voltage of characteristic circuits.

The data in the tables indicate that the predicted protective elements are properly selected in reference to the impedance of individual circuits and that they are in compliance with all the conditions laid in the regulations.

After all s carried out it is mandatory to perform measuring to prove the effectiveness of protection for all circuits. 

The results of calculation for power supply of the building are given in the Annex.

Conclusion

Calculations laid out in the Annex indicate that the selected cables and protective elements are in compliance with the technical requirements for:

· Current load of cables given the maximum current and laying methods

· Allowed voltage drop

· Allowed touch/contact voltage due to the fault clearance time.

The calculations use the following data, size and forms:

	1
	Data on starting/entry point 
	 
	 
	 
	 
	

	2
	Data on final/end point
	 
	 
	 
	 
	

	3
	Specific conductivity of the cable
	  
	 
	 
	 
	

	 
	Cross-section of the cable cores
	s
	(mm2)
	Used in the calculation 
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	4
	Line length
	l
	(m)
	 
	 
	

	5
	Installed power
	Pi
	(kW)
	 
	 
	

	6
	Simultaneity factor
	fi
	 
	 
	 
	

	7
	Peak Load
	Pv
	(kW)
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	8
	Voltage 
	U
	(V)
	 
	 
	

	9
	Power Factor
	cos
	 
	 
	 
	

	10
	Electricity
	I
	(A)
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	11
	Correction factor of common laying
	k
	 
	 
	 
	

	12
	Peak power of the cable 
	Iv
	(A)
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	13
	Permitted current of the cable
	Id
	(A)
	 
	 
	

	14
	Voltage drop in the route
	u%
	(%)
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	   - specific conductivity of the conductor material for Copper 56, for aluminum 36
	 
	

	15
	Total voltage drop
	U%
	(%)
	the sum of voltage drops per routes 
	

	16
	Active resistance of the line 
	Rv
	()
	[image: image39.wmf]2

2

X

R

Z

+

=


	 
	

	17
	Reactance of the line 
	Xv
	()
	Data taken from the TECHNICAL MANUAL 
	

	18
	Total active resistance 
	R
	()
	Sum of active resistance per routes 
	 
	

	19
	Total reactance
	X
	()
	Sum of reactance per routes
	

	20
	Total apparent resistance
	Z
	()
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	21
	Three-pole short circuit current 
	IKS3
	(kA)
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	22
	Impact No -f(R/X)
	
	 
	Factor dependent on the attitude of active and reactive resistance =f(R/X) Data taken from the TECHNICAL MANUAL 
	 
	

	23
	Surge current of the three-pole short circuit 
	IKSU
	(kA)
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	24
	Earth fault current
	IKS1
	(kA)
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	   (Uf=230V - phase voltage)
	

	25
	Rated current of the fuse
	 In 
	(A)
	 
	 
	

	26
	Permitted duration of failures 
	td
	(sec)
	 
	 
	

	27
	Current of the fuse switch-off 
	 Ia 
	(A)
	 
	 
	

	28
	Product  
	Uo
	(V)
	Z*Ia<Uo,     Uo=230V
	 
	

	
	
	
	
	
	
	


	From
	grid
	TS
	GRO/M
	GRO/M
	GRO/M
	GRO/M
	GRO/M
	GRO/M
	GRO/M
	GRO/M
	GRO/M

	To
	 
	GRO/M
	RO-RM
	GRO-1M
	GRO-2M
	RO-LF2
	RO-KL
	RO-P1/M
	RO-P2/M
	RO-K
	RO-UPS2

	H
	 
	56
	56
	56
	56
	56
	56
	56
	56
	56
	56

	S (mm2)
	 
	300
	95
	35
	35
	10
	10
	6
	10
	6
	25

	l (m)
	 
	50
	35
	7
	11
	36
	42
	34
	36
	46
	34

	Pi (kW)
	 
	332,5
	98,1
	83,1
	85,7
	10
	15,9
	11,1
	20
	10
	40,1

	Fi
	 
	0,7
	1
	0,45
	0,45
	1
	1
	0,6
	0,6
	1
	1

	Pv (kW)
	 
	232,8
	98,1
	37,4
	38,6
	10,0
	15,9
	6,7
	12,0
	10,0
	40,1

	U(V)
	 
	400
	400
	400
	400
	400
	400
	400
	400
	400
	400

	cos fi
	 
	0,9
	0,8
	0,9
	0,9
	0,9
	0,9
	0,9
	0,9
	0,9
	0,9

	I (A)
	 
	373,7
	177,2
	60,0
	61,9
	16,1
	25,5
	10,7
	19,3
	16,1
	64,4

	K
	 
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Iv (A)
	 
	373,7
	177,2
	60,0
	61,9
	16,1
	25,5
	10,7
	19,3
	16,1
	64,4

	Id (A)
	 
	280
	265
	143
	143
	65
	65
	47
	65
	47
	115

	u (%)
	 
	0,43
	0,40
	0,08
	0,14
	0,40
	0,75
	0,42
	0,48
	0,86
	0,61

	U (%)<2%
	 
	0,43
	0,84
	0,52
	0,57
	0,83
	1,18
	0,85
	0,92
	1,29
	1,04

	Rv (W)
	0,003
	0,003
	0,007
	0,004
	0,006
	0,064
	0,075
	0,101
	0,064
	0,137
	0,024

	Xv (W)
	0,01
	0,004
	0,003
	0,001
	0,001
	0,003
	0,003
	0,003
	0,003
	0,004
	0,003

	R (W)
	 
	0,006
	0,012
	0,009
	0,011
	0,070
	0,081
	0,107
	0,070
	0,142
	0,030

	X (W)
	 
	0,014
	0,017
	0,015
	0,015
	0,017
	0,017
	0,017
	0,017
	0,018
	0,017

	Z (W)
	 
	0,015
	0,021
	0,017
	0,019
	0,072
	0,082
	0,108
	0,072
	0,144
	0,034

	Iks3 (kA)
	 
	16,9
	12,3
	14,8
	13,7
	3,5
	3,1
	2,4
	3,5
	1,8
	7,4

	c=f(R/X)
	 
	1,32
	1,16
	1,19
	1,16
	1,00
	1,00
	1,00
	1,00
	1,00
	1,00

	Iksu (kA)
	 
	31,5
	20,1
	24,8
	22,3
	5,0
	4,4
	3,3
	5,0
	2,5
	10,5

	Iks1 (kA)
	 
	6,1
	4,4
	5,4
	4,9
	1,3
	1,1
	0,9
	1,3
	0,6
	2,7

	In (A)
	 
	gL630
	gL250
	Gl125
	Gl125
	Gl50
	Gl50
	Gl35
	Gl50
	Gl35
	Gl80

	td (sec)
	 
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Ia (A)<Iks1
	 
	4000
	1400
	640
	640
	230
	230
	150
	230
	150
	410

	Uo (V)
<230V
	 
	60,3
	29,0
	11,0
	11,9
	16,5
	19,0
	16,2
	16,5
	21,5
	14,0


	From
	grid
	TS
	GRO/M
	RO-UPS2
	GRO-1/U
	GRO-1.2/U

	To
	 
	GRO/M
	RO-UPS2
	GRO-1/U
	GRO-1.2/U
	socket

	H
	 
	56
	56
	56
	56
	56

	S (mm2)
	 
	300
	25
	10
	6
	2,5

	l (m)
	 
	50
	34
	35
	50
	15

	Pi (kW)
	 
	332,5
	40,1
	30
	8
	2

	Fi
	 
	0,7
	1
	0,8
	0,8
	1

	Pv (kW)
	 
	232,8
	40,1
	24,0
	6,4
	2,0

	U(V)
	 
	400
	400
	400
	400
	230

	cos fi
	 
	0,9
	0,9
	0,9
	0,9
	0,95

	I (A)
	 
	373,7
	64,4
	38,5
	10,3
	9,2

	K
	 
	1
	1
	1
	1
	1

	Iv (A)
	 
	373,7
	64,4
	38,5
	10,3
	9,2

	Id (A)
	 
	280
	115
	65
	47
	27

	u (%)
	 
	0,43
	0,61
	0,94
	0,60
	0,81

	U (%)<5%
	 
	0,43
	1,04
	1,98
	2,57
	3,38

	Rv (W)
	0,003
	0,003
	0,024
	0,063
	0,149
	0,107

	Xv (W)
	0,01
	0,004
	0,003
	0,003
	0,004
	0,001

	R (W)
	 
	0,006
	0,030
	0,092
	0,241
	0,348

	X (W)
	 
	0,014
	0,017
	0,020
	0,024
	0,025

	Z (W)
	 
	0,015
	0,034
	0,094
	0,242
	0,349

	Iks3 (kA)
	 
	16,9
	7,4
	2,7
	1,0
	 

	c=f(R/X)
	 
	1,32
	1,00
	1,00
	1,00
	 

	Iksu (kA)
	 
	31,5
	10,5
	3,8
	1,5
	 

	Iks1 (kA)
	 
	6,1
	2,7
	1,0
	0,4
	0,3

	In (A)
	 
	gL630
	Gl80
	Gl50
	 B25
	 B16

	td (sec)
	 
	5
	5
	5
	5
	0,4

	Ia (A)<Iks1
	 
	4000
	410
	230
	125
	80

	Uo (V)
<230V
	 
	60,3
	14,0
	21,7
	30,3
	27,9


	From
	grid
	TS
	GRO/M
	GRO/A
	RO-UPS1
	GRO/U
	RO-P2U

	To
	 
	GRO/M
	GRO/A
	RO-UPS1
	GRO/U
	RO-P2U
	socket.

	H
	 
	56
	56
	56
	56
	56
	56

	S (mm2)
	 
	300
	50
	10
	10
	6
	2,5

	l (m)
	 
	50
	10
	35
	30
	36
	15

	Pi (kW)
	 
	332,5
	49,8
	20
	25
	15
	2

	Fi
	 
	0,7
	0,8
	0,9
	0,8
	0,9
	1

	Pv (kW)
	 
	232,8
	39,8
	18,0
	20,0
	13,5
	2,0

	U(V)
	 
	400
	400
	400
	400
	400
	230

	cos fi
	 
	0,9
	0,9
	0,9
	0,9
	0,9
	0,95

	I (A)
	 
	373,7
	64,0
	28,9
	32,1
	21,7
	9,2

	K
	 
	1
	1
	1
	1
	1
	1

	Iv (A)
	 
	373,7
	64,0
	28,9
	32,1
	21,7
	9,2

	Id (A)
	 
	280
	178
	65
	65
	65
	27

	u (%)
	 
	0,43
	0,09
	0,70
	0,67
	0,90
	0,81

	U (%)<5%
	 
	0,43
	0,52
	1,22
	1,89
	2,80
	2,70

	Rv (W)
	0,003
	0,003
	0,004
	0,063
	0,054
	0,107
	0,107

	Xv (W)
	0,01
	0,004
	0,001
	0,003
	0,002
	0,003
	0,001

	R (W)
	 
	0,006
	0,009
	0,072
	0,125
	0,230
	0,232

	X (W)
	 
	0,014
	0,015
	0,018
	0,020
	0,013
	0,021

	Z (W)
	 
	0,015
	0,017
	0,074
	0,127
	0,230
	0,233

	Iks3 (kA)
	 
	16,9
	14,6
	3,4
	2,0
	1,1
	 

	c=f(R/X)
	 
	1,32
	1,19
	1,00
	1,00
	1,00
	 

	Iksu (kA)
	 
	31,5
	24,6
	4,9
	2,8
	1,6
	 

	Iks1 (kA)
	 
	6,1
	5,3
	1,2
	0,7
	0,4
	0,4

	In (A)
	 
	gL630
	Gl160
	Gl50
	Gl50
	B25
	 B16

	td (sec)
	 
	5
	5
	5
	5
	5
	0,4

	Ia (A)<Iks1
	 
	4000
	800
	230
	230
	125
	80

	Uo (V)
<230V
	 
	60,3
	13,9
	17,0
	29,2
	28,8
	18,7


Calculation of Grounding Spread Resistance

The main grounding electrode is a strip-like FeZn, so the calculation of grounding spread resistance is done in the following way:
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Where:

	grounding length (m)
	 60,00 

	grounding width (m)
	 60,00 

	The surface surrounded by the grounding (m2)
	 3.600,00 

	r – Specific soil resistance(Wm)
	 100,00 

	D - diameter of the circle that has the surrounding area 
	 67,72 

	Earth resistance (W) 
	 0,74 


Impact resistance of the spreading is calculated as follows:      Ru  = k ( R 

For specific soil resistivity of 100 (Wm) and the length of the grounding over 50 (m) k = 2.5, so we get:

Ru = 0,74 ( 2,5 = 1,85 Ω < 20 Ω      

SATISFYING.-

As for the proper functioning of residual current differential switches it is needed to fulfill the requirements as follows: 

[image: image30.wmf]N

d

I

U

Ru

Δ

£




Where:


Ru – transient grounding resistance,


Ud – permitted voltage of contact (50 V) and


IDN – fault current at which the switch turns off within 0,1 sec,


it is in the present case:
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  (Ω) >>  0,74 (Ω)

Therefore, the required condition is MET. 

_1518780770.unknown

_1518781037.unknown

_1527857664

_1527857666

_1527857668.unknown

_1527857669.unknown

_1527857667.unknown

_1527857665

_1527857663

_1518780913.unknown

_1518781000.unknown

_1518780839.unknown

_1518780341.unknown

_1518780408.unknown

_1518780257.unknown

